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Materials, Junctions, 
and Devices 

SEMICONDUCTOR devices are 
small but versatile units that can 

perform an amazing variety of con
trol functions in electronic equipment. 
Like other electron devices, they have 
the ability to control almost instantly 
the movement of charges of elec
tricity. They are used as rectifiers, 
detectors, amplifiers, oscillators, 
electronic switches, mixers, and 
modulators. 

In addition, semiconductor devices 
have many important advantages 
over other types of electron devices. 
They are very small and light in 
weight (some are less than an inch 
lop.g and weigh just a fraction of an 
ounce). They have no filaments or 
heaters, and therefore require no 
heating power or warm-up time. 
They consume very little power. They 
are solid in construction, extremely 
rugged, free from microphonics, and 
can be made impervious to many se
vere environmental conditions. The 
circuits required for their operation 
are usually simple. 

SEMICONDUCTOR MATERIALS 
Unlike other electron devices, which 

depend for their functioning on the 
flow of electric charges through a 
vacuum or a gas, semiconductor de
vices make use of the flow of current 
in a solid. In general, all materials 
may be classified in three major 
categories-conductors, semiconduc
tors, and insulators-depending upon 
their ability to conduct an electric 

current. As the name indicates, a 
semiconductor material has poorer 
conductivity than a conductor, but 
better conductivity than an insulator. 

The materials most often used in 
semiconductor devices are germa
nium and silicon. Germanium has 
higher electrical conductivity (less 
resistance to current flow) than 
silicon, and is used in most low- and 
medium-power diodes and transis
tors. Silicon is more suitable for 
high-power devices than germanium. 
One reason is that it can be used at 
much higher temperatures. A rela
tively new material which combines 
the principal desirable features of 
both germanium and silicon is gal
lium arsenide. When further experi
ence with this material has been 
obtained, it is expected to find much 
wider use in semiconductor devices. 

Resistivity 
The ability of a material to con

duct current (conductivity) is di
rectly proportional to the number of 
free (loosely held) electrons in the 
material. Good conductors, such as 
silver, copper, and aluminum, have 
large numbers of free electrons; their 
resistivities are of the order of a 
few millionths of an ohm-centimeter. 
Insulators such as glass, rubber, and 
mica, which have very few loosely 
held electrons, have resistivities as 
high as several million ohm-centi
meters. 

Semiconductor materials lie in the 
range between these two extremes, 



as shown in Fig. 1. Pure germanium 
has a resistivity of 60 ohm-centi
meters. Pure silicon has a consider
ably higher resistivity, in the order 
of 60,000 ohm-centimeters. As used 
in semiconductor devices, however, 
these materials contain carefully con
trolled amounts of certain impurities 
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Figure 1. Resistivity of typical conductor, 
semiconductors, and insulator. 

which reduce their resistivity to 
about 2 ohm-centimeters at room 
temperature (this resistivity de
creases rapidly as the temperature 
rises). 

Impurities 
Carefully prepared semiconductor 

materials have a crystal structure. 
In this type of structure, which is 
called a lattice, the outer or valence 
electrons of individual atoms are 
tightly bound to the electrons of ad
jacent atoms in electron-pair bonds, 
as shown in Fig. 2. Because such a 

Figure 2. Crystal lattice structure. 

structure has no loosely held elec
trons, semiconductor materials are 
poor conductors under normal condi
tions. In order to separate the elec
tron-pair bonds and provide free 
electrons for electrical conduction, 
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it would be necessary to apply high 
temperatures or strong electric fields. 

Another way to alter the lattice 
structure and thereby obtain free 
electrons, however, is to add small 
amounts of other elements having a 
different atomic structure. By the ad
dition of almost infinitesimal amounts 
of such other elements, called "im
purities", the basic electrical proper
ties of pure semiconductor materials 
can be modified and controlled. The 
ratio of impurity to the semicon
ductor material is usually extremely 
small, in the order of one part in 
ten million. 

When the impurity elements are 
added to the semiconductor material, 
impurity atoms take the place of 
semiconductor atoms in the lattice 
structure. If the impurity atoms 
added have the same number of va
lence electrons as the atoms of the 
original semiconductor material, they 
fit neatly into the lattice, forming 
the required number of electron-pair 
bonds with semiconductor atoms. In 
this case, the electrical properties 
of the material are essentially un
changed. 

When the impurity atom has one 
more valence electron than the semi
ccnductor atom, however, this extra 
electron cannot form an electron
pair bond because no adjacent va
lence electron is available. The excess 
electron is then held very loosely by 
the atom, as shown in Fig. 3, and 

SEMICONDUCTOR 
ATOMS 

Figure 3. Lattice structure of n-type 
material. 
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requires only slight excitation to 
break away. Consequently, the pres
ence of such excess electrons makes 
the material a better conductor, i.e., 
its resistance to current flow is 
reduced. 

Impurity elements which are added 
to germanium and silicon crystals to 
provide excess electrons include ar
senic and antimony. When these ele
ments are introduced, the resulting 
material is called n-type because the 
excess free electrons have a negative 
charge. (It should be noted, however, 
that the negative charge of the elec
trons is balanced by an equivalent 
positive charge in the center of the 
impurity atoms. Therefore, the net 
electrical charge of the semiconduc
tor material is not changed.) 

A different effect is produced when 
an impurity atom having one less 
valence electron than the semicon
ductor atom is substituted in the 
lattice structure. Although all the 
valence electrons of the impurity 
atom form electron-pair bonds with 
electrons of neighboring semiconduc
tor atoms, one of the bonds in the 
lattice structure cannot be completed 
because the impurity atom lacks the 
final valence electron. As a result, a 
vacancy or "hole" exists in the lat
tice, as shown in Fig. 4. An electron 
from an adjacent electron-pair bond 
may then absorb enough energy to 
break its bond and move through the 
lattice bo fill the hole. As in the 

Figure 4. Lattice structure of p·type 
material. 

5 

case of excess electrons, the presence 
of "holes" encourages the flow of 
electrons in the semiconductor ma
terial; consequently, the conductivity 
is increased and the resistivity is 
reduced. 

The vacancy or hole in the crystal 
structure is considered to have a 
positive electrical charge because it 
represents the absence of an electron. 
(Again, however, the net charge of 
the crystal is unchanged.) Semi
conductor material which contains 
these "holes" or positive charges is 
called p-type material. P-type mate
rials are formed by the addition of 
aluminum, gallium, or indium. 

Although the difference in the 
chemical composition of n-type and 
p-type materials is slight, the differ
ences in the electrical characteristics 
of the two types are substantial, and 
are very important in the operation 
of semiconductor devices. 

P-N JUNCTIONS 
When n-type and p-type materials 

are joined together, as shown in Fig. 
5, an unusual but very important 
phenomenon occurs at the interface 

P-N JUNCTION 

P-TYPE MATERIAL N-TYPE MATERIAL 

\ / 

',J 
ELECTRONS 

Figure 5. Interaction of holes and electrons 
at p·n Junction. 

where the two materials meet (called 
the p-n junction). An interaction 
takes place between the two types 
of material at the junction as a re
sult of the holes in one material and 
the excess electrons in the other. 

When a p-n junction is fonned, 
some of the free electrons from the 
n-type material diffuse aCrOSs the 
junction and recombine with holes in 



~ 
the lattice structure of the p-type 
material; similarly, some of the holes 
in the p-type material diffuse across 
the junction and recombine with free 
electrons in the lattice structure of 
the n-type material. This interaction 
or diffusion is brought into equilib
rium by a small space-charge region 
(sometimes called the transition re
gion or depletion layer). The p-type 
material thus acquires a slight nega
tive charge and the n-type material 
acquires a slight positive charge. 

The potential gradient established 
across the space-charge region by the 
diffusion process is represented in 
Fig. 6 by an imaginary battery 
connected across the junction. (The 
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Figure 6. Potential gradient across space· 
charge region. 

battery symbol is shown only to 
represent the internal effects; the 
potential is not directly measurable.) 
In the absence of external circuits or 
voltages, this potential gradient dis
courages further diffusion across the 
p-n junction because electrons from 
the n-type material are repelled by 
the slight negative charge induced 
in the p-type material and holes from 
the p-type material are repelled by 
the slight positive charge induced in 

ELECTRON FLOW -
.-----1' P' I I Nt-'--, , I I , 

l:.++, 
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(a) REVERSE BIAS 
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the n-type material. In effect, there
fore, the potential gradient (or 
energy barrier, as it is sometimes 
called) prevents total interaction be
tween the two types of material, and 
thus preserves the differences in their 
characteristics. 

CURRENT FLOW 
When an external battery is con

nected across a p-n junction, the 
amount of current flow is determined 
by the polarity of the applied voltage 
and its effect on the space-charge 
region. In Fig. 7a, the positive ter
minal of the battery is connected to 
the n-type material and the negative 
terminal to the p-type material. In 
this arrangement, the free electrons 
in the n-type material are attracted 
toward the positive terminal of the 
battery and away from the junction. 
At the same time, holes from the 
p-type material are attracted toward 
the negative terminal of the battery 
and away from the junction. As a 
result, the space-charge region at the 
junction becomes effectively wider, 
and the potential gradient increases 
until it approaches the potential of 
the external battery. Current flow 
is then extremely small because no 
voltage difference (electric field) ex
ists across either the p-type or the 
n-type region. Under these condi
tions, the p-n junction is said to be 
reverse-biased. 

In Fig. 7b, the positive terminal of 
the external battery is connected to 
the p-type material and the negative 
terminal to the n-type material. In 
this arrangement, electrons in the 
p-type material near the positive ter-

ELECTRON FLOW 
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(b) FORWARD BIAS 

Figure 7. Electron current flow in biased p-n junctians. 
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minal of the battery·· break their 
electron-pair bonds and enter the 
battery, creating new holes. At the 
same time, electrons from the nega
tive terminal of the battery enter the 
n-type material and diffuse toward 
the junction. As a result, the space
charge region becomes effectively 
narrower, and the energy barrier de
creases to an insignificant value. Ex
ces·s electrons from the n-type mate
rial can then penetrate the space
charge region, flow across the junc
tion, and move by way of the holes 
in the p-type material toward the 
positive terminal of the battery. This 
electron flow continues as long as 
the external voltage is applied, Un
der these conditions, the junction is 
said to be forward-biased. 

The generalized .voltage-current 
characteristic for a p-n junction in 
Fig. 8 shows both the reverse-bias 
and forward-bias regions. In the 
forward-bias region, current rises 

CURRENTlmAlt 
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CURRENT 

FORWARD 
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Figure 8. Voltage·current characteristic for 
a p-n junction. 

rapidly· as the voltage is increased 
and is quite high. Current in the 
reverse-bias region is usually much 
lower. Excessive voltage (bias) in 
either direction should be avoided in 
normal applications because exces
sive currents and the resulting high 
temperatures may permanently dam
age the semiconductor device. 

N·P~N·· AND P·N·P STRUCTURES 
Fig. 7 shows that a p-n junction 

biased in the reverse direction is 

7 
\,.,-.' 

equivalent to a high-resistance ele
ment (low current for a given ap
plied voltage), while a junction 
biased in the forward direction is 
equivalent to a low-resistance ele
ment (high current for a given ap
plied voltage). Because the power 
developed by a given current is 
greater in a high-resistance element 
than in a low-resistance element 
(P=J2R), power gain can be ob
tained in a structure containing two 
such resistance elements if the cur
rent flow is not materially reduced. 
A device containing two p-n junc
tions biased in opposite directions 
can operate in this fashion. 

Such a two-junction device is 
shown in Fig. 9. The thick end layers 

OUTPUT 

Figure 9. N·P-N structure biased for power 
gain. 

are made of the same type of mate
rial (n-type in this case), and are 
separated by a very thin layer of the 
opposite type of material (p-type in 
the device shown). By means of the· 
external batteries, the left-hand (n-p) 
junction is biased in the forward 
direction to provide a low-resistance 
input circuit, and the right-hand 
(p-n) junction is biased in the re
verse direction to provide a high
resistance output circuit. 

Electrons flow easily from the left
hand n-type region to the centerp
type region as a result of the forward 
biasing. Most of these electrons dif
fuse through the thin p-type region, 
however,and are attracted by the 
positive potential of the external bat
tery across the right-hand junction. 
In practical devices, approximately 
95 to 99.5 per cent of the electron 
current reaches the right-hand n
type region. This high percentage of 



·.e1ml'ent penetration ,provides pow,. 
gain in the· high-resistance"' output 
circuit .and is the 'basis for transistor 
amplification capability. 

The operation of p-n-p devices is 
similar to that shown for the n-p-n 
device, except that the bias-voltage 
.polarities are reversed, and electron
current flow is in the opposite direc
tion. (Many discussions of semicon
ductor theory assume that the "holes" 
in semiconductor material constitute 
the charge carriers in p-n-p devices, 
and discuss "hole' currents"for the'se 
devices and "electron currents" for 
n-p-n devices. Other texts discuss 
neither hole current nor electron cur
rent,but rather "conventional current 
flow", which is assumed to travel 
through a circuit in a direction from 
the positive terminal of the external 
battery back to its negative terminal. 
For the· sake of simplicity, this dis-

, .. cussion wilLbecrestrictedto the con
','..Capt of electron current flow, which 

travels from a negative to a positive 
terminal.) 

TYPES OF DEVICES 
The simplest type of semiconduc

tor device is the diode, which is rep
resented by the symbol shown in Fig. 
10. Structurally, the diode is basically 
a p-n junction similar to those shown 
in Fig. 7. The n-type material which 

N-TYPE P-TYPE 
MATERIAL"'- /MATERIAL 

CATHODE 0 S 0 ANODE 

Figure 10. Schematic symbol for a semi-
, conductor diode. 

serves as the Regative electrode is 
~ referred to"as· the catlwde, ,and the 

p-type material which serves as the 
, p'Ositive electrode is, referred to as 

the anode. The 'arrow symbol used 
::.dor the ,an'Olie,:'Tepres~nts the :direc" 

tion of '.tconventional· current ,flow" 
mentioned above; electron current 
flows in a direction opposite to the 
arrow. 
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Because the junction ,.diode con-
~'ducts (lurrent more easily in one 

direction than in the other, it is an 
,effective rectifying device. If an ac 
signal is applied, as shown in Fig. 
11, electron current flows freely dur
ing the positive half cycle, but little 

LOAD 

Figure 11. Simple diode rectifying circuit. 

or no current flows ,during the nega
tive half cycle. 

One of, the most widely used types 
,of semiconductor diode is the sili
con rectifier. These devices are avail
able in a wide range of current 
capabilities, ranging from tenths of 
an ampere to 40 amperes or more, 
and are capable of operation at volt
ages as high as 800 volts or more. 
Parallel and series arrangements of 
silicon rectifiers permit even further 
extension of current and voltage 
limits. Characteristics and applica
tions of these devices are discussed 
in detail in the section on Silicon 
Rectifiers. 

If two p-type and n-type semi
conductor materials are arranged 
alternately in series, a device is pro
duced which behaves as a conven
tional rectifier in the reverse direction 
and as a series combination of an 
electronic switch and a rectifier in 
the forward direction. Conduction in 
the forward direction can then be 
controlled or "gated" by operation of 
the ,electronic' switch. Such devices 
;'are discussed' in 'the section on Sili
con Controlled Rectifiers. 

g'everal variations of the basic 
"junction diode structure have 'been 
develop.ed for use" in sp,ecial applica
tions. One of the most important of 
these developments . is the tunnel 
diode, ,which is used for amplifica-
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tion, switching, and pulse generation. 
This special diode is described in the 
section on Tunnel Diodes and Other 
Semiconductor Diodes. 

When a second junction is added 
to a semiconductor diode to provide 
power or_ voltage amplification (as 
shown in Fig. 9), the resulting de
vice is called a transistor. The three 
regions _of the device are called the 
emitter, the base, and the collector, 
as shown in Fig. 12. In normal oper
ation, the emitter-to-base junction is 

EMITTER BASE COLLECTOR 

Figure -12. -Functional diagram of transistor 
structure. 

biased in the forward direction, and 
the .collector-to-base junction in the 
reverse direction. 

Different symbols are used for 
n-p-n and p-n-p transistors to show 
the difference in the direction of cur
rent flow in the two types of devices. 
In the n-p-n transistor shown in Fig. 
13a, electrons flow from the emitter 
to the collector. In the p-n-p tran
sistor shown in Fig. 13b, electrons 
flow from the collector to the emit
ter. In other words, the direction of 
dc electron current is always oppo
site to that of the arrow on the 
emitter lead. (As in the case of semi
conductor diodes, the arrow indicates 

EMITTER COLLECTOR 

(a) N-P-'N TRANSISTOR 
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the -direction of "conventional cur
rent flow" in the circuit.) 

The first two letters of the n-p-n 
and p-n-p designations indicate the 
respective polarities of the voltages 
applied to the emitter and the 
collector in normal operation. In 
an n-p-n transistor, the emitter is 
made negative with respect to both 
the collector and the base, and the 
collector is made positive with re
spect to both the emitter and the 
base. In a p-n-p transistor, the emit
ter is made positive with respect to 
both the collector and the base, and 
the collector is made negative with 
respect to both the emitter and the 
base. 

The transistor, which is a three
element device, can be used for a 
wide variety of control functions, in
cluding amplification, oscillation, and 
frequency conversion. Transistor 
characteristics and applications are 
discussed in detail in the following 
sections. 

A relatively new type of transis
tor, the MOS field-effect transistor, 
utilizes a metal control electrode to 
modulate the conductivity of the 
semiconductor material. Because of 
their very high input impedance and 
square-law transfer characteristics, 
MOS transistors are especially suit
able for use as voltage amplifiers. 
Characteristics and applications of 
these devices are described in the 
section on MOS Field-Effect Tran
sistors. 

EMITTER COLLECTOR 

(b) P-N-'P TRANSISTOR 

Figure 13. Schematic· symbols for transistors. 
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Transistor '. Designs and 
Circuit Configurations· 

T HE performance of transistors 
in electronic equipment depends 

on many factors besides the basic 
characteristics of the semiconductor 
material. The two most important 
factors are the design and fabrica
tion of the transistor structure and 
the general circuit configuration 
used. 

DESIGN AND FABRICATION 

The ultimate aim of . all tran
sistor fabrication techniques is the 
construction of two parallel p-n junc
tions with controlled spacing between 
the junctions and controlled impurity 
levels on both sides of each junction. 
A variety of structures has been 
developed in the course of transistor 
evolution. 

The earliest transistors made were 
of the point-contact type. In this 
type of structure, two pointed wires 
were placed next to each other on an 
n-type block of semiconductor ma
terial. The p-n junctions were formed 
by electrical pUlsing of the. wires. 
This type has been superseded by 
junction transistors, which are fab
ricated by the various alloy, diffusion, 
and crystal-growth techniques de
scribed below. 

In grown-junction transistors, the 
impurity content of the semiconduc
tor material is changed during the 
growth of the original crystal ingot 
to providethep-n-p or n-p-n regions; 
The grown crystal is then sliced 
into a large number. of small-area 
devices, and contacts are made to 

each region of the devices. The' fin
ished transistor is encased in plastic 
or a hermetically sealed enclosure. 

In alloy-junction transistors, two 
small "dots" of a p-type or n-type 
impurity element are plactld on op
posite sides of a thin wafer of n-type 
or p-type semiconductor material, 
respectively; as shown in Fig. 14 .. 

COLLECTOR 

EMITTER 
Figure 14. Structure of alloy.junction 

transistor. 

After proper heating, the impurity 
"dots" alloy with the semiconductor~ 
material to form the regions for the 
emitter and collector junctions. T.he 
base connection in this structure is 
made to the original semiconductor 
wafer. 

The drift-field transistor is a mod
ified. alloy-junction device in. which 
the impurity concentration in the 
base wafer is diffused or graded, as 
shown. in Fig. 15. Two advantages 
are derived from this structure: 
(a) the resultant built-in voltage .01' 

"drift field" speeds. current flow, and 
(b) the ability to use a heavy.im
purity concentration. in._ the . vicinity 
of the emitter and a light conceD'
tration in the vicinity of the col
lector makes it possible to minimize 
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capacitive charging times. Both 
these advantages lead to a substan
tial extension of the frequency per
formance over the alloy-junction 
device. 

COLLECTOR 

EMITTER 

Figure 15. Structure of drift-field transistor. 

Mesa and planar transistors use 
newer construction techniques which 
are better suited to many applica
tions than the grown-junction or 
alloy methods. These transistors in
volve two basic processes: (1) the 
use of diffusion masking materials 
and photolithographic techniques to 
obtain a planar structure in which 
all the p-n junctions are buried un
der a protective passivating layer, 
and (2) the use of a separate collec
tor-contact diffusion or an epitaxial 
growth to reduce the electrical series 
resistance in the collector. In these 
types, the original semiconductor 
wafer serves as the collector. The 
base region is diffused into the 
wafer, and the emitter "dot" or re
gion is then alloyed or diffused into 
the base region. A "mesa" or flat
topped peak may then be etched to 
reduce the collector area at the base
collector junction. The mesa struc
ture is inherently rugged, has large 

EMITTER CONTACT 

power-dissipation capability, and can 
operate at very high frequencies. 

Fig. 16 shows the structure of 
double-diffused epitaxial mesa and 
planar structures in production 
today. The grading of the impurity 
concentration in the base region re
sults in a drift field and in reduced 
base-lead resistance. The use of a 
diffused emitter region permits tight 
geometry control. The use of a rela
tively light impurity concentration 
in the collector region results in high 
collector-breakdown voltages and low 
collector-junction capacitance. 

A new emitter electrode structure 
called an "overlay" is used in some 
power transistors to improve high
frequency capability. In this overlay 
structure (shown in the frontispiece 
on page 2), a large number of sepa
rate emitters are tied together by 
diffused and metalized regions. This 
approach increases the emitter edge
to-area ratio and reduces the input 
time constant of the transistor. The 
desired overlay structure is fabri
cated by carefully controlled diffusion 
and precise photographic processes. 

BASIC CIRCUITS 
There are three basic ways of con

necting transistors in a circuit: 
common-base, common-emitter, and 
common-collector. In the eommon
base (or grounded-base) connection 
shown in Fig. 17, the signal is intro
duced into the emitter-base circuit 
and extracted from the collector-base 
circuit. (Thus the base element of the 
transistor is common to both the in-

EMITTER CONTACT 

Figure 16. Structure of (a) double-diffused epitaxial mesa transistor and (b) double
dIffused epitaxial planar transistor. 
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put and output circuits.) Because the 
input or emitter-base circuit has a low 
impedance (resistance plus react
ance) in the order of 0.5 to 50 ohms, 
and the output or collector-base cir
cuit has a high impedance in the 
order of 1000 ohms to one megohm, 
the voltage or power gain in this 
type of configuration may be in the 
order of 1500. 

+ B 
olLlJ;
A\JT 

D 

s' 

4\1, C< 
f!I. , + I 

D' -

Figure'l7. Common-base circuit 
configuration. 

The direction of the arrows in Fig. 
17 indicates electron current flow. 
As stated previously, most of the cur
rent from the emitter flows to the col
lector; the remainder flows through 
the base. In practical transistors, 
from 95 to 99.5 per cent of the emit
ter current reaches the collector. The 
current gain of this configuration, 
therefore, is ,always less than unity, 
usually in the order of 0.95 to 0.995. 

The waveforms in Fig. 17 repre
sent the input voltage produced by 
the signal generator e. and the out
put voltage developed across the 
load resistor RL • When the input 
voltage is positive, as shown at AB, 
it opposes the forward bias produced 
by the base-emitter battery, and thus 
reduces current flow through the 
n-p-n transistor. The reduced elec
tron current flow through RL then 
causes the top point of the resistor 
to become less negative (or more 
positive) with respect to the lower 
point, as shown at A'B' on the out
put waveform. Conversely, when the 
input signal is negative, as at CD, 
the output signal is also negative, 
as at C'D'. Thus, the phase of the 
signal remains unchanged in this 

RCA Transistor Manual 

circuit, i.e., there is no voltage phase 
reversal between the input and the 
output of a common-base amplifier. 

In the common-emitter (or 
grounded-emitter) connection shown 
in Fig. 18, the signal is introduced 
into the base-emitter circuit and ex
tracted from the collector-emitter 
circuit. This configuration has more 
moderate input and output imped
ances than the common-base circuit. 
The input (base-emitter) impedance 
is in the range of 20 to 5000 ohms, 
and the output ( collector-emittter) 
impedance is about 50 to 50,000 
ohms. Power gains in the order of 
10,000 (or approximately 40 dB) can 
be realized with this circuit because 
it provides both current gain and 
voltage gain. 

Current gain in the' common
emitter configuration is measured be
tween the base and the collector, 
rather than between the emitter and 
the collector as in the common-base 
circuit. Because a very small change 
in base current produces a relatively 
large change in collector current, the 
current gain is always greater than 
unity in a common-emitter circuit; 
a typical value is about 50. 

Figure 18. Common-emitter circuit 
configuration. 

The input signal voltage under
goes a phase reversal of 180 degrees 
in a common-emitter amplifier, as 
shown by the waveforms in Fig. 18. 
When the input voltage is positive, 
as shown at AB, it increases the 
forward bias across the base-emitter 
junction, and thus increases the total 
current flow through the transistor. 
The increased electron flow through 
RL then causes the output voltage 
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to become negative, as shown at 
A'B'. During the second half-cycle 
of the waveform, the process is re
versed, i.e., when the input signal is 
negative, the output signal is posi
tive (as shown at CD and C'D'.) 

The third type of connection, shown 
in Fig. 19, is the common-collector 
(or grounded-collector) circuit. In 
this configuration, the signal is intro-

-0.021: 
B 
+~ 
o A \jI 
- 0 

0.981:-

Figure 19. Common·collector circuit 
configuration. 

duced into the base-collector circuit 
and extracted from the emitter
collector circuit. Because the input 
impedance of the transistor is high 
and the output impedance low in 
this connection, the voltage gain is 
less than unity and the power gain 
is usually lower than that obtained 
in either a common-base or a com
mon-emitter circuit. The common
collector circuit is used primarily as 
an impedance-matching device. As in 
the case of the common-base circuit, 
there is no phase reversal of the sig
nal between the input and the output. 

The circuits shown in Figs. 17 
through 19 are biased for n-p-n tran
sistors. When p-n-p transistors are 
used, the polarities of the batteries 
must be reversed. The voltage phase 
relationships, however, remain the 
same. 
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Transistor Characteristics 

THE term "characteristic" is used 
to identify the distinguishing elec

trical features and values of a tran
sistor. These values may be shown 
in curve form or they may be tabu
lated. When the characteristics values 
are given in curve form, the curves 
may be used for the determination 
of transistor performance and the 
calculation of additional transistor 
parameters. 

Characteristics values are obtained 
from electrical measurements of tran
sistors in various circuits under cer
tain definite conditions of current and 
voltage. Static characteristics are ob
tained with dc potentials applied to 
the transistor electrodes. Dynamic 
characteristics are obtained with an 
ac voltage on one electrode under 
various conditions of dc potentials 
on all the electrodes. The dynamic 
characteristics, therefore, are indica
tive of the performance capabilities 
of the transistor under actual work
ing conditions. 

2 4 6 8 10 
COLLECTOR-Ta-EMITTER VOLTS (VCE) 

92CS-12327T 

Figure 20. Collector-characteristic curves. 

Published data for transistors in
clude both electrode characteristic 
curves and transfer characteristic 
curves. These curves present the 
same information, but in two differ
ent forms to provide more useful 
data. Because transistors are used 
most often in the common-emitter 
configuration, characteristic curves 
are usually shown for the collector 
or output electrode. The collector
characteristic curve is obtained by 
varying collector-to-emitter voltage 
and measuring collector current for 
different values of base current. The 
transfer-characteristic curve is ob
tained by varying the base-to-emitter 
(bias) voltage or current at a speci
fied or constant collector voltage, 
and measuring collector current. A 
collector-characteristic family of 
curves is shown in Fig. 20. Fig. 21 
shows transfer-characteristic curves 
for the same transistor. 

One of the most important char
acteristics of a transistor is its 
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Figure 21. Transfer-characteristic curves. 
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forward current-transfer ratio, i.e., 
the :ratio of the current in the output 
electrode to the current in the input 
electrode. Because of the different 
ways in which transistors may be 
connected in circuits, the forward 
current-transfer ratio is specified for 
a particular circuit configuration. 
The common-base forward current
transfer ratio is often called alpha 
(or a). and the common-emitter for
ward current-transfer ratio is often 
called beta (or (1). 

In the common-base circuit shown 
in Fig. 17, the emitter is the input 
electrode and the collector is the 
output electrode. The dc alpha, there
fore, is the ratio of the dc collector 
current Ie to the dc emitter current 
1m: 

Ie 0.981 
a = IE = -I - = 0.98 

In the common-emitter circuit 
shown in Fig. 18, the base is the 
input electrode and the collector is 
the output electrode. The dc beta, 
therefore, is the ratio of the dc col
lector current Ie to the dc base cur
rent In: 

f3 = Ie = 0.98 I = 49 
IB 0.02 I 

Because the ratios given above are 
based on dc currents, they are prop
erly called dc alpha and dc beta. It 
is more common, however, ·for the 
current-transfer ratio to be given in 
terms of the ratio of signal currents 
in the input and output electrodes, or 
the ratio of a change in the output 
current to the input signal current 
which causes the change. Fig. 22 
shows typical electrode currents in 
a common-emitter circuit under no
signal conditions and with a one
microampere signal applied to the 
base. The signal current of one 
microampere in the base causes a 
change of 49 microamperes (147-98) 
in the collector current. Thus the ac 
beta for the transistor is 49. 

The frequency cutoll of a transis
tor is defined as the frequency at 

ELECTRON 
FLOW 

'------It!I-----i 
+ -
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Ie=I50"A 

Figure 22. Electrode currents under no
signal and signal conditions. 

which the value of alpha (for a 
common-base circuit) or beta (for a 
common-emitter circuit) drops to 
0.707 times its one-kilocycle value. 
The gain-bandwidth product is the 
frequency at which the common
emitter forward current-transfer 
ratio (beta) is equal to unity. These 
characteristics provide an approxi
mate indication of the useful fre
quency range of the device, and 
help to determine the most suitable 
circuit configuration for a particular 
application. Fig. 23 shows typical 
curves of alpha and beta as functions 
of frequency. 

Extrinsic transconductance may 
be defined as the quotient of a small 
change in collector current divided 
by the small change in emitter-to
base voltage producing it, under the 
condition that other voltages remain 
unchanged. Thus, if an emitter-to
base voltage change of 0.1 volt causes 
a collector-current change of 3 milli
amperes (0.003 ampere) with other 
voltages constant, the transconduct
ance is 0.003 divided by 0.1, or 0.03 
mho. (A "mho" is the unit of con
ductance, and was named by spelling 
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Figure 23. Forward current-transfer ratio 
as a function of frequency. 

"ohm" backward.) For convenience, 
a millionth of a mho, or a micro
mho (I'mho), is used to express trans
conductance. Thus, in the example, 
0.03 mho is 30,000 micromhos. 

Cutoff currents are small dc reverse 
currents which flow when.a transistor 
is biased into non-conduction. They 
consist of leakage currents, which 
are related to the surface character" 
istics of the semiconductor material, 
and saturation currents, which are 
related to the impurity concentration 
in the material and which increase 
with increasing temperatures. Col
lector-cutoff current is the dc current 
which flows in the reverse-biased 
collector-to-base circuit wherr the 
emitter-to-base circuit is open. 
Emitter-cutoff current is the cur
rent which flows in the reverse
biased emitter-to-base circuit when 
the collector-to-base circuit is open. 

Transistor breakdown voltages de
fine the voltage values between two 
specified electrodes at which,the crys-
tal structure changes and current 
begins to rise rapidly. The voltage 
then remains relatively constant over 
a wide range of electrode currents. 
Breakdown voltages may be meas
ured with the third electrode open, 
shorted, or biased in either the for
ward or the reverse direction. For 
example, Fig. 24 shows a series of 
collector-characteristic curves for 
different base-bias conditions. It can 
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be seen that the collector~to~emitter 
breakdown voltage increases as the 
base-to-emitter bias decreases from 
the normal forward values through 
zero to reverse values. The symbols 
shown on the abscissa are sometimes 
used to designate coUector-to-emitter, 
breakdown voltages with the base 
open (BVCEO), with external base-to
emitter resistance (BVCER), with the 
base shorted to the emitter (BVCES), 
and with a reverse base-to-emitter 
voltage (BVOEV). 

As the resistance in the base-to
emitter circuit decreases, the col
lector characteristic develops two 
breakdown points, as shown in Fig. 
24. After the initial breakdown, the 
collector-to-emitter voltage decreases 
with increasing collector current 
until another breakdown occurs at a 
lower voltage. This minimum collec
tor-to-emitter breakdown voltage is 
called the sustaining voltage_ 

In large-area power transistors, 
there is a limiting mechanism 
referred to as "second breakdown". 
This condition is not a voltage break
down, but rather an electrically and 
thermally regenerative process in 

-which current is focused in a very 
small area of the order of the diam-
eter of a human hair. The very 
high current, together with the volt
age across the transistor, causes a 
localized heating that may melt a 
minute hole from the collector to,the 
emitter of the transistor and thus 
cause a short circuit. This regenera
tive process is not initiated unless 
certain high voltages and currents 
are coincident for certain finite 
lengths of time. 

In conventional transistor struc
tures, the limiting effects of second 
breakdown vary directly with the-am
plitude of .the applied _ voltage and 
inversely with the width of the base 
region. These effects are most severe 
in power transistors,.in which nar
row base structures are used to 
achieve -, good high-frequency re
sponse. In RCA "overlay" power 
transistors, a special emitter con
figuration is used to provide greater 
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COLLECTOR-TO-EMITTER VOLTAGE 

Figure 24. Typical collector·characteristic curves showing location of various breakdown 
voltages. 

current-handling capability and mini
mize the possibility of "hot spots" 
occurring at the emitter-base junc
tion. This new design extends the 
range of power and frequency over 
which transistors can be operated 
before second breakdown begins to 
limit performance. 

The curves at the left of Fig. 24 
show typical collector characteristics 
under normal forward-bias condi
tions. For a given base input current, 
the collector-to-emitter saturation 
voltage is the minimum voltage re
quired to maintain the transistor in 
full conduction (i.e., in the satura
tion region). Under saturation con
ditions, a further increase in forward 
bias produces no corresponding in
crease in collector current. Saturation 
voltages are very important in switch
ing applications, and are usually 
specified for several conditions of 
electrode currents and ambient tem
peratures. 

Reach-through (or punch-through) 
voltage defines the voltage value at 
which the depletion region in the 

collector region passes completely 
through the base region and makes 
contact at some point with the emit
ter region. This "reach-through" 
phenomenon results in a relatively 
low-resistance path between the 
emitter and the collector, and causes 
a sharp increase in current. Punch
through voltage does not result in 
permanent damage to a transistor, 
provided there is sufficient impedance 
in the power-supply source to limit 
transistor dissipation to safe values. 

Stored base charge is a measure 
of the amount of charge which exists 
in the base region of the transistor 
at the time that forward bias is re
moved. This stored charge supports 
an undiminished collector current in 
the saturation region for some finite 
time before' complete switching is 
effected. This delay' interval, called 
the "storage time", depends on the 
degree of saturation into which the 
transistor is driven. (This effect is 
discussed in more detail under 
"Switching" in the section on Tran
sistor Applications. 
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Transistor Applications 

The diversified applications of tran
sistors are treated in this section 

under the major functional classifi
cations of· Detection, Amplification, 
TV Sync and Deflection, Oscillation, 
Frequency Conversion, and ·Switch
ing. The following general descrip
tions of basic radio, television, 
communications, and computer sys
tems indicate the types of circuits 
used to perform the various special
ized functions in these systems, and 
serve as a guide to the specific appli
cations material in this section. Be
cause various coupling and biasing 
methods are used in transistor cir
cuits, bias and coupling arrange
ments are discussed separately before 
specific applications are considered. 
Bias stability requirements for tran
sistor circuits are also described. 

GENERAL SYSTEM FUNCTIONS 

When speech, music, or video in
formation is transmitted from a radio 
or television station, the station 
radiates a modulated radio-frequency 
(rf) carrier. The function of a radio 
or television receiver is simply to re-

produce the modulating wave from 
the modulated carrier. 

As shown in Fig. 25, a superhetero
dyne radio receiver picks up the 
transmitted modulated rf signal, am
plifies it and converts it to a modu
lated intermediate-frequency (if) 
signal, amplifies the modulated if 
signal, separates the modulating sig
nal from the basic carrier wave, and 
amplifies the resulting audio signal 
to a level sufficient to produce the 
desired volume in a speaker. In ad
dition, the receiver usually includes 
some means of producing automatic 
gain control (agc) of the modulated 
signal before the audio information 
is separated from the carrier. 

The transmitted rf signal picked 
up by the radio receiver may contain 
either amplitude modulation (AM) 
or frequency modulation (FM). 
(These modulation techniques are 
described later in the section on De
tection.) In either case, amplifica
tion prior to the detector stage is 
performed by tuned amplifier circuits 
designed for the proper frequency 
and bandwidth. Frequency conversion 
is performed by mixer and oscillator 
circuits or by a single converter stage 

Figure 25. Simplified block diagram for a broadcast-band receiver. 
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which performs both mixer and os
cillator functions. Separation of the 
modulating signal is normally ac
complished by one or more diodes in 
a detector or discriminator circuit. 
Amplification of the audio signal is 
then performed by one or more audio 
amplifier stages. 

Audio-amplifier systems for phono
graph or tape recordings are similar 
to the stages after detection in a 
radio receiver. The input to the am
plifier is a low-power-Ievel audio 
signal from the phonograph or mag
netic-tape pickup head. This signal 
is usually amplified through a pre
amplifier stage, one or more low-level 
(pre-driver or driver) audio stages, 
and an audio power amplifier. The 
system may also include frequency
selective circuits which act as equal
ization networks and/or tone con
trols. 

The operation of a television re
ceiver is more complex than that of 
a radio receiver, as shown by the 
simplified block diagram in Fig. 26. 
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radio, these functions are accom
plished in rf-amplifier, mixer, and 
local-oscillator stages. The if signal 
is then amplified in if-amplifier 
stages which provide the additional 
gain required to bring the signal level 
to an amplitUde suitable for detec
tion. 

After if amplification, the detected 
signal is separated into sound and 
picture information. The sound sig
nal is amplified and processed to pro
vide an audio signal which is fed to 
an audio amplifier system similar to 
those described above. The picture 
(video) signal is passed through a 
video amplifier stage which conveys 
beam-intensity information to the 
television picture tube and thus con
trols instantaneous "spot" bright
ness. At the same time, deflection 
circuits cause the electron beam of 
the picture tube to move the "spot" 
across the faceplate horizontally and 
vertically. Special "sync" signals de
rived from the video signal assure 
that the horizontal and vertical 

Figure 26: Simplified block diagram for a television receiver. 

The tuner section of the receiver se
lects the proper rf signals for the de
sired channel frequency, amplifies 
them, and converts them to a lower 
intermediate frequency. As in a 

scanning are timed so that the pic
ture produced on the receiver exactly 
duplicates the picture being viewed 
by the camera or pickup tube. 

A communications transceiver con-
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tains transmitting circuits, as well as 
receiving circuits similar to those of 
a radio receiver. The transmitter 
portion of such a system consists of 
two sections. In one section, the de
sired intelligence (voice, code, or the 
like) is picked up and amplified 
through one or more amplifier 
stages (which are usually common to 
the receiver portion) to a high-level 
stage called a modulator. In the other 
section, an rf signal of the desired 
frequency is developed in an oscilla
tor stage and amplified in one or more 
rf-amplifier stages. The audio-fre
quency (af) modulating signal is im
pressed on the rf carrier in the final 
rf-power-amplifier stage (high-level 
modulation), in the rf low-level stage 
(low-level modulation), or in both. 
Fig. 27 shows a simplified block dia
gram of the transmitter portion of 
a citizens-band transceiver that op
erates at a frequency of 27 mega
cycles per second. The transmitting 
section of a communications system 
may also include frequency-multi
plier circuits which raise the fre
quency of the developed rf signal 
as required. 

27-McI, 
CRYSTAL-CONTROLLED 

OSCILLATOR 
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cated analytical functions at very 
high speed. 

BIASING 
For most non-switching applica

tions, the operating point for a par
ticular transistor is established by 
the quiescent (dc, no-signal) values 
of collector voltage and emitter cur
rent. In general, a transistor may be 
considered as a current-operated de
vice, i.e., the current flowing in the 
emitter-base circuit controls the 
current flowing in the collector cir
cuit. The voltage and current values 
selected, as well as the particular 
biasing arrangement used, depend 
upon both the transistor character
istics and the specific requirements 
of the application. 

As mentioned previously, biasing 
of a transistor for most applications 
consists of forward bias across the 
emitter-base junction and reverse 
bias across the collector-base junc
tion. In Figs. 17, 18, and 19, two 
batteries were used to establish bias 
of the correct polarity for an n-p-n 
transistor in the common-base, com-

Figure 27. Simplified block diagram for the transmitter portion 
of a 27-Mc/s communications transceiver. 

Basically, a computer system is de
signed to evaluate information sup
plied to it in such a way that a 
predetermined output is obtained for 
prescribed input conditions. This 
evaluation is performed by switching 
circuits (also called logic circuits or 
"gates") which provide a binary out
put ("I" or "0"). Various types of 
logic circuits can be combined in 
large quantity to perform compli-

mon-emitter, and common-collector 
circuits, respectively. Many varia
tions of these basic circuits can also 
be used. (In these simplified dc cir
cuits, inductors and transformers are 
represented only by their series re
sistance.) 

A simplified biasing arrangement 
for the common-base circuit is shown 
in Fig. 28. Bias for both the collector
base junction and the emitter-base 
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c, 

(0) (b) 

Figure 28. Biasing network for common-base circuit for (al n-p-n and (bl p-n-p transistors. 

junction is obtained from the single 
battery through the voltage-divider 
network consisting of resisters It, 
and RJ • (For the n-p-n transistor 
shown in Fig. 28a, the emitter-base 
junction is forward-biased because 
the emitter is negative with respect 
to the base, and the collector-base 
junction is reverse-biased because 
the collector is positive with respect 
to the base, as shown. For the p-n-p 
transistor shown in Fig. 28b, the 
polarity of the battery and of the 
electrolytic bypass capacitor C, is 
reversed.) The electron current I 
from the battery and through the 
voltage divider causes a voltage drop 
across resistor It, which biases the 
base. The proper amount of current 
then flows through R, so that the cor
rect emitter potential is established 
to provide forward bias relative to 
the base. This emitter current estab
lishes the amount of collector current 
which, in turn, causes a voltage drop 
across R •. Simply stated, the voltage 
divider consisting of R. and R. es
tablishes the base potential; the base 
potential essentially establishes the 
emitter potential; the emitter poten
tial and resistor R, establish the 
emitter current; the emitter current 
establishes the collector current; and 
the collector current and R. establish 
the collector potential. R. is bypassed 
with capacitor C, so that the base is 
effectively grounded for ac signals. 

A single battery can also be used 
to bias the common-emitter circuit. 
The simplified arrangement shown 
in Fig. 29 is commonly called "fixed 
bias". In this case, both the base and 
the collector are made positive with 

respect to the ~~mitter by means of 
the battery. The base resistance RB 
is then selected to provide the desired 
base current h for the transistor 
(which, in turn, establishes the de
sired emitter current IE), by means 
of the following expression: 

R _ VBB - VB., 
B_ h 

where VBB is the battery supply volt
age and VB., is the base-to-emitter 
voltage of the transistor. 

In the circuit shown, for example, 
the battery voltage is six volts. The 

200000 
OHMS 

Figure 29. "Fixed-bias" arrangement for 
common-emitter circuit. 

value of Rn was selected to provide 
a base current of 27 microamperes, 
as follows: 

6 - 0.6 
RB = 27 X 10'" = 200,000 ohms 

The fixed-bias arrangement shown 
in Fig. 29, however, is not a satis
factory method of biasing the base 
in a common-emitter circuit. The 
critical base current in this type of 
circuit is very difficult to maintain 
under fixed-bias conditions because 
of variations between transistors 
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and the sensitivity of these devices 
to temperature changes. This prob
lem is partially overcome in the "self
bias" arrangement shown in Fig. 30. 

B 

EC 
3V 

Figure 30. "Self·bias" arrangement for 
common-emitter circuit. 

In this circuit, the base resistor is 
tied directly to the collector. This 
connection helps to stabilize the oper
ating point because an increase or 
decrease in collector current pro
duces a corresponding decrease or 
increase in base bias. The value of 
RB is then determined as described 
above, except that the collector volt
age Vem is used in place of the sup
ply voltage VBB: 

Vcm - VBm 
RB = In 

3 -0.6 
= 27 X 10-6 = 90,000 ohms 

The arrangement shown in Fig. 30 
overcomes many of the disadvan
tages of fixed bias, although it re
duces the effective gain of the circuit. 

In the bias method shown in Fig. 
31, the voltage-divider network com
posed of R, and R. provides the 

RI 

Figure 31. Bias network using voltage
dividel' arrangement for increased stability. 
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required forward bias across the 
base-emitter junction. The value of 
the base bias voltage is determined 
by the current through the voltage 
divider. This type of circuit provides 
less gain than the circuit of Fig. 30, 
but is commonly used because of its 
inherent stability. 

The common-emitter circuits shown 
in Figs. 32 and 33 may be used to 
provide stability and yet minimize 
loss of gain. In Fig. 32, a resistor 

Figure 32. Bias network using emitter 
stabilizing resistor_ 

RE is added to the emitter circuit, 
and the base resistor R. is returned 
to the positive terminal of the bat
tery instead of to the collector. The 
emitter resistor Rm provides addi
tional stability. It is bypassed with 
capacitor Cm. The value of Cm de
pends on the lowest frequency to be 
amplified. 

In Fig. 33, the R.R. voltage-divider 
network is split, and all ac feedback 
currents through R. are shunted to 
ground (bypassed) by capacitor C,. 

Figure 33. Bias network using split voltage
divider network. 

The value of R. is usually larger 
than the value of R.. The total re
sistance of R. and R. should equal 
the resistance of Rt in Fig. 31. 

In practical circuit applications, 
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any combination of the arrange
ments shown in Figs. 30, 31, 32, and 
33 may be used. However, the sta
bility of Figs. 30, 31, and 33 may be 
poor unless the voltage drop across 
the load resistor RI • is at least one
third the value of the supply volt
age. The determining factors in the 
selection of the biasing circuit are 
usually gain and bias stability (which 
is discussed later). 

In many cases, the bias network 
may include special elements to com
pensate for the effects of variations 
in ambient temperature OJ' in sup
ply voltage. For example, the therm
istor (temperature-sensitive resis
tor) shown in Fig. 34a is used to 
compensate for the rapid increase 
of collector current with increasing 

(a) 

SUPPLY 
VOLTAGE 

B-

BIAS 
VOLTAGE 

SUPPLY 
VOLTAGE 

B-

(b) 

BIAS 
VOLTAGE 

DIODE 

Figure 34, Bias networks including (a) a 
thermistor and (b) a temperature· and 

voltage·compensating diode, 

temperature. Because the thermistor 
resistance decreases as the tempera
ture increases, the emitter-to~base 
bias voltage is reduced and the col
lector current tends to remain con
stant. The addition of the shunt and' 
series'resistances provides most ef
fective compensation over a desired 
temperature range. 

The diode biasing network shown 
in Fig. 34b stabilize.s collector cur-

23 

rent for variations in both tempera
ture and supply voltage. The for
ward-biased diode current determines 
a bias voltage which establishes the 
transistor idling current (collector 
current under no-signal conditions). 
As the temperature increases, this 
bias voltage decreases. Because the 
transistor characteristic also shifts 
in the same direction and magnitude, 
however, the idling current remains 
essentially independent of tempera
ture. Temperature stabilization with 
a properly designed diode network is 
SUbstantially better than that pro
vided by most. thermistor bias net
works. Any temperature-stabilizing 
element should be thermally close to 
the transistor being stabilized. 

In addition, the diode bias current 
varies in direct proportion with 
changes in supply voltage. The re
sultant change in bias voltage is 
small, however, so that the idling 
current also changes in direct pro
portion to the supply voltage. Sup
ply-voltage stabilization with a diode 
biasing network reduces current 
variation to about one-fifth that ob
tained when resistor or thermistor 
bias is used for a germanium tran
sistor and one-ftfteenthfor a silicon 
transistor. 

The bias networks of Figs. 29 
through 33 are generally used in 
class A circuits. Class B circuits 
normally employ the bias networks 
shown in Fig. 34. The bias resistor 
values for class B circuits are gen
erally much lower than those for 
class A circuits. 

BIAS STABILITY 

Because transistor currents tend 
to increase with temperature, it is 
necessary in the design ·of transistor 
circuits to include a "stability fac
tor" to keep the.. collector-current 
variation within tolerable values un
der the expected high-temperature 
operating conditions. The bias sta
bility factor SF is expressed as the 
ratio between a change in dc collector 
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current and the-co.rrespo.nding change 
in .dc co.llector-cuto.ff current. 

Fo.r a given set o.f o.perating vo.lt
ages, the stability facto.r can be cal
culated fo.r a maximum -permissible 
rise- in dc co.llecto.r current fro.m the 

- ro.o.m.temperature value, as fo.llo.ws: 

lOmax _ 10. 
SF = =------,:--

lOBO. --loBol 

where lo! and leBO! are measured at 
25 degrees centigrade, lOBO, is meas
ured at the maximum expected am
bient (o.r junctio.n) temperature, and 
lemax is _ the maximum permissible 
co.llecto.r :current fo.r the specified 
co.llecto.r-to.-emitter vo.ltage at the 
maximum expected ambient (o.r junc
tio.n) temperature (to. keep transis
to.r dissipatio.n within ratings). 
,The calculated values o.f SF can 

then be used, to.gether with the ap
pro.priate values o.f beta and rb' base
c()nnectio.n resistance), to. determine 
-suitable' resistance values fo.r the 
,transisto.r circuit. Fig. 35 sho.ws 
equations .fo.r 'SF in terms o.fresist
ance 'values fo.r three typical 'circuit 
'co.nfiguratio.ns. The maximum value 
which SF can assume.is the value o.f 
beta. Altho.ugh ·this analysis was 
o.riginally made fo.r germanium tran
sisto.rs, in which the co.llecto.r satura-

+ 
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tio.n current leo 'is 'relatively large, 
the same type o.f analysis may be ap
plied to. interchangeability with beta 
fo.r silico.n transisto.rs. 

Three basic methods are used to. 
co.uple transisto.r stages: trans
fo.rmer, resistance-capacitance, and 
direct co.upling. 

_The majo.r advantage o.f trans
former coupling is that it permits 
po.wer to. be transferred fro.m o.ne 
impedance level to. ano.ther. A 
transformer-coupled co.mmon-emitter 
n-p-n stage is shown in Fig. 36. The 

"vo.ltage step-down transfo.rmer T. 
co.uples the signal fro.m the co.llecto.r 
o.f the preceding stage to. the base o.f 
the co.mmon-emitter stage. The vo.lt
age loss inherent in this transfo.rmer 
is no.t significant in transisto.r cir
cuits because, as mentio.ned pre
vio.usly, the transisto.r is a current
operated device. Altho.ugh the vo.ltage 
is stepped do.wn, the. available cur
rent is stepped up. The change in 
base . current resulting fro.m the 
presence o.f the signal causes an ac 
co.llecto.r current to. flo.w in the pri
mary winding o.ftransfo.rmer T2, and 
a po.wer gain is obtained between T, 
and T •. 

This use o.f a :vo.ltage step-down 

+ + 

SF)1(RI+R2') 
R2'+,8RI 

R2'=:R2+ rb' 

SF: ,8(RI+Req) 
Req +,8 RI 

SF: ,8 (P+Q) 
Q+/JP 

, R4 R5 
Req=R2 + R4+ R5 

R2'=R2+ rb' 

Q =R2'(R3+R4 +R5)+R4R5 

P=RI {R3+R4+RS}+R3RS 

R2'=R2+ rb' 

Figure 35. Bias-stability-factor equations for three typical circuit configurations. 
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'£]'rl ____ --=B~ 

Figure 36. Transformer-coupled common-emitter stage. 

transformer is similar to that in the 
output stage of. an audio amplifier, 
where a step-down transformer is 
normally used to drive the loud
speaker, which is also a current
operated device. 

The voltage-divider network con
sisting of resistors R, and R. in Fig. 
36 provides bias for the transistor. 
The voltage divider is bypassed by 
capacitor C, to avoid signal attenua
tion. The stabilizing emitter resistor 
RID permits normal variations of the 
transistor and circuit elements to be 
compensated for automatically with
out adverse effects. This resistor RID 
is bypassed by capacitor C,. The 
voltage ..supply VBB is also bypassed, 
by capacitor Ca, to prevent feedback 
in the event that ac signal voltages 
are developed across the power sup
ply. Capacitor C, and C2 may nor
mally 'he replaced by a single 
capacitor c{)nnected.between the emit
ter and the· bottom of the. secondary 
winding of transformer T, with little 
change in performance. 

The use oLresistance-capacitance 
coupling usually permits some econ
omy of circuit costs and reduction 
of size, with some accompanying 
sacrifice of gain. This method of 
coupling is particularly desirable· in 
low-level, low-noise audio amplifier 
stages to minimize hum pickup from 
stray magnetic fields. Use of· .. 'resist
ance-capacitance (RC) coupling in 
battery-operated equipment is usu
ally limited to low-power operation. 
The frequency response of an RC-

coupled stage is normally better than 
. that of a transformer-coupled stage. 

Fig. 37a shows a two"stage RC
coupled circuit using n-p-n transis
tors .in the common.emitter config
uration. The method of bias is similar 
to that used in the transformer
coupled circuit of Fig. 36. The major 
additional components are the col
lector load resistances RL , and RL2 
and the coupling capacitor Ce• The 
value of Ce must be made fairly 
large, in the order of 2 to 10 micro
farads, because of the small input 
and load resistances involved. (It 
should be noted that electrolytic ca
pacitors are normally used for cou
pling in transistor audio circuits. 
Polarity must be observed, therefore, 
to obtain proper circuit operation. 
Occasionally, excessive leakage cur
rent through an electrolytic coupling 
capacitor may adversely affect tran
sistor operating currents.) 

Impedance coupling is a modified 
form of resistance-capacitance cou
pling in which inductances are used 
to replace the load resistors. This 
type of coupling is rarely used ex
cept in special applications where 
supply voltages are low and cost is 
not a significant factor. 

Direct coupling is used primarily 
when cost is an important factor. 
(It should be noted . that direct
coupled amplifiers are not inherently 
dc amplifiers, i.e., that they cannot 
always amplify dc signals. Low

. frequency response is usually limited 
by other factors than the coupling 
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Figure 37. (a) Two-stage resistance-capacitance-coupled circuit and (b) two-stage direct
coupled circuit. 

network.} In the direct-coupled am
plifier shown in Fig.37b, resistor R. 
serves as both the collector load re
sistor for the first stage and the 
bias resistor for the second stage. 
Resistors R, and R. provide circuit 
stability similar to that of Fig~ 31 
because the emitter voltage of tran
sistor Q. and the collector voltage of 
transistor Q,. are within a few tenths 
of a volt of each other. 

Because so few circuit parts are 
required in the direct-coupled ampli
fier, maximum economy can be 
achieved. However, the number of 
stages which can be directly coupled 
is limited. Temperature variation of 
the bias current in one stage may be 
amplified by all the stages, and 
severe temperature instability may 
result. 

DETECT.JON ' 
The circuit of a· radio, television, or 

communications receiver in which the 
modulation is separated from the car
rier is· called the demodulator or 

detector stage ..... Transmitted rf. sig
nals may be. modulated in either of 
two ways. If the frequency of the 
carrier remains constant· and its am
plitude is varied, the carrier is called 
an amplitude-modulated (AM) sig
nal. If the amplitude remains.essen
tially constant and, the frequency is 
varied, the carrier is 'Called a .fre
quency-modulated (FM)' signa1. 

The effect of amplitude modula
tion . (AM) on the waveform of an rf 
signal is shown in Fig. 38. The audio-

II 
UNMODULATED 

RF CARRIER 

tv 
AF MODULATING 

WAVE 

AMPLITUDE-MODULATED 
RF WAVE 

Figure 38. Waveforms showing effect of 
amplitude modulation on an rf wave. 
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frequency (af) modulation can be 
extracted from the amplitude-modu
lated carrier by means of a simple 
diode detector circuit such as that 
shown in Fig. 39. This circuit elimi
nates alternate half-cycles of the 

Figure 39. Basic diode detector circuit. 

waveform, and detects the peaks of 
the remaining half-cycles to produce 
the output voltage shown in Fig. 40. 
In this figure, the rf voltage applied 
to the circuit is shown in light line; 
the output voltage across the capaci
tor C is shown in heavy line. 

d 

AMPLITUDE-MODULATED 
RF WAVE 

Figure 40. Waveform showing modulated 
rf input (light line) and output voltage 

(heavy line) of diode-detector circuit 
of Figure 39. 

Between points (a) and (b) of 
Fig. 40, capacitor C charges up to the 
peak value of the rf voltage. Then, 
as the applied rf voltage falls away 
from its peak value, the capacitor 
holds the cathode of the diode at a 
potential more positive than the volt
age applied to the anode. The capaci
tor thus temporarily cuts off current 
through the diode. While the diode 
current is cut off, the capacitor dis
charges from (b) to (c) through the 
diode load resistor R. 

When the rf voltage on the anode 
rises high enough to exceed the po
tential at which the capacitor holds 
the cathode, current flows again and 
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the capacitor charges up to the peak 
value of the second positive half
cycle at (d). In this way, the voltage 
across the capacitor follows the peak 
value of the applied rf voltage and 
reproduces the af modulating signal. 
The jaggedness of the curve in Fig. 
40, which represents an rf component 
in the voltage across the capacitor, 
is exaggerated in the drawing. In an 
actual circuit, the rf component of 
the voltage across the capacitor is 
small. When the voltage across the 
capacitor is amplified, the output of 
the amplifier reproduces the speech 
or music that originated at the trans
mitting station. 

Another way to describe the action 
of a diode detector is to consider the 
circuit as a half-wave rectifier. When 
the signal on the anode swings posi
tive, the diode conducts and the rec
tified current flows. The dc voltage 
across the capacitor C varies in ac
cordance with the rectified ampli
tude of the carrier and thus repro
duces the af signal. Capacitor C 
should be large enough to smooth 
out rf or if variations, but should 
not be so large as to affect the audio 
variations. (Although two diodes 
can be connected in a circuit similar 
to a full-wave rectifier to produce 
full-wave detection, in practice the 
advantages of this connection gen
erally do not justify the extra cir
cuit cost and complication.) 

In the circuit shown in Fig. 39, it 
is often desirable to forward-bias the 
diode almost to the point of conduc
tion to improve performance for weak 
signal levels. It is also desirable that 
the resistance of the ac load which 
follows the detector be considerably 
larger than the diode load resistor 
to avoid severe distortion of the audio 
waveform at high modulation levels. 

The effect of frequency modulation 
(FM) on the waveform of an rf sig
nal is shown in Fig. 41. In this type 
of transmission, the frequency of the 
rf carrier deviates from the mean 
value at a rate proportional to the 
audio-frequency modulation and by 
an amount (determined in the trans
mitter) proportional to the ampli-
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UNMODULATED RF CARRIER 

AF MODULATING WAVE 

FREQUENCY- MODULATED RF WAVE 

Figure 41. Waveforms showing effect of 
frequency modulation on an rf wave. 

tude of the af modulating signal. 
That is, the number of times the 
carrier frequency deviates above and 
below the center frequency is a 
measure of the frequency of the 
modulating signal; the amount of 
frequency deviation from the center 
frequency is a measure of the loud
ness of the modulating signal. For 
this type of modulation, a detector 
is required to discriminate between 
deviations above and below the center 
frequency and to translate these de
viations into a voltage having an 
amplitude that varies at audio fre
quencies. 

The FM detector shown in Fig. 42 
is called a balanced phase-shift dis
criminator. In this detector, the mu-
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tually coupled tuned circuits in the 
primary and secondary windings of 
the transformer T are tuned to the 
center frequency. A characteristic of 
a double-tuned transformer is that 
the voltages in the primary and sec
ondary windings are 90 degrees out 
of phase at resonance, and that the 
phase shift changes as the frequency 
changes from resonance. Therefore, 
the signal applied to the diodes and 
the RC combinations for peak de
tection also changes with frequency. 

Because the secondary winding of 
the transformer T is center-tapped, 
the applied primary voltage Ep is 
added to one-half the secondary volt
age E, through the capacitor C,. The 
addition of these voltages at reso
nance can be represented by the dia
gram in Fig. 43; the resultant volt
age E, is the signal applied to one 
peak-detector network consisting of 

'm~ 90' I 

Ep 

Figure 43. Diagram illustrating phase shift 
in double-tuned transformer at resonance. 

one diode and its RC load. When 
the signal frequency decreases 
(from resonance), the phase shift of 
E./2 becomes greater than 90 de
grees, as shown at (a) in Fig. 44, 
and E, becomes smaller. When the 
signal frequency increases (above 
resonance), the phase shift of E./2 
is less than 90 degrees, as shown at 
(b), and E, becomes larger. The curve 

r-~ __ ~~~~~~ ___ ,AUD~ 
OUTPUT 

8+ 

Figure 42. Balanced phase-shift discriminator circuit. 
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J:;?\ >90" \ 

£p 

(a) 

Ep 

(b) 

Figure 44. Diagrams illustrating phase 
shift in double-tuned transformer (a) below 

resonance and (b) above resonance. 

of E, as a function of frequency in 
Fig. 45 is readily identified as the re
sponse curve of an FM detector. 

Figure 45. Diagram showing resultant 
voltage E1 in Figure 43 as a function of 

frequency. 

Because the discriminator circuit 
shown in Fig. 42 uses a push-pull 
configuration, the diodes conduct on 
alternate half-cycles of the signal 
frequency and produce a plus-and
minus output with respect to zero 
rather than with respect to E 1 • The 
primary advantage of this arrange
ment is that there is no output at 
resonance. When an FM signal is 
applied to the input, the audio out-
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put voltage varies above and below 
zero as the instantaneous frequency 
varies above and below resonance. 
The frequency of this audio voltage is 
determined by the modulation fre
quency of the FM signal, and the am
plitude of the voltage is proportional 
to the frequency excursion from reso
nance. (The resistor R. in the circuit 
provides a dc return for the diodes, 
and also maintains a load impedance 
across the primary winding of the 
transformer. ) 

One disadvantage of the balanced 
phase-shift discriminator shown in 
Fig. 42 is that it detects audio modu
lation (AM) as well as frequency 
modulation (FM) in the if signal be
cause the circuit is balanced only at 
the center frequency. At frequencies 
off resonance, any variation in am
plitude of the if signal is reproduced 
to some extent in the audio output. 

The ratio-detector circuit shown in 
Fig. 46 is a discriminator circuit 
which has the advantage of being 
relatively insensitive to amplitude 
variations in the FM signal. In this 
circuit, Ep is added to E,/2 through 
the mutual coupling M2 (this volt
age addition may be made by either 
mutual or capacitive coupling). Be
cause of the phase-shift relationship 
of these voltages, the resultant de
tected signals vary with frequency 
variations in the same manner as de
scribed for the phase-shift discrimi
nator circuit shown in Fig. 42. 
However, the diodes in the ratio de
tector are placed "back-to-back" (in 
series, rather than in push-pull) so 

'--__ ~--... AUDIO (£2-£1) 
OUTPUT 2 

Figure 46. Ratio-detector circuit. 
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that both halves of the circuit oper
ate simultaneously during one-half 
of the signal frequency cycle (and 
are cut off on the other half-cycle). 
As a result, the detected voltages El 
and E. are in series, as shown for 
the instantaneous polarities that oc
cur during the conduction half-cycle. 
When the audio output is taken be
tween the equal capacitors C1 and 
C" therefore, the output voltage is 
equal to (E.-E1) /2 (for equal re
sistors Rl and R.). 

The dc circuit of the ratio detector 
consists of a path through the sec
ondary winding of the transformer, 
both diodes (which are in series), and 
resistors R1 and R •• The value of the 
electrolytic capacitor C. is selected 
so that the time constant of Rl, R., 
and C. is very long compared to the 
detected audio signal. As a result, 
the sum of the detected voltages 
(E1 + E2) is a constant and the AM 
components on the signal frequency 
are suppressed. This feature of the 
ratio detecter provides improved AM 
rejection as compared to the phase
shift discriminator circuit shown in 
Fig. 42. 

AMPLIFICATION 

The amplifying action of a tran
sistor can be used in various ways 
in electronic circuits, depending on 
the results desired. The four recog
nized classes of amplifier service can 
be defined for transistor circuits as 
follows: 

A class A amplifier is an amplifier 
in which the base bias and alter
nating signal are such that collector 
current in a transistor flows con
tinuously during the complete elec
trical cycle of the signal, and even 
when no signal is present. 

A class AB amplifier is an ampli
fier in which the base bias and alter
nating signal are such that collector 
current in a transistor flows for ap
preciably more than half but less 
than the entire electrical cycle. 

A class B amplifier is an amplifier 
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in which the base is biased to ap
proximately collector-current cutoff, 
so that collector current is approxi
mately zero when no signal IS ap
plied, and so that collector current 
in a transistor flows for approxi
mately one-half of each cycle when 
an alternating signal is applied. 

A class C :1mplifier is an amplifier 
in which the base is biased to such 
a degree that the collector current 
in a transistor is zero when no 
signal is applied, and so that col
lector current in a transistor flows 
for appreciably less than one-half of 
each cycle when an alternating sig
nal is applied. 

For radio-frequency (rf) ampli
fiers which operate into selective 
tuned circuits, or for other ampli
fiers in which distortion is not a 
prime factor, any of the above classes 
of amplification may be used with 
either a single transistor or a push
pull stage. For audio-frequency (af) 
amplifiers in which distortion is an 
important factor, single transistors 
can be used only in class A ampli
fiers. For class AB or class B audio
amplifier service, a balanced amplifier 
stage using two transistors is re
quired. A push-pull stage can also 
be used in class A audio amplifiers 
to obtain reduced distortion and 
greater power output. Class C ampli
fiers cannot be used for audio or AM 
applications. 

Audio Amplifiers 

Audio amplifier circuits are used 
in radio and television receivers, 
public address systems, sound re
corders and reproducers, and similar 
applications to amplify signals in the 
frequency range from 20 to 20,000 
cycles per second. Each transistor in 
an audio amplifier can be considered 
as either a current amplifier or a 
power amplifier. 

Simple class A amplifier circuits 
are normally used in low-level audio 
stages such as preamplifiers and 
drivers. Preamplifiers usually follow 
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low-level output transducers such as 
microphones, hearing-aid and phono
graph pickup devices, and recorder
reproducer heads. 

One of the important character
istics of a low-level amplifier circuit 
is its signal-to-noise ratio, or noise 
figure. The input circuit of an am
plifier inherently contains some 
thermal noise contributed by the re
sistive elements in the input device. 
All resistors generate a predictable 
quantity of noise power as a result 
of thermal activity. This power is 
about 160 dB below one watt for a 
bandwidth of 10 kilocycles per 
second. 

When an input signal is amplified, 
therefore, the thermal noise gener
ated in the input circuit is also 
amplified. If the ratio of signal 
power to noise power (SIN) is the 
same in the output circuit as in the 
input circuit, the amplifier is con
sidered to be "noiseless" and is said 
to have a noise figure of unity, or 
zero dB. 

In practical circuits, however, the 
ratio of signal power to noise power 
is inevitably impaired during ampli
fication as a result of the generation 
of additional noise in the circuit ele
ments. A measure of the degree of 
impairment is called the noise figure 
(NF) of the amplifier, and is ex
pressed as the ratio of signal power 
to noise power at the input (StiNt) 
divided by the ratio of signal power 
to noise power at the output (So/No), 
as follows: 

NF = S;fNi 
So/No 

The noise figure in dB is equal to 
ten times the logarithm of this 
power ratio. For example, an ampli
fier with a one-dB noise figure de
creases the signal-to-noise ratio by 
a factor of 1.26, a 3-dB noise figure 
by a factor of 2, a 10-dB noise figure 
by a factor of 10, and a 20-dB noise 
figure by a factor of 100. 

In audio amplifiers, it is desirable 
that the noise figure be kept low. In 
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general, the lowest value of NF is 
obtained by use of an emitter cur
rent of less than one milliampere and 
a collector voltage of less than two 
volts for a signal-source resistance 
between 300 and 3000 ohms. If the 
input impedance of the transistor is 
matched to the impedance of the sig
nal source, the lowest value of NF 
that can be attained is 3 dB. Gener
ally, the best noise figure is obtained 
by use of a transistor input imped
ance approximately 1.5 times the 
source impedance. However, this con
dition is often not realizable in prac
tice because many transducers are 
reactive rather than resistive. In ad
dition, other requirements such as 
circuit gain, signal-handling capa
bility, and reliability may not permit 
optimization for noise. 

In the simple low-level amplifier 
stage shown in Fig. 47, resistor R, 
determines the base bias for the tran
sistor. The output signal is devel

-oped across the load resistor R •. The 

Figure 47. Simple lOW-level class A 
amplifier. 

collector voltage and the emitter cur
rent are kept relatively low to reduce 
the noise figure. If the load imped
ance across the capacitor C. is low 
compared to R2, verY little voltage 
swing results on the collector. There
fore, ac feedback through R, does not 
cause much reducton of gain. 

In many cases, low-level amplifier 
stages used as preamplifiers include 
some type of frequency-compensa
tion network to enhance either the 
low-frequency or the high-frequency 
components of the input signal. The 
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frequency range and dynamic range* 
which can be recorded on a phono
graph record or on magnetic tape 
depend on. se:veral factors" including 
the composition, mechanical charac-, 
teristics, and speed of the' record or 
tape, and the electrical and mechani
cal characteristics, of, the recording 
equipment. To achieve wide fre
quency and dynamic range, manu
facturers of commercial recordings 
use equipment which introduces a 
nonuniform relationship between am
plitude and frequency. This rela
tionship is known as a "recording 
characteristic". To assure proper 
reproduction. of a high-fidelity re
cording, therefore, some part of the 
reproducing system must have a fre
quency-response characteristic which 
is the inverse of the recording char
acteristic. Most manufacturers of 
high-fidelity recordings use the RCA 
"New Orthophonic" (RIAA) char
acteristic for discs and the NARTB 
characteristic for magnetic tape. 

The simplest type of equalization 
network is shown in Fig. 48. Because 
the capacitor C is effectively an open 
circuit at low frequencies, the low 
frequencies must be passed through. 
the resistor R and are attenuated. 

RCA Transjstor Manual 

the types of recordings which are to 
be reproduced and on the pickup de
vices. used. All commercial pickup 
devices provide very low power levels 
to a transistor preamplifier stage 
(transistors amplify current,not 
voltage). 

A ceramic high-fidelity phono
graph pickup is usually designed to 
provide proper compensation for the 
RIAA recording characteristic when 
the pickup is operated into the load 
resistance specified by its manufac
turer. Usually, a "matching" resis
tor is inserted in series with the input 
of the preamplifier transistor. How
ever, this arrangement produces a 
fairly small signal current which 
must then be amplified. If the match
ing resistor is not used, equalization 
is required, but some improvement 
can be obtained in dynamic range and 
gain. 

A magnetic high-fidelity phono
graph pickup, on the other hand, 
usually has an essentially flat fre
quency-response characteristic. Be
cause a pickup of this type merely 
reproduces the recording charac
teristic, it must be' followed by an 
equalizer network, as well as. by a 
preamplifier having sufficient gain to 

Figure 48. Simple RC frequency·compensation network. 

The capacitor has a lower reactance 
at high frequencies, however, and by
passes. high-frequency components 
around R so that they receive neg
ligible attenuation. Thus the network 
effectively "boosts" the high frequen
cies. This type of equalization is 
called "attenuative". 

Some typical preamplifier stages 
are shown in the Circuits section. 
The location of the frequency-com
pensation network or "equalizer" in 
the reproducing: system depends on 

satisfy the input requirements of the 
tone-control amplifier and/or power 
amplifier. Many designs include both 
the equalizing and amplifying cir
cuits in a single unit. 

A high-fidelity magnetic-tape pick" 
up head, like a magnetic phonograph 
pickup, reproduces the recording 
characteristic. This type of pickup 
device, therefore, must also be fol
lowed by an equalizing network and. 
preamplifier to provide equalization 
for the NARTB characteristic. 

• The dynamic range of an amplifier is a measure of its signal-handling capability. The 
dynamic range expresses in dB the ratio of the maximum usable output signal (generally 
for a distortion of about 10 per cent) to the minimum usable output signal (generally for 
a signal-to-noise ratio of about 20 dB). A dynamic range of 40 dB is usually acceptable; 
a value of 70 dB is exceptional f<>r any audio system. 
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Feedback networks may also be 
used for frequency compensation and 
for reduction of distortion. Basically, 
a feedback network returns a por
tion of the output signal to the input 
circuit of an amplifier. The .feedback 
signal may be returned in phase with 
the input signal (positive or re
generative feedback) or 180 degrees 
out of phase with the input signal 
(negative, inverse, or degenerative 
feedback). In either case, the feed
back can be made proportional to 
either the output voltage or the out
put current, and can be applied to 
either the input voltage or the input 
current. A negative feedback signal 
proportional to the output current 
raises the output impedance of the 
amplifier; negative feedback propor
tional to the output voltage reduces 
the output impedance. A negative 
feedback signal applied to the input 
current decreases the input imped
ance; negative feedback applied to 
the input voltage increases the input 
impedance. Opposite effects are pro
duced by positive feedback. 

A simple negative or inverse feed
back network which provides high
frequency boost is shown in "Fig. 49. 
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input device such as a ceramic pickup 
is used. In such cases, the use of nega
tive feedback to raise the input im
pedance of the amplifier circuit (to 
avoid mismatch loss) is no solution 
because feedback cannot improve the 
signal-to-noise ratio of the amplifier. 
A more practical method is to in
crease the input impedance some
what by operating the transistor at 
the lowest practical current level and 
by using a transistor which has a 
high forward current-transfer ratio. 

Some preamplifier or low-level 
audio amplifier circuits include vari
able resistors or potentiometers which 
function as volume or tone controls. 
Such circuits should be designed to 
minimize the flow of dc currents 
through these controls so that little 
or 110 noise will be developed by the 
movable contact during the life of 
the circuit. Volume controls and their 
associated circuits should permit 
variation of gain from zero to maxi
mum, and should attenuate all 
frequencies equally for all positions 
of the variable arm of the control. 
Several examples of volume controls 
and tone controls are shown in the 
Circuits section. 

Figure 49. Negative-feedback frequency-compensation network. 

This network provides equalization A tone control is a variable filter 
comparable to that obtained with Fig. (or one in which at least one element 
48, but is more suitable for low-level is adjustable) by means of which the 
amplifier stages because it does not user may vary the frequency re
require the first amplifier stage to sponseof an amplifier to suit his own 
provide high-level low frequencies. taste. In radio receivers and home 
In addition, the inverse feedback im- amplifiers, the tone control usually 
proves the distortion characteristics consists of a resistance-capacitance 
of the amplifier. network in which the resistance is the 

As mentioned previously, it is variable element. 
undesirable to use a high-resistance The simplest form of tone control 
signal source for a transistor audio is a fixed tone-compensating or 
amplifier because the extreme im- "equalizing" network such as that 
pedance mismatch results in high shown in Fig. 50. At high frequencies, 
noise figure. High source resistance the capacitor C. serves as a bypass 
cannot be avoided, however, if an for the resistor R I , and the combined 
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impedance of the resistor-capacitor 
network is reduced. Thus, the output 
of the network is greater at high fre
quencies than at low frequencies, and 
the frequency response is reasonably A 

flat over a wide frequency range. The 
response curve can be "flattened" 
still more by use of a lower value for 
resistor R,. 

position, Ra is inserted in series with 
R, so that there is more attenuation 
to very low frequencies. 

Figure 50; Simple tone-control network for 
fixed tone compensation or equalization. 

BASS BOOST B A BASS CUT B 

Figure 52. Simplified representations of 
bass-control circuit at extreme ends of 

potentiometer. 

Fig. 53 shows extreme positions of 
the treble control. R. is generally 
much larger than R. or R.' and may 
be treated as an open circuit in the 
extreme positions. In both the. boost 
and cut positions, very low frequen
cies are controlled by the voltage di
vider R. and R •. In the boost position, 

TREBLE BOOST 
R4 

TREBLE CUT 
R4 

The tone-control network shown in 
Fig. 51 has two stages with com
pletely separate bass and treble con
trols. Fig. 52 shows simplified 
representations of the bass control c 
when the potentiometer is turned to ()-t-il--"-t'---1P-¢ 

o 
its extreme variations (labeled 
BOOST and CUT). At very high fre
quencies, C, and C. are effectively 
short circuits and the network be
comes the simple voltage divider R, 
and· R.. In the bass-boost position, 
R. is inserted in series with R. so 
that there is less attenuation to very 
low frequencies than to very high 
frequencies. Therefore, the bass is 
said to be "boosted". In the bass-cut 

BASS 
.---_._---l!f-.. A 

B+ 

Figure 53.' Simplified representations of 
treble-control circuit at extreme ends of 

potentiometer. 

R. is bypassed by the high frequen
cies and the voltage-divider point D 
is placed closer to C. In the cut posi-

TREBLE 

o 
B+ 

Figure 51. Two-stage tone-control circuit incorporating separate bass 
and treble controls. 
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tion, R. is bypassed and there is 
greater attenuation of the high fre
quencies. 

The frequencies at which boost and 
cut occur in the circuit of Fig. 51 are 
controlled by the values of Cl, C" C" 
and C •. Both the output impedance of 
the driving stage (generally RL1) and 
the loading of the driven stage af
fect the response curves and must be 
considered. This tone-control circuit, 
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audio driver must provide two output 
signals, each 180 degrees out of 
phase with the other. This phase re
quirement can be met by use of a 
tapped-secondary transformer be
tween a single-ended driver stage 
and the output stage, as shown in 
Fig. 54. The transformer Tl provides 
the required out-of-phase input sig
nals for the two transistors Ql and 
Q, in the push-pull output stage. 

t----' ..... -r-o· TO Q2 

Figure 54. Driver stage for push-pull output circuit. 

like the one in Fig. 50, is attenuative. 
Feedback tone controls may also be 
employed. 

The location of a tone-control net
work is of considerable importance. 
In a typical preamplifier, it may be 
in the collector circuit of the final 
low-level stage or in the input circuit 
of the first stage. If the amplifier in
corporates negative feedback, the 
tone control must be inserted in a 
part of the amplifier which is external 
to the feedback loop, or must be made 

. a part of the feedback network. The 
over-all gain of a well designed tone
control network should be approxi
mately unity. The system dynamic 
range should be adequate for all fre
quencies anticipated with the tone 
controls in any position. The high
frequency gain should not be ma
terially affected as the bass control 
is varied, nor should the low-fre
quency gain be sensitive to the 
treble control. 

Driver stages in audio amplifiers 
are located immediately before the 
power-output stage. When a single
ended class A output stage is used, 
the driver stage is similar to a pre
amplifier stage. When a push-pull 
output stage is used, however, the 

Transistor audio power amplifiers 
may be class A single-ended stages, 
or class A, class AB, or class B 
push-pull stages. A simple class A 
single-ended power amplifier is 
shown in Fig. 55. Component values 
which will provide the desired power 
output can be calculated from the 

Figure 55. Class A power-amplifier circuit. 

transistor characteristics and the 
supply voltage. For example, an out
put of four watts may be desired 
from a circuit operating with a sup
ply voltage of 14.5 volts (this volt
age is normally available in auto
mobiles which have a 12-volt ignition 
system). If losses are assumed to be 
negligible, the power output (PO) 
is equal to the peak collector volt-
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age (ee) times the peak collector 
current (ie), each divided by the 
square root of two to obtain rms 
values. The peak collector current 
can then be determined as follows: 

po= e~ X i.: 
v2 v2 

ie = PO(v2l X v2 
ec 

=4V2XV2 
14.5 

= 0.55, or approximately 
0.6 ampere. 

In class A service, the dc collector 
current and the peak collector swing 
are about the same. Thus, the col
lector voltage and current are 14.5 
volts and 0.6 ampere, respectively. 

The voltage drop across the re
sistor RE in Fig. 55 usually ranges 
from 0.3 to 1 volt; a typical value of 
0.6 volt can be assumed. The value 
of RE must equal the 0.6-volt drop 
divided by the 0.6-ampere emitter 
current, or one ohm. (The emitter 
current is assumed to be nearly equal 
to the 0.6-ampere collector current.) 

The current through resistor It. 
should be about 10 to 20 per cent of 
the collector current; a typical value 
is 15 per cent of 0.6, or 90 milli
amperes. 

The voltage from base to ground 
is equal to the base-to-emitter volt
age (determined from the transistor 
transfer-characteristics curves for 
the desired collector or emitter cur
rent; normally about 0.4 volt for a 
germanium power transistor operat
ing at an emitter current of 600 milli
amperes) plus the emitter-to-ground 
voltage (0.6 volt as described above), 
or one volt. The voltage across R., 
therefore, is 14.5 minus 1, or 13.5 
volts. The value of R. must equal 
13.5 divided by 90, or about 150 ohms. 

Because the voltage drop across 
the secondary winding of the driver 
transformer Tl is negligible, the volt
age drop across Rl is one volt. The 
current through R.. equals the cur-
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rent through It. (90 milliamperes) 
minus the base current. If the dc 
forward current-transfer ratio (beta) 
of the transistor selected has a typi
cal value of 60, the base current 
equals the collector current of 600 
milliamperes divided by 60, or 10 
milliamperes. The current through 
R, is then 90 minus 10, or 80 milli
amperes, and the value of R. is 1 
divided by 80, or about 12 ohms. 

The transformer requirements are 
determined from the ac voltages and 
currents in the circuit. The peak 
collector voltage swing that can be 
used before distortion occurs as a 
result of clipping of the output volt
age is about 13 volts. The peak col
lector current swing available before 
current cutoff occurs is the dc cur
rent of 600 milliamperes. Therefore, 
the collector load impedance should 
be 13 volts divided by 600 milli
amperes, or about 20 ohms, and the 
output transformer T. should be de
signed to match a 20-ohm primary 
impedance to the desired speaker im
pedance. If a 3.2-ohm speaker is 
used, for example, the impedance 
values for T, should be 20 ohms to 
3.2 ohms. 

The total input power to the circuit 
of Fig. 55 is equal to the voltage 
required across the secondary wind
ing of the driver transformer T, 
times the current. The driver signal 
current is equal to the base cur
rent (10 milliamperes peak, or 7 mil
liamperes mis). The peak ac signal 
voltage is nearly equal to the sum of 
the base-to-emitter voltage across 
the transistor (0.4 volt as determined 
above), plus the voltage across RE 
(0.6 volt), plus the peak ac signal 
voltage across R. (10 milliamperes 
times 12 ohms, or 0.12 volt). The in
put voltage, therefore, is about one 
volt peak, or 0.7 volt rms. Thus, the 
total ac input power required to pro
duce an output of 4 watts is 0.7 volt 
times 7 milliamperes, or 5 milliwatts, 
and the input impedance is 0.7 volt 
divided by 7 milliamperes, or 100 
ohms. 
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Higher power output can be 
achieved with less distortion in class 
A service by the use of a push-pull 
circuit arrangement. One of the dis
advantages of a transistor class A 
amplifier (single-ended or push-pull), 
however, is that collector current 
flows at all times. As a result, tran
sistor dissipation is highest when no 
ac signal is present. This dissipation 
can be greatly reduced by use of 
class B push-pull operation. When 
two transistors are connected in 
class B push-pull, one transistor 
amplifies half of the signal, and the 
other transistor amplifies the other 
half. These half-signals are then 
combined in the output circuit to re
store the original waveform in an 
amplified state. 

Ideally, transistors used in class B 
service should be biased to collector 
cutoff so that no power is dissipated 
under zero-signal conditions. At low 
signal inputs, however, the resulting 
signal would be distorted, as shown 
in Fig. 56, because of the low for
ward current-transfer ratio of the 
transistor at very low currents. This 
type of distortion, called cross-over 
distortion, can be suppressed by the 
use of a bias voltage which permits 
a small collector current flow at zero 
signal level. Any residual distortion 
can be further reduced by the use of 
negative feedback. 

OUTPUT 
COLLECTOR 

CURRENT 
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Figure 56. Waveforms showing cause of 
cross·over distortion. 

A typical class B push-pull audio 
amplifier is shown in Fig. 57. Re
sistors REt and RE• are the emitter 
stabilizing resistors. Resistors R, 
and R. form a voltage-divider net
work which provides the bias for the 
transistors. The base-emitter circuit 
is biased near collector cutoff so that 
very little collector power is dissi
pated under no-signal conditions. 
The characteristics of the bias net
work must be very carefully chosen 
so that the bias voltage will be just 
sufficient to minimize cross-over dis
tortion at low signal levels. Because 

R2 Vcc 
'-----'IIV'v----+-+--1JI + 

Figure 57. Class B push-pull audio-amplifier circuit. 
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the collector current, collector dissi
pation, and dc operating point of a 
transistor vary with ambient tem
perature, a temperature-sensitive re
sistor (such as a thermistor) or a 
bias-compensating diode may be 
used in the biasing network to mini
mize the effect of temperature 
variations. 

The advantages of class B opera
tion can be obtained without the need 
for an output transformer by use 
of a single-ended class B circuit such 
as that shown in Fig. 58. In this cir
cuit, the secondary windings of the 
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The secondary windings of any 
class B driver transformer should be 
bifilar-wound (i.e., wound together) 
to obtain tighter coupling and 
thereby minimize leakage induct
ance. Otherwise, "ringing" may oc
cur in the cross-over region as a 
result of the energy stored in the 
leakage inductance. 

Because junction transistors can 
be made in both p-n-p and n-p-n 
types, they can be used in comple
mentary-symmetry circuits to obtain 
all the advantages of conventional 
push-pull amplifiers plus direct cou-

-- vee 
+ 

=-VCC 
+ 

Figure 58. Single-ended class B circuit. 

driver transformer T, are phased so 
that a negative signal from base to 
emitter of one transistor is accom
panied by a positive signal from 
base to emitter of the other tran
sistor. When a negative signal is ap
plied to the base of transistor Q" 
for example, Q, draws current. This 
current must flow through the 
load because the accompanying posi
tive signal on the base of tran
sistor Q. cuts Q. off. When the sig
nal polarity reverses, transistor Q, 
is cut off, while Q. conducts current. 
The resistive dividers R,R, and R.R, 
provide a dc bias which keeps the 
transistors slightly above cutoff un
der no-signal conditions and thus 
minimizes cross-over distortion. The 
emitter resistors REI and REI help to 
compensate for differences between 
transistors and for the effects of 
ambient-temperature variations. 

pling. The arrows in Fig. 59 indicate 
the direction of electron current flow 
in the terminal leads of p-n-p and 
n-p-n transistors. When these two 

Figure 59. Electron-current flow in p-n-p 
and n-p-n transistors. 

transistors are connected in a single 
stage, as shown in Fig. 60, the de 
electron current path in the output 
circuit is completed through the col
lector-emitter circuits of the tran
sistors. In the circuits of Figs. 58 
and 60, essentially no dc current 
flows through the load resistor RL • 
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Therefore, the voice coil of a loud
speaker can be connected directly in 
place of RL without excessive speaker 
cone distortion. 

INPUT 

Figure 60. Basic complementary·symmetry 
circuit. 

Several high-fidelity amplifiers are 
shown in the Circuits section. The 
performance capabilities of such am
plifiers are usually given in terms 
of frequency response, total harmonic 
distortion, maximum power output, 
and noise level. To provide high
fidelity reproduction of audio pro
gram material, an amplifier should 
have a frequency response which does 
not vary more than 1 dB over the en
tire audio spectrum. General practice 
is to design the amplifier so that its 
frequency response is flat within 1 
dB from a frequency well below the 
lowest to be reproduced to one well 
above the upper limit of the audible 
region. 

Harmonic distortion and inter
modulation distortion pro due e 
changes in program material which 
may have adverse effects on the qual
ity of the reproduced sound. Har
monic distortion causes a change in 
the character of an individual tone 
by the introduction of harmonics 
which were not originally present in 
the program material. For high
fidelity reproduction, total harmonic 
distortion (expressed as a percent
age of the output power) should not 
be greater than about 0.5 per cent at 
the desired listening level. 

Intermodulation distortion is a 
change in the waveform of an indi
vidual tone as a result of interaction 
with another tone present at the 

39 

same time in the program material. 
This type of distortion not only alters 
the character of the modulated tone, 
but may also result in the generation 
of spurious signals at frequencies 
equal to the sum and difference of the 
interacting frequencies. Intermodu
lation distortion should be less than 
2 per cent at the desired listening 
level. In general, any amplifier which 
has low intermodulation distortion 
will have very low harmonic distor
tion. 

The maximum power output which 
a high-fidelity amplifier should de
liver depends upon a complex rela
tion of several factors, including the 
size and acoustical characteristics of 
the listening area, the desired listen
ing level, and the efficiency of the 
loudspeaker system. Practically, 
however, it is possible to determine 
amplifier requirements in terms of 
room size and loudspeaker efficiency. 

The acoustic power required to re
produce the loudest passages of or
chestral music at concert-hall level 
in the average-size living room is 
about 0.4 watt. Because high-fidelity 
loudspeakers of the type generally 
available for home use have an effi
ciency of only about 5 per cent, the 
output stage of the amplifier should· 
therefore be able to deliver a power 
output of at least 8 watts. Because 
many wide-range loudspeaker sys
tems, particularly those using cross
over networks, have efficiencies· of 
less than. 5 per cent, output stages 
used with such systems must have 
correspondingly larger power out
puts. 

The noise level of a high-fidelity 
amplifier determines the range of 
volume the amplifier is able to repro
duce, i.e., the difference (usually ex
pressed in dB) between the· loudest 
and softest sounds in program ma
terial. Because the greatest volume 
range utilized in electrical program 
material at the present time is about 
60 dB, the noise level of a high
fidelity amplifier should be at least 
60 dB below the signal level at the 
desired listening level. 

The design of audio equipment for 



direct operation from the ac power 
line normally requires the use of 
either a power transformer or a large 
voltage-dropping resistor to reduce 
the 120-volt ac line voltage to a .level 
that is appropriate for transistors. 

, Both of these techniques have disad
vantages. The use of a transformer 
adds cost to the system .. The use of 
a dropping resistor places restric
tions on the final packaging of the 
instrument because the resistor must 
dissipate power. In addition, low

. voltage supplies are usually more ex
. pensive to filter than high-voltage 
supplies. 

The use of high-voltage, silicon 
transistors eliminates the need for 
.either a power transformer or a high
power voltage-dropping resistor, and 
permits the use of economical cir
cuits and components in line-operated 
'audio equipment. Several acldc cir
cuits using· these high-voltage tran-

. sistors are shown in the Circuits 
section. The basic class A audio out
put stage shown in Fig. 61 is essen
tially of the same design·as the class 
A amplifier discussed previously. Be
cause the. supply voltage is much 
higher, however, 'the currents are 
about one-tenth' as high and the im
pedances about 100 times as high. 

The use of a voltage-dependent 
resistor (VDR) as a damping resis
tor across the primary winding of the 
output transformer in Fig. 61 pro
tects the output circuit against the 
destructive effects of transient volt
ages that can occur under abnormal 
conditions.· If the VDR were not used, 

.120 V 
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the peak collector voltage under 
transient conditions could be as high 
as five to ten times the supply volt
age, or far in excess of the break
down-voltage rating for the transis
tor. Because the resistance of the 
VDR varies directly with voltage, its 
use limits the transient voltage to 
safe levels but does not degrade over
all circuit performance. 

Fig. 62 shows another effective 
method for protection against tran
sient voltages. In this arrangement, 

TO 
DRIVER 

= 
Figure 62. ·Alternate method for protection 

against transient voltages. 

the output transformer is replaced by 
a 'center-tapped transformer and a 
silicon rectifier that has a peak
reverse-voltage rating of 300 to 400 
volts. The peak voltage across the 
output is thus limited to a value 
which does not exceed twice the mag
nitude' of the supply voltage. As the 
collector voltage approaches a value 
equal to twice the supply voltage, the 
voltage at the diode. end of the trans
former becomes sufficiently negative 
to forward-bias the diode and thus 

AC/DC-1~--------~------~~----__ ;b+~ __ ~ 
C2 

Figure 61.' BaSic audio output stage for .line-operated equipment. 
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clamp the collector voltage. The re
quired transformer primary imped
ance is generally about 10,000 ohms 
center-tapped; in addition, it is 
recommended that a bifilar winding 
be used to minimize leakage in
ductance. Because the arrangement 
shown in Fig. 62 provides more re
liable protection against transients 
than that of Fig. 61, a higher supply 
voltage and a higher transformer im
pedance can be used. 

It should be noted that special pre
cautions are required in the con
struction of circuits for line-voltage 
operation. Because these circuits 
operate at high ac and dc voltages, 
special care must be exercised to as
sure that no metallic part of the chas
sis or output transformer is exposed 
to touch, accidental or otherwise. 
The circuits should be installed in 
non-metallic cabinets, or should be 
properly insulated from metallic 
cabinets. Insulated knobs should be 
used for potentiometer shafts and 
switches. 

A phase inverter is a type of class 
A amplifier used when two out-of
phase outputs are required. In the 
split-load phase-inverter stage shown 
in Fig. 63, the output current of 
transistor Ql flows through both the 
collector load resistor R. and the 
emitter load resistor R,. When the 
input signal is negative, the in
creased output current causes the 
collector side of resistor R. to be
come more positive and the emitter 
side of resistor R, to become more 
negative with respect to ground. 

PHASE 

r----<p---;~ 
CI 
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When the input signal is positive, 
the output. current decreases and op
posite voltage polarities are estab
lished across resistors R3 and R •. 
Thus, two output signals are pro
duced which are 180 degrees out of 
phase with each other. This circuit 
provides the 180-degree phase rela
tionship only when each load is re
sistive and constant throughout the 
entire signal swing. It is not suitable 
as a driver stage for a class B out
put stage. 

.. Direct-Current Amplifiers 
Direct-current amplifiers are nor

mally used in transistor circuits to 
amplify small dc or very-low-fre
quency ac signals .. Typical applica
tions of such amplifiers include the 
output stages of series-type and 
shunt-type regulating circuits. 
chopper-type circuits, differential 
amplifiers, and pulse amplifiers. 

In series regulator circuits such as 
that shown in Fig. 64, direct-coupled 
amplifiers are used to amplify an 

Vo 

Figure 64. Typical series regulator circuit. 

error or differe:rtee signal obtained 
. INPUT from. a ~omparison between a por

tion of the output voltage' and a 
reference source. The reference
voltage source Vn is placed in the 
emitter circuit of tbeamplifier tran-

Figure 63. Split-load phase inverter stage. sistor Q, so that the error or differ-
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ence signal between VB and some 
portion of the output voltage V 0 is 
developed and amplified .. The ampli
fied error signal forms the input to 
the regulating element consisting of 
transistors Q. and Q., and the out
put from the regulating element de
velops a controlling voltage across 
the resistor R,. 

Shunt regulator circuits are not as 
efficient. as series regulator circuits 
for most applications, but they have 
the advantage of greater simplicity. 
In the shunt voltage regulator cir
cuit shown in Fig. 65, the current 
through the shunt element consisting 
of transistors Q, and Q. varies with 
changes in the load current or the 
input voltage. This current variation 
is reflected across the resistance R, 
in series with the load so that the 
output voltage Vo is maintained 
nearly constant. 

RI 

Figure 65. Typical shunt regulator circuit. 

Direct-coupled amplifiers are also 
used in chopper-type circuits to am
plify low-level dc signals, as illu
strated by the block diagram in Fig. 
66. The dc signal modulates an ac 
carrier wave, usually a square wave, 
and the modulated wave is then am
plified to a convenient level. The 
series of amplified pulses can then 
be detected and integrated into the 
desired dc output signal. 

0[:0: 
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Differential amplifiers can be used 
to provide voltage regulation, as 
described above, or to compensate 
for fluctuations in current due to 
signal, component,. or temperature 
variations. Typical differential am
plifier elements such as those shown 
in Fig. 67 include an output stage 
which supplies current· to the load 
resistor R, and the necessary num
berof direct-coupled cascaded stages 

Figure 67. Typical differential amplifier 
circuits. 

to provide the required amount of 
gain for a· given condition of line

. voltage or load-current regulation. 
The reference-voltage source VB is 

L.--------{Vin r-------,..-......I.-o 
Figure 66. Block diagram showing ·action of "chopper" circuit. 
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placed in one of the cascaded stages 
in such a manner that an error or 
difference signal between Vx and 
some portion of the output voltage 
V 0 is developed and amplified. Some 
form of temperature compensation 
is usually included to insure stabil
ity of the direct-coupled amplifier. 

Tuned Amplifiers 
In transistor radio-frequency (rf) 

and intermediate-frequency (if) am
plifiers, the bandwidth of frequencies 
to be amplified is usually only a 
small percentage of the center fre
quency. Tuned amplifiers are used 
in these applications to select the 
desired bandwidth of frequencies and 
to suppress unwanted frequencies. 
The selectivity of the amplifier is 
obtained by means of tuned inter
stage coupling networks. 

The properties of tuned amplifiers 
depend upon the characteristics of 
resonant circuits. A simple parallel 
resonant circuit (sometimes called a 
"tank" because it stores energy) is 
shown in Fig. 68. For practical pur
poses, the resonant frequency of such 
a circuit may be considered inde
pendent of the resistance R, provided 
R is small compared to the inductive 
reactance XL. The resonant fre
quency fr is then given by 

f _ 1 
r - 2'lty'Lc 

For any given resonant frequency, 
the product of Land C is a constant; 
at low frequencies LC is large; at 
high frequencies it is small. 

The Q (selectivity) of a parallel 
resonant circuit alone is the ratio of 
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IC 
C 1 

Figure 68. Simple parallel resonant circuit. 

the current in the tank (IL or Ie) to 
the current in the line (I). This un
loaded Q, or Qo, may be expressed 
in various ways, for example: 

Ie XL R. 
QL = 1= If= Xe 

where XL is the inductive reactance 
(= 2.,.fL) , Xc is the capacitive re
actance ( = 1/ [2wiC]), and R. is the 
total impedance of the parallel reso
nant circuit (tank) at resonance. The 
Q varies inversely with the resistance 
of the inductor. The lower the re
sistance, the higher the Q and the 
greater the difference between the 
tank impedance at frequencies off 
resonance compared to the tank im
pedance at the resonant frequency. 

The Q of a tuned interstage cou
pling network also depends upon the 
impedances of the preceding and fol
lowing stages. The output impedance 
of a transistor can be considered as 
consisting of a resistance Ro in par
allel with a capacitance Co, as shown 
in Fig. 69. Similarly, the input im
pedance can be considered as consist
ing of a resistance R, in parallel 
with a capacitance Clo Because the 

OUTPUT OF 
PRECEDING 
TRANSISTOR 

COUPLING 
NETWORK 

INPUT OF 
FOLLOWING 
TRANSISTOR 

Figure 69. Equivalent output and input circuits of transistors 
connected by a coupling network. 
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tuned circuit is shunted by both the 
output impedance of the preceding 
transistor and the input impedance 
of the following transistor, the ef
fective· selectivity of the circuit is 
the loaded Q ( or QL) based upon 
the total impedance of the coupled 
network, as follows: 

f total loading on 1. 
1. coil at resonance f 

QL = ~--~--~~~ 
XL or Xo 

The capacitances Co and C. in Fig. 
69 are usually considered as part of 
the coupling network. For example, 
if the required capacitance between 
terminals 1 and 2 of the coupling 
network is calculated to be 500 pico
farads and the value of Co is 10 
picofarads, a capacitor of 490 pico
farads is used between terminals 1 
and 2 so that the total capacitance is 
500 picofarads. The same method is 
used to allow for the capacitance C. 
at terminals 3 and 4. 

When a tuned resonant circuit in 
the primary winding of a trans
former is coupled to the nonresonant 
secondaTY winding of the trans
former, as shown in Fig. 70a, the ef
fect of the input impedance of the 
following stage on the Q of the tuned 
circuit can be determined by con
sidering the values reflected (or re
ferred) to the primary circuit by 
transformer action. The reflected re
sistance r. is equal to the resistance 
R. in the secondary circuit times the 
square of the effective turns ratio 
between the primary and secondary 
windings of the transformer T: 

where N,!N. represents the electrical 
turns ratio between the primary 
winding and the secondary, winding 
of T. If there is capacitance in the 
secondary circuit (C.), it is reflected 
to the primary circuit as a capaci
tance C.P, and is given by 
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The loaded Q, or QL, is then calcu
lated on the basis of the inductance 
Lp , the total shunt resistance (R. 
pedance Z. = QoXc = Q.XL ), and 
plus r. plus the tuned-circuit im
the total capacitance (Cp + C.p ) in 
the tuned circuit. 

Fig. 70b shows a coupling network 
which consists of a single-tuned cir
cuit using mutual inductive coupling. 
The capacitance C. includes the ef
fects of both the output capacitance 
of the preceding transistor and the 

OUTPUT OF 
PRECEDING 
TRANSISTOR 

OUTPUT OF 
PRECEDING 
TRANSISTOR 

INPUT OF 
FOLLOWING 
TRAN$ISTOR 

INPUT OF 
FOLLOWING 
TRANSISTOR 

Figure 70. Equivalent circuits for trans
former-couplin~ networks: Cal having tuned 
primary winding; (b) uSing inductive 
coupling; (c) using tap on primary winding. 

input capacitance of the following 
transistor (referred· to the primary 
of transformer T,). The bandwidth 
of a single-tuned transformer is de
termined by the half-power points on 
the resonance curve (-3 dB or 0.707 
down from the maximum). Under 
these conditions, the band pass bof 
is equal to the ratio of the center or 
resonant frequency fr divided by the 
loaded (effective) Q of the circuit, as 
follows: 

The inherent internal feedback in 
transistors can cause instability and 
oscillation as the gain of an amplifier 
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stage is increased (i.e., as the load 
and source impedances are increased 
from zero to matched conditions). 
At low radio frequencies, therefore, 
where the potential gain of transis
tors is high, it is often desirable to 
keep the transistor load impedance 
low. Relatively high capacitance 
values in the tuned collector circuit 
can then be avoided by use of a tap 
on the primary 'winding of the 
coupling transformer, as shown in 
Fig. 70c. At higher frequencies, the 
gain potential of the transistor de
creases, and impedance matching is 
permissible. However, lead induct
ance becomes significant at higher 
frequencies, particularly in the emit
ter circuit. All lead lengths should be 
kept short, therefore, and especially 
.the emitter lead, which not only de
grades performance but is also a 
mutual coupling to the output circuit. 

External feedback circuits are 
often used in tuned coupling net
works to counteract the effects of 
the internal transistor feedback and 
thus provide more gain or more 
stable performance. If the external 
feedback circuit cancels the effects 
of both the resistive and the reac
tive internal feedback, the amplifier 
is considered to be unilateralized. If 
the external circuit cancels the effect 
of only the reactive internal feed
back, the amplifier is considered to 
be neutralized. 

In the design of low-level tuned 
rf amplifiers, careful consideration 
must be given to the transistor and 
circuit parameters which control cir
cuit stability, as well as those which 
maintain adequate power gain. In 
addition, if the signals to be ampli
fied are relatively weak, it is im
portant that the transistor and its 
associated circuit provide low noise 
figure at the operating frequency. 

The relative power-gain capabili
ties of transistors at high frequencies 
are indicated by their theoretical 
maximum frequency of oscillation 
f max• At this frequency, the unilateral
ized matched power gain, or maxi
mum available gain MAG, is zero dB. 
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As shown in Fig. 71, the curve of 
MAG as a function of frequency for 
a typical rf transistor rises approxi
mately 6 dB per octave above fmax. 

Because most practical rf ampli
fiers are not individually unilateral
ized, the power gain that can be 
obtained is somewhat less than the 
MAG because of internal feedback in 
the circuit. This feedback is greater 
in unneutralized circuits than in neu
tralized circuits, and therefore gain 
is lower when neutralization is not 
used. From a praCtical considera
tion, the feedback capacitance which 
must be considered is the total feed
back capacitance between collector 
and base, including both stray and 
socket capacitances. In neutralized 
circuits, stray capacitances, socket 
capacitance, and the typical value of 
device capacitance can generally be 
neutralized. At a given frequency, 
therefore, the maximum usable 
power gain MUG of a neutralized cir
cuit depends on the transconductance 
gm and the amount of internal feed-

m ... 
I 
i 

FREQUENCY 

Figure 71. Maximum available gain M~G, 
maximum usable gain MUG, and nOise 

figure NF as functions of frequency. 
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back capacitance Ct. In unneutralized 
circuits, however, both socket and 
stray capacitances are involved in 
the determinati~n of gain and must 
be included in the value of Cf. The 
ratio of gm to Cf should be high to 
provide high power gain. Fig. 71 
shows typical curves of MAG and 
MUG (for both the neutralized and 
the unneutralized case) for a low
level rf transistor used in a commQn
emitter circuit. 

. The transistor requirements for 
high power gain and low noise figure 
are essentially the same. Published 
data for transistors intended for low
level rf applications generally indi
cate a minimum power gain and a 
maximum noise figure in a circuit 
typical of the intended use. A curve 
of noise figure NF as a function of 
frequency is also shown in Fig. 71. 
Circuit design factors for lowest 
noise figure include use of a low
noise transistor, choice of optimum 
-bias current and source resistance, 
and use of low-loss· input circuits. 
Optimum low-noise bias current for 
most low-level rf transistors is 
about 1 milliampere, or slightly 
higher in the uhf range. Optimum 
source resistance is a function of 
operating frequency and bias current 
for a given transistor. 
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The input circuit to the first stage 
of the amplifier should have as little 
loss as possible because such loss 
adds directly to the otherwise attain
able noise figure. In other words, if 
the loss at the input to the first stage 
is 2 dB, the amplifier noise figure will 
be 2 dB higher than could be achieved 
with no ·loss at the input. To mini
mize such loss, it is generally desir
able that the ratio of unloaded Q 
(Qo) to loaded Q (QL) of the input 
circuit be high and that the bias re
sistors be isolated from the input by 
chokes or tuned circuits. 

A typical tuned amplifier using 
neutralization is shown in Fig. 72. 
The input signal to the transistor 
is an if carrier (e.g., 455 kilocycles) 
amplitude-modulated by an audio 
signal. Capacitor C, and the primary 
winding of transformer T. form a 
parallel-tuned circuit resonant at 
455 kilocycles. Transformer T. 
couples the signal power from the 
previous stage to the base of the 
transistor. Resistors R1 and R. pro
vide forward bias to the transistor. 
Capacitor C. provides a low-imped
ance path for the 455-kilocycle signal 
from the input tuned circuit to the 
emitter. Resistor Ro, which is by
passed for 455 kilocycles by capacitor 
C., is the emitter dc stabilizing resis-

- OUTPUT 
TO AUDIO +-_-4 __ ~-0AMPLIFIER 

Figure 72. Neutralized if-amplifier and second-detector circuit. 
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tor. The amplified signal from the 
transistor is developed across the 
parallel resonant circuit (tuned to 
455 kilocycles) formed by capacitor 
C. and the primary winding of trans
former T" and is coupled by T, to 
the crystal-diode second detector CR. 

OUTPUT OF 
PRECEDING 
TRANSISTOR 

LI 
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secondary winding. It is extremely 
difficult in practice to construct a 
fractional part of a turn. In such 
cases, capacitance coupling may be 
used, as shown in Fig. 73. This ar
rangement, which is also called 
capacitive division, is similar to 

INPUT OF 
FOLLOWING 
TRANSISTOR 

Figure 73. Single-tuned coupling network using capacitive division. 

Because of the phase reversal in
herent in the common-emitter con
figuration, reactive feedback in the 
transistor due to the internal capaci
tance between the collector and the 
base is 180 degrees out of phase with 
the input. In the external feedback 
loop, therefore, current at the inter
mediate frequency is taken from the 
secondary winding of the single
tuned output transformer and ap
plied to the base of the transistor 
through the feedback (neutralizing) 
capacitor C •. Because this current is 
180 degrees out of phase with the col
lector current, it cancels the reactive 
feedback in the transistor and thus 
improves the gain of the circuit. 

The rectified output of the crystal 
diode CR, is filtered by capacitor C, 
and resistor R. so that the voltage 
across capacitor C, consists of an 
audio signal and a dc voltage (posi
tive with respect to ground for the 
arrangement shown in Fig. 72) that 
is directly proportional to the am
plitude of the· if carrier. This dc 
voltage is fed back to the base of 
the transistor through the resistor 
R, to provide automatic gain control. 
Resistor R, and capacitor Co form 
an audio decoupling network to pre
vent audio feedback to the base of 
the transistor. 

In high-frequency tuned ampli
fiers, where the input impedance is 
typically low, mutual inductive coup
ling may be impracticable because 
of the small number of turns in the 

tapping down on a coil at or near 
resonance. Impedance transformation 
in this network is determined by the 
ratio between capacitors C1 and Co. 
Capacitor Cl is normally much 
smaller than C,; thus the capacitive 
reactance XCi is normally much larger 
than Xc.. Provided the input resist
ance of the following transistor is 
much greater than Xc., the effective 
turns ratio from the top of the coil 
to the input of the following tran
sistor is (C, + C,)/C,. The total ca
pacitance C, across the inductance L 
is given by . 

Ct = C1C2 

C1 + C2 

The resonant frequency fr is then 
given by 

1 
fr = 2'1tVL1Ct 

Double-tuned interstage coupling 
networks are often used in prefer
ence to single-tuned networks to 
provide flatter frequency response 
within the pass band, a sharper drop 
in response immediately adjacent to 
the ends of the pass band, or more 
attenuation at frequencies far re
moved from resonance. In syn
chronous double-tuned networks, 
both the resonant circuit in the in
put of the coupling network and the 
resonant circuit in the output are 
tuned to the same resonant fre
quency. In "stagger-tuned" net-
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works, the two resonant circuits are 
tuned to slightly different resonant 
frequencies to provide a more rec
tangular band pass with sharper se·
lectivity at the ends of the pass band. 
Double-tuned or stagger-tuned net
works may use capacitive, inductive, 
or mutual inductance coupling, or any 
combination of the three. 

Automatic gain control (agc) is 
often used in rf and if amplifiers in 
AM radio and television receivers to 
provide lower gain for strong signals 
and higher gain for weak signals. 
(In radio receivers, this gain-com
pensation network may also be called 
automatic volume control or ave.) 
When the signal strength at the an
tenna changes, the agc circuit modi
fies the receiver gain so that the out
put of the last if-amplifier stage 
remains nearly constant and conse
quently maintains a nearly constant 
speaker volume or picture contrast. 

The agc circuit usually reduces the 
rf and if gain for a strong signal by 
varying the bias on the rf-amplifier 
and if-amplifier stages when the sig
nal increases. A simple reverse agc 
circuit is shown in Fig. 74. On each 
positive half-cycle of the signal volt
age, when the diode anode is positive 
with respect to the cathode, the diode 
passes current. Because of the flow 
of diode current through R" there is 
a voltage drop across R, which makes 
the upper end of the resistor nega
tive with respect to ground. This 
voltage drop across R, is applied, 
through the filter R. and C, as reverse 
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bias on the preceding stages. When 
the signal strength at the antenna in
creases, therefore, the signal applied 
to the· agc diode increases, the volt
age drop across R, increases, the re
verse bias applied to the rf and if 
stages increases, and the gain of the. 
rf and ·if stages is decreased. As a 
result, the increase in signal strength 
at the antenna does not produce as 
much increase in the output of the 
last if-amplifier stage as it would 
without agc. 

When the signal strength at the 
antenna decreases from a previous 
steady value, the agc circuit acts in 
the opposite direction, applying less 
reverse bias and thus permitting the 
rf and if gain to increase. 

The filter C and R. prevents the 
agc voltage from varying at audio 
frequency. This filter is necessary be
cause the voltage drop across R, 
varies with the modulation of the car
rier being received. If agc voltage 
were taken directly from R, without 
filtering, the audio variations in agc 
voltage would vary the receiver gain 
so as to smooth out the modulation 
of the carrier. To avoid this effect,· 
the agc voltage is taken from the 
capacitor C. Because of the resistance 
R. in series with C, the capacitor can 
charge and discharge at· only a com
paratively slow rate. The agc voltage 
therefore cannot vary at frequencies 
as high as the audio range, but can 
vary rapidly at frequencies high 
enough to compensate for most 
changes in signal strength. 

vot'~GE----"""---"'" 

OUTPlJrn OF LAST 
IF STAGE· . 

8+ 

Figure 74. Simple reverse agc circuit. 
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In a television receiver, the video 
signal contains a dc component, and 
therefore the average carrier level 
varies with signal information. As a 
result, the agc circuit is designed to 
provide a control voltage propor
tional to the peak modulated carrier 
level rather than the average modu
lated carrier level. The time constant 
of the agc detector circuit is made 
large enough so that the picture con
tent of the composite video signal 
does not influence the magnitude of 
the agc voltage. In addition, an elec
tronic switch is often included in the 
circuit so that it can be operated only 
during the retrace portion of the 
scanning cycle. This "gated agc" 
technique prevents noise peaks from 
affecting agc operation. ' 

There are two ways in which auto
matic gain control can be applied 
to a transistor. In the reverse agc 
method shown in Fig. 74, agc action 
is obtained by decreasing the collec
tor or emitter current of the tran
sistor, and thus its transconductance 
and gain. The use of forward age 
provides improved cross-modulation 
characteristics and better signal
handling capability than reverse agc. 
For forward agc operation, however, 
the transistor used must be specially 
designed so that transconductance 
decreases with increasing emitter 
current. In such transistors, the 
current-cutoff characteristics are de
signed to be more remote than the 
typical sharp-cutoff characteristics of 
conventional transistors. (All tran
sistors can be used with reverse agc, 
but only specially designed types 
with forward agc.) 

Reverse agc is simpler to use, and 
provides less bandpass shift and tilt 
with signal-strength variations. The 
input and output resistances of a 
transistor increase when reverse agc 
is applied, but the input and output 
capacitances are not appreciably 
changed. The change in the loading 
of tuned circuits is minimal, how
ever, because considerable mismatch 
already exists and the additional mis
match caused by agc has little effect. 

In forward agc, however, the input 
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and output resistances of the tran
sistor are reduced when the collector 
or emitter current is increased, and 
thus the tuned circuits are damped. 
In addition, the input and output 
capacitances change drastically, and 
alter the resonant frequency of the 
tuned circuits. In a practical circuit, 
the bandpass shift and tilt caused by 
forward agc can be compensated to 
a large extent by the use of passive 
coupling circuits. 

Cross-modulation is an important 
consideration in the evaluation of 
transistorized tuner circuits. This 
phenomenon, which occurs in non
linear systems, can be defined as 
the transfer of modulation from 
an interfering carrier to the desired 
carrier. In general, the severity of 
cross-modulation is independent of 
both the semiconductor material and 
the construction of the transistor 
(provided gain and noise factor are 
not sacrificed). At low frequencies, 
cross-modulation is also independent 
of the amplitude of the desired car
rier, but varies as the square of the 
amplitude of the interfering signal. 

In most rf circuits, the undesir
able effects of cross-modulation can 
be minimized by good selectivity in 
the antenna and rf interstage coils. 
Minimum cross-modulation can best 
be achieved by use of the optimum 
circuit Q with respect to bandwidth 
and tracking considerations, which 
implies minimum loading,of the tank 
circuits. 

In rf circuits where selectivity is 
limited by the low unloaded Q's of 
the coils being used, improved cross
modulation can be obtained by mis
matching the antenna circuit (that 
is, selecting the antenna primary
to-secondary' turns ratio such that 
the reflected antenna impedance at 
the base of the rf amplifier is very 
low compared to the input imped
ance). This technique is commonly' 
used in automobile receivers, and 
causes a slight degradation in noise 
figure. At high frequencies, such 
as in television, where low source im
pedances are difficult to obtain be
cause of lead inductance or the 
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impracticality of putting a tap on 
a coil having one or two turns, an 
unbypassed emitter resistor having 
a low value of resistance (e.g., 22 
ohms) may be used to obtain the 
same effect. 

Cross-modulation may occur in 
the mixer or rf amplifier, or both. 
Accordingly, it is important to ana
lyze the entire tuner as well as the 
individual stages. Cross-modulation 
is also a function of agc. At sen
sitivity conditions where the rf 
stage is operating at maximum gain 
and . the interfering signal is far 
removed from the desired signal, 
cross-modulation occurs primarily in 
the rf stage. As the desired signal 
level increases and agc is applied 
to the rf stage, the rf transistor gain 
decreases and provides improved 
cross-modulation. If the interfering 
signal is close to the desired signal, it 
is the rf gain at the undesired signal 
frequency which determines whether 
the rf stage or mixer stage is the 
prime contribution of cross-modula
tion. For example, it is possible that 
the .rf stage gain (including selec
tivity. of tuned circuits) at the un
desired frequency is greater than 
unity. In this case, the undesired 
signal at the mixer input is larger 
than that at the rf input; thus the 
contribution of the mixer is appre
ciable. Intermediate and high signal 
,conditions may be analyzed similarly 
by considering rf agc. 

If adequate limiting is employed, 
cross-modulation does not occur in 
an FM signal. 

Limiters 

A limiter circuit is essentially an 
if-amplifier stage designed to pro
vide clipping at a desired signal level. 
Such circuits are used in· FM receiv
ers to remove AM. components from 
the if. signal prior to FM detection. 
The limiter stage is normally the last 
stage prior to detection, and is simi
lar to preceding if stages. At low 
input rf signal levels, it amplifies the 
if signal in the same manner as pre
ceding stages. As the signal level in-
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creases, however, a point is reached 
at which the limiter stage is driven 
into saturation (i.e., the peak currents 
and voltages are limited by the sup
ply voltage and load impedances and 
increases in signal produce very little 
increase in. collector current). At 
this point, the if signal is "clipped" 
(or flattened) and further increases 
in rf signal level produce no further 
output in if signal to the detector. 

Limiter stages may be designed to 
provide clipping at various input
signal levels. A high-gain FM tuner 
is usually designed to limit at very 
low rf input signal levels, and pos
sibly even on noise signals. Addi
tional AM rejection may be obtained 
by use of a ratio detector for the 
frequency discriminator. 

Wide band (Video) Amplifiers 

In some applications, it is neces
sary for a transistor circuit to am
plify signals ranging from very low 
frequencies (several cycles per sec
ond) to high frequencies (tens of 
megacycles per second) with a mini
mum ·of frequency and time-delay 
distortion. For example, very exact
ing requirements are demanded for 
such applications as television camera 
chains, ac voltmeters, and vertical 
amplifiers for oscilloscopes. Inre
sponse to these demands, circuit com
pensation techniques have been de
veloped to minimize the amplitude 
and time-delay variation as the 
upper or lower frequency limits of 
the amplifier are approached. 

The need for such compensation is 
evident when many identical stages 
of amplification are employed. If ten 
cascaded stages are used, a variation 
of 0.3 dB per stage results in a total 
variation of 3 dB. In an uncompen
sated amplifier, this total variation 
occurs two octaves (a frequency ratio 
of four) prior to the half-power 
point. Because two octaves are lost 
from both the high and low frequen
cies, the bandwidth of ten cascaded 
uncompensated amplifier stages is 
only one-sixteenth that of .a single 
amplifier stage. Fig. 75 shows. the 
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Figure 75. Amplitude response characteristics of various numbers (N) of identical 
uncompensated amplifiers. 

amplitude response characteristics 
of various numbers of identical un
compensated amplifiers. 

In general, the output of an ampli
fier may be represented by a current 
generator iou • and a load resistance 
RL , as shown in Fig. 76a. Because 
the signal current is shunted by vari
ous capacitances at high frequencies, 
as shown in Fig. 76b, there is a loss 
in gain at these frequencies. If an 
inductor L is placed in series with 
the load resistor RL, as shown in 

Fig. 76c, a low-Q circuit is formed 
which somewhat suppresses the ca
pacitive loading. This method of gain 
compensation, called shunt peaking, 
can be very effective for improving 
high-frequency response. Fig. 76 
shows the frequency response for the 
circuits shown in Fig. 76a, b, and c. 
If the inductor L shown in Fig. 76c 
is made self-resonant approximately 
one octave above the 3-dB frequency 
of the circuit of Fig. 76b, the ampli
fier response is extended by about 
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Figure 76. Equivalent circuits and frequency response of uncompensated and 
shunt-peaked amplifiers. 
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another 30 per cent. 
If the stray capacitance C shown 

in Fig. 76b is broken into two parts 
C' and 0" and an inductor L, is placed 
between them, a heavily damped 
form of series resonance may be em
ployed for further improvement. 
This form of compensation, called 
series peaking, is shown in Fig. 77a. 

(a) (b) 

Fi¥ure 77. Circuits using (a) series peak
mg, and (b) both self-resonant shunt 

peaking and series peaking. 

If C' and C" are within a factor of 
two of each other, series peaking 
produces an appreciable improvement 
in frequency response as compared 
to shunt peaking. A more complex 
form of compensation embodying 
both self-resonant shunt peaking and 
series peaking is shown in Fig. 77b. 

The effects of various high-fre
quency compensation systems can be 
demonstrated by consideration of an 
amplifier consisting of three identi
cal stages. If each of the three stages 
is down 3 dB at one megacycle per 
second, and if a total gain variation 
of plus 1 dB and minus 3 dB is al
lowed, the bandwidth of the ampli
fier is 0.5 megacycle per second 
without compensation. Shunt peak
ing raises the bandwidth to 1.3 mega
cycles per second. Self-resonant 
shunt peaking raises it to 1.5 mega
cycles per second. An infinitely com
plicated network of shunt-peaking 
techniques could raise it to 2 mega
cycles per second. If the distribution 
of capacitance permits it, series 
peaking alone can provide a band
width of about 2 megacycles per 
second, while a combination of shunt 
and series peaking can provide a 
bandwidth of approximately 2.8 
megacycles per second. If the ca-
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pacitance is perfectly distributed, 
and if an infinitely complex network 
of shunt and series peaking is em
ployed, the ultimate capability is 
about 4 megacycles per second. 

The frequency response of a wide
band amplifier is influenced greatly 
by variations in component values 
due to temperature effects, variation 
of transistor parameters with volt
age and current (normallarge-signa1-· 
excursions), changes of stray capaci
tance due to relocated lead wires, or 
other variations. A change of 20 per 
cent in any of the critical parameters 
can cause a change of 0.7 dB in gain 
per stage over the last half-octave 
of the response for the most simple 
case of shunt peaking. As the band
width is extended by more complex 
peaking, a circuit becomes substan
tially more critical. (Measurement 
probes generally alter circuit per
formance because of their capaci
tance;this effect should be considered 
during frequency-response measure
ments.) 

In the design of wideband ampli
fiers using many stages of amplifica
tion, it is necessary to consider time
delay variations as well as amplitUde 
variation. When feedback capaci
tance is a major contributor to re
sponse limitation, the more complex 
compensating networks may produce 
severe ringing or even sustained os
cillation. If feedback capacitance is 
treated as input capacitance pro
duced by the Miller effect, the added 
input capacitance C! caused by the 
feedback capacitor Cf is given by 

Ct' = C. (1 - VG) 

where VG is the input-to-output 
voltage gain. The gain VG, however, 
has a phase angle that varies with 
frequency. The phase angle is 180 
degrees at low frequencies, but may 
lead or lag this value at high fre
quencies; the magnitude of VG then 
also varies. In the design of very 
wideband amplifiers (20 megacycles 
per second or more), the phase of 
the transconductance gm must be 
considered. 
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Fig. 78a shows three stages of a 
multi-stage wideband amplifier. The 
resistors R. merely provide a high
impedance bias path for the collec
tors of the transistors. The ac col
lector current of each transistor 
normally flows almost exclusively 
into the relatively low impedance 
offered by the base of the next stage 
through the coupling capacitor C,. 
The resistive network R, and R. pro
vides a stable dc bias for the tran
sistor base. 

The mid-frequency gain of each 
stage is approximately equal to 
the common-emitter current-transfer 

(0) 
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ratio (beta) of the transistor if 
the component values are properly 
chosen. The high-frequency response 
is limited primarily by the transis
tor gain-bandwidth product fT, the 
transistor feedback capacitance, and 
sometimes the stray capacitance. The 
low-frequency response is limited 
primarily by the value of the 
coupling capacitor C,. 

Fig. 78b illustrates the use of 
high-frequency shunt peaking and 
low-frequency peaking at the ex
pense of stage gain in the three 
stages of the wideband amplifier to 
extend the high- and low-frequency 

CI 
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= 

(b) 

Figure 78. (a) Uncompensated and (b) compensated versions of three stages of a 
multistage wideband amplifier. 
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response. The emitter resistors R. 
are made as small as possible, yet 
large enough to mask the variation 
of transconductance, and thus volt
age gain, as a function of signal
current variation. For very small 
ratios of peak ac collector current to 
dc collector current, this variation is 
not substantial. The resistors R. also 
partially mask the effect of the in
trinsic base-lead resistance r,,'. 

The base-bias resistors R, of Fig. 
78a are split into two resistors R. 
and R. in Fig. 78b, with R. well by
passed. The mid-frequency gain is 
then reduced to a value approximat
ing R. divided by R •. At this point, 
however, the high-frequency response 
is increased by the same factor. 
Shunt peaking is provided by k and 
C. for additional high-frequency 
improvement. 

When the reactance of the bypass 
capacitor C. is large compared to R., 
the low-frequency gain is increased 
because the resistor no longer heavily 
shunts the transistor input. Selec
tion of the proper value for C. ex
actly offsets the loss of low-frequency 
gain caused by c,. When the re
actance of C. approaches R., how
ever, the low-frequency peaking is 
no longer effective. 

High-Frequency Power Amplifiers 

Within their frequency capabili
ties, power transistors can be used to 
develop the power output required for 
communications transmitters operat
ing in the vhf and uhf ranges. In most 
cases, power-amplifier circuits are 
designed to provide desired values of 
power output and power gain when 
operated at a specified supply volt
age and frequency. The dc supply 
voltage is usually fixed at 12 volts for 
ground mobile equipment and 28 volts 
for aircraft transmitting equipment. 
The operating frequency varies for 
different types of transmitters; the 
upper frequency is often limited by 
the power-frequency capability of 
commercially available transistors. 
The desired rf power output, which 
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is usually dictated by the trans
mitting system requirements, de
termines whether a single device or 
a suitable parallel arrangement of 
devices should be used. 

The ability of a transistor to oper
ate satisfactorily as a vhf or uhf 
power amplifier depends on its ability 
to handle large amounts of peak cur
rents at high frequencies. One of the 
most important considerations in rf 
power-amplifier design is the power
dissipation capability of the transis
tor. The maximum power that can be 
dissipated before "thermal runaway" 
occurs depends on how well the heat 
generated within the transistor is re
moved. When heat is removed by 
conduction, the heat transfer is an 
inverse function of the thermal re
sistance. The maximum de power
dissipation capability Pmox(dc) can 
be expressed as follows: 

TJ - TA 
Pmax(dc) = --0-

where T, and TA are the maximum 
allowable junction temperature and 
the ambient temperature, respec
tively, in degrees centigrade, and 0 
is the total thermal resistance of the 
transistor and the heat sink. For 
most silicon power transistors, TJ is 
200·C. 

The maximum dc voltage which can 
safely be applied to the collector 
junction is limited by the voltage 
breakdown ratings for the particular 
transistor used. The V CER rating de
fines the maximum value that can be 
applied under forward-biased condi
tions. If the transistor is required 
to be forward-biased, as in the case 
of a class A power stage, the maxi
mum dc voltage should be no more 
than one-half this rating. The VCEV 

rating defines the maximum value 
that can be applied under reverse
biased conditions. For class C oper
ation of the transistor, the supply 
voltage must be limited to one-half 
this value for safe operation. The 
maximum dc or peak collector current 
rating for a transistor is usuallyes-
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tablished at some practical value of 
current gain. 

In a high-frequency power ampli
fier, it is usually desirable to obtain 
as much power output as possible 
with good efficiency and a minimum 
amount of harmonic distortion. Both 
common-emitter and common-base 
circuits are used in rf power ampli
fiers. The choice of circuit configu
ration is influenced primarily by 
operating frequency, power gain, 
bandwidth, and rf stability require
ments. At extremely high frequen
cies, the power-gain capability of the 
common-emitter circuit is restricted 
somewhat by the emitter-lead induct
ance. Provided some sacrifice in 
power gain is acceptable, however, 
this circuit is generally used because 
it has better rf stability and can more 
easily be designed with controlled 
bandwidths. Because the power gain 
of the common-base circuit is not 
limited by the degenerative effects of 
the emitter-lead inductance, the ap
parent power gain of this configura
tion is somewhat greater at very 
high frequencies than that of the 
common-emitter circuit. However, 
the common-base circuit is only con
ditionally stable at high frequencies 
and controlled bandwidths may be 
more difficult to obtain. 

Because rf transistor amplifiers 
are designed to handle a selected fre
quency or band of frequencies, tuned 
circuits are usually employed for the 
input and output coupling networks. 
The collector current in an rf power
amplifier stage contains an appre
ciable amount of harmonics as a 
result of the large dynamic swing of 
voltages and currents. The tuned 
coupling networks are designed to 
isolate the unwanted harmonic cur
rents and permit only the fundamen
tal component of current to flow in 
the load circuit. A high ratio of un
loaded Q (Qo) to loaded Q (QL) must 
be maintained to obtain good tuned
circuit efficiency. 

Transistor rf power amplifiers can 
be operated in class A, B, or C service. 
The choice of the mode of operation 
depends upon several factors, includ-
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ing the amount of power output, 
power gain, and power efficiency de
sired. Class A power amplifiers are 
normally used when extremely good 
linearity is required. Class A ampli
fiers provide more power gain than 
either class B or class C amplifiers, 
but their maximum theoretical col
lector efficiency is limited to 50 per 
cent. Because the zero-signal collec
tor power dissipation is high in class 
A operation, the bias network must 
be selected to provide good thermal 
stability. 

The input coupling network of a 
class A power amplifier must be de
signed to transform the input re
sistance to the appropriate value to 
provide the proper load on the driv
ing source. The reactive portion of 
the input network must resonate with 
the transistor input reactance. When 
the input circuit is driven from a 
signal generator that has a known 
internal impedance, the input cou
pling network is usually designed to 
provide maximum power transfer. 

Maximum power transfer occurs 
when the load resistance is matched 
to the dynamic output resistance of 
the transistor. However, matching 
for maximum power transfer may be 
impractical in a particular power
amplifier design because of.the collec
tor-supply-voltage (Vee) and power
output (Po) requirements. The 
collector load resistance RL is de
termined by these requirements as 
follows: 

RL = Veo·/2P. 

The reactive portion of the output 
impedance is also important and must 
be considered in the design of a class 
A power amplifier. The output cou
pling network must be designed to. 
resonate out this reactance and pro
vide the required collector-circuit 
loading. 

When the circuit-design require
ments for a power amplifier demand 
several watts of rf power output, one 
of the cutoff modes of operation is 
used. The class B and class C modes 
are characterized by good collector-
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circuit efficiency and relatively high 
power output in proportion to the 
average dissipation in the transistor. 
DUring periods of zero input signal, 
the power-supply drain and collec
tor. dissipation are low. The choice 
between class B and class C opera
tion is usually determined by the 
power-gain or collector-efficiency re
quirements. Class B amplifiers gen
erally have higher power gain, while 
class C amplifiers have higher collec
tor efficiency. The following discus
sion of design considerations for a 
class C rf power amplifier is also ap
plicable in most respects· to class B 
circuits. 

As in the case of a class A power 
amplifier, the collector load resistor 
for a class C circuit is determined by 
the supply-voltage and power-output 
'requirements. The output tuned cir
cuit must be designed to obtain the 
proper load matching and also main
tain good tuned-circuit efficiency. 

Because class C amplifiers are re
verse-biased beyond collector-current 
cutoff, the harmonic currents· gener
ated in the collector are comparable 
in amplitude with the fundamental 
component. The tuned coupling net
works must provide a relatively high 

. impedance to these harmonic currents 
and a low impedance to the funda-

. mental current. If the impedance of 

. the' tuned circuit is sufficiently high 
at ·the harmonic frequencies,. how
ever, the amplitude of the harmonic 
currents is reduced and their contri
·bution to the average current flowing 
in thecoHector is minimized. As a 
result, the collector power dissipa
tion is reduced and the collector-cir
cuit output efficiency is increased. 

Fig. 79 shows an output-coupling 
network in which a .parllllel tuned 
circuit is used for coupling the load 
to the· collector circuit. The -collector 
electrode of the, transistor is tapped 
down on the coil L,. in ,this network. 
'The capacitor C, provides tuning for 
the fundamental frequency, and ca
pacitor C. provides load matching of 
Rx; to the .tuned circuit. The· trans
formed RL across. the entire tuned 
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circuit is stepped down to the collec
tor by proper selection of the turns 
ratio for. the coil L,. If the value of 
L, is chosen properly and the portion 
of the coil inductance between the 
collector and ground is sufficiently 
high, the harmonic portion of the col
lector current is low in the tuned cir
cuit and its contribution to the dc 
component flowing in the collector 
circuit is minimized. Tapping the 
collector down on the coil maintains 

Figure 79. Output·coupling network using 
parallel tuned circuit. 

the loaded QL of the circuit and mini
mizes the variation of bandwidth of 
the output circuit with changes in 
the output capacitance of the tran
sistor. 

The circuit shown in Fig. 79 has 
one serious limitation at very high 
frequencies. Because of the. poor co
efficient of coupling in coils at such 
frequencies, the tap position is usu
ally establshed empirically to obtain 
the proper collector loading. Fig. 80 
shows suitable output-coupling net
works which. provide the required 
collector loading and also suppress 
the circulation of collector harmonic 
currents. These .networks, which in
clude the collector output capacitance, 
are not dependent upon coupling co
efficient for load-impedance trans
formation. 

The input network for a class C 
rf power amplifier must provide cou

. piing of the base-emitter circuit to 

. the driving source. Because .the' driv
ing stage is usually another power 
transistor,- the load required by the 
collector of the driver stage is gen
'erally higher than the base-to-emitter 
impedance of the amplifier transis
tor. Therefore, the base-to-emitter 
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r-----~~------{)+Vec 

= 
Figure 80. Output-coupling networks in
cluding collector output capacitance Co. 

impedance of the output stage must 
be transformed up to the appropriate 
value of load for the collector circuit 
of the driver stage. The input circuit 
of the transistor can be represented 
as a resistor rb' in series with a ca
pacitor C .. The input network must 
tune out the capacitance C. and pro
vide a purely resistive load to the 
collector of the driver stage. 

Fig. 81 shows. several input-cou
pling networks which can be used to 
couple the base to the output of the 
driver stage and to tune out the in
put capacitance C •. In Fig. 81a, the 
input circuit is formed by the T net
work consisting of C" C" and L._ If 
the value of the inductance L. is 
chosen so that its reactance is much 
greater than that· of .. C" series tun
ing of the base-to-emitter circuit is 
obtained by L. and the parallel com
bination of c.. and (Cl + Co). Capaci
tors C, and Co provide the impedance 
matching . to the collector of. the 
driver stage. 

Fig. 81b shows a T netw.ork with 
the . location of Ll and· c.. inter
changed; If the value of the capaci
tor C. is chosen so that its reactance 
is much g·reater than that .of CI, then 
C. can be used to step up rb' to an 
appropriate value across L. ... The re-
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sultant parallel resistance across L, 
is transformed to the required col
lector load value by capacitors C, and 
Co. Parallel resonance of the circuit 
is obtained by means of L, and the 
parallel combination of (C, + Co) 
and C •. 

The circuits shown in Figs. 81a 
and 81b require the collector of the 
driving transistor to be shunt fed by 
a high-impedance rf choke. Fig. 81c 
shows a coupling network which 
eliminates the need for a choke. In 
this circuit, the collector of the driv
ing transistor is parallel tuned and 
the base-to-emitter junction of the 
output transistor is series tuned. 

As mentioned previously, the base
to-emitter junction of a transistor is 
reverse-biased for class C operation. 

Vee 

(o) 

(b) 

Vee 
(e) 

Figure IU.lnput-coupling networks for 
. high-f.-equency power amplifiers. 
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(a) (b) 

(e) 

Figure 82. Biasing networks for high-frequency power amplifiers. 

Fig. 82 shows several ways of obtain
ing this reverse bias. In Fig. 82a, the 
base lead is returned to ground 
through an rf choke. When the tran
sistor is driven, the dc base current 
causes a voltage drop across the 
ohmic base . lead resistance rb' in the 
right direction to provide a slight 
reverse bias for the base-to-emitter 
junction. However, this bias is u~u
ally small in magnitude and· is diffi
cult to control because the value of 
r.' varies for different transistors. 
The separate battery supply in
cluded in the base circuit in Fig. 82b 
is a good way of obtaining reverse 
bias for the transistor, but a particu
lar circuit design may not permit an 
additional supply to be used. In Fig. 
82c, the resistor RB included in the 
base circuit· constitutes a form of 
"self-bias". However, a disadvantage 
of this circuit is that too high a value 
of RB restricts the usable collector-to
emitter breakdown voltage to a value 
close to the Vemo rating. 

The arrangement shown in Fig. 
82d represents the best way of ob-

taining reverse bias for class C oper
ation. This method does not affect the 
breakdown characteristic of the tran
sistor, and provides both thermal 
stability and high efficiency. The ca
pacitor. 0" must provide an effective 
bypass at the operating frequency to 
reduce the. degenerative effects of 
RIO. For transistors in which- the 
emitter is internally connected to the 
case, such as the 40341, the case 
should be electrically isolated from 
the chassis, and the biasing Tesistor 
and bypass capacitor should then be 
conne.cted from case to ground. An 
alternate method is to connect the 
negative end of the power supply to 
the chassis through a biasing resis
tor, bolt the transistor directly to the 
chassis, and then return the base .of 
the . transistor through an rf choke 
to the negative end of the supply. 

When more power is required from 
an. rf-power-~mplifier circuit than 
can be obtained from a single tran
sistor, several transistors can be ar
ranged in either parallel or push-pull. 
In a push-pull arrangement, trans-
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formers must be used for proper 
input-signal phase. Because it is dif
ficult to build transformers which 
provide the required impedance trans
fer at very high frequencies, this 
type of operation can be inefficient 
for transistors. 

Power transistors have been oper
ated successfully in parallel arrange
ments in many practical circuit 
designs at frequencies up to 500 
megacycles per second. The major 
design problem in the parallel oper
ation of transistors is equal load 
sharing, i.e., all transistors in the 
parallel setup should deliver equal 
power to the load. In general, load 
sharing depends on the degree of 
match of the separate units. Tran
sistors used in an ideal, perfectly bal
anced circuit should have identical 
power gain, input and output imped
ances, and thermal resistance. In 
practice, experiments have shown 
that a circuit can generally be con
sidered as balanced if the static cur
rents match within 10 per cent. If 
a closer degree of balance is re
quired, it is necessary to pre-select 

= 
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transistors in a single-stage circuit. 
Fig. 83 shows two 2N3733 overlay 

transistors operated in a parallel ar
rangement. This circuit includes pro
visions for monitoring the collector 
currents to assure equal load shar
ing. The effects of the emitter-lead 
inductance are tuned out by capaci
tor CEo Total direct current for each 
transistor can also be determined by 
measuring the dc voltage across the 
emitter resistor RE and dividing by 
the value of the emitter resistor used. 
The emitter circuit represents the 
best place for monitoring current 
sharing in a parallel arrangement to 
establish that both input and output 
currents are equal. 

Paralleling of transistors for low
voltage operation is somewhat more 
complex. Because collector load im
pedances are very low and currents 
very high, it is mechanically difficult 
to locate the paralleled transistors in 
such a manner that the same load im
pedance is presented to both collec
tors. For example, the collector load 
impedance RL for the 18-watt ampli
fier of Fig. 83 operating at 28 volts 

,....---c8>----o+28 V 

~~:9--~()+28V 

Figure 83. High-frequency power amplifier using two 2N3733 overlay transistors in 
a paranel arrangement. 
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is approximately equal to Vcc"!2P. = 
784/36 = 21.8 ohms. For a similar 
18-watt· amplifier operated at 12 
volts, the value of RIo is equal to 
144/36, or only 4 ohms. At low volt
ages, therefore, it is necessary to 
step up the impedance for the indi
vidual collectors by means of rf 
chokes inserted in the collector leads 
before the outputs of the individual 
transistors are tied together. 

One of the most common problems 
encountered in the design of vhf 
power amplifiers is low-frequency 
parasitic oscillations. Such oscilla
tions are caused both by stray low
frequency resonances formed be
tween external circuits and internal 
transistor capacitances and by the 
very large power gains of which vhf 
transistors are capable at low fre
quencies. The following methods can 
be used to minimize these low-fre
quency oscillations: 

1. A low-Q ferrite choke should be 
used for the base return to 
ground; the value should be the 
smallest possible that does not 
impair the amplifier gain at 
operating frequencies. 

2. The emitter should be bypassed 
at the operating frequency with 
a capacitor of relatively low 
value to make the stage degen
erative at lower frequencies. 

3. Wherever possible, the output 
circuit should utilize a dc feed 
coil as an integral part of the 
network. 

4. The power leads should be 
effectively bypassed with a 
feedthrough capacitor at the 
operating frequency and a disc 
ceramic capacitor that makes 
an effective short at low fre
quencies. 

In many military and amateur 
radio applications, rf power transis
tors are often used in single-side
band circuits. Single-sideband (SSB) 
modulation is a special form of am
plitude modulation (AM) in which 
only one sideband is transmitted and 
the carrier is suppressed to the point 
of extinction. A brief review of AM 
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characteristics helps to explain the 
principles of SSB operation. 

When a carrier frequency is modu
lated by an audio modulating fre
quency, three components are pro
duced: the carrier, which has an am
plitude independent of modulation, 
and two other components which have 
equal amplitude but have frequencies 
above and below the carrier fre
quency by the amount of the modu
lating frequency. The two latter 
components, which carry identical 
intelligence, are called sideband fre
quencies. Their amplitude depends on 
the degree of modulation. Because 
only these sidebands transmit intelli
gence and each sideband is a mirror 
image of the other, the carrier and 
one sideband can be eliminated and 
only the remaining sideband used for 
transmission of intelligence. This 
technique results in single-sideband 
transmission. 

One advantage of single-sideband 
transmisison is a reduction in aver
age power. A comparison of total 
average power radiated by AM and 
SSB transmitters for equal signal
to-noise ratios shows that the carrier 
power is twice the total sideband 
power in a 100-per-cent modulated 
AM wave. If the carrier power is 
unity, the total radiated power is 1.5 
units (1 + 0.25 + 0.25 = 1.5). An 
SSB transmitter under similar con
ditions has 0.5 unit of radiated power 
(peak envelope power = 2 X 0.25). 
Thus, the total average power for 
AM is three times the average power 
for SSB. If a conservative 10-to-l 
peak-to-average power ratio is as
sumed for a voice signal, the average 
power output is 1.05 units for AM 
and 0.05 unit for SSB. 

Another advantage of SSB is that 
it requires a narrower frequency 
spectrum, one-half that required by 
AM. The use of minimum bandwidth 
in the transmitter permits a greater 
number of channel allocations within 
a given frequency range. To ensure 
that a minimum band is occupied by 
the transmission, it is important to 
make use of low-distortion linear am-
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plifiers. As a result, class B, AB, and 
A amplifiers are generally used in 
preference to class C amplifiers and 
frequency multipliers. 

TV SCANNING, 
SYNC, AND DEFLECTION 

For reproduction of a transmitted 
picture in a television receiver, the 
face of a cathode-ray tube is scanned 
with an electron beam while the in
tensity of the beam is varied to con
trol the emitted light at the phosphor 
screen. The scanning is synchronized 
with a scanned image at the TV trans
mitter, and the black-through-white 
picture areas of the scanned image 
are converted into an electrical sig
nal that controls the intensity of the 
electron beam in the picture tube at 
the receiver. 

Scanning Fundamentals 

The scanning procedure used in 
the United States employs hori
zontal linear scanning in an odd
line interlaced pattern. The standard 
scanning pattern for television sys
tems includes a total of 525 horizon
tal scanning lines in a rectangular 
frame having an aspect ratio of 4 to 
3. The frames are repeated at a rate 
of 30 per second, with two fields inter
laced in each frame. The first field in 
each frame consists of all odd-number 
scanning lines, and the second field 
in each frame consists of all even
number scanning lines. The field repe
tition rate is thus 60 per second, and 
the vertical scanning rate is 60 cycles 
per second. 

The geometry of the standard odd-

A 
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line interlaced scanning pattern is 
illustrated in Fig. 84. The scanning 
beam starts at the upper left corner 
of the frame at point A, and sweeps 
across the frame with uniform ve
locity to cover all the picture ele
ments in one horizontal line. At the 
end of each trace, the beam is rapidly 
returned to the left side of the frame, 
as shown by the dashed line, to begin 
the next horizontal line. The horizon
tal lines slope downward in the di
rection of scanning because the 
vertical deflecting signal simultane
ously produces a vertical scanning 
motion, which is very slow compared 
with the horizontal scanning speed. 
The slope of the horizontal line trace 
from left to right is greater than the 
slope of the retrace from right to left 
because the shorter time of the re
trace does not allow as much time 
for vertical deflection of the beam. 
Thus, the beam is continuously and 
slowly deflected downward as it scans 
the horizontal lines, and its position 
is successively lower as the horizon
tal scanning proceeds. 

At the bottom of the field, the ver
tical retrace begins, and the beam is 
brought back to the top of the frame 
to begin the second or even-number 
field. The vertical "flyback" time is 
very fast compared to the trace, but 
is slow compared to the horizontal 
scanning speed; therefore, some hori
zontal lines are produced during the 
vertical flyback. 

All odd-number fields begin at 
point A in Fig. 84 and are the same. 
All even-number fields begin at point 
C and are the same. Because the be
ginning of the even-field scanning at 
C is on the same horizontal level as 

c 

----
o 

Figure 84. The odd-line interlaced scanning procedure. 
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A, with a separation of one-half line, 
and the slope of all lines is the same, 
the even-number lines in the even 
fields fall exactly between the odd
number lines in the odd field. 

Sync 

In addition to picture information, 
the composite video signal from the 
video detector of a television receiver 
contains timing pulses to assure that 
the picture is produced on the face
plate of the picture tube at the right 
instant and in the right location. 
These pulses, which are called sync 
pulses, control the horizontal and 
vertical scanning generators of the 
receiver. 

Fig. 85 shows a portion of the de
tected video signal. When the picture 
is bright, the amplitude of the signal 
is low. Successively deeper grays are 
represented by higher amplitudes 
until, at the "blanking level" shown 
in the diagram, the amplitude repre
sents a complete absence of light. 
This "black level" is held constant at 
a value equal to 75 per cent of the 
maximum amplitude of the signal 
during transmission. The remaining 
25 per cent of the signal amplitude 
is used for synchronization informa
tion. Portions of the signal in this 
region (above the black level) can
not produce . light. 

In the transmission of a television 
picture, the camera becomes inactive 
at the conclusion of each horizontal 
line and no picture information is 
transmitted while the scanning beam 
is retracing to the beginning of the 
next line. The scanning beam of the 
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receiver is maintained at the black 
level during this retrace interval by 
means of the blanking pulse shown 
in Fig. 85. Immediately after the be
ginning of the blanking period, the 
signal amplitude rises further above 
the black level to provide a horizon
tal-synchronization pulse that ini
tiates the action of the horizontal 
scanning generator. When the bot
tom line of the picture is reached, a 
similar vertical-synchronization pulse 
initiates the action of the vertical 
scanning generator to mov~ the 
scanning spot back to the top of the 
pattern. 

The sync pulses in the composite 
video signal are separated from the 
picture information in a syne-sepa
rator stage, as shown in Fig. 86. This 
stage is biased sufficiently beyond 
cutoff so that current flows and an 
output signal is produced only at the 
peak positive swing of the input sig
nal. In the diode circuit of Fig. 86a, 
negative bias for the diode is de
veloped by Rand C as a result of the 
tlow of diode current on the positive 
extreme of signal input. The bias au
tomatically adjusts itself so that the 
peak positive swing of the input sig
nal drives the anode of the diode posi
tive and allows the flow of current 
only for the sync pulse. In the cir
cuit shown in Fig. 86b, the base
emitter junction of the transistor 
funetions in the same manner as the 
diode in Fig. 86a, but in addition 
the pulses are amplified. 

Mter the synchronizing signals 
are separated from the composite 
video signal, it is necessary to filter 
out the horizontal and vertical sync 

- - - MAXIMUM LEVEL 

- - BLACK LEVEL OR 
BLANKING LEVEL 

PICTURE 
NFORMATION 

-- -- MAXIMUM WHITE 
LEVEL o~ __________________________ _ 

Figure 85. Detected video signal. 
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Figure 86. Sync-separator circuits using (a) a diode, and (b) a transistor. 

signals so that each can be applied 
to its respective deflection generator. 
This filtering is accomplished by RC 
circuits designed to filter out all but 
the desired synchronizing signals. 
Although the horizontal, vertical, and 
equalizing pulses are all rectangular 
pulses of the same amplitude, they 
differ in frequency and pulse width, 
as shown in Fig. 87. The horizontal 
sync pulses have a repetition rate 
of 15,750 per second (one for each 
horizontal line) and a pulse width 
of 5.1 microseconds. The equalizing 

. pulses have a width approximately 
half the horizontal pulse width, and 
a repetition rate of 31,500 per sec
ond; they occur· at half-line inter
vals, with six pulses immediately 
preceding and six following the ver
tical synchronizing pulse. The ver
tical. pulse is repeated at a rate of 
60 per second (one for each field), 
and has a width of approximately 
190 microseconds. The serrations in 
the vertical pulse occur at half-line 
intervals, dividing the complete pulse 
into six· individual pulses that pro
vide horizontal synchronization dur
ing the vertical retrace.· (AlthQugh 

the picture is blanked out during the 
vertical retrace time, it is necessary 
to keep the horizontal scanning 
generator synchronized.) 

All the pulses described above are 
produced at the transmitter by the 
synchronizing-pulse generator; their 
waveshapes and spacings are held 
within very close tolerances to pro
vide the required synchronization of 
receiver and transmitter scanning. 

The horizontal sync signals are 
separated from the total sync in a 
differentiating circuit that has a 
short time constant compared to the 
width of the horizontal pulses. When 
the total sync signal is applied to 
the differentiating circuit shown in 
Fig. 88, the capacitor charges com
pletely very soon after the leading 
edge of each pulse, and remains 
charged for a period of time equal 
to practically the entire pulse width. 
When the applied voltage is removed 
at the time corresponding to the 
trailing edge of each pulse, the capa
citor discharges completely within 
a very short. time. As a result, a 
positive peak of voltage is obtained 
for each leading edge and a negative 

VERTICAL. PUL.SE 
190.5,.. 

1-----3H---t 

L.EADING 
EDGE 

Figure 87. Waveform of TV synchronizing pulses (H = horizontal line period of 
1/15,750 seconds, or 63.5 /Ls). 
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Figure 88. SeparatiDn of the horizontal sync signals from the total sync by a 
differentiating circuit. 

peak for the trailing edge of every 
pulse. One polarity is produced by 
the charging current for the leading 
edge of the applied pulse, and the 
opposite polarity is obtained from 
the discharge current corresponding 
to the trailing edge of the pulse. 

As mentioned above, the serrations 
in the vertical pulse are inserted 
to provide the differentiated output 
needed to synchronize the horizontal 
scanning generator during the time 
of vertical synchronization. During 
the vertical blanking period, many 
more' voltage peaks are available 
than are necessary for horizontal 
sYJ;lchronization (only one pulse' is 
used for each horizontal line period). 
The check marks above the differen
tiated output in Fig. 88 indicate the 
voltage peaks used to synchronize 
the horizontal deflection generator 
for one field. Because the ,sync sys
tem is made sensitive only to positive 
pulses 'Occurring at approximately 
the right horizontal timing, the nega
tive sync pulses and alternate dif
ferentiated positive pulses produced 
by the equalizing. pulses and the ser
rated vertical information have no 
effect on horizontal timing. It can be 
seen that although the total sync 
signal (including vertical synchro
nizing information) is applied to the 

circuit of Fig. 88, only horizontal 
synchronization information appears 
at the output. 

The vertical sync signal is· sepa
rated from the total .sync in an inte
grating circuit which has a time. 
constant that is long compared with 
the duration of the 5-microsecond 
horizontal pulses, but short compared 
with the 190-microsecond vertical 
pulse width. Fig. 89 shows the gen
eral circuit configuration used, to
gether with the input and output 
signals for both odd and even fields. 

IN~~T o ..... 0 
H H V 

~PUT 
000 FIELDS _____________ ~_~.!!"lT 
J=--:.~_-_-:._-_-___ ~==:==~~_ 

~NPUT 

:~:!PUT 
Figure 89. Separation of vertical sync 
signals from the total sync for odd and 
even fields with no equalizing pulses. 
(Dashed line indicates triggering level for ' 

vertical scanning generator.) 
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The period between horizontal pulses, 
when no voltage is applied to the RC 
circuit, is so much longer than the 
horizontal pulse width that the capa
citor has time to discharge almost 
down to zero. When the vertical pulse 
is applied, however, the integrated 
voltage across the capacitor builds 
up to the value required for trigger
ing the vertical scanning generator. 
This integrated voltage across the 
capacitor reaches its maximum am
plitude at the end of the vertical 
pulse, and then declines practically 
to zero, producing a pulse of the tri
angular wave shape shown for 
the complete vertical synchronizing 
pulse. Although the total sync sig
nal (including horizontal informa
tion) is applied to the circuit of Fig. 
89, therefore, only vertical synchro
nization information appears at the 
output. 

The vertical synchronizing pulses 
are repeated in the total sync signal 
at the field frequency of 60 per sec
ond. Therefore, the integrated out
put voltage across the capacitor of 
the RC circuit of Fig. 89 can be 
coupled to the vertical scanning 
generator to provide vertical syn
chronization. The si~ equalizing 
pulses immediately preceding and 
following the vertical pulse improve 
the accuracy of the vertical synchro
nization for better interlacing. The 
equalizing pulses that precede the 
vertical pulses make the average 
value of applied voltage more nearly 
the same for even and odd fields, so 
that the integrated voltage across 
the capacitor adjusts to practically 
equal values for the two fields before 
the vertical pulse begins. The equal
izing pulses that follow the vertical 
pulse minimize any difference in the 
trailing edge of the vertical synchro
nizing signal for even and odd fields. 

Horizontal Deflection 

In the horizontal-deflection stages 
of a television receiver, a current that 
varies linearly- with time and has a 
sufficient peak-to-peak amplitude 
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must be passed through the horizon
tal-deflection-yoke winding to develop 
a magnetic field adequate to deflect 
the electron beam of the television 
picture tube. (This type of deflection 
is different from that used in a 
cathode-ray oscilloscope, where the 
beam is deflected electrostatically.) 
After the beam is deflected com
pletely across the face of the picture 
tube, it must be returned very 
quickly to its starting point. (As ex
plained previously, the beam is ex
tinguished during this retrace by the 
blanking pulse incorporated in the 
composite video signal, or in some 
cases by additional external blank
ing derived from the horizontal-de
flection system.) 

The simplest form of a deflection 
circuit is shown in Fig. 90. In this 

Figure 90. Simplest form of deflection 
circuit. 

circuit, the yoke impedance L is as
sumed to be a perfect inductor. When 
the switch is closed, the yoke current 
starts from zero and increases line
arly. At any time t, the current i is 
equal to Et/L, where E is the ap
plied voltage. When the switch is 
opened at a later time t " the current 
instantly drops from a value of Et,/L 
to zero. 

Although the basic circuit of Fig. 
90 crudely approaches the require
ments for deflection, it presents some 
obvious problems and limitations. The 
voltage across the switch becomes 
extremely high, theoretically ap
proaching infinity. In addition, if 
very little of the total time is spent 
at zero current, the circuit would 
require a tremendous amount of dc 
power. Furthermore, the operation 
of the switch would be rather criti
cal with regard to both its opening 
and its closing. Finally, because the 
deflection field would be phased in 
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only one direction, the beam would 
have to be centered at the extreme 
left of the screen for zero yoke 
current. 

If a capacitor is placed across the 
switch, as shown in Fig. 91, the yoke 
current still increases linearly when 
the switch is closed at time t = O. 
However, when the switch is opened 
at time t = t 1, a tuned circuit is 
formed by the parallel combination 
of Land C. The resulting yoke cur
rents and switch voltages are then 
as shown in Fig. 91. The current is 

+ 1 I 1~ 
T 

}~~ 1\ 1\ 1\ 
: V Vv\ I 'tt, 1\ 1\ 1\ vvv 

Figure 91. Addition of capacitor to permit 
flyback ringing, and )/oke-current (upper) 

and switch·voltage (lower) waveforms. 

at a maximum when the voltage 
equals zero, and the voltage is at a 
maximum when the current equals 

, zero. If it is assumed that there are 
no losses, the ringing frequency fose 
is equal to 1/ (2.".yLC). 

If the switch is closed again at any 
time the capacitor voltage is not equal 
to zero, an infinite switch current 
flows as a result of the capacitive dis
charge. However, if the switch is 
closed at the precise moment t. that 
the capacitor voltage equals zero, the 
capacitor current effortlessly trans
fers to the switch, and a new transient 
condition results. Fig. 92 shows 
the yoke-current and switch-voltage 
waveforms for this new condition. 
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Figure 92. Yoke-current (upper) and 
switch-voltage (lower) waveforms 

when switch is closed at to. 

If the switch' is again opened at 
t., closed at t., and so on, the desired 
sweep results, the peak switch volt
age is finite, and the average supply 
current is zero. The deflection system 
is then lossless and efficient and, be
cause the average yoke current is 
zero, beam decentering is avoided. 
The only fault of the circuit of Fig. 
91 is the critical timing of the switch, 
particularly at time t = t •. However, 
if the switch is shunted by a damper 
diode, as shown in Fig. 93, the diode 
acts as a closed switch as soon as the 
capacitor voltage reverses slightly. 

s o c 

Figure 93. Inc~Fo~:.tion of damper 

The switch may then be closed at any 
time between t. and ts. 

In typical horizontal-deflection cir
cuits, the switch is a transistor, as 
shown in Fig. 94. Although the tran
sistor is forward-biased prior to t., 
it is not an effective switch for the 
reverse collector current; therefore, 
the damper diode carries most of this 
current. High voltage is generated 
by use of the step-up transformer 
Tl in parallel with the yoke. This 
step-up transformer is designed so 
that its leakage . inductance, dis
tributed capacitance, and output 
stray capacitance complement the 
yoke inductance and retrace tuning 
capacitance in such a manner that the 
peak voltage across the primary 
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Figure 94. Simple transistor horizontal-deflection circuit. 

winding is reduced and the peak volt
age across the secondary winding is 
increased, as compared to the values 
that would be obtained in a perfect 
transformer. This technique, which is 
referred to as "third-harmonic tun
ing", yields a voltage ratio of second
ary-to-primary peak voltage of ap
proximately 1.7 times the value 
expected in a perfect transformer. 

To provide linearity correction for 
wide-angle television picture tubes, 
it is necessary to retard the sweep 
rate at the beginning and end of scan. 
Therefore, a suitable capacitor C. is 
placed in series with the yoke, as 
shown in Fig. 94, so that the direct 
current required to supply circuit 
losses is fed through the flyback
transformer primary. A parabolic 
waveform is then developed across 
Co (called the S-shaping capacitor) 
so that the trace voltage across the 
yoke is less at the ends of the sweep 
than iIi the middle of the sweep. (This 
capacitor actually provides a series 
resonant circuit tuned to approxi
mately 5 kilocycles per second so 
that an S-shaped current portion of 
a sine wave results.) It is desirable 
to place the S-shaping capacitor and 
the yoke between the collector and 
the emitter of the transistor so 
that the yoke current does not have 
to flow through the power supply. 

The highest anticipated peak volt
age across the transistor in Fig. 94 
is a function of the dc voltage ob
tained at high ac line voltage and at 
the lowest horizontal-oscillator fre
quency. (At these conditions, of 
course, the receiver is out of sync.) 
The tolerance on the inductors and 
capacitors alters the trace time only 
slightly and usually may be ignored 
if a 10-per-cent tolerance is used for 
the tuning capacitor. 

Vertical Deflection 

The vertical-deflection circuit in a 
television receiver is essentiaIIy a 
class A audio amplifier with a com
plex load line, severe low-frequency 
requirements (much lower than 60 
cycles per second), and a need for 
controlled linearity. The equivalent 
low-frequency response for a 10-per
cent deviation from linearity is one 
cycle per second. The basic circuit 
configuration is shown in Fig. 95. 

The required performance can be 
obtained in a vertical-deflection cir
cuit in any of three ways. The am
plifier may be designed to provide a 
flat response down to one cycle per 
second. This design, however, re
quires an extremely large output 
transformer and immense capacitors. 
Another arrangement is to design the 
amplifier for fairly good low-fre-
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quency response and predistort the 
generated signal. 

The third method is to provide ex
tra gain so that feedback techniques 
can be used to provide linearity. If 
loop feedback of 20 or 30 dB is used, 
transistor gain variations and non
linearities become fairly insignifi
cant. The feedback automatically 
provides the necessary "predistor
tion" to correct low-frequency limi-

E 
Figure 95. Simille vertical-deflection 

circuit. 

tations. In addition, the coupling of 
miscellaneous signals (such as power
supply hum or horizontal-deflection 
signals) in the amplifying loop is 
suppressed. 

OSCILLATION 

Transistor oscillator circuits are 
similar in many respects to the am
plifiers discussed previously, ex
cept that a portion of the output 
power is returned to the input net
work in phase with the starting 
power (regenerative or positive feed-
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back) to sustain oscillation. DC bias
voltage requirements for oscillators 
are similar to those discussed for 
amplifiers. 

The maximum operating frequency 
of an oscillator circuit is limited by 
the frequency capability of the tran
sistor used. The maximum frequency 
of oscillation of a transistor is de
fined as the frequency at which the 
power gain is unity. Because some 
power gain is required in an oscilla
tor circuit to overcome losses in the 
feedback network, the operating 
frequency must be some value below 
the transistor maximum frequency 
of oscillation. 

For sustained oscillation in a tran
sistor oscillator, the power gain of 
the amplifier network must be equal 
to or greater than unity. When the 
amplifier power gain becomes less 
than unity, oscillations become 
smaller with time (are "damped") 
until they cease to exist. In practi
cal oscillator circuits, power gains 
greater than unity are required be
cause the power output is divided 
between the load and the feedback 
network, as shown in Fig. 96. The 
feedback power must be equal to the 
input power plus the losses in the 
feedback network to sustain oscilla
tion. 

LC Resonant Feedback Oscillators 

The frequency-determining ele
ments of an oscillator circuit may 
consist of an inductance-capacitance 

FEEDBACK 
NETWORK -FEEDBACK 

E 
INPUT POWER-

B 

POWER 

-OUTPUT POWER 

LOAD 
POWER --

Figure. 96 Block diagram of transistor oscillator showing division of output power. 
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(LC) network, a crystal, or a resist
ance-capacitance (RC) network. An 
LC tuned circuit may be placed in 
either the base circuit or the collec
tor circuit of a common-emitter tran
sistor oscillator. In the tuned-base 
oscillator shown in Fig. 97, one 
battery is used to provide all the 
dc operating voltages for the tran
sistor. Resistors R" R., and R. pro
vide the necessary bias conditions. 
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A tuned-collector transistor oscil
lator is shown in Fig. 98. In this 
circuit, resistors R. and R, establish 
the base bias. Resistor R, is the 
emitter stabilizing resistor. Capaci
tors C, and C, bypass ac around 
resistors R, and R2, respectively. The 
tuned circuit consists of the primary 
winding of transformer T and the 
variable capacitor Ca. Regeneration 
is accomplished by coupling the feed-

r---------

, T 3 OUTPUT 

2 4 c, 
R, 

..".1 L ___________ ..J 

Figure 97. Tuned-base oscillator. 

Resistor R. is the emitter stabiliz
ing resistor. The components within 
the dotted lines comprise the transis
tor amplifier. The collector shunt
feed arrangement prevents dc cur
rent flow through the tickler 
(primary) winding of transformer 
T. Feedback is accomplished by the 
mutual inductance between the trans
former windings. 

The tuned circuit consisting of the 
secondary winding of transformer T 
and variable capacitor C, is the fre
quency-determining element of the 
oscillator. Variable capacitor C, per
mits tuning through a range of fre
quencies. Capacitor Co couples the 
oscillation signal to the base of the 
transistor, and also blocks dc. Ca
pacitor C. bypasses the ac signal 
around the emitter resistor R. and 
prevents degeneration. The output 
signal is coupled from the collector 
through coupling capacitor C. to the 
load. 

back signal from transformer wind": 
ing 3-4 to the tickler coil winding 
1-2. The secondary winding of the 
transformer couples the signal out
put to the load. 

Another form of LC resonant 
feedback oscillator is the transistor 

T 

5 

~ OU~UT 
6 

c, 

Figure 98. Tuned-collector oscillator. 
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version of the Colpitts oscillator, 
shown in Fig. 99. Regenerative 
feedback is obtained from the tuned 
circuit consisting of capacitors C. 
and C. in parallel with the pri
mary winding of the transformer, 

--=-vcc 
+' 

TI 

2 ~:OU~UT 

Figure 99. Transistor Colpitts oscillator. 

and is applied to the emitter of the 
transistor. Base bias is provided by 
resistors R. and R.. Resistor R. is 
the collector load resistor. Resistor 
R, develops the emitter input signal 
and also acts as the emitter stabiliz
ing resistor. Capacitors C. and C. 
form a voltage divider; the voltage 
developed across C. is the feedback 
voltage. The frequency and the 
amount of feedback voltage can be 
controlled by adjustment of either 
or both capacitors. For minimum 
feedback loss, the ratio of the ca
pacitive reactance between C. and 
C. should be approximately equal to 
the ratio between the output imped
ance and the input impedance of the 
transistor. 

A Clapp oscillator is a modifica
tion of the Colpitts circuit shown in 
Fig. 99 in which a capacitor is added 
in series with the primary winding 
of the transformer to improve fre
quency stability. When the added 
capacitance is small compared to 
the series capacitance of C. and C., 
the oscillator frequency is deter
mined by the series LC combination 
of the transformer primary and the 
added capacitor. A Hartley oscil
lator is similar to the Colpitts 
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oscillator, except that a split induct
ance is used instead of a split ca
pacitance to obtain feedback. 

Crystal Oscillators 

A quartz crystal is often used 
as the frequency-determining ele
ment in a transistor oscillator circuit 
because of its extremely high Q (nar
row bandwidth) and. good frequency 
stability over a given temperature 
range. A quartz crystal may be 
operated as either a series or paral
lel resonant circuit. As shown in Fig. 
100, the electrical equivalent of the 
mechanical vibrating characteristic 
of the crystal can be represented by 
a resistance R, an inductance L, 
and a capacitance Cs in series. The 
lowest impedance of the crystal oc
curs at the series resonant frequency 
of C. and L; the resonant frequency 
of the circuit is then determined 
only by the mechanical vibrating 
characteristics of the crystal. 

The parallel capacitance Cp shown 
in Fig. 100 represents the electro
static capacitance between the crystal 
electrodes. At frequencies above the 

R 

CPT ~L 

o--LJcs 
Figure 100. Equivalent circuit of quartz 

crystal. 

series resonant frequency, the com
bination of Land Cs has the effect 
of a net inductance because the in
ductive reactance of L is greater 
than the capacitive reactance of Cs • 

This net inductance forms a parallel 
resonant circuit with Cp and any cir
cuit capacitance across the crystal. 
The impedance of the crystal is 
highest at the parallel resonant fre
quency; the resonant frequency of 
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the circuit is then determined by 
both the crystal and externally con
nected circuit elements. 

Increased frequency stability can 
be obtained in the tuned-collector 
and tuned-base oscillators discussed 
previously if a crystal is used in the 
feedback path. The oscillation fre
quency is then fixed by the crystal. 
At frequencies above and below the 
series resonant frequency of the crys
tal, the impedance of the crystal in
creases and the feedback is reduced. 
Thus, oscillation is prevented at fre
quencies other than the series reso
nant frequency. 

The parallel mode of crystal reso
nance is used in the Pierce oscillator 
shown in Fig. 101. (If the crystal 
were replaced by its equivalent cir
cuit, the functioning of the oscillator 
would be analogous to that of the 
Colpitts oscillator shown in Fig. 99.) 
The resistances shown in Fig. 101 
provide the proper bias and stabiliz
ing conditions for the common-emit
ter circuit. Capacitor C, is the 

C4 
r------<~---;r-o 

Figure 101. Pierce-type transistor crystal 
oscillator. 

emitter bypass capacitor. The re
quired 180-degree phase inversion of 
the feedback signal is accomplished 
through the arrangement of the volt
age-divider network C. and C.. The 
connection between the capacitors is 
grounded so that the voltage de
veloped across C. is applied between 
base and ground and 180-degree 
phase reversal is obtained. The oscil
lating frequency of the circuit is de-
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termined by the crystal and the 
capacitors connected in parallel with 
it. 

RC Feedback Oscillators 

A resistance-capacitance (RC) net
work is sometimes used in place of 
an inductance-capacitance network 
when phase shift is required in a 
transistor oscillator. In the phase
shift oscillator shown in Fig. 102, the 

Figure 102. Transistor RC phase-shift 
oscillator. 

RC network consists of three sec
tions (C,R" C.R., and C.R,), each of 
which contributes a phase shift of 60 
degrees at the frequency of oscilla
tion. Because the capacitive react
ance of the network increases or 
decreases at other frequencies, the 
180-degree phase shift required for 
the common-emitter oscillator occurs 
only at one frequency; thus, the out
put frequency of the oscillator is 
fixed. Phase-shift oscillators may be 
made variable over particular fre
quency ranges by the use of ganged 
variable capacitors or resistors in the 
RC networks. Three or more sec
tions must be used in the phase
shifting networks to reduce feedback 
losses. The use of more sections con
tributes to increased stability. 

Nonsinusoidal Oscillators 

Oscillator circuits which produce 
nonsinusoidal output waveforms use 
a regenerative circuit in conjunction 
with resistance-capacitance (RC) or 
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resistance-inductance (RL) com
ponents to produce a switching ac
tion. The charge and discharge 

. times of the reactive elements (R x 
C or LIR) are used to produce saw
tooth, square, or pulse output wave
forms. 

A multi vibrator is essentially a 
nonsinusoidal two-stage oscillator in 
which one stage conducts while the 
other is cut off until a point is 
reached at which the conditions of 
the stages are reversed~ This type of 
oscillator is normally used to pro
duce a square-wave output. In the 
RC-coupled common-emitter multi
vibrator shown in Fig. 103, the out
put of transistor Q, is coupled to the 
input of transistor Q. through the 
feedback capacitor C" and the out
put of· Q. is coupled to the input of 
Q, through the feedback capacitor 
C •. 
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Q. into cutoff. Q. is maintained in a 
cutoff condition by C, (which was 
previously .charged to the supply 
voltage through resistor R,) until 
C, discharges through R. toward the 
collector-supply potential. When the 
junction of C, and R. reaches a slight 
positive voltage, however, transistor 
Q. begins to start into conduction and 
the regenerative process reverses. 
Q. then reaches a saturation condi
tion, Q, is cut off by the reverse bias 
applied to its base through C" and 
the C.R. junction starts charging 
toward the collector supply voltage. 
The oscillating frequency of the 
multivibrator is determined by the 
values of resistance and capacitance 
in the circuit. 

A blocking oscillator is a form of 
nonsinusoidal oscillator which con
ducts for a short period of time and 
is cut off (blocked) for a much longer 

Figure 103. RC-coupled common-emitter multivibrator. 

In the multivibrator circuit, an in
crease in the collector current of 
transistor Q, causes a decrease in 
the collector voltage which, when 
coupled through capacitor C, to the 
base of transistor Q., causes a de
crease in the collector current of Q •. 
The resultant rising voltage·at the 
collector of Q., when coupled through 
capacitor C. to the base of Q" drives 
Q, further into conduction. This re
generative process occurs rapidly, 
driving Q, into heavy saturation and 

period. A basic circuit for this type 
of oscillator is shown in Fig. 104. 
Regenerative feedback through the 
tickler-coil winding 1-2 of trans
former T,and capacitor C causes 
current through the transistor to rise 
rapidly until .:.saturation is reached. 
The transistor is then cut off until C 
discharges through resistor R. The 
output waveform is a pulse, the width 
of which is primarily determined by 
winding 1-2. The time between pulses 
(resting or blocking time) is deter-
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Figure 104. Basic circuit of blocking 
oscillator. 

mined by the time constant of capac
itor C and resistor R. 

FREQUENCY CONVERSION 
Transistors can be used in various 

types of circuits to change the fre
quency of an incoming signal. In 
radio and television receivers, fre
quency conversion is used to change 
the frequency of the rf signal to an 
intermediate frequency. In communi
cations transmitters, frequency mul
tiplication is often used to raise the 
frequency of the developed rf signal. 

In a radio or television receiver, 
the oscillating and mixing functions 
are performed by a nonlinear device 
such as a diode or a transistor. As 
shown in the diagram of Fig. 105, 
two voltages of different frequencies, 
the rf signal voltage and the voltage 
generated by the oscillator, are ap
plied to the input of the mixer. These 
voltages "beat," or heterodyne, 
within the mixer transistor to pro
duce a current having, in addition 

RAOIO
FREQUENCY 

INPUT 

...-___ -.;INTERMEOIATE-
FREQUENCY 

OUTPUT 

Figure 105. Block diagram of simple 
frequency-converter circuit. 
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to the frequencies of the input volt
ages, numerous sum and difference 
frequencies. 

The output circuit of the mixer 
stage is provided with a tuned cir
cuit which is adjusted to select only 
one beat frequency, i.e., the fre
quency equal to the difference be
tween the signal frequency and the 
oscillator frequency. The selected 
output frequency is known as the 
intermediate frequency, or if. The 
output frequency of the mixer tran
sistor is kept constant for all values 
of signal frequency by tuning of the 
oscillator transistor. 

In AM broadcast-band receivers, 
the oscillator and mixer functions 
are often accomplished by use of a 
single transistor called an "auto
dyne converter". In FM and tele
vision receivers, stable oscillator 
operation is more readily obtained 
when a separate transistor is used 
for the oscillator function. In such 
a circuit, the oscillator voltage is 
coupled to the mixer by inductive 
coupling, capacitive coupling, or a 
combination of the two. 

An automatic frequency control 
(afc) circuit is often used to provide 
automatic correction of the oscilla
tor frequency of a superheterodyne 
receiver when, for any reason, it 
drifts from the frequency which pro
duces the proper if center frequency. 
This correction is made by adjust
ment of the frequency of the oscilla
tor. Such a circuit automatically 
compensates for slight changes in 
rf carrier or oscillator frequency, as 
well as for inaccurate manual or 
push-button tuning. 

An afc system requires two sec
tions: a frequency detector and a 
variable reactance. The detector sec
tion may be essentially the same as 
the FM detector illustrated in Fig . 
42. In the afc system, however, the 
output is a dc control voltage, the 
magnitude of which is proportional 
to the amount of frequeo/y shift. 
This dc control voltage is used to 
control the bias on a transistor or 
diode which comprises the variable 
reactance. 
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Automatic frequency control is 
also used in television receivers to 
keep the horizontal oscillator in step 
with the horizontal-scanning fre
quency at the transmitter. A widely 
used horizontal afc circuit is shown 
in Fig. 106. This circuit, which is 
often referred to as a balanced
phase-detector or phase-discrimina
tor circuit, is usually employen to 
control the frequency of the horizon
tal-oscillator circuit. The detector 
diodes supply a dc control voltage 
to the horizontal-oscillator circuit 
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times, therefore, because momen
tary changes in oscillator frequency 
are instantaneously corrected by the 
action of this control voltage. The 
network between the diodes and the 
horizontal-oscillator circuit is essen
tially a low-pass filter which pre
vents the horizontal sync pulses 
from affecting the horizontal-oscilla
tor performance. 

Frequency multipliers are another 
type of frequency-conversion circuits. 
Because the output-current wave
form of power transistors can be 

DC CORRECTION 
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Figure 106. Balanced-phase-detector or phase-discriminator circuit tor horizontal atc. 

which counteracts changes in its 
operating frequency. The magnitude 
and polarity of the control voltages 
are determined by phase relation
ships in the afc circuit. 

The horizontal sync pulses ob
tained from the sync-separator cir
cuit are fed through a phase-inverter 
or phase-splitter circuit to the two 
diode detectors. Because of the ac
tion of the phase-inverter circuit, 
the signals applied to the two diode 
units are equal in amplitude but 180 
degrees out of phase. A reference 
sawtooth voltage obtained from the 
horizontal output circuit is also ap
plied simultaneously to both units. 
The diodes are biased so that con
duction takes place only during the 
tips of the sync pulses. Any change 
in the oscillator frequency alters 
the phase relationship betwen the 
reference sawtooth and the incoming 
horizontal sync pulses, and thus 
causes one of the diodes to conduct 
more heavily than the other. so that 
a correction signal is produced. The 
system remains balanced at all 

made to contain both fundamental 
and harmonic frequency components, 
power output can be obtained at 
a desired harmonic frequency by use 
of a special type of output circuit 
coupled to the collector of the tran
sistor. Transistors can be connected 
in either the common-base or the 
common-emitter configuration for 
frequency multiplication. 

The design of transistor fre
quency-multiplier circuits consists of 
selection of a suitable transistor and 
design of filtering and matching net
works for optimum circuit perform
ance. The transistor must be capable 
of power and gain at the fundamen
tal frequency and capable of con
verting power from the fundamental 
to a harmonic frequency. At a given 
input power level, the output power 
at a desired harmonic frequency is 
equal to the product of the power 
gain of the transistor at the drive 
frequency and the conversion effi
ciency of the frequency-multiplier 
circuit. Conversion gain can be ob
tained only when the power gain of 
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the transistor at the fundamental 
frequency is larger than the con
version loss of the circuit. 

Various types of instabilities 
can occur in transistor frequency
multiplier circuits, including low
frequency resonances, parametric 
oscillations, hysteresis, and high-fre
quency resonances. Low-frequency 
resonances occur because the gain 
of the transistor is very high at low 
frequency compared to that at the 
operating frequency. "Hysteresis" 
refers to discontinuous mode jumps 
in output power when the input 
power or frequency . is increased or 
decreased. A tuned circuit used in 
the output coupling network has a 
different resonant frequency under 
strong drive than under weaker driv
ing conditions. It has been found ex
perimentally that hysteresis effect 
can be minimized, and sometimes 
eliminated, by use of the common
emitter configuration. 

Perhaps the most troublesome in
stability in transistor frequency
multiplier circuits is high-frequency 
resonance. Such instability shows up 
in the form of oscillations at a fre
quency very close to the output fre
quency when the input drive power 
is removed. This effect suggests that 
the transistor under this condition 
behaves as a locked oscillator at the 
fundamental frequency. Common
emitter circuits have been found to 
be less critical for high-frequency 
oscillatons than common-base cir
cuits. High-frequency resonance is 
also strongly related to the input 
drive frequency, and can be elimi
nated if the input frequency is kept 
below a certan value. The input fre
quency at which stable operation 
can be obtained depends on the 
method used to ground the emitter 
of the transistor, and can be in
creased by use of the shortest pos
sible path from the emitter to 
ground. 

SWITCHING 
Transistors are often used in 

pulse and switching circuits in 
radar, television, telemetering, pulse-

15 

code communication, and computing 
equipment. The basic concept in any 
switching circuit is a discrete change 
of state, usually a voltage change or 
a current change or both. This 
change of state may be used to per
form logical functions, as in a com
puter, or to transfer energy, as in 
relay drivers and switching regula
tors. 

A switch presents a high resist
ance when it is open and a low re
sistance when it is closed. When 
transistors are used as switches, 
they offer the dual advantages of hav
ing no moving or wearing parts and 
of being easily actuated from various 
electrical inputs. Transistor switch
ing circuits act as generators, am
plifiers, inverters, frequency dividers, 
and wave shapers to provide limit
ing, triggering, gating, and signal
routing functions. These applications 
are normally characterized by large
signal or nonlinear operation of the 
transistor. 

When a transistor switching cir
cuit is ON, the resistance should be 
as low as possible across the tran
sistor to avoid loss of power across 
the switch. To achieve this low re
sistance, it is necessary that the 
transistor be in the saturation re
gion. Enough base current must be 
supplied to assure that saturation is 
maintained under "worst-case" op
erating conditions. ("Worst-case" 
design is essential to guarantee re
liable operation of a circuit under the 
most adverse conditions. Resistor, 
capacitor, and voltage tolerances, 
variations in transistor parameters, 
temperature effects, and end-of-life 
degradation are the primary factors 
considered in "worst-case" design of 
circuits.) In the OFF condition, the 
impedance across the transistor 
should be as high as possible. 

In large-signal operation, the tran
sistor acts as an overdriven amplifier 
which is driven from the cutoff region 
to the saturation region. In the sim
ple transistor-switching circuit shown 
in Fig. 107, the collector-base junc
tion is reverse-biased by battery Vee 
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through resistor Ro. 8witch 8, con
trols the polarity and amount of base 
current from battery Vn, or Vn •. 
When 8, is in the OFF position, the 
emitter-base junction of the transis
tor is reverse-biased by battery Vn> 
through the current-limiting resistor 

c 

Figure 107. Simple switching circuit. 

R •. The transistor is then in the OFF 
(cutoff) state. (Normal quiescent 
conditions for a transistor switch in 
the cutoff region require that both 
junctions be reverse-biased.) 

When the switch is in the ON posi
tion, forward bias is applied to the 
emitter-base junction by battery Vn, 
through the current-limiting resistor 
Rlo The base current and collector 
current then increase rapidly until 
the transistor reaches saturation. 
(The transistor is saturated when 
the collector current reaches a value 
at which it is limited by Ra and V co. 
Collector current is then approxi
mately equal to Veo/Ra, and further 
increases in base drive produce no 
further increase in collect-or cur
rent.) The active linear region is 
called the transition region in switch
ing operation because the signal 
passes through this region rapidly. 

In the saturation region, the col
lector current is usually at a maxi
mum and collector voltage at a 
minimum. This value of collector 
voltage is referred to as the satura
tion voltage, and is an important 
characteristic of the transistor. A 
transistor operating in the satura
tion region is in the ON (conducting) 
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state. (Both junctions are forward
biased.) 

Regions of operation are similar 
for all transistor configurations used 
as switches. When both junctions of 
the transistor are reverse-biased 
(cutoff condition), the output current 
is very small and the output voltage 
is high. When both junctions are 
forward-biased (saturation condi
tion), the output current is high and 
the output voltage is small. For most 
practical purposes, the small output 
current in the cutoff condition and 
the small output voltage in the sat
urated condition may be neglected. 

Switch ing Times 

When switch 8. in Fig. 107 is 
operated in sequence from OFF to 
ON and then back to OFF, the cur
rent pulses shown in Fig. 108 are ob
tained. The rectangular input current 
pulse In drives the transistor from 
cutoff to saturation and back to cut
off. The output current pulse Ie is 
distorted because the transistor can
not respond instantaneously to a 
change in signal level. The response 
of the transistor during the rise time 

Ze o~~~----4-?----------
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Figure 108. Current waveforms obtained in 
switching circuit. 

tr and the fall time tr is called the 
transient response, and is essential1y 
determined by the transistor char
acteristics in the active linear region. 

The delay time 4 is the length of 
time that the transistor remains cut 
off after the input pulse is applied. 



Transistor Applications 

This finite time is required before 
the applied forward bias overcomes 
the emitter depletion capacitance of 
the transistor and collector current 
begins to flow. 

The rise time tr (which is also re
ferred to as build-up time) is the 
time required for the leading edge of 
the pulse to increase in amplitude 
from 10 to 90 per cent of its maxi
mum value. Rise time can be reduced 
by overdriving the transistor, but 
only small amounts of overdrive are 
normally used because turn-off time 
(storage time plus fall time) is also 
affected. 

The pulse time t. (or pulse dura
tion) is the length of time that the 
pulse remains at, or very near, its 
maximum value. Pulse-time duration 
is measured between the points on 
the leading edge and on the trailing 
edge where the amplitude is 90 per 
cent of the maximum value. 

The storage time t, is the length 
of time that the output current Ie re
mains at its maximum value after 
the input current In is reversed. The 
length of storage time is essentially 
governed by the degree of saturation 
into which the transistor is driven 
and by the amount of reverse (or 
turn-off) base current supplied. 

The fall time tr (or decay time) of 
the pulse is the time required for the 
trailing edge to decrease in ampli
tude from 90 to 10 per cent of its 
maximum value. Fall time may be 
reduced by the application of a re
verse current at the end of the input 
pulse. 

The total tum-on time of a tran
sistor switch is the sum of the delay 
time and the rise time. The total 
turn-off time is the sum of the stor
age time and the fall time. A reduc
tion in either storage time or fall 
time decreases turn-off time and in
creases the usable pulse repetition 
rate of the circuit. 

Triggered Circuits 

When an externally applied signal 
is used to cause an instantaneous 
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change in the operating state of a 
transistor circuit, the circuit is said 
to be triggered. Such circuits may 
be astable, monostable, or bistable. 
Astable triggered circuits have no 
stable state; they operate in the 
active linear region, and produce 
relaxation-type oscillations. A mono
stable circuit has one stable state 
in either of the stable regions (cut
off or saturation); an external pulse 
"triggers" the transistor to the other 
stable region, but the circuit then 
switches back to its original stable 
state after a period of time deter
mined by the time constants of the 
circuit elements. A bistable (flip-flop) 
circuit has a stable state in each of 
the two stable regions. The transis
tor is triggered from one stable state 
to the other by an external pulse, 
and a second trigger pulse is re
quired to switch the circuit back to 
its original stable state. 

The multivibrator circuit shown in 
Fig. 109 is an example of a mono
stable circuit. The bias network holds 

Figure 109. Monostable multivibrator. 

transistor Q2 in saturation and tran
sistor Q, at cutoff during the quies
cent or steady-state period. When an 
input signal is applied through the 
coupling capacitor C" however, tran
sistor Q, begins to conduct. The de
creasing collector voltage of Q, 
(coupled to the base of Q. through 
capacitor C,) causes the base current 
and collector current of Q2 to de-
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crease. The increasing collector volt
age of Q. (coupled to the base of Q, 
through resistor R.) then increases 
the forward base current of Qh This 
regeneration rapidly drives transis
tor Q, into saturation and transistor 
Q. into cutoff. The base of transistor 
Q. at this point is at a negative po
tential almost equal to the magni
tude of the battery voltage Vee. 

Capacitor C. then discharges 
through resistor R. and the low sat
uration resistance of transistor Q,. 
As the base potential of Q. becomes 
slightly positive, transistor Q. again 
conducts. The decreasing collector 
potential of Q. is coupled to the base 
of Q, and transistor Q, is driven into 
cutoff, while transistor Q. becomes 
saturated. This stable condition is 
maintained until another pulse trig
gers the circuit. The duration of the 
output pulse is primarily determined 
by the time constant of capacitor C. 
and resistor R. during discharge. 

The Eccles-Jordan-type multivi
brator circuit shown in Fig. 110 is an 
example of a bistable circuit. The re
sistive and bias values of this circuit 
are chosen so that the initial appli
cation of dc power causes one tran
sistor to be cut off and the other to 
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be driven into saturation. Because of 
the feedback arrangement, each tran
sistor is held in its original state by 
the condition of the other. The appli
cation of a positive trigger pulse to 
the base of the OFF transistor or a 
negative pulse to the base of the ON 
transistor switches the conducting 
state of the circuit. The new condi
tion is then maintained until a sec
ond pulse triggers the circuit back to 
the original condition. 

In Fig. 110, two separate inputs 
are shown. A trigger pulse at input 
A will change the state of the cir
cuit. An input of the same polarity at 
input B or an input of opposite polar
ity at input A will then return the 
circuit to its original state. (Collector 
triggering can be accomplished in a 
similar manner.) The capacitors C. 
and C. are used to speed up the re
generative switching action. The out
put of the circuit is a unit step volt
age when one trigger is applied, or 
a square wave when continuous puls
ing of the input is used. 

Gating Circuits 

A transistor switching circuit in 
which the transistor operates as an 

+ _ .::..Vcc 

INPUT 80-1t-------------' 
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Figure" 110. Eccles-Jordan·type bistable multivibrator. 
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effective open or shQrt circuit is 
called a "gate". These circuits are 
used extensively in computer appli
cations to provide a variety of func
tions such as circuit triggering at 
prescribed intervals and level and 
waveshape control. Because these cir
cuits are designed to evaluate input 
conditions to provide a predetermined 
output, they are primarily used as 
logic circuits. Logic circuits include 
OR, AND, NOR (NOT-OR), NAND 
(NOT-AND), series (clamping), and 
shunt or inhibitor circuits. 

An OR gate has more than one in
put, but only one output. It provides 
a prescribed output condition when 
one or another prescribed input con
dition exists. When a pulse of the 
proper polarity is applied at one or 
more of the inputs to an OR gate, 
an output pulse of the same polarity 
is obtained. If the circuit provides 
phase inversion of the input signal, 
the OR gate becomes a NOT-OR 
(NOR) gate. Fig. 111 shows a sim
ple NOR gate that uses diode inputs. 

+Vcc 

Figure 111. Simple diode NOR gate. 

Fig. 112 shows a transistor NOR 
gate in which bias is provided by the 
battery Vbb. The bias value is chosen 
so that the transistor is cut off 
when all inputs are low and is turned 
on and saturated when either or both 
of the inputs are high. 

An AND gate also has more than 
one input, but only one output. How
ever, it provides an output only when 
aU the inputs are applied simultan
eously. As in the case of the OR 
gate, the use of a configuration which 
provides phase inversion provides a 
NOT-AND (NAND) gate. 
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Figure 112. Simple transistor NOR gate. 

The AND-OR gate shown in Fig. 
113 illustrates the use of a direct
coupled transistor logic circuit to 
trigger a bistable multivibrator. The 
over-all gating function, which con
sists of a NAND function and a 
NOR function, is performed by tran
sistors Q1, Q2, and Q •. Transistor Q. 
is part of the bistable multivibrator. 

Transistors Q1 and Q2 are series
connected and form a NAND gate. 
Similarly, transistors Q, and Q. are 
series-connected and form a NAND 
gate. Transistors Q. and Q. are par
allel-connected and form a NOR gate. 
Provided all transistors are cut off 
(quiescent condition), triggering of 
the bistable multivibrator is accom
plished when the prescribed input 
conditions for either of the NAND 
gates are met, i.e., when either tran
sistors Q, and Q. or transistors Q1 
and Q. are triggered into conduction. 

Gating circuits are also used as 
amplitude discriminators (limiters), 
clippers, and clamping circuits, and 
as signal-shunting or transmission 
gates. 

Propagation delay per stage or 
per pair of stages is the most im
portant consideration in determining 
the speed capabilities of a logic sys
tem for computer applications. This 
delay time limits the maximum speed 
with which information can be 
processed in a computer. Typical 
propagation delays ranging from 
several microseconds to less than 10 
nanoseconds can be obtained, de
pending upon the type of circuit and 
transistor used. 

The simplest computer building 
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Figure 113. AND-OR gate or trigger circuit. 

block is the RTL (resistance-tran
sistor-Iogic) circuit shown in Fig. 
114. This circuit performs a NOR 
function if positive voltage levels 
are defined as binary "1" and nega
tive voltages are defined as binary 
"0". RTL circuits must be designed 
so that de stability is obtained under 
"worst-case" conditions. However, if 
optimum switching performance is 
desired, circuits are designed to pro
vide maximum reverse base current 
for a given fan-in (number of in-

n 
INPUTS 

puts) and fan-out (number of out
puts). This approach decreases 
storage and fall times and thus pro
vides smaller propagation delays per 
stage, but decreases the fan-out 
capability of the circuit. 

The measurement of propagation 
delay in RTL circuits is made under 
"worst-case" conditions, i.e., alter
nate stages are subjected in turn to 
maximum and then minimum drive 
conditions. Maximum drive produces 
short delay and rise times but long 

+Vcc -Vaa 

TO ADDITIONAL OUTPUTS 

FigUre 114. Simple RTL (resistance-transistor-Iogic) NOR circuit. 



Transistor Applications 81 

-Vaa +vcc +VCI 

RS 

TO ADDITIONAL.QUTPUTS 
TO ADDITIONAL INPUTS 

Figure 115. Generalized RCTL (resistance-capacitance-transistor-Iogic) NOR circui~. 

storage and fall times; it occurs 
when a given stage is driven by 
three unloaded stages. Minimum 
drive produces short storage and fall 
times but long delay and rise times; 
it occurs when a given stage is 
driven at only one input by a fully 
loaded stage. 

A generalized RCTL (resistance
capacitance-transistor-Iogic) circuit 
is shown in Fig. 115. This type of 
logic circuit is characterized by a 
large number of transistors and is 
capable of extremely fast operation. 
The logic function performed by the 
RCTL arrangement of Fig. 115 is the 
same as that described for the RTL 
system shown in Fig. 114. 

The high-speed operation of RCTL 
systems is a result of the use of the 
"speed-up" capacitor CF • This capa
citor compensates for stored charge 
in the transistor, and also provides 
large forward-base-current over-

n 
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-Vaa 

drive on an instantaneous basis. 
Therefore, extremely fast transistor 
switching times can be obtained. 
However, the maximum repetition 
rate of the circuit is limited by the 
value of CF. Therefore, CF must be 
selected just large enough to com
pensate for the transistor stored 
charge. 

Fig. 116 shows a generalized DTL 
(diode-transistor-logic) circuit which 
performs either a NAND or a NOR 
function depending upon the defini
tion of voltage levels. The DTL cir
cuit is characterized by extremely 
high speed, a large number of diodes, 
and relatively few transistors. Such 
circuits may use a collector clamp 
voltage, as shown, or may be de
signed without collector clamping 
provided all input diodes are reverse
biased when a transistor is to be 
ON. The latter approach makes pos
sible larger fan-in and fan-out, but 

+Vcc +VCI -Vaa 

TO ADDITIONAL OUTPUTS 

Figure 116. Generalized DTL (diode-transistor-Iogic) circuit. 
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is somewhat slower in speed than 
the design shown. The DTL system 
is more economical than the RCTL 
system because fewer transistors 
are required to perform a given logic 
function. 

Figs. 117 and 118 show two ap
proaches to the design of ultra-high
speed, non-saturating logic circuits. 
The circuit in Fig. 117 is the gen
eralized circuit for a current-steer
ing system using reference diodes 
and transistors; Fig. 118 shows the 
generalized circuit for a complemen
tarY-symmetrY current-steering sys
tem using only transistors. 

Current-steering logic (CSL) cir
cuits are characterized by a large 
number of transistors, high power 
dissipation, and ultra-high-speed 
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operation. The logic function per
formed by these circuits is. somewhat 
different from those discussed pre
viously. Because of the extra tran
sistors involved, such circuits can 
perform both a desired function 
and its inverse. For example, both 
NAND and AND or NOR and OR 
functions are directly obtained, the 
combination depending upon the defi
nition of voltage levels. 

The design of current-steering cir
cuits must be optimized to use the 
smallest load resistor RL possible be
cause the ultimate speed of the cir
cuit is limited by the time constant 
of this load resistance and the load 
capacitance. The complementary
symmetry approach is superior to 
diode current steering because it is 
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Figure 117. Generalized current-steering system using reference diodes and transistors. 
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Figure 118. Generalized circuit for complementary-symmetry current-steering 
system using only transistors. 

equivalent in speed, provides the 
same transistor dissipation (and is 
thus equally reliable), and may be 
designed with less critical toler
ances. 

Computer operation requires the 
use of many flip-flop circuits for 
temporary storage of data. "Set
reset" flip-flops may be formed read
ily by use of any of the basic logic 
blocks described. A binary-counter
type flip-flop is shown in Fig. 119. 

The design of the flip-flop circuit 
is the same as for the RCTL system 
except for the trigger gating circuit 
and the value of CF. The trigger gat
ing circuit is designed so that a 
negative pulse at the input turns the 
ON transistor off. Therefore, the 
size of the input capacitors must be 
determined by the maximum stored 

charge of the transistor and the size 
of the input voltage swing. The two 
additional diodes connected from 
base to emitter of each transistor 
and the two diodes shunting the 
gating resistors connected to the 
collectors are used to eliminate time
constant problems at high frequen
cies. These diodes may be eliminated 
if high-frequency operation is not 
required. 

The problem of noise control in 
computer systems increases in im
portance with the use of ultra-high
speed transistors and circuits. Noise 
immunity is defined as the ability of 
a given circuit to be relatively im
mune to a certain amplitude and 
duration of noise voltage. In com
puter circuits, there are essentially 
three sources of noise: (1) capaci-
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Figure 119. Binary-counter-type flip-flop circuit. 

tive cross-coupling, (2) inductive 
cross-coupling, and (3) coupling 
through common impedances. The in
ductive noise component is generally 
the most significant in transistor 
circuits because relatively low volt
ages and high currents are present. 

To optimize a switching design for 
noise immunity, it is necessary to 
determine what noise-voltage ampli
tude at the input is required to 
cause a change at the output. Be
cause this amplitude is a function 
of the transient response of the 
switching circuit, the pulse width or 
duration of the noise voltage must 
also be considered. In the following 
discussion, it is assumed that the 
noise voltage is of sufficient duration 
that effects of the circuit transient 
response may be neglected (i.e., that 
the noise-voltage duration is no less 
than the longest turn-on or turn-off 
time of the switching circuit). 

The DTL circuit shown in Fig. 116 
can be used to illustrate the design 
of a logic circuit for noise immunity. 
When all inputs are high, a negative 
noise pulse at any input tends to 
turn the ON transistor off; a posi
tive noise pulse has no effect. The 

amplitude of noise required to ef
fect a change is determined by the 
reverse bias V R on the input diodes, 
the amount of forward bias VF neces
sary to cause appreciable conduc
tion of an input diode, and the 
stored charge Q. of the ON transis
tor. For the ON condition, therefore, 
the negative noise-voltage amplitude 
required to cause a change in the 
output is given by 

When anyone of the inputs is low 
and the transistor is OFF, only a 
positive noise pulse at a low input 
has any effect on the transistor out
put. The amplitude of the positive 
noise voltage required to start the 
transistor turning ON is determined 
by the amount of reverse bias VB 
on the base-to-emitter junction of 
the transistor, the forward bias VBE 
required across the base-to-emitter 
junction to cause appreciable con
duction of base current, and the 
amount of charge necessary to 
charge the input capacitance C, at 
the base through the voltage VB + 
VBE• For the OFF condition, there-
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fore, the positive noise-voltage am
plitude required is given by 

C, 
Vo = (VB + Vn) (1 + CF) 

A per-cent noise-immunity figure 
can be defined for a particular cir
cuit as the ratio of the noise volt
ages determined above to the normal 
voltage swing of a true input, which 
is approximately equal to the col
lector supply voltage. It is desirable 
to have equal noise immunity for 
both the ON and OFF conditions be
cause the per-cent noise-immunity 
figure for the circuit is no better 
than the lower value. 

Because the values V F, V Bm, Q., CF, 
and C'. are constants for a specific 
transistor and diode, the values of 
VB and VB may be chosen to obtain 
a desired noise immunity for a given 
circuit design. However, circuit noise 
immunity and fan-out capability are 
interdependent; if noise immunity is 
made too large; fan-out capability 
will suffer. Therefore, a compromise 
between the two must be made. 

Power Switching 

Because of their efficiency and re
liability, transistor switches are 
ideally suited to the control of large 
amounts of power. However, the ef
ficiency of a power switching circuit 
is affected by the switching speed of 
the transistor. In some applications 
a faster transistor that has a low 
power rating may be preferred to 
a slower transistor that has a higher 
power rating. 

In a practical switching circuit, 
the average power dissipated in the 
transistor is much less than the 
peak dissipation. The peak dissipa
tion varies considerably with the 
type of load. The average power 
dissipation can be reduced, and thus 
the efficiency of the circuit can be 
increased, by use of a transistor that 
has fast switching characteristics 
(minimum turn-on time and turn
off time), low collector-to-emitter 
saturation voltage Vem(sat), and low 
collector-cutoff current lOBo. 
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An analysis of the transistor load 
line is an important consideration 
in achieving reliability in a high
power switch. In general, the load 
is a combination of resistive and re
active elements. It is almost never 
purely resistive, and for "worst
case" analysis can be assumed to 
be completely inductive. 

Fig. 120 shows a simple test cir
cuit which can be used for analysis 

HORIZONTAL 

= 
Figure 120. Simple test circuit for analysis 

of a load line. 

of a load line. The current-sensing 
resistor R in the collector circuit 
should be non-inductive and have a 
resistance much smaller than any 
other impedance in series with the 
transistor. A typical load line (col
lector current Ie as a function of 
collector-to-emitter voltage Vo .. ) for 
this circuit is shown in Fig. 121. Fig. 
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Figure 121. Typical load line for circuit 
shown in Figure 120. 

122 shows typical voltage and cur
rent curves as a function of time 
for this switch. The curves of Figs. 
121 and 122 can be used for calcula
tion of the peak and average power 
dissipation, voltage limitations, and 
second-breakdown energy. The turn
off energy of the switch must not 
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Figure 122. Typical voltage and current 
waveforms for switch shown in Figure 120. 

exceed the second-breakdown volt
age rating for the transistor used. 

In many cases, the dc voltage re
quired to operate electronic equip-
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ment is different from the available 
dc supply. The circuit used to con
vert direct current from one level 
to another is called a converter. Fig. 
123 shows two simple converter cir
cuits which can be used in place of 
the conventional vibrator-type con
verter in automobile radios. The 
switching drive to the two transis
tors is supplied by a separate, small, 
saturable transformer in the circuit 
of Fig. 123a, and by an additional 
center-tapped drive winding on a 
single saturable transformer in Fig. 
123b. The characteristic hysteresis 
loop of the auto-transformer used 
in the circuit of Fig. 123b is shown 
in Fig. 124. Transformer parameters 
such as frequency, number of turns, 
and size and type of core material 
are determined by the operating re
quirements for the circuit. Once the 
transformer has been established, a 
change in supply voltage results in 
a change in the operating frequency. 

Switching is accomplished as a re
sult of the saturation of the trans
former. When the slope of the 
hysteresis loop shown in Fig. 124 
is small, the magnetizing inductance 
is small and the magnetizing current 

,. SATURABLE CORE 

(0) 

,. SATURABLE CORE 

Ib) 
Figure 123. Simple converter circuits that can be used in place of vibrator-type 

converters in automobile radios. 
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increases rapidly. This situation ex
ists as the loop is traversed in a 
counter-clockwise manner from point 
1 to point 2. From point 2 to point 
3, the magnetizing current increases 

B 

4 
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ample, the collector-to-emitter sus
taining voltage under reverse-bias 
conditions, VCEV(SUS), is given by 

VCEV(SUS) ~ 2Vcc + 6. Vcc 

where Vcc is the collector-supply 
voltage and 6. V cc is the magnitude 
of the supply variations or "spikes". 
The second-breakdown voltage limit 
Es/ B for the transistor is given by 

Es/ B ~ ¥.a (.aIn)"LI 

where fJ is the common-emitter for-
----t--t---f----H ward transfer-current ratio, In is the 

8 

Figure 124. Characteristic hysteresis loop 
of auto-transformer used in circuit of 

Figure 123b. 

very slowly because the magnetiz
ing inductance is high. At point 3, 
the core is in saturation, and the 
magnetizing current again increases 
rapidly. As the current continues to 
increase (between points 3 and 4), 
the ON transistor comes out of satu
ration. When point 4 has been 
reached, the voltages across the pri
mary windings of the transformer 
have dropped to zero, and the bat
tery voltage is applied across the 
collector-to-emitter terminals of 
each transistor. The magnetizing 
current then begins to decay, and 
voltages of opposite polarity are in
duced across the transformer. At 
point 5, the magnetizing current has 
been reduced to zero, the second 
transistor is in saturation, and the 
first transistor has twice the bat
tery voltage across its emitter-to
collector junction. This sequence of 
events is repeated during each half
cycle of the operation of the circuit, 
except for a reversal of polarity. 

The approximate load line of the 
converter circuit of Fig. 123b is 
shown in Fig. 125. Many of the im
portant transistor ratings can be 
determined from this curve. For ex-

base current, and L1 is the total 
series inductance of the transformer 
and the load reflected to the input. 

~ o 
III 

::i o o 

~ SATURATION 
I 
I 

Vcc 2Vcc 
COLLECTOR-TO-EMITTER VOLTAGE 

Figure 125. Approximate load line for 
converter circuit shown in Figure 123b. 

As mentioned previously, the col
lector-to-emitter saturation voltage 
VCE(sat) of the transistor should be 
low. 

The change in frequency of opera
tion of a converter with supply volt
age is not usually important because 
the ac voltage is rectified and fil
tered. In an inverter circuit, how
ever, the frequency may be very 
important and is generally controlled 
by adjustment of the supply volt
age. Typically, the dc supply voltage 
is controlled by means of a voltage 
regulator inserted ahead of the con
verter to stabilize the input voltage 
and a power amplifier following the 
converter to isolate the converter 
from the effects of a varying load. 

Fig. 126 shows a block diagram 
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least three major. advantages over 
conventional series-type regulators: 
(1) higher efficiency (lower power 
dissipation, smaller physical size); 
(2) use of fewer, more economical 
transistors; (3) higher power-output 
'Capabilities.: In the typical switching 
regulator shown in Fig. 127, the 
series regulator transistor is pulse
duration modulated by the signal 
supplied from the multivibrator. The 
ON time of the multivibrator is in 
turn controlled by a de comparison 
between a reference voltage de
veloped across the zener diode D, 

Figure 126. Block.' diagram of 
inverter circuit. 

typical = and the output. The pulsed output 

of a typical dnverter circuit. The 
output frequency is directly depend
ent on the induced voltage of the 
converter transformer. The feedback 
shown samples this induced voltage 
and adjusts the output of the voltage 
regulator to maintain a constant in
duced voltage in the converter and 
thus a constant output frequency. 
If a regulated output voltage is not 
required, the second voltage regula
tor is omitted. 

In the operation of a regulator 
circuit, the difference between a ref
erence input (e.g., the supply volt
age) and some portion of the output 
voltage (e.g., a feedback signal) is 
used to supply an actuating error 
signal to the control elements. The 
amplified error signal is applied in 
a manner that tends to reduce this 
difference to zero. Regulators are de
signed to provide a constant output 
voltage very nearly equal to the de
sired value in the presence of vary
ing input voltage and output load. 

A switching regulator provides at 

_ from the series transistor is inte
grated by the low-pass filter. When 
the transistor is conducting, current 
is delivered to the load from the in
put source. In the OFF condition, 
diode D2 conducts and the energy 
stored in the reactive elements sup
plies current to the load. 

When a step-down regulator is re
quired (e.g., 100 volts down to 28 
volts), the efficiency of a switching 
regulator is considerably higher 
than that of a conventional series 
regulator. If very precise regulation 
is required, the switching regulator 
can be used as a pre-regulator fol
lowed by a conventional regulator 
circuit; this configuration optimizes 
the advantages of both types of 
regulators. Over-all efficiency for 
such a combination circuit is typi
cally about 80 to 85 per cent, as 
compared to values of 25 to 30 per 
cent for a conventional series-type 
step-down regulator. In addition, 
total power dissipation is reduced 
from several hundreds of watts to 
less than 50 watts. 

RL Vo(32V) 

Figure 127. Typical switching regulator. 
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MOS Field-Effect 
Transistors 

F ield-effect transistors combine 
the inherent advantages of solid

state devices (small size, low power 
consumption, and mechanical rug
gedness) with a very high input 
impedance and a square-law trans
fer characteristic that is especially 
desirable for low cross-modulation 
in rf amplifiers. Unlike the other 
transistors described in this Manual 
which are bipolar devices (i.e., per~ 
formance depends on the interaction 
of two types of charge carriers, 
holes and electrons), field-effect 

',transistors are unipolar devices (Le., 
operation is basically a function of 
only one type of charge carrier, holes 
in p-channel devices and electrons in 
n-channel devices). 

Early models of field-effect tran
sistors used a reverse-biased semi
conductor junction for the control 
electrode. In MOS (metal-oxide
semiconductor) field-effect transis
tors, a metal control "gate" is sepa
rated from the semiconductor "chan
nel" by an inSUlating oxide layer. 
One of the major features of the 
metal-oxide-semiconductor structure 
is that the very high input resist
ance of MOS transistors (unlike 
that of junction-gate-type field-effect 
transistors) is not affected by the 
polarity of the bias on the control 
(gate) electrode. In addition, the 
leakage currents associated with the 
insulated control electrode are rela
tively unaffected by changes in am
bient temperature. Because of their 
unique properties, MOS field-effect 
transistors are particularly well 

suited for use in such applications 
as voltage amplifiers, rf amplifiers, 
and voltage-controlled attenuators. 

THEORY OF OPERATION 
The operation of field-effect de

vices can be explained in terms of a 
charge-control concept. The metal 
control electrode, which is called a 
gate, acts as a charge-storage or 
control element. A charge placed on 
the gate induces an equal but op
posite charge in the semiconductor 
layer, or channel, located beneath 
the gate. The charge induced in the 
channel can then be used to control 
the conduction between two ohmic 
contacts, called the source and the 
drain, made to opposite ends of the 
channel. 

In the junction-gate type of field
effect transistor, a p-n junction is 
used for the gate or control elec
trode, as shown in Fig. 128. When 
this junction is reverse-biased, it 
functions as a charge-control elec
trode. Under steady-state condi-

GATE 

Figure 128. structure of p-n junction 
field-effect transistor. 
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tions, only leakage currents flow in 
the gate circuit and thus the device 
has a high input resistance. When 
the junction gate is forward-biased, 
however, the input resistance drops 
sharply, there is appreciable input 
current, and power gain decreases 
significantly. 

The MOS type of field-effect tran
sistor uses a metal gate electrode 
separated from the semiconductor 
material by an insulator, as shown 
in Fig. 129. Like the p-n junction, 
this insulated-gate electrode can de
plete the source-to-drain channel of 
active· carriers when suitable bias 
voltages are applied. However, the 
insulated-gate electrode can also in
crease the conductivity of the chan
nel without increasing steady-state 
input current or reducing power 
gain. 

Figure 129. structure of an MaS 
field-effect transistor. 

The two basic types of MOS field
effect transistors are the depletion 
type and the enhancement type. In 
the depletion type, charge carriers 
are present in the channel when no 
bias voltage is applied to the gate. 
A reverse gate voltage is one which 
depletes this charge and thereby re
duces the channel conductivity. A 
forward gate voltage draws more 
charge carriers into the channel and 
thus increases the channel conduc
tivity. In the enhancement type, the 
gate must be forward-biased to pro
duce active carriers and permit con
duction through the channel. No 
useful channel conductivity exists at 
either zero or reverse gate bias. 
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Because MOS transistors can be 
made to utilize either electron con
duction (n-channel) or hole conduc
tion. (p-channel), four distinct types 
of MOS field-effect transistors are 
possible. As shown in Fig. 130, the 

N-CHANNEL N-CHANNEL 
DEPLETION TYPE ENHANCEMENT TYPE 

P-CHANNEL P-CHANNEL 
DEPLETION TYPE ENHANCEMENT TYPE 

Figure 130. Schematic symbols for MaS 
transistors (G = gate, D = drain, 

B = active bulk, S = source). 

schematic symbol for an MOS tran
sistor indicates whether it is n-chan
nel or p-channel, depletion-type or 
enhancement-type. The direction of 
the arrowhead in the symbol iden
tifies the n-channel device (arrow 
pointing toward the channel) or the 
p-channel device (arrow pointing 
away from the channel). The chan
nel line itself is made solid to iden
tify the "normally ON" depletion
type, or is interrupted to identify 
the "normally OFF" enhancement 
type. 

Fig. 131 shows a cross-section 
view of an n-channel enhancement
type MOS transistor (reversal of 
n-type and p-type regions would pro
duce a p-channel enhancement-type 
transistor). This type of transistor 
is normally non-conducting until a 
sufficient voltage of the correct 

Figure 131. Structure of n-channel 
enhancement-type MaS transistor. 
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polarity is applied to the gate elec
trode. When a positive bias voltage 
is applied to the gate of an n-channel 
enhancement transistor, electrons 
are drawn into the channel region 
beneath the gate. If sufficient volt
age is applied, this channel region 
changes from p-type to n-type and 
provides a conduction path between 
the n-type source and the n-type 
drain regions. (In a p-channel en
hancement transistor, the applica
tion of negative bias voltage draws 
holes into the region below the gate 
so that this channel region changes 
from n-type to p-type and again 
provides a source-to-drain conduc
tion path.) Effectively, the increase 
in gate voltage causes the forward 
transfer characteristic to shift along 
the gate-voltage axis. Because of 
this feature, enhancement-type MOS 
transistors are particularly suitable 
for switching applications. 

In a depletion-type MOS transis
tor, the channel region between the 
source and the drain is made of 
material of the same conductivity 
type as both the source and drain, 
as was shown in Fig. 129. This 
structure can provide substantial 
drain current even when no gate 
bias voltage is applied. 

In enhancement-type transistors, 
the gate electrode must cover the 
entire region between the source 
and the drain so that the applied 
gate voltage can induce a conduc
tive channel between them. In de
pletion-type transistors, however, 
the gate can be "offset" from the 
drain region to achieve a substan
tial reduction in feedback capaci
tance and an over-all improvement 
in amplifier circuit stability. 

FABRICATION 
The fabrication techniques used to 

produce MOS transistors are similar 
to those used for modern high-speed 
silicon bipolar transistors. The start
ing material for an n-channel tran
sistor is a lightly doped p-type 
silicon wafer. (Reversal of p-type 
and n-type materials referred to in 
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this description produces a p-chan
nel transistor.) Mter the wafer is 
polished on one side and oxidized in 
a furnace, photolithographic tech
niques are used to etch away the 
oxide coating and expose bare sili
con in the source and drain regions. 
The source and drain regions are 
then formed by diffusion in a furnace 
containing an n-type impurity (such 
as phosphorus). If the transistor is 
to be an enhancement-type device, 
no channel diffusion is required. If 
a depletion-type transistor is de
sired, an n-type channel is formed 
to bridge the space between the dif
fused source and drain. 

The wafer is then oxidized again 
to cover the bare silicon regions, 
and a second photolithographic and 
etching step is performed to remove 
the oxide in the contact regions. 
After metal is evaporated over the 
entire wafer, another photolitho
graphic and etching step removes all 
metal not needed for the ohmic con
tacts to the source, drain, and gate. 
The individual transistor chips are 
then mechanically separated and 
mounted on individual headers, con
nector wires are bonded to the metal
ized regions, and each unit is her
metically sealed in its case in an 
inert atmosphere. Mter testing, the 
external leads of each device are 
physically shorted together to pre
vent electrostatic damage to the 
gate insulation during branding and 
shipping. 

ELECTRICAL 
CHARACTERISTICS 

The basic current-voltage rela
tionship for a depletion-type MOS 
transistor operating in the common
source configuration is shown in Fig. 
132. At low drain-to-source poten
tials and with the gate returned to 
the source (V G = 0), the resistance 
of the channel is essentially constant 
and current varies linearly with 
voltage, as illustrated in region 
A-B. As the drain current is in
creased beyond point B, the voltage 
(IR) drop in the channel produces 
a progressively greater voltage dif-
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ference between the gate and points 
in the channel successively closer to 
the drain. As this potential differ
ence between gate and channel in
creases, the channel is depleted of 
carriers (becomes "constricted") 

I--- PINCH-OFF REGION 
I 
I 

100 ----+-----
I 
I 

B C 
DRAIN VOLTAGE 

D 

Figure 132. Basic current-voltage relation
ship for a depletion-type MOS transistor. 

and drain current increases much 
more slowly with further increases 
in drain-to-source voltage, as shown 
in region B-C. Further increases in 
drain-to-source voltage beyond point 
C produce no change in gate current 
until point D is reached. This condi
tion leads to the description of re
gion B-D as the "pinch-off" region. 
Beyond point D, the transistor en
ters the "breakdown" region, and 
the drain current may increase ex
cessively. (The upper curve in Fig. 
132 also applies to enhancement
type transistors provided the gate 
voltage V G is large enough to pro
duce channel conduction.) 

The channel of an MOS transistor 
may achieve self pinch-off as a re
sult of the intrinsic IR drop alone, 
or it may be pinched off by a com
bination of intrinsic IR drop and an 
external voltage applied to the gate, 
or by an external gate voltage alone 
which has the same magnitude as 
the self pinch-off IR drop V p. In 
any case, channel pinch-off occurs 
when the sum of the intrinsic IR 
drop and the extrinsic gate voltage 
reaches V p. The pineh-ott voltage 
V p is usually defined as the gate 
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cutoff voltage VG(off) that reduces 
the drain current to one per cent of 
its zero-gate-voltage value at a spe
cified drain-to-source voltage (which 
must be the "knee" voltage, point 
B in Fig. 132, of the zero-gate-volt
age output characteristic). 

The pinch-off region between 
points Band D in Fig. 132 is the 
region in which MOS transistors are 
especially useful as high-impedance 
voltage amplifiers. In the ohmic re
gion between points A and B, the 
linear variation in channel resist
ance makes the device useful in 
voltage-controlled resistor applica
tions such as the chopper unit at 
the input of some dc amplifiers. 

T y pic a 1 output-characteristic 
curves for n-channel MOS transis
tors are shown in Fig. 133. (For p-
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Figure 133. Typical output-characteristic 
curves for n-channel MOS transistors. 



MOS Field-Effect Transistors 

DEPLETION TYPE 

!z 
w 
a: 
a: 
:> o 
z 
<i 
a: a 

GATE-TO-SOURCE VOLTAGE (VGS) 

ENHANCEMENT TYPE 

I
Z 
W 
a: a: 
:::l 
o 

~ 
Q 

GATE-TO-SOURCE VOLTAGE (VGS) 

93 

Figure 134. Typical transfer characteristics for n-channel MOS transistors. 

channel transistors, the polarity of 
the voltages and currents is re
versed.) In the pinch-off region, the 
dynamic output resistance r o• of the 
transistor may be approximated 
from the slope of the output-charac
teristic curve at any given set of 
conditions. 

Typical transfer characteristics 
for n-channel MOS transistors .are 
shown in Fig. 134. (Again, polarities 
would be reversed for p-channel de
vices.) The threshold voltage shown 
in Fig. 134 is an important param
eter for enhancement-type transis
tors because it provides a desirable 
region of noise immunity for switch
ing applications. 

GENERAL CIRCUIT 
CONFIGURATIONS 

There are three basic single-stage 
amplifier configurations for MOS 
transistors: common-source, com
mon-gate, and common-drain. Each 
of these configurations provides cer
tain advantages in particular appli
cations. 

The common-source arrangement, 
shown in Fig. 135, is most frequently 
used. This configuration provides a 
high input impedance, medium to 
high output impedance, and voltage 
gain greater than unity. The input 
signal is applied between gate and 
source, and the output signal is 
taken between drain and source. The 
voltage gain without feedback, A, 

for the common-source circuit may 
be determined as follows: 

where grs is the gate-to-drain for
ward transconductance of the tran
sistor, roo is the common-source 
output resistance, and RL is the ef
fective load resistance. The addition 
of an unbypassed source resistor to 

Figure 135. Basic common-source circuit 
for MOS field-effect transistors. 

the circuit of Fig. 135 produces nega
tive voltage feedback proportional 
to the output current_ The voltage 
gain with feedback, A', for a com
mon-source circuit is given by 

A' _ gfs roo RL 
- roo + (g" roo + 1) Rs + RL 

where Rs is the total unbypassed 
source resistance in series with the 
source terminal. The common-source 
output impedance with feedback, Zo, 
is increased by the unbypassed 
source resistor as follows: 

Zo = roB + (g .. rOB + 1) Rs 
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The common-drain arrangement, 
shown in Fig. 136, is also fre
quently referred to as a source-fol
lower. In this configuration, the in
put impedance is higher than in the 
common-source configuration, the 
output impedance is low, there is no 
polarity reversal between input and 
output, the voltage gain is always 
less than unity, and distortion is 
low. The source-follower is used in 
applications which require reduced 
input-circuit capacitance, down
ward impedance transformation, or 
increased input-signal-handling ca
pability. The input signal is effec
tively injected between gate and 
drain, and the output is taken be
tween source and drain. The circuit 
inherently has 100-per-cent negative 

Figure 136. Basic common-drain (or 
source-follower) circuit for MOS transistors. 

voltage feedback; its gain A' is 
given by 

Rs 
A' =~+1 Rs+ 1 

~ gta 

Because the amplification factor (~) 
of an MOS transistor is usually much 
greater than unity, the equation for 
gain in the source-follower can be 
simplified as follows: 

A! _ g .. Rs 
- 1 + gtaRs 

For example, if it is assumed that 
the gate-to-drain forward transcon
ductance gta is 2000 micromhos 
(2 x 10-8 mho) and the unbypassed 
source resistance Rs is 500 ohms, 
the stage gain A' is 0.5. If the same 
source resistance is used with a 
transistor having a transconductance 
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of 10,000 micromhos (1 x 10-2 mho), 
the stage gain increases to 0.83. 

When the resistor RG is returned 
to ground, as shown in Fig. 136, the 
input resistance RI of the source
follower is equal to RG. If RG is re
turned to the source terminal, how
ever, the effective input resistance 
R.' is given by 

RG 
R.' = 1-A' 

where A' is the voltage amplifica
tion of the stage with feedback. For 
example, if RG is one megohm and 
A' is 9.5, the effective resistance 
R.' is two megohms. 

If the load is resistive, the effec
tive input capacitance CI' of the 
source-follower is reduced by the in
herent voltage feedback and is 
given by 

CI' = Cgd + (1 - A') Cga 

where Cgd and Cga are the intrinsic 
gate-to-drain and gate-to-source ca
pacitances, respectively, of the MOS 
transistor. For example, if a typical 
3N99 transistor having a Cgd of 0.3 
picofarad and a Cg • of 5 picofarads 
is used, and if A' is equal to 0.5, 
then C,' is reduced to 2.8 picofarads. 

The effective output resistance 
Ro' of the source-follower stage is 
given by 

R' _ roa R. 
o - (gfs rOB + 1) Rs + ros 

where roa is the transistor common
source output resistance in ohms. 
For example, if a 3N99 having a 
gate-to-drain forward transconduc
tance g .. of 2000 micromhos and a 
common-source output resistance 
roa of 7500 ohms is used in a source
follower stage with an unbypassed 
source resistance R. of 500 ohms, the 
effective output resistance Ro' of the 
source-follower stage is 241 ohms. 

The source-follower output ca
pacitance Co' may be expressed as 
follows: 
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where Cds and Cgs are the intrinsic 
drain-to-source and gate-to-source 
capacitances, respectively, of the 
MOS transistor. If A' is equal to 
0.5 (as assumed for the sample 
input-circuit calculations), Co' is re
duced to the sum of Cd. and c ••. 

The common-gate circuit, shown 
in Fig. 137, is used to transform 
from a low input impedance to a 
high output impedance. The input 
impedance of this configuration has 
approximately the same value as the 
output impedance of the source-fol
lower circuit. The common-gate cir
cuit is also a desirable configuration 

Figure 137. Basic common-gate circuit 
for MOS transistors. 

for high-frequency applications be
cause its relatively low voltage gain 
makes neutralization unnecessary in 
most cases. The common-gate volt
age gain, A, is given by 

A _ (g,. roo + 1) RL 
- (g,. r o , + 1) Ro + r o , + RL 

where Ro is the resistance of the 
input-signal source. For a typical 
3N99 MOS transistor (gfs = 2000 
micromhos, roo = 7500 ohms) and 
with RL = 2000 ohms and Ro = 500 
ohms, the common-gate voltage gain 
is 1.8. If the value of Ro is doubled, 
the voltage gain is reduced to 1.25. 

APPLICATIONS 
MOS field-effect transistors have 

been used experimentally to perform 
every low-power function in broad
cast-band receivers, including rf am
plification, conversion, 455-kilocycle 
if amplification, and first-stage audio 
amplification. In addition, they have 
been used in FM receivers as rf and 
if amplifiers and limiters. They 
have performed as synchronous de-
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tectors, oscillators, frequency multi
pliers, and phase splitters. They 
have been used as choppers, pulse 
stretchers, current limiters, voltage
controlled attenuators, and electro
meter amplifiers. MOS transistors 
have an advantage over bipolar 
transistors and vacuum tubes in 
some of these applications, but are 
less suitable in others. As improve
ments are made in transconduct
ance, frequency response, and noise 
figure, MOS transistors should be
come competitive in more applica
tions. 

At their present state of develop
ment, MOS transistors have an 
equivalent input noise resistance 
which is typically in the range be
tween 200,000 ohms and 10 meg
ohms at a signal frequency of 1000 
cycles per second. Although this level 
of noise resistance is usually no 
problem when MOS transistors are 
used with high-impedance trans
ducers, it can be a definite disad
vantage during operation from low
impedance (1000 ohms or less) 
voltage generators. In such appli
cations, low-noise bipolar transis
tors are still the logical choice. 

Direct-Current Amplifiers 

A direct-current (dc) amplifier 
can amplify signals having a fre
quency of zero cycles per second. 
The upper frequency limit of such 
an amplifier may range from a few 
hundred cycles per second in gen
eral-purpose electrometer applica
tions to several megacycles per 
second in other applications. In gen
eral, dc amplifiers are used to am
plify the output of transducers 
which produce quantitative infor
mation relative to heat, vibration, 
pressure, speed, and distance. 

DC amplifiers may take several 
different forms, including single
ended input to single-ended output, 
differential input to single-ended 
output, and differential input to dif
ferential output. Normally, dc am
plifiers require direct coupling of all 
stages (no coupling capacitors). In 
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some . versions of dc amplifiers, this 
requirement is circumvented by 
conversion of the low- or zero-fre
quency input signal into a modulated 
ac signal, amplification of this sig
nal by means of capacitor-coupled 
stages, and then demodulation of the 
amplified signal to restore it to 
the original dc form. The neces
sary modulation may be accom
plished by a number of different 
techniques, including electrically 
actuated mechanical switches, elec
tronic switches, p hot 0-0 p tic a I 
switches, magnetic modulators, and 
diode bridge modulators. Input de
vices which function as switches are 
generally referred to as "choppers" 
because they divide the input signal 
into segments in the form of square 
waves or pulses having an amplitude 
proportional to the amplitude of the 
input signal. 

Single-ended dc amplifiers which 
do not employ "choppers" have a 
continuous ohmic current path be
tween the input and the output as 
the result of direct coupling of all 
stages (i.e., the omission of all ca
pacitive or inductive forms of cou
pling). In this configuration, the 
steady-state voltage at the output 
of one stage appears at the input of 
the next stage. In a typical cascade 
arrangement using MOS field-effect 
transistors, the signal progresses 
from the drain of the first unit to 
the gate of the next and so on to the 
last stage, as shown in Fig. 138. 

In general, the ideal MOS tran-
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sistor for· use in a single-ended dc 
amplifier circuit has an optimum 
zero-signal oPerating point which is 
. obtained at a gate voltage having 
the same magnitude as the optimum 
drain voltage and also the same 
polarity. Because enhancement-type 
MOS transistors· automatically meet 
the latter requirement and can be 
designed to meet the former require
ment, they are generally the logical 
choice for most direct-coupled cir
cuits. If other device considerations 
(such as gain, input impedance, 
temperature coefficient, or noise) re
quire the use of depletion-type tran
sistors, such transistors can be 
direct-coupled by the use of level 
shifting, as shown in Fig. 139. In 
this circuit configuration, the source 
terminal is generally placed at a 
potential equal to or greater than 
the drain-to-source voltage of the 
preceding stage and of an opposite 
polarity. In the arrangement of Fig; 
139, the gate is at a net zero volt
age or is reverse-biased relative to 
the source. 

Although the 3N98 and 3N99 MOS 
transistors are not optimized for 
direct-coupled applications, they can 
be used in such circuits because they 
have low gate leakage-current (typi
cally fractions of a picoampere), 
total input capacitance of about 5 
picofarads, and an appreciable value 
of forward transconductance. In ad
dition, tight production control limits 
the spread of drain current between 
individual transistors to a variation 

-Voo 

Figure 138. Typical single-ended dc amplifier using p-channel enhancement-type 
MOS transistors. 
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Figure 139. DC amplifier circuit in which n-channel depletion-type MOS transistors are 
direct-coupled by use of level shifting. 

of approximately two to one for a 
high degree of interchangeability_ 

For a fixed value of supply volt
age, there are only three ways to 
increase the stage voltage gain A in 
a single-ended amplifier: (1) use of 
a transistor having a higher ratio of 
gate-to-drain forward transconduct
ance gts to drain current In; (2) use 
of a higher value of load resistance 
RL (if RL is less than the common
source output resistance rOB); and 
(3) use of a transistor having a 
higher value of ros_ The load re
sistance RL can only be increased to 
the point where the product of In 
and RL is equal to approximately 
one-half the supply voltage_ In gen
eral, the ratio of transconductance 
to drain current increases as drain 

current is decreased by negative gate 
bias. As a result, the stage voltage 
gain may be increased and power 
consumption decreased at the same 
time. 

The increased voltage gain of an 
MOS transistor at reduced values of 
drain current may be accompanied 
by a relatively large drift in the 
operating point if there are wide ex
cursions in ambient temperature. 
Many field-effect transistors have a 
point on their forward-transfer 
characteristic which is relatively in
sensitive to temperature variations. 
If this point does not coincide with 
the operating point which provides 
the desired voltage gain, a design 
compromise is required. As shown 
in Fig. 140, the zero-temperature-
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Figure 140. Forward-transfer characteristics of MOS transistor at 25°C and -30·C; 
intersection indicates zero-temperature-coefficient operating point. 
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coefficient point may be identified by 
measurement of the forward-trans
fer characteristic at different am
bient temperatures. 

AC Amplifiers 
In most ac amplifiers, coupling be

tween stages is accomplished by the 
use of transformers or capacitors 
with chokes or resistors serving as 
the load impedances. Because no 
ohmic path exists between stages in 
such amplifiers, variations in the dc 
operating point of one stage are not 
transferred to, and amplified by, the 
succeeding stage. This property is 
a primary advantage of ac amplifiers 
for instrumentation work, and is the 
basis for the chopper amplifier de
scribed earlier, in which a dc signal 
is converted to ac prior to amplifi
cation. 

MOS transistors such as the 3N98 
and 3N99 perform very well as ac 
voltage amplifiers because of their 
inherently low feedback capacitance, 
which maintains the total effective 
input capacitance at a relatively low 
value. Tl1e Circuits section at the 
back of the Manual includes an ac
voltmeter circuit that illustrates the 
type of ac-amplifier performance 
which can be achieved with the 3N99 
MOS transistor. 

U) 

~ a 1010 

I " 1&1 

~ 
:! 

108 ill 
1&1 
II: 
U 
i= 

~ 106 

~ 
II: 
:;) 

104 0 
U) 
I 

Z 
Ci 
II: 
Q 

102 

\ 

-' 

RCA Transistor Manual 

Voltage-Controlled Attenuators 
Because the drain current-voltage 

characteristic of MOS transistors 
remains linear at low drain-to-source 
voltages, these devices can be used 
as low-distortion voltage-controlled 
attenuators. The principal advan
tages of MOS transistors in this ap
plication are negligible gate-power 
requirements and large dynamic 
range. 

Fig. 141 shows drain resistance as 
a function of gate-to-source voltage 
for a typical n-channel depletion
type inSUlated-gate transistor such 
as the 3N98 or 3N99. Transistors 
having higher pinch-off voltages ac
cept correspondingly greater peak 
signal-voltage swings before wave
shape distortion occurs. However, 
the higher-pinch-off-voltage transis
tors require higher gate-voltage ex
cursions to cover the resistance 
range from minimum to maximum. 
A typical 3N99 MOS transistor pro
duces total harmonic distortion of 
less than two per cent ina 100-milli
volt 400-cycle-per-second sine wave. 
Fig. 142 shows an attenuator circuit 
using the 3N99 and the output signal 
of the circuit as a function of gate
to-source voltage. 

Figs. 143 to 145 show several pos
sible attenuator circuit configura
tions which use MOS transistors as 
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Drain resistance as a function of gate voltage for typical n-channel 
depletion-type MOS transistor. 
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Figure 142. Output signal as a function of gate voltage for 3N99 MOS transistor 
in circuit shown. 

voltage-variable resistors. The cir
cuit in Fig. 143 is desirable for use 
at high signal levels because at such 
levels the thermal noise of the one
megohm series resistor does not de
grade the signal-to-noise ratio of the 
system to an objectionable degree. 
This· circuit is a simple L-pad con
figuration in which the transistor 
serves as the variable-resistive ele
ment in the low side of the attenua
tor. The maximum attenuation 
obtainable is generally between 60 
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Figure 143. Attenuator circuit in which 
MOS transistor serves as variable-resistive 

element in low side. 

and 70 dB; minimum attenuation is 
1 to 2 dB. This circuit must be fol
lowed by a high-impedance load 
such as a common-source amplifier 
stage. 

The circuit shown in Fig. 144 is 
the inverse of that in Fig. 143; i.e., 

the transistor serves as the variable
resistive element in the high side of 
the attenuator. Maximum attenua
tion in this circuit is also between 
60 and 70 dB; minimum attenuation 
is between 1 and 6 dB. This circuit is 
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Figure 144. Attenuator circuit in which 
MOS transistor serves as variable-resistive 

element in high side. 

usually followed by a low-impedance 
load such as a common-emitter bi
polar transistor amplifier stage. 

Fig. 145 shows a method which 
controls both arms of an L-pad at
tenuator simultaneously. In this cir
cuit, a p-channel enhancement-type 
MOS transistor is used in the upper 
arm and an n-channel depletion-type 
MOS transistor is used in the lower 
arm. When negative voltage is ap
plied to the gates, the resistance of 
the n-channel unit increases at the 
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same time that the resistance of the 
p-channel unit decreases. When the 
gate control is at zero volts, the 
drain resistance of Q. is about 500 
ohms and that of Q, is about 10 
megohms. Under these conditions, a 
maximum attenuation of approxi
mately 86 dB is obtained. When the 
gate control is at -6 volts, the drain 
resistance of Q. is about 10 meg
ohms and that of Q, is about 500 
ohms. Under these conditions, the 
attenuation is essentially zero. This 
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verts the low-level input signal into 
a modulated ac signal, the second 
section amplifies this ac signal, and 
the third section demodulates the 
amplified signal. 

The first section of a chopper am
plifier is fundamentally a continu
ously operated ON-OFF switch. 
Ideally, this switch would have zero 
ON resistance, infinite OFF resist
ance, zero shunt capacitance, and 
zero switching time. It would also 
require no driving power and have 
infinite life. In actual practice, it is 

,- - - - - - - - - - - - - -, possible to achieve satisfactory per-
c I OUT formance with a switch that does 
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not have these ideal characteristics. 
The two basic circuit configura

tions for chopping are the series 
chopper and the shunt chopper. The 
shunt chopper is the more popular 
of the two because it can be capaci
tively coupled to an ac amplifier 
without the need for either a choke 
or a transformer. The series chopper 
has the disadvantage that it re

Figure 145. L-pad attenuator circuit using quires a dc return path for the input 
two MOS transistors. current. This path can be provided 

circuit must work into a high-im
pedance load. 

The following design considera
tions are important for effective use 
of MOS field-effect transistors as 
linear attenuators: 

(a) The gate(s) must be ade
quately decoupled to prevent the in
troduction of unwanted signals. 

(b) The transistor attenuator must 
be inserted at a point in the system 
where the signal level is as high as 
the transistor can accept without 
excessive distortion. 

(c) In ac systems, the direct-cur
rent flow through the transistor must 
be minimized by the use of suitable 
blocking capacitors. 

(d) In ac systems, proper layout 
must be used to minimize stray 
shunt capacitance. 

(e) In ac systems, the effects of 
the capacitive elements of the tran
sistor must be considered. 

Chopper Amplifiers 
Cho·pper amplifiers consist of three 

basic sections. The first section con-

by an additional resistor at the ex
pense of over-all circuit efficiency. 

The basic series chopper circuit 
using an MOS transistor is shown 
in Fig. 146. This circuit has the 
characteristics of a simple L-pad 
attenuator in which the transistor 
is the variable series resistor. In the 

Figure 146. Basic series chopper circuit 
using an MOS transistor. 

ON condition, the value of the dc 
return resistance Rs must be large 
compared to the load resistance RL 
to minimize resistive losses; RL , in 
turn, must be large compared to the 
intrinsic drain resistance rd(ON) so 
that the voltage V L across the load 
approaches the value of the dc input 
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voltage V G. In the OFF condition, 
the dc return resistance Rs must be 
small compared to rd(OFF). Because 
of these restrictions, the series 
chopper is seldom used except when 
the fixed resistance Rs can be made 
variable by replacing it with a shunt 
chopper arranged to be OFF when 
the series chopper is ON, and vice 
versa. 

Fig. 147 shows a shunt chopper 
circuit using an MOS transistor. In 

RO Cr 

Figure 147. Basic shunt chopper circuit 
using an MOS transistor. 

this circuit, the intrinsic drain re
sistance rd of the transistor must be 
small compared to the load resist
ance RL in the ON condition, but 
must be large compared to the fixed 
series resistance RD in the OFF con
dition. The requirement for rd(ON) 
to have a very small value is mini
mized if RL is the high input im
pedance of an MOS transistor 
amplifier stage. Because of their 
high ON-to-OFF resistance ratio, 
negligible gate-leakage currents, and 
low feedthrough capacitance, MOS 
transistors such as the 3N98 and 
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3N99 considerably improve the level 
of solid-state chopper performance. 

RF Amplifiers 

The important parameters of de
vices for rf-amplifier applications 
include noise figure, power gain, and 
cross-modulation, among others. 

In communication receivers, the 
noise figure of the rf stage de
termines the absolute selectivity of 
the receiver and is, therefore, one 
of the most important characteris
tics of the device used in the rf stage. 
In practical rf-amplifier circuits us
ing MOS transistors, the best pos
sible noise figures are obtained when 
the input impedance of the transistor 
is slightly mismatched to that of 
the source. With this technique, 
noise figures as low as 1.9 dB have 
been obtained. 

Fig. 148 shows the input noise re
sistance RN of typical MOS transis
tors as a function of frequency. In 
the region where the curves differ, 
the noise for n-channel MOS units 
closely resembles "shot noise", i.e., 
the equivalent noise current Ieq in
creases linearly with direct current, 
rather than with the square root of 
the direct current as in the case of 
thermal noise. Noise figures of 2 to 
4 dB appear practical for MOS tran
sistors operating in the vhf range. 

The power gain of an rf transis
tor must be sufficient to overcome the 
noise level of preceding stages. Al-

P-CHANNEL 
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Figure 148. Input noise resistance RN of MOS transistors as a function of frequency. 
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though maximum theoretical power 
gain cannot be achieved in practical 
circuits, the gain of MOS transistors 
at high frequencies closely approxi
mates the theoretical limit except 
for some losses in the input and out
put matching circuits. 

Power gain is essentially inde
pendent of channel width, which is 
a determining factor in the size of 
MOS transistors. For example, if 
the width of the transistor is re
duced by one half (and the dc drain 
current is similarly reduced to main
tain a constant current density in the 
device), power gain remains the 
same because the transconductance, 
the input conductance, and the out
put conductance are all reduced by 
one half. Consequently, the fre
quency capability of MOS transis
tors can be increased by a reduction 
in their size. Size control can also be 
used to facilitate impedance match
ing at both input and output termi
nals in practical circuits. 

Cross-modulation distortion is pro
duced when an undesired signal 
within the pass band of the receiver 
input circuit modulates the carrier 
of the desired signal. Such distor
tion occurs when third- and higher
odd-order nonlinearities are present 
in an rf-amplifier stage. To measure 
cross-modulation distortion, it is 
necessary to determine the ampli
tude of the undesired signal which 
transfers one per cent of its modu
lation to the desired signal. In most 
cases, a value of 100 millivolts or 
more over the complete agc range 
is considered good. The cross-modu
lation characteristics of MOS tran
sistors are as good as those of 
bipolar transistors in the high
attenuation region, and are as much 
as ten times better in the low
attenuation region (when the in
coming signal is weak). This low 
cross-modulation distortion should 
ultimately lead to extensive use of 
MOS transistors in the rf stages of 
all types of communications re
ceivers. 

Another feature of MOS transis-
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tors for rf applications is their 
burn-out protection. Because of their 
insulated gate, MOS units can be de
signed to withstand 50 to 100 volts 
at the input and still maintain ex
cellent frequency response. In addi
tion, MOS transistors designed for 
forward-bias operation have a re
mote cutoff characteristic and there
fore have improved dynamic range. 

There are three areas that must 
be considered in the design of rf cir
cuits using MOS transistors: (1) 
output selectivity, (2) input and 
output matching, and (3) rf-stage 
neutralization. The first two areas 
are filter-design problems to which 
there are numerous solutions. The 
neutralization requirement can also 
be satisfied in many ways. Some of 
the more popular circuit techniques 
are shown in Fig. 149. 

In the circuit of Fig. 149a, capaci
tor C. represents the internal feed
back capacitance of the MOS tran
sistor amplifier A. An inverted out
put signal from the secondary of 
the transformer is fed back through 
a neutralization capacitance Cn. This 
feedback signal cancels the signal 
feedback through the internal path 
C •. 

The circuits in Fig. 149b, c, and 
d are best explained by bridge-type 
circuit models. In Fig. 149b, the ad
ditional capacitors Cn and Cx form 
a capacitance bridge with C. and 
the output (drain) capacitance CD. 
Thus, when the bridge is balanced 
so that CnCn equals C"Cf, zero sig
nal appears at the input for any 
value of Eo at the output, i.e., the 
amplifier is neutralized. In Fig. 149c, 
a capacitive bridge can be formed 
by use of the input (gate) capaci
tance instead of the output capaci
tance; C. and Cx are added to form 
a bridge with Cf and CG. In the bal
anced state, CnCG equals C.C" and 
the amplifier is neutralized. An in
ductance-capacitance bridge can be 
formed by inductors Ll and L. in 
Fig. 149d. When LCD equals L.C., 
the amplifier is neutralized. 

A typical neutralized rf amplifier 
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Figure 149. Some suitable neutralizing techniques for MOS rf circuits. 

circuit using the 3N99 MOS transis
tor is shown in Fig. 150. The 3N99 
is intended for operation at frequen
cies up to 60 megacycles per second, 
although it has useful response well 
beyond this value. Typically its for
ward transconductance grs does not 
drop 3 dB until approximately 150 
megacycles per second. The stage 
shown in Fig. 150 has a typical 
power gain of 10 to 18 dB at 60 
megacycles per second. Cross-modu
lation typically is less than one per 
cent for interfering signal voltages 
up to 200 millivolts. 

Logic Circuits 

Enhancement-type MOS transis
tors are well suited for digital-type 

logic-circuit applications because di
rect-coupled signal inversion is pos
sible without the need for level 
shifting between stages. An im
portant consideration for MOS logic 
circuits is the relationship between 
the saturation voltage Vn(sat) and 
the threshold voltage V TH of the 
transistor. For direct coupling, 
VD(sat) must be smaller than VTH• 

It is relatively easy to design en
hancement-type MOS transistors 
which meet this requirement. 

Fig. 151 shows a simple NOR 
logic gate consisting of two MOS 
transistors and a single load resis
tor. The inputs X and Yare consid
ered to be LOW if the voltage is less 
than V·rH, and HIGH if the voltage 

NEUTRALIZING 
CAPACITOR 

RFO INPUT GRF 
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Figure 150. Typical 60·Mc/s rf-amplifier stage using 3N99 transistor. 
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is greater than Vao.' If both inputs 
are, LOW, both MOS transistors are 
cut off and the output voltage is 

+v 

Figure 151. Simple NOR logic gate using 
MOS transistors. 

HIGH (essentially the supply volt
age V) because there is negligible 
current in the load resistor RL • If 
either or both inputs are HIGH, the 
current produced causes the output 
voltage to drop to the level of 
Vn(sat), and the output is LOW. If 
a binary "1" is assigned to the 
HIGH level and a binary "0" to 
the LOW level, the gate performs 
the NOR function. 

If all the conductivity types in an 
MOS transistor are reversed, the re
sulting device is "complementary" in 
characteristics to the original device. 
Thus, n-channel MOS devices are re
lated to p-channel MOS devices in 
the same way that p-n-p transistors 
are related to n-p-n transistors. Cir
cuits using both types of MOS de
vices have demonstrated many per
formance advantages. 

Fig. 152 shows a simple com
plementary inverter circuit using 
p-channel and n-channel MOS tran
sistors. When the input voltage to 
the circuit is zero, the n-channel 
unit is cut off and the p-channel unit 
is forward-biased by V volts. The 
p-channel unit is capable of supply
ing several milliamperes of current. 
The n-channel unit, however, will 
draw only its channel'leakage :cur
rent, which is typically a few micro
amperes. Because the load for the 
circuit is assumed to be other MOS 
gates, which have a high input im
pedance and require negligible driv-
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ing current, there is no dc load 
current under, these conditions. 

When the input voltage is V volts, 
however,_ the situation is reversed; 
the p-channel unit is cut off and the 
n-channel unit is forward-biased by 
V volts. The n-channel unit is then 
capable of drawing a current of sev
eral milliamperes. However, because 
the only source available is the leak
age current of the p-channel unit, 
the current drawn by the n-channel 
unit is still negligible. In either of 
its stable states, therefore, the in
verter draws only a leakage current 
from the supply. On any transition, 
however, the circuit can provide a 
current of several milliamperes to 
charge or discharge capacitive loads 

IN OUT 

Figure 152. Complementary inverter circuit 
using MOS transistors. 

such as those presented by MOS 
gates and wiring. Fig. 153 shows in 
graphical form the operation of the 
inverter circuit in its two dc states. 

HANDLING 
CONSIDERATIONS 

Performance of MOS transistors 
depends on the relative perfection 
of a very thin insulating layer be~ 
tween the control electrode (gate) 
and the active channel. If this layer 
is punctured by inadvertent appli
cation of excess voltage to the ex
ternal gate connection, the damage 
is irreversible. If the damaged area 
is small enough, the additional leak
age may not be noticed in most 
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Figure 153. Characteristics of inverter circuit of Figure 152 in its two stable states. 

applications. However, greater dam
age may degrade the device to the 
leakage levels associated with junc
tion-gate-type field-effect transis
tors. It is very important, therefore, 
that appropriate precautions be 
taken to insure that MOS transistor 
gate-voltage ratings are not ex
ceeded. 

Static electricity represents the 
greatest threat to the gate insula
tion in MOS transistors. A large 
electrostatic charge can accumulate 
on the gate electrode if the transis
tor is allowed to slide around in 
plastic containers or if the leads are 
brushed against fabrics such as silk 
or nylon. This type of charge ac
cumulation can be avoided com
pletely by wrapping the leads in 
conductive foils, by use of conduc
tive containers, or by otherwise 
electrically interconnecting the leads 
when the transistors are being trans
ported. 

A second cause of electrostatic 
charge damage to the gate insula
tion can be traced to the people who 
handle the transistors. At relative 
humidity levels of 35 per cent, a 
person may accumulate an electro-

static potential of 300 volts. If such 
a "charged" person grasps an MOS 
transistor by the case and plugs it 
into a piece of test equipment, or in 
any other way causes the gate lead 
to contact "ground" before the other 
leads, there is a good chance that 
the accumulated electrostatic charge 
may break down the gate insula
tion. The best way to prevent this 
type of damage is to use a simple 
electrostatic grounding strap dur
ing all handling of MOS transistors. 
Such a grounding strap may have an 
impedance to ground of several meg
ohms and still accomplish the pri
mary purpose of "leaking off" static 
electricity. 

In most applications, associated 
circuit impedances are low enough 
to prevent any accumulation of elec
trostatic charge. Thus, although the 
gate insulation may be damaged by 
improper handling of MOS transis
tors before they are connected into 
actual circuits, thousands of hours 
of operation under practical circuit 
conditions have shown that the gate 
insulation is quite reliable under 
long-term stress within published 
ratings. 
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Transistor· Mounting, 
Testing, and Reliability 

THIS ·section covers installation 
suggestions and precautions 

which are generally applicable to all 
types of transistors. Careful observ
ance of these suggestions will help 
eXperimenters and technicians to ob
tain the best results from semi
conductor devices and circuits. 

ELECTRICAL CONNECTIONS 

The collector, base, and emitter 
terminals of transistors can be con
nected to associated circuit elements 
by means of sockets, clips, or solder 
connections to the leads or pins. If 
connections are soldered close to the 
lead or pin seals, care must be taken 
to conduct excessive heat away from 
the seals, otherwise the heat of the 
soldering operation may crack the 
glass seals and damage the tran
sistor. When dip soldering is em
ployed in the assembly of printed 
circuits using transistors, the tem
perature of the solder should be 
limited to about 225 to 250 degrees 
centigrade for a maximum immersion 
period of 10 seconds. Furthermore, 
the leads should not be dip-soldered 
too close to the transistor case. Under 
no circumstances should the mount
ing flange of a transistor be soldered 
to a heat sink because the heat of 
the soldering operation may perma
nently damage the transistor. 

When the metal case of a transis
tor is connected internally to the 
collector, the case operates at the col
lector voltage. If the case is to oper-

ate at a voltage appreciably above 
or below ground potential, considera
tion must be given to the possibility 
of shock hazard and suitable precau
tionary measures taken. 

TESTING 
A quick check can be made of tran

sistors prior to their installation in 
a circuit by resistance measurements 
with an electronic voltmeter (such as 
a VoltOhmyst*). Resistance between 
any two electrodes should be very 
high (more than 10,000 ohms) in 
one direction, and considerably lower 
in the other direction (100 ohms or 
less between emitter and base or col
lector and base; about 1000 ohms 
between emitter and collector). It is 
very important to limit the amount 
of voltage used in such tests (par
ticularly between emitter and base) 
so that the breakdown voltages of 
the transistor will not be exceeded; 
otherwise the transistor may be dam
aged by excessive currents. 

TRANSIENT EFFECTS 
Unlike other active and passive 

components, transistors are some
times extremely sensitive to even 
small changes in their surroundings. 
As a result, it is necessary to pro
tect these devices from such effects 
as static charges, temperature varia
tions, and rf fields both during shelf 
storage and in actual operation. 

The generation of static charge in 

*Trade Mark Reg. U.S. Pat. Oft. 
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dry weather is harmful to all tran
sistors, and can cause permanent 
damage or catastrophic failure in 
the case of high-speed devices and 
MOS field-effect transistors. The 
most obvious precaution against such 
damage is humidity control in stor
age and operating areas. In addi
tion, it is desirable that transistors 
be stored and transported in metal 
trays rather than in polystyrene 
foam "snow". During testing and 
installation, both the equipment and 
the operator should be grounded, 
and all power should be turned off 
when the device is inserted into the 
socket. Grounded plates may also 
be used for stockpiling of transis
tors prior to or after testing, or for 
use in testing ovens or on operating 
life racks. Further protection against 
static charges can be provided by 
use of partially conducting floor 
planes and non-insulating footwear 
for all personnel. 

Environmental temperature also 
affects performance. Variations of as 
little as 5 per cent can cause changes 
of as much as 50 per cent in the 
saturation current of a transistor. 
Some test operators can cause 
marked changes in measurements of 
saturation current because the heat 
of their hands affects the transistors 
they work on. Precautions against 
temperature effects include air
conditioning systems, use of finger 
cots in handling of transistors (or 
Use of pliers or "plug-in boards" to 
eliminate handling), and accurate 
monitoring and control of tempera
ture near the devices. Prior to test
ing, it is also desirable to allow 
sufficient time (about 5 minutes) for 
a transistor to stabilize if it has been 
subjected to temperature much 
higher or lower than normal room 
temperature (25°C). 

Although transient rf fields are 
not usually of sufficient magnitude 
to cause permanent damage to tran
sistors, they can interfere with ac
curate measurement of characteris
tics at very low signal levels or at 
high frequencies. For this reason, 
it is desirable to check for such 

radiation periodically and to elimi
nate its causes. In addition, sensitive 
measurements should be made in 
shielded screen rooms if possible. 
Care must also be taken to avoid 
the exposure of transistors to other 
ac or magnetic fields. 

Many transistor characteristics are 
sensitive to variations in tempera
ture, and may change enough at high 
operating temperatures to affect cir
cuit performance. Fig. 154 illustrates 
the effect of increasing temperature 
on the common-emitter forward cur
rent-transfer ratio (beta), the dc 
collector-cutoff current, and the in
put and output impedances. To avoid 

o 40 60 60 100 
TEMPERATURE-"C 

Figure 154. Variation of transistor char-
acteristics with temperature. 

undesired changes in circuit opera
tion, it is recommended that tran
sistors be located away from heat 
sources in equipment, and also that 
provisions be made for adequate heat 
dissipation and, if necessary, for 
temperature compensation. 

HEAT SINKS 
In some transistors, the collector 

electrode is connected internally to 
the metal case to improve heat-dis
sipation capabilities. More efficient 
cooling of the collector junction in 
these transistors can be accomplished 
by connection of the case to a heat 
sink. Direct connection of the case 
to a metal surface is practical only 
when a grounded-collector circuit is 
used. For other configurations, the 
collector is electrically isolated from 
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the chassis or heat sink by means of 
an insulator that has good thermal 
conductivity. 

For small general-purpose tran
sistors such as the 2N2102, which 
use a JEDEC TO-5 package, a good 
thermal method of isolating the 
collector from a metal chassis or 
printed circuit board is by means of 
a beryllium oxide washer. The use 
of a zinc-oxide-filled silicone com
pound between the washer and the 
chassis, together with a moderate 
amount of pressure from the top of 
the transistor, helps to improve 
thermal dissipation. If the transistor 
is mounted within a heat sink, a 
beryllium cup should also be used 
between the device and the heat sink. 
Fig. 155 illustrates both types of 
mounting. Fin-type heat sinks, which 
are commercially available, are also 
suitable, especially when transistors 
are mounted in Teflon sockets which 
provide no thermal conduction to the 
chassis or printed circuit board. 

HEAT SINK BeO CUP 

Figure 155. Suggested mounting arrange
ments for transistors having a JEDEC 

TO-5 package. 

For power transistors which use 
a JEDEC TO-8 package, such as the 
2N1483, it is recommended that a 
O.002-inch mica insulator or an ano
dized aluminum insulator having 
high thermal conductivity be used 
between the transistor base and the 
heat sink or chassis. The insulator 
should extend beyond the mounting 
clamp, as shown in Fig. 156. It 
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MICA INSULATOR 
.002" -J)O~ THICK 

CH~'!.-;S~:~tO~z:z;:~~~g~~w'3 
CHASSIS HOLE.../'~ 

0.200" CIA. I 
INiG'k~~~G 

MICA INSULATOR~ 
METAL ~SHER~~ 

TERMINAL LUG~ 'II!> ~ 

LOCKNUT~ 
10-32 

Figure 156. Suggested mounting arrange
ment for power transistors. 

should be drilled or punched to pro
vide both the two mounting holes 
and the clearance holes for the col
lector, emitter, and base pins. Burrs 
should be removed from both the 
insulator and the holes in the chassis 
so that the insulating layer will not 
be destroyed during mounting. It is 
also recommended that a fiber 
washer be used between the mount
ing bolt and the chassis, as shown 
in Fig. 156, to prevent a short cir
cuit between them. 

For large power transistors such 
as the 2N2876 which use a double
ended stud package, connection to 
the chassis or heat sink should be 
made at the flat surface of the tran
sistor perpendicular to the threaded 
stud. A large mating surface should 
be provided to avoid hot spots and 
high thermal drop. The hole for the 
stud should be only as large as neces
sary for clearance, and should con
tain no burrs or ridges on its perim
eter. As mentioned above, the use of 
a silicon grease between the heat 
sink and the transistor improves 
thermal contact. The transistor can 
be screwed directly into the heat 
sink or can be fastened by means of 
a nut. In either case, care must be 
taken to avoid the application of too 
much torque lest the transistor semi
conductor junction be damaged. AI
thQugh the studs are made of rela
tively soft copper to provide high 
thermal conductivity, the threads 
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should not be relied upon to provide 
a mating surface. The actual heat 
transfer must take place on the 
underside of the hexagonal part of 
the package. 

Mounting hardware is supplied 
with many RCA semiconductor de
vices. A listing of such hardware is 
included at the end of the Outlines 
section. 

The use of an external resistance 
in the emitter or collector circuit of 
a transistor is an effective deterrent 
to damage which might be caused 
by thermal runaway. The minimum 
value of this resistance for low-level 
stages may be obtained from the 
following equation: 

R""n = ( 25) 
4 Po + K 

where E is the dc collector supply 
voltage in volts, Po is the product of 
the collector-to-emitter voltage and 
the collector current at the desired 
operating point in watts, and K is 
the thermal resistance of the tran
sistor and heat sink in degrees cen
tigrade per watt. 

SHIELDING 
In high-frequency stages having 

high gain, undesired feedback may 
occur and produce harmful effects on 
circuit performance unless shielding 
is used. The output circuit of each 
stage is usually shielded from the 
input of the stage, and each high
frequency stage is usually shielded 
from other high-frequency stages. It 
is also desirable to shield separately 
each unit of -the high-frequency 
stages. For example, each if and rf 
coil in a superheterodyne receiver 
may be mounted in a separate shield 
can. Baffle plates may be mounted 
on the ganged tuning capacitor to 
shield each section of the capacitor 
from the other section. 

The shielding precautions required 
in a circuit depend on the design of 
the circuit and the layout of the 

parts. When the metal case of a 
transistor is grounded at the socket 
terminal, the grounding connection 
should be as short as possible to min
imize lead inductance. Many transis
tors have a separate lead connected 
to the case and used as a ground 
lead; where present, these leads are 
indicated in the outline diagrams. 

HIGH-FREQUENCY 
CONSIDERATIONS 

At frequencies of 100 megacycles 
per second or more, the effects of 
stray capacitances and inductances, 
ground paths, and feedback coupling 
have a pronounced effect on the gain 
and power-output capabilities of 
transistors. As a result, physical as
pects such as layout, type of chassis, 
shielding, and heat-sink consider~ 
tions are important in the design of 
high-frequency amplifiers and os
cillators. 

In general, high-frequency circuits 
are constructed on material such as 
brass or aluminum which is either 
silver-plated or machined to increase 
conductivity. The input and output 
circuits are "compartmentalized" by 
use of a milling operation. Copper
clad laminated or printed circuit 
boards facilitate soldering opera
tions, and have been used satisfac
torily at frequencies up to 400 
megacycles per second when the en
tire copper surface was kept intact 
and used for the ground plane. 

Because even a short lead pro
vides a large impedance at high fre
quencies, it is necessary to keep all 
high-frequency leads as short as pos
sible. This precaution is especially 
important for ground connections 
and for all connections to bypass ca
pacitors and high-frequency filter 
capacitors. It is recommended that 
a common ground return be used for 
each stage, and that short, direct 
connections be made to the common 
ground point .. The emitter lead es
pecially should be kept as short as 
possible. 

In many cases, problems of oscil-
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lation and regenerative feedback are 
caused by unwanted ground currents 
(i.e., ground-circuit feedback cur
rents). An effective solution is to 
isolate the ac signal path from the 
dc path so that the signal does not 
pass through the power supply by 
way of the power leads. In a multi
stage amplifier, the power leads 
should enter the circuit at the high
est power stage to minimize the 
amount of signal on the common 
power path. Lower-frequency oscil
lations can be minimized by use of 
a large capacitor across the power
supply terminals. High-quality feed
through capacitors should also be 
used as the· power-lead connections. 

Particular care should be taken 
with the lead dress of the input and 
output circuits of high-frequency 
stages so that the possibility of stray 
coupling is minimized. Unshielded 
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leads connected to shielded compo
nents should be dressed close to the 
chassis. (In high-gain audio ampli
fiers, these same precautions should 
be taken to minimize the possibility 
of self-oscillation.) 

FILTERS 
Feedback effects may occur in ra

dio or television receivers as a result 
of coupling between stages through 
common voltage-supply circuits. Fil
ters find an important use in mini
mizing such effects. They should be 
placed in voltage-supply leads to 
each transistor to provide isolation 
between stages. 

Capacitors used in transistor rf 
circuits, particularly at high frequen
cies, should be mica or ceramic. For 
audio bypassing, electrolytic capaci
tors are required. 
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Interpretation of Data 

THE technical data for RCA tran
sistors given in the following sec

tion include ratings, characteristics, 
typical operation values, and char
acteristic curves. Unless otherwise 
specified, voltages and currents are 
dc values, and values are obtained 
at an ambient temperature of 25°C. 

Ratings are established for semi
conductor devices to help equipment 
designers utilize the performance 
and service capabilities of each type 
to the best advantage. These ratings 
are based on careful study and ex
tensive testing, and indicate limits 
within which the specified character
istics must be maintained to ensure 
satisfactory performance. The maxi
mum ratings given for the semi
conductor devices included in this 
Manual are based on the Absolute 
Maximum system. This system has 
been defined by the Joint Electron De
vice Engineering Council (JEDEC) 
and standardized by the National 
Electrical Manufacturers Association 
(NEMA) and the Electronic Indus
tries Association (EIA). 

Absolute-maximum ratings are 
limiting values of operating and en
vironmental conditions which should 
not be exceeded by any device of a 
specified type under any condition of 
operation. Effective use of these 
ratings requires close control of 
supply-voltage variations, component 
variations, equipment-control adjust
ment, load variations, signal varia
tions, and environmental conditions. 

Electrode voltage and current rat
ings for transistors are in general 
self-explanatory, but a brief explana
tion of some ratings will aid in the 
understanding and interpretation of 
transistor data. 

Voltage ratings are established 

with reference to a specified elec
trode (e.g., collector-to-emitter volt
age), and indicate the maximum 
potential which can be placed across 
the two given electrodes before crys
tal breakdown occurs. These ratings 
may be specified with the third elec
trode open, or with specific bias volt
ages or external resistances. 

Transistor dissipation is the power 
dissipated in the form of heat by the 
collector. It is the difference between 
the power supplied to the collector 
and the power delivered by the tran
sistor to the load. Because of the 
sensitivity of semiconductor mate
rials to variations in thermal condi
tions, maximum dissipation ratings 
are usually given for specific tem
perature conditions. 

For many types, the maximum 
value of transistor dissipation is spec
ified for ambient, case, or mounting
flange temperatures up to 25 degrees 
centigrade, and must be reduced 
linearly for higher temperatures. For 
such types, Fig. 157 can be used to 
determine maximum permissible dis
sipation values at particular tem
perature conditions above 25 degrees 
centigrade. (This figure cannot be 
assumed to apply to types other than 
those for which it is specified in the 
data section.) The curves show the 
permissible percentage of the maxi
mum dissipation ratings as a func
tion of ambient or case temperature. 
Individual curves are plotted for 
maximum operating temperatures of 
50, 55, 71, 80, 85, 100, 125, 175, and 
200 degrees centigrade. If the maxi
mum operating temperature of a 
transistor type is some other value, 
a new curve can be drawn from 
point A in the figure to the desired 
temperature value on the abscissa. 
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TEMPERATURE _·c 
Figure 157. Chart showing maximum permissible percentage of maximum rated 

dissipation as a function of temperature. 

To use the chart, it is necessary to 
know the maximum dissipation rat
ing and the maximum operating tem
perature for a given transistor. The 
calculation involves only two steps: 

1. A vertical line is drawn at the 
desired operating temperature value 
on the abscissa to. intersect the curve 
representing the maximum operating 
temperature for the transistor. 

2. A horizontal line drawn from 
this intersection point to the ordi
nate establishes the permissible per
centage of the maximum dissipation 
at the given temperature. 

The following example illustrates 
the calculation of the maximum per
missible dissipation for transistor 
type 2N1490 at a case temperature 
of 100 degrees centigrade. This type 
has a maximum dissipation rating of 
75 watts at a case temperature of 25 
degrees centigrade, and a maximum 
permissible case-temperature rating 
of 200 degrees centigrade. 

1. A perpendicular line is drawn 
from the lOO-degree point on the 
abscissa to the 200-degree curve. 

2. Projection of this point to the 
ordinate shows a percentage of 57.5. 

Therefore, the maximum permis~ 
sible dissipation for the 2Nl490 at 
a case temperature of 100 degrees 
centigrade is 0.575 times 75, or ap
proximately 43 watts. 

Semiconductor devices require 
close control of thermal variations 
not only during operation, but also 
during storage. For this reason, the 
maximum ratings for transistors 
usually include a maximum permis
sible storage temperature, as well as 
a maximum operating temperature. 

Characteristics are covered in the 
Transistor Characteristics section, 
and such data should be interpreted 
in accordance with the definitions 
given in that section. Characteristic 
curves represent the characteristics 
of an average transistor. Individual 
transistors, like any manufactured 
product, may have characteristics 
that range above or below the values 
given in the characteristic curves. 
Although some curves are extended 
beyond the maximum ratings of the 
transistor, this extension has been 
made only for convenience in calcula
tions; no transistor should be oper
ated outside of its maximum ratings. 
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Transistor Symbols 

Although transistor symbols have 
not yet been standardized 

throughout the industry, many sym
bols have become fairly well es
tablished by common usage. The 
transistor symbols used in this 
Manual are listed and defined in this 
section. 

GENERAL SEMICONDUCTOR 
SYMBOLS 

td 
td +tr 
t, 
t. 
tr 
t. 
t. + t, 
T 

TS 

duty factor 
efficiency (eta) 
noise figure 
temperature 
ambient temperature 
case temperature 
junction temperature 
mounting-flange temper
ature 
storage temperature 
thermal resistance 
thermal resistance, junc
tion-to-ambient 
thermal resistance, junc
tion-to-case 
thermal resistance, junc
tion-to-mounting-flange 
delay time 
turn-on time 
fall time 
pulse time 
rise time 
storage time 
turn-off time 
time constant (tau) 
saturation stored-charge 
time constant 

TRANSISTOR SYMBOLS 

Cb'. collector-to-base fee d
back capacitance 

Co 

ClbO 

Cle. 

CObO 

Coeo 

f. t • 

collector-to-case capaci
tance 
collector-to-base fee d -
back capacitance 
input capacitance, open 
circuit (common base) 
input capacitance, open 
circuit (common emitter) 
output capacitance, open 
circuit (common base) 
output capacitance, open 
circuit (common emitter) 
second-breakdown energy 
cutoff frequency 
small-signal for war d
cur r e n t transfer-ratio 
cutoff frequency, short
circuit (common base) 
small-signal for war d
current transfer-r a t i 0 

cutoff frequency, short
circuit (common emitter) 
gain-bandwidth product 
(frequency at w h i c h 
small-signal for war d
current transfer ratio, 
common emitter, extra
polates to unity) 
s mall-signal transcon
ductance (common emit
ter) 
I a r g e - signal average 
power gain (common 
base) 
sma II - signal average 
power gain (common 
base) 
I a r g e - signal average 
power gain (common 
emitter) 
sma II - signal average 
power gain (common 
emitter) 
s tat i c forward-current 
transfer ratio (common 
base) 
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h,. 

h 'b 

hIlIl 

hOb 

hoe 

hrb 

h re 

Is 
Is1 
182 
Ie 
io 

leB 
leBo 

101,0 

leER 

10ES 

leEv 

10El[ 

small-signal for war d
current transfer ratio, 
short circuit (common 
base) 
s tat i c forward-current 
transfer ratio (common 
emitter) 
small-signal for war d
current transfer ratio, 
short circuit ( common 
emitter) 
small-signal input im
pedance, short circuit 
(common base) 
static input resistance 
(common emitter) 
small-signal input im
pedance, short circuit 
(common emitter) 
small-signal output im
pedance, open circuit 
(common base) 
small-signal output im
pedance, open circuit 
(common emitter) 
small-signal rever s e -
voltage transfer ratio, 
open circuit (common 
base) 
small-signal rever s e -
voltage transfer ratio, 
open circuit (common 
emitter) 
base current 
turn-on current 
turn-off current 
collector current 
collector current, instan
taneous value 
collector-cutoff current 
collector-cutoff current, 
emitter. open 
collector-cutoff current, 
base open 
collector-cutoff current, 
specified resistance be
tween base and emitter 
collector-cutoff current, 
base short-circuited to 
emitter 
collector-cutoff current, 
specified voltage be
tween base and emitter 
collector-cutoff current, 
specified circuit between 
base and emitter 

los 

MAG 

MAG. 

MUG 

PCB 

PCB 

PCE 

P 

PEB 

P1B 

P'b 

PIE 

P'e 

POB 

POb 

POE 

Poe 

Q. 
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switching current (at 
minimum h .. E per spe
cification) 
emitter current 
emitter-cutoff current, 
collector open 
second-breakdown collec
tor current 
maximum available am
plifier gain 
maximum available con
version gain 
maximum usable ampli
fier gain 
total dc or average power 
input to base (common 
emitter) 
total instantaneous power 
input to base (common 
emitter) 
total dc or average power 
input to collector (com
mon base) 
total instantaneous power 
input to collector (com
mon base) 
total dc or average power 
input to collector (com
mon emitter) 
total instantaneous power 
input to collector (com
mon emitter) 
total dc or average power 
input to emitter (com
mon base) 
total instantaneous power 
input to emitter (com
mon base) 
large-signal input power 
(common base) 
small-signal input power 
(common base) 
large-signal input power 
( common emitter) 
small-signal input power 
( common emitter) 
large-signal output power 
(common base) 
small-signal output power 
(common base) 
large-signal output power 
(common emitter) 
small-signal output power 
(common emitter) 
stored base charge 
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rem (sat) 

Re(h •• ) 

RG 
R •• 

R. 
VUB 
VBe 
VBm 
V(BR)CBO 

V(BR)CEO 

V(BR)OER 

V(BR)em. 

VeB 
VOB(fl) 

Vem(fl) 

VOBO 

VeBV 

Veo 
VOE 

collector-to-emitter satu
ration resistance 
real part of small-signal 
input impedance, short 
circuit (common emitter) 
generator resistance 
input resistance (com
mon emitter) 
load resistance 
output resistance (com
mon emitter) 
source resistance 
base-supply voltage 
base-to-collector voltage 
base-to-emitter voltage 
collector-to-base break
down voltage, emitter 
open 
collector - to - emitter 
breakdown voltage, base 
open 
collector - to - emitter 
breakdown voltage, spe
cified resistance between 
base and emitter 
collector - to - emitter 
breakdown voltage, base 
short-circuited to emit
ter 
collector - to - emitter 
breakdown voltage, spe
cified voltage between 
base and emitter 
emitter-to-base break
down voltage, collector 
open 
collector-to-base voltage 
dc open-circuit voltage 
between collector and 
base (floating potential), 
emitter biased with re
spect to base 
dc open-circuit voltage 
between collector and 
emitter (floating poten
tial), base biased with 
respect to emitter 
collector-to-base voltage 
(emitter open) 
collector-to-base voltage, 
specified voltage between 
emitter and base 
collector-supply voltage 
collector-to-emitter volt
age 

Vomo 

VeER 

VeES 

VCEV 

VmDo 

Yle 

Yo. 
Y •• 
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collector-to-emitter volt
age, base open 
collector-to-emitter volt
age, specified resistance 
between base and emit
ter 
collector-to-emitter volt
age, base short-circuited 
to emitter 
collector-to-emitter volt
age, specified voltage be
tween base and emitter 
collector-to-emitter satu
ration voltage 
emitter-to-base voltage 
dc open-circuit voltage 
between emitter and base 
(floating potential), col
lector biased with respect 
to base 
emitter-to-base voltage, 
collector open 
emitter-supply voltage 
reach-through voltage 
forward transconduct
ance 
input admittance 
output admittance 
reverse transconductance 

MOS FIELD·EFFECT 
TRANSISTOR SYMBOLS 

A v 0 I tag e amplification 
(= Y .. /Yo. + YL) 

BOil = Cds 

c. intrinsic channel capaci
tance 

Cd. drain-to-source capac~
tance (includes approxI
mately l-pF drain-to
case and interlead ca
pacitance) 

Cgd gate-to-drain capacitance 
(includes O.l-pF inter
lead capacitance) 

Cg. gate-to-source interlead 
and case capacitance 

C... small-signal input ca
pacitance, short circuit 

Cra. small-signal rever s e 
t ran s fer capacitance, 
short circuit 

g.. forward transconduct
ance 
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g" 
go. 
Iv 
Ins(OFF) 

IGSS 
NF 

r. 

rDs(ON) 

input conductance 
output conductance 
dc drain current 
drain-to-source OFF cur
rent 
gate leakage current 
spot noise figure (gen
erator resistance RG = 
1 megohm) 
effective gate seri,es re
sistance 
active channel resistance 
unmodulated channel re
sistance 
drain-to-source ON re
sistance 
gate-to-drain leakage re
sistance 
gate-to-source leakage 
resistance 
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VDB drain-to-substrate volt
age 

V DS drain-to-source voltage 
V GB dc gate-to-substrate volt

age 
VGB peak gate-to-substrate 

voltage 
V GS dc gate-to-source volt

age 
VGS peak gate-to-source volt

age 
VGs(OFF) gate-to-source cut 0 f f 

voltage 
y" for war d transadmit

tance = g" 
Yo, output admittance 

go. + jBo" Bo, = WCd. 

Y L load admittance = gL + 
jBL 

RCA Military-Specification 
Transistors 
TYPE MIL-S-195001 TYPE MIL-S-195001 
JAN-2N174 13B JAN-2N1308 126B 
JAN-2N220 1 JAN-2N1309 126B 
JAN-2N274 26 (Sig C) JAN-2N1412 76B (Navy) 
JAN-2N384 27D JAN-2N1479 207A (EL) 
JAN-2N388 65A JAN-2N1480 207A (EL) 
JAN-2N396A 64C JAN-2N1481 207A (EL) 
JAN-2N398 174 (Navy) JAN-2N1482 207A (EL) 
JAN-2N404 20B JAN-2N1483 108A (EL) 
JAN-2N706 120A JAN-2N1484 180A (EL) 
JAN-2N962 258 (Navy) JAN-2N1485 180A (EL) 

JAN-2N964 258 (Navy) JAN-2N1486 180A (EL) 
JAN-2N1183 143A (EL) JAN-2N1487 208A (EL) 
JAN-2N1183A 143A (EL) JAN-2N1488 208A (EL) 
JAN-2N1183B 143A (EL) JAN-2N1489 208A (EL) 
JAN-2N1184 143A (EL) JAN-2N1490 20SA (EL) 

JAN-2N1184A 143A (EL) JAN-2N1493 247 (EL) 
JAN-2N1184B 143A (EL) JAN-2N1853 171A (Navy) 
JAN-2N1224 189 (Sig C) JAN-2N1854 172A (Navy) 
JAN-2N1225 189 (Sig C) JAN-2N2015 24SA (EL) 
JAN-2N1302 126B JAN-2N2016 248A (EL) 

JAN-2N1303 126B JAN-2N2273 244A (Sig C) 
JAN-2N1304 126B JAN-2N2708 302 (EL) 
JAN-2N1305 126B Copies of transistor specification sheets JAN-2N1306 126B may be obtained by directing requests to 
JAN-2N1307 126B Specifications Division, Naval Supply 

Depot, 5801 Tabor Avenue, Philadelphia 
20, Pa., Attn: CDS 
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Transistor Selection Charts 

The accompanying charts classify 
RCA transistors by function, by 

material, and by performance level. 
These charts are particUlarly useful 
for an initial selection of suitable 
transistors for a specific applica
tion. More complete data on these 

Audio-Frequency Applications 
SMALL SIGNAL-CLASS A 
Germanium n-p-n 
2N1010 

Germanium p-n-p 
2N2613 2N2614 40263 

Silicon n-p-n 
2N718A 2N2896 40084 
2N720A 2N2897 40231 
2N2102 2N3241 40232 
2N2270 2N3242 40233 
2N2405 3N98'" 40234 
2N2895 3N99'" 403660 

LARGE-SIGNAL POWER AMPLIFIER-
CLASS A and ClASS B 

Germanium n-p-n 
2N647 2N649 
Germanium p-n-p 

Dissipations up to 50 W 
2N1183 2N2148- 40051-
2N1l83A 2N2869- 40253 
2N1l83B 2N2870- 40254-
2N1184 2N2953 40239 
2N1l84A 40022- 40395 
2N1l84B 40050- 40396 
2N2147-

Dissipations of 50 W or More 
2N173 2N442 2N1358 
2N174 2N443 2N1412 
2N277 2NI099 2N1905 
2N278 2NllOO 2N1906 
2N441 
* For printed-circuit-board applications. 
- High-fidelity power-amplifier type. 

devices, given in the Technical Data 
section, should then be consulted to 
determine the most suitable type_ 
Data charts for rectifiers, silicon 
controlled rectifiers (SCR's), and 
semiconductor diodes are given later 
(see Table of Contents). 
Silicon p-n-p 
40319 40406 40410 
40362 
Silicon n-p-n 

Dissipations up to 5 W 
2N1479 40315 40348V1 * 
2N1480 40317 40348V2 
2N1481 40320 40349 
2N1482 40321 40349V1 * 
2N1700 40323 40349V2 
2N1711 40326 40360 
2N3585 40327 40361 
40084 40347 40367° 
40264- 40347Vl * 40407 
40309 40347V2 40408 
40311 40348 40409 
40314 

Dissipations of 5 W to 50 W 
2N1483 2N3879 40322 
2N1484 40250 40324 
2N1485 40250V1* 40328 
2N1486 40251 40364 
2N1701 40310 40368 
2N3054 40312 40372* 
2N3583 40313 40374* 
2N3584 40316 40375* 
2N3878 40318 

Dissipations of 50 W or More 
2N1487 2N2338 2N3772 
2N1488 2N3055 2N3773 
2N1489 2N3263 40251 
2N1490 2N3264 40325 
2N1702 2N3265 40363 
2N1703 2N3266 40369° 
2N2015 2N3442 40411 
2N2016 2N3771 
- High-power extended-frequency-range 

type. 
'" N-channel depletion type. ° High-reliability type. 
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Radio-Frequency Applications IF AMPLIFIER 
SMALL SIGNAl, UHF aad VHF Germanium p-n-p 
Germaniam n-p-n 2N139 2NI066 2N1396 
2N2482 2N218 2N1180 2N1397 

2N274 2N1224 2N1524 
Germanium' p-n-p 2N384 2N1225 2N1525 
2N384 2N1177 2N1225 2N409 2N1226 2N1638 
2NI023 2N1178 2N1396 2N410 2N1395 40262 
2NI066 2N1179 2N1397 2NI023 

Silicon n-p-n Silican n-p-n 
2N917 2N3932 40296 40080 40243 40245 
2N918 2N3933 40404 40081 40244 40246 
2N2708 2N4036- 40405 40082 
2N2857 2N4037- 40391 VIDEO AMPLIFIER 
2N3053 40242 40392 
2N3478 40294 40394 Germanium p-n-p 
2N3600 40295 2N274 2NI066 2N1395 

LARGE SIGNAL, UHF and VHF 
2N384 2N1224 2N1396 
2N699 2N1225 2N1397 

Silicoa II-p-n 2NI023 2N1226 
2N699 2N3632t 40290t Silicol I-p-n 2N1491 2N3733t 40291t 
2N1492 2N3866t 40292t 2N1491 2N2102 2N3118 
2N1493 2N4012t:j: 40305t 2N1492 2N2708 40245 
2N2631 40279t 40306t 2N1493 2N2857 40246 
2N2876 40280t 40307t Television Applications 
2N3229 40281t 40340t 

TV DEFLECTION 2N3375t 40282t 40341t 
2N3553t Germanium p-n-p 

HIGH FREQUENCY 
2N3730 2N3731 2N3732 

Germanium p-n-p TV TUNER 

2N274 2N1225 2N1397 
Silicon n-p-n 

2N370 2N1226 2N1631 40235 40237 40350 

2N384 2N1283 2N1632 40236 

2NI023 2N1395 2N1637 TV VIDEO OUTPUT 
2NI066 2N1396 2N2273 Silicon n-p-n 
2N1224 40354 40355 
Silicon n-p-n TV IF AMPLIFIER 
40080 40243 40245 Silicon n-p-n 
40081 40244 40246 40238 40240 40352 40082 40239 40351 
MIXER, OSCILLATOR, and CONVERTER 

Power Switching Germanium p-n-p 
2N274 2N1l79 2N1397 Dissipations up to 5 W 
2N374 2N1224 2N1426 
2N384 2N1225 2N1526 Silicon n-p-n (Medium Voltage, up to tBOY) 
2NI023 2N1226 2N1527 2N697 2N1613 2N3119 
2NI066 2N1395 2N1639 2N718A 
2N1178 2N1396 40261 
SilieaD n-p-n Silicon n-p-n (Higb Voltage, above tOOy) 

40243 40244 2N720A 2N1893 

t Overlay type . :j: Frequency-multiplier type. 
• Silicon p-n-p type. 
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Dissipations from 5 W to 50 W 
Germanium p-n-p (Medium Voltage, up to looY) 
2~1183 2~1184 2~2869 
2~1183A 2~1184A 2~2870 
2~1183B 2~1184B 

Silicon n-p-n (Medium Voltage, up to looV) 
2~1479 2~1701 40082 
2~1481 2~2270 40250 
2~1483 2~3053 40278 
2~1485 2~3054 40347 
2~1700 2~3230 40348 

Silicon n-p-n (High Voltage, above looY) 
2~1480 2~3231 40349 
2~1482 2~3262 40366° 
2~1484 2~3441 40367° 
2~1486 2~3878 40368° 
2~2102 2~3879 40373* 
2~2405 40346 40375* 

Silicon n-p-n (Very Higb Voltage, above 25DY) 
2~3439 2~3584 40255 
2~3440 2~3585 40256 
2~3583 40374* 

Dissipations of 50 W or More 

Germanium p-n-p (Medium Voltage, up to lDDV) 
2~173 2~441 2~1100 
2~17 4 2~ 442 2~1358 
2~277 2~443 2~1412 
2~278 2~1099 2~1905 

Germanium p-n-p (High Voltage, above loDV) 
2~1906 

Silicon n-p-n (Medium Voltage, up to lDDV) : 
2~1487 2~1702 2~3055 
2~1488 2~1703 2~3771 
2~1489 2~2015 2~3772 
2~1490 2~2338 40251 

Silicon n-p-n (High Voltage, above lDDY) 
2~2016 2~3265 2~3442 
2~3263 2~3266 2~3773 
2~3264 

DC-TD-DC CONVERTERS, INVERTERS, CHOPPERS, 
RELAY CONTOLS, VOLTAGE and CURRENT 
REGULATORS, SERVO AMPLIFIERS 

Germanium p-n-p 
2~173 2~443 
2~174 2~1099 
2~277 2~1100 
2~278 2~1183 
2~ 441 2~1183A 
2~ 442 2~1183B 

2~1184 
2~1184A 
2~1184B 
2~1358 
2~1412 

Silicon n-p-n 
2~1487 
2~1488 
2~1489 
2~1490 
2~1700 
2~1701 
2~1702 
2~1703 
2~2015 
2~2016 
2~2338 

2~3054 
2~3055 
2~3263 
2~3264 
2~3265 
2~3266 
2~3439 
2~3440 
2~3441 
2~3442 

2~3583 
2~3584 
2~3585 
3~98& 

3~99& 
40255 
40256 
40369° 
40389* 
40390* 
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DIFFERENTIAL and OPERATIONAL AMPLIFIERS 
Silicon n-p-n 
2~1613 2~3440 40255 
2~2102 3~98& 40256 
2~2270 3~99& 40346 
2~3439 40366° 

Computer Applications 

MEMORY DRIVERS 
Germanium p-n-p 
2~1384 

Silicon n-p-n 
2~2476 2~3261 2~3512 
2~2477 2~3262 40283 

LOGIC CIRCUITS 
Germanium p-n-p (Low and Medium Speed) 
2~404 2~1301 2~1309 
2~ 404A 2~1303 2~1384 
2~ 414 2~1305 2~1683 
2~1300 2~1307 40269 

Germanium n-p-n (Low and Medium Speed) 
2~585 2~1302 2~1308 
2~1090 2~1304 2~1605 
2~1091 2~1306 2~1605A 

Silicon n-p-n (High Speed) 
2~706 2~2205 40217 
2~706A 2~2369A 40218 
2~708 2~2475 40219 
2~709 2~2938 40220 
2~834 2~3011 40221 
2~914 2~3261 40222 

DIRECT ON-OFF CONTROL (NEON OR INCANDES
CENT-LAMP INDICATORS, RELAYS, COUNTERS, 
and OTHER HIGH-VOLTAGE CIRCUITS) 

2~398 2~398A 2~398B 

.. N-channel depletion type. ° High-reliability t;ype. 
* For printed-circUIt-board applications. 
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Technical Data 
for RCA. Transistors 

This section contains detailed technical data for all current RCA transistors. 
Types are listed according to the numerical-alphabetical-numerical se
quence of their type designations. Tabular data for RCA discontinued tran
sistors are given at the end of the section. Tabular data for silicon 
rectifiers, silicou controlled rectifiers (SCR's), and semiconductor diodes 
are given later in the Manual, as are outline drawings and information on 
mounting hardware for all RCA semiconductor devices (see Table of 
Contents). 

2Nl04 TRANSISTOR 

Ge p-n-p alloy-junction type used in low-power audio-frequency service. 
JEDEC TO-40, Outline No.la. Terminals: 1 - emitter,2 - base, a - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector Current ...................................................................... .. 

VeBo -30 V 
Ie -50 rnA 

Emitter Current ........................................................................... . IE 50 rnA 
Transistor Dissipation: 

At TA up to 25·C .................................................................. .. 
At TA = 50·C ...................................................................... .. 

PT 150 mW 
PT 80 mW 

At TA = 70·C ....................................................................... . PT 30 mW 
Temperature Range: 

Operating (Ambient) .......................................................... .. 
Storage ...................................................................................... .. 

TA (opr) -65 to 70 ·C 
TSTG -65 to 85 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = -20 p.A. 

IE = 0) ...................................................................................... .. 
Collector-Cutoff Current (VCR = -12 V. lE = 0) .......... .. 
Emitter-Cutoff Current (VEB = -12 V. Ie = 0) .......... .. 
Small-Signal Forward-Current Transfer Ratio 

(VCE = -6 V. Ic :: -1 rnA) .......................................... .. 
Small-Signal Forward-Current Transfer Ratio Cutoff 

Frequency (VCB = -3 V. Ie = -0.2 rnA) ................... . 
Thermal Resistance. Junction-to-Ambient ....................... . 

V(BR)CRO -30 min V 
leBO -lOmax p.A 
lEBO -lOmax p.A 

hr. 44 

fhrb 0.7 Mc/s 
9J-A 0.4 ·C/mW 

2Nl09 TRANSISTOR 

Ge p-n-p alloy-junction type used in low-power, small-signal and large
signal audio applications in consumer-product equipment. JEDEC TO-40, 
Outline No.la. Terminals: 1 - emitter, 2 - base, a - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... ; .. 
Collector-to-Emitter Voltage ............................................... . 
Emitter-to-Base Voltage ....................................................... . 
Collector Current ...................................................................... .. 

VCBO 
VCEO 
VERO 
10 

-35 
-25 
-12 

-150 

v 
V 
V 

rnA 
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MAXIMUM RATINGS (cont'd) 

Transistor Dissipation: 
TA up to 25"C ....................................................................... . 
TA above 25'C ....................................................................... . 

Pi' 165 mW 
PT See curve page 112 

Temperature Range: 
Operating (Junction) ......................................................... ... 
Storage ....................................................................................... . 

TJ(opr) -65 to 85 'c 
TSTG -65 to 85 'c 

Lead-Soldering Temperature (10 s max) ....................... . TL 255 'C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie == -50 /LA. 

lE == 0) ....................................................................................... . 
Collector-to-Emitter Breakdown Voltage (Ie == -1 mAo 

ID == 0) ....................................................................................... . 

Vmll)cno -35 min V 

V(BR)eEO -25 min V 
Emitter-to-Base Breakdown Voltage (IE == -7 /LA. 

Ie == 0) ••......•...•..•............••.•..••..•...••......••.•..••....•...•...••.•••.••..•••...• 
Collector-to-Emitter Saturation Voltage (Ie == -50 mAo 

ID::.: -5 mAl ........................................................................... . 
Base-b>-Emitter Voltage (VeE == -1 V. Ie == -50 mAl 
Collector-Cutoff Current (VeB == -30 V. IE == 0) ........... . 
Emitte.r-Cutoff Current (VEB == -12 V. Ie == 0) ........... . 
Static Forward-Current Transfer Ratio (VeE = -1 V. 

Ie == -50 mAl ....................................................................... . 
Small-Signal Forward-Current Transfer Ratio 

(VeE == -6 V. IE == -1 mAo f == 1 kc/s) ....................... . 

V(BR)EBO -12 min V 

VeE (sat) -0.15 max V 
VBE 0.2 to 0.4 V 
leBO -7 max /LA 
lEBO -7 max /LA 

hFE 65 to 115 

h .. 50 to 150 
Small-Signal Input Impedance (VeE == -6 V. 

b == -1 mAo f == 1 kc/s) ............................................. ... 
Output Capacitance (VCB == -6 V. Ie == -1 mAo 

f == 0.5 Mc/s) ........................................................................... . 

hie 1000 to 4000 n 
Cobo 20 to 60 pF 

TRANSISTOR 2N139 
Ge p-n-p alloy-junction type used primarily in 455-kilocycle intermediate
frequency amplifier service in battery-operated portable radio receivers and 
automobile radio receivers operating from either a 6-volt or a l2-volt sup
ply. JEDEC TO-40, Outline No.la. Terminals: 1 - emitter, 2 - base, a -
collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . VeBo 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 

VEBO 
Ie 

Emitter Current ......................................................................... . IE 
Transistor Dissipation: 

TA == 25'C ................................................................................. . PT 
TA == 71'C ............•..................................................................... p.£ 

Temperature Range: 
Operating (Ambient) ........................................................... . 
Storage ....................................................................................... . 

TA(opr) 
TSTG 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie == -10 /LA. 

b == 0) ....................................................................................... . V(BR)CBO 
Collector-Cutoff Current (VeB = -12 V. b == 0) ....... . 
Emitter-Cutoff Current (VEB = -12 V. Ie == 0) ........... . 

leBO 
IDEO 

Static Forward-Current Transfer Ratio (VeE == -9 V. 
Ie == -0.6 mAl ....................................................................... . hFE 

Gain-Bandwidth Product (VeE == -9 V. Ie == -1 mAl iT 

TYPICAL OPERATION IN 455-kc/s IF-AMPLIFIER CIRCUIT 
DC Collector-to-Emitter Voltage ........................................ VeE 
DC Collector Current ................................................................ Ie 
Input Resistance (approx.) .................................................... Rs 
Output Resistance (approx.) ................................................ RL 
Maximum Power Gain (approx.) ........................ ~ ............... MAG 
Useful Power Gain (approx.) .......................•........................ MUG 
Spot Noise Figure (approx.) ................................................ NF 

-16 V 
-12 V 
-15 mA 

15 rnA 

80 mW 
10 mW 

to 71 'C 
to 85 'C 

-16 min V 
-6 max /LA 

-40 max /LA 

-9 
-0.5 
1000 

70000 
38 

27.6 
4.5 

48 
14 Mc/s 

-9 V 
-1 mA 
500 n 

30000 n 
37 dB 

30.4 dB 
4.5 dB 
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2N140 TRANSISTOR 

Ge p-n-p alloy-junction type used primarily in converter and mixer-oscillator 
service in AM battery-operated portable radio receivers and automobile 
radio receivers operating from either a 6-volt or a l2-volt supply. JEDEC 
TO-40, Outline No.13. Terminals: 1 - emitter, '2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Vol~ge .... , .................................................. . Veno -16 V 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 

VEBO -0.5 V 
Ie -15 rnA 

Emitter Current ........................................................................... . IE 15 rnA 
Transistor Dissipation: 

TA :=: 25·C ................................................................................. . PT 80 rnW 
TA :=: 71·C ................................................................................. . P'r 10 rnW 

Temperature Range: 
Operating (Ambient) ........................................................... . 
Storage ....................................... ~ ............................................... . 

TA(opr) -65 to 71 ·C 
TSTG -65 to 85 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie :=: -10 ",A, 

lE :=: 0) ••.....•.•..••..••..•....•...•...••...•.....................•..•.....••.•••.••....•..•.• VmlUcBo -16 min V 
Collector-Cutoff Current (Vcn :=: -12 V, IE :=: 0) ....... . 
Emitter-Cutoff Current (VIm :=: -0.5 V, Ie = 0) ....... . 
Static Forward-Current Transfer Ratio (VeE = -9 V, 

Ie = -0.6 rnA) ....................................................................... . 

ICBo -6 max ",A 
lEno -12 ",A 

hFE 48 
Gain-Bandwidth Product (VCJ' :=: -9 V, Ie = -0.6 rnA) b 16.5 Mcls 

TYPICAL OPERATION AT 1 Mels IN SELF-EXCITED CONVERTER CIRCUIT 
DC Collector-to-Ernitter Voltage ...................................... VCE 
DC Collector Current .............................................................. Ie 

-9 V 
-0.6 rnA 

Input Resistance (approx.) .................................................. Rs 
Output Resistance (approx.) ................................................ RL 
RMS Base-to-Ernitter Oscillator Injection Voltage 

(approx.) ................................................................................... . 
Useful Conversion Power Gain (approx.) ........................ MUGc 

700 n 
75000 n 

100 rnV 
32 dB 

2N173 POWER TRANSISTOR 

Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in equipment having high voltage, current, and dissipation 
requirements. It is used in power switching, voltage- and current-regulating, 
dc-to-dc converter, inverter, power-supply, and relay- and solenoid-actuating 
circuits; and in low-frequency oscillator and audio-amplifier service. JEDEC 
TO-36, Outline No.H. Terminals: Lug 1 - base, Lug 2 - emitter, Mounting 
Stud - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (VBE = 1.5 V) ................... . 
Emitter-to-Base Voltage ....................................................... . 
Collector Curren t ....................................................................... . 
Emitter Current ......................................................................... . 
Base Current ............................................................................... . 

Tr~~~otoD4~~~a~~~: ................................................................ . 
Te above 25·C ......................................................................... . 

Temperature Range: 
Operating (Te) and Storage (TsTG) ............................. . 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

Ie = -0.3 A, RBE = 0 ....................................................... . 
Ie = -1 A, In :=: 0 ............................................................... . 

Collector-to-Emitter Saturation Voltage: 
Ie = -12 A, IB = -2 A .................................................... .. 
Ie :=: -12 A, IB :=: -2 A ..................................................... . 

Base-to-Emitter Voltage (Ie :=: -5 A, VCE :=: -2 V) ... . 
Emitter-to-Base Voltage (VCB :=: -80 V, IE :=: 0) ..•..... 

VCRV 
VERO 
Ie 
1m 
In 

PT 
PT 

V(BR)CES 
V<BR)CEO 

VCI.(sat) 
Vcm(sat) 
VBm 
VEB 

-60 V 
-40 V 
-15 A 

15 A 
-4 A 

150 W 
See curve page 112 

-65 to 100 ·C 

-50 min 
-45 min 

-0.7 max 
-0.3 typ 

-0.65 
-1 max 

V 
V 

V 
V 
V 
V 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Reach-Through Voltage ................ VlIT 
Collector-Cutoff CUrrent: 

-60 min V 

VeB == -2 V, b = 0, Te == 25°C .................................... leBo 
VeB == --60 V, b = 0, Te == 25°C .................................... leBO 

-100 p.A 
-4 max rna 

VeB == --60 V, b == 0, Te = 71°C .................................... leBO 
Emitter-Cutoff Current: 

-15 max mA 

VEB == -40 V, Ie == 0 ............................................................ lEBo 
VEB = -40 V, Ie == 0 ............................................................ bBO 

-1 typ rnA 
-4 max rna 

Static Forward-Current Transfer Ratio: 
VelD == -2 V, Ie == -5 A .................................................... hFE 35 to 70 
VeE == -2 V, Ie == -12 A.................................................. hFID 25 

Small-Signal Forward-CUrrent Transfer-Ratio 
10 kc/s Cutoff Frequency (VeE =:= -6 V, Ie == -5 A) ............ Thr. 

Thermal ResJStance, Junction-to-Case ................................ 9s-e 0.5 max ·C/W 

... -15 ... 
a: :e 
~ 
~ -10 
t 
OJ 
...J 

8 
-5 

o 

TYPICAL COLLECTOR CHARACTERISTICS 

T~PE iNI731 I I I. I I 

f--COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TjMPERATURE'2SoC 

c:=-~ 
~;.~ 

1.400 
_-"300 

-~ _ -tOO 
5n 

- _100 

BASE MILLIAMPERI'S!.:!-O 

1 1,-10 0 
I :;;0-

[A}\~ I T 
-10 -20 -30 -40 -50 

COLLECTOR-TO-EMITTER VOLTS 
-60 

92CM-1072.21 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2NI73 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2NI73 
-15 COMMON-EMITTER CIRCUIT, BASE INPUT. 

l3 COLLECTOR-TO-EMITTER VOLTS '-2 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR- TO-EMITTER VOLTS- - 2 

0:: 

~ 
~ -101--I--I-..J--I--1--I--+-.\---641 

~ 
<> ..., 
~ -5 

o -Q2 -Q4 -as -O.B 
BASE-TO-EMITTER VOLTS 

92CS-I0709T 

POWER TRANSISTOR 

o 

_40 

-0.1 -0.2 -0.3 -0.4 -0.5 
BASE AMPERES 

9209-107121 

2N174 
Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in equipment having high voltage, current, and dissipation 
requirements. It is used in power switching, voltage- and current-regulating, 
dc-to-dc converter, inverter, power-supply, and relay- and solenoid-actuating 
circuits; and in low-frequency oscillator and audio-amplifier service. JEDEC 
TO-a6, Outline No.n. Terminals: Lug 1 - base, Lug 2 - emitter, Mounting 
Stud • collector and case. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage (VRE = l.SV) ....................... . 
Emitter-to-Base Voltage ..................................................•....... 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Base Current ............................................................. R ••••••••••••••••• 

VCBV -80 V 
VEBO -60 V 
Ie -IS A 
IE IS A 
IB -4 A 

Transistor Dissipation: 
Te up to 2SoC ......................................................................... . PT ISO W 
Te above 2SoC ......................................................................... . 

Case Temperature Range: 
PT See curve page 112 

Operating (Te) and Storage (TsTG) ........................... . -6S to 100 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

Ie = -0.3 A. RBE = 0 ....................................................... . 
Ie = -1 A. IB = 0) ............................................................. . 

Collector-to-Emitter Saturation Voltage: 
Ie = -12 A. IB = -2 A ........................................................ . 
Ie = -12 A. IB = -2 A ....................................................... . 

Emitter to Base Voltage (VCB = -80 V. IE = 0) ....... . 
Collector-to-Emitter Reach-Through Voltage ............... . 
Base-to-Emitter Voltage: 

VCE = -2 V. Ic = -S A ................................................... . 
VeE = -2 V. Ic = -S A ................................................... . 

V(BR)CES -70 min 
V(BB)CEO -55 min 

VeE (sat) -0.7 max 
VCE(sat) -0.3 typ 
VEB -1 max 
VRT -GO min 

VBE -0.6S typ 
VBE -0.9 max 

Collector-Cutoff Current: 
VeB = -2 V. IE = O. Te = 2SoC .................................. .. 
VCB = -80 V. IE = O. Tc = 2SoC ..................................... . 

ICBo -100 
ICBo -4 max 

VCB = -GO V. IE = O. To = 71°C ................................... ... leBO -IS max 
Emitter-Cutoff Current: 

VEB == -60 V. Ie = 0 ......................................................... ... 
VEB == -60 V. Ie == 0 .......................................................... .. 

lEBO -1 typ 
lEBO -4 max 

TYPICAL COLLECTOR CHARACTERISTICS 

-I 5 

5 

13 
a: w 

-20 

~ -15 
« 

~ 
~ -10 
..J o 
(J 

-5 

T1PE 2NI71 
,. I I I I I 

I-COMMON - EMITTER CIRCUIT. BASE INPUT. 
CASE TEMPERATURE· 25°C 

T 
;;200 

-700 

~~oo 
-500 

-400 

-3~0250 
-200 

J.:,!..50 0 
_\0 .~..,O 

BASE MILLIAMPERE~ ,~ ....- ) 1-) )13 -I 
o -10 -20 -30 -40 -50 -60 -10 -80 

COLLECTOR-TO-EMITTER VOLTS 92CM-I0736T 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2NI74 
COMMON-EMITTER CIRCUIT, BASE INPUT. f--COLLECTOR-TO-EMITTER VOLTS =-2 

~ 
~ ~ 

~\)~~ f:::? 
~R" ~7 c"s~ 

_I'/.~O 

'" W 
0:: 

'" Q. 

-15 

~-IO 
a: 

~ 
:::1-5 
o 
'" 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2NI74 J 
COMMON-EMITTER CIRCUIT, BASE INPUT: _ 
COLLECTOR-TO-EMITTER VOLTS =-2 1 ~( 

I I IJR~'~ 
~J."I~""~~'2.5 

k:::;: ~p eO-+-

~~ 
AV 

'" o -0.2 -0.4 -0.6 -O.B o -0.2 -0.4 -0.6 -0.8 
BASE AMPERES 

°C 

V 
V 

V 
V 
V 
V 

V 
V 

/LA 
mA 
mA 

mA 
mA 

BASE-TO-EMITTER VOLTS 
92CS-I0710T 92C$-101I1T 
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CHARACTERISTICS (cant'd) 

Static Forward-Current Transfer Ratio: 
VeE = -2 V. Ie = -5 A.................................................... hFE 
VeE = -2 V. Ie = -12 A ...................•.............................. hFE 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VeE = -6 V. Ie = -5 A) ........................ fUe 

Thermal Resistance. Junction-to-Case ................................ 9J-e 

TRANSISTOR 

25 to 50 
20 

125 

10 kc/s 
0.5 max ·C/W 

2N175 
Ge p-n-p alloy-junction type used in small-signal af amplifier applications 
in hearing aids, microphone preamplifiers, recorders, and other low-power 
applications. JEDEC TO-40, Outline No.la. Terminals: I - emitter, 2 - base, 
a - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Emitter-to-Base Voltage ........................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Transistor Dissipation: 

TA at 25·C ....................•........................................................... 
TA at 71·C ............................................................................... . 

TWfe;i~=e (~tr~nt) ........................................................... . 
Storage ....................................................................................... . 

CHARACTERISTICS 
Collector-Cutoff Current (VeB = -25 V. lE = 0) ..... . 
Emitter-Cutoff Current (VEB = -12 V. Ie = 0) •••••.•••• 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VeB = -4 V. Ie = -0.5 rnA) ................... . 
Noise Figure (VOE = -4 V. Ie = -0.5 rnA. 

RI. = 1000 O. Roe = 20000 0) ....................................... . 

POWER TRANSISTOR 

VCBO 
VEBO 
Ie 
IE 

PT 
PT 

TA(opr) 
TSTG 

leBO 
lEBO 

fhl. 

NF 

-10 V 
-10 V 
-2 rnA 

2 rnA 

50 mW 
10 mW 

71 ·C 
-65 to 85 ·C 

-12 max /loA 
-12 max /loA 

0.85 Mc/s 

6 max dB 

2N176 
Ge p-n-p alloy-junction type used in large-signal af amplifiers in class A 
power-output stages and class B push-pull amplifier stages in automobile 
radio receivers. JEDEC TO-a, Outline No.2. Terminals: I - base, 2 - emitter, 
Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . 
Collector Current ..................................................................... . 
Emitter Current ......................................................................... . 
Transistor Dissipation: 

~:~ ~£o!~ ~~:~ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operating (TMF) and Storage (T.TG) ........................... . 

CHARACTERISTICS 
Collector-to~Emitter Breakdown Voltage 

(Ie = -330 rnA. RBE = 0) ....................•....................•...... 
Collector-Cutoff Current (VeB = -30 V. IE = 0) ....... . 
Emitter-Cutoff Current (VEB = -10 V. Ie = 0) ........... . 
Static Forward-Current Transfer Ratio 

(VeE = -2 V. Ie = -0.5 A) ........................................... . 
Small-Signal Forward-Current Transfer Ratio 

(f = 1 kc/s. VeE = -2 V. Ie = -0.5 A) ................... . 
Thermal Resistance. Junction-to-Ambient ..................... . 

VeBo 
Ie 
lE 

PT 
PT 

V(BR)CES 
leBO 
lEBO 

hFE 

h,. 
9J-A 

-40 V 
-3 A 

3 A 

10 W 
See curve page 112 

-65 to 90 ·C 

-30 min 
-3 max 
-2 max 

63 

45 
1 max 

V 
mA 
mA 

·C/W 

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
DC Collector-Supply Voltage ................................................ Vee 
DC Collector-to-Emitter Voltage .......................................... VeE 
DC Base-to-Emitter Voltage .................................................. VBE 

-14.4 
-13.7 
-0.24 

V 
V 
V 
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TYPICAL OPERATION (cont'd) 

Peak Collector Current ........................................................... . 
Zero-Signal Collector Current ............................................... . 
Emitter Resistance ................................................................... . 

iC(peak> 

li:!ii~~~~§.~~:::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Total Hannonic Distortion ..................................................... . 
Zero-Signal Collector Dissipation ....................................... . 
Maximum-Signal Power Output ........................................... . POID 

2N215 TRANSISTOR 

-1 
-0.5 

1 
25 
1 

10 
35.5 

4 
6.83 

2 

A 
A 
n 
n 

kc/s 
n 

dB 
% 
W 
w 

Ge p-n-p alloy-junction type used in low-power audio-frequency amplifier 
applications. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 
a - collector. This type is electrically identical with type 2N104. 

2N217 TRANSISTOR 
Ge p-n-p alloy-junction type used in low-power, small-signal and large-signal 
audio applications in consumer-product equipment. JEDEC TO-1,· Outline 
No.1. Terminals: 1 - emitter, 2 - base, a - collector. This type is electrically 
identical with type 2N109. 

2N218 TRANSISTOR 

Ge p-n-p alloy-junction type used primarily in 455-kilocycle intermediate
frequency amplifier service in battery-operated portable radio receivers and 
automobile radio receivers operating from either a 6-volt or a 12-volt sup
ply. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, a - collector. 
This type is electrically identical with type 2N139. 

2N219 TRANSISTOR 

Ge p-n-p alloy-junction type used primarily in converter and mixer-oscillator 
service in AM battery-operated portable radio receivers and automobile radio 
receivers operating from either a 6-volt or a 12-volt supply. JEDEC TO-1, 
Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. This type is 
electrically identical with type 2N140. 

2N220 TRANSISTOR 

Ge p-n-p alloy-junction type used in small-signal af amplifier applications 
in hearing aids, microphone preamplifiers, recorders, and other low-power 
applications. JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 
3 - collector. This type is electrically identical with type 2N175. 

2N270 TRANSISTOR 

Ge p-n-p alloy-junction type used in large-signal applications in class A 
driver stages and af amplifiers, and class B push-pull line- and battery
operated af amplifiers. Similar to JEDEC TO-7 (a-lead type), Outline No.4. 
Terminals: 1 - emitter, 2 - base, 3 - no connection, 4 - collector. 
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MAXIMUM R.ATINGS 
Collector-to-Base Voltage ..................................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ........................................................................... . 

Tr~~t,s~ofo ~~S;;lf~~.~~~.: ................................................................ . 
TA above 25·C ......................................................................... . 

Tr~l~~;:~~ .. ~~~~~~ .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
CHARACTERISTICS 
Collector-to-Emitter Voltage ............................................... . 
Collector-Cutoff Current (VeB = -25 V. IE = 0) ....... . 
Emitter-Cutoff Current (VEB = -12 V. Ie = 0) ....... . 
Static Forward-Current Transfer Ratio 

(VCE = -1 V. Ic = -150 mA) ....................................... . 
Gain-Bandwidth Product ....................................................... . 
Thermal Resistance. Junction-to-Ambient ...................... .. 

VOBO 
VEBO 
Ic 
1m 

PT 
PT 

TA(opr) 
TSTG 

Vemo 
leBo 
lEBO 

hFE 
fT 
8J-A 

127 

-25 V 
-12 V 
-75 mA 

75 mA 

250 mW 
See curve page 112 

-65 to 71 ·C 
-65 to 85 ·C 

-25 V 
-16max p.A 
-12 max p.A 

70 
1 Mc/s 

0.24 max ·C/mW 

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
DC Collector-Supply Voltage ................................................ Vee 
DC Collector-to-Emitter Voltage .......................................... Vcm 
DC Base-to-Emitter Voltage .................................................... VBE 
DC Collector Current ................................................................ Ie 
Emitter Resistance .................................................................... .. 
Load Impedance .......................................................................... RL 
Signal Frequency ...................................................................... .. 
Power Gain .................................................................................... GPIll 
Zero-Signal Transistor Dissipation ...................................... .. 
Maximum-Signal Power Output .......................................... POIll 
Total Harmonic Distortion: 

At power output = 60 mW ............................................... . 
At power output = 10 mW ............. _ ............................... .. 

TRANSISTOR 

-9 
-8.7 

-0.19 
-19 
400 
,(110 

1 
35 

128 
60 

lOmax 
4 max 

2N274 

V 
V 
V 

mA 
n 
n 

kc/s 
dB 

mW 
mW 

% 
% 

Ge p-n-p alloy drift-field type used in rf and if amplifier, oscillator, mixer, 
and converter circuits, and in low-level video-amplifier circuits in industrial 
and military equipment. JEDEC TO-44, Outline No.14. Terminals: 1 -
emitter, 2 - base, 3 - collector, Center Lead - interlead shield and case. 

MAXIMUM RATINGS 
Collector-to-Bas.e Voltage ..................................................... . 
Collector-to-Emltter Voltage (VBE = 0.5 V) ............... . 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Emitter Current ........................................................................... . 

Tr~t,s~fo ~~~slr~~~~: ................................................................ . 
TA above 25·C ....................................................................... . 
TA ::::: 25·C (with heat sink) ............................................... . 
TA above 25·C (with heat sink) .................................. .. 

Temperature Range: 
Operating (TA) and Storage (TsTG) ............................ .. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ic =: -50 p.A. 1m =: 0) ....................................................... . 
Collector-to-Base Reach-Through Voltage 

(VmB =: -0.5 V) ................................................................... . 
Collector-Cutoff Current (VCB =: -12 V. IE =: 0) ...... .. 
Emitter-Cutoff Current (VEB =: -0.5 V. Ic = 0) .......... .. 
Small-Signal Forward-Current Transfer Ratio 

(f = 1 kc/s. VeE = -12 V. IE =: 1.5 rnA) .................. .. 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCB = -12 V. 1m = 1.5 rnA) .................. .. 
Output Capacitance (VeB = -12 V. IE = 0) .................. .. 
Input Resistance: 

VCE = -12 V. IIll = 1.5 rnA. f =: 12.5 Mc/s ............... . 
VCE =: -12 V. IIll = 1.5 rnA. f =: 1.5 Mc/s ................. . 

VCBO 
Vcmv 
VEBO 
Ie 
1m 

PT 
PT 
PT 
PT 

VCBR)CBO 

VRT 
ICBo 
lEBO 

hfe 

fhtb 
Cobo 

Rle 
R'e 

-40 V 
-40 V 
-0.5 rnA 
-10 mA 

10 rnA 

120 mW 
See curve page 112 

240 mW 
See curve page 112 

-65 to 100 ·C 

-40 min V 

-40 min V 
-12 max p.A 
-12 max p.A 

20 to 175 

30 Mc/s 
3 max pF 

150 n 
1350 n 
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CHARACTERISTICS (cont'd) 
Output Resistance: 

Vem = -12 V. 1m = 1.5 IDA, f = 12.5 Mcls ....•........... 
Vem = -12 V. 1m = 1.5 mAo f = 1.5 Mcls ............... . 

Power Gain: 
Vcm = -12 V. 1m = 1.5 mAo f = 12.5 Mcls ............... . 
Vcm = -12 V. 1m = 1.5 rnA. f = 1.5 Mcls ............... . 

Thermal Resistance. Junction-to-Case ............................... . 
Thermal Resistance. Junction-to-Ambient ....................... . 

Roe 
R.e 

Gpo 
Gpo 
9J-e 
9J-A 

TYPICAL COLLECTOR CHARACTERISTICS 

-3.5 

.. -3 

'" 1-2.5 
C( 
:; 
i -2 

II: 

~ -1.5 

~ 
6 ":1 
u 

-0.5 

TYPE 2N274 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
AMBIENT TEMPERATURE' 2SoC 

--~ -f-- I"""" 

/' 
/' -~ ~ 

I' -
If 
1/ 

~ 

- ~2-

~ 

BASE MICROAMPlREss-20 

4000 
70000 

17 to 27 
40 to 50 

0.31 max 
0.62 max 

-10 

o -2 -4 -6 -8 -10 -12 -14 -\6 -18 -20 -22 -24 -26 
COLLECTOR-TO-EMITTER VOLTS ,2CM-'418T1 

TYPICAL OPERATION IN VIDEO-AMPLIFIER CIRCUIT 
DC Collector-to-Emitter Voltage ........................................ VCE 
DC Emitter Current .................................................................. IE 
Source Impedance ...................................................................... Rs 
Capacitive Load ........................................................................... . 
Frequency Response ................................................................... . 
Pulse-Rise Time ............................................................................ tr 
Voltage Gain ............................................................................... . 
Maximum Peak-to-Peak Output Voltage ....................... . 

-12 
5.8 
150 
16 

20 Cis to 9 
0.039 

26 
20 

C, = 25 /LF. 12 volts 
C. = 25 /LF. 25 volts 

n 
n 

dB 
dB 

·C/mW 
·C/mW 

V 
mA 

n 
pF 

Mcls 

J'J 
V 

CI 
~r--+-..!Of--r 

TO PREVIOUS 
STAGE 

C. = 100 to 300 pF (variable) 
C. = 100 /LF, 12 volts 
L=30/LH 

1 .,... 

92CS-I0394RI 

R. = 20000 ohms, 0.25 watt 
R. = 3600 ohms. 0.25 watt 
R. = 2000 ohms. 0.25 watt 
R. = 62 ohms. 0.25 watt 
R. = 620 ohms, 0.25 watt 
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POWER TRANSISTOR 2N277 
Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power
switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuit; and in low-fre
quency oscillator and audio-amplifier service. JEDEC TO-36, Outline No.n. 
Terminals: Lug 1 - base, Lug 2 - emitter, Mounting Stud - collector and case. 
This type is identical with type 2N173 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage (VBE = 1.5 V) .................... VCBV 
Emitter-to-Base Voltage .......................................................... VERO 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

Ie = -0.3 A, RBE = 0 ........................................................ V(BR)CES 
Ic = -1 A, In = 0 ................................................................ V(BR)CEO 

Collector-to-Emitter Saturation Voltage 
(Ic = -12 A, lB = -2 A) .................................................... VCE(sat) 

Emitter-to-Ba,se Voltage (VCB = --40 V, IE = 0) ........ VEB 
Collector-to-Emitter Reach-Through Voltage· ................ VRT 
Collector-Cutoff Current: 

VCB = -40 V, IE = 0, Tc = 25'C .................................... ICBo 
VCB = -40 V, IE = 0, Tc = 71'C .................................... ICBo 

Emitter-Cutoff Current: 
VEB = -20 V, Ic = 0 ............................................................ lEBO 
VEB = -20 V, Ic = 0 ............................................................ lEBO 

f3 
'" OJ 

-20 

~-15 
ct 

'" o .... 
/;l-IO 
..J 
..J 

8 
-5 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N277 
f-COMMON - EMITTER CIRCUIT, BASE INPUT. 

CASE TEMPERATURE. 25·C 

~O~7JO 
!--~ -600_ 500 

-..!0~300 

~O -150 

.-:;).00 

11 BASE MILLIAMPERES' 
'10 -

--40 
-20 

-40 min 
-25 min 

-0.3 
-1 max 

-40 min 

--4 max 
-15 max 

-1 typ 
-4 max 

~ 
-

o -5 -10 -15 -20 -25 -30 -35 -40 
COLLECTOR-TO-EMITTER VOLTS 92CM-I0725T 

POWER TRANSISTOR 2N278 

V 
V 

V 
V 

V 
V 
V 

mA 
mA 

mA 
rnA 

Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power
switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-switching, and relay- and solenoid-actuating circuits; and in low-fre
quency oscillator and audio-amplifier service. JEDEC TO-36, Outline No.n. 
Terminals: Lug 1 - base, Lug 2 - emitter, Mounting Stud,.- collector and 
case. This type is identical with type 2N173 except for the following items: 
MAXIMUM RATINGS 
Collector-to-Base Voltage (VBE = 1.5 V) .................... VCBV 
Emitter-to-Base Voltage. .......................................................... VEBO 

-50 
-30 

V 
V 
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CHARACTERISTICS 
Collector-to-Emltter Breakdown Voltage: 

Ie = -0.3 A ........................................................................... . 
Ie = -1 A. lB = 0 ............................................................. ... 

Emltter-to-Base Voltage (VeB = -50 V. IE = 0) ......... . 
Collector-to-Emitter Reach-Through Voltage ............... . 
Collector-Cutoff Current: 

VeB = -50 V. IE, = O. Te = 71°C ................................... . 
VeB = -50 V. IE = O. Te = 25°C ................................... . 

Emitter-Cutoff Current: 
VEB = -30 V. Ie = 0 .......................................................... .. 
VEB = -30 V. Ie = 0 .......................................................... .. 

V<BB)eE. 
V(BR)CEO 
VEB 
VRT 

leBo 
ICBO 

lEBO 
bBO 

TYPICAL COLLECTOR CHARACTERISTICS 

.. ... 
It: 

~ 
:I; .. 

-IS 

It: -10 
~ 
u ... 
:l 
8 

-5 

o 

TYPE 2N278 
COMMON - EMITTER CIRCUIT. BASE INPUT. 
CASE TEMjERATURE' 25°C 

~~ - 0 J _6<)0 
I-- -500 

-400 

:"00 

_200 

-I~ 

-IQ.!!.-

BASE MILLIIAMPEJES'-~ -I ,n 
I I.-P. , 17 -I 

-10 -20 -30 -40 -SO 
COLLECTOR-TO-EMITTER VOLTS 

-45 min 
-30 min 
-1 max 
-50 min 

-4 max 
-15 max 

-1 typ 
-4 max 

-60 
92CM-I073BT 

2N351 POWER TRANSISTOR 

V 
V 
V 
V 

rna 
mA 

rna 
mA 

Ge p-n-p alloy-junction type used in large-signal af amplifiers in class A 
power-output stages and class B push-pull amplifier stages in automobile 
radio receivers. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) -
emitter, Mounting Flange - collector and case. This type is identical with 
type 2N176 except for the following items: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratin (VOE = -2 V. 

Ie = -0.7 A) ............................................................................ hFE 
Small-Signal Forward-Current Transfer Ratio 

(f = 1 kc/s. VeE = -2 V. Ie = -0.7 A) .................... hi. 

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
DC Collector-Supply Voltage .............................................. .. 
DC Collector-to-Emltter Voltage ...................................... .. 
DC Base-to-Emitter Voltage ................................................ .. 
Peak Collector Current ........................................................... . 
Zero-Signal Collector Current ............................................ .. 
EmItter Resistance ................................................................... . 

l~!:s~t~~~~~~~:::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Total Harmonic Distortion (Poe = 4 W) ...................... .. 
Zero-Signal Collector Dissipation ...................................... .. 
Maximum-Signal Power Output ........................................ .. 

VCC 
VCE 
VBE 
ic(peak) 
Ie 

RL 

R. 
MUG 

POE 

2N370 TRANSISTOR 

65 

45 

-14.4 V 
-13.2 V 
-0.3 V 
-1.4 A 
-0.7 A 

1 n 
15 n 
1 kc/s 

10 n 
33.5 dB 

5 % 
9.25 W 

4 W 

Ge p-n-p alloy-junction drift-field type used in rf-amplifier service in AM 
broadcast-band portable radio receivers and short-wave receivers. JEDEC 
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TO-7, Outline No.4. Terminals: 1 - emitter, 2 - base, a - interlead shield and 
case, 4 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Transistor Dissipation: 

TA = 2S·C ................................................................................. . 
TA = 55·C ................................................................................. . 
TA = 71·C .................................................................................. . 

Temperature Range: 
Operating (Ambient) ........................................................... . 
Storage ...................................................................................•.... 

C,HARACTERISTICS 
Collector-Cutoff Current (VCB = -12 V, IE = 0) ....... . 
Emitter-Cutoff Current (VER = -0.5 V, Ie = 0) ....... . 
Static Forward-Current Transfer Ratio· (VeE = -12 V, 

Ie = -1 mAl ......................................................................... . 
Gain-Bandwidth Product (VeE = -12 V, Ie = -1 mAl 

TYPICAL OPERATION 
Frequency ....................................................................... . 
DC Collector-to-Emitter Voltage ......................... . 
DC Collector Current ............................................. ... 
Input Resistance ........................................................... . 
Output Resistance ....................................................... . 
Maximum Power Gain ............................................. . 
Maximum Useful Power Gain 

f 
VeE 
Ie 
Rs 
RL 
MAG 

(unneutralizedJ ........................................................ MUG 
Intrinsic Transconductance .................................... gm 
Collector Transition Capacitance ........................... . 
• This characteristic does not apply to type 2N371 

TRANSISTOR 

VCBO 
VEBO 
Ie 
IE 

PT 
PT 
PT 

TA(opr) 
TSTG 

leBO 
lEBO 

hFlll 
iT 

-24 V 
-0.5 V 
-10 rnA 

10 mA 

80 mW 
40 mW 
20 mW 

-65 to 71 ·C 
-65 to 85 ·C 

-lOmax p.A 
-12 max p.A 

6~ typ 
132 Mc/s 

1.5 20 Mc/. 
-12 -12 V 

1 1 mA 
1750 100 n 

180000 11000 n 
50.5 17 dB 

31 12.5 dB 
37800 13700 p.mhos 

l.7 1.7 pF 

2N371 
Ge p-n-p alloy-junction drift-field type used in rf-osciIlator applications in 
AM broadcast-band battery-operated portable radio receivers and short
wave receivers. JEDEC TO-7, Outline No.4. Terminals: 1 - emitter, 2 - base, 
3 - interlead shield and case, 4 - collector. This type is identical with type 
2Na70 except for the following items: 

TYPICAL OPERATION AS AN RF OSCILLATOR 
The 2N371 produces an oscillator-injection voltage for optimum mixing in an rf 
tuner circuit. If the collector supply voltage drops from -12 to -8 volts at a frequency 
of 22 Mcls, the frequency provided by the oscillator stage will deviate from 22 Mcls 
by less than 7 kc/s. 

TRANSISTOR 2N372 
Ge p-n-p alloy-junction drift-field type for use as an rf mixer in AM broad
cast-band portable radio receivers and short-wave receivers. JEDEC TO-7, 
Outline No.4. Terminals: 1 - emitter, 2 - base, a - interlead shield and case, 
4 - collector. This type is identical with type 2Na70. 

POWER TRANSISTOR 2N376 
Ge p-n-p alloy-junction type used in large-signal af amplifiers in class A 
power-output stages and class B push-pull amplifier stages in automobile 
radio receivers. JEDEC TO-a, Outline No.2. Terminals: 1 (B) - base, 2 (E) -
emitter, Mounting Flange - collector and case. This type is identical with 
type 2N176 except for the following items: 
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CHARACTERISTICS 
static Forward-Current Transfer Ratio (VCE == -2 V. 

Ic == --0.7 A) ............................................................................ hFE 78 
Small-Signal Forward-Current Transfer Ratio 

(f == 1 kc/s. VCE == -2 V. Ic = -0.7 A) .................... hfe 60 

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT (TOAF = 80°C) 
DC Collector-Supply Voltage ................................................ Vcc -14.4 V 
DC Collector-to-Emitter Voltage ........................................ VeE -13.2 V 
DC Base-to-Emitter Voltage ................................................ VBE --0.3 V 
Peak Collector Current ............................................................ ic(peak) -1.4 A 
Zero-Signal Collector Current .............................................. Ic -0.7 A 
Emitter Resistance .................................................................... 1 n 
~~l ~~::;:~~y .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: Rr. 1~ kc~ 
Signal-Source Impedance ........................................................ Rs 10 n 
Power Gain .................................................................................. GPE 35 dB 
Total Hannonic Distortion ...................................................... 5 % 
Zero-Signal Collector Dissipation ........................................ 9.25 W 
Maximum-Signal Power Output ........................................ POE 4 W 

2N384 TRANSISTOR 
Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus
trial and military equipment. JEDEC TO-44, Outline No.14. Terminals: 
1 - emitter, 2 - base, 3 - collector, Center Lead - interlead shield and case. 
For collector-characteristics curves and video-amplifier circuit, refer to 
type 2N274. 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... .. 
Collector-to-Emitter Voltage (VBE == 0.5 V) ................. . 
Emitter-to-Base Voltage ...................................................... .. 
Collector Current ..................................................................... . 
Emitter Current ........................................................................ .. 
Transistor D1ss~ation: 

i! ~go~~ ~~og :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Te == 25°C (with heat sink) .......................................... .. 
Tc above 25°C (with heat sink) .................................. .. 

Ambient-Tem~rature Range: 
Operating (TA) and Storage (TsTG) ............................ .. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie == -50 p.A. 

IE = 0) ..................................................................................... . 
Collectol'-to-Base Reach-Through (VEB == -0.5 V) .. .. 
Collector-Cutoff Current (VCB = -12 V. IE = 0) ...... .. 
Emitter-Cutoff Current (VEB == --0.5 V. Ic = 9) ........ .. 
Small-Signal Forward-Current Transfer Ratio 

VeBO 
VCEV 
VEBO 
Ie 
IE 

V(BB)CBO 
VltT 
leBO 
lEBO 

(VeB == -12 V. IE == 1.5 mAl .......................................... h'e 
Small-Signal Forward-Current Transfer Ratio Cutoff 

Frequency (VCB == -12 V. IE = 1.5 mAl .................... fhfb 
Input Resistance: 

VeE = -12 V. IE == 1.5 mAo f == 50 Me/s .................... Rie 
VeE = -12 V. IE == 1.5 mAo f == 12.5 Me/s .................. Rie 

Output Resistance: 
VCE = -12 V. IE == 1.5 mAo f == 50 Mc/s .................... Roe 
VeE = -12 V. IE == 1.5 mAo f == 12.5 Mc/s .................. Roe 

Output Capacitance (VeB = -12 V. IE == 0) .................... Cobo 
Power Gain: 

VCE = -12 V. IE == 1.5 mAo f == 51} Mc/s ................... . 
VCE = -12 V. IE == 1;5 mAo f == 12.5 Me/s ................ .. 

Thermal Resistance. Junction-to-Case .......................... .. 
Thennal Resistance. Junction-to-Ambient .................. .. 

G p • 
Gpo 
fh-e 
e'-A 

TYPICAL OPERATION IN VIDEO·AMPLIFIER CIRCUIT 
DC . Collector-to-Emitter Voltage ....................................... . 
DC Emitter Current .............................................................. .. 

~~~iti~Pi~c~ ... :::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Frequency Response ................................................................ .. 
Pulse-Rise Thrie ......................................................................... . 
Voltage Gain .............................................................................. .. 
Maximum Peak-to-Peak Output Voltage ....................... . 

VeE 
IE 
Rs 

tr 

-40 
-40 

--0.5 
-10 

10 

V 
V 
V 

rnA 
rnA 

120 mW 
See curve page 112 

240 mW 
See curve page 112 

-65 to 100 

-40 min 
-40 min 
-12 max 
-12 max 

20 to 175 

100 

30 
250 

5000 
16000 

3 max 

·C 

V 
V 

p.A 
p.A 

Mc/s 

n 
n 
n 
n 

pF 

15 to 21 dB 
24 to 32 dB 

0.31 max ·C/mW 
0.62 max ·C/mW 

-12 V 
5.8 mA 

156 n 
16 pF 

20 c/s to 10 Mc/s 
0.035 p.s 

26 dB 
20 V 
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2N388 
2N388A 

Ge n-p-n alloy-junction types used in switching applications in data-process
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 . base 
and case, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................... . 
Collector-to-Emitter Voltage: 

VDE = -0.5 V ........................................................ .. 
RDE = 10000 0 ........................................................... . 

Emltter-to-Base Voltage ........................................... . 
Collector Current ......................................................... . 

Tr~~~OrtoD~!~~~.~.: ................................................... . 
TA above 25°C ........................................................... . 

Temperature Range: 
Operating (Junction) ........................................... . 
Storage ......................................................................... . 

Lead-Soldering Temperature (10 s max) ....... . 

CHARACTERISTICS 
Base-to-Emitter Voltage: 

ID = 10 rnA. Ie = 200 rnA ................................... . 
ID = 4 rnA. Ie = 100 rnA ..................................... . 

Collector-Cutoff Current: 
VeE = 20 V. RBm = 10000 0 ............................... . 
VeE = 40 V. VBE = -0.5 V ................................. . 
VCB = 40 V. Im = 0 ............................................... . 
VeB = 25 V. IE = 0 ............................................... . 
VCD = 1 V. IE = 0 ............................................... ... 

Emitter-Cutoff Current: 
VEB = 15 V. Ie = 0 ............................................... . 
VmD = 1 V. Ie = 0 ................................................. . 

Static Forward-Current Transfer Ratio: 
VeE = 0.75 V. Ie = 200 rnA .......•........•..•............ 
VeE = 0.5 V. Ie = 30 rnA ........•........•.........•.... 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff~requency (VCB = 6 V. Ie = 1 rnA) .• 

Output Capacitance (VCB = 6 V. Ie = 1 rnA) .. 
Turn-On Time (Vee = 20 V. lB. = 10 rnA. 

ID. = -10 rnA, Ie = 0.2 A. Rc = 100 0) ...... 
Storage Time (Vee = 20 V. lB. = 10 rnA. 

lB. = -10 rnA. Ie = 0.2 A. Rc = 100 0) 
Fall Time (Vee = 20 V. lB. = 10 rnA. 

ID. = -10 rnA. Ie = 0.2 A. Rc = 100 0) ....... . 

COMPUTER TRANSISTOR 

VeDO 

VeEv 
VeED 
VEDO 
Ie 

PT 
PT 

TJ(opr) 
TSTG 
TL 

VBE 
VBm 

leER 
IeEV 
leBO 
leBO 
leBO 

!mBO 
!mBO 

hFE 
hFE 

fhtb 
Cobo 

2N388 2N388A 
25 40 V 

40 V 
20 V 
15 15 V 

200 200 rnA 

150 150 mW 
See curve page 112 

100 100 ·C 
-65 to 100 ·C 
235 235 °c 

2N388 2N388A 

1.5 1.5 max V 
0.8 0.8 max V 

50 50 max /JA 
50 max /JA 
40 max /JA 

10 lOmax /JA 
5 5 max /JA 

10 lOmax /JA 
5 5 max /JA 

30 30 min 
60 to 180 

5 5min Mc/s 
20 20 max pF 

1 1 max iJS 

0.7 0.7nwi: /JS 

0.7 0.7 max p.s 

2N395 
Ge p-n-p alloy-junction type used in switching applications in data-process
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base 
and case, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base VoltaJ!e ....................................................... . 
Collector-to-Emitter Voltage (RBE = 10000 0) ........... . 
Emitter-to-Base Voltage ........................................................ .. 

VeBO -30 V 
VeER -15 V 
VEBO -20 V 

Collector Current ...................................................................... .. Ie -0.2 A 
Transistor Diss;,gation: 

TA up to 25 C ....................................................................... . 
TA above 25°C ....................................................................... . 

PT 150 roW 
PT See curve page 112 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ....................... . 

TJ(opr) -65 to 85 ·C 
TSTG -65 to 100 ·C 
TL 230 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = -0.1 rnA. 

Im = 0) ....................................................................................... . V(BR)eBO -30 min V 
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CHARACTERISTICS (cont'd) 
Emitter-to-Base Breakdown Voltage (1m = -0.1 mA, 

10 = 0) ••••.•.•.••...•••.••.•••••••••••••••••••••••.•••.•••.••••..•••••••••••••.••••••••••••••• 
Collector-to-Emitter Reach-Through Voltage ............... . 
Collector-to-Emitter Saturation Voltage (b == -5 rnA, 

Ie = -so rnA) ....................................................................... . 
Collector-Cutoff Current (VeB = -15 V, 1m = 0) ....... . 
Emitter-Cutoff Current (VER = -10 V, Ie == 0) ........... . 
Static Forward-Current Transfer Ratio: 

VeE = -1 V, Ie = -10 rnA ............................................... . 
VeE = -0.35 V, Ie = -200 mA ....................................... . 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VeR = -5 V, 1m = 1 mA ) ........................... . 

Output Capacitance (VeB = -5 V, Ie == -1 mA, 
f = 1 Mc/s) ........................................................................... . 

V(RR)ERO 
VRT 

VeE (sat) 
leBO 
ImBO 

hFE 
hFE 

fUb 

Cobo 

-20 min 
-15 min 

-0.2 max 
-Smax 
-Smax 

20 to 150 
10 min 

3 min 

20 

2N396 
2N396A 

COMPUTER TRANSISTORS 

V 
V 

V 
/LA 
!LA 

Mc/s 

pF 

Ge p-n-p alloy-junction types used in switching applications in data-process
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base 
and case, 3 - collector. This type is identical with type 2N395 except for 
the following items: 

MAXIMUM RATINGS 2N396 2N396A 
Collector-to-Emitter Voltage: 

RBE = 1000 n ........................................................... . 
Base open .................................................................. .. 

T~!:~O;o D~i8a~~.?~.: .................................................. . 

VeER 
VeEO 

-20 
-20 

200 

V 
V 

mW 
TA above 25°C .......................................................... .. 

PT 
PT See curve page 112 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(Ie = -O.S rnA, b = 0) ...................................... .. 
Collector-to-Emitter Saturation Voltage 

(IB == -3.3 rnA, 10 = -50 mAl ...................... .. 
Collector-to-Emitter Reach-Through Voltage .. .. 
Collector-Cutoff Current: 

VeB = -20 V, 1m = 0, TA = 25°C .................. .. 
VeB = -20 V, 1m = 0, TA = noc .................. .. 

Static Forward-Current Transfer Ratio: 
VeE = -1 V, Ie == -10 rnA, TA = 25°C ...... .. 
VeE = -0.35 V, Ie = -200 mA, TA = 25°C .. .. 
VeE = -1 V. Ie == -10 rnA, TA = 55°C ...... .. 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency (VeR = -5 V, 1m = 1 mAl 

Delay Time (Vee = -10 V, Ie = -10 rnA, 
Inl = 1 rnA, lB. = -1 mAl .............................. .. 

Rise Time (Vee = -10 V, Ie == -10 mA, 
bl = 1 mA, b. = -1 rnA) ............................... . 

Storage Time (Vee = -10 V, Ie = -10 rnA, 
bl = 1 rnA, In. = -1 rnA) ............................... . 

Fall Time (Vee = -10 V, 10 = -10 mA, 
IBl = 1 mA, lB. = -1 rnA) .............................. .. 

V<BR)eEO 

VeE (sat) 
VRT 

leBO 
leBO 

h .. E 
hFE 
h .. E 

fhfb 

tr 

t. 

tf 

2N396 2N396A 

-20 min 

-0.2 -0.2 max 
-20 -20 min 

-6 -6 max 
-120 max 

30 to 150 
15 15 min 

20 min 

5 5 min 

0.1 to 0.2 

0.2 to 0.65 

0.25 to 0.8 

0.2 to 0.4 

2N397 COMPUTER TRANSISTOR 

V 

V 
V 

~ 

Mc/s 

JLS 

/LS 

/LS 

/LS 

Ge p-n-p alloy-junction type used in switching applications in data-process
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base 
and case, 3 - collector. This type is identical with type 2N395 except for 
the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

(Is = -2.5 rnA, Ie = -50 rnA) ........................................ VeE (sat) 
Static Forward-Current Transfer Ratio (VeE = -1 V, 

Ie == -10 rnA) ........................................................................ hFE 
Small-Signal Forward-Current Transfer-Ratio 

Cutoft Frequency (Ven = -5 V. 1m = 1 mAl ............ fhfb 

-0.2 max 

40 to 150 

10 min 

V 

Mc/s 
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2N398 
2N398A 
2N398B 

Ge p-n-p alloy-junction types used for direct "on-off" control of high-voltage, 
low-power devices such as neon indicators, relays, incandescent-lamp indi
cators, indicator counters of electronic computers, and similar applications 
in critical industrial and military equipment. Designed to meet MIL speci
fications, including mechanical, environmental, and life tests. JEDEC TO-5, 
Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ........................ VeDa 
Collector-to-Emitter (RDE = 0) ................ VeEs 
Emitter-to-Base Voltage ................................ VEDO 
Collector Current ............................................ Ie 
Emitter Current .............................................. IE 
Transistor Dissipation: 

TA up to 25°C ................................................ PT 
TA above 25°C ............................................ PT 

Temperature Range: 
Operating (Ambient) ................................ TA(opr) 
Storage ............................................................ TSTO 

Lead-Soldering Temperature: 
10 seconds max ............................................ TL 
3 seconds max ............................................ TL 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 

10 = -0.025 mAo 1m == 0 ........................... . 
Ie==-0.05mA.h=0 ........................ .. 

Emitter-to-Base Breakdown Voltage 

CoU:c~r~~~rr:er Ic~a~~_~oUih""'"'' 
Voltage .......................................................... .. 

Collector-to-Emitter saturation Voltage 
(Ie = -5 mAo IB = -0.25 mAl .......... .. 

Base-to-Emitter Saturation Voltage 
(Ie = -5 mAo IB == -0.25 mAl .......... .. 

Collector-Cutoff Current: 
VeE == -105 V. RBE = O. TA == 25°C .... 
Vcm == -55 V. RBE == 1000 n. TA == 25°C 
VCB == -2.5 V. IE == O. TA == 25°C ....... . 
VeB == -105 V. IE == O. TA == 25°C ...... .. 
VCB == -105 V. IE = 0, TA == 71°C ...... .. 

Emitter-Cutoff Current: 
VEB = -2.5 V. Ie == 0 .......................... .. 
VEB == -50 V. Ic = 0 .............................. .. 
VEB = -50 V. Ie == 0 .............................. .. 

Static Forward-Current Transfer Ratio: 
VeE == -0.25 V. Ie = -5 mA .............. .. 
VeE == -0.35 V. Ie == -5 mA .............. .. 

Small-Signal Forward-Current Transfer 

r~ol k~~:) ~ .. ~ .... ~~:: .. ~~ .. ~ ... :::~ ... ~ ........ 
Small-Signal Forward-Current Transfer

Ratio Cutoff Frequency (VeB = -6 V. 
IE == 1 mAl ................................................ .. 

Thermal Resistance. Junction-to-
Ambient ......................................................... . 

V(BRlCBO 
V(BRlCRO 

V(RRlEBO 

VBT 

Vel!l(sat) 

VBE(sat) 

ICES 
leER 
lCBO 
leBO 
leBO 

lEBO 
lEBO 
I"BO 

hr. 

fhrb 

9S-A 

COMPUTER TRANSISTORS 

2N398 2N398A 2N398B 
-105 -105 -105 V 
-105 -105 -105 V 
-50 -50 -75 V 

-100 -200 -200 mA 
100 200 200 mA 

50 150 250 mW 
See curve page 112 

-65 to 55 -65 to 100 °c 
-65 to 85 -65 to 100 ·C 

230 250 ·C 
250 ·C 

-105 min V 
-105 -105 -min V 

-50 -50 -75 min V 

-105 -105 -105 min V 

-0.35 -0.35 -0.25 max V 

-0.4 -0.4 -0.3 max V 

-600 -600 -300 max 

~ -300 max 
-14 -14 -6 max 
-50 -50 -25 max p.A 

-300 max p.A 

-6 max p.A 
-50 -50 -max p.A 

-50 max p.A 

20 min 
20 20 -min 

20 40mln 

1 max Mcls 

0.5 0.3max·C/W 

2N404 
2N404A 

Ge p-n-p alloy-junction types used in switching applications in data-process
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector. 
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"MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................... . 

, Collector-to-Emitt-er Voltage (VBE = 1 V) ....... . 
Emitter-to-Base' Voltage ........................................... . 
Collector Current ....................................................... . 
Emitter Current ........................................................... . 

Tri~~~°toD~~i~a~.~~.: .................................................. . 
TA = 55'C ................................................................... . 
TA = 71'C ... ; ....................................•........................... 

VOBO 
VeEV 
VEBO 
Ie 
IE 

PT 
PT 
PT 

2N404 
-25 
-24 
-12 

-100 
100 

150 
75 
35 

2N404A 
-40 V 
-35 V 
-25 V 

-150 mA 
150 mA 

150 mW 
90 mW 
60 roW 

T~n:re~~=e (~f~nt) ............................................. . TA(opr) 
TSTG 

-65 to 85 -65 to 100 'c 
Storage .......................................................................... . -65 to 100 -65 to 100 'c 

Lead-Soldering Temperature (10 s max) •..•...... 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ie = -0.02 mA. IE = 0) ................................... . 
, Emitter-to-Base· Breakdown Voltage 

(IE = ,-0.02 rnA. Ie = 0) ................................... . 
Base-to.~itte~ Saturation· Voltage: 

10 = -12 mA. lB= -0.4 mA ........................... . 
Ie = -24 rnA. IB = -1 mA ............................... . 

Collector-to-Emitter Saturation Voltage: 
Ie = -12 mA. lB = ~0.4 mA ............................. . 
Ie = -24 rnA. lB == -1 mA ............................... . 

Emitter-to-Base Reach-Through Voltage 
(VEB = -1 V) ......................................................... . 

ColleetoJ::_Cutoff 'Current: 
VeR = -'12·V. IE = O. TA = 25'C •................... 
VeR =-12 V. IE = 0 ... TA = 80'C ................... . 

Static FOJ::Ward-Current '~'ransfer Ratio: 
VeE = -0.2 V. Ie = -24 mA ............................. . 
VOE = -0.15. V. Ic = -12 mA ...........................• 

Small-Signal Forward-Current Transfer-Ratio 
. Cutoff Frequency (VCR = -6 V. Ic = -1 mA) 
Output Capacitance: 

VCR = -6 V. IE = 0 ........................................... . 
VCR == -6 V •. Ic = -1 mA. f = 2 Mc/s ....... . 

Thermal Resistance. Junction-to-Ambient ....... . 
Stored Base Charge (Ie = -10 rnA. 

lB = -1 mA) ........................................................... . 
• This value does not apply to type 2N581. 

TL 

; V(BB)eBO 

V(BB)EBO 

VBE(sat) 
VBE(sat) 

VeE (sat) 
VeE (sat) 

VRT 

leBO 
leBO 

hFE 
hFE 

fOfb 

Cobo 
Cobo 
€h-A 

Qs 

2N40S 'TRANSISTOR 

255 255 'c 

-25 -40mlh V 

-12 -25 min V 

-0.35 -0.35 max V 
-0.4 -0.4 max V 

-0.15 -0.15 max V 
-0.2 -0.2 max V 

-24 -35 min V 

-5 -5 max pA 
-90· -90inax pA 

24 24 min 
30 30 min 

4 4!mln:Mc/s 

20 ~max pF 
20 max ~ 

500 ~OOmax'C/ 

1400 1400 max pC 

Ge p-n-p alloy-junction type used in low-power class A af-amplifier appli
cations in battery-operated portable radio-receivers. JEDEC TO-40, Outline 
No.lao. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Bas~ Voltage ....................................................... . 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage ....................•..............•...................... 
Collector Current ....................................................................... . 
Emitter Current .............•...................................................•........ 
Transistor Dissipation: 

TA = 25'C ...........................................................•...................... 
TA = 55'C ............................................•..................................... 
TA = 71'C ................................................................................. . 

TeWte~~~~e ~tT~nt) ........................................................... . 
Storage ....................................................................................... . 

CHARACTERISTICS 

VCBO 
VeEo 
VEBO 
Ie 
IE 

PT 
PT 
PT 

TA(opr) 
TSTG 

Collector-Cutoff Current (Vcs = -12 V. IE = 0) ........ leBO 
Emitter-Cutoff Current (VEB = -2.5 V. Ie = 0) ........ lEBO 
Static Forward-Current Transfer Ratio (VeE = -6 V, 

IE = 1 rnA) ............................................................................ hFE 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCR = -6 V. Ie = -1 rnA) .................... fhfb 
Intrinsic Transconductance (VCE = -6 V. IE == 1 rnA) gm 
Power Gain (Roe = 8500 n, R!e= '750 0) .................... Gpe 

-20 V 
-18 V 
-2.5 V 
-35 rnA 

35 rnA 

150 mW 
50 mW 
20 mW 

-65 to 71 ·C 
-65 to 85 'c 

-14 max pA 
-14 max pA 

35 

650 kc/s 
37500 JLmhos 

43 dB 
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TRANSISTOR 2N406 
Ge p-n-p alloy-junction type used in low-power class A af-amplifier appli
cations in battery-operated portable radio receivers. JEDEC TO-l, Outline 
No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. This type is electrically 
identical with type 2N405. 

TRANSISTOR 2N407 
Ge p-n-p alloy-junction type used in class A amplifiers and class B push-pull 
output stages of battery-operated radio receivers and af amplifiers. JEDEC 
TO-40, Outline No.l3. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Transistor Dissipation: 

TA = 25·C ................................................................................. . 
TA = 55·C ................................................................................. . 
TA = .71·C ................................................................................. . 

T~te~~':J::~e (~gr~nt) ........................................................... . 
Storage ....................................................................................... . 

1:HARACTERISTICS 
Collector-Cutoff Current (VeB = -12 V. IE = 0) ....... . 
Emitter-Cutoff Current (VEB = -2.5 V. Ie = 0) •••••.•••. 

. Static Forward-Current Transfer Ratio (VeE = -1 V. 
Ie = -50 rnA) ....................................................................... . 

VeBo 
VeEo 
VEBO 
Ie 
IE 

PT 
PT 
PT 

TA(opr) 
TSTG 

leBO 
lEBO 

hFE 

-20 
-18 
-2.5 
-70 

70 

150 
50 
20 

-65 to 71 
-65 to 85 

-14 max 
-14 max 

65 

TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 
(Values Are For Two Transistors Except as Noted) 
DC Collector Supply Voltage .................................. Vee 
Base-to-Emitter Voltage ............................................ VBE 
Peak Collector Current 

-4.5 -9 
-0.15 -0.15 

(Approx.) per transistor ...................................... ie(peak) 
Maximum-Signal DC Collector Current 

(Approx.) per transistor ....................................... Ie 
Zero-Signal DC Collector Current 

(Approx.) per transistor ....................................... Ie 
Signal Frequency ......................................................... .. 
Signal-Source Impedance per base ....................... Rs 
Load Impedance per colleetor ................................. RL 
Power Gain ..................................................................... GPE 

-35 -40 

-11.5 -13 

-2 -2 
1 1 

375 375 
100 200 

30 33 
Circuit Efficiency........................................................... 7J 
Total Harmonic Distortion ...................................... . 

60 69 
lOmax lOmax 

Maximum-Signal Power Output ............................. POE 75 160 

TRANSISTOR 2N408 

V 
V 
V 

rnA 
mA 

mW 
mW 
rnW 

·C 
·C 

p.A 
p.A 

V 
V 

mA 

rnA 

rnA 
kc/s 

n 
n 

dB 
% 
% 

mW 

,Ge p-n-p alloy-junction type used in class A amplifiers and class B push-pull 
output stages of battery-operated radio receivers and af amplifiers. JEDEC 
TO-l, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. This type 
is electrically identical with type 2N407. 

TRANSISTOR 2N409 
Ge p-n-p alloy-junction type used in 455-kilocycle if-amplifier service in 
battery-operated portable radio receivers and automobile radio receivers. 
JEDEC TO-40, Outline No.l3. Terminals: 1 .. emitter, 2 .. base, 3 .. collector. 
This type is electrically identkal with type ~~N410. 
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2N410 TRANSISTOR 
Ge p-n-p alloy-junction type used in 455-kilocycle if-amplifier service in 
battery-operated portable radio receivers and automobile radio receivers. 
JEDEC TO-1, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . 
Emitter-to-Base Voltage ........•................................................. 
Collector Current ..................................................................... . 
Emitter Current ....................... , ................................................. . 
Transistor Dissipation: 

T ... = 25·C ................................................................................. . 
T ... = 55·C ................................................................................. . 
T ... = 71·C ................................................................................. . 

T1fte~=e (~r~t) ........................................................... . 
Storage ...................................................................................... .. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = -10 /LA. 

1m = 0) .•..................•.......••.•.•.•..••..••••..•..................................... 
Emitter-Cutoff Current (VEB = -0.5 V. Ie = 0) ....... . 
Collector-Cutoff Current (VeB = -13 V. IE = 0) ....... . 
Intrinsic Base-Lead Resistance (VeE = -9 V. 

IE = 1 mA) ...........................•.................................................. 
Static Forward-Current Transfer Ratio: 

VeE = -9 V. IE = 0.5 mA ................................................... . 
VeE = -9 V. 1m = 1 mA ..................................................... . 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency: 
VeE = -9 V. 1m = 0.5 rnA ............................................... . 
Vo .. = -9 V. 1m = 1 mA ..................................................... . 

Gain-Bandwidth Product (VeE = -9 V. IE = 1 mA) 

VeBO 
VEBO 
Ie 
1m 

PT 
PT 
PT 

T ... (opr) 
TSTG 

V(BR)CBO 
lEBO 
leBO 

rhb 

hFE 
hFE 

fhtb 
fT 

TYPICAL OPERATION IN 455-kc/s IF-AMPLIFIER, CIRCUIT 
DC Collector-to-Emitter Voltage .......................... VeE 
DC Emitter Current .................................................... IE 
Input Resistance ..................................................•......... Rs 
Output Resistance ........................................................ RL 
Maximum Power Gain (Approx;) ........................ MAG 
Typical Spot Noise Factor (Approx.) ................... . 
Useful Power Gain (Approx.) ................................ MUG 

2N411 TRANSISTOR 

-13 
-0.5 
-15 

15 

SO 
35 
10 

-65 to 71 
-65toS5 

-13 min 
-12 max 
-lOmax 

-9.0 
0.5 

1000 
70000 

38.S 
4.5 

28.4 

75 

45 
48 

6.S 
6.7 
14 

-9.0 
1.0 

500 
30000 

37.8 
4.5 

31.2 

V 
V 

mA 
mA 

rnW 
rnW 
rnW 

·C 
·C 

V 
/LA 
/LA 

n 

Mc/s 
Mc/s 
Mc/s 

V 
mA 

n 
n 

dB 
dB 
dB 

Ge p-n-p alloy-junction type intended for converter and mixer-oscillator 
applications in battery-operated· portable radio receivers. JEDEC TO-40, 
Outline No.1a. Terminals: 1 - emitter, 2 - base, a - collector. This type is 
electrically identical with type 2N 412. 

2N412 TRANSISTOR 
Ge p-n-p alloy-junction type used in converter and mixer-oscillator appli
cations in battery-operated portable radio receivers. JEDEC TO-1, Outline 
No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ........................................................ . 
Emitter-to-Base Voltage ....................................................... '" 
Collector Current ..................................................................... . 
Emitter Current •......................................................•.................. 
Transistor Dissipation: 

T ... = 25·C ..........................................•.•................................... 
T ... = 55·C ................................................................................. . 
T ... = 71·C ............................................................................. ; ... . 

T1ft:~~ (~r~nt) ........................................................... . 
Storage .......... _ ........................................................................... . 

VeBO 
VEDO 
Ie 
1m 

PT 
PT 
PT 

T ... (opr) 
TSTG 

-13 V 
-0.5 V 
-15 mA 

15 mA 

SO rnW 
35 rnW 
10 rnW 

-65 to 71 ·C 
-65 to 85 ·C 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic == -10 /LA, 

IE == 0) ..................................................................................... . 
Collector-Cutoff Current (VCB == -13 V, IE = 0) ....... . 
Emitter-Cutoff Current (VER = -0.5 V, Ie = 0) ......... . 
Static Forward-Current Transfer Ratio (VCE = -9 V, 

Ic = -O.S rnA) ....................................................................... . 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCR = -9 V, IE == O.S rnA) ................... . 
Gain-Bandwidth Product (VOl' = -9 V, IE == O.S·mA) 
Intrinsic Base-Lead Resistance (VCE == -9 V, 

IE == O.S rnA) ....................................................................... . 

TYPICAL OPERATION IN CONVERTER CIRCUIT 

V<BR)CBO 
ICBO 
lEBO 

hFE 

DC Collector-to-Emitter Voltage ........................................ Vce 
DC Collector Current ................................................................ Ic 
Input Resistance ........................................................................ Rs 
Output Resistance ...................................................................... Rr, 
RMS Base-to-Emitter Oscillator-Injection Voltage 

(Approx.) ................................................................................ .. 
Signal Frequency ...................................................................... .. 
Useful Conversion Power Gain (Approx.) .................... MUG, 

COMPUTER TRANSISTOR 

139 

-13 min V 
-lOmax /LA 
-12 max /LA 

75 

10 Mc/s 
lS.5 Mc/s 

85 Q 

-9 V 
-O.S rnA 

700 Q 
75000 Q 

100 mV 
1 Mc/s 

32 dB 

2N414 
Ge p-n-p alloy-junction type used in switching applications in data-process
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base· Voltage ...................................................... VCBO -30 V 
Collector-to-Emitter Voltage: 

VBE == 1 V................................................................................ VCEV -20 V 
Base open .................................................................................. V CEO 

Emitter-to-Base Voltage .......................................................... VEBO 
Collector Current ........................................................................ Ie 

-15 V 
-20 V 

-200 rnA 
Transistor Dissipation: 

TA up to 25°C ........................................................................ PT 
TA above 25°C ........................................................................ PT 
TA == 55°C ................................................................................ PT 

150 mW 
See curve page 112 

75 mW 
Ambient-Temperature Range: 

Operating (TA) and Storage (TsTG) ........................... . 
Lead-Soldering Temperature (10 s max) ........................ TL 

-65 to 85 ·C 
240 ·C 

CHARACTERISTICS 
Collector-Cutoff Current (VCB == -12 V, IE == 0) ........ ICBo 
Emitter-Cutoff Current (VEB = -12 V, Ic == 0) ........ lEBO 
Small-Signal Forward-Current Transfer Ratio 

(VCE = -S V, lE == 1 rnA, f == 1 kc/s) ........................ hfe 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCB = -6 V, IE = 1 rnA) ............................ fUb 
Output CapacItance (VCB = -S V, Ic == -1 rnA) ........ Cobo 
Small-Signal Short-Circuit Input Impedance 

(VCB = -6 V, IE == 1 rnA, f = 1 kc/s) ........................ hlb 
Small-Signal Open-Circuit Reverse-Voltage 

Transfer Ratio (VCR == -6 V, IE == 0, f = 1 kc/s) .... hr. 
Noise Figure (VeE == -6 V, IE = 1 rnA, f = 1.5 Mc/s) NF 
Power Gain (VeE == -6 V, IE == 1 rnA, f = 1.5 Mc/s) Gpo 

-5 max p:A 
-5 max /LA 

80 

8 Mc/s 
11 max pF 

30 Q 

5 x 1()-4 
6 dB 

16 dB 

POWER TRANSISTOR 2N441 
Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power
switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-fre
quency oscillator and audio-amplifier service. It is stud-mounted to provide 
positive heat-sink contact. JEDEC TO-36, Outline No.n. Terminals: Lug 
1 - base, Lug 2 - emitter, Mounting Stud - collector and case. 



140 RCA Transistor Manual 

MAXIMUM RATINGS 
Collector-to-Base Voltage (VBE == 1.5 V) ................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Base Current ............................................................................... . 
Transistor Dissip,ation: 

ig ~Eov~ ~gog :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Case-Temperature Range: 

Operating (Te) and Storage (TsTo) ............................. . 

VeBV 
VEBO 
Ie 
IE 
lB 

PT 
PT 

CHARACTERISTICS (At case temperature = 25·C) 
Collector-to-Emitter Breakdown Voltage: 

Ie = -0.3 A, RBE = 0 ........................................................ V<BR)eES 
Ie = -1 A, lB == 0 ................................................................ V<BR)eEO 

Collector-to-Emitter Saturation Voltage: . 
Ie == -12 A, IB == -2 A ................................................... . 

Emitter-to-Base Voltage (VeB == -40 V, IE == 0) ...... .. 
Collector-to-Emitter Reach-Through Voltage .............. .. 
Base-to-Emitter Voltage (VeE = -2 V, Ie = -5 A) .. .. 
Collector-Cutoff Current: 

Vem{sat) 
VmB 
VRT 
VBm 

VCB == -2 V, IE = 0, Te = 25°C ........................................ leBO 
VeB == -40 V, IE = 0, Te = 25°C .................................. leBO 
VeB == --40 V, 1m == 0, Te = 71°C .................................. leBO 

Emitter-Cutoff Current: 
VEB = -20 V, 10 = 0 ............................................................ lEBO 
VEB == -20 V, Ie = 0 ............................................................ lEBO 

Static Forward-Current Transfer Ratio: 
VeE == -2 V, Ie = -5 A.................................................... hFE 
Vem == -2 V, Ie = -12 A.................................................. hFE 

-20 

13 -15 
0:: 

~ 
~ 
~ -10 ... 
l;l 
...J 
...J 
o 
u -5 

o 

TYPICAL COLLECTOR CHARACTERISTICS 

~ypi 2N!41 I I I I I I 

- COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE'25"C 

t 
? ._1200 

-IOOU. 
-800 

_600 
-500 

_-400 
_300 

-Zj 
-100 

BASE MILLIAMPERtS~ 

-5 -10 -15 -20 -25 -30 
COLLECTOR-TO-EMITTER VOLTS 

-40 V 
-20 V 
-15 A 

15 A 
-4 A 

150 W 
See curve page 112 

-65 to 100 ·C 

-40 min V 
-25 min V 

-0.3 V 
-1 max V 
-40 min V 

-0.65 V 

-100 pA 
-4 max rnA 

-15 max rnA 

-1 typ rnA 
-4 max rnA 

20 to 40 
20 

),-
-35 -40 

I2CM-I0732T 

TYPICAL TRANSFER CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 

U> 

'" ill 
CL 

-15 

~-IO 

g 
l;l 
:j -5 
8 

TYPE 2N441 

~~~ro~~Jci::M~+~~JTv~i .. ~:UT.- -15 

~ 
~ ~ 

~~~ ~ 
~ V 

~ ~ 
o -0.2 -0.4 -0.6 -O.B -I 0 

BASE-TO-EMITTER VOLTS 
82CS-I0720T 

TYPE 2N441 
COMMON-EMITTER CIRCUIT, BASE INPUT. _ 
COLLECTOR-TO-EMITTER VOLTS0'j2 

I I 
.k::::~fJ_-

~i' .60 
~~\l 

~ 
~~'( 

..4 
VI' 

-0.2 -0.4 -0.6 -0.8 
BASE AMPERES 

12CS-I072IT 
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CHARACTERISTICS (cont'd) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VeE = -6 V. Ie = -5 A) ........................ fuo 
Thermal Resistance. Junction-to-Case .............................. 9J-e 

10 kc/s 
0.5 max ·C/W 

POWER TRANSISTOR 2N442 
Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power
switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-fre
quency oscillator and audio-amplifier service. It is stud-mounted to provide 
positive heat-sink contact. JEDEC TO-a6, Outline No.n. Terminals: Lug 
1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This type is 
identical with type 2N441 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage (VBE = 1.5 V) .................... VeBV 
Emitter-to-Base Voltage ........................................................ VEllO 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 

Ie = -0.3 A. RllE == 0 ...................................................... .. 
Ic = -1 A. Is == 0 ............................................................... . 

Emitter-to-Base Voltage (VCB = -50 V. IE == 0) ...... .. 
Colleetor-to-Emitter Reach-Through Voltage .............. .. 
Collector-Cutoff Current: 

VCB = -50 V. IE = O. Tc = 2S·C .................................. .. 
Vell = -SO V. lE == O. Tc = 71°C .................................. .. 

Emitter-Cutoff Current: 
VEB -30 V. Ic _ 0 ...................................................... .. 
VEB = -30 V. Ic = 0 ...................................................... .. 

VCBR)CES 
VCBR)CEO' 
VEB 
Vl\T 

ICBO 
lOBO 

lEBO 
lEBO 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N442 
COMMON- EMITTER CIRCUIT, BASE INPUT. 
CASE TEMjERATURE. 2S"C 

,tOO 

~~J 
-BOO 

-15 

-600 ~ 

-500 --400 ~ 

-300 -
-200 -

-5 -100 -
BASE MILLIAMPERESI.-50 f---

J j 
o -10 -20 -30 -40 -50 

COLLECTOR-TO-EMITTER VOLTS 

POWER TRANSISTOR 

-50 
-30 

-45 min 
-30 min 
-1 max 
-50 min 

-4rnax 
-lSrnax 

-1 typ 
-4rnax 

-60 
92CM-I0739T 

2N443 

V 
V 

V 
V 
V 
V 

rnA 
rnA 

rnA 
rnA 

Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power
switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-fre-
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quency oscillator and audio-amplifier service. It is stud-mounted to provide 
positive heat-sink contact. JEDEC TO-36, Outline No.n. Terminals: Lug 
1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This type is 
identical with type 2N 441 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... VOBO 
Emitter-to-Base Voltage ........................................................ VEBO 

CHARACTERISTICS (At case temperature = 25·C) 
Collector-to-Emitter Breakdown Voltage: 

Ic = -0.3 A. RaE = 0 •....................................................... V<BR)CE" 
Ic := -1 A. b = 0 ................................................................ V<BR)CEO 

Collector-to-Emitter Saturation Voltage (Ic := -12 A. 
In = -2 A) .............................................................................. VCE(sat) 

Emitter-to-Base Voltage (VCB = -60 V. IE := 0) ........ VEB 
Collector-to-Emitter Reach-Through Voltage ................ VRT 
Base-to-Emitter Voltage (VCE = -2 V. 10 = -5 A) .... VBE 
Collector-Cutoff Current: 

VeB := -60 V. IE = O. Te = 25°C .................................... leBO 
VCB := -60 V. IE = O. Te = 71·C .................................... leBO 

Emitter-Cutoff Current: 
VEB = -40 V. Ie = 0 ............................................................ lEBO 
VEB := -40 V. Ic = 0 ............................................................ lEBO 

~ 
§ 

-15 

~ -10 ... ; 
-5 

o 

TYPICAL COLLECTOR CHARACTERISTICS 

T~PE 2~4431 I I I I 
I-- COMMON-EMITTER CIRCUIT. BASE INPUT. 

CASE TEMPERATURE =25'C 

"""'-12JI 
-1000 

-BOO - -600 
1--500 

....... -400 

-- -300 

-" -200 

-100 

~~ 
BASE MILLIAMPEI'f. 

-10 -20 -30 -40 -SO 
COLLECTOR-TO-EMITTER VOLTS 

-60 
-40 

-50 min 
-45 min 

-1 max 
-1 max 
-60 min 

-0.9 max 

-4 max 
-15 max 

-1 typ 
-4 max 

'f 
-60 

2N581 COMPUTER TRANSISTOR 

V 
V 

V 
V 

V 
V 
V 
V 

mA 
mA 

mA 
rnA 

Ge p-n-p alloy-junction type used in switching applications in data-process
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector. This type is identical with type 2N404 except for the follow
ing items: 

MAXIMUM RATINGS 
CoUector-to-Base Voltage ..................................................... . 
Collector-to-Emitter Voltage (VBlil = 1 V) ................... . 
Emitter-to-Base Voltage ......................................................... . 

VeBO -18 V 
VOlilV -15 V 
VlilBO -10 V 

CHARACTERISTICS 

V(Bl'l>CBO -18 min V 

V(BR)IilBO -10 min V 

VC;Iil(sat) -0.2 min V 

Collector-to-Base Breakdown Voltage (Ie = -0.02 rnA. 
Ilil = 0) ..................................................................................... . 

Emitter-to-Base Breakdown Voltage (IB = -0.02 rnA. 
Ic = 0) ............. ; ..........•............................................................. 

Collector-to-Emitter Saturation Voltage (Ie = -20 rnA. 
b =";'1 rnA) ........................................................................ .. 
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CHARACTERISTICS (cont'd) 

Base-to-Emitter Voltage (Ie = -20 rnA. IB = -1 rnA) VBI!l -0.5 max V 
Emitter-to-Base Reach-Through Voltage 

(VBE = 1 V) ........................................................................ VRT -15 min V 
Collector-Cutoff Current: 

VCR = -12 V. IE = O. TA = 25°C .................................... ICBO -lOmax A 
Static Forward-Current Transfer Ratio (VeE = -0.3 V. 

Ie = -20 rnA) ........................................................................ hFE 
Stored Base Charge (Ie = -20 rnA. lB = -2 rnA) ........ Qs 

20 min 
2400 max pC 

COMPUTER TRANSISTOR 2N582 
Ge p-n-p alloy-junction type used in switching applications in data-process
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector. This type is identical with type 2N404 except for the follow
ing items: 

MAXIMUM RATINGS 
Collector-to-Ernitter Voltage (VBl!l 1 V) .................... VCEV -14 V 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage: 

Ic = -24 rnA. lB = -0.6 rnA ............................................ VeE (sat) -0.2 max V 
Ic = -100 rnA. lB = -5 rnA ............................................ VCE(sat) 

Base-to-Ernitter Voltage: 
Ic = -24 rnA. lB = -0.6 rnA ............................................ VBE 

-0.3 max V 

-0.4 max V 
Ic = -100 rnA. lB = -5 rnA ............................................ VBE -0.8 max V 

Emitter-to-Base Reach-Through Voltage (VBE = 1 V) VRT 
Static Forward-Current Transfer Ratio: 

-14 min V 
V 

VCE = -0.2 V. Ic = -24 rnA ........................................ hFE 
VCE = -0.3 V. Ie = -100 rnA ........................................ hFE 

40 min 
20 min 

Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency (VCB = -6 V, Ie = -1 rnA) ...................... fhto 

Stored Base Charge (Ie = -24 rnA, lB = -1.2 rnA).... Qs 
14 min Mc/s 

1200 max pC 

COMPUTER TRANSISTOR 2N585 
Ge n-p-n alloy-junction type used in switching applications in data-process
ing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... .. VeBO 25 V 
Collector-to-Emitter Voltage: 

VBE = -1 V .......................................................................... .. VeEv 24 V 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current .................................................................. .. 

VeEo 15 V 
VEBO 20 V 
10 200 mA 

Emitter Current ...................................................................... .. IE -200 rnA 
Transistor Dissipation: 

TA = 25°C .............................................................................. .. PT 120 mW 
TA = 55°C .............................................................................. .. PT 35 mW 
T .. = 71°C .............................................................................. .. PT 10 mW 

Temperature Range: 

~l:r~~~~ ..... ~~~.~~~~ ..... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::: TA(opr) -65 to 71 °C 
TSTG -65 to 85 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 25 p.A. 

IE = 0) .................................................................................... .. V(BRlCBO 25 min V 
Collector-to-Emitter Breakdown Voltage (Ic = 600 p.A. 

IB = 0) .................................................................................... .. V(BRleEO 15 min V 
Emitter-to-Base Breakdown Voltage (IE = 25 p.A. 

Ic = 0) .................................................................................... .. V(BRlEBO 20 min V 
Collector-to-Emitter Saturation Voltage (Ie = 20 rnA. 

IB = 1 rnA) ............................................................................ .. VCE(sat) 0.2 max V 
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CHARACTERISTICS (cont'd) 
Base-to-Emitter Voltage (10:= 20 mA, b = 1 mAl 
Collector-Cutoff Current: 

VCB = 0.25 V, IE =,0 ........................................................... . 
VCB = 12 V. 1m = 0 ............................................................... . 

Emitter-Cutoff Current (VmB = 5 V. 10 = 0) ...•............ 
Static Forward-Current Transfer Ratio (Vem = 0.2 V. 

Ie = 20 mAl ........................................................................... . 
Small-Signal Forward-Current Transfer Ratio Cutoff 

Frequency (VeB = 6 V. 1m = -1 mAl ........................... . 
Output Capacitance (VCB := 6 V. 1m = 0) ....................... . 
Stored Base Charge (Ie = 20 mAo b := 2 mAl ........... . 

VBm 

ICBO 
ICBO 
lEBO 

hFE 

fhib 
Coho 
Qs 

2N586 TRANSISTOR 

0.45 max V 

6 max p,A 
8 max p,A 
5 max p,A 

20 min 

3 min Mc/s 
25 max pF 

3000 max pC 

Ge p-n-p 'alloy-junction type used in low-speed switching applications in 
industrial and military equipment. It can also be used in large-signal class 
A and class B push-pull af amplifiers. Similar to JEDEC TO-7 (3-lead 
type), Outline No.4. Terminals: 1 - emitter, 2 - base, 3 - no connection, 
4 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Emitter-to-Base Voltage ........................................................ ,. 
Collector Current ....................................................................... . 
Emitter Current ................................•......................................... 
Transistor Dissipation: 

TA = 25·C ............................................................................... . 
TA = SS·C ............................................................................... . 
TA = 71·C ............................................................................... . 

Ambient-Temperature Range: 
Operating (TA) and Storage (TSTG) .............................. .. 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

Ie = -50 /LA, RBE = 0 ....................................................... . 
Ie = -1 rnA. IB = 0 ........................................................... . 

Collector-to-Emitter Reach-Through Voltage ............... . 
Collector-to-Emitter Saturation Voltage 

(Ie := -250 mAo IB = -25 rnA) ....................................... . 
Base-to-Emitter Voltage (Ie = -250 mA. Iu = -7 rnA) 
Collector-Cutoff Current (VeB := -45 V. IE = 0) •....... 
Emitter-Cutoff Current (VmB = -12 V. Ie = 0) ••••...• 
Static Forward-Current Transfer Ratio{Vcm = -0.5 V. 

Ie = -250 rnA) .....................................•......................... ; ....... . 

VCBO 
VEBO 
Ie 
IE 

PT 
PT 
PT 

V(BR)eES 
V(BR) CEO 
VRT 

VCE(sat) 
VBE 
leBO 
lEBO 

hFE 

2N591 TRANSISTOR 

-45 V 
-12 V 

-250 mA 
250 mA 

250 mW 
125 mW 

60 mW 

-65 to 85 ·C 

-45 min V 
-25 min V 
-45 min V 

-0.5 max V 
-1 max V 

-16 max p,A 
-12 max /LA 

35 min 

Ge p-n-p alloy-junction type used in large-signal af driver applications in 
class A stages of automobile radio receivers. JEDEC TO-I, Outline No.1. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage ................................................ VeEO 
Collector Current ...................................................................... Ie 
Emitter Current .......................................................................... IE 
Transistor Dissi,p,ation: With Heat Sink 

TA up to 55 C ........................................................................ 100 
TA = 71·C ................................................................................ 40 

TeWte~~=e (~r~nt) ............................................................ TA{opr) 
Storage ........................................................................................ TSTG 

CHARACTERISTI,CS ~ 

Collector-Cutoff Current (VeB = ~1 V. IE = 0) .......... leBO 
Emitter-Cutoff Current (VEB = -1 V. Ie = 0) ............ lEBO 
Static Forward-Current Transfer Ratio (VeE:= -12 V. 

IE = 2 mA) .............................................................................. hFE 

-32 V 
-40 mA 

40 mA 
Without Heat Sink 

50 mW 
20 mW 

-65 to 71 ·C 
-65 to 85 ·C 

-7 max 
-20 max 

70 

p,A 
p,A 



Technical Data for RCA Transistors 

CHARACTERISTICS (cont'd) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VeE = -12 V, IE = 2 rnA) ........................ fbfb 
Thermal Resistance: 

Junction-to-ambient .............................................................. 9J-A 
With heat sink ....................................................................... . 

145 

0.7 Mc/s 

340 max °C/W 
150 max °C/W 

TYPICAL OPERATION IN CLASS A AF DRIVER-AMPLIFIER CIRCUIT 
DC Collector-Supply Voltage ................................................ Vee 
DC Collector-to-Emitter Voltage ........................................ VeE 
DC Base-to-Emitter Voltage ................................................ VnE 
DC Collector Current ................................................................ Ie 
Input Resistance .......................................................................... Rs 
Output Resistance ...................................................................... RL 
Signal Frequency ...................................................................... .. 
Power Gain ................................................................................ .. 
Total Harmonic Distortion ................................................... ... 
Transistor Dissipation ............................................................. . 
Power Output .............................................................................. POE 

TRANSISTOR 

-14.4 
-12 

-0.13 
-2 

1000 
10000 

1 
41 

3 
25 
5 

2N647 

V 
V 
V 

rnA 
n 
n 

kc/s 
dB 
% 

mW 
mW 

Ge n-p-n alloy-junction type used in large-signal ai-amplifier applications 
in battery-operated portable radio receivers and phonographs. N-P-N con
struction permits complementary push-pull operation with a matching 
p-n-p type, such as the 2N2l7. JEDEC TO-l, Outline No.1. Terminals: 
1 - emitter, 2 - base, 3 - collector (red dot). 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage .......................................................... .. 
Collector Current ....................................................................... . 
Emitter Current ........................................................................... . 
Transistor Dissipation: 

TA = 25°C .............................................................................. .. 
TA = 55°C ............................................................................... . 
TA = 71°C ...............................................................................• 

Temperature Range: 
Operating (Ambient) ........................................................... . 
Storage ....................................................................................... . 

CHARACTERISTICS 

VeBo 
VeEo 
VEBO 
Ie 
IE 

PT 
PT 
PT 

TA(opr) 
TSTo 

Collector-Cutoff Current (Ven = 25 V, IE = 0) ............ Ieno 
Emitter-Cutoff Current (VEB = 12 V, Ie = 0) •............... lEBO 
Static Forward-Current Transfer Ratio (VeE = 1 V, 

Ie = 50 rnA) ...................................................•........................ hFE 

25 V 
25 V 
12 V 

100 rnA 
-100 rnA 

100 mW 
50 rnW 
20 mW 

-65 to 71 °C 
-65 to 85 °C 

14rnax p.A 
14 max p.A 

70 

TYPICAL OPERATION IN CLASS B COMPLEMENTARY-SYMMETRY CIRCUIT' 
DC Collector-Supply Voltage ............................................... . 
DC Collector-to-Emitter Voltage for driver stage ....... . 
Zero-Signal DC Base-to-Emitter Voltage for output 

stage ........................................................................................... . 
Peak Collector Current for each transistor in output 

stage ........................................................................................... . 
Zero-Signal DC Collector Current for each transistor 

(driver and output stage) ................................................. . 

fA~1 ::s~~':::t'::c: .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Load Resistance ......................................................................... . 
Power Gain .................................................................................. .. 
Total Harmonic Distortion ................................................... . 
Power Output (input = 20 mV) ...................................... .. 

TRANSISTOR 

Vee 
VeE 

VnE 

ie(peak) 

Ie 

Rs 
RL 

POE 

6 V 
2.3 V 

0.14 V 

70 rnA 

1.5 rnA 
1 kc/s 

1100 n 
45 n 
54 dB 
10 % 

100 mW 

2N649 
Ge n-p-n alloy-junction type used in large-signal ai-amplifier applications 
in battery-operated portable radio receivers and phonographs. N-P-N con
struction permits complementary push-pull operation with a matching 
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p-n-p type, such as the 2N408. JEDEC TO-I, Outline No.!. Terminals: 
1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Bas.e Voltage ................................................... . 
Collector-to-Emitter Voltage ............................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Transistor Dissipation: 

TA = 25°C ............................................................................... . 
TA == 55°C ............................................................................... . 
TA == 71°C ............................................................................... . 

Temperature Range: 
Operating (Ambient) ........................................................... . 
Storage ....................................................................................... . 

CHARACTERISTICS 

VeBo 
VeEo 
VEBO 
Ie 
IE 

PT 
PT 
PT 

TA(opr) 
TSTG 

Collector-Cutoff Current (VeB == 12 V. IE == 0) ............ leBO 
Emitter-Cutoff Current (VEB == 2.5 V, Ie == 0) ................ lEBO 
Static Forward-Current Transfer Ratio (VeE == 1 V. 

Ie == 50 rnA) ............................................................................ hFE 

20 V 
18 V 

2.5 V 
100 rnA 

-100 rnA 

100 mW 
50 mW 
20 mW 

-65 to 71 °C 
-65 to 85 °C 

14 max /LA 
14 max /LA 

65 

TYPICAL OPERATION IN CLASS B COMPLEMENTARY·SYMMETRY CIRCUIT 
DC Collector Supply Voltage ............................................... . 
DC Collector-to-Emitter Voltage for driver stage ....... . 
Zero-Signal DC Base-to-Emitter Voltage for output 

stage ............................................... \ ........................................... . 
Peak Collector Current for each transistor in output 

stage ........................................................................................... . 
Zero-Signal DC Collector Current for each transistor 

Si=v~~e~~n~~~~ ... ~~~.:~ .... :::::::::::::::::::::::::::::::::::::::::::::::: 
Input Resistance ......................................................................... . 
Load Resistance ......................................................................... . 
Power Gain ................................................................................... . 
Total Harmonic Distortion (Poe == 100 mW) ............... . 
Power Output (input == 20 mV) ........................................ .. 

Vee 
VeE 

VBE 

ie(peak) 

Ie 

Rs 
RL 

POE 

6 V 
2.3 V 

0.14 V 

70 rnA 

1.5 rnA 
1 kc/s 

1100 n 
45 n 
54 dB 

lOmax % 
100 mW 

2N697 COMPUTER TRANSISTOR 
Si n-p-n planar triple-diffused-base type used in switching applications in 
data-processing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 -
emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
~ll~~~:~:~tt!O~fag;: ................................................... . VeBo 60 V 

RBE == 100 n .......................................................................... .. VeER 40 V 
Emitter-to-Base Voltage ......................................................... , 
Collector Current •....................................................................... 

VEBO 5 V 
Ic 500 rnA 

Transistor Dissipation: 
TA up to 25°C ......................................................................... . 
Te up to 25°C ........................................................................... . 
TA or Te above 25°C ....................................................... . 

PT 0.6 W 
PT 2 W 
PT See curve page 112 

Temperature Range: 
Operating (TA and Te) and Storage (TsTG) ........... . 

Lead-Soldering Temperature (10 s max) ....................... . 
-65 to 175 ·C 

TL 255 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie == 0.1 rnA, 

IE == 0) ....................................................................................... . 
Emitter-to-Base Breakdown Voltage (IE == 0.1 rnA. 

Ie == 0) ..•.....•.....•...•...••.......•......•..................•.............•........•..•...• 
Collector-to-Emitter Sustaining Voltage (Ie == 100 rnA, 

tp ~ 12 IDSJ.d! ~ 2%. RBE == 10 OJ ............................... . 
Collector-to-J!illli.tter Saturation Voltage (Ie == 150 rnA. 

IB == 15 rnA) ........................................................................... . 

V(BR)CBO 60 min V 

V(BR)EBO 5 min V 

VeER (sus) 40 min V 

VeE (sat) 1.5 max V 
Base-to-Emitter Saturation Voltage (Ie == 150 rnA. 

IB = 15 mA) .••.•....•.•....•...••...................................................... VBE(sat) 1.3 max V 
Collector-Cutoff Current: 

VCB == 30 V. IE == O. TA == 25°C ....................................... . 
VCB == 30 V. IE = O. TA == 150°C .................................... .. 

ICBO 1 max /LA 
ICBo 100 max /LA 



Technical Data for RCA Transistors 

CHARACTERISTICS (cant'd) 
Pulsed Static Forward-Current Transfer Ratio (VeE = 

10 V, Ie = 150 rnA, tp;;;; 12 ms, df;;;; 2%) ....................•... 
Small-Signal Forward-Current Transfer Ratio 

(f = 20 Mc/s, VeE = 10 V, Ie = 50 rnA) .................. .. 
Gain-Bandwidth Product ...................................................... .. 
Output capacitance (VeB = 10 V, 1m = 0) ...................... .. 

TRANSISTOR 

ht. 
fT 
Cobo 

40 to 120 

2.5 min 
100 

35 max 

2N699 

147 

Mc/s 
pF 

Si n-p-n planar triple-ditfused-base type used in small-signal and medium
power applications in rf amplifier, mixer, oscillator and converter service 
and in power applications in small-signal af amplifiers and switching cir~ 
cuits in industrial and military equipment. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage (RIlE;;;; 10 n) ................... . 
Emitter-to-Base Voltage ........................................................ .. 
Transistor Dissipation: 

~~ ~~ ~ ~:g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TA or Te above 2S·C ...................................................... .. 

Temperature Range: 

~Ci~~ ... ~:~~~~~~~ .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Lead-Soldering Temperature (10 s max) ...................... .. 

VCBO 120 V 
VeER 80 V 
VEBO 5 V 

PT 0.6 W 
PT 2 W 
PT See curve page 112 

T:r(opr) -65 to 175 ·C 
TSTG -65 to 200 ·C 
TL 300 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.1 rnA, 

1m = 0) ..................................................................................... . V(BR)CBO 120 min V 
Collector-to-Emitter Sustaining Voltage (RBE = 10 n, 

Ie = 100 rnA, tp ;;;; 300 p.s, df ::;; 2%) .......................... .. 
Collector-to-Emitter Saturation Voltage (Ie = 150 rnA, 

IB = 15 rnA, tp ::;; 300 p.s, df ::;; 2%) .............................. .. 
Base-to-Emitter Saturation Voltage (Ic = 150 rnA, 

IB = 15 rnA, tp ;;;; 300 /LS, df ;;;; 2%) .............................. .. 
Collector-Cutoff Current (VeB = 60 V, IE = 0) .......... .. 
Emitter-Cutoff Current (VEB = 2 V, Ie = 0) .............. .. 
Static Forward-Current Transfer Ratio (VeE = 10 V, 

Ie = 150 rnA, tp ::;; 300 p.s, df ::;; 2%) ........................... . 
Small-Signal Forward-Current Transfer Ratio: 

VeE = 5 V, Ie = 1 rnA, f = 1 kc/s ........................... . 
VeE = 10 V, Ie = 5 rnA, f = 1 kc/s ......................... . 
VCE = 10 V, 10 = 50 rnA, f = 20 Mc/s ...................... .. 

Gain-Bandwidth Product ....................................................... . 
Output capacitance ,(VCB = 10 V, 1m = 0) ..................... . 
Small-Signal Short-Circuit Impedance: 

VeE = 5 V, Ie = 1 rnA, f = 1 kc/s ........................... . 
VeE = 10 V, Ie = 5 rnA, f = 1 kc/s ......................... . 

Voltage-Feedback Ratio: 
VCE = 5 V, Ic = 1 rnA, f = 1 kc/s ........................... . 
VCE = 10 V, Ic = 5 rnA, f = 1 kc/s ........................ .. 

Output Conductance: 
VOE = 5 V, Ic = 1 rnA, f = 1 kc/s ........................... . 
VOE = 10 V, Ic = 5 rnA, f = 1 kc/s ........................ .. 

Thermal Resistance, Junction-to-Case .............................. .. 
Thermal Resistance, Junction-to-Ambient ...................... .. 

VeER (sus) 80 min V 

VCE(sat) 5 max V 

VBm(sat) 1.3 max V 
ICBo 2 max !LA 
ImBO 100 max /LA 

mE 120 max 

hte 35 min 
hte 45 min 
hte 2.5 min 
fT 50 min Mc/s 
Cobo 20 max pF 

hlb 30 max n 
hlb lOmax n 
hrb 2.5 x 10-' max 
hrb 3 x 10-' max 

hOb 0.5 max p,mho 
hOb 1 max ~ 9s-e 75 max 
9J-A 250 max ·C/W 

2N706 
COMPUTER TRANSISTORS 2N706A 

Si n-p-n epitaxial planar types used in high-speed switching applications in 
data-processing equipment. JEDEC TO-l8, Outline No.9. Terminals: 1 -
emitter, 2 - base, 3 - collector and case. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................... . 
Collector-to-Emitter Voltage (RBm == 10 0) •... 
Emitter-to-Base Voltage ........................................... . 
Collector Current ........................................................ .. 

Tr~:~oD~8a~~~~: .................................................. . 
To (With heat sink) up to 25·C ....................... . 
TA or To (with heat sink) above 25·C ........... . 

Temperature Range: 
Operating (Junction) ............................................. . 
Storage .......................................•.................................. 

CHARACTERISTICS 
Coilector-to-Emitter Saturation Voltage: 

(Ie = 10 rnA. Is == 1 rnA) ................................... . 
Base-to-Emitter Saturation Voltage: 
coH~~r~g~~ ~u~e~t~) ................................... . 

VeB = 15 V. IE == G. TA = 25·C ....................... . 
VeB == 15 V. IE == O. TA = 150·C ....•................... 

Static Forward-Current Transfer Ratio: 
VOl. == 1 V. 10 == 10 rnA ...................................... .. 
Vom = 1 V. Ie == 10 rnA. tp ;;:a 12 IJlll. df ;;:a 2% 

Small-Signal Forward-Current Transfer Ratio: 
Vem = 15 V. Ie == 10 rnA. f == 100 Mo/s ....... . 
Vem = 10 V. Ie = 10 rnA. f = 100 Mc/s ....... . 

Output Capacitance (f == 0.14 Mc/s. VeB == 5 V. 
1m == 0) ....................................................................... . 

Turn-On Time (Veo = 3 V. Ie = 111 rnA, 
IBl = 3 rnA. IBo = -1 rnA) ............................... . 

Turn-Off Time (Vee = 3 V. Ie = 19 rnA. 
IBl = 3 rnA. Is. = -1 rnA) .....•.....•.................... 

Storage Time (Veo = 10 V. Ie = 10 rnA. 
IBl = 10 rnA. lB. = -10 rnA. HI. = 1000 0) .... 

VOBO 
VOER 
VmBo 
10 

PT 
PT 
PT 

TJ(opr) 
TSTo 

VeE (sat) 

VBm(sat) 

lOBO 
leBO 

hFE 
hFE 

hfe 
hfe 

Cobo 

to + tr 

t. + tr 

t. 

2N706 2N706A 

25 25 
20 20 
5 5 

50 

0.3 0.3 
1 1 

See ourve page 

175 175 
-65 to 175 

0.6 0.6 max 

0.9 0.9 max 

0.5 0.5 max 
30 30 max 

20 to 60 
20 -min 

2 -min 
2 min 

6 5 max 

40 max 

75 max 

25 max 

2N708 COMPUTER TRANSISTOR 

V 
V 
V 
A 

W 
W 

112 

·C 
·C 

V 

V 

I'A 
I'A 

pF 

ns 

ns 

os 

Si n-p-n pIaDar double-diffused-junction type used in high-speed switching 
applications in data-processing etluipment. JEDECl TO-IS, Outline No.9. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 

g~~~:~~'h;;o~~e: .. ························ .. ·············· ......... . 
RBIII;;:a100 ............................................................................. . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ....................................................... . 
Collector Current ....•.......................•....................•...•.................. 
Transistor Dissip,atlon: 

TA up to 25 C ....................................................................... . 

~~ ~~ ~ 2:~v~···25·C···::::::::::::::::::::::::::::::::::::::::::::::::::::::.:: 
Temperature Range: 

Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (10 = 0.001 rnA. 

1m = 0) ....................................................................................... . 
Emitter-to-Base Breakdown Voltage (1m = 0.01 rnA. 

10 = 0) ....................................................................................... . 
Collector-to-Emitter Sustaining Voltage (RBm :s; 10 O. 

Ie = 30 rnA. tr = 1 ns. tp ;2: 300 ns. df :s; 2%) ...... .. 
Collector-to-Emitter Sustainmg Voltage With Base . 

()Pen (10 == 311 rnA. tr = 1 ns. t p ~ 300 ns. df :s; 2%) 
Colfector-to-Emitter Saturation Voitage (10 = fij rnA. 

Is = 1 rnA) ............................................................................. . 
Base-m-Emitter Saturation Voltage (Ie = 10 rnA. 

Is = 1 rnA) ........................................................................... . 
Collector-Cutoff Current: 

VeB = 20 V. 1m = O. TA == 25·C ....................................... . 
VeB = 20 V. 1m = O. TA = 150·C ..................................... . 

VeBO 40 V 

VemR 20 V 
Vemo 15 V 
VIIIBO 5 V 
Limited by dissipation 

PT 0.36 W 
PT 1.2 W 
PT See curve page 112 

TJ(opr) -65 to 200 ·C 
TSTo -65 to 300 ·C 
TI. 300 ·C 

V(BB)eBO 40 min V 

V(BR)mBO 5 min V 

VemR(sus) 20 min V 

Vemo(sus) 15 min V 

VCE(sat) 0.4 max V 

VBIII(sat) 0.72 to 0.8 V 

leBO 0.025 max I'A 
lOBO 15 max p.A 



Technical Data for RCA Transistors 

CHARACTERISTICS (cont'd) 

Emitter-Cutoff Current (VES == -4 V, Ie = 0) ........... . 
Collector Current for forward bias (VBE = 0.25 V, 

VCB = 20 V, TA = 125°C) ................................................... . 
Static Forward-Current Transfer Ratio: 

VeE = 1 V, Ie = 0.5 rnA ................................................. ... 
VeE = 1 V, Ie = 10 rnA ................................................... . 

Small-Signal Forward-Current Transfp.r Ratio 
(VeE = 10 V, Ie = 10 rnA, f = 100 Mc/s) ............... . 

Output Capacitance (VeB = 10 V. J .. = 0, 
f = 0.14 Mc/s) ....................................................................... . 

Base Spreading Resistance (f = 300 Mc/s, VeE = 10 V, 
10 = 10 rnA) ........................................................................... . 

Storage Time (Vee = 10 V, Ie = 10 rnA, lBl = 10 rnA, 
lB, = -10 rnA, RL = 1000 0) .......................................... .. 

Thermal Resistance, Junction-to-Case ............................. . 
Thermal Resistance, Junction-to-Ambient .......................• 

COMPUTER TRANSISTOR 

lEBO 

IeEv 

hFE 
hFE 

h .. 

Cobo 

O.OSmax 

lOmax 

15 min 
30 to 120 

3 min 

6 max 

50 max 

25 max 
145 max 
480 max 

2N709 

149 

,.A 

,.A 

pF 

o 
ns 

°C/W 
°C/W 

Si n-p-n epitaxial planar type used in switching applications in data-process
ing equipment. JEDEC TO-IS, Outline No.9. Terminals: I - emitter, 2 -
base, 3 - collector and case. This type is identical with type 2N2475 except 
for the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (Ie = 3 rnA, 

lB = 0.15 rnA) ....................................................................... . 
Base-to-Emitter Saturation Voltage (Ie = 3 rnA, 

_ IB = 0.15 rnA) ..........................•............................................• 
Pulsed Static Forward-Current Transfer Ratio: 

Ie = 10 rnA, VeE = 0.5 V, TA = 25°C ........................... . 
Ie = 30 rnA, VeE = 1 V, TA = 25°C ........................... . 
Ie = 10 rnA, VeE = 0.5 V, TA = -55°C ...................... .. 

Small-Signal Forward-Current Transfer Ratio 
(Ie = 5 rnA, VeE = 4 V, f = 100 Mc/s) ....................... . 

Input Capacitance (VEB = 0.5 V, Ie = 0, f = 140 kc/s) 
Output Capacitance (VeB = 5 V, IE = 0, f = 140 kc/s) 
Storage Time (Ie = 5 rnA, lBl = 5 rnA, lB, = -S rnA, 

Vee = 3 V) ............................................................................. . 
Turn-On Time (Ie = 10 rnA, lBl = 2 rnA, lB, = -1 rnA, 

Vee = 1 V) ............................................................................. . 
Turn-Off Time (10 = 10 rnA, lBl = 2 mA, lB, = -1 rnA, 

Vee = 1 V) ............................................................................ .. 

VCE(sat) 

VBE(sat) 

hFE (pulsed) 
hFE (pulsed) 
hn (pulsed) 

hf. 
Clbo 
Coho 

t. 

td+ tr 

t. + t, 

0.3 max 

O.SSmax 

20 to 120 
15 min 
10 min 

6 min 
2 max 
3 max 

6 max 

IS max 

15 max 

V 

V 

Mc/s 
pF 
pF 

ns 

ns 

COMPUTER TRANSISTOR 2N718A 
Si n-p-n planar triple-diffused-junction type used primarily for small-signal 
and switching applications in data-processing equipment. JEDEC TO-IS, 
Outline No.9. Terminals: I - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

Base open ................................................................................. . 
RBE ~ 10 0 ............................................................................. . 

Emitter-to-Base Voltage ....................................................... . 
Transistor Dissipation: 

TA up to 2SoC ......................................................................... . 
Te up to 25°C ......................................................................... . 
TA or Te above 25°C ....................................................... . 

Temperature Range: 

~&,~i~~~ .... ~~~~~.~~~~! .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS 

VeBO 

VCEO 
VCER 
VEBO 

PT 
PT 
PT 

TJ(opr) 
TSTG 
TL 

Collector-to-Base Breakdown Voltage (Ie = 0.1 rnA, 
IE = 0) ........................................................................................ V<Bl<)CBO 

Emitter-to-Base Breakdown Voltage (IE = 0.1 rnA, 
Ic == 0) ............... \........................................................................ V(BR)EBO 

75 V 
32 V 
SO V 
7 V 

O.S W 
1.S W 

See curve page 112 

-65 to 200 ·C 
-65 to 200 °C 

300 °C 

75 min V 

7 min V 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Sustaining Voltage (10 = 100 mA, 

lB = 0, RBm = 10 0) ........................................................... . 
Collector-to-Emitter Saturation Voltage (10 = 150 rnA, 

ID = 15 mA, t. :5 300 p,s, df :5 2%) .......................... :. 
Base-to-Emitter Saturation Voltage (10 = 150 mA, 

IB = 15 mA, t. ~ 300 p.s, df ~ 2%) .............................. .. 
Collector-Cutoff Current: 

VeER (sus) 50 min 

VeE (sat) 1.5 max 

VBE(sat) 1.3 max 

VOB = 60 V, IE = 0, TA = 25·C ....................................... . 
VCB = 60 V, IE = 0, TA = 150·C .....................................• 

Emitter-Cutoff Current (VEB = 5 V, 10 = 0) ............... . 
Pulsed Static Forward-Current Transfer Ratio: 

leBO 0.01 max 
leBO lOmax 
lEBO 0.01 max 

VeE = 10 V, Ie = ISO mA, t. ~ 300 p.s, df ~ 2% ....... . 
VOE = 10 V, Ie = 10 rnA, t. ~ 300 p.s, df ~ 2% ....... . 
VeE = 10 V, Ie = 10 rnA, TA = -55·C, t p ~ 300 p.s, 

df ~ 2% .. ; ............................................................................ . 
Static Forward-Current Transfer Ratio 

hFE(pulsed) 40 to 120 
hFE (pulsed) 35 min 

hFE (pulsed) 20 min 

(VeE = 10 V, Ie = 0.1 mAl ........................................... . 
Small-Signal Forward-Current Transfer Ratio: 

VeE = 5 V, Ie = 1 mA, f = 1 kc/s ............................... . 
VeE = 10 V, Ic = 5 rnA, f = 1 kc/s ............................. . 
VOE = 10 V. Ie = 50 rnA. f = 20 Mc/s ....................... . 

Input Capacitance (VEB = 0.5 V, 10 = 0) ....................... . 
Output CapaciUjpce (VeB = 10 V, IE = 0) ................... . 
Input Resistance: 

VeE = 5 V, Ie = 1 rnA, f = 1 kc/s ............................... . 
VeE = 10 V, 10 = 5 rnA, f = 1 ke/s .......................... .. 

Voltage-Feedback Ratio: 

hFE 20 min 

hr. 30 to 100 
hre 35 to 150 
hre 3 min 
elbo 80 max 
Cobo 25 max 

hlb 24 to 34 
hlb 4t08 

VOE = 5 V, Ie = 1 rnA, f = 1 kc/s ............................... . hr. 3x 10-< max 
VOE = 10 V, Ie = 5 rnA, f = 1 ke/s ............................ .. hrb 

TYPICAL TRANSFER CHARACTERISTICS 
TYPE 2N718A 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

500 AMBIENT T~MPERA- ~Oo 
'" TURE·25 C ~I':"o 
W ~ 
a: 
~ 400f--1---If--l 

~ 
:l 3001f--t--t-
i 

~ 200'1--+--

:.l 
oJ 100 
8 

92CS-III8!5T 

TYPICAL COLLECTOR CHARACTERISTICS 

T~I'E 2~718A I I I I ; 

I-- COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBI ENT TEMPERATURE' 2so CI 

'2.'2. ,J ,.4 ,'2. 

t::::: V I--"" 
~ t::::=: ~ ~ I---

/' ~ ~ - I-

~ ~ ~ ~ ~ 
t-' -...... 

~ I--I--~ 

) ~ 2:::: [::::: ------U ~ :...-,..-I-' 

3 x 10-< max 

\0 

.J 
6 

4 

2 

100 

V BASE MILLIAMPERES' J 
o 2 4 6 8 ~ 12 

COLLECTOR-TO-EMITTER VOLTS 92CM-III8'T 

V 

V 

V 

p.A 
p.A 
p.A 

pF 
pF 

0 
0 
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CHARACTERISTICS (cont'd) 
Output Conductance: 

VeE = 5 V. Ie = 1 rnA. f = 1 kc/s ............................... . 
VeE = 10 V. Ie = 5 rnA. f = 1 kc/s ............................. . 

Noise Figure (VeE = 10 V. Ie = 0.3 rnA. f = 1 kc/s) 
Thermal Resistance. Junction-to-Case ............................. . 
Thermal Resistance. Junction-to-Ambient ....................... . 

COMPUTER TRANSISTOR 

hob 
hob 
NF 
(h-e 
9J-A 

0.5 max 
1 max 

12 max 
97 max 

350 max 

151 

/Lmhos 
JLIDhos 

dB 
·C/W 
·C/W 

2N720A 
Si n-p-n planar triple-diffused-junction type used primarily in small-signal 
and switching applications in data-processing equipment. JEDEC TO-1S, 
Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector and case. For 
collector and transfer curves, refer to type 2N71SA. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

RBE ;;;;; 10 n ............................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 

VCBO 120 V 

Vc .... 100 V 
Ve .. o 80 V 
V .. BO 7 V 

Tr:fr~io~ ~~g~~~~;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TA or Te above 25·C ........................................................... . 

PT 0.5 W 
PT 1.8 W 
PT See curve page 112 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

TJ(opr) -65 to 200 ·C 
Tsro -65 to 200 ·C 
TL 300 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.1 rnA. 

IE = 0) ....................................................................................... . 
Emitter-to-Base Breakdown Voltage (IE = 0.1 rnA. 

Ie = 0) ....................................................................................... . 
Collector-to-Emitter Sustaining Voltage: 

Ie = 100 rnA. Is = O. t p = 300 JLS. df == 2% ...............• 
Ie = 100 rnA. Is == O. RBE = 10 n ................................... . 

Collector-to-Emltter Saturation Voltage: 
Ie.= 150 rnA. Is == 15 rnA. tp ~ 300 JLS. df ~ 2% ....... . 
Ie=50rnA.IB=5rnA ....................................................... . 

V(BBlCBO 1ZOmin V 

V(BBl .. BO 7 min V 

VCEO(SUS) 80 min V 
Vcn(SUS) 100 min V 

Vcs(sat) 5 max V 
Vcs(sat) 1.2 max V 

Base-to-Emitter Saturation Vol~e: 
Ie = 150 rnA. Is == 15 rnA. tp = 300 /LS. df ~ 2% ....... . 
Ie=50rnA.IB==15mA ................................................... . 

VBE~sat) 1.3 max V 
VBS sat) 0.9 max V 

Collector-Cutoff Current: 
VeB == 90 V. IE == O. TA = 25·C ....................................... . 
VeB = 90 V. IE = O. TA = 150·C ..................................... . 

Emitter-Cutoff Current (VEB == 5 V. Ie = 0) ............... . 
Pulsed Static Forward-Current Transfer Ratio: 

VeE = 10 V. Ie = 150 rnA. tp ~ 300 /Ls. df ~ 2% ....... . 
VeE == 10 V. Ie = 10 rnA. t p ;;;;; 300 p.s. df ;;;;; 2% ......... . 
VeE == 10 V. Ie = 10 rnA. TA = -55·C. t p ::::; 300 /Ls. 

df ;;;;; 2% ............................................................. :::: .............. . 
Static Forward-Current Transfer Ratio 

ICBo 0.01 max /LA 
leBO 15 max p.A 
ISBo 0.01 max !LA 
hFE(pulsed) (0 to 120 
hFS (pulsed) 35 min 

hFE(pulsed) 20 min 

(VeE = 10 V. Ie = 0.1 rnA) ........................................... . 
Small-Signal Forward-Current Transfer Ratio: 

VeE = 5 V. Ie = 1 rnA. f = 1 kc/s ................................. . 
VCE = 10 V. Ic = 5 rnA. f = 1 kc/s .............................. .. 
VCE = 10 V. Ie = 50 rnA. f == 20 Mc/s ......................... . 

Input Capaci~ce (VEB == 0.5 V. Ie = 0) ....................... . 
Output CapaCItance (VeBo == 10 V. IE = 0) ................. . 
Inllut Resistance: 

VCE = 5 V. Ie == 1 rnA. f == 1 kc/s ............................... . 
Vc .. = 10 V. Ie = 5 rnA. f = 1 kc/s ............................. . 

hFE ZOmin 

hf. 30 to 100 
hf. 45 min 
hf. 2.5 min 
Clbo 85 max pF 
Cobo 15 max pF 

hlb 20 to 30 Q 
hlb (toB Q 

Voltage-Feedback Ratio: 
VCE == 5 V. Ic == 1 rnA. f == 1 kc/s ............................... . hrb 1.25 x 10-' max 
Ve .. = 10 V. Ie == 5 rnA. f = 1 kc/s ............................. . hrb 1.5 x 16-' max 

Output Conductance: 
VeE == 5 V. Ie == 1 rnA. f = 1 kc/s ............................... . 
Vc .. == 10 V. Ie = 5 rnA. f = 1 kc/s ............................. . 

Thermal Resistance. Junction-to-Case ............................... . 

hOb 0.5 max JLIDhos 
hOb 0.5 max JLIDhos 
9J-{) 97 max ·C/W 

Thennal Resistance. Junction-to-Ambient ....................... . 9J-A 350 max ·C/W 
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2N834 COMPUTER TRANSISTOR 
~i n-p-n epitaxial planar type used in high-speed switching applications 
in equipment requiring high reliability and high" packing densities. JEDEC 
TO-IS, Outline No.9. Terminals: I - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
,. Collector-to-Base Voltage ................................. _ .................. . 

Collector-to-Emitter. Voltage (RBm = 0) ....................... . 
.Emitter-to-Base Voltage ......................................................... . 
'Collector Current ...................................................................... .. 

VeBO 40 V 
Vem. 30 V 
VmBo 5 V 
Ie 200 rnA 

Transistor Dissipation: 

~~ ~~ tg ~~:g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TA or Te above 25·C ............................................................ .. 

Temperature Range: 
Operating (Junction) .......................................................... . 
Storage ........................................................................................ .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

PT 0.3 W 
PT 1 W 
PT See curve page 112 

TJ(opr) 175 ·C 
TOTO -65 to 175 ·C 
TL 240 ·C 

CHARACTERISTICS 
Collector-to-Base. Breakdown' Voltage (Ie = 0.1 rnA. 

'Im = 0) ...................................................................................... .. V(BB)eBO 40 min V 
. :Emitter-to.-Base Breakdown Voltage (1m = 0.1 rnA. 

Ie = 0) ...................................................................................... . 
Collector-to-Emitter Saturation Voltage: 

Ic=10rnA.lB=lmA ................................................... . 
'Ie.= 50 rnA. IB = 5 rnA .................................................. .. 

Base-to-Emitter Saturation Voltage (Ie = 10 rnA. 
·IB =.1 rnA) ........................................................................... . 

,CoJ.leetor.Cuto:ff Current: 

V<BB)mBO 5 min V 

Vem(sat! 0.25 max V 
Vem(sat 0.4 max V 

VBm~t) 0.9 max 

VCB :::;:: 20 V. I.E == 0 .. T .. == 25·C ...................................... .. 
VeB == 20 V. 1m = O. T .. = 150·C ................................ .. 
Vem == 30 V. RBm' == O. TA :::;:: 25·C .................................. .. 

Static Forward-Current Transfer Ratio (Vem == 1 V. 

S~ll-SI~rr1lorwar;r~CUiTent··TriiDiifer·'iiatio· .. ···· ...... · .. · 
. (Vem = 15 V. Ie:::;:: 10 rnA. f = 100 Mc/s) ...................... .. 

Output Capacitance (VCR :::;:: 10 V. 1m:::;:: O. 
'f:::;:: 100 kc/s) ............................................................................ .. 

: Gain-BandWidth. Product (Vem :::;:: 15 V. Ie = 10 rnA. 
f = 100 Mc/s) ........................................................................ . 

leBO 0.5 max /LA 
leBO 30 max /LA 
ICES lOmax /LA 

hFE 25 min 

hr. 3.5 min 

Cobo 4 max pF 

IT 350 min Mc/s 
Storage Time (Vee:::;:: 10 V. 1B1 :::;:: 10 rnA. 

IB, == -"-10 rnA. Ie :::;:: 10 rnA) ........................................... . 
Turn-Oil Time (Vee = 0 to 3.5 V. Ie == 10 rnA) .... .. 
Turn.;o:ff 'Time (Vee == 0 to' 3.5 V. Ie = 10 mAl ....... . 

t. 25 max ns 
td + tr 35 max ns 
t. + tr 75 max ns 

2N914 COMPUTER TRANSISTOR 
Si n-p-n epitaxial. planar type intended for use in high-speed saturated 
logic-switching and vhf amplifier applications. JEDEC TO-IS, Outline No.9. 
Terminals: I - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
. ~R:t~:t:~~tJ°~f~ge·:··· ...... · .. ·· .. ·· ........ · .. · .... · .. · ............ .. 

RBm :::;:: 10 n ............................................................................... . 
Base open ........................................ _ ..................................... .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ................................................................... . 

Transistor Dissip,ation: 
T .. up to 25 C ...................................................................... .. 
Te up to 25·C ....................................................................... . 
TA or Te above 25·C ............................................................... . 

Temperature Range: 
Operating (Junction) ........................................................ .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie == 0.001 rnA, 

VeBO 

VeEIt 
Vemo 
VEBO 
Ie 

PT 
PT 
PT 

TJ(opr) 
TSTG 
TL 

lE ~,~ 0) .................... " ............................ ".................................. V(BB)CBO 

40 V 

20 V 
15 V 
5 V 

Limited by power 
dissipation 

0.36 W 
1.2 W 

See curve page 112 

200 ·C 
-65 to 200 ·C 

300 ·C 

40 min V 
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CHARACTERISTICS (cont'd) 
Emitter-to-Base Breakdown Voltage (IE == 0.01 mA, 

Ie = 0) ...................................................................................... .. 
Collector-to-Emitter Sustaining Voltage: 

Ie == 30 rnA, IB == 0, t p == 300 p.s, df == 1 % .................. .. 
Ie == 30 rnA, RnE == 10 n, t p = 300 p.s, df == 1 % ...... .. 

Collector-to-Emitter Saturation Voltage (Ie == 200 rnA, 
IB = 20 rnA) .......................................................................... .. 

Base-to-Emitter Saturation. Voltage (Ie = 10 rnA, 
IB == 1 rnA) .......................................................................... .. 

Collector-Cutoff Current: 
Ven = 20 V, IE == 0, TA == 2SoC ...................................... .. 
VeB == 20 V, 1m == 0, TA == IS0°C .................................... .. 

Collector Current, base forward-biased (VeE == 20 V, 
VBm == 0.2S V, TA == 12S0C) ................................................ .. 

Static Pulse Forward-Current Transfer Ratio: 
VeE == 1 V, Ie == 10 rnA ...................................................... .. 
Vem == S V, Ie == SOO rnA .................................................. .. 

Small-Signal Forward-Current Transfer Ratio 
(VeE == 10 V, Ie = 20 rnA, f == 100 Mc/s) ................... . 

Input Capacitance (VEB == -O.S V, Ie == 0, 
f == 0.14 Me/s) ...................................................................... .. 

Output Capacitance (VeB == 10 V, IE == 0, 
f = 0.14 Mc/s) ...................................................................... .. 

·Saturation StoFed-Charge Time Constant (Vee == S V, 
Ie = 20 rnA, Rc == 240 n, lBl = 20 rnA, lB. == -20 rnA) 

Turn-On Time (Vee == S V, Ie == 200 rnA, Re == 23 n, 
lBl == 40 rnA, lB. == -20 rnA) ...................................... .. 

~;::-~ff4l~.t~~;e== == -~O Vm~) ~ .. ~~~.~~: .. ~.~ .. ~ .. ~ .. ~: 
Thermal Resistance, Junction-to-case ............................ .. 
Thermal Resistance, Junction-to-ambient .................... .. 

TRANSISTOR 

V(BR)EnO 

VeEo(sus) 
VeER (SUS) 

VeE (sat) 

VBE(sat) 

leBo 
leBo 

IeEv 

hFE 
hFE 

h .. 

Clbo 

Cobo 

T, 

td + tr 

t. + tf 
9J-G 
9J-A 

Smin 

IS min 
20 min 

0.7 max 

0.8 max 

0.025 max 
15 max 

lOmax 

30 to 120 
10 min 

3 min 

9 max 

6 max 

20 max 

40 max 

40 max 
145 
480 

2N917 

153 

V 

V 
V 

V 

V 

p.A 
/loA 

/loA 

pF 

pF 

ns 

ns 

ns 
°C;W 
·C/VI 

Si n-p-n epitaxial planar type used in low-noise amplifier, oscillator, and 
converter ap.plications at vhf frequencies. JEDEC TO-72,Outline No.23 . 

. Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected to case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . 
Collector-to-Emitter Voltage .............................................. .. 
Emitter-to-Base Voltage ....................................................... . 
Collector Current .................................................................... .. 

Transistor Dissi£ation: 
TA up to 25 C ....................................................................... . 
Te up to 25°C ....................................................................... . 
TA or Te above 25°C .......................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (60 s max) ...................... .. 

VeBo 
VeEo 
VEBO 
Ie 

PT 
PT 
PT 

TJ 
TSTG 
Tr. 

TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPE 2N911 

C~.f.t.f~~1>~~~&lCfJlVEg~SE INPUT; 
FREQUENCY (f )'100 M c/. 
COLLECTOR-TO-EMITTER VOLTS (VCE)'4 
~ FREE-AIR TEMPERATURE 

(TFN"25°C 

/ " 5 I ~ 
I 

"-
'\ 

o 10 20 30 40 
COLLECTOR MILLIAMPERf.:~ {Irl 

',r':;}-I2.B46T 

30 V 
15 C 
3 V 

Limited by 
power dissipation 

200 mVi 
300 mW 

See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

230 ·C 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.001 rnA. 

IE = 0) ....................................................................................... . 
Emitter-to-Base Breakdown Voltage (IE = 0.01 rnA. 

Ie = 0) ••......•....••....••••..••.•••••••.•...•...••....•.•.••••••••••••.•••••.•••....••••.••• 
Collector-to-Emitter Sustaining Voltage (Ie = 3 rnA. 

In = O. t p = 300 ,}lS. df = 1%) .......................................... .. 
Collector-to-Emitter Saturation Voltage (Ie = 3 rnA. 

IR = 0.15 rnA) .....................•.................................................. 
Base-to-Emitter Saturation Voltage (Ie = 3 rnA. 

IR = 0.15 rnA) .................•...................................................... 
Collector-Cutoff Current: 

VCR = 15 V. IE = O. T .. = 25·C .............•.......................... 
VCB = 15 V. IE = O. TA = 150·C ..................................... . 

Static Forward-Current Transfer Ratio (VeE = 1 V. 
Ie = 3 rnA) .......................•...................................................... 

Small-Signal Forward-Current Transfer Ratio· 
(VeE = 10 V. Ie = 4 rnA. f = 100 Mc/s) ................... . 

InF~ ~~pa~itrn~:/s~V~~ ... ~ .. ~:~ .. ~: ... ~~ .. : .. ~: ....................... . 
°f~to~af:ct~~i!) (~~~ .. ~ .. ~~ .. ~: .. ~~ .. ~ .. ~: ....................... . 
Collector-to-Base Time Constant:· 

VCR = 10 V. Ie = 4 rnA. f = 40 Mc/s ....................... . 
VCR = 10 V. Ie = 4 rnA. f == 40 Mc/s ....................... . 

Small-Signal Power Gain. Unneutralized Amplifier 
Circuit:· 

VeE = 10 V. Ie = 5 rnA. f = 200 Me/s ................... . 
VeE = 10 V. Ie = 5 rnA. f = 200 Me/s ................... . 

Power Output in Oscillator Circuitt (VeB = 15 V. 
Ie = 8 rnA. f = 500 Mc/s ................................................... . 

Noise Figuret (VeE = 6 V. Ie = 1 rnA. HG = 400 n. 
f = 60 Me/s) ........................................................................... . 

• Fourth lead (case) grounded. 
t Fourth lead (case) floating. 

V(BR)CBO 

V(BR)EBO 

VeEo(sus) 

VeE (sat) 

VRE(sat) 

IeRo 
IeRo 

hFE 

hr. 

elbo 

Cobo 

rb'Cc 
rb'Ce 

Gp. 
Gp. 

Pob 

NF 

2N918 TRANSISTOR 

30 min 

3 min 

15 min 

0.5 max 

0.87 max 

0.001 max 
0.1 max 

20 to 200 

5 min 

1.6 max 

1.7 max 

30 typ 
75 max 

11.5 typ 
9 min 

10 min 

6 max 

V 

V 

V 

V 

V 

p.A 
p.A 

pF 

pF 

ps 
ps 

dB 
dB 

mW 
dB 

Si n-p-n epitaxial planar type used in low-noise amplifier, oscillator, and 
converter applications at vhf frequencies. JEDEC TO-72, Outline No.23. 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected to case. This 
type is identical with type 2N3600 except for the following items: 

MAXIMUM RATINGS 
Collector Current ...................................................•.... _.............. Ie 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio· 

(f = 100 Mc/s. VeE = 10 V. Ie = 4 rnA) ..............•..... hro 

l:~tc:J:~~~:~t~\:-~:~o7-.. ~~~:~~:~~.v:;~.~ .. :: Clbo 
IE == 0) ........................................................................................ CObo 

Collector-to-Base Time Constant· (f = 40 Me/s. 
VCR = 6 V. Ie = 2 rnA) ........................................................ n'C. 

Small-8ignal Power Gain:· 
Unneutralized Amplifter Circuit (VeE = 10 V. 

Ie == 5 rnA. f = 200 Mc/s) ............................................ Gp• 
Neutralized Amplifter Circuit (VeE = 12 V. 

Ic = 6 rnA. f = 200 Me/s) ............................................ Gp. 
Power Output. Oscillator Circuit (VeE = 10 V. 

IE = 12 rnA. f = 500 Mc/s) ................................................ Po. 

• Fourth lead (case) grounded. 
t Fourth lead (case) floating. 

50 rnA 

6 min 

2 max pF 

3 max pF 

15 ps 

13 dB 

15 min dB 
18 typ dB 
30 min roW 
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TRANSISTOR 2Nl010 
Ge n-p-n alloy-junction type used in small-signal low-noise af amplifier 
applications such as high-fidelity amplifiers, tape-recorder amplifiers, micro
phone preamplifiers, and hearing aids. JEDEC TO-I, Outline No.1. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current .....•.................................................................. 
Emitter Current ......................................................................... . 
Transistor Disswation: 

TA up to 55 C ....................................................................... . 

T~le~~~;~e (~&T~nt) ........................................................... . 
Storage •....................................................................................... 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS 

Vcno 
VCEO 
VEno 
Ie 
1m 

PT 

TA(opr) 
TSTG 
TL 

Collector-Cutoff Current (VCB == 10 V. 1m = 0) ............ ICBo 
Emitter-Cutoff Current (VEB == 2.5 V. Ic = 0) ............ lEBO 
Small-Signal Forward-Current Transfer Ratio 

(VCE == 3.5 V. IE == -0.3 mAo f = 1 kc/s) .................. hf. 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCB == 3.5 V. Ic = 0.3 mAl ........................ fhfb 
Noise Figure (VCE = 3.5 V. b == -0.3. Ro == 1000 n. 

integrated noise bandwidth == 15 kc/s) .......................• NF 

TRANSISTOR 

10 V 
10 V 
10 V 

2 mA 
-2 rnA 

20 mW 

55 ·C 
-65 to 85 ·C 

255 ·C 

lOmax pA 
6 max pA 

35 

2 Mc/s 

5 dB 

2Nl023 
Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus
trial and military equipment. JEDEC TO-44, Outline No.14. Terminals: 
1 - emitter, 2 - base, 3 - collector, Center Lead - interlead shield and case. 
For collector-characteristics curves and video-amplifier circuit, refer to type 
2N274. 

MAXIMUM. RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage (VBE == 0.5 V) ................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 

Vcno -40 V 
VCEV -40 V 
VEBO -0.5 V 
Ie -10 mA 

Emitter Current ......................................................................... . IE 10 mA 
Transistor Dissip,ation: 

TA up to 25 C ....................................................................... . 
TA above 25·C ....................................................................... . 
Tc up to 25·C (with heat sink) ................................... . 
Tc above 25·C (with heat sink) ................................... . 

Ambient-Tem12erature Range: 
Operating (TA) and Storage (TsTo) ............................. . 

PT 120 mW 
PT See curve page 112 
PT 240 mW 
PT See curve page 112 

-65 to 100 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = -50 pA. 

IE == 0) ..................................................................................... . V(BR)CBO -40 min V 
Collector-to-Base Reach-Through Voltage 

(VEB == -0.5) ....................................................................... . 
Collector-Cutoff Current (VCB == -12 V. b== 0) ....... . 
Emitter-Cutoff Current (VEB == -0.5 V. Ic == 0) ........... . 
Small-Signal Forward-Current Transfer Ratio 

(VCE = -12 V. b = 1.5 mAo f = 1 kc/s) ............... . 
Small-Signal Forward-Current Transfer Ratio Cutoff 

Frequency (VCB == -12 V. IE = 1.5 mAl ................... . 
Output Capacitance (VCB = -12 V. IE == 0) ................... . 
Input Resistance (ac output circuit shorted): 

VCB = -12 V. IE == 1.5 mAo f = 50 Mc/s ................... . 

VRT -40 min V 
leBo -12 max p,A 
lEBO -12 max ,LA 

hfe 20 to 175 

f.f. 120 Mc/s 
Cobo 3 max pF 

Rle 25 n 
VCE = -12 V. IE = 1.5 mAo f = 30 Mc/s ................... . Rle 100 n 

Output Resistance (ac input circuit shorted): 
VCB = -12 V. IE == 1.5 mAo f = 50 Me/s •................... 
VCE == -12 V. IE == 1.5 mAo f = 30 Mc/s .................. .. 

Roe 8000 n 
Roe 8000 n 
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CHARACTERISTICS (cont'd) 
Power Gain. Single-Tuned Unilateral Circuit): 

VeB = -12 V. IE = 1.5 mAo f = 50 Mc/s ...............•.... 
VeE = -12 V. IE = 1.5 rnA. f = 30 Mc/s ................... . 

Thermal Resistance. Junction-to-Case ............................... . 
Thermal Resistance. Junction-to-Ambient ....................... . 

RCA Transistor Manual 

18 to 24 dB 
20 to 26 dB 

0.31 max 'C/mW 
0.62 max 'C/mW 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
DC Collector-to-Emitter Voltage ....................................... . 
DC Emitter Current ................................................................ .. 

g~!i~~r~:::i::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Puise Rise Time ........................................................................ .. 
Voltage Gain .............................................................................. .. 
Maximum Peak-to-Peak Output Voltage ...................... .. 

VeE -12 
IE 5.8 
Rs 150 

16 
20 cis to 11 Mc/s 

tr 0.032 
26 
20 

2Nl066 TRANSISTOR 

V 
rnA 

n 
pF 

~ 
V 

Ge p-n-p alloy-junction drift.field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus
trial and military equipment. JEDEC TO-33, Outline No.lO. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - case and interlead shield. This type 
is electrically identical with type 2Nl023. 

2Nl090 COMPUTER TRANSISTOR 
Ge n-p-n alloy-Junction type used in high-current medium-speed switching 
circuits in electronic computers. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . VeBO 25 V 
Collector-to-Emitter Voltage: 

VBE = -1 V ........................................................................... . VCEV 18 V 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 

VeEo 15 V 
VEBO 20 V 
10 400 mA 

Emitter Current ........................................................................ .. IE -400 rnA 
Transistor Dissipation: 

TA. = 25'C ............................................................................... . PT 120 mW 
TA. = 55'C .............................................................................. .. PT 35 mW 
TA. = 71'C ............................................................................... . PT 10 mW 

T~te~~~l~e (~&f~nt) ........................................................... . 
Storage ...................................................................................... .. 

TA.(opr) 85 'C 
TSTG -65 to 85 'C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 25 p.A. 

IE = 0) •...••..•••...••.•••.••••••.•••.••••.••.•••...•.••.•.•..•.••......•••.•..•••.•.•..••.• 
Collector-to-Emitter Breakdown Voltage (Ie = 600 Jl.A. 

Is = 0) ..................................................................................... . 

V<BR)eBO 2Smin V 

V(BB)eEO IS min V 
Emitter-to-Base Breakdown Voltage (IE = 25 Jl.A. 

10 = 0) ..................................................................................... . V(SR)IlIBO 20 min V 

BYoe-;,o2~:tr I~o,;tae.~~ rnA ............................................... . 
Ie = 200 rnA. Is == 10 rnA ............................................... . 

Collector-to-Emitter Saturation Voltage: 
10 = 20 rnA, Is == 0.67 mA ............................................... . 
Ie = 200 rnA. IB = 10 mA ............................................... . 

Emitter-to-Base Reach-Through Voltage 
(VBE == -1 V) ....................................................................... . 

Collector-Cutoff Current (VOB = 12 V. IE = 0) ........... . 
Emitter-Cutoff Current (VES == 5 V. Ie = 0) .............. .. 
Static Forward-Current Transfer Ratio: 

VSIlI 0.4 max V 
VBE 1.Smax V 

VeE~sat) 0.2 max V 
VeE sat) 0.3 max V 

VRT 18 min V 
leBO 8 max p.A 
lEBO Smax p.A 

VeE == 0.2 V. Ie = 20 rnA ............................................... . hFE 30 min 
VeE == 0.3 V. Ie = 200 mA ............................................. . 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency (VeB == 6 V. IE = -1 mAl •........... 

Output Capacitance (Veil = 6 V. IE = 0) ....................... . 
Stored Base Charge (Ie = 20 mAo Is = 1.33 mAl ....... . 

hFE 20 min 

nfb Smin Mc/s 
Cobo 2Smax pF 
Qs 1600 max pC 
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COMPUTER TRANSISTOR 2Nl091 
Ge n-p-n alloy-junction type used in high-current medium-speed switching 
circuits in electronic computers. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. This type is identical with type 2N1090 
except for the following items: 

MAXIMUM RATINGS 
Collector-to -Emitter Voltage: 

VBE = -1 V ........................................................................... . Vcmv 15 V 
Base open ...............................................................................• VCIilO 12 V 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage (Ie = 600 /LA. 

In = 0) ..................................................................................... . V(BIl)CEO 12 min V 
Base-to-Emitter Voltage: 

Ie = 20 mA. In = 0.5 rnA ............................................... . 
Ic = 200 mA. In = 6.7 mA .............................................. .. 

VBE 0.35 max V 
VB., 1.1 max V 

Collector-to-Emitter Saturation Voltage: 
Ic = 20 mA. IB = 0.5 mA .............................................. .. 
Ic = 200 mA. IB = 6.7 mA ............................................... . 

VCEtsat) 0.2 max V 
VCE sat) 0.3 max V 

Emitter-to-Base Reach-Through Voltage 
(VBE = -1 V) ...................................................................... .. 

Static Forward-Current Transfer Ratio: 
VeE = 0.2 V. Ie = 20 mA ................................................ .. 
VeE = 0.3 V. Ic = 200 mA ............................................... . 

Small-Signal :torward-Current Transfer Retio 
Cutoff Frequency (VCB = 6 V. IE = -1 mAl .......... .. 

Output Capacitance (VCB = 6 V. IE = 0) ...................... .. 
Stored Base Charge (Ic = 20 rnA. In = 1 rnA) 

VIlT 15 min V 

hll'lil 40 min 
hll'E 30 min 

fUb 10 min Me/s 
Coho 25m8X ~ Qs lllO(tmax 

POWER TRANSISTOR 2Nl099 
Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power
switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits, and in low
frequency oscillator and audio-amplifier service. It is stud-mounted to pro
vide positive heat-sink contact. JEDEC TO-36, Outline No.11. Terminals: 
Lug 1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This 
type is identical with type 2N173 except for the following items: 

-20 

~. 
:.1-10 
::l 
8 

-5 

o 

TYPICAL COLLECTOR CHARACTERISTICS 

~y~ 2NI099' , , , I I 
- COMMON-EMITTER CIRCUIT. BASE INPUT. 

CASE TEMPERATURE-25"C 

~ 
J 

-700 

~ 
"';'600 
--~ _ -400 

-~ 
-2 .. 

-200 
.,15!p-OO 

l,.....-- i-50 

t:r. I ~ 
BASI MILLIAMPER~' j-~ ~I~ I I 

-10 -20 -30 -40 -50 -60 -70 -80 
COLLECTOR-TO-EMITTER VOLTS S2eM-IOmT 
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MAXIMUM RATINGS 
Collector-to-Base Voltage (VB" ::: 1.5 V) .... ,................... VOBV 
Emitter-to-Base Voltage ........................................................ V"BO 

CHARACTERISTICS {At case temperature = 25°C} 
Collector-to-Emitter Breakdown Voltage: 

Ie = -0.3 A. RBm ::: 0 ...................................................... .. 
Ie ::: -1 A, IB ::: 0 .............................................................. .. 

Base-to-Emitter Voltage (Ie = -5 A, Vem == -2 V) .. .. 
Collector-to-Emitter Reach-Through Voltage ............... . 
Collector-Cutoff Current: 

VCB ::: '-80 V, 1m = 0, Tc ::: 25°C ................................... . 
VCB ::: -80 V, 1m = 0, Tc ::: 71°C ................................... . 

V(BR)em" 
V(BR)CmO 
VB" 
VRT 

lOBO 
leBO 

2Nll00 POWER TRANSISTOR 

-80 
-40 

-70 min 
-55 min 

-0.9 max 
-80 min 

-4 max 
-15 max 

V 
V 

V 
V 
V 
V 

mA 
mA 

Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissip'ation values. It is used in power
switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits, and in low
frequency oscillator and audio-amplifier service. It is stud-mounted to pro
vide positive heat-sink contact. JEDEC TO-36, Outline No.1!, Terminals: 
Lug 1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This 
type is identical with type 2N174 except for the following items: 

MAXIMUM RATINGS 
Colleetor-to-Base Voltage (VBm ::: 1.5 V) .......................... VeBv 
Emitter-to-Base Voltage .......................................................... V"BO 

CHARACTERISTICS {At case temperature = 25°C} 
Colleetor-to-Erhitter Breakdown Voltage: 

Ie = -0.3 A, RBm == 0 ....................................................... . 
Ie = -1 A, IB == 0 .............................................................. .. 

Emitter-to-Base Voltage (VeR = -100 V, I" = 0) ...... .. 
Collector-to-Emitter Reach-Through Voltage .............. .. 
Collector-Cutoff Current: 

VCB == -100 V, lE == 0, Te ::: 25°C .............................. .. 
VCB == -100 V, 1m ::: 0, Te ::: 71°C ............................... . 

Emitter-Cutoff Current: 
VmB == -80 V, Ic == 0 ....................................................... . 
V"B = -80 V, 10 == 0 ...................................................... .. 

V(BR)em" 
V(BR)emO 
VmB 
VRT 

leBO 
ICBo 

lEBO 
ImBo 

TYPICAL COLLECTOR CHARACTERISTICS 

-15 

~ 
i 
0:-10 

~ 
8 

-5 

o 

T~PE 2~ 1100 I 
I I I I 

I--fOMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE. 25" C 

I I 
~-900 J f--8OO 
1---700 
~ -600 

-500 
~_O 
-350 
~300 

-250 
_-200 

--ISO 
-100 

-50 
1,,0 

BASE MILLIAMPERES- o } t 
-40 -60 -80 -100 

COLLECTOR-TO-EMITTER VOLTS 

-100 
-80 

-80 min 
-'65 min 
-1 max 

-100 min 

-4 max 
-15 max 

-1 typ 
-4 max 

!l2CM-IO'l24T 

V 
V 

V 
V 
V 
V 

mA 
mA 

mA 
mA 



Technical Data for RCA Transistors 159 

TRANSISTOR 2Nl177 
Ge p-n-p alloy-junction drift-field type used in radio-frequency amplifier 
applications in FM and AM/FM radio receivers. JEDEC TO-45, Outline 
No.15. Terminals: 1 - emitter, 2- base, 3 - interpin shield and case, 4 -
collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ....................................................................... . 
Transistor Dissipation: 

TA = 25°C ............................................................................. ... 
TA = 55°C ............................................................................... . 
TA = 71°C ............................................................................... . 

Temperature Range: 
Operating (Ambient) .......................................................... .. 
Storage ....................................................................................... . 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (VBE = 0.5 V. 

Ie = -50 p.A) .........................•..••.•...•...........•..••....•................. 
Collector-Cutoff Current (VeB = -12 V. IE = 0) ....... . 
Emitter-Cutoff Current (VEB = -0.5 V. Ie = 0) ....... . 
Small-Signal Forward-Current Transfer Ratio 

(VeE = -6 V. Ie = -1 mAo f = 1 kc/s) ................... . 
Small-Signal Forward-Current Transfer-Ratio 

Cutoff Frequency (VCB = -12 V. Ie = -1 mAl 

TYPICAL OPERATION 
Frequency .................................................................................... .. 
DC Collector-to-Base Voltage ............................................... . 
DC Emitter Current ................................................................ .. 
Input Resistance (ac output circuit shorted) ............... . 
Output Resistance (ac input circuit shorted) ............... . 
MaxiInum Available Power Gain ..................................... ... 
Extrinsic Transconductance ................................................... . 
Collector Output Capacitance ........................................... . 

VCBO -30 
VEBO -0.5 
Ie -10 
IE 10 

PT 80 
PT 50 
PT 23 

TA(opr) 71 
TSTG -65 to 85 

V(BR)CBO -30 min 
ICBo -12 max 
lEBO -12 max 

hf. 40 to 170 

fhfb 140 

f 100 
VeBo -12 
IE 1.5 
Rio 45 
Roe 3800 
MAG 14 
gm 24250 
Cobo 2 

TYPICAL COLLECTOR CHARACTERISTICS 

TYJ 2NJ.,7 I 
I I I 

-3.5 >-COMMON-EMITTER CIRCUIT. &ASE INPUT. 
AMBIENT TEMPERATURE -25·C 

~ -3 

~-2.5 

PIN 3 CONNECTED TO GROUNt-_ 

/' 

~ -2 / 

~ -1.5 
j 
8 -Ilr 

-0. 51 ~ 

l---I--

~19-

~ 

-20 

BASE ~ERES.-IO-

o -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 -22 -24 -26 
COLLECTOR-TO-EMITTER VOLTS 92CM-IOZOOT1 

V 
V 

rnA 
mA 

mW 
mW 
mW 

·C 
·C 

V 
p.A 
p.A 

Mc/s 

Mc/s 
V 

rnA 
n 

c& 
pmhos 

pF 

TRANSISTOR 2Nl178 
Ge p-n-p alloy-junction drift-field type used in radio-frequency oscillator 
applications in FM and AM/FM radio receivers. JEDEC TO-45, Outline 
No.15. Terminals: 1 - emitter, 2 - base, 3 - interpin shield and case, 4 - col-



160 RCA Transistor Manual 

lector. This type is identical with type 2N1177 except for the following 
items: 

CHARACTERISTICS 
Small-Signal Forward-.Current Transfer Ratio 

(VeE = -6 V, Ie = -1 rnA, f = 1 kc/s) ........................ hr. 

TYPICAL OPERATION 
Frequency ..................................................................................... . 
DC Collector-to~Base Voltage ............................................... . 
DC Emitter Current ................................................................... . 
Extrinsic Transconductance ................................................... . 
Collector Output Capacitance ............................................. ... 

f 
Veno 
IE 
goo 
Cobo 

2Nl179 TRANSISTOR 

40 to 275 

10.7 
-11 

2.5 
21800 

2 

Mc/s 
V 

rnA 
pmhos 

pF 

Ge p-n-p alloy-junction drift-field type used in radio-frequency mixer appli
cations in FM and AM/FM radio receivers. JEDEG TO-45, Outline No.15. 
Terminals: 1 - emitter, 2 - base, 3 - interpin shield and case, 4 - collector. 
This type is identical with type 2N1177 except for the following items: 

CHARACTER ISTICS 
Small-Signal Forward-Current Transfer Ratio 
(VeE = -6 V, Ie = -1 rnA, f = 1 kc/s) ........................ hre 

TYPICAL OPERATION 
Frequency ....................................................................................... . 
DC Emitter Current ................................................................. . 
Input Resistance (ac output circuit shorted) ............... . 
Output Resistance· (ac mput circuit shorted) ........... . 
Maximum Available Conversion Power Gain ............... . 
RMS Base-to-Emitter Oscillator-Injection Voltage ... . 
Extrinsic Conversion Transconductance ........................... . 
• At intermediate frequency of 10.7 Mc/s. 

f 
IE 
Ric 
Roe 

2Nl180 TRANSISTOR 

40 to 275 

100 
0.8 
40 

90000 
17 

125 
7500 

Mc/s 
rnA 

Q 
n 

dB 
mV 

pmhos 

Ge p-n-p alloy-junction drift-field type used in intermediate-frequency am
plifier applications in FM and AM/FM radio receivers. JEDEC TO-45, 
Outline No.15. Terminals: 1 - emitter, 2 - base, 3 - interpin shield and case, 
4 - collector. This type is identical with type 2N1177 except for the follow
ing items: 

MAXIMUM RATINGS 
Emitter-to-Base Voltage 

CHARACTERISTICS 

VEBO 

Small-Signal Forward-Current Transfer Ratio 
Cutoff Frequency (Ven = -12 V, Ie = -1 rnA) fIlfb 

TYPICAL OPERATION 
Frequency ..................................................................................... . 
DC Collector-to-Emitter Voltage ....................................... . 
Input Resistance (ac output circuit shorted) ............... . 
Output Resistance (ac input circuit shorted) ............... . 
Extrinsic Transconductance ................................................... . 
Power ·Gain: 

Maximum available ............................................................. . 
Maximum useful: 

Circuit neutralized .......................................................... .. 
Circuit unneutralized ....................................................... . 

f 
VeEo 
Rle 
Roe 
gm 

MAG 

MUG 
MUG 

-0.5 V 

100 Mc/s 

10.7 Mc/s 
-12 V 
325 Q 

24000 n 
40250 /'mhos 

35 dB 

23 dB 
20 dB 
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POWER TRANSISTORS 

2Nll83 
2Nll83A 
2Nl183B 

Ge p-n-p alloy-junction types intended for use in intermediate-power switch
ing and low-frequency amplifier applications in industrial and military 
equipment. JEDEC TO-B, Outline No.5. Terminals: 1 - emitter, 2 - base, 
3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...... VenD 
Collector-to-Emitter Voltage: 

VBE = 1.2 V............................ VeEv 
RBE = 0 .................................... VeEs 
Base open ................................ VeEo 

Emitter-to-Base Voltage .......... VEBO 
Collector Current ........................ Ie 
Emitter Current .......................... IE 
Base Current ................................ In 
Transistor Dissipation: 

TA up to 25°C .......................... PT 
TA above 25°C ........................ PT 
Te up to 25°C 

(with heat sink) ................ PT 
Te above 25°C 

(with heat sink) ................ PT 
Temperature Range: 

Operating (Ambient) ............ TA(opr) 
Storage ...................................... TSTG 

CHARACTERISTICS 
Collector-to-Emitter Voltage: 

Ie = -50 mAo RnE = 0 ....... . 
VBE = 1.2 V. Ie = -250 rnA 
Ie -50 rnA. In 0 ....... . 

Emitter-to-Base Voltage: 
(VeE = -2 V. Ie = -400 mAl 

Collector-Cutoff Current: 
VeB = -1.5 V. 1m = 0 ........... . 
VeB = -45 V. IE = 0 ........... . 
VeB = -60 V. IE _ 0 ........... . 
Ven = -80 V. 1m = 0 ........... . 

Emitter-Cutoff Current 
(VEB = -20 V. Ie = 0) 

VeES 
VeEv 
VeEo 

leBo 
leBO 
leBo 
leBo 

lEBO 

2N1183 
-45 

-45 
-35 
-20 
-20 
-3 
3.5 

-0.5 

1 

7.5 

-35 min 
-45 min 
-20 min 

1.5 max 

-30 max 
-250 max 

2N1183A 

-60 

-60 
-50 
-30 
-20 
-3 
3.5 

-0.5 

2N1183B 
-80 

-80 
-60 
-40 
-20 
-3 
3.5 

-0.5 

1 1 
See curve page 112 

7.5 7.5 

See curve page 112 

-65 to 100 
-65 to 100 

-50 min 
-60 min 
-30 min 

1.5 max 

-30 max 

-250 max 

-60 min 
-80 min 
-40 min 

1.5 max 

-30 max 

-250 max 

-100 max -100 max -100 max 

TYPICAL COLLECTOR CHARACTERISTICS 

TYP~ 2N I~ 838 
I 

COMMON-EMITTER CIRCUIT. BASE INPUT. 
CASE TEMPERATURE' 2S"C 

en ... 
a: 

WITH HEAT SINK. 

~ 
~-500 
:I 
:E -40 
a: 

0 
?:::; 

o V:::: 
~ 

~-30 
...J 
...J 
o 
u -20 

-10 

0-
Y 
O~ 
I--

I--l--::: 

~ :....-- ::::: t:=-
~ 

::::- ::::: ~ - -- -~ - k--
r--

I:::: 

~ 
:::: 
:--
t-

-10 

!::::: ~ 1====-8 ~ L--- -7 
-6 

t::- _!:=-~-5 
~ f.--L---l--i~3 
I--~~ . ---I-- RES--I 

~,!!lJ:.!:!A~ 
~ 

o ~ ~ ~ ~ ~ 1 ~ 1 1 ~ 

COLLECTOR-TO-EMITTER VOLTS 92CM-I0425TI 

V 

V 
V 
V 
V 
A 
A 
A 

W 

w 

·c 
·C 

V 
V 
V 

V 

/LA 
/LA 
/LA 
/LA 

/LA 
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CHARACTERISTICS (cont'd) 
Static Forward-Current 

Transfer Ratio (VCID == -2 V, 
Ic = -400 mA) ...................... hFID 

Small-Signal Forward-Current 
Transfer-Ratio Cutoff 
Frequency (VCB = --6 V, 
lID == 1 InA) ............................ fhfb 

Collector Saturation 
Resistance (10 = -400 mA, 
lB == -40 mA) ....................... . 

Thermal Resistance, 
Junction-to-case ...................... eJ-C 

Thermal Resistance, 
Junction-to-ambient .............. e'-A 

2N1183 2N1183A 

20 to 60 20 to 60 

0.5 min 0.5 min 

1.25 max 1.25 max 

lOmax lOmax 

75 max 75 max 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 

gg ::::..~:~!:W:g~ ... ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~;~ 
"On" DC Collector Current .................................................... lc 
"Turn-On" Base Current ........................................................ lBl 
"Turn-Off" Base Current ........................................................ lB. 
Generator Resistance ................................................................ RG =y Tfi:e .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~ 
Storage Time ................................................................................ t. 
Fall Time .................................................................................... : ... tf 

TYPICAL COLLECTOR CHARACTERISTICS 

~ -2 

~ 
c( -1.5 

B -

! -2.5 
IL 
:IE 
c( 

a:: -2 

~ 
~ -1.5 
...J 

8 
I 

-0.5 

I 
TYPE 2NII83B 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE. 2S·C 

WITH HEAT SINK. 

-160 I 
-140 

I" ~-- -120 

~f.-( -100 
-80 

-60 
*.'<10 I :;.~ -40 

~ 2& (II-. I -20 

'-- BASE MILLIAMPERES--
~rlST·7.5 

o -2 -4 -6 -B -10 -12 -14 -16 -18 -20 
COLLECTOR-TO-EMITTER VOLTS 

TYPICAL TRANSFER CHARACTERISTIC 

TYPE 2NII83B 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE-2S·C -

WITH HEAT SINK. 

/ 
/ 

2N1l83B 

20 to 60 

0.5 min 

1.25 max 

lOmax 

75 max 

-12 
12 

-400 
-40 

40 
50 

0.2 
2 

1.8 
1.4 

92CM-I0440TI 

~ 
I 

/ 
V 82 

o-..4.--...L---......... -!11 

Mcls 

n 
·C/W 

·C/W 

V 
V 

rnA 
rnA 
rnA 

n 
p.S 
p.S 
p.S 
ps 

u_o.s 

./ 
V + 

92CS-I0457RI 

o 0.5 I 1.5 2 2.5 
EMITTER-TO-BASE VOLTS 

'2CS-I04ml 

B1. B. == 12 volts 
C, = 10 p.F. electrolytics. 25 volts 
R1 == 51 ohms, 2 watts 
& == 120 ohms. 2 watts 
R. == 230 ohms, I watt 
RI. = 29.5 ohms, 5 watts 
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2Nl184 
2Nl184A 
2Nl184B 

Ge p-n-p alloy-junction type intended for use in intermediate-power switch
ing and low-frequency amplifier applications in industrial and military 
equipment. JEDEC TO-8, Outline No.5. Terminals: 1 - emitter, 2 - base, 
3 - collector and case. These types are identical with types 2N1183, 2N1183A, 
and 2N1183B, respectively, except for the following items: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratio 

(VeE = -2 V. Ie = -400 rnA) .................................... hFE 

2N1184 2N1184A 2N1184B 

40 to 120 40 to 120 40 to 120 

f3 
0: 
OJ 
Q. 

~-SOO 
::; 
oJ 
:e-400 
0: 
o 
t; -300 
OJ 
oJ 
oJ 8 -200 

., 
OJ 

-100 

o 

~-2.S 
~ 
0: -2 

~ 
:::I-U5 

8 
I 

TYPICAL COLLECTOR CHARACTERISTICS 
I r 

TYPE 2NII848 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
CASE TEMPERATURE'2S"C 

WITH HEAT SINK. 

-5 
~~~-4J; 

I---I-:::::: ~ ~E::=i--"4 _ C:::--3.5 

t:::= 
-3 

e:: ~ ~ ~ E:::=~~~. :::..-I==- 1---1---- 1.5 

~ I---
C::: l:::= I:==-~f-- I----~) 

l-I---- I---~ - EIlEso - 0.5 
100- l---t::: ~ l---~~ L-- - '--
L--l---~ 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
COLLECTOR-TO-EMITTER VOLTS 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2NII848 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
CASE TEMPERATURE' 25"C 

WITH HEAT SINK . 

-100 
... 1--9<1.BO 

=.....:~ -10 
~-I-"(j, -~~O 

~.p -40 

"-"/~ 
30 

-20 81,047: 

II I 1~(W"r -10 

BASE MILLIAMPERES·-!r -7.5 -0.5 

o ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ 
COLlEClOR-TO-EMITTER VOLTS 

92CM-lon8TI 

92CM-I0439TI 
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2N1224 TRANSISTOR 

Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus
trial and military equipment. JEDEC TO-33, Outline No.l0. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is electrically identical with type 2N274. 

2N1225 TRANSISTOR 

Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus
trial and military equipment. JEDEC TO-33, Outline No.l0. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is electrically identical with type 2N384. For collector-characteristics curves 
and video-amplifier circuit, refer to type 2N274. 

2N1226 TRANSISTOR 

Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus
trial and military equipment. JEDEC TO-33, Outline No.l0. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is identical with type 2N274 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... VCBO 
Collector-to-Emitter Voltage (VBE : 0.5 V) ................ VCEV 

-60 
-60 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic: -50 p,A. 

IE = 0) ........................................................................................ V<BR)CBO -GO min 
Collector-to-Emitter Reach-Through Voltage 

(VEB = -0.5 V) ...................................................................... VRT -GO min 

2N1300 COMPUTER TRANSISTOR 

V 
V 

V 

V 

Ge p-n-p diffused-junction type used in computer applications in com
mercial and military data-processing equipment. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage ............................................... . 
Emitter-to-Base Voltage· ...................................................... .. 
Collector Current ....................................................................... . 

VCBO -13 V 
VCEO -12 V 
VEBO -1 V 
Ic -100 rnA 

Emitter Current ........................................................................ .. IE 100 rnA 
Transistor Dissipation: 

TA = 25·C .............................................................................. .. PT 150 mW 
TA = 55·C .............................................................................. .. PT 75 mW 
TA : 71·C .............................................................................. .. PT 35 mW 

Ambient-Tem}!erature Range: 
Operating (TA) and Storage (TOTO) .......................... .. 

Lead-Soldering Temperature (10 s max) ....................... . 
-65 toB5 ·C 

TL 255 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic == -0.02 rnA, 

IE: 0) ...................................................................................... .. 
Emitter-to-Base Breakdown Voltage (IE = 0.1 mAo 

10: 0) ...................................................................................... .. 

VtBR)CBO -1:lmin V 

V(BB)EBO -1 min V 
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CHARACTERISTICS (cont'd) 
Base-to-Emitter Voltage (Ie = -10 rnA, 

In = -0.33 rnA) ................................................................... . 
Collector-to-Emitter Reach-Through Voltage ................. . 
Collector-Cutoff Current (VeB = -6 V, IE = 0) ........... . 
Static Forward-Current Transfer Ratio 

(Ve!o = -0.3 V, Ie = -10 rnA) ....................................... . 
Gain-Bandwidth Product (VeE = -3 V. Ie = -10 rnA) 
Output Capacitance (Vcn = -S V, IE = 0) ................... . 
Thermal Time Constant ......................................................... . 
Total Stored Charge (Ie = -10 rnA. IB = -1 rnA) ... . 
Thermal Resistance, Junction-to-Ambient ..................... . 

VBE 
VBT 
leBO 

hFE 
iT 
Cobo 
T(thermal) 
Qs 
8J-" 

-0.4 max 
-12 min 
-3 max 

30 min 
25 min 
12 max 

10 
400 max 
400 max 

165 

V 
V 

/LA 

Mcls 
pF 
ms 
pC 

'C/W 

• This rating may be exceeded and the emitter-to-base junction operated in the 
breakdown condition provided the emitter dissipation is limited to 30 milliwatts 
at 25'C. For ambient temperatures above 25'C. the dissipation must be reduced 
by 0.5 milliwatts per 'C. 

~-IOO .. ... ffi -80 ... 
::Ii 
S -60 
::l 
i 
a: -40 

~ 
~ -20 

8 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE2NI300 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
AMBIENT TEMPERATURE (TA)' 25' C 

I~" \II "j r--liJ .I-
i/ 'Ii 
VI! 

~ 
~¥ /:{ 
J 

-~ 
o 0.1 0.2 0.3 0.4 0.5 0.6 

BASE-TO-EMITTER VOLTS (VBE) 
92CM-I0229T 

COMPUTER TRANSISTOR 2N1301 
Ge p-n-p diffused-junction type used in computer applications in data
processing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector. This type is identical with type 2N1300 except for the 
following items: 

MAXIMUM RATINGS 
Emitter-to-Base Voltage 

CHARACTERISTICS 
Emitter-to-Base Breakdown Voltage 

(IE = 0.1 rnA, Ie = 0) ....................................................... . 
Base-to-Emitter Voltage (Ie = -40 rnA, lB = -1 rnA) 
Static Forward-Current Transfer Ratio: 

VeE = -0.3 V, Ie = -10 rnA ........................................... . 
VeE = -0.5 V, Ie = -40 rnA ........................................... . 

Gain-Bandwidth Product (VCE = -3 V, Ic = -10 rnA) 

T~~I~t~tOd ~x~rf::= -1 rnA ........................................... . 
Ie = -40 rnA, lB = -2 rnA ........................................... . 

COMPUTER TRANSISTOR 

VEBO 

V(BB)EBO 
VUE 

hFE 
hFE 
fT 

Qs 
Qs 

-4 V 

-4 min V 
-O.Smax V 

30 min 
40 min 
35 min Mels 

325 max pC 
800 max pC 

2N1302 
Ge n-p-n alloy-junction type used in medium-speed switching applications 
in commercial and military data-processing equipment. The n-p-n construc-
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tion permits complementary operation with a matching p-n-p type, such as 
the 2N1303. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base 
and case, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 

VeBO 25 V 
VEDO 25 V 
Ie 0.3 A 

Tr~~to ~~8>~~~~: ................................................................ . 
TA above 25.C ...................................................................... .. 

PT 150 mW 
PT See curve page 112 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ...................... .. 

TJ(opr) -65 to 85 ·C 
TSTG -65 to 100 ·C 
TL 230 ·C 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (IB = 0.5 mA, 

Ie = 10 rnA) ........................................................................... . 
Base-to-Emitter Voltage (lB = 0.5 rnA, Ie = 0) ....... . 
Collector-to-Emitter Reach-Through Voltage ............... . 
Collector-Cutoff Current (VCB = 25 V, IE = 0) ...... .. 
Emitter-Cutoff Current (VEB == 25 V, Ie = 0) .......... .. 
Static Forward-Current Transfer Ratio: 

VeE (sat) 0.2 max V 
VBE 0.15 to 0.4 V 
VRT 25 min V 
leBO 6 max /loA 
lEBO 6 max /loA 

VeE = 1 V, Ie = 10 mA .................................................. .. hFE 20 min 
VCE = 0.35 V, Ie = 200 mA .......................................... .. hFE 10 min 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VeB = 5 V, IE = -1 rnA) ............... , ...... .. 

Output Capacitance (VCB = 5 V, IE = 0) ...................... .. 
fhfb 3 min Mc/s 
Cobo 20 max pF 

2N1303 COMPUTER TRANSISTOR 
Ge p-n-p alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1303 is the p-n-p complement of the 
n-p-n type 2N1302. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base and case, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... VeBO 
Emitter-to-Base Voltage .......................................................... VEBO 
Collector Current ........................................................................ Ie 

Tr~~s::~to ~~·stf~~~~:................................................................. PT 
TA above 25·C ........................................................................ PT 

Temperature Range: 

~fo';;,,~!n~ ... ~=~~~~~~ .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~~~pr) 
Lead-Soldering Temperature (10 s max) ........................ TL 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

(IB = -0.5 rnA, Ie = -10 mA) ...................................... .. 
Base-to-Emitter Voltage (IB = -0.5 mA, 

Ie = -10 mAl ....................................................................... . 
Collector-to-Emitter Reach-Through Voltage ............... . 
Collector-Cutoff Current (VeB = -25 V, IE = 0) ...... .. 
Emitter-Cutoff Current (VBB = -25 V, 10' = 0) ....... . 
Static Forward-Current Transfer Ratio: 

VeE = -1 V, Ie = -10 mA ............................................... . 
VeE = -0.35 V, Ie = -200 mA ....................................... . 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VeB = -5 V, IE = 1 mA) ...................... .. 

Output Capacitance (VeB = -5 V, IE = 0) ................... . 

VeE (sat) 

VBE 
VRT 
leBO 
lEBO 

hFE 
hFE 

fhfb 
Cobo 

-30 
-25 
-0.3 

V 
V 
A 

150 mW 
See curve page 112 

-65 to 85 
-65 to 100 

230 

-0.2 max 

-0.15 to -0.4 
-25 min 
-&max 
-'-6 max 

20 min 
10 min 

3 min 
20 max 

·C 
·C 
·C 

V 

V 
V 

/loA 
/loA 

Mc/s 
pF 

2N1304 COMPUTER TRANSISTOR 
Ge n-p-n: alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The n-p-n construction permits complemen
tary operation with a matching p-n-p type, such as the 2N1305. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base and case, 3 - collector. 
This type is identieal with type 2N1S02 except for the following items: 
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CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (Is = 0.25 mA, 

Ie = 10 mAl ........................................................................... . 
Base-to-Emitter Voltage (Is = 0.5 mA, Ie = 10 mAl 
Collector-to-Emitter Reach-Through Voltage ................ . 
Static Forward-Current Transfer Ratio: 

Vel' = 1 V, Ie = 10 mA ................................................... . 
VeE = 0.35 V, Ie = 200 mA ............................................. . 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VeB = 5 V, IE = -1 mAl ....................... . 

COMPUTER TRANSISTOR 

Vel' (satl 
VBm 
VRT 

hFE 
hFE 

0.2 max 
0.15 to 0.35 

20 min 

40 to 200 
15 min 

5 min 

167 

V 
V 
V 

Mc/s 

2N130S 
Ge p-n-p alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1305 is the p-n-p complement of the 
n-p-n type 2N1304. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base and case, 3 - collector. This type is identical with type 2N1303 ex
cept for the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (lB = -25 mA, 

Ie = -10 mAl ...................................................................... .. 
Base-to-Emitter Voltage (In = -0.5 mA, 

Ie = -10 mAl ....................................................................... . 
Collector-to-Emitter Reach-Through Voltage ............... . 
Static Forward-Current Transfer Ratio: 

VeE = -1 V, Ie = -10 mA ........................................... . 
Vel' = -0.35 V, Ie = -200 mA ....................................... . 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VeB = -5 V, IE = 1 mAl ....................... . 

COMPUTER TRANSISTOR 

Vel' (satl -0.2 max 

VBm -0.15 to -0.35 
VBT -20 min 

40 to 200 
15 min 

5 min 

V 

V 
V 

Mc/s 

2N1306 
Ge n-p-n alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1306 is the n-p-n complement of the 
p-n-p type 2N1307. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base and case, 3 - collector. This type is identical with type 2N1302 ex
cept for the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (IB = 0.17 rnA, 

Ie = 10 mAl ........................................................................... . 
Base-to-Emitter Voltage (IB = 0.5 mA, Ie = 10 mAl 
Collector-to-Emitter Reach-Through Voltage ................. . 
Static Forward-Current Transfer Ratio: 

VeE = 1 V, Ie = 10 mA ................................................... . 
Vel' = 0.35 V, Ie = 200 mA ........................................... . 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (Ven = 5 V, IE = -1 mAl ....................... . 

COMPUTER TRANSISTOR 

VeE (sat) 
VBE 
VBT 

hFE 
hFE 

flltb 

0.2 max 
0.15 to 0.35 

15 min 

60 to 300 
20 min 

10 min 

V 
V 
V 

Mc/s 

2N1307 
Ge p-n-p alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1307 is the p-n-p complement of the 
n-p-n type 2N1306. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base and case, 3 - collector. This type is identical with type 2N1303 ex
cept for the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

(IB = -0.17 mA, Ie = -10 mAl.................................... Vel' (satl -0.2 max V 
Base-to-Emitter Voltage (Is = -0.5 mA, 

Ie = -10 mAl ........................................................................ VnE -0.15 to -0.35 V 
Collector-to-Emitter Reach-Through Voltage ................ VRT --15 min V 
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CHARACTERISTICS (cont'd) 
Static Forward-Current Transfer Ratio: 

VCE = -1 V. Ic = -10 rnA ................................................ hFE 
VCE = -0.35 V. Ie = -200 rnA ........................................ hFE 

Small-Signal Forward-Current Transfer-Ratio Cutoff 

60 to 300 
20 min 

Frequency (VCB = -5 V. IE = 1 rnA) ........................ f"'b 10 min Mcjs 

2N1308 COMPUTER TRANSISTOR 
Ge n-p-n alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1308 is the n-p-n complement of the 
p-n-p type 2N1309. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base and case, 3 - collector. This type is identical with type 2N1302 ex
cept for the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage (lB = 0.13 rnA. 

Ie = 10 rnA) ........................................................................... . 
Base-to-Emitter Voltage (lB = 0.5 rnA. Ie = 10 rnA) 
Collector-to-Emitter Reach-Through Voltage ............... . 
Static Forward-Current Transfer Ratio: 

VeE = 1 V. Ie = 10 rnA ................................................. ... 
VCE = 0.35 V. Ie = 200 rnA ............................................. . 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VeB = 5 V. IE = -1 rnA) ....................... . 

VCE(sat) 
VBE 
VRT 

hFE 
hFE 

flo,. 

0.2 max 
0.15 to 0.35 

15 min 

80 min 
20 min 

15 

2N1309 COMPUTER TRANSISTOR 

V 
V 
V 

Mejs 

Ge p-n-p alloy-junction type used in medium-speed switching applications 
in data-processing equipment. The 2N1309 is the p-n-p complement of the 
n-p-n type 2N1308. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base and case, 3 - collector. This type is identical with type 2N1303 except 
for the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

(IB = -0.13 rnA. Ie == -10 mAl ................................... . 
Base-to-Emitter Voltage (lB = -0.5 mAo 

Ie = -10 mAl ....................................................................... . 
Collector-to-Emitter Reach-Through Voltage ............... . 
Static Forward-Current Transfer Ratio: 

VCE(sat) -0.2 max V 

VBE -0.15 to -0.35 V 
VRT -IS min V 

VCE = -1 V. Ic = -10 rnA ........................................... . hFE 80 min 
VCE = -0.35 V. Ie = -200 mA ....................................... . hFE 20 min 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VCB = -5 V. IE = 1 mAl ....................... . fhfb 15 min Mcjs 

2N1358 POWER TRANSISTOR 
Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power
switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-fre
quency oscillator and audio-amplifier service. It is stud-mounted to provide 
positive heat-sink contact. JEDEC TO-36, Outline No.H. Terminals: Lug 
1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This type is 
identical with type 2N174 except for the following items: 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 

Ie = -0.3 A. lB := 0 .............................................................. V(B)l)eEO -40 min V 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current: 

VCR = -2 V, IE = 0, Te = 25°C .......................................... leRo 
VCR = -30 V, IE = 0, Te = 71°C .................................... leRO 

Emitter-Cutoff Current (VER = -30 V, Ie = 0, 
Te = 71°C) ................................................................................ lEBO 

Static Forward-Current Transfer Ratio: 
VCE = -2 V, Ie = -5 A .................................................... hFE 
VeE = -2 V, Ie = -5 A .................................................... hFE 
VeE = -2 V, Ie = -1.2 A................................................ hFE 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (Vcn = -12 V, Ie = -1 mA) .................... fh .. 

COMPUTER TRANSISTOR 

-200 max 
-6 max 

-6 max 

25 min 
35 typ 
40 to 80 

100 min 

2N1384 

169 

p.A 
mA 

mA 

kc/s 

Ge p-n-p drift-field type used in switching applications in military and in
dustrial electronic computers such as memory-core driver, pulse-amplifier, 
inverter, flip-flop, and logic-gate circuits. JEDEC TO-ll, Outline No.7. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. VCRO 
Collector-to-Emitter Voltage ................................................ .. VeEo 
Emitter-to-Base Voltage" ...................................................... .. VERO 
Collector Current ...................................................................... .. Ie 
Emitter Current ........................................................................ .. IE 
Transistor Dissipation: 

TA up to 25°C ......................................................................... . PT 
TA above 25°C ...................................................................... .. PT 

Ambient-Temperature Range: 
Operating (TA) and Storage (ToTG) .......................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. TL 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = -50 p.A, 

IE = 0) ..................................................................................... . V(BR)CBO 
Collector-to-Emitter Breakdown Voltage (Vce = 30 V, 

Ie = 250 mA, In = 0, RRE = 1000 0) .......................... .. V(BR)CERL 
Emitter-to-Base Breakdown Voltage (IE = -100 p.A, 

Ie = 0) ..................................................................................... . V(RR)ERO 
Collector-to-Emitter Reach-Through Voltage ............... . 
Base-to-Emitter Voltage (Ie = -200 mA, 

In = -10 mA) ....................................................................... . 
Collector-Cutoff Current (VCR = -3 V, IE = 0) ........... . 
Static Forward-Current Transfer Ratio (VCE = -0.5 V, 

Ic = -200 mA) ..................................................................... . 

RT 

VBE 
ICBO 

hFE 

TYPICAL COLLECTOR CHARACTERISTICS 
-700 

-600 

~ 
::I-500 
0: 

i-400 

" ::; 
-' :i-300 

~ 
t;-200 

'" ::l 
8-100 

~ TVPE2NI384 

,'I-~ 
COMMON-EMITTER CIRCUIT, 

BASE INPUT. 

/ 
AMBIENT ~MPERATURE 

(TA)a25 C 

\ -~ I 
,/' -8 

Kr-l It \ ~ 
V/" \ 1 :!. TOR I)lSSlPA.TION 

'fI J!I~I~a240 
''b.: j..-2 --

BASE MILLIAM~ERES \(lala-II 

o -0.5 -I -L5 -2 -2.5 -3 
COlLECTOR-TO-EMITTER VOLTS (VCE) 

92CM·1058Ot 

-30 V 
-30 V 
-1 V 

-0.5 A 
0.5 A 

240 mW 
See curve page 112 

-65 to 85 'C 
255 'C 

-30 min V 

-30 min V 

-1 min V 
-30 min V 

-0.9 max V 
-8 max p.A 

20 min 
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CHARACTERISTICS (cont'd) 
Gain-Bandwidth Product (VeE = -3 V, Ie = -10 mAl iT 20 min Mc/s 
Stored Base Charge (Ie = -10 mA, IB = -1 mAl .... Qs 800 max pC 
Thermal Time Constant .......................................................... r(thermal) 14 min ms 
Thermal Resistance, Junction-to-ambient ........................ 8J-A 250 max ·C/W 
• This rating may be exceeded and the emitter-to-base junction operated in the 

breakdown condition provided the emitter dissipation is limited to 30 milliwatts 
at 25·C. For ambient temperature above 25·C, dissipation must be reduced by 0.5 
milliwatts per ·C. 

2N139S TRANSISTOR 
Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus
trial and military equipment. JEDEC TO-33, Outline No.l0. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is identical with type 2N274 except for the following items: 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

(VeE = -12 V, IE = 1.5 mA, f = 1 kc/s) .................... hr. 

TYPICAL COLLECTOR CHARACTERISTICS 

::\-6 
~ 
~-II 

3 
i-4 
II: 

~-5 
~ 
8-2 

TYPE '2N 1395 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE' 211" C 

1/ ,. 
/' 

II"""" 

-50 

-40 

:!!!-
BASE MIC~AMJERES.-20 

50 to 175 

-10 

- - - - - - - -o 2 -4 -6 -B -10 12 14 16 18 20 22 24-26 
COLLEC'IOR-TO-EMITTER 'IOLTS __ , 

2N1396 TRANSISTOR 
Ge p-n-p alloy-junction drift-field type used inrfand if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus
trial and military equipment. JEDEC TO-33, Outline No.l0. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is identical with type 2N384 except for the collector-characteristics. curves, 
which are the same as for type 2N1395, and the following items: 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

(VeE = -12 V, IE = 1.5 mA, f = 1 kc/s) .................... hte 50 to 175 

2N1397 TRANSISTOR 
Ge p-n-p alloy-junction drift-field type used in rf and if amplifier, oscillator, 
mixer, and converter circuits, and low-level video-amplifier circuits in indus-
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trial and military equipment. JEDEC TO-33, Outline No.10. Terminals: 
1 - emitter, 2 - base, 3 - collector, 4 - interlead shield and case. This type 
is identical with type 2NI023 except for the collector-characteristics curves, 
which are the same as for type 2N1395, and the following items: 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

(VCE = -12 V. IE = 1.5 mAo f = 1 kc/s) .................... h,. 50 to 175 

POWER TRANSISTOR 2N1412 
Ge p-n-p alloy-junction type used in a wide variety of switching and ampli
fier applications in industrial and military equipment requiring transistors 
having high voltage, current, and dissipation values. It is used in power
switching, voltage- and current-regulating, dc-to-dc converter, inverter, 
power-supply, and relay- and solenoid-actuating circuits; and in low-fre
quency oscillator and audio-amplifier service. It is stud-mounted to provide 
positive heat-sink contact. JEDEC 'TO-36, Outline No.ll. Terminals: Lug 
1 - base, Lug 2 - emitter, Mounting Stud - collector and case. This type is 
identical with type 2N174 except for the collector-characteristics curves, 
which are the same as for type 2NllOO, and the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage (VBE = 1.5 V) ......................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 

Ic = -0.3 A. RBE = 0 .......................................................... .. 
Ic = -1 A. b = 0 .......................................................... .. 

Base-to-Emitter Voltage (VCE = -2 V. Ie = -5 A) .. .. 
Emitter-to-Base Voltage (VCB = -100 V. IE = 0) ...... .. 
Collector-to-Emitter Reach-Through Voltage .............. .. 
Collector-Cutoff Current: 

VCB = -100 V. IE = O. Tc = 25°C ................................ .. 

POWER TRANSISTOR 

VCBO 

V<BRlCES 
V(BR)CEO 

VBI' 
VEB 
VRT 

ICBo 

-100 V 

-SO min V 
~5min V 

-O.Smax V 
-1 max V 

-100rnin V 

-4 max rnA 

2N1479 
Si n-p-n diffused-junction type used in power switching circuits such as 
dc-to-dc converters, inverters, choppers, solenoid and relay controls; in oscil
lators, regulators, and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... .. 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ...................................................................... .. 
Base open (sustaining voltage) ...................................... .. 

Ernitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Base Current .............................................................................. .. 
Transistor Dissipation: 

i~ ~ov~ 2~~~C .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Case-Temperature Range: 

Operating. (Tc) and Storage (TsTG) ........................... . 
Lead-Soldermg Temperature (10 s max) ...................... .. 

VCBO 

VCEV 
VCEO(SUS) 
VEBO 
Ic 
IE 
IB 

CHARACTERISTICS (At case temperature = 25.oC) 
Collector-to-Emitter Sustaining Voltage (Ic = 50 mAo 

IB = 0) ...................................................................................... VCEO(SUS) 
Collector-to-Ernitter Voltage (VBE = -1.5. 

Ic = 0.25 rnA) ................................................ ;....................... VCEV 

60 V 

60 V 
40 V 
12 V 

1.5 A 
-1.75 A 

1 A 

5 W 
See curve page 112 

-65 to 200 ·C 
255 ·C 

40 min 

60 min 

'V 

V 
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TYPICAL COLLECTOR CHARACTERISTICS 

50 TYPE 2NI479 

40 
COMMON-EMITTER CIRCUIT. BASE INPUT-
CASE TEMPERATURE' 2S·C 

0.8 
30 

2C 

BASE MILLIAMPERES -15 

\0 
.§. 

6 

:..-~ VI 
..... ~ V 

0.2 

0 
o 10 20 30 40 50 60 70 BO 

COLLECTOR-TO-EMITTER IIOLTS 

CHARACTERISTICS (cont'd) 
Base-to-Emitter Voltage (VeE := 4 V, Ie := 200 mAl 
Collector-Cutoff Current: 

VeR := 30 V, IE := 0, Te = 2S·C ....................................... . 
VeR := 30 V, IE := 0, Te = lS0·C ...............................•...... 

Emitter-Cutoff Current (VER := 12 V, Ie = 0) ........... . 
Collector-to-Emitter Saturation Resistance 

(Ie = 200 rnA, IB := 20 rnA) ........................................... . 
Static Forward-Current Transfer Ratio (VeE := 4 V, 

Ie := 200 rnA) .................•...................................................... 
Small-Signal Forward-Current Transfer Ratio 

(VeE := 4 V, Ie = SmA, f = 1 kc/s) ........................... . 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCB = 28 V, Ie := SmA) ........................... . 
Gain-Bandwidth Product ....................................................... . 

i'~:~~IC¥i!c;~~~~f~ .. ~ .. ~~ .. ~: .. ~~ .. ~ .. ~: .. ~ .. ~ ... ~ ... ~~:.~~. 
Thermal Resistance, Junction-to-Case ........................... . 
Thermal Resistance, Junction-to-Ambient ....................... . 

VBm 

leBO 
leBO 
lEBO 

rCE(sat) 

hFE 

hte 

fhfb 
iT 
Cobo 
.,(thermal) 
el-C 
9J-A 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
(At case temperature = 25°C) 

g~n!~~~}j~:~~!~<::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
"On" DC Collector Current ...................................... : .......... . 
''Turn-On'' Base Current ....................................................... . 
"Turn-Off" Base Current ...................................................... .. 

TYPICAL BASE MILLIAMPERES 

TYPE 2NI479 
r COMMON- EMITTER CIRCUIT, BASE IN~ 
COLLE~R-TO- EMITTER VOLTS. 4 

I- CURVE CASE TEMPERATURE-"C _ 

---~I -~g I- --- 200 ,J. V-
R2 

RI 

./ 
~ 

Vee 

RG 
Ie 
lB. 
lB. 

IBI. -IB2 

VBB 

- + 

2 

t2C11-I04Snl 

3 max 

lOmax 
500 max 
lOmax 

7 max 

20 to 60 

SO 

1.S 
50 max 

lS0 
10 

3Smax 
200 max 

12 
-8.S 

50 
200 

20 
-8.5 

V 

/LA 
/LA 
/LA 

n 

Mc/s 
kc/s 

pF 
ms 

·C/W 
·C/W 

V 
V 
n 

rnA 
rnA 
rnA 

~ ~' 
92CS-I0427R2 

o 
./ 

0.5 I 1.5 2 
BASE - TO- EMITTER VOLTS 

'2CS-I0438TZ 

VBB = 8.5 volts 
Vee := 12 volts 
R. := SO ohms, 1 watt 
Ro = 30 ohms, 1 watt 
Ra := 7.8 ohms, 2 watts 
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TYPICAL OPERATION (cont'd) 
Delay Time .................................................................................. t. 
Rise Time ...................................................................................... tr 
Storage Time ................................................................................ t. 
Fall Time ...................................................................................... tf 

POWER TRANSISTOR 

0.2 
1 

0.6 
1 

2N1480 

173 

}J.S 
p.s 
}J.S 
p.s 

Si n-p-n diffused-junction type used in power switching circuits such as 
dc-to-dc converters, inverters, choppers, solenoid and relay controls; in oscil
lators, regulators, and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. This type is identical with type 2N1479 except for the following 
items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open (sustaining voltage) ....................................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage (Ic = 50 mA, 

b = 0) ..................................................................................... . 
Collector-to-Emitter Voltage (VBE = -1.5 V, 

Ie = 0.25 mAl ....................................................................... . 

POWER TRANSISTOR 

VCBO 100 V 

VCEV 100 V 
VCEO(SUS) 55 V 

VCEO(SUS) 55 min V 

VCEV 100 min V 

2N1481 
Si n-p-n diffused-junction type used in power switching circuits such as 
dc-to-dc converters, inverters, choppers, solenoid and relay controls; in oscil
lators, regulators, and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. This type is identical with type 2N1479 except for the following 
items: 

CHARACTERISTICS (At case temperature = 25°C) 
static Forward-Current Transfer Ratio (VCE = 4 V, 

Ie = 200 mAl .......................................................................... hFE 
Collector-to-Emitter Saturation Resistance 

(Ie = 200 mA, IB = 10 mAl ............................................ rCE (sat) 

POWER TRANSISTOR 

35 to 100 

7 max 

2N1482 

n 

Si n-p-n diffused-junction type used in power switching circuits such as 
dc-to-dc converters, inverters, choppers, solenoid and relay controls; in oscil
lators, regulators, and pulse amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and 
case. This type is identical with type 2N1479 except for the following items: 

MAXIMUM RATINGS 

g~ll~~~:i~:~iite~O~~r~ge·; .. ······························ .................. . 
VBE = -1.5 V ....................................................................... . 
Base open (sustaining voltage) ..................................... ... 

VCBO 

VCEV 
VCEO(SUS) 

100 

100 
55 

V 

V 
V 
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CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Sustaining Voltage (10 = 50 mA, 

IB = 0) ...................................................................................... VOEO(SUS) 
Collector-to-Emitter Voltage (VBE = -1.5 V, 

10 = 0.25 mAl ........................................................................ VeEV 
Static Forward-Current Transfer Ratio (VeE = 4 V, 

Ie = 200 mAl ........................................................................ hFE 
Collector-to-Emitter Saturation Resistance 

(Ie = 200 mAo IB = 10 mAl ............................................ reE (sat) 

55 min 

100 min 

35 to 100 

7 max 

V 

V 

n 

2N1483 POWER TRANSISTOR 

Si n-p-n diffused-junction type used in dc-to-dc converters, inverters, 
choppers, de and servo amplifiers, relay- and solenoid-actuating circuits in 
industrial and military equipment. JEDEC TO-8, Outline No.5. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open (sustaining voltage) ....................................... . 

Emitter-to-Base Voltage ....................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Base Current ............................................................................... . 

~~~ofo ~~;;LP~~~~.: ................................................................ . 
Te above 25°C ......................................................................... . 

Temperature Range: 
Operating (Te) and Storage (TSTO) ............................. . 

Pin-Soldering Temperature (10 s max) ......................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage (Ie = 100 mAo 

ID = 0) ..................................................................................... . 
Collector-to-Emitter Voltage (VBE = -1.5 V. 

B:;e-to-~tt~~\rO"iiig;;···iv~";.··;;;;·4·V;·"i~··;; .. 75ii .. mA)":::: 
Collector-Cutoff Current: 

VeB = 30 V. IE = 0, TA = 25·C ....................................... . 
VeB = 30 V. IE = O. TA = 100·C ..................................... . 

Emitter-Cutoff Current (VED = 12 V. Ie = 0) ............. . 
Collector-to-Emitter Saturation Resistance 

(Ie = 750 mAo ID = 75 mAl ........................................... . 
static Forward-Current Transfer Ratio (VeE = 4 V. 

Ie = 750 mAl ....................................................................... . 

VeDO 

VCI.V 
VeEo(sus) 
VEDO 
Ie 
IE 
IB 

PT 
PT 

Tp 

VOEO(SUS) 

VeEv 
VBE 

lOBO 
lOBO 
lEBO 

rCE(sat) 

hFE 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 2NI483 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
CASE TEMPERATURT -25j C 

8~70 J. 
60 

2 

50 

140 
30 I 

BASE MILLIAMPEftES-20 
\~ 

~ ./ 
V x: 0.5 

...... 
0 

o 10 20 30 40 50 60 
COLLECTOR-lO-EMITTER VOLTS 

60 V 

60 V 
40 V 
12 V 

3 A 
-3.5 A 

1.5 A 

25 W 
See curve page 112 

-65 to 200 ·C 
235 ·C 

40 min V 

60 min V 
3.5 max V 

15 max /LA 
750 max /LA 
15 max /LA 

2.67 max n 
20 to 60 
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CHARACTERISTICS (cont'd) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCB = 28 V, Ie = 5 rnA) ............................. . fbfb 
Output Capacitance (VCB = 40 V, IE = 0) ..................... . 
Thermal Time Constant ......................................................... . 
Thermal Resistance, Junction-to-Case ............................... . 

Cobo 
T(thermal) 
fjJ-e 

Thermal Resistance, Junction-to-Ambient ....................... . fjJ-A 

TYPICAL OPERATION IN POWER·SWITCHING CIRCUIT 
(At case temperature = 2S0C) 

DC Supply Voltage .................................................................... Vee 
DC Base-Bias Voltage ........................................................... . 
Generator Resistance ................................................................ RG 
"On" DC Collector Current .................................................... Ie 
"Turn-On" Base Current ........................................................ Inl 
"Turn-Off" Base Current ........................................................ 111. 
Delay Time .................................................................................. t. 
Rise Time ...................................................................................... tr 
Storage Time ................................................................................ t. 
Fall Time ........................................................................................ tt 

TYPICAL BASE CHARACTERISTICS 

TYPE 2NI483 
COMMON' EMITTER CIRCUIT, BASE INPUT. 

-COLL~I~TOR-TO- EMITTER VOLTS-4 
CURVE CASE TEMP.-"C 

lei. 

--~I 25/, -
-65 / 
2001.' 

1 

R2 --Ie2 

RI 

Vee 

Ii - + 
20 

,v] VBB = 8.5 volts 
Vee = 12 volts 

175 

1.25 Mc/s 
175 pF 

10 ms 
7 max ·C/W 

100 max ·C/W 

12 V 
-8.5 V 

50 n 
i50 rnA 
65 rnA 

-35 rnA 
0.2 p.s 

1 p.s 
0.8 ps 
1.1 Jts 

2 

92CS-10427R2 

o 0.5 I 1.5 2 2.5 3 
BASE-TO-EMITTER VOLTS 

92CS-I0443T4 

Rl = 50 ohms, 1 watt 
& = 700 ohms, 1 watt 
R. = 59 ohms, 2 watts 

POWER TRANSISTOR 2N1484 
Si n-p-n diffused-junction type used in dc-to-dc converters, inverters, 
choppers, de and servo amplifiers, relay- and solenoid-actuating circuits in 
industrial and military equipment. JEDEC TO-S, Outline No.5. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
2N14S3 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open (sustaining voltage) ...................................... .. 

CHARACTERISTICS (At case temperature = 2S·C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 100 rnA, In = 0) ....................................................... . 
Collector-to-Emitter Voltage (VBE = -1.5 V, 

Ie = 0.25 rnA) ................•......•...•....................................•.•..••• 

POWER TRANSISTOR 

VeBo 100 V 

VCEV 100 V 
VCEO(SUS) 55 V 

VCEO(SUS) 55 min V 

VCEV 100 min V 

2N1485 
Si n-p-n diffused-junction type used in dc-to-dc converters, inverters, 
choppers, de and servo amplifiers, relay- and solenoid-actuating circuits in 
industrial and military equipment. JEDEC TO-S, Outline No.5. Terminals: 
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1 - emitter, 2 - base, 3 - collector and case. This. type is identical with type 
2N1483 except for the following items: 

CHARACTERISTICS (At case temperature = 25°C) 
Base-to-Emitter Voltage (VeE = 4 V, Ie = 750 mAl .... VBE 
Static Forward-Current Transfer Ratio (VeE = 4 V, 

Ie = 750 mAl ........................................................................ hFE 

2.5 max 

35 to 100 

V 

2N1486 POWER TRANSISTOR 
Si n-p-n diffused-junction type used in dc-to-dc converters, inverters, 
choppers, dc and servo amplifiers, relay- and solenoid-actuating circuits in 
industrial and military equipment. JEDEC TO-8, Outline No.5. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
2N1483 except for the following items: 

MAXIMUM RATINGS 

~R~~~~:~:~1t;;O~f~ie; .. ··· .. · ........ · .. ········ .... · .. ····· .... · ...... .. 
VBE == -1.5 V ....................................................................... . 
Base open (sustaining voltage) ....................................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage (Ie == 100 mA, 

ID = 0) ....................................................................................... . 
Collector-to-Emitter Voltage (VBE == -1.5 V, 

Ie = 0.25 mAl ...................................................................... .. 
Base-to-Emitter Voltage (VeE = 4 V, Ie == 750 mAl .. .. 
Static Forward-Current 'transfer Ratio (VeE == 4 V, 

Ie = 750 mAl ...................................................................... .. 
Collector-to-Emitter Saturation Resistance 

(Ie == 750 mA, In = 40 mAl .......................................... .. 

VeBo 

VeEv 
VeEo(sus) 

VCEO(SUS) 

VCEV 
VBE 

hFE 

rCE (sat) 

100 

100 
55 

55 min 

100 min 
2.5 max 

35 to 100 

1 max 

V 

V 
V 

V 

V 
V 

n 

2N1487 POWER TRANSISTOR 
Si n-p-n diffused-junction type used in dc-to-dc converters, inverters, 
choppers, voltage and current regulators, dc and servo amplifiers, relay
and solenoid-actuating circuits. Similar to JEDEC TO-3, Outline No.2 
(Variant 1). Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - col
lector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ...................................................................... .. 
Base open (sustaining voltage) ...................................... .. 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 
Emitter Current ......................................................................... . 
Base Current .............................................................................. .. 
Transistor Dissipation: 

TJoIF at 25'C ........................................................................... . 
TJoIF above 25'C ....................................................................... . 

Mounting-Flange Temperature Range: 
Operating (TJoIF) and Storage (TSTO) .......................... .. 

VeBo 

VCEV 
VCEO(SUS) 
VEBO 
Ie 
IE 
In 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage (Ie = 100 mA, 

ID = 0) .................................................................................... .. 
Collector-to-Emitter Voltage (VBE = -1.5 V. 

Ie = 0.5 mAl ........................................................................... . 
Base-to-Emitter Saturation Voltage (VeE = 4 V, 

Ie = 1.5 A) ............................................................................. . 
Collector-Cutoff Current: 

VeB ::::: 30 V, IE == 0, TA = 25'C ....................................... . 
VeB == 30 V. IE == O. TA = 150'C .................................... .. 

Emitter-Cutoff Current (VEB = 10 V, Ie = 0) ........... . 

VeEo(sus) 

VCEV 

VBE 

leBO 
leBO 
lEBO 

60 V 

60 V 
40 V 
10 V 
6 A 

-8 A 
3 A 

75 W 
See curve page 112 

-65 to 200 'c 

40 min V 

60 min V 

3.5 max V 

25 max p.A 
1000 max p.A 

25 max p.A 
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TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2NI487 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE'2~oC 

4 
2~~ 

I~ 
I~ 

I I 100 

a.JE MILLIA~PERES'~ 

~!l. 

---
¢? VJ I ," -V Vi .> 

KO 

o 10 20 30 40 50 60 70 80 
COlLEClOR- TO- EMITTER VOLTS '2CM-I0411t2 

CHARACTERISTICS (cont'd) 
Collector-to-Emitter Saturation Resistance 

(Ie = 1.5 A, IR = 300 rnA) ...............................................• 
Static Forward-Current Transfer Ratio (VeEl = 4 V, 

Ie = 1.5 A) .............•.......................................................•.•...... 

reEl (sat) 

hFEl 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCR = 12 V, Ie = 100 mAl ....................... . fhfb 
Output Capacitance (Ven = 40 V, IE = 0) ................... . 
Thermal Time Constant ........................................................... . 
Thermal Resistance, Junction-to-Mounting Flange ....... . 

Cobo 
r(thermal) 
8J-MF 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
DC Collector Supply Voltage ................................................ Vee 
DC Base-Bias Voltage ........................................................... . 
Generator Resistance .................................................................. RG 
On DC Collector Current .......................................................... Ie 
Turn-On DC Base Current ...................................................... IBI 
Turn-Off DC Base Current .................................................... lB. 
Delay time .................................................................................... ta 
Rise time ........................................................................................ tr 
Storage time .................................................................................. t. 
Fall time .......................................................................................... tf 

300 

250 

III 

5200 

3150 
i 

i loO 

TYPICAL BASE CHARACTERISTICS 

! TYPE2NI487 
COMMON-EMITTER 

CIRCUIT, BASE INPUT. 

'N 
COllECTOR-TO-EMITTER 

VOLTS' 4 

II! MOUNTING-
FLANGE 

CURVE TEMP. _oC 

'/1 25 ---- -65 --- 200 

RZ 

RI 

/f 

~ -IS2 

VSS 

- + 

2 

2 max 

15 to 45 

1 
200 
12 

2.33 max 

12 
-8.5 

50 
1.5 
300 

-150 
0.2 

1 
1 

1.2 

177 

n 

Mc/s 
pF 
ms 

·C/W 

V 
V 
n 

mA 
mA 
rnA 

p,S 
/loS 
p,S 
/loS 

50 /,'j, 92CS-10427R2 

o 0.5 I 1.5 2 
BASE-TO-EMITTER VOLTS 

92C$-I0451T3 

POWER TRANSISTOR 

VBn = 8.5 volts 
Vee = 12 volts 
RI = 50 ohms, 1 watt 
R. = 30 ohms, 1 watt 
R. = 7.8 ohms, 2 watts 

2N1488 
Si n-p-n diffused-junction type used in dc-to-dc converters, inverters, 
choppers, voltage and current regulators, dc and servo amplifiers, relay-
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and solenoid-actuating circuits. Similar to JEDEC TO-3, Outline No.2 
(Variant 1). Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - col
lector and case. This type is identical with type 2N1487 except for the 
following items: 

MAXIMUM RATINGS 
CoUector-to-Base Voltage ........................................................ VCBO 
Collector-to-Emitter Voltage: 

VBE == -1.5 V........................................................................ VCEV 
Base open (sustaining voltage) ........................................ VCEO(SUS) 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage (Ic == 100 mAo 

lB == 0) ........................................................................................ VCEO(SUS) 
Collector-to-Emitter Voltage (VBE == -1.5 V. 

Ic = 0.5 mAl .......................................................................... VCEV 

2N1489 POWER TRANSISTOR 

100 

100 
55 

55 min 

100 min 

V 

V 
V 

V 

V 

Si n-p-n diffused-junction type used in dc-to-dc converters, inverters, 
choppers, voltage and current regulators, de and servo amplifiers, relay
and solenoid-actuating circuits. Similar to JEDEC TO-3, Outline No.2 
(Variant 1). Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - col
lector and case. This type is identical with type 2N1487 except for the 
following items: 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Base-to-Emitter Voltage (VCE == 4 V. Ic == 1.5 A) ........ VBE 
static Forward-Current Transfer Ratio (VCE == 4 V. 

c;l~ec'to;~~o~tte~"'saiu~ati;;n"'R~~i~t;;n;;~'"'''''''''''''''''''' hFE 

2.5 max V 

25 to 75 

(Ic = 1.5 A. IB == 100 mAl ................................................ rCE(sat) 0.67 max n 

2N1490 POWER TRANSISTOR 
Si n-p-n diffused-junction type used in dc-to-dc converters, inverters, 
choppers, voltage and current regulators, de and servo amplifiers, relay
and solenoid-actuating circuits. Similar to JEDEC TO-3. Outline No.2 
(Variant 1). Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - col
lector and case. This type is identical with type 2N1487 except for the 
following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... VCBO 
Collector-to-Emitter Voltage: 

VBE == -1.5 V.......................................................................... VCEV 
Base open (sustaining voltage) ........................................ VCEO(SUS) 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Vc == 100 mAo IB = 0) ...................................................... VCEO(SUS) 
Collector-to-Emitter Voltage 

(VBE = -1.5 V. Ic == 0.5 mAl .......................................... VCEV 
Base-to-Emitter Voltage. (VCE = 4 V. Ic == 1.5 A).... VBE 
Static Forward-Current Transfer Ratio (VCE = 4 V. 

Ic == 1.5 A) .............................................................................. hFE 
Collector-to-Emitter Saturation Resistance 

(Ic == 1.5 A. IB = 100 mAl ................................................ rCE(sat) 

2N1491 TRANSISTOR 

100 V 

100 V 
55 V 

55 min V 

100 min V 
2.5 max V 

25 to 75 

0.67 max n 

Si n-p-n triple-diffused type used in vhf applications for rf-amplifier, video
amplifier, oscillator, and mixer circuits in industrial and military equipment. 
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JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage (VBE = -0.5 V) ............... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Transistor Dissipation: 

VeBo 
VCEV 
VEBO 
Ie 
lE 

30 V 
30 V 

1 V 
0.25 A 

-0.25 A 

3 W Tc up to 25c C ....................................................................... . 
Tc above 25CC ....................................................................... . 

PT 
PT See curve page 112 

Temperature Range: 
Operating (Tc) and Storage (TsTG) ........................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 0.1 rnA. 

lE = 0) ....................................................................................... . 
Emitter-to-Base Floating Potential (VCB = 30 V. 

lE = 0) ...................................................................................... .. 
Collector-Cutoff Current (VCB = 12 V. lE = 0) ........... . 
Emitter-Cutoff Current (VEB = 1. V. Ic = 0) ............... . 
Small-Signal Forward-Current Transfer Ratio 

(VCE = 20 V. Ie = 15 rnA. f = 1 kc/s) ....................... . 
Gain-Bandwidth Product (VCB = 30 V. Ie = 15 rnA) ... . 
Output Capacitance (VCB = 30 V. IE = O. 

f = 0.15 Mc/s) ....................................................................... . 
Small-Signal Power Gain (Vcc = 15 V. lE = -15 rnA. 

Po. = 10 mW. f = 70 Mc/s) ........................................... . 
Thermal Resistance. Junction-to-Case ............................. . 

V(BR)CBO 

VEB (ft) 
ICBo 
lEBO 

hr. 
IT 

Cobo 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2NI491 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
AMBIENT TEMPERATURE-25'C 

I I I EIIE~-\.2 
..!~~~-

1.0 

r "-"--I---~ 2:!. 
V" 

"..... 0.6 

O. 

O. 

o 10 20 ~ 40 50 
COLLECTOII-TO-EMITTER VOLTS 

-65 to 175 
255 

30 min 

0.5 max 
lOmax 

100 max 

15 to 200 
300 

5 max 

13 min 
50 

60 
12CM-J0507TI 

'C 
'C 

V 

V 
/LA 
/LA 

Mc/s 

pF 

dB 
·C/W 

60 TYPICAL TRANSFER CHARACTERISTIC 
TYPICAL TRANSFER CHARACTERISTIC 

TYPE2NI491 

/ COMMON-EMITTER CIRCUIT. 
BASE INPUT. 

COLLECTOR-TO-EMITTER/ 
VOLTS-30 

AMBIENT TEMPERATUR 
·2~·C / 

/ 
/ 

/ 
o 0.2 0.4 0.6 0.& 1.0 1.2 

BASE MILLIAMPERES HCS-_' 

~60 

S 
~40 

3 
i 

~ 20 

~ 

TYPE 2N1491 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER IIOL TS r-

("cE)-30 
AM&IENT TEMPERATURE (TA)C2!5"il J--

J 
II 

/ 
/ 

o 0.2 0.4 0.6 0.& 
BASE-'TO-EMITTER VOLTS (VSE) 

,zcs-,0508n 
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2N1492 TRANSISTOR 
Si n-p-n triple-diffused type used in vhf applications for rf-amplifier, video
amplifier, oscillator, and mixer circuits in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. This type is identical with type 2N1491 except for the following 
items: 

MAXIMUM RATINGS 
CoUector-to-Bas~ Voltage ................. .::: ................................... . 
Colleetor-to-Emltter Voltage (VBE _ -0.5 V) ............... . 
Emitter-to-Base Voltage ......................................................... . 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie == 0.1 rnA. 

lE == 0) ....................................................................................... . 
Emitter-to-Base Floating Potential (VeB == 60 V. 

lE == 0) ....................................................................................... . 
Emitter-Cutoff Current (VEB = 2 V. Ie = 0) .......•......•. 
Small-Signal Power Gain (Vee = 30 V. lE == -15 rnA. 

P •• == 100 mW. f == 70 Me/s) ........................................... . 

VeBO 
VeEv 
VEBO 

V(BR)CBO 

VEB(II) 
lEBO 

Gpo 

2N1493 TRANSISTOR 

60 V 
60 V 
2 V 

60 min V 

0.5 max V 
100 max /LA 

13 min dB 

Si n-p-n triple-diffused type used in vhf applications for rf-amplifier, video
amplifier, oscillator, and mixer circuits in industrial and military equipment. 
JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. This type is identical with type 2N1491 except for the following 
items: 

MAXIMUM RATINGS 
Collector-to-Bas~ Voltage ....................................................... . 
Colleetor-to-Emltter Voltage (VBE == -0.5 V) ............... . 
Emitter-to-Base Voltage ......................................................... . 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.1 rnA. 

,IE == 0) ....................................................................................... . 
Emitter-to-Base Floating Potential (VeB = 100 V. 

IE == 0) .........•..•.•.....•...••.•..•.•....•...•..•••.•.••..••......••.•.•........••..••••..•• 
Emitter-Cutoff Current (VEE == 4.5 V. Ie = 0) •........... 
Small-Signal Power Gain (Vee = 50 V. lE = -25 mA. 

P •• == 500 mW. f == 70 Me/s) ........................................... . 

VeBO 
VeEv 
VEBO 

V(BR)CBO 

VEB (II) 
lEBO 

Gpo 

2N1524 TRANSISTOR 

100 V 
100 V 
4.5 V 

100 min V 

0.5 max V 
100 max /LA 

10 min dB 

Ge p-n-p drift-field type used in 455-kilocycle if-amplifier service in battery
operated portable radio receivers and automobile radio receivers operating 
from either a 6-volt or a 12-volt supply. JEDEC TO-l, Outline No.1. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Colleetor-to-Base Voltage ....................................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Transistor Dissipation: 

TA = 25·C ............................................................................... . 
TA == 55·C ............................................................................... . 
TA = 71·C ........................................................................•....... 

T(fle~~'tl~e (~{W~nt) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

VeBO 
VEBO 
Ie 
IE 

PT 
PT 
PT 

TA(opr) 
TSTG 
TL 

-24 V 
-0.5 V 
-10 mA 

10 rnA 

80 mW 
50 roW 
35 mW 

71 ·C 
-65 to 85 ·C 

255 ·C 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (VBE = 0.5 V. 

Ie = -50 /LA) ...................................................................... .. 
Collector-Cutoff Current (VeB = -12 V. IE = 0) ...... .. 
Emitter-Cutoff Current (VEB = -0.5 V. 10 = 0) ...... .. 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VeB = -12 V. Ie = -1 mAl .................. .. 
Small-Signal Forward-Current Transfer Ratio 

(VeE = -6 V. 1m = -1 mAo f = 1 kc/s) .................. .. 
Output Capacitance (VeB = -12 V. 1m = O. 

f = 455 kc/s) ........................................................................ .. 
Thennal Resistance. Junction-to-Ambient ...................... .. 

V(BB)eBV 
lOBO 
lEBO 

fUb 

ht. 

Cobo 
el-A 

TYPICAL TRANSFER CHARACTERISTIC 
6 

TYP~ 2NI524 I 
COLLECTOR-TO-EMITTER 

VOLTS'-6 
AMBIENT TEMPERATlfIE'25"C 

I 
I II 

_V 
o 50 100 150 200 250 

BASE-To-EMITTER MILUVOLTS 
92CS-IO&19T 

181 

-24 min V 
-16 max ~ -16 max 

33 max Mc/s 

27 to 100 

3.6 max °Clrl': 0.4 

TYPICAL OPERATION IN SINGLE-STAGE 455-kc/s AMPLIFIER CIRCUIT 
DC Collector Supplr. Voltage ............................... . 
DC Collector-to-Emitter Voltage ........................ .. 
Collector Current ......................................................... . 

~9t~~tR~~=ce .. ·::::::::;::::::::::::::::::::::::::::::::::::::::::::::: 
Collector-to-Base Capacltance ................................ .. 
Maximum Power Gain .............................................. .. 
Useful Power Gain (Single-tuned unilateralized 

circuit) : 
In neutralized circuit ...................................... .. 
In unneutralized circuit ..................................... . 

TRANSISTOR 

Vee 
VeE 
Ie 
RI. 
R •• 
Cobo 
MAG 

MUG 
MUG 

--6 -12 V 
-5.7 -11 V 

-1 -1 mA 
1300 1550 0 
0.31 0.525 MO 
2.2 2 g 51 54.4 

33 33 dB 
29.7 30.2 dB 

2N1525 
Ge p-n-p drift-field type used in 455-kilocycle if-amplifier service in battery
operated portable radio receivers and automobile radio receivers operating 
from either a 6-volt or a 12-volt supply. JEDEC TO-40, Outline No.la. 
Terminals: I - emitter, 2 - base, a - collector. This type is electrically iden
tical with type 2N1524. 

TRANSISTOR 2N1526 
Ge p-n-p drift-field type used in mixer and oscillator applications in battery
operated portable radio receivers and automobile radio receivers operating 
from either a 6-volt or a 12-volt supply. JEDEC TO-I, Outline No.1. 
Terminals: I - emitter, 2 - base, a - collector. This type is identical with 
type 2Nl524 except for the following items: 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

(VeE = --6 V. Is = 1 mA, f = 1 kc/s) ............................ hto 27 to 170 
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TYPICAL OPE~ATION IN SELF-EXCITED 1.5 Mels CONVERTER CIRCUIT 
DC Collector Supplr, Voltage ............................... . 
DC Collector-to-Elmtter Voltage ......................... . 
DC Collector Current ................................................. . 
Input Resistance ........................................................... . 

~Mu~a~:~~~~~tt;i···o~cii.iaiOr·~iii"jection··········· 
Voltage ......................................................................... . 

Conversion Power Gain: 
Maximum Available ............................................... . 
Useful ........................................................................... . 

VCC 
VCE 
Ic 
Rio 
Roe 

MAGc 
MUGc 

2N1S27 TRANSISTOR 

-6 
-5 

-0.65 
1850 
0.19 

100 

44.2 
34.2 

-12 
-11 

--0.65 
2150 
0.48 

100 

48.9 
35.8 

V 
V 

mA 
!l 

M!l 

mV 

dB 
dB 

Ge p-n-p drift-field type used in mixer and oscillator applications in battery
operated portable radio receivers and automobile radio receivers operating 
from either a 6-volt or a l2-volt supply. JEDEC TO-40, Outline No.l3. 
Terminals: 1 - emitter, 2 - base, 3 - collector. This type is electrically iden
tical with type 2Nl526. 

2N160S 
2N160SA 

COMPUTER TRANSISTORS 

Ge n-p-n alloy-junction types used in medium-speed switching applications 
in data-processing equipment. The n-p-n construction permits complemen
tary operation with a matching p-n-p type such as the 2N404. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base and case, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................... . 
Collector-to-Emitter Voltage (VBE = -1 V) ... . 
Emitter-to-Base Voltage ........................................... . 
Collector Current ........................................................ .. 
Emitter Current ........................................................... . 

T~~~o~D~w.~a~~~: .................................................. . 
T .. above 25·C ........................................................... . 

Temperature Range: 
operating (Junction) .......................................... .. 
Storage ......................................................................... . 

Lead-Soldering Temperature (10 s max) 

CHARACTER ISTICS 
Collector-to-Base Breakdown Voltage: 

Ie = 0.02 mAo IE = 0 ........................................... . 
Ie = 0.01 mAo IE = 0 ........................................... . 

Emitter-to-Base Breakdown Voltage 
(IE = 0.02 mAo Ie = 0) ....................................... . 

Collector-to-Emitter Saturation Voltage: 
Ie = 12 rnA. Is == 0.4 mA ................................... . 
Ie =: 24 rnA. Is = 1 mA ..................................... : .. 

Base-to-Emitter Voltage: 
le=12mA.Is =0.4mA .................................. .. 
le=24rnA.Is=1mA ...................................... .. 

Emitter Floating Potential (l1-M!l voltmeter 
between emitter and base): 

VCB = 24 V ......................................................•..... 
VeB = 40 V ........................................................... . 

Collector-Cutoff Current: 
Ves = 12 V. IE = O. T .. = 25·C ....................... . 
VeB = 12 V. IE = O. T .. = 80·C ....................... . 
VeB = 40 Y, IE = O. T .. = 25·C ....................... . 

Emitter-Cuton: Current (VEB = 2.5 V. Ie = 0) 
Static Forward-Current Transfer Ratio: 

VeE = 0.15 V. Ie = 12 mA ................................... . 
VeE = 0.2 V. Ic = 24 rnA ..................................... . 
VeE = 0.25 V. Ie = 20 rnA ................................... . 

Small-Signal Forward-Current Transfer-Ratio 
Cutoff Frequency (VCB = 6 V. IE = 1 mAl 

VeBo 
VCEV 
VEBO 
Ie 
IE 

PT 
PT 

TJ(opr) 
TSTG 
TL 

V(BB)CBO 
V(BB)CBO 

V(BR)EBO· 

VCE(sat) 
VCE(sat) 

VBE 
VBE 

VEB(tll 
VEB(tl 

leBO 
leBO 
leBO 
lEBO 

hFE 
hFE 
hFE 

nfb 

2N1605 ZN1605A 
25 40 V 
24 40 V 
12 12 V 

100 100 rnA 
-100 -100 rnA 

150 200 mW 
See curve page 112 

100 100 ·C 
-65 to 100 ·C 

235 235 ·C 

25 -min V 
40 min V 

12 12 min V 

0.15 0.15 max V 
0.2 0.2 max V 

0.35 0.35 max V 
0.4 0.4 max V 

1 -max V 
1 max V 

5 -max p,A 
125 125 max ~ lOmax 
2.5 2.5 max /I.A 

30 30 min 
24 24 min 
40 40 min 

4 4min Mc/s 
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CHARACTERISTICS (cant'd) 
Total Stored Charge (Vee:::; 5.25 V, 

Ie :::; 10 rnA, IB :::; 1 rnA) .................................. .. 
Output Capacitance (VeB :::; 6 V, 1m :::; 1 rnA, 

f:::; 2 Mc/s) .............................................................. .. 

TRANSISTOR 

Qs 

Cobo 

2N1605 2N1605A 
1400 1400 max 

20 20 max 

2N1613 

183 

pC 

pF 

Si n-p-n planar type used in small-signal and medium-power applications 
in industrial and military equipment. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
2N2l02 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... .. 
Collector-to-Emitter Voltage (Rllm ~ 10 0) .................. .. 
Transistor Dissipation: 

TA up to 25-C ...................................................................... .. 
Te up to 25·C ...................................................................... .. 

Lead-Soldering Temperature (10 5 max) ....................... . 

VeBo 75 V 
VemR 50 V 

PT 0.8 W 
PT 3 W 
TL 265 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (10 :::; 0.1 rnA, 

1m :::; 0) ...................................................................................... .. 
Collector-to-Emitter Sustaining Voltage (Ie:::; 100 rnA, 

RBm :::; 10 0, t p :::; 300 ,,5, df = 1.8%) ........................... . 
Collector-to-Emitter Saturation Voltage (10:::; 150 rnA, 

Is :::; 15 rnA, tp :::; 300 p,S, df = 1.8%) ........................... . 
Base-to-Emit!EJr Saturation Voltage (Ie:::; 150 rnA, 

Is :::; 15 rnA, tp :::; 300 ,,5, df = 1.8%) .......................... .. 
Collector-Cutoff Current: 

V(BR)eBO 75 min V 

VemR(sus) 50 min V 

Vem(sat) 1.5 max V 

VBm(sat) 1.3 max V 

VCB :::; 60 V, 1m :::; 0, TA :::; 25·C ................................... . 
VeB :::; 60 V, 1m :::; 0, TA :::; 150·C ................................. . 

Emitter-Cutoff Current (VmB :::; 5 V, Ie = 0) ............... . 
Static Forward-Current 'rransfer Ratio: 

leBO 0.01 max p.A 
leBa lOmax "A 
!mBO 0.01 max p.A 

Vem :::; 10 V, Ie = 0.1 rnA, TA :::; 25·C .......................... .. 
Pulsed Static Forward-Current Transfer Ratio: hFm 20 min 

Vem :::; 10 V, Ie = 150 rnA, TA :::; 25·C, t p = 300 p.s, 
df :::; 1.8% ........................................................................... . hFm 40 to 120 

Vem :::; 10 V, Ie = 10 rnA, 'rA :::; -55·C, t p :::; 300 p.s, 
df = 1.8% .......................................................................... .. hFm 20 min 

Small-Signal Forward-Current Transfer Ratio: 
Vem = 5 V, Ie = 1 rnA, f = 1 kc/s ............................... . 
Vem :::; 10 V, Ie = 50 rnA, f = 20 Mc/s ...................... .. 

Output Capacitance (VeB:::; 10 V, !m :::; 0) ...................... .. 
Noise Figure (Vem :::; 10 V, Ie = 0.3 rnA, f :::; 1 kc/s, 

RG = 510 n, circuit bandwidth :::; 1 cis) ................... . 
Thermal Resistance, Junction-to-Case .......................... .. 
Thermal Resistance, Junction-to-Ambient .................... .. 

h .. 30 to 100 
hr. 3 min 
Cobo 25 max pF 

NF 12 max dB 
9J-c 58.3 max ·C/W 
9J-A 219 max ·C/W 

TRANSISTOR 2N1631 
Ge p-n-p drift-field type used in rf-amplifier applications in battery-operated 
AM radio receivers. JEDEC TO-40, Outline No.l3. Terminals: 1 - emitter, 
2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 
Emitter Current ......................................................................... . 
Transistor Dissipation: . 

TA :::; 25·C .............................................................................. .. 
TA = 55·C .............................................................................. .. 
TA :::; 71·C ............................................................................... . 

Temperature Range: 
Operating (Ambient) ........................................................ .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

VeBO 
VmBo 
Ie 
1m 

PT 
PT 
PT 

TA(opr) 
TSTG 
TL 

-34 V 
-0.5 V 
-10 rnA 

10 rnA 

80 mW 
50 mW 
35 mW 

71 ·C 
-65 to 85 ·C 

255 ·C 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = -50 p,A, 

lE = 0) ..................................................................................... . 
Collector-Cutoff Current (VCB = -12 V, lE= 0) ....... . 
Emitter-Cutoff Current (VEB = -0.5 V, Ie = 0) ....... . 
Small-Signal Forward-Current Transfer Ratio 

(VCE = -6 V, Ic = -1 rnA, f = 1 kc/s) ................... . 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCB = -12 V, lE = 1 rnA) •....................... 
Thermal Resistance, Junction-to-Ambient ..................... . 

TYPICAL OPERATION IN RF-AMPLIFIER CIRCUIT 
DC Collector Supply Voltage ............................... . 
DC Collector-to-Emitter Voltage ......................... . 
Emitter Current ........................................................... . 
Signal-Frequency ......................................................... . 
Input Resistance ........................................................... . 
Output Resistance ....................................................... . 
Output Capacitance .................................................. .. 

Vce 
VCE 
lE 
f 

V(BB)CBO 
ICBO 
lEBO 

hr. 

f'hfb 
8J-A 

-34 min V 
-16 max p,A 
-16 max p,A 

40 to 170 

45 Mc/s 
0.4 max ·C/W 

--6 -12 V 
-5.7 -11 V 

1 1 rnA 
1.5 1.5 Mc/s 
520 1000 n 

0.065 0.18 Mn 
2.2 2 pF 

Extrinsic Transconductance ................................... . 
Maximum Power Gain .............................................. .. 

R,. 
Roe 
Cobo 
gm 
MAG 
MUG 

36000 36000 p,mhos 
40.4 47.7 dB 

Useful Power Gain (Unneutralized circuit) 25.3 25.6 dB 

TYPICAL TRANSFER CHARACTERISTIC 
TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

6 
TYP~ 2N 1631 I 

I 

COLLECTOR-TO-EMITTER 
VOLTS=-9 

AMBIENT TEMPERATUlE=25"C 

! 

Z I 
1/ I 

./ 
o SO 100 ISO ZOO 250 

BASE-TO-EMITTER MILLIVOLTS 
92CS-I0678T 

2N1632 

TYPE 2NI631 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE (TA). ZS'C _ 
EMITTER MILLIAMPERES =1 

til FREQUENCY (Mell) °I.S 
eAC OUTPUT CIRCUIT SHORTED. - -2 

% o 
I 

'2100 0 
g 
:, 7S0 

~ 
Ii; 500 

~ 
!:; 2S0 

~ o 
-Z 

.AC INPUT CIRCUIT SHORTED. 

V::I 
O. 

./ 

~ ~ V 

~ V 
O. 

0 
-4 -6 -8 -10 -12 -14 -16 

COLLECTOR-TO-EMITTER VOLTS 
92.CS-1056ITI 

TRANSISTOR 
Ge p-n-p drift-field type used in rf-amplifier applications in battery-operated 
AM radio receivers. JEDEC TO-I, Outline No.1. Terminals: 1 - emitter, 
2 - base, 3 - collector. This type is electrically identical with type 2N1631. 

2N1637 TRANSISTOR 
Ge p-n-p drift-field type used in rf-amplifier applications in AM automobile 
radio receivers. JEDEC TO-I, Outline No.1. Terminals: I - emitter, 2 - base, 
3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 

. Emitter Current ........................................................................ .. 
Transistor Dissipation: 

TA = 25·C .............................................................................. .. 
T .. = 55·C .............................................................................. .. 
TA = 71·C .............................................................................. .. 

Temperature Range: 
Operating (Ambient) .......................................................... .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ....................... . 

VCBO 
VEBO 
Ic 
IE 

PT 
PT 
PT 

TA(opr) 
TSTG 
TL 

-34 V 
-1.5 V 
-10 rnA 

10 rnA 

80 mW 
50 mW 
35 mW 

71 ·C 
-65 to 85 ·C 

255 ·C 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = -50 /LA, 

IE = 0) ....................................................................................... . 
Collector-Cutoff Current (VeB = -12 V, IE = 0) ....... . 
Emitter-Cutoff Current (VEB = -1.5 V, Ie = 0) ....... . 
Small-Signal Forward-Current Transfer Ratio 

(VeE = -6 V, Ie = -1 rnA, f = 1 kc/s) ................... . 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VeB = -12 V, IE = 1 rnA) ....................... . 
Output Capacitance (VeE = -12 V, Ie = -1 rnA, 

f = 1 kc/s) ............................................................................. . 
Thermal Resistance, Junction-to-Ambient ....................... . 

V(BR)CBO 
leBo 
lEBO 

CObO 

8J-A 

TYPICAL TRANSFER CHARACTERISTIC 
6 

TYPt 2NI637 
COLLECTOR-TO-EMITTER 

VOLTS'-12 
AMBIENT TEMPERATlRE'25"C 

/ 
I 

1/ 
l/ 

o 50 100 150 200 250 
BASE-TO-EMITTER MILLIVOLTS 

92CS-IO~~6TI 

TYPICAL OPERATION IN RF-AMPLIFIER CIRCUIT 
DC Collector-to-Emitter Voltage ....................... . 
Emitter Current ........................................................... . 
Signal Frequency ......................................................... . 
Input Resistance ........................................................... . 
Output Resistance ....................................................... . 
Maximum Power Gain ............................................... . 
Useful Power Gain (Unneutralized circuit) 

TRANSISTOR 

VeE 
IE 
f 
R'e 
Roe 
MAG 
MUG 

-5.5 
1 

1.5 
520 

0.065 
40.4 
25.3 

-34 min 
-12 max 
-15 max 

40 to 170 

45 

2 
0.4 max 

-11.2 
1 

1.5 
1000 
0.18 
47.7 
25.6 

185 

V 
itA 
/LA 

Mc/s 

pF 
'C/W 

V 
rnA 

Mc/s 
a 

Ma 
dB 
dB 

2N1638 
Ge p-n-p drift-field type used in if-amplifier applications in AM automobile 
radio receivers. JEDEC TO-l, Outline No.1. Terminals: 1 - emitter, 2 - base, 
3 - collector. This type is identical with type 2Nl637 except for the follow
ing items: 

MAXIMUM RATINGS 
Emitter-to-Base Voltage VEBO 

CHARACTERISTICS 
Collector-Cutoff Current (Ven = -12 V, Ie = 0) .......... leBo 
Emitter-Cutoff Current (VEB = -0.5 V, Ie = 0) ............ lEBO 
Small-Signal Forward-Current Transfer Ratio 

(VeE = -6 V, Ie = -1 rnA, f = 1 kc/s) .................... h,. 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCB = -12 V, IE = 1 rnA) ........................ flo'b 

-0.5 

-12 max 
-12 max 

70 to 275 

40 

TYPICAL OPERATION IN SINGLE·STAGE IF·AMPLIFIER CIRCUIT 
DC Collector-to-Emitter Voltage ........................... . 
Emitter Current ........................................................... . 

~;ru~ll:.~~~~~~y .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Output Resistance ....................................................... . 
Maximum Power Gain .............................................. .. 
Useful Power Gain (Unneutralized circuit) ....... . 

VeE 
IE 
f R,. 
Ro. 
MAG 
MUG 

-5 
1.6 

262.6 
1800 
0.47 
58.6 

35 

-11 
2 

262.5 
1400 
0.72 
61.5 
36.6 

V 

/LA 
/LA 

Mc/s 

rnA 
kc/s 

a 
Mn 
dB 
dB 
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2N163P TRANSISTOR 

Ge p-n-p drift-field type used in converter, mixer, and oscillator applications 
in AM automobile radio receivers. JEDEC TO-l, Outline No.!. Terminals: 
1 - emitter, 2 - base, 3 - collector. This type is identical with type 2N1637 
except for the following items: 

TYPICAL OPERATION IN SELF-EXCITED 1.5-Mc/s CONVERTER CIRCUIT 
DC Collector-to-Emitter Voltage ............................ VCE 
DC Collector Current .................................................. Ie 
Input Resistance ............................................................ R I e 
Output Resistance ........................................................ Roe 
RMS Base-to-Emitier Oscillator-Injection 

Voltage ......................................................................... . 
Conversion Power Gain (useful) ............................ MUGu 

-5 -11 
0.65 0.65 
1850 2200 

0.1 0.2 

100 100 
35.4 37 

2N1683 COMPUTER TRANSISTOR 

V 
mA 

n 
Mn 

mV 
dB 

Ge p-n-p diffused-junction type used in computer applications in data
processing equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector. This type is identical with type 2N1300 except for 
the following items: 

MAXIMUM RATINGS 
Emitter-to-Base Voltage 

CHARACTERISTICS 
Emitter-to-Base Breakdown Voltage (IE = -0.1 mA, 

Ie = 0) ..................................................................................... . 
Base-to-Emitter Voltage (Ie = -40 mA, In = -1 rnA) 
Static Forward-Current Transfer Ratio: 

VeE = -0.3 V, Ic = -10 rnA ........................................... . 
VCE = -0.5 V, Ic = -40 mA .......................................... .. 

Gain-Bandwidth Product (VCE = -3 V, Ie = -10 mA) 
Total Stored Charge: 

Ie = -10 mA, In = -0.4 mA ........................................... . 
Ie = -40 mA, In = -1.6 rnA ........................................... . 

VEBO· 

V(BR)EBO 
VnE 

hFE 
hFE 
iT 

Qs 
Qs 

-4 V 

-4 min V 
-0.6 max V 

50 min 75typ 
50 min 85typ 
50 min Mcls 

160 max pC 
410 max pC 

• This rating may be exceeded and the emitter-to-base junction operated in the 
breakdown condition provided the emitter dissipation is limited to 30 milliwatts 
at 25"C. For ambient temperatures above 25·C, reduce the dissipation by 0.5 
milliwatts per ·C. 

2N1700 POWER TRANSISTOR 

Si n-p-n diffused-junction type used in power-switching circuits such as 
dc-to-dc converters, inverters, choppers, solenoid and relay controls; in 
oscillators, regulators, and pulse-amplifier circuits; and as class A and 
class B push-pull audio and servo amplifiers in industrial and military 
equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector and case. For typical operation in a power-switching circuit, 
refer to type 2N1479. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open (sustaining voltage) ....................................... . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 

VeRO 

VCEV 
VCEO(SUS) 
VERO 
Ie 
In 

60 

60 
40 
6 
1 

0.75 

V 

V 
V 
V 
A 
A 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 

PT 5 W Te up to 25·C ......................................................................... . 
Te above 25'C ....................................................................... . PT See curve page 112 

Temperature Range: 

~fo~i~~in~ .... ~~~~.~~~.~! .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage (Ie == 50 rnA. 

Is == 0) ..................................................................................... . 
Collector-to-Emitter Voltage (VBE == -1.5 V, 

Ie == 0.5 rnA) ........................................................................... . 
Base-to-Emitter Voltage (VeE = 4 V. Ie == 100 mAl ... . 
Collector-Cutoff Current: 

VeB == 30 V, IE = 0, Te = 25'C ....................................... . 
VeB == 30 V, IE = 0, Te = 150·C ..................................... . 

Emitter-Cutoff Current (VEB = 6 V, Ie = 0) ............... . 
Collector-to-Emitter Saturation Resistance 

(Ie = 100 rnA, IB == 10 mAl ........................................... . 
Static Forward-Current Transfer Ratio 

(VeE == 4 V, Ie == 100 rnA) ........................................... . 
Small-Signal Forward-Current Transfer Ratio 

(VeE == 4 V. Ie = 5 rnA, f == 1 kc/s) ........................... . 

TJ(opr) 
TSTO 
TL 

VeEo(sus) 

VeE v 
VBE 

leBO 
leBO 
lEBO 

reE(sat) 

hFE 

hf. 

I 
TYPICAL COLLECTOR CHARACTERISTICS 

,-_70 
TYPE 2NI700 

-65 to 200 
-65 to 200 

255 

40 min 

60 min 
2 max 

75 max 
1000 max 

25 max 

lOmax 

20 to 80 

40 

10- 1--60 
501 

COMMON-EMITTER CIRCUIT. BASE INPUT 

0.8 

~ ... 
~0.6 

e 
~0.4 f...-

8 
0.2 

o 

CASE TEMPERATURE' 25'C 
410 

30 

0 

I 

BASE MILLIAMkRES'1O 

10 20 

5 

2 -[7 
I 17 

10 
30 40 50 60 

COLLECTOR-TO-EMITTER VOLTS 

TYPICAL OC FORWARD -CURRENT 
TRANSFER -RATIO CHARACTERISTICS 

TYPE 2NI7OO 

ggtt'gtR~~~:"f~i':~: :=!:4 

-- 25 
---- -65 

(\. 

CURVE I TEMPERA~O=~ CTcI-"C 

--- 175 

O~ 
~ 
~ 10.. . 

....::::: ~ 
o 0.2 0.4 0.6 o.e I 

COLLECTOR AMPERES IICI 
92C&-IIS'7IT 

70 eo 
92C .... II!!IOTI 

·C 
·C 
·C 

V 

V 
V 

p.A 
p.A 
p.A 

0 
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CHARACTERISTICS (cont'd) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VeB = 28 V. Ie = 5 rnA) ........................... . 
Output Capacitance (VeB = 40 V. Ie := O. f = 1 kc/s) 
Thermal 'l'ime Constant ....................................................... . 
Thermal Resistance. Junction-to-Case ............................... . 
Thermal Resistance, Junction-to-Ambient ....................... . 

fbfb 
Cobo 
T(thermal) 
9J-e 
9J-A 

2N1701 POWER TRANSISTOR 

1.2 
150 

10 
35 max 

200 max 

Mc/s 
pF 
IDS 

'C/W 
'C/W 

Si n-p-n dillused-junction type used in power-switching applications such as 
dc-to-dc converter, inverter, chopper, solenoid and relay control circuits; in 
oscillator, regulator, and pulse-amplifier circuits; and as class A and class B 
push-pull audio and servo amplifiers in industrial and military equipment. 
JEDEC TO-S, Outline No.5. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open (sustaining voltage) ....................................... . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current .............................................................................. .. 

VCBO 

VeEv 
VeEo(sus) 
VEBO 
10 
Is 

PT 

60 V 

60 V 
40 V 
6 V 

2.5 A 
1 A 

25 W Trres~~orto D~s!~a~~~.: ...........................................•..................... 
Te above 25'C ....................................................................... . PT See curve page 112 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS 

TJ(opr) 
TSTO 
Tp 

Collector-to-Emitter Sustaining Voltage (Ie := 100 rnA. 
IB = 0) ...................................................................................... VCEO(SUS) 

Collector-to-Emitter Voltage (VBE := -1.5. 
Ie := 0.75 rnA) ........................................................................ VeEv 

Collector-to-Emitter Saturation Voltage: 
(Ie = 2.5 A. IB := 1 A) ........................................................ VeE (sat) 

Base-to-Emitter Voltage (VeE = 4 V. Ie = 300 rnA) .... VBE 
Collector-Cutoff Current: 

VeB := 30 V. lE = O. Te := 25'C ........................................ leBO 
VeB = 30 V. lE = O. Te := 150'C ...................................... leBO 

Emitter-Cutoff Current (VEB = -6 V. Ie := 0) ............ lEBO 
Collector-to-Emitter Saturation Resistance 

(Ie = 300 rnA. Is = 30 mAl ............................................ rCE (sat) 

TYPiCAL COLLECTOR CHARACTERISTICS 
2.5 

220 TYPE 2NI701 

-65 to 200 
-65 to 200 

235 

40 min 

60 min 

12.5 max 
3 max 

100 max 
1500 max 

50 max 

5 max 

0 COMMON-EMITTER CIRCUIT. BASE INPUT.-
180 

II) 

'" a: 

'" Q. 

2 

21.5 .. 
§ 
'" -' 
5 
c.> 

I 

0.5 

o 

r-

160 
CASE TEMPERATURE- 2S'C 

140 
120 
100 

80 

60 
50 

0 

30 

BASE MIl.l.IAMPERES -20 
15 
10 

5 ~ 
--==1 0 

10 20 30 40 50 60 70 80 
COl.l.ECTOR-TO- EMITTER VOl.TS 92CM-I1562Tl 

'c 
'c 
'c 

V 

V 

V 
V 

p.A 
p.A 
p.A 

n 
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CHARACTERISTICS (cont'd) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VeB = 28 V. Ie = 5 mAl ........................ fUb 
Static Forward-Current Transfer Ratio: 

Vel' = 4 V. Ie = 300 mA .................................................... hFE 
Vel' = 20 V. Ie = 2.5 A.................................................... hFE 

Output Capacitance (VeB = 40 V. IE = O. f = 1 kc/s) Cobo 
Thermal Resistance. Junction-to-Case .............................. 9J-e 
Thermal Resistance. Junction-to-Ambient ........................ 9J-A 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
DC Supply Voltage .................................................................... Vee 
DC Base-Bias Voltage ........................................................... . 
Generator Resistance ................................................................ RG 
"On" DC Collector Current .................................................... Ie 
"Turn-On" Base Current ........................................................ Inl 
"Turn-Off" Base Current ........................................................ In. 
Delay Time .................................................................................... t. 
Rise Time ...................................................................................... t, 
Storage Time ................................................................................ t, 
Fall Time ...................................................................................... tf 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPE 2NI701 
COMMON - EMITTER CIRCUIT. BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (VCEl-4 

CURVE CASE 

r\ 
I-- TEMPERATURE (Tcl-OC 

25 
-65 

~ 
I-- ___ 

175 

~ ~~ 

R2 

RI 

~ -IB2 

VBB 

- + 

-...;;:::: ---- --- VBB = 8.5 volts 
Vee = 12 volts 

189 

1 max Mc/s 

20 to 80 
5 min 

175 max pF 
7 max ·C/W 

100 max ·C/W 

12 V 
-8.5 V 

50 n 
750 mA 
65 mA 

-35 mA 
0.2 p.s 

1 p.s 
0.8 p.s 
1.1 p.s 

2 

92CS-10427R2 

o 
r-

0.5 I 1.5 2 2.5 :5 
COLLECTOR AMPERES (Iel 

92CS-1I574T 

Rl = 50 ohms. 1 watt 
Rz = 220 ohms. 1 watt 
R3 = 15.9 ohms. 2 watts 

TRANSISTOR 2N1702 
Si n-p-n diffused-junction type used in power-switching applications such 
as dc-to-dc converter, inverter, chopper, and relay control circuits; in 
voltage and current regulator circuits; and in dc and servo amplifier cir
cuits. Similar to JEDEC TO-3, Outline No.2 (Variant 1). Terminals: 
1 (B) - base, 2 (E) - emitter, Mounting Flange - case and collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... .. 
Collector-to-Ernitter Voltage: 

VBI' = -1.5 V ...................................................................... .. 

VeBO 60 V 

VCEV 60 V 
Base open (sustaining voltage) ....................................... . 

Emitter-to-Base Voltage ........................................................ .. 
VCEO(SUS) 40 V 
VEBO 6 V 

Collector Current .................................................................... .. Ic 5 A 
Base Current ............................................................................... . In 2.5 A 
Transistor Dissip,ation: 

Te up to 25 C ...................................................................... .. 
Te above 25°C ....................................................................... . 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

PT 75 W 
PT See curve page 112 

TJ(opr) -65 to 200 ·C 
TSTG -65 to 200 ·C 

CHARACTERISTICS 
Collector-to-Ernitter Sustaining Voltage (Ie = 100 mAo 

In = 0) .................................................................................... .. 
Collector-to-Emitter Voltage (VBI' = -1.5 V. 

Ie = 1 mAl .......................................................................... .. 
Base-to-Emitter Voltage (VCE- = 4 V. Ic = 800 mAl .. .. 

VCEO(SUS) 40 min V 

VCEV GO min V 
VBI' 4 max V 
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5 
TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2NI702 ~ 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
CASE TEMPERATURE = 25°C 60 

4 500 

400 

300 
250 

BASE MILLIAMPERES - 200 

160 
120 

80 
60 
40 

I 

v/ 10 1-....... 

2 ./ 

o 10 20 30 40 50 60 
COLLECTOR-TO-EMITTER VOLTS 

CHARACTERISTICS (cont'd) 
Collector-Cutoff Current: 

VeB == 30 V. IE == O. Te == 25·C ...................................... .. 
VeB == 30 V. IE == O. Te == 150·C ..................................... . 

Emitter-Cutoff Current (VEB == 6 V. Ie == 0) ............... . 
Collector-to-Emitter Saturation Resistance 

(Ie == SOO mAo In == SO mA) ........................................... . 
Static Forward-Current Transfer Ratio (VeE == 4 V. 

Ie == SOO mA) ......................................................................... . 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency {Vcn == 2S V. Ic == 5 mA) ........................... . 
Output Capacitance (VCB == 40 V. IE == 0) ................... . 
Thermal Resistance. Junction-to-Case ............................. . 

ICBO 
leBO 
lEBO 

rCE(sat) 

hFE 

f.f. 
Cobo 
8J-C 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 

~ne;:f!~iik~:i~t~ie·:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
"On" DC Collector Current ................................................... . 
"Turn-On" Base Current ....................................................... . 
"Turn-Off" Base Current ....................................................... . 
Delay Time ................................................................................... . 
Rise Time ..................................................................................... . 

~~la~k~~~ ... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TYPICAL DC FORWARD-CURRENT 

TRANSFER - RATIO CHARACTERISTICS 

TYPE 2NI702 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (VCEI- 4 

CURVE 
CASE 

TEMPERATURE 11: )_·C 
25 
-65 
175 

RI 

Vce 

RG 
Ie 
Inl 
In2 
td 
tr 
t. 
tf 

R2 

IBI .. -IB2 

Vee 

- ... 

70 80 
92CM-mS64TI 

200 
2000 
100 

4 max 

15 to 60 

1 
200 max 

2.33 max 

12 
-8.5 

50 
1.5 
0.3 

-0.15 
0.2 

1 
1 

1.2 

2 

p,A 
p,A 
p,A 

n 

Mc/s 
pF 

·C/W 

V 
V 
n 
A 
A 
A 

JLS 
p,s 
p,s 
p,s 

92CS-10427R2 

o 
--- --

2 3 4 II 
COLLECTOR AMPERES (Ic) 

92CS-1I575T 

VBB == S.5 volts 
Vce = 12 volts 
Rl == 50 ohms. 1 watt 
fu == 30 ohms. 1 watt 
R. == 7.S ohms. 2 watts 

2N1708 COMPUTER TRANSISTOR 
Si n-p-n double-diffused epitaxial planar type used in high-speed switching 
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applications in military and industrial equipment where high reliability and 
high packaging densities are essential. JEDEC TO-46, Outline No.16. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. This type is elec
trically identical with type 2N2205. 

TRANSISTOR 2N1711 
Si n-p-n triple-diffused planar type used in a wide variety of small-signal 
and medium-power applications in military and industrial equipment. It 
features exceptionally low noise characteristics. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . 
Collector-to-Emitter Voltage (RBE ;;;; 10 0) ................... . 
Emitter-to-Base Voltage ........................................................... . 
Collector Current ....................................................................... . 
Transistor Dissipation: 

TA up to 25°C ....................................................................... . 
Te up to 25°C ....................................................................... . 
TA or Tc above 25°C .......................................................... .. 

Temperature Range: 
Operating (Junction) ........................................................ .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie = 0.1 rnA. 

Im = 0) ..................................................................................... . 
Emitter-to-Base Breakdown Voltage (IE = 0.1 rnA. 

Ie = 0) .................................................................................... .. 
Collector-to-Emitter Reach-Through Voltage 

coh~to;~~-~tt:r V S~t~n~~g m¢Jua:ge .... · .... · ............. · .. .. 
(RBE = 10 O. Ie = 100 rnA. t p = 300 J's. df = 18%) 

Collector-to-Emitter Saturation Voltage 
(Ie = 150 rnA. IB = 15 rnA) ........................................... . 

Base-to-Emitter Voltage Saturation Voltage 
(Ie = 150 rnA. IB = 15 rnA) ........................................... . 

Collector-Cutoff Current: 
VeR = 60 V. IE = O. TA = 25°C .................................. .. 
VCB = 60 V. IE = O. TA = 150°C ................................ .. 

Emitter-Cutoff Current (VEB = 5 V. Ie = 0) .............. .. 
Pulsed Static Forward-Current Transfer Ratio: 

VCE = 10 V. Ie = 10 rnA. t p = 300 p,s. df = 1.8%) .... 
VeE = 10 V. Ie = 500 rnA. t p = 300 J's. df = 1.8%) .. 

Static Forward-Current Transfer Ratio: 
VeE = 10 V. Ie = 0.01 rnA. Tc = 25°C ................... . 
VeE = 10 V. Ie = 10 rnA. Te ::::: -55°C .................... . 

Small-Signal Forward-Current Transfer Ratio: 
VeE = 10 V. Ie = 5 rnA. f = 1 kc/s .......................... .. 
VCE = 10 V. Ie = 50 rnA. f = 20 Me/s ...................... .. 

o 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2NI711 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
AMBIENT TEMPERATURE·25·C -

I 
005 

-----~'Y V I 

"..--I--- ¢ V I 
~ ) 
o~ \ BASE MICROAMPERES-O 

10 20 30 40 50 60 70 
COLLECTOR-TO-EMITTER VOLTS 

92Cs-ueor 

~ 
'" '" II: 

'" a. 
2 .... 
::; 
..J 
i 
II: 

~ 
() 

'" ..J 
..J 
0 
() 

0 

VeBo 
VeER 
VEBO 
Ie 

PT 
PT 
PT 

TJ(opr) 
TSTG 
TL 

V(BR)eBO 

V(BR)EBO 

VRT 

VeER (sus) 

VeE (sat) 

VBE(sat) 

ICBO 
leBo 
ImBO 

hFE (pulsed) 
hFE (pulsed) 

hFE 
hFE 

h,. 
hr. 

75 V 
50 V 
7 V 
1 A 

0.8 W 
3 W 

See eurve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

300 ·C 

75 min 

7 min 

75 min 

50 min 

1.5 max 

1.3 max 

0.01 max 
lOmax 

0.005 max 

75min 
40 min 

20 min 
35 min 

70 to 300 
3.5 min 

v 
V 

V 

V 

V 

V 

p,A 
p,A 
JLA 

BASE-TO-EMITTER VOLTS (VeEl 
92CS-1tII&TI 
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CHARACTERISTICS (cont'd) 
Input Capacitance (VmB = 0.5 V. Ie = 0) .................. .. 
Output Capacitance (VeB = 10 V. Im = 0) ................... . 
Noise Figure (Vcm = 10 V. 10 = 0.3 mAo RG == 500. 

f = 1 kc/s. circllit bandwidth == 1 cis) ...................... .. 
Input Resistance (VeB = 10 V. Ie = 5 mAo f == 1 kc/s) 
Voltage-Feedback Ratio (VOB == 10 V. 10 = 5 mAo 

f = 1 kc/s) .............................................................................. .. 
Output Conductance (VOB = 10 V. Ie == 5 mAo 

f = 1 kc/s) .............................................................................. .. 
Thermal Resistance. Junction-to-Case .......................... .. 
Thermal Resistance. Junction-to-Ambient .................... .. 
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Cibo 
Cobo 

NF 
hib 

hrb 

hOb 
9J-0 
9J-A 

80 max 
25 max 

8 max 
4to8 

5x 10'" max 

0.1 to 1 
58.3 max 
219 max 

pF 
pF 

dB 
0 

pmho 
·C/W 
·C/W 

2N1853 COMPUTER TRANSISTOR 
Ge p-n-p dilfused.junetion type used in switching applications in military 
and commercial data-processing equipment. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage· ...................................................... .. 
Collector Current ...................................................................... .. 

Tr~s~~°to ~~dP~~~~:.!. ............................................................. . 
TA above 25·C ...................................................................... .. 

Emitter-to-Base ,Dissipation (Under breakdown con-
ditions with reverse bias) ................................................. . 

Ambient-Temperature Range: 
Operating (TA) and Storage (TsTG) .......................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(10 = -0.025 mAo Im =0) .................................................. .. 
Collector-to-Emitter Breakdown Voltage 

(VBm = 0.15 V. 10 = -0.025 mA) ................................... . 
Emitter-to-Base Breakdown Voltage (1m == -0.1 mA. 

Ie == 0) .................................................................................... .. 
Collector-to-Emitter Saturation Voltage 

(10 = -6 mA. In == -0.2 mAl ......................................... . 
Base-to-Emitter Voltage (Io == -6 mA. In == -0.2 mAl 
Collector-Cutoff Current: 

VeB == -15 V. 1m = O.TA == 25·C .................................. .. 
VeB = -18 V. Im = O. TA == 60·C .................................. .. 

Emitter-Cutoff Current (VmB = -2 V. Ie == 0) ........... . 
Static Forward-Current '!'ransfer Ratio: 

VeE = -1 V. IB == -0.2 mA ........................................... . 
Vem = -0.4 V. Ie = -6 mA .............................................. .. 

Turn-On Time- (Vee == -15 V ... RG == 100 0) ................. . 
Storage Time- (Vee == -15 V .. !-,-G == 100 0) .................... .. 
Turn-Off Time- (Vee == -15 V. RG == 1000) ................ .. 

VeBo 
Vemo 
VmBo 
10 

PT 
PT 

PT 

TL 

V(BR)eBO 

V(BR)emV 

V(BR)mRO 

Vem(sat) 
VRm 

leBO 
leBO 
ImBO 

hFm 
hFm 
td +tr 
t. 
t. + tf 

-18 V 
-6 V 
-2 V 

-100 mA 

150 mW 
See eurve page 112 

25 mW 

-65 to 85 ·C 
235 ·C 

-18 min V 

-18 min V 

-2 min V 

-0.2 max V 
-0.4 max V 

-4.2 max '1 -35 max 
-100 max ~A 

30 to 400 
30 min 

0.8 max p.S 
0.8 max p.S 
0.9 max p.S 

• This rating ma;r be exceeded and the emitter-to-base junction operated in the 
breakdown condltion provided tile emitter-to-base dissipation is limited to 25 mUli
watts at 25·C. For ambient temperatures above 25·C. reduce the dissipation. 

t For higher dissipation values in switching applications under transient operating 
conditions. tile maxinlum dissipation can be computed by utilization of tile method 
described in RCA Application Note "Transistor Dissipation Ratings for Pulse and 
Switching Service" (AN-181). 

- This characteristic applies only to type 2N1853. 

2N1854 COMPUTER TRANSISTOR 

Ge p-n-p dilfused·junetion type used in switching applications in military 
and commercial data-processing equipment. JED EO TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector. This type is identical with 
type 2N1853 except for the following items: 



Technical Data for RCA Transistors 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(VBE = 0.2 V, Ie = -0.025 mAl .................................... V(BR)CEV 
Collector-to-Emitter Saturation Voltage: 

Ie = -20 mA, In = -0.66 mA ........................................ VeE (sat) 
Ie = -80 mA, In = -2.7 mA .......................................... VeE (sat) 

Base-to-Emitter Voltage (Ic = -20 mA, 
In = -0.5 mAl ........................................................................ VnE 

Collector-to-Emitter Latching Voltage 
(Vee = -18 V, RBE = 1 kO, R," = 178 0) .................... VeERL 

Collector-Cutoff Current: 
Ven = -15 V, IE = 0, TA = 65'C .................................... ICBO 

Static Forward-Current Transfer Ratio: 
VCE = -1 V, Ie = -50 mA ................................................ hFIO 
VCE = -0.5 V, Ie = -20 mA ............................................ hFE 

Gain-Bandwidth Product (VCE = -1 V, Ic = -10 mA, 
hto = 5) ...................................................................................... fT 

Output Capacitance (VCB = -10 V, b = 0, 
f = 140 kc/s) ............................................................................ Cobo 

Charge Storage Time (Ie = -SO mA, In. = -4.5 mA, 
Vec = -15 V, RL = 189 0) ................................................ tQs 

TRANSISTOR 

-IS min 

-0.25 max 
-0.7 max 

-O.Smax 

-17 min 

-40 max 

400 max 
40 min 

40 min 

12 max 

80 max 
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v 
V 
V 

V 

V 

/LA 

Mc/s 

pF 

ns 

2N1893 
Si n-p-n triple-diffused planar type used in small-signal and medium-power 
applications in industrial and military equipment. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. This type is 
identical with type 2N2405 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 

RBE ~ 10 0 ............................................................................... . 
Base open ................................................................................ .. 

Collector Current ...................................................................... .. 
Transistor Dissipation: 

TA up to 25'C ...................................................................... .. 
Te up to 25'C ...................................................................... .. 
TA or Te above 25'C ............................................................ .. 

Temperature Range: 
Operating (Junction) ........................................................ .. 
Storage ....................................................................................... . 

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage: 

Ic = 30 mA, In = 0, t p = 300 /LS, df = 1.8% .......... .. 
Ie = 100 mA, RnE = 10 0, t p = 300 /LS, df = 1.8% .. .. 

Collector-to-Emitter Saturation Voltage: 
Ie 150 mA, In = 15 mA .............................................. .. 
Ie = 50 mA, In = 5 mA .................................................. .. 

VeER 
VeEo 
Ie 

PT 
PT 
PT 

TJ(opr) 
TSTG 

VeEo(sus) 
VCER(SUS) 

VClll(sat) 
VCE(sat) 

TYPICAL COLLECTOR CHARACTERISTICS 

i 
~IO 
-' 
!!i8 
It: o 
\:;6 .... 
-' 
-' 
8 4 

2 

o 

TYPE 2NI893 
COMMON-EMITTER CIRCUIT, 8ASE INPUT. 
AMBIENT TEMPERATURE' 25° C 

I---
~I-"" 

V 
~&<l 

/ ) T ~ 

~ 
7 rJ 

15 -' \ ASE MICROAMPERES = 0 
w ~ ~ ~ ~ ~ ro ~ ~ ~ 

COLLECTOR-TO-EMITTER VOLTS 

100 V 
80 V 

0.5 A 

0.8 W 
3 W 

See curve page 112 

-65 to 200 'c 
-65 to 300 ·C 

80 min V 
100 min V 

5 max V 
1.2 max V 

seeM-II.51l' 
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CHARACTERISTICS (cont'd) 
Base-to-Emitter Saturation Voltage (Ie = lS0 mAo 

ID = 15 rnA) ........................................................................... . 
Collector-Cutoff Current (VCR = 90 V. 1m = O. 

Te = lS0·C) ........................................................................... . 
Small-Signal Forward-Current Transfer Ratio: 

VOl' = 5 V ... Ie = ~ rnA. f = 1 kc/s ............................... . 
VeE = 10 v. Ie = 50 rnA. f = 20 Mc/s ....................... . 

Static Forward-Current Transfer Ratio 
(VeE = 10 V. Ie = 0.1 rnA) .............................. , .............. ... 

Pulsed Static Forward-Current Transfer Ratio 
(VeE = 10 V. Ie = 150 rnA. t. = 300 p.s. df = 1.8%) .. 

Gain-Bandwidth Product ....................................................... . 
Input Capacitance (VEB = 0.5 V. Ie = 0) ....................... . 
Input Resistance (VeB = 5 V. Ie = 1 rnA. f = 1 kc/s) 
Voltage-Feedback Ratio: 

VeB = 5 V. Ie = 1 rnA, f = 1 kc/s ............................... . 
VeB = 10 V, Ie = SmA, f = 1 kc/s ............................. . 

Thermal Resistance, Junction-to-Case ............................ .. 
Thermal Resistance, Junction-to-Ambient ..................... . 

RCA Transistor Manual 

VBE(sat) 1.3 max V 

leBO 15 max p.A 

hf. 30 to 100 
hf. 2.5 min 

hFE 20 min 

hFE (pulsed) 40 to 120 
fT SO min Mc/s 
elbo 85 max pF 
hi. 20 to 30 n 
hr. 1.25 X 10-< max 
hr. 1.5 X 10-< max 
!'h-e 58.3 max ·C/W 
9'-A 219 max ·C/W 

2N190S POWER TRANSISTOR 

Ge p-n-p drift-field type intended for use in power-switching circuits, dc-to
de converters, inverters, ultrasonic oscillators, and large-signal wide-band 
linear amplifiers. Similar to JEDEC TO-3, Outline No.2 (Variant 2). 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 
case. 

MAXIMUM RATINGS 
Collector-to-Bas!! Voltage .................................................... .. 
Collector-to-Emltter Voltage ............................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation: 

TMF up to 5S·C ..................................................................... . 
TMF above 5S·C ...................................................................... .. 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

VeDo 
VeEo 
V"BO 
Ie 
IE 
IB 

PT 
PT 

T,(opr) 
TSTG 
Tp 

-100 V 
-50 V 
-1.5 V 

-6 A 
6 A 

-1 A 

30 W 
See curve page 112 

-65 to 100 ·C 
-65 to 100 ·C 

25S ·C 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = -100 rnA. ID = 0) .................................................... Ve"o(sus) -SO min V 

TYPICAL COLLECTOR CHARACTERISTICS 

~PE ~NI9~15 I I I I I I 
- COMMON-EMITTER CIRCUIT, BASE INPUT. 

MOUNTING-FLANGE TEMPERATURE.2S·C 

~ 

-~-35 
-=0 

-25 

It'" -20 

-2 -15 

-10 
I BASE MILLIAMPERES· - 5 f--

I I 
o -5 -10 -IS -20 -25 -30 -35 -40 

COLLECTOR-TO-EMITTER VOLTS 92CM-IO ... TI 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Saturation Voltage 

(Ie = -5 A. lB = 0.25 A) ............................................... . 
Base-to-Emitter Voltage (VeE = -2 V. Ie = -1 A) ... . 
Collector-Cutoff Current: 

Ven = -100 V. VB>l(li) = 1 V ............................................. . 
VeE = -40 V. VnE = -1 V. TMF = 55°C ................... . 
VeE = -40 V. In = 0 ......................................................... . 

~~U~e~;r~~~d_'b~:re~t !lr~~sfur-J1ti~· Ie = 0) ....... . 
VeE = -2 V. Ie = -5 A ................................................... . 
VCI' = -2 V. Ie = -1 A ................................................... . 

Small-Signal Forward-Current Transfer Ratio: 
VeE = -5 V. Ie = -0.5 A. f = 1 kc/s ....................... . 
VeE = -5 V. Ie = -0.5 A. f = 1 Mc/s ....................... . 

VeE (sat) 
VBE 

leBo 
IeEv 
IeEO 
lEBO 

hFE 
hFE 

hie 
hr. 

-1 max 
-0.5 max 

-lOmax 
-3 max 

-75 max 
-2.5 max 

30 min 
50 to 150 

30 to 200 
2 min 
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V 
V 

mA 
mA 
mA 
rnA 

POWER TRANSISTOR 2N1906 
Ge p-n-p drift-field type used in power-switching circuits, dc-to-dc con
verters, inverters, ultrasonic oscillators, and large-signal wide-band linear 
amplifiers. Similar to JEDEC TO-3, Outline No.2 (variant 2). Terminals: 
1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. This 
type is identical with type 2N1905 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage ........................................................ VeBo 
Collector-to-Emitter Voltage ................................................ VeEo 

-130 
-60 

V 
V 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = -100 rnA. In = 0) .................................................... VeEO (sus) -60 min V 
Collector-to-Emitter Saturation Voltage 

(Ie = -5 A. In = -0.25 A) ............................................ VeE (sat) -0.5 max V 
Collector-Cutoff Current (VeB = -130 V. VBE (Ii) = 1 V) leBO -10 max rnA 
Static Forward-Current Transfer Ratio: 

VeE = -2 V. Ie = -5 A .................................................... hFE 75 max 
VeE = -2 V. Ie = -1 A .................................................... hFIil 75 to 250 

Small-Signal Forward-Current Transfer Ratio: 
VeE = -5 V. Ie = -0.5 A. f = 1 kc/s ........................ hr. 50 to 300 
VeE = -5 V. Ie = -0.5 A. f = 1 Mc/s ........................ hr. 3 min 

TYPICAL COLLECTOR CHARACTERISTICS 

T~PE 12NI~06 I I I I I I 
- COMMON-EMITTER CIRCUIT. BASE INPUT. 

MOUNTI NG -FLANGE TEMPERATURE- 25°C 

-!!I -
l-- -;!!. 

-2!i 

...- -20 

r" -§. 
-:.!2. 

I BASE MLUAMPERES·-5 

I - - - - -o 5 

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT 
(At mounting-flange temperature = 25°C) 

DC Collector-Supply Voltage ............................. . 
On DC Collector Current ................................... . 
Turn-On DC Base Current ............................... . 

Vee 
Ie 
IB1 

5 
-1 

I 
-35 -40 

92CM-I09HT1 

12.5 
-2.5 

-0.25 

12.5 
-5 

-0.25 

V 
A 
A 
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TYPICAL OPERATION (cont'd) 
Turn-Off DC Base Current ................................ lB. 0.25 0.25 A 
Pulse-Generator Open-Circuit Voltage ........ E 
Base-Bias Resistor ................................................ Rl 

2 V 
75 5 5 n 

Speed-Up Capacitor ............................................ C, 
Load Resistor ............................................................ R. 

0.1 p.F 
5 5 2.5 n 

Generator Impedance ............................................ RG 
Delay Time .............................................................. t. 
Rise Time .................................................................. tr 

5 5 5 n 
0.1 0.1 0.1 p.s 
0.1 0.4 0.9 p.s 

Storage Time ............................................................ t. 
Fall Time .................................................................. tf 

1 7 7 p.s 
0.6 1 2 p.s 

OUTPUT 
R2 VOLTAGE 

+ 

92CS-II009R2 

POWER TRANSISTOR 2N2015 
Si n-p-n diffused-junction type used in dc-to-dc converter, inverter, chop
per, relay-control, oscillator, regulator, pulse-amplifier circuits; and 
class A and class B push-pull amplifiers for af and servo amplifier appli
cations. JEDEC TO-36, Outline No.11. Terminals: Lug 1 - base, Lug 2 -
emitter, Mounting Stud - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... .. 
Collector-to-Emitter Voltage ............................................... . 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 
Emitter Current ........................................................................ .. 
Base Current ............................................................................... . 
Transistor Dissipation: 

To up to 25°C ........................................................................ .. 
To above 25°C ...................................................................... .. 

Case-Temperature Range: 
Operating (Te) and Storage (TSTG) ............................ .. 

Lug-Soldering Temperature (10 s max) ........................ .. 

VeBO 
VeEo 
VEBO 
Ie 
IE 
In 

T(lug) 

100 V 
50 V 
10 V 
10 A 

-13 A 
6 A 

150 W 
See curve page 112 

-65 to 200°C 
235 °C 

TYPICAL BASE 'CHARACTERISTICS TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

13 

11000 

~ 750 

III 500 
;l 

~50 

Q 

TYPE 2N2015 
COMMON - EMITTER CIRCUIT, BASE INPUT. 

f-- COLLECTfR-TO- EMITTER VOLTS. 4 -
CURVE CASE TEMPERATURE _·C 

f-- ----:1 25 --65 --- 175 ,'" / , 
,.-t-/ 

~ 
.~ V 

0.5 I 1.5 2 2.5 3 
~ASe;-TO-EMITTe:R VOLTS 

~2C~-\lQ93TI 

TYPE 2N20U'l 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (VCE)c4 

CURVE TEMPERATURE (Tcl-·C I CASE 

t--f- -- 25 
----- -65 

, --- 175 

!t 
~, 

o 

~ ~ ........ - ... 
....... . ...::: ::::: r=::::,; -.-

2 4 6 8 ~ ~ 
COLLECTOR AMPERES (IC) 

92CS-II09OTI 



Technical Data for RCA Transistors 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Voltage (VBm = -1.5 V. 

Ic = 2 rnA)' ........................................................................... . 
Collector-to-Emitter Sustaining Voltage (Ic = 200 rnA. 

IB = 0) ..................................................................................... . 
Collector-to-Emitter Voltage (Ic = 5 A. IB = 0.5 A) 
Base-to-Emitter Voltage (Vcm = 4 V. Ic = 5 A) ....... . 
Collector-Cutoff Current: 

VCE = 40 V. IB = 0 ........................................................... . 
VCE = 100 V. VBI' = -1.5 V ........................................... . 
VCE = 30 V. VBI' = -1.5 V. Tc = 150·C ..................... . 

Emitter-Cutoff Current (VEB = 10 V. Ic = 0) ........... . 
Static Forward-Current Transfer Ratio: 

VCE = 4 V. Ic = 5 A ....................................................... . 
Vcm = 4 V. Ic = 9 A ....................................................... . 

Small-Signal Forward-Current Transfer Ratio 
(VCE = 4 V. Ic = 1 A. f = 1 kc/s) ............................... . 

Small-Signal Forward-Current Transfer-Ratio Cutoff 
Frequency (VCE = 4 V. Ic = 5 A) .•........••.................... 

Collector-to-Emitter Saturation Resistance 
(Ic = 5 A. IB = 0.5 A) ....................................................... . 

Output Capacitance (Vcn = 40 V. Ic = 50 Jl.A. 
f = 1 Mc/s) ........................................................................... . 

Thermal Resistance. Junction-to-Case ............................. . 

VCEV 

VCEO(SUS) 
VCE(sat) 
VBI' 

ICEO 
ICEv 
ICE V 
IEno 

hte 

fhte 

rCE(sat) 

Cobo 
9J-G 

TYPICAL COLLECTOR CHARACTERISTICS 
o ( 

TYPE 2N2015 I 
1 1 
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100 min V 

50 min V 
1.25 max V 
2.2 max V 

0.2 max rnA 
2 max rnA 
2 max rnA 

0.05 max rnA 

15 to 50 
Smin 

12 to 60 

12 min kc/s 

0.25 max 0 

400 max pF 
1.17 max °C/W 

I I 
90~ J 

710 COMMON-EMITTER CIRCUIT. BASE INPUT.-

600 CASE TEMPERATURE = 25"C 
8 

500 

400 

BASE MILLIAMPERES-300 

100 

/ 
100 -- II 2 

30 ./ ) 
10 l/ 

o 10 20 30 40 50 60 70 80 
COLLECTOR-TO-EMITTER VOLTS 92CM-II092T2 

POWER TRANSISTOR 2N2016 
Si n-p-n diffused-junction type used in dc-to-dc converter, inverter, chop
per, relay-control, oscillator, regulator, and pulse-amplifier circuits; and 
class A and class B push-pull amplifiers for af and servo amplifier appli
cations. JEDEC TO-36, Outline No.11. Terminals: Lug 1 - base, Lug 2 -
emitter, Mounting Stud - collector and case. This type is identical with 
type 2N2015 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage ................................................. . 

CHARACTERISTICS 

VCBO 
VCEO 

Collector-to-Emitter Voltage (VBm = -1.5 V. 
Ic = 2 rnA) ............................................................................ VCEV 

Collector-to-Emitter Sustaining Voltage (Ic = 200 rnA. 
IB = 0) ...................................................................................... Vcmo(sus) 

Collector-Cutoff Current (Vcm = 130 V. 
VBm = -1.5 V) ........................................................................ ICEV 

130 
65 

130 min 

65 min 

2 max 

V 
V 

V 

V 

rnA 
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2N21 02 TRANSISTOR 

Si n-p-n triple-diffused planar type used in small-signal and medium-power 
applications in industrial and military equipment. This type features ex
ceptionally low-noise low-leakage characteristics, high switching speed, 
and high pulse hFE. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . VCBO 120 V 
Collector-to-Emitter Voltage: 
RBE~10n ........................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ....................................................... '" 
Collector Current ....................................................................... . 

VCER 80 V 
VeEo 65 V 
VEBO 7 V 
Ie 1 A 

Transistor Dissipation: 
PT 1 W 
PT 5 W 1~ ~ ~25;~C···:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

TA or Te above 25·C .........................................•.................... PT See curve page 112 
Temperature Range: 

Operating (Junction) ........................................................... . 
Storage ... : ................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie = 0.1 rnA, 

IE = 0) •...•......••..••..•..••.•••.••.••..••..•••.••..•••.•••.•••.•...•.......•.....••.•.•.• 
Emitter-to-Base Breakdown Voltage (IE = 0.1 rnA, 

Ie == 0) ..................................................................................... . 
Collector-to-Emitter Sustaining Voltage: 

Ie = 100 rnA, RBE == 10 n, t. = 300 p.s, df = 1.8% ... . 
Ie == 100 rnA, lB == 0, t. == 300 p.s, df = 1.8% ....... . 

Collector-to-Emitter Saturation Voltage (Ie = 150 rnA, 
lB == 15 rnA, t. = 300 p.s, df == 1.8%) ........................... . 

Base-to-Emitter Saturation· Voltage (Ie = ISO rnA, 
IB == 15 rnA, t. = 300 p.s, df = 1.8%) ........................... . 

Collector-Cutoff Current: 
VeB = 60 V, IE = 0, TA = 25·C ................................... . 
VCB == 60 V, IE == 0, TA = IS0·C ................................. . 

Emitter-Cutoff Current (VEB == 5 V, Ie = 0) ............... . 
Static Forward-Current Transfer Ratio (VeE = 10 V, 

Ie = 0.01 rnA, To == 25·C) ............................................. ... 
Pulsed static Forward-Current Transfer Ratio 

VeE == 10 V, Ie == 150 rnA, To = 25·C, 
t. == 300 p.s, df == 1.8% ................................................. . 

VeE == 10 V, Ie = 1 A, Te = 25·C, t. = 300 p.s, 
df == 1.8% ......................................................................... . 

VeE = 10 V, Ie = 10 rnA, Te = -55·C, 
t. == 300 J1,S, df == 1.8% ................................................... . 

Small-Signal Forward-Current Transfer Ratio: 
VeE == 5 V, Ie == 1 rnA, f = 1 kc/s ............................... . 
VeE == 10 V, Ie = 5 rnA, f = 1 kc/s ............................. . 
VeE == 10 V, Ie == 50 rnA, f == 20 Mc/s ....................... . 

TJ(opr) 
TSTG 
TL 

V(BR)CBO 

V<BR)EBO 

VCER(SUS) 
VeEo(sus) 

VCE(sat) 

VBE(sat) 

leBO 
lCBO 
lEBO 

hFE 

hFE (pulsed) 

hFE (pulsed) 

hFE (pulsed) 

hie 
hfe 
h'e 

-65 to 200 ·C 
-65 to 300 ·C 

300 ·C 

120 min V 

7 min V 

80 min V 
65 min V 

0.5 max V 

1.1 max V 

0.002 max J1,A 
2 max J1,A 

0.005 max J1,A 

10· min 

40 to 120 

10· min 

20 min 

40 to 125 
45 to 190 

6 min 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL COLLECTOR CHARACTERISTICS 

~IO 
0: ... ... 
lEB c ::; 
.J 
i 6 
It: 
o 
~4 
..I 

82 

o 

TYPE 2N2102 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE -25·C -

~f:> 
-' 

Y j'11 
I--V AJII 
~ H,I 

~ 

BASE MICROAMPE;;;'O \ 

20 40 60 BO 100 
COLLECTOR-TO-EMITTER VOLTS 

92CS·JII75T 

~ 
::l500 
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!!i400 
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::; 
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o 

TYPE 2N2102 
FREE-AIR TEMPERATURE (TFA)=25'C 

-:::.~ :;;-.4.5 

~ ~ ;::::: .i5 

~ ~ I-- -2.5 

-2 

~ I., -- I 
BASE MILLIAMPERES qT)' 0.5 

o 5 10 15 20 
COLLECTOR-TO-EMITTER VOLTS (VCE) 

92CS'I2667T 
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CHARACTERISTICS (cont'd) 
80 max pF 
15 max pF 

Input Capacitance (VEB = 0.5 V, Ie = 0) ........................ C'bo 
Output Capacitance (VCE = 10 V, Ie = 0) .................... Cobo 

24 to 34 n 
4 to 8 n 

Input Resistance: 
VCB = 5 V, Ie = 1 mA, f = 1 kc/s ................................ h'b 
Vcn = 10 V, Ie = 5 mA, f = 1 kc/s ............................ hlb 

Small-Signal Reverse-Voltage (Feedback) 
Transfer Ratio: 

VCR = 5 V, Ie = 1 mA, f = 1 kc/s ............................ h,b 3 x 10-4 max 
Veil = 10 V, Ie = 5 mA, f = 1 kc/s ............................ h,b 3 x 10-4 max 

Output Conductance: 
Ven = 5 V, Ie = 1 mA, f = 1 kc/s ................................ hob 0.1 to 0.5 JLmho 
VCB = 10 V, Ie = 5 mA, f = 1 kc/s .............................. hob 0.1 to 1 /Lmho 

Noise Figure (VeE = 10 V, Ie = 0.3 mA, f = 1 kc/s, 
RG = 510 n, circuit bandwidth = 1 cis) .................... NF 6 max dB 

Thermal Resistance, Junction-to-Case ................................ 8J-0 35 max ·C/W 
Thermal Resistance, Junction-to-Ambient ........................ 8J-A 175 max ·C/W 
• This value applies only to type 2N2102. 

TYPICAL TRANSFER CHARACTERISTICS 
TYPE 2N2102 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

500 AMBIENT T~MPERA- 000 _-+_-1 ::l TURE = 25 C '!5",.,,~ -

It: 
~ 4001--1--;1--1 
:Ii « 
3 3001----I--\--
iE 

g 2001----1--

I;l 

~ 100 

0~~~~._70_,~_7m-~r-~ 0.5 1.7 

92CS-HIIlt5T 

POWER TRANSISTOR 

2 

o 

TYPICAL NOISE-FIGURE CHARACTERISTIC 
TYPE 2N2102 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (VCE)=IO 
FREE-AIR TEMPERATURE (TF A)=25' C 
GENERATOR RESISTANCE (RG)=510 OHMS 
SIGNAL FREQUENCY (kcla)-I 
BANDWIDTH Icpa)=1 V 

V 
/ 

/ 

0.2 0.4 0.6 0.8 10 
COLLECTOR MILLIAMPERES (IC) 

92CS-12220T 

2N2147 
Ge p-n-p drift-field type used in high-fidelity amplifiers where wide fre
quency range and low distortion are required. JEDEC TO-3, Outline No.2. 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 
case. 

MAXIMUM RATINGS 
Collector-to-Base Vpltage ........................................................ VeBo -75 V 
Collector-to-Emitter Voltage .................................................. VeEo -50 V 
Emitter-to-Base Voltage" ........................................................ VEBO -1.5 V 
• This rating may be exceeded provided the combined dissipation in the emitter and 

collector does not exceed the maximum dissipation rating for the device. 

TYPICAL TRANSFER CHARACTERISTIC 

TYPE 2N2147 

6 ~~~rta:.~;r:r~~ECfEC~~M.~~~~~l C 

'" ... 
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~ 
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./ 
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TYPICAL BASE CHARACTERISTIC 

TYPE 2N2147 

~~G~~Cr~ECf~~~~R~~~~~l C 
COl.l.ECTOR-TO-EMITTER VOLTS--2 

V 
I 

V 

V 
V 

- - -0.2 -0.4 0.6 O.B 
BASE-TO-EMITTER VOLTS 
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MAXIMUM RATINGS (cont'd) 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Base Current ............................................................................... . 

Ic 
lE 
In 

-5 
5 

-1 

A 
A 
A 

Transistor Dissir.ation: 
T .... upto81C ....................................................................... . 
T.... above 81·C ..................................................................... . 

PT 12.5 W 
PT Derate linearly 0.66 W /"C 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

Pin-Soldering Temperature (10 s max) .......................... .. 

TJ(opr) 
TSTG 
Tp 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ic = -10 rnA, 

1m = 0) ...................................................................................... V(BR)cno 
Collector-to-Emitter Breakdown Voltage 

(Ic = -100 mA, IB = 0) .................................................... V(BR)CEO 
Base-to-Emitter Voltage (VCE = -10 V, 

Ie =.-50 mA) ....... ,................................................................ VB" 
Collector-Cutoff Current (VeB = -40 V, lE = 0) ........ leBO 
Collector-Cutoff Saturation Current (VCB = -0.5 V, 

lE = 0) ...................................................................................... leBO (sat) 
Emitter-Cutoff Current (VEB = -1.5 V, Ie = 0) ........ lEno 
Static Forward-Current Transfer Ratio 

(VCE = -1 V, Ie = -1 A) .. ~............................................. hFE 
Gain-Bandwidth Product (VeE = -5 V, 

Ie = -500 mA) ..... ~.............................................................. iT 
Thermal Resistance, Junction-to-Mounting Flange.... (,h-MF 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N2147 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE o 2So C 

~ S-\~, .::i~ 
a: -4 
o .... 
u 
~-3 
..J 
o 
U 

2 

I 

o 

/' 

-5 -

-~ BOUNDARY OF 

~, RECOMMENDED OPERATING 

-15 V 
REGION 

" 

-10 

BASE ~ILLI~MPERE;:':; ---- --
- - - -10 15 20 25 -30 35 -40 -45 -50 

COLLECTOR-TO-EMITTER VOLTS 

-65 to 100 
-65 to 100 

255 

·C 
·C 
·C 

-75 min V 

-50 min V 

-0.24 V 
-1 max mA 

-70 max p.A 
-2.5 max mA 

100 min 

4 Mc/s 
1.5 max ·C/W 

92CM-11331T2 

TYPICAL OPERATION IN "SINGLE-ENDED PUSH-PULL" CLASS B 
AF-AMPLIFIER CIRCUIT (At mounting-flange temperature = 25°C) 

DC CO.llector Supply Voltage .............................................. .. 
Zero-Slgnal DC Collector Current .................................... .. 
Zero-Signal Base-Bias Voltage ............................................ .. 
Peak Collector Current .......................................................... .. 
Maximum-Signal DC Collector Current .......................... .. 
Input Impedance of Stage (per base) ............................ .. 
Load Impedance (speaker voice-coil) ............................ .. 
Maximum Collector Dissipation (per transistor) 

under worst-case conditions .......................................... .. 
EIA Music Power Output Rating ...................................... .. 
Power Gain .............................................................................. .. 
Maximum-Signal Power Output ....................................... . 
"rotal Harmonic Distortion at Maximum-Signal . 

Power . Output ........................................................................ .. 

VCC 
Ic 

ie(peak) 
Ic(max) 

RL 

POE 

-22 V 
-0.05 A 
-0.24 V 
-3.5 A 
-1.1 A 

75 n 
4 n 

12.5 W 
45 W 
33 dB 
25 W 

5 % 
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Ri, R. = 330 ohms, 2 watta 
Ro, R. = 3.9 ohms, 0.5 watt 
R., R. = 0.27 ohm, 0.5 watt 
Voice coil 

impedance = 4 ohms 
V cc = 22 volts 

POWER TRANSISTOR 

Q 

Q 

VCC 
+ 

VCC 

+ 

92CS-1I332RZ 

2N2148 
Ge p-n-p drift-field type used in high-fidelity amplifiers where wide fre
quency range and low distortion are required. JEDEC TO-3, Outline No.2. 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 
case. This type is identical with type 2N2147 except for the following items: 
MAXIMUM RATINGS 
Collector-to-Base Voltage ........................................................ V CBO 
Collector-to-Emitter Voltage .................................................. VCEO 
CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector~to-Base Breakdown Voltage (Ic = -10 mA, 

lE = 0) ...................................................................................... V(BR)CBO 
Collector-to-Emitter Breakdown Voltage 

(Ic = -100 rnA, h = 0) .................................................... V(BR)CEO 
Emitter-to-Base Breakdown Voltage (lE = -5 mA, 

Ic = 0) ...................................................................................... V<BR)EBO 

-60 
-40 

-60 min 

-40 min 

-1 min 

TYPICAL TRANSFER CHARACTERISTIC 

0 

0 

10 

o 

TYPICAL BASE CHARACTERISTIC 

TYPE 2N2148 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE' 25· 
COLLECTOR-TO-EMITTER VOLTS'-2 

L 

II 
/ 

V - --0.2 -0.4 0.6 O.B 
BASE-TO-EMITTER VOLTS 

HCSHl!29n 

3> 
;;; -5 .., 
ffi 
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:5 -3 
l-

f.: 
:1-2 
o 
u 

TYPE 2N2148 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MO~~~I!'IJl-FLANGE TEMPERATURE(TMF) 

COLLECTOR-TO-EMITTER VOLTS (VCE)=-2 

V 
/ 

/ 

IV 

1/ 
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I 
'" -5 t 
I&J -4 
..J 

8 -3 

-2 

I 

o 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N2148 
COMMON-.EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATUREa.25" C 

t ...- -3~ 

V -30 BOUNDARY OF 

-25' ~ENDED OPERATING 
. REGION 

-20 I I 
-~ ;-f...J -10 

BASE MILLIAMPERES =-5 - r--
-5 --10 -15 -20 25 -30 

COLLECTOR-TO-EMITTER VOLTS 

CHARACTERISTICS (cont'd) 
Base-to-Emitter Voltage (VeE = -10 V, 

-
-35 -40 

92CM-I0999T3 

Ie == -50 rnA) ........................................................................ VBE -0.26 V 
Collector-Cutoff Saturation Current (VeB == -0.5 V, 

IE = 0) ...................................................................................... leBO (sat) -100 max /LA 
Emitter-Cutoff Current (VEB == -1.5 V. Ie == 0) ........ lEBO -10 max rnA 
Static Forward-Current Transfer Ratio (VeE = -1 V. 

Ie == -1 A) ............................................................................ hFE 60rnin 
Gain-Bandwidth Product (VeE = -5 V. 

Ie == -500 rnA) ........................................................................ iT 3 typ Mc/s 

TYPICAL OPERATION IN "SINGLE-ENDED PUSH-PULL" CLASS B 
AF-AMPLIFIER CIRCUIT (At mounting-flange temperature 25°C) 

DC Co.Hector Supply Voltage .............................................. .. 
Zero-SIgnal DC Collector Current ...................................... .. 
Zero-Signal Base-Bias Voltage ........................................... . 
Peak Collector Current .......................................................... .. 

Vee = 16.5 volts 
'Rl, Ra == 270 ohms, 2 watts 
R2. R. == 3.9 ohms, 0.5 watt 
R •• R. == 0.39 ohm. 0.5 watt 
Voice coil 

impedance == 4 ohms 

Vee 
Ie 

ie(peak) 

Vec. 
+ 

Vee 
+ 

92.CS-1I332RZ 

-16.5 
-0.05 
-0.26 
-2.7 
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TYPICAL OPERATION (cont'd) 
Maximum-Signal DC Collector Current ............................ 10 (max) 
Input Impedance of Stage (per base) .............................. .. 
Load Impedance (speaker voice-coil) ............................ RL 
Maximum Collector Dissipation (per transistor) 

under worst-case conditions ............................................ .. 

-0.85 A 
65 0 
4 0 

7.5 W 
EIA Music Power Output Rating ...................................... .. 
Power Gain ................................................................................ .. 

25 W 
31 dB 

Maximum-Signal Power Output .......................................... POE 
Total Harmonic Distortion at Maximum-Signal 

Power Output ........................................................................ .. 

15 W 

5 % 

COMPUTER TRANSISTOR 2N220S 
Si n-p-n double-diffused epitaxial planar type used in high-speed switch
ing applications in military and industrial equipment where high reliability 
and high packaging densities are essential. JEDEC TO-IS, Outline No.9. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. VORO 25 V 
Collector-to-Emitter Latching Voltage (RRE == 1000 0, 

RL == 100 0) ............................................................................ .. 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 

VCERL 20 V 
VOEO 12 V 
VERa 3 V 
Ic 0.2 A 

Transistor Dissipation: 
TA up to 25°C ...................................................................... .. 
To up to 25°C ...................................................................... .. 

PT 0.3 W 
PT 1 W 

TA or To above 25°C .............................................................. .. PT See curve page 112 
Temperature Range: 

Operating (TA or To) ....................................................... . 
Storage ....................................................................................... . 

-65 to 175 
TSTo -65 to 300 

Lead-Soldering Temperature (10 s max) ....................... . TL 235 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (10 = 0.1 mA, 

lE == 0) .................................................................................... .. V(BR)CBO 25 min 
Emitter-to-Base Breakdown Voltage (lE == 0.1 mA, 

Ic == 0) ..................................................................................... . V(RR)EBO 3 min 
Collector-to-Emitter Saturation Voltage: 

Ic == 10 mA, ID == 1 mA .................................................. .. 
Ic = 50 mA, ID == 5 mA .................................................. .. 

VCE~sat) 0.22 max 
VeE sat) 0.35 max 

Base-to-Emitter Saturation Voltage (10 == 10 mA, 
ID = 1 mAl .......................................................................... .. VBE(sat) 0.7 to 0.9 

Collector-Cutoff Current: 
VCR = 15 V, IE = 0, TA = 25°C ...................................... .. leBO 0.025 max 
VeR = 15 V, IE = 0, TA = 150°C .................................... .. 
VeE = 10 V, VBE = 0.35 V, TA = 100°C ...................... .. 

leBo 15 max 
leE v 15 max 

Statie Forward-Current Transfer Ratio (VeE = 1 V, 
Ie = 10 mAl .......................................................................... .. hFE 20 min 

Small-Signal Forward-Current Transfer Ratio 
(VeE = 10 V. Ie = 10 mA, f = 100 Me/s) .................. .. h,_ 2 min 

:g TYPICAL TURN-OFF CHARACTERISTICS TYPICAL TURN-ON CHARACTERISTICS 
z 
8 ... 
'" o z ... 
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TYPE 2N2205 
COMMON-EMITTER CIRCUIT, BASE INPUT. '" o 
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" ~ :--..... --

I 
'" o 

OO~ 
z 

75 ~ 
... 

50 ! ... 
...J 
...J 

25 if 

'" o 
z 
o 
lil25 
'" o 
~20 z _ , 
d'15 
... 
::Ii 10 ;:: 
~ 5 
...J ... 
o 

TYPE 2N2205 
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CHARACTERISTICS (cont'd) 

Output Capacitance (VeB = 10 V. IE = O. 
f = 0.14 Mc/s) ....................................................................... . CObo 

Storage Time (Vee = 10 V. Ie = 10 rnA. 
In. = 10 rnA. In. == -10 rnA. Re = 1000 0) ............... . 

~~-~n3 T~;. t~.e~ = _10 ~fe ... ~ ... ~~ ... ~: ................... . 
Turn-Off Time (Vee = 10 V. Ie = 10 mAo 

In. == 3 rnA. ID. == -1 rnA) .......................................... .. 

2N2270 TRANSISTOR 

6 max 

25 max 

40 max 

75 max 

pF 

ns 

ns 

ns 

Si n-p-n triple-diffused planar type used in rf-amplifiers, mixers, ~scilla
tors, and converters, and in at small-signal and power amplifiers. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . VeBO 60 V 
Collector-to-Emitter Voltage: 

RBE ~ 10 0 ........................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current .....................•..............................•.................... 

VelllR 60 V 
VCIllO 45 V 
VIIlBO 7 V 
Ic 1 A 

Tr~s~~°io ~lf.'lr~~.~~~: ................................................................ . PT 1 W 
PT 5 W Te up to 25'C •...............•........•.............................................. 

TA or Te above 25·C ............................................................. . PT See curve page 112 
Temperature Range: 

~l:,~~~~~ ... ~~~~~~~~ .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie = 0.1 rnA. 

IE == 0) ..................................................................................... . 
Emitter-to-Base Breakdown Voltage (IE == 0.1 mAo 

Ie = 0) ..................................................................................... . 
Collector-to-Emitter Sustaining Voltage: 

Ie == 100 rnA. tp == 300 )LS. df == 1.8% ........................... . 
Ie == 100 rnA. Rnlll = 10 O. t p == 300 )LS. df = 1.8% ... . 

Collector-to-Emitter Saturation Voltage (Ie == 150 mA, 
ID = 15 rnA) ........................................................................... . 

Base-to-Emitter Saturation Voltage (Ie = 150 rnA. 
ID == 15 mAl ...••.........•............................................................. 

Collector-Cutoff Current: 
VeB == 60 V, IE = 0, Te = 25·C ...................................... .. 
VeB = 60 V, IE == 0, Tc = 150'C ..................................... . 

Emitter-Cutoff Current (VEB = 5 V, Ie == 0) .............. .. 
Pulsed Static Forward-Current Transfer Ratio: 

(VeE == 10 V, Ie = 150 mA, t p == 300 p.s, df = 1.8%) 

Tl(opr) -65 to 200 
TSTG -65 to 200 
TL 255 

V(BR)CBO 60 min 

V(BR)IIlBO 7 min 

Velllo(sus) 45 min 
VeItR(sus) 60 min 

Velll(sat) 0.9 max 

VBE(sat) 1.2 max 

leBO 0.1 max 
leBO 50 max 
lEBO 0.1 max 

hFE (pulsed) 50 to 200 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N2270 

~2r~_~~R~~llll:A~~~~P;.FBt>~~~'i~UT. '" ... 
TYPICAL DC FORWARD-CURRENT 

TRANSFER-RATIO CHARACTERISTICS 

TYPE 2N2270 
IL .. 
Z 

COLLECTOR-TO-EMITTER VOLTS (VCE)-IO 

·C 
·C 
·C 

V 

V 

V 
V 

V 

V 

p.A 
p.A 
p.A 

: 200~--~-----+-----+----~----~ 

BASE MILLIAMPERES(Isl'O 

024681012 
COLLECTOR-TO-EMITTER VOLTS (VCE) 

.zea-lIIatT 

... 
lz ... 160~--~-----+~ ..... a:.c a2 1201----+~ 
,~ 

:ila: 80 

~ a: o ... 
u 
c gO~I~2-7.~.~~~I~~I~-L~10~~1~0--0L-~10·00 
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CHARACTERISTICS (cont'd) 
Static Forward-Current Transfer Ratio 

(VCE = 10 V. Ie = 1 rnA) ............................................... . 
Small-Signal Forward-Current Transfer Ratio: 

VCE = 10 V. Ie = 5 mAo f == 1 kc/s ............................... . 
VCE == 10 V. Ic = 50 mAo f == 20 Mc/s ....................... . 

Input Capacitance (VEB = 0.5 V. Ie = 0) ....................... . 
Output Capacitance (VCB = 10 V. IE = 0) ................... . 
Noise Figure (Vec = 10 V. Ie = 0.3 mAo 

RG = 1000 n. f = 1 kc/s. circuit bandwidth = 1 cis) 
Thermal Resistance. Junction-to-Case ............................. . 
Thermal Resistance. Junction-to-Ambient ................... . 

POWER TRANSISTOR 

hFE 

hr. 
hr. 
elbo 
Cobo 

35 min 

30 to 180 
3 min 

80 max 
15 max 

6 max 
35 max 

175 max 

205 

pF 
pF 

dB 
·C/W 
·C/W 

2N2338 
Si n-p-n diffused-junction type used in dc-to-dc converters, inverters, chop
pers, and relay-control circuits; in oscillators and voltage- and current
regulator circuits; and in dc and servo-amplifier circuits. JEDEC TO-36, 
Outline No.n. Terminals: Lug 1 - base, Lug 2 - emitter, Mounting Stud -
collector and case. 

MAXIMUM RATINGS 

Collector-to-Base Voltage ....................................................... . VCBO 60 V 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ...................................................................... .. VCEV 60 V 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
VCEO 40 V 
VEBO 6 V 

Collector Current ...................................................................... .. 10 7.5 A 
Base Current .............................................................................. .. IB 5 A 
Transistor Dissipation: 

Tc up to 25·C ....................................................................... . PT 150 W 
Tc above 25·C ....................................................................... . 

Temperature Range: 
PT See curve page 112 

Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

TJ(opr) -65 to 200 ·C 
TSTG -65 to 200 ·C 

Lug-Soldering Temperature (10 s max) ......................... . T(lug) 235 ·C 

CHARACTERISTICS 
Collector-to-Emitter Voltage (VBE = -1.5 V. 

Ic = 2 mAl .......................................................................... .. VCEV 60 min V 
Collector-to-Emitter Sustaining Voltage 

coH~cfur:~-~it!; sa::1niti~il: .. voitage·: ................ ·· ........ .. VCEO(SUS) 40 min V 

Ie == 6 A. IB = 1 A .......................................................... .. 
Ie = 3 A. lB = 0.3 A ........................................................ .. 

Base-to-Emitter Saturation Voltage (VCE == 4 V. 
Ic == 3 A) ............................................................................... . 

VCE ~sat) 
VCE sat) 

VBE 

TYPICAL COLLECTOR CHARACTERISTICS 

8 

f3 
0: 
UJ 

~6 
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TYPE 2N2338 
COMMON -EMITTER CIRCUIT. BASE INPUT. 
CASE TEMPERATURr 25° C 

7J 
600 

500 
400 

300 

200 

BASE MILLIAMPERES = 100 

50 E:- 'l 30 
10 ..,/ 

0 
10 20 30 40 50 60 

COLLECTOR-TO-EMITTER VOLTS 

3.5 max V 
1.5 max V 

3 max V 

70 80 
92CM-11556TI 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current: 

VCB = 30 V. I" = O. Tc = 25°C ....................................... . 
VCB = 30 V. 1m = O. Tc = 150°C .................................... .. 
Vc" = 30 V. IB = 0 .............................................................. .. 
Vc" = 60 V. VB" = -1.5 V. Tc = 25°C ...................... .. 
Vc" = 30 V. VB" = -1.5 V. Tc = 200°C .................... .. 

Emitter-Cutoff Current (V"B = 6 V. 10 = 0) .............. .. 
Static Forward-Current Transfer Ratio (Vc" = 4 V. 

Ic = 3 A) .............................................................................. .. 
Small-Signal Forward-Current Transfer Ratio 

(Vc" = 4 V. Ic = 0.5 A. f = 1 kc/s) .......................... .. 
Output Capacitance (VCB = 40 V. 1m = O. f = 0.1 Mc/s) 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (Vc" = 4 V. Ic = 5 A) .............................. .. 
Collector-to-Emitter Saturation Resistance 

(Ie = 3 A. IB = 0.3 A) ....................................................... . 
Thermal Time Constant ........................................................... . 
Thermal Resistance. Junction-to-Case .......................... .. 

TYP ICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 
TYPE 2N2338 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (VCE!=4 

CURVE TEMPERATURE (Tc!_OC I CASE 
-r--- 25 

----- -65 
--- 115 

!\ 
r\ ~ 

o 

.. ~ f:::: 
2 4 6 8 ~ ~ 

COLLECTOR AMPERES (Ic! 
92CS-1I582T 

RCA Transistor Manual 

leBO 
ICBo 
IeEo 
ICE V 
IeEv 
ImBO 

hE'E 

h<e 
Cobo 

fhfe 

rCE (sat) 
T(thermal) 
8J-c 

0.2 max 
3 max 
5 max 
2 max 

50 max 
0.1 max 

15 to 60 

12 to 72 
600 max 

0.015 min 

0.5 max 
30 

1.17 max 

mA 
mA 
mA 
mA 
mA 
mA 

pF 

Mc/s 

n 
ms 

°C/W 

VeB Vee 
- 111-"'+ __ -1- 11111-'-+-+-0 

RB2 

92CS-11I25RI 

TYPICAL OPERATION IN PULSE-RESPONSE TEST CIRCUIT 
DC Collector Supply Voltage .............................................. .. 
DC Base-Bias Voltage .......................................................... .. 
On DC Collector Current ...................................................... .. 
Turn-On DC Base Current .................................................... .. 
Base-Circuit Resistance ......................................................... . 
Collector-Circuit Resistance ................................................. . 
Turn-On Time .......................................................................... .. 
Turn-Off Time .......................................................................... .. 

Vec 

Ie 
1B1 
RBI, RB2 
Rc 
td + tr 
t. +tt 

24 
-6 
10 

2 
10 

2 
4 
7 

V 
V 
A 
A 
n 
n 

/loS 
/loS 

2N2369A COMPUTER TRANSISTOR 

Si n-p-n planar epitaxial type used for high-speed saturated switching in 
logic applications. JEDEC TO-18, Outline No.9. Terminals: I - emitter, 
2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Bas!! Voltage .................................................... .. 
Collector-to-Emltter Voltage ................................................ .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 
Transistor Dissipation: 

TA up to 25°C ...................................................................... .. 
Te up to 25°C ...................................................................... .. 
TA or Te above 25°C ............................................................. . 

Temperature Range: 
Operating (Junction) ........................................................ .. 
Storage ....................................................................................... . 

Lead-Soldering Temperature (60 s max) ...................... .. 

VeDO 
VeEo 
V"BO 
Ie 

PT 
PT 
PT 

TJ(opr) 
TSTG 
TL 

40 V 
15 V 
4.5 V 
0.2 A 

0.36 W 
1.2 W 

See curve page 112 

-65 to 200°C 
-65 to 200 ·C 

300 ·C 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.01 rnA. 

IE = 0) ..................................................................................... . 
Collector-to-Emitter Breakdown Voltage 

(Ie = 0.01 rnA. RJlE = 0) ................................................... . 
Emitter-to-Base Breakdown Voltage (IE = 0.01 rnA. 

Ie = 0) ..................................................................................... . 
Collector-to-Emitter Sustaining Voltage 

(Ie = 10 rnA. In = O. t p = 300 .p.s. df = 2%) ........... . 
Collector-to-Emitter Saturation Voltage: 

Ie = 10 rnA. lB = 1 mAo TA = 2S"C ........................... . 
Ie = 10 mAo In = 1 mAo TA = 12S·C ......................... . 
Ie = 100 rnA. lB = 10 rnA. TA = 2S·C ......................... . 

Base-to-Emitter Saturation Voltage: 
Ie = 10 mAo In = 1 rnA. TA = 25·C ........................... . 
Ie = 10 rnA. In = 1 rnA. TA = 125·C ......................... . 
Ie = 10 mAo Is = 1 mAo TA = -55·C ....................... . 
Ie = 100 mAo lB = 10 rnA. TA = 25·C ......................... . 

Collector-Cutoff Current (VeB = 20 V. IE = O. 
TA = 150·C) ........................................................................... . 

Collector-Cutoff Current (VeE = 20 V. RBE = 0) ........... . 
Pulsed Static Forward-Current Transfer Ratio: 

VeE = 1 V. Ie = 10 mAo TA = 25·C. t p = 300 )LS. 
df = 2% ............................................................................... . 

VeE = 0.35 V. Ie = 10 rnA. TA = -55·C. t p = 300 p.s. 
df = 2% ............................................................................... . 

VeE = 1 V. Ie = 100 mAo TA = 25·C. t p = 300 p.s. 
df = 2% ............................................................................... . 

Small-Signal Forward-Current Transfer Ratio 
(VeE = 10 V. Ie = 10 mAo f = 100 Mc/s ................... . 

Output Capacitance (VeB = 5 V. IE = O. f = 0.14 Mc/s) 
Storage Time (Vee = 10 V. Ie = 10 rnA. 

lB. = 10 rnA. IB2 = -10 rnA) ....................................... . 
Turn-On Time (Vee = 3 V. Ie = 10 mAo 

lB. = 3 mAo VBE(off) = -3 V) ......................................... . 
Turn-Off Time (Vee = 3 V. Ie = 10 mAo 

lB. = 3 mAo In2 = -1.5 mAl ....................................... . 

POWER TRANSISTOR 

207 

V(BR)CBO 40 min V 

V<BR)CES 40 min V 

V{BU)EBO 4.5 min V 

VCEO(SUS) 15 min V 

VCE(sat) 0.2 max V 
V"E(sat) 0.3 max V 
Vl"E(sat) 0.5 max V 

V"E(sat) 0.7 to 0.85 V 
VBE (sat) 0.59 min V 
VBE (sat) 1.02 max V 
VBE(sat) 1.6 max V 

leBO 30 max )LA 
ICE" 0.4 max )LA 

hFE (pulsed) 120 max 

hFE (pulsed) 20 min 

hFIO (pulsed) 20 min 

hIe 5 min 
Cobo 4 max pF 

t. 13 max ns 

td + t, 12 max ns 

t. + tf 18 max ns 

2N240S 
Si n-p-n triple-diffused planar type used in small-signal and medium-power 
applications in industrial and military equipment. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 

VBE = - 1.5 V ....................................................................... . VeBV 120 V 
Emitter open ........................................................................... . 

Collector-to-Emitter Voltage: 
RBE :5 500 ................................................................................ .. 
RBE ~ 10 ................................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 

VeBo 120 V 

VCEn 120 V 
VeER 140 V 
VCEO 90 V 
VEBO 7 V 
Ie 1 A 

Transistor DissiP,ation: 
TA up to 25 C ....................................................................... . 
Te up· to 25·C .................................................................. ~ .... . 
TA or Te above 2S·C ............................................................. . 

PT 1 W 
PT 5 W 
PT See curve page 112 

Temperature Range: 
Operating (TJ) and Storage (TSTG) ............................... . 

Lead-Soldering Temperature (10 s max) ....................... . 
-65 to 200 ·C 

TL 255 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.1 mAo 

I" = 0) ..................................................................................... . V<BR)CBO 120 min V 
Emitter-to-Base Breakdown Voltage (IE = 0.01 mAo 

Ie = 0) ..................................................................................... . V'BR)"BO 7 min V 
Collector-to-Emitter Sustaining Voltage: 

Ie = 100 rnA. lB = O. t p = 300 )LS. df = 1.8% ........... . 
Ie = 30 mAo lB = O. t p = 300 )J.S. df = 1.8% ............. . 
Ie = 100 rnA. RBE = 10 n. t p = 300 )J.S. df = 1.8% ... . 
Ie = 100 rnA. RBe = 500 n. t p = 300 )J.S. df = 1.8% .. 

Collector-to-Emitter Saturation Voltage: 
Ie=lSOmA.lB=15mA ............................................... . 
Ie=SOmA.In=5mA ................................................... . 

Ve"o(sus) 90 min V 
VeEo(sus 90 min V 
Vc.m(sus) 140 min V 
VCER(SUS) 120 min V 

VeE (sat) 0.5 max V 
VCE(sat) 0.2 max V 
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CHARACTERISTICS (cont'd) 
Base-to-Emitter Saturatioh Voltage: . 

Ic= 150mA.IB =15mA ............................................... . 
Ic=50mA.IB=5mA ................................................... . 

VBE(sat) 1.1 max 
VBE(sat) 0.9 max 

Collector-Cutoff Current: 
VCB = 90 V. IE = O. Tc = 25'C ....................................... . 
VCB = 90 V; IE = O. Tc = 150'C ..................................... . 

Emitter-Cutoff Current (VEB = 5 V. Ic = 0) ............... . 
Small-Signal Forward-Current Transfer Ratio: 

VCE = 5 V. Ic = 5 mAo f == 1 kc/s ............................... . 
VCE = 10 V. Ic = 50 mA. f = 20 Mc/s ....................... . 

leBO 0.01 max 
ICBo lOmax 
lEBO 0.01 max 

hr. 50 to 275 
h .. 6 min 

Pulsed Static Forward-Current Transfer Ratio: 
VCE = 10 V. Ic = 500 rnA. TA = 25'C. tp = 300 /LS. 

df = 1.8% .......................................................................... .. 
VCE == 10 V. Ic = 150 rnA. TA = 25'C. t p = 300 /LS. 

df = 1.8% ........................................................................... . 
Static Forward-Current Transfer Ratio: 

VCE == 10 V. Ic = 10 mA. TA = 25'C ........................... . 
VCE == 10 V. Ic = 10 rnA. TA = -55'C ........................ .. 

Input Capacitance (VEB == 0.5 V. Ic == 0) ...................... .. 
Output Capacitance (VCB = 10 V. IE = 0) .................. .. 
Input Resistance: 

VCB = 5 V. Ie = 1 rnA. f = 1 kc/s .............................. .. 
VeB = 10 V. Ie = 5 mAo f = 1 kc/s ............................ .. 

hFE (pulsed) 25 min 

hFE (pulsed) 60 to 200 

hFE 35 min 
hFE 20 min 
Clbo 80 max 
Cobo 15 max 

hlb 24 to 34 
hlb 4 to 1\ 

Voltage-Feedback Ratio: 
VCB == 5 V. Ic = 1 rnA. f == 1 kc/s .............................. .. 
VCB = 10 V. Ie = 5 rnA. f == 1 kc/s ............................ .. 

hr. 3x 10-< max 
hrb 3x 10-< max 

Output Conductance: 
VCB = 5 V. Ie = 1 rnA. f = 1 kc/s .............................. .. 
VeB = 10 V. Ic = 5 rnA. f = 1 kc/s ............................ .. 

hOb 0.5 max 
hob 0.5 max 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 2N24015 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
AMBIENT TEMPERATURE. 25' C 

~" 

I--- f-'" V - &0 ___ 
/ - V- 1/ J\ y I~ / 

~ i...---'V J 
~ 

15 "-BASE MICROAMPERES' 0 

2 

o w w ~ ~ ~ ~ ro ~ ~ ~ 00 W ~ ~ 
COLLECTOR-TO-EMITTER VOLTS 92CM-1I647T 

V 
V 

/LA 
/LA 
/LA 

pF 
pF 

n 
n 

/Lmho 
pmho 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 
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CHARACTERISTICS (cont'd) 
Noise Figure (VeE = 10 V, Ie = 0.3 rnA, f = 1 kc/s, 

RG = 500 n, circuit bandwidth = 15 kc/s) ............... . 
Thermal Resistance, Junction-to-Case ............................. . 
Thermal Resistance, Junction-to-Ambient ..................... . 

COMPUTER TRANSISTOR 

NF 
8J-c 
8J-A 

6 max 
35 max 

175 max 

209 

dB 
·C/W 
·C/W 

2N247S 
Si n-p-n epitaxial planar type used in very-high-speed switching applica
tions in logic circuits in military and commercial data-processing equip
ment. Similar to JEDEC TO-18, Outline No.9, except has minimum case 
height of 0.100 inch. Terminals: 1 - emitter, 2- base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . VCBO 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 

VCEO 
VEBO 
Limited by 

Transistor Dissipation: 
T .. up to 25"C ....................................................................... . PT 
Te up to 100·C ....................................................................... . PT 
TA above 25·C or Te above 100·C ................................... . PT 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

TJ(opr) 
TSTG 

Lead-Soldering Temperature (10 s max) ....................... . TL 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 10 itA, 

IE = 0) ....................................................................................... . V<BR)CBO 
Emitter-to-Base Breakdown Voltage (IE = 10 itA, 

Ie = 0) .......•.........•..•...........•.•...••.........................•......•............... V(BR)EBO 
Collector-to-Emitter Sustaining Voltage (Ie = 10 rnA, 

Is = 0, to ~ 300 ns, df ;2; 2%) ....................................... . VeEo(sus) 
Collector-to-Emitter Saturation Voltage 

(Ie = 20 rnA, In = 0.66 rnA) ........................................... . VCE(sat) 
Base-to-Emltter Saturation Voltage 

(Ie = 20 rnA, In = 0.66 rnA) ........................................... . VSE(sat) 
Collector-Cutoff Current: 

VeB = 5 V, IE = 0, TA = 25·C ....................................... . leBO 
VeB = 5 V, IE = 0, TA = 150·C ..................................... . leBo 

Static Forward-Current Transfer Ratio: 
VeE = 0.5 V, Ie = 50 rnA, TA = 25·C ......................... . hFE 
VeE = 0.4 V, Ie = 20 rnA, TA = -55·C ..................... . hFE 
VeE = 0.4 V, Ie = 20 rnA, TA = 25·C ......................... . hFE 

Small.Signal Forward-Current Transfer Ratio 
(VeE = 2 V, Ie = 20 rnA, f = 100 Mc/s) ................... . hf. 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 
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TYPE 2N2475 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (VCE)-I 
FREE-AIR TEMPERATURE (TFA).25°C 

....,.,-- ..- """-. 
", 

I 2 4 6. 10 2 4 6. 100 
COLLECTOR MILLIAMPERES (Ic) 

92CS-1I731T 

15 V 
6 V 
4 V 

power dissipation 

0.3 W 
0.5 W 

See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

300 'c 

15 min V 

4 min V 

6 min V 

0.4 max V 

0.8 to 1 V 

0.05 max itA 
5 max itA 

20 min 
15 min 

30 to 150 

6 min 
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CHARACTERISTICS (cont'd) 
Turn-On Time (Ie = 20 rnA. lB. = 1 mAo 

IB2 = -1 rnA. Vee = 1.8 V) ............................................ td+t. 
Turn-Off Time (Ie = 20 rnA. IBl = 1 rnA. 

lB. = -1 mAo Vee = 1.8 V) ............................................ t, + tr 

2N2476 COMPUTER TRANSISTOR 

20 max 

IS max 

ns 

ns 

Si n-p-n double-diffused epitaxial planar type used in core-driving and line
driving applications where high switching speeds at high current are pri
mary design requirements. JEDEC TO-5, Outline No.3. Terminals: 1 -
emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Transistor Dissipation: 

T.. up to 2SoC ....................................................................... . 
Te up to 2SD C ...................................................................... .. 
T .. or Te above 2SDC ........................................................... . 

Temperature Range: 
Operating (Junction) ........................................................ .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (10 = 10 JIoA. 

IB = 0) ..................................................................................... . 
Collector-to-Emitter Breakdown Voltage 

(Ie = SO rnA. IB = O. t. ~ 400 /LS. df- = 3%) .......... .. 
Emitter-to-Base Breakdown Voltage (IE = 0.1 rnA. 

Ie = .G) .................................................................................... .. 
Collector-to-Emitter Saturation Voltage 

Ie = 150 mAo IB = 7.S rnA ............................................... . 
Io=SOOmA.IB=SOmA .............................................. .. 

Base-to-Emitter Voltage (Ie = ISO rnA. IB = 7.S rnA) 
Collector-Cutoff Current: 

VOB = 30 V. IB = O. T .. = 2SDC ...................................... .. 
VOB = 30 V. IE = O. T .. = lS0DC .................................... .. 

Emitter-Cutoff Current (VEB = S V. Ie == 0) .............. .. 
Static Forward-Current Transfer Ratio 

(VeE == 0.4 V. Ie = ISO rnA) ........................................... . 
Small-Signal Forward-Current Transfer Ratio 

(VeE = 10 V. Ie == SO rnA. f == 100 Me/s) .................. .. 
Output Capacitance (VeB = 10 V. IE = O. 

f = 0.14 Mc/s) ...................................................................... .. 

VeBO 
VOEO 
VERO 
Limited 

PT 
PT 
PT 

TJ(opr) 
TSTG 
TL 

V(RRleBO 

V(BRleEO 

V(BR)EBO 

VeE (sat) 
VeE (sat) 
VBE 

leBO 
leBO 
lEBO 

hFE 

hf. 

Cobo 

60 V 
20 V 
S V 

by power dissipation 

0.6 W 
2 W 

See curve page 112 

-6S to 200 DC 
-6S to 200 DC 

300 DC 

60 min V 

20 min V 

Smin V 

0.4 max V 
0.7Smax V 

1 max V 

0.2 max /LA 
200 max /LA 
100 max /LA 

20 min 

2.Smin 

lOmax pF 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPICAL TRANSFER CHARACTERISTICS 
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TYPE 2N2476 
COMMON-EMITTER CIRCUIT. BASE INPUT • 
FREE-AIR TEMPERATURE (TFAI-25·C 
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TYPE 2N2476 
COMMON-EMITTER CIRCUITtBASE INPUT. 
FREE-AIR TEMPERATURE ( FAI-25°C 
BASE MILLIAMPERES-IB 
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CHARACTERISTICS (cont'd) 
storage Time (Vee = 6.4 V, Re = 40 n, 

lBl = 15 rnA, lB. = -15 rnA, Ie = 150 rnA) t. 25 max 

25 max 

45 max 

ns 
Turn-On Time (Vee = 6.4 V, lBl = 15 mA, 

IB2 = -15 rnA, Ie = 150 rnA) ........................................ td + tr ns 
Turn-Off Time (Vee = 6.4 V, 1B1 = 15 rnA, 

lB. = -15 rnA, Ie = 150 rnA) ........................................ t. + tr ns 

TYPICAL DELAY-TIME AND RISE-TIME 
CHARACTERISTICS 

TYPE 2N2476 

gg~t'E'l:~il'RMU",ItrA~'~i~~s ~~~~I~~UT. 
LOAD RESISTANCE (RLl- 40 OHMS 
FREE-AIR TEMPERATURE (TF,v=25'C 

\ 
"I'-... 

............ ..t -- 'd 

6 8 10 12 14 16 I 
TURN-ON BASE MILLIAMPERES (IBI) 

92CS·11762T 

COMPUTER TRANSISTOR 

TYPICAL STORAGE·TIME CHARACTERISTICS 
TYPE 2N2476 

gg~m",:6~111mg~'1fEu~~sBtI~1.'rfoUT. 
FREE'AIR TEMPERATURE (TFA) = 25" C 
~ ...... 

.. . 

~ 
"''0", 
~ ~4SE ""L- -+---
b-... '-..~~~srr • 8)=20 -r--~ I--- 15 

10-
5 

o 5 10 15 20 
TURN·OFF BASE MILLIAMPERES (IB~ 

92CS~II769T 

2N2477 
Si n-p-n double-diffused epitaxial planar type used in core-driving and line
driving applications where high switching speeds at high current are pri
mary design requirements. JEDEC TO-5, Outline No.3. Terminals: 1 -
emitter, 2 - base, 3 - collector and case. This type is identical with type 
2N2476 except for its switching characteristics and the following items: 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage: 

Ie = 150 rnA, IB = 3.75 rnA ........................................... . 
Ie = 500 rnA, IB = 50 rnA ........................................... . 

Base-to-Emitter Voltage (Ie = 150 rnA, IB = 3.75 rnA) 
Static Forward-Current Transfer Ratio 

(VeE = 0.4 V, Ie = 150 rnA) ........................................... . 

VeE (sat) 
VeE (sat) 
VBE 

0.4 max 
0.65 max 
0.95 max 

40roin 

TYPICAL DC FORWARD-CURRENT 
TRANSFER - RATIO CHARACTERISTICS 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N2477 
COMMON-EMITTER CIRCUIT,BASE INPUT. 
FREE-t'R TEMP~ATURE (TFA) 0 25' ffi 

I:; 60 
z 

TYPE 2N2477 

~~~~~~·~~:J:lR~~~~~\Tt~:)~1~N!CUT. 
BASE MILLIAMPERES =IB 

0:. 
t 
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2N2613 TRANSISTOR 

Ge p-n-p alloy-junction type used in small-signal and low-power audio fre
quency applications. It is a low-noise type for use in input and low-level 
stages. JEDEC TO-I, Outline No.1. Terminals: I - emitter, 2 - base, 3 -
collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage (RBm = 10 kO) ............... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 

Tr~~~o~o D~~~iCa~~~~.: ................................................................ . 
TA above 55'C ....................................................................... . 

TeD1perature Range: 
Operating (Junction) ........................................................... . 
Storage ................•....................................................................... 

Lead-Soldering TeD1perature (iO s max) ....................... . 

CHARACTERISTICS 

VCBO 
VcmR 
VmBo 
Ic 
IE 

PT 
PT 

TJ(opr) 
TSTO 

Collector-to-Base Breakdown Voltage 
co~~~o~t~JnJr~ B~~~tro~ ·Viiitage···························· V(BR)CBV 

(RRE = 10000 0, Ic = -1 mA) ........................................ V(BR)CER 
Emitter-to-Base Breakdown Voltage 

-30 V 
-25 V 
-25 V 
-50 mA 

50 mA 

120 mW 
See curve page 112 

-65 to 100 'c 
-65 to 100 'c 

-30 min 

-25 min 

(IE = -0.05 mA, Ic :=: 0) .................................................... V(BR)EBO -25 min 

V 

V 

V 

TYPICAL NOISE-FIGURE CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTIC 
TYPE 2N2613 
COMMON -EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (TFl\)025°C 
REFERENCE FREQUENCY-I k cIs 
GENERATOR RESISTANCE"IOOO OHMS 

TYPE 2N2613 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

a~~lo1~¥b~~W~ft=25° C-r-
VOLTS 0-4 

'II CIRCUIT BANDWITH 01.1 k e/8 , 
~6~--~--~~~~~~---4--~ I 6 
ii: 
'" 4~--~--1--:I ~-4 / !!! o '" z2~~-C~~~~~~~~ __ ~ ~-2 / 

o -I -2 -3 
COLLECTOR MILLIAMPERES (Iel 

o -I -2 -3 -4 -5 -6 -7 
COLLECTOR- TO-EMITTt:R VOLTS (VCE) 

82C8-I1857T2 

o -
'/ 

- -50 100 150 -200 -250 
BASE-TO-EMITTER MILLIVOLTS 

92C·S';;1I84211 

TYPICAL COLLECTOR CHARACTERISTICS 
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,J./ 1,.0"""""-
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current (VeB = -20 V. IE = 0) 
Emitter-Cutoff Current (VEB = -20 V. Ie = 0) 
Intrinsic Base Spreading Resistance 

(VeE = -4.5 V. Ie = -0.5 rnA. f = 20 Mc/s) ........... . 
Collector-to-Base Feedback Capacitance 

(VeE == -4.5 V. Ie = -0.5 rnA) •....................................... 
Small-Signal Forward-Current Transfer Ratio 

(VCE == -4 V. Ie == -0.5 rnA. f = 1 kc/s) ................... . 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCE == -4.5 V. Ie = -0.5 rnA) ............... . 
RMS Noise Input Current (Equivalent) 

(VeE == -4.5 V. Ie == -0.5 rnA. RUE = 5000 n. 
f == 20 to 20000 cIs) .............................................................. .. 

Noise Figure (Circuit bandwidth == 1.1 kc/s. 
(VeE == -4.5 V. Ie = -0.5 rnA. RG = 1000 n. 
f == 1 kc/s) ............................................................................... . 

TRANSISTOR 

leBO 
lEBO 

Cb'c 

hr. 

NF 

213 

-5 max p,A 
-7.5 max p.A 

300 0 

10 pF 

120 min 

10 Mc/s 

0.001 max p.A 

4 max dB 

2N2614 
Ge p-n-p alloy-junction type used in small-signal and low-power audio fre
quency applications. JEDEC TO-l, Outline No.!. Terminals: 1 - emitter, 
2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage (RBE == 10 kO) ............... . 
Emitter-to-Base Voltage .........................................................• 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Transistor Dissip,ation: 

TA up to 55 C .......................................•.....................•.......... 
Te up to 55D C ................•..............•...............................•....••...... 
TA or Te above 55DC ........................................................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ie == -0.05 rnA. VBE = 2 V) .......................................... .. 
Collector-to-Emitter Breakdown Voltage 

(Ie == -1 rnA. RBE = 10 kn) .......................................... .. 
Emitter-to-Base Breakdown Voltage 

(IE = -0.05 rnA. Ie == 0) .................................................. .. 
Collector-Cutoff Current (VeB == -20 V. IE == 0) .. .. 
Emitter-Cutoff Current (VEB = -20 V. Ie == 0) ....... . 
Small-Signal Forward-Current Transfer Ratio 

(VeE == -6 V. Ie == -I rnA. f == 1 kc/s) .................. .. 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VOE == -6 V. Ie = -I rnA) ................... . 
Collector-to-Base Feedback Capacitance 

(VeE == -6 V. Ie == -1 rnA) .......................................... .. 
Intrinsic Base-Spreading Resistance 

(VeE == -6 V. Ie == -1 rnA. f == 20 Mc/s) 

VeBo 
VeER 
VEBO 
10 
IE 

PT 
PT 
PT 

TJ(opr) 
TSTG 
TL 

V(BR)CBV 

V(BR)OER 

V(BR)EBO 
lOBO 
IElBO 

hre 

fllfe 

Cb'c 

rbb' 

-40 V 
--35 V 
-25 V 
-50 rnA 

50 rnA 

120 mW 
300 mW 

See curve page 112 

-65 to 100 DC 
-65 to 100 DC 

255 DC 

-40 min V 

-35 min V 

-25 min V 
-5 max p.A 

-7.5 max p.A 

100 min 

10 Mc/s 

9 pF 

300 0 

TYPICAL TRANSFER CHARACTERISTIC TYPICAL TRANSFER CHARACTERISTIC 
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TYPE 2N2614 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
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TYPE 2N2614 
COMMON-EMITTER CIRCUIT, SASE INPUT. 
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TYPICAL COLLECTOR CHARACTERISTICS 
-110 _~~ TYPE 2N2614 

''7' JK.t COMMON-EMITTER CIRCUIT. BASE INPUT. 
n~ ~ AMBIENT TEMPERATURE -25" C 

-40 v ..... ~~"" 
; '//~ 
1-30 Vv ~~ 
~ ~V~~ 
or: /''''' ~~ .. 
~-~ ~~ ~~I~-+-~-+~--~~-r-+~--~~~ 
Iil r _-
- ~~~~lI~==j:=+~-~I~t--t--t-I!-jj-l-~--t--t--j 8 ",....... __ -

-10 ~ ':0.05 

BASE MILLIAMPERE • 0 
o -4 -6 -8 -10 -12 -14 -16 

COLLECTOR-TO-EMITTER VOLTS 92CM-1I836T 

2N2631 POWER TRANSISTOR 
Si n-p-n' triple-diffused planar type used in large-signal vhf applications 
such as AM, FM, and cw service at frequencies up to 150 Me/ s in indus
trial and military equipment. JEDEC TO-39, Outline No.12. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
2N2876 except for the following items: 

MAXIMUM RATINGS 
Collector Current ...................................................................... Ie 
Transistor Dissipation: 

To up to 25·C ............................................................................ PT 
Lead-Soldering Temperatura (lO s max) ........................ TL 

CHARACTERISTICS 
Collector-to-Emitter Saturation Voltage 

(Ie = 1.5 A. IB = 0.3 A) .................................................... VCE(sat) 
RF Power Output. Unneutralized 

(Velll = 28 V. Ie = 0.375 A. PIllI = 1 W. 
f = 50 Mc/s) ............................................................................ POE 

1.5 

8.75 
230 

lmax 

7.5 min 

TYPICAL OPERATION CHARACTERISTICS 

0.6 

!3 
III 0.5 
IL 

~0.4 

~0.3 
:::I 0.2 
8 

0.1 

SAFE OPERATING REGION 
TYPE 2N2631 

NS POINT MUST BE IN REGION 'A' TO AVOID 
SECOND BREAKDOWN DuRING CLASS A 
·OPERATION. 

'" 1""-
A I~ 

1""-
['\.. 

5 
~12 
5 
glo 
.... 
it 8 .... 
j 

06 
a: 
OJ 

~4 .. 
:E 2 

TYPE 2N2631 
COMMON -EMITTER CIRCUIT. BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (VCEJ=40 
CASE TEMPERATURE (TCJ=25°C 

~~~~ 
"::::-~~V1'J,a 

....... r--.' -"'4,. 
r-. 1's<;:---

J8-

A 

W 
·C 

V 

W 

0102030406060 
COLLECTOR-TO-EMITTER VOLTS 

!l2C8-_ 30 40 50 60708090100 150 20e 
FREQUENCY - Mels 

92CS 12047Tl 

2N2708 TRANSISTOR 
Si n-p-n double-diffused epitaxial planar type used in rf amplifiers, mixers, 
and oscillator circuits for vhf and uhf applications (200 to 500 Mc/s). 
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JEDEC TO-72, Outline No.23. Terminals: 1 - emitter, 2 - base, 3 - collector, 
4 - case. 

MAXIMUM RATINGS 
Collector-to-Base Voltagl! .................................................... .. 
Collector-to-Emitter Voltage ................................................ .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Transistor Dissipation: 

TA up to 25"C ...................................................................... .. 
To up to 25'C ...................................................................... .. 
TA or Te above 25°C .......................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ie = 1 ,f,LA, b = 0) .......................................................... .. 
Collector-to-Emitter Breakdown Voltage 

(Ie = 3 rnA, In = 0, t p = 300 ,f.LS, df = 1%) .............. .. 
Emitter-to-Base Breakdown Voltage (IE = 10 /LA, 

Ie = 0) .................................................................................... .. 
Collector-Cutoff Current: 

Ven = 15 V, b = 0, TA = 25'C ...................................... .. 
VeB = 15 V, IE = 0, TA = 150'C .................................... .. 

Static Forward-Current Transfer Ratio (VeE = 2 V, 
Ie = 2 rnA) .............................................................................. .. 

Small-Signal Forward-Current Transfer Ratio: 
VeE = 15 V, Ie = 2 rnA, f = 1 kc/s .............................. .. 
VeE = 15 V, Ie = 2 rnA, f = 100 Mc/s ...................... .. 

Input Capacitance (VEn = 0.5 V, Ie = 0, 
f = 0.14 Mc/s) ...................................................................... .. 

Output Capacitance (Ven = 15 V, IE = 0, 
f = 0.14 Mc/s) ...................................................................... .. 

Collector-to-Base Time Constant (Ven = 1.5 V, 
Ie = 2 rnA, f = 31.9 Mc/s) .......................................... .. 

Small-Signal Common-Emitter Power Gain: 
(In neutralized amplifier) 

VeEl = 15 V, Ie = 2 rnA, f = 200 Mc/s .................. .. 
(In unneutralized amplifier) 

VeE = 15 V, Ie = 2 rnA, f = 200 Mc/s .................. .. 
Small-Signal Transconductance (VeE = 15 V, 

Ie = 2 rnA, f = 200 Mc/s) .............................................. .. 
Noise Figure: 

VeE = 15 V, Ie = 2 rnA, Rs = 50 n, 
f = 200 Mc/s ...................................................................... .. 

VeE = 6 V, Ie = 1 rnA, Rs = 400 n, 
f = 60 Me/s ...................................................................... .. 

TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

Veno 35 V 
VeEo 20 V 
VFlBO 3 V 
Limited by power dissipation 

P'. 0.2 W 
PT 0.3 W 
PT See curve page 112 

TJ(opr) -65 to 200 'C 
TSTG -65 to 200 'C 
TL 230 'C 

V(BR)CBO 35 min V 

V(BRleEo(sus) 20 min V 

V(BR)EBO 3 min V 

leBO 0.01 max }LA 
leBO 1 max }LA 

hFE 30 to 200 

hfe 30 to 180 
hfe 7 to 12 

Ctbo 1.4 pF 

Cobo 1.5 max pF 

I'b'Cc 9 to 33 ps 

Gpo 15 to 22 dB 

Gpe 12 dB 

gme 25 mmhos 

NF 7.5 max dB 

NF 3.5 dB 
TYPICAL SMALL-SIGNAL FORWARD 

TRANSFER CONDUCTANCE AND 
SUSCEPTANCE CHARACTERISTICS 

TYPE 2N2708 

co~~g~~~~TCTu~~gl~~ui~u~.ASE INPUT, _ 
TYPE 2N2708 

16 

FREQUENCY = 100 Me/. 
COLLECTOR -TO- EMITTER' VOLTS -

(VCE) = 4 
FREE-AIR TEMPERATURE (TFA)=25'C 

I 
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COLLECTOR MILLIAMPERES (IC) 

92CS-11940T 

COMMON-EMITTER CIRCUIT. BASE INPUT, 
SHORT -CIRCUITED OUTPUT. 

COLLECTOR-TO-EMITTER VOLTS (VCE)=15 
COLLECTOR MILLIAMPERES (I~l=2 
FREE -AIR TEMPERATURE (TFA = 25' C 
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2N2857 UHF TRANSISTOR 
Si n-p-n double-diffused epitaxial planar type used in low-noise amplifier, 
oscillator, and converter applications at frequencies up to 500 Mc/s in a 
common-emitter circuit, and up to 1200 Mc/s in a common-base circuit. 
JEDEC TO-72, Outline No.23. Terminals: 1 - emitter, 2 - base, 3 - collector, 
4 - connected to case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage ............................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Transistor Dissipation: 

TA up to 25°C ....................................................................... . 
Te up to 25°C ....................................................................... . 
TA or Te above 25°C ........................................................... . 

Temperature Range: 
Operating (Junction) ......................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.001 mA, 

lE = 0) .................................................................................... .. 
Collector-to-Emitter Breakdown Voltage (Ie = 3 mA, 

lB = 0) ..................................................................................... . 
Emitter-to-Base Breakdown Voltage (IE = 0.01 mA, 

Ie = 0) ..................................................................................... . 
Collector-Cutoff Current (VeR = 15 V, lE = 0) ....... . 
Static Forward-Current Transfer Ratio (VeE = 1 V, 

Ie = 3 mAl ........................................................................... . 
Small-Signal Forward-Current Transfer Ratio:' 

VeR = 6 V, Ie = 5 mA, f = 100 Mc/s ...................... .. 
VeE = 6 V, Ic = 2 mA, f = 1 kc/s ............................... . 

Input Capacitance" (VEB = 0.5 V, Ie = 0, 
f = 0.140 Mc/s) ................................................................... . 

Output Capacitance: 
VeR = 10 V, lE = 0, f = 0.140 Mc/s ............................... . 
VCB = 10 V, lE = 0, f = 0.140 Mc/s ............................... . 

Collector-to-Base Time Constantt 
VCB = 6 V, Ie = 2, f = 31.9 Mc/s ................................... . 

Small-Signal Power Gain, Neutralized Amplifier 
VeE = 6 V, Ie = 1.5 mA, f = 450 Mc/s ....................... . 

Power Output, Oscillator Circuit 
VeR = 10 V, lE = -12 mA, f = 500 Mc/s ................... . 

Noise Figure:t 
VeE = 6 V, Ie = 1.5 mA, RG = 50 n, f = 450 Mc/s ... . 
VeEl = 6 V, Ie = 1 mA, RG = 400 n, f = 60 Mc/s ... . 

• Fourth lead floating t Fourth lead grounded 

TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

16 TYPE 2N2857 

VeRO 30 V 
VeEo 15 V 
VEBO 2.5 V 
Ie 20 mA 

PT 200 mW 
PT 300 mW 
PT See curve page 112 

TJ(opr) -65 to 200 °C 
TSTG -65 to 200 °C 
TL 230 °C 

V(BB)eBO 30 min V 

V(BR)eEO 15 min V 

V(BR)ElBO 2.5 min V 
leBO 0.01 max /LA 

hFE 30 to 150 

h •• 10 to 19 
h,. 50 to 220 

elbo 1.4 pF 

Cobo 1.3t max pF 
Cobo 1.8* max pF 

rb'Cc 4 to 15 ps 

Gp • 12.5 to 19 dB 

Po. 30 min mW 

NF 4.5 max dB 
NF 2 dB 

TYPICAL SMALL-SIGNAL FORWARD 
TRANSFER CONDUCTANCE AND 

SUSCEPTANCE CHARACTERISTICS 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED. !U) 75 

~~ 
6~~~0~~:~I~TER CIRCUIT,8ASE INPUT; -

FREQUENCY (f) =.1 00 M cIs 
COLLECTOR -TO -EMITTER VOLTS (VeE): 6 
FREE-AIR TEMPERATURE (TFA)=25'C 
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POWER TRANSISTOR 

217 

2N2869/ 
2N301 

Ge p-n-p alloy-junction type used in class A and class B af output-amplifier 
stages of automobile radio receivers and mobile communications equipment. 
JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mount
ing Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . VeBo -60 V 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage ......................................................... . 

VeEo -50 V 
VEBO -10 V 

Collector Current ....................................................................... . Ie -10 A 
Emitter Current ........................................................................... . Irn 10 A 
Base Currp.nt ............................................................................... . Is -3 A 
Transistor Dissipation: 

TMF up to 55"C ....................................................................... . 
TMF above 55'C ..................................................................... . 

PT 30 W 
PT See curve page 112 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

TJ(opr) -65 to 100 'c 
TSTG -65 to 100 'c 
Tp 255 'c 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.005 A, 

IE = 0) ..................................................................................... . V(BR)eBO -60 min V 
Collector-to-Emitter Breakdown Voltage (Ie = -0.6 A, 

IB = 0) ..................................................................................... . V(BR)CEO -50 min V 
Emitter-to-Base Breakdown Voltage (IE = -2 mA, 

Ie = 0) .................................................................................... .. V(BR)EBO -10 min V 
Collector-to-Emitter Saturation Voltage (Ie = 10 A. 

Is = -1 A) ............................................................................. . 
Base-to-Emitter Voltage (VeE = -2 V. Ie = -1 A) ... . 
Collector-Cutoff Current: 

VCE(sat) -0.75 max V 
VBE -0.5 max V 

VeB = -30 V, IE = 0 ....................................................... . leBo -0.5 max mA 

S~ti~ For-:~~d~cu~e;rt ~r~n~f"i~· .. ii~ti~······························· leBO (sat) -0.1 max mA/ 

(VeE = -2 V. Ie = -1 A) ............................................... . 
Gain-Bandwidth Product (VeE = --2 V, Ie = -1 A) ... . 

hFE 50 to 165 
fT 200 min kc/s 

TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT 
DC Collector-Supply Voltage ................................................ Vee 
DC Collector-to-Emitter Voltage ........................................ VOE 
DC Base-to-Emitter Voltage ................................................ VRE 
Zero-Signal Collector Current .............................................. Ie 
Load Impedance .......................................................................... RL 
Signal Frequency ........................................................................ f 
Signal-Source Impedance ........................................................ Rs 
Power Gain ................................................................................. . 
Total Harmonic Distortion (at a power output of 5 W) 
Zero-Signal Collector Dissipation ....................................... . 
Maximum-Signal Power Output ........................................ POE 
Circuit Efficiency (at a power output of 5 W) ............ 1/ 

'" '" '" 5-1 0 

~ 
:.l 
:l-
8 

5 

TYPICAL TRANSFER CHARACTERISTIC 
TYPE 2N2869/2N301 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE =250 C 
COLLECTOR-TO-EMITTER VOLTSo-I.5 

V 
V 

/ 

-f-
-o 0.2 -O.~ -0.6 -0.8 

BASE·-TO,..EMfTTER VOLTS __ 1'4 

-14.4 
-12.2 
-0.35 
-0.9 

15 
400 
10 
38 
5 

11 
5 

45 

V 
V 
V 
A 
(1 

cis 
(1 

dB 

i1 
W 
% 
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TYPICAL OPERATION IN "SINGLE-ENDED PUSH-PULL" CLASS B 
AF-AMPLIFIER CIRCUIT 

DC Collector Supply Voltage ............................................... . 
Zero-Signal DC Collector Current (per transistor) ... . 
Zero-Signal Base-Bias Voltage ........................................... . 
Peak Collector Current (per transistor) ....................... . 
Maximum-Signal DC Collector Current (per transistor) 
Signal Frequency ....................................................................... . 
Input Impedance of Stage (per base) ............................... . 
Load Impedance (per collector) ....................................... . 
Power Gain ................................................................................. . 
Circuit Efficiency (at a power output of 12 W) ....... . 
Maximum-Signal Power Output ....................................... . 
Total Hannonic Distortion (at maximum-signal 

power outpui of 12 W) ....................................................... . 
Maximum Collector Dissipation (per transistor 

at a power output of 12 W) ........................................... . 

Vee 
Ie 

ie(peak) 
Ie(max) 
f 
Rs 
RL 

i!>OE 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N2869/2N301 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOOiNG-FLANGE TEMPERATURE = 25° C 

III 
II:: 

~ C-k1 lIE -I 

~ 
d 
lIE-

~ u-

~ 8 _~5 

~ 6 -I2} 

~, 
~~ ::!Q 

-~-2.Q 

~ -4 

2 -.!2. -5 
8ASE MlL.L.IAMPER 5·-1 

o -5 10 -15 -20 -25 -30 35 40 -45 50 -

-14.4 
-0.05 
-0.13 

-2 
-0.64 

400 
10 
6 

30 
67 
12 

5 

3 

COL.L.ECTOR-TO-EMITTER VOL.TS 92CM-9247T2 

2N2870/ 
2N301A 

POWER TRANSISTOR 

V 
A 
V 
A 
A 

cis 
n 
n 

dB 
% 
W 

% 

W 

Ge p-n-p alloy-junction type used in class A and class B af output-amplifier 
stages of automobile radio receivers and mobile communications equipment. 
JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mount
ing Flange - collector and case. This type is identical with type 2N2869/ 
2N301 except for the following items: 

MAXIMUM RATINGS 
Collector.-to-Base Voltage 

CHARACTERISTICS 

VeBO 

Collector-to-Base Breakdown Voltage 
(Ie = -0.005 A, IE = 0) .................................................... V(BR)eBO 

Collector-to-Emitter Saturation Voltage 
(Ie = -10 A, lB = -1 A) ................................................ VeE (sat) 

2N2876 POWER TRANSISTOR 

-80 

-80 min 

-0.5 max 

V 

V 

V 

Si n-p-n triple-diffused planar type used in large-signal vhf applications 
such as AM, FM, and cw service at frequencies up to 150 Mc/s in industrial 
and military equipment. JEDEC TO-60, Outline No.20. Terminals: 1 -
emitter, 2 - base, 3 - collector. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open ............................................................................... . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Transistor Dissipation: 

Te up to 25·C ....................................................................... . 
Te above 25·C ....................................................................... . 

Temperature Range: 
Operating (Junction) ...........................................................• 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.5 rnA, 

lE = 0) ..................................................................................... . 
Collector-to-Emitter Breakdown Voltage: 

Ic = 0.5 A, Is = 0, tp = 5 ,itS, df = 1 % ....................... . 
VBE = -1.5 V, Ic = 0.1 rnA ........................................... . 

Emitter-to-Base Breakdown Voltage (IE = 0.1 rnA, 
Ie = 0) •.....•..•........••...............•..•••••.•...••..••.....•.••.••.....................• 

Collector-to-Emitter Saturation Voltage 
(Ie = 2.5 A, Is = 0.5 A) ................................................... . 

Collector-Cutoff Current (VCB = 30 V, IE = 0) ........... . 
Intrinsic Base-Spreading Resistance (VeE = 28 V, 

Ie = 0.25 A, f = 400 Mc/s) ........................................... . 
RF Power Output, Unneutralized: 

VeE = 28 V, Ie := 0.5 A, PIE = 2 W, f = 50 Mc/s .... 
VeE = 28 V, Ie = 0.275 A, P,E = 1 W, f = 150 Mc/s 

Gain-Bandwidth Product (VeE = 28 V, Ie = 250 rnA) 
Collector-to-Case Capacitance ............................................... . 
Output Capacitance (VeB = 30 V, IE = 0, 

f = 0.14 Mc/s) ....................................................................... . 

* This value applies only to type 2N2876. 
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VCBO 80 V 

VCEV 80 V 
VeEo 60 V 
VEBO 4 V 
Ie 2.5 A 

PT 17.5 W 
PT See curve page 112 

TJ(opr) -65 to 200 ·C 
TSTG -65 to 200 ·C 
Tp 230 ·C 

V(BR)OBO 80 min V 

V(BR)OEO (sus) 60 min V 
V(BR)CEV 80 min V 

V(BR)EBO 4 min V 

VCE(sat) 1 max V 
lOBO 0.1 max /LA 

rbb' 6 typ 0 

POE 10 min W 
POE 3 min W 
iT 200 typ Mc/s 
Ce 6 max pF 

Cobo 20 max· pF 

TYPICAL OPERATION CHARACTERISTICS 

SAFE OPERATING REGION 

TYPE 2N2876 

.! BIAS POINT MUST BE IN REGION "Pi' TO AVOID 
SECOND BREAKDOWN DURING CLASS A 
OPERATION. 

.0"'" K 

"'" .5~ A 

~ 

1"-
o 10 20 30 40 !SO 60 

f!! 
~ 16 

I 14 

~12 ... 
~ 10 
~ 
o 8 
0: 

~ 6 
Q. 4 ... 
0: 

2 

o 

~~~l~_2:JI~ER CIRCUIT BASE INPUT.-
COLLECTOR-TO-EMITTER VOLTS 

(VCEI=40 -
CASE TEMPERATURE (Tcl=25°C 

~fu~ 
........ '" ~"'.o~.l 

1"1::-
l' (.0 

j-...., I"-- i'<J'1t 
r--. '41'111--1=::1"--"" I'-}- ~ .. <, 

" I'- t--~S-
t'~?S ·S 

I COLLECTOR-TO-EMITTER VOLTS 
92CS-12038T 30 40 50 60 70 80 90 100 I!SO 200 

FREQUENCY -Mets 
92CS-12060T 

TRANSISTOR 2N2895 
Si n-p-n triple-diffused planar type used in a wide variety of small-signal 
and low-to-medium-power applications in military and industrial equipment. 
JEDEC TO-18, Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. For transfer-characteristics curves, refer to type 2N2I02. 

MAXIMUM RATINGS 
Colleetor-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

RBE = 10 0 ........................................................................... . 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 

VeBO 

VeER 
VeEO 
VEBO 
Ie 

120 

80 
65 

7 
1 

V 

V 
V 
V 
A 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 0.5 W 

1.8 W ~~ ~~ ~ ~~:g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TA or Te above 25·C ........................................................... . See curve page 112 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie = 0.1 rnA, 

IE = 0) .................................................................................... .. 
Emitter-to-Base Breakdown Voltage (IE = 0.1 rnA. 

Ie = 0) .................................................................................... .. 
CoUector-to-Emitter Sustaining Voltage: 

Ie = 100 rnA, IB = 0, t p = 300 Jl.s. df = 2% ............... . 
Ie = 100 rnA, IB = 0, RBE = 10 n, tp = 300 Jl.s. 

df = 2% ............................................................................... . 
Collector-to-Emitter Saturation Voltage 

(Ie = 150 rnA, IB = 15 rnA. t p = 300 Jl.s, df = 2%) 
Base-to-Emitter Saturation Voltage 

(Ie = 150 rnA, IB = 15 rnA, t p = 300 Jl.S, df = 2%) 
Collector-Cutoff Current: 

VeB = 60 V, IE = 0, TA = 25·C ...................................... .. 
VCB = 60 V. IE = 0, TA = 150·C .................................... .. 

Emitter-Cutoff Current (VEB = 5 V. Ie = 0) ............... . 
Pulsed Static Forward-Current Transfer Ratio: 

VeE = 10 V, Ie = 150 rnA, t p = 300 Jl.S, df = 2% .... 
VeE = 10 V, Ie = 10 rnA, t p = 300 Jl.S, df = 2%. 

TA = -55·C ...................................................................... .. 
VeE = 10 V, Ie = 10 rnA, t p = 300 Jl.S, df = 2% ... . 

Static Forward-Current Transfer Ratio 
(VeE = 10 V. Ie= 0.01 rnA) .......................................... .. 

Small-Signal Forward-Current Transfer Ratio: 
VeE = 5 V, Ie = 5 rnA, f = 1 kc/s ............................... . 
VeE = 10 V, Ie = 50 rnA, f = 20 Mc/s ............ v ........ .. 

Input Capacitance (VEB = 0.5 V, Ie = 0, f = 0.14 Mc/s) 
Output Capacitance (VeB = 10 V, IE = 0, 

f = 0.14 Mc/s) ....................................................................... . 
Noise Figure (VeE = 10 V, 10= 0.3 rnA, f = 1 kc/s, 

RG = 510 n. circuit bandwidth = 1 cis) ................... . 
Thermal Resistance. Junction-to-Case ........................... . 
Thermal Resistance, Junction-to-Ambient ................... . 

TJ(opr) 
TSTG 
T,. 

V(BR)CBO 

V(BR)EBO 

VCEO(SUS) 

VCER(SUS) 

VCE(sat) 

VBE(sat) 

ICBO 
ICBO 
lEBO 

hFE (pulsed) 

hFE (pulsed) 
hFE (pulsed) 

hFE 

hre 
hre 
Clbo 

Cobo 

NF 
OJ-C 
OJ-A 

TYPICAL COLLECTOR CHARACTERISTICS 

(I) 

'" ffi 
0. 

~IO 
::; 
...I 

i 8 

~ 
I-
:.l 6 
...I 
...I 
o 
u 4 

2 

o 

TYPE 2N2895 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE = 25° C 

15 

- f--~ --.:.- GO/, 
~ -- ~ / I I-- -...... ~ 7 1\ 
~ '\ BASE MICROAMPERES' 0 

20 40 60 so 100 
COLLECTOR-TO-EMITTER VOLTS 

2N2896 TRANSISTOR 

-65 to 200 ·C 
-65 to 200 ·C 

255 ·C 

120 min 

7 min 

65 min 

80 min 

0.6 max 

1.2 max 

0.002 max 
2 max 

0.002 max 

40 to 120 

20 min 
35 min 

20 min 

50 to 200 
Gmin 

80 max 

15 max 

8 max 
97 max 

350 max 

92CM-1111$T 

V 

V 

V 

V 

V 

V 

p.A 
p.A 
p.A 

pF 

pF 

dB 
·C/W 
·C/W 

Si n-p-n triple-diffused planar type used in a wide variety of small-signal 
and low-to-medium-power applications in military and industrial equipment. 
JEDEC TO-1S, Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. For transfer-characteristics curves, refer to type 2N2l02. 
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MAXIMUM RATINGS 

g~B:~t~~:t~:~iit;; o~~!ffage';"""""""""""""""""""""'" ..... . 
RBE == 10 n ........................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Transistor Dissipation: 

TA up to 25·C ....................................................................... . 
Te up to 25·C ....................................................................... . 
TA or Tc above 25·C ........................................................... . 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

Veno 

VeER 
VeEO 
VEno 
Ie 

PT 
PT 
PT 

TJ(opr) 
TSTG 
TL 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N2896 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
AMBIENT TEMPERATURE = 25° C 

........ ~ 
8 

f--I--- 'ill", 
,/ 

~ - --f-"' V ...- ........ ~ / \ ---- '!PL I - ,....- / 
~ 1\ 

BASE MICROAMPERES' 0 ) 
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140 V 

140 V 
90 V 
7 V 
1 A 

0.5 W 
1.8 W 

See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

255 ·C 

o 25 50 75 100 125 150 175 200 
COLLECTOR-TO-EMITTER VOLTS 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie == 0.1 mA, 

IE == 0) .................................................................................... .. 
Emitter-to-Base Breakdown Voltage (IE == 0.1 mAo 

Ie == 0) .................................................................................... .. 
Collector-to-Emitter Sustaining Voltage: 

Ie == 100 mA, Is == O. t p == 300 /LS, df == 2% ............... . 
Ie == 100 mA, Is == 0, RBE == 10 n. t p == 300 /LS. 

df == 2% .............................................................................. .. 
Collector-to-Emitter Saturation Voltage (Ie == 150 mA, 

IB == 15 mAo t p == 300 /LS. df == 2%) ........................... . 
Base-to-Emitter Saturation Voltage (Ie == 150 mAo 

In == 15 mA, t p == 300 /LS, df == 2%) .......................... .. 
Collector-Cutoff Current: 

VeB == 90 V, IE == 0, TA == 25·C ....................................... . 
VeB == 90 V, IE == O. TA == 150·C .................................... .. 

Emitter-Cutoff Current (VEB == 5 V. Ie == 0) .............. .. 
Pulsed Static Forward-Current Transfer Ratio: 

VeE == 10 V, Ie == 150 mA, t p == 300 J.'S, df == 2%. 
TA == 25°C ............................................................................. . 

VeE == 10 V. Ie == 10 mAo t p == 300 ./Ls. df == 2%. 
TA == 55·C ............................................................................. . 

Static Forward-Current Transfer Ratio 
(VeE == 10 V. Ie == 1 rnA) .............................................. .. 

Small-Signal Forward-Current Transfer Ratio: 
VeE == 5 V. Ie == 5 mA, f == 1 kc/s ............................... . 
VeE == 10 V, Ie == 50 mA, f == 20 Mc/s ...................... .. 

Input Capacitance (VEB == 0.5 V, Ie == 0, 
f == 0.14 Mc/s) ....................................................................... . 

Output Capacitance (VCB == 10 V. IE == O. 
f == 0.14 Me/s) ....................................................................... . 

Thermal Resistance, Junction-to-Case ............................. . 
Thermal Resistance. Junction-to-Ambient ....................... . 

V(BR)CBO 

V(BR)EBO 

VeEo(sus) 

VeER(sus) 

VCE (sat) 

VBE(sat) 

Ieno 
leBO 
lEBO 

hFE (pulsed) 

hFE (pulsed) 

hFE 

hr. 
hr. 

Clbo 

Cobo 
fh-c 
9J-A 

92CM-I2094T 

140 min V 

7 min V 

90 min V 

140 min V 

0.6 max V 

1.2 max V 

0.01 max /LA 
lOmax /LA 

0.01 max p.A 

60 to 200 

20 min 

35 min 

50 to 275 
6 min 

80 max pF 

15 max pF 
97 max ·C/W 

350 max ·C/W 
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2N2897 TRANSISTOR 

Si n-p-n triple-diffused planar type used in a wide variety of small-signal 
and low-to-medium-power applications in military and industrial equipment. 
JEDEC TO-IS, Outline No.9. Terminals: I - emitter, 2 - base, 3 - collector 
and case. 

MAXIMUM RATINGS 

Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

RBE = 10 n ............................................................................... . 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ....................................................... '" 
Collector Current ..................................................................... . 
Transistor Dissipation: 

TA up to 25°C ....................................................................... . 
Tc up to 25·C ....................................................................... . 
TA or Tc above 25·C ........................................................... . 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS (At case temperature = 25°C) 

Collector-to-Base Breakdown Voltage (Ic = 0.1 mA, 
lE =: 0) ..................................................................................... . 

Emitter-to-Base Breakdown Voltage (lE = 0.1 mA, 
Ic =: 0) .................................................................................... .. 

Collector-to-Emitter Sustaining Voltage: 
Ic = 100 rnA, IB =: 0, t p :=: 300 p.s, df :=: 2% ........... . 
Ic = 100 rnA, IB == 0, RnE :=: 10 n, t p =: 300 p.s, 

df = 2% .............................................................................. .. 
Collector-to-Emitter Saturation Voltage (Ic =: 150 rnA, 

In = 15 rnA, t p = 300 p.s, df = 2%) ........................... . 
Base-to-Emitter Saturation Voltage (Ic = 150 rnA, 

In :=: 15 rnA, t p = 300 p.S, df = 2%) ........................... . 
Collector-Cutoff Current: 

Vcn = 60 V, IE = 0, TA = 25·C ....................................... . 
Vcn = 60 V, lE = 0, TA =: 150·C .................................... .. 

Emitter-Cutoff Current (VEn = 5 V, Ic = 0) ............... . 
Pulsed Static Forward-Current ~ransfer Ratio 

(VCE = 10 V, Ic = 150 rnA, t p = 300 J1.S, df = 2%) .... 
Static Forward-Current Transfer Ratio (VCE :=: 10 V, 

Ic = 0.1 rnA) ........................................................................... . 
Small-Signal Forward-Current Transfer Ratio: 

VCE = 5 V, Ic = 1 rnA, f = 1 kc/s ............................... . 
VCE =: 10 V, Ic = 50 rnA, f = 20 Mc/s ...................... .. 

Infu,; ~:¥4a(l¢J~Is)e .. ~.~.~~ .. ~ .. ~:.~ ... ~: ... ~.~ .. ~ .. ~: ...................... . 
Output Capacitance (VCB = 10 V, IE = 0, 

f = 0.14 Mc/s) ................................................................•....... 
Thermal Resistance, Junction-to-Case ............................ .. 
Thermal Resistance, Junction-to-Ambient ..................... . 

VeRO 

VCER 
VCEO 
VEBO 
Ic 

PT 
PT 
PT 

TJ(opr) 
TSTG 
TL 

V(BR)CBO 

V(BR)EBO 

VCEO(SUS) 

VCER(SUS) 

VCE(sat) 

VBE(sat) 

ICBo 
ICBo 
lEBO 

hFE (pulsed) 

hFE 

ht. 
ht. 

Clbo 

Cobo 
fh-c 
8J-A 

TYPICAL TRANSFER CHARACTERISTICS 

~ 
~~r-~--~~~?f.M~-+--+-~ 
:E ... 
330()r---+---+--~~~~--~--~~ 

i 

I 100r--4r-~~~--~--~--~---1 
BASE - TO-EMITTER VOLTS 

92CS-12104T 

60 V 

60 V 
45 V 

7 V 
1 A 

0.5 W 
1.8 W 

See curve page 112 

-65 to 200 
-65 to 200 

255 

60 min 

7 min 

45 min 

60 min 

1 max 

1.3 max 

0.05 max 
50 max 

0.05 max 

50 to 200 

35 min 

50 to 275 
5 min 

80 max 

15 max 
97 max 

350 max 

°C 
°C 
°C 

V 

V 

V 

V 

V 

V 

p.A 
p.A 
J1.A 

pF 

pF 
°C/W 
°C/W 
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TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N2897 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
AMBIENT TEMPERATURE' 25" C 

.... 
~ ~ / 

~ -I---- ./ / roO -f.-" -/ 
II 

V -~ i I 
~ !,.o" / - / 1 

~ \ 
2 

BASE MICROAMPE~ES • 0 
, 

o 10 20 30 40 50 60 70 
COLLECTOR-TO-EMITTER VOLTS 92CM-1II78T 

COMPUTER TRANSISTOR 2N2938 
Si n-p-n double-diffused epitaxial planar type used for high-speed saturated 
switching in data-processing equipment in industrial and military equip
ment. JEDEC TO-52, Outline No.18. Terminals: 1 - emitter, 2 - base, 3 -
collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... .. 
Collector-to-Emitter Voltage ................................................ .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Transistor Dissipation: 

TA up to 25°C ....................................................................... . 
Te up to 25°C ....................................................................... . 

VeRO 
VeEo 
VERO 
Ie 

25 V 
13 V 
5 V 

0.5 A 

0.3 W 

TA or Te above 25°C .......................................................... .. 
1 W 

See curve page 112 
Ambient and Case Temperature Range: 

Operating (TA - Te) ........................................................... . -65 to 175 ·C 
Storage ...................................................................................... .. TSTG 

TL 
-65 to 200 ·C 

Lead-Soldering Temperature (10 s max) ....................... . 300 ·C 

2160 
!;[ 
0: 140 
0: 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPE 2N2938 
COMMON-EMITTER CIRCUIT, BASE INPUT. t-
FREE-AIR TEMPERATURE (TFAI=25'C 

... fIP ~ I:: ~ ~ ..... t\ 
) 

~~JJ'~d--
" i80 

~60 
~40 
~ 20 

u 0 
o I 

\ ~~ /., C';, 

1\ ~~~-
\~a-~' 

~t-

le-~9"1-
4 6 810 • 4 6 8100' 4 6 

COLLECTOR MILLIAMPERES lIeI 
92CS-12129T 

TYPICAL RISE-TIME CHARACTERISTICS 

8 TYPE 2N2938 -
6 COLLECTOR-SUPPLY VOLTS IVccla6 -

'OFF' BASE-TO-EMITTER VOLTS -
[VBEloftlj=-1.25 

• FREE-AIR TEMPERATURE ITFA) = 25'C-
COLLECTOR MIWAMPERESa!c 

8 

4 "-

• ........... 
" ---8 

6 

~ 10 
;:: 

~ ~""O 
200-

... 
'" 4 - !IO 
;;: 

2 

I o 0.05 0.1 0.15 0.2 D.25 
RATIO OF "TURN-ON" BASE CURRENT 10 

COLLECTOR CURRENT (lBI~121I2TI 
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CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage (Ie = 10 rnA, 

1B = 0) ..................................................................................... . 
Collector-to-Base Breakdown Voltage (Ie = 0.01 rnA, 

lE = 0) ....•................................................................................. 
Emitter-to-Base Breakdown Voltage (IE == 0.01 rnA, 

Ie = 0) ..................................................................................... . 
Collector-to-Emitter Saturation Voltage (Ie == 50 rnA, 

lB = 1.6 rnA) ........................................................................... . 
Base-to-Emitter Saturation Voltage (Ie == 50 rnA, 

lB == 1.6 rnA) .......................................................................... .. 
Collector-Cutoff Current: 

VeE == 20 V, VEB = 0, TA == 25°C ................................... . 
VeE == 20 V, VEB == 0, TA == 1500C ................................ .. 

Base-Cutoff Current (VeE == 20 V, VEB == 0) .............. .. 
Static Forward-Current Transfer Ratio 

(VeE == 0.35 V, Ie == 10 rnA) ........................................... . 
Pulsed Static Forward-Current Transfer Ratio: 

VeE == 1 V, Ie = 200 rnA, t p = 50 p.s, df == 2% .......... 
VeE = 0.4 V, Ie == 50 rnA, TA == -55°C, t p = 50 p.s, 

df = 2% .............................................................................. .. 
Small-Signal Forward-Current Transfer Ratio 

(VeE = 10 V, Ie == 10 rnA, f == 100 Mc/s) .............. .. 
Input Capacitance (VEB == 1 V, Ie == 0, f == 1 Mc/s) .. .. 
Output Capacitance (VeB = 5 V, IE == 0, f = 1 Mc/s) 
Storage Time (Vee == 10 V, Ie == 10 rnA, 

lB. == 10 rnA, lB. == -10 rnA) ...................................... .. 
Turn-On Time (Vee == 6 V, Ie == 50 rnA, 

lB. == 2.5 rnA, VBB == -1 V) .......................................... .. 
Turn-Off Time (Veo == 6 V, Ie = 50 rnA, 

lB. == 2.5 rnA, lB. == -2.5 rnA) .................................. .. 

V(BR)CEO 

V(BR)OBO 

V<BR)EBO 

VeE (sat) 

VnE(sat) 

IOEV 
ICE V 
lBEv 

hFE 

hFE (pulsed). 

hFE (pulsed) 

h,. 
Cibo 
Cobo 

t, 

ton 

toft 

13 min 

25 min 

5 min 

0.4 max 

0.8 to 0.95 

25 max 
25 max 

-25 max 

25 min 

10 min 

15 min 

5 min 
5 max 
4 max 

15 max 

30 max 

30 max 

V 

V 

V 

V 

V 

nA 
p.A 
nA 

pF 
pF 

ns 

ns 

ns 

TYPICAL FALL-TIME CHARACTERISTICS TYPICAL SfORAGE-TIME CHARACTERISfICS 
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TYPE 2N2938 -
COLLECTOR-SUPPLY VOLTS (VCC) =6 -
COLLECTOR MILLIAMPERES = IC -

RATIO OF COLLECTOR CURRENT TO 
"TURN-ON" BASE CURRENT IIC/IBII=IO-

FREE -AIR TEMPERATURE (TFA) = 25° C 
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TYPE 2N2938 '-

ggttm~-~:r~i1~~~~;~gC)=6 ~ 
RATIO OF COLLECTOR CURRENT TO -
"TURN-ON" BASE CURRENT (IcIIBI)=IO 
FREE-AIR TEMPERATURE TFA=25' C_ 

!~ c-""--
~ 

Ic=ZOO == 
50-
10-

- .. 

I 
10 0.05 0.1 0.15 0.2 0.25 

10 0.05 0.1 0.15 0.2 0.25 

RATIO OF "TURN-OFF"BASE CURRENT TO 
COLLECTOR CURRENT (IB21 IC) 

92CS-1233TI 

RATIO OF"TURN'OFF'BASE CURRENT TO 
COLLECTOR CURRENT (IB2/ICI 

92CS-12135TI 

2N2953 TRANSiSTOR 
Ge p-n-p alloy-junction type used in af-driver amplifier applications in con
sumer and industrial equipment. JEDEC TO-I, Outline No.1. Terminals: 
1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 

Base open ................................................................................ .. 
VBE = 2 V .............................................................................. .. 

Collector-to-Emitter Voltage (RBE == 10 kG) .............. .. 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ........ : ............................................................. .. 
Emitter Current ........................................................................ .. 
Transistor Dissi;p,ation: 

TA up to 55 C ....................................................................... . 
To up to 55°C (with practical heat sink, 

e == 50°C/W) ..................................................................... . 
TA or To (with practical heat sink) above 55°C .. .. 

VeRO 
VeRV 
VeER 
VERO 
Ie 
IE 

-30 V 
-30 V 
-25 V 
-25 V 

-0.15 A 
0.15 A 

120 mW 

225 mW 
See curve page 112 
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MAXIMUM RATINGS (cont'd) 
Temperature Range: 

Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

T.(opr) -65 to 100 ·C 
TSTG -65 to 100 ·C 
TL 255 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = -0.05 A, 

VBljJ = 2 V) ......•..•..........•..••..........•...........................•..••..•....• V(BR)CBV -30 min V 
Collector-to-Emitter Breakdown Voltage (Ie = -1 mA, 

RnE = 10 kO) ....................................................................... . V<BR)CER -25 min V 
Emitter-to-Base Breakdown Voltage (IE = -0.05 mA, 

Ie = 0) ...............................................................................•..•..• 
Collector-Cutoff Current (VCH = -20 V, II< = 0) ....... . 
Emitter-Cutoff Current (VEB = -20 V, Ie = 0) ........... . 
Small-Signal Forward-Current Transfer Ratio 

(VeE = -10 V, Ie = -10 mA, f = 1 kc/s) ............... . 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VeE = -12 V, Ie = -1 mAl ................... . 
Intrinsic Base-Spreading Resistance 

(VeEl = -10 V, Ie = -10 rnA, f = 20 Mc/s) ........... . 
Collector-to-Base Feedback Capacitance 

(VCI' = -12 V, Ie = -1 rnA) ....................................... . 

V(BR)EBO -25 min V 
leBo -5 max p,A 
lEBO -7.5 max p,A 

hfe 200 min 

fhfb 10 typ Mc/s 

rbb' 300 typ 0 

Cb/C 6.5 typ pF 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPICAL TRANSFER CHARACTERISTIC TYPICAL TRANSFER CHARACTERISTIC 
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2N3011 COMPUTER TRANSISTOR 
Si n-p-n epitaxial planar type used for high-speed saturated switching in 
logic applications. JEDEC TO-18, Outline No.9. Terminals: 1 - emitter, 2 -
base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... .. 
Collector-to-Emitter Voltage ................................................ .. 
Emitter-to-Base Voltage ........................................................ .. 

VeBo 30 V 
VeEo 12 V 
VEBO 5 V 

Collector Current ...................................................................... .. Ie 0.2 A 
Transistor Dissipation: 

TA up to 25°C ....................................................................... . 

~~ ~¥ i~ :~~~e ·25~C··~::::::::.:·::::::::::::::::::::::::::::::::::::::::::::::::. 
Temperature Range: 

Operating (Junction) ............... ~ .......................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (60 s max) ...................... .. 

PT 0.36 W 
PT 1.2 W 
PT See curve page 112 

TJ(opr) -65 to 200 °C 
TSTG -65 to 200 °C 
TL 300 °C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.01 mA, 

IE = 0) .................................................................................... .. V(BR)eBO 30 min V 
Collector-to-Emitter Breakdown Voltage 

(Ie = 0.01 rnA, RBE = 0) .................................................. .. 
Emitter-to-Base Breakdown Voltage (IE = 0.1 mA, 

Ie = 0) .................................................................................... .. 

V(BR)CES 30 min V 

V(BR)EBO 5 min V 
Collector-to-Emitter Sustaining Voltage 

(Ie = 10 mA, IB = 0, t p = 300 p.s, df = 2%) .......... .. 
Collector-to-Emitter Saturation Voltage: 

VeEo(sus) 12 min V 

Ie = 10 rnA, IB = 1 rnA, TA = 25°C .......................... .. 
Ie = 10 mA, IB = 1 mA, TA = 85°C ........................... . 
Ie = 100 mA, IB = 10 rnA, TA = 25°C ....................... . 

VeE (sat) 0.2 max V 
VeE (sat) 0.3 max V 
VeE (sat) 0.5 max V 

Base-to-Emitter Saturation Voltage: 
Ie = 10 rnA, IB = 1 mA ....................................................... . VBE(sat) 0.72 to 0.87 V 
Ie = 100 rnA, IB = 10 rnA ............................................... . 

Emitter-Cutoff Current: 
VB\ll(sat) 1.6 max V 

VeE = 20 V, RBE == 0, TA = 85°C .................................... .. 
Velll = 20 V, BRill == 0, TA = 25°C ..................................... . 

ICES lOmax /LA 
ICES 0.4 max /LA 

Pulsed Static Forward-Current Transfer Ratio: 
VeE = 0.35 V, Ie = 10 rnA, tp == 300 /LS, 

df = 2% ............................................................................. .. 
VeE == 1 V, Ie = 100 mA, tp = 300 /LS, 

df = 2% .............................................................................. .. 

hFE(pulsed) 30 to 120 

hFE (pulsed) 12 min 
Small-Signal Forward-Current Transfer Ratio 

(VeE == 10 V, Ie == 20 rnA, f == 100 Mc/s) .............. .. 
Output Capacitance (VeB = 5 V, IE = 0, 

f == 0.14 Mc/s) ...................................................................... .. 

hr. 4 min 

Cobo 4 max pF 
Storage Time (Vee = 10 V, Ie == 10 rnA, 

1B1 == 10. mA, lB. == -10 rnA) ...................................... .. t. 13 max ns 
Turn-On Time (Vee == 2 V, Ie == 10 mA, 

1B1 == 3 mA, VBE (off) == 0 V) ........................................ .. 
Turn-Off Time (Vee == 2 V, Ie = 30 mA, 

1B1 == 3 mA, lB. == -3 mAl .......................................... .. 

t. + t, 15 max ns 

t. + t< 20 max ns 

2N3053 POWER TRANSISTOR 
Si n-p-n triple-diffused planar type used in a wide variety of small signal, 
medium-power applications (up to 20 Mc/s) in commercial and industrial 
equipment. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector and case. 

MAXIMUM RATINGS 
g~ll~:~::==~t!O~~yfage: .... · .... · .. ·· .... · .. -·· .... ···· .. ·· .. ·· .. · .. ··· .. .. 

VBIII = -1.5 v ....................................................................... . 
RBE=100 ............................................................................ .. 
Base open (sustaining voltage) ...................................... .. 

Emitter-to-Base Voltage ...................................................... .. 
Collector Current ....................................................................... . 
Transistor Dissip,ation: 

i~ ~~ ~ ~og :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TA or To llbove 25°C ............ .-........................................... .. 

VeBO 

VeEV 
VeER 
VeEO(sus) 
VEDO 
Ie 

PT 
PT 
PT 

60 V 

60 V 
50 V 
40 V 
5 V 

0.7 A 

1 W 
5 W 

See curve page 112 
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MAXIMUM RATINGS (cont'd) 
Temperature Range: 

Operating (TA-Te) and Storage (TsTG) ..................... ... 
Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie == 0.1 rnA. 

lE == 0) ..................................................................................... . 
Emitter-to-Base Breakdown Voltage (lE == 0.1 rnA. 

Ie = 0) ..................................................................................... . 
Collector-to-Emitter Sustaining Voltage: 

Ie = 100 rnA. RBE == 10 n. tp = 300/Ls. df = 2.8% ... . 
Ie = 100 rnA. IB = O. t p = 300 /LS. df = 1.8% ........... . 

Base-to-Emitter Saturation Voltage (Ie == 150 rnA. 
lB = 15 rnA) ........................................................................... . 

Collector-to-Emitter Saturation Voltage (Ie = 150 rnA. 
IB == 15 rnA) ........................................................................... . 

Collector-Cutoff Current (VeB = 30 V. lE == 0) ........... . 
Emitter-Cutoff Current (VEB = 4 V. Ie = 0) ................. . 
Pulsed Static Forward-Current Transfer Ratio 

(VeE == 10 V. Ie = 150 rnA. t p == 300 /LS. df == 1.8%) 
Small-Signal Forward-Current Transfer Ratio 

(VeE == 10 V. Ie == 50 rnA. f == 20 Mc/s) ................... . 
Input Capacitance (VEB == 0.5 V. Ie = 0) .................... .. 
Output Capacitance (VeB = 10 V. IE == 0) ................... . 
Thermal Resistance. Junction-to-Case ............................. . 

TL 

V(BR)CBO 

V(BR)EBO 

VemRtsUS) 
Vemo sus) 

VBE(sat) 

VeE (sat) 
leBO 
lEBO 

hFm 

hr. 
elba 
Cobo 
8J-e 

227 

~65 to 200 °C 
255 ·C 

60 min V 

5 min V 

50 min V 
40 min V 

1.7 max V 

1.4 max V 
0.25 max /LA 
0.25 max /LA 

50 to 250 

5 min 
80 maX pF 
15 max pF 
35 maX °C/W 

TYPICAL TRANSFER CHARACTERISTICS 
TYPE 2N3053 

TYPICAL COLLECTOR CHARACTERISTICS 

COLLECTOR-TO-EMITTER VOLTS IVBE)=IO 
o ,------,-

m 
t!a 
f!l 
0: 

~6 
:1i 
:34 
:i! 

'" ~2r-~---+~--+---+ 

o 1.4 o 2 4 6 a 10 

POWER TRANSISTOR 

COLLECTOR-TO-EMITTER VOLTS (VeE) 
92CS-12327T 

2N3054 
Si n-p-n diffused-junction type used in power-switching circuits, series- and 
shunt-regulator driver and output stages, and high-fidelity amplifiers in 
commercial and industrial equipment. JEDEC TO-66, Outline No.22. Termi
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Colleetor-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE == -1.5 V ....................................................................... . 
RBI. == 100 n ........................................................................... . 
Base open (sustaining voltage) ....................................... . 

~::H~~~~:oc~~:n~~.~~~ ... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Base Current ............................................................................... . 
Transistor Dissi,p,ation: 

~~ ~Eo;~ ~~.g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operatinll (Te) and Storage (TsTo) ........................... . 
Pin-SolderIng Temperature (10 s max) ......................... . 

VeBO 

VeEV 
VeER 
VeEO(sus) 
VEBO 
Ie 
IB 

PT 
PT 

90 V 

90 V 
60 V 
55 V 
7 V 
4 A 
2 A 

29 W 
See curve page 112 

-65 to 200 ·C 
235 ·C 
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CHARACTERISTICS (At case temperature _ 25°C) 
Emitter-to-Base Breakdown Voltage (IE = 1 rnA. 

Ie = 0) .......•....•........••....••••••.••.••••.....•.••.••..••••••......................... 
Collector-to-Emitter Sustaining Voltage: 

10 = 100 rnA. RBEl = 100 n ............................................... . 
Ie = 100 rnA. IB = 0 ........................................................... . 

Collector-to-Emitter Saturation Voltage (Ie = 500 rnA. 
lB = 50 rnA) ......................................................................... . 

Base-to-Emitter Voltage (VeEl = 4 V. Ie :=: 500 rnA) ... . 
Collector-Cutoff Current (VeEl = 90 V. VBEl = -1.5 V) 
Emitter-Cutoff Current (VElB = 7 V. Ie = 0) ............. ~ .... . 
Static Forward-Current Transfer Ratio 

(VCEl = 4 V. Ie = 500 rnA) .............................................. .. 
Thermal Resistance. Junction-to-Case ............................... . 

V(BR)EBO 

VelllB(sus) 
VeElo(sus) 

VeEl(sat) 
VBE 
ICElV 
lEBO 

7 min V 

60 min V 
55 min' V 

1 max V 
1.7 max V 

1 max rnA 
1 max rnA 

25 to 100 
6 max ·C/W 

TYPICAL TRANSFER CHARACTERISTICS TYPICAL COLLECTOR CHARACTERISTICS 

i OO 
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TYPE 2N3054 
CASE TEMPERATURE (TC) • 25· C 
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BASE-TO-EMITTER VOLTS (VBE) 

92CS-12305Tl 

COLLECTOR-TO-EMITTER VOLTS (VeE) 
92CS-12303T 

2N3055 POWER TRANSISTOR 

Si n-p-n diffused-junction type used in power-switching circuits, series- and 
shunt-regulator driver and output stages, and high-fidelity amplifiers in 
commercial and industrial equipment. JEDEC TO-3, Outline No.2. Termi
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... . 
Collector-to-Emitter Voltage: 

VBEl = -1.5 V ....................................................................... . 
RBEl=100n ........................................................................... . 
Base open (sustaining voltage) ....................................... . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissip,ation: 

Tc up to 25 C .....•.................................................................. 
Te above 25·C ....................................................................... . 

Temperature Range: 
Operatin~ (Te) and Storage (TBTG) ........................... . 

Pin-Soldermg Temperature (10 s max) ........................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Emitter-to-Base Breakdown Voltage (IE = 5 rnA. 

Ic = 0) ..................................................................................... . 
Collector-to-Emitter Sustaining Voltage: 

10 = 200 rnA. RBEl = 100 n ............................................... . 
Ie=200mA.IB=0 ........................................................... . 

Collector-to-Emitter Saturation Voltage (Ie = 4 A. 
IB = 400 rnA) ................................................ y •••••• •••••••••••••••• 

Base-to-Emitter Voltage (Vom = 4 V. 10 == 4 A) ....... . 
Collector-Cutoff Current (VCEl = 100 V. VBEl = -1.5 V) 
Emitter-Cutoff Current (VElB = 7 V. Ie = 0) ................. . 
Static Forward-Current Transfer Ratio 

(VeEl = 4 V. Ie == 4 A) ................................................... . 
Thermal Resistance. Junction-to-Case ............................. . 

VOBO 

VOElV 
VCElR 
VeElo(sus) 
VElBO 
Ic 
IB 

PT 
Pr 

V(BR)EBO 

VCElR(SUS) 
VOElo(sus) 

VCE (sat) 
VBE 
ICEV 
lEBO 

hFE 
8J-e 

100 V 

100 V 
70 V 
60 V 

7 V 
15 A 
7 A 

115 W 
See curve page 112 

-65 to 200 ·C 
235 ·C 

7 min V 

70 min V 
60 min V 

1.1 max V 
1.8 max V 

5 max rnA 
5 max rnA 

20 to 70 
1.5 ·C/W 
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TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
TYPE 2N3055 TYPE 2N3055 
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2N3118 
Si n-p-n triple-diffused planar type for large-signal vhf class C and small
signal vhf class A amplifier applications in industrial and military com
munications equipment. JEDEC TO-5, Outline No.3. Terminals:"1 - emitter, 
2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ...................................................... .. 
Collector Current .................................................................... .. 
Transistor Dissipation: 

VOEV 
VOEO 
VEBO 
Ie 

85 
60 
4 

0.5 

V 
V 
V 
A 

TA up to 25"C ........................................................................ PT 1 W 
To up to 25"C ........................................................................ PT 4 W 
TA or To above 25"C ............................................................ PT 

Temperature Range: 
See curve page 112 

Operating (Junction) ........................................................ .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS (At case temperature = 25°Cl., 
Collector-to-Emltter Breakdown Voltage: --' 

TJ(opr) 
TSTo 
TL 

VBE = -1.5 V. Ie = 0.1 rnA ............................................ V(BRlCEV 

-65 to 200 
-65 to 200 

255 

10 = 10 rnA, lB = 0, t p = 300 J1.S, df = 1.8% ................ V(BR)OEO (sus) 
85 min 
60 min 

Emitter-to-Base Breakdown Voltage (IE = 0.1 rnA, 
Ie = 0) ...................................................................................... V(BR)EBO 

Collector-Cutoff Current: 
VCB = 30 V, IE = 0, TA = 25"C ...................................... .. 
VCB = 30 V, IE = 0, TA = 150"C .................................... .. 

Small-Signal Short-Circuit Input Impedance, 
Real Part (VeE' = 28 V, Ie = 25 rnA, f = 50 Me/s) 

lOBO 
lOBO 

4 min 

0.1 max 
100 max 

25 to 75 

TYPICAL LARGE-SIGNAL CLASS C RF 
POWER-OUTPUT CHARACTER(STICS 

TYPICAL CLASS A RF POWER-OUTPUT 
CHARACTERISTIC 

TYPE 2N3118 
6 COMMON-EMITTER CIRCUIT, BASE INPUT. 
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CHARACTERISTICS (cont'd) 
Small-Signal Short-Circuit Output Impedance. 

Real Part (VeE == 28 V. Ie = 25 mAo f = 50 Mc/s) 
Pulsed Static Forward-Current Transfer Ratio 

_1_ (real) 
Y .. 

500 to 1000 n 
(VeE = 28 V. Ie = 25 rnA. tp == 300 p.s. df ~ 1.8%) 

Small-Signal ForwQrd-Current Transfer Ratio 
hFE (pulsed) 50 to 275 

(VeE == 28 V. Ie = 25 mAo f == 50 Mc/s) ................... . 
rbb' Cb'. Product (Vea == 28 V. Ie = 25 mAo 

f = 50 Mc/s) ...........•............................................................ 
Power Gain. Class A Service (with heat sink) 

(VeE = 28 V, Ie = 25 mA, Poe == 0.2 W, f == 50 Mc/s) 
Output Capacitance (Vea = 28 V, Ie = 0, f == 1 Mc/s) 
Power Output. Class C Oscillator Service 

(with heat sink): 

hre 

rbb' Cb' e 

Gp • 

Cobo 

VeE = 28 V, Pie == 0.1 W, f == 50 Mc/s .................... Poe 
VelD = 28 V, Pie = 0.1 W, f == 150 Mc/s .................. Poe 

TRANSISTOR 

5 min 

60 max 

18 min 
6 max 

1 min 
0.4 min 

2N3119 

ps 

dB 
pF 

W 
W 

Si n-p-n triple-diffused planar type used in high-voltage, high-frequency 
pulse-amplifier and high-voltage saturated-switching applications in indus
trial and military equipment. JEDEC TO-5, Outline No.3. Terminals: 1 -
emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

Vam = -1.5 V ...................................................................... .. 
Base open ................................................................................ .. 

~~~~:oc~~:n~~.~~~~ ... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Transistor Diss~tion: 

TAo up to 25 C ...................................................................... .. 

i~ ::f.jg a1;'~;e ·25~C .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operating (Junction) ........................................................ .. 
storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS (At case temperature = 25·C) 
Collector-to-Base Breakdown Voltage (Ie = 0.1 mA, 

VeBO 

Vemv 
Vemo 
Vmao 
Ie 

PT 
PT 
PT 

TJ(opr) 
TSTG 
TL 

100 V 

100 V 
80 V 
4 V 

0.5 A 

1 W 
4 W 

See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

255 ·C 

Im == 0) ...................................................................................... V(aIDeBO 100 min V 
Collector-to-Emitter Breakdown Voltage: 

VB" == -1.5 V, Ie == 0.1 rnA ............................................ V<BR)emV 100 min V 
Ie = 10 rnA, Ia = 0, tp = 300 p.s, df = 1.8% ............ V(BR)emo(sus) 80 min V 

Emitter-to-Base Breakdown Voltage (1m = 0.1 mA, 
Ie == 0) ...................................................................................... V(BB)EBO 4 min V 

Base-to-Emitter Saturation Voltage (Ie == 100 rnA, 
IB = 10 rnA) ............................................................................ VBm (sat) 1.1 max V 

Collector-to-Emitter Saturation Voltage (Ie == 100 rnA. 
la = 10 rnA) ............................................................................ VelD (sat) 0.5 max V 

Collector-Cutoff Current: 
Vea = 60 V, lE = 0, TAo = 25·C ........................................ leBO 50 max nA 
VeB = 60 V, 1m = 0, TAo = 150·C ...................................... Ieno 50 max p.A 

Emitter-Cutoff Current (VBm == -3 V, Ie = 0, 
TAo = 25·C) .............................................................................. lEBO 100 max nA 

Static Forward-Current Transfer Ratio 
(Vem = 10 V, 10 = 10 rnA) ................................................ hFm 40 min 

Pulsed static Forward-Current Transfer Ratio: 
VelD = 10 V, Ie = 100 rnA, t. = 300 p.s, df = 1.8%.. hFm(pulsed) 50 to 200 
Vem = 10 V, Ie = 250 rnA, t. = 300 p.s, df = 1.8% '.. hFm (pulsed) 20 min 

Gain-Bandwidth Product (Vem = 28 V, Ie = 25 rnA, 
f = 50 Mc/s) ............................................................................ fT 250 min Mc/s 

Output Capacitance (VeB == 28 V, Ie = 0, f == 1 Mc/s) Cobo 6 max pF 
Pulsed-Amplifier Rise Time (Vee = 80 V, 

Ie = 10 mA) ............................................................................ 20 max ns 
Saturated Switch Turn-On Time (Vee = 28 V. 

Ie == 100 rnA, IB1 = 10 rnA) ............................................ td + tr 40 max ns 
Saturated Switch Turn-Off Time (Vee = 28 V, 

Ie = 100 rnA, lB. = -10 rnA) ........................................ t. + tf 700 max ns 
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TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPE 2N3119 
COLLECTOR-TO-EMITTER VOLTS IVcE)=IO 
FREE-AIR TEMPERATURE ITF~=2r\ C 

VV , 
...... V 

3> 
;;; 100 I:! • 
... 8 
11. 7 
::E 6 

~ 5 
..J 

!:E 
II: e 
:.l 
..J 

8 

4 

3 

2 

TYPICAL COLLECTOR-CURRENT 
CHARACTERISTICS 

TYPE 2N3119 
CASE TEMPERATUREITC)'2SoC 
FREQUENCY • 50 Me's, 

320 
/ 380 "'" ""'-I. ........ - r-.... 340 ................. 

.,360 
380 

"- GAINfBANDWID~'U'ROOUCT -
............ - T Mefs)-3 4 

'- 32 

0.1 1.0 10 100 1000 
COLLECTOR MILLIAMPERES.!IC) 

92CS-12280T 

10 
05101520253035404550 

COLLECTOR· TO - EMITTER VOLTS !VcE! 
'2CS-IU"T 

TRANSISTOR 2N3229 
Si n-p-n triple-diffused planar type used in large-signal, high-power AM, 
FM, and cw applications at vhf frequencies in industrial and military, com
munications equipment. JEDEC TO-60, Outline No.20. Terminals: 1 -
emitter, 2 - base, 3 - collector. 
MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... VCBO 
Collector-io-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Transistor Dissipation: 

VCEV 
VCEO 
VEBO 
Ic 

105 

105 
60 

4 
2.5 

V 

V 
V 
V 
A 

~~ ~go;~ ~~:g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1.; 17.5 W 
See curve page 112 

Temperature Range: 
Operating (Junction) ........................ ................................... TJ(opr) 
Storage ........................................................................................ TSTG 

Pin-Soldering Temperature (10 s max) ............................ Tp 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ic = 0.5 rnA. 

IE = 0) ..................................................... ................................ V'BR)CBO 

-65 to 200 
-65 to 200 

230 

105 min 
Collector-to-Emitter Breakdown Voltage: 

VBE = -1.5 V. Ic = 0.1 rnA ............................................. V'BR)CEV 105 min 
Ic = 500 rnA. Is = O. t p = 5 p.s, df = 1% .................... V'BR)CEO(SUS) 60min 

Emitter-to-Base Breakdown Voltage (IE = 0.1 rnA. 
Ic = 0) ...................................................... ............................... V'BR)EBO 

Collector-to-Emitter Saturation Voltage (Ic = 2.5 A, 
Is = 500 rnA) ........................................................................ VCE(sat) 

Collector-Cutoff Current (VCB = 30 V. IE = 0) ............ ICBo 
Intrinsic Base-Spreading Resistance (VCE = 28 V. 

4 min 

1 max 
0.1 max 

Ic = 250 rnA. f = 400 Mc/s) ................................................ l'bb' 6 

SAFE OPERATING REGION TYPICAL OPERATION CHARACTERISTICS 
TYPE 2N3229 

~~Eii:E~T~:m~~=~~ 1VeE)= 50 

~ 
~ 

c---/fl> "b~r-; ~ 
~/f/~ ........... " ..... 1Z.(~J, 

·C 
·C 
·C 

V 

V 
V 

V 

V 
/LA 

n 

...;;.. "Q5_ 

VOLTS (VCE' 
NCS-I_aT 

030 

I T" 
I I 

410 50 60 70 SO 90 100 150 200 
FREQUENCY-Mell 

MCS-I2417T 
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CHARACTERISTICS (cont'd) 
Gain-Bandwidth Product (VeE: 28 V. Ie = 250 mAl fT 
Output Capacitance (VeB : 30 V. IE : O. 

f. : 140 kc/s) ........................................................................ Cobo 
Collector-to-Case Capacitance .............................................. Ce 
RF Power Output. Unneutralized: 

Vee: 50 V. Ie = 500 mAo PIE : 2 W. f == 50 Mc/s POE 

200 typ Mc/s 

20 max pF 
6 max pF 

15 min W 
Vee = 50 V. Ie == 250 rnA. P,E == 1 W. f = 150 Me/s POE 5 min W 

2N3230 MULTIUNIT SEMICONDUCTOR DEVICE 
Two Si n-p-n epitaxial planar transistors and a commutating diode used in 
high-speed switching and high-gain linear amplifier applications for aero
space, military, and industrial service. The transistors are internally con
nected to form an amplifier (Darlington) circuit, and the diode is connected 
across the output transistor. Outline No.25. Terminals: 1 - base 2, 2 - emitter, 
S - collector, 4 - base 1. 
MAXIMUM RATINGS 
Colleetor-to-Base 1 Voltage (base 2 and emitter open) 
Collector-to-Emitter Voltage: 

~:~: :n;i:.:·~Rio ~ .~~ ... ~ .. :::::::::::::::::::::::::::::::::::::::::::: 
Base 1 and base 2 open .................................................. .. 

Emitter-to-Base 1 Voltage (collector and base 2 open) 
Collector Current ...................................................................... .. 
Base 1 Current .......................................................................... .. 
Diode Current ........................................................................... . 
Transistor Dissipation: 

i-~ ~~o;~ i~:~ .:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::. 
Temperature Range: 

Operating (Te) and (TsTG) .............................................. .. 
Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 

VD,E = -1.5 V. RB.E = 50 n ...................................... .. 
RB,E ~ 50 n, Ie == 50 rnA, IB, = 0 .............................. .. 
RB,E ~ 50 n. RD.E ~ 50 n. Ie == 50 rnA ..................... .. 
Ie : 50 rnA. 1B, and lB. = 0 ...................................... .. 

Colleetor-to-Emitter Saturation Voltage (IB, : 3 rnA. 
Ie = 2 A. lB. = 0) .......................................................... .. 

Base I-to-Emitter Saturation Voltage (IB, = 3 rnA. 
Ie == 2 A. lB. = 0) .......................................................... .. 

Base 1-to-Emitter Voltage (VeE = 4 V. Ie = 2 A. 
lB. = 0) .................................................................................... .. 

Collector-Cutoff Current: 
VeE: 50 V. Is, and Is. : O. Te = 25°C .................. .. 
VeE: 50 V. Ist and Is. = 0, Te = 12SoC ..................... . 
RBo" ~ .so n. VOl' = 80 V, VB,E = -1.5 V ............ .. 

Emitter-Cutoff Current (VEB, : 10 V. 
Is. and Ie = 0) ................................................................... . 

Static Forward-Current Transfer Ratio: 
VeE = 4 V. Ie = 5 A. lB. : 0 ...................................... .. 
VeE: 4 V. Ie = 2 A. Is. : 0 ....................................... . 
VeE = 4 V. Ie = 50 rnA. lB. = 0 .................................. .. 

Gain-Bandwidth Product (VeE = 10 V, Ie : 1 A. 
Is. = O. f = 20 Mc/s) ....................................................... . 

Collector-to-Base 1 Capacitance (VeB, == 10 V. 
lB. and Ie :=:: O. f : 1 Mc/s) .......................................... .. 

Collector-to-Base 2 Capacitance (VeB. == 10 V. 
1B, and Ie = O. f = 1 Mc/s) ........................................... . 

Turn-On Time. Saturated Switch (VCE = 28 V, 
lB,(on) = 4 rnA. IB.(off) == -8 rnA. Ie = 2 A) .... 

Storage Time (VCE = 28 V, lB,(on) = 4 rnA. 
1B.(off) = -8 rnA. Ie = 2 A) ....................................... . 

Fall Time (Vom. =.28 V, 1B,(on) = 4 rnA. 
lD.(oil) = -8 rnA, Ie = 2 A} ........................................... . 

VCB,O 

VCEV 
VCER(SUS) 
VCEO(SUS) 
VEB,O 
10 
1B, 
IF 

PT 

80 V 

80 V 
60 V 
60 V 
10 V 
7 A 

100 rnA 
5 A 

25 W 
PT See curve page 112 

-55 to 200°C 

VF 
V(BR)CEV 
V(BR)CER, (sus) 
V(BR)CER.(SUS) 
V(BR) CEO (sus) 

VCE(sat) 

VB," (sat) 

VBiE 

IeEo 
ICED 

ICEV 

IEB,O 

hFE 

235 ·C 

2 max 
80 min 
60 min 
80 min 
60 min 

1.4 max 

2 max 

1.8 max 

100 max 
l.Smax 

2 max 

So max 

1000 min 

V 
V 
V 
V 
V 

V 

V 

V 

p,A 
mA 
mA 

p,A 

hF" 2000 to 20000 
hFE 1000 min 

fT 40 min Mc/s 

CObio 60 max pF 

COb2O 200 max pF 

td+ t, 3S0max ns 

t. 1600 max os 

t, 550 max ns 
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CHARACTERISTICS (cont'd) 
Commutating-Diode Forward Voltage (Iv = 2 A, 

inverted direction) .............................................................. VF 
Thermal Resistance, Junction-to-Case ............................ 8J-<: 

233 

2 max V 
7 max 'C/W 

TYPICAL TRANSFER CHARACTERISTICS 
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TYPE 2N3230 
CASE TEMPERATURE (Te) = 25' C 

>/~;: iF~ 
>:yr§lj 

1/11 
1/ 

II 
jI 

I 2 3 
COLLECTOR AMPERES (IC) 

92CS-12371T 
BASEI-TO-EMITTER VOLTS (VBIE) 

92CS-12366T 

MULTIUNIT SEMICONDUCTOR DEVICE 2N3231 
Two Si n-p-n epitaxial planar transistors and a commutating diode used in 
high-speed switching and high-gain linear amplifier applications for aero
space, military, and industrial service. The transistors are internally con
nected to form an amplifier (Darlington) circuit, and the diode is connected 
across the output transistor. Outline No.25. Terminals: 1 - base 2, 2 - emitter, 
3 - collector, 4 - base 1. This type is identical with type 2N3230 except for 
the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage (base 2 and emitter open) 
Collector-to-Emitter Voltage: 

VB,E = -1.5 V, RU.E = 50 n ........................................... . 
RB,E and RD.E ~ 50 n ....................................................... . 
Base 1 and base 2 open ..................................... , ............. . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown (Sustaining): 

VB1E = -1.5 V, RR •• , = 50 n ........................................... . 
RB1E ~ 50 n, Ia = 50 rnA, In. = 0 ............................... . 
Ru," ~ 50 n, RD.E ~ 50 n, Ie = 50 rnA ....................... . 
Ie = 50 rnA, In, and In. = 0 ........................................... . 

Collector-Cutoff Current (RB.,lo ~ 50 n, VeE = 100 V, 
VU,lO = -1.5 V) ................. : ................................................. . 

Storage Time (Vam = 28 V, In, (on) = 4 rnA, 
In., (011) = -8 rnA, Ie = 2 A) ...................................... .. 

Fall-Time (VeE = 28 V, Iu,(on) = 4 rnA, 
In.(off) = -8 rnA, Ie = 2 A) ...................................... .. 

TRANSISTOR 

VeB,o 

VeEv 
VeER (SUS) 
VeEO(Sus) 

100 

100 
80 
80 

VCBR)eEV 100 min 
VCBR)eER, (sus) 80 min 
V(BRleER .. (suS) 100min 
V(BRICEO (sus) 80 min 

IeEV 2 max 

t. 1250 max 

tr 400 max 

2N3241 

V 

V 
V 
V 

V 
V 
V 
V 

rnA 

ns 

ns 

Si n-p-n planar type for high-gain, low-noise amplifier applications in com
mercial and industrial equipment. Outline No.26 (3-lead). Terminals: 1 -
emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (VilE = -1.5 V) .................. .. 
Collector-to-Emitter Voltage ................................................ .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 
Emitter Current ........................................................................ .. 

VeBV 
VeEo 
VEBO 
Ie 
IE 

30 
25 

5 
100 

-100 

V 
V 
V 

rnA 
rnA 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 

:t:~ ~~ :~ ~~:g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TA or To above 25·C .......................................................... .. 

Temperature Range: 
Operating (Junction) ........................................................•.... 
Storage .................................................. , ................................... .. 

Lead-Soldering Temperature (10 s max) ......................•. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (VBm ::::; -1 V, 

Ie ::::; 50 p.A.) ................................... __ ••••••.•••••••••••••••••••••••••.•••• 
Collector-to-Emitter Breakdown Voltage (Ie::::; 10 rnA, 

IB ::::; 0) ...................................................................... : ••••••••••••••• 
Emitter-to-Base Breakdown Voltage (1m ::::; 50 /LA, 

10 ::::; 0) ..................................................................................... . 
Collector-to-Emitter Saturation Voltage (10 == 50 rnA, 

IB ::::; 2.5 mAl ........................................................................... . 
Base-to-Emitter Saturation Voltage (Ie ::::; 50 mA, 

ID ::::; 2.5 rnA) ....................................................................... . 
Collector-Cutoff Current: 

VOB ::::; 25 V, 1m ::::; 0, TA ::::; 25·C ....................................... . 
VCB ::::; 25 V, 1m ::::; 0, TA ::::; 85·C ....................................... . 

Emitter-Cutoff Current (VmB ::::; 2.5 V, Ie ::::; 0) ........... . 
Static Forward-Current Transfer Ratio (Vem ::::; 12 V, 

10::::; 10 mAl ........................................................................... . 
Small-Signal Forward-Current Transfer 'Ratio 

(Vom ::::; 12 V, Ic ::::; 10 rnA, f ::::; 1 kc/s) ...................... .. 
Gain-Bandwidth Product (Vem::::; 6 V, Ie ::::; 1 mAl .. .. 
Intrinsic Base-Spreading Resistance (Vem ::::; 60 V, 

10 ::::; 1 rnA, f ::::; 100 Mc/s) .................................................. .. 

O~tp~t E~~i~~~~~ ... ~.~~~ .. ~ .. ~ .. ~:. .. ~~ .. ~ ... ~: ......................... . 
Noise Figure (Vom ::::; 6 V, RG ::::; 1000 n, 

10 ::::; 0.5 rnA, f ::::; 1 kc/s, circuit bandwidth ::::; 1 cis) 
Small-Signal Input Impedance (Vom ::::; 12 V, 

Ie::::; 10 mA, f::::; 1 kc/s) _ ................................................. . 
Small-Signal Output Admittance (Vom ::::; 12 V, 

Ie ::::; 10 mA, f ::::; 1 kc/s) ................................... ~ ............... . 
Small-Signal Reverse-Voltage Transfer Ratio 

(Vcm ::::; 12 V, Ic ::::; 10 mA, f ::::; 1 kc/s) ...................... .. 
Thermal Resistance, Junction-to-Case ............................. . 
Thermal Resistance, Junction-to-Ambient ....................... . 

RCA Transistor Manual 

PT 0.5 W 
PT 2 W 
PT See curve page 112 

TJ(opr) -65 to 175 ·C 
TSTG -65 to 175 ·C 
TL 255 ·C 

V(BB)eBV 30 min V 

V(BR)CmO 25 min V 

V<BR)mBO 5 min V 

Vem(sat) 1 max V 

VBm(sat) 0.8 V 

leBO 100 max nA 
leBO lOmax p.A 
ImBo 100 max nA 

hFm 50 min 

hf. 70 to 250 
iT 60 Mc/s 

l"bb' 20 n 
Cobo 22 pF 

NF lOmax dB 

hie 600 n 
hoe 75 p.mhos 

hr. 125 X 10-0 

OJ-C 50 max ·C/W 
01-.' 300 max ·C/W 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
175 

TYPE 2N3241 
COMMON-EMITTER CIRCUIT,BASE INPUT. 

f----FREE-AIR TEMPERATURE (TFjl=2j"C 

.1 1 
800- 180600-

( 
_r=-

r 400 

300 

~ 200 
lr-e-- BASE MICROAMPERES (IB I' 100 r--

I I 0 

-0 
::: 150 

'" \oJ 

III 125 
a. 
~ 100 

3 
'j 75 

I: 
o 5 10 15 20 

COLLECTOR-TO-EMITTER VOLTS (VcEI 
92CS-I2397T 

2N3242 
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~ 
hi It 
~ 4 
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2 

TYPE 2N3241 ,---
COMMON-EMITTER CIRCUIT, BASE INPUT. r--
FREE-AIR TEMPERATURE (TFAI=250/ t= COLLECTOR-TO-EMITTER VOLTS 

(VCEI=12 / ~ 
/ 

V 

/ 
I O. 
0.4 OA5 Q.5 0.55 0.6 0.65 0.7 

BASE-TO-EMITTER VOLTS (VSEI 
9ZCS-12381T 

TRANSISTOR 
Si n-p-n planar type for high-gain, low-noise amplifier applications in com
mercial and industrial equipment. It is especially suitable for high-input 
impedance, direct-coupled amplifier stages. Outline No.26 (3-lead). Termi
nals: 1 - emitter, 2 - base, 3 - collector and case. This type is identical with 
type 2N3241 except for the following items: 
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MAXIMUM RATINGS 
Collector Current ........................................................................ Ie 
Emitter Current .......................................................................... IE 

CHARACTERISTICS 
Collector-Cutoff Current: 

VeB == 25 V, IE == 0, TA == 25°C ...................................... .. 
VeB == 25 V, IE == 0, TA == 150°C .................................... .. 

Emitter-Cutoff Current (VEB == 2.5 V, Ie == 0) .......... .. 
Static Forward-Current Transfer Ratio 

(VeE == 12 V, Ie == 10 rnA) .............................................. .. 
Small-Signal Forward-Current Transfer Ratio 

(VeE == 12 V, Ie == 10 rnA, f == 1 kc/s) ...................... .. 
Noise Figure (VCE == 6 V, RG == 1000 n, Ie == 0.5 rnA, 

f == 1 kc/s, circuit bandwidth == 1 cis) ...................... .. 

COMPUTER TRANSISTOR 

leBO 
ICBO 
lEBO 

hFE 

ht" 

NF 

200 
-200 

lOmax 
lOmax 
lOmax 

75 min 

100 to 375 

6 max 

2N3261 

235 

rnA 
rnA 

nA 
p.A 
nA 

dB 

Si n-p-n epitaxial planar type used in high-speed switching applications in 
military and commercial data-processing equipment such as digital-logic 
circuits, terminated-line-driver service, and as a high-speed-memory driver. 
JEDEC TO-52, Outline No.18. Terminals: I - emitter, 2 - base, 3 - collector 
and case. 

MAXIMUM RATINGS 
Collector-to-13ase Voltage ..................................................... . 
Collector-to-Emitter Voltage ................................................ .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 

VeRO 40 V 
VCEO 15 V 
VEBO 6 V 
Ic 500 mA 

Transistor Dissip,ation: 
TA up to 25 C ...................................................................... .. 
Tc up to 25°C ...................................................................... .. 
TA or To above 25°C .......................................................... .. 

PT 0.3 W 
PT 1 W 
PT See curve page 112 

Temperature Range: 
Operating (TA-Te) .............................................................. .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

-65 to 175 ·C 
TSTG -65 to 200 ·C 
TL 230 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie == 0.01 mA, 

lE == 0) .................................................................................... .. 
Collector-to-Emitter Breakdown Voltage (Ic == 10 mA, 

Is == 0, t p == 100 p.s, df ::;; 2%) ...................................... .. 
Emitter-to-Base BreakdownVoltage (IE == 0.01 mA, 

Ie == 0) .................................................................................... .. 
Base-to-Emitter Saturation Voltage (Ie == 100 rnA, 

Is == 10 mAl .......................................................................... .. 
Collector-to-Emitter Saturation Voltage (Ie = 100 rnA, 

Is == 10 rnA, t p == 100 p.s, df ~ 2%) .............................. .. 
Base-Cutoff Current (VCE == 15 V, VBE == 0) .......... .. 
Collector-Cutoff Current: 

V(BR)CBO 40 min V 

V<BR)CEO 15 min V 

V(BR)EBO 6 min V 

VBE(sat) 0.8 to 1.1 V 

VCE(sat) 0.35 max V 
IBEY -25 max nA 

VCE == 15 V, VBE == 0, TA == 15°C .................................. .. 
VCE == 15 V, VBE == 0, TA == 150°C ................................ .. 

ICE V 25 max nA 
IeEY 25 max p.A 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RAnO CHARACTERlsnCS 

TYPICAL TRANSFER CHARACTERISTICS 
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CHARACTERISTICS (cont'd) 
Static F'orward-Current Transfer Ratio: 

VCIIl == 1 V, Ie == 10 rnA, TA == 25°C ........................... . 
VCIIl == 1 V, Ie == 10 rnA, TA == 55°C ........................... . 

Pulsed Static Forward-Current Transfer Ratio: 
Velll == 1 V, Ie == 100 rnA, t p = 300 JLs, df :::; 2% ... . 
VCE = 1 V, Ie == 200 rnA, t. == 300 JLS, df ~ 2% ... . 

Small-Signal Forward-Current Transfer Ratio: 
VeE == 1 V, Ie = 100 rnA, f == 100 Mc/s ................... . 
VeE = 10 V, Ic == 10 rnA, f == 100 Mc/s ................... . 

Input Capacitance (VEB == 0.5 V, Ie = 0, f == 1 Mc/s) 
Output Capacitance (VeB == 5 V, I!Il = 0, f == 1 Mc/s) 
Delay Time (Vce == 6 V, VBE(off) == -4 V, 

IB, = 10 rnA, los == 100 rnA, lB. = -10 rnA) ........... . 
Rise Time (Vee = 6 V, VBE(off) == -4 V, 1B1 = 10 rnA, 

Ies = 100 rnA, 1B2 = -10 rnA) ......................................... . 
Fall Time (Vce == 6 V, IB, == 10 rnA, 

Ies = 100 rnA, lB. == -10 rnA) ....................................... . 
Storage Time (Vee = 6 V, IB, == 10 rnA, 

Ies = 100 mA, lB. = -10 mA) ..................................... ... 

RCA Transistor Manual 

hFIIl 40 to 150 
hFE 20 min 

hFE(pulsed) 30 min 
hFIIl (pulsed) 20 min 

hfe 3 min 
hfe 6 min 
elbo 4 max pF 
Cobo 3.5 max pF 

td 6 max ns 

tr 7 max ns 

tr 6 max ns 

t. lOmax ns 

TYPICAL RISE-TIME CHARACTERISTICS TYPICAL STORAGE-TIME CHARACTERISTICS 
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TYPE 2N3261 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE -AIR TEMPERATURE (TFA)'25°C 
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RATIO OF "TURN-ON" BASE CURRENT 
TO'ON" COLLECTOR CURRENT (IB1/IC) 
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RATIO OF "TURN-OFF" BASE CURRENT 
TO "ON" COLLECTOR CURRENT (IB2/IC) 

92CS-12559T 

2N3262 TRANSISTOR 
Si n-p-n triple-diffused planar type used in high-voltage, high-frequency 
pulse-amplifier and high-voltage saturated-switching applications in indus
trial and military equipment. JEDEC TO-39, Outline No.12. Terminals: 1 -
emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open (sustaining voltage) ...................................... .. 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 
Transistor Dissipation: 

TA up to 25°C ...................................................................... .. 
Te up to 25°C ...................................................................... .. 
TA or Te above 25°C ........................................................... . 

Temperature Range: 
Operating (TA-Te) and Storage (TSTO) ...................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage 

(VBE == -1.5 V, Ie = 0.25 mAl ...................................... .. 
Eniitter-to-Base Breakdown Voltage (1!Il = 0.1 mA, 

Ie = 0) .................................................................................... .. 
Collector-to-Emitter Sustaining Voltage: 

Ie == 500 rnA, RBE == 10 n, t. == 15 p,S, df == 1.5% .. .. 
Ie == 500 mA, IB = 0, t. == 15 .JLS, df = 1.5% ............... . 

VeBO 

VeEv 
VeEo(sus) 
VEBO 
Ie 

PT 
PT 
p,. 

TL 

V(BR)CEV 

V(BR)EBO 

VeER (sus) 
VeEo(sus) 

100 V 

100 V 
80 V 

4 V 
1.5 A 

1 W 
8.75 W 

See curve page 112 

-65 to 200 °C 
230 °C 

100 min V 

4 min V 

90 min V 
80 min V 
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CHARACTERISTICS (cont'd) 
Collector-to-Emitter Saturation Voltage (Ie = 1 A, 

IB = 100 rnA) ........................................................................ VeE (sat) 0.6 max V 
Base-to-Emitter Saturation Voltage (Ie = 1 A, 

In = 100 rnA) ........................................................................ VBE (sat) 1.4 max V 
Collector-Cutoff Current (VeB = 30 V, IE = 0, 

T .. = 25'C) .................................................... :......................... ICHo 0.1 max /LA 
Emitter-Cutoff Current (VEH = 3 V, Ie = 0) ................ lEno 100 max /LA 
Static Forward-Current Transfer Ratio 

(V"E = 4 V, Ie = 500 rnA) ................................................ h"E 40 min 
Small-Signal Forward-Current Transfer Ratio 

(VCl' = 28 V, Ie = 100 rnA, f = 50 Mc/s) ................ hf' 3 min 
Input Capacitance (VEB = 3 V, 10 = 0, f = 1 Mc/s) Ctbo 300 max pF 
Output Capacitance (VaH = 28 V, Ie = 0, f = 1 Mc/s) Cobo 20 max pF 
Pulse-Amplifier Rise Time (Vee = 80 V, 

Ie == 25 rnA) ............................................................................ tr 20 max ns 
Turn-On Time, Saturated Switch (Vee = 28 V, 

Ie = 1 A, Is1 = 100 rnA) .................................................... td + t, 40 max ns 
Turn-Off Time, Saturated Switch (Vee = 28 V, 

Ie = 1 A, Is, = -100 rnA) ................................................ t, + tf 750 max ns 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 

14 TYPE 2N3262 -
COMMON-EMITTER CIRCUIT, BASE INPUT._ 
FREE-AIR TEMPERATURE (TFAI=25'C 
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COMMON-EMITTER CIRCUIT; BASE INPUT.i 
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2N3263 
Si n-p-n epitaxial type used in high-power, high-speed, and high-current 
applications such as switching circuits, amplifiers, and power oscillators in 
aerospace, military, and industrial applications. Outline N 0.24. Terminals: 
B - base, E - emitter, C - collector and case. 
MAXIMUM RATINGS 

Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VnE = -1.5 V ....................................................................... . 
RBE ~ 50 n ........................................................................... . 
Base open (sustaining voltage) ....................................... . 

Emitter-to-Base Voltage ....................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation ............................................................. . 
Temperature Range: 

Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage: 

Ie = 0.2 A, Is = 0 ............................................................... . 
Ie = 0.2 A, RnE ~ 50 n ..................................................... . 

Collector-to-Emitter Saturation Voltage 
(Ie = 15 A, Is = 1.2 A, t p = 350 /LS, df ~ 2%) ....... . 

Base-to-Emitter Saturation Voltage 
(Ie = 15 A, In = 1.5 A, t p = 350 /LS, df ~ 2%) ....... . 

Emitter-to-Base Voltage (IE = 0.02 A, Ie = 0) ........... . 
Collector-Cutoff Current: 

VeE = 150 V, VBE = -1.5 V, Te = 25°C ................... . 
Ven = 80 V, IE = 0, Te = 25°C ..................................... . 
Ven = 80 V, IE = 0, Te = 125°C ................................... . 

Veno 

VeE v 
VeER (SUS) 
VeEO(sus) 
VEno 
Ie 
In 
PT 

TJ(opr) 
TSTG 

VeEO(Sus) 
VeER (SUS) 

VeE (sat) 

VBE(sat) 
VEBO 

IeEv 
Ieno 
leBO 

150 V 

150 V 
110 V 

90 V 
7 V 

25 A 
10 A 

See Rating Chart 

-65 to 200°C 
-65 to 200 °c 

90 min 
110 min 

0.75 max 

1.6 max 
7 min 

20 max 
4 max 
4 max 

V 
V 

V 

V 
V 

rnA 
rnA 
rnA 
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CHARACTERISTICS (cont'd) 
Emitter-Cutoff Current: 

VEB = 5 V, Ic = 0, Tc = 25·C .......................................... .. 
VEB = 5 V, Ic = 0, Tc = 125·C ............... : ........................ .. 

Pulsed Static Forward-Current Transfer Ratio: 
VCE = 3 V, Ic = 15 A, t p = 350 p.s, df = 2% .......... .. 
VCE = 4 V, Ic = 20 A, t p = 350 p.s, df = 2% .......... .. 

Collector-to-Base Feedback CapacItance 
(VCB = 10 V, lE = 0, f = 1 Mc/s) .............................. .. 

Turn-On Time, Saturated Switch (Vee = 30 V, 
Ie = 15 A, lB, = 1.2 A, lB. = -1.2 A) ...................... .. 

Fall Time, Saturated Switch (Vee = 30 V, 
Ie = 15 A, IB, = 1.2 A, lB. = -1.2 A) ...................... .. 

Storage Time, Saturated Switch (Vec = 30 V, 
Ie = 15 A, lB, = 1.2 A, lB. = -1.2 A) ...................... .. 

Gain-Bandwidth Product (VeE := 10 V, 
Ie = 3 A, f = 5 Mc/s) ...................................................... .. 

Second-Breakdown Current, Safe Operating 
Region (VeE = 75 V) ...................................................... .. 

Second-Breakdown Energy, Safe Operating 
Region (VBE = -6 V, Ie = 10 A, RBE = 20 n, 
L = 40 p.H) .......................................................................... .. 

Thermal Resistance, Junction-to-Case .......................... .. 
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lEBO 5 max mA 
lEBO 5 max mA 

hFE (pulsed) 25 to 75 
hFE(pulsed) 20 min 

Cb' c 900 max pF 

td + tr 0.5 max /LS 

t, 0.5 max /LS 

t. 1.5 max /LS 

fT 20rnin Mc/s 

IS/b 350rnin rnA 

ES/b 2rnin rnJ 
8J-e 1.5 max ·C/W 

TYPICAL TRANSFER CHARACTERISTICS 
TYPE 2N3263 

TYPICAL DC FORWARD-CURRENT 
TRANSFER- RATIO CHARACTERISTICS 

• CDLLECTDR-TO-EMITTER VOLTS IVCE)~_ 
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RATING CHART 

TYPE 2N 263 

5 6 7 8 ~IOO 
CDLLECTOR-TO-EMlTTER VOLTS (1IcE1 

92CS-I2428T 

2N3264 

FOR MAXIMUM CASE TEMPERATURES ABOVE 
15 125 75' C, DERATE LII!EARLY AT 0.66 WI' C 

!!i l!! IDDf--+-+--+--j--I--+--l---l--I 
~~ 
'''1' 75 
~~ 
~~ 50 
~(j) 
x <I) 25 
~a 

o 

TRANSISTOR 

92CS-12433T 

Si n-p-n epitaxial type used in high-power, high-speed, and high-current 
applications, such as switching circuits, amplifiers, and power oscillators in 
aerospace, military, and industrial applications. Outline No.24. Terminals: 
B - base, E - emitter, C - collector and case. For curves of safe operating 
region, transfer characteristics, and static forward-current transfer ratio, 
refer to type 2N3263. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
RBE = 50 n ........................................................................... . 
Base open (sustaining voltage) ....................................... . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation ............................................................ See 
Temperature Range: 

Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage: 

Ie = 0.2 A, lB = 0 ............................................................... . 
Ie = 0.2 A, RBE ~ 50 n ....................................................... . 

Collector-to-Emitter Saturation Voltage (Ie = 15 A, 
In = 1.2 A, t. = 350 /LS, df = 2%) ............................... . 

Base-to-Emitter Saturation Voltage (Ie = 15 A, 
In = 1.5 A, t. = 350 /LS, df = 2%) ............................... . 

Emitter-to-Base Voltage (b = 0.02 A, Ie = 0) ........... . 
Collector-Cutoff Current: 

VeE = 120 V, VBE = -1.5 V, Te = 25'C ................... . 
VeB = 60 V, IE = 0, Te = 25'C ..................................... . 
VCB = 60 V, h = 0, Te = 125'C ................................... . 

Emitter-Cutoff Current: 
VEB = 5 V, Ie = 0, Te = 25'C .......................................... .. 
VEB = 5 V, Ie = 0, Te = 125'C ......................................... . 

Pulsed Static Forward-Current Transfer Ratio: 
V CE = 3 V, Ie = 15 A, t. = 350 JLS, df = 2% ........... . 
VeE = 4 V, Ie = 20 A, t. = 350 /LS, df = 2% ........... . 

Collector-to-Base Feedback Capacitance 
(VCB = 10 V, IE = 0, f = 1 Mc/s) ............................... . 

Turn-On Time, Saturated Switch (Vee = 30 V, 
Ie = 15 A, lBl = 1.2 A, lB. = -1.2 A) ....................... . 

Fall Time, Saturated Switch (Vee = 30 V, 
Ie = 15 A, IRl = 1.2 A, lB. = -1.2 A) ....................... . 

Storage Time, Saturated Switch (Vee = 30 V, 
Ie = 15 A, lBl = 1.2 A, lB. = -1.2 A) ....................... . 

Gain-Bandwidth Product (VeE = 10 V, 
Ie = 3 A, f = 5 Mc/s) ....................................................... . 

Second-Breakdown Current, Safe Operating 
Region (VCE = 75 V) ....................................................... . 

Second-Breakdown Energy, Safe Operating 
Region (VBE = 6 V, 10 = 10 A, RBE = 20 n, 
L = 40 JLH) ........................................................................... . 

Thermal Resistance, Junction-to-Case ............................. . 
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Veno 120 V 

VeEv 120 V 
VeER (sus) 80 V 
VeEo(sus) 60 V 
VEDO 7 V 
Ie 25 A 
lB 10 A 
Rating Chart for type 2N3263 

TJ(opr) -65 to 200 'C 
TSTG -65 to 200 'C 

VCEO(SUS) 60 min V 
V CI'lR (sus) 80 min V 

VCE(sat) 1.2 max V 

VBE(sat) 1.8 max V 
VERO 7 min V 

ICEv 20 max rnA 
leBo lOmax rnA 
leBO lOmax rnA 

lEBO 15 max rnA 
lEBO 15 max rnA 

hFE (pulsed) 20 to 80 
hFE (pulsed) 15 min 

Cb/C 900 max pF 

td + tr 0.5 max Jl.S 

tt 0.5 max /LS 

t. 1.5 max Jl.S 

fT 20 min Mc/s 

IS/b 700 min rnA 

ES/b 2 min mJ 
8J-c 1.5 max °C/W 

POWER TRANSISTOR 2N3265 
Si n-p-n epitaxial type used in high-power, high-speed, and high-current 
applications such as switching circuits, amplifiers, and power oscillators in 
aerospace, military, and industrial applications. JEDEC TO-63, Outline 

RATING CHART 
/!! TYPE 2N3265 
: FOR MAXIMUM CASE TEMPERATURE A&CNE 75" 
: DERATE LINEARlY AT I W/"C 

If 12 75 
iii 
Q~~IOO~~-r~r--r~r--r~r--r-4 

~ 7 125 

~ 150 

i o~~~~~~~~ 
COlLECTOR-to-EMITTER VOLTS IVcEI 

ftCS-l_ 
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No.21. Terminals: C - collector and case, B - base, E - emitter .. This type 
is identical with type2N3263 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation ............................................................ PT See Rating Chart 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Case 1 max ·C/W 

2N3266 POWER TRANSISTOR 
Si n-p-n epitaxial type used in high-power, high-speed, and high-current 
applications such as . switching circuits, amplifiers, and power oscillators in 
aerospace, military, and industrial applications. JEDEC TO-63, Outline 
No.21. Terminals: C - collector and case, B - base, E - emitter. For curves 
of safe operating region, transfer characteristics, and static forward
current transfer ratio, refer to type 2N3263. This type is identical with type 
2N3264 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation ........................................................ See Rating Chart for Type 2N3265· 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Case 1 max ·C/W 

2N3375 TRANSISTOR 
Si n-p-n "overlay" epitaxial planar type used in large-signal, high-power 
vhf-uhf applications for industrial and military communications equipment 
in class A, B, or C amplifier, frequency-multiplier, or oscillator operation. 
JEDEC TO-60, Outline No.20. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATING 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ...................................................................... .. 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current ............................................................................... . 
Transistor Diss\p,ation: 

Te up to 25 C ...................................................................... .. 
Te above 25·C ...................................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

Pin-Soldering Temperature (10 s max) .......................... .. 

CHARACTERISTICS (At case temperature = 25"C) 
Collector-to-Base Breakdown Voltage 

Ie == 0.1 mAo IE = 0) .......................................................... .. 
Collector-to-Emitter Breakdown Voltage: 

Ie == 0.2 A. IB == O. pulsed through an inductor 
L== 25 mHo df == 50% ....................................................... . 

Ie == 0 to 0.2A. VRE == -1.5 V. pulsed through an 
inductor L == 25 mHo df == 50% .................................. .. 

Emitter-to-Base Breakdown Voltage 
(IE == 0.1 rnA. Ie == 0) ........................................................ .. 

Collector-to-Emitter Sustaining Voltage: 
Ie==200mA.Is==0 .......................................................... .. 
Ie == 200 rnA. RRE == 100 0 .............................................. .. 

Collector-to-Emitter Saturation Voltage 
(Ie == 250 mAo Is == 50 rnA) .......................................... .. 

Emitter-Cutoff Current (VEB = 4 V) .............................. .. 
Collector-Cutoff Current: 

VeE == 65 V. VRE = -1.5 V. Te == 25"C ...................... .. 
VCE = 30 V; VDE == -"1.5· V. Tc.== 200·C ... ,; ............... .. 
VeE = 30 V. I == .0. Tc == 25"C ........................ _ ......... _ ... 

VCRO 

VCEV 
VeEo 
VERO 
Ie 
Ic 

PT 
PT 

TJ 
TSTG 
Tp 

V(BR)CRO 

V(BR)CEO 

V(BR)CEV 

V(RRlEBO 

VeEo(sus) 
VCER(SUS) 

VeE (sat) 
lEBO 

IeEv 
IeEv 
IeEO 

65 V 

65 V 
40 V 
4 V 

1.5 A 
0.2 A 

11.6 W 
See curve page 112 

-65 to 200 "C 
-65 to 200 DC 

230 "C 

65 min V 

40 min V 

65 min V 

4 min V 

40 min V 
40 min V 

1 max V 
0.1 max rnA 

1 max rnA 
5 max rnA 

0.1 max rnA 
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CHARACTERISTICS (cont'd) 
RF Power Output: 

Unneutralized Amplifier 
VeE = 28 V. PIE = 1 W. f = 100 Me/s ........... . 
VeE = 28 V. PIE = 1 W. f = 400 Mc/s ........... . 

Oscillator 
VeE = 28 V. f = 500 Mc/s ................................... . 

Static Forward-Current Transfer Ratio: 
VeE = 5 V. Ie = 250 rnA ................................................... . 
VOE = 5 V. Ie = 125 mA ................................................... . 

Small-Signal Forward-Current Transfer Ratio: 
VeE = 28 V. Ie = 125 mA. f = 100 Mc/s ................... . 

Output Capacitance (Vcn = 30 V. Ie = 125 mA. 
f = 1 Mc/s) ........................................................................... . 

Available Amplifier Signal Input Power: 
POE = 3 W. Rn = 50 0, f = 2400 Mc/s ....................... . 
POE = 7.5 W, RG = 50 O. f = 100 Mc/s ...................... .. 

Collector Circuit Efficiency: 
PIE = 1 W. Ru = 50 O. POE = 3 W. f = 400 Mc/s .... 
PIE = 1 W. RG = 50 O. POE = 7.5 W. f = 100 Mc/s .. 
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POE 7.5 min W 
POE 3 min W 

POE 2.5 W 

hFE 10 to 100 
hFE 200 max 

hfe 4rnin 

Cabo 12 max pF 

PIE 1 min W 
PIE 1 min W 

'1 40 min % 
'1 65 min % 

TYPICAL OPERATION CHARACTERISTICS TYPICAL SMALL-SIGNAL OPERATION 
TYPE 2N3375 CHARACTERISTIC 

g~~~~J~~~~~T~:~~~~~: ~~~T~ (VeE) : 28 
~ 
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:l.l , TYPE 2N3375 

il lO 
..!.. 8 +- r- t-::-
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COLLEClOR-lO-EMITTER VOLTS (VCEI'28 
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2N3435 
Si n-p-n triple-diffused planar type used in vhf large-signal class A ampli
fier applications. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 -
base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage ................................................ .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Transistor Dissipation: 

TA up to 25°C ....................................................................... . 
Te up to 25°C ....................................................................... . 
TA or Te above 25°C ........................................................... . 

Storage-Temperature Range ................................................ .. 
Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ic = 0.1 mA. 

lE = 0) .................................................................................... .. 
Collector-to-Emitter Breakdown Voltage 

(Ie = 10 mA. lB = 0) ....................................................... . 
Emitter-to-Base Breakdown Voltage (IE = 0.1 mA. 

Ie = 0) .................................................................................... .. 
Collector-Cutoff Current: 

VeB = 40 V. lE = O. T = 25°C ..................................... . 
VeB = 40 V. IE = O. T = 150°C .................................. .. 

Static Forward-Current Transfer Ratio 
(VCE = 20 V. Ie = 10 mA) ........................................... . 

Large-Signal Average Power Gain (VeE = 40 V. 
Ic = 60 mA. RG = 50 O. PIE = 100 mW. f = 70 Mc/s) 

Small-Signal -Forwar.ci-Current Transfer ·Ratlo . 
(VCE = 40 V. Ie = 10 mAo f = 70 Me/s) ................... . 

VeBO 80 V 
VeEo 60 V 
VEBO 4 V 
Ie 0.25 A 

PT 1 W 
PT 4 W 
PT See curve page 112 
TSTG -65 to 200°C 
TL 255 ·C 

VmR)CBO 80 min V 

V(BR)eEO (sus) 60 min V 

VIBR)EBO 4 min V 

leBO 0.05 max /LA 
leBO SO max /LA 

hFE 50 to 200 

GPE 10 min dB 

hre 2 min 
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CHARACTERISTICS (cont'd) 
Product of Base-Spreadine, Resistance and 

Collector-to-Case CapacItance (VeE = 40 V, 
Ie = 10 rnA, f = 70 Mc/s) ................................................ rbb'Cc 

Output Capacitance (VCB = 40 V, IE = 0, 
f = 1 Me/s) .................•.......................................................... Cobo 

2N3439 TRANSISTOR 

80 max 

Srnax 

ps 

pF 

Si n-p-n triple-diffused type used in high-speed-switching and linear-ampli
fier applications, such as high-voltage differential and operational amplifiers, 
high-voltage inverters, and series regulators for industrial and military 
applications. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ........................................................ V cno 
Collector-to-Ernitter Voltage: 

VBE = -1.S V ....................................................................... . 
Base open (sustaining voltage) ....................................... . 

Emitter-to-Base Voltage ....................................................... '" 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 

VCEV 
VCEO(SUS) 
VlilBO 
Ie 
IB 

Transistor Dissipation: 
TA up to SO·C ........................................................................ Po-

4S0 V 

4S0 V 
3S0 V 

7 V 
1 A 

O.S A 

1 W 
S W Tc up to SO·C ........................................................................ PT 

TA or Te above SO·C ............................................................ PT See eurve page 112 
TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N3439 
CASE TEMPERATURE (T c) • 25°C 

I 
f---~~ 0.6 

80 r..-- 0.5 

I ~f.--n ~ 

f ~ BASE MILLIAMPERES (1B).:..0.3 
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TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N3439 
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TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPE 2N3439 
COLLECTOR-TO-EMITTER VOLTS fVCE) 010 

125· C 

/ 

CASE 
j'TEMPERATURE 

fTC)o25°C 
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MAXIMUM RATINGS (cont'd) 
Temperature Range: 

Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS (At case temperature = 25 D C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 50 mA, In = 0) ...................................................... .. 
Collector-to-Emitter Saturation Voltage 

(Ie = 50 rnA, Iu = 4 rnA) .............................................. .. 
Base-to-Emitter Saturation Voltage 

(Ie = 50 rnA, In = 4 rnA) .............................................. .. 
Collector-Cutoff Current: 

VeE = 300 V, In = 0 .......................................................... .. 
VeE = 450 V, VBE = -1.5 V ............................................ .. 

Emitter-Cutoff Current (VEn = 6 V, Ie = 0) .............. .. 
Static Forward-Current Transfer Ratio: 

VeE = 10 V, Ie = 20 rnA .................................................. .. 
VeE = 10 V, Ie = 2 rnA .................................................... .. 

Small-Signal Forward-Current Transfer Ratio 
(VeE = 10 V, Ie = 10 rnA, f = 5 Mc/s) .................... .. 

Second-Breakdown Current, Safe Operating 
Region (VCE = 200 V) ...................................................... .. 

Output Capacitance (VCB = 10 V, IE = 0, 
f = 1 Mc/s) .......................................................................... .. 

Thermal Resistance, Junction-to-Case 
(Poe = 2 to 4 W, IE = 100 rnA) .................................. .. 

• This value does not apply to type 2N3440. 

TRANSISTOR 

TJ(opr) 
TSTG 
TL 

VCEO(SUS) 

VeE (sat) 

VBE(sat) 

IeEo 
ICE V 
lEBO 

11>'10 
hFE 

hf. 

IS/b 

Cobo 

8J-e 

-65 to 200 
-65 to 200 

255 

350 min 

0.5 max 

1.3 max 

20 max 
500 max 

20 max 

40 to. 160 
30· min 

3 min 

50 min 

lOmax 

30 max 
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'C 
DC 
DC 

rnA 

pF 

DC/W 

2N3440 
Si n-p-n triple-diffused type used in high-speed-switching and linear-ampli
fier applications such as high-voltage differential and operational amplifiers, 
high-voltage inverters, and series regulators for industrial and military 
applications. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector and case. This type is identical with type 2N3439 except for 
the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ...................................................................... .. 
Base open (sustaining voltage) ...................................... .. 

CHARACTERISTICS (At case temperature = 25 D C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 50 rnA, In = 0) ...................................................... .. 
Collector-Cutoff Current: 

VeE = 200 V, IB = 0 .......................................................... .. 
VeE = 300 V, VBE = -1.5 V .......................................... .. 

POWER TRANSISTOR 

VeBo 300 V 

VeEV 300 V 
VeEo(sus) 250 V 

VeEo(sus) 250 V 

IeEo 50 max p.A 
ICEv 500 max p.A 

2N3441 
Si n-p-n diffused type for high-voltage applications in power-switching cir
cuits, series- and shunt-regulator driver and output stages, and in dc-to-dc 
converters in military, industrial, and commercial equipment. JEDEC TO-66, 
Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange -
collector and case. 

MAXIMUM RATINGS 
COllector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ...................................................................... .. 
Base open (sustaining voltage) ...................................... .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current ............................................................................... . 
Transistor Dissipation: 

Te up to 25 D C ...................................................................... .. 
Te above 25'C ...................................................................... .. 

VeBo 

VeEv 
VeEo(sus) 
VEBO 
Ie 
In 

PT 
PT 

160 V 

160 V 
140 V 

7 V 
3 A 
2 A 

29 W 
See curve page 112 
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MAXIMUM RATINGS (cont'd) 
Temperature Range: 

Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 

Ie= 100mA,In = 0 ........................................................... . 
Ie = 50 rnA, VBE = -1.5 V ........................................... . 
Ie = 50 rnA, RBE = 100 n ................................................. . 

Collector-to-Emitter Saturation Voltage 
(Ie = 0.5 A, In = 50 rnA) ............................................... . 

Base-to-Emitter Voltage (VeE = 4 V, Ie = 0.5 A) ..... . 
Collector-Cutoff Current: 

TJ -65 to 200 ·C 
TSTG -65 to 200 ·C 
Tp 255 ·C 

V<BR) CEO (sus) 140 min V 
V(BR)CEV 160 min V 
V(BR)CER 150 min V 

VeE (sat) 1 max V 
VBE 1.7 max V 

VeE = 140 V, VBE = -1.5 V, Tc = 25·C ................... . IeEv 5 max rnA 
VeE = 140 V, VBE = -1.5 V, Te = 150·C ................. . ICEV 6rnax rnA 
VeE = 140 V, IE = 0, T = 25°C ..................................... . leBO 5rnax rnA 

. Emitter-Cutoff Current (VEB = 7 V, Ie = 0) ............... . lEBO 1 max rnA 
Static Forward-Current Transfer Ratio 

(VeE = 4 V, Ie = 0.5 A) ................................................... . h.'E 20 to 80 
Thermal Resistance, Junction-to-Case ............................. . 8J-e 6 max ·C/W 
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TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N3441 
CASE TEMPERATURE (TC)= 25°C 
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TYPICAL TRANSFER CHARACTERISTICS 

TYPE 2N3441 
COLLECTOR-TO-EMITTER VOLTS (VCE)=4 
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POWER TRANSISTOR 
Si n-p-n diffused type for high-voltage applications in power-switching cir
cuits, series- and shunt-regulator driver and output stages, and in dc-to-dc 
converters in military, industrial, and commercial equipment. JEDEC TO-3, 
Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange -
collector and case. This type is identical with type 2N3441 except for the 
following items: 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 2N3442 

5 
CASE TEMPERATURE (Tc)= 25° C 

I 
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TYPICAL TRANSFER CHARACTERISTICS 

12 TYPE 2N3442 
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MAXIMUM RATINGS 
Collector Current ........................................................................ Ie 10 A 
Base Current ................................................................................ IB 7 A 
Transistor Dissipation: 

Te up to 25°C ........................................................................ PT 117 W 
Te up to 25'C ........................................................................ PT See curve page 112 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 

Ie = 200 rnA, Is = 0 ........................................................... . 
Ie = 100 rnA, VB!' = -1.5 V ........................................... . 

V(BR)eEO (sus) 140 min V 
V(BR)CEV 160 min V 

Ie = 100 rnA, RBI, = 100 n ............................................... . V(BR)CER 150 min V 
Collector-to-Emitter Saturation Voltage 

(Ie = 3 A, In = 300 rnA) ................................................. . 
Base-to-Emitter Voltage (VOE = 4 V, Ie = 3 A) ....... . 

VeE (sat) 1 max V 
VBE 1.7 max V 

Collector-Cutoff Current (VeE = 140 V, 
VSE = -1.5 V, Te = 150'C) ......................................... ... 

Emitter-Cutoff Current (VEB = 7 V, Ie = 0) ............... . 
leEv 30 max rnA 
lEBO 5 max rnA 

Static Forward-Current Transfer Ratio 
(VeE = 4 V, Ie = 3 A) ....................................................... . 

Thermal Resistance, Junction-to-Case ............................. . 
hFE 20 to 70 
(h-e 1.5 max °CjW 

TRANSISTOR 2N3478 
Si n-p-n epitaxial planar type for vhf-uhf applications at frequencies up to 
470 Mc/s in industrial and commercial equipment. Outline No.26 (4 lead). 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected to case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . VCBO 30 V 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage ......................................................... . 

VeEo 15 V 
VEBO 2 V 

Collector Current ..................................................................... . Ie Limited by Power 
Dissipation 

Transistor Dissipation: 
TA up to 25'C ....................................................................... . P'r 200 mW 
TA above 25°C ....................................................................... . PT See curve page 112 

Temperature Range: 
Operating (Junction) ......................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

TJ(opr) -65 to 200 °C 
TSTG -65 to 200 °C 
TL 230 °C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ie = 0.001 rnA, IE = 0) ................................................... . V(BR)cno 30 min V 
Collector-to-Emitter Breakdown Voltage 

(Ie = 0.001 rnA, IE = 0) ................................................... . V(BR)CEO 15 min V 
Emitter-to-Base Breakdown Voltage (IE = 0.001 rnA, 

Ie = 0) ..................................................................................... . 
Collector-Cutoff Current (VCR = 1 V, IE = 0) ........... . 

V(BR)EBO 2 min V 
leBO 0.02 max p,A 

Static Forward-Current Transfer Ratio 
(VeE = 8 V, Ie = 2 rnA) ................................................... . hFI~ 25 to 150 

TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS TYPICAL FORWARD TRANSFER CONDUCTANCE 

AND SUSCEPTANCE CHARACTERISTICS 
TYPE 2N3478 
COMMON-EMITTER CIRCUIT, BASE INPUT; 

OUTPUT SHORT-CIRCUITED. 
FREQUENCY (f I • 100 Mels 

2 ~IR TEMPEjATUiE (TFA) = 25°C 
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;ryPE 2N3478 
COMMON-EMITTER CIRCUIT, BASE INPUT; -

OUTPUT SHORT-CIRCUITED. ',' 
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FREE-AIR?EMPERATURE (T FA) = 25°C 
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CHARACTERISTICS (cont'd) 
Small-Signal Forward-Current Transfer Ratio' 

(VCE = 8 V, Ic = 2 rnA, f = 100 Mc/s) ........................ hf. 
Output Capacitance: 

VCH = 8 V, IE = 0, f = 1 Mc/s ........................................ Cobot 
VCH = 8 V, IE = 0, f = 1 Mc/s ........................................ Cobo' 

Small-Signal Power Gain: 
Unneutralized Amplifier Circuit" 

VCE = 8 V, Ic = 2 rnA, f = 200 Mc/s ................ Gp. 
Neutralized Amplifier Clrcuitt 

Rs = 50 n, Ic = 1.5 rnA, VCE = 6 V, 
f = 470 Mc/s ............................................................ Gpe 

Noise Figure" 

9 

0.95 max pF 
0.65 max pF 

11.5 to 17 dB 

12 dB 

UHF-Rs = 50 n, VCE = 6 V, Ie = 1.5 rnA, 
f = 470 Mc/s ........................................................................ NF 5 dB 

VHF-VeE = 8 V, Ic = 2 rnA, f = 200 Mc/s ............ NF 4.5 max dB 
• Lead 4 (case) grounded. t Lead 4 (case) floating. 

2N3S12 COMPUTER TRANSISTOR 

Si n-p-n double-diffused epitaxial planar type used for core-driver and line
driver service in high-performance computers and in other critical appli
cations requiring considerable output power. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ..................................................... ... 
Collector-to-Emitter Voltage ............................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ..................................................................... . 

VCBO 60 V 
VCEO 35 V 
VEBO 5 V 
Ic Limited by Power 

Dissipation 
Transistor Dissipation: 

TA up to 25°C ....................................................................... . 
Tc up to 25°C (with heat sink) ................................... . 
TA or Tc (with heat sink) above 25°C ....................... . 

PT 0.8 W 
PT 4 W 
PT See curve page 112 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

TJ(opr) -65 to 200 °c 
TSTG -65 to 200 °c 
TL 230 °c 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ic = 0.01 rnA, IE = 0) ................................................... . V(BR)CBO 60 min V 
Collector-to-Ernitter Breakdown Voltage 

(Ic = 50 rnA, Is = 0) ....................................................... . 
Emitter-to-Base Breakdown Voltage (IE = 0.1 rnA, 

Ie = 0) ..................................................................................... . 

V(BR)CEO 35 min V 

V(BR)EBO 5 min V 
Collector-to-Emitter Saturation Voltage: 

Ie = 150 rnA, IH = 7.5 rnA ............................................... . 
Ie 500 rnA, Is = 50 rnA ............................................... . 

VCE(sat) 0.4 max V 
VCE(sat) 1 max V 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

TYPICAL SATURATION CHARACTERISTICS 

TYPE 2N3512 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (TFA)=25°C 

V 

) ~J~id-~1/rrJ 
co'>'- ~-

'" ~ ?", 

\"'r", 
\ce.~ 

'" \ 
I 

• • "10 • • '00 2 •• "1000 
COLLECTOR MILLIAMPERES (Ic) 

92CS-12698T 

;-
0:0 ..,e I ... -
t:~ 
~~0.8 ,,,, 
o!:; 
ZgO.6 
~~ 
~!;O.4 
..JO: 
0:::0 

<>~0.2 

TYPE 2N3512 -
COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (TFA)=25°C 

l.,t~ 
I)-

<6>" 
;} 

... q,/t/ 
r-- ... dY 

1-:::::: ~ 

o 200 400 600 800 1000 
COLLECiOR MILLIAMPERES (Ic) 

92CS-12699T 



Technical Data for RCA Transistors 

CHARACTERISTICS (cant'd) 
Base-to-Emitter Voltage (Ie = 150 mAo 

In = 7.5 mA) ....................................................................... . 
Base-Cutoff Current (VeE = 30 V. VnE = -0.3 V) ... . 
Collector-Cutoff Current: 

VeE = 30 V. VBm = -0.3 V. TA = 25·C ....................... . 
VCI' = 30 V. VnE = -0.3 V. TA = 100·C ..................... . 

Pulsed Static Forward-Current Transfer Ratio 

Vn" 
InEv 

leE V 
IeEv 

1 max 
0.5 max 

0.5 max 
100 max 

247 

V 
p.A 

p.A 
p.A 

(Vm, = 1 V. Ie = 0.5 A. t p = 400 p.s. df 2 3%) ....... . hFE (pulsed) 10 min 
Small-Signal Forward-Current Transfer Ratio 

(VeE = 10 V. Ie = 50 mAo f = 100 Mc/s) ................... . hf. 2.5 min 
Output Capacitance (Vcn = 10 V. IE = O. 

f = 0.14 Mc/s) ....................................................................... . Coho lOmax pF 
Storage Time (Vee = 6.4 V. Vnn = 15.9 V. 

Ie = 150 mAo In = 15 mA) ............................................... . t. 30 max ns 
Turn-On Time (Vce = 6.4 V. Ie = 150 mAo 

In1 = 15 mAo lB. = -15 mA) ....................................... . td + t, 30 max ns 
Turn-Off Time (Vee = 6.4 V. Vnn = 15.9 V. 

Ie = 150 mAo In. = -15 mAo Is1 = 15 mA) ........... . t. +tt 45 max ns 

TRANSISTOR 2N3SS3 
Si n-p-n "overlay" epitaxial planar type used in cIa~ A, B, and C amplifiers, 
frequency multipliers, or oscillators in vhf-uhf applications for industrial 
and military communications. JEDEC TO-39, Outline No.12. Terminals: 1 -
emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 
Transistor Dissipation: 

Te up to 25"C ...................................................................... .. 
To above 25·C ...................................................................... .. 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ic = 0.3 mAo 

lE = 0) ..................................................................................... . 
Collector-to-Emitter Breakdown Voltage: 

Ie = 0.2 A. In = O. pulsed through an inductor 
L = 25 mHo df = 50% .......................................... .. 

Ie = 0 to 0.2 A. VBE = -1.5 V. pulsed through an 
inductor L = 25 mHo df = 50% ....................... . 

Emitter-to-Base Breakdown Voltage (IE = 0.1 mAo 
Ie = 0) .................................................................................... .. 

Collector-to-Emitter Saturation Voltage 
(Ie = 250 mAo lB = 50 mA) .......................................... .. 

Collector-Cutoff Current (VeE = 30 V. In = 0) .......... .. 
Static Forward-Current Transfer Ratio 

(VeE = 5 V. Ie = 250 mA) .............................................. .. 
Intrinsic Base-Spreading Resistance (VCE = 28 V. 

Ie = 100 mAo f = 100 Mc/s) .......................................... .. 
. Small-Signal Forward-Current Transfer Ratio 

(VCE = 28 V. Ie = 125 mAo f = 100 Mc/s) .............. .. 
Gain-Bandwidth Product (VeE = 28 V. Ie = 100 mA) 
Output Capacitance (VCB = 30 V. IE = O. 

f = 1 Mc/s) .......................................................................... .. 
RF Power Output: 

Unneutralized Amplifier-Vee = 28 V. 
Pn, = 0.25 W. RG & RL = 50 n .. f = 175 Mcls .. .. 

Oscillator-Vee = 28 V. f = 500 Mc/s .................... .. 

VeRo 

VeEv 
VCEO 
VEBO 
Ie 

PT 
PT 

TJ(opr) 
TSTG 
TL 

V(BR)CBO 

V(BR)CEO 

V(BR)CEV 

V(BR)EBO 

VCE(sat) 
Im,o 

hFE 

rbb' 

hf. 
iT 

Cobo 

POE 
POE 

• For conditions given. minimum efficiency = 50 per cent. 
t For conditions given. typical efficiency = 30 per cent. 

65 V 

65 V 
40 V 
4 V 
1 A 

7 W 
See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

230 ·C 

65 min V 

40 min V 

65 min V 

4 min V 

1 max V 
0.1 max rnA 

10 to 100 

12 !l 

4 min 
SOO MCjs 

lOmax pF 

2.5* min W 
1.5t W 
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TYPICAL OPERATION CHARACTERISTICS .. 
TYPICAL SMALL-SIGNAL 

OPERATION CHARACTERISTIC 

~ TYPE 2N 3553 
I COLLECTOR-TO-EMITTER VOLTS (VCE)' 28 

;::. 600 CASE TEMPERATURE (TC)=25"C 

::: 500 --- -' -......... ... 
o 
5 400r-----i---i--t-t------r-----1 
o 
0: 
11. 300 --
:r 
b 
~ 200 -------------- --------- ----- -------
z .. 
CD 
I 

;!; .. .. 
l°'l!o 40 60 80100 200 400 

9ZC$-12.717T 
COLLECTOR CURRENT (Ici - MILLIAMPERES 

92CS-12731T 

2N3583 TRANSISTOR 
Si n-p-n triple-diffused type used in high-speed-switching and linear-ampli
fier applications such as high-voltage operational amplifiers, high-voltage 
switches, switching regulators, converters, inverters, deflection and high
fidelity amplifiers in military, industrial and commercial equipment. JEDEC 
TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 
MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. VCRO 250 V 
Collector-to-Emitter Sustaining Voltage ........................ .. 
Emitter-to-Base Voltage ........................................................ .. 

VCEO(SUS) 175 V 
VERO 6 V 

Collector Current ....................................................................... . Ie 2 A 
Peak Collector Current ........................................................... . ie 5 A 
Base Current .............................................................................. .. IB 1 A 
Transistor Dissipation ............................................................ .. PT See Rating Chart 
Operating Temperature Range .......................................... .. Tc(opr) -65 to 200 
Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage: 

Ic = 200 rnA, lB = 0 ........................................................... . 
RBE = 50 n, Ic = 500 rnA ............................................... . 

Base-to-Emitter Saturation Voltage (Ic = 1 A, 
lB = 100 rnA) ....................................................................... . 

Collector-Cutoff Current: 
VCE = 150 V, In = 0, To = 25'C ................................... . 
VBE = -1.5 V, VCE = 225 V, Tc = 25'C .................. .. 
VBE = -1.5 V, VCE = 225 V, To = 200'C ................ .. 

Emitter-Cutoff Current (VEB = 6 V, Ie = 0) 

Tp 255 

VCEO(SUS) 175 min 
VCER(SUS) 250 min 

VBE(sat) 1.4 max 

ICEO lOmax 
ICIilV 1 max 
IeEv 5 max 
lEBO 5 max 

1000 TYPICAL COLLECTOR CHARACTERISTICS 
TYPICAL DC FORWARD-CURRENT 

TRANSFER-RATIO CHARACTERISTICS 

u 
!j 

[!l 800 
0: 

~ 600 

~ 400 

~ 
~ 200 

g 

TYPE 2N3583 
CASE}EMPERATURE (Tc) = 25"C 

IL:t-
./£.-". :...?\ 
Y/ 4 25 WATTS 

3 

1-
1.5 

SASE MILLIAMPERES (I )=1 
O. 

o 25 50 75 100 125 150 175 
COLLECTOR-lO-EMITTER VOLlS (VCE) 

Q200 
\i 
0: 
0: ... 
ti 150 

~ 
~ 100 

~ 

TYPE 2N3583 
COLLECTOR-TO-EMITTER VOLTS (VCE)'IO 

hWCr\ 
III 
III 
E 

I- ~1'E.1\"''t1l1\ 

~ 5 

~ 

~C ~ \'tC" 
o tiT 

I 
-55°C 

III I e I III I "'-

'c 
'c 

V 
V 

V 

rnA 
rnA 
rnA 
rnA 

92CS-I2879T 
0 2 • 68 2 4 68 2 4 68 2 4.68 g 

10 102 10' 10' 
COlLECTOR MILLIAMPERES l:tel 

92CS-IH84T 
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CHARACTERISTlCS (cont'd) 
Static Forward-Current Transfer Ratio: 

VeE == 10 V. Ie == 100 rnA ................................................ hFE 
VeE == 10 V. Ie == 1 A........................................................ hFE 

Small-Signal Forward-Current Transfer Ratio 
(VCE == 10 V. Ie == 200 rnA. f = 5 Mc/s) ........................ h'e 

Second-Breakdown Collector Current (Base forward-
biased from zero uP. VeE == 100 V) ............................ IS/b 

Second-Breakdown Energy (Base reverse-biased. 
RBE == 20 n. L == 100 pH. VBE == 4 V) ........................ ES/b 

Output Capacitance (VCB == 10 V. IE == O. 
f == 1 Mc/s) ............................................................................ Cobo 

Thermal Resistance. Junction-to-Case (Ie == 500 rnA) 9J-e 

~ RATING CHART p5 
z 
230 

f 
iii 2S 
<II 
o 
It: 20 

~ 
iii IS 
~ 
~ 10 

'" ~ 5 

25" TYP 2N1583 
50 

~12N~5831 
MiX' VCEO-lisV 

100'\. r 
I~ 2N3S84 
12S MAX. VCEO'250V-1--

.1 r-. /. I 
150 I'.. I 2N3.585 

CASE TEMPERATURE ViCEO=300V 
-'1' (TCI= 175"C I "'-..L I 

I i 
o 100 20P 300 400 

COllECTOR-TO-EMIl'TER VOLTS (VCE) 
92CS-I2878T 

40 min 
10 min 

3 min 

250 min rnA 

50 min pJ 

120 max pF 
5 max °C/W 

TRANSISTOR 2N3584 
Si n-p-n triple-diffused type used in high-speed-switching and linear-ampli
fier applications such as high-voltage operational amplifiers, high-voltage 
switches, switching regulators, converters, inverters, deflection and high
fidelity amplifiers in military, industrial and commercial equipment. JEDEC 
TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. This type is identical with type 2N3583 except 
for the following: 

MAXIMUM RATINGS 
Collector-to-Base Voltage ........................................................ VCBO 
Collector-to-Emitter Sustaining Voltage ............................ VeEo (sus) 

375 
250 

V 
V 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 
TYPE 2N358_4 
COllECTOR-TO-EMITTER )fOlTS (VCE) -10 

~ 
111111 

~JUUk f.~pE.1I ~ 
f-C».sf.'I. 2f)°C 11111 
p ~'Ic\ UW~ 

-5S"C 
1111 

11111 
11111 ...... 

2 468 2 468 2 468 2 4 68 
10 10' 103 104 

COLLECTOR MilliAMPERES (Icl 
82CS-12813T 

'" '" 

TYPICAL TURN-ON TIME AND FALL-TIME 
CHARACTERISTICS 

TYPE 2N 84 
PULSE WIDTH' 20jts 

14 REPETITION RATE' 1000 PULSES {SECOND 
. CASE TEMPERATURE ITc I' 25"C . 

;:: 1.21--1--1-----1r------1f--+-i--j--j 
:::I~ 
li':z 
~M 1.0 
-<II 

J5 Q8 

"':iii "'I ;:: 0.6 

9 
iii 0.41-.,-I--tr----1r------1r---j--j---j 
~ 
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CHARACTERISTICS (At case temperature = 2S·C) 
Collector-to-Emitter Sustaining Voltage: 

Io=2oomA.IB=!) ........................................................... . 
RBm=50n.Ie=500mA .............................................. .. 

Collector-to-Emitter Saturation Voltage (Ie = 1 A. 
Is = 125 mA) ....................................................................... . 

Collector-Cutoff Current: 
Vem = 150 V. Is = O. To = 25·C ................................... . 
VBm = -1.5 V. Vom = 300 V. To = 25·C ................... . 
VBm = -1.5 V. Vem = 300 V. To = 2oo·C ................. . 

Emitter-Cutoff Current (VmB = 6 V. Ie = 0) ............... . 
Static Forward-Current '!'ransfer Ratio 

(Vem = 10 V. 10 = 1 A) ................................................... . 
Second-Breakdown Energy (Base reverse-biased. 

RBm = 20 n. L = 100 I'H. VBm = -4 V) ....................... . 
Turn-On Time. Saturated Switch (Voo = 30 V. 

Ie = 1 A. IB = 100 rnA) ................................................... . 
Storage Time (V 00 = 30 V. 10 = 1 A. Is = 100 rnA) 
Fall Time (Voo = 30 V. Ie = 1 A. IB = 100 mA) .... 

Vemo(sus) 
VemB(sus) 

Vem(sat) 

Iemo 
Iemv 
Iemv 
ImBo 

hFm 

2N3585 TRANSISTOR 

250 min 
300 min 

0.75 max 

5 max 
1 max 
5 max 

0.5 max 

25 to 100 

200 min 

3 max 
4 max 
3 max 

V 
V 
V 

rnA 
mA 
mA 
rnA 

I'J 

jLS 
I'S 
I'S 

Si n-p-n triple-diffused type used in high-speed-switching and linear-ampli
fier applications such as high-voltage operational amplifiers, high-voltage 
switches, switching regulators, converters, inverters, deflection and high
fidelity amplifiers in military, industrial and commercial equipment. JEDEC 
TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. This type is identical with type 2N3583 except 
for the curves of static forward-current transfer ratio and turn-on and 
fall time, which are the same as for type 2N3584, and the following: 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...........•............................................ 
Collector-to-Emitter Sustaining Voltage ......................... . 

CHARACTERISTICS (At case temperature = 2S·C) 
Collector-to-Emitter Sustaining Voltage: 

Ie=200mA.IB=O ........................................................... . 
RBm=50n.lo=500mA .............................................. .. 

Collector-to-Emitter Saturation Voltage (10 = 1 A. 
IB = 125 mA) ....................................................................... . 

Collector-Cutoff Current: 
Vem = 150 V. IB = O. Te = 25·C ................................... . 
VBm = -1.5 V. Vem = 400 V. To = 25·C ................... . 
VBm =- -1.5 V. Vem = 300 V. To = 200·C ................. . 

Emitter-Cutoff Current (VmB = 6 V. Ie = 0) ............... . 
Static Forward-Current Transfer Ratio 

(Vem = 10 V. Ie = 1 A) ................................................... . 
Second-Breakdown Energy (Base reverse-biased. 

RBm = 20 n. L = 100 I'H. 'VBm = -4 V) ................... . 
Turn-On Time. Saturated Switch (Vee = 30 V. 

Ie = 1 A. IB = 100 rnA) •.•••.••.......••..•.....••.•...............•....... 
Storage Time (Vee = 30 V. 10 = 1 A. Is = 100 mA) 
Fall Time (Vee = 30 V. Ie = 1 A. IB = 100 mA) .•.. 

VeBo 
VeEo(sus) 

VeEo~sus~ 
VeEB Sus 

VeE (sat) 

IeEo 
Iemv 
lelliv 
bBO 

hFE 

ES/b 

td+ tr 
t. 
tf 

2N3600 TRANSISTOR 

500 V 
300 V 

300 min V 
400 min V 

0.75 max V 

5 max rnA 
1 max rnA 
5 max mA 

0.5 max rnA 

25 to 100 

200 min I'J 

3 max I'S 
4 max I'S 
3 max I'S 

Si n-p-n epitaxial planar type used in low-noise amplifier, oscillator, and 
converter applications at vhf frequencies in military, communications, and 
industrial equipment. JEDEC TO-72, Outline No.23. Terminals: 1 - emitter, 
2 - base, 3 - collector, 4 - connected to case. 

MAXIMUM RATINGS 
Collector-to-Bas~ Voltage ....................................................... . 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base- Voltage ....................................................... . 
Collector Current ..................................................................... . 

VeBo 
Vemo 
VmBo 
Ie 

30 V 
15 V 
3 V 

Limited by Power 
Dissipation ' 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissjp,ation: 

TA up to 25 C ...................................................................... .. 
To up to 25"C (with heat sink) ................................... . 
TA or To (with heat sink) above 25"C ....................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (60 s max) ....................... . 

PT 
PT 
PT 

Tl(opr) 
TSTG 
TL 

TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

CHARACTERISTICS 

... 
~ 17.5 

a~ IS 
I~ 

~~ 12.5 

~fi 2i II: 10 
"'11: 
~~ 7.5 

~i '?e: 5 
oJ 

;;I, 2.5 
::E 
on 

TYPE 2N3600 
COMMON-EMITTER CIRCUIT,BASE INPUT;_ 
OUTPUT SHORT-CIRCUITED 
FREQUENCY If)= 100 Mell _ 
COLLECTOR -TO-EMITTER VOLTS (VCE)-6 
FREE-AIR TEMPERATURE (TFA)- 2S"C -

,/" r-.... 
/ ~ 
I '\ 

'\ 
051015202530 

COLLECTOR MILLIAMPERES (Ic) 
92CS-12845T 

Collector-to-Base Breakdown Voltage (Ie = 0.001 rnA, 
1m = 0) ...................................................................................... . V(BB)CBO 

Emitter-to-Base Breakdown Voltage (IE = 0.01 rnA, 
Ic = 0) ..................................................................................... . V(BB)EBO 

Collector-to-Emitter Sustaining Voltage (Ie = 3 rnA, 

251 

200 mW 
300 mW 

See curve page 112 

-65 to 200 "C 
-65 to 200 "C 

300 ·C 

30 min 

3 min 

lB = 0) ..................................................................................... . V(BR)CEO (sus) 15 min 

V 

V 

V 

V 

V 

Collector-to-Emitter Saturation Voltage (Ie = 10 rnA, 
lB = 1 rnA) ........................................................................... . VCE(sat) 

Base-to-Emitter Saturation Voltage (Ie = 10 rnA, 
lB = 1 rnA) ........................................................................... . VBE(sat) 

Collector-Cutoff Current: 
VCB = 15 V, IE = 0, TA = 25"C .........................•.............. ICBO 
VCB = 15 V, IE = 0, TA = 150·C ..................................... . ICBO 

Static Forward-Current Transfer Ratio 
(VCE = 1 V, Ie = 3 rnA) ................................................... . 

Small-Signal Forward-Current Transfer Ratio:. 
VCE = 6 V, Ic = 5 rnA, f = 100 Mc/s ....................... . 
VCE = 6 V, Ic = 2 rnA, f = 1 kc/s ............................... . 

hFE 

h,. 
h,. 

TYPICAL FORWARD TRANSFER CONDUCTANCE 
AND SUSCEPTANCE CHARACTERIST(CS 

.e TYPE 2N3600 
!! ~ COMMON-EMITTER CIRCUIT, BASE INPUT; 
tJ ihoo OUTPUT SHORT-CIRCUITED. 
Z ::; FREQUENCY (fl. 200 Mels e ::! FREE-AIR TEMPERATURE (TFA)' 25· 
5 ~ BOI--t---t---t---r-----,r--r--i 
z • Be 
II: '" 60f---f------:J17-"""11--j-
"'u ... z 
on« 
~ ~40 
~~ 
Ii! ~ 20 r-.,.-f---1f---1r----1----'~ 
~II: 
~o 

o 246BI01214 
COLLECTOR MILLIAMPERES (IC) 

92C5-12759TI 

0.4 max 

1 max 

0.01 max 
1 max 

20 to 15~ 

8.5 to 15.1. 
40 to 20~ 

p.A 
p.A 
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CHARACTERISTICS (cont'd) 
Input Capacltancet (VER = 0.5 V, Ic = 0, 

f = 0.1 to 1 Mc/s) ............. ,;................................................. Clbo 
Output Capacitancet (VCR = 10 V, lE = 0, 

f = 0.1 to 1 Mc/s) ................................................................ Cobo 
Collector-to-Base Time Constant* (VCR = 6 V, 

Ic = 5 rnA, f = 31.9 Mc/s) ................................................ rb'cc 
Small-Signal Power Gain, Amplifier Circuit. 

Neutralized* (VeE = 6 V. Ic = 5 rnA. f = 200 Mc/s) Gp • 
Power Output. Oscillator Ctrcuitt (VCR = 10 V. -

IE = 12 rnA. f = 500 Me/s) ................................................ Po. 
Noise Figure:* 

Vem = 6 V. Ie = 1.5 rnA. f = 200 Me/s ........................ NF 

1.4 typ pF 

1.7 max pF 

4 to 15 ps 

17 to 2401- dB 

20 min mW 

4.5maxA dB 
VOE = 6 V. Ie = 1 rnA, f = 60 Me/s ............................ NF ,3 typ dB 

* Lead 4 (case) grounded. 
t Lead 4 (case) lioating. 
A This value does not apply to type 2N918. 

2N3632 TRANSISTOR 
Si n-p-n "overlay" epitaxial planar type used in class A, B, and C amplifiers, 
frequency multipliers, or oscillators in vhf-uhf applications for industrial 
and military communications. JEDEC TO-60, Outline No.20. Terminals: 1 -
emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Colleetor-to-Emitter Voltage·: 

VRE = -1.5 V ....................................•................................... 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ..............................•......................................... 
Transistor Diss\p,ation: 

~~ ~go:~ ~~.g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operating (Junction) ......................................................... . 
Storage ...............................................•........................................ 

Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS (At case temperature = 25 o C) 
Collector-to-Base Breakdown Voltage (Ie = 0.5 rnA, 

lE = 0) ..................................................................................... . 
Colleetor-to-Emitter Breakdown Voltage: 

Ic = 0.2 A. IB = 0, pulsed through an inductor 
L = 25 mH, df = 50% .................... : ...................... . 

Ic = 0 to 0.2 A, VRE = -1.5 V, pulsed 
through an inductor L = 25 mHo df = 50% .... 

Emitter-to-Base Breakdown Voltage 
(IE = 0.25 rnA. Ie = 0) ................................................... . 

Collector-to-Emitter Saturation Voltage 
(Ic = 0.5 A. IB = 0.1 A) ................................................... . 

VCRO 

VCEV 
VCEO 
VEDO 
Ic 

PT 
PT 

TJ(opr) 
TSTG 
Tp 

V(BR)CBO 

V(BR)eEO 

V(BR)CEV 

V(RR)ERO 

VCE (sat) 

TYPICAL OPERATION CHARACTERISTICS 

II. 
0: 

TYPE 2N3632 
COLLECTOR -TO-EMITTER VOLTS (VCE )-28 
CASE TEMPERATURE (TC)-2S'C 

= - Il";'- ~~.!.o 
Po"" 't:IlINI>tJ~~ 

..!."}NJ..:-~ 
1Jo47"i;S/O 

~8 

'50 60 80 100 200 300 
FREQUENCY-Moll 

tICS-111m 

65 V 

65 V 
40 V 
4 V 
3 A 

23 W 
See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

230 ·C 

65 min V 

40 min V 

65 min V 

4 min V 

1 max V 



Technical Data for RCA Transistors 

CHARACTERISTICS (cont'd) 
Collector-Cutoff Current (VCE = 30 V, I = 0) ............ ICEO 
Intrinsic Base-Spreading Resistance (VCE = 28 V, 

Ic = 250 mA, f = 200 Mc/s) ............................................ rbb' 
Gain-Bandwidth Product (VCE = 28 V. Ic = 150 mAl iT 
Output Capacitance (VCB = 30 V. IE =: 0, 

f =: 1 Mc/s) ............................................................................ Cobo 
RF Power Output. Unneutralized: 

Vcc =: 28 V. PIE = 3.5 W. RG & RL = 50 n. 
f = 175 Mc/s ................................................................ POE 

Vcc = 28 V, P,E = 3 W, RG & RL = 50 0, 
f = 260 Mc/s .............................................................. POE 

* For conditions given. nurumum efficiency 70 per cent. 
t For conditions given. minimum efficiency = 60 per cent. 

~ 
::I! 
I 

~700 
13600 
5 
~soo 
Q. 

~400 o 
i 
o 
:i 300 .. , 
z 
~ 

200 

TYPICAL SMALL-SIGNAL OPERATION 
CHARACTERISTIC 

TYPE 2N3632 
COLLECTOR-TO-EMITTERVOLTS (VcEI=28 
CASE TEMPERATURE (Tcl- 25°C 

I----

V '" ~ 
o 50 100 150 200 250 300 

COLLECTOR MILLIAMPERES (Icl 
92cS-1283OT 

POWER TRANSISTOR 

253 

0.25 max mA 

6.5 typ 0 
400 typ Mc/s 

20 max pF 

13.5* min W 

lot typ W 

2N3730 
Ge p-n-p diffused-collector graded-base type used in 114-degree 18-kV TV 
deflection systems as a vertical-deflection output amplifier. This type, to
gether with types 2N3731 (horizontal output), 2N3732 (horizontal driver), 
and IN4785 (damper) make up a complete transistor/damper-diode com
plement. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emit
ter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 

Peak ........................................................................................... . VCBO -200 V 
Continuous ............................................................................... . VCBO -60 V 

Emitter-to-Base Voltage ......................................................... . VEBO -0.5 V 
Collector Current ....................................................................... . Ic -3 A 
Base Current ............................................................................... . IE ±0.5 A 
Transistor Dissipation: 

T"'F up to 55'C ....................................................................... . 
T"'F above 55'C ................................................................... . 

Temperature Range: 
Operating (Junction) ......................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

PT 10 W 
PT See curve page 112 

TJ(opr) -65 to 85 'c 
TSTG -65 to 85 'c 
Tp 230 'c 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (VBE =: 0.5 V. 

Ic = 5 mAl ........................................................................... . V(BR)CBV -200 min V 
Collector-to-Emitter Saturation Voltage: 

Ic =: -0.7 A, IE =: -0.02 A ............................................... . 
Ic = -0.05 A. IE =: -0.005 A ........................................... . 

VCE(sat) -2 max V 
VCE(sat) -1 max V 

Base-to-Emitter Voltage (Ic = -0.7 A. 
IE = -0.02 A) ....................................................................... . 

Collector-Cutoff CU.rrent (VCB =: -10 V. IE =: 0) ....... . 
Thermal Resistance. Junction-to-Case ........................... . 

VBE 0.5 typ V 
ICBo -200 max /LA 
8J-c 1.5 max ·C/W 
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2N3731 POWER TRANSISTOR 
Ge p-n-p diffused-collector graded-base type used in 114-degree 18-kV TV 
deflection systems as a horizontal output amplifier. This type, together with 
types 2N3730 (vertical output), 2N3732 (horizontal driver), and IN4785 
(damper) make up a complete transistor/damper-diode complement. JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 

Peak ........................................................................................... . veRO -320 V 
Continuous ............................................................................... . VeBo -60 V 

Emitter-to-Base Voltage ......................................................... . 
Collector Current .......•................................................................ 

VmBo -2 V 
Ie -10 A 

Base Current ............................................................................... . 
Transistor Dissip,ation: 

TMFupto55C ....................................................................... . 
TMF above 55·C ..............................................•......................... 

Is +4,-1 A 

PT 5 W 
PT See curve page 112 

Temperature Range: 

~fo~~~ .... ~~~.~~~~~ .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Pin-Soldering Temperature (10 s max) .........•.................. 

Ts(opr) -65 to 185 ·C 
TSTG -65 to 185 ·C 
Tp 230 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (VBm = 0.5 V, 

Ie = -0.25 A) ..........•............................................................. V(BR)eBV -320 min V 
Emitter-to-Base Breakdown Voltage (1m = 100 mA, 

Ie = 0) ••..••...••••••••..••...••..••••••..•••••••.•••..•••.••......•..•..•..••..••.•••.••••• 
Collector-to-Emitter Saturation Voltage (Ie = -6 A, 

IB = -0.4 A) .....................................•...................................... 
Base-to-Emitter Voltage (Ie = -6 A, 

IB = -0.4 A) .........•...............•..••.............................................. 
Collector-Cutoff Current (VeB = -10 V, 1m = 0) ....... . 
Turn-off Time ........................•..................................................... 
Thermal Resistance, Junction-to-Case ............................. . 

V(BB)mBO -2 min V 

Vem(sat) -1.5 max V 
V 

VBm 0.7 /LA 
ICBo -200 max 
t(off) 1.2 max p.s 
eJ-C 1.5 max ·C/W 

TYPICAL OPERATION IN HORIZONTAL-DEFLECTION AND 
HIGH-VOLTAGE CIRCUIT 

DC Supply Voltage •....•.............................................................. 
Average Supply Current ....................................................... . 
Input Power: 

Oscillator and driver circuits ........................................... . 

45 V 
0.55 A 

1.5 W 

°1'~e~C~ent = 0 ....................................................... . 18 W 
At beam current = 200 p.A ........................................... . 

DC High-Voltage Output: 
At beam current = 0 ........................................................... . 

22 W 

18 kV 
At beam current = 200 p.A ............................................... . 

Yoke Current (peak-to-peak) ........................................... . 
Peak Yoke Energy ................................................................... . 
Retrace Time ............................................................................... . 

17 kV 
10 A 

2.5 mJ 
11.5 JLS 

2N3732 POWER TRANSISTOR 
Ge p-n-p diffused-collector graded-base type used in 114-degree 18-kV TV 
deflection systems as a horizontal driver. This type, together with 
types 2N3730 (vertical output), 2N3731 (horizontal output), and IN4785 
(damper) make up a complete transistor/damper-diode complement. JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. For typical operation in horizontal-deflection 
and high-voltage circuit, refer to type 2N3731. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 

Peak ........................................................................................... . 
Continuous ............................................................................... . 

Emitter-to-Base Voltage .; ....................................................... . 
Collector Current ....................................................................... . 

veBO 
VeBO 
VmBo 
Ie 

-100 
-60 
-0.5 
-3 

V 
V 
V 
A 
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MAXIMUM RATINGS (cont'd) 
Base Current ............................................................................. ... Is ±0.5 A 
Transistor Dissipation: 

T"F up to 55·C ................................................................... . PT 3 W 
T"F above 55·C .................................................................. .. 

Temperature Range: 
Operating (Junction) ........................................................ .. 
Storage ....................................................................................... . 

PT See curve page 112 

Tl(opr) -65 to 185 ·C 
TSTG -65 to 185 ·C 

Pin-Soldering Temperature (10 s max) ........................... . Tp 230 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (VEE = 0.5 V. 

Ie = -5 rnA) .......................................................................... .. V(BR)CBV -100 min V 
Collector-to-Emitter Saturation Voltage 

(Ie = -0.7 A, lB = -0.02 A) ........................................... . 
Base-to-Emitter Voltage (Ie = -0.7 A, 

In = -0.02 A) ...................................................................... .. 
Collector-Cutoff Current (VCB = -10 V, IE = 0) ...... .. 
Thermal Resistance, Junction-to-Case ............................ .. 

VeE (sat) -2 max V 

VBE 0.5 V 
leBo -200 max /.LA 
8J-" 1.5 max ·C/W 

TRANSISTOR 2N3733 
Si n-p-n "overlay" epitaxial planar type used in large-signal, high-power 
vhf-uhf applications in military and industrial communications equipment. 
Intended for class A, B, C amplifier, frequency-multiplier, or oscillator 
service. JEDEC TO-60, Outline No.20. Terminals: 1 - emitter, 2 - base, 
3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

VBE = -1.5 v ...................................................................... .. 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
Peak Collector Current ........................................................... . 
Transistor Dissipation: 

Tc up to 25·C ....................................................................... . 
Tc above 25·C ....................................................................... . 

Temperature Range: 

~fo~~~~n~ .... ~~~~.~~~~.~! .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Pin-Soldering Temperature (10 s max) .......................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ic = 0.5 rnA. 

lE = 0) ..................................................................................... . 
Collector-to-Emitter Breakdown Voltage: 

Ie = 0 to 200 rnA, VBE = -1.5 V, pulsed through 
an inductor L = 25 mH, df = 50% ................... . 

Ie = 0 to 200 rnA, In = 0, pulsed through 
an inductor L = 25 mH, df = 50% ................... . 

TYPICAL OPERATION CHARACTERISTICS 

Veno 65 V 

VCEV 65 V 
VCEO 40 V 
VEBO 4 V 
ic 3 A 

PT 23 W 
PT See curve page 112 

TJ(opr) -65 to 200 ·C 
TSTG -65 to 200 ·C 
Tp 230 ·C 

V(BR)CBO 65 min V 

V(BR)CEV 65 min V 

V(BR)CEO 40 min V 

TYPICAL SMALL-SIGNAL 
OPERATION CHARACTERISTIC 

TYPE 2N3733 
COLLECTOR-lO-EMITTER VOLTS (VCEI=28 

~ 
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CHARACTERISTICS (cont'd) 
Emitter-to-Bilse Breakdown Voltage (1m = 0.25 rnA. 

Ie = 0) ...................................................................................... V(BRJmBO 
Collector-to-Emitter saturation Voltage 

(Ie == O.S A. IB :::: 100 rnA) ................................................ Vcm.(sat) 
Collector-Cutoff Current (Vcm = 30 V. IB = 0) ............ Iemo 
Intrinsic Base-Spreading Resistance (Vem == 28 V. 

Ie = 2S0 mAo f == 200 Mc/s) ............................................ rob' 

4 min V 

1 max V 
0.25 max rnA 

6.S n 
Gain-Bandwidth Product (Vcm == 28 V. Ic = 150 mAl fT 400 Mc/s 
Collector-to-Case Capacitance ................................................ C, 
Output Capacitance (VCR = 30 V. 1m == 0, 

f == 1 Mc/s) ............................................................................ Cobo 
RF Power Output Amplifier. Unneutralized: 

Vcm = 28 V. Pm = 4 W. RG & RL = 50 n. 
f = 260 Mc/s ................................................................ POE 

VCE == 28 V, PIE == 4 W. RG & RL == SO n. 
f == 400 Mc/s ................................................................ POE 

* For conditions given. Illlmmum efficiency 60 per cent. 
t For conditions given. minimum efficiency == 45 per cent. 

2N3771 POWER TRANSISTOR 

6 max pF 

20 max pF 

14.S" W 

lOt min W 

Si n-p-n type with high collector-current rating (30 A max) for inter
mediate- and high-power applications such as public-address amplifiers, 
power supplies, and low-speed switching regulators and inverters. JEDEG 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. VeBO SO V 
Collector-to-Emitter Voltage: 

VBE == -1.S V .......................................................................... .. VCEV SO V 
Base open ................................................................................ .. VCEO 40 V 

Emitter-to-Base Voltage ........................................................ .. VEno 5 V 
Collector Current ...................................................................... .. Ie 30 A 
Transistor Dissipation: 

Tc up to 2SoC ...................................................................... .. P'r ISO W 
Te above 2SoC ...................................................................... .. PT See curve page 112 

Temperature Range: 
.Operating (Junction) .......................................................... .. 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Emitter-to-Base Breakdown Voltage (1m == 5 rnA. 

Ie = 0) .................................................................................... .. 
Colleetor-to-Emitter Sustaining Voltage: 

VBE == -1.S V. Ie == 3 A .................................................. .. 
Ie = 0.2 A, In = 0 .............................................................. .. 

Collector-to-Emitter Saturation Voltage 
(IB == 1.S A. Ie == IS A. t p == 300 /LS. 

p/s == 60 c/s) .............................................................. .. 

T.T(opr) -65 to 200 
TSTG -6S to 200 
Tp 230 

V(BR)mBO Smax 

VCEV(SUS) SO min 
VeEo(sus) 40 min 

VClll(sat) 2 max 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
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CHARACTERISTICS (cont'd) 
Base-to-Emitter Voltage (VeE == 4 V, 10 == 15 A, 

t p == 300 p,s, pis == 60 c/s) ............................................... . 
Collector-Cutoff Current: 

VeB == 50 V, IE == O. Te == 25·C ....................................... . 
VeB == 30 V, lE == 0, Te == 150·C ..................................... . 
VeE == SO V. VBE == -1.S V, Te == 2S·C ....................... . 
VeE == 30 V. VBE == -1.5 V, Te == 150·C ..................... . 
VeE == 30 V. Is == 0, Te == 2S·C ....................................... . 

Emitter-Cutoff Current (VEE = 5 V, 10 == 0) ............... . 
Pulsed Static Forward-Current Transfer Ratio 

(VeE == 4 V, Ie == 15 A. t. = 300 p.s, 
pis == 60 cis) ............................................................... . 

Thermal Resistance, Junction-to-Case ............................... . 

VBE 

leBO 
leBO 
IeEv 
IeEv 
101.0 
lEBO 

hFE (pulsed) 
9J-0 

2.7 max 

2 max 
lOmax 
2 max 

lOmax 
lOmax 
5 max 

15 to 60 
1.7 max 

257 

V 

mA 
mA 
mA 
mA 
mA 
mA 

·C/W 

POWER TRANSISTOR 2N3772 
Si n-p-n type with high collector-current rating (30 A max) for inter
mediate- and high-power applications such as public-address amplifiers, 
power supplies, and low-speed switching regulators and inverters. JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE == -l.S V ....................................................................... . 
Base open ............................................................................... . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Transistor Dissipation: 

To up to 25·C ....................................................................... . 
To above 25·C ....................................................................... . 

Temperature Range: 
Operating (Junction) ......................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS (At case. temperature = 25°C) 
Emittet-to-Base Breakdown Voltage (IE == 5 mA, 

Ie == 0) ..................................................................................... . 
Collector-to-Emitter Sustaining Voltage: 

VBE == -1.5 V, Ie == 3 A ................................................... . 
Ie == 0.2 A. IB == 0 ............................................................... . 

Collector-to-Emitter Saturation Voltage 
(IB == 1 A, Ie == 10 A, t. = 300 p.s, 

pis == 60 cis) ............................................................. . 
Base-to-Emitter Voltage (Vem == 4 V, Ie == 10 A, 

t. = 300 p,s. pis == 60 cis) .............................................. .. 

VeBo 

Vemv 
VCEO 
VmBo 
Ie 

PT 
PT 

TJ(opr) 
TSTO 
Tp 

V(BRlEBO 

veEv~sus) 
VeEo sus) 

VeE (sat) 

VBE 

100 V 

100 V 
60 V 

7 V 
30 A 

150 W 
See eurve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

230 ·C 

7 max V 

100 min V 
60 min V 

1.4 max V 

2.2 max V 

TYPICAL OOLLECTOR CHARACTERISTICS 'TYPICAL TRANSFER CHARACTERISTICS 
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CHARACTERISTICS (cont'd} 
Collector-Cutoff Current: 

VOB = 100 V, 1m = 0, To = 25·C .................................. .. 
VCB = 30 V, 1m = 0, Tc = l50·C ................................... . 
Vcm = 100 V, VBm = -1.5 V, Tc = 25°C •.•..•........•..... 
Vcm = 30 V, VBE = -1.5 V, Tc = 150°C ................... . 
VCE = 50 V, IB = 0, Tc = 25°C .................................. .. 

Emitter-Cutoff Current (VEB = 7 V, Ic = 0) ............... . 
Pulsed Static Forward-Current Transfer Ratio 

(VCE = 4 V, Ie = 10 A, t p := 300 /LS, 
pis = 60 cis) ............................................................... . 

Thenoal Resistance, Junction-to-Case ............................... . 

leBo 
lOBO 
ICEv 
Icmy 
ICIOO 
lEBO 

hFE (pulsed) 
eJ-e 

5 max 
lOmax 
5 max 

lOmax 
lOmax 
5 max 

15 to 60 
1.7 max 

mA 
mA 
mA 
mA 
mA 
mA 

·C/W 

2N3773 POWER TRANSISTOR 
Si n-p-n type with high collector-current rating (30 A max) for inter
mediate- and high-power applications such as public-address amplifiers, 
power supplies, and low-speed switching regulators and inverters. JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBm = -1.5 V ....................................................................... . 
Base open ...........•.................................................................... 

Emitter-to-Base Voltage ......................................................... . 
Collector Current .................................................................... .. 
Transistor Dissipation: 

Tc up to 25°C ...................................................................... .. 
Tc above 25°C ....................................................................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS (At case temperature = 25·C) 
Emitter-to-Base Breakdown Voltage (IE = 5 rnA, 

Ic = 0) ..................................................................................... . 
Collectcr-to-Emitter Sustaining Voltage: 

VBE = -1.5 V, Ic = 3 A ................................................... . 
Ic=0.2A.IB=0 .............................................................. .. 

Collector-to_Emitter Saturation Voltage 
(lB = 0.8 A, Ic = 8 A, t p = 300 "s, 

pis = 60 cis) .......................................................... .. 
Base-to-Emitter Voltage (VCE = 4 V, 10 = 8 A, 

t p = 300 /LS, pis = 60 cis) ............................................... . 
Collector-Cutoff Current: 

VeB = 140 V, IE = O. Tc = 25°C .................................. .. 
VCB = 30 V, IE = 0, Tc = 150°C ................................... . 
VCE = 140 V, VBE = -1.5 V, Tc = 25°C .................. .. 
VCE = 30 V. VBm = -1.5 V, Te := 150·C .................. .. 
Vcm = 120 V. lB = 0, Tc := 25°C ................................... . 

VeBO 

VeEY 
VeEo 
VEBO 
Ic 

PT 
PT 

TJ(opr) 
TSTG 
Tp 

V(BR)EBO 

VeEv~sUS) 
VeEo sus) 

VeE (sat) 

VBE 

ICBO 
leBO 
leEY 
ICEY 
ICEO 

160 V 

160 V 
140 V 

7 V 
30 A 

150 W 
See curve page 112 

-65 to 200 °C 
-65 to 200 °C 

230 ·C 

7 max V 

160 min V 
140 min V 

1.4 max V 

2.2 max V 

2 max rnA 
lOmax mA 
2 max rnA 

lOmax mA 
lOmax mA 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
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CHARACTERISTICS (cont'd) 
Emitter-Cutoff Current (VEB := 7 V. Ie := 0) ................ lEBO 5 max mA 
Pulsed Static Forward-Current Transfer Ratio 

(VeE := 4 V. Ie = 8 A. t p = 300 J),S. 
p/s = 60 c/s) ............................................................ hFE(pulsed) 

Thermal Resistance. Junction-to-Case ................................ 8J-e 
15 to 60 
1.7 max ·C/W 

TRANSISTOR 2N3866 
Si n-p-n "overlay" epitaxial planar type for vhf-uhf applications in class 
A, B, and C amplifiers, frequency multipliers, and oscillators in military 
and industrial communications equipment. JEDEC TO-39, Outline No.12. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

RBE = 10 n .............................................................................. .. 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Transistor Dissipation: 

Te up to 25·C ...................................................................... .. 
Te above 25·C ....................................................................... . 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie := 0.1 rnA. 

lE := 0) .................................................................................... .. 
Emitter-to-Base Breakdown Voltage (IE := 0.1 mAo 

Ie := 0) .................................................................................... .. 
Collector-to-Emitter Sustaining Voltage: 

Ie := 5 rnA. RBE = 10 n .................................................. .. 
Ie := 5 mAo lB := 0 .............................................................. .. 

Collector-to-Emitter Saturation Voltage 
(Ie := 100 mAo lB := 20 mAl ........................................... . 

Collector-Cutoff Current (VeE = 28 V. IB = 0) ...... .. 
Gain-Bandwidth Product (VeE := 15 V. Ie = 25 mAl 
Output Capacitance (VeB := 30 V. IE = O. 

f = 1 Mc/s) .......................................................................... .. 
RF Power-Output Class C Amplifier. Unneutralized: 

Vee = 28 V. PIE = 0.05 W. f = 100 Mc/s .................. .. 
Vee := 28 V. PIE = 0.1 W. f = 400.Mc/s .................... .. 

VeBo 

VeER 
VeEo 
VEBO 
Ie 

PT 
PT 

TJ(opr) 
Tsra 
TL 

VCBR)eBO 

VCBR)EBO 

VCER(SUS) 
VeEo(sus) 

VCE(sat) 
IeEo 
iT 

Cobo 

POE 
POE 

55 V 

55 V 
30 V 

3.5 V 
0.4 A 

5 W 
See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

230 ·C 

55 min V 

3.5 min V 

55 min V 
30 min V 

1 max V 
20 max /LA 

800 Mcls 

3 max pF 

1.8* W 
It min W 

• For conditions given. mmllnum efficiency _ 60 per cent. 
t For conditions given. minimum efficiency = 45 per cent. 

TYPICAL OPERATION CHARACTERISTICS 
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2N3878 POWER TRANSISTOR 
Si n-p-n epitaxial type used in af, rf, and ultrasonic applications such as 
low-distortion power amplifiers, oscillators, switching regulators, series 
regulators, converters, and inverters. JEDEC TO-66, Outline No.22. Termi
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
g~B:t~~:~~:~ftt~O~~ftitge':""""""""""""""""""""" ........ .. VCBO 120 

V 
RBE =50 n .............................................................................. .. 
Base open (sustaining voltage) .................................... .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 

VCER(SUS) 65 V 
VCEO(SUS) 50 V 
VEDO 7 A 
Ic 7 A 

Base Current .............................................................................. .. In 5 V 
Transistor Dissipation: 

Tc up to 25'C ...................................................................... .. PT 35 W 
Tc above 25'C ....................................................................... . 

Temperature Range: 
PT See curve page 112 

Operating (Junction) ......................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 S max) ........................... . 

CHARACTERISTICS (At case temperature = 25'C) 
Collector-to-Emitter Sustaining Voltage: 

Ic = 0.2 A, b = 0 .............................................................. .. 
Ic = 0.2 A, RBE = 50 n ....................................................... . 

Collector-to-Emitter Saturation Voltage 
(Ic = 4 A, IB = 0.5 A) ....................................................... . 

Base-to-Emitter Voltage (VCE = 2 V, Ic = 4 A) ...... .. 
Collector-Cutoff Current: 

TJ(opr) 
TSTO 
Tp 

VCEO(SUS) 
VCER(SUS) 

VCE(sat) 
VDE 

-65 to 200 'C 
-65 to 200 'C 

255 'C 

50 min V 
65 min V 

2 max V 
2.5 max V 

VCE = 40 V, IB = 0, Tc = 25'C ...................................... .. ICEo 5 max mA 

10 

U6 
~ 
., 4 ... 
'" ~ 2 
c 

~I 
... 8 
...J 

6 
u 4 

MAXIMUM PULSE OPERATING AREAS 
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CHARACTERISTICS (cont'd) 
VeE == 100 V. VBE == -1.5 V. Te == 25"C ................... . 
VeE == 100 V. VB .. = -1.5 V. Te == 150°C ................. . 

Emitter-Cutoff Current (VBB = 4 V. Ie == 0) ............... . 
Static Forward-Current Transfer Ratio: 

VeE == 5 V. Ie = 0.5 A ....................................................... . 
VeE == 5 V. Ie = 4 A ........................................................ .. 
VeE == 2 V. Ie == 4 A ......................................................... . 

Small-Signal Forward-Current Transfer Ratio 
(VeE = 10 V. Ie = 0.5 A. f == 10 Mc/s) .................. .. 

Second-Breakdown Collector Current (VeE = 40 V. 
base forward-biased) ........................................................... . 

Second-Breakdown Energy (RBE = 50 n. L = 125 JLH. 
VBE == -4 V. base reverse-biased) ............................... . 

Output Capacitance (VCB = 10 V. IE = O. 
f = 1 Mc/s) ........................................................................... . 

Thennal Resistance. Junction-to-Case ............................... . 

POWER TRANSISTOR 

IeBV 
IeEv 
lEBO 

hr" 
hrE 
hrE 

hte 

lsi .. 

Es/b 

Cobo 
9J-e 

4 max 
4rnax 
4 max 

50 to 200 
20 min 
8 min 

4rnin 

750rnin 

1rnin 

175 max 
5 max 

261 

rnA 
rnA 
rnA 

rnA 

mJ 

·Cl~ 

2N3879 
Si n-p-n epitaxial type used in af, rf, and ultrasonic applications such as 
low-distortion power amplifiers, oscillators, switching regulators, series 
regulators, converters and inverters. JEDEC TO-66, Outline No.22. Termi
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. 
This type is identical with type 2N3878 except for collector-to-emitter volt
ages of VeBR(SUS) = 90 V and VeEo(sus) = 75 V, and the following items: 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Saturation Voltage 

(Ie = 4 A. IB = 0.4 A) ................................................... . 
Base-to-Emitter Voltage (VeE = 2 V. Ie = 4 A) ....... . 
Emitter-Cutoff Current (VEB = 4 V. Ie = 0) ............... . 
Static Forward-Current Transfer Ratio: 

VCE = 5 V. Ie == 0.5 A ....................................................... . 
VeE == 5 V. Ie = 4 A ....................................................... . 
VeE = 2 V. Ie == 4 A ....................................................... . 

Second-Breakdown Collector Current (VeE = 40 V. 
base forward-biased) ........................................................... . 

Delay Time (Vee == 30 V. Ie = 4 A. 
IB1 = 0.4 A. lB. = -0.4 A) ........................................... . 

Rise Time (Vee = 30 V. Ie == 4 A. 
IB1 = 0.4 A. lB. = -0.4 A) ........................................... . 

Storage Time (Vee = 30 V. Ie == 4 A. 
IB1 = 0.4 A. lB. = -0.4 A) ........................................... . 

Fall Time (Vcc = 30 V. Ic == 4 A. 
lsI = 0.4 A. lB. = -0.4 A) ........................................... . 

VCE(sat) 
VBE 
lEBO 

hF" 
hFE 
hFE 

Is/b 

tr 

t. 

tt 

1.2 max 
1.8rnax 

2 max 

40rnin 
20 to 80 
12 min 

500rnin 

40rnax 

400rnax 

800rnax 

400rnax 

MAXIMUM PULSE OPERATING AREAS 
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2N3932 TRANSISTOR 

Si n-p-n epitaxial planar type for general purpose vhf-uhf applications in 
rf amplifiers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 -
collector, 4 - case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Vouage ............................................... . 

VCBO 30 V 
VCEO 20 V 
VEBO 2.5 V Emitter-to-Base Voltage ......................................................... . 

Collector Current ..................................................................... . Ie Limited by Power 
Dissipation 

Transistor Dissipation: 
TA up to 25°C ...................................................................... .. PT 175 mW 
TA above 25°C ....................................................................... . PT See curve page 112 

Temperature Range: 
Operating (Junction) ........................................................ .. 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

TJ(opr) -65 to 175 'C 
TSTG -65 to 175 'C 
TL 230 'C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.001 mAo 

lE = 0) ..................................................................................... . V(BRlCBO 30 min V 
Collector-to-Emitter Breakdown Voltage (Ie = 1 mAo 
il = O)~ ..................................................................................... . V(BRlQEO 20 min V 

Emitter-to-Base Breakdown Voltage (IE = 0.001 mAo 
Ie = 0) ..................................................................................... . V(BRlEBO 2.5 min V 

Collector-Cutoff Current (VCB = 15 V. lE = 0) ...... .. 
Small-Signal Forward-Current Transfer Ratio 

(VCE = 8 V. Ic = 2 mAo f = 100 Mc/s. 

ICBo 0.01 max /loA 

lead No. 4 grounded) ....................................................... . hfe 7.5 to 16 
Gain-Bandwidth Product ....................................................... . iT 750 min Me/s 
Collector-to-Base Time Constant (VeB = 8 V. 

IE = 2 mAo f = 31.9 Mc/s) ........................................... . 
Output Capacitance (VCB = 8 V. IE = O. 

f =: 0.1 to 1 Mc/s. lead Nos. 1 and 4 connected 
to guard terminal) .............................................................. .. 

Static Forward-Current Transfer Ratio 
(VCE = 8 V. Ic = 2 mAl ................................................... . 

Small-Signal Power Gain. Unneutralized Amplifier 
(VCB = 8 V. Ic = 2 mAo f = 200 Me/s. 
lead No. 4 grounded) ....................................................... . 

Noise Figure: 
VCE = 8 V. Ie = 2 mAo Rs = 200 n. f = 200 Me/s .... 
VeE = 6 V. Ie = 1.5 mAo Rs = 100 n. 

f = 450 Me/s ............................................................... . 

rb'cc lto8 ps 

Cobo 0.55 max pF 

hFE 40 to 150 

Gpe 11.5 to 17 dB 

NF 4.5 max dB 

NF 5 dB 

TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS TYPICAL FORWARD TRANSFER CONDUCTANCE 

AND SUSCEPTANCE CHARACTERISTICS 
TYPE 2N3932 
COMMON-EMITTER CIRCUIT. BASE INPUT; 

OUTPUT SHORT-CIRCUITED. 
FREQUENCY (f) • 100 Mell 

2 ~IR TEMPE1RATUjE ITFAI' 2S'C 

~"«l~t£1I T 
J-~ ~~J 

:! 
7 14 

t:"~1 
~: 
~~ 10 

i~ 
~I!: 8 
~!i 
~~ 6 

o'f ~J'<t-
~cr 

.!.:::> '\ 
~~ 4 

°12 
02468101214 

COLLECTOR MILLIAMPERES lIel 
92CS-12756T1 

2N3933 

TYPE 2N3932 
COMMON-EMITTER CIRCUIT. BASE IjPUT; -

OUTPUT SHORT-CIRCUITED. 
FREQUENCY If I • 200 Mel. 
FREE-AIRITEMPERAIURE (TFAl'2S'C 

VCE'6 

f----., ..,. , 
~ , "b,• - r--

~u1CTOJ J. 
VOLTS (V~£J!?;lAlI1"TE1I 

"""1 l7,. 

I 
5 10 IS 20 

COLLECTOR MILLIAMPERES IICI 
92CS-I2159T 

TRANSISTOR 

Si n-p-n epitaxial planar type for general purpose vhf and uhf applications 
jn rf amplifiers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 -
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collector, 4 - case. This type is identical with type 2N3932 except for the 
following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage •....................................................... 
Collector-to-Emitter Voltage ............................................... . 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.001 rnA. 

1m = 0) .•••..........••..•.....••.....•.......•..•...••••..•.....••••••••..••••......•••••••• 
Collector-to-Emitter Breakdown Voltage (Ie = 1 rnA. 

ID = 0) ..................................................................................... . 
Static Forward-Current Transfer Ratio 

(VCE = 8 V. Ic = 2 rnA) ................................................... . 
Small-Signal Power Gain. Unneutralized Amplifier 

(VCB = 8 V. Ic = 2 rnA. f = 200 Mc/s. 
lead No. 4 grounded) ........................................... . 

Collector-to-Base Time Constant (VCB = 8 V. 
IE = 2 rnA. f = 31.9 Mc/s) ............................................. ... 

Noise Figure (Vcm = 8 V. Ic = 2 rnA. 
Rs = 200 n. f = 200 Mc/s) ............................................... . 

TRANSISTOR 

VCBO 
VCJoo 

V(BR)CBO 

V(BR)CEO 

hFm 

Gp • 

n'Ce 

NF 

40 
30 

40 min 

30 min 

60 to 200 

14 to 18 

1 to 6 

4 max 

2N4012 

V 
V 

V 

V 

ps 

dB 

Si n-p-n "overlay" epitaxial planar type designed to provide high power 
as a frequency multiplier into the uhf or L-band frequency region in mili
tary and industrial communications equipment. JEDEC TO-60, Outline 
No.20. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ................................................... . 
Collector-to-Emitter Voltage: 

VBm = -1.5 V ....................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage .................................................•..•..... 
Collector Current ....................................................................... . 
Transistor Dissipation: 

Tc up to 25°C ....................................................................... . 
Tc above 25°C ....................................................................... . 

Temperature Range: 
Operating (Junction) ......................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 0.1 rnA. 

IE = 0) ...............................................•.....................•................ 
Collector-to-Emitter Breakdown Voltage: 

Ie = '1.. t~ 2~~ :;:~: Sll~d5CW:~~.:~ ... ~ .. :~~~~:~: ......... . 
VBm = -1.5 V. 10 = 0 to 200 rnA. pulsed through 

an inductor L = 25 mHo df = 50% ................... . 
Emitter-to-Base Breakdown Voltage (1m = 0.1 rnA. 

Ie = 0) ..................................................................................... . 
Collector-to-Emitter Saturation Voltage 

(10 = 500 rnA. IB = 100 rnA) ....................................... . 
Collector-Cutoff Current (Vem = 30 V. IB = 0) ....... . 
Intrinsic Base-Spreading Resistance (Vcm = 28 V. 

Ie = 250 rnA. f = 400 Mc/s) ........................................... . 
Gain-Bandwidth Product (Vem = 28 V. Ic = 150 rnA) 
Output Capacitance (VCB = 30 V. 1m = O. 

f = 1 Mc/s) ................................•........................................... 
Collector-to-Base Cutoff Frequency. 

(Vcm = 28 V. Ie = 0) ...................................................... .. 
RF Power Output, Multiplier: 

Tripler-Vem = 28 V f = 1002 Mc/s. 
P,m = 1 W at 334 Mc/s .............................................. .. 

Doubler-Vcm = 28 V. f = 800 Mc/s, 
P", = 1 W at 400 Mc/s ................................................... . 

VCBO 65 V 

Vemv 65 V 
Vemo 40 V 
VmBo 4 V 
Ie 1.5 A 

PT 11.6 W 
PT See curve page 112 

TJ(opr) -65 to 200 ·C 
TSTG -65 to 200 ·C 
Tp 230 ·C 

V(BR)CBO 65 min V 

V(BR)CIIlO 40 min V 

V(BR)C"V 65 min V 

V<BR)"BO 4 min V 

Vem (sat) 1 max V 
Iemo 0.1 max rnA 

l"bb' 10 n 
fT 500 Mc/s 

Coho lOmax pF 

fo 25 Ge/s 

POlO 2.5tmin W 

POlO 3- W 

• Cutoff frequency is determined from Q measurement at 210 Mc/s. The cutoff 
frequency of the collector-to-base junction of the transistor. fo = Q x 210 Mc/s. 

t For conditions given, minimum efficiency = 25 per cent. 
- For conditions given, minimum efficiency = 35 per cent. 
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en TYPICAL OPERATION CHARACTERISTICS 
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TYPICAL SMALL-SIGNAL OPERATION 
CHARACTERISTIC' 

TYPE 2N4012 
COLLECTOR-TO-EMITTER VOLTS (VCE 1= 28· 
CASE TEMPERATURE (Tcl- 25"C 

~ r-..... 

OUTPUT FREQUENCY(fOUTI-Gc/s 
92CS-13465T 
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2N4036 POWER TRANSISTOR 
Si p-n-p double-diffused epitaxial planar type used in a wide variety of 
small-signal, medium-power, and high-speed saturated switching applica
tions in military, industrial, and commercial equipment. The p-n-p con
struction permits complementary operation with a matching n-p-n type 
such as the 2N2102. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. 
MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Sustaining Voltage: 

VBE = 1.5 v .......................................................................... .. 
RBE~200n ........................................................................... . 
Base open ................................................................................ .. 

~~J~~~?Oc~~n1~.~~:.~~ ... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Base Current .............................................................................. .. 
Transistor Dissip,ation:. 

TA up to 25 C ....................................................................... . 
Te up to 25°C ...................................................................... .. 
TA or Te above 25°C ....................................................... . 

Temperature Range: 

~t~~~~~~ ... ~~~~~~~~~~ .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Lead-Soldering Temperature (10 s max) ...................... .. 
* See curve for maximum pulse operating areas. 
CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie == 0.1 mA, 

IE = 0) ..................................................................................... . 
Emitter-to-Base Breakdown Voltage (IE = -0.1 rnA, 

Ie == 0) .................................................................................... .. 
Collector-to-Emitter Sustaining Voltage: 

VBE = 1.5 V, Ie == -100 mA ........................................... . 
RBE ~ 200 n, Ie == -100 rnA .......................................... .. 
Ie == -100 mA, In == 0 ...................................................... .. 

Collector-to-Emltter Saturation Voltage 
(Ie == -150 mA, IB == -15 mAl ................................... . 

Collector-Cutoff Current: 
VeB == -60 V, IE == 0 ...................................................... .. 
VeE == -30 V, IB = 0 ....................................................... . 

Emitter-Cutoff Current (VEB = -5 V, Ie == 0) ........... . 
Static Forward-Current Transfer Ratio 

(VeE == -10 V, Ie == -0.1 mAl ................................... . 
Pulsed Static. Forward-Current Transfer Ratio: 

VeE == -10 V, Ie == -150 mA, t p = 300 /LS, df ~ 2% 
VeE == -10 V, Ie == -500 rnA, t p = 300 /LS, df ~ 2% 

Small-Signal Forward-Current Transfer Ratio 
(VeE == -10 V, Ie == -50 mA, f = 20 Mc/s) .......... .. 

Input Capacitance (VEB = -0.5 V, Ie == 0) .............. .. 
Output Capacitance (VCB = -10 V, IE = 0) ............... . 
Saturated Switching Tum-On Time (VeE = -.10 V, 

Ie = -150 mA, rB, = -15 mA, VBB :::::: 4 V) .......... 
Saturated Switching Turn-Off Time (VeE = -30 V, 

Ie = -150 mA, IB, = 15 mA, VBB :::::: 4 V) ........ .. 
Thermal Resistance, Junction-to-Case .......................... .. 
Thermal Resistance, Junction-to-Ambient .................. .. 

VeBo 

VCEV(SUS) 
VeER (SUS) 
VeEo(sus) 
VEBO 
Ie 
IB 

PT 
PT 
PT 

TJ(opr) 
TSTG 
Tr. 

V(BR)eBO 

V(BR)EBO 

veEv~SUS) 
VCER sus) 
'VeEo(sus) 

VClIl(sat) 

-90 V 

-85 V 
-85 V 
-65 V 
-7 V 
-1 A 

-0.5 A 

1 W 
7 W 

See curve page 112 

-65 to 200 
-65 to 200 

230 

-90 min 

-7mln 

-85mln 
-85 min 
-65 min 

-0.65 max 

°c 
°c 
°C 

V 

V 

V 
V 
V 

V 

leBO -0.002 max /LA 
/LA 
/LA 

IeEo 
lEBO 

hFE 

hFE (pulsed) 
hJ!E (pulsed) 

hr. 
elbo 
Cobo 

td+tr 

t. + tr 
e.-e 
e.-A 

-0.5 max 
-0.02 max 

20 min 

40 to 120 
20 min 

3 min 
90 max 
30 max 

110 max 

700 max 
25 max 

165 max 

pF 
pF 

ns 
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MAXIMUM OPERATING AREAS TYPICAL SWITCHING-TIME CHARACTERISTICS 

TYPE 2N4036 I I 
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2N4037 
Si p-n-p double-diffused epitaxial planar type used in a wide variety of 
small-signal, medium-power applications in military, industrial, and com
mercial equipment. The p-n-p construction permits complementary opera
tion with a matching n-p-n type such as the 2N3053. JEDEC TO-5, Outline 
No.3, Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Sustaining Voltage: 

VBIf = 1.5 V ........................................................................... . 
RBE ~ 200 n ........................................................................... . 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Transistor DissWation:· 

TA up to 25 C ....................................................................... . 
Te up to 25·C ....................................................................... . 
TA or Te above 25·C .......................................................... .. 

Temperature Range: 
Operating (Junction) ......................................................... . 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

• See curve for maximum pulse operating areas. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie = -0.1 rnA, 

IE = 0) .................................................................................... .. 
Emitter-to-Base Breakdown Voltage (lE = -0.1 rnA, 

Ie = 0) ..................................................................................... . 
Collector-to-Emitter Sustaining Voltage: 

VBE = 1.5 V, Ie = -100 rnA .......................................... .. 
RBE ~ 200 n, Ic = -100 rnA ........................................... . 
Ie = -100 rnA, In = 0 ...................................................... .. 

Collector-to-Emitter Saturation Voltage 
(Ie = -150 rnA, In = -15 rnA) ....................................... . 

Collector-Cutoff Current: 
VeB = -60 V, IE = 0 ....................................................... . 

E:i~ter~c;rt~'b: '2u:;errt ~V ~~ .. ;; .. ::.:5 .. ·V; .. I~ .. ;;;· 'O'j"':::::::::::: 
Static Forward-Current Transfer Ratio 

(VeE = -10 V, Ie = -I rnA) ...................................... .. 
Pulsed Static Forward-Current Transfer Ratio 

(VeE = -10 V, Ic = -150 rnA, t. = 300 /LS, 
df ~ 2%) .............................................................................. .. 

Small-Sigrial Forward-Current Transfer Ratio 
(VCE = -10 V, Ie = -50 rnA, f = 20 Mc/s) ........... . 

Input Capacitance (VEB = -0.5 V, Ie = 0) ................... . 
Output Capacitance (VCB = -10 V, IE = 0) ................... . 
Thermal Resistance, Junction-to-Case ........................... . 
Thermal Resistance, Junction-to-Ambient .................. .. 

VCBO 

VeE v (sus) 
VCER(SUS) 
VCEO(SUS) 
VEBO 
Ie 
In 

PT 
PT 
PT 

TJ (opr) 
TSTG 
Tr, 

VCBR)CBO 

V(BR)EBO 

VeE v (sus) 
VCER(SUS) 
VeEo(sus) 

VCE(sat) 

ICBO 
ICEO 
lEBO 

hFE 

hFE (pulsed) 

hf. 
Clbo 
Cobo 
eJ-C 
e.r-A 

-60 V 

-60 V 
-60 V 
-40 V 
-7 V 
-1 A 

-0.5 A 

1 W 
7 W 

See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

230 ·C 

-60 min V 

-7 min V 
V 

-60 min 
-60 min V 
-40 min V 

-1.4 max V 

-0.25 max /LA 
-5 max /LA 
-1 max /LA 

15 min 

20 to 100 

3 min 
90 max pF 
30 max .cJ'': 25 max 

165 max ·C/W 
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TYPICAL COLLECTOR CHARACTERISTICS 

_ -600 TYPE 2N4037 

t1 _500I-F_R_EE_-rA_IR_TErM_P-=E~RAr:ru~R-=E;..(T:.!~~A::.,) =~2=-5~·,,:,C_--l 
!3 :~ 
i-~~-~-~~~~~~::~ 
_ -0 __ _�_-..,-6 

:3 -300 -5 
i 

-Z8 

92LS-1291T 

RCA Transistor Manual 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTICS 

TYPE 2N4037 
COLLEClOR-1l)-EMITTER VOLTAGE (VCE)o-IOV 

\~o;; - -I-. 

.. .. 
\ 

o .1~~"IlRE (TFA)=2so 
~",f' C ~ __ .~\,,1...... I ,\ 

~,,~ I I\i 

-~~ to. 
0 

I '.\ 
I I Ii 

0 
2 4 .8 2 4 .8 2 4 .8 2 4 6 e 

-0.1 -1.0 -10 -100 -IOOC 
COLLECTOR MILLIAMPERES (Ie) 

92LS-1292T 

3N98 FIELD-EFFECT TRANSISTOR 

Si insulated-gate field-effect (MOS) n-channel depletion type for low-power 
af and rf applications in which high-input resistance (1015 0) is required 
at frequencies to 60 Mc/s and conservation of battery power is a primary 
consideration. Similar to JEDEC TO-72, Outline No.23. Terminals: 1 -
source, 2 - gate, 3 - drain, 4 - substrate and case. 

I 

0 

9 

8 

7 

6 

S 

4 

3 

2 

I 

o 

TYPICAL DRAIN CHARACTERISTICS TYPIC~TL.?~-~~Xncf~~I~~~J~ONAL 
TYPE3N981 1 1 1 1 
cO~=ig.w~cfo cW8~~&~IlBSTRATE 
FREE-AIR TEMPERATURE (TFA)02S0C 

I---

110' 
7 

1// ~ 

17 1..--' 
V 

0 

rf V V 

rl I-~ 
'7 2 

J---..- -3 

/ ;;:-,.O-SQIlRCE VOLTS (VGS)·-4 

~ 5. 

5101520253035 
DRAlN-TQ-SOURCE VOLTS (~~~-IZlJ8T 

-0.3l...::1:-~~+'_+---::J.,-~=--+-...J 
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 

DRAIN-TO-SOURCE VOLTS (VDS) 
92C$-12824T 

TYPICAL AMPLIFICATION
FACTOR CHARACTERISTIC 

17 

'~ m" .... ---~,,,~rr,,"-~ 
CONNECTED TO SOURCE 

DRAIN-TO-SOURCE VOLTS (VDS)=12 
FREQUENCY (f)ol kc/s 
FREE-AIR TEMPERATURE (TFA)=Z5°C 

} 150 

~ IZ5 

/tJOO 
~ 
~ 75 
<.> 
ii: 
:; 50 ... 
::IE 
<t 25 

o 

1\ 

'\ 
-....... ........... -'---I-----5 -4 -3 -Z -I 0 234 

GATE-To-SOURCE VOLTS (VGS) 
HCS-12819T 
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MAXIMUM RATINGS 
Drain-to-Source Voltage ...................................................... .. 
DC Gate-to-Source Voltage ................................................... . 
Peak Gate-to-Source Voltage ............................................... . 
DC Gate-to-Substrate Voltage ............................................. . 
Peak Gate-to-Substrate Voltage ........................................ .. 
Drain-to-Substrate Voltage ................................................... . 
Drain Current ............................................................................. . 
Transistor Dissipation (TA up to 85°C ........................... . 
Ambient-Temperature Range: 

Operating (TA) and storage (TsTG) ........................... . 
Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS 
Gate-to-Source Cutoff Voltage (Vns = 12 V, 

In = 50 JLA) ......••...•......••.•..•..•..•...•.•.......••..••.•••.•••••...•..••...•..•• 
Gate Leakage Current (Vns = 0, VGS = -6 to 2 V) .... 
Drain-to-Source OFF Current (Vns = 6 V, 

VGd = -9 V) ........................................................................... . 
Drain Current (Vns = 12 V, VGS = 0) ........................... . 
Drain-to-Source ON Resistance (Vns = 6 V, 

VGS = 9 V) ........................................................................... . 
Forward Transconductance (Vns = 12 V, VGS = 0, 

f = 1 kc/s) ........................................................................... . 
Forward Transadmittance (Vns = 12 V, VGS = 0, 

f = 60 Mc/s) ........................................................................... . 
Input Conductance (Vns = 12 V, VGS = 0, 

f = 60 Mc/s) ....................................................................... . 
Output Conductance (Vns = 12 V, VGS = 0, 

f = 60 Mc/s) ....................................................................... . 
Small-Signal Short-Circuit Reverse Transfer 

Capacitance (Vns = 12 V, VGS = 0, f = 1 kc/s) ....... . 
Small-Signal Short-Circuit Input Capacitance 

(Vns = 12 V, VGS = 0, f = 1 kc/s) ............................... . 
Spot Noise Figure (RG = 1 MO, Vns = 12 V, 

VGS = 0, f = 1 kc/s) ........................................................... . 

Vns 
VGS 
VGS 
VGB 
VGB 
VnB 
In 
PT 

TL 

VGs(OFF) 
IGSS 

Ins(OFF) 
In 

rns(ON) 

g •• 

Y .. 
gls 

go. 

eras 

Cis8 

NF 
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32 V 
-6to2 V 

±15 V 
-lto2 V 

±15 V 
-0.3 to 32 V 

15 rnA 
150 mW 

-65 to 85 °C 
230 °C 

6 max V 
0.1 pA 

50 pA 
3.5 rnA 

900 a 
1000 to 3000 JLmhos 

1000 min JLmhos 

80 JLmhos 

200 JLmhos 

0.5* max pF 

7* max pF 

7 dB 

• Maximum values shown for CraB and C, •• are for devices with 5/16-inch leads. 

FIELD-EFFECT TRANSISTOR 3N99 
Si insulated-gate field-effect (MOS) n-channel depletion type for low-power 
af and rf applications in which high-input resistance (1015 0) is required 
at frequencies to 60 Mc/s and conservation of battery power is a primary 
consideration. Similar to JEDEC TO-72, Outline No.23. Terminals: 1 -
source, 2 - gate, 3 - drain, 4 - substrate and case. This type is identical 
with type 3N98 except for the following items: 

CHARACTERISTICS 
Drain Current (Vns = 12 V, VGS = 0) ............................ In 5 to 10.5 rnA 
Drain-to-Source ON Resistance (Vns = 6 V, 

VGS = 9 V) ............................................................................ rns(ON) 800 a 
Forward Transconductance (Vns = 12 V, VGS = 0, 

f = 1 kc/s) ............................................................................ gfs 1000 to 4000 JLmhos 

POWER TRANSISTOR 40022 
Ge p-n-p alloy type used in class A and push-pull class B service in high
fidelity af power-amplifier applications. JEDEC TO-3, Outline No.2. Termi
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage (RBE == 30 a) ................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 

VCBO 
VCER 
VEBO 
Ic 
IB 

-32 
-32 
-5 
-5 
-1 

V 
V 
V 
A 
A 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 

i:; ~gov~ :t:g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

PT 12.5 W 
PT Derate linearly 0.66 W /"C 

~~~~~ ... ~:~~~~~ .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: TJ(opr) -65 to 100 ·C 
TSTO -65 to 100 ·C 

Pin-Soldering Temperature (10 s max) .•.••.......••.••....... Tp 255·C 

CHARACTERISTICS (At mounting-flange temperature = 25·C) 
Collector-to-Base Breakdown Voltage (Ic = -0.005 A, 

1m = 0) ..................................................................................... . 
Collector-to-Emitter Breakdown Voltage 

(Ic == -0.2 A, fulll == 33 0) ............................................... . 
Emitter-to-Base Breakdown Voltage 

(1m = -0.002 A, 10 = 0) .................................................. .. 
Base-to-Emitter Voltage. (VCB = -10 V, 

Ie = -0.05 A) ....................................................................... . 

V<BB)CBO 

V(BR)CIIIR 

V(BR)IIIBO 

VBIII 

-32 min 

-32 min 

-5 min 

-0.18 

V 

V 

V 

V 
Collector-Cutoff Current (VCB = -30, 1m = 0) ........... . ICBO -1 max rnA 
Collector-Cutoff Saturation Current 

(VeB = -0.5 V, 1111 = 0) .................................................. .. 
Static Forward-Current Transfer Ratio 

(Velll = -2 V, Ie = -1 A) ............................................... . 
Gain-Bandwidth Product (VCIII = -5 V, Ic = -0.5 A) 
Thermal Resistance, Junction-to-Case ........................... . 

ICBo(sat) 

hFE. 
fT 
8J-c 

-s TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 40022 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

-0.1 max 

38rnin 
300 
1.5 

~]O 
19~ 

MOUNTING-FLANGE TEMPERATURE (TMF) = 2S·C 

..:;;2-

.J~ 
l::.!!l 

-l9. ... 
-1.~ ... ~~ 

I 1 ... -10 

~ 
BASE MILLIAMPERES(IB)=O 

o -5 -10 -15 -20 -25 -30 -35 -40 
COLLECTOR-TO-EMITTER VOLTS (VeE) 

92CM-12177Ti 

rnA 

kc/s 
·C/W 

TYPICAL TRANSFER CHARACTERISTIC TYPICAL INPUT CHARACTERISTIC 

"0 
!j -5 
13 
0: 

~ -4 
~ 
0: 
o -... 
u 

"' :l -
8 

3 

2 

TYPE 40022 
COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE 

(TMF) = 25° C 
COLLECTQR-TO-EMITTER VOLTS (VCE)=-2 

[7 
/ 

/V 

/ 
/ 

[7 

11/ 
o -20 -40 -60 -80 -100 -120 

BASE MILLIAMPERES (IB) 
92CS-)218ITI 

ID 
!:!-IOO 
en 

"' ffi -eo a. 
::;; 
<[ 

j -60 
~ 

~ -40 
j;\ 

-20 

TYPE 40022 
COMMON-EMITTER CIRCUIT, BASE INPUT 
MOUNTING -FLANGE TEMPERATURE 

(TMF )=2So C 

COLLECTOR-TO-EMITTERVOLTS (VCE)=-2 

1/ 
1/ 

/ 
V 

y V 
o -0.2 -0.4 -O.S -O.B -I -1.2 -1.4 

BASE-TO-EMITTER VOLTS (VSE) 
92CS-12179TI 
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TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 
Unless otherwise specified, values are fOT 2 transistors. 

DC Collector-Supply Voltage .............................................. .. 
Zero-Signal Base-Bias Voltage .......................................... .. 
Zero-Signal DC Collector Current .................................. .. 
Maximum-Signal DC Collector Current ........................... . 
Peak Collector Current ........................................................... . 
Input Impedance of Stage (Per base) ........................... . 
Load Impedance (Speaker voice-coil) ........................... . 
Maximum Collector Dissipation (Per transistor 

under worst-case conditions) ........................................... . 
Music Power Output ............................................................... . 
Power Gain .............................................................................. . 

Vee -14 V 
-0.18 V 

Ie -0.05 A 
Ie -0.716 A 
ie(peak) -2.25 A 
Rs 43 0 
RL 4 0 

5 W 
18 W 

GPE 24 dB 
Total Harmonic Distortion .................................................. .. 5 % 
Maximum-Signal Power Output ......................................... . POE 10 W 

• This characteristic does not apply to type 40254. 

POWER TRANSISTOR 40050 
Ge p-n-p alloy type for high-fidelity amplifiers and other commercial af 
amplifier applications. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 
2 (E) - emitter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage ................................................. . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 

VCBO 
VeEO 
VEBO 
Ie 
IB 

-40 
-40 
-5 
-5 
-1 

V 
V 
V 
A 
A Transistor Dissir.ation: 

TMF up to 81 C ....................................................................... . 
TMF above 81 °C ................................................................... . 

Temperature Range: 

PT 12.5 W 
PT Derate linearly 0.66 W;oC 

Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

T.(opr) 
TSTG 
Tp 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie = -5 mAo 

lE = 0) ...................................................................................... V(BR)CBO 
Collector-to-Emitter Breakdown Voltage (Ie = -0.6 A. 

RBE = 68 0) ............................................................................ V(BR)CER 
Emitter-to-Base Breakdown Voltage (lE = -2 mAo 

Ic = 0) ..............................................•.........•.................••......•... V(BR)EBO 
Base-to-Emitter Voltage (VCE = -10 V. 

Ie = -0.5 A) ............................................................................ VBE 
Collector-Cutoff Current (VCB = -30 V. lE = 0) ........ ICBO 

-6 

"0 
.':! -5 

'" '" IX 
~ -4 
::IE .. 
:5 -3 ... 
~ -2 
.J 
o 
o 

I 

o 

TYPICAL. COLLECTOR CHARACTERISTICS 
TYPE 40050 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
MOUNTING-FL.ANGE TEMPERATURE (TMF)'25°C 

~ 

~ ~ ~( 1B·-4O 

V 
~-1..- -20 

~ i--"-" -~ -5 

BAS~LIAMPERES (m);:J,. ...s 
- - - - --5 -10 -15 -20 25 30 35 40 45 -50 

COLLECTOR-TO-EMITTER VOLTS (VCEI 

-65 to 100 
-65 to 100 

255 

-40 min 

-40 min 

-5 min 

-0.17 
-0.5 max 

92CM-12466T 

·C 
·C 
°C 

V 

V 

V 

V 
mA 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Saturation Current (VCB = -0.5 V, 

1m = 0) ...................................................................................... leBo (sat) -0.1 max mA 
Static Forward-Current Transfer Ratio' 

(Vcm = -2 V, Ie = -1 A) ................................................ hFm 50 min 
Gain-Bandwidth Product (Vem = -5 V, 

Ie = -0.5 A) .......................................................................... fT 500 kc/s 
Thermal Resistance, Junction-to-Case .............................. 8J-e 1.5 max °C/W 

TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 
Unless otherwise specified, values are 

DC Collector-Supply Voltage ............................................... . 
Zero-Signal Base-Bias Voltage ......................................... ... 
Zero-Signal DC Collector Current ..................................... . 
Maximum-Signal DC Collector Current ........................... . 
Peak Collector Current ........................................................... . 
Input Impedance of Stage (Per base) ........................... . 
Load Impedance (Speaker voice-coil) ........................... . 
Maximum Collector Dissipation (Per transistor 

under worst-case conditions) ......................................... . 
Power Gain ................................................................................. . 
Total Harmonic Distortion ................................................... . 
Music Powe.r Output ............................................................... . 
Maximum-SIgnal Power Output ......................................... . 

for 2 transistors. 

Vce 

Ie 
Ie 
ie(peak) 
Rs 
RL 

GPE 

POlO 

-18 
-0.17 
-0.05 
-0.8 
-2.8 

32 
4 

7.5 
28 

5 
25 
15 

TYPICAL TRANSFER CHARACTERISTIC TYPICAL INPUT CHARACTERISTIC 

TYPE 40050 TYPE 40050 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

V 
V 
A 
A 
A 
o 
o 
W 

dB 
% 
W 
W 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
MOUNTING-FLANGE TEMPERATURE (TMF)'25" C MOUNTING-FLANGE TEMPERATURE (TMF)' 25° C 

U 
!:! 

f3 15 -100 
II. 

'" <[ -75 
::; 
:! 
::e -50 

~ 
ti -25 

~ 0 

COLLECTOR-TO-EMITTER VOLTS (VCE).-2 

/ 
/ 

V 
----

V 
-0.05 -OJ -0.15 -0.2 

BASE-TO-EMITTER VOLTS (Vee! 
92CS-1246BT 

40051 

~ 
f3 -100 
II: 

"' ~ -75 

3 -50 
:i! 
~ -25 

iii 
o 

.C,<lL:L~-TO-EMITTER VOLTS (VCE)'-2 

_. 

---

---

i 

-+--
--.t / 

--- t-- / 
i L 
1 -V 

-0.2 -0.4 -0.6 -O.B 
BASE-TO-EMITTER VoLTS (VBE) 

92CS-12470T 

POWER TRANSISTOR 

Ge p-n-p alloy type for high-fidelity amplifiers and other commercial af 
amplifier applications. JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 
2 (E) - emitter, Mounting Flange - collector and case. This type is identical 
with type 40050 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage ........................................................ VCBO 
Collector-to-Emitter Voltage ................................................ Vemo 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie = -5 mA, 

1m = 0) ...................................................................................... V(BR)CBO 
Collector-to-Emitter Breakdown Voltage 

(Ie = -0.6 A, RBm = 68 0) ............................................ V(BR)eER 

TYPICAL OPERATION IN CLASS B AF-AMPLIFIER CIRCUIT 

-50 
-50 

~50min 

-50 min 

Unless otherwise specified, values are for 2 transistors. 

DC C~llector-Suppl:r Voltage ................................................ Vee 
Zero-SIgnal Base-BIas Voltage ........................................... . 
Zero-Signal DC Collector Current ....................................... . 
Maximum-Signal DC Collector Current ........................... . 
Peak Collector Current ........................................................... . 

Ie 
Ie 
ie(peakl 

-22 
-0.17 
-0.05 
-1.1 
-3.5 

V 
V 

V 

V 

V 
V 
A 
A 
A 
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TYPICAL OPERATION (cont'd) 
Input Impedance of Stage (Per base) ................................ R. 
Load Impedance (Speaker voice-coil) ............................ RL 
Maximum Collector Dissipation (Per transistor 

under worst-case conditions) .................... _ ................... . 
Power Gain .................................................................................. GPE 
Total Harmonic Distortion ................................................... . 
Music Power Output ............................................................... . 
Maximum-Signal Power Output ........................................ POE 

TRANSISTOR 

31 
4 

12.5 
28 

5 
45 
25 

40080 
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Q 
Q 

W 
dB 
% 
W 
W 

Si n-p-n triple-diffused planar type designed for oscillator applications, in 
conjunction with transistor types 40081 (driver) and 40082 (power ampli
fier) in a 5-watt input, 27-megacycle citizens-band transmitter. JEDEC 
TO-39, Outline No.12. Terminals: 1 - emitter, 2 - base, 3 - collector and 
case. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage ................................................ VCI'O 
Peak Collector Current ............................................................ ie 
Transistor Dissipation: 

TA up to 25"C ........................................................................ PT 
TA above 25"C ........................................................................ PT 

Temperature Range: 
Operating (Junction) .......................................................... TJ(opr) 
Storage ........................................................................................ TSTG 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage (Ie = 10 rnA. 

lE = 0) ...................................................................................... V<BR)eEO 
Collector-Cutoff Current (VeB = 15 V. IE = 0) ............ leBO 
RF Power Output (Vee = 12 V. Ie = 32 rnA max. 

f = 27 Mc/s) ........................................................................ Po. 

TYPICAL OPERATION IN A CITIZENS-BAND TRANSMITTER 
DC Collector-Supply Voltage ................................................ Vee 
DC Collector Current: 

No modulation ........................................................................ Ie 
100% modulation ...................................................................... Ie 

TRANSISTOR 

30 V 
0.25 A 

0.5 W 
See curve page 112 

-65 to 175 ·C 
-65 to 175 ·C 

30 min 
lOmax 

100 min 

13.8 

15 
15 

40081 

V 
/LA 

mW 

V 

rnA 
rnA 

Si n-p-n triple-diffused planar type designed for driver applications, in 
conjunction with transistor types 40080 (oscillator) and 40082 (power am
plifier), in a 5-watt input, 27-megacycle citizens-band transmitter, JEDEC 
TO-39, Outline No.12. Terminals: 1 - emitter, 2 - base, 3 - collector and 
case. 

MAXIMUM RATINGS 
Collector-to-Emltter Voltage (VBE = -0.5 V) ........... . 
Emitter-to-Base Voltage ....................................................... . 
Peak Collector Current ........................................................... . 
Transistor Dissipation: 

~~ ':S,o~e 2~~~C···:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

CHARACTERISTICS 
Collector-t9-Emltter Breakdown Voltage 

VeE V 
VEBO 
ie 

PT 
PT 

TJ(opr) 
TSTG 

(VBE = -0.5 V. Ie = 100/LA) ........................................ V<BR)CEV 
Emitter-to-Base Breakdown Voltage (IE = 500 /LA. 

Ie = 0) ...................................................................................... V<BB)EBO 
Collector-Cutoff Current (VeB = 15 V. IE = 0) ............ leBO 
RF Power Output (Vee = 12 V. Ic = 85 mA max. 

Pl. = 75 mW. f = 27 Mc/s) ............................................ Poe 

60 V 
2 V 

0.25 A 

2 W 
See curve page 112 

-65 to 175 ·C 
-65 to 175 ·C 

60 min V 

2 min V 
lOmax /LA 

400 min mW 
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TYPICAL OPERATION IN A. CITIZENS-BAND TRANSMITTER 
DC Collector-Supply Voltage .............................................. Vee 
DC Collector Current: 

No modulation ........................................................................ Ie 
100% modulation .................................................................... Ie 

13.8 

55 
50 

V 

mA 
mA 

40082 POWER TRANSISTOR 

Si n·p-n triple-diffused planar type designed for power-amplifier applica
tions, in conjunction with transistor types 40080 (oscillator) and 40081 
(driver), in a 5-watt, 27-megacycle citizens-band transmitter. JEDEC 
TO-39, Outline No.12. Terminals: 1 - emitter, 2 - base, 3 - collector and 
case. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage (VBE = -0.5 V) .............. .. 
Emitter-to-Base Voltage ....................................................... . 
Peak Collector Current ........................................................... . 
Transistor Dissipation: 

Te .up to 25°C ....................................................................... . 
Te above 25'C ....................................................................... . 

Temperature Range: 
Operating (Junction) ......................................................... . 
Storage ....................................................................................... . 

CHARACTERISTICS 

VeEV 
VEBO 
ie 

PT 
PT 

TJ(opr) 
TSTG 

Collector-to-Emitter Breakdown Voltage 
(VBE = -0.5 V. Ie = 500/LA) ........................................ V(BR)CEV' 

Emitter-to-Base Breakdown Voltage (IE = 500 /LA. 
Ic = 0) ...................................................................................... V<BR)EDO 

Collector-Cutoff Current (VCD = 15 V. IE = 0) ............ ICDO 
HE Power Output. (Vce = 12 V. Ic= 415 mA max. 

• PIE = 350 mW. f = 27 Mc/s) ........................................ . POE 

TYPICAL OPERATION IN A CITIZENS-BAND TRANSMITTER 
DC Collector-Supply Voltage ................................................ Vcc 
DC Collector Current: 

No modulation ........................................................................ Ie 
100% modulation .................................................................... Ic 

Power Output: 
No modulation (adjusted for legal maximum-

power output) .................................................................... POE 
100% modulation .................................................................... POE 

·40084 . TRANSISTOR 

60 V 
2.5 V 
1.5 A 

5 W 
See curve page 112 

-65 to 175°C 
-65 to 175 °C 

60 min V 

2.5 min V 
lOmax /LA 

3 min W 

13.8 V 

330 mA 
330 mA 

3.5 W 
4.8 W 

Si n-p-n triple-diffused planar type used in a wide variety of small and 
medium-power applications (up to 20 Mc/s) in industrial equipment. JEDEC 
TO-18, Outline No.9. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

RDE = 10 n ............................................................................... . 
Base open (sustaining voltage) ...................................... .. 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 
Transistor Dissipation: 

Te up to 25°C ....................................................................... . 
TA up to 25'C ...................................................................... .. 
TA or Te above .25'C .......................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

VCDO 

VeER 
VCEO(SUS) 
VEDO 
Ie 

PT 
PT 
PT 

TJ(opr) 
TSTG 

60 V 

50 V 
40 V 
5 V 

0.7 A 

1.8 W 
0.5 W 

See curve page 112 

-65 to 200°C 
-65 to 200 °C 
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CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie = 0.1 rnA, 

IE == 0) ..................................................................................... . 
Emitter-to-Base Breakdown Voltage (IE == 0.1 rnA, 

Ie == 0) ..................................................................................... . 
Collector-to. Emitter Sustaining Voltage: 

Ie = 100 rnA, RBE == 10 n, t. == 300 }J.S, df == 1.8% ... . 
Ie == 100 rnA, b == 0, t. == 300 }J.S, df = 1.8% ........... . 

Base-to-Emitter Saturation Voltage (Ie == 150 rnA, 
IB = 15 rnA) ......................................................................... . 

Collector-to-Emitter Saturation Voltage (Ie == 150 rnA, 
IB == 15 rnA) ......................................................................... . 

Collector-Cutoff Current (VCB == 30 V, IE == 0) ••.....•.... 
Emitter-Cutoff Current (VEB == 4 V, Ie == 0) ........•....... 
Input Capacitance (VEl! == 0.5 V, Ie == 0) ....................... . 
Output Capacitance (Vcn == 10 V, IE == 0) ................... . 
Pulsed Static Forward-Current Transfer Ratio 

(VeE == 10 V, Ie == 150 rnA, t p == 300 }J.S, 
df == 1.8%) ...............................•......•..•.................................. 

Small-Signal Forward-Current Transfer Ratio 
(VCE == 10 V, Ie == 50 rnA, f == 20 Mc/s) ................... . 

Noise Figure (Ro == 500 n, circuit bandwidth == 15 kc/s, 
VCE == 10 V, Ie == 0.3 rnA, f == 1 kc/s) ....................... . 

Thermal Resistance: 
Junctlon-to-Case ................................................................... . 
Junction-to-Ambient ........................................................... . 

V(BR)CBO 

V<BR)EBO 

VCER(SUS) 
VeEo(sus) 

VBE(sat) 

VCE(sat) 
ICBO 
lEBO 
Clbo 
Cobo 

hFE 

hre 

NF 

273 

60 min V 

5 min V 

50 min V 
40 min V 

1.7 max V 

1.4 max V 
0.25 max /loA 
0.25 max /loA 

80 max pF 
15 max pF 

50 to 250 

5 min 

8 max dB 

97 max ·C/W 
350 max ·C/W 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 40084 

TYPICAL COLLECTOR CHARACTERISTICS 
TYPE 40084 

~IO 
In 

'" ffi B 

~ 
:J 6 

~ 

~ 4 
..J 
..J 

8 
2 

COMMON-EMITTER CIRCUIT, BASE INPUT 
FREE-AIR TEMPERATURE ITFA)-2S0 C 

1'" 1--- ...... 

..... -...... !l-' 
~ ~ .f 

10-'"" 53 II 
10- 1 

15 i.--- In\ 
BASE MICROAMPERES Usl'O 

010203040506070 
COLLECTOR-TO-EMITTER VOLTS (VCEl 

92C$-III78T 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE (TFAl" 1000 C 

"0 
;500~--~~~~-- 14 

12 10 II! 
~400~--~~~~~~~~~~.--~ 

" 3300r--i~~~~~~--~=-+--4 ::Ii 

BASE MILLIAMPERES UB)- 0 

024681012 
COLLECTOR-To-EMITTER VOLTS (.VcE/ 

92C5-1II101 

COMPUTER TRANSISTOR 40217 
Si n-p-n epitaxial planar. type used in switching applications in data
processing equipment. JEDEC TO-52, Outline No.IS. Terminals: I - emitter, 
2 - base, 3 - collector and case. This type is electrically identical with type 
2N706 except for the following. items: 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie == 0.1 rnA, 

lE == 0) ...................................................................................... V(BR)eBO 25 min V 
Collector-to-Emitter Breakdown Voltage (RBE == 10 n, 

Ic == 50 rnA) .......................................................................... V<BR)CER 20 min V 
Emltter-to-Base Breakdown Voltage (IE == 0.1 rnA, 

Ie == 0) ...................................................................................... V(BR)EBO 3 min V 

COMPUTER TRANSISTOR 40218 
Si n-p-n epitaxial planar type used in switching applications in data
processing equipment. JEDEC TO-52, Outline No.IB. Terminals: I - emitter, 
. 2 - base, 3 - collector and case. This type is electrically identical with type 
2N706A except for the following items: 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ic = 0.01 rnA, 

h = 0) ...................................................................................... V<BR)CBO 
Collector-to-Emitter Breakdown Voltage (RBIII = 10 n, 

Ic = 50 rnA) ............................................................................ V<BR)CER 
Emitter-to-Base Breakdown Voltage (1111 = 0.01 rnA, 

Ic = 0) ...................................................................................... V<BR)IIIBO 

25 min 

20 min 

5 min 

V 

V 

V 

40219 COMPUTER TRANSISTOR 
Si n-p-n epitaxial planar type used in switching applications in data
processing equipment. JEDEC TO-52, Outline No.l8. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. This type is electrically identical with type 
2N708. 

40220 COMPUTER TRANSISTOR 
Si n-p-n epitaxial planar type used in switching applications in data
processing equipment requiring high reliability. JEDEC TO-52, Outline 
No.l8. Terminals: 1 - emitter, 2 - base, 3 - collector and case. This type is 
electrically identical with type 2N834. 

40221 COMPUTER TRANSISTOR 
Si n-p-n epitaxial planar type used in switching applications in data
processing equipment. JEDEC TO-52, Outline No.l8. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. This type is electrically identical with type 
2N9l4. 

40222 COMPUTER TRANSISTOR 
Si n-p-n epitaxial planar type used in switching applications in data
processing equipment. JEDEC TO-52, Outline No.l8. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. This type is electrically identical to type 
2N2205. 

40231 TRANSISTOR 
Si n-p-n planar type used in low-to-intermediate-signal-Ievel af amplifier 
circuits, such as preamplifiers, "voltage amplifiers", and driver stages in 
consumer and industrial equipment. Outline No.26 (3-lead). Terminals: 
1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... .. 
Collector-to-Emitter Voltage ................................................ .. 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 
Emitter Current ........................................................................ .. 
Base Current ............................................................................... . 
Transistor Diss;,p,ation: 

i! ~Eo~~ ~~.g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Tc up to 125·C .................................................................. .. 
Tc above 125·C ....................................................................... . 

Temperature Range: 

~fo~~~~~ .... ~~.~.~.~~~.~!. ... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Lead-Soldering Temperature (10 s max) ....................... . 

VCDO 
VCIIIO 
Vmllo 
Ic 
h 
Is 

PT 
PT 
PT 
PT 

TJ(opr) 
TSTG 
Tr. 

18 V 
18 V 
5 V 

100 rnA 
-100 rnA 

25 rnA 

0.5 W 
See curve page 112 

1 W 
See curve page 112 

-65 to 175 ·C 
-65 to 175 ·C 

255 ·C 
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CHARACTERISTICS 
Collector-to-Base Breakdown Voltage (Ie = 50 JLA, 

IE :=: 0) ..................................................................................... . 
Collector-to-Emitter Breakdown Voltage (Ie = 10 rnA, 

lB = 0) ..................................................................................... . 
Emitter-to-Base Breakdown Voltage (IE :=: 50 JLA, 

Ie = 0) ........................••.......................................•..............••..•• 
Collector-Cutoff Current: 

VeB = 12 V, IE = 0, TA = 25'C ....................................... . 
VeB = 12 V, IE = 0, TA = 85'C ....................................... . 

Emitter-Cutoff Current (VEB = 2.5 V, Ie = 0) •........... 
Small-Signal Forward-Current Transfer Ratio 

(Ie = 2 rnA, VeE :=: 10 V, f = 1 kc/s) ....................... . 
Gain-Bandwidth Product (VeE = 6 V, Ie = 1 rnA) ... . 
Intrinsic Base-Spreading Resistance (VeE = 6 V, 

Ie = 1 rnA, f = 100 Mc/s) .............................................. .. 
Output Capacitance (VeB = 6 V, IE = 0, 

f = 1 Mc/s) ........................................................................... . 
Noise Figure (Ra = 1000 n, VeE = 6 V, Ie = 0.1 mA, 

circuit bandwidth :=: 1 cis, f = 10 kc/s) ....... . 
Thermal Resistance, Junction-to-Case 

(TJ = 175'C) ......................................................................... . 
Thermal Resistance, Junction-to-Ambient 

(TJ = 175'C) ......................................................................... . 

TRANSISTOR 

V(BR)CBO 

V(BR)eEO 

V(BR)EBO 

leBo 
leBo 
lEBO 

hr. 
fT 

Cobo 

NF 

275 

18 min V 

18 min V 

5 min V 

0.5 max /LA 
lOmax /LA 

0.5 max /LA 

55 to 180 
60 Mc/s 

20 n 
22 pF 

2.8 dB 

50 max 'C/W 

300 max 'C/W 

40232 
Si n-p-n planar type used in low-to-intermediate-signal-Ievel af amplifier 
circuits, such as preamplifiers, "voltage amplifiers", and driver stages in 
consumer and industrial equipment. Outline No.26 (3-lead). Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
40231 except for the following item: 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

(Ie = 2 rnA, VeE = 10 V, f = 1 kc/s) ........................ hte 90 to 300 

TRANSISTOR 40233 
Si n-p-n planar type used in low-to-intermediate-signal-Ievel af amplifier 
circuits, such as preamplifiers, "voltage amplifiers", and driver stages in 
consumer and industrial equipment. Outline No.26 (3-lead). Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
40231 except for the following items: 

CHARACTERISTICS 
Collector-Cutoff Current (VeB = 12 V. IE = 0, 

TA = 25'C) ............................................................................ leBO 
Emitter-Cutoff Current (VEB = 2.5 V, Ie = 0) ............ IEBO 
Small-Signal Forward-Current Transfer Ratio 

(Ie = 2 rnA, VeE = 10 V, f = 1 kc/s) ........................ hr. 

0.25 max /LA 
0.25 max /LA 

90 to 300 
Noise Figure: 

Ro = 1000 n, VeE = 6 V, Ie = 0.1 rnA, 
circuit bandwidth := 1 cis, f = 10 kc/s ............ NF 2 dB 

Ra = 1000 n, VeE :=: 6 V, Ie = 0.5 rnA, 
circuit bandwidth :=: 1 cis, f :=: 1 kc/s ............ NF 6 max dB 

TRANSISTOR 40234 
Si n-p-n planar type used in low-to-intermediate-signal-Ievel af amplifier 
circuits, such as preamplifiers, "voltage amplifiers", and driver stages in 
consumer and industrial equipment. Outline No.26 (3-lead). Terminals: 
1 - emitter, 2 - base, 3 - collector and case. This type is identical with type 
40231 except for the following item: 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

(Ie = 2 rnA. VeE :=: 10 V. f = 1 kc/s) ........................ h •• 35 to 470 
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40235 TRANSISTOR 
Si n-p-n type used as rf amplifier in television tuners covering channels 
2 through 13. Outline No.27. Terminals: 1 - emitter, 2 - base, 3 - collector, 
4 - connected to case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 

VBE = -1 V ........................................................................... . 
Emitter open ......................................................•..................... 

Emitter-to-Base Voltage ....................................................... '" 
Collector Current ....................................................................... . 
Transistor Dissipation: 

VeBV 
VeBo 
VEBO 
Ie 

35 V 
35 V 

3 V 
50 rnA 

180 mW 'i-~ ~bo~~ ~~:g .:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::. PT 
PT See curve page 112 

Temperature Range: 
Operating (TA) and Storage (TsTG) ............................. . 

Lead Soldering Temperattire (10 s max) ....................... . 

CHARACTERISTICS 
Collector-Cutoff Current: 

~~: ~ ~5 Vv.IfE == 0 0":::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Emitter-Cutoff Current (VEB = 3 V. 10 = 0) •.•••.••••..•••• 
Static Forward-Current Transfer Ratio 

(VeE = 6 V. IE = -1 rnA) ............................................... . 
Gain-Bandwidth Product (VeE = 6 V. IE = -1 rnA. 

f = 100 Mc/s) ...........................................................•............ 
Collector-to-Base Feedback Capacitance 

(VeE = 10 V. IE = -2 rnA. f = 216 Mc/s) ............... . 
Input Resistance (VeE = 10 V. IE = -2 rnA. 

f = 216 Mc/s) ....................................................................... . 
Output Resistance (VeE = 10 V. IE = -2 rnA. 

f = 216 Mc/s) ....................................................................... . 
Extrinsic Transconductance (VeE = 10 V. IE = -2 rnA. 

f = 216 Mc/s) ....................................................................... . 
Noise Figure (VeE = 10 V. IE = -2 rnA. 

RG & RL = 50 n. f = 216 Mc/s) ................................... . 
Maximum Available Amplifier Gain 

(VeE = 10 V. IE = -2 rnA. f = 216 Mc/s) ............... . 
Maximum Usable Amplifier Gain. Neutralized 

(VeE = 10 V. IE = -2 rnA. RG & RL = 50 n. 
f = 216 Mc/s) .......................................................... .. 

leBO 
leBO 
lEBO 

hFE 

fT 

Ccb 

Rle 

Roe 

NF 

MAG 

MUG 

-65 to 175 °C 
255 °C 

0.02 max /loA 
1 max /loA 
1 max /loA 

40 to 170 

1200 Mc/s 

0.5 pF 

190 n 

8.9 kn 

43.7 mmhos 

3.3 dB 

29.1 dB 

18.1 dB 

TYPICAL. ~XTRINS'C TRANSCONDUCTANCE 
AT216 Mel. 

TYPICAL EXTRINSIC TRANSCONDUCTANCE 

TYPE 40235 -
COMMON-EMITTER CIRCUIT. BASE INPUT. 
FREE-AIR TEMPERATURE (TFA).2SoC -
FREQUENCY (f)=216 Mel. 
EMITTER MILLIAMPERES (IE)=-2 -

o 5 10 15 20 
COLLECTOR-TO-EMITTER VOLTS (VCE) 

92CS-13164T 

40236 

~ AT 216 Mel. 

iioo 
:::i 
..J 
i 
.!. 
~75 

~ 
z 

~ 50 
5 

~ 
~ 25 
It: ... 
!,! .. z 
~ 0 
x ... 

TYPE 40235 -
COMMON-EMITTER CIRCUIT. BASE INPUT. 
FREE-AIR TEMPERATURE (TFA)=2So 
FREQUENCY (f). 216 Mels 
COLLECTOR-TO-EMITTERVOLTS (VCE)=IO-

I 

_----1 

/ 
./ 

-I -2 -3 -4 -5 -6 -7 
EMITTER MILLIAMPERES (IE) 

92CS-13I65T 

TRANSISTOR 
Si n-p-n type used as rf mixer in television tuners covering channels 2 
through 13. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - col
lector, 4 - connected to case. The maximum ratings for this type are iden
tical with type 40235. 



Technical Data for RCA Transistors 

CHARACTERISTICS 
Collector-Cutoff Current: 

VCB = 1 V. IE = 0 ............................................................... . 
VCB = 35 V. IE = 0 ............................................................. . 

Emitter-Cutoff Current (VEB = 1 V. 10 = 0) ............... . 
Static Forward-Current Transfer Ratio 

(VCE = 6 V. IE = -1 rnA) ............................................. ... 
Gain-Bandwidth Product (VCE = 6 V. IE = -1 rnA. 

f = 100 Mc/s) ....................................................................... . 
Collector-to-Base Feedback Capacitance 

(VCE = 12 V. IE = 1.5 rnA. f = 216 Mc/s) ............... . 

Infu!, R2e:.r~~/~) (~~~ ... ~ .. ~~ .. ~: ... ~~ ... ~ ... =~:~ .. ~~: .............. . 
Output Resistance (VCE = 12 V. IE = -1.5 rnA. 

f = 45 Mc/s) ........................................................................... . 
Maximum Available Conversion Gain 

(VCE = 12 V. IE = -1.5 rnA. f = 216 to 45 Mc/s) 

TRANSISTOR 

ICBo 
ICBo 
ICBo 

hFE 

fT 

Co. 

Rle 

Roe 

MAG. 

277 

0.02 max p,A 
1 max p,A 
1 max p,A 

40 to 275 

1200 Mc/s 

0.5 pF 

230 n 

65 kn 

19 dB 

40237 
Si n-p-n type used as rf local oscillator in television tuners covering chan
nels 2 through 13. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 
3 - collector, 4 - connected to case. The maximum ratings for this type are 
identical with type 40235. 

CHARACTERISTICS 
Collector-Cutoff Current: 

VCB = 1 V. IE = 0 ................................................................ ICBO 
VCB = 35 V. IE = 0 .............................................................. ICBo 

Emitter-Cutoff Current (VEB = 1 V. 10 = 0) •............... lEBO 
Output Capacitance (VCB = 12 V. Ic = 2.5 rnA. 

f = 257 Mc/s) ........................................................................ Cobo 
Static Forward-Current Transfer Ratio 

0.02 max ILA 
1 max p,A 
1 max p,A 

0.6 max pF 

(VCE = 6 V. IE = -1 rnA) ................................................ hFE 27 to 275 
Gain-Bandwidth Product (VCE = 6 V. IE = -1 rnA. 

f = 100 Mc/s) ........................................................................ fT 1200 Mc/s 

TRANSISTOR 40238 
Si n-p-n type used as 45-Mc/ s if amplifier in television receivers. Outline 
No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected 
to case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 

VBE = -1 V ............................................................................ VCBV 35 V 
Emitter open ............................................................................ VODO 35 V 

Emitter-to-Base Voltage .......................................................... VEBO 
Collector Current ........................................................................ Ic 

3 V 
50 rnA 

Transistor Dissipation: 
TA up to 25°C ........................................................................ PT 
TA above 25°C ........................................................................ PT 

180 mW 
See curve page 112 

Temperature Range: 
Operating (TA) and Storage (TsTo) ........................... . 

Lead-Soldering Temperature (10 s max) ........................ TL 
-65 to 175 °c 

255 °c 

CHARACTERISTICS 
Collector-Cutoff Current: 

V CB = 1 V. IE = 0 ................................................................ IeDo 
VCB = 35 V. IE = 0 .............................................................. leBO 

Emitter-Cutoff Current (VEB = 1 V. 10 = 0) ................ leBO 
Static Forward-Current Transfer Ratio 

0.02 max ILA 
1 max ILA 
1 max p,A 

(VeE = 6 V. IE = -1 rnA) ................................................ hFE 
Gain-Bandwidth Product (VOE = 6 V. IE = -1 rnA. 

f = 100 Mc/s) ........................................................................ iT 

40 to 170 

900 Me/s 
Collector-to-Base Feedback Capacitance 

(VeE = 12 V. IE = -3 rnA. f = 216 Mc/s) ................ Cob 0.5 pF 
Input Resistance (VeE = 12 V. IE = -3 rnA. 

f = 45 Mc/s) .......................................................................... Rle 
Output Resistance (VeE = 12 V. IE = -3 rnA. 

f = 45 MC/B) .......................................................................... Roe 

480 n 

35 kCl 
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CHARACTERISTICS (cont'd) 
Extrinsic Transconductance (VCIll = 12 V. IJll = -3 rnA. 

f = 45 Mc/s) ......................................................................... . 
Maximum Available Amplifier Gain For 1. 2. or 

3 Stages (VCIll = 12 V. IJll = -3 rnA. f = 45 Mc/s) 
Maximum Usable Amplifier Gain. Unneutralized 

(VCIll = 12 V. IE = -3 rnA. f = 45 Mc/s) : 
For 1 stage .......................................................................... .. 
For 2 stages .......................................................................... .. 
For 3 stages ........................................................................... . 

Ma)!:imum Usable Amplifier Gain. Neutralized 
(VCIll = 12 V. IE = -3 rnA. f = 45 Mc/s): 

For 1 stage ........................................................................... . 
For 2 stages .......................................................................... .. 
For 3 stages .......................................................................... .. 

MAG 

MUG 
MUG 
MUG 

MUG 
MUG 
MUG 

90 mmhos 

45.3 dB 

22.9 dB 
20.7 dB 

19 dB 

28 dB 
25.8 dB 
24.1 dB 

TYPICAL EXTRINSIC TRANSCONDUCTANCE TYPICAL EXTRINSIC TRANSCONDUCTANCE 
1Il AT 45 Mel. 
:J: 

~IOO 
..J 

~ 
~9S 
~ z 
~ 
goo 
o 
z 
8 
'" z 
~ 8S 

u 
iii 
iE 
~ 800 
OJ 

TYPE 40238 -
COMMON-EMITTER CIRCUIT.BASE INPUT 
FREE-AIR TEMPERATURE (TFA)=2SoC -
FREQUENCY (f )045 Me/8 
EMITTER MILLIAMPERES (IE)=-3 -

r- --- ...... 

5 10 15 20 
COLLECTOR-TO-EMITTER VOLTS (VCE) 

92C5-13168T 

40239 

1Il AT 45 Mel. 
:J: 
;1200 
..J 
..J 

!i 
I 

EISO 
~ 
OJ 
t.> 
Z 

~ g 100 

!i! 

i .. 
II: 50 
0-
t.> 
iii 
z 
~ 
)( 
OJ 

o 

TYPE 40238 -
COMMON-EMITTER. CIRCUIT. BASE INPUT. 
FREE -AIR TEMPERATURE (TFAl- 2SoC 
FREQUENCY If 1'45 Mel. 
COLLECTOR-TO-EMITTER VOLTS (VCEl-12-

/ 
~ 

V 
/ 

I 

-I -2 -3 -4 -S -6 -7 
EMITTER MILLIAMPERES (lEI 

92CS-1317IT 

TRANSISTOR 
Si n-p-n type used as 45-Mc/ s if amplifier in television receivers. Outline 
No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected 
to case. This type is identical with type 40238 except for the following item: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratio 

(VCIll = 6 V. IE = -1 rnA) ................................................ hFIll 27 to 100 

40240 TRANSISTOR 
Si n-p-n type used as 45-Mc/s if amplifier in television receivers. Outline 
No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - connected 
to case. This type is identical with type 40238 except for the following item: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratio 

(VCIll = 6 V. IJll = -1 rnA) ................................................ hFIll 27 to 275 

40242 TRANSISTOR 
Si n-p-n planar type used in rf-amplifier applications in conjunction with 
types 40243 (mixer), 40244 (rf oscillator), and 40245 and 40246 (if ampli
fiers) to make up a "front-end" and if complement for FM and AM/FM 
receivers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - col
lector, 4 - connected to case. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage: 

Emitter open. . .......................................................................... . 
VBE == -1 V ........................................................................... . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Transistor Dissipation: 

TA up to 25'C ....................................................................... . 
TA above 25'C ...................................................................... .. 

Temperature Range: 

VeBO 
VeBV 
VEBO 
Ie 

35 
35 
5 

50 

279 

V 
V 
V 

mA 

180 mW 
See curve page 112 

Operating (TA) and Storage (TsTG) ............................ -65 to 175 
L"~d-S"!d"~!~g '!'emperatm'e (10 n max) ........................ Tr. 255 

'C 
'C 

TYPICAL TRANSCONDUCTANCE AT 100 Mels ..... TYPICAL TRANSCONDUCTANCE AT 100 Me/s e 
1:1 u 40 It:: 
~ ... ~ 140 ~ 

u 0 
TYPE 40242 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

40 TYPE 40242 
COMMON-EMITTER CIRCUIT,BASE INPUT. 
FREE-AIR TEMPERATURE (TFAl'2S'C FREE-AIR TEMPERATURE (TFA)= 25'C o ::> I § ~ 120 20 § FREQUENCY (f )=10 Mel. 20 FREQUENCY (f )"100 Mets 

'" u Z~ ~ ~~100 0 
EMITTER MILLIAMPERES (IE)= -1.5 

o 
COLLECTOR-TO-EMITTER VOLTS 
(VCE)·7.5 

, .. 'fIo\ c cE::a:: i! 
~ ~~ -20 ~ "-
~ ~~ 80 .. %%8 

.. 8 ",2 
g~60 -40 

Ilf -20 

-40 

1/ 
~ 

b 
r-_8 ~ ~ e C 

It:: z~ ~ 

... ... 
::> 
..J 
g 
ID 
C 

Igm 
-60 

20 -80 

... !1l- 40 
I!; ::Ii 

~ ~ : ~ 20 

o 2 4 6 8 10 12 
-IOO!:! !:l 

il: COLLECTOR-TO-EMITTER VOLTS (VCE) 
92CS-12927T 

r7 

TYPICAL OUTPUT CHARACTERISTICS 
AT 100 Mels 

TYPICAL INPUT CHARACTERISTICS AT 100 Mel. 

100 
;: TYPE 40242 
::> 
0 80 
~ 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
FREE-AIR TEMPERATURE ('rFA)z 25°C 

010 FREQUENCY (f)o 100 Mc/$ 
00 60 Zo c-
I- K 

!!?'" 40 "'::Ii w:r 
0: 0 
I-

20 ::> 
"-

EMITTER MILLIAMPERES (Il)=iI.51 

f.-I--I--f·· .. I I L 
ROUT +-

1-1- .. 
I-

COUT - f.-+-
I-
::> 
0 I I 

10 I 
;::. 
::> 

8 § 
6 ~:g 
~~ 
E~ 

4 ~§ 
0"-

2 ~ 
"... 

TYPE 40242 
COMMON-EMITTER CIRCUIT,BASE 

FR~JR TEMPERATURE (TFA)' 25"C 
FREQUENCY (f)-IOO Mels 

. EMITTER MILLIAMPERES (IE)=-1.5 

f- ~IN 
400 f-f- RIN 

8 

~ : 
S o 
ii: 

~ 
g 

~ 
j!! 

~ 
~ 

o 2 4 6 8 10 12 
o 5 

COLLECTOR-TO-EMITTER VOLTS (VCE) 
92CS-I2928T 

200 I 2 i!: 
0123456789101112 
COLLECTOR-TO-EMITTER VOLTS WeE) 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 

Ie == 0.001 mA, lJo == 0 ....................................................... . 
Vml == -1 V, Ie == 0.001 mA .......................................... .. 

Emitter-to-Base Breakdown Voltage 
(lJo == -0.001 mA, Ie == 0) ............................................... . 

Collector-Cutoff Current (Vet: = 1 V. lJo == 0) ........... . 
Emitter-Cutoff Current (VEB = 5 V, Ie == 0) .............. .. 
Static Forward-Current Transfer Ratio 

(Vc>] = 6 V, lJo == -1 mAl ............................................... . 
Extrinsic Transconductance (VCE == 7.5 V, 

V(BRlCBO 
V(BRlCBV 

V(BRlImO 
ICBO 
lEBO 

hF" 

92CS-12920T 

35 min 
35 min 

3 min 
0.02 max 

1 max 

40 to 170 

V 
V 

V 
/LA 
/LA 

IE == -1.5 mA, f = 100 Mc/s) ...................................... .. 45 mmhos 
Maximum Available Amrlifier Gain' 

(VCE == 7.5 V. I" = - .5 mAo f == 100 Mc/s) ........... . 
Maximum Usable Amplifier Gain.: 

Neutralized-VCl' = 7.5 V, IE == -1.5 mAo 
f == 100 Me/s .............................................................. .. 

Unneutralized-Vcc = 15 V. f = 100 Mc/s .............. .. 
Input Capacitance (VCI< := 7.5 V, IE == -1.5 mA, 

f == 100 Mc/s) ...................................................................... .. 
Feedback Capacitance (VCE == 8 V. IE := O. 

f == 1 Me/s) ........................................................................... . 

MAG 

MUG 
MUG 

Cle 

Cob 

38.3 dB 

21.5 dB 
16.4 dB 

5.2 pF 

0.65 max pF 
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CHARACTERISTICS (cont'd)· 
Input Resistance (VCE = 7.5 V, IE = -1.5 mA, 

t = 100 Mc/s) ........................................................................ Ric 
Output Resistance (VeE = 7.5 V, IE = -1.5 mA, 

t = 100 Mc/s) ........................................................................ Roc 
Output Capacitance (VeE = 7.5 V. IE = -1.5 mA, 

t = 100 Mc/s) ........................................................................ Coe 
Noise Figure* (Vee = 15 V, RG = 50 n, t = 100 Mc/s) NF 

* This characteristic applies only to type 40242. 

40243 TRANSISTOR 

450 

30 

1.35 
2.5 

n 
kn 

a~ 

Si n-p-n planar type used in mixer applications in conjunction with types 
40242 (rf amplifier), 40244 (rf oscillator), and 40245 and 40246 (if ampli
fiers) to make up a "front-end" and if complement for FM and AM/FM 
receivers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - col
lector, 4 - case. This type is identical with type 40242 except for the fol
lowing items: 

MAXIMUM RATINGS 
Emitter-to-Base Voltage VERO 3 V 

CHARACTERISTICS 
Emitter-Cutoff Current (VEB = 3 V. Ie = 0) ................ lEBO 
Extrinsic Transconductance (VeE = 7.5 V. 

IE = -1 mA, f = 100 Mc/s) ............................................ gm 
Maximum Available Conversion Gain 

1 max p,A 

32 mmhos 

(VeE = 7.5 V. IE = -1 mA, f = 10.7 to 100 Mc/s) MAGe 
Input Capacitance (VeE = 7.5 V. IE = -1 mA, 

f = 100 Mc/s) ........................................................................ Clc 
Input Resistance (VCE = 7.5 V, IE = -1 mAo 

f = 100 Mc/s) ........................................................................ Rio 

37.64 dB 

4.5 pF 

650 n 
Output Resistance (VeE = 7.5 V. IE = -1 mA, 

f = 100 Mc/s) ........................................................................ Roe 30 kn 
Output Capacitance (VeE = 7.5 V, IE = -1 mA, 

f = 100 Mc/s) ........................................................................ Coo 1.35 pF 

40244 TRANSISTOR 
Si n-p-n planar type used in rf-oscillator applications in conjunction with 
types 40242 (rf amplifier), 40243 (mixer), and 40245 and 40246 (if ampli
fiers) to make up a "front-end" and if complement for FM and AM/FM 
receivers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 3 - col
lector, 4 - connected to case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 

Emitter open ........................................................................... . VCBO 35 V 
VBE = -1 V ........................................................................... . VCEV 35 V 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 

VEBO 3 V 
Ic 50 mA 

Transistor Dissipation: 
TA up to 25'C ....................................................................... . 
TA above 25'C ....................................................................... . 

PT 180 mW 
PT See curve page 112 

Temperature Range: 
Operating (TA) and Storage (TsTG) ........................... . 

Lead-Soldering Temperature (10 s max) ....................... . 
-65 to 175 ·C 

TL 255 'C 

CHARACTER ISTICS 
Collector-to-Base Breakdown Voltage: 

Ie = 0.001 mA, IE = 0 ....................................................... . V(BR)CBO 35 min V 
VBE = -1 V. Ic = 0.001 mA ........................................... . V(BR)CBV 35 min V 

Emitter-to-Base Breakdown Voltage 
(IE = -0.001 mAo Ic = 0) ............................................... . 

Collector-Cutoff Current (VCE = 1 V. IE = 0) ........... . 
Emitter-Cutoff Current (VEB = 3 V. Ie = 0) ............... . 

V(BR)EBO 3 min V 
ICBo 0.02 max p,A 
lEBO 1 max p,A 



Technical Data for RCA Transistors 

CHARACTERISTICS (cont'd) 
Static Forward-Current Transfer Ratio 

(VeE = 6 V, IE = -1 rnA) ................................................ hFE 
Oscillator Output Voltage, Common Base Circuit 

(Vee = 6 V, Rr. = 50 n, f = 120 Mc/s) .................... Vob 
Feedback Capacitance (VeE = 8 V, IE = 0, 

f = 1 Mc/s) ............................................................................ Cob 

TRANSISTOR 

27 to 170 

55 

0.8 max 

40245 

281 

mV 

pF 

Si n-p-n planar type used in if-amplifier applications in conjunction with 
types 40242 (rf amplifier), 40243 (mixer), 40244 (rf oscillator), and 40246 
(if amplifier) to make up ·a "front-end" and if complement for FM and 
AM/FM receivers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 
3 - collector, 4 - connected to case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 

Emitter open .......................................................................... .. 
VBE = -1 v .......................................................................... .. 

Veno 
VeEv 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 

VEBO 
Ie 

Transistor Dissipation: 
TA up to 25"C ....................................................................... . 
TA above 25"C ...................................................................... .. 

PT 
Pr 

Temperature Range: 
Operating (TA) and Storage (TsTG) .......................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. TL 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 

Ie = 0.001 rnA, lID = 0 ...................................................... .. V(BR)CBO 

VnE = -1 V, Ie = 0.001 rnA .......................................... .. V(BR)CBV 

Emitter-to-Base Breakdown Voltage 
(IE = -0.001 rnA, Ie= 0) ............................................... . 

Collector-Cutoff Current (VeE = 1 V, IE = 0) .............. .. 
Emitter-Cutoff Current (VEn = 3 V, Ie = 0) .............. .. 
Static Forward-Current Transfer Ratio 

V(BR)EBO 
leBo 
lEBO 

(VeE = 6 V, IE = -1 rnA) .............................................. .. 
Feedback Capacitance (VeE = 8 V, IE = 0, 

hFE 

f = 1 Mc/s) ...................................... ; ................................... .. Cob 
Extrinsic Transconductance (VeE = 7.5 V, 

IE = -2 rnA, f = 10.7 Mc/s) ...................................... .. 
Maximum Available Amplifier Gain 

(VeE = 7.5 V, Iro = -2 rnA, f = 10.7 Mc/s) .......... .. 
Maximum Usable Amplifier Gain: 

Neutralized-Vee = 12 V, f = 10.7 Mc/s .................. .. 
Unneutralized-VcE = 7.5 V, IE = -2 rnA, 

gm 

MAG 

MUG 

f = 10.7 Mc/s .......................................................... .. MUG 

TYPICAL EXTRINSIC TRANSCONDUCTANCE 
~ AT 10.7 Mell 

~ 200 
oJ 

~ 175 

E 
!! 150 

~ 125 
>! 
u i 100 

II) 75 

~ 50 
u 
iii 25 
;!!; 

'" .... 
1:] 0 

TYPE 40245 -
COMMON -EMITTER CIRCUIT, BASE INPUT. 
FREE -AIR TEMPERATURE nFA)' 25°C 
COLLECTOR-TO-EMITTER VOLTS (VCE)'7.5-
FREQUENCY If )'10.7 Me/s 

/ 

/' 
/ 

/ 
/ 

V 

-I -2 -3 -4 -5 -6 
EMITn:R MILLIAMPERES (IE) 

92CS-12929T 

35 V 
35 V 

3 V 
50 rnA 

180 mW 
See curve page 112 

-65 to 175 "C 
255 ·C 

35 min V 
35 min V 

3 min V 
0.02 max /LA 

1 max /LA 

70 to 170 

0.65 max pF 

70 mmhos 

51.4 dB 

33.2 dB 

28.1 dB 
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CHARACTERISTICS (cont'd) 
Input Capacitance (VeE = 7.5 V. IE = -2 rnA. 

f = 10.7 Me/s) ...................................................•...•................ CI. 
Input Resistance (VeE = 7.5 V. IE = -2 rnA. 

f = 10.7 Me/s) ........................................................................ RI. 
Output Resistance (VeE = 7.5 V. IE = -2 rnA. 

f = 10.7 Me/s) ........................................................................ Ro. 
Output Capacitance (VeE = 7.5 V. IE = -2 rnA. 

f = 10.7 Me/s) ........................................................................ Co. 

40246 TRANSISTOR 

8.2 

1400 

80 

1.5 

pF 

o 
kO 

pF 

Si n-p-n planar type used in if-amplifier applications in conjunction with 
types 40242 (rf amplifier), 40243 (mixer), 40244 (if oscillator), and 40245 
(if amplifier) to make up a "front-end" and if complement for FM and 
AM/FM receivers. Outline No.27 (4-lead). Terminals: 1 - emitter, 2 - base, 
3 - collector, 4 - connected to the case. This type is identical with type 
40245 except for the following items: 

CHARACTERISTICS 
Input Resistance (YOlO = 7.5 V. IE = -2 rnA. 

f = 10.7 Me/s) ........................................................................ RI. 
Output Resistance (VeE = 7.5 V. IE = -2 rnA. 

f = 10.7 Me/s) ........................................................................ Ro. 

1200 (1 

90 kO 

40250 POWER TRANSISTOR 
Si n-p-n diffused-junction type used in audio and inverter circuits in 12-volt 
mobile radio and portable communications equipment and in a wide variety 
of intermediate- and high-power applications. JEDEC TO-66, Outline No.22. 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 
case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ...•.................................................... 
Collector Current ....................................................................... . 
Base Current ............... , ............................................................... . 
Transistor Dissipation: 

Te up to 25°C ....................................................................... . 
Te above 25°C ....................................................................... . 

VeBO 

VCEV 
VCEO 
VERO 
Ie 
In 

PT 
PT 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

TJ(opr) 
TSTG 

Pin-Soldering Temperature (10 s max) ......................... . Tp 

OJ ... 
~240 

~ 
11:200 
II: 
OJ ... 
l:l160 

:. 
l-
I- 120 
~ 

~ 80 
u , 
o 
a: 40 

~ 
II: 

~ 0 

TYPICAL DC FORWARD-CURRENT 
TRANSFER RATIO CHARACTERISTIC 

TYPE 40250 
COLLECTOR-TO-EMITTERVOLTS (VCE)'4 

I II 
1_1_~\"cl=2Soc 

f-- ~~¢-~ ........ 
~+) "1\ 

(/- f--

f\ 

2 4 68 2 4 68 2 4 68 2 4 
g 0.001 0.01 0.1 to 

COLLECTOR AMPERES (Ie) 
92CS-l2564TI 

50 V 

50 V 
40 V 
5 V 
4 A 
2 A 

29 W 
See curve page 112 

-65 to 200°C 
-65 to 200 'C 

235°C 
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CHARACTERISTICS (At case temperature = 2S0C) 
Collector-to-Base Breakdown Voltage 

(Ic = 0.05 A, IE = 0) ........................................................ V(BR)CBO 
Collector-to-Emitter Breakdown Voltage 

(Ic = 0.05 A, VB!' = -1.5 V) ............................................ V(BR)CEV 
Collector-to-Emitter Sustaining Voltage 

(Ic = 0.1 A) ............................................................................ VCEO(SUS) 
Emitter-to-Base Breakdown Voltage 

(IE = 0.005 A, Ic = 0) ........................................................ V(BR)EBO 
Collector-to-Emitter Saturation Voltage 

(Ic = 1.5 A, Is = 0.15 A) ................................................ VCE (sat) 
Base-to-Emitter Voltage (VCE = 4 V, Ic = 1.5 A) ........ VBE 
Collector-Cutoff Current: 

VCR = 30 V, IE = 0, Tc = 25·C ........................................ ICBO 
VCR = 30 V, lE = 0, Te = 150·C ...................................... leBo 

Emitter-Cutoff Current (VER = 5 V, Ie = 0) ................ lEBO 
Static Forward-Current Transfer Ratio 

(VCE = 4 V, Ie = 1.5 A) .................................................... hFE 
Thermal Resistance, Junction-to-Case ................................ 8J-e 

* This value does not apply to type 40250V1. 

uz.s 
!:! ., 
OJ 2 

i 
.. 1.5 

~ I 

..J 

80.5 

TYPICAL TRANSFER CHARACTERISTICS 
TYPE 40250 
COLLECTOR-EMITTER VOLTS (VCE) a 4 

~I. §~ ;~ c. 

~ J.rJ/ 
iYl/ 

~ ~. 

~ 
o 0.5 I 1.5 2 2.5 

BASE-TO-EMITTER VOLTS (VeE) 
9ZCS-IU25T 

TRANSISTOR 

283 

50 min V 

50 min V 

40 min V 

5 min V 

1.5 max V 
2.2 max V 

1 max mA 
5 max mA 
5 max mA 

25 to 100 
6* max ·C/W 

402S0V1 
Si n-p-n diffused-junction type used in audio and inverter circuits in 12-volt 
mobile radio and portable communications equipment and in a wide variety 
of intermediate- and high-power applications. This type has an attached 
heat radiator for mounting on printed-circuit-board applications. JEDEC 
TO-66 (with heat radiator), Outline No.22. Terminals: 1 (B) - base, 2 (E) -
emitter, Mounting Flange - collector and case (with heat radiator). This 
type is identical with type 40250 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 

TA up to 25·C ........................................................................ PT 5.8 W 

CHARACTERISTICS (At case temperature = 2S0C) 
Thermal Resistance. Junction-to-Ambient ...................... 8J-A 30 max ·C/W 

POWER TRANSISTOR 40251 
Si n-p-n diffused-junction type used in audio and inverter circuits in 12-volt 
mobile radio and portable communications equipment and in a wide variety 
of intermediate- and high-power applications. JEDEC TO-S, Outline No.2. 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 
case. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-EIilitter VOltage: 

VeBO 50 V 

VBm = -1.5 V ....................................................................... . Velll' 51 V 
Base open ...................... ~ ....................................................... . 

Emitter-to-Base Voltage ....................................................... . 
Collector Current ....................................................................... . 

VeEo 40 V 
VIIIBO 5 V 
Ie 15 A 

Base Current ............................................................................... . IB 7 A 
Transistor Dissipation: 

Te up to 25"C .......................................................... : ............ . PT 117 W 
Tc above 25°C ....................................................................... . 

TeDlperature ~ge: 
PT See curve page 112 

Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) .....................•...... 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage (Ie = 0.1 A. 

IE = 0) ..................................................................................... . 
Collector-to-Emitter Breakdown Voltage (Ie = 0.1 A. 

VBE = -1.5 V) ..................................................................... . 
Emitter-to-Base Breakdown Voltage (IE = 0.01 A. 

Ie = 0) ......•......•...•...•.•....••........••....••••.•..•••••........•.••••...••••••..••.. 
Collector-to-Emitter Sustaining Voltage 

(Ie = 0.2 A) ........................................................................... . 
Collector-to-Emitter Saturation Voltage 

(Ie = 8 A. IB = 0.8 A) ....................................................... . 
Base-to-Emitter Voltage (VCE = 4 V. Ie = 8 A) ....... . 
Collector-Cutoff Current: 

VeE = 30 V. VBE = -1.5 V. Te = 25°C ....................... . 
.VeE = 40 V. VBE = -1.5 V. Te = 150°C ..................... . 

Emitter-Cutoff Current (VEB = 5 V. Ie = 0) ............... . 
Static Forward-Current Transfer Ratio 

TJ(opr) 
Tsro 
Tp 

V(BR)CBO 

V(BRlCEV 

V(BR)EBO 

VeEo(sus) 

VeE (sat) 
VBE 

ICEv 
IeEv 
lEBO 

hFE 

-65 to 200 ·C 
-65 to 200 ·C 

235 ·C 

50 Dlin V 

50 Dlin V 

5Dlin V 

40 Dlin V 

1.5 DlaX V 
2.2 Dl8X V 

2DlaX DlA 
10DlaX DlA 
lOmax DlA 

15 to 60 (VeE = 4 V. Ie = 8 A) ..................................................... . 
TherDlBl Resistance, Junction-to-Case ............................ .. 9J-e 1.5 max ·C/W 

~ 
: 80 
II: 
UJ 

~ 
:;: 60 
II: 
l-

I-

~ 40 
0:: 
0:: 
::> 
(,) 
I 
020 
II: 

~ 
0:: 

TYPICAL DC FORWARD - CURRENT 
TRANSFER RATIO CHARACTERISTIC 

TYPE 40251 
COLLECTOR-TO-EMITTER VOLTS (VCE)- 4 

I I I 
I ~~~~~SOC 

!.~~~ 
- ~~~ 

4-"'7 "-
'Y '\ 

1'\ 

~ 0 
(,) 0.01 o 

2 4 68 2 4 6 8 2 4 68 
0.1 I 10 

COLLECTOR AMPERES (I C) 
92CS-12565TI 

40253 

TYPICAL TRANSFER CHARACTERISTICS 

r!!"E. 40251 
COLLECTOR-TO-EMITTER WLTS ('tE)'4 

~f ,/' 
8 /::'1 r 
6 1/ 
4- !---; ,I 

2 lil/ 
l,j 

00.511.522.53 
BASE-TO-EMITTER IIOU'S (VBEI 

92CS-lunn 

TRANSISTOR 
Ge p-n-p alloy-junction type used in class B audio amplifier applications 
in consumer product and industrial equipment. JEDEC TO-l, Outline No.1. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................... .. 
Collector-to-Emitter Voltage ................................................ .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Emitter Current ...................................................................... .. 
Base Current .............................................................................. .. 

VeBo 
VeEo 
VEBO 
Ie 
IE 
IB 

-25 
-25 
-2.5 
-500 

500 
-100 

V 
V 
V 

DlA 
DlA 
DlA 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 

TA up to 55·C ....................................................................... . 

285 

PT 125 roW 
TA above 55·C ...................................................................... .. 
Te up to 64·C ...................................................................... .. 

PT See curve page 112 
PT 650 roW 

Te above 64·C ...................................................................... .. PT Derate linearly 25 
Temperature Range: 

Operating (Junction) ........................................................ .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

TJ(opr) 
TSTo 
TL 

CHARACTERISTICS (At case temperature = 25°C) 

V(BR)eBO 

V(BR)eEO 

VCBR)EBO 

VeE (sat) 

VBE 

Collector-to-Base Breakdown Voltage 
(Ie = -0.05 rnA. IE = 0) .................................................. .. 

Collector-to-Emitter Breakdown Voltage 
(Ic = -2 rnA. Is = 0) ...................................................... .. 

Emitter-to-Base Breakdown Voltage 

coli:c~r.:tg~~i:re~· J~t~a~OIi .. ·v~i~g;;·· .. ·· .. ···· .. · .. ·· .. ····· .. .. 
(Ie = -400 rnA. IB = -20 rnA) .................................. .. 

Base-to-Emitter Voltage: 
VCE = -10 V. Ic = -5 rnA .............................................. .. 
VeE = -1 V. Ie = -400 rnA .......................................... .. VBE 

Collector-Cutoff Current (VCB = -12 V. IE = 0) ...... .. leBo 
Emitter-Cutoff Current (VEB = 2.5 V. Ie = 0) .......... .. 
Static Forward-Current Transfer Ratio 

lEBO 

hFE 
iT 

(VCE = -1 V. Ie = -400 rnA) ...................................... .. 
Gain-Bandwidth Product ....................................................... . 
Thermal Resistance. Junction-to-Case 

(Tc = 64·C) .......................................................................... .. 9J-e 

TYPICAL COLLECTOR CHARACTERISTICS 

~ 
::: -500 

'" ~ 
~-400 
:::; ... 
i -500 

'" o 
t; -200 .. 
::l 

TYPE 40253 
COMMON-EMITTER CIRCUIT!;BASE ·INPUT. 
CASE TEMPERATURE (Tcl-2 • 

L6.5 I 
c::; ~ --: -::: -6 

f.- 5.5 
-5_ 4•5 

...- ~:...4!.3.5 .... _ -3 

-2.5 
-2 

:l'.5 
-I 

-u.S 8 -100 

. BASE MILLIAM~ERES(lal-O 
o -I - - - - - -10 

-65 to 90 
-65 to 90 

255 

-25 min 

-25 min 

-2.5 min 

-0.5 

-0.15 
-0.45 

-14 max 
-14 max 

50 min 
1 

40 max 

-2-3-456789 
COLLECTOR-TO-EMITTER VOLTS (VCEI 

92CM-12594T 

mW/"C 

·C 
·C 
·C 

V 

V 

V 

V 

V 
V 

p.A 
p.A 

Mcls 

·C/W 

TYPICAL TRANSFER CHARACTERISTICS 

TYPE 40253 -
hi 
! 

TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

u 2 

t:!-IOOo" 
If> 6 

I : 
3 -1002 
2 4 

I 
2 

COMMON-EMITTER CIRCUIT. BASE INPUT. _ 
CASE TEMPERATURE (TCI=25" C 

r-COLLECTOR-TO-EMITTER VOLTS (V:E)=-I ,...... 
I /' 

-I 

// 
'/ 

// , 
-0.1 -0.2 -0.5 -0.4 -0.5 

BASE-TO-EMITTER VOLTS (VSE) 
92CS-12590T 

0160 

!i 
"'150 
'" .. 
1:;140 
z 
~ 150 
.... 
~120 
~ 
YIIO 
Q 

i lOO 

'" It 90 
u 0 
Q 

TYPE 40253 -
COMMON-EMITTER CIRCUIT. BASE INPUT. 
CASE TEMPERATURE (TCI=25"C 

) .. - -.... 
"'-

" '" " -100 -200 -500 -400 
COLLECTOR MILLIAMPERES (Ie) 

92CS-12592T 
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40254 POWER TRANSISTOR 

Ge p-n-p alloy type for class A af power-amplifier service in driver- and 
output-stage applications. JEDEC TO-3, Outline No.2. Terminals: 1 (B) -
base, 2 (E) - emitter, Mounting Flange - collector and case. This type is 
identical with type 40022 except for the following items: 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-Cutoff Current (VeB = -30 V. IE = 0) ........ leBo -3 max rnA 
Collector-Cutoff Saturation Current 

(VeB = -0.5 V. IE = 0) .................................................... leBo (sat) -0.16 max rnA 

TYPICAL OPERATION IN CLASS A AF-AMPLIFIER CIRCUIT 
DC Collector-Supply Voltage .............................................. .. 
DC Collector-to-Emitter Voltage ....................................... . 
DC Collector Current ............................................................... . 
Peak Collector Current ........................................................... . 
Input Impedance ....................................................................... . 
Collector Load Impedance .... : .............................................. . 
Maximum Collector Dissipation ........................................... . 
Power Gain ................................................................................... . 
Total Harmonic Distortion (POB = 5 W) ....................... . 
Maximum-Signal Power Output ....................................... . 

Vee 
VeE 
Ie 
ie(peak) 
Rs 
Rr. 

GPB 

POE 

40255 TRANSISTOR 

-16 
-13.2 
-0.9 
-1.8 

15 
15 
12 
36 

5 
5 

V 
V 
A 
A 
n 
n 
W 

dB 
% 
W 

Si n-p-n triple-diffused type used in switching and linear amplifiers, differ
ential and operational amplifiers, high-voltage inverters, and series regu
lators for industrial and military applications. JEDEC TO-5 (with flange), 
Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case (with 
flange). This type is identical with type 2N3439 except for the following 
items: 

MAXIMUM RATINGS 
Transistor Disswation 

Te up to 50 C ........................................................................ PT 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Case 

(POA = 2 to " W. IE = 100 rnA) .................................... 8,-e 

40256 TRANSISTOR 

10 W 

15max ·C/W 

Si n-p-n triple-diffused type used in switching and linear amplifiers, differ
ential and operational amplifiers, high-voltage inverters, and series regu
lators for industrial and military applications. JEDEC TO-5 (with flange), 
Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case (with 
flange). This type is identical with type 2N3440 except for the following 
items: 

MAXIMUM RATINGS 
Transistor Disswation: 

Te up to 50 C ........................................................................ PT 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Case 

(Poe = 2 to " W. IE = 100 rnA) .................................... 8,-e 

40261 TRANSISTOR 

10 W 

15 max ·C/W 

Ge p-n-p drift-field type used in converter service in conjunction with types 
40262 (if amplifier), 40263 (af amplifier and driver), 40264 (power output), 
and 40265 (line rectifier) to provide a complement for line-operated AM 
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broadcast-band receivers and phonographs in entertainment equipment. 
JEDEC TO-I, Outline No.!. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage: 

Emitter open ........................................................................... . 
VBE = 0.5 V, Ie = -50 p.A ............................................... . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Transistor Dissipation: 

TA up to 25·C ...................•.................................................... 
TA above 25·C ....................................................................... . 

Temperature Range: 
Operating (TA) and Storage (TsTG) ........................... . 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage: 

Ie = -0.05 rnA, IE = 0 ...................................................... .. 
VBE = 0.5 V, Ie = -0.05 rnA .......................................... .. 

Emitter-to-Base Breakdown Voltage 
(IE = -0.012 rnA, 10 = 0) .............................................. .. 

Collector-Cutoff Current (VeB = -12 V, IE = 0) ....... . 
Emitter-Cutoff Current (VEB = 0.5 V. Ie = 0) 
Intrinsic Base-Spreading Resistance 

(VOE = -12 V, 10 = -1 rnA, f = 100 Mc/s) .......... .. 
Small-Signal Forward-Current Transfer Ratio 

(VOE = -6 V, 10 = -1 rnA. f = 1 kc/s) .................. .. 
Gain-Bandwidth Product (VeE = -12 V. 10 = -1 mAl 
Output Capa,citance 

(VCB = -12 V, IE = 0, f = 1.5 Mc/s) ...................... .. 

VCBO 
VCBV 
VEBO 
Ie 
I" 

PT 

TL 

Vcso 
VCBV 

~T(BB)EBO 
lOBo 
lEBO 

I'bb' 

h,. 
fT 

Cobo 

-34 V 
-50 V 
-0.5 V 
-10 rnA 

10 rnA 

80 mW 
See Rating Chart 

-65 to 85 ·C 
255 ·C 

-50 V 
-34 V 

-0.5 min V 
-12 max p.A 
-12 max /LA 

25 n 
27 to 170 

40 Mc/s 

3.7 max pF 

TYPICAL TRANSFER CHARACTERISTIC 

'" ~ 150 
~~ 
t; :1125 
u;~ 

~ 1100 
1-;:' 
~~ 75 
::oz 
~H~ 50 
::0 it 

::i 25 
is 

o 

RATING CHART 

TYPE 40261 

"-
"\ 

1\ 
-75 -50 -25 0 25 50 75 100 

FREE-AIR TEMPERATURE (TFA)-OC 
92CS-1271BT 

TRANSISTOR 

-7 

0-6 
!:! 

I 

TYPE 40261 
COLLECTOR-TO-EMITTER VOLTS -

(VCE)= -6 
FREE-AIR TEMPERATURE (TFAI=25°C 

/ 
II 

-V o -50 -100 -150 -200 -250 
BASE-TO-EMITTER MILLIVOLTS (YaEl 

92CS-I0679TI 

40262 
Ge p-n-p drift-field type used in if-amplifier service in conjunction with 
types 40261 (converter), 40263 (af amplifier and driver), 40264 (power out
put), and 40265 (line rectifier) to provide a complement for line-operated 
AM broadcast-band receivers and phonographs in entertainment equip
ment. JEDEC TO-I, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - col
lector. This type is identical with type 40261 except for the following items: 

CHARACTERISTICS 
Small-Signal Forward-Current Transfer Ratio 

(VCE = -6 V. Ie = -1 rnA. f = 1 kc/s) .................... hte 
Gain-Bandwidth Product (VCE = -12 V. Ie = -1 rnA) fT 
Output Capacitance (VCB = -12 V. 

IJa = 0, f = 1.5 Me/s) ........................................................ Cobo 

82 to 350 
30 Mc/s 

3.4max pF 
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40263 TRANSISTOR 

Ge p-n-p alloy-junction type used in low-level af-amplifier and driver service 
in conjunction with types 40261 (converter), 40262 (if amplifier), 40264 
(power output), and 40265 (line rectifier) to provide a complement for line
operated AM broadcast-band receivers and phonographs in entertainment 
equipment. JEDEC TO-I, Outline No.1. Terminals: 1 - emitter, 2 - base, 
3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage (RRE = 10 kCl) ........... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 

VCRO -20 V 
VCER -18 V 
VER -2.5 V 
Ic -50 rnA 

Emitter Current ......................................................................... . IE 50 mA 
Transistor Dissipation: 

TA up to 55°C ....................................................................... . PT 120 mW 
TA above 55°C ....................................................................... . 

Temperature Range: 
PT See curve page 112 

Operating (TA-Tc) and Storage (TSTG) ................... . 
Lead-Soldering Temperature (10 s max) ....................... . 

-65 to 100 °C 
Tr. 255 °C 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(Ie = -1 rnA. RRE = 10 kO) ........................................... . 
Emitter-to-Base Breakdown Voltage 

(IE = -0.05 rnA. Ie = 0) ................................................... . 

V(BR)CER 18 min V 

V(BR)EBO -2.5 min V 
Collector-Cutoff Current (VCR = -20 V. IE = 0) ....... . 
Emitter-Cutoff Current (VER = 2.5 V. Ie = 0) ........... . 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

ICRo -12 max /LA 
lEBO -12 max /LA 

Frequency (VCE = -6 V.Ic = -1 rnA) ................... . 
Small-Signal Forward-Current Transfer Ratio 

fhfb 10 Me/s 

(VCE = -6 V. Ic = -1 mAo f = 1 kc/s) .............. . 
Intrinsic Base-Spreading Resistance (VCE = -6 V. 

Ie = -1 rnA. f = 100 Mcjs) .............................................. .. 

hie 100 to 325 

rbb' 200 0 

40264 POWER TRANSISTOR 

Si n-p-n diffused-junction type used in class A output-amplifier service in 
conjunction with types 40261 (converter), 40262 (if amplifier), 40263 (af 
amplifier and driver), and 40265 (line rectifier) to provide a complement 
for line-operated AM broadcast-band. receivers and phonographs in enter
tainment equipment. Outline No.28. Terminals: 1 - emitter, 2 - base, 3 - col
lector and mounting flange. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . VeRO 300 
Collector-to-Emitter Voltage 

(Ic = 1 mAo lB = 5/LA) ................................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 

VCEX 300 
VERO 3 
Ic 100 

Emitter Current ......................................................................... . IE -100 
Transistor Dissipation: 

TMF up to 70°C ................................................................... . 
TMF above 70°C ................................................................... . 

PT 4 
PT Derate linearly 0.05 

Temperature Range: 
Operating (TA-TMF) and Storage (TSTG) ................... . 

Lead-Soldering Temperature (lO.s max) ....................... . 
-65 to 150 

TL 255 

CHARACTERISTICS (At mounting-flange temperature = 25°C) 
Collector-to-Base Breakdown Voltage 

(Ic = 0.1 rnA. IE = 0) ................................•....................... V(BR)CRO 
Collector-to-Emitter Breakdown Voltage 

(Ie = 1 mA. lB =.0.005 mAl ............................................ V(BR)CEX 
Emitter-to-Base Breakdown Voltage 

(IE = 0.1 rnA. Ie = 0) ........................................................ V(RR)ERO 

300 min 

300 min 

3 min 

V 

V 
V 

mA 
mA 

W 
wrC 

°C 
°C 

V 

V 

V 
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CHARACTERISTICS (cant'd) 
Collector-Cutoff Current: 

VeB = 300 V. IE = 0 ........................................................... . leBO 100 max }LA 
VeE = 300 V. lB = 0.005 rnA .......................................... .. IcEX 1 max }LA 

Static Forward-Current Transfer Ratio 
(VeE = 10 V. Ie = 50 rnA) .............................................. .. 

Intrinsic Base-Spreading Resistance 
(VeE = 50 V. 10 = 20 rnA. f = 100 Mc/s) .................. .. 

Gain-Bandwidth Product (VeE = 50 V. Ie = 20 rnA) 

h"E 30 to 150 

rbb' 20 n 
fT 25 Mc/s 

Output Capacitance (VCB = 50 V. IE = 0) .................. .. Cobo 5 pF 
Thermal Resistance. Junction-to-Mounting Flange eJ-:~u.l· 20 max °C/W 

TYPICAL COl.l.ECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTIC 

4 TYPE 40264 -

~1OO~;.r;~~~~~¥~=i=\ '0 
t:! 

2 ~~~~~~E_~~~~~EC~i~~~:rS~R~NPUT._ 

~ 
~ ~~~~~~~t-
c 
:360111'-:::; ...... e":" 
:e 

! o. 
- 0.4 

BASE MILLIAMPERES O. 

III 100 
UJ 8 
0:: 
UJ 
Q. 
::I; 

'" :3 
:e 

6 

4 

2 

0:: 10 g • 
trl • 
..J 4 

(TMF1=25° C 

/' 

/ 
/ 

L 

o 50 100 I!iO 200 250 300 
aJLLECTOR-TO-EMITTER \Q.TS IIo\::EI 

1ICS~I27IIT 

\3 2 / 

V I 
0.58 0.62 0.66 0.70 0.74 0.78 

COMPUTER TRANSISTOR 

BASE-TO- EMITTER VOLTS (VBE) 
92CS-12723T 

40269 
Ge p-n-p alloy-junction type used in medium-speed switching applications 
in industrial and military data-processing equipment. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage (VBE = 1 V) ......................... . 
Emitter-to-Base Voltage ........................................................ .. 

VeBV -25 V 
VEBO -12 V 

Collector Current ...................................................................... .. Ie -100 rnA 
Emitter Current ........................................................................ .. IE 100 rnA 
Transistor Dissipation: 

T ... up to 25°C ....................................................................... . PT 150 mW 
TA above 25·C ....................................................................... . 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

PT See curve page 112 

TJ(opr) -65 to 85 ·C 
TSTG -65 to 100 ·C 
TL 230 ·C 

CHARACTERISTICS 
Collector-to-Base Breakdown Voltage 

(Ie = -0.02 rnA. VBE = 1 V) ........................................ .. V(BR)eBV -25 min V 
Emitter-to-Base Breakdown Voltage 

(IE = -0.02 rnA. Ie = 0) .................................................. .. V(BR)EBO -12 min V 
Base-to-Emitter Saturation Voltage: 

Ie = -12 rnA. lB = -0.4 rnA ........................................ .. 
Ie = -24 rnA. lB = -1 rnA .............................................. .. 

Collector-to-Emitter Saturation Voltage 
(Ie = -24 rnA. lB = -1 rnA) ....................................... . 

VBE(sat) -0.35 max V 
VBE (sat) -0.4 max V 

VeE (sat) -0.2 max V 
Collector-Cutoff Current: 

VeB = -12 V. lE = O. TA = 25·C .................................. .. 
VeB = ~12 V. IE = O. TA = 80·C .................................. .. 

leBO -5 max }LA 
leBO -90 max p.A 

Emitter-Cutoff Current (VEB = -2.5 V. Ie = 0) ........... . 
Static Forward-Current Transfer Ratio 

lEBO -2.5 max }LA 

(VeE = -0.15 V. Ie = -12 rnA) .................................. .. 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VeB = -6 V. Ie = -1 rnA) .................. .. 
Collector-to-Case Capacitance 

(VeB = -6 V. Ie = 0) ....................................................... . 
Stored Base Charge (Ie = -10 rnA. b = -1 rnA) .. .. 

hFE 50 to 200 

f.f. 4 min Mc/s 

Cc 20 pF 
Q. 1200 max pC 
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TYPICAL DC FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

TYPE 40~69 -
COMMON-EMITTER CIRCUIT. BASE INPUT. 
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TYPICAL COLLECTOR-CUTOFF 
CURRENT CHARACTERISTICS 

TYPE 40269 '0-1000 
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92CS·I08B5T2 
12CS-12900T 

40279 TRANSISTOR 

Si n-p-n "overlay" epitaxial planar type used in ultra-high-reliability vhf
uhf applications in space, military, and industrial communications equip
ment. Used in class A, B, and C amplifiers, frequency multipliers, or 
oscillators. This device is subjected to special preconditioning tests for se
lection in high-reliability, large-signal, and high-power applications. JEDEC 
TO-60, Outline No.20. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Transistor Dissipation: 

Te up to 25°C ....................................................................... . 
Te above 25°C ....................................................................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) ........................... . 

VeBO 

VCEV 
VCEO 
VEBO 
Ic 

PT 
PT 

TJ(opr) 
TSTG 
Tp 

CHARACTERISTICS (At case temperatore = 25°C) 
Collector-to-Base Breakdown Voltage 

(Ie = 0.1 mAo IE = 0) ........................................................ V<BR)CBO 
Collector-to-Emitter Breakdown Voltage: 

Ic = 0 to 200 mAo pulsed through inductor 
L = 25 mAo df = 50% ............................................ V(BR)CEO 

VBE = -1.5 V. I = 0 to 200 mAo pulsed 
through inductor L = 25 mAo df= 50% ........ V(BR)CEV 

Emitter-to-Base Breakdown Voltage 
(IE = 0.1 rnA. Ic = 0) ........................................................ V(BR)EBO 

Collector-to-Emitter Saturation Voltage 
(Ic = 0.5 A. IB = 0.1 A) .................................................... VCE(sat) 

Collector-Cutoff Current (VCE = 30 V. IB = 0) ............ ICEO 
Static Forward-Current Transfer Ratio 

(VCE = 5 V. Ic = 150 mAl ................................................ hFE 
Output Capacitance (VCB = 30 V. IE = O. 

f = 1 Mc/s) ............................................................................ Cobo 
RF Power Output. Unneutrallzed Amplifier: 

VCE = 28 V. P,E = 1 W. RG " RL = 50 n. 
f = 100 Mc/s ........................................................................ POE 

VCE = 28 V. PIE = 1 W. RG " RL = 50 n. 
f = 400 Mc/s ........................................................................ POE 

• For conditions given. mmunum efficiency = 65 per cent. 
t For conditions given. mininium efficiency = 40 per cent. 

65 V 

65 V 
40 V 
4 V 

1.5 A 

11.6 W 
See curve page 112 

-65 to 200 °C 
-65 to 200 °C 

230 °C 

65 min V 

40 min V 

65 min V 

4 min V 

1 max V 
0.1 max /LA 

10 min 

lOmax pF 

7.5' min W 

3tmln W 
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TRANSISTOR 40280 
Si n-p-n "overlay" epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in industrial and mili
tary communications equipment. JEDEC TO-39, Outline No.12. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Transistor Dissipation: 

Tc up to 25°C ....................................................................... . 
Tc above 25°C ....................................................................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

VCBO 

VeE .. 
VCEO 
VEBO 
Ic 

PT 
PT 

TJ(opr) 
TSTo 
TL 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage 

(Ic = 0.25 mA, IE = 0) .................................................... V(BR)CBO 
Collector-to-Emitter Breakdown Voltage 

(Ic = 200 mA, IB = 0, pulsed through 
inductor L = 25 mH, df = 50%) ........................ V(BR)CEV 

Emitter-to-Base Breakdown Voltage 
(IE = 0.1 mA, Ic = 0) ........................................................ V(BR)EBO 

Collector-to-Emitter Sustaining Voltage 
(Ic = 200 mA, IB = 0, pulsed through 

inductor L = 25 mH, df .= 50%) ....................... . 
Collector-Cutoff Current (VCE = 15 V, IB = 0) ........... . 
Gain-Bandwidth Product (VCE = 13.5 V, Ic = 100 mAl 
Output Capacitance (VCB = 13.5 V, IE = O. 

VCEO(SUS) 
ICEO 
iT 

f = 1 Mc/s) ............................................................................ COb. 
Input Resistance. Real Part 

(VCE = 13.5 V. Ic = 100 mA, f = 175 Mc/s) ............ Re(h.e) 
Power Output. Class C Amplifier. Unneutralized 

(VCE = 13.5 V, PIE = 0.125 W. f = 175 Mc/s. 
Ro & RL = 50 0) ................................................................ POE 

'.i'hermal Resistance, Junction-to-Case .............................. aJ-C 

36 V 

36 V 
18 V 
4 V 

0.5 A 

7 W 
See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

230. ·C 

36 min V 

36 min V 

4 min V 

18 min V 
100 max }LA 

550 Mc/s 

15 max pF 

10 0 

It min W 
25 max ·C/W 

• For types 40281 and 40282 this value is maximum Pin-Soldering 
t For conditions given. minimum efficiency = 60 per cent. 

Temperature. 

TYPICAL RF POWER-OUTPUT CHARACTERISTIC 

TYPE 40280 
5 COMMON-EMITTER CIRCUIT. BASE INPUT. -

COLLECTOR-TO-EMITTER VOLTS 
(VCE)=13.5 

CASE TEMPERATURE (Tcl=2S"C -
FREQUENCY (f) = 175 Mel. 

/' 
V 

2 

V 5 

/ I 

O. 5 I 
o 0.1 0.2 0.3 0.4 0.5 0.6 

RF POWER INPUT (PIN)-~JJ.~'28'>T 

TRANSISTOR 

-s 
::0 

1. 700 
~ 
;:600 
u 
~500 
:i! 
Go 
:z: 400 
b 
!i 
0300 , 
z .. 
'" 200 

o 

TYPICAL GAIN-BANDWIDTH PRODUCT 

TYPE 40280 
COLLECTOR-TO-EMITTER VOLTS (VCE 
CASE ljEMPER4TURE (Tcl = 2~· C 

-13.5 

-- -
V 

25 50 75 100 125 150 
COLLECTOR MILLIAMPERES (IC) 

92CS-12895T 

40281 
Si n-p-n "overlay" epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in industrial and mili
tary communications equipment. JEDEC TO-60, Outline No.20. Terminals: 
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1 - emitter and case, 2 - base, 3 - collector. This type is identical with type 
40280 except for the following items: 

MAXIMUM RATINGS 
Collector Current ................ .... .................... ................................ Ie 1 
Transistor Dissipation: 

To up to 25°C .................. ~.................................................... PT 11.6 

CHARACTERISTICS (At case temperature = 25°C) 
Gain-Bandwidth Product (VOE = 13.5 V, 10 = 400 rnA) fT 
Output Capacitance (VCB = 13.5 V. IE = O. 

f = 1 Mc/s) ............................................................................ Cobo 
Collector-to-Case Capacitance .............................................. Cc 
Input Resistance. Real Part (VeE = 13.5 V. 

Ie = 400 mA, f = 175 Mc/s) ............................................ Re (hie) 
Power Output. Class C Amplifier. Unneutralized 

(VeE = 13.5 V. Pm = 1 W, f = 175 Mc/s. 
RG & RL = 50 0) ........................................................ POE 

Thermal Resistance. Junction-to-Case .............................. eJ-O 

400 

22 max 
5 max 

7 

4tmin 
15 max 

t For conditions given. minimum efficiency = 70 per cent. 

TYPICAL RF POWER-OUTPUT 
CHARACTERISTICS II> 

I: 35 

TYPICAL RF POWER-OUTPUT 
CHARACTERISTICS 

TYPE 40281 ~ TYPE 40281 
COMMON-EMITTER CIRCUIT. BASE INPUT. 

A 

W 

Mc/s 

pF 
pF 

0 

W 
·C/W 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS-f--

.L30 
!; 
g2S 

COLLECTOR-TO-EMITTER VOLTS (VCEI=13.5 -
CASE TEMPERATURE (tcl=2So C, I (VcEI=I3.5 

CASE TEMPERATURE ITCI= 25" C 
FREQUENCY (fIa 175 Mell 

~ 
....:: 
Vr"'" 

/ 
,. 

~ 

.... 
~20 
!; 
o 15 

ffi 
~ 10 

::: S 

FREQUENCY (fl=SO Mel. .1, ftl 
40282 

/' 
..-

7 
.-t!-

/' 

I 

o 0.5 I 1.5 2 o I 2 3 4 5 6 
RF POWER INPUT (PINI-WATTS 

92CS-1288&T 

RF POWER INPUT (PIN)-WATTS 
12CS-12889f 

40282 TRANSISTOR 
Si n-p-n "overlay" epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in industrial and mili
tary communications equipment. JEDEC TO-60, Outline No.20. Terminals: 
1 - emitter and case, 2 - base, 3 - collector. This type is identical with type 
40280 except for the following items: 

MAXIMUM RATINGS 
Collector Current .......................................................................• 
Transistor Dissipation: 

To up to 25°C ....................................................................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage 

(10 = 0.5 mAo IE = 0) ...................................................... .. 
Emitter-to-Base Breakdown Voltage 

(IE = 0.25 mAo Ie = 0) ....................................................... . 
Collector-Cutoff current (VOE = 15 V. IB = 0) ........... . 
Gain-Bandwidth Product (VCE = 13.5 V. Ic = 800 rnA) 
Output Capacitance (VeB = 13.5 V. IE = 0, 

f = 1 Mc/s) ........................................................................... . 
Collector-to-Case Capacitance ............................................. . 

Inf~~R:3Ast;:,~.e·f ~af7r~/!r~~ ... ~ ... ~.~:.~ .. ~: .................. . 
Power Output, Class C Amplifier. Unneutralized 

(VeE = 13.5 V, PIE = 4 W. f = 175 Mc/s, 
RG & RL = 50 0) ................................................................... . 

Thermal Resistance. Junction-to-Case ............................ .. 
t For conditions given, minimum efficiency = 80 per 

Ic 

PT 

V(BB)CBO 

V(BB) lOBO 
ICEO 
fT 

Cobo 
Cc 

Re(hle) 

POE 
eJ--<l 
cent. 

2 A 

23.2 W 

36 min V 

4 min V 
250 max /LA 

350 Mc/s 

45 max pF 
5 max pF 

5 0 

12tmin W 
7.5 max °C/W 
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COMPUTER TRANSISTOR 40283 
Si n-p-n double-diffused epitaxial planar type used in core-driver and line
driver service in high-performance computers and in other critical appli
cations requiring considerable output power. JEDEC TO-46, Outline No.16. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. This type is identical 
with type 2N3512 except for the following items: 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage ................................................. . VCEO 30 V 
Transistor Dissipation: 

TA up to 25°C ...................................................................... .. 
To up to 25°C (with heat sink) .................................... .. 
TA and Tc (with heat sink) above 25°C .................. .. 

0.4 W 
2 W 

See curve page 112 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(10 = 50 rnA. b = 0) ........................................................ V(BRlOEO 30 min V 

TRANSISTOR 40290 
Si n-p-n "overlay" epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in aircraft, military, 
and industrial communications equipment. JEDEC TO-39, Outline No.12. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ...................................................................... .. VCEV 50 V 
f = 100 Mc/s ........................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 

VCEs(RF) 90 V 
VEBO 4 V 
10 0.5 A 

Transistor Dissipation: 
To up to 25°C ...................................................................... .. PT 7 W 
Tc above 25°C ...................................................................... .. PT See curve page 112 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 

10 = 200 rnA, VBE = -1.5 V. RBE = 39 n, 
pulsed through inductor L = 25 mHo 
df = 50% .................................................................... .. 

Ic = 25 rnA, VBE == 0, f ~ 100 Mc/s .......................... .. 
Emitter-to-Base Breakdown Voltage 

(IE = 0.1 rnA. Ic == 0) ...................................................... .. 
Collector-Cutoff Current (VCE = 15 V. b = 0) .......... .. 
Gain-Bandwidth Product (VCE = 12.5 V. Ic = 100 rnA) 
Output Capacitance (VCB = 12.5 V. IE = O. 

f = 1 Mc/s) .......................................................................... .. 
Input Resistance. Real Part 

(VOE = 12.5 V. 10 == 100 rnA. f = 135 Mc/s) .......... .. 
Power Output, Class C Amplifier. Unneutralized 

(VOE = 12.5 V. PIE = 0.5 W, f = 135 Mc/s. 
RG & RL == 50 0) .................................................................. .. 

Thermal Resistance. Junction-to-Case ............................ .. 

TJ(opr) -65 to 200 
TSTG -65 to 200 
TL 230* 

V(BRlCEV 60 min 
V (BRlOES (RF) 90 min 

V(BR)EBO 4 min 
ICED 100 max 
iT 500 

Cobo 17 max 

Ro(hle) 12 

POE 2tmin 
9J-c 25 max 

• For type 40291 this value is maximum Pin-Soldering Temperature. 
t For conditions given. minimum efficiency == 70 per cent. 

TRANSISTOR 40291 

'C 
°C 
°C 

V 
V 

V 
/LA 

Mc/s 

pF 

0 

W 
°C/W 

Si n-p-n "overlay" epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in aircraft, military, 
and industrial communications equipment. JEDEC TO-60, Outline No.20. 
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Terminals: 1 - emitter, 2 - base, 3 - collector. This type is identical with 
type 40290 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation (Tc up to 25·C) ............................ PT 11.6 W 

CHARACTERISTICS (At case temperature = 25·C) 
Collector-to-Case Capacitance .............................................. Co 
Thennal Resistance, Junction-to-Case .............................. 8J-c 

6 max pF 
15 max ·C/W 

40292 TRANSISTOR 
Si n-p-n "overlay" epitaxial planar type used in vhf class C amplifier service 
requiring low supply voltages and high power output in aircraft, military, 
and industrial communications equipment. JEDEC TO-60, Outline No.20. 
Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 

VBJ!l = -1.5 V ...................................................................... .. 
f == 100 Mc/s ........................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Transistor Dissl£ation: 

i~ ~go: ~~.g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operating (Junction) ........................................................ .. 
Storage ....................................................................................... . 

Pin-Soldering Temperature (10 s max) .......................... .. 

CHARACTERISTICS (At case temperature = 25·C) 
Collector-to-Emitter Voltage: 

Ic = 200 rnA. VBE == -1.5 V. RBE == 39 O. 
pulsed through inductor L = 25 mHo 

VCEV 
VCEs(RF) 
VJ!lBO 
Ic 

PT 
PT 

TJ(opr) 
TSTG 
Tp 

df = 50% ...................................................................... V (BR)CEV 

50 V 
90 V 
4 V 

1.25 A 

23.2 W 
See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

230 ·C 

60 min V 
Ic = 50 rnA. VRE = O. f = 100 Mc/s ............................ V(BR)CES(RF) 90 min V 

Emitter-to-Base Breakdown Voltage 
(IE == 0.25 rnA. Ie == 0) ...................................................... .. 

Collector-Cutoff Current (VCJ!l = 15 V. b = 0) .......... .. 
Gain-Bandwidth Product (VCE = 12.5 V. Ic = 400 rnA) 
Collector-to-Case Capacitance ............................................ .. 
Output Capacitance (VCR = 12.5 V, IE == 0, 

VCBRlEBO 
ICEO 
fT 
Co 

f = 1 Mc/s) ............................................................................ Cobo 

Inf~~ R:30is~~·f ~al3~a~cA~e~ .. ~ ... ~~:~ .. ~:..................... R. (hi.) 
Power Output. Class C Amplifier, Unneutralized 

(VCE = 12.5 V. PIE = 2 W. f = 135 Mc/s, 
RG & RL = 50 0) ................................................................ POE 

Thennai Resistance, Junction-to-Case ................................ 8J-c 
t For conditions given, minimum efficiency = 70 per cent. 

40294 TRANSISTOR 

4 min V 
250 max /l-A 

300 Mc/s 
6 max pF 

30 max pF 

6.5 0 

6tmin W 
7.5 max ·C/W 

Si n-p-n double-diffused epitaxial planar type used in uhf amplifier, mixer, 
and oscillator applications. This type is electrically and mechanically iden
tical with type 2N2857, but is specially controlled, processed, and tested for 
critical aerospace and military applications. JEDEC TO-72, Outline No.23. 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - case. 

40295 TRANSISTOR 
Si n-p-n double-diffused epitaxial planar type used in uhf amplifier, mixer, 
and oscillator applications. This type is electrically and mechanically iden
tical with type 2N2708, but is specially controlled, processed, and tested for 
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critical aerospace and military applications. JEDEC TO-72, Outline No.23. 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - case. 

TRANSISTOR 40296 
Si n-p-n double-diffused epitaxial planar type used in uhf amplifier, mixer, 
and oscillator applications. This type is electrically and mechanically iden
tical with type 2N2857, but is specially controlled, processed, and tested for 
critical aerospace and military applications. JEDEC TO-72, Outline No.23. 
Terminals: 1 - emitter, 2 - base, 3 - collector, 4 - case. 

TRANSISTOR 40305 
Si n-p-n "overlay" epitaxial planar type subjected to special preconditioning 
tests for high-reiiability, large-signal, high-power vhf-uhf applications in 
class A, B, and C amplifier, frequency-multiplier, and oscillator circuits in 
aerospace, industrial and military equipment. JEDEC TO-39, Outline No.12. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . VeBo 65 V 
Collector-to-EmiUer Voltage: 

VBE = -1.5 V ....................................................................... . VeEv 65 V 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
VCEO 40 V 
VEBO 4 V 

Collector Current ....................................................................... . Ie 1 A 
Transistor Dissipation: 

Te up to 25°C ....................................................................... . PT 7 W 
Te above 25°C ....................................................................... . 

Temperature Range: 
PT See curve page 11Z 

Operating (Junction) ......................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage 

(Ie = 0.3 rnA, IE = 0) ....................................................... . 
Collector-to-Emitter Breakdown Voltage: 

Ie = 0 to 200 rnA, Iu = 0, pulsed through 
inductor L = 25 mH, df = 50% ........................... . 

Ie = 0 to 200 rnA, VUE = -1.5 V, pulsed 
through inductor L = 25 mH, df = 50% ....... . 

Emitter-to-Base Breakdown Voltage 
(IE = 0.1 rnA. Ie = 0) ....................................................... . 

Collector-to-Emitter Saturation Voltage 
(Ie = 250 rnA, Ie = 50 rnA) ........................................... . 

Collector-Cutoff Current (VCE = 30 V, Iu = 0) ........... . 
Static Forward-Current Transfer Ratio 

(VCE = 5 V, Ie = 150 rnA) .............................................. .. 
Output Capacitance (VCB = 30 V, IE = 0, 

f = 1 Mc/s) ........................................................................... . 
RF Power Output, Amplifier. Unneutralized: 

(VCE = 28 V, PIE = 0.25 W, f = 175 Mc/s, 
RG & RL = 50 0) ................................................................... . 

TJ(opr) -65 to 200 
TSTG -65 to 200 
TL 230· 

V(BR)CBO 65 min 

V(BR)CEO 40 min 

V(BR)CEV 65 min 

V(BRlEBO 4 min 

VCE(sat) 1 max 
ICEo 0.1 max 

hFE 10 min 

Cobo lOmax 

POE 2.5tmin 

• For type 40306 this value is maximum Pin-Soldering Temperature. 
t For conditions given, minimum efficiency = 50 per cent. 

TRANSISTOR 40306 

°C 
°C 
°C 

V 

V 

V 

V 

V 
/LA 

pF 

W 

Si n-p-n "overlay" epitaxial planar type subjected to special preconditioning 
tests for high-reliability, large-signal, high-power vhf-uhf applications in 
class A, B, and C amplifier, frequency-multiplier, and oscillator circuits in 
aerospace, industrial and military equipment. JEDEC TO-60, Outline No.20. 
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Terminals: 1 - emitter and case, 2 - base, 3 - collector. This type is identical 
with type 40305 except for the following items: 

MAXIMUM RATINGS 
Collector Current ...................................................................... .. 
Transistor Dissipation: 

Te up to 25·C ...................................................................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage 

(Ie:;:: 0.1 rnA. IE' :;:: 0) ...................................................... .. 
Collector-to-Emitter Saturation Voltage 

(Ie:;:: 500 rnA. In :;:: 100 rnA) ........................................... . 
RF Power Output. Amplifier. Unneutralized: 

VeE:;:: 28 V. PIE :;:: 1 W. f :;:: 100 Mc/s. 
RG & RL :;:: 50 0 ...................................................... .. 

VeE:;:: 28 V. PIE = 1 W. f :;:: 400 Mc/s. 
RG & RL :;:: 50 0 ...................................................... .. 

Ie 

Pi 

V(BR)CBO 

V(,E(sat) 

Po,; 

POE 

• For conditions given. mlnilllUm efficiency _ 65 per cent. 
t For conditions given. minimum efficiency :;:: 40 per cent. 

40307 TRANSISTOR 

1.5 A 

11.6 W 

65 min V 

1 max V 

7.5* min W 

3tmin W 

8i n-p-n "overlay" epitaxial planar type subjected to special preconditioning 
tests for high-reliability, large~signal, high-power vhf-uhf applications in 
class A, B, and C amplifier, frequency-multiplier, and oscillator circuits in 
aerospace, industrial and military equipment. JEDEC TO-60, Outline No.20. 
Terminals: 1 - emitter and case, 2- base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base ,Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE :;:: -1.5 V ...................................................................... .. 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Transistor Dissipation: 

Te up to 25·C ...................................................................... .. 
Tc above 25·C ' ...................................................................... .. 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ...................................................................................... .. 

Pin-Soldering Temperature (10 s max) .......................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage 

(Ie:;:: 0.5 rnA. IE :;:: 0) ...................................................... .. 
Collector-to-Emitter Breakdown Voltage: 

Ie :;:: 0 to 200 rnA. In :;:: O. pulsed through 
inductor L :;:: 25 mHo df :;:: 50% .......................... .. 

Ie :;:: 0 to 200 rnA. VBE :;:: -1.5 V. pulsed 
through inductor L :;:: 25 mHo df :;:: 50% ........ 

Emitter-to-Base Breakdown Voltage 
(IE :;:: 0.25 rnA. Ie :;:: 0) ...................................................... .. 

Collector-to-Emitter Saturation Voltage 
(Ie :;:: 500 rnA. lB :;:: 100 rnA) ...................................... .. 

Collector-Cutoff Current (VCE :;:: 30 V. In :;:: 0) .......... .. 
Static Forward-Current Transfer Ratio 

(VeE:;:: 5 V. Ie :;:: 200 rnA) .............................................. .. 
Output Capacitance' (VCB :;:: 30 V. IE :;:: O. 

f :;:: 1 Mc/s) ........................................................................... . 
RF Power Output. Amplifier. Unneutralized: 

(VCE :;:: 28 V. PIE :;:: 0.35 W. f :;:: 175 Mc/s. 
RG & RL = 50 0) ............................................................... . 

VeRO 

VCEV 
VCEO 
VEBO 
Ic 

P~' 
PT 

TJ(opr) 
TSTG 
Tp 

V(BR)C'BO 

V(BB)CEO 

V(BR>CEV 

V(BR)EBO 

VCE(sat) 
ICEO 

hFE 

Cobo 

POE 

t For conditions given. minimum efficiency :;:: 70 per cent. 

65 V 

65 V 
40 V 
4 V 
3 A 

23 W 
See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

230 ·C 

65 min V 

40 min V 

65 min V 

4 min V 

1 max V 
0.25 max p.A 

10 min 

20 max pF 

13.5t min W 
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POWER TRANSISTOR 40309· 
Si n-p-n type used in audio-amplifier driver stages for economical high
quality performance. Designed to assure freedom from second breakdown in 
the operating region. JEDEC TO-5, Outline No.3. Terminals: 1 i' emitter, 
2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Eniitter Sustaining Voltage ......................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation: 

T ... up to 25·C ........................................................................... . 
Te up to 25·C ........................................................................... . 
TA and Te above 25·C ....................................................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Eniitter Breakdown Voltage 

(Ie = 100 rnA, Is = 0, t p = 300 /.LS, df ~ 2%) ........... . 
Base-to-Emitter Voltage (VeE = 4 V, Ie = 50 rnA) ... . 
Collector-Cutoff Current: 

VCB = 15 V, lE = 0, Te = 25·C ...................................... .. 
VeB = 15 V, IE = 0, Te = 150·C ..................................... . 

Eniitter-Cutoff Current (VEB = 2.5 V, Ie = 0) ........... . 
Static Forward-Current Transfer Ratio 

(VeE = 4 V, Ie = 50 rnA) .............................................. .. 
Gain-Bandwidth Product (VeE = 10 V, Ie = 50 rnA) 
Thermal Resistance, Junction-to-Case ............................ .. 
Thermal Resistance, Junction-to-Ambient .................... .. 

VCI'O(SUS) 
VEBO 
Ie 
Is 

PT 
PT 
PT 

TJ(opr) 

V(BR)CEO 
VBE 

leBO 
leBO 
lEBO 

hFE 
fT 
8J-e 
8J-A 

18 V 
2.5 V 
0.7 A 
0.2 A 

1 W 
5 W 

See curve page 112 

-65 to 200 ·C 

18 min V 
1 max V 

0.25 max p.A 
1 max rnA 
1 max rnA 

70 to 350 
100 Mc/s 

35 max ·C/W 
175 max ·C/W 

TYPICAL COLLECTOR CHARACTERISTICS 

_ ~0r.T~Y=PE~4=0=30~9~~--~--~--~---, 
TYPICAL TRANSFER CHARACTERISTICS 

::t FREE-AIR TEMPERATURE (TFA) " 25" ~ 500 TYPE 40309· -
;;;500 ",,,, ,'I. ~ 

COLLECTOR-TO-EMITTER VOLTS (VCE)"10 

UJ 

~400r-~--~~~~~,-_8~--+---1 
6 ~ 

3300L-~~~::~::~~;4~--t---1 i I 

246 8 ~ ~ ~ 

COLLECTOR-TO-EMMITER VOLTS (VCE) 
92CS-12327T 

POWER TRANSISTOR 

U) 
UJ 400 II: 
UJ 
a. 

'" .. 
:J 

300 
...J 

i 
200 a: 

0 .... 
[;l 
...J 

100 
...J 
0 
U 

o 

I JJ. l {/7 .v--
~ ~ '11-r---~~ ~.y 

~;~ ~l/' 

t1 f~~ 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 
BASE-TO-EMITTER VOLTS (VBE) 

92CS-1232BT 

40310 
Si n-p-n type used in audio-amplifier driver stages for economical high
quality performance. Designed to assure freedom from second breakdown in 
the operating region. JEDEC TO-66, Outline No.22. Terminals: 1 (B) - base, 
2 (E) - emitter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Ernitter Sustaining Voltage ........................... . 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation: 

Te up to 25"C ...................................................................... .. 
Te above 25"C ...................................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 

VeEO(sus) 
VEBO 
Ie 
IB 

PT 
PT 

TJ(opr) 

35 V 
2.5 V 

4 A 
2 A 

29 W 
See curve page 112 

-65 to.200 "C 
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CHARACTERISTICS (At case temperature: 25°C) 
Collector-to-Emitter Breakdown Voltage 

V (Ie = 100 rnA. IB = 0) ....................................................... . 
Base-to-Emitter Voltage (VeE = 2 V. Ie = 1 A) ....... . 
Collector-Cutoff Current: 

VeB = 15 V. IE = O. Te = 25'C ....................................... . 
VeB = 15 V. IE = O. Te = 150'C ..................................... . 

Emitter-Cutoff Current (VEB = 2.5 V. Ie = 0) ........... . 
Static Forward-Current Transfer Ratio 

(VeE = 2 V. Ie = 1 A) ....................................................... . 
Gain-Bandwidth Product (VeE = 4 V. Ie = 500 rna) 
Thermal Resistance. Junction-to-Case ............................... . 

3.0 

'0 2.5 
t! 
fa 2.0 
It: 

~ 
:I 1.5 

It: 

~ 1.0 
~ 
..J 
80.5 

TYPICAL COLLECTO!! CHARACTERISTICS 

TYPE 40310 
CASE TEMPERATURE (TC)=25"C 

F ~J i----=4O 
0 
25 

20 15 

BASE MILLIAMPERES (rBI=lu 

5 7.5 

1 1 2.5 
0.5 

3 

~2.5 
., 
::! 2 

~ .. 1.5 

~ I 

..J 

80.5 

V<BR)eEO 
VBE 

leBO 
leBO 
lEBO 

35 min 
1.4rnax 

lOmax 
5rnax 
5 max 

20 to 120 
750 

6 max 

V 

p.A 
mA 
rnA 

kc/s 
'C/W 

TYPICAL TRANSFER CHARACTERISTICS 
TYPE 40310 
COLLECTOR-EMITTER VOLTS (VCE)-4 

.~~ I~ 
!<Ill} 

i"#t 1/ 
1// 

~ 
~. 

! 
010203040506070 

COLLECTOR-TO-EMITTER VOLTS (VCE) 
92CS-130041 

00.511.522.5 
BASE-TO-EMITTER VOLTS (VBE) 

'2CS-12325T 

40311 POWER TRANSISTOR 

Si n-p-n type used In audio-amplifier driver stages for economical high
quality performance. Designed to assure freedom from second breakdown in 
the operating region. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage .......................... .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 

VeEO(sus) 30 V 
VEBO 2.5 V 
Ie 0.7 A 

Base Current .............................................................................. .. Is 0.2 A 
Transistor Dissi.p,ation: 

TA up to 25 C ...................................................................... .. 
Te up to 25'C ...................................................................... .. 
TA and Te above 25'C ...................................................... .. 

Temperature Range: 
Operating (Junction) ........................................................... . 

PT 1 W 
PT 5 W 
PT See curve page 112 

TJ(opr) -65 to 200 'C 

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

(Ie = 100 mAo IB = O. tp = 300 !LS. df ;;;; 2%) .......... .. 
Base-to-Emitter Voltage (VCE = 4 V. Ic = 50 rnA) .. .. 
Collector-Cutoff Current: 

VCEO(SUS) 30 min V 
VBE 1 max V 

VCB == 15 V. IE = O. Te == 25'C ...................................... .. 
VeB = 15 V. IE = O. To = 150'C ..................................... . 

leBO 0.25 max p.A 
leBO 1rnax mA 

Emitter-Cutoff Current (VEB = 2.5 V. 10 = 0) .......... .. 
Static Forward-Current Transfer Ratio 

lEBO 1 max rnA 

(VeE = 4 V. Ie = 50 rnA) ............................................... . hFE 70 to 350 
Gain-Bandwidth Product (VCE = 10 V. Ie = 50 rnA) 
Thermal Resistance. Junction-to-Case .............................. .. 
Thermal Resistance. Junction-to-Ambient ..................... . 

iT 100 Mc/s 
fh-c 35rnax 'C/W 
9J-A 175 max 'C/W 

40312 POWE.R TRANSISTOR 

Si n-p-n type used in audio-amplifier output stages for economical high
quality performance. Designed to assure freedom from second breakdown in 
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the operating region. JEDEC TO-66, Outline No.22. Terminals: 1 (B) - base, 
2 (E) - emitter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE = 500 0) ....................................................................... . 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Transistor Dissipation: 

VeER (sus) 
VeBo 
Ie 
IB 

Te up to 25'C ........................................................................ PT 

60 V 
2.5 V 

4 A 
2 A 

29 W 
Te above 25'C ........................................................................ PT See curve page 112 

Temperature Range: 
Operating (Junction) .......................................................... TJ (opr) 

CHARACTERISTICS (At case temperature = 25'C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 100 rnA, RBE = 500 0) ........................................ VeER (sus) 
Base-to-Emitter Voltage (VeE = 2 V, Ie = 1 A) ............ VBE 
Collector-Cutoff Current: 

VeB = 15 V, IE = 0, Te = 25'C ........................................ leBO 
VeB = 15 V, IE = 0, Te = 150'C ...................................... leBO 

Emitter-Cutoff Current (VEB = 2.5 V, Ie = 0) ............ lEBO 
Static Forward-Current Transfer Ratio 

(VeE = 2 V, Ie = 1 A) .................................................... hFE 
Gain-Bandwidth Product (VeE = 4 V, Ie = 500 rnA) fT 
Thermal Resistance, Junction-to-Case .............................. 9J-C 

-65 to 200 ·C 

60 min V 
1.4 max V 

lOmax /LA 
5 max rnA 
5 max rnA 

20 to 120 
750 kc/s 

6 max ·C/W 

TYPICAL COLLECTOR CHARACTERiSTICS 
3.0 

TYPICAL TRANSFER CHARACTERISTICS 

'02.5 
!j 
rn 
ll!2.0 ... 
Q. 

::E 
.. 1.5 
a: 
g 
frll.O 

~n 5 

TYPE 40312 
CASE TEMPERATURE ITe ,- 25· e 

F ~451 
r---"-«l 

30 
25 

20 15 

BASE MILLIAMPERES I =0 
7.5 

../. 5 
2.57 
o.~ 

o 10 20 30 «l 50 60 70 

3 

<>2.5 
!:! ., 
ll! 2 
'" 
~ UI 
a: 
g 
1;l I 
...J 

80. 5 

TYPE 40312 
COLLECTOR-EMITTER VOLTS (VCEI~ 4 

-~~ J 
10..0 ;" 

"'~ 
c1~I/ 
~~I 
~ 1/ 

! 
00.5 11.522.5 

COLLECTOR-70-EMITTER VOLTS (VCE' 
92CS"1309JT 

BASE-TO-EMITTER VOLTS (VeE' 
92CS-1232~T 

POWER TRANSISTOR 40313 
Si n-p-n high-voltage type for direct 117 -volt line operation in audio
amplifier output stages for economical high-quality performance. Designed 
to assure freedom from second breakdown in the operating region. JEDEC 
TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE = 500 0) ...................................................................... .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Transistor Dissipation: 

VCER(SUS) 
VEBO 
Ie 
lB 

To up to 25'C ........................................................................ PT 
Te above 25'C ........................................................................ PT 
Te = 175'C ............................................................................ PT 

Temperature Range: 
Operating (Junction) .......................................................... TJ(opr) 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 200 rnA, RBE = 500 0) ............................................ VeEB(sus) 
Base-to-Emitter Voltage (VCE = 10 V, Ic = 0.1 A).... VBE 

300 V 
2.5 V 

2 A 
1 A 

35 W 
See Rating Chart 

5 W 

-65 to 200 ·C 

300 min V 
1.5 max: V 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current: 

VeE = 150 V, IB = 0 ........................................................... . 
VeE = 300 V, VBE = -I.S V, Te = 2S·C ..................... . 
VeE = 300 V, VBE = -I.S V, Te = lS0·C .................. .. 

Emitter-Cutoff Current (VEB = 2.S V, Ie = 0) .......... .. 
Static Forward-Current Transfer Ratio: 

VeE = 10 V, Ie = 100 mA ............................................... . 
VeE == 10 V, Ie = SOO mA .............................................. .. 

Second-Breakdown Collector Current (VeE = lS0 V) 
Thennal Resistance, Junction-to-Case ............................. . 

IeEo 
IeEv 
IeEv 
lEBO 

hFE 
hFE 
Is/. 
9J-C 

Smax mA 
lOmax rnA 
lOmax rnA 
Smax mA 

40 to 2S0 
40 min 

lS0min mA 
Smax ·C/W 

RATING CHART TYPICAL COLLECTOR CHARACTERISTICS 

~~ 'tYPE 40315 

~ 
<">1000 
!:! 

'" l:! 800 

TYPE 40313 
CASE TEMPERATURE (Tc" 25·C 

r--r- 8 I I 
~ I I~ 

'\ 

.... 
Q. 

::IE 
:!! 600 
:I 

/-V~ F~~~~~I~~:~~-~~~U~'-IY _5 
125 

I~ 
iii 

~ 400 
I'/. 4~ " I DCMAX.- I 

~ 
3 :t-I.. DISSIPATION LOCUS 

2 1.5 ____ 

CASE TEMPERATUREITC"I75~ :1200 
8 BASE MILLIAMPERES (IB =1 

0.51-
0 

0 100 200 300 .:10 
COLLECTOR-TO-EMITTER VOLTS (VCE' 

o 25 50 75 100 125 150 175 
COLLECTOR-TO-EMITTER VOLTS (VeE' 

TL 1744T 
TL 1745T 

40314 POWER TRANSISTOR 

Si n-p-n type used in audio-amplifier driver stages for economical high
quality performance. Designed to assure freedom from second breakdown in 
the operating region. JEDEC TO-5, Outline No.3. Terminals: 1 - emitter, 
2 0' base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage ......................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Transistor Dissip,ation: 

TA up to 25 C ...................................................................... .. 
Te up to 2SoC ...................................................................... .. 
TA and Te above 2SoC ....................................................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 

CHARACTERISTICS (At case temperature == 25 o C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 100 mA, lB = 0, t p = 300 p.s, df = 2%) ........ 
Collector-to-Emitter Saturation Voltage 

(Ie = 150 mA, lB = 15 rnA) .......................................... .. 
Base-to-Emitter Voltage (VeE = 4 V, Ie = 50 rnA) .. .. 
Collector-Cutoff Current: 

VeB == 15 V, h = 0, Te = 25·C ...................................... .. 
VeB = 15 V. IE = 0, Te = 150·C .................................... .. 

Emitter-Cutoff Current (VEB = 2.5 V, Ie = 0) ........... . 
Static Forward-Current Transfer Ratio 

(VeE = 4 V, Ie = 50 rnA) ............................................... . 
Gain-Bandwidth Product (VeE = 4 V, Ie = 50 rnA) 
Thermal Resistance, Junction-to-Case ............................. . 
Thermal Resistance, Junction-to-Ambient ..................... . 

Ve"o(sus) 
VEBO 
Ie 
lB 

PT 
PT 
PT 

TJ(opr) 

VeEo(sus) 

VeE (sat) 
VB" 

leBO 
leBO 
hBO 

hFE 
fT 
9J-e 
9J-A 

40 V 
2.5 V 
0.7 A 
0.2 A 

1 W 
5 W 

See curve page 112 

-65 to 200 °C 

40 min V 

1.4 max V 
1 max V 

0.25 max p.A 
1 max rnA 
1 max rnA 

70 to 350 
100 Mc/s 

35 max ·C/W 
175 max °C/W 

40315 POWER TRANSISTOR 

Si n-p-n type used in audio-amplifier inverter and driver stages for eco
nomical high-quality performance. Designed to assure freedom from second 
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breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage ......................... . 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 
Base Current .............................................................................. .. 
Transistor Dissipation: 

TA up to 25·C ...................................................................... .. 
Tc up to 25·C ...................................................................... .. 
TA and Te above 25·C ...................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage 

(Ie = 100 mA, IB = 0, t p = 300 p,s, df = 2%) ...... .. 
Base-to-Emitter Voltage (VCE = 4 V, Ic = 50 mAl .. .. 
Collector-Cutoff Current: 

VCB = 15 V, lE = 0, Tc = 25·C ...................................... .. 
VCB = 15 V, IE = 0, Tc = 150·C .................................... .. 

Emitter-Cutoff Current (VEB == 2.5 V, Ic = 0) .......... .. 
Static Forward-Current Transfer Ratio 

(VCE == 4 V, Ie == 50 mAl .............................................. .. 
Gain-Bandwidth Product (VCE = 10 V, Ic == 50 mAl 
Thermal Resistance, Junction-to-Case ............................ .. 
Thermal Resistance, Junction-to-Ambient .................... .. 

POWER TRANSISTOR 

VCEO(SUS) 
VEBO 
Ic 
In 

PT 
PT 
PT 

TJ(opr) 

V(BR)OEO 
VnE 

leBo 
leBO 
lEBO 

hFE 
fT 
SJ-e 
SJ-A 

35 V 
2.5 V 
0.7 A 
0.2 A 

1 W 
5 W 

See curve page 112 

-65 to 200 ·C 

3Smin V 
1 max V 

0.2Smax /LA 
lrnax rnA 
1 max rnA 

70 to 350 
100 Mc/s 

3Srnax ·C/W 
17Smax ·c/W 

40316 
Si n-p-n type used in audio-amplifier output stages for economical high
quality performance. Designed to assure freedom from second breakdown in 
the operating region. JEDEC TO-66, Outline No.22. Terminals: 1 (B) - base, 
2 (E) - emitter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Emitler Sustaining Voltage 

(RBm = SOO 0) .................................................................... .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Transistor Dissipation: 

Te up to 2S·C ...................................................................... .. 
Te above 25·C ...................................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 100 mA, RBE = SOO 0) .......................................... .. 
Base-to-Emitter Voltage (Vel' = 2 V, Ie = 1 A) ....... . 
Collector-Cutoff Current: 

VeB = IS V, IE = 0, Te = 25·C ...................................... .. 
VeB = 15 V, IE = 0, Te == 1S0·C .................................... .. 

Emitter-Cutoff Current (VEB = S V, Ie == 0) .............. .. 
Static Forward-Current Transfer Ratio 

(VeE = 2 V, Ie = 1 A) .................................................. .. 
Gain-Bandwidth Product (Ve .. == 4 V, Ie = SOO mAl 
Thermal Resistance, Junction-to-Case ............................ .. 

POWER TRANSISTOR 

VCER(SUS) 
VEBO 
Ie 
Is 

PT 
PT 

TJ(opr) 

VeER (sus) 
VBE 

leBO 
leBO 
bBO 

hI''' 
iT 
9J-C 

40 V 
5 V 
4 A 
2 A 

29 W 
See curve page 112 

-65 to 200 ·C 

40rnin V 
1.4 max V 

lOmax p,A 
Srnax . rnA 
Smax mA 

20 to 120 
750 kc/s 

6 max ·c/w 

40317 
Si n-p-n type used in audio-amplifier inverter and driver stages for eco
nomical high-quality performance. Designed to assure freedom from second 
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breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage ......................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ..............•......................................................... 
Base Current ............................................................................... . 
Transistor Dissipation: 

TA up to 25·C •....................................................................... 
Te up to 25·C ................•....................................................... 

VelllO(SUS) 
VlllBO 
Ie 
In 

PT 
PT 

40 V 
2.5 V 
0.7 A 
0.2 A 

1 W 
5 W 

TA and Te above 25·C ..................................................... ... PT See curve page 112 
Temperature Range: 

Operating (Junction) ........................................................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 100 rnA. In = O. t. = 300. J.l.S. df ~ 2%) ....... . 
Base-to-Emitter Voltage (VClll = 4 V. Ie = 10 rna) ... . 
Collector-Cutoff Current: 

VeB = 15 V. Illl = O. Te = 25·C ....................................... . 
VeB = 15 V. Illl = O. Te = 150·C ..................................... . 

Emitter-Cutoff Current (VlllB = 2.5 V. Ie = 0) ........... . 
Static Forward-Current Transfer Ratio 

(Velll·= 4 V. Ie == 10 rnA) ............................................... . 
Thermal Resistance. Junction-to-Case ............................. . 
Thermal Resistance. Junction-to-Ambient ....................... . 

Tl(opr) 

VCEO(SUS) 
VBE 

leBO 
leBO 
lEBO 

hFE 
91-e 
91-A 

-65 to 200 

40rnin 
1rnax 

0.25rnax 
1rnax 
1rnax 

40 to 200 
35rnax 

175 max 

40318 POWER TRANSISTOR 

·C 

V 
V 

J.l.A 
rnA 
rnA 

·C/W 
·C/W 

Si n-p-n high-voltage type for direct 117 -volt line operation in audio
amplifier output stages for economical high-quality performance. Designed 
to assure freedom from second breakdown in the operating region. JEDEC 
TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Ernitter Sustaining Voltage 

(RBE = 500 0) ....................................................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 

VeES(Sus) 300 V 
VEBO 6 V 
Ie 2 A 

Base Current .............................................................................. .. In 1 A 
Transistor Dissi.r.ation: 

~~ ~go~ ~~.g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
To = 175·C ........................................................................... . 

PT 35 W 
PT See Rating Chart 
PT 5 W 

Temperature Range: 
Operating (Junction) ........................................................... . Tl(opr) -65 to 200 ·C 

RATING CHART TYPICAL COLLECTOR CHARACTERISTICS 

o 

2:0\ TYP 40318 

~\ 
loo\. 

I~ 
~ 

~ TEMPERATURE (TC)~ 

_1000 

t1 
::\800 
II: 

II! 
~6oo 
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2400 

~ 
~200 

8 

TYPE 40318 
CASE TEMPERATURE ITC» 2l5"C 

f---A 
I 

/, ".~ r35 WATTS (STEADY-STATE 

tY/ MAX. - DISSIPATION LOCU~r 

V 4 
v-g::SS~~N ILOCUS -3 v: 2'/ ~, --

'1lASE MILLIAMPERES :IB,sl -

0 
o 25 50 75 100 1215 150 175 

100 200 300 400 COLLECTOR-TO-EMITTER VOLTS (VCE) 
COLLECTOR-TO-EMITTER VOLTS (VCE) .... /Om 

TLIHIT 
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CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

(Ie = 200 mA. RBE = SOO 0) ........................................... . 
Base-to-Emitter Voltage (VeE = 10 V. Ie = O.S A) ... . 
Collector-Cutoff Current: 

VeE = ISO V. In = 0 ....................................................... . 
VCE = ISO V. VBE = -1.S V. Te = 2S·C ................... . 
VeE = ISO V. VnE = -1.S V. Te = lS0·C ................. . 

Emitter-Cutoff Current (VEB = 6 V. Ie = 0) ............... . 
Static Forward-Current Transfer Ratio: 

VeE = 10 V. Ie = 20 rnA ............................................... . 
VeE = 10 V. Ie = SOO mA ............................................. . 

Second-Breakdown Collector Current (VeE = ISO V) 
Second-Breakdown Energy (VEB = 4 V. RBE = 20 O. 

L = 100 #H) ........................................................................... . 
Thermal Resistance. Junction-to-Case ............................. . 

POWER TRANSISTOR 

VeEn(sus) 
VBE 

IeEo 
leE v 
leE v 
lEno 

hFE 
hFE 
IS/b 

Es/. 
8J-e 

300 min 
1.Smax 

Smax 
Smax 

lOmax 
Smax 

40rnin 
SO min 

100 min 

SO min 
Smax 

40319 

303 

V 
V 

mA 
rnA 
rnA 
rnA 

rnA 

#J 
·C/W 

Si p-n-p type used in audio-amplifier driver stages for economical high
quality performance. Designed to assure freedom from second breakdown 
in the operating region. P-N-P construction permits complementary driver 
operating with a matching n-p-n type, such as 40314. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage ........................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation: 

TA up to 2S·C ....................................................................... . 
Te up to 25·C ....................................................................... . 
TA and Te above 25·C ....................................................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 

_600,......:..TY_P_I,-CA_L--=.CO,-L_L-=E:.::C,-TO:..:R-=-..:C.:,:H:..:.AR:..:;A:..:;CT:r=:E::..;R::..:IS=TT..;.;IC",S:...., 
TYPE 40319 

VOl'O(SUS) 
VEDO 
Ie 
ID 

PT 
PT 
PT 

TJ (opr) 

-40 V 
-2.S V 
-0.7 A 
-0.2 A 

1 W 
5 W 

See curve page 112 

-65 to 200 ·C 

TYPICAL INPUT CHARACTERISTIC 

- FREE-AIR TEMPERATURE (T FA)' 2S·C 
t!. -soo -14 -121---;---1 ~~rM~~:TO-illTTiR 
VI -10 _-10 .. f-VOLTS IV(:E"-IO 

1/ ... FREE-AIR TEMPERATURE 
15 -400 -8 

!:! 
Q. 
::e .. 
:3 -300 

-6 

:iii 

o 

-4 

-2 -4 -6 -8 -10 -12 -14 
COLLECTOR-TO-EMITTER VOLTS !VCE) 

TL 1770T 

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

(Ie = -100 mA. IB = O. t. = 300 #s. df ;§; 2%) 
Collector-to-Emitter Saturation Voltage 

o 

(Ie = -ISO rnA. IB = -15 rnA) ................................... . 
Base-to-Emitter Voltage (VeE = -4 V. Ie = -50 rnA) 
Collector-Cutoff Current: 

VeD = -IS V. lE = O. Te = 25·C ................................... . 
VeB = -IS V. II. = O. Te = 150·C ................................. . 

Emitter-Cutoff Current (VEB = -2.S V. Ie = 0) ....... . 
Static Forward-Current Transfer Ratio 

(VeE = -4 V. Ie = -SO mA) ....................................... . 
Gain-Bandwidth Product (VCE = -4 V. Ie = -50 rnA) 
Thermal Resistance. Junction-to-Case ............................... . 
Thermal Resistance. Junction-to-Ambient ..................... . 

(TFAI'2S"C 

-

/ 
II 

/ 
- - - - -0.2 0.4 0.6 0.8 I 1.2 

BASE-TO-EMITTER VOLTS (VaEl 
TLI77ZT 

VeEO(sus) 

VOl. (sat) 
VB" 

leBO 
leBO 
lEBO 

-40 min 

-1.4 max 
-1 max 

-0.25 max 
-1 max 
-1 max 

3S to 200 max 
100 

3Smax 
17Smax 

V 

V 
V 

p.A 
rnA 
rnA 

Mc/s 
·C/W 
·C/W 
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40320 POWER TRANSISTOR 
Si n-p-n type used in audio-amplifier inverter and driver stages for eco
nomical high-quality performance. Designed to assure freedom from second 
breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage ........................... . 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Transistor Dissi.r.ation: 

TA up to 25 C ....................................................................... . 
Tc up to 25'C ...................................................................... .. 
TA and Te above 25'C ....................................................... . 

TeDlperature ~ge: 
Operating (Junction) ........................................................... . 

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

(Ie = 100 DlA, IB ='0, t p = 300 /LS, df ~ 2%) ...... .. 
Base-to-EDlitter Voltage (Vem = 4 V, Ie = 10 DlA) .. .. 
Collector-Cutoff Current: 

VeB = 15 V, 1m = 0, Te = 25'C ....................................... . 
VeB = 15 V, 1m = 0, Te = 150'C .................................... .. 

Emitter-Cutoff Current (VEB = 2.5 V, Ie = 0) ........... . 
Static Forward-Current Transfer Ratio 

(VeE = 4 V, Ie = 10 DlA) .............................................. .. 
TherDlal Resistance. Junction-to-Case ................................ .. 

VeEo(sus) 
VEBO 
Ie 
IB 

PT 
PT 
PT 

TJ(opr) 

VeEo(sus) 
VBE 

leBO 
leBO 
lEBO 

hFm 
8J-e 

40 V 
2.5 V 
0.7 A 
0.2 A 

1 W 
5 W 

See curve page 112 

-65 to 200 'C 

40 Dlin V 
IDlax V 

0.25Dlax /LA 
IDl8X DlA 
IDl8X DlA 

40 to 200 
35 Dlax 'C/W 

40321 POWER TRANSISTOR 
Si n-p-n high-voltage type for direct 117 -volt line operation in audio- ampli
fier driver stages for economical high-quality performance. Designed to 
assure freedom from second breakdown in the operating region. JEDEC 
TO-5; Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE = 1000 0) ........... _ ..................................................... .. VeER (sus) 300 V 

: ~~H~~;~-:°c~~~~n{'~.~~~~ ... :::::::::::::::::::::::::::::::::::::::::::::::::::::::::: VEBO 5 V 
Ie 1 A 

Base Current .............................................................................. .. IB 0.5 A 
Transistor Dissipation: 

TA up to 50'C ...................................................................... .. 
Te up to 50'C ...................................................................... .. 

PT 1 W 
PT 5 W 

TA and Te above 50'C ........................ ' .............................. .. 
TeDlperature Range: 

Operating (Junction) .......................................... , ............... .. 

PT See curve page 112 

Tl(opr) -65 to 300 'C 

TYPICAL COLLECTOR 'CHARACTERISTICS TYPICAL INPUT CHARACTERISTICS 
200 

;j160 
", 

'" ~120 
~ 
:j 
:Eso 

i ..140 
o .., 

o 

TYPE 40321 
CASE TEMPERATURE (Tcl- 25 0 C 

4.0~ 
V2.cy 
// 1.0 

V1 0.75 

I~~ILLIAMPERES (IB)'Ot 
I' f-- Q4 

Y L-- 0.3 

~ I 0.2 

0.1 1,0 

40 SO 120 160 200 240 
COLLECTOR-lO-EMITTER VOLTS (VCE) 

TL IIIIT 

TYPE 40321 
COLLEClOR-lO-EMITTER VOLTS (Vc~) • 10 

! 
OV/ 

2 
.~ I 

2 t:' 0'1-l-I-4 ~ 
2 ~"/- <t' 
• ,,~ 

6 ~~ 
4 9,'<; 
2 "".:~. / .= i== !'>~ 
t= f=v~ 
2 .A' 

I 
0.2 0.3 0.4 0.5 0.6 0.7 0.8 

BASE-TO-EMITTER VOLTS (VSEI 
92C5-12618T 
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CHARACTERISTICS (At case temperature = 25·C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 50 rnA, RBE = 1000 n) ........................................... . 
Base-to-Emitter Voltage (VeE = 10 V, Ie = 50 rnA) ... . 
Collector-Cutoff Current: 

VeB = 150 V, lE = 0, Te = 150·C ............................... . 
VeE = 150 V, RBE = 1000 n ........................................... . 

Emitter-Cutoff Current (VEB = 5 V, Ie = 0) ............... . 
Static Forward-Current Transfer Ratio 

(VeE = 10 V, Ie = 20 rnA) ............................................... . 
Thermal Resistance, Junction-to-Case .............................• 

POWER TRANSISTOR 

VeER (sus) 
VBE 

leBO 
leER 
lEBO 

hFE 
6J-e 

305 

300 min V 
2 max V 

100 max p.A 
5 max /loA 

100 max p.A 

25 to 200 
30 max ·CiW 

40322 
Si n-p-n high-voltage type for direct 117-volt line operation in audio-ampli
fier output stages for economical high-quality performance. Designed to 
assure freedom from second breakdown in the operating region. JEDEC 
TO-66, Outline No.22. Terminals: 1 - base, 2 - emitter, Mounting Flange -
collector and case. For rating chart and collector-characteristics curves, 
refer to type 40318. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE = 500 0) ....................................................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation: 

To up to 25'C ....................................................................... . 
. To above 25'C ....................................................................... . 
Te = 175'C ............................................................................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 

CHARACTERISTICS (At case temperature = 25·C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 200 rnA, RUE = 200 n, L = 5 mH) ............... . 
Collector-Cutoff Current: 

VeE = 150 V, Is = 0, Te = 25'C ................................... . 
VeE = 150 V, VBE = -1.5 V, To = 25'C ....................... . 
VeE = 150 V, VBE = -1.5 V, Te = 150'C ................... . 

Emitter-Cutoff Current (VEB = 6 V, Ie = 0) ............... . 
Static Forward-Current Transfer Ratio: 

VeE = 10 V, Ie = 20 rnA ............................................... . 
VeE = 10 V, Ie = 500 rnA ............................................. . 

Second-Breakdown Collector Current (VeE = 150 V) 
Second-Breakdown Energy (VEB = 4 V, RBE = 20 n, 

L = 100 p.H) ........................................................................... . 
Thermal Resistance, Junction-to-Case ............................. . 

POWER TRANSISTOR 

VeER (sus) 
VEBO 
Ie 
Is 

PT 
PT 
PT 

TJ(opr) 

VeEB(sus) 

leEo 
ICEV 
IeEv 
lEBO 

hFE 
hFE 
lsi. 

Es/. 
6J-o 

300 V 
6 V 
2 A 
1 A 

35 W 
See Rating Chart 

5 W 

--6S to 200 DC 

300 min V 

5 max rna 
lOmax rnA 
lOmax rnA 
Srnax rnA 

40 min 
75 min 

100 min rna 
SO min p.J 
5 max DCiW 

40323 
Si n-p-n type used in audio-amplifier inverter and driver stages for eco
nomical high-quality performance. Designed to assure freedom from second 
1 - emitter, 2 - base, 3 - collector. For collector-characteristics and transfer
characteristics curves, refer to type 40309. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage ......................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation: 

TA up to 25'C ....................................................................... . 
Te up to 2SoC ....................................................................... . 
TA and Te above 25DC ....................................................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 

VeEo(sus) 
VEBO 
Ie 
IB 

PT 
PT 
PT 

TJ(opr) 

18 V 
2.5 V 
0.7 A 
0.2 A 

1 W 
5 W 

See curve page 112 

-6S to 200 DC 
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CHARACTERISTICS (At case temperature 25°C) 
Collector-to-Emitter Breakdown Voltage 

(Ie = 100 mA, lB = 0, t p = 300 p.s, df :$ 2%) ........... . 
Base-to-Emitter Voltage (VCE = 4 V, Ic ~ 50 mAl ... . 
Collector-Cutoff Current: 

VCB = 15 V, IE = 0, Tc = 25°C ....................................... . 
VCR = 15 V, 1m = 0, Tc = 150°C ..................................... . 

Emitter-Cutoff Current (VEB = 2.5 V, Ic = 0) ........... . 
Static Forward-Current Transfer Ratio 

(Vcm.= 4 V, Ic = 50 mAl ............................................... . 
Gain-Bandwidth Product (VCE = 10 V, Ic = 50 mAl 
Thermal Resistance, Junction-to-Case ............................. . 
Thermal Resistance, Junction-to-Ambient ..................... . 

RCA Transistor Manual 

V(BR) CEO 
VB" 

ICBO 
ICBo 
bBO 

hFE 
fT 
8J-C 
8J-A 

18 min 
1 max 

0.25 max 
1 max 
1 max 

70 to 350 
100 

35 max 
175 max 

V 
V 

p.A 
mA 
mA 

Mc/s 
°C/W 
°C/W 

40324 POWER TRANSISTOR 

Si n-p-n type used in audio-amplifier inverter and driver stages for eco
nomical high-quality performance. Designed to assure freedom from second 
breakdown in the operating region. JEDEC TO-66, Outline No.22. Terminals: 
1 - base, 2 - emitter, Mounting Flange - collector and case. For collector
characteristics and transfer-characteristics curves, refer to type 40310. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage ........................ .. 
Emitter-to-Base .Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Transistor Dissipation: 

Tc up to 25°C ...................................................................... .. 
Tc above 25°C ...................................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 

. CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage 

(Ic = 100 mA, RBE = 500 0) .......................................... .. 
Base-to-Emitter Voltage (VCE = 2 V, Ic = 1 A) ...... .. 
Collector-Cutoff Current: 

VCB = 15 V, b = 0, Tc = 25°C ....................................... . 
V,cB = 15 '!'.. b = 0, Tc = l~O°C .............. :::. .................... . 

Emitter-CutoI'I Current (VER _ 2.5 V, Ic _ 0) .......... .. 
Static Forward-Current Transfer Ratio 

(VCE = 2 V, Ic = 1 A) .................................................. .. 
Gain-Bandwidth Product (VCE = 4 V, Ic = 500 mAl 
Thermal Resistance, Junction-to-Case ............................ .. 

VCEO(SUS) 
VEBO 
Ic 
lB 

PT 
PT 

TJ(opr) 

V<BR) CEO 
VBE 

ICBo 
leBO 
bBO 

hFE 
fT 
8J-C 

35 V 
2.5 V 

4 A 
2 A 

29 W 
See curve page 112 

-65 to 200 °C 

35 min V 
1.4 max V 

lOmax p.A 
5 max rnA 
5 max mA 

20 to 120 
750 kc/s 

6 max °C/W 

40325 POWER TRANSISTOR 

Si n-p-n type used in audio-amplifier output stages for economical high
quality performance. Designed to assure freedom from second breakdown 
in the operating region. JEDEC TO-3, Outline No.2. Terminals: 1 (B) -
base, 2 (E) - emitter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ........................................................................ .. 
Base open (sustaining voltage) ...................................... .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 
Base Current .............................................................................. .. 
Transistor Dissipation: 

~~ ~~o;~ ~g:g ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::'.: 
Temperature Range: 

Ope.rating (Junction) .......................................................... M 

VCBO 

VCEV 
VCEO(SUS) 
VEBO 
Ic 
lB 

PT 
PT 

Tl(opr) 

35 " 
35 V 
35 V 
5 V 

15 A 
7 A 

117 W 
See curve page 112 

-65 to 200 ·C 



Technical Data for RCA Transistors 307 

CHARACTERISTICS (At case temperature = 2S·C) 
Collector-to-Emitter Breakdown Voltage 

(Ie = 200 rnA, IB = 0) ....................................................... . 
Collector-to-Base Breakdown Voltage 

(Ie = 100 rnA, 1m = 0) ....................................................... . 
Colleetor-to-Emitter Saturation Voltage 

(Ie = 8 A, IB = 0.8 A) ....................................................... . 
Base-to-Emitter Voltage (Vem = 4 V, Ie = 8 A) ........... . 
Collector-Cutoff Current: 

V(BBlOEO (sus) 3Smin V 

V(BBlOBO 3Smin V 

VeE (sat) 1.5rnax V 
VBE 2rnax V 

VeB = 30 V, 1m = 0, Te = 2S'C ....................................... . lOBO 5rnax rnA 
VCB = 30 V, IE = 0, To = lS0'C ..................................... . leBo lOmax rnA 

~U~e~;r~~~d_~~x:,,~~\ ~~~sfur SRitlolo = 0) ........... . lEBO lOmax rnA 

(Vem = 4 V, Ie = 8 A) .................................................... hFm 12 to 60 
Thermal Resistance, Junction-to-Case .............................. 8J-e loS max 'C/W 

~12.5 

~ 10 

~ 
~ 7.5 

'" e 5.0 
:oJ 
:l 2.5 
8 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40325 
CASE TE~PERrURi (TC)" 2S"C 

FF~.1 I I-+-"'~ 
3OObo 

BASE MILLIAMPERES (IR)'\~ 1/ 
3010 ./ 

·12 

U 
!::IO 

::l 
ffi 8 
11. 
~ .. 
'" 6 g 
~4 
...J 

8 
2 

TYPICAL TRANSFER CHARACTERISTIC 

TYPE 40325 
COLLECTOR-lO-Ej'TTER VOLTS (VCE)·4-

L-t~~~~r-
~ '" 
~ i'l ./ 

! / 
all I 

1:.'1 
'rill 

f--f-j 

~ 
0102030405060708090 

COLLECTOR-TO-EMITTER VOLTS.(VCE ) 

.2CS-IZ306T 0.5 I 1.5 2 2.5 3 3.5 
8ASE-TO-EMITTER VOLTS (VBE) 

92C5-12326T 

POWER TRANSISTOR 40326 
Si n-p-n type used in audio-amplifier inverter and driver stages for eco
nomical high-quality performance. Designed to assure freedom from second 
breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. For collector-characteristics curves, re
fer to type 40309. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage .......................... .. 
Emltter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 
Base Current .............................................................................. .. 
Transistor Dlsslp,atlon: 

TA up to 25 C ....................................................................... . 
To up to 25'C ...................................................................... .. 
TA and Te above 25'C ....................................................... . 

Temperature Range: 
Operating (Junction) .......................................................... .. 

CHARACTERISTICS (At case temperature = 2S'C) 
Collector-to-Emltter Sustaining Voltage 

(Ie = 100 rnA, lB = 0, t. = 300 I'S, df :5 2%) ...... .. 
Base-to-Emitter Voltage (VOE = 4 V, Ie =-10 rnA) .. .. 
Collector-Cutoff Current: 

VOB = 15 V, IE = 0, Te = 25'C ....................................... . 
VOB = 15 V, IE = 0, Te = 150'C .................................... .. 

Emitter-Cutoff Current (VEB = 2.5 V, Ie = 0) .......... .. 
Static Forward-Current Transfer Ratio 

(Vem = 4 V. Ie = 10 rnA) .............................................. .. 
Thermal Resistance, Junctlon-to-Case ............................. . 

POWER TRANSISTOR 

VeEO(SUS) 
VmBo 
Ie 
IB 

PT 
PT 
PT 

Ts(opr) 

VCI'O(SUS) 
VBE 

leBO 
leBO 
lEBO 

hl'm 
8s-0 

40 V 
2.5 V 
0.7 A 
0.2 A 

1 W 
5 W 

See curve page 112 

-65 to 200 ·C 

40rnin V 
1 max V 

0.25 max pA 
1rnax rnA 
1rnax rnA 

40 to 200 
30 max 'C/W 

40327 
Si n-p-n high-voltage type used for direct operation from a line source 
in audio-amplifier driver stages for economical high-quality performance. 
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Designed to assure freedom from second breakdown in the operating re
gion. JEDEC TO-5, Outline No.8. Terminals: 1 - emitter, 2 - base, 8 - col
lector. For collector-characteristics and input-characteristics curves, refer 
to type 40821. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE = 1000 0) ................................................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 

VeER (sus) 
VEBO 
Ie 
lB 

Transistor Dissi£ation: 
TA up to 50 C ........................................................................ PT 
Te up to 50·C ........................................................................ PT 
TA and Te above 50·C ........................................................ PT 

Temperature Range: 
Operating (Junction) ............................................................ TJ(opr) 

CHARACTERISTICS (At case temperature = 25·C) 
Collector-to-Emitter Sustaining Voltage 

(Ie === 50 mA, RBE === 1000 0) ............................................ VeER (sus) 
Base-to-Emitter Voltage (VeE = 10 V, Ie = 50 mAl VBE 
Collector-Cutoff Current: 

VCB = 150 V, Te = 150·C, IE === 0 ................................ leBo 
VeE = 150 V, RBE === 1000 0 ............................................ ICER 

Emitter-Cutoff Current (VEB = 5 V, Ic = 0) ............ lEBO 
Static Forward-Current Transfer Ratio 

(VeE = 10 V, Ie === 20 mAl ............................................ hFE 
Thermal Resistance, Junction-to-Case ............................ 8J-e 

300 V 
5 V 
1 A 

0.5 A 

1 W 
5 W 

See curve page 112 

-65 to 200 ·C 

300 min V 
2 max V 

100 max /LA 
5 max /LA 

100 max /LA 

40 to 250 
30 max ·C/W 

40328 POWER TRANSISTOR 
Si n-p-n high-voltage type used for direct operation from a line source 
in audio-amplifier output stages for economical high-quality performance. 
Designed to assure freedom from second breakdown in the operating re
gion. JEDEC TO-66, Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, 
Mounting Flange - collector and case. For rating chart and collector-char
acteristics curves, refer to type 40818. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE = 500 0) ....................................................................•... 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Base Current .............................................................................. .. 
Transistor Dissipation: 

Te up to 25·C ...................................................................... .. 
Te above 25·C ....................................................................... . 
Te = 175·C .............................................................................. .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = 200 mA, RBE = 500 0) .......................................... .. 
Base-to-Emitter Voltage (VeE = 10 V, Ie = 1 A) ....... . 
Collector-Cutoff Current: 

VeE = 150 V, lB = 0 .......................................................... .. 
VOE = 150 V, VBE = -1.5 V, To = 25·C .................. .. 
VeE = 150 V, VBE = -1.5 V, Te = 150'C ................ .. 

Emitter-Cutoff Current (VEB == 6 V, Ie = 0) .......... .. 
Static Forward-Current Transfer Ratio: 

VOE = 10 V, Ie = 1 A ...................................................... .. 
VeE = 10 V, Ie == 20 mA .................................................. .. 

Second-Breakdown Collector Current (VOE = 150 V) 
Thermal Resistance, Junction-to-Case .............................. .. 

VeER (sus) 
VEBO 
Ie 
lB 

PT 
PT 
PT 

TJ(opr) 

VeER (sus) 
VBB 

leBO 
IOBV 
leEv 
lEBO 

hFE 
hFE 
IS/b 
8J-e 

40329 TRANSISTOR 

300 V 
6 V 
2 A 
1 A 

35 W 
See Rating Chart 

5 W 

-65 to 200 'C 

300 min V 
1.5 max V 

5 max rnA 
lOmax mA 
lOmax mA 
5 max rnA 

20 min 
40 min 

100 min rnA 
5 max ·C/W 

Ge p-n-p alloy type for low-level, intermediate-level, and class A driver 
stages in consumer and industrial af-amplifier equipment such as preampli-
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fiers, tone-control stages, and phonograph amplifiers using crystal pickups. 
JEDEC TO-1, Outline No.!. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage (RBE ;a 4700 0) ........... . 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ....................................................................... . 
Emitter Current ......................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation: 

TA up to 55·C (With practical heat sink, e = 50·C/W) ........................................................... . 
TA up to 55·C (Without heat sink) .............................. .. 
TA with and without heat sink above 55·C ............... . 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage 

(Ie = 0.05 rnA, lE = 0) ....................................................... . 
Collector-to-Emitter Breakdown Voltage 
~r:r-~-il2!'e °Br!~kdo;-~ {%}lag~····································· 

(lE = -0.05 rnA) ................................................................... . 
Collector-Cutoff Current (VCB = -12 V, lE = 0) ....... . 
Emitter-Cutoff Current (VED = -2 V, Ie = 0) ........... . 
Static Forward-Current Transfer Ratio 

(VCE = -1 V, Ic = -25 rnA) ....................................... . 
Small-Signal Forward-Current Transfer Ratio: 

VCE = -10 V, Ic = -10 rnA, f = 1 kc/s ................... . 
VCE = -6 V, Ie = -1 rnA, f = 1 kc/s ....................... . 

Small-Signal Forward-Current Transfer Ratio Cutoff 
Frequency (VCB = -6 V, Ic = 1 rnA) ............................ . 

Output Capacitance (VCD = -6 V. f = 1 kc/s) ........... . 
Small-Signal Input Impedance 

(VCE = -10 V, Ic = -10 rnA, f = 1 kc/s) ............... . 
Small-Signal Output Admittance 

(VeE = -10 V. Ic = -10 rnA, f = 1 kc/s) 
Small-Signal Reverse Voltage-Transfer Ratio 

(VCE = -10 V, Ic = -10 rnA, f = 1 kc/s) ............... . 
Equivalent RMS Noise Input Current 

(VCE = -6 V, Ie = -0.5 rnA, f = 20 cis to 
20 kc/s) ......................................................................... . 

Base-Spreading Resistance ' 
(VCE '= -6 V, Ie = -1 rnA, f = 20 Mc/s) 

VCBO 
VeER 
VEBO 
Ie 
lE 
lB 

PT 
PT 
PT 
TJ(opr) 
TSTG 
TL 

V(BR)CBO 

V(BR)CER 

V(BR)EBO 
ICBO 
lEBO 

hf. 
hf. 

fhf. 
Cobo 

hi. 

hoe 

hr. 

-25 V 
-25 V 
-2.5 V 
-100 rnA 

100 rnA 
-20 rnA 

265 mW 
125 mW 

See curve page 112 

-65 to 100 ·C 
-65 to 100 ·C 

255 ·C 

-25 min V 

-25 min V 

-2.5 min V 
-14 max p.A 
-14 max p.A 

50 to 200 

75 to 300 
50 to 200 

1.5 Mc/s 
35 pF 

400 0 

175 p.mhos 

300 x 10-8 

0.02 max p.A 

100 0 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTIC 

U 
H 

;;;-100 ... 
a: 

~ -80 
:! 
:I 
Si -60 

~ 0-40 

g -20 

TYPE 10_~~1t 
COMMON-EMITTER CIRCUIT} BASE INPUT. 
CASE TEMPERATURE (TC = 25·C 

~~IJI 
~9 '0.8 
t:/:::-0.7 

~;:~.5 r __ :0.4 - -0.3 
~ - -;0,2 

BASE MILLIAMPERES (IBI ·-0.1 -
-

I 
o -5 -10 -15 -20 -25 

COLLECTOR-TO-EMITTER VOLTS (VeE) 
92CS-13142T 

TRANSISTOR 

TYPE 40329 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

100 CASE TEMPERATURE (Tc)- 25"C 
COLLECTOR-TO-EMITTER V 

-8 
VOLTS (VeE)--1 ./ 

/ -
/ 

1/ -
V - - - -o 0.2 0.4 0.6 0.8 -I - L2 -IA 

BASE MILLIAMPERES(J:B) 
92CS-13143T 

40340 
Si n-p-n "overlay" epitaxial planar type used in high-power class C ampli
fier applications at frequencies to 100 Mc/s. JEDEC TO-60, Outline No.20. 
Terminals: 1 - no connection, 2 - base, 3 - collector, Mounting Stud - emitter 
and case. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VRE = -1.5 V ....................................................................... . 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
Peak Collector Current ........................................................... . 
Continuous Collector Current ............................................. ... 
Transistor Dissipation (Te = 25°C) ................................... . 
Temperature Range: 

Operating (Junction) ........................................................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 

VeBO 

VCJ'V 
VeEo 
VEBO 
ie(peak) 
Ie 
PT 

TJ(opr) 

Ie = 200 rnA. VBE = -1.5 V. pulsed through 
an inductor L = 25 mAo df = 50% .................... V(BR)CEV 

Ie = 200 rnA. In = O. pulsed through an 
inductor L = 25 mAo df = 50% ........................ V(BR)CEO 

Emitter-to-Base Breakdown Voltage 
(IE = 10 mAo Ie = 0) ........................................................ V(BR)EBO 

Collector-Cutoff Current: 
VCE = 15 V. IB = 0 ............................................................ ICEO 
VCB = 40 V. IE = 0 ............................................................ leBO 

Output Capacitance (VCB = 15 V. IE = 0) .................... Cobo 
RF Power Output (VCE = 13.5 V. PIE = 5 W. 

f = 50 Mc/s. RG & RL = 50 0) ........................................ Pom 
Thermal Resistance. Junction-to-Case .............................. 8J-G 

• For conditions given. minimum efficiency = 65 per cent. 

40341 

TYPICAL OPERATION CHARACTERISTIC 

TYPE 40340 I. L 
COLLECTOR-5UPPL Y VOL T5 (VCC) • 13.5 
FREQUENCY (f) = 50 Mels 
CASE TEMPERATURE (Tel- 25';'--

5 ",-

5 

./ 
V 

/ 

23456 
RF POWER INPUT (PIN1-WA~~'839CT 

TRANSISTOR 

60 

60 
25 

4 
10 

3.3 
70 

200 

60 min 

25 min 

4 min 

1 max 
lOmax 

120 max 

25. min 
2.5 max 

V 

V 
V 
V 
A 
A 
W 

·C 

V 

V 

V 

mA 
mA 
pF 

W 
'C/W 

Si n-p-n "overlay" epitaxial planar type used in high-power class C ampli
fier applications at frequencies to 100 Mc/s. JEDEC TO-60, Outline No.20. 
Terminals: 1 - no connection, 2 - base, 3 - collector, Mounting Stud - emitter 
and case. This type is identical with type 40340 except for the following 
items: 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... VCBO 
Collector-to-Emitter V'lltage: 

VBm = -1.5 V ........................................................................ Vcmv 
Base open .................................................................................. V CEO 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage: 

Ie = 200 mAo VBm = -1.5 V. pulsed through 
an inductor L = 25 mHo df = 50% .................... V(BR)emV 

Ic = 200 mAo IB = O. pulsed through an 
inductor L = 25 mHo df = 50% ........................ V (BR)emo 

80 

80 
35 

80 min 

35 min 

V 

V 
V 

V 

V 
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CHARACTERISTICS (cont'd) 
Collector-Cutoff Current: 

VCE = 30 V. lB = 0 ........................................................... . 
VCB = 60 V. IE = 0 ............................................................ . 

Output Capacitance (VCB = 30 V. IE = 0) .................. .. 
RF Power Output (VCII = 24 V. PIE = 3 W. 

f = 50 Mc/s. RG & RL = 50 0) ...................................... .. 

ICEO 
ICBo 
Cobo 

POE 

1 max 
lOmax 
85 max 

30* min 

311 

rnA 
rnA 
pF 

W 

• For conditions given. minimum efficiency = 60 per cent. 
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TYPICAL OPERATION CHARACTERISTIC 

TYPE 40341 
COLLECTOR-SUPPLY VOLTS (VCC)'24 
FREQUENCY (I)- 50 Mell - f-----
CASE TEMPERATURE (T C). 25"C 

/' 
V 

/ 
/ -

0:: 10 
0123456 

RF POWER INPUT (PIN)-WATT~LI8.OCT 

POWER TRANSISTOR 40346 
Si n-p-n triple-diffused planar type used in low-power, high-voltage, gen
eral-purpose applications in military, industrial, and commercial equip
ment. This type is particularly useful in neon-indicator driver circuits and 
in high-voltage differential and high-voltage operational amplifiers. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage (Rn = 1000 n) .......... .. 
Collector Current ...................................................................... .. 
Base. Current .............................................................................. .. 
Transistor Dissipation: 

TA up to· 50·C ...................................................................... .. 
Tc up to 50·C ...................................................................... .. 
TA and Tc above 50·C ....................................................... . 

Temperature Range: 
Operating (TA-Tc) .............................................................. .. 

VCEB(SUS) 
Ic 
In 

PT 
PT 
PT 

175 V 
1 A 

0.5 A 

1 W 
5 W 

See curve page 112 

-65 to 200 ·C 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
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CHARACTERISTICS (At case temperature,= 25°C) 
Collector-to-Emitter Sustaining Voltage 

(RBI< = 1000 n. Ie = 50 mA) .......................................... .. 
Collector-to-Emitter Saturation Voltage 

(Is = 1 mA. Ie = lOrna) ............................................... . 
Base-to-Emitter Voltage (VCE = 10 V. Ie = 10 mA) 
Collector-Cutoff Current: 

V CE = 100 V. Is = 0 ........................................................... . 
VeE = 200 ,V. VBE = -1.5 V. Te = 25'C ................... . 
VeE = 200 V. VBE = -1.5 V. Te = 150'C ................. . 

Emitter-Cutoff Current (VEB = 4 V. Ie = 0) ............... . 
Static Forward-Current Transfer Ratio 

(VCE = 10 V. Ie = 10 mA) ............................................... . 
Small-Signal. Forward-Current Transfer Ratio 

(VCE = 10 V. Ie = 10 mA. f = 5 Mc/s) ..................... . 
Thermal Resistance. Junction-to-Case ............................. . 

VCER(SUS) 

VeE (sat) 
VBE 

leEO 
ICEv 
ICE V 
lEBO 

hFE 

40347 POWER TRANSISTOR 

175 min 

0.5 max 
1 max 

5 max 
lOmax 
1 max 
5 max 

25 min 

2 min 
30 max 

V 

V 
V 

p.A 
p.A 

mA 
p.A 

·C/w 

Si n-p-n single-diffused type used in a wide variety of low- and medium
power applications where medium- and high-voltage power transistors are 
required, such as switching regulators, converters, inverters, relay controls, 
oscillators, and pulse and audio amplifiers. JEDEC TO-5, Outline No.3.' 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ....................................................................... . 

VeBO 60 V 

VeEv 60 V 
Base open ................................................................................. . 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ........ ~ .............................................................. . 

VeEo 40 V 
VEBO 7 V 
Ic 1 A 

Base Current ............................................................................... . IB 0.5 A 
Transistor Dissipation: 

TA up to 50'C ....................................................................... . PT 1 W 
Te up to 50'C ........................................................................ , PT 5 W 
TA and Tc above 50'C ....................................................... . 

Temperature Range: 
PT See curve page 112 

Operating (Junction), .......................................................... .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage: 

VBE = -1.5 V. Ie = 50 mA ............................................... . 
le=50mA.Is=0 .............................................................. .. 

Collector-to-Emitter Saturation Voltage 
(Ie = 450 mA. Is = 45 mA) ........................................... . 

Base-to-Emitter Voltage (VCE = 4 V. Ic = 150 mA) 
Collector-Cutoff Current: 

VeE = 30 V. In = O. Tc = 25'C ....................................... . 
VCE = 30 V. IB = O. Te = 150'C ..................................... . 

TJ(opr) 
TSTG 
TL 

VeEv(sus) 
VeEo(sus) 

VCE (sat) 
VBE 

ICED 
ICED 

-65 to 200 ·C 
-65 to 200 ·C 

230 ·C 

60 min V 
40 min V 

1 max V 
1.5 max V 

1 max p.A 
1 max rna 

TYPICAL COLLECTOR CHARACTERISTICS 

TYPE 40347 

TYPICAL DC FORWARD-CURRENT TRANSFER
RATIO CHARACTERISTICS 
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CHARACTERISTICS (cant'd) 
Emitter-Cutoff Current (VEB = 7 V, Ie = 0) lEno lOmax /loA 
Static Forward-Current Transfer Ratio 

(VeE = 4 V, Ie = 450 rnA) ................................................ hFE 
Thermal Resistance, Junction-to-Case .............................. 8.J-c 

20 to 80 
20 max °C/W 

POWER TRANSISTOR 40347Vl 
Si n-p-n single-diffused type with an attached -heat radiator for printed
circuit-board use in a wide variety of low- and medium-power applications 
requiring medium- and high-voltage power transistors for switching regu
lators, converters, inverters, relay controls, oscillators, and pulse and audio 
amplifiers. JEDEC TO-5 (with heat radiator), Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case (with heat radiator). This type 
is identical with type 40347 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 

TA up to 25°C ........................................................................ PT 
Tc up to 25°C ........................................................................ PT 
TA or Tc above 25°C ............................................................ PT 

4.3 W 
8.75 W 

See curve page 112 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Ambient 8J-A 40 max °C/W 

POWER TRANSISTOR 40347V2 
Si n-p-n single-diffused type used in a wide variety of low- and medium
power applications requiring medium- and high-voltage power transistors 
for switching regulators, converters, inverters, relay controls, oscillators, 
and pulse and audio amplifiers. JEDEC TO-5 (with flange), Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case (with flange). This 
type is identical with type 40347 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 

Tc up to 25·C ........................................................................ PT 
Tc above 25·C ........................................................................ PT 

11.6 W 
See curve page 112 

CHARACTERISTICS 
Thermal Resistance, Junction-to-Case ............................ 8J-C 15 max ·C/W 

POWER TRANSISTOR 40348 
Si n-p-n single-diffused type used in a wide variety of low- and medium
power applications where medium- and high-voltage power transistors are 
required, such as switching regulators, converters, inverters, relay controls, 
oscillators, and pulse and audio amplifiers. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

VBE = -1.5 V ...................................................................... .. 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Transistor DissiP,ation: 

TA up to 50 C ...................................................................... .. 
Tc up to 50·C ...................................................................... .. 
TA and Tc above 50·C ...................................................... .. 

Veno 

VCJov 
VCEO 
VEBO 
Ie 
IB 

90 V 

90 V 
65 V 
7 V 
1 A 

0.5 A 

1 W 
5 W 

See curve page 112 
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, MAXIMUM RATINGS (cont'd) 
Temperature Range: 

Operating (Junction) ........................................................... . 
Storage ............................................................... , ....................... . 

Lead-Soldering Temperature (10 s max) ....................... . 

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage: 

VBE = -1.5 V. Ie = 50 rnA ............................................... . 
Ie=50rnA.lB=0 ........................................................... . 

Collector-to-Emltter Saturation Voltage 
(Ie = 300 rnA. lB = 30 rnA) ........................................... . 

Base-to-Emitter Voltage (VeE = 4 V. Ie = 300 rnA) ... . 
Collector-Cutoff Current: 

VeE = 60 V. IB = O. Te = 25·C ....................................... . 

TJ(opr) 
TSTG 
TL 

VCEV(SUS) 
VCEO(SUS) 

VeE (sat) 
VBE 

ICEO 

-65 to 200 
-65 to 200 

230 

90 min 
65 min 

0.75 max 
1.3 max 

1 max 

·C 
·C 
·C 

V 
V 

V 
V 

/loA 
VeE = 60 V. lB = O. Te = 150·C ..................................... . IeEo 3 max rnA 

Emitter-Cutoff Current (VEB = 7 V. Ie = 0) ............... . 
Static Forward-Current Transfer Ratio: 

lEBO lOmax /loA 

VeE = 4 V. Ie = 300 rnA ................................................... . hFE 30 to 100 
VeE = 4 V. Ie = 1 A ........................................................... . hFE 10 min 

Thermal Resistance. Junction-to-Case ............................. . fh-e 20 max ·C/W 

TYPICAL COLLECTOR CHARACTERISTICS 
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POWER TRANSISTOR 
Si n-p-n single-diffused type wit.4 an attached heat radiator for printed
circuit-board use in a wide variety of low- and medium-power applications 
requiring medium- and high-voltage power transistors for switching regu
lators, converters, inverters, relay controls, oscillators, and pulse and audio 
amplifiers. JEDEC TO-S (with heat radiator), Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case (with heat radiator). This type 
is identical with type 40348 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 

TA up to 25·C ........................................................................ PT 4.3 W 
Te up to 25·C ........................................................................ PT 
TA or Te above 25·C ............................................................ PT 

8.75 W 
See curve page 112 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Ambient 40 max ·C/W 

40348V2 POWER TRANSISTOR 
Si n-p-n single-diffused type used in a wide variety of low- and medium
power applications requiring medium- and high-voltage power transistors 
for switching regulators, converters, inverters, relay controls, oscillators, 
and pulse and audio amplifiers. JEDEC TO-S (with flange), Outline No.3. 



Technical Data for RCA Transistors 315 

Terminals: 1 - emitter, 2 - base, 3 - collector and case (with flange). This 
type is identical with type 40348 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 

Tc up t.o 25°C ........................................................................ PT 11.6 W 
Tc above 25°C ........................................................................ PT See curve page 112 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Case 15 max ·C/W 

POWER TRANSISTOR 40349 
Si n-p-n single-diffused type used in a wide variety of low- and medium
power applications where medium- and high-voltage power transistors are 
required, such as switching regulators, converters, inverters, relay controls, 
oscillators, and pulse and audio amplifiers. JEDEC TO-5, Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

VBE = -1.S V ........................................................................... . 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Transistor Dissi,P-ation: 

~~ ~~ ~~ ~g.g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TA and Tc above SO'C ...................................................... .. 

Temperature Range: 
Operating (Junction) ........................................................... . 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage: 

VBE = -1.S V. Ic = SO rnA ............................................... . 
Ic = 50mA. Is =0 .......................................................... .. 

Collector-to-Emitter Saturation Voltage 
(Ic = 15Q rnA. Is = 1S rnA) .......................................... .. 

Base-to-Emitter Voltage (VCE = 4 V. Ic = 450 rnA) 
Collector-Cutoff Current: 

VCE = 100 V. Is = O. Tc = 25·C ....................................... . 
VCE = 100 V. VBE = -1.5 V. Tc = lSO·C .................. .. 

Emitter-Cutoff Current (VEB = 7 V. Ie = 0) .............. .. 
Static Forward-Current Transfer Ratio: 

VCBO 

VCEV 
VCEO 
VEBO 
Ie 
IB 

TJ(opr) 
TSTG 
TL 

VCEV(SUS) 
VCEO(SUS) 

VCE(sat) 
VBE 

ICEO 
ICEV 
lEBO 

160 V 

160 V 
140 V 

7 V 
1 A 

0.5 A 

1 W 
5 W 

See curve page 112 

-65 to 200 ·C 
-65 to 200 ·C 

230 ·C 

160 min V 
140 min V 

0.5 max V 
1.1 max V 

lOmax p.A 
1 max rnA 

lOmax p.A 

VeE = 4 V. Ie = 150 rnA ................................................ hFE 25 to 100 
VCE = 4 V. Ie = 450 rnA ................................................ hFE 10 min 

Thermal Resistance. Junction-to-Case .............................. 9J-C 20 max ·C/W 
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40349Vl POWER TRANSISTOR 
Si n-p-n single-diffused type with an attached heat radiator for printed
circuit-board use in a wide variety of low- and medium-power applications 
requiring medium- and high-voltage power transistors for switching regu
lators, converters, inverters, relay controls, oscillators, and pulse and audio 
amplifiers. JEDEC TO-5 (with heat radiator), Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case (with heat radiator). This type 
is identical with type 40349 except for the following items: 

MAXIMUM RATINGS 
Transistor Dlss!.p,ation: 

TA up to 25 C ....................................................................... . 

i~ ::r i~ :~~;e '2S::C":::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
4.3 W 

S.75 W 
See curve page 112 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Ambient .................... t:h-A 40 max °C/W 

40349V2 POWER TRANSISTOR 
Si n-p-n single-diffused type used in a wide variety of low- and medium
power applications requiring medium- and high-voltage power transisto:;:s 
for switching regulators, converters, inverters, relay controls, oscillators, 
and pulse and audio amplifiers. JEDEC TO-5 (with flange), Outline No.3. 
Terminals: 1 - emitter, 2 - base, 3 - collector and case (with flange). This 
type is identical with type 40349 except for the following items: 

MAXIMUM RATINGS 
Transistor Diss!'p'ation: 

i~ ~Eo~ ~~og :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 11.6 W 
See curve page 112 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Case ................................ 9J-C 15 max ·C/W 

40350 TRANSISTOR 
Si n-p-n type used as an rf amplifier in tuners covering television channels 
2 through 13. Outline No.27. Terminals: 1 - emitter, 2 - base, 3 - collector, 
4 - connected to case . 

. MAXIMUM RATINGS 
Collector-to-Base Voltage .................................................. .. 
Collector Current ....................................................................... . 
Transistor Dissipation: 

TA up to 25°C ....................................................................... . 
TA above 25°C ...................................................................... .. 

Temperature Range: 
Operating (Junction) ........... ; .............................................. .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS 
Collector-Cutoff Current: 

VCB = 1 V. IE = 0 .............................................................. .. 
VCB = 35 V. IE = 0 ............................................................ .. 

Emitter-Cutoff Current (VEB =: 3 V. Ic = 0) .......... .. 
Static Forward-Current Transfer Ratio 

Ga\!~~a~d~~~E P~du~t ~~E .. ~ .. 6 .. v: .. I; .. ;;;; .. =i"'iiiA)· 

VCBO 
Ic 

PT 
PT 

TJ(opr) 
TSTG 
Tr. 

ICBO 
leBO 
lEBO 

hFE 
fT 

35 V 
25 mA 

lS0 mW 
See curve page 112 

-65 to 175 ·C 
-65to 175 ·C 

255 ·C 

0.02 max /LA 
1 max /LA 
1 max /LA 

40 to 170 
SOO Mc/s 
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CHARACTERISTICS (cont'd) 
Input Resistance (VeE = 10 V. IE = -3 rnA. 

f = 216 Mc/s) ........................................................................ R'e 110 n 
Output Resistance (VCE = 10 V. IE = -3 rnA. 

f = 216 Mc/s) .................................................................... R •• 6 kn 
Extrinsic Transconductance (VCE = 10 V. IE = -3 rnA. 

f = 216 Mc/s) .................................................................... gm 
Noise Figure (VCE = 10 V. IE = -3 rnA. 

48.2 mmhos 

Rs = 100 n. RG = 100 n. f = 216 Mc/s) .................... NF 
Collector-to-Base Feedback Capacitance 

(VeE = 10 V. IE = -3 rnA. f = 216 Mc/s) ................ Ccb 
Maximum Available Amplifier Gain 

3.3 dB 

0.5 pF 

(VCE = 10 V. IE = -3 rnA. f = 216 Mc/s) ................ MAG 
Maximum Usable Amplifier Gain. Unneutralized 

(VCE = 10 V. IE = -3 rnA. f = 216 Mc/s) ................ MUG 

25.8 dB 

13.4 dB 
Maximum Usable Amplifier Gain. Neutralized 

(VeE = 10 V. IE = -3 rnA, f = 216 Mc/s) MUG 18.5 dB 

TRANSISTOR 40351 
Si n-p-n type used in 45-Mc/s television if amplifiers. Outline No.27. Termi
nals: 1 - emitter, 2 - base, 3 - collector, 4 - connected to case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ................................................... . 
Collector Current ...................................................................... .. 
Transistor Dissipation: 

TA up to 25·C ...................................................................... .. 
TA above 25·C ...................................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ....................................................................................... . 

Lead-Soldering Temperature (10 s max) ...................... .. 

CHARACTERISTICS 
Collector-Cutoff Current: 

VeB = 1 V. IE = 0 .............................................................. .. 
VCB = 35 V. IE = 0 ............................................................ .. 

Emitter-Cutoff Current (VEB = 3 V. Ic = 0) .......... .. 
Static Forward-Current 'l'ransfer Ratio 

(VeE = 6 V, IE = -1 rnA) .............................................. .. 
Gain-Bandwidth Product (VeE = 6 V, IE, = -1 rnA) 
Input Resistance (VeE = 12 V, IE = -4 rnA. 

f = 45 Mc/s) ...................................................................... .. 
Output Resistance (VeE = 12 V, IE = -4 rnA, 

f = 45 Mc/s) ...................................................................... .. 
Extrinsic Transconductance (VCE = 12 V, IE = -4 rnA, 

f = 45 Mc/s) ....................................................................... . 
Collector-to-Base Feedback Capacitance 

(VeE = 12 V, IE = -4 rnA, f = 45 Mc/s) .................. .. 
Maximum Available Amplifier Gain 

(VCE = 12 V. IE = -4 rnA. f = 45 Mc/s) ................... . 
Maximum Usable Amplifier Gain. Unneutralized: 

VCE = 12 V. IE = -4 rnA. f = 45 Mc/s 
For 1 stage ....................................................................... . 
For 2 stages ...................................................................... .. 
For 3 stages ...................................................................... .. 

Maximum Usable Amplifier Gain, Neutralized: 
VeE = 12 V, IE = -4 rnA, f = 45 Me/s 

For 1 stage ...................................................................... .. 

~~~ ~ ~~~:~ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

TRANSISTOR 

VCBO 
Ie 

PT 
PT 

TJ(opr) 
TSTG 
TL 

lCBO 
leBO 
lEBO 

hFE 
iT 

R,. 

R.e 

gm 

Ccb 

MAG 

MUG 
MUG 
MUG 

MUG 
MUG 
MUG 

35 V 
25 rnA 

180 mW 
See curve page 112 

-65 to 175 ·C 
-65 to 175 ·C 

255 ·C 

0.02 max /LA 
1 max /LA 
1 max /LA 

40 to 170 
700 Mc/s 

410 n 

36 kO 

97 mmhos 

0.5 pF 

45.4 dB 

23.3 dB 
21.1 dB 
19.3 dB 

28.4 dB 
26.2 dB 
24.4 dB 

40352 
Si n-p-n type used.in 45-Mc/s television if amplifiers. Outline No.27. Termi
nals: 1 - emitter, 2 - base, 3 - collector, 4 - connected to case. This type is 
identical with type 40351 except for the following item: 

CHARACTERISTICS 
Static Forward-Current Transfer Ratio 

(VeE = 6 V, IE = -1 rnA) ................................................ hF" 27 to 100 
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40354 TRANSISTOR 
Si n-p-n type used in video-output amplifier stages of black-and-white tele
vision receivers. Outline No.27. Terminals: 1 - emitter, 2 - base, 3 - collector 
and case. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage .............................................. .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 

VCEO 150 V 
VEBO 5 V 
Ie 50 mA 

Transistor Disswation: 
TA up to 25 C ...................................................................... .. 
TA above 25·C ...................................................................... .. 

PT 0.5 W 
PT See curve page 112 

Temperature Range: 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 5 max) ...................... .. 

T.(opr) -65 to 175 ·C 
TSTG -65 to 175 ·C 
TL 255 ·C 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(Ie = 1 rnA. Iu = 0) .......................................................... .. 
Emltter-to-Base Breakdown Voltage 

(IE = -10 /lA. Ie = 0) .......... , ............................................ . 
Collector-to-Emltter Saturation Voltage 

(Ie = 30 mAo Iu = 1 mAl .............................................. .. 
Collector-Cutoff Current (VCB = 120 V. IE = 0) ...... .. 
Static Forward-Current Transfer Ratio 

V(BB)CEO 150 min V 

V(BR)EBO 5 min V 

VeE (sat) 5 max V 
ICBo 100 max V 

(VeE = 10 V. Ie = 10 mAl .............................................. .. 
Collector-to-Base Feedback Capacitance 

(VeE == 10 V. Ie = 30 mAl .............................................. .. 
Gain-Bandwidth Product: 

hFE 55 

Ccb 3.Smax pF 

VeE = 10 V. Ie = 30 rnA .............................................. .. 
VeE == 140 V. Ie = 2 mA ............................................... . 

fT 50 min Mc/s 
fT 50 min Mc/s 

Thermal Resistance. Junction-to-Case .............................. .. 8J-C 60 max ·C/W 

40355 TRANSISTOR 
Si n-p-n type used in video-output amplifier stages of black-and-white tele
vision receivers. Outline No.27 with heat sink. Terminals: 1 - emitter, 
2 -base, 3 - collector and case. This type is identical with type 40354 ex
cept for the outline and the following item: 

MAXIMUM RATINGS 
Transistor Disslp,ation: 

TA up to 25 C ........................................................................ Pr 1 W 

40360 POWER TRANSISTOR 
Si n-p-n type used in audio-amplifier inverter and driver stages for eco
nomical high-quality performance. Designed to assure freedom from second 
breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. For collector-characteristics and transfer
characteristics curves, refer to type 40309. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage .......................... .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current ............................................................................... . 
Transistor Dissipation: 

TA up to 2S·C ...................................................................... .. 

:t:~ ~::d ~e 2~~~V;; .. ·25~C .. ·:::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operating (Junction) .......................................................... .. 

VeEo(sus) 
VEBO 
Ie 
IB 

Pr 
Pr 
PT 

TJ(opr) 

70 V 
4 V 

0.7 A 
0.2 A 

1 W 
S W 

See curve page 112 

-6Sto200 ·C 
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CHARACTERISTICS (At case temperature = 25°C) 
Collector-lo-Emitter Sustaining Voltage 

(Ie = 100 rnA. lB = 0) ...................................................... .. 
Collector-to-Emitter Saturation Voltage 

(In = 15 rnA. Ie = 150 rnA) .......................................... .. 
Base-to-Emitter Voltage (VeE = 4 V. Ie = 10 rnA) .. .. 
Collector-Cutoff Current: 

VeE = 60 V. In = O. Te = 25°C ...................................... .. 
VeE = 60 V. In = O. Te = 150°C .................................... .. 

Emitter-Cutoff Current (VEn = 4 V. Ie = 0) .......... .. 
Static Forward-Current Transfer Ratio 

(VeE = 4 V. Ie = 10 rnA) .............................................. .. 
Gain-Bandwidth Product (VeE = 4 V. Ie = 50 rnA) 
Thermal Resistance. Junction-to-Case ............................ .. 
Thermal Resistance. Junction-to-Ambient ...................... .. 

POWER TRANSISTOR 

VeEo(sus) 

VeE (sat) 
VnE 

IeEo 
IeEo 
lEBO 

hFE 
fT 
eJ-e 
eJ-A 
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70 min V 

1.4 max V 
1 max V 

1 max /loA 
250 max /loA 

1 max rnA 

40 to 200 
100 Mc/s 

35 max °C/W 
175 max °C/W 

40361 
Si n-p-n type used in audio-amplifier inverter and driver stages for eco
nomical high-quality performance. Designed to assure freedom from second 
breakdown in the operating region. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector. For collector-characteristics and transfer
characteristics curves, refer to type 40309. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE = 200 0) ...................................................................... .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Transistor Dissipation: 

TA up to 25°C ...................................................................... .. 
Te up to 25°C ...................................................................... .. 
TA and Te above 25°C ...................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(RnE = 200 O. Ie = 100 mAl .......................................... .. 
Collector-to-Emitter Saturation Voltage 

(IB = 15 mAo Ie = 150 rnA) .......................................... .. 
Base-to-Emitter Voltage (VeE = 4 V. Ie = 50 mAl .. .. 
Collector-Cutoff Current: 

VeE = 60 V. RnE = 200 O. Te = 25°C ...................... .. 
VeE = 60 V. RBm = 200 O. Te = 150°C .................... .. 

Emitter-Cutoff Current (VEB = 4 V. Ie = 0) .......... .. 
Static Forward-Current Transfer Ratio 

(VeE = 4 V. Ie = 50 rnA) .............................................. .. 
Gain-Bandwidth Product (Vm, = 4 V. Ie = 50 mAl 
Thermal Resistance. Junction-to-Case ............................ .. 
Thermal Resistance. Junction-to-Ambient ...................... .. 

POWER TRANSISTOR 

VeER(sus) 
VEBO 
Ie 
Is 

PT 
PT 
PT 

TJ(opr) 

VeER (sus) 

VeE (sat) 
VBm 

leER 
leER 
lEBO 

hFE 
iT 
()J-e 
eJ-A 

70 V 
4 V 

0.7 A 
0.2 A 

1 W 
5 W 

See curve page 112 

-65 to 200 °C 

70 min V 

1.4 max V 
1 max V 

1 max p.A. 
100 max /loA 

1 max rnA 

70 to 350 
100 Mc/s 

35 max °C/W 
175 max °C/W 

40362 
Si p-n-p used in audio-amplifier driver stages for economical high
quality performance. Designed to assure freedom from second breakdown 
in the operating region. P-N-P structure permits complementary driver 
operation with a matching n-p-n type such as 40361. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector. For collector-character
istics and input-characteristics curves, refer to type 40319. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE = 200 0) ........................................................................ .. 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 

VeER (sus) 
VEBO 
Ie 
Is 

-70 
-4 

-0.7 
-0.2 

V 
V 
A 
A 
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MAXIMUM RATINGS (cont'd) 
Transistor Dissipation: 

TA up to 25"C ...................................................................... .. 
Te up to 25"C ...................................................................... .. 
TA and Te above 25"C ...................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(RBE = 200 n, Ic = 100 rnA) .......................................... .. 
Collector-to-Emitter Saturation Voltage 

(lB = 15 rnA, Ie = -150 rnA) ...................................... .. 
Base-to-Emitter Voltage (VCE = -4 V, Ie = -50 rnA) 
Collector-Cutoff Current: 

VCIIl = -60 V, RBE = 200 n, Tc = 25"C ...................... .. 
VeE = -60 V, RBE = 200 n, Te = 150"C ................ .. 

Emitter-Cutoff Current (VEB = -4 V, Ie = 0) ........ .. 
Static Forward-Current Transfer Ratio 

(VeE = -4 V, 10 = -50 rnA) ...................................... .. 
Gain-Bandwidth Product (Velll =-4 V, Ie = -50 rnA) 
Thermal Resistance,. Junction-to-Case .............................. .. 
Thermal Resistance, Junction-to-Ambient ...................... .. 

PT 
PT 
PT 

T,(opr) 

VCER(SUS) 

VeE (sat) 
VBE 

leER 
ICER 
lEmo 

hFE 
iT 
8.1-e 
8.1-A 

W 
5 W 

See curve page 112 

-65 to 200 "C 

-70 min V 

-1.4 max V 
-1 max V 

-1 max p.A 
-100 max p.A 

-4 max rnA 

35 to 200 
100 Mc/s 

35 max "C/W 
175 max "C/W 

40363 POWER TRANSISTOR 
Si n-p-n type used in audio-amplifier output stages for economical high
quality performance. Designed. to assure freedom from second breakdown 
in the operating region. JEDEC TO-3, Outline No.2. Terminals: 1 (B) -
base, 2 (E) - emitter, Mounting Flange - collector and case. For collector
characteristics and transfer-characteristics curves, refer to type 40325. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE = 200 OJ ...................................................................... .. 
Emitter-to-Base Voltage ......................................................... . 
Collector Current ...................................................................... .. 
Sase Current .............................................................................. .. 
Transistor Dissip,ation: 

Te up to 25 C ...................................................................... .. 
Te above 25°C ...................................................................... .. 

Temperature Range: 
Operating (Junction) .......................................................... .. 

CHARACTERISTICS (At case temperature = 25"C) 
Collector-to-Emitter Sustaining Voltage 

(RBE = 200 n, Ie = 200 rnA) .......................................... .. 
Collector-to-Emitter Saturation Voltage 

(Ie = 4 A, lB = 0.4 A) ...................................................... .. 
Base"to-Emitter Voltage (VeE = 4 V, Ie = 4 A) .......... .. 
Collector-Cutoff Current: 

VeE = 60 V, RBE = 200 n, Te = 25"C .......................... .. 
VeE = 60 V, RBE = 200 0, Te = 150"C ........................ .. 

Emitter-Cutoff Current (VEB = 4 V, Ie = 0) .......... .. 
Static Forward-Current Transfer Ratio 

(VeE = 4 V, Ie = 4 A) ...................................................... .. 
Gain-Bandwidth Product (VeE = 4 V, Ie = 3 A) ...... .. 
Thermal Resistance, Junction-to-Case .............................. .. 

VeER (sus) 
VEBO 
Ie 
lB 

PT 
PT 

TJ(opr) 

VeER (sus) 

VeE (sat) 
VBE 

leER 
IeEB 
lEBO 

hFE 
iT 
9J-e 

70 V 
4 V 

15 A 
7 A 

115 W 
See curve page 112 

-65 to 200 "C 

70 min V 

1.1 max V 
1.8 max V 

0.5 max rnA 
2 max rnA 
5 max rnA 

20 to 70 
700 kc/s 

1.5 max "C/W 

40364 POWER TRANSISTOR 

Si n-p-n type used in audio-amplifier output stages for economical high
quality performance. Designed to assure freedom from second breakdown 
in the operating region. JEDEC TO-66, Outline No.22. Terminals: 1 (B) -
base, 2 (E) - emitter, Mounting Flange - collector and case. 

MAXIMUM RATINGS 
Collector-to-Emltter Sustaining Voltage 

(RBE. =150 0) ........................................................................ VeER (sus) 
Emitter-to-Base Voltage ............................................................ V .. BO 

60 
4 

V 
V 
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MAXIMUM RATINGS (cont'd) 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation: 

i~ ~go~~ ig:g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operating (Junction) ........................................................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 

(RBm = 150 n. Ie = 200 mAl ......................................... ... 
Collector-to-Emitter Saturation Voltage 

(Ie = 2.5 A. IB = 0.25 A) ...............................•...............• 
Base-to-Emitter Voltage (Vem= S V. Ie = 2.5 A) •....... 
Collector-Cutoff Current: 

Vem = SO V. RBm = 150 n. Te = 2S·C ........................... . 
Vem = 50 V. RBm = ISO n. Te = 150°C ......................... . 

Emitter-Cutoff Current (VmB = 4 V. 10 = 0) .......... .. 
Static Forward-Current Transfer Ratio: 

Vcm = 5 V. Ic = 0.5 A ....................................................... . 
Vcm = 5 V. Ie = 2.5 A ....................................................... . 

Gain-Bandwidth Product (Vem = 10 V. Ic = 2.5 A) 
Second-Breakdown Collector Current (Vcm = 40 V) ... . 
Thermal Resistance. Junction-to-Case ............................... . 

10 
IB 

PT 
PT 

TJ{opr) 

VcmR(sus) 

Vcm(sat) 
VBm 

ICmR 
IcmR 
ImBo 

hFm 
hFm 
fT 
lsi_ 
8J-C 
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7 A 
5 A 

35 W 
See curve page 112 

-65 to 200 ·C 

60rnin V 

2 max V 
I.Smax V 

0.5rnax mA 
2rnax rnA 
5 max mA 

35 to 175 
20rnin 

15 Mc/s 
750rnin mA 

5rnax °C/W 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 
TYPE 40364 
CASE TEMPERATURE (TC)o25°C 

240 200 

#. ~ ~160 _120 

~ ~ I-'"'" .-!2 --
~ 

,/ 40 
!----

~ 20 

I "--f--BASE MILLIAMPERES (IB).IO r---

024 6 8 m ~ ~ 
COLLECTOR-TO-EMITTER VOLTS (VeE) 

92SS-2227fT 

TRANSISTOR 

TYPE 40364 
COLLECTOR-TO-EMITTER VOLTS (VCEI- 2 -

.~~ 1 ~r- J; ;j,~ 
... '(3 'I' 

3r---- II 
2 

I I~ 
Ij 

o 0.5 LO 1.5 2.0 2.5 3.0 3.5 
BASE-TO-EMITTER vcus C,,&_2202CT 

40366 
Si n-p-n single-diffused type featuring -a base composed of a homogeneous
resistivity silicon material. This type is subjected to special precondition
ing tests for high-reliability operation in medium- and high-power switching 
and amplifier applications in military and industrial equipment. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 
This type is identical with type 2N2102 except for the following items: 

MAXIMUM RATINGS 
Lead-Soldering Temperature (10 s max) ........................ TL 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Base Breakdown Voltage 

(VBm = -1.5 V. 10 = 0.1 mAl ........................................ V(BR)CBV 

POWER TRANSISTOR 

255 °C 

120rnin V 

40367 
Si n-p-n single-diffused type featuring a base composed of a homogeneous
resistivity silicon material. This type is subjected to special precondition
ing tests for high-reliability operation in medium- and high-power switching 
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and amplifier applications in military and industrial equipment. JEDEC 
TO-5, Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 
This type is a high-reliability version of type 2N1482. 

MAXIMUM RATINGS 
Collector-to-Base· Voltage ....................................................... . 
Collector-to-Emitter Voltage; 

VBE == -1.5 V ....................................................................... . 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ........................................................ .. 
Collector .Current ...................................................................... .. 
Base Current ............................................................................... . 
Transistor Dissip,ation; 

TA up to 25 C ...................................................................... .. 
Te up to 25·C ....................................................................... . 
TA or Te above 25·C ........................................................... . 

Temperature Range; 
Operating (Junction) ........................................................... . 
storage ...................................................................................... .. 

Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage 

(VBE == -1.5 V. Ie == 0.25 rnA) ....................................... . 
Collector-to-Emitter Sustaining Voltage 

(Ie = 50 rnA. IB = 0) ...................................................... .. 
Collector-to-Emltter Saturation Voltage 

(Ie = 200 rnA. Is = 10 rnA) .......................................... .. 
Base-to-Emitter Voltage (VeE == 4 V. Ie = 200 rnA) ... . 
Collector-Cutoff Current (VCB = 30 V. 1m == 0) .......... .. 
Emitter-Cutoff Current (VEB = 12 V. Ie == 0) ........... . 
Static Forward-Current Transfer Ratio 

(VCI. = 4 V. Ic = 200 rnA) .............................................. .. 

VCBO 

VCEV 
VeEo 
VERO 
Ie 
IR 

PT 
PT 
PT 

T.(opr) 
TSTG 
Tp 

V<BR)CEV 

VCEO(SUS) 

VCE(sat) 
VBEl 
ICBo 
IERO 

h .. El 

100 V 

100 V 
55 V 
12 V 

1.5 A 
1 A 

1 W 
5 W 

See curve page 112 

--65 to 200 ·C 
--65 to 200 ·C 

255 ·C 

100 min V 

55 min V 

1.4 max V 
3 max V 
4 max /LA 
2 max /LA 

35 to 100 

40368 POWER TRANSISTOR 

Si n-p-n single-diffused type featuring a base comprised of a homogeneous
resistivity silicon material. This type is subjected to special precondition
ing tests for high-reliability operation in medium- and high-power switching 
and amplifier applications in military and industrial equipment. JEDEC 
TO-8, Outline No.5. Terminals: 1 - emitter, 2 - base, 3 - collector and case. 
This type is a high-reliability version of type 2N1486. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emltter Voltage; 

VBEl = -1.5 V ...................................................................... .. 
Base open ................................................................................ .. 

Emitter-to-Base Voltage ...................................................... .. 
Collector Current ....................................................................... . 
Base Current .............................................................................. .. 
Transistor Dissipation; 

Te up to 25·C ...................................................................... .. 
To above 25·C ...................................................................... .. 

Temperature Range; 
Operating (Junction) .......................................................... .. 
Storage ...................................................................................... .. 

Pin-Soldering Temperature .................................................. .. 

CHARACTERISTICS (At case temperature = 2S·C) 
Collector-to-Emltter Breakdown Voltage 

(VBEl = -1.5 V. Ie = 0.25 rnA) ....................................... . 
Collector-to-Emitter Sustaining Voltage 

(Ie = 100 rnA. IR == 0) ...................................................... .. 
Collector-to-Emitter Saturation Voltage 

(Ie = 750 rnA. IB == 10 rnA) .......................................... .. 
Base-to-Emitter Voltage (VeE = 4 V. Ie = 750 mA) .. .. 
Collector-Cutoff Current (VCR = 30 V. IE == 0) .......... .. 
Emitter-Cutoff Current (VES == 12 V. Ie = 0) ............... . 
Static Forward-Current Transfer Ratio 

(VeE = 4 V. 10 == 750 rnA) ............................................... . 

VeRo 

VCElV 
VCEO 
VEBO 
Ie 
IR 
PT 

PT 

T.(opr) 
TSTG 
Tp 

V(RR)CEV 

VCEO(SUS) 

Vcm(sat) 
VBm 
leBO 
lEBO 

h .. E 

100 V 

100 V 
55 V 
12 V 
3 A 

1.5 A 
See curve page 112 

25 W 

--65 to 200 ·C 
--65 to 200 ·C 

235 ·C 

100 min V 

55 min V 

0.75 max V 
2.5 max V 

9 max /LA 
5 max /LA 

35 to 100 
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POWER TRANSISTOR 40369 
Si n-p-n single-diffused type featuring a base comprised of a homogeneous
resistivity silicon material. This type is subjected to special precondition
ing tests for high-reliability operation in medium- and high-power switching 
and amplifier applications in military and industrial equipment .JEDEC 
TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case. This type is a high-reliability version of type 
2N1490. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ...................................................... .. 
Collector-to-Emitter Voltage: 

VSE = -1.5 V ....................................................................... . 
Base open ................................................................................ .. 

~::U!~~~;~·toc~~~~ntV~~~:~ .... :::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Base Current .............................................................................. .. 
Transistor Diss!,p,ation: 

~~ ~Eo;~ ~~,g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operating (Junction) ........................................................... . 
Storage ...................................................................................... .. 

Pin-Soldering Temperature (10 s max) ........................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Breakdown Voltage 

(VSE = -1.5 V. 10 = 0.25 rnA) ....................................... . 
Collector-to-Emitter Sustaining Voltage 

(10 = 100 rnA. Is = 0) ...................................................... .. 
Collector-to-Emitter Saturatio!l_ Voltage 

(Ie == 1300 rnA. Is = 100 "rnA) ....................................... . 
Base-to-Emitter Voltage (VOE = 4 V Ie = 1500 rnA) 
Collector-Cutoff Current (Ves = 30 V. lE = 0) ........... . 
Emitter-Cutoff Current (VEB = 10 V. Ie = 0) .............. .. 
Static Forward-Current Transfer Ratio 

(VeE = 4 V. 10 = 1500 rnA) ......................................... .. 

POWER TRANSISTOR 

Veso 

VOEV 
VOBO 
VEBO 
Ie 
Is 

PT 
PT 

TJ(opr) 
TSTG 
Tp 

V(BRlOEV 

VOEO(SUS) 

VeE (sat) 
VBE 
leBO 
lEBO 

hFE 

100 V 

100 V 
55 V 
10 V 

6 A 
3 A 

75 W 
See curve page 112 

-65 to 200 ·C 
-65 to 200 'C 

235 'C 

100 min V 

55 min V 

1 max V 
2.5 max V 
lOmax /LA 
6 max /LA 

25 to 75 

40372 
Si n-p-n diffused-junction type with an attached heat radiator for printed
circuit-board use in power-switching circuits, series- and shunt-regulator 
driver and output stages, and high-fidelity amplifiers in commercial and 
industrial equipment. JEDEC TO-66 (with heat radiator), Outline No.22. 
Terminals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and 
case (with heat radiator). This type is identical with type 2N3054 except 
for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 

TA up to 25'C ........................................................................ PT 
Te up to 25'C ........................................................................ PT 
TA or To above 25°C ....... _................................................... PT 

5.8 W 
29 W 

See curve page 112 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Ambient ........................ 9J-A 
Thermal Resistance. Junction-to-Case ................................ 9J-e 

'30 max 'C/W 
6 max 'C/W 

POWER TRANSISTOR 40373 
Si n-p-n diffused type with an attached radiator for printed-circuit
board used in high-voltage applications in power-switching circuits, 
series- and shunt-regulator driver and output stages, and dc-to-dc 
converters in military, commercial, and industrial equipment. JEDEC TO-66 
(with heat radiator), Outline No.22. Terminals: 1 (B) - base, 2 (E) • emitter, 
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Mounting Flange - collector and case (with heat radiator). This type is 
identical with type 2N3441 except for the following. items: 

MAXIMUM RATINGS 
Transistor Dissipation: 

i~ ~~ ~ ~g:g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TA or Te above 25'C ................................... ; ...................... .. 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Ambient ........................ 9J-A 
Thermal Resistance. Junction-to-Case ................................ 9J-C 

40374 TRANSISTOR 

5.8 W 
29 W 

See curve page 112 

30max °C/W 
6 max °C/W 

8i n-p-n triple-diffused type with an attached radiator for printed-circuit
board use in high-speed switching and linear amplifier applications such 
as high-voltage operational amplifiers, high-voltage switches, switching 
regulators, converters, inverters, deflection and high-fidelity amplifiers in 
military, industrial, and commercial equipment. JEDEC TO-66 (with heat 
radiator), Outline No.22. Terminals: 1 (B) - base, 2 (E) - emitter, Mounting 
Flange - collector and case (with heat radiator). This type is identical with 
type 2N3583 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissi,p,ation: 

:f:~ ~~ ~~ ~g.g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
TA or Te above 25'C .......................................................... .. 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Ambient ........................ 9J-A 
Thermal Resistance. Junction-to-Case ................................ 9J-e 

5.8 W 
35 W 

See curve page 112 

35 max °C/W 
5 max °C/W 

40375 POWER TRANSISTOR 

8i n-p-n epitaxial type with an attached heat radiator for printed-circuit
board use in audio, ultrasonic, and rf circuits and in low~distortion power 
amplifiers, oscillators, switching regulators, series regulators, converters, 
and inverters. JEDEC TO-66 (with heat radiator), Outline No.22. Termi
nals: 1 (B) - base, 2 (E) - emitter, Mounting Flange - collector and case 
(with heat radiator). ThiA type is identical with type 2N3878 except for 
the following items: 

MAXIMUM RATINGS 
Transistor Dissi~tion: 

i! ~Eo~ ~og :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 5.8 W 
See curve page 112 

CHARACTERISTICS 
Thermal Resistance. Junction-to-Ambient ........................ 9J-A 30 max 'C/W 

40389 POWER TRANSISTOR 

8i n-p-n triple-diffused planar type with an attached heat radiator for 
printed-circuit-board use in a wide variety of small-signal, medium-power 
applications (up to 20 Mc/s) in commercial and industrial equipment. 
JEDEC TO-5 (with heat radiator), Outline No.3. Terminals: 1 - emitter, 
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2 - base, 3 - collector and case (with heat radiator). This type is identical 
with type 2N3053 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 

i! ~go~~ ~~:g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 3.5 W 
See curve page 112 

CHARACTERISTICS 
Thennal Resistance, Junction-to-Ambient ........................ 9J-A SO max °C;W 

TRANSISTOR 40390 
Si n-p-n triple-diffused type with an attached heat radiator for printed
circuit-board use in high-speed switching and linear amplifier applications 
such as high-voltage differential and operational amplifiers, high-voltage 
inverters, and series regulators for industrial and military applications. 
JEDEC TO-5 (with heat radiator), Outline No.3. Terminals: 1 - emitter, 
2 - base, 3 - collector and case (with heat radiator). This type is identical 
with type 2N3440 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 

TA up to 2SoC ........................................................................ PT 
TA above 2SoC ........................................................................ PT 

3.9 W 
See curve page 112 

CHARACTERISTICS 
Thennal Resistance, Junction-to-Ambient ........................ 9J-A 4Smax °C/W 

POWER TRANSISTOR 40391 
Si p-n-p double-diffused epitaxial planar type with an attached heat radiator 
for printed-circuit-board use in a wide variety of small-signal, medium
power applications in military, industrial, and commercial equipment. JEDEC 
TO-5 (with heat radiator), Outline No.3. Terminals: 1 - emitter, 2 - base, 
3 - collector and case (with heat radiator). This type is identical with type 
2N4037 except for the following items: 

MAXIMUM RATINGS 
Transistor Dissipation: 

i! ~&o~~ ~~:g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 3.S W 
See curve page 112 

CHARACTERISTICS 
Thennal Resistance. Junction-to-Ambient 9J-A SO max °C/W 

POWER TRANSISTOR 40392 
Si n-p-n triple-diffused planar type used in a wide variety of small-signal, 
medium-power applications at frequencies up to 20 Mc/s. JEDEC TO-5 (with 
flange), Outline No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case 
(with flange). This type is identical with type 2N3053 except for the fol
lowing items: 

MAXIMUM RATINGS 
Transistor Diss\p,ation: 

i~ ~go~~ ~~og :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 7 W 
See curve page 112 
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CHARACTERISTICS 
Thermal Resistance, Junction-to-Case ............................•... eJ-C 35 max ·C/W 

40394 POWER TRANSISTOR 
Si p-n-p double-diffused epitaxial planar type used in a wide variety of 
small-signal, medium-power applications in military, industrial, and com
mercial equipment. JEDEC TO-5 (with flange), Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case (with flange). This type is elec
trically identical with type 2N4037. 

40395 TRANSISTOR 
Ge p-n-p alloy-junction type used in high-gain low-level audio stages. 
JEDEC TO-l, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage (RBE ::;; 4.7 kO) ............... . 
Emitter-to-Base Voltage ................... :::: .................................. . 
Collector Current ...................................................................... .. 
Transistor Dissip,ation: 

~! . ~~~~ ~~.g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operating (Junction) ........................................................... . 
Storage .......................................................................................• 

Lead-Soldering Temperature (10 s max) ..............•......... 

CHARACTERISTICS 

VCBO 
VCER 
VEBO 
Ic 

TJ(opr) 
TSTG 
TL 

Collector-to-Emitter Breakdown Voltage (Ic = -1 mA, 
Iu = 0, RBE = 10 kO) ........................................................ V(BRlCER 

Collector-Cutoff Current (VCB = -20 V, IE = 0) ........ leBO 
Emitter-Cutoff Current (VEB = 20 V, Ie = 0) ............ lEBO 
Noise Current (VeE = -6 V, Ie = -1 mA, 

f = 0.05 to 15 kc/s) ........................................................... . 
Small-Signal Forward-Current Transfer Ratio 

(VeE = -6 V, Ie = -1 rnA) ............................................ hfe 
Small-Signal Forward-Current Transfer-Ratio Cutoff 

Frequency (VCE = -6 V, Ic := -1 mA) .................... flltb 

TYPICAL SMALL-SIGNAL FORWARD-CURRENT 
TRANSFER-RATIO CHARACTERISTIC 

TYPE40395 I I I I I I I I I 
COMMON-EMITTER CIRCUIT, BASE INPUT. 

~~~~c~~:i=~~·m~~25·C 

I 
I 

--,_v. 1=-6 VOLTS 

/ 

- - -246-8-10-12 
COLLECTOR MILLIAMPERES (Icl 

12C$-IST89T 

-20 V 
-IS V 
-20 V 
-50 rnA 

120 mW 
See curve page 112 

-65 to 100 ·C 
-65 to 100 ·C 

255 ·C 

-IS min V 
-12 max /LA 
-12 max /LA 

lOmax nA 

170 min 

10 Mc/s 

40396 POWER TRANSISTORS 
(Matched Pair) 

Ge p-n-p and Ge n-p-n types, in separate packages, with matched charac
teristics for use in complementary symmetry af output-amplifier stages. 
JEDEC TO-l, Outline No.1. Terminals: 1 - emitter, 2 - base, 3 - collector. 
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MAXIMUM RATINGS 
Collector-to-Base Voltage ......................................... . 
Collector-to-Emitter Voltage (RBm :$ 4.7 kO) ... . 
Emitter-to-Base Voltage .................. ::: ..................... . 
Collector Current ......................................................... . 

VeBO 
VemR 
VmBo 
Ie 

p-n-p 
-18 
-18 
-2.5 
-500 

n-p-n 
18 
18 

2.5 
500 

327 

V 
V 
V 

rnA 

Tr~~~~°'ioD~~i~~~~.: .................................................. . 
Te above 55·C ........................................................... . 

Temperature Range: 

PT 
PT 

300 300 mW 
See curve page 112 

Operating (Junction) ........................................... . '1'. (opr) 
TSTG 

-65 to 85 ·C 
Storage ......................................................................... . -65 to 85 ·C 

Lead-Soldering Temperature ................................. . TL 255 255 ·C 

TYPICAL COLLECTOR CHARACTERISTICS (p-.-p) 

.1 TYPE 40396 I 
~ -9 COMMON-EMITTER QRCUIT, BASE INPUT. r,..-~ CASE TEMPERATURE (Tc,025"C 

r _ -:: ~ - PULSE TEST: ~ ==~ 10010 t----+--t 

-- :'1 

-.. 
!:! ... 

-~ 
... 
e: 
~ -300 
:1& 

3 
:1& 

-200 

I ·1 

~ -100 

0 -2 -4 -6 -8 -10 -12 -14 -18 

500 

8 400 

!3 
0: 

"' ~ 300 .. :; 
..J 

2 
II: 2.00 

CDU.ECTQR -TO-EMITTER \IOLTS (VCE' 

TYPICAL COLLECTOR CHARACTERISTICS (n-p-n) 

~ 
TYPE 40396 I J. J. I 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
CASE TEMPERATURE (TC)-25"C I 

'" PULSE TEST' PULSE OURATION:SIO ms i 
r""..> rTY FACTOR-O.I I I 
VI 10 I 
~ - ! ! 
~ 

~ 
I -- f--

j... 

I 
~ ~ i I 100 0.5 

BASE MlllAMPERES (1B)-O.l n 

o 2. 4 6 8 ~ ~ 
COLLECTOR-TO-EMITTER VOLTS (VeE' 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

Ie = -1 rnA. RBm = 4.7 kQ .............................. V(BRlCBR 
Ie = 1 rnA. RBm = 4.7 kQ .................................. V(BRlCBR 

Collector-to-Emitter Saturation Voltage: 
Ic = -250 mA~ b = -25 rnA ............................ Vcm(sat) 
Ie = 250 rnA. ~B = 25 rnA .................................... VeB(sat) 

Collector-Cutoff Current: 
VeB = -12 V. b = 0 .............................................. leBO 
VOB = 12 V, b = 0 .............................................. lOBO 

14 16 
92C$-13170T 

-18 min 
18 min 

-0.25 
-0.25 

-14 max 
14 max 

V 
V 

V 
V 

/LA 
pA 
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CHARACTERISTICS (cont'd) 

Emitter-Cutoff Current: 
VIDB = -2.5 V. 10 = 0 .......................................... bBo 
VIDB = 2.5 V. 10 == 0 ............................................... bBo 

Static Forward-Current Transfer Ratio: 
VelD = -1 V. 10 = -250 rnA ................................ hll'E 
VelD = 1 V. Ie = 250 mA .................................... hll'lD 

Small-Signal Forward-Current Transfer,Ratio 
Cutoff Frequenc:l7: 

VOID = -6 V. 10 = -1 mA ............................ fhfb 
VCIlI = 6 V. 10 = 1 mA .................................... fhfb 

P-1I-P 
-14 max 

30 min 

1.5 

40404 TRANSISTOR 

1I-P-1I 

14 max 
/LA 
/LA 

30 min 

Mc/s 
2 Mc/s 

Si n-p-n epitaxial planar type used in vhf low-level class C rf amplifiers and 
frequency multipliers at frequencies to 170 Mc/s in communications equip
ment. JEDEC TO-52, Outline No.1S. Terminals: 1 - emitter, 2 - base, 3 -
collector and case. 

MAXIMUM RATINGS 
Collector-to-Base Voltage ....................................................... . 
Collector-to-Emitter Voltage ................................................ .. 
Emitter-to-Base Voltage ........................................................ .. 
Collector CUrrent ...................................................................... .. 

VeBo 40 V 
VeEo 16 V 
VEBO 5 V 
Ie 0.5 A 

Transistor Disslp,ation: 
PT 0.3 W 
PT 1 W i~ ~~ ~ ~~.g :::::::::::::;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

TA and Te above 25·C ...................................................... .. PT See curve page 112 
Temperature Range: 

Operating (TA-Te) ............................................................... . 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

-65 to 175 ·C 
TSTG -65 to 200 ·C 
TL 300 ·C 

CHARACTERISTICS' 
Collector-to-Base Breakdown Voltage 

(Ie = 0.1 mAo IE = 0) ...................................................... .. 
Collector-to-Emitter Breakdown Voltage 

(Ie = 10 rnA. Is = O. t p ;;:; 100 ns. df = 2%) .......... .. 
Emitter-to-Base Breakdown Voltage 

(IE = 0.01 rnA. Ie = 0) .................................................. .. 
Collector-Cutoff Current (VeB = 20 V. IE = 0) ...... .. 
Static Forward-Current Transfer Ratio 

(VCE = 2 V. 10 = 50 rnA) .............................................. .. 
Output Capacitance (VCB = 5 V. IE = O. 

f = 0.1 to 1 Mc/s) .............................................................. .. 
RF Power Output. Frequency-Doubler 

V(BR)eBO 40 min V 

V(BB) CEO 16 min V 

V(BR)EBO 5 min V 
leBO 25 max nA 

hFE 25 to 65 

Cobo 4 max pF 

(Vee = 12 V. Pie = 5 mW. f(in) = 43 Mc/s. 
f(out) = 86 Mc/s) .................................................. .. Poe 50* min mW 

• For conditions given. minimum efficiency 

TYPICAL OPERATION CHARACTERISTICS 

TYPE 40404 
COMMON-EMITTER CIRCUIT. BASE INPUT. 
AMBIENT TEMPERATURE (TA)-25°C 
COLLECTOR-TO-EMITTER VOLTS (VCE)~15 
flN'fOUT 

20 40 60 80 
RF INPUT POWER (P'N)-MILLIWATTS 

t2CS-I3726T 

35 per cent. 

TYPICAL POWER-GAIN CHARACTERISTICS 

TYPE ~9'04 
COMMON-EMITTER CIRCUITt BASE INPUT. -
AMBIENT TEMPERATURE Jotl- 25°C 
DC COLLECTOR SDPPLY, 'f -r ,!VcC)-15-
fiN' fOUT 

o 
10 

2 

I I ,II I 
I.... ......N.! 
., ... % ~~ 

III P(i'l'1'6 ~I:::::::: 
t(,tW04'1'~~~(~ 

I "I a t-
Il II I I 

4 -- 6 8 
100 

200 

FREQUENCY (f)-M~2CS-15727T 
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TRANSISTOR 40405 
Si n-p-n epitaxial planar type used in class C rf power amplifiers, drivers, and 
frequency multipliers at frequencies to 400 Mc/s in battery-operated com
munications equipment. JEDEC TO-52, Outline No.1S. Terminals: 1 - emitter, 
2 - base, 3 - collector and case. 

MAXIMUM RATINGS 
Collector-to-Emitter Voltage: 

Base open ............................................................................... . 
VRE = 0 ................................................................................... . 

VeEo 16 V 
VeEs 40 V 

Emitter-to-Base Voltage ......................................................... . 
Collector Current ................................................. ,,, ................... . 

VERO 6 V 
Ie 0.5 A 

Transistor Dissipation: 
TA up to 25'C ...................................................................... .. 
Te up to 25'C ...................................................................... .. 
TA and Te above 25'C ...................................................... .. 

PT 0.3 W 
PT 1 W 
PT See curve page 112 

Temperature Range: 
Operating (TA-Tc) ................................................................ .. 
Storage ...................................................................................... .. 

Lead-Soldering Temperature (10 s max) ...................... .. 

-65 to 175 'C 
TSTG -65 to 200 'C 
TL 300 'c 

CHARACTERISTICS 
Collector-to-Emitter Breakdown Voltage: 

Ic = 10 rnA. Is = O. t p = 100 .p.s. df = 2% ............... . 
Ic=5mA.RBE=0 .......................................................... .. 

V 
V(RR)CEO 16 min 
V(BR)CES 40 min V 

Emitter-to-Base Breakdown Voltage 
(IE = 0.01 rnA. Ie = 0) .................................................... .. 

Collector-Cutoff Current (VeE = 15 V. RBE = 0) .. .. 
Static Forward-Current Transfer Ratio 

V(BR)ERO 6 min V 
ICES 0.4 max /LA 

(VeE = 1 V. Ie = 100 mAl .............................................. .. 
Small-Signal Forward-Current Transfer Ratio 

(VCE = 1 V. Ie = 100 rnA. f = 100 Mc/s) .............. .. 
Gain Bandwidth Product (10 = 100 rnA. VCE = 1 V) 
Output Capacitance (VeR = 5 V. 1m = 0, . 

f = 0.1 to 1 Mc/s) ............................................................... . 

hFE 20 min 

hte 3 min 
iT 300 min Mc/s 

Cobo 3.5 max pF 
RF Power Output. Frequency-Doubler 

(Vec = 15 V. PI. = 30 mW. f(in) = 86 Mc/s. 
f(out) = 172 Mc/s) .............................................. .. Poe 200* min mW 

• For conditions given. minimum efficiency = 35 per cent. 

TYPICAL OPERATION CHARACTERISTICS 
TYPE 40405 

~,:~~~~f~A'¥~~T'r~iJ~UT. 
DC COLLECTOR SUPPLY VOLTSIVCCI=12 
fiN " fOUT I 

3040 

TRANSISTOR 

TYPICAL OPERATION CHARACTERISTICS 

t; 1000 
::> 
Q 

~ 800 .... 
~~ et 600 

~"j:. 
~:= 400 
ID 
I 

Z g 200 

o 

TYPE 40405 
COMMON-EMITTER CIRCU I~ BASE INPUT. 

I-~MBIENT TEMPERATURE ( A'-25" C 

f-- ~JIIIII 
r- ~IJ 

/ ~ ';~~f-/?-
W 

{j.\C--'2.-q 
1-- :\~ 

,,'I~ 
'\.'l 

'I 
4 68 4 68 

10 100 
COLLECTOR MILLIAMPERESIIC' 

92CS-13734T 

40406 
Si p-n-p type used in the input stages in af-amplifier applications in indus
trial and commercial equipment. JEDEC TO-5, Outline No.3. Terminals: 
1 - emitter, 2 - base, 3 - collector and case. For collector-characteristics and 
input-characteristics curves, refer to type 40319. 
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MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage ........................... . 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ....................................................................... . 
Base Current .............................................................................. .. 

Tr~::fo~~·~~~~~: ................................................................ . 
TA above 25·C ....................................................................... . 

Temperature Range: 
Operating (Junction) ........................................................... . 

CHARACTERISTICS (At case temperature = 25·C) 
Collector-to-Emitter Sustaining Voltage 

(Ie = -100 mAo IB = 0) ............•.......•............................... 
Base-to-Emitter Voltage (Ie = -0.1 mAl ...................... .. 
Collector-Cutoff Current: 

Vem = -40 V. IB = O. Te = 25·C ................................... . 
Vem = -40 V. IB = O. Te = 150·C ................................. . 

Emitter-Cutoff Current (VmB = -4 V. Ie = 0) ........... . 
Static Forward-Current Transfer Ratio 

(Vem = -10 V. Ie = -0.1 mAl ....................................... . 
Gain-Bandwidth Product (Vem = -4 V. Ie = -50 mAl 
Thermal.Resistance. Junction-to-Case ............................... . 
Thermal Resistance. Junction-to-Ambient ....................... . 

Vemo(sus) 
VIIBO 
Ie 
IB 

PT 
PT 

TJ(opr) 

VeBo(sus) 
VBB 

lello 
lello 
bBO 

hFID 
b 
8J-C 
8J-A 

40407 TRANSISTOR 

-so V 
-4 V 

-0.7 A 
-0.2 A 

1 W 
See curve page 112 

-65 to 200 ·C 

-50 min V 
-0.8 max V 

-1 max pA 
-lOmax p.A 
-1 max mA 

20 to 200 
100 Mc/s 

35 max ·C/W 
175 max ·C/W 

Si n-p-n type used in predriver stages in ai-amplifier applications in indus
trial and commercial equipment. This type is recommended for use in a 
Darlington circuit with a type such as the 40408. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. This type is 
electrically identical with type 40406 except for reversal of all polarity signs. 
For collector-characteristics and transfer-characteristics curves, refer to 
type 40309. 

40408 TRANSISTOR 
Si n-p-n type used in predriver stages in ai-amplifier applications in indus
trial and commercial equipment. This type is recommended for use in a 
Darlington circuit with a type such as the 40407. JEDEC TO-5, Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case. For collector
characteristics and transfer-characteristics curves, refer to type 40309. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage ........................... . 
Emitter-to-Base Voltage ........................................................ .. 
Collector Current ...................................................................... .. 
Base Current .............................................................................. .. 
Tranistor PissiJ!ation:, 

i! ~~~ ~;.g :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Temperature Range: 

Operating (Junction) ........................................................... . 

CHARACTERISTICS (At case temperature = 25·C) 
Collector-to-Emitter Sustaining Voltage 
coH~~r~=-~it!~ S'a:lratioii .. voitage ...... ··· .................... .. 

(Ie. = 150 mAo IB = 15 mAl .......................................... .. 
Base-to-Emitter Voltage (Veil = 4 V. Ie = 10 mAl .. .. 
Collector-Cutoff Current: 

VOII = 80 V. IB = O. Te = 25·C .......................... ~ ........... . 
. Veil = 80 ~ IB = O. Te = 150·C .................................... .. 
Emitter-Cuton: Current (VIIB = 4 V. Ie = 0) .............. .. 
Static Forward-Current Transfer Ratio 

Ga\!~~d!'iXih I~d~~lWell .. ·;;; .. 4 .. V: .. ·IO .. ;; .. 50· .. iiiAi' 
Thermal Resistance. Junction-to-Case ............................... . 
Thermal Resistance. Junction-to-Ambient ...................... .. 

VeBo(sus) 
VIIBO 
Ie 
IB 

PT 
PT 

TJ(opr) 

Vello(sus) 

Veil (sat) 
VBB 

lello 
lello 
bBO 

hFB 
fT 
8J-C 
8J-A 

90 V 
4 V 

0.7 A 
0.2 A 

1 W 
See curve page 112 

-65 to 200 ·C 

90 min V 

1.4 max V 
1 max V 

1 max p.A 
250 max ~ 1 max 

4()to 2()() 
100 Mc/s 

35 max ·C/W 
175 max ·C/W 
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POWER TRANSISTOR 40409 
Si n-p-n type used in driver stages in af-amplifier applications in industrial 
and commercial equipment. This type and type 40410 together form a com
plementary pair of drivers. In a typical class AB circuit a complementary 
pair can drive two series-connected 40411 transistors to provide an audio 
output of 70 watts with a total harmonic distortion of less than 0.25 per 
cent at 1000 cycles per second. JEDEC TO-5 (with heat radiator), Outline 
No.3. Terminals: 1 - emitter, 2 - base, 3 - collector and case (with heat 
radiator). For collector-characteristics and transfer-characteristics curves, 
refer to type 40309. 

MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

(RBE ~ 10 0) ....................................................................... . 
Emitter-to-Base Voltage ......................................................... . 
Collect9r Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation: 

TA up to 50·C ....................................................................... . 
TA above 50·C ..................................................................... ... 

Temperature Range: 
Operating (Junction) ........................................................... . 

CHARACTERISTICS 
Collector-to-Emitter Sustaining Voltage 

(RBE = 100 0. Ic = 100 mAl ......................................... ... 
Collector-to-Emitter Saturation Voltage 

(Ic = 150 mAo IB = 15 mAl .......................................... .. 
Base-to-Emitter Voltage (VCE = 4 V. Ic = 150 mAl .. 
Collector-Cutoff Current: 

VCE = 80 V. RBE = 100 0. Tc = 25·C ....................... . 
VCE = 80 V. RBE = 100 0. Tc = 150·C ..................... . 

Emitter-Cutoff Current (VEB = 4 V. Ic = 0) ............... . 
Static Forward-Current Transfer Ratio 

(VCE = 4 V. Ic = 150 mAl ............................................... . 
Gain-Bandwidth Product (VCE = 4 V. Ic = 50 mAl ... . 
Thermal Resistance. Junction-to-Ambient ....................... . 

POWER TRANSISTOR 

VCER(SUS) 
VEBO 
Ic 
Is 

PT 
PT 

TJ(opr) 

VCER(SUS) 

VCE(sat) 
VBE 

ICER 
ICER 
lEBO 

hFE 
fT 
aJ-A 

90 V 
4 V 

0.7 A 
0.2 A 

3 W 
See curve page 112 

-65 to 200 ·C 

90 min V 

1.4 max V 
1.1 max V 

1 max p.A 
100 max p.A 

1 max p.A 

50 to 250 
100 Mc/s 

50 max ·c/W 

40410 
Si p-n-p type used in driver stages in af-amplifier applications in industrial 
and commercial equipment. This type and type 40409 form a complementary 
pair of drivers. In a typical class AB circuit a complementary pair can 
drive two series-connected 40411 transistors to provide an audio output of 
70 watts with a total harmonic distortion of less than 0.25 per cent at 1000 
cycles per second. JEDEC TO-5 (with heat radiator), Outline No.3. Termi
nals: 1 - emitter, 2 - base, 3 - collector and case (with heat radiator). This 
type is electrically identical with type 40409 except for the reversal of all 
polarity signs. For collector-characteristics and input-characteristics curves, 
refer to type 40319. 

POWER TRANSISTOR 40411 
Si n-p-n type used in output stages in af-amplifier applications in industrial 
and commercial equipment. In a typical class AB circuit, two series-con
nected 40411 transistors driven by a complementary pair of transistors 
(40409 and 40410) can provide an audio output of 70 watts with a total 
harmonic distortion of less than 0.25 per cent at 1000 cycles per second. 
JEDEC TO-3, Outline No.2. Terminals: 1 (B) - base, 2 (E) - emitter, Mount
ing Flange - collector and case. 
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MAXIMUM RATINGS 
Collector-to-Emitter Sustaining Voltage 

~~r:r_~_~2sen)viiitag~''':::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Collector Current ....................................................................... . 
Base Current ............................................................................... . 
Transistor Dissipation: 

Te up to 25°C ...................................................................... .. 
Te above 25°C ........................................................................ .. 

Temperature Range: 
Operating (Junction) ........................................................... . 

CHARACTERISTICS (At case temperature = 25°C) 
Collector-to-Emitter Sustaining Voltage 
Coh~~o;:~~tt~~ s~~~~~ V;;ltag~ ............................ .. 

(Ie = 4 A. IB = 400 rnA) .............................................. .. 
Base-to-Emitter Voltage (VeE = 4 V. Ie = 4 A) ...... .. 
Collector-Cuto1f Current: 

VeE = SO V. RBE = 100 n. Te = 25°C ...................... .. 
VOE = SO V. RBE = 100 n. Te = 150'C .................... .. 

Emitter-Cuto1f Current (VEB = 4 V. Ie = 0) .............. .. 
Static Forward-Current Transfer Ratio 

(VeE = 4 V. Ie = 4 A) .................................................. .. 
Gain-Bandwidth Product (VeE = 4 V. Ie = 4 A) ...... .. 
Power-Rating Test (40 V at 5 A for 1 s max) .......... .. 
Thermal Resistance. Junction-to-Case .............................. .. 

VeEB(sus) 
VEBO 
Ie 
Is 

PT 
PT 

TJ(opr) 

VeEB(sus) 

VeE (sat) 
VBE 

IeEB 
IeEB 
lEBO 

hFE 
fT 

91-C 

90 V 
4 V 

30 A 
15 A 

150 W 
See curve page 112 

-65 to 200 °C 

90 min V 

1 max V 
I.Smax V 

0.5 max rnA 
2 max rnA 
5 max rnA 

35 to 100 
SOO kc/s 
200 W 

1.17 max 'C/W 

TYPICAL COLLECTOR CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 

U 
!:! 

TYPE 40411 
CASE TEMPERATURE (Te)- 211"C 

12 
BASE MILLIAMPEIIESIIBl"600 
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LIST OF DISCONTINUED TRANSISTORS 
(Shown for reference only; see page 113 for symbol identification.) 

CHARACTER-
MAXIMUM RATINGS ISTICS Maximum 

Operating 
RCA Out- Tempera-
Type Material line YCR YES Ic PT Min. ICR ture Can be ref laced 

(vults) (vults) (amperes) (watts) hFE (!LA) ('C) by RCA ype 

2N105 Ge -25 -0.015 0.035 55 -5 55 2N408 
2N206 Ge 1 -30 -0.050 0.075 33 -10 85 2N408 
2N247 Ge 4 -35 -0.010 0.080 60 -10 71 2N1180 
2N269 Ge 1 -25 -12 -0.100 0.120 24 -5 85 2N404 
2N301 Ge 2 -40 -10 -3 11 70 -100 91 2N2869 !2N301 

2N301A Ge 2 -60 -10 -3 11 70 -100 91 2N2870/2N301A 
2N307 Ge 2 -35 -1 10 20 -1500 75 2N2869 
2N331 Ge 6 -30 -12 -0.200 0.200 50 -16 71 2N1638 
2N356 Ge 20 20 0.5 0.100 30 5 85 2N647 
2N357 Ge 20 20 0.5 0.100 30 5 85 2N647 

2N358 Ge 20 20 0.5 0.100 30 5 85 2N647 
2N373 Ge 4 -25 -0.5 -0.010 0.080 60 -8 71 2N1638 
2N374 Ge 4 -25 -0.5 -0.010 0.080 60 -8 71 2N1631 
2N456 Ge 22 -40 -20 -5 50 52 95 2N2869 
2N457 Ge 22 -60 -20 -5 50 52 95 2N2869 

2N497 Si 3 60 8 4 12 10 200 
2N544 Ge 4 -18 -1 -0.010 0.080 60 -4 71 2N217 
2N561 Ge 22 -80 -60 -10 50 75 100 2N2869 
2N578 Ge 6 -20 -12 -0.400 0.120 10 -5 71 2N412 
2N579 Ge 6 -20 -12 -0.400 0.120 20 -5 71 2N412 

2N580 Ge 6 -20 -12 -0.400 0.120 30 -5 71 2N412 
2N583 Ge 1 . -18 -10 -0.100 0.120 20 -10 85 2N412 
2N584 Ge 1 -25 -12 -0.100 0.120 40 -5 85 2N408 
2N640 Ge 4 -34 -1 -0.010 0.080 50 -5 71 2N1637 
2N641 Ge 4 -34 -1 -0.010 0.080 50 -7 71 2N1638 

2N642 Ge 4 -34 -1 -0.010 0.080 50 -7 71 2N1639 
2N643 Ge 6 -30 -2 -0.100 0.120 20 -10 71 
2N644 Ge 6 -30 -2 -0.100 0.100 20 -10 71 
2N645 Ge 6 -30 -2 -0.100 0.120 20 -10 71 
2N656 Si 3 60 8 4 30 10 200 

2N696 Si 3 60 5 -0.500 2 20 1 175 
2N705 Ge 9 -15 -3.5 -0.05 0.15 25 -3 100 
2N710 Ge 9 -15 -2 -0.05 0.15 25 -3 100 
2N711 Ge 9 -12 -1 -0.1 0.15 20 -3 100 
2N794 Ge 9 -13 -1 -0.100 0.150 30 -3 85 2N1300 

2N795 Ge 9 -13 -4 -0.100 0.150 30 -3 85 2N1301 
2N796 Ge 9 -13 -4 -0.100 0.150 50 -3 85 2N1683 
2N828 Ge 9 -15 -2.5 -0.2 0.3 25 -3 100 
2N955 Ge 9 12 2 0.1 0.15 30 5 100 
2N955A Ge 9 12 2 0.15 0.15 30 5 100 

2N960 Ge 9 -15 -2.5 -0.1 0.3 20 -3 100 
2N961 Ge 9 -12 -2 -0.1 0.3 20 -3 100 

* 1 - emitter, 2 - base, 3 - collector. 
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LIST OF DISCONTINUED TRANSISTORS (cont'd) 

CHARACTER-
MAXIMUM RATINGS ISTICS Maximum 

Operating 
RCA Out- Tempera-
Type Material line YCB YEB Ie PT Min. ICB ture Can be reflaced 

(voltS) (volts) (amperes) (watts) hFE (ILA) (OC) by RCA ype 

2N962 Ge 9 -12 -1.25 -0.1 0.3 20 -3 100 
2N963 Ge 9 -12 -1.25 -0.1 0.3 20 -5 100 
2N9&4 Ge 9 -15 -2.5 -0.1 0.3 40 -3 100 

2N965 Ge 9 -12 -2 -0.1 0.3 40 -3 100 
2N966 Ge 9 -12 -1.25 -0.1 0.3 40 -3 100 
2N9&7 Ge 9 -12 -1.25 -0.1 0.3 40 -5 100 
2Nl014 Ge 22 -100 -60 -10 50 75 100 2N2869 
2Nl067 Si 5 60 12 0.5 5 35 15 175 2N3053 

2Nl068 Si 5 60 12 1.5 10 38 15 175 2N3262 
2Nl069 Si 2 60 1.7 4 50 20 25 175 2N1489 
2Nl070 Si 2 60 9 4 50 20 25 175 2N1702 
2Nl092 Si 3 60 12 0.5 2 35 15 175 

2N1169 Ge 3 25 25 0.4 0.12 20 10 71 
2N1170 Ge 3 40 40 0.4 0.12 20 8 71 
2N1213 Ge 3 -25 -1 -0.100 0.075 -3 85 
2N1214 Ge 3 -25 -1 -0.100 0.075 -3 85 
2N1215 Ge 3 -25 -1 --0.100 0.075 -3 85 

2N1216 Ge 3 -25 -1 -0.100 0.075 -3 85 
2N1319 Ge 3 -20 -20 -0.4 0.12 15 -6 71 
2N1425 Ge 4 -24 -0.5 -0.010 0.080 50 -12 71 2N1638 
2N142& Ge 4 -24 -0.5 -0.010 0.080 130 -12 71 2N1638 
2N1450 Ge 6 -30 -1 -0.100 0.120 20 -10 85 2N217 

2N1511 Si 11 60 60 6 75 15 25 200 2N1487 
2N1512 Si 11 100 100 6 75 15 25 200 2N1488 
2N1513 Si 11 60 60 6 75 15 25 200 2N1489 
2N1514 Si 11 100 100 6 75 15 25 200 2N1490 
2N1633 Ge 13 -34 -0.5 -0.010 0.080 75 -16 85 2N1638 

2N1634 Ge 1 -34 -0.5 -O.OlD 0.080 75 -16 85 2N1638 
2N1635 Ge 13 -34 -0.5 -0.010 0.080 75 -16 85 2N1638 
2N1636 Ge 1 -34 -0.5 -0.010 0.080 75 -16 85 2N1638 
2N1768 Si 19 60 12 3 40 35 15 200 2N1485 
2N1769 Si 19 100 12 3 40 35 15 200 2N1486 

2N2206 Si 16 25 3 0.2 1 40 0.025 175 
2N2273 Ge 9 -25 -1 -0.1 0.1 20 -10 100 2Nl179 
2N2339 Si 19 60 40 2.5 40 20 3000 200 2N1701 
2N2482 Ge 9 20 3 0.1 0.15 25 5 100 
2N2873 Ge 1 -35 -0.1 -0.010 0.115 40 12 100 

2N2898 Si 16 120 7 1 1.8 40 0.002 200 
2N2899 Si 16 140 7 1 1.8 60 0.01 200 
2N2900 Si 16 60 7 1 1.8 50 0.05 200 
3746 Ge 14 -34 -0.5 -0.20 0.080 -16 85 
3907/2N404 Ge 3 -25 -12 -0.2 0.15 30 -5 85 



SILICON rectifiers are essentially 
cells containing a simple p-n 

junction. As a result, they have low 
resistance to current flow in one 
(forward) direction, but high resist
ance to current flow in the opposite 
(reverse) direction. They can be 
operated at ambient temperatures up 
to 200 degrees centigrade and at cur
rent levels as high as hundreds of 
amperes, with voltage levels as high 
as 1000 volts. In addition, they can 
be used in parallel or series arrange
ments to provide higher current or 
voltage capabilities. 

Because of their high forward-to
reverse current ratios, silicon recti
fiers can achieve rectification efficien
cies close to 99 per cent. When 
properly used, they have excellent 
life characteristics which are not 
affected by aging, moisture, or tem
perature. They are very small and 
light-weight, and can be made im
pervious to shock and other severe 
environmental conditions. 

THERMAL CONSIDERATIONS 
Although rectifiers can operate at 

high temperatures, the thermal ca
pacity of a silicon rectifier is quite 
low, and the junction temperature 
rises rapidly during high-current 
operation. Sudden rises in junction 
temperature caused by either high 
currents or excessive ambient-tem
perature conditions can cause failure. 
(A silicon rectifier is considered to 
have failed when either the forward 
voltage drop or the reverse current 
has increased to a point where the 
crystal structure or surrounding ma
terial breaks down.) Consequently, 
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Silicon Rectifiers 

temperature effects are very impor
tant in the consideration of silicon 
rectifier characteristics. 

REVERSE CHARACTERISTICS 
When a reverse-bias voltage is ap

plied to a silicon rectifier, a limited 
amount of reverse current (usually 
measured in microamperes, as com
pared to milliamperes or amperes of 
forward current) begins to flow. As 
shown in Fig. 158, this reverse cur
rent flow increases slightly as the 
bias voltage increases, but then tends 

VOLTAGE 0 

- -IJIA AT 250 C 
-IOOpA AT 1500 C 

Figure 158. Typical reverse characteristics. 

to remain constant even though the 
voltage continues to increase signifi
cantly. However, an increase in oper
ating temperature increases the 
reverse current considerably for a 
given reverse bias. 

At a specific reverse voltage (which 
varies for different types of diodes), 
It very sharp increase in reverse cur
rent occurs. This voltage is called 
the breakdown or avalanche (or 
zener) voltage. In many applications, 
rectifiers can operate safely at the 
avalanche point. If the reverse volt
age is increased beyond this point, 
however, or if the ambient tempera
ture is raised sufficiently (fQr ex-
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ample, a rise from 25 to 150 degrees 
centigrade increases the current by 
a factor of several hundred), "ther
mal runaway" results and the diode 
may be destroyed. 

FORWARD CHARACTERISTICS 

A silicon rectifier usually requires 
a forward voltage of 0.4 to 0.8 volt 
(depending upon the temperature 
and the impurity concentration in 
the p-type.and n-type materials) be
fore significant current flow occurs. 
As shown in Fig. 159, a slight rise 
in voltage beyond this point in
creases the forward current sharply. 
Because of the small mass of the sili
con rectifier, the forward voltage 
drop must be carefully controlled so 
that the specified maximum value of 
dissipation for the device is not ex
ceeded. Otherwise, the diode may be 
seriously damaged or destroyed. 

. Fig. 159 shows the effects of an in
crease in temperature on the forward
current characteristic of a silicon 

200 

150 

~ 
~ 100 

~ 
50 

VOLTS 

Figure 159. Typical forward characteristics. 

rectifier. In certain applications, close 
control of ambient temperature is re
quired for satisfactory operation. 
Close control is not usually required, 
however, in power circuits. 

RATINGS 

Ratings for silicon rectifiers are 
determined by the manufacturer on 
the basis of extensive reliability test
ing. One of the most important rat
ings is the maximum peak reverse 
voltage (PRV), i.e., the highest 
amount of reverse voltage which can 
be applied to a specific rectifier be
fore the avalanche breakdown point 
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is reached. PRV ratings range from 
about 50 volts to as high as 1000 
volts for some single-junction diodes. 
As will be discussed later, several 
junction diodes can be connected in 
series to obtain the PRV values re
quired for very-high-voltage power
supply applications. 

Because the current through a rec
tifier is normally not dc, current rat
ings are usually given in terms of 
average, rms, and peak values. The 
waveshapes shown in Figs. 160 and 
161 help to illustrate the relation
ships among these ratings. For ex
ample, Fig. 160 shows the current 
variation with time of a sine wave 

t~~. *.31 
a 5.0 631 

-1.5 . 
-IO.O'------.J'----=T~IM-=E:----"' ..... "'--...J 

Figure 160. Variation of current of a sine 
wave with time. 

that has a peak current Ioeak of 10 
amperes. The area under the curve 
can be translated mathematically 
into an equivalent rectangle that in
dicates the average value Ia. of the 
sine wave. The relationship between 
the average and peak values of the 
total sine-wave current is then given 
by 

Iav = 0.637 Ioea. 
or 

I peak = 1.57 I a • 

However, the power P consumed 
by a device (and thus the heat gen
erated within it) is equal to the 
square of the current through it 
times its finite electrical resistance 
R· (i.e., P = PR). Therefore, the 
power is proportional to the square 
of the current rather than to the 
peak or average value. Fig. 161 
shows the square of the current for 
the sine wave of Fig. 160. A horizon
tal line drawn through a point half
way up the P curve indicates the 
average (or mean) of the squares, 
and the square root of the P value 
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Figure 161. Variation of .the . square of 
sine-wave current with time. 

at this point is the root-mean-square 
(rms) value of the current. The re
lationship between rms and peak 
current is given by 

Irma = 0.707 I.eat 

or 
I,eak = 1.414 I,m. 

Because a single rectifier cell 
passes current in one direction only, 
it conducts for only half of each 
cycle of an ac sine wave. Therefore, 
the second half of the curves in Figs. 
160 and 161 is eliminated. The aver
age current lav then becomes half of 
the value determined for full-cycle 
conduction, and the rms current I,m. 
is equal to the square root of half the 
mean-square value for full-cycle 
conduction. In terms of half-cycle 
sine-wave conduction (as in a single
phase half-wave circuit), the rela
tionships of the rectifier currents 
can be shown as follows: 

I.eak 'If" X lav = 3.14 I.v 
lav (1/ 'If") I.e •• = 0.32 II>e •• 
Irm. ('If"/2) I.v = 1.57 I.v 
lav (2/ 'If") I,m. = 0.64 I,m. 
I.eak = 2 Irm. 
I,m. = 0.5 I.e •• 

For different combinations of recti
fier cells and different circuit con-
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figurations, these relationships are, 
of course, changed again. Current 
(and voltage) relationships have 
been derived for various types of 
rectifier applications and are given 
in Table I later in this section. 

Published data for silicon rectifiers 
usually include maximum ratings 
for both average and peak forward 
current. As shown in Fig. 162, the 
maximum average forward current 
is the maximum average value of 
current which is allowed to flow in 
the forward direction during a full 
ac cycle at a specified ambient or 
case temperature. Typical average 
current outputs range from 0.5 am
pere to as high as 100 amperes for 
single silicon diodes. The peak 
recurrent forward current is the 
maximum repetitive instantaneous 
forward current permitted under 
stated conditions. 

--- SURGE OR FAULT CURRENT 

- - - - PEAK REPETITIIIE 
CURRENT 

- - - - - AIlERAGE FORWARD 
CURRENT 

Figure 162. Representation of rectifier 
currents. 

In addition, ratings are usually 
given for non-repetitive surge, or 
fault, current. In rectifier applica
tions, conditions may develop which 
cause momentary currents that are 
considerably higher than normal 
operating current. These increases 
( current surges) may occur from 
time to time during normal circuit 
operation as a result of normal load 
variations, or they may be caused 
by abnormal conditions or faults in 
the circuit. Although a rectifier can 
usually absorb a limited amount of 
additional heat without any effects 
other than a momentary rise in junc
tion temperature, a sufficiently high 
surge can drive the junction tem
perature high enough to destroy the 
rectifier. Surge ratings indicate the 
amount of current overload or surge 
that the rectifier can withstand with
out detrimental effects. 

Fig. 163 shows universal surge 
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rating charts for families of recti
fiers having average current ratings 
up to 40 amperes. The rms currents 
shown in these charts are incremen
tal values which add to the normal 
rms forward current during surge 
periods. The charts indicate maxi
mum current increments that can be 
safely handled by the rectifiers for 
given lengths of time. These charts 
can be used by designers to de
termine whether circuit modifica
tions are necessary to protect the 
rectifiers. If the value and duration 
of expected current surges are 
greater than the ratings for the rec
tifier, impedance should be added to 
capacitive-load circuits or fuses or 
circuit breakers to variable-load cir
cuits for surge protection. 

The fusing requirements for a 
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SURGE DURATION-SECONDS 
Figure 163. Universal surge rating charts 

for RCA rectifiers. 
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given circuit can be determined by 
use of a coordination chart such as 
that shown in Fig. 164. Two charac
teristics are plotted on the coordi
nation chart initially: (A) the surge 
rating curve for the rectifier, and 
UI ::! 200..---.----..,.--------, .., 
0-
:;; 
« 
I 
~ 100 D--"~...--_+------___; .., 
~ 
:> o 
UI 
:;; 
0:: SURGE DURATION-SECONDS 

Figure 164. Typical coordination chart for 
determining fusing requirements (A - surge
rating chart for 20-ampere rectifier, B -
expected surge current In half-wave circuit, 
C - opening characteristics of protective 
device, 0 - resulting sur~e current in 

modified circuit). 

(B) the maximum surge (fault cur
rent) expected in the circuit. In Fig. 
164, curve A is the surge rating 
curve for a 20-ampere rectifier, and 
curve B is the maximum surge ex
pected to occur in a single-phase 
half-wave rectifier circuit that has 
an input voltage of 600 volts and is 
subject to overload conditions in 
which the load resistance can de
crease to 2 ohms. The maximum rms 
current which can flow under these 
conditions is given by 

Lms = E'n/2RL = 600/4 = 150 amperes 

The incremental portion of this cur
rent is determined by subtracting 
the normal rms current of the 20-
ampere rectifier (Lms = 1.57 I.. = 
1.57 x 20 = 31.4 amperes; In, •• = 
150 - 31.4 = 118.6 amperes). The 
straight line of curve B is then 
drawn at an rms value of 118.6 am
peres in Fig. 164. 

The intersection of curves A and 
B indicates that the 20-ampere rec
tifier can safely support an incre
mental rms surge current of 118.6 
amperes for a maximum duration of 
about 40 milliseconds. Therefore, the 
circuit must be modified to include 
a protective element that has an 
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"opening" characteristic that falls 
below the rectifier surge rating 
curve for all times greater than 40 
milliseconds. The opening charac
teristic of such a protective element 
is shown in Fig. 164 as curve C. 
Surge current in the modified circuit 
is then limited by the circuit re
sistance for periods up to 40 milli
seconds and by the protective 
element for surges of longer dura
tion, as shown by curve D. 

Surge currents generally occur 
when the equipment is first turned 
on, or when unusual voltage tran
sients are introduced in the ac sup
ply line. Protection against excessive 
currents of this type can be provided 
in various ways, as will be dis
cussed later. 

Because these maximum current 
ratings are all affected by thermal 
variations, ambient-temperature con
ditions must be considered in the 
application of silicon rectifiers. Tem
perature-rating charts are usually 
provided to show the percentage by 
which maximum currents must be 
decreased for operation at tempera
tures higher than normal room tem
perature (25 degrees centigrade). 

OVERLOAD PROTECTION 
In the application of silicon recti

fiers, it is necessary to guard against 
both over-voltage and over-current 
(surge) conditions. A voltage surge 
in a rectifier arrangement can be 
caused by dc switching, reverse recov
ery transients, transformer switch
ing, inductive-load switching, and 
various other causes. The effects of 
such surges can be reduced by the 
use of a capacitor connected across 
the input or the output of the recti
fier. In addition, the magnitude of 
the voltage surge can be reduced by 
changes in the switching elements or 
the sequence of switching, or by a 
reduction in the speed of current in
terruption by the switching elements. 

In all applications, a rectifier hav
ing a more-than-adequate peak re
verse voltage rating should be used. 
The safety margin for reverse volt-
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age usually depends on the applica
tion. For a single-phase half-wave 
application using switching of the 
transformer primary and having no 
transient suppression, a rectifier hav
ing a peak reverse voltage three or 
four times the expected working 
voltage should be used. For a full
wave bridge using load switching 
and having adequate suppression of 
transients, a margin of 1.5 to 1 is 
generally acceptable. 

Because of the small size of the 
silicon rectifier, excessive surge cur
rents are particularly harmful to rec
tifier operation. Current surges may 
be caused by short circuits, capacitor 
inrush, dc overload, or failure of a 
single cell in a multiple arrange
ment. In the case of low-power cells, 
fuses or circuit breakers are often 
placed in the ac input circuit to the 
rectifier to interrupt the fault cur
rent before it damages the rectifier. 
When circuit requirements are such 
that service must be continued in 
case of failure of an individual diode, 
a number of cells can be used in 
parallel, each with its own fuse. Ad
ditional fuses should be used in the 
ac line and in series with the load for 
protection against dc load faults. In 
high-power cells, an arrangement of 
circuit breakers, fuses, and series re
sistances is often used to reduce the 
amplitude of the surge current. Fus
ing requirements can be determined 
by use of coordination charts for 
the particular circuits and rectifiers 
used. 

SERIES AND PARALLEL 
ARRANGEMENTS 

Silicon rectifiers can be arranged 
in series or in parallel to provide 
higher voltage or current capabili
ties, respectively, as required for 
specific applications. 

A parallel arrangement of recti
fiers can be used when the maximum 
average forward current required is 
larger than the maximum current 
rating of an individual rectifier cell. 
In such arrangements, however, 
some means must be provided to as
sure proper division of current 
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through the parallel rectifier cells. 
Parallel rectifier arrangements are 
not in general use. Designers nor
mally use a polyphase arrangement 
to provide higher currents, or sim
ply substitute the readily available 
higher-current rectifier types. 

Series arrangements of silicon rec
tifiers are used when the applied re
verse voltage is expected to be 
greater than the maximum peak re
verse voltage rating of a single sili
con rectifier (or cell). For example, 
four rectifiers having a maximum 
reverse voltage rating of 200 volts 
each could be connected in series to 
handle an applied reverse voltage of 
800 volts. 

In a series arrangement, the most 
important consideration is that the 
applied voltage be divided equally 
across the individual rectifiers. If the 
instantaneous voltage is not uni
formly divided, one of the rectifiers 
may be subjected to a voltage greater 
than its specified maximum reverse 
voltage, and, as a result, may be de
stroyed. Uniform voltage division 
can usually be assured by connection 
of either resistors or capacitors in 
parallel with individual cells. Shunt 
resistors are used in steady-state 
applications, and shunt capacitors in 
applications in which transient volt
ages are expected. Both resistors and 
capacitors should be used if the cir
cuit is to be exposed to both dc and 
ac components. When only a few 
diodes are in series, mUltiple trans
former windings may be used, each 
winding supplying its own assembly 
consisting of one series diode. The 
outputs of the diodes are then con
nected in series for the desired volt
age. 

RCA rectifier stacks (CRI0l, 
CR201, and CRgOI series) are de
signed to provide equal reverse volt
age across the individual rectifier 
cells in the assembly under both 
steady-state and transient condi
tions. The CRI0l and CRgOI series 
stacks include an integral resistance
capacitance network to equalize the 
reverse voltage across the series-
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connected rectifier cells. The CR201 
series stacks use precisely matched 
rectifier cells for internal voltage 
equalization. Extended life tests have 
shown that these rectifier stacks are 
capable of operating for many thou
sands of hours without noticeable 
degradation of performance. 

CIRCUIT FACTORS 
The current and voltage relation

ships for silicon rectifiers vary for 
different types of circuit configura
tions. The particular circuit in which 
a rectifier is used is chosen on the 
basis of the requirements for a spe
cific application. 

Silicon rectifiers are used in a con
tinually broadening range of applica
tions. Originally developed for use in 
such equipment as dc-to-dc convert
ers, battery chargers, mobile power 
supplies, transmitters, and electro
plating devices, silicon rectifiers are 
also used in power supplies for radio 
and television receivers and phono
graph amplifiers, as well as in such 
applications as in-line-type modula
tors, hold-off and charging diodes, 
pulse-forming networks, and brush
less alternators. They are also being 
used in many aircraft applications 
because of their small size, light 
weight, and high efficiency. 

The most suitable type of rectifier 
circuit for a particular application 
depends on the dc voltage and cur
rent requirements, the amount of 
rectifier "ripple" (undesired fluctua
tion in the dc output caused by an 
ac component) that can be tolerated 
in the circuit, and the type of ac 
power available. Figs. 165 through 
171 show seven basic rectifier con
figurations. (Filters used to smooth 
the rectifier output are not shown for 
each circuit, but are discussed later.) 
Figs. 165 through 171 also include 
the output-voltage waveforms for the 
various circuits and the current wave
forms for each individual rectifier 
cell in the circuits. Ideally, the volt
age waveform should be as flat as 
possible (i.e., approaching almost 
pure dc). A flat curve indicates a 
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peak-to-average voltage ratio of one. 
In the case of the current wave
form, the smaller the current flowing 
through the individual rectifier, the 
less chance there is for malfunction 
or burnout of the cell. 

The half-wave single-phase circuit 
shown in Fig. 165 delivers only one 
pulse of current for each cycle of ac 
input voltage. As shown by the cur
rent waveform, the single rectifier 
cell is exposed to the entire current 

+ 

Eav 

OUTPUT RECTIFIER 

<OCT'" ~ 

~ -'iNI.-
Figure 165. Single·phrase half·wave circuit. 

flow. This type of circuit, which con
tains a very high percentage of out
put ripple, is used principally in 
low-voltage high-current applications 
and in low-current high-voltage ap
plications. 

Fig. 166 shows a single-phase full
wave circuit with a center-tapped 
high-voltage winding. This circuit 
has a lower peak-to-average volt
age ratio than the circuit of Fig. 165, 
and about 50 per cent less ripple. 
This type of circuit is widely used 
in television receivers and large au
dio amplifiers. 

The single-phase full-wave bridge 
circuit shown in Fig. 167 uses four 
rectifiers, and does not require the 
use of a transformer center-tap. It 
can be used to supply twice as much 
output voltage as the circuit of Fig. 
166 for the same transformer volt
age, or to expose the individual rec
tifier cell to only half as much peak 
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Figure 166. Single-phase full-wave circuit 
with center-tap. 

reverse voltage and allow only 50 
per cent of the total current to flow 
through each cell. This type of cir
cuit is popular in amateur trans
mitter use. 

The three-phase circuits shown in 
Figs. 168 through 171 are usually 
found in heavy industrial equipment 
such as high-power transmitters. The 
three-phase (Y) half-wave circuit 
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Figure 167. Single-phase full-wave circuit 
without center-tap. 
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Figure 168. Three-phase (Y) half-wave circuit. 

shown in Fig. 168 uses three rectifier 
cells. This circuit has considerably 
less ripple than the circuits discussed 
above. In addition, it allows only 
one-third of the total current to flow 
through each rectifier cell. This type 
of circuit is used in alternator recti
fiers in automobiles. 

Fig. 169 shows a three-phase (Y) 
full-wave bridge circuit which uses a 
total of six rectifier cells. In this 
arrangement, two half-wave recti
fiers are connected in series across 
each leg of a high-voltage trans
former. This circuit delivers twice as 
much voltage output as the circuit of 
Fig. 168 for the same transformer 
conditions. In addition, this circuit, 
as well as those shown in Figs. 170 

and 171, has an extremely small 
percentage of ripple. 

The six-phase "star" circuit shown 
in Fig. 170, which also uses six recti
fier cells, allows the least amount of 
the total current (one-sixth) to flow 
through each cell. The three-phase 
double-Y and interphase transformer 
circuit shown in Fig. 171 uses six 
half-wave rectifiers in parallel. This 
arrangement delivers six. current 
pulses per cycle and twice as much 
output current as the circuit shown 
in Fig. 168. 

Table I lists voltage and current 
ratios for the circuits shown in Figs. 
165 through 171 for resistive or in
ductive loads. These ratios· apply for 
sinusoidal ac input voltages. It is 
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Figure 169. Three-phase (Y) full-wave bridge circuit. 
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generally recommended that induc- rent, except for the circuit of Fig, 
tive loads rather than resistive loads 165, Current ratios given for induc
be used for filtering of rectifier cur- tive loads apply only when a filter 
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Figure 171. Three-phase double-Y and interphase transformer circuit. 
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CIRCUIT RATIOS Fig. 165 Fig. 166 Fig. 167 Fig. 168 Fig. 169 Fig. 170 Fig. 171 
Output Voltage: 

Average ........... EaT En Ea .. En Eav Eav Ea .. 
Peak (x Ea .. ) ...... 3.14 1.57 1.57 1.21 1.05 1.05 1.05 
RMS (x E a .. ) ...... 1.57 1.11 1.11 1.02 1.00 1.00 1.00 
Ripple (%) ....... 121 48 48 18.3 4.3 4.3 4.3 

Input Voltage (RMS): 
Phase (x En) ...... 2.22 1.11* 1.11 0.855- 0.428- 0.74- 0.855-
Line-to-Line (x Ea.) 2.22 2.22 1.11 1.48 0.74 1.48t 1.71:1: 

Average Output (Load) 
Current ............ Iav Iav Ia. Iav Iav Iav Iav 

RECTIFIER CELL RATIOS 
Forward Current: 

Average (x I •• ) 1.00 0.5 0.5 0.333 0.333 0.167 0.167 
RMS (x Iav): 

resistive load 1.57 0.785 0.785 0.587 0.579 0.409 0.293 
inductive load 0.707 0;707 0.578 0.578 0.408 0.289 

Peak (x Ia.): 

resistive load .... 3.14 1.57 1.57 1.21 1.05 1.05 0.525 
inductive load .... 1.00 1.00 1.00 1.00 1.00 0.500 

Ratio peak to average: 
resistive load .... 3.14 3.14 3.14 3.63 3.15 6.30 3.15 
inductive load .... 2.00 2.00 3.00 3.00 6.00 3.00 

Peak Reverse Voltage: 
x Ea. ............. 3.14 3.14 1.57 2.09 1.05 2.42 2.09 
X Erma ............ 1.41 2.82 1.41 2.45 2.45 2.83 2.45 

* to center tap - to neutral t maximum value ~ maximum value, no load 

Table I-Voltage and current ratios for rectifier circuits shown in Figs. 165 through 171. 
Fig. 165 uses a resistive load, and Figs. 166 through 171 an inductive load. 

choke is used between the output 
of the rectifier and any capacitor in 
the filter circuit. Values shown do 
not take into consideration voltage 
drops which occur in the power 
transformer, the silicon rectifiers, or 
the filter components under load con
ditions. When a particular rectifier 
type has been selected for use in a 
specific circuit, Table I can be used 
to determine the parameters and 
characteristics of the circuit. 

In Table T, all ratios are shown as 
functions of either the average out
put voltage Eav or the average dc 
output current Iav, both of which are 
expressed as unity for each circuit. 
In practical applications, the magni
tudes of these average values will, 
of course, vary for the different cir
cuit configurations. 

Filter circuits are generally used 
to smooth out the ac ripple in the 
output of a rectifier circuit. A smooth-

ing filter usually consists of capaci
tors and iron-core chokes. In any 
filter-design problem, the load im
pedance must be considered as an 
integral part of the filter because 
the load is an important factor in 
filter performance. Smoothing effect 
is obtained from the chokes because 
they are in series with the load and 
offer a high impedance to the ripple 
voltage. Smoothing effect is obtained 
from the capacitors because they are 
in parallel with the load and store 
energy on the voltage peaks; this 
energy is released on the voltage 
dips and serves to maintain the volt
age at the load substantially con
stant. Smoothing filters are classified 
as choke-input or capacitor-input ac
cording to whether a choke or capaci
tor is placed next to the rectifier. 
Typical filter circuits are shown in 
Fig. 172. 

If an input capacitor is used, con-
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Figure 172. Typical filter circuits. 

sideration must be given to the in
stantaneous peak value of the ac 
input voltage. This peak value is 
about 1.4 times the rms value as 
measured by an ac voltmeter. Filter 
capacitors, therefore, especially the 
input capacitor, should have a rating 
high enough to withstand the in
stantaneous peak value if breakdown 
is to be avoided. When the input-choke 
method is used, the available dc out
put voltage will be somewhat lower 
than with the input-capacitor method 
for a given ac voltage. However, im
proved regulation together with lower 
peak current will be obtained. 

CAPACITIVE·LOAD CIRCUITS, 
When rectifiers are used in circuits 

with capacitive loads, the rectifier 
current waveforms may deviate con
siderably from their true sinusoidal 
shape. This deviation is most evi
dent for the peak-to-average-current 
ratio, which is somewhat higher than 
that for a resistive load. For this 
reason, capacitive-rating calcula
tions are generally more complicated 
and time-consuming than those. for 
resistive-load rectifier circuits.' How
ever, the simplified rating system 
described below allows the designer 
to calculate the characteristics 
of capacitive-load rectifier circuits 
quickly and accurately. 

Fig. 173 shows typical half-wave· 
and voltage-doubling rectifier cir
cuits that use capacitive loads. In 
such circuits, the low forward volt
age drop of the silicon rectifiers may 
result in a very high surge of cur
rent when the capacitive load is first 
energized. Although the generator 

or source impedance may be high 
enough to protect the rectifier, addi
tional resistance must be added in 
some cases. The sum of this resist
ance plus the source resistance is re
ferred to as the total limiting 
resistance R.. The magnitude of R. 
required for protection of the recti
fier may be calculated from surge 
rating charts such as those shown 
in Figs. 163 and 164. Each point of 
these curves defines a surge rating 
by indicating the maximum time for 
which the device can safely carry a 
specific value of rms current. 

With a capacitive load, maximum 
surge current occurs if the circuit is 
switched on when the input voltage 
is near its peak value. When the time 
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Figure 173. Typical circuits using capaci· 
tive loads; (a) half-wave rectifier circuit, 

(b) voltage-doubling rectifier circuit. 
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constant R.C of the surge loop is 
much smaller than the period of the 
input voltage, the peak current I •• ok 
is equal to the peak voltage E ••• k 
divided by the limiting resistance 
R. and the resulting surge approxi
m~tes an exponentially decaying 
current with the time constant R.C. 

Surge-current ratings for recti
fiers are often given in terms of the 
rms value of the surge current and 
the time duration t of the surge. For 
rating purposes, the surge duration 
t is defined by the time constant 
R.C. The rms surge current I rm• is 
then approximamd by the following 
equations: 

and 

Irm. = 0.7 (E •• okC/R.C) 
= 0.7 (E,.okClt) 

Irma t = 0.7 E" ok C 

where E •• ok and C are the values 
specified by the circuit design. This 
equation may then be plotted on the 
surge-rating chart, which has axes 
labeled I rm• and t .. Because R.C is 
equal to t, any given value of R. de
fines a specific time . t, and hence a 
specific point on the plot of the equa
tion for Irma t. However, R. must be 
large enough to make this point fall 
below the rating curve for the recti
fier used. 

The following example illustrates 
the use ·of .this simplified procedure 
for' the half-wave rectifier circuit 
shown in Fig. 173a, which has a fre
quency f of 60 cycles per second and 
a peak input voltage E,.ok of 4950 
volts. The values shown for E,oak 
and C are substituted in the equa
tion for I rm• t as follows: 

I rm• t = 0.7 (4950) (2.5 x 10"') 
= 0.0086 

When this value is plotted on the 
surge-rating chart of Fig. 174, the 
resulting line .intersects the rectifier 
rating curve at 3.3 x 10-' second. 
The minimum limiting resistance 
which affords adequate surge pro
tection is then calculated as follows: 

R.C ;::: 3.3 x 10'" 
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174. Surge rating chart for stack 
rectifier CR210. 

3.3 x 10-' 
R. ;::: 2.5 x 10-0 = 132 ohms 

Therefore the value of 150 ohms 
shown for R~ in Fig. 173a provides 
adequate surge-current protection 
for the rectifier. 

The design of rectifier circuits 
having capacitive loads often re
quires the determination of rectifier 
current waveforms in terms of av
erage, rms, and peak currents. These 
waveforms are needed for calcula
tion of circuit parameters, selection 
of components, and matching of cir
cuit parameters with rectifier rat
ings. Although actual calculation of 
rectifier current is a rather lengthy 
process, the current-relationship 
charts shown in Figs. 175 and 176 
can be used to determine peak or 
rms current if the average current 
is known, or vice versa. 

The ratios of peak-to-average cur
rent (Ip.ok/ln ) and rms-to-average 
current (IrmslIov) are shown in Fig. 
175 as functions of the circuit con
stants nwCRL and Rs/nRL. The quan
tity wCRL is the ratio of resistive
to-capacitive reactance in the load, 
and the quantity R./RL is the ratio 
of the limiting resistance to the load 
resistance. The factor n, referred. to 
as the "charge factor", is simply a 
multiplier which allows the chart to 
be used for various circuit configu
rations. The value of n is equal to 
unity for half-wave circuits, to 0.5 
for doubler circuits, and to 2 for 
full-wave circuits. (These values ac
tually represent the relative quantity 
of charge delivered to the capacitor 
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Figure 175. Relationship of peak, avera~e, and rms rectifier currents in 
capacitor-input circuits. 
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on each cycle.) 
In many silicon rectifier circuits, 

R. may be neglected when compared 
with the magnitude of RL • In such 
circuits, the calculation of rectifier 
currents is simplified by use of Fig. 
176, which gives current ratios un
der the limitation that R./RL ap
proaches zero. Even if this condition 

is not fully satisfied, the use of Fig. 
176 merely indicates a higher peak 
and higher rms current than will 
actually flow in the circuit, i.e., the 
rectifiers will operate more con
servatively than calculated. As a 
result, this simplified solution can 
be used whenever a rough approxi
mation or a quick check is needed 
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in which R. is much less than 1/ C. 
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on whether a particular rectifier will 
fit a specific application. When more 
exact information is needed, the 
chart of Fig. 175 should be used. 

Average output voltage Ea. is an
other important quantity in capaci
tor-input rectifier circuits because 
it can be used to determine average 
output current Ia •• The relationships 
between input and output voltages 
for half-wave, voltage-doubler, and 
full-wave circuits are shown in Figs. 
177, 178, and 179, respectively. Fig. 
180 shows curves of output ripple 
voltage (as a percentage of Ea.) for 
all three types of circuits. 

The following example illustrates 
the use of these curves in rectifier
current calculations. Both exact and 
approximate solutions are given. 
For the half-wave circuit of Fig. 
173a, the resistive-to-capacitive re
actance CoICRL is given by 
CoICRL = 2". X 60 x 2.5 x 10'" x 200,000 

= 189 
For an exact solution using Fig. 175, 
the ratio of R. to RL is first calcu
lated as follows: 

R. 150 
RL - 200,000 = 0.075 

O~~~~~~~~~~~~ 

QI 10 100 1000 
wCRL (C IN FARADS,RL IN OHMS) 

Figure 177. Relationship of applied ac 
peak voltage to dc output voltage in half

wave capacitor-input circuit. 
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Figure 178. Relationship of applied ac 
peak voltage to dc output voltage in capa-

citor-input voltage-doubler circuit. 

The values for CoICR,. and R./RL are 
then plotted in Fig. 177 to determine 
the average output voltage Ea. and 
the average output current In. as 
follows: 

E •• /E •• a• = 98 per cent 
En. = 0.98 x 4950 = 4850 volts 
Ia. = Ea./RL 

I.. = 4850 volts/200,000 ohms 
= 24.2 milliamperes 

This value of Ia. is then substituted 
in the ratio of I.m.II •• obtained from 
Fig. 175, and the exact value of rms 
current I.m • in the rectifier is de
termined as follows: 

I.m./I •• = 4.4 
I.m • = 4.4 x 24.2 = ~07 milliamperes. 

For a simplified solution using 
Fig. 176, it is assumed that the aver
age output current Ia. is approxi
;nately equal to the peak input volt
nge E p • a' divided by the load resist
ance RL , as follows: 

Ia. = Ep.a./RL 
Ia. = 49501200,000 

= 24.7 milliamperes 
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Figure 181. Current-temperature ratings for silicon stack rectifiers. 

This value of I.. is then substituted 
in the ratio of I,m./I •• obtained from 
Fig. 176, and the approximate mis 
current is determined, as follows: 

I,m./I •• = 5.7 
I,m. = 5.7 x 24.7 = 141 milliamperes 

Current-versus-temperature ratings 
for rectifiers are usually given in 
terms of average current for a re
sistive load with 60-cycle sinusoidal 
input voltage. When the ratio of 
peak-to-average current becomes 
higher (as with capacitive loads), 
however, junction heating effects be
come more and more dependent on 
rms current rather than average cur
rent. Therefore, capacitive-load rat
ings should be obtained from a curve 
of rms current as a function of tem
perature. Because the ratio of rms
to-average current for the rated 
service is 1.57 (as shown by I,m./I •• 
at low wCR on Figs. 175 and 176), 
the current axis of the average-cur
rent rating curves for a sinusoidal 
source and resistive load can be mul
tiplied by 1.57 to convert the curves 
to rms rating curves. Fig. 181 shows 
an example of this conversion for 
RCA stack rectifier rating curves. 

HEAT SINKS 

Silicon rectifiers are often mounted 
on devices called "heat sinks". A 
heat sink generally consists of a rel
atively large metal plate attached to 
the heat-conducting side of the recti
fier. Because of its large surface, a 
heat sink_ can readily dissipate heat 
and thereby safeguard the rectifier 
against damage. 

The size of a heat sink for a given 
rectifier application depends upon the 
ambient temperature and the maxi
mum average forward current of the 
rectifier. As a result, the actual size 
must be calculated for each applica
tion which involves an ambient tem
perature or forward current other 
than that recommended by the man
ufacturer. For this calculation, two 
charts are used: the current-multi
plying-factor chart shown in Fig. 
182, and the heat-sink cooling chart 
shown in Fig. 183. Fig. 182 applies to 
all rectifier types for both polyphase 
and dc operation; Fig. 183 differs for 
different rectifier types. 

The cakulation requires four steps: 
1. From Fig. 182, the current-mul

tiplying factor is determined for the 
applicable conduction angle ~i.e., the 
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Figure 182. Current-multiplying-factor 
chart. 

fraction of the ac input cycle during 
which forward current is expected to 
flow in the particular application). 
For dc operation of a silicon recti
fier, a multiplying factor of 0.8 is 
generally specified. 

2. The desired output current (ex
pressed in amperes) is divided by 
the number of current paths. The ac
tual number of paths depends on the 
type of operation intended, and can 
be determined from the table below. 
Type of Number of 

Operation Current Paths 
Single-Phase, Full-Wave: 

Center-Tapped 2 
Bridge 2 

Three-Phase: 
Y 3 
DoubleY 6 
Bridge 3 

Six-Phase Star 6 
The resulting figure is the average 
forward current of the rectifier. 

3. The average current is then 
multiplied by the current-multiply
ing factor obtained in Step 1. The 
resulting figure represents the ad
justed average forward current of 
the rectifier. 

4. This adjusted current is applied 
to Fig. 183 to determine either the 
maximum allowable ambient tem
perature for a given heat-sink size 
or the minimum heat-sink size for a 
given ambient temperature. (Pub
lished data may also include a chart 
similar to Fig. 183 for forced-air-
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HEAT-SINK COOLING CHART 
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Figure 183. Typical heat-sink cooling chart. 

cooling applications.) 
The following example illustrates 

the calculation of minimum heat-sink 
size for a three-phase, half-wave (Y) 
circuit. The conduction angle is 120 
degrees, the desired output current 
is 90 amperes, and the ambient tem
perature is 90 degrees centigrade. 

1. From Fig. 182, the current-multi
plying factor for a conduction angle 
of 120 degrees is 1.18. 

2. For three-phase half-wave oper
ation, the number of current paths is 
3. The average forward current 
through the rectifier, therefore, is 90 
divided by 3, or 30 amperes. 

3. This average forward current is 
~hen multiplied by the current-multi~ 
plying factor (1.18) obtained in Step 
1 to provide an adjusted forward 
current of 35.4 amperes. 

4. From Fig. 183, the minimum 
heat-sink size for the above condi
tions is found to be 6 by 6 inches. 
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Silicon Controlled Rectifiers 

T HE silicon controlled rectifier 
( SCR) is basically a four-layer 

n-p-n-p. semiconductor device having 
three electrodes: a cathode, an 
anode, and a control electrode called 
the gate. Like all rectifiers, it con
ducts current primarily in one di
rection. However, it differs from 
conventional rectifiers in that it will 
not conduct a substantial amount of 
current in the forward direction un
til the anode voltage exceeds a cer
tain minimum value called the 
forward breakover voltage. The value 
of this voltage can be varied, or 
controlled, by the introduction of an 
external signal at the third elec
trode, or gate, of the silicon con
trolled rectifier. This unique control 
characteristic makes the SCR a par
ticularly useful switching or power
control-device, especially in high
power circuits. 

(The name thyristor has been 
adopted as a generic term for semi
conductor devices having control 
characteristics similar to those of 
thyratron tubes. The silicon con
trolled rectifier belongs in this gen
eric class, and is, more specifically, 
a reverse-blocking triode type of 
thyristor. ) 

CONSTRUCTION 

Fig. 184 shows a cutaway view of 
a silicon controlled rectifier. Con
struction details for the semiconduc
tor pellet are shown in Fig. 185. The 
alternate layers of diffused silicon 
material serve as the cathode, the 
gate, the base (or substrate), and the 
anode. These layers are enclosed in 

a special metal container which is 
hermetically sealed to maintain an 
ultra-dry atmosphere. This con
tainer is then mounted in a rugged 
case which provides protection 

CATHODE TERMINAL 

Figure 184. Construction details of typical 
silicon controlled rectifier. 

against severe thermal environmen
tal stresses. The pedestal below the 
semiconductor layers acts as a heat 
sink to help dissipate the heat de
veloped internally during operation. 
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rectifier is connected to a load resist
ance of sufficient value to permit 
this "cut-back" in voltage.) When 
this phenomenon occurs, the rectifier 
is considered to be triggered, or in 
the "on" condition. The forward cur
rent then continues to increase rap
idly with slight increases in forward 
bias, and the device enters a state of 
high forward conduction. 

It can be seen that when the for
ward breakover voltage of a silicon 
controlled rectifier is exceeded, the 
high internal resistance of the device 
changes to a very low value. The 
lower resistance then permits a high 
current to flow through thE.' device 
at very low voltage values (V F). 

iF 

r~---~ L...,, ___ ,_ 
The voltage-current characteristic VR--P.±:===7~==f.===r~--YF 

and the circuit symbol of the silicon, LiFBO " :'-,_YRM(nan-rep) ( controlled rectifier are shown in Fig. , I YFBOM rep) 
iR 186. Under reverse-bias conditions, Yf/M(rep) 

the device operates in a manner simi
lar to that of conventional rectifiers, 
and exhibits a slight reverse leak
age current which is called the re
verse blocking current (hBOM). This 
current has a small value until the 
peak reverse voltage VRM is ex
ceeded, at which point the reverse 
current increases by several orders 
of magnitude. The value of the peak 
reverse voltage differs for individual 
SCR's. 

Under forward-bias conditions, 
there is a similar small leakage cur
rent called the forward blocking cur
rent (hBoM). Also, as the' forward 
bias is increased, a voltage point is 
reached at which a forward break-

, over" condition occurs and forward 
current increases rapidly. This point 
is called the forward voltage break
over point (VBOO). 

However, when the forward cur
rent exceeds a critical value at V BOO, 
the voltage across the device sud
denly reverts back to a very low 
value (VII'). (It is assumed that the 

(al 

ANODE 

(b) 
Figure 186. (al Typical voltage and current 
characteristic and (bl circuit symbol for 

silicon controlled rectifier. 
This change in internal resistance 

makes the SCR an ideal device for 
switching applications. When the 
operating voltage is below the break
over point, rectifier current is ex
tremely small and the switch is 
effectively open. When the voltage 
increases to a value exceeding the 
breakover point, the rectifier switches 
to its high-conduction state and the 
switch is closed. The silicon ~ontrolled 
rectifier remains in the high-conduc
tion state until the current drops be
low a value which can maintain the 
breakover condition. This value is 
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called the holding current (iRoo). 
When the anode-to-cathode voltage 
drops to a value too low to support 
a current equal to iRoo, the device re
verts back to the forward blocking 
region, and the rectifier switches to 
the "off" mode. 

The voltage breakover point of a 
silicon controlled rectifier can be 
varied, or controlled, by injection of 
a signal at the gate, as indicated by 
the family of curves shown in Fig. 
187. When the gate current is zero, 

r 

!------/..;;-: - - I I 
I I 

v 

Figure 187. Family of curves with gate cur-
rent at different values. 

the forward voltage must reach the 
V BOO value of the device before break
over occurs. As the gate current is in
creased, however, the value of break
over voltage becomes less until the 
curve closely resembles that of a 
conventional rectifier. In normal op
eration, silicon controlled rectifiers 
are operated well below the forward 
voltage breakover point, and a gate 
signal of sufficient amplitude is used 
to assure triggering of the rectifier 
to the "on" mode. 

After the silicon controlled rec
tifier is triggered by the gate signal, 
the current flow through the device 
is independent of gate voltage or 
gate current. It remains in the high
conduction state until the primary 
or anode current is reduced to a level 
below that required to sustain con
duction. Turnoff of the device can 
be achieved in minimum time by 
application of a reverse bias. 

MAXIMUM RATINGS 
Like other semiconductor devices, 

silicon controlled rectifiers must be 
operated within the maximum rat-
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ings specified by the manufacturer 
for best results in terms of per
formance, life, and reliability. Sev
eral voltage ratings are generally 
given for· SCR's to prevent opera
tion beyond the breakover points of 
the characteristic curve and possible 
permanent damage to the semicon
ductor pellet. Other ratings are given 
to define the values of current and 
power that the device can safely 
handle. The following definitions are 
used for the various ratings and 
characteristics given in the data 
charts for SCR's in this Manual: 

Maximum peak reverse voltage 
vRM(rep) is the maximum instan
taneous value of negative (reverse
blocking) voltage which may be ap
plied repetitively between anode and 
cathode when the gate is open (gate 
voltage zero or negative with respect 
to cathode). 

Maximum transient peak reverse 
voltage vRM(non-rep) is the maxi
mum instantaneous value of negative 
(reverse-blocking) voltage which 
may be applied between anode and 
cathode for not more than 5 milli
seconds when the gate is open. 

Maximum peak forward blocking 
voltage vFBOM(rep) is the maxi
mum instantaneous value of positive 
(forward-blocking) voltage which 
may be applied repetitively between 
anode and cathode when the gate is 
open. 

Maximum average forward cur
rent hAv and maximum rms for
ward current hRMs are the maxi
mum average (de) and rms values 
of current allowed to flow from 
anode to cathode for a conduction 
angle of 180 degrees at a specified 
case· temperature. 

Maximum peak surge current 
iFM(surge) is the maximum total in
stantaneous value of forward current 
which may be imposed during one 
forward half-cycle with the device 
operating within its specified maxi
mum voltage, average-forward-cur
rent, gate-power, and temperature 
ratings in a single-phase circuit with 
60-cycle-per-second supply and re
sistive load. The peak surge current 
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may be repeated after sufficient time 
has elapsed for the device to return 
to pre-surge thermal eqUilibrium 
conditions. 

Maximum peak forward or reverse 
blocking current iFBoM or iRBOM is 
the maximum value of the forward 
or reverse blocking current when the 
gate is open. . 

Forward breakover voltage VBOO IS 
the value of positive anode voltage 
at which an SCR switches into the 
conducting state when the gate is 
open. 

Holding current iHoo is the instan
taneous value of forward current 
iF below which an SCR with its gate 
open returns to its forward blocking 
state. 

Forward voltage drop VF is the in
stantaneous voltage drop across an 
SCR at a given instantaneous for
ward current iF. 

Gate-trigger current IGT is the 
gate current required to trigger an 
SCR operating at a specified tem
perature when the anode is at a po~ 
tential of + 6 volts with respect to 
the cathode. 

Gate-trigger voltage V GT is the 
gate-to-cathode voltage required to 
trigger an SCR operating at a spec
ified temperature when the anode 
is at a potential of + 6 volts with 
respect to the cathode. . 

Maximum peak gate power POM IS 
the maximum instantaneous value 
of power dissipated between gate 
and cathode. 

If the value and duration of ex
pected surge currents in an ~CR 
circuit are greater than the ratIngs 
for the particular device, it is neces
sary to add a fuse or other. t~e of 
protective element to the cIrcuIt to 
protect the SCR. As in .the case. of 
silicon rectifiers, the fusmg reqUIre
ments can be determined by use of 
a coordination chart based on the 
surge rating chart included in the 
published data for the type of SCR 
used. In the case of silicon con
trolled rectifiers, however, the surge 
rating charts are usually given for 
maximum rated average forward 
current during lBO-degree conduc-
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tion at a specified case temperature; 
for other conduction angles and case 
temperatures, the curves must be 
derated as prescribed in the data. 

TRIGGERING 
CHARACTERISTICS 

As stated previously, SCR's are 
normally operated well below the 
forward voltage breakover point and 
are triggered into conduction by a 
gate signal of sufficient amplitude. 
The trigger signal applied to the 
gate of the SCR must not exceed 
the maximum ratings of the gate, 
but must be sufficiently large to as
sure reliable triggering under all 
conditions. However, the gate volt
age during "off" periods must be 
sufficiently low to prevent random 
triggering. Because the maximum 
gate voltage for "off" periods varies 
with temperature, a sufficiently low 
voltage must be used to prevent 
undesired triggering at all tempera
ture values encountered in a par
ticular application. Fig. 188 shows 
typical gate-voltage requirements 
for triggering the 2N681 silicon con
trolled rectifier. 

The SCR gate is usually over
driven with gate trigger pulses many 
times the dc triggering current of 
the device to provide positive trig
gering, reduce turn-on variations, 
minimize temperature effects, and 
decrease switching time. Restric
tions on peak gate power, maximum 

-GATE TRIGGER VOLTAGE CHARACTERISTICS 
TYPE 2N681 
FORWARD CURRENT' 0 

3 MINIMUM GATE VOLTAGE REQUIRED 
TO TRIGGER UNIT 

2 

1- MA~lttUM GATE ~ -
- -

WI l iviYP TltlGW.4t~,THAT 
It IT '-t---

5 5025025507 - 100 125 
CASE TEMPERATURE _·C 
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Figure 188. Triggering characteristics for 
2N681. 
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gate voltage, and maximum gate 
current often result in a narrow 
area between the minimum require
ments to trigger the SeR and the 
maximum gate limitations. ReA sili
con controlled rectifiers utilize a co
axial construction and Ii "shorted 
emitter" technique. to extend the 
range of maximum gate ratings and 
reduce the spread in gate turn-on 
characteristics for more reliable and 
precise triggering performance. 

The "shorted emitter" technique 
makes use of the resistance path be
tween the gate layer and the cathode 
contact shown in Fig. 185. When 
gate current is first initiated in the 
SeR, most of the current bypasses 
the gate-cathode junction and flows 
from the gate layer through the 
resistance element directly to the 
cathode contact. When the threshold 
voltage of the gate-cathode junction 
is exceeded, the SeR is turned on. 
Because the resistance element also 
shunts some reverse current from 
the cathode-gate junction, it allows 
greater flexibility in the reverse di
rection. Thus, the "shorted emitter" 
technique allows greater peak gate 
power dissipations in both the for
ward and reverse directions, pro
vides more uniform gate character
istics, and also improves forward 
blocking capability. 

When a negative voltage is ap
plied to the anode of an SeR, the 
positive voltage at the gate signifi
cantly increases the reverse leak
age current and, as a result, the 
power which must be dissipated by 
the device. This dissipation may be 
reduced by means of a "clamping" 
circuit in which a diode and a re
sistor are connected between the 
gate and the anode. This arrange
ment attenuates positive gate sig
nals when the anode is negative. An 
alternative arrangement is to place 
a conventional rectifier having a low 
reverse leakage current in series 
with the SeR. A large percentage 
of the negative voltage is then as
sumed by the diode, and reverse dis
sipation in the controlled rectifier 
is greatly reduced. 
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SWITCHING 
CHARACTERISTICS 

When an SeR is triggered by a 
gate signal, the turn-on time of the 
device occurs in two steps, a delay 
time and a rise time, as shown in 
Fig. 189. The turn-on time ton is de
fined as the time interval between 
the initiation of the gate signal and 
the time when the resulting forward 
current reaches 90 per cent of its 
maximum value. The delay time td 
is defined as the time between the 
50-per-cent point of the lealling edge 
of the gate-trigger voltage and the 
10-per-cent point of the resulting 
forward anode current. The rise time 
t, is the time interval required for 
the anode current to rise from 10 
per cent to 90 per cent of its maxi
mum value. Turn-on time (ton = 
td + t,) is affected to some extent 
by the forward blocking voltage and 
the peak forward current level of 
the SeR, but is influenced primarily 
by the magnitude of the gate trigger 
pulse. When larger currents are 
available from the gate trigger 
pulses, the delay-time portion of the 
turn-on period is reduced, and the 
over-all turn-on time is decreased. 
The use of higher gate driving sig
nals also helps to reduce variation 
of turn-on times between units and 
for a variety of conditions. The 
value of ton is an indication of the 
response time of the SeR. 

During and immediately following 
the rise time, the current flowing 
from anode to cathode is concen
trated in a portion of the cathode 
nearest the gate. The finite time re
quired for the spread of the current 
to the remainder of the cathode is 
called the equalization time teo Until 
the current density is equalized, the 
dynamic forward voltage drop is 
high, power loss is high, and the 
unequal "power density" can produce 
hot spots in the cathode. The initial 
magnitude and time constant of re
duction of the dynamic forward volt
age drop during the time te is an 
indication of the current-switching 
capability of the SeR. The turn-on 
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Figure 189. Switching waveshapes for SCR. 

losses resulting from this equaliza
tion period are proportional to the 
current and the repetition rate of 
the gate signal and, in many appli
cations, determine the output avail
able from the SCR. 

The turn-off time of an SCR also 
occurs in two steps, a reverse re
covery time and a gate recovery 
time, as shown in Fig. 189. When 
the forward current is reduced to 
zero at the end of a conduction 
period, application of reverse anode 
voltage causes reverse current to 
flow in the SCR until the reverse 
blocking junction (between the p
type anode layer and the n-type base 
or substrate) establishes a depletion 
region. The time interval between 
the application of reverse voltage 
and the time that the reverse cur
rent reaches its peak value is called 
the reverse recovery time trro A sec
ond recovery period called the gate 
recovery time tgr must then elapse 
until the forward blocking junction 
(between the n-type base or sub
strate and the p-type gate layer) 
can establish a forward depletion 
region so that forward blocking volt
age can be reapplied and success
fully blocked by the SCR. 

The gate recovery time tgr is gen
erally much larger than the reverse 
recovery time tn. The total time 
measured from the beginning of re
verse recovery current flow to the 
beginning of the reapplied forward 

blocking voltage is called the turn
off time tOft. Factors affecting turn
off time include the forward current 
prior to turn-off, the rate of change 
of current during the transition from 
forward to reverse, the reverse cur
rent available, the reverse blocking 
voltage, the rate of change of the 
reapplied forward voltage, the gate 
trigger level, the gate bias, and the 
junction temperature. Of these ef
fects, temperature and forward cur
rent are the most significant. 

The gate trigger pulse for an SCR 
must be maintained only until the 
magnitude of the forward current 
has reached the "latching-current" 
value (i.e., the value at which the 
forward voltage drops to a rela
tively low value and the high internal 
resistance of the device changes to 
a very low resistance). In most con
servative designs, however, the gate 
trigger pulse width is at least equal 
to or somewhat greater than the 
complete turn-on time of the device. 
In all cases, the total average gate 
dissipation in both the forward and 
the reverse direction must not ex
ceed the rated value for the SCR 
being used. 

OVERLOAD PROTECTION 
In any silicon-controlled-rectifier 

circuit, precautions should be taken 
to protect the device from over
current and over-voltage surge con-
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ditions. Protection against over
current surges can be achieved by 
either preventing or interrupting the 
current surge, or by limiting the 
magnitude of the current flow by 
means of the circuit impedance. For 
the first approach, circuit fuses or 
breakers can be used effectively to 
disconnect the entire circuit from 
the power supply or to isolate the 
faulted silicon controlled rectifiers. 
In addition, dc fuses can be used to 
protect the devices from dc feedback 
originating in the load or parallel 
conduction circuits. The magnitude 
of the over-current flow can be lim
ited by proper selection of source 
and transformer impedances, as well 
as the inductance and reactance, of 
the dc circuit. 

The effects of voltage transients 
in silicon .. controlled-rectifier circuits 
can be minimized by reducing the 
rate at which the energy is dissipated 
in the devices. This "slowdown" of 
energy release can be achieved by 
relocation of the switching elements 
in the circuit or by a change in the 
sequence of switching. Other pre
ventive methods include the change 
of speed of current interruption by 
the switching elements, or the use 
of an additional energy source 0"

dissipation means in the circuit. 

POWER CONTROL 
As mentioned previously, silicon 

controlled rectifiers are used in a 
large number of commercial and in
dustrial power-control applications. 
Fig. 190a shows a simple power-con
trol circuit using a controlled recti
fier; Fig. 190b shows the waveforms 
for applied voltage and load current. 
In this circuit, the rectifier is con
nected in series with the load, and 
the gate circuit receives its trigger
ing signal from the pulse generator. 
The rectifier selected has a voltage 
breakover point which is higher than 
the value of applied peak ac anode 
voltage. As a result, if no gate sig
nal is applied by the pulse genera
tor, the rectifier remains in the "off" 
condition, and ,no current flows 
through the load except a slight 
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Figure 190. Cal Basic power-control Circuit 
and (bl waveforms for 'supply voltage, load 

current, and gate current. 

leakage current. 
When a gate signal of sufficient 

amplitude is applied at the beginning 
of the positive anode voltage, the 
rectifier is triggered and current 
flows through the circuit for the re
mainder of the positive cycle, even 
when the triggering signal is re
moved. The load current ceases only 
when the applied ac signal becomes 
negative and the rectifier current 
falls below the value required to 
maintain conduction. 

A silicon controlled rectifier can 
be used to conduct during any de
sired portion of the positive cycle 
of anode voltage by applying the 
gate signal at the proper value of 
the anode voltage. For example, if 
the triggering signal is applied at 
the positive peak of the anode volt
age waveform, the rectifier conducts 
only a quarter of the cycle. This flex
ibility of control distinguishes the 
silicon controlled rectifier from all 
other types of semiconductor devices. 

CURRENT RATIOS 
In the design of circuits using 
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silicon controlled rectifiers, it is 
often necessary to determine the spe
cific values of peak, average, and 
rms current flowing through the de
vice. In the case of conventional rec
tifiers, these values are readily 
determined by the use of the current 
ratios shown in Table I of the sec
tion on Silicon Rectifiers. For sili
con controlled rectifiers, however, 
the calculations are more difficult 
because the current ratios become 
functions of both the conduction 
angle and the firing angle of the 
device. 

The charts in Figs. 191, 192, and 
193 show several current ratios as 
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Figure 191. Ratio of device current as a 
function of conduction and firin~ angles for 
single-phase half-wave conduction into' a 

resistive load. 

functions of conduction and firing 
angles for three basic silicon-con
trolled-rectifier circuits. These charts 
can be used in a number of ways to 
calculate desired current values. For 
example, they can be used to de
termine the peak or rms current in 
a silicon controlled rectifier when a 
certain average current is to be de
livered to a load during a specific 
part of the conduction period. It is 
also possible to work backwards and 
determine the necessary period of 
conduction if, for example, a specified 
peak-to-average current ratio must 
be maintained in a particular appli-
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Figure 192. Ratio of device current as a 
function of conduction and firin~ angles for 
single-phase full-wave conduction into a 

resistive load. 

cation. Another use is the calculation 
of the rms current at various conduc
tion angles when it is necessary to 
determine the power delivered to a 
load, or power losses in transform
ers, motors, leads, or bus bars. Al
though the charts are presented in 
terms of device current, they are 
equally useful for the calculation of 
load current and voltage ratios. 

The charts provide ratios relating 
average current I.v " rms current 
Irma, peak current Ipk, and a param
eter 10 called the reference current. 
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Figure 193. Ratio of device current as a 
function of conduction and firing angles for 
three-phase half-wave circuit having a 

resistive load. 
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This last value represents a con
stant of the circuit,' and is equal to 
the peak source voltage' V pll: divided, 
by the load resistance RL • The term 
Ipll: refers to the peak current which 
appears, at the controlled rectifier 
during its period of forward' con
duction. 10 is the maximum value 
that the current can,obtain and corre
sponds to the peak of the sine wave. 
For conduction angles greater than 
90 degrees, Ipk is equal to 10; for 
conduction angles smaller than 90 
degrees, 10k is smaller than I •. 

The general procedure for the use 
of the charts is as follows: . 

(1) Identify the unknown or de
sired parameter. 

(2) Determine the values of the 
parameters fixed by the cir
cuit specifications. 

(3) Use the appropriate curve to' 
find the unknown quantity as 
a function of two of the fixed 
parameters. 

Example No~ 1: In the single
phase half-wave circuit shown in 
Fig. 194, a 2N685 silicon controlled 
rectifier is used to' control power 
from a sinusoidal ac source of 120 
volts rms (170 volts peak) into a 
2.8-ohm load. This application, re
quires a load .current which can be 
varied from 2 to 25 amperes rms. It 
is necessary to determine the range 
of conduction angles required to ob
tain this range of load current. 

First, the reference current 10 is 
calculated,· as follows: 

Vpll: 170 
I. = ~ = - 2.8= 61 amperes 

The ratios 
mum and 
values are 
lows: 

D:m. ] 
D:m. ] 

of I.m./Io for the maxi
minimum load-current 

then calculated, as fol-

2 
min = 61 - 0.033 

25 
max = 61 = 0.41 

These current-ratio values are then 
applied to curve 3. of Fig. 191, and 
the corresponding conduction angles 
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120 VOLTS rms 
110 VOLTS PEAK 

I= 0(0° s: 8~8f) 
I=Io sin.8 (8f::;:8::;:180·) 

• /.:'"180° 
Iavg=1I2!/8f Id8 

r. 180° 2 . J"2 
Irms=th ' ht I dB 

Ipk=Io (0~Bf~900) 
Ipk='Io sin 8f (90°.::;:Bf'::;:I800) 

Fi~ure 194. Single-phase half-wave circuit 
uSing resistive load, and respective equa

tions for device current. 

are determined to be 
(e.) min = 15 .degrees 
(e.) max = 106 degrees 

Example No.2: In the single
phase full-wave bridge circuit (two 
legs controlled) shown in Fig. 195, a 
constant average load current' of 
seven amperes is to be maintained 
while the load resistance varies from 
0.2 to 4 ohms. In this case, it is 

32 VOLTS 
rms 

45 VOLTS 
PEAK 

I=0(0°,S8::;:8) 
I-1:o sin 8 !8f::;:8,S1800) 

_ /180· 
IaVQ"II'Y'8f Id8 

So ./"1800 2 ;,1/2 
1:rms-~/~8f I d8J 
Ipk,;Io (00::;:8f::;:900) 
Ipk'Io sin8f (90°,S8f:51800) 

Figure 195. Sin~le-phase full-wave bridge 
circuit using reSistive load, and respective 

equations for device current. 
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necessary to determine the variation 
required in the conduction angle. The 
average silicon controlled rectifier 
current is half the load current, or 
3.5 amperes. The applicable current 
ratios for this circuit are shown in 
Fig. 191 (the individual device cur
rents are half-wave although the 
load current is full-wave). 

Again, the first quantity to be cal
culated is the reference current. Be
cause the reference current varies 
with the load resistance, the maxi
mum and minimum values are de
termined as follows: 

(0) max = 

(10) min 

Vpk 

(RL) min 
225 amperes 
Vpk 

(RL) max 
11.2 amperes 

45 

0.2 

45 

4 

The corresponding ratios of Iavg/I. 
are then calculated, as follows: 

p;:- ] 
[1;:- ] 

min 2~: = 0.015 

~ = 0.312 
max 11.2 

Finally, these ratios are applied to 
curve 2 of Fig. 191 to determine the 
desired conduction values, as fol
lows: 

(eo) min = 25 degrees 
(eo) max = 165 degrees 

Example No.3: In the three-phase 

~iII1845A 

LOAD VOLTAGE=B5 VOLTS· PEAK 
DEVICE VOLTAGE=B5 VOLTS PEAK FORWARD 
DEVICE VOLTAGE=149 VOLTS PEAK REVERSE 
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half-wave circuit shown in Fig. 196, 
the firing angle is varied continu
ously from 30 to 155 degrees. In this 
case, it is necessary to determine 
the resultant variation in the at
tainable load power. Reference cur
rent for this circuit is determined 
as follows: 

VI•k 85 
10 = -R = -= 28 amperes 

r. 3.0 
Rectifier current ratios are de

termined from Fig. 193 for the 
extremes of the firing range, as 
follows: 

30·; I~.:s = 0.49 

eF = 155·; I;~ns = 0.06 

These ratios, together with the ref
erence current, are then used to de
termine the range of rms current in 
the rectifiers, as follows: 

(I rm.) max = 0.49 X 28 
= 13.7 amperes 

(Lms) min = 0.06 X 28 
= 1.7 amperes 

In this circuit, the rms current in 
the load is equal to the rms recti
fier current multiplied by the square 
root of three; as a result, the de
sired power range of the load is as 
follows: 

p 
Pmnx 

Pm1n = 

(Irms v'3)2 R 
1700 watts 

26 watts 

I=Io sin 8 (300~8$IBOO' 
8f+120 

IOVg~1/2~ Id8 (300:::8f:::60", 

_rlBOo 
Iovg=1/2'V 8, Id8 (60" ':::8f:::18OO) 

Irms=~/2~8f+120"I2d8 J 1/2 (300:::8f:::60"1 

r. J 1/2 Irms'~/2~IBOO J:2d8 (60"$8f$180"' 

Ipk=Io (300:::8f$900, 

Ipk=Io sin 8f (900$8f $IBOO, 

Figure 196. Three-phase half-wave circuit using resistive load, and respective equations 
for device current. 
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Tunnel Diodes and Other 
Semiconductor Diodes 

TUNNEL DIODES 

A TUNNEL diode is a small p-n 
. junction device having a very 

high concentration of impurities in 
the p-type and n-type semiconductor 
materials. This high impurity den
sity makes the junction depletion 
region (or space-charge region) so 
narrow that electrical charges can 
transfer across the junction by a 
quantum-mechanical action called 
"tunneling". This tunneling effect 

, provides a negative-resistance region 
on the characteristic curve of the de
vice that makes it possible to achieve 
amplification, pulse generation, and 
rf-energy. generation. 

Construction 

The structure of a tunnel diode is 
extremely simple, as shown in Fig. 
197. A small "dot" of highly con
ductive n-type (or p-type) material 
is alloyed to a pellet of highly con
ductive p-type (or n-type) material 
to form the semiconductor junction. 

The pellet (approximately 0.025 inch 
square) is then soldered into a low
inductance, low-capacitance case. A 
very fine mesh screen is added to 
make the connection to the "dot". 
The device is then encapsulated, and 
a lid is welded over the cavity. 

At the present time, most commer
cially available tunnel diodes are 
fabricated from either germanium or 
gallium arsenide. Germanium devices 
offer high speed, low noise, and low 
rise times (as low as 40 picoseconds) . 
Gallium arsenide diodes have a volt
age swing almost twice that of ger
manium devices, and, as a result, can 
provide power outputs almost four 
times as high. Because of their 
power-handling capability, gallium 
arsenide tunnel diodes are being used 
in an increasing ·number of applica
tions, and appear to be particularly 
useful as microwave oscillators. 

Characteristics 
Typical current-voltage character

istics for a tunnel diode are shown 
in Fig. 198. Conventional diodes do 

Figure 197. Structure of a tunnel diode. 
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Vy 

BIAS-MILLIVOLTS 

Figure 198. Typical current-voltage characteristic of a tunnel diode. 

not conduct current under conditions 
of reverse bias until the breakdown 
voltage is reached; under forward 
bias they begin to conduct at ap
proximately 300 millivolts. In tunnel 
diodes, however, a small reverse bias 
causes the valence electrons of semi
conductor atoms near the junction to 
"tunnel" across the junction from 
the p-type region into the n-type 
region; as a resul:t, the tunnel diode 
is highly conductive for all reverse 
biases. Similarly, under conditions of 
small forward bias, the electrons in 
the n-type region "tunnel" across 
the junction to the p-type region and 
the tunnel-diode current rises rapidly 
to a sharp maximum peak Ip • At in
termediate values of forward bias, 
the tunnel diode exhibits a negative
resistance characteristic and the cur
rent drops to a deep minimum valley 
point Iv. At higher values of forward 
bias, the tunnel diode exhibits the 
diode characteristic associated with 
conventional semiconductor current 
flow. The decreasing current with in
creasing forward bias in the negative
resistance region of the characteristic 
provides the tunnel diode with its 
ability to amplify, oscillate, and 
switch. 

Equivalent Circuit 
In the equivalent circuit for a tun

nel diode shown in Fig. 199, the n
type and p-type regions are shown as 
pure resistances r, and r.. The tran
sition region is represented as a 
voltage-sensitive resistance R(v) in 
parallel with a voltage-sensitive ca
pacitance C(v) because tunneling is 

N TRANSITION 
REGION 

~JK~K~. 
v- • - - yf---l 

e(y) 

Figure 199. Equivalent circuit for a tunnel 
diode. 

a function of both voltage and junc
tion capacitance. This capacitance is 
similar to that of a parallel-plate 
capacitor having plates separated by 
the transition region. 

The dashed portion L in Fig. 199 
represents an inductance which re
sults from the case and mounting of 
the tunnel diode. This inductance is 
unimportant for low-frequency di
odes, but becomes increasingly im-
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portant at high frequencies (above 
100 megacycles). 

Fig. 200 shows the form of the 
equivalent circuit when the diode is 
biased so that its operating point is 
in the negative-resistance region; 
dynamic characteristics of tunnel di
odes are defined with respect to this 
circuit. Ls represents the total series 
inductance, and Rs the total series 
resistance. CD is the capacitance and 
-RD is the negative resistance of 
the diode. For small signal varia
tions, both the resistance RD and the 
capacitance CD are constant. 

The figure of me;fit F of a tunnel 
diode is equal to the reciprocal of 
211"RC, where R and Care the equiva
lent values -RD and CD, respectively, 
shown in Fig. 200. This expression 
has two very useful interpretations: 

=: ~'9~ 
Figure 200. Equivalent circuit for a tunnel 

diode biased in the negative-resistance 
re1!:ion. 

(1) it is the diode gain-bandwidth 
product for circuits operating in the 
linear negative-resistance region of 
the characteristic, and (2) its recip
rocal is the diode switching time 
when the device is used as a logic 
element. 

Applications 
When the tunnel diode is used in 

circuits such as amplifiers and oscil
lators, the operating point must be 
established in the negative-resistance 
region. The dc load line, shown as 
a solid line in Fig. 201, must be very 
steep so that it intersects the static 
characteristic curve at only one point 
A. The ac load line can be either 
steep with only one intersection B, 
as in the case of an amplifier, or 
relatively fiat with three intersec
tions C, D, and E, as in the case of 
an oscillator. The location of the op-
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...... 

-- DC LOAD LINE 
--- AC LOAD LINE 

Figure 201. TYilical load lines for tunnel
diode circuits. 

erating point is determined by the 
anticipated signal swing, the required 
signal-to-noise ratio, and the operat
ing temperature of the device. Bias
ing at the center of the linear portion 
of the negative-resietance slope per
mits the greatest signal swing. For 
high-temperature operation, a higher 
operating current is chosen; for low 
noise, the device is operated at the 
lowest possible bias current. 

Because tunnel diodes can operate 
effectively at frequencies above 300 
megacycles, they are particularly 
suitable for use in microwave am
plifiers and oscillators. In microwave 
amplifier circuits, tunnel diodes offer 
low noise, as well as small size and 
weight, low cost, and low power 
drain. In addition, bandwidths in 
excess of an octave can readily be 
obtained because of the wideband 
negative-resistance characteristic of 
tunnel diodes. However, this wide
band negative resistance makes sta
bilization an important problem in 
the design of microwave tunnel
diode amplifiers. 

In microwave oscillator circuits, 
tunnel diodes can provide useful 
power outputs at frequencies as high 
as 5000 megacycles. Compared to 
vacuum-tube microwave oscillators, 
tunnel-diode oscillators are inexpen
sive, require only a fraction of a 
volt dc bias, and are rugged and 
reliable in severe environments. 
Compared to transistor-driven· va
ractor frequency-multiplier circuits, 
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they are simple and compact, and 
afford higher dc-to-rf conversion 
efficiencies. (More detailed infor
mation on microwave tunnel-diode 
circuits, as well as on other tunnel
diode applications, is given in the 
RCA TUNNEL-DIODE MANUAL 
TD-30.) 

As a two-terminal switch, the tun
nel diode is particularly suited to 
computer applications because of its 
high speed, small size, and low power 
consumption. Switching operation is 
obtained by the use of a load line 
which intersects the diode charac
teristic in three points, as shown in 
Fig. 201; however, only points C and 
E are stable operating points. If the 
circuit is operated at point C and a 
positive current step of sufficient am
plitude is applied, the operating point 
switches to point E. Correspondingly, 
a negative input signal switches the 
operating point back to point C. 

An advantage of the switching 
mode is its nonsensitivity to the exact 
linearity of the negative-resistance 
region of the tunnel-diode character
istics. Slight irregularities in the neg
ative characteristic have negligible 
effect on the switching action. 

In the basic monos table circuit or 
"gate" shown in Fig. 202a, the static 
load line is determined by the resist
ance Ro and the voltage Vo. If Ro is 
less than the minimum dynamic neg
ative resistance of the diode, only a 
single operating point exists. The 
gate is stable in its low state if Vo 
is adjusted so that the operating 
point is at E. The dynamic load line 
is determined by the inductive time 
constant L/Ro. When the inductive 
time constant is long compared to 
the switching time, t., the current in 
the circuit is effectively constant. 

If a small step of current lin is ap- , 
plied to the diode, the operating point 
switches to the high-voltage point 
F along the constant-current path 
shown by the dashed line in Fig. 
202b. Removal of the input causes 
the operating point to move to F'. 
At this point, the energy stored in 

(0) 

(b) 

Figure 202. Basic tunnel-diode logic 
circuit. 

the inductor L must be dissipated 
before the circuit can return to its 
original operating point. As the en
ergy in the inductor decreases, the 
operating point moves along the di
ode characteristic to the point of 
minimum current at G. When this 
point is reached, switching again 
occurs along a constant-current path 
to point H. The cycle of operation is 
completed by a recovery region in 
which the energy in the inductor 
builds up to its original level; during 
this period the operating point moves 
up the diode characteristic to the 
starting point. 

Fig. 203a shows a simple tunnel
diode logic circuit. If the static op
erating bias is adjusted so that only 
one input is required to trigger the 
diode, an OR function is performed. 
If all inputs are required to trigger 
the diode, an AND function is per
formed. Because the coupling imped
ance is high compared to the diode 
impedance, the inputs can be con
sidered as current sources during 
the triggering period. Fig. 203b 
shows the biasing for a three-input 
AND gate. If the operating-point 
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bias is increased slightly, the circuit 
can be made to trigger on two of its 
inputs; the logical function per
formed would then be that of a 
"majority gate". 

1 

(a) = 

v
(bl 

Figure 203. Tunnel-diode "AND" gate. 

Radiation and Thermal 
Considerations 

One of the most important features 
of the tunnel diode is its resistance 
to nuclear radiation. Experimental 
results have shown tunnel diodes to 
be at least ten times more resistant 
to radiation than transistors. Because 
the resistivity of tunnel diodes is so 
low initially, it is not critically af
fected by radiation until large doses 
have been applied. In addition, tun
nel diodes are less affected by ioniz
ing radiation because they are rela
tively insensitive to surface changes 
produced by such radiation. 

In general, the tunnel-diode volt
age-current characteristic is rela
tively independent of temperature. 
Specific tunnel-diode applications 
may be affected, however, by the rel-
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ative temperature dependence of the 
various circuit components. In such 
applications, negative feedback or 
direct (circuit) compensation may be 
required. 

HIGH-CURRENT 
TUNNEL DIODES 

High-current tunnel diodes are 
basically the same as conventional 
tunnel diodes, except that they have 
a larger junction area to permit the 
flow of higher currents and have a 
much smaller value of series resist
ance (generally in the order of 0.010 
ohm or less). 

High-current tunnel diodes are 
used as low-voltage inverters in cir
cuits having low-impedance dc power 
sources. They can also be used for 
efficient inversion of the output of 
solar cells, thermoelectric generators, 
or thermionic converters, and as 
overload detectors in dc and ac 
power supplies, pulse generators, 
high-speed switches, and oscillators. 

Fig. 204 shows a simple overload
sensor circuit using a high-current 
tunnel diode. This circuit is a fast
acting sensitive overcurrent detector 
which can be used to protect sensi
tive loads from current surges or 
overloads. Other circuit arrange
ments can be used to protect the 
power supply rather than the load. 

,..-----
I 
I 
I AC 
I (OR DC) 
: SOURCE I 
I I 
:I _______ J 

HIGH-CURRENT 
TUNNEL DIODE 

POWER 
TRANSISTOR 

LOAD TO BE 
PROTECTED 

Figure 204. Overload sensor circuit using 
tunnel diode. 

TUNNEL RECTIFIERS 
In addition to its negative-resist

ance properties, the tunnel diode has 
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an efficient rectification character
istic which can be used in many 
rectifier applications. When a tunnel 
diode is used in a circuit in such a 
way that this rectification property 
is emphasized rather than its nega
tive-resistance characteristic, it is 
called a tunnel rectifier. In general, 
the peak current for a tunnel rec
tifier is less than one milliampere. 

The major differences in the cur
rent-voltage characteristics of tunnel 
rectifiers and conventional rectifiers 
are shown in Fig. 205. In conven
tional rectifiers, current flow is sub
stantial in the forward direction, but 

I: 

I 
J 
I 
J 
I 
I 
J 
I 

V 

--CONVENTIONAL 
RECTIFIER 
TUNNEL 
RECTIFIER 

Figure 205. Current,voltage characteristics 
of tunnel rectifier and conventional rectifier. 

extremely small in the reverse direc
tion (for signal voltages less than 
the breakdown voltage for the de
vice). In tunnel rectifiers, however, 
substantial reverse current flows at 
very low voltages, while forward 
current is relatively small. Conse
quently, tunnel rectifiers can provide 
rectification at smaller signal volt
ages than conventional rectifiers, 
although their polarity requirements 
are opposite. (For this reason, tun
nel rectifiers are sometimes called 
"back diodes.") 

Because of their high-speed capa
bility and superior rectification char
acteristics, tunnel rectifiers can be 
used to provide coupling in one di
rection and isolation in the opposite 
direction. Fig. 206 shows the use of 
tunnel rectifiers to provide direc
tional coupling in a tunnel-diode 
logic circuit. 

SET 

TUNNEL RECTIFIERS 

FigurE! 206. Logic circuit using a tunnel 
dIode and three tunnel rectifiers. 

VARACTOR DIODES 
A varactor or variable-reactance 

diode is a microwave-frequency p-n 
junction semiconductor device in 
which the depletion-layer capacitance 
bears a nonlinear relation to the junc
tion voltage, as shown in Fig. 207a. 
When biased in the reverse direction, 
a varactor diode can be represented 
by a voltage-sensitive capacitance 
C(v) in series with a resistance R., 
as shown in Fig. 207b. This nonlinear 
capacitance and low series resistance, 
which permit the device to perform 
frequency-multiplication, oscillation, 
and switching functions, result from 
a very high impurity concentration 
outside the depletion-layer region 
and a relatively low concentration at 
the junction. Very low noise levels 
are possible in circuits using varactor 
diodes because the dominant current 
across the junction is reactive and 

VOLTAGE 3 
(a) (b) 

Figure 207. (al Capacitance·voltage rela
tionship and (bl equivalent circuits for a 

varactor diode. 
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shot-noise components are absent. 
Reactive nonlinearity, without an 

appreciable series resistance com
ponent, enables varactor diodes to 
generate harmonics with very high ef
ficiency in circuits such as the shunt
type frequency multiplier shown in 
Fig. 208. The circuit is driven by a 
sinusoidal voltage source V. having 

Figure 208. Varactor-diode frequency 
multiplier. 

a fundamental frequency f and an 
internal impedance Z.. Because the 
ideal input filter is an open circuit 
for all frequencies except the funda
mental frequency, only the funda
mental component of current it can 
flow in the input loop. A second
harmonic current i.l is generated by 
the varactor diode and flows toward 
the load ZI.; another ideal filter is 
used in the output loop to block the 
fundamental-frequency component of 
the input current. 

Varactor diodes can amplify sig
nals when their voltage-dependent 
capacitance is modulated by an alter
nating voltage at a different fre
quency. This alternating voltage 
supply, which is often referred to as 
the "pump", adds energy to the sig
nal by changing the diode capaci
tance in a specific phase relation with 
the stored signal charge so that po
tential energy is added to this charge. 
An "idler" circuit is generally used 
to provide the proper phase relation
ship between the signal and the 
"pump". 
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VOLTAGE·REFERENCE DIODES 
Voltage-reference or zener diodes 

are silicon rectifiers in which the re
verse current remains small until 
the breakdown voltage is reached 
and then increases rapidly with little 
further increase in voltage. The 
breakdown voltage is a function of 
the diode material and construction, 
and can be varied from one volt to 
several hundred volts for various 
current and power ratings, depending 
on the junction area and the method 
of cooling. A stabilized supply can 
deliver a constant output (voltage or 
current) unaffected by temperature, 
output load, or input voltage, within 
given limits. The stability provided 
by voltage-reference diodes makes 
them useful as stabilizing devices and 
as reference sources capable of sup
plying extremely constant current 
loads. 

COMPENSATING DIODES 
Excellent stabilization of collector 

current for variations in both supply 
voltage and temperature can be ob
tained by the use of a compensating 
diode operating in the forward di
rection in the bias network of ampli
fier or oscillator circuits. Fig. 209 
shows the transfer characteristics of 
a transistor; Fig. 210 shows the for
ward characteristics of a compensat
ing diode. In a typical circuit, the 
diode is biased in the forward direc
tion; the operating point is repre
sented on the diode characteristics 
by the dashed horizontal line. The 
diode current at this point deter
mines a bias voltage which estab
lishes the transistor idling current. 
This bias voltage shifts with varying 
temperature in the same direction 
and magnitude as the transistor char
acteristic, and thus provides an idling 
current that is essentially independ
ent of temperature. 

The use of a compensating diode 
also reduces the variation in tran, 
sistor idling current as a result of 
supply-voltage variations. Because 
the diode current changes in propor-
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tion with the supply voltage, the bias 
voltage to the transistor changes in 
the same proportion and idling-cur
rent changes are minimized. (The 

Figure 209. Transfer characteristics of 
transistor. 

use of diode compensation is dis
cussed in more detail under "Biasing" 
in the Transistor Applications Sec
tion.) 
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210. Forward characteristics of 
compensating diode. 



Rectifier and Diode Symbols 

Abbreviated data for RCA silicon 
rectifiers, silicon controlled rec

tifiers, and semiconductor diodes are 
given in the following section. The 
symbols used in the data are listed 
and defined below. 

SILICON RECTIFIERS, PLUG-IN 
RECTIFIERS, STACKS, 

AND BRIDGES 

iFM(surge) 

shunt capacitance 
average forward cur
rent 
peak recurrent for
ward current 
peak surge forward 
current 
maximum 
current 

reverse 

VFM maximum dc for
ward voltage drop 

VM(block) maximum dc block
ing voltage 

VRM peak reverse volt
age 

VRM (non-rep) non-repetitive· (tran
sient) peak reverse 
voltage 

vRM(rep) repetitive peak re
verse voltage 

V RM. rms supply voltage 

SILICON CONTROLLED 
RECTIFIERS (SCR's) 

di/dt 

dv/dt 

rate-of change of 
forward current 
critical rate of ap
plied forward volt
age 
instantaneous for
ward current 

hBOAV 

iFM(surge) 
iFRMS 

iOKM 

IRBOAV 

inBOM 

POAV 

ton 
tOft 
VBOO 

VFBOM 

vFBOlll(rep) 

VGKM 

VOT 

average forward cur
rent 
instantaneous for
ward leakage cur
rent 
average f 0 rw ard. 
blocking current 
peak forward block
ing current 
peak surge current 
rms forward current 
peak forward gate 
current 
gate trigger cur
rent 
holding current 
instantaneous re
verse leakage cur
rent 
average rever s e 
blocking current 
peak reverse block
ing current 
peak forward and 
reverse gate power 
a v era g e forward 
gate power 
turn-on time 
turn-off time 
forward breakover 
voltage 
instantaneous for

drop 
volt-

ward voltage 
gate trigger 
age 
peak forward block
ing voltage 
peak forward block
ing voltage 
peak forward gate 
voltage 

. dc gate-trigger volt
age (when anode is 
at 6 volts with re
spect to cathode) 
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VKGM peak reverse gate r. series resistance 
characteristic 
switching time 
inflection-point volt
age 

voltage t.w 
VaBDU peak reverse block-

ing voltage VI 
vau(non-rep) transient peak re

verse voltage (non- V p peak-point voltage 
projected-peak-point 
voltage 

repetitive) V pp 

vau(rep) peak reverse volt-
age (repetitive) Vv valley-point voltage 

terminal admittance 

fo 

fma::s: 

fr 

TUNNEL DIODES AND 
TUNNEL RECTIFIERS 

junction capacitance 
case capacitance 
valley-point termi
nal capacitance 
characteristic fre
quency (figure of 
merit) 
maximum frequency 
of oscillation 
resistive cutoff fre
quency 
junction resistance 
inflection-point cur
rent 
peak-point·· current 
speed index 
valley-point current 
series inductance 
excess series in
ductance 
junction resistance 

Y. 

Static (DC) Parameters 

Inflection point-the point on the 
forward current-voltage charac
teristic at which the slope of the 
characteristic reaches its most 
negative value 

Peak point-the point on the for
ward current-voltage characteris
tic corresponding to the lowest 
positive (forward) voltage at 
which dIl dV = 0 

Projected peak point-the point on 
the forward current characteristic 
where the current is equal to the 
peak-point current and where the 
voltage is greater than the valley
point voltage 

Valley point-the point on the for
ward current-voltage characteris
tic corresponding to the second 
lowest positive (forward) voltage 
at which dI/dV = 0 

RCA Military-Specification 
Rectifiers 

JAN-IN538 MIL-S-19500/202A USAF-IN1190 MIL-E-l/1135 (USAF) 
JAN -lN540 MIL-S-19500/202A JAN -lN1190R MIL-S-19500/297 
JAN-IN547 MIL-S-19500/202A USAF-IN1199 MIL-E-l/ll08(USAF) 
USAF-IN1183 MIL-E-l/1135 (USAF) USAF-IN1200 MIL-E-l/ll08 (USAF) 
JAN -lN1184 MIL-S-19500/297 USAF-IN1201 MIL-E-l/ll08(USAF) 
USAF-IN1184 MIL-E-l/1135 (USAF) USAF-IN1202 MIL-E-l/ll08(USAF) 
JAN -lN1184R MIL-S-19500/297 USAF-IN1203 MIL-E-l/ll08(USAF) 
USAF-IN1185 MIL-E-l/1135(USAF) JAN-IN1204 MIL-S-19500/260 
JAN-IN1186 MIL-S-19500/297 USAF-IN1204 MIL-E-l/ll08(USAF) 
USAF-IN1186 MIL-E-l/1135 (USAF) JAN-IN1204R MIL-S-19500/260 
JAN-IN1186R MIL-S-19500/297 USAF-IN1205 MIL-E-l/ll08(USAF) 
USAF-IN1l87 MIL-E-l/1135 (USAF) USAF-IN1206 MIL-E-l/l108(USAF) 
JAN-IN1188 MIL-S-19500/297 
USAF-IN1l88 MIL-E-l/1135 (USAF) 
JAN-IN1188R MIL-S-19500/297 
USAF-IN1l89 MIL-E-l/1135 (USAF) 
JAN-IN1190 MIL-S-19500/297 

Copies of rectifier specification sheets may 
be ohtsined by directing requests to Specifi
cations Division, Naval Supply Depot, 5801 
Tabor Avenue, Philadelphia 20, Pa., Attn: 
CDS 
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Technical Data for 
RCA Rectifiers and Diodes 

SILICON DIFFUSED-JUNCTION RECTIFIERS 

MAXIMUM RATINGS CHARAC-
TERISTICS 

IFAv iFM VRM and IRM 
RCA OUTLINE at Te (rep) (surge) ¥NMS YM (block) YFM (dynamic) 

TYPE JEDEC NO. A °C A A V V V mA 

lN248C- DO-5 38 20 150 90 350 39 55'" 0.6 3.8 
lN249C- 00-5 38 20 150 90 350 77 110'" 0.6 3.6 
lN250C- 00-5 38 20 150 90 350 154 220'" 0.6 3.4 
1N4408 00-1 33 0.75 50 3.5 15 70 100 1.5 0.3-
lN4418 00-1 33 0.75 50 3.5 15 140 200 1.5 0.75-

1N4428 00-1 33 0.75 50 3.5 15 210 300 1.5 1-
1N4438 00-1 33 0.75 50 3.5 15 280 400 1.5 1.5-
lN4448 00-1 33 0.65 50 3.5 15 350 500 1.5 1.75-
1N4458 00-1 33 0.65 50 3.5 15 420 600 1.5 2-
lN536 00-1 33 0.75 50 15 35 50 1.1 5-

lN537 00-1 33 0.75 50 15 70 100 1.1 5-
lN538 00-1 33 0.75 50 15 140 200 1.1 s-
lN539 00-1 33 0.75 SO 15 210 300 1.1 5-
lN540 00-1 33 0.75 50 15 280 400 1.1 5-
1N547 00-1 33 0.75 50 15 420 600 1.2 5-

1 Nl095 00-1 33 0.75 50 15 350 500 1.2 5-
1N1183A- OO-S 38 40 150 195 800 35 50 0.65 2.5 
lN1184A- OO-S 38 40 150 195 800 70 100 0.65 2.5 
1Nl186A- 00-5 38 40 150 195 800 140 200 0.65 2.5 
lNl187A- 00-5 38 40 150 195 800 212 300 0.6S 2.5 

lNl188A- OO-S 38 40 150 195 800 284 400 0.65 2.2 
lNl189A- 00-5 38 40 150 195 800 355 500 0.65 2 
lNl190A- 00-5 38 40 150 195 800 424 600 0.65 1.8 
lN1195A- 00-5 38 20 150 90 350 212 300 0.6 3.2 
1N1196A- 00-5 38 20 150 90 350 284 400 0.6 2.5 

lN1197A- 00-5 38 20 150 90 350 355 500 0.6 2.2 
1Nl198A- 00-5 38 20 150 90 350 424 600 0.6 1.5 
lN1199A- 00-4 37 12 150 50 240 35 50 0.55 3 
lN1200A- 00-4 37 12 150 50 240 70 100 0.55 2.5 
lN1202A- 00-4 37 12 150 50 240 140 200 0.55 2 

- Reverse-polarity version available . 
... VM (block) is 10% less. 
- Static value in pA 
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SILICON DIFFUSED-JUNCTION RECTIFIERS (cont'd) 

MAXIMUM RATINGS CHARAC-
TERISTICS 

IFAV iFM Vm. and IRM 
RCA OUTLINE at To (rep) (surge) VRMS VM (block) VFM (dynamic) 

TYPE JEDEC NO. A °C A A V V Y rnA 

lN1203A- 00-4 37 12 150 50 240 212 300 0.55 1.75 
lN1204A- 00-4 37 12 150 50 240 284 400 0.55 1.5 
1N1205A- 00-4 37 12 150 50 240 355 500 0.55 1.25 
1N1206A- 00-4 37 12 150 50 240 424 600 0.55 1 
1N13410- Do-4 37 6 150 25 160 35 50 0.65 0.45 

1N13420- 00-4 37 6 150 25 160 70 100 0.65 0.45 
1N13440- 00-4 37 6 150 25 160 140 200 0.65 0.45 
lN13450- 00-4 37 6 150 25 160 212 300 0.65 0.45 
1N13460- 00-4 37 6 150 25 160 284 400 0.65 0.45 
lNl3470- 00-4 37 6 150 25 160 355 500 0.65 0.45 

1Nl3480- 00-4 37 6 150 25 160 424 600 0.65 0.45 
1N1612- 00-4 37 5 135 15 35 50 1.5 1 
1N1613- 00-4 37 5 135 15 70 100 1.5 1 
lN1614- 00-4 37 5 135 15 140 200 1.5 1 
1Nl615- 00-4 37 5 135 15 280 400 1.5 1 

1N1616- 00-4 37 5 135 15 420 600 1.5 1 
1 "1763A 00-1 33 1 75 5 35 280 400 1.2 0.1 
lN1764A 00-1 33 1 75 5 35 350 500 1.2 0.1 
1N2858A 00-1 33 1 75 5 35 35 50 1.2 0.1 
lN2859A 00-1 33 1 75 5 35 70 100 1.2 0.1 

lN2860A 00-1 33 75 5 35 140 200 1.2 0.1 
lN2861A 00-1 33 75 5 35 210 300 1.2 0.1 
1N2862A 00-1 33 75 5 35 280 400 1.2 0.1 
1N2863A 00-1 33 75 5 35 350 500 1.2 0.1 
1N2864A 00-1 33 75 5 35 420 600 1.2 0.1 

lH3193 TO-It 34 0.5- 75 6- 35- 140 200 1.2 0.2 
lN3194 to-1:I: 34 0.5" 75 6" 35" 280 400 1.2 0.2 
1N3195 TO-It 34 0.5" 75 6- 35' 420 600 1.2 0.2 
1N3196 TO-1:I: 34 0.4- 75 5- 35- 560 800 1.2 0.2 
lN3253 TO-1° 35 Insulated version of 1N3193 

lN3254 TO-1° 35 Insulated version of 1N3194 
lN3255 TO-1° 35 Insulated version of 1N3195 
lN3256 TO-1° 35 Insulated version of 1N3196 
1N3563 TO-1° 35 0.3- 75 4- 35- 700 1000 1.2 0.2 
1N3754 TO-l*' 36 0.125 65 1.3 30 35 100 1 0.3 

1N3755 TO-1 .* 36 0.125 65 1.3 30 70 200 1 0.3 
1N3756 TO-1 .* 36 0.125 65 1.3 30 140 400 1 0.3 
40108- 00-4 37 10 150 40 140 50 0.6 2 
40109- 00-4 37 10 150 40 140 100 0.6 2 
40110- 00-4 37 10 150 40 140 200 0.6 1.5 

40111- 00-4 37 10 150 40 140 300 0.6 1.5 
40112- 00-4 37 10 150 40 140 400 0.6 1 
40113- 00-4 37 10 150 40 140 500 0.6 0.85 
40114- 00-4 37 10 150 40 140 600 0.6 0.75 
40115- 00-4 37 10 150 40 140 800 0.6 0.65 

- Reverse-polarity version available. 
t Similar to TO-1 package with axial leads. 
° Similar to TO-1 package with axial leads and insulated' ~Iastic sleeve over metal case . 
• * Similar to TO-1 package with lead 3 omitted. - Wit capacitive load. 
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SILICON DIFFUSED-JUNCTION RECTIFIERS (confd) 
MAXIMUM RATINGS CHARAC· 

TERISTICS 
hrAv h.1II: VRIII: and IRIII: 

RCA OUTLINE at To (rep) (sarge) VaIll:S VIII: (~18Ck) bill: (dyllmic) 
TYPE JEDEC NO. A ·C A A V V V MA 

4011&- 00-4 37 10 150 40 140 1000 0.6 0.5 
48288- 00-5 38 18 150 72 250 50 0.65 3 
40289- 00·5 38 18 150 72 250 100 0.65 3 
40210- 00·5 38 18 150 72 250 200 0.65 2.5 
40211- 00-5 38 18 150 72 250 300 0.65 2.5 

48212- 00-5 38 18 150 72 250 400 0.65 2 
48213- 00-5 38 18 150 72 250 500 0.65 1.75 
48214- 00-5 38 18 150 72 250 600 0.65 1.5 
40259 00-4 37 12 150 50 250 424 600 0.55 0.6 
40265 TO·1"" 36 0.125 65 1.8 30 140 400 1 0.4 

4_ 00-1 33 2* 105 10 35 35 100 3 lOt 
40267 00-1 33 2* 105 10 35 70 200 3 lOt 

- Reverse-polarity version available. • With capacitive load. 
*" Similar to TO-1 package with lead 3 omitted. t Value in p.A. 

SILICON DIFFUSED-JUNCTION STACK RECTIFIERS 
MAXIMUM RATINGS CHARACTERISTICS 

YRIII: (rep) YRIII:! IRIII:- es 
RCA OUTLINE hrAv iFIII: VRIII:. a._ (aon· 'Fill:- (dynamic) (mas) 

TYPE NO. at 100°C (rep) (sarge) V", (lIleck) rep) 
A A A , , , V A pF 

CRI0l 39a 0.385 5 20 895 1265 1520 1.2 0.3 600 
CRI02 39b 0.355 5 20 1790 2-530 3035 2.4 0.3 320 
CRI03 39c 0.315 5 20 2240 3165 3800 3 0.3 250 
CRI04 39d 0.270 5 20 3130 4430 5315 4.2 0.3 175 
CRI05 3ge 0.270 5 20 3580 5065 6080 4.8 0.3 160 

CRlD& 39f 0.250 5 20 4475 6330 7600 6 0.3 125 
CRI01 39~ 0.230 5 20 5370 7595 9115 7.2 0.3 105 
CRI08 39 0.230 5 20 5820 8230 9875 7.8 0.3 100 
CRID9 39i 0.230 5 20 6710 9495 11395 9 . 0.3 90 
CR110 39j 0.230 5 20 7160 10130 12155 9.6 0.3 80 

CR201 403 0.155 3 10 1345 1900 2280 1.8 0.1 
CR20S 40b 0.155 3 10 2240 3165 3800 3 0.1 
CR204 40c 0.155 3 10 3395 4800 5760 3.6 0.1 
CR2D& 40d 0.155 3 10 4475 6330 7600 6 0.1 
CR20a 40e 0.155 3 10 5655 8000 9600 6 0.1 

CR21 0 40f 0.155 3 10 7070 10000 12000 7.2 0.1 
CR212 40g 0.155 3 10 8485 12000 14400 9 0.1 
CR301 413 2.5 250 1695 2400 2880 1.5 
CR302 41b 2.5 250 2545 3600 4320 1.5 
CR303 41c 2.5 250 3395 4800 5760 1.5 ** 

CR3tN 41d 2-.5 250 4240 6000 7200 1.5 ** 
CR385 41e 2.5 250 5090 7200 8640 1.5 ** 
CR306 4lf 2.5 250 5935 8400 10080 1.5 .* 
CR301 41g 2.5 250 6785 9600 11520 1.5 .. 
CR311 41h 4.5 250 1695 2400 2880 1.5 ** 

* For duration of 5 ms max; To = 60 to 125°C. 
- At maximum rated operating conditions. ** C. typically 0.01 p.F per cell. 
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SILICON DIFFUSED-JUNCTION STACK RECTIFIERS (cont'd) 

MAXIMUM RATINGS CHARACTERISTI CS 
YRM (rep) YRM± IRM- Cs 

RCA OUTLINE IFAV iFM VRMS and (non- VFM- (dynamic) (max) 
TYPE NO. at lDD'C (rep) (surge) VM (block) rep) 

A A A V V V V A pF 

CR312 41i 4.5 250 2545 3600 4320 1.5 
CR313 41j 4.5 250 3395 4800 5760 1.5 
CR314 41k 4.5 250 4240 6000 7200 1.5 
CR315 411 4.5 250 5090 7200 8640 1.5 .. 
CR31S' 41m 4.5 250 5935 8400 10080 1.5 

CR317 41n 4.5 250 6785 9600 11520 1.5 
CR321 410 6 400 1695 2400 2880 1.5 .. 
CR322 41p 6 400 2545 3600 4320 1.5 
CR323 41q 6 400 3395 4800 5760 1.5 
CR324 41r 6 400 4240 6000 7200 1.5 

CR325 41s 6 400 5090 7200 8640 1.5 
CR331 41t 8.5 400 1695 2400 2880 1.5 
CR332 41u 8.5 400 2545 3600 4320 1.5 
CR333 41v 8.5 400 3395 4800 5760 1.5 
CR334 41w 8.5 400 4240 6000 7200 1.5 

CR335 41x 8.5 400 5090 7200 8640 1.5 
CR341 41y 11.5 850 1695 2400 2880 1.5 
CR342 41z 11.5 850 2545 3600 4320 1.5 
CR343 41aa 11.5 850 3395 4800 5760 1.5 
CR344 41bb 11.5 850 4240 6000 7200 1.5 .. 
CR351 41cc 17.5 850 1695 2400 2880 1.5 
CR352 41dd 17.5 850 2545 3600 4320 1.5 
CR353 41ee 17.5 850 3395 4800 5760 1.5 
CR354 41ff 17.5 850 4240 6000 7200 1.5 

~ For duration of 5 ms max; Te = 60 to 125°C . 
• At maximum rated operating conditions. •• Cs typically 0.01 ",F per cell. 

SILICON BRIDGE RECTIFIERS SILICON PLUG-IN RECTIFIERS 
AVERAGE DC 

RCA OUTLINE OUTPUT RMS SUPPLY 
These high-voltage diffused-TYPE NO. A V V 

CR401t 41a 18 200 222 
junction types are direct re-
placements for the mercury-

CR402t 41a 18 400 444 vapor and gas rectifier tubes 
CR403t 41c 18 800 888 indicated. Data for the tube-
CR404t 410 34 200 222 type rectifiers are given in the 
CR405t 410 34 400 444 RCA Transmitting Tube Manual 

CR406t 41v 34 800 888 TT-5. 

CR407t 41y 70 200 222 
CR408t 41y 70 400 444 
CR409t 41aa 70 800 888 

RCA OUTLINE REPLACES 
CR50H 41b 24 300 222 TYPE NO. TYPE(S) 

CR502:j: 41b 24 600 444 CR273/8008 44 8008 CR503:j: 41p 46 300 222 
CR504:j: 41p 46 600 444 CR274/872A 45 872, 872A 
CR505:j: 41z 92 300 222 CR275/866A/3B28 46 866, 866A, 3828 
CR506:j: 41z 92 600 441 

t Single=phase, full-wave types. 
~ Three .. phase, full-wave types. 
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SILICON CONTROLLED RECTIFIERS 

MAXIMUM RATINGS. 
VRlI[ 

RCA non- VFBOM iFM 
TYPE IFRlI[S rep (rep) (rep) (surge) IFAV POll[ PGAV TSTG Tc 

A V V V A A W W ·C 'C 

2N681 25 35 25 25 150 16 5 0.5 150 125 
2N682 25 75 50 50 150 16 5 0.5 150 125 
2N683 25 150 100 100 150 16 5 0.5 150 125 
2N684 25 225 150 150 150 16 5 0.5 150 125 
2N685 25 300 200 200 150 16 5 0.5 150 125 

2N686 25 350 250 250 150 16 5 0.5 150 125 
2N687 25 400 300 300 150 16 5 0.5 150 125 
2N688 25 500 400 400 150 16 5 0.5 150 125 
2N689 25 600 500 500 150 16 5 ~.5 150 125 
2N690 25 720 600 600 150 16 5 .5 150 125 

2N1770 7.4 35 25 600 60 4.7 5 0.5 150 125 
2N1771 7.4 75 50 600 60 4.7 5 0.5 150 125 
2N1772 7.4 150 100 600 60 4.7 5 0.5 150 125 
2N1773 7.4 225 150 600 60 4.7 5 0.5 150 125 
2N1774 7.4 300 200 600 60 4.7 5 0.5 150 125 

2N1775 7.4 350 250 600 60 4.7 5 0.5 150 125 
2N1776 7.4 400 300 600 60 4.7 5 0.5 150 125 
2Nl777 7.4 500 400 600 60 4.7 5 0.5 150 125 
2N1778 7.4 600 500 600 60 4.7 5 0.5 150 125 

2N1842A 16 35 25 25 125 10 5 0.5 125 125 
2N1843A 16 75 50 50 125 10 5 0.5 125 125 
2N1844A 16 150 100 100 125 10 5 0.5 125 125 
2N1845A 16 225 150 150 125 10 5 0.5 125 125 
2Nl846A 16 300 200 200 125 10 5 0.5 125 125 

2N1847A 16 350 250 250 125 10 5 0.5 125 125 
2N1848A 16 400 300 300 125 10 5 0.5 125 125 
2N1849A 16 500 400 400 125 10 5 0.5 125 125 
2N1850A 16 600 500 500 125 10 5 0.5 125 125 

2N3228 5 330 200 600 60 3.2 5 125 100 
2N3525 5 660 400 600 60 3.2 5 125 100 
2N3528 2 330 200 600 60 1.3 5 125 100 
2N3529 2 660 400 600 60 1.3 5 125 100 

2N3668 12.5 150 100 600 200 8 5 0.5 125 100 
2N3669 12.5 330 200 600 200 8 5 0.5 125 100 
2N3670 12.5 660 400 600 200 8 5 0.5 125 100 

2N3870 35 150 100 600 350 22 40· 0.5 125 100 
2N3871 35 330 200 700 350 22 40· 0.5 125 100 
2N3872 35 660 400 700 350 22 40· 0.5 125 100 
2N3873 35 700 600 700 350 22 40· 0.5 125 100 

2N3896 35 150 100 700 350 22 40· 0.5 125 100 
2N3897 35 330 200 700 350 22 40· 0.5 125 100 
2N3898 35 600 400 700 350 22 40· 0.5 125 100 
2N3899 35 700 600 700 350 22 40· 0.5 125 100 

40216 900' 720 600 5 0.5 150 125 
40378 7 330 200 600 80 4.5 13· 0.2 150 100 
40319 7 660 400 600 80 4.5 13· 0.2 150 100 

• Pulsed. 
• For pulse time tp = 10 p.s. 
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SILICON CONTROLLED RECTIFIERS 

CHARACTERISTICS OUTLINE 

YBoo IFBOAV IRBOAV YF lOT VaT iBOO RCA 
V mA mA V mA V hlA lEBEC NO. TYPE 

25 6.5 6.5 0.86 .... 25t 3 15:j: TO-48 17 2N&81 
50 6.5 6.5 0.8S .... 25t 3 15:j: TO-48 17 2N&82 

100 6.5 6.5 0.86 .... 25:j: 3 15t TO-48 17 2N&83 
150 6.5 6.5 0.86 .... 25:j: 3 15:j: TO-48 17 2N&84 
200 6.0 6.0 0.86 .... 25:j: 3 15:j: TO-48 17 2N&85 

250 5.5 5.5 0.86 .... 25t 3 15:j: TO-48 17 2N&8& 
300 5.0 5.0 0.8S .... m 3 15t TO-48 17 2N&81 
400 4.0 4.0 0.86 .... 25t 3 15t TO-48 17 2N&88 
500 3.0 3.0 0.86 .... 25t 3 15t TO-48 17 2N&89 
600 2.5 2.5 0.86 .... 25:j: 3 15:j: TO-48 17 2N&90 

25 4.5 4.5 1.85 .... 15 2 lOt TO-64 30 2N1110 
50 4.5 4.5 1.85 .... 15 2 lOt TO-64 30 2N1111 

100 4.5 4.5 1.85 .... 15 2 lOt TO-64 30 2N1172 
150 4.0 4.0 1.85 .... 15 2 lOt TO-64 30 2N1113 
200 3.0 3.0 1.85 .... 15 2 10:j: TO-64 30 2N1174 

250 2.5 2.5 1.85 .... 15 2 lOt TO-64 30 2N1715 
300 2.0 2.0 1.85 .... 15 2 lOt TO-64 30 2N117& 
400 1.0 1.0 1.85'" 15 2 lOt TO-64 30 2N1171 
500 1.0 1.0 1.85 .... 15 2 lOt TO-64 30 2N1118 

25 22.5 22.5 1.2 .... m 3.7 8t TO-48 17 2N1842A 
50 19.0 19.0 1.2 .... 45:j: 3.7 8t TO-48 17 2N1843A 

100 12.5 12.5 1.2 .... 45:j: 3.7 8t TO-48 17 2N1844A 
150 6.5 6.5 1.2 .... 45t 3.7 8:j: TO-48 17 2N1845A 
200 6.0 6.0 1.2 .... 45* 3.7 8t TO-48 17 2N184&A 

250 5.5 5.5 1.2 .... 45* 3.7 8:j: TO-48 17 2N1841A 
300 5.0 5.0 1.2 .... 45* 3.7 8t TO-48 17 2N1848A 
400 4.0 4.0 1.2 .... 45* 3.7 8:j: TO-48 17 2N1849A 
500 3.0 3.0 1.2 .... 45* 3.7 8:j: TO-48 17 2N1850A 

200 1.5- 0.75- 2.8 8 1.2 12 TO-66 22° 2N3228 
400 3.0- 1.5- 2.8 8 1.2 12 TO-66 22° 2N3525 
200 1.5- 0.75- 2.8 8 1.2 12 TO-8 5° 2N3528 
400 3.0- 1.5- 2.8 8 1.2 12 TO-8 5° 2N3529 

100 2.0- 1.0- 1.8 25 1.5 20 TO-3 2° 2N3&&8 
200 2.5- 1.25- 1.8 25 1.5 20 TO-3 2° 2N3&&9 
400 3.0- 1.5- 1.8 25 1.5 20 TO-3 2° 2N3&70 

100 2.0- 3.0- 2.1 25 1.1- 20 31 2N3810 
200 2.5- 3.0- 2.1 25 1.1- 20 31 2N3811 
400 3.0- 3.0- 2.1 25 1.1- 20 31 2N3812 
600 4.0· 3.0- 2.1 25 1.1- 20 31 2N3813 

100 2.0 3.0 2.1 25 1.1- 20 32 2N389& 
200 2.5 3.0 2.1 25 1.1- 20 32 2N3897 
400 3.0 3.0 2.1 25 1.1- 20 32 2N3898 
600 4.0 3.0 2.1 25 1.1- 20 32 2N3899 

600 10.0 10.0 45 3.7t 8 TO-48 17 4021& 
200 1.0 0.5 2_5 8 1.2t 12 29 40378 
400 2.0 1.0 2.5 8 1.2t 12 29 40319 

~ DC value. :j: At Te = 125°C. - Maximum instantaneous value (iFBOM or iRBoM). 

- Critical dv/dt = 100 V/p,s. t Critical dv/dt = 200 V/p,s. 
° Gate (pin 1); Cathode (pin 2); Anode (case or pin 3) 



378 'RCA Transistor Manual 

TUNNEL DIODES 

Electrical Characteristics (At TA = 25°C) 
Mil Max 

Pelk Max Peak-to- Min Mu Series 
Forward- Vallay Vallay- Peak Valley Forward Capaci- Resis- Rise Time 

RCA Current Current Current VDltage Voltage Voltage tance" tance 
Type (mAl (mA) Ratio (mV) (mV) (mV) (pF) (ohms) 

(ps) 
max. typo 

lN3128 4.75-5.25 0.6 8:1 40-80 280 445-530 15 3 5000 1000 
lN3129 19-21 2.4 8:1 50-100 300 474-575 20 2.5 2000 300 
lM3130 47.5-52.5 6 8:1 70-120 350 520-620 25 1.5 500 160 
1M3847 4.5-5.5 0.75 6:1 430-590 25 3 900 
1M3841 9-11 1.5 6:1 440-600 25 2.5 1800 

lM3849 18-22 3 6:1 460-620 30 2 600 
lN3850 45-55 7.5 6:1 530-640 40 1.5 350 
lM3851 90-110 15 8:1 540-650 40 1 125 
1N3852 4.75-5.25 0.6 8:1 50-90 330 490-560 15 3 1200 
lM3853 9.5-10.5 1.2 8:1 55-95 350 510-580 15 2.5 600 

lM3854 19-21 2.4 8:1 65-105 365 530-600 20 2 400 
lM3855 47.5-52.5 6 8:1 80-130 380 550-620 25 1.5 200 
lN3856 95-105 12 8:1 90-140 390 560-630 25 1 75 
1N3857 4.75-5.25 0.6 8:1 50-90 330 490-560 8 3 600 
lM3858 9.5-10.5 1.2 8:1 55-95 350 510-580 8 2.5 300 

lN3859 19-21 2.4 8:1 65-105 365 530-600 150 
lN3860 47.5-52.5 6 8:1 80-130 380 550-620 200 

TUNNEL RECTIFIERS 
Electrical Characteristics (At TA = 25°C) 

Min Forward Max Reverse Max Reverse Max 
Peak Voltage Voltage Voltage Cap. 

RCA Out- Current at 1 mA at 10 mA at 30 mA cltance 
Type Material lile (mAl (mV) (mV) (my) (pF) 

lN3861 Ge 42 0.1-1 400 170 6-
lN3862 Ge 42 0.1-1 420 150 300 4-
lN3863 Ge 42 0.1-0.5 435 150 300 4-

• Includes case capacitance Of 0.8 pF. - Includes case capacitance of 0.4 pF. 

COMPENSATING DIODE-1N2326 
\, 

Ge alloy-junction type used in temperature- and voltage-compensation ap-
plications. Similar to JEDEC TO-l (2-lead), Outline No.36. Terminals: 1 -
cathode, 2 - anode. 

MAXIMUM RATINGS 
Reverse Voltage ....................................................................... . 
Peak Recurrent. Current ................•......................................... 
DC Forward Current ...................................................... _ .......... . 

VRM 
i.,M(rep) 
bM 

Temperature Range: 
Operating (TAl and Storage (TSTG) ............................... . 

Lead-Soldering Temperature (10 s max) ....................... . TL 

CHARACTERISTICS 
DC Forward Voltage Drop: 

I:B'AV = 2 rnA ........................................................................... . V.,AV 
bAT = 100 rnA ......................................................................... . V.,AV 

-1 
200 
100 

-65 to 85 
255 

min typ mit:!: 
120 135 150 
240 260 280 

V 
rnA 
rnA 

mV 
mV 
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TUNNEL DIODES 

Maximum Ratings (At TA = 25·C) 

Amblent-
DC Current Temperature (·C) ~ead 

(mAl Dissipation * Range Temperature (·C) Oat- RCA 
Forward ReYerse (mW) Operating Storage (3 seconds maximum) Material line 1)p' 

40 70 20 -65 to 150 -65 to 175 175 Ge 43 1N3128 
55 85 30 -65 to 150 -65 to 175 175 Ge 43 1N3129 
70 100 40 -65 to 150 -65 to 175 175 Ge 43 lN3130 
10 15 5 -35 to 100 175 Ge 43 1N3847 
18 25 15 -35 to 100 175 Ge 43 1N3848 

35 50 20 -35 to 100 175 Ge 43 1N3849 
85 125 50 -35 to 100 175 Ge 43 1N3851 

170 250 100 -35 to 100 175 Ge 43 1N3851 
10 15 5 -35 to 100 175 Ge 43 1N3852 
18 25 10 -35 to 100 175 Ge 43 1N3853 

35 50 20 -35 to 100 175 Ge 43 1N3854 
85 125 50 -35 to 100 175 Ge 43 1N3855 

170 250 100 -35 to 100 175 Ge 43 1N3856 
10 15 5 -35 to 100 175 Ge 43 lN3857 
18 25 10 -35 to 100 175 Ge 43 1N3858 

35 50 20 -35 to 100 175 Ge 43 1N3859 
85 125 50 -35 to 100 175 Ge 43 lN3868 

TUNNEL RECTIFIERS 

Forward 

10 
10 
10 

DC Current 
(mA) 

Maximum Ratings (At TA = 25·C) 

Reverse 

30 
30 
30 

Dissipatioa :1= 
(mW) 

10 
10 
10 

Lead 
Ambient-Temperature (·C) Temperature 

Range (3 seconds 
Operating and Storage maximum) 

-35 to 100 175 
-35 to 100 175 
-35 to 100 175 

* Above 25·C, derate linearly to OmW at 100·C. 
DAMPER DIODE-1N4785 

RCA 
Type 

lN3861 
lN38&2 
lN3863 

Ge diffused-junction type used in transistorized 114-degree, IS-kilovolt hori
zontal-deflection systems in television receivers with types 2N3730, 2N373I, 
and 2N3732. JEDEC TO-3, Outline No.2. Terminals: 1 - cathode, 2 - no con
nection, Mounting Flange - anode and case. 
MAXIMUM RATINGS 
Peak Reverse Voltage ............................................................ VRM 320 V 
Continuous Reverse Voltage ................................................ VRM 
Peak Forward Current ............................................................ iFM 

60 V 
10 A 

Average Forward Current ...................................................... IFM 
Temperature Range: 

Operating (TJ) and Storage (TsTa) .......................... .. 
Pin-Soldering Temperature .................................................... Tp 

7 A 

-65 to 85 ·C 
230 ·C 

CHARACTERISTICS 
Peak Reverse Voltage (b = 1 rnA) .................................... VRM 
Reverse Current, Static (VR = 10 V) ................................ b 
Forward Voltage Drop, Static (IF = 7 A) ........................ V .. 

320 min V 
150 max /LA 
0.77 max V 
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Outlines (cont'd) 
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Outlines (cont'd) 
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Mounting Hardware (cont'd) 
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THE CIRCUITS in this section illus
trate some of the more important 

applications of RCA semiconductor 
devices; they are not necessarily ex
amples of commercial practice. These 
circuits have been conservatively de
signed and are capable of excellent 
performance. The brief description 
provided with each circuit explains 
the functional relationships of the 
various stages and points out the 
intended applications, the major per
formance characteristics, and signifi
cant design features of the over-all 
circuit. Detailed descriptive informa
tion on individual circuit stages 
(such as detectors, amplifiers, or 
oscillators) is given in the section 
on Transistor Applications earlier in 
this Manual, as well as in many text
books on semiconductor circuits. 

Electrical specifications are given 
for circuit components to assist 
those interested in home construc
tion. Layouts and mechanical details 
are omitted because they vary widely 
with the requirements of individual 
set builders and with the sizes and 
shapes of the components employed. 

Performance of these circuits de
pends as much on the quality of the 
components selected and the care em
ployed in layout and construction as 
on the circuits themselves. Good sig
nal reproduction from receivers and 
amplifiers requires the use of good
quality speakers, transformers, chokes 
and input sources (microphones, pho
nograph pickups, etc.). 

Coils for the receiver circuits may 
be purchased at local parts dealers 
by specifying the characteristics re
quired: for rf coils, the circuit posi-
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tion (antenna or interstage), tuning 
range desired, and tuning capaci
tances employed; for if coils or trans
formers, the intermediate frequency, 
circuit position (1st if, 2nd if, etc.), 
and, in some cases, the associated 
transistor types; for oscillator coils, 
the receiver tuning range, intermedi
ate frequency, type of converter tran
sistor, and type of winding (tapped 
or transformer-coupled). 

The voltage ratings specified for 
capacitors are the minimum dc work
ing voltages required. Paper, mica, 
or ceramic capacitors having higher 
voltage ratings than those specified 
may be used except insofar as the 
physical sizes of such capacitors may 
affect equipment layout. However, if 
electrolytic capacitors having substan
tially higher voltage ratings than 
those specified are used, they may 
not "form" completely at the operat
ing voltage, with the result that the 
effective capacitances of such units 
may be below their rated value. The 
wattage ratings specified for resistors 
assume methods of construction that 
provide adequate ventilation; com
pact installations having poor ventila
tion may require resistors of higher 
wattage ratings. 

Circuits which work at very high 
frequencies or which are required to 
handle very wide bandwidths de
mand more than ordinary skill and 
experience in construction. Place
ment of component parts is quite 
critical and may require consider
able experimentation. All rf leads 
to components including bypass ca
pacitors must be kept short and 
must be properly dressed to mini-



392 RCA'Transistor. Manual 

mize undesirable coupling and ca
pacitance effects. Correct circuit 
alignment and oscillator tracking 
may require the use of a cathode
ray oscilloscope, a high-impedance 
vacuum-tube voltmeter, and a signal 
generator capable of supplying a 

properly modulated signal at the ap
propriate frequencies. Unless the 
builder has had considerable ex
perience with broad-band, high
frequency circuits, he should not 
undertake the construction of such 
circuits. 

12-1 

12-2 
12-3 

12-4 

12-5 
12-6 
12-7 

12-8 
12-9 

LIST OF CIRCUITS 

3-Volt Portable Radio. Receiver 
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Line-Operated AC/DC Radio Receiver ............... . 
High-Quality FM Tuner ........................... . 

FM Stereo Multiplex Adapter ....................... . 
AM/FM Automobile Radio Receiver ................. . 
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Three-Band AM Radio Receiver ..................... . 
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Page 
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398 
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402 
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12-14 High-Quality 35-Watt Audio Power Amplifier. . . . . . . . .. 422 
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Phonograph Amplifier .......................... 428 
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12-25 Grid-Dip Meter ..................................... 442 
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12-31 

Code-Practice Oscillator ............................ . 
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AC Voltmeter ...................................... 466 
Astable Multivibrator ............................... 467 
Bistable Multivibrator .............................. 469 
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Arco Electronics, Inc. 
Community Drive 
Great Neck, N. Y. 

Arnold Magnetics 
6050 West Jefferson Blvd. 
Los Angeles, Calif. 

Automatic Manufacturing Co. 
Division of General Instrument Co. 
65 Governeur Street 
Newark, N. J. 

Better Coil and Transformer Inc. 
Goodland, Ind. 
Columbus Process Co. 
Columbus, Ind. 

Ferroxcube Corp. of America 
Old Kings Highway 
Saugerties, New York 
General Ceramic Corp. 
Crows Mill Road 
Keasby, N. J. 

Keystone Electronics. Corp. 
49 Bleeker Street 
New York, N. Y. 
Lafayette Radio Electronics 
Mail Order and Sales Center 
111 Jericho Turnpike 
Syosset, L. I., N. Y. 

Magnetic Metals Corp. 
Hayes Avenue at 21st Street 
Camden, N. J. 

P. R. Mallory and Co. Inc. 
3029 E. Washington Street 
Indianapolis, Ind. 

Microtran Co. Inc. 
145 E. Mineola Avenue 
Valley Stream, N. Y. 

Mid-West Coil and Transformer Co. 
1642 N. Halstead 
Chicago, Ill. 

N ytronics, Inc. 
550 Springfield Ave. 
Berkeley Hgts., N. J. 

J. W. Miller Co. 
5917 South Main Street 
Los Angeles, Calif. 

Radio Condenser· Corp. 
Davis and Copewood Street 
Camden, N. J. 

Stancor Electronics, Inc. 
3501 West Addison Street 
Chicago, Ill. 

Triad 
305 N. Briant Street 
Huntington, Indiana 

Thompson-Ramo-Wooldridge, . Inc. 
Electronic Components Division 
666 Garland Place 
Des Plaines, Ill. 

Thordarson 
7th and Bellmont 
Mt. Carmel, Ill. 

Vitramon, Inc. 
Box 544 
Bridgeport, Conn. 
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12-1 3-VOLT PORTABLE RADIO RECEIVER 

I 

I 
/ 

/ 
L __ 

.. CONVERTER IF AMPLIFIERS 

3V 

L ____________ ~~~ __ ~~----~~+0A~+IJ-_C20 

RI7 SI 

= 

Circuit Description 

R9 

AUDIO 
DRIVER 

This portable superheterodyne re
ceiver using low-voltage germanium 
transistor~ operates from a battery 
supply voltage of only 3 volts. A 
ferrite-rod antenna assembly, which 
includes the tuned antenna trans-

SECOND 
DETECTOR 

TYPE 
IN295 

POWER 
AMPLIFIER 

TYPE 
2N408 

T6 

Id 

former Tl, selects the amplitude
modulated rf signal from the de
sired radio broadcast station and 
couples it ·to the base of the 2N1526 
converter transistor. In the conver
ter stage, the modulated rf signal 
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12-1 3-VOLT PORTABLE RADIO RECEIVER (cont'd) 

Circuit Description (cont'd) 

is mixed with a local-oscillator sig
nal developed by the tuned circuit 
Lm, Co, and C, to produce the 455-
kc/s difference frequency used as 
the intermediate frequency. The an
tenna and oscillator tuning capaci
tors C2 and Co are mechanically 
ganged so that the antenna-input 
and oscillator circuits are adjusted 
together to maintain this difference 
frequency. Trimmer capacitors C, 
and C, are adjusted to maintain the 
required tracking relationship. Posi
tive feedback for the oscillator cir
cuit is provided by the inductive 
coupling between LlA and L,B• 

then demodulated in the second-de
tector circuit. The IN295 detector 
diode rectifies the if signal, and 
capacitor C. filters out the rf com
ponents so that only the audio
frequency (modulating-signal) com
ponent remains. The audio signal 
voltage is developed across the 
volume-control potentiometer R,. 
The portion of the audio signal at 
the wiper arm of R, is amplified by 
a 2N2614 audio voltage amplifier 
and then by a push-pull power am
plifier that uses two 2N408 transis
tors. The power-amplifier output 
drives the speaker voice coil to pro
duce an audible output from the 
receiver. This receiver is capable of 
supplying up to 25 milliwatts of 
audio power output. 

The 455-kc/s signal from the con
verter stage is amplified by two if
amplifier stages using 2N1524 tran
sistors. The amplified if signal is 

Parts List 
C, :=: trimmer, 3 to 15 pF 
C" Co :=: ganged tuning 

capacitor, C. = 9.5 to 141 
pF; C. = 7.2 to 109 pF 

C3, C. = 0.02 p.F, ceramic 
C. = 0.005 pF, ceramic 
C. = trimmer, 3 to 20 pF 
C., C12, Cu, C,., C,. :=: 0.05 

p.F, ceramic 
C. = 128 pF (part of T.) 
ClO = 2 pF, electrolytic, 

3 V 
Cll = 10 pF, electrolytic, 

3 v. 
Cll!, C"" = 100 pF, electro-

lytic, 3 V C,. = 125 pF, (part of Ta) 
C,. = 0.005 pF, ceramic C,. = 125 pF, (part of T.) 
Ll = oscillator coil; wound 

from No. 3/44 Lltz wire 
on coil form suitable for 
a No. 10-32 slug; L.A, 19 
turns; LtD, 155 turns, 
tapped at 8 turns from 
ground end, tunes with 
100 pF at 990 kilocycles 

R" R. = 10000 ohms, 
0.5 watt 

Ro :=: 3900 ohms, 0.5 watt 

Rs, R15 = 1500 ohms, 
0.5 watt 

R. = volume-control po
tentiometer, 5000 ohms, 
audio taper (part of as
sembly with ON-OFF 
switch S,) 

R. = 470 ohms, 0.5 watt 
R. == 6800 ohms, 0.5 watt 
R. = 39000 ohms, 0.5 watt 
R. = 330 ohms, 0.5 watt 
R'0 = 2700 ohms, 0.5 watt 
Rll = 270 ohms, 0.5 watt 
R,o = 10000 ohms, 0.5 watt 
R13 = 2200 ohms, 0.5 watt 
Ru = 240 ohms, 0.5 watt 
R,. = 100 ohms, 0.5 watt 
Rl1 = 47 ohms, 0.5 watt 
S, == ON-OFF switch (part 

of assembly with poten
tiometer fu) 

Sp = speaker; voice-coil 
impedance, 12 to 15 ohms 

Tl == antenna transformer; 
primary, 110 turns of No. 
10/41 Litz wire wound on 
a ~~" .. by-;'8"-by .. 4" fer
rite rod (pitch, 50 turns 
per inch); secondary, 6 
turns of No. 10/41 Litz 

wire wound at the start 
of the primary; Q = 
100 with transformer 
mounted on chassis; 
transformer should tune 
with 135 pF at 535 kilo
cycles 

T. == 1st if transformer; 
Thompson - Ramo - Woold
ridge EO-13550, or equiv. 

T3 == 2nd if transformer; 
Thompson - Ramo - Woold
ridge EO-13551, or equiv. 

T. = 3rd if transformer; 
Thompson - Ramo -Woold
ridge EO-13552, or equiv. 

T. == driver transformer; 
primary impedance, 10000 
ohms; secondary im
pedance, 2000 ohms, cen
ter-tapped 

To = output transformer; 
primary impedance, 100 
ohms, center-tapped; sec
ondary impedance, 15 
ohms (to match voice
coil impedance of 12 to 
15 ohms) 
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12·2 6-VOLT AUTOMOBILE RADIO RECEIVER 

TYPE 
2N28691 
2N301 

Circuit Description 
This 7-transistor superheterodyne 

radio receiver operates from the 
storage battery in automobiles em
ploying a 6-volt ignition system. The 

IF 
AMPLIFIER SECONO 

DETECTOR 

rf-amplifier stage uses a high-gain 
2N1637 transistor to provide the 
increased sensitivity and higher 
signal-to-noise ratio required in 
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12-2 6-VOLT AUTOMOBILE RADIO RECEIVER (conl'd) 

Circuit Description (cont'd) 
automobile radio receivers. The 
tuned rf amplifier selects and am
plifies the amplitude-modulated rf 
signal from the desired broadcast 
station picked up by the automobile 
whip antenna. The rf-amplifier out
put and a signal from the 2N1524 
local-oscillator stages are mixed in 
the 2N1639 mixer stage to provide 
a signal at the receiver intermediate 
frequency of 262.5 kc/s (this value 
is used rather than 455 kef s in auto 
radios because the tuned if ampli
fiers provide greater gain and selec
tivity at the lower frequency). 

able inductors L., L., and L. so that 
the local-oscillator frequency is al
ways 262.5 kcf s above the frequency 
to which the other circuits are 
tuned. Trimmer capacitors C" CB, 
and Cn are adjusted to provide the 
proper tracking relationship. 

The rf amplifier, mixer, and local 
oscillator are tuned together by 
means of mechanically ganged vari-

The 262.5 kc/s output from the 
mixer is amplified by a single 2N1638 
if amplifier, and is then demodulated 
in the lN295 second-detector cir
cuit. The audio signal output from 
the detector is developed across the 
volume-control potentiometer R .. , 
amplified by two 2N 408 audio volt
age amplifiers, and applied to the 
base of the 2N2869f2N301 power 
transistor, which drives the speaker. 

Parts List 

C'ui~~ 80 pF, variable 

C. = 820 pF, mica, 100 V 
C. = 2 pF, mica, 100 V 
CA, Cos = 25 p.F, elecrolytic, 

6V 
Cs, C., Ca, C,., C •• , C18 = 

0.05 p.F, ceramic disc 
Ca, Cl1 = 100-580 pF, vari-

able trimmer 
C. = 270 pF, mica 
C. = 0.005 p.F, ceramic disc 
Cw, C .. = 50 p.F, electro-

lytic, 6 V 
C12 = 0.0047 p.F, ceramic 

disc 
Cu, . ClS = supplied with Tl 
ClO = 500 p.F, electrolytic, 

3V 
Coo = 180 pF, mica, 100 V 
Cn Coo = supplied with T. 
Co., C25 = 1 p.F, ceramic 

disc, 3 V 
C .. = 0.04 p.F, ceramic disc, 

25 V 
Cos = 0.5 p.F, ceramic disc, 

25 V r.. = 5 p.R, rf choke 

L. La L. = tuner assembly; 
manufactured by F. W. 
Sickles Co. and Radio 
Condenser CorP,' 

L. = antenna coil; variable 
inductor tuned with 110 
pF; frequency range 535 
to 1610 kc/s; Q = 65 at 
1610 kc/s 

La = rf coil; variable induc
tor tuned with 600 pF; 
frequency range 535 to 
1610 kc/s; Q = 65 at 1610 
kc/s 

L. = oscillator transformer; 
primary, variable inductor 
tuned with 470 pF; fre
quency range 797 to 1872 
kc/s; Q == 65 at 1872 kc/s, 
secondary, 30 turns 

L. = output coil; 20 mH; 
1 ampere, 0.5 ohm max. 

R. = 82000 ohms, 0.5 watt 
R. = 2200 ohms, 0.5 watt 
R. = 33 ohms, 0.5 watt 
Ro R21 = 330 ohms, 0.5 watt 
R. RlO = 5600 ohms, 0.5 watt 
R. == 0.33 ohm, 1 watt 

R. = 180 ohms, 0.5 watt 
R. = 10000 ohms, 0.5 watt 
R. = 1500 ohms, 0.5 watt 
Rll R20 = 1000 ohms, 0.5 watt 
R12 R13 R14 = 68 ohms, 0.5 

watt 
R15 == 820 ohms, 0.5 watt 
R.B = 47000 ohms, 0.5 watt 
R17 = 1800 ohms, 0.5 watt 
R18 == 8200 ohms, 0.5 watt 
Roo R20 == 3300 ohms, 0.5 watt 
Rl. R.. = 1200 ohms, 0.5 watt 
Ro3 = 120 ohms, 0.5 watt 
R20 = 100000 ohms, 0.5 watt 
R2. = volume control, po-

tentiometer, 100000 ohms 
R20 = tone control, poten

tiometer, 10000 ohms 
T. = if transformer, Thomp

son-Rarno-Wooldridge 
No. E010173, Automatic 
Mfg. Co. No. E2740097 
AX, or equlvalent 

To = if transformer, Thomp
son-Ramo-Wooldridge 
No. E010174, Automatic 
Mfg. Co. No. E2740097 
BX, or equivalent 
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12-3 LINE-OPERA TED AC! DC RADIO RECEIVER 

CONVERTER 

Circuit Description 

This four-transistor ac/dc radio 
receiver operates directly from 
either an ac power line or a dc sup
ply of 117 volts. AC power inputs 

IF AMPLIFIER 

POWER AMPLIFIER 

SECOND 
DETECTOR 

are converted to dc power by the 
40265 rectifier. 

Amplitude-modulated rf signals 
from the desired radio broadcast 
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12-3 LINE-OPERATED AC/DC RADIO RECEIVER (cont'd) 

Circuit Description (cont'd) 

station are selected by the ferrite
rod antenna and input-transformer 
assembly L,. The converter stage 
uses a 40261 drift-field transistor in 
a common-emitter circuit configura
tion. Ganged variable capacitors C. 
and Co permit simultaneous tuning 
of the input and local-oscillator 
resonant circuits in the converter. 
Variable capacitors C, and C. pro
vide the trimmer adjustments. 

stabilty. The if amplifier is made 
selective at 455 kcf s by a double
tuned input transformer T. and a 
single-tuned output transformer T •. 
The audio-signal components are ex
tracted from the if signal by the 
1N295 detector diode and its asso
ciated components. The audio signal 
is amplified to the level required to 
drive the speaker by a 40263 driver 
stage and a 40264 power-output 
stage. A voltage-dependent resistor 
R,o is used as a damping resistor 
across the output transformer Ta to 
protect the 40264 output transistor 
from the destructive effects of tran
sient voltages. 

The 455-kcf s if output from the 
converter is amplified by a single 
if-amplifier stage which uses a 
40262 drift-field transistor in a 
common-emitter circuit for optimum 
balance of signal gain and circuit 

Parts List 

C" C2, C5, C. = ganged tun
ing capacitors; antenna 
section (C. and C2), 10 to 
152 pF; oscillator section 
(C5 and Co), 9.8 to. 110 pF 

Ca, C. = 0.02 JLF, ceramic 
C., C. = 110 pF, part of T. 
C. = 5 JLF, electrolytic, 3 V 
C.O = 1 pF. ceramic 
Cn, Coo = 0.01 JLF, ceramic 
C12 = 170 pF, part of T. 
Cla, C .. = 0.05 JLF, ceramic 
C15 = 100 JLF, electrolytic, 

25 V 
C •• = 1.JLF, ceramic 
C17 = 50 JLF, electrolytic, 

15 V 
C18 = 250 JLF, electrolytic, 

12 V 
C19 = 0.047 JLF, "Mylar", 

400 V 
C2. = 80 JLF, electrolytic, 

150 V 
L. = antenna coil, 150 turns 

of wire wound on 6-inch 
length of %-inch-diame
ter ferrite rod, tunes with 
135-pF capacitance at 535 
kc/s 

L2 = oscillator coil; pri
mary, 155 turns tap,l>ed 3 
turns from bottom (term. 
4) tunes with 100-pF 
capacitance at 990 kc/s; 
secondary, 10 turns; 
wound from Hy. Poly 
wire (no outer insula
tion) on slug (Arnold 
"E" or equiv.) 0.375 inch 
long and 0.181 inch in 
diameter 

R" R. = 47000 ohms, 0.5 
watt 

R2, R.a-2200 ohms, 0.5 watt 
R3-470 ohms, 0.5 watt 
R5-4700 ohms, 0.5 watt 
Ro = 0.22 megohm, 0.5 watt 
R. = 10000 ohms, 0.5 watt 
Ro = 270 ohms, 0.5 watt 
R. = potentiometer, 10000 

ohms, 0.5 watt, audio 
taper 

RlO = 56000 ohms, 0.5 watt 
Rn = 18000 ohms, 0.5 watt 
R12 = 820 ohms, 0.5 watt 
R •• = 330 ohms, 0.5 watt 
R,. = 8200 ohms, 0.5 watt 

R •• = voltage-dependent re
sistor, Ferroxcube No. 
E299DD-P340 or equiv. 

R,. = 250 ohms, 4 watts 
8. = ON-OFF switch, sin

gle-pole, single-throw 
Tl = if transformer (in

cludes C. and C.), pri
mary, 286 turns of No. 36 
Gripeze wire tapped at 
127 turns from bottom 
(term. 3): secondary, 286 
turns of No. 36 Gripeze 
wire tapped at 8 turns 
from bottom (term. 2). 

To = if transformer; pri
mary (includes C12), 230 
turns of No. 3/42 Litz 
wire tapped at 110 turns 
from bottom (term. 3); 
secondary, 17 turns of No. 
3/42 Litz wire. 

To = audio output trans
former; primary, 2500 
ohms; secondary, 3.2 
ohms; Triad No. 8-12X 
or equiv. 
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12-4 HIGH-QUALITY FM TUNER 
FOR MULTIPLEX RECEIVER 

r- ------,----\ 

g'~/ / \ 

TO AGC 
CIRCUIT IN 

IF AMPLIFIER 

Parts List 
c,. C. = trimmer capacitor. 

approximately 17 pF max
imum 

C,, Co. Coo = ganged tuning 
capacitor; C.. Co = 7.25 
to 19 pF. Coo = 6 to 21 pF 

C. == 6.8 pF. cera~c 
e. = 15,pF. ceranuc 
CG. Co. C •• C16. C19 = feed-

th:l'ough capacitor. 1000 pF 
C10 = 3.3 pF. ceramic 
C11 == 12 pF. ceramic disc 
C ... C .. = 4.7 pF, ceramic 
C .. = 0.33 pF. 
C,. = 15 pF. z.ero tempera

ture coefficient. NPO cer
amic 

Cn = trimmer capacitor. 
1.5 to 10 pF 

Cto = 240 pF. ceramic disc 
Cn = 0.005 p,F. ceramic disc 
C .. = 85.6 pF (part of T,) 
Co. = 39.3 pF (part of T,) 
C .. = 1000 pF (part of T,) 
e... e... e81. e... Css. c ... 

C .. = 0.01 p,F. ceramic disc 
C ... C.7. C..,. C .. = 0.05 p,F. 

ceramic disc 
Css. CO2 = part of To 
Coo == 5.6 pF. NPO disc 
C.. = 10 p,F. electrolytic. 

10 V 
C .. == 5 pF. NPO disc 
C.. = feedthrough capaci-

tor 1000 pF 
C ••• C .. == part of T. 
C.,. C... C .. = part of T. 
e.7. C.o = part of TG 
e.. == 1000 pF. ceramic disc 
Coo. COl = 330 pF. mica eo. = 5 p,F. electrolytic. 10 V 
L:t = antenna coil; second-

ary. 4 turns of No. 22 bare 
tinned wire. approxi-

mately 1 wire diameter 
.apart. wound on Oak an
tenna coil form. resonates 
with 27-pF capacitance at 
100 Mc/s. tuning slug is 
an Arnold "J" (0.181 inch 
in diameter and 0.250 inch 
in length) or equiv.; pri
mary. center-tapped. ap
proximately 4 turns of 
No. 30 gripeze wire wound 
below cold end of second
ary (primary winding 
may have to be shortened 
slightly to obtain op
timum impedance match) 

L. == rf interstage coil; ap
proximately 3-% turns of 
No. 18 bare tinned wire 
wound on a o/ts-inch
diameter coil form (re
move coil 'form after 
winding) tapped approxi
mately % turn from the 
cold end; exact winding 
length depends upon 
tracking requirements; 
coil should resonate with 
27 -pF capacitance at 100 
Mc/s 

La == rf choke. 1 p,F 
L. == oscillator coil; ap

proximately 3-~!. turns of 
No. 18 bare tinned wire 
wound on a %2-inch
diameter coil form (re
move coil form after 
winding); exact winding 
length depends on track
ing requirements; coil 
resonates with 37-pF ca
pacitance at 110.7 Mc/s 

Rl = 47000 ohms. 0.5 watt 
R. = 2200 ohms. 0.5 watt 

-8 VOLTS 

-8 VOLTS 

TO BASE OF 
IF AMPLIFIER 
TRANSISTOR 

Ra. R13. Ra. == 330 ohms. 0.5 
watt 

R •• R. = 4700 ohms. 0.5 watt 
Rs == 8200 ohms, 0.5 watt 
R. = 1200 ohms. 0.5 watt 
Rs = 12000 ohms. 0.5 watt 
Ro. Ra7 == 1000 . ohms. 0.5 

watt 
R,o. R,o. Roo. Rm. == 3300 

ohms. 0.5 watt 
R11. R'G = 100 ohms. 0.5 

watt 
R12. R16. RaG. Roo = 560 ohms. 

0.5 watt 
R14. R... Rss. R •• == 240 ohms. 

0.5 watt 
R17 = 0.68 megohm. 0.5 watt 
R18 = 0.1 megohm. 0.5 watt 
Roo == 8200 ohms. 0.5 watt 
Rm. = 10000 ohms. 0.5 watt 
R .. == 20000 ohms. 0.5 watt. 
a.. = 220 ohms. 0.5 watt 
Roo. R .. = 0.47 .megohm. 0.5 

watt 
R02 = 470 ohms. 0.5 watt 
RaG == 68 ohms. 0.5 watt 
Rss = 1500 ohms. 0.5 watt 
Rss. Roo == 6500 ohms. 0.5 

watt 
R40 = 100 ohms. 0.5 watt 
S,-AFC ON-OFF switch. 

single-pole. single-th:l'ow 
Tl-if transformer. Thomas

Ramo-Wooldridge No. 
EO-18896. Automatic Mfg. 
Co. No. EX-11831. or 
ell.uiv. 

To-If transformer. Thomas
Ramo-Wooldridge No. 

EO-18897. Automatic Mfg. 
Co. No. EX-11832. or 
equiv. 
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12-4 HIGH-QUALITY FM TUNER (cont'd) 

AGC VOLTAGE • 
TO 

BASE OF 
RF AMP. 

TRANSISTOR 

TO TI 
SECONDARY 

-6.5 V RII 

*C25 

AFC VOLTAGE 
• 

TO COLLECTOR 
OF OSCILLATOR 

TRANSISTOR 

IF AMPLIFIER STAGES 

I ~R20 
C33 - '? C34 

+ ~--~~--~--.--, 

= 

IF AMPLIFIER STAGES 

Parts List (cont'd) 
To--if transformer. Thomp

son-Ramo-Wooldridge No. 
EO-18898. Automatic Mfg. 
Co. No. EX-11833. or 
equiv. 

T.-if transformer. Thomp
son-Ramo-Wooldridge No. 
EO-18900. Automatic Mfg. 
Co. No. EX-118M. or 
equiv. 

RATIO DETECTOR 

TO 
MULTIPLEX 

ADAPTER 

T<>-ratio-detector t ran s -
former. Thompson-Ramo
Wooldridge No. EO-16786-
H2. Automatic Mfg. Co. 
No. EX-11633. or equiv. 
equiv. 

NOTE: See general considerations for construction of high-frequency and hroadhand circuits 
on pap 391. 
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12-4 HIGH .. QUALITY FM TUNER (cont/d) 
Circuit Description 

This high-quality FM tuner uses 
silicon n-p-n transistors that pro
vide good receiver quieting and 
limiting performance because of 
their high usable gains and low noise 
levels (typical device noise is 3 dB 
at 100 Mc/s for a 300-ohm source 
impedance). These transistors pro
vide excellent amplification in the 
FM band and are capable of sus
tained oscillation at frequencies up 
to 1100 Mc/s. 

The rf-amplifier stage uses a 
40242 transistor in a common-emitter 
circuit configuration to obtain the 
highest stable gain over the entire 
FM broadcast frequency range. This 
stage can provide an unneutralized 
gain of 15.4 dB. The operating point 
of the stage is chosen so that agc 
can be applied effectively. 

and thus increases conversion gain. 
The 40244 oscillator stage is ad
justed to provide a uniform injec
tion voltage to the base of the mixer 
transistor over the entire FM oscil
lator-frequency range. 

The four-stage if-amplifier strip 
uses two 40245 and two 40246 tran
sistors in a common-emitter circuit 
configuration to provide 23.4 dB of 
stable gain per stage.. The four 
double-tuned if transformers T" T., 
Ta, and T. provide a 6-dB bandwidth 
of 300 kc/s, which is adequate for 
reproduction of stereo signals. 

The agc voltage is developed at 
the collector of the second if-ampli
fier transistor by a 1N542 diode; and 
is applied to the base of the 40242 
rf-amplifier transistor. As a result, 
the final 40246 if-amplifier transis
tor can go into full limiting before 
appreciable agc is developed. This 
arrangement provides a relatively 
wide agc bandwidth which is helpful 
in tuning to strong signals. 

The 40243 mixer transistor is also 
operated in a common-emitter con
figuration. An oscillator-signal in
jection voltage of approximately 90 
millivolts is coupled across capaci
tor Cll to the base· of the mixer tran
sistor from the oscillator resonant 

FM detection is accomplished by 
the ratio-detector circuit, which in
cludes two 1N542 diodes and asso

circuit Cu , ClIi, C,S, and L •. A series- ciated components. The detector 
tuned trap La and C13 between the transformer T. is designed to pro
base and emitter of the mixer tran- vide the wide peak-to-peak separa
sistor reduces degeneration at the tion (450 kc/s) required for good 
intermediate frequency of 10.7 Mc/s stereo multiplex operation. 
12-5 FM STEREO MULTIPLEX ADAPTER 
Parts List 
c, = 0.33 pF. fixed compo

sition 
Cs. Cu. C12 = 0.05 J1.F. disc 

ceramic 
C. = 560 pF. mica 
C. = 0.01 J1.F. ceramic 
C. = 1000 pF. part of L. 
C. = 1000 pF._part of L. 
C •• Cs = 10 pF. NPO disc. 
C. = 1000 pF part of L. 
C'0 = 1000 pF. part of L. 
C,a = 1000 pF. part of T1 
C .. = 2 pF. electrolytic. 

12 V. 
ClIi = 390 pF. part of T. 
C, •• Cu. C18. C,. = 7500 pF. 

mica 
Coo. COl = 0.02 pF. disc 

ceramic 
CO2. C .. = 1 p.F. disc ceramic 
h = incandescent lamP. 14-

mAo 10-volt 
L1 = rf coil Thompson

Ramo-Wooldridge No. 
EO-14039 or equlv. 

L. = rf coil (includes C.) 
Thompson - Ramo - Woold
ridge No. EO-15485-Ro or 
equiv. 

La = rf coil (includes Co) 
Thompson - Ramo - Woold
ridge No. EO-15486-Ro or 
equiv. 

L. = rf coil (includes Co) 
Thompson - Ramo - Woold
ridge No. EO-17558 or 
equiv. 

L. = rf coil (includes C,0) 
Thompson - Ramo-Woold
ridge No. EO-17557 or 
eqtiiv. 

R1 = 0.12 megohm. 0.5 watt 
Ro. R.. RlIi = 47000 ohms. 

0.5 watt 
Ro. R... R.. = 3300 ohms. 

0.5 watt 
Ro, R... R.. = 8200 ohms. 

0.5 watt 
Ro. R18 = 470 ohms. 0.5 watt 

R. = 180 ohms. 0.5 watt 
Ro. Ru = 1000 ohms. 0.5 

watt 
R.. R'0 = 10000 ohms. 0.5 

watt 
Rll = 120 ohms. 0.5 watt 
R12. Ru = 560 ohms. 0.5 

watt 
R,. = potentiometer. thresh

old control, 50000 ohms 
R,o = 2200 ohms. 0.5 watt 
R,., R.. = 39000 ohms. 0.5 

watt 
Rm. R.. = potentiometer. 38-

kc/s and 76-kc/s null 
control. 5000 ohms 

T1 = transformer (includes 
C13) Thompson-Ramo
Wooldridge No. EO-15360-
R. or equiv, 

T. = transformer (includes 
ClIi) Thompson-Ramo
Wooldridge No. EO-15361-
Rot or equiv. 
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12-5 FM STEREO MULTIPLEX ADAPTER (cent'd) 

COMPOSITE-SIGNAL 
AMPLIFIER 

TYPE 
2NI524 

PILOT 
SEPARATOR 

19-kc/s 
AMPLIFIER 

AND 
LIMITER 

403 

BALANCED 
DOUBLER 

~-~r-------~----4---------~~--------~O-12V 
LAMP SWITCH 

38-kc/s 
AMPLIFIER 

AND 
LIMITER 

-12 V 

= 

TYPE 
IN541 

TO LEFT
CHANNEL 
OUTPUT . 

TO RIGHT
CHANNEL 
OUTPUT . 
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72-5 FM STEREO MULTIPLEX ADAPTER (cont'd) 

Circuit Description 

This FM stereo multiplex adapter, 
or demodulator, separates composite 
multiplex .signals supplied by an FM 
tuner, such as that shown by circuit 
12-4, into right- and· left-channel 
inputs for stereo aUdio-output 
stages. The adapter features a high 
input impedance, a noise-immunity 
circuit, and automatic switching for 
stereophonic or monaural reception. 

The input to the composite-signal 
amplifier is obtained from the ratio 
detector in the FM tuner. The am
plifier, which is essentially an iso
lation stage, uses a 2N1524 transis
tor in an emitter-follower circuit 
configuration to provide the high
input-impedance termination neces
sary to prevent excessive loading of 
the ratio detector. The composite 
signal is coupled from the emitter 
circuit of the amplifier through an 
SCA rejection filter (L. and C.) to 
the base of a second 2N1524 used in 
a pilot-separator stage. 

The collector circuit of the pilot 
separator consists of a double-tuned, 
top - capacitance - coupled, 19 - kcf s 
transformer (L2 and L.). This trans
former presents a highly selective 
load to the 19-kcf s pilot-frequency 
component included in the composite 
signal. The pilot-separator stage 
also acts as an emitter follower for 
the composite signal. 

The 2N1524 threshold amplifier 
and the 2N1632 19-kcf s amplifier 
and limiter comprise the noise-im
munity circuit. During operation, 
reverse bias is applied to the 2N1632 
through the threshold potentiometer 
R13• When noise or insufficient pilot 
is available from the FM detector 
(as in the case of a weak station 
or of monaural reception), the for
ward bias developed by the IN295 
bias-rectifier circuit is insufficient to 
overcome the preset reverse bias on 

the 2N1632, and stereophonic switch
ing is not accomplished. The presence 
of an acceptable pilot level (one 
that does not switch on interstation 
noise and yet provides adequate 
stereo reception) results in sufficient 
forward bias to make the 2N1632 
conduct and thus to permit opera
tion of the subcarrier regenerating 
stages. 

The output of the 19-kcf s ampli
fier and limiter is coupled by trans
former T, to a balanced frequency
doubler circuit. This circuit, which 
consists of two 1N295 diodes con
nected in a full-wave rectifier con
figuration, doubles the frequency of 
the 19-kcf s signal to regenerate the 
38-kcfs subcarrier required for de
tection of the left- and right-channel 
information in the composite signal. 

The 2N1534 38-kcf s amplifier and 
limiter supplies the bias current to 
turn on the 2N 408 lamp switch that 
indicates stereo operation of the 
adapter. The 38-kcf s subcarrier 
from the balanced doubler is am
plified by the 38-kcf s amplifier and 
limiter and applied to the primary 
of T2, and the composite signal from 
the emitter of the pilot-separator 
transistor is applied to the secondary 
center tap of T2• When a properly 
phased regenerated subcarrier is 
added to the composite signal, stereo 
demodulation is accomplished, and 
right- and left-channel information 
appears at the respective outputs. 

Monaurally transmitted signals 
that appear at the emitter of the 
pilot separator are applied directly 
to the balanced-detector transformer 
T. without activating the subcarrier 
regenerating stages. The demodu
lated signal then appears with equal 
amplitude in both left and right 
channels of the receiver. 
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12-6 AMI FM AUTOMOBILE RADIO RECEIVER 

Circuit Description 

This AM/FM receiver operates 
directly from a 12-volt automobile 
battery supply. AM or FM operation 
is selected by means of switch Sh 
A whip antenna picks up both AM 
and FM signals transmitted by radio 
broadcast stations. (The optimum 
antenna length for FM reception is 
29 inches.) RF choke L1 presents a 
high impedance at FM frequencies 
(88 to 108 Mc/s) so that FM signals 
cannot enter the AM tuner, but al
lows signals at AM frequencies (550 
to 1600 kc/s) to pass relatively un
impeded. Capacitor C1 provides low
impedance coupling of FM signals 
into the FM tuner, but blocks the 
passage of AM signals. 

When S1 is in the FM position, the 
FM tuner selects the frequency
modulated rf signal from the de
sired broadcast station, amplifies 
this signal, and converts it to the 
10.7-Mc/s intermediate frequency. 
The 2N1177 rf amplifier and the 
2N1179 autodyne converter transis
tors provide signal-power gains at 
the if output frequency of at least 
25 dB for input frequencies in the 
88-to-108-Mcl s FM band. Ganged 
tuning of the rf and converter stages 
insures that the local-oscillator fre
quency tracks the input tuning at 
10.7 Mc/s above the center fre
quency of the FM channel selected. 
Trimmer adjustments are provided 
by capacitors C" C1S, and C81 and 
inductors L2, L., and L.. A 1N295 
diode prevents oscillator blocking in 
the converter stage and thus extends 
the large-signal-handling capabili
ties of the FM tuner. 

The 10.7-Mc/s outpu~ of the FM 
tuner is amplified by three 2N1180 
tuned if-amplifier stages that pro
vide an over-all signal gain of 69 
dB. Good selectivity for FM signals 
is provided by four double-tuned 
transformers T" T2, T., and T •. 

The if strip is also used for AM 
operation. At the 262.5-kc/ s inter-

mediate frequency used in AM auto
mobile receivers, two of the 2N1180 
if stages provide more than ade
quate gain. Therefore, the first 
2N1180 stage is converted to an AM 
converter when Sl is set to the AM 
position. This stage and the 2N1637 
rf amplifier comprise the AM tuner. 
The 262.5-kcl s output from the AM 
tuner is amplified by the two re
maining 2N1180 if amplifiers and 
coupled to the 1N295 AM second
detector circuit. Selectivity for AM 
signals is provided by the 262.5-kc/ s 
if transformers T3, T., and T •. 

FM if signals are demodulated 
and the amplitude distortion is re
moved in the 1N542 ratio-detector 
circuit. A 1N295 AM detector cir
cuit separates the audio signal from 
(demodulates) the AM if signal. A 
third section of Sl then selects the 
audio output from either the FM 
ratio detector or the AM detector. 
The selected audio output is ampli
fied by 2N591 predriver and driver 
stages. The output of these stages 
drives a 2N2869/2N301 power am
plifier to develop the power neces
sary to produce the required speaker 
output. 

The agc network consisting of a 
1N295 diode, R26, and C.. develops a 
dc bias voltage proportional to the 
signal amplitude and applies it to 
the base of the 2N1637 transistor 
to provide automatic gain control 
for the AM receiver. The agc volt
age for the FM receiver is developed 
by a 1N295 diode circuit and applied 
to the base of the 2Nl177 rf tran
sistor. A 1N3182 diode circuit rec
tifies the signal across the tertiary 
(reference) winding of the ratio
detector transformer. The resultant 
frequency-sensitive dc voltage, ap
plied to the emitters of the FM con
verters and rf-amplifier transistors, 
provides automatic frequency con
trol (afc) for the FM tuner. 
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Parts List 
C, := 18 pF, ceramic disc, 

50 V 
C. := 5-80 pF, mica, trimmer 
C., Co, C,., C.. := 5 pF, 

ceramic disc, 50 V 
C., ClT, C .. := 6-21 pF, tun

ing capacitor 

C., C18, COl := 1-6 pF, mica, 
trimmer 

C. = 1.5 pF, ceramic disc, 
50 V 

Cs CtO C .. e.. c .. Coo C.a := 
0.05 p,F, ceramic disc, 
50 V 

C. Cn C14 C21 C2. C .. := 0.002 
JLF, feedthrough, 50 V C,. := 55-300 pF, mica, 
trimmer 

C13 := 390 pF, ceramic disc, 
50 V 

C16 = 0.005 p.F, ceramic 
disc, 50 V 
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12-6 AMI FM AUTOMOBILE RADIO RECEIVER (conYd) 

@'---, 

Parts List (cont'd) 
CI.. C.. = 4 pF. ceramic tuner; 4 turns No. 16 HF RI'Roo = 1500 ohms. 0.5 watt 

disc. 50 V on 0.220-inch form. spaced R16 R .. = 2200 ohms. 0.5 watt 
Coo = 330 pF. ceramic disc. %6-inch (approx.); tapped RIO R20 = 56011 ohms. 0.5 watt 

50 V at 1 turn; core "J" ma- Roo Ra. =: 18000 ohms. 
CO2 =: 2.2 pF. ceramic disc. terial Arnold Al-336 or 0.5 watt 

50 V equiv. R2l. R .. Roo =: 470 ohms. 
C2.. C2.. C... C.... e... Coo. L. = antenna coil for AM 0.5 watt 

c... C .. = 0.01 p.F. ceramic tuner; variable inductor; Roo = 3900 ohms. 0.5 watt 
disc. 50 V tunes with 120 pF over Roo = 1000 ohms. 0.5 watt 

C .. Coo =: part of TI the frequency range from Rat R .. R.., =: 6800 ohms. 
C .. =: 15 pF. ceramic disc. 535 to 1610 kc/s; Qo =: 60 0.5 watt 

50 V at 1610 kc/s· secondary R .. = potentiometer. 100000 

C""ciiS~:" 50 ,l.3 pF. ceramic L.8 ~~TIoil fO: AM tuner; R~~2g£ ~~~~~~t;-fter 
C .. =: 180 pF. N750 ceramic variable inductor; tunes Roo =: 4700 ohms. 0.5 watt 
C 80 550 F· with 560 pF over the fre- Roo = 3300 ohms. 0.5 watt 
ir~me~ P. mIca. quency range from 535 to Roo =: potentiometer. 250000 

C .. COl =: part of T2 1610 kc/s; Qo =: 60 at 1610 ohms. 0.5 watt. audio taper 
CO2 Coo CO2 =: part of To kc/s. no secondary R .. = 270 ohms. 1 watt 
C". C •• =: 0.001 .. F. ceramic La = rf coil for FM tuner; R .. =: 0.47 ohm. '0.5 watt 

'dIS. c. 50 V ~ same as L2 except has no TI =: FM if transformer; 
tap . Thompson - Ramo - Wool-

C •• =: 10 p.F. electrolytic. L. = miniature radio-fre- dridge No. 12224 or Auto-
25 V quency choke. 1 p.H (ap- matic Mfg. Co. No. E27-

C .. c.. = part of T. prox.) 41353AX or equiv. 
C •• = 1800 pF. =: 10%. L, = oscillator coil for FM T. T. = FM if transformer; 

ceramic disc tuner; 3 turns No. 16 HF Thompson - Ramo - Wool-
C .. C .. =: part of T. on 0.220-inch form. spaced dridge No. 12080R1 or 
eo. =: 2 pF. ceramic disc. %,-inch (approx.); core Automatic Mfg. Co. No. 

50 V "J" material Arnold A1- E2741166BX or equiv. 
C .. CO2 = part of T. 336 or equiv. T. = AM if transformer; 
C .. = 200 pF. ceramic disc. L. = oscillator coil for AM Thompson - Ramo - Wool-

50 V tuner; variable inductor; dridge No. 12414 or equiv. 
C.. = 20 ,p.F; electrolytic. tunes with 470 pF over T. = AM if transformer; 

25 V the frequency range from Thompson - Ramo - Wool-
e.. =: 1500 pF = 10%. 797 to 1872 kc/s; Qo =: 45 dridge No. 12415 or equiv. 

ceramic disc a30t t1u8ms72 kc/s; secondary T. = radio-detector trans-
,,_ F . former; Thompson-Ramo-
..... = 0.02 IL • ceramIC disc. L. = filter choke. 125 p.H Wooldridge No. 12007R1 

50 V (approx.) or Automatic Mfg. Co. e.. = part of T, RI R12 R.. = 100000 ohms. No. E2741166AB or equiv. ca V 10 p.F. electrolytic. 0.5 watt T, = AM if transformer; 
,,_. Ra R. = 560 ohms. 0.5 watt Thompson - Ramo - Wool-
vro = 2.2 ILF. ceramic disc. R. = 390 ohms. 0.5 watt dridge No. 12416 or equiv. c: ;; 200 ILF. electrolytic. &o.~~a~16 = 33000 ohms. T. = driver transformer; 
,,35 __ V 100 R.wR27attR<1 = 180 ohms. 0.5 primary 8000 ohms at 3 
""" p.F, electrolytic. rnA dc; secondary 60 

25 V R, = 68 ohms. 0.5 watt ohms; Columbus Process 
C .. = 500 p.F. electrolytic. Rs = 220 ohms. 0.5 watt Co. No. X5357 or equiv. 

25 V Rs = 680 ohms. 0.5 watt T. = output transformer; 
C •• , C •• = spark plate RIO = 4300 ohms. 0.5 watt primary 20 ohms at 700 
LI = 6.2 p.H. radio-fre- R13 = 1 megohm. 0.5 watt rnA dc; secondary 4 

quency choke Rl< R15 = 10000 ohms. ohms; Columbus Process 
La = antenna coil for FM 0.5 watt Co. No. 5383 or eQ,uiv. 
NOTE: See general considerations for construction of high-frequency and broadband Circuits 
on page 391. 
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12-7 LINE-OPERATED (AC/DC) AM/FM RADIO RECEIVER 

FM 
INPUT 

RI7 

Circuit Description 

This seven-transistor AM/FM 
radio receiver operates directly from 
either an ac power line or a dc sup
ply of 117 volts. AC power inputs 
are converted to dc power by the 
40265 rectifier. A series dropping 
resistor R .. reduces the rectifier out
put to the value of 9 volts required 
for the rf, if, and audio driver stages. 

IF AMPLIFIER (FM) 
OR CONVERTER (AM) 

TYPE 
40265 

R40 

Operation of this ac/ dc AM/FM 
receiver is essentially the same as 
that of the AM/FM automobile re
ceiver shown in circuit· 12-6, except 
that po rf-amplifier stage is re
quired for AM operation. Demodula
tion of FM signals is accomplished 
by a conventional ratio detector 
which uses two IN541 diodes. AM 
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12-7 LlNE.OPERATED (AC/DC) AM/FM 
RADIO' RECEIVER (cont'd) 

Circuit Description (cont'd) 
demodulation is provided by a 1N295 
diode detector circuit. The audio 
amplifier uses a 40263 transistor in 
an emitter-follower driver stage and 
a 40264 high-voltage silicon transis
tor in a single-ended, common
emitter audio-output stage. The 

Parts List 

audio-output stage can deliver one 
watt of audio output to the speaker 
with less than 10 per cent distortion. 
A voltage-dependent resistor Ra. 
provides transient-voltage protec
tion for the output circuit. 

C,. C2 = 470 pF. mica wire. spaced to %6 inch. form to take 10/32 slug 
C •• C20 = 2.2 pF. ceramic wound on a 0.220-inch- (Arnold 1RN8 or equiv.); 

disc diameter coil form that secondary 4-~!. turns No. 
C •• C .. = 4 /LF. electrolytic. takes a No. 10/32 slug 16 wire spaced to ~2-

3 V (Arnold No. LRN8 or inch; primary 3 turns. 
C •• C ... Co2. Cn = 0.05 /LF. equiv.) center-tapped. w 0 u n d 

ceramic disc Lo = rf coil. 1 /LH over ground end of 
Co. C,.. C .. = ganged tuning L. = FM oscillator coil; 3 secondary. 

capacitors. 7 to 20 pF turns of No. 16 wire T2 = 10.7-Mc/s if trans-
C •• C •• = 5 pF. ceramic disc spaced to 0.4-inch. wound former. Thompson-Ramo-
C •• C12. ClO = feedthrough on 0.220-inch-diameter Wooldridge No. 17214-Rl 

capacitors. 0.002/LF coil form that takes a No. or equiv. 
C •• Cao. C32. C ... C ... C ... Co.. 10/32 slug (Arnold No. Ta-AM antenna coil; pri-

C .. = 0.01 /LF. ceramic LRN8 or eqwv.) mary No. 2/38 Litz wire' 
C,O. C, •• C'" = trimmer ca- Rl = 5600 ohms. 0.5 watt wound across length of 

pacitors. 2 to 12 pF R. = 390 ohms. 0.5 watt General Ceramic. ceramic 
Cu = 4.7 pF. ceramic disc R •• Rn = 2200 ohms. 0.5 Q rod (0.33-inch dia. 6 
C, •• C .. = 1500 pF. ceramic watt inches long) to tune 

disc R •• Rl •• R,. = 100 ohms. 0.5 broadcast band with tun-
C ... COl = 4 pF. ceramic . watt ing capacitors as shown; 
C,. = 3.3 pF. ceramic disc Ro. R. = 47000 ohms. 0.5 secondary 10 turns No. 
C •• = 270 pF. ceramic disc watt 2/38 Litz wire bifilar 
C ... Ca. = 51 pF. mica Re. R .. = 680 ohms. 0.5 watt wound at ground end of 
C .. = 15 pF, ceramic disc R. = 2700 ohms. 0.5 watt primary 
C .. = 1200 pF. ceramic disc Re = 15000 ohms. 0.5 watt Tt-10.7-Mc/s if trans-
C ... Cn = tuning and trim- RlO. R30. Rn = 0.47 megohm, former. Thompson~Ramo" 

mer capacitors for AM 0.5 watt Wooldridge No. 17215-R. 
Ru = 18000 ohms. 0.5 watt or equiv. 

antenna coil. combined R12 = 4700 ohms. 0.5 watt T.:=: AM oscillator coil; 
value 12 to 310 pF R1.. R2. = 1000 ohms. 0.5 secondary 20 turns No. 

C ... C .. = 3.9 pF. ceramic watt 2/38 Litz wire wound on 
C ... C .. = 0.005 p.F. ceramic R1. = 330 ohms. 0.5 watt %.-inch-dia. coil form; 

disc R1. = 820 ohms. 0.5 watt primary 95 turns wound 
Coo = 470 pF. mica R1. = 68000 ohms. 0.5 watt over secondary tapped at 
C .. = 0.003 pF. ceramic R20 = 10000 ohms, 0.5 watt 5 turns; slug. General 
C ... C.O = tuning and trim- R ... = 12000 ohms. 0.5 watt Ceramic. ceramic Q rod 

mer capacitors for AM R2. = 470 ohms. 0.5 watt %-inch long 
oscillator coil. combined Rat = 68 ohms. 0.5 watt T. = 455-kc/s if trans-
value 12 to 128 pF R"". R2 •• R.. :=: 6800 ohms. former. Thompson-Ramo-

C ... C ••• Cso. C •• = 56 pF 0.5 watt Wooldridge No. 17217-& 
Cn = 220 pF. ceramic disc R87 :=: 1500 ohms. 0.5 watt or equiv. 
C .. , CS1 = 0.01 /LF. ceramic R .. = volume control. po- T7 = 10.7-Mc/s if trans-

disc tentiometer. 40000 ohms former. Thompson-Ramo-
C .. = 10 /LF electrolytic. 3 V Ro. :=: 39000 ohms. 0.5 watt Wooldridge No. 17216-R. 
C •• :=: 2400 pF, mica R3.I = 82000 ohms. 0.5 watt or equiv. 
C .. = 3600 pF. ceramic R35 :=: 560 ohms. 0.5 watt T.:=: 455-kc/s if trans-
C .. :=: 47 pF. ceramic disc R .. = 3900 ohms. 0.5 watt former. Thompson-Ramo-
e... Coo. Col = 330 pF, R .. = 82 ohms. 0.5 watt Wooldridge No. 17218 or 

ceramic disc R .. = 3000 ohms, 5 watt equiv. 
C ••• Coo = 0.47 /LF. ceramic R .. = voltage-dependent re- T. = ratio-detector trans-

disc sistor. Ferroxcube No. former. Thompson-Ramo-
C •• :=: 150 /LF. electrolytic, E299DD-340 or equiv. Wooldridge No. 16786-R2 

6 V R", = 200 ohms, 5 watt or equiv. 
C .. = 150 /LF. electrolytic. Sl = selector switch, five. TlO = 455-kc/s if trans-

15 V pole. three-position former. Thompson-Ramo-
C .. = 0.02 /LF. ceramic disc S2 = ON-OFF switch (part Wooldridge No. 17219-Rl 
C.O = 80 /LF, electrolytic, of R .. ) or equiv. 

150 V T1 = input matching trans- Tl1 = audio output trans-
Ll = rf choke. 10 p.H former; 0.220-inch outer- fo~er. Triad S-12X or 
L. = 4-% turns of No. 16 diameter threaded coil eqwv. 
NOTE: See general considerations for construction of high-frequency and broadband circuits 
on page 391. 
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12-8 THREE-BAND AM RADIO RECEIVER (con'td) 

Parts List 

B = 9 volts L. = 34 pH at 3100 kc/s, megohm, audio taper 
C1 c.. C .. = variable, 26.1 to short-wave rf coil, Qo = Roo = 560 ohms, 0.5 watt 

251 pF 81; turns ratio, N1/N., 87:1 R21 = 330 ohms, 0.5 watt 
C. C. C. C .. C .. C •• = trim- LG = 370 pH at 1000 kc/s, R .. = 100 ohms, 0.5 watt 

mer, 3-35 pF, Arco 403, or broadcast rf coil, Qo = 80; &'. = 4.7 ohms, 0.5 watt 
equivalent turns ratio, N1/No, 2.5:1; R •• = 3.9 ohms, 0.5 watt 

C. = 0.25 pF, ceramic disc N./N3, 25:1 R .. = 3.9 ohms, 0.5 watt 
C7, CtO, Ct., C.s = 0.05 pF, L7 = 4200 JLH at 270 kc/s, St.-Sab = three-section 

ceramic disc long-wave rf coil, Qo = wafer switch 
C8 Cll Cta = trimmer, 1.5-20 10; turns ratio Nt/Na, 5. = speaker, 3.2 ohms 

pF, Arco 402, or equiv. 91:1 (measured with Tl = first if transformer (455 
Cu, C .. = 0.01 JLF, ceramic 100000-ohm shunt) kc/s): double-tuned cri-

disc Ls = 29 JLH at 3550 kc/s, tical coupling, Automatic 
C,. = 0.0005 pF, ceramic short-wave oscillator coil, Mfg. Co. No. E-2,749,067-

disc Qo = 20; turns ratio EX, or equivalent 
Cu, C18, C3l = 0.02 JLF, Nt/N., 25:1. Nt/N •• 4:1 To = second if transformer 

ceramic disc Lo = 200 pH at 1455 kc/s. (455 kc/s): single-tuned. 
C, •• C •• = 350 pF. part of T, broadcast oscillator coil, Automatic Mfg. Co. No. 
Coo = 900 pF, silver mica Qo = 39; turns ratio Nt/N., E-2,749,067CX, or equiv. 
Cn = 300 pF, silver mica 29:1, N,/N., 13:1 Ta = driver transformer: 
Co2 = 91 pF, silver mica Lto = 1100 JLH at 725 kc/s, primary 10000 ohms, sec-
C .. = 10 pF, ceramic disc long-wave oscillator coil, ondary, 2000 ohms, center 
C •• = 10 pF. 3 volts. elec- Qo = 17; turns ratio tapped; Mid-West Coil 

trolytic N,/N., 21:1, N,/N., 12:1 and Transformer Co. No. 
Coo = 220 pF, ceramic disc, (measured with 200000- 20AT88, or equivalent 

supplied with T. ohm shunt) T. = output transformer: 
CO2 = 2 pF, 3 volts. elec- R, = 270 ohms, 0.5 watt pl:imary, 250 ohms center 

trolytic &, = 150000 ohms, 0.5 watt tapped; secondary, 3.2 
Cas = 10 pF, 3 volts, elec- R. = 22000 ohms, 0.5 watt ohms; Mid-West Coil and 

trolytic R 0 h 0 5 tt Transformer Co. No. 20-
CM = 100 /LF. 3 volts, elec- • = 10000 0 ms, . wa AT86, or equivalent 

trolytic R. = 560 ohms, 0.5 watt NOTE 1: Components Co, 
C .. = 0.04 /LF, ceramic disc Ro = 1800 ohms, 0.5 watt L., and R. make up an 
C C 100 F 10 volts R7 = 18000 ohms, 0.5 watt if trap in the long-wave 
-:;lecb-o~tic /L , 'R. = 1200 ohms, 0.5 watt band and are used to im-

LI = 42 JLH at 3100 kc, R. = 3300 ohms, 0.5 watt prove if rejection and 
short-wave antenna coil, Rto = 200000 ohms, 0.5 watt signal-to-noise ratio. 
Qo = 75; turns ratio Rll = 47000 ohms, 0.5 watt NOTE 2: For the antenna 
Nt/N., 1.67:1; N./N., 18:1 RlO = 270 ohms, 0.5 watt and rf coils, NI refers to 

L. = 380 /LII at 1000 kc/s, RIa = 10000 ohms, 0.5 watt the turns of the primary 
broadcast, antenna coil, R .. = 1000 ohms, 0.5 watt winding, N. to the tapped 
Qo = 184; turns ratio R15 = volume control, 1 portion of the primary, 
NI/N., 78:1 megohm, reverse log. and Na to the secondary. 

La = 4600 /LH at 270 kc/s, taper For the oscillator coils, N, 
long-wave antenna coil, RIO = 4000 ohms, 0.5 watt refers to the tank wind-
Qo = 69; turns ratio RI7 = 27000 ohms, 0.5 watt ing, N. to the emitter 
NI/Na, 91:1 R18 == 4700 ohms, 0.5 watt winding, and N. to the 

L. = 5 pH. part of if trap Rto = tone control, 1 collector winding. 
NOTE: See general considerations fo'r construction of high-frequency and broadband circuits 
on page 391. 

Circuit Description 
In this three-band superhetero

dyne AM receiver, three mechani
cally ganged, three-position, mul
tiple-section wafer switches S" S2, 
and S. select the proper combination 
of antenna, rf-amplifier, and con
verter tuned circuits for long-wave, 
broadcast-band, or shortwave opera
tion. Each band uses a 455-kc/ s 
intermediate frequency so that the 
same if amplifier can be used. The 
whip antenna is optimized for the 
shortwave band because the gain 
of the receiver is lower at these 
higher frequencies. 

The signal received by the an
tenna is coupled by a single-tuned 

antenna transformer (L. for short
wave signals, L. for broadcast-band 
signals, or La for long-wave signals, 
depending on the setting of the se
lector switch S,) to the emitter of 
the 2N1632 rf-amplifier stage. 
Single-tuned coupling is used to 
transfer the received signal from 
the collector of the 2N1632 to the 
emitter of the 2N1526 converter 
stage. Switch S2 selects Ls and its 
associated tuning capacitors for 
shortwave operation, L. and its asso
ciated tuning capacitors for broad
cast-band operation, or L7 and its 
associated tuning capacitors for 
long-wave operation. 
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Circuit Description (cont'd) 
The oscillator signal is supplied 

to the converter transistor from the 
. oscillator resonant circuit (Ls and 
associated components for short
wave, L. and associated components 
for broadcast band, or L.o and asso
ciated components for long-wave, as 
determined by the setting of switch 
Sa). Tuning capacitors C1, C., and Cu, 
which are common to the three 
bands, are ganged to assure that the 
oscillator frequency is. always 455 
kcfs above the frequency of the re
ceived signal. Trimmer capacitors 
are provided in each tuned-circuit 
network (in each band) to assure 
that proper tracking is maintained 
throughout the band. 

The 455-kcf s intermediate-fre
quency signal is coupled from the 

collector of the 2N1526 converter 
to the base of the 2N1524 if ampli
fier by the dOUble-tuned if trans
former T,.. The single-tuned if 
transformer T. couples the amplified 
if signal to the anode of the detec
tor diode. The diode circuit sepa
rates the audio signal from the 
modulated if signal and develops an 
audio voltage across the volume
control potentiometer R... The por
tion of this audio signal coupled 
from the wiper arm of· R.. to the 
2N408 transistor is used to develop 
the driving power for the 2N270 
transistors used in the push-pull 
audio-output stage. This push-pull 
stage develops the power to drive 
the speaker voice coil. 

12-9 HIGH-QUALITY PREAMPLIFIER 
FOR PHONO, FM, OR TAPE PICKUP 

Circuit Description 
This preamplifier has equalized 

input circuits for FM stereo (flat), 
ceramic and magnetic phonograph 
pickups, and tape-recorder heads. 
Level controls are provided for FM 
and ceramic and magnetic phono
graph inputs. High input impedance 
and input equalization are provided 
in each operating mode by a directly 
coupled two-stage input section that 
uses frequency-sensitive negative 
feedback to provide the desired in
put characteristics. The 2N2613 
transistor used in the first stage has 
low noise, low saturation current, 
wide frequency response, and high 
gain. The 2N591 transistor used in 
the second stage has excellent linear
ity and better-than-average noise 
characteristics. The operating points 
selected for these stages provide 
both low noise performance and an 
adequate dynamic range. 

Both tone controls in the pre
amplifier provide full-range boost 
and cut functions; interaction is neg
ligible. Distortion is low for any 

tone-control setting. The collector
to-base feedback in the third and 
fourth stages works with the tone 
controls to provide the over-all 
tonal response of the preamplifier. 
The 2N 408 stages amplify the sig
nal to the input level required by 
most transistor audio power ampli
fiers. The sensitivity of the pream
plifier at full volume is such that 
a I-millivolt input (2-millivolt tape 
input) results in a 42-millivolt out
put. For a given input level, the 
output response (with controls flat) 
is constant within ± 1 dB from 10 
to 20,.000 cf s. 

The dc power for the preamplifier 
may be obtained from the power 
supply for the audio amplifier. If 
necessary, a voltage-dropping re
sistor should be used to reduce the 
supply voltage to the -18 to -22 
volts required for the preamplifier 
stages. This preamplifier is espe
cially suited for use with the 15-
watt and 35-watt high-quality audio 
amplifiers, circuits 12-12 and 12-14. 
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72-9 HIGH-QUALITY PREAMPLIFIER 
FOR PHONO, FM, OR TAPE PICKUP (cont'd) 

TAPE r-----~--------------_.------------~~-22V· 

LEVEL t-.I\RI \9.A __ C5 

RII 

Parts List 

C1 =-25 p.F, electrolytic, 3 V 
C. = 0.06 JtF ± 5%, ceramic, 

50 V 
C. = 0.2 JtF ± 5%, ceramic, 

25 V 
C. = 50 p.F, electrolrtic, 3 V 
C. = 270 pF~ ceramlC, 600 V 
Ce, C1. = u.05 p.F ± 5%, 

ceramic, 50 V 
C. = 0.25 p.F, ceramic, 50 V 
C. = 25 JtF, electrolytic, 15 V 
C. = 2 p.F, electrolytic, 3 V 
C'G, C .. = 2 p.F, electrolytic, 

10 V 
Cn = 0.15 JtF ± 5%, 

ceramic, 50 V 
C12 = 0.12 p.F ± 5%, 

ceramic, 50 V 
C'io V 10 p,F, electrolytic, 

C15 = 0.003 I'F ± 5%, 
ceramic, 500 V 

·POWER SUPPLY IS COMMON TO BOTH 
CHANNELS OF STEREO AMPLIFIER. 

Rl = level control, poten
tiometer, 50000 ohms, 0.5 
watt 

& = 51000 ohms, 0.5 watt 
R. = level control, poten

tiometer, 1000 ohms, 0.5 
watt 

14 = level control, poten
tiometer, 5000 ohms, 0.5 
watt 

R5 = 1 megohm, 0.5 watt 
Rs = 15000 ohms, 0.5 watt 
R. = 47000 ohms, 0.5 watt 
R. = 100 ohms. 0.5 watt 
Rs = 0.1 megohm ± 5%, 0.5 

watt 
RlO = 0.18 megohm, 0.5 watt 
Rl1 = 820 ohms ± 5%, 0.5 

watt 
R12 = 27000 ohms ± 5%, 0.5 

watt 
R13 = 1500 ohms ± 5%, 0.5 

watt 

Ru = 1000 ohms, 0.5 watt 
R15 = 1800 ohms, 0.5 watt 
RIO = 330 ohms, 0.5 watt 
R17 = volume control, po-

tentiometer, 10000 ohms, 
0.5 watt 

R1. = 56000 ohms, 0.5 watt 
R19 = 6800 ohms, 0.5 watt 
Roo, &. = 2700 ohms, 0.5 

watt 
R21 = 180 ohms, 0.5 watt 
R.. = bass control, poten

tiometer, 50000 ohms, 0.5 
watt 

R .. = 0.1 megohm, 0.5 watt 
R.. = 3300 ohms, 0.5 watt 
fuo = treble control, poten-

tiometer, 0.1 megohm. 0.5 
watt 

a... = 27000 ohms, 0.5 watt 
81 = selector switch; rotary 

type; 2-pole, 3-position 
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12-10 LINE-OPERATED TWO-STAGE 
PHONOGRAPH AMPLIFIER 

Output 1 W 

RII 

LOUDNESS 
R4 CONT. 

BASS 
CONT. 

Parts List 
C" c. = 1200 pF, ceramic 
C. = 0.005 JLF, ceramic 
C. = 100 p.F, electrolytic, 

25 V 
C. = 0.1 p.F, ceramic 
C. = 0.01 p.F, ceramic 
C. = 250 p.F, electrolytic, 

12 V 
C. = 50 p.F, electrolytic, 

150 V 
Rl = 56000 ohms, 0.5 watt 
a. = bass control, poten

tiometer, 3 megohms, 
audio taper 

R., R. = 68000 ohms, 0.5 
watt 

R< == 0.33 megohm, 0.5 watt 
R. = treble control, poten

tiometer, 1 megohm, 
audio taper 

RB, RlO = 10000 ohms, 0.5 
watt 

R7 = loudness control, po
tentiometer, 2 megohms, 
linear taper; tapped at 
1 megohm 

Rs == 0.18 megohm, 0.5 watt 

TYPE 
RI4 40265 

117 V 
AC/DC 

Ru = 33000 ohms, 0.5 watt 
R,. = voltage-dependent re

sistor, Ferroxcube No. 
E299DD-P340 or equiv. 

R,. = 220 ohms, 0.5 wJtt 
R,. = 250 ohms, 3 watts 
5. = ON -OFF switch, sin

gle-pole, single-throw 
Tl = output transformer; 

primary 2500 ohms, sec
ondary 3.2 ohms, effi
ciency 80 per cent; Triad 
5-12X or equiv. 
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12-10 LINE-OPERATED TWO-STAGE 
PHONOGRAPH AMPLIFIER (cont'd) 

Circuit Description 

This two-transistor phonograph 
amplifier provides full output power 
of one watt at average record levels 
with a ceramic phonograph car
tridge such as the Astatic model 
314 or equivalent. It operates di
rectly from either an ac power line 
or a dc supply of 117 volts. A 40265 
diode is used in a half-wave recti
fier circuit to convert ac inputs to 
the dc power required for the two 
transistor stages. Capacitor C. fil
ters the rectifier output. 

The 40264 n-p-n output transistor 
is driven by a 40263 p-n-p transis
tor operated in an emitter-follower 
stage. Because of the. large, by
passed emitter resistor R13, the am
plifier can maintain a constant 
output-stage current for wide varia
tions in current transfer ratio of 
the transistors without loss of ac 
gain. Moreover, the phase reversal 
between the collector currents of the 
two transistors tends to compensate 
for temperate effects. Any tendency 
for current in the 40264 transistor 
to increase with temperature is off
set by an increase in emitter cur
rent of the 40263 transistor. 

Output transformer T, is used to 
match the amplifier to the speaker 
to obtain an output of one watt. 
The electrolytic capacitors C" CT, 
and C. can be sections of a multiple
section common-negative capacitor. 

The power gain of the basic am
plifier circuit is 68 dB. An input of 
3 microamperes is required to a 
load of 15,000 ohms to obtain a 
power output of one watt. The sta
bility of the circuit is excellent; the 
sensitivity remains relatively con
stant over the range of ambient 
temperatures from 25 to 70·C. Dis
tortion is less than 1 per cent for 
outputs below 50 milliwatts, and ap
proaches 10 per cent as the output 
rises to one watt, the point at which 
clipping begins. At a line voltage of 
117 volts, the 40264 transistor idles 
at a dissipation of approximately 
2.5 watts. The 40264 should be con
nected to a suitable heat sink so 
that the junction temperature will 
not exceed 150·C under worst-case 
conditions. The voltage-dependent 
resistor R12 provides transient
voltage protection for the output 
transistor. 
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12-11 HIGH-QUALITY lO-WATT AUDIO POWER AMPLIFIER 

C3 
+ 

AF 
INPUT 

R3 

R2 

R4 

Parts List 
C'6 V 50 p.F. electrolytic. 

C. = 250 pF. ceramic 
CS25=V 50 p.F. electrolytic. 

C. = 100 pF. ceramic 
C'6 V 100 p.F. electrolytic. 

C050.J000 p.F. electrolytic. 

Ct2slooO p.F. electrolytic. 

F. = fuse. l-ampere 
R. = volume control. po

tentiometer. 5000 ohms. 
0.5 watt (part of assem
bly with ON-OFF switch 
51) 

R2. He = 1000 ohms. 0.5 watt 
He = 36000 ohms. 0.5 watt 
R •• R, = 4700 ohms. 0.5 watt 
He = 180 ohms. 0.5 watt 
R7 = 470 ohms. 0.5 watt 
R. = 68000 ohms. 0.5 watt 

R10. R11 = 220 ohms. 0.5 watt 
R12. R1. == 1 ohm. 1 watt 
81 = ON-OFF switch (part 

of assembly with volume
control potentiometer R1) 

T1 = power transformer; 
primary. 117 volts rms; 
secondary. center-tapped. 
27 volts rms. from center 
tap to each end at 500 
mA dc 
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12-11 'HIGH-QUALITY IO-WATT AUDIO 
POWER AMPLIFIER (cont'd) 

Circuit Description 

This high-quality audio amplifier 
can supply 10 watts (rms) of power 
to an 8-ohm speaker for an input 
of 1 volt rms. The output impedance 
of the amplifier is designed to match 
an 8-ohm speaker without the use 
of an output transformer. Series
connected 40310 n-p-n transistors 
are used in the output stage. The 
driver stage uses a 40319 p-n-p 
transistor and a 40314 n-p-n tran
sistor connected in complemen
tary symmetry to develop push-pull 
drive for the output stage so that 
no driver transformer is required. 
(The use of driver and output trans
formers would tend to limit the 
over-all frequency response of the 
amplifier.) The over-all negative 
feedback of 6 dB and other factors 
result in an amplifier frequency re
sponse that is flat within 1 dB from 
15 to 25,000 c/ s. ,The use of direct 
coupling between stages and local 
dc feedback for each stage results 
in stable quiescent operation of the 
amplifier at ambient temperatures 
up to 71°C. 

The input stage of the amplifier 
employs a 40317 n-p-n transistor 
connected in a class A common
emitter circuit configuration. Nega
tive feedback from collector to base 
of the transistor stabilizes opera
tion of the input stage. 

The amplified signal developed at 
, the collector of the 40317 is directly 
coupled to the base of the 40319 
driver transistor, and the signal at 
the junction of the collector load re
sistors R. and It. is directly coupled 
to ,the base of the 40314. Because 

these driver transistors are con
nected in complementary symmetry, 
the outputs developed across re
sistor RlO and R" are 180 degrees 
out of phase. The IN3754 diodes 
connected between the bases of the 
driver transistors are used to com
pensate for the effect of tempera
ture variations on the performance 
of the output transistors. 

The 40310 series-connected out
put transistors are operated in class 
AB rather than class B to prevent 
cross-over distortion. The drive in
put from the 40314 driver transis
tor is applied between the emitter 
and base terminals of its output 
transistor so that this output tran
sistor is effectively operated in a 
common-emitter configuration. As a 
result, both output transistors pro
vide equal voltage gain. The small 
amount of degenerative feedback de
veloped across emitter resistors R,. 
and R'3 helps to stabilize the output 
stage. The limiting action of the 
IN3193 diodes connected in shunt 
with the emitter resistors prevents 
exeessive power losses across these 
resistors when the amplifier is 
operated to provide the full rated 
output of 10 watts. 

This audio power amplifier oper
ates from a 117-volt, 60-c/s ac power 
input. The input is coupled by 
power transformer T, to a conven
tional full-wave rectifier using two 
IN3193 diodes. The rectifier pro
vides a 36-volt dc output for use as 
the collector supply voltage for the 
amplifier. 
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12-12 HIGH-QUALITY 15-WATT AUDIO POWER AMPLIFIER 

IHFM Music Power Rating 36 W 

TO 
HIGH

QUALITY 
PREAMP. 

-22V 

+22V F3 

Parts List 

Cg 

c.; V 200 JiF, electrolytic, 

C. = 82 J,F, ceramic 
C'!5=V1 p.F, electrolytic, 

C'G V 200 JiF, electrolytic, 

Co15= V 250 p.F, electrolytic, 

C. = 0.015 JiF, ceramic 
C., C. = 100 p.F, electrolytic, 

25 V 
C •. ·C.o = 2500 p.F, electro

lytic, 25 V 
F. = fuse, small enough to 

protect speaker 
F., F. = fuse, 3-ampere 

-38. V 
FROM FRONT-

END POWER 

F, = fuse; I-ampere, slo-
blo 

R. = 18000 ohms, 0.5 watt 
& = 3300 ohms, 0.5 watt . 
R. = 10000 ohms, 0.5 watt 
R, = ·27000 ohms, 0.5 watt 
Ro = 33000 ohms, 0.5 watt 
R. = 1500 ohms, 1 watt 
R. = 1200 ohms, 0.5 watt 
R. = 330 ohms, 0.5 watt 
R. = 2700 ohms, 0.5. watt 
R.o = 180 ohms, 0.5 watt 
Ru = 4.7 ohms, 0.5 watt 
R .. = 560 ohms, 2 watts 
R.. = 150 ohms, carbon, 5 

watts 
R .. , R •• = 180 ohms, 2 watts 

SUPPLY 

OUTPUT 
(SOHMSI 

R.o, R17 = 120 ohms, 1 watt 
R.s. R •• = 0.27 ohms, 1 watt 
T. = driver transformer, 

Better Coil and Trans
former Company No. 
99A7 or equiv. 

T. = power transformer, 
Better Coil and Trans
former Company No. 
99P5 or equiv. 

• Capacitor C. should not be 
used when the amplifier 
is driven by preamplifier 
circuit 12-9 or an~ other 

preamplifier circuIt that 
has a capacitively coupled 
output. 
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12-12 HIGH-QUALITY 15·WATT AUDIO 
POWER AMPLIFIER (cont'd) 

Circuit Description 
This audio power amplifier can 

deliver 15 watts of sine-wave power 
to an 8-ohm speaker; its IHFM 
music power rating is 36 watts. Two 
of these amplifiers can be used in 
a stereo system to provide a total 
sine-wave power of 30 watts, or 
total IHFM music power of 72 watts. 
In this four-stage unit, two directly 
coupled input stages are used as a 
predriver for the driver-output 
combination. An emitter-follower 
circuit is used in the second stage 
of the predriver section to provide 
the low source impedance required 
for the voltage feedback to the 
driver stage. 

The 2N2614 transistor used in the 
first predriver stage has high gain, 
low saturation current, and wide fre
quency response. The 2N 408 used in 
the second stage improves linearity. 
Negative feedback coupled from the 
output (emitter) of the 2N408 
emitter-follower stage to the input 
(base) of the 2N2614 stage provides 
dc stabilization for the predriver 
section. 

The driver-output section of the 
amplifier consists of a class B out
put stage driven by a transformer
coupled driver stage. Both stages 
use drift-field power transistors that 
feature excellent linearity (as a 
function of current and voltage 
swing) , high gain, low saturation 
and leakage current, and a high 
common-emitter cutoff frequency. 
Because the negative feedback 
coupled from the output (speaker) 
terminal back to the emitter of the 
driver stage is applied in series with 
the input voltage, a low source im
pedance is required at the 2N2148 
driver stage. The emitter-follower 
2N408 second stage provides this 
low impedance. 

Two IN2326 compensating diodes 
are used in the output stage to pre
vent changes in the 2N2147 idling 
current with variations in tempera-

ture. A decoupling network is used 
between the collector of each 2N2147 
output transistor and its compensat
ing diode to prevent the diode from 
becoming back-biased during the 
signal swing and causing premature 
clipping. 

The power for the output stage is 
obtained from a center-tapped bridge 
rectifier that provides both positive 
and negative 22-volt outputs with 
respect to the grounded center 
tap. The direct signal-return path 
through the supply reduces low
frequency phase shift. Two IN2859 
100-volt flanged axial-lead silicon 
rectifiers mounted on heat sinks are 
used in the power supply. If two 
amplifiers are combined in a stereo 
system, this power supply is com
mon to both channels. A separate 
power supply that provides a well
filtered dc voltage of -38 volts 
should be used for the predriver 
and driver circuits. 

This audio power amplifier should 
be used with a high-quality pre
amplifier such as that shown in cir
cuit 12-9. Typical performance data 
for the 15-watt amplifier (with an 
8-ohm load impedance) are as 
follows: 

Distortion at 25 watts output: 
0.350/0 at 25 cIs 
0.350/0 at 1000 cIs 
0.750/0 at 15,000 cis 
0.800/0 at 20,000 cIs at 1 dB 

below 15 watts 
IHFM music power: 36 watts 
Sensitivity: 42 millivolts into 

3300-ohm input for 15-watt 
output 

Hum and noise: 70 dB below 
15 watts 

Frequency response (3-dB-down 
points): 6 to 30,000 cis 

Intermodulaton distortion (with 
60- and 4000-c/s signals 
mixed 4:1; output equiva
lent to 15 watts): 1.0% 
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12-13 LlNE·OPERATED (AC/DC) 25-WATT 
AUDIO POWER AMPLIFIER 

r-~~------1-~~~--------------~~--- Vee Ra 

S, 
O------------~Oll~~~~----~~ 

"7V 
AC OR DC 

I 

I 

O~------O "O---------->Ir 

Circuit Description 
This amplifier is intended pri

marily for use in public-address 
systems and other audio applications 
in which flexibility with respect to 

load impedance is important. The 
amplifier provides more than 60 
dB of power gain and has a fiat fre
quency response from 35 to 15,000 
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12-13 LINE-OPERATED (AC/DC) 2S-WATT 
AUDIO POWER AMPLIFIER (conYd) 

Circuit Description (cont'd) 
cIs. Total harmonic distortion at the 
output is less than 1 per cent, and 
the hum and noise level is 63 dB be
low the output for operation at the 
rated power level. The high break
down voltage of the silicon transis
tors used in the output and driver 
stages permits the amplifier to be 
operated directly from either an ac 
power line or a dc supply of 117 
volts. AC inputs are converted to 
a smooth dc supply voltage by four 
1N3194 diodes in a full-wave bridge 
rectifier, together with a simple RC 
filter network R1. and C •. 

The input stage of the amplifier 
uses a 40231 transistor in a class A 
common-emitter configuration. This 
configuration, together with nega
tive feedback of approximately 10 
dB from the output (speaker termi
nal) to the emitter of the 40231, 
results in an amplifier input im
pedance of 2500 ohms. The amplified 
signal at the collector of the input 
transistor is directly coupled to the 
base of a 40320 transistor used in 
a simple phase-splitter circuit to 
develop the out-of-phase signals re
quired to drive the push-pull output 
stage. Because the collector and 
emitter load resistors in the phase-

Parts List 

splitter stage are of equal value, 
the signals developed at the emitter 
and collector of the 40320 are equal 
in amplitude but 180 degrees out of 
phase. These signals are capacitively 
coupled to the bases 'of the 40321 
driver transistors. 

The driver transistors are con
nected to the 40322 high-voltage 
output transistors in a Darlington 
configuration which provides the 
high power gain required to develop 
the desired power output from the 
signals supplied from the phase
splitter. Resistors Ro, R10, Ru, and 
R12 and the 1N3754 diode bias the 
driver and output stages for class 
AB operation. These stages are 
operated in class AB rather than 
class B to minimize cross-over dis
tortion. The 1N3754 diode also pro
vides the temperature compensation 
required to maintain a relatively 
constant quiescent current with 
small changes in temperature or line 
voltage. At the rated output, the 
dissipation in each output transis
tor is less than 15 watts at room 
temperature; therefore, the ampli
fier can be operated at temperatures 
up to 70°C without transistor 
derating. 

C1 = 1 !iF, electrolytic, 3 V 
C. = 0.02 !iF, ceramic disc 
c. = 250 p.F, electrolytic, 

25 V 

R1 = 15000 ohms, 0.5 watt 
R. = 3000 ohms, 0.5 watt 
Ra = 2200 ohms, 0.5 watt 
R. = 51 ohms, 0.5 watt 

R15, Rl0 = 5 ohms, 5 watts 
R17 = 10 ohms, 20 watts 
R18 = 0.22 megohm, 0.5 watt 
51 = ON-OFF switch, 

C. = 0.002 p.F, ceramic disc 
C5, C. = 2 p.F, electrolytic, 

25V 
C. = 250 !iF, electrolytic, 

150 V 
C. = 0.1 !iF, ceramic disc 
Fl = fuse, 1.5-ampere 

R. = 5100 ohms, 0.5 watt 
Ro, R. = 300 ohms, 0.5 watt 
Ro = 4000 ohms, 5 watts 
R., R10 = 0.18 megohm, 0.5 

watt 
Rll, R,., R12, Ru = 510 ohms, 

0.5 watt 

double-pole, single-throw 
Tl = audio output trans

former; primary, 600 
ohms, center tapped; 
secondary, 8 ohms; Co
lumbus Process Co. No. 
DD176525 or equiv. 
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J 2-J 4 HIGH-QUALITY 35-WAn AUDIO POWER AMPLIFIER 
IHFM Music Power Rating 72 W 

TO 
HIGH

QUALITY 
PREAMP 

-35 V_-------, 

+35 V 

Circuit Description 
This audio power amplifier can 

deliver 35 watts of sine-wave power 
to an 8-ohm speaker; its IHFM 

-21 V -35 V 

+35 V 

music power ratings is 72 watts. 
Two of these amplifiers can be used 
in a stereo system to provide a 
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12-14 HIGH-QUALITY 3S-WATT AUDIO 
POWER AMPLIFIER (con,t'd) 

Circuit Description (cont'd) 

total sine-wave power of 70 watts, 
or total IHFM music power of 144 
watts. The predriV'er and driver 
stages are essentially identical to 
those used in the 15-watt amplifier 
of circuit 12-12; however, the out
put stages of the two amplifiers 
are significantly different. 

The output stage of the 35-watt 
amplifier employs four 2N2147 tran
sistors in a single-ended, series
arranged, push-pull configuration. 
Two of the transistors are base
driven by the driver stage through 
the driver transformer T,. Each of 
these transistors, in turn, drives the 
emitter of another 2N2147. The two 
transistors in each half of the push
pull amplifier are series arranged 
and biased to permit large-signal 
operation. Two 1N2326 germanium 
diodes are used to compensate for 
changes in transistor idling current 
with temperature. These diodes also 
improve transient response by pre
venting shifts in the operating point 
of the transistors, and reduce cross
over distortion that may result from 
phase shifts across capacitors C. 
and Co. 

Parts List 

A center-tapped, full-wave bridge 
rectifier using four 1N2860 diodes 
provides the symmetrical positive 
and negative voltage for the power
output stage. If two amplifiers are 
combined in a stereo system, this 
power supply is common to both am
plifiers. The voltage of -27 volts 
required for the predriver and driver 
should be obtained from a separate, 
well-filtered supply. 

This audio power amplifier should 
be used with a high-quality pre
amplifier such as that shown in cir
cuit 12-9. Typical performance data 

, for the 35-watt amplifier (with an 
8-ohm load impedance) are as 
follows: 

Distortion at 35 watts output: 
0.3 % at 25 cl s 
0.30/0 at 1000 cis 
1.0% at 15,000 cl s 

IHFM music power: 72 watts 
Sensitivity: 65 millivolts into 

3300-ohm input for 35-watt 
output 

Hum and noise: more than 85 
dB below 35 watts 

Frequency response (3-dB-down 
points): 3 to 40,000 cis 

C1 := 82 pF, mica 
C. := 150 JLF, electrolytic, 

15 V 

Ro, R. = 10000 ohms, 0,5 R21, R22 := 0.51 ohms, 1 watt 
R22 := 4 ohms, 25 watts 

C. = 250 JLF, electrolytic, 
15 V 

C. := 250 JLF, electrolytic, 
25 V 

CG, Co := 50 JLF, electrolytic, 
20 V 

C7 := 0.005 JLF, ceramic disc 
C., CD = 2500 JLF, electro

lytic, 50 V 
Fi := fuse, small enough to 

protect speaker 
F. = fuse, 2-ampere, slo

blo 
R" Ro := 3300 ohms, 0.5 watt 

watt 
Ra = 18000 ohms, 0.5 watt 
R. := 47000 ohms, 0.5 watt 
R. = 330 ohms, 1 watt 
R7 := 330 ohms, 0.5 watt 
Rs := 220 ohms, 0.5 watt 
RlO := ·180 ohms, 0.5 watt 
Rll := 4,7 ohms, 0.5 watt 
RiO := 0.18 ohms, 0.5 watt 
R13, R,., R.o := 270 ohms, 2 

watts 
R14, R'5 := 150 ohms, 1 watt 
R,. := 270 ohms, carbon, 5 

watts 
R17, RiD := 100 ohms, 1 watt 

Sl := ON-OFF switch. sin
gle-pole, single-throw 

T1 := driver transformer, 
Better Coil and Trans
former Company No. 
99A5, Columbus Process 
Company No. X7601, or 
equiv. 

To = power transformer, 
Better Coil and Trans
former Company No. 
99P6, Columbus Process 
Company No. X8300, or 
equiv. 
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12-15 HIGH-FIDELITY 7o.WAn AUDIO, POWER AMPLIFIER, 
With Short-Circuit, Protection 

INPUT 

+ 

IITV 
AC 

Parts List 
Cl = 5 p.F, electrolytic, 6 V 
C. = 180 p.F, mica, 60 V 
C. = 2 p.F, electrolytic, 6 V 
C'3 V 100 p.F, electrolytic, 

Co = 100 pF, mica, 60 V 
C650= V 100 p.F, electrolytic, 

C'G V 250' p.F, electrolytic,. 

+ 

AF 
OUTPUT 
(SOHMS) 

r 
-42V 

+42 V (NO LOAD) 
k---+---..----{) (NOTE 3) 

+ 

-42 V (NO LOAD) 
¥-----....:;f---'----< (NOTE 3) 

C., C. = 3000 JJ.F, electro-
lytic, 75 V 

Fl .= fuse. 3.ampere ' 
Rl = 82000 ohms, 0.5 watt 
R. = 18000 ohms, 0.5 watt 
Ra = 0.1 megohm, 0.5 watt 
R. = 180 ohms, 0.5 watt 
R., R6 = 10000 ohms, 0.5 

watt 
R. = 33000 ohms, 0.5. watt 

Rs = 4700 ohms, 0.5 watt 
R. = 270 ohms, 0.5 watt 
RlO = 5600 ohms, 0.5 watt ' 
Rll = bias adjustment, po-

tentiometer, 250 ohms, 
linear taper 

R13 = 3900 ohms, 0.5 watt 
Rla = 100 ohms, 0.5 watt 
R,. = zero adjustment, po-

tentiometer, 100 ohms, 
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12-75 HIGH·FIDELITY 70·WATT· AUDIO 

POWER AMPLIFIER (cont'.d) 

Parts List (cont'd) 
linear taper R,., R,. = 0.3 ohm, 10 watts 

5, == ON-OFF switch, sin
gle-pole, single-throw 

opens automatically when ' 
temperature rises above 
100'C 

secondary .. center-tapped, 
62 volts from center tap 
to each end at 1.5 A dc 
(with no external load 

on power supply) 5. = thennal cutout switch, 
T1 == power transformer; 

primary, 117 volts nns; 

Circuit Description 
This amplifier has a frequency re

sponse that is flat within 1 dB from 
5 to 25,000 cis. 'l'otal harmonic dis
tortion at the full rated output of 
70 watts is less than 0.25 per cent 
at 1000 cl s. The amplifier requires 
no driver or output transformer, and 
has built-in short-circuit protection 
that prevents damage to the driver 
and output stages from high cur
rents and excessive power dissipa
tion. 

The driver and output stages of 
this amplifier are similar to those 
of the 10-watt amplifier in circuit 
12-11. The driver stage uses a 40409 
n-p-n transistor and a 40410 p-n-p 
transistor connected in complemen
tary symmetry to develop push-pull 
drive for the output stage. Two 
40411 silicon power transistors used 
in the output stage are connected in 
series with separate positive and 
negative supply voltages. The out
put is directly coupled to' an 8-ohm 
speaker from the common point be
tween the two transistors. Negative 
feedback of 35 dB is provided by 
R. and C •. 

The input stage uses a 40406 p-n-p 
transistor in a common-emitter cir
cuit. This stage also provides the 
dc feedback through C" R., R., and 
R14 (the dc zero adjustment) for 
maintaining the quiescent voltage of 
the ~utput stage at zero plus or 
minus 0.1 volt. 

The . predriver stage employs a 
40407 transistor and a 40408 transis
tor connected as a Darlington pair. 
This circuit has a minimum load
ing effect on the input stage and 
provides the necessary voltage am
plification for the entire amplifier. 
The subsequent stages do not pro
vide voltage gain. 

Bias-voltage adjustment for the 
complementary driver stages is pro
vided by the three 1N3754 diodes 
and the 250-ohm potentiometer Rn. 
The bias control Rll permits adjust
ment for' variations in device pa
rameters; it is adjusted so that the 
output-stage quiescent current meas
ured at the monitor jack J is 20 
milliamperes. The forward voltage 
drop across the three diodes" to
gether with the voltage drop across' 
the bias control, provides the bias 
voltage necessary to maintain the 
output stages in class AB operation 
to avoid cross-over distortion, The, 
1N3754 diodes are connected ther
mally to the heat sinks of the output 
transistors to provide the neces
sary thermal feedback to stabilize 
the quiescent current at its preset 
value at all case temperatures up 
to 100°C. Because of the high
temperature compensation provided 
by this thermal feedback network, 
the required stability in the output 
stages can be provided by small 
emitter resistors, and losses are held 
to a minimum. 

Short-circuit protection for this 
amplifier is provided by a current
limiting circuit that consists of the 
Zener diode and emitter resistors 
R,. and R,.. If any condition exists 
which causes a current of more than 
five amperes to flow. through either 
resistor, the voltage potential across 
the Zener diode will cause it to con
duct in the forward direction dur
ing the negative-going output half
cycle and cause it to break down 
at the diode reference voltage during 
the positive-going output half-cycle. 
The driving voltage, therefore, is 
clamped at that level and any further 
increase in output current is pre-
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12-15 . HIGH-FIDELITY 70-WAn AUDIO 
POWER AMPLIFIER (cont'd) 

Circuit Description (cont'd) 
vented. In this way, both the driver 
and the output transistors are pro
tected from high . currents. and ex
cessive power dissipation such as 
would be caused by a reduced load 
resistance or, in the worst case, a 
short circuit. 

This amplifier operates from a 
full-wave power supply which pro-

vides symmetrical positive and nega
tive dc outputs of 42 volts. The 
thermal cutout S. in the power
supply circuit is attached to the heat 
sink of one of the output transis
tors. In the event of sustained 
higher-than-normal dissipations, S. 
will turn of!' power to the amplifier 
when the temperature rises to 100·C. 

12-16 THREE-STAGE I-WATT STEREO 
PHONOGRAPH AMPLIFIER 

IHFM Music Power Rating 2.5 W Per Channel 

Circuit Description 
This three-stage stereo amplifier 

delivers a sine-wave power output 
of more than 1 watt per channel to 
a 20-ohm speaker; its IHFMmusic 
power rating is 2.5 watts per chan
nel, or 5 watts total. The input to 
the amplifier is . obtained from a 
conventional 0.5-volt, 1000-picofarad 
ceramic pickup; full power output 
is attained at average record levels 
for the maximum volume setting. 
The amplifier incorporates bass and 
treble tone controls, as well as a 
tapped loudness (volume) control 
for bass boosting at low volume 
settings. It has high gain, operates 
at low noise levels, and provides 
stable operation at temperatures up 
to 55·C. 

Each channel employs a 2N2613 
low-noise input stage, a 2N2953 
transformer-coupled driver stage, 
and a conventional transformerless 
class B output stage using two 
40253 transistors. The output power 
is coupled to the speakers through 
100-microfarad electrolytic capaci
tors C18 and Cu. A frequency-sensi
tive feedback loop in each channel 
is connected from the speaker termi
nal to the base of the driver stage. 
Because the 3aO-picofarad series 
capacitors C'7 and C18 attenuate the 
feedback at low frequencies but al
low high-frequency signals to be fed 
back relatively unimpeded, they ef-

fectively provide a fixed amount of 
bass boost. The 10-picofarad capaci
tors C,• and C,• provide feedback 
stabilization at high frequencies. 

The low-noise input and driver 
stages are directly coupled. Each 
stage uses bypassed emitter resis_ 
tors, and dc feedback is coupled from 
the emitter of the driver to the base 
of the input stage. The tone, volume, 
and balance controls are grouped to
gether at the input. The 1-megohm 
resistors R. and R. and the 0.1-
megohm resistors R. and Rw pro
vide the . high input . impedance 
required for equalization and also 
form the divider for the full-range 
treble control. Bass cut is obtained 
by loading the .pickup at low fre
quencies. Because of the bass boost 
in the loudness function and in the 
feedback loop, the bass cut acts in 
a manner similar to that of a boost
cut control. The loudness function is 
provided by 15,000-ohm poten
tiometers (volume controls) tapped 
at 10,000 ohms (R12 and R .. ). The 
armature of each potentiometer is 
connected to the base of the input 
stage so that the source impedance 
is low and the noise is reduced at 
low volume settings. The balance
control potentiometer R15 can be ad
justed so that it completely shorts 
the input stage of the attenuated 
channel to ground or, with less at-
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12-16 THJlEE.STAGE I-WATT STEREO 

PHONOGRAPH AMPLIFIER (cont'd) 

Circuit Description (cont'd) 
tenuation, exactly balances the in
puts to the two channels. 

The dc power for the amplifier is 
provided by a conventional full-

wave center-tapped 22-volt supply 
using 40266 rectifier diodes; de
coupling networks provide filtered dc 
voltages for the front-end stages. 

Parts List 
C1. C. = 100 pF. ceramic 

disc. 25 V 
Ca, C. = 0.001 p,F. paper, 

25 V 
Co, Co = 0.5 p,F. paper. 25 V 
Or, Co = 10 p,F, electrolytic, 

3V 
C., ClO = 100 p,F. electro

lytic, 3 V 
Cn, Ca == 500 p,F, electro

lytic, 6 V 
Ca, Cu == 100 p,F, electro

lytic, 25 V 
C15, C'" = 10 pF, ceramic 

disc, 25 V 
ClT, ClB = 330 pF, ceramic 

disc, 25 V 
C1. == 1000 p,F, electrolytic, 

25 V 
Coo = 100 p,F, electrolytic, 

20 V 
Cn == 100 p,F, electrolytic, 

15 V 
Fl = fuse, 1-ampere, 810-

blo 
R1, 14 == 0.18 megohms. 0.5 

watt 
R2, Ra = bass control. po

tentiometer, 3 megohms, 
0.5 watt, audio taper 

Ro, Re, Roo, R"" == 1 megohm, 
0.5 watt 

&1 Rs = treble control, po
lentiometer, 3 megohms, 
0.5 watt, audio taper 

Ro, RlO == 100000 ohms, 0.5 
watt 

Rn, R12 = 180 ohms, 0.5 watt 
R1a, R.. == volume control, 

potentiometer, 1 5 00 0 
ohms, tapped at 10000 
ohms 

RlII = balance control, po
tentiometer, 20000 ohIns, 
0.5 watt 

R",. R1T, Rs.. R .. == 10000 
ohms, 0.5 watt 

Rta, Rn ::: 47 ohms, 0.5 watt 

R12, Roo = 470 ohms, 0.5 watt 
Ha., Has = 56000 ohms, 0.5 

watt 
Has. Ha. == 390 ohms, 0.5 watt 
RaT, Roo. Has, Rs. = 270 ohms, 

0.5 watt 
Ros, Roo, Rat, R .. = 3.9 ohms. 

0.5 watt 
Ras, R .. , RaT, Has = 0.51 ohm, 

0.5 watt 
R41 == 220 ohms, 0.5 watt 
R .. == 2200 ohms, 0.5 watt 
51 == ON-OFF switch, sin-

gle-pole. single-throw 
Tt, To = driver transformer, 

Better Coil and Trans
former Co. No. 99A4, Co
lumbus Process Co. No. 
7602. or equiv. 

Ta = Power transformer, 
Better Coil and Trans
former Co. No. EX4744P, 
Columbus Process Co. No. 
8970, or equiv. 
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12-17 LINE-OPERATED (AC/DC) 3-WAn 

STEREO PHONOGRAPH AMPLIFIER 

LEFT 
CHANNEL(c+----~~~~ 

INPUT 

C2 

R4 

BASS 

~ 

RIGHT 
CHANNEL(~----~~~~ 

INPUT 

Ca 

Circuit Description 

This three-stage stereo phono
graph amplifier operates directly 
from either an ac power line or a 
dc supply of 117 votts. AC power 
inputs are converted to dc power 
by the 40265 rectifier. When used 
with a ceramic phonograph car
tridge such as the Sonotone model 
21-T or the Astatic model 17-D, the 
amplifier can deliver cOl,l.tinuous 

Ria 

RI9 

+ -

R24 

R25 

R26 

R27 CI5 
+ -

117V~~~ R30 
AC - + 

51 R31 

TYPE 
40265 

sine-wave power of 3 watts per 
channel with a total harmonic dis
tortion of 10 per cent or less at av
erage record levels. At an output 
level of 1 watt, distortion is 1.5 per 
cent or less. The maximum. power 
output (into hard clipping) is about 
4.5 watts of power output per 
channel. 

The input stage in each channel 
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12-17 LINE-OPERATED (AC/DC) 3-WATT 

STEREO PHONOGRAPH AMPLIFIER (conYd) 

Circuit Description (cont'd) 
uses a high-gain, low-noise 2N2613 
transistor in a common-emitter cir
cuit configuration to provide a high 
input impedance and to maintain a 
constant input sensitivity for the 
amplifier over a wide range of varia
tion in transistor parameters. The 
emitter output from each 2N2613 is 
applied to the base of a 2N2614 
transistor operated in an emitter
follower configuration that develops 
the driving power for direct coupling 
to the output stage. With this ar
rangement, the emitter current in 
the output stage is maintained rela
tively constant for a wide range of 
transistor parameters and for normal 
variations in line voltage. The 
2N2614 driver transistors provide a 
phase reversal which tends to can
cel any variation in output-stage 
idling current with changes in tem
perature. 

Each output stage of the ampli
fier employs two 40264 high-voltage 
silicon power transistors in a class 
A push-pull configuration. Because 
both output-stage transistors are 
biased with a constant emitter cur
rent, dc unbalance in the output 
transformer is negligible. There-

Parts List 
watt 

fore, a low-cost, %-inch output 
transformer can be used. 

The sensitivity of the amplifier is 
such that full rated power output 
may be obtained for an input less 
than 425 millivolts. Any 800-to-1500-
picofarad ceramic cartridge that 
provides an output from 250 to 600 
millivolts may be used. The RIAA 
frequency response of the circuit 
(between the 3-dB-down points) ex
tends from 100 to 9500 cis with the 
tone controls in the fiat position. 

Treble boost and cut are obtained 
from a tap on the volume control. 
Boost or cut of 9.5 dB is available 
at normal listening levels. Negative 
feedback from the speaker termi
nals to the base of each 2N2613 in
put transistor provides a bass boost 
of about 6 dB at 100 cis. This feed
back permits the use of bass-cut 
controls (R. and R.) which load the 
cartridges at low frequencies in the 
fiat position. As a result, bass boost 
of about 9 dB and bass cut of about 
15 dB are available at 100 cIs at 
normal listening levels. Because the 
feedback is a function of the source 
impedance, it does not appreciably 
affect the full-volume sensitivity. 

C125=V1OO p.F, electrolytic, 

C. = 0.05 p.F, paper, 200.V 
Co, C. = 180 pF, ceraUllC, 

Ro. R.. RlS. R16 = 82000 
ohms, 0.5 watt 

R,.. Roo = 1500 o~ ± 
5%. 0.5 watt 

R,s. R,. = 75000 ohms ± 
5%. 0.5 watt 

25V 
C., Co = 390 pF, ceramic, 

25V 
Or, C. = 82 pF. ceramic, 
. 25 V 
c., ClD = 0.1 p.F, ceramic 

disc, 25 V 
Cn, C12 = 5 p.F, electrolytic, 

6V 
C12, C,. = 2200 pF, paper, 

400 V 
Cu, Cll! = 500 p.F. electro

lytic, 3 V 
Cu. C18 = % dual section. 

100 p.F. electrolytic. 250 V 
R" a. = 5.6 megohms. 0.5 

Ro. R. = bass control. dual 
potentiometers. 5 meg
ohms. 0.5 watt. audio 
taper 

R •• Re = treble control. dual 
potentiometers. 5 meg
ohms. 0.5 watt. linear 
taper 

Re. R,o = volume control. 
concentric potentiometers. 
3 megohms. 0.5 watt. 
tapped down 0.9 meg
ohm. linear taper 

Rn. Rg = 3.9 megohms. 0.5 
watt 

Ru. R,a = 1.5 megohms. 0.5 
watt 

Rot. R.. = 8200 ohms, 0.5 
watt 

Roo = 22000 ohms. 0.5 watt 
Rot. R2'I = 82 ohms. 0.5 watt 
Roo. a.. = 200 ohms ± 

5%. 0.5 watt 
Roo. a.. = 180 ohms ± 

5%, 0.5 watt 
Roo = 56 ohms, 0.5 watt 
Ra. = 4.7 ohms. fuse re

sistor 
S. = ON-OFF switch. sin

gle-pole. single-throw 
T,. T. = audio output trans

former. Columbus Process 
Co. No. X-9445 or equiv. 
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12-18 THREE-STAGE 5-WATT STEREO 
PHONOGRAPH AMPLIFIER 

IHFM Music Power Rating lOW Per Channel 

OISI 

"~ . I 

Circuit Description 
This three-stage amplifier delivers 

a sine-wave power output of 5 watts 
per channel to an 8-ohm speaker; its 
IHFM music power rating is 10 
watts per channel, or 20 watts total. 
The amplifier develops full rated 

-15V 

power output from each channel 
with very little distortion, and clips 
at a level of 8 watts for a l-kcl s in
put. At average record levels, full 
output of 5 watts per channel is ob
tained for a drive input provided by 
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12-18 THREE-STAGE 5-WATT STEREO 
PHONOGRAPH AMPLIFIER (cont'd) 

Circuit Description (cont'd) 
a typical 0.5-volt, lOOO-picofarad 
ceramic phonograph pickup. 

Each channel of the amplifier con
sists of a low-noise 2N2613 input 
stage, a 2N2953 driver stage, and a 
class B output stage using two 
40050 power transistors. The high 
input impedance of the 2N2613 
stages eliminates the need for equal
ization of the ceramic pickup, and 
also permits the use of simple full
range treble controls R. and R. that 
have zero insertion loss. The zero
insertion-loss bass controls R. and 
R3 provide bass-cut action by load
ing the ceramic pickup at low fre
quencies. The combination of this 
action and the bass-boost action pro
vided by the feedback loops is simi
lar to that of a conventional cut
and-boost control. 

The loudness controls R,. and R,• 
are interlinked with the input-stage 
feedback loops. Because the amount 
of feedback below 1 kcf s is propor
tional to frequency, the frequency 
response of the input stage can be 
controlled, to a limited degree, by 
the loudness setting. When the loud-

Parts List 

ness setting is decreased, the feed
back becomes higher at the mid and 
high frequencies than at low fre
quencies. In this way, the loudness 
controls and the frequency-sensitive 
feedback provide a bass-boost action 
at reduced loudness settings. The 
boost from the loudness controls 
(tone controls flat) is 18 dB at low 
settings. 

The power supply consists of a 
full-wave rectifier using 1N2859 rec
titier diodes. A capacitive voltage 
divider provides the required dc 
voltages. The center of the capaci
tive divider is grounded so that both 
positive and negative voltages are 
obtained with respect to ground. Be
cause the dc voltage drop across 
each transistor in the output stage 
is the same, the dc voltage coupled 
to the speaker terminal is essen
tially zero and no coupling capaci
tor to the speaker is required. The 
ripple components to the speaker 
from the positive and negative termi
nals of the power supply are equal 
and out of phase, and thus cancel 
each other. 

Cl. c. = 180 pF. ceramic 
disc 

Ca. C. =: 1800 pF. ceramic 
disc 

C •• C. = 0.005 p.F. ceramic 
disc 

Ro. B. =: bass control. dual 
potentiometers. 3 me~
ohms. 0.5 watt. audlO 
taJ:ler 

Ro. He = 0.82 megohm. 0.5 
watt 

0.5 watt. S taper 
Baa. n.. = 0.22 megohm. 0.5 

watt 
R2O. n... R2O. H2o = 47000 

ohms. 0.5 watt 

C.. C. =: 5 p.F. electrolytic. 
6V 

C •• C'0 = 0.47 p.F. ceramic 
Cn. Cl.O = 4 p.F. electrolytic. 

3V 
Cm. C,. =: 22 pF. ceramic 

disc 
Cu. C15 ;= 10 p.F. electro

lytic. 6 V 
C17. C18 =: 0.001 p.F. ceramic 
Cw. Coo = 1000 p.F. electro

lytic. 15 V 
COl =: 100 p.F. electrolytic. 

15 V 
CO2 = 3000 p.F. electrolytic. 

10V 
F1 = fuse. 1-ampere. slo

blo 
B,. B. = 0.1 megohm. 0.5 

watt 

B •• B,0. R2O. B.s = 4700 ohms. 
0.5 watt 

R •• Ro = treble control. dual 
potentiometers. 3 meg
ohms. 0.5 watt. audio 
taper 

Ru. R12 =. 82000 ohms. 0.5 
watt 

R,.. R,. = 68000 ohms. 0.5 
watt 

Ru. R15 = 0.56 megohm. 0.5 
watt 

R, •• R,. = loudness control. 
dual potentiometers.' 15000 
ohms. 0.5 watt. linear 
taper; tapped at 10000 
ohms 

Rt •• &0 = 470 ohms. 0.5 watt 
Rat = balance control. po

tentiometer. 5000 ohms. 

Roo. Baa. Baa. n.. = 22 ohms. 
0.5 watt 

Rat. R... R... R.. = 1800 
ohms. 0.5 watt 

B.s. B.s. Boo. &1 = 0.27 ohm. 
0.5 watt 

R ... =: 180 ohms. 0.5 watt 
B .. = 560 ohms. 0.5 watt 
B.. =: 100 ohms. 0.5 watt 
8, == ON-OFF switch. sin-

gle-pole. single-throw 
T,. T. == driver transformer. 

Columbus Process Co. 
No. 7602. Better Coil 
and Transformer Co. No. 
99A4. or equiv. 

T. == power transformer. 
Columbus Process Co. 
No. XS441. Better Coil 
and Transformer Co. No. 
99P9. or equiv. 
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12-19 HIGH-QUALITY 1S-WATT STEREO AMPLIFIER 
IHFM Music Power Rating 25 W Per Channel 

PH-AI 
I 
I 
I 
I 
I C3 
I 
I 
I 
I GND.BUS 
I 
I 
I 
I 
I 
I 
I 
I 

PH-B I 
c>--<> I 

i.P-<,-,,/IIIr"VIIIN-f-r 

RII 

-15 V 

-15 V 
_22 V -16V 

-16 V -22 V 

RL=80HMS 
O-----< .......... o-H I ~ 

CHASSIS 

-16 V -22 V 

rl __ ...,..---+-.oVI.IIr-+-.'VV'.r--t__----15 V 

Circuit Description 

This four-stage amplifier is de
signed for' operation with either a 
ceramic phonograph pickup or an 

CHASSIS 
+22 V 

FM-stereo type of input. At the 
clipping level, the amplifier can sup
ply sine-wave power output of 15 
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12-19 HIGH-QUALITY 15-WATT STEREO AMPLIFIER (conrd) 

Circuit Description (cont'd) 
watts per channel to an 8-ohm 
speaker; its IHFM music power rat
ing is 25 watts per channel, or 50 
watts total. Sensitivity is such that 
each channel supplies full rated 
power output to the speaker for an 
input of 0.28 volt. 

have zero insertion loss. The full
range, insertion-loss type of cut
and-boost bass controls R.. and R2'I 
operate in conjunction with the feed
back around the 2N2614preampli
fier stage. This method of bass 
control provides the required bass 
action and simultaneously improves 
the performance of the preamplifier. 

Each channel consists of a low
noise 2N2613 input stage, a 2N2614 
preamplifier stage, a 2N591 driver 
stage, and a class B output stage 
employing two 40051 alloy-junction 
power transistors. As in the 5-watt 
stereo amplifier in circuit 12-18, the 
high input impedance of the 2N2613 
stages eliminates the need for equal
ization of the ceramic pickup and 
also permits the use of simple, full
range treble controls R. and R. that 

The loudness controls R13 and R .. 
are interlinked with the input-stage 
feedback loop. As in the 5-watt am'
plifier of circuit 12-18, the frequency 
response of the input stage can be 
controlled, to a limited degree, by 
the loudness setting. The power sup
ply for this 15-watt stereo amplifier 
is similar to that for the 5-watt 
amplifier in circuit 12-18. 

Parts List 
C" c. = 180 pF, ceramic 
Ca, C., CG, C. := 1800 pF, 

ceramic 
OrioC{r= 2 p,F, electrolytic, 

Co. ClO, Cll, Cu. C19t em = 
5 !iF, electrolytic, 3 V 

C'3' ~1< = 5 p,F, electrolytic, 

C15, C16 := 0.5 p,F, ceramic 
C16, C .. := 4 p,F, Mylar 
Cn, C .. = 47 pF, ceramic 
CO2, C •• := 50 p,F, electro-

lytic, 3 V 
C ... C .. := 1000 p,F. electro

lytic. 25 V 
C2'I = 250p,F. electrolytic. 

20 V 
Co. := 10000 p,F. electrolytic. 

15 V (or equiv.) 
F,. F. = fuse. 3-ampere 
F. = fuse. I-ampere, slo-blo 
R,. Ro ·Rn. R'0 = 1 megohm. 

0.5 watt 
R.. R. := treble control. 

dual potentiometers. 3 
megohms. 0.5 watt, audio 
taper 

RG, Ro = 0.1 megohm. 0.5 
watt 

R., R. := 0.22 megohm, 0.5 
watt 

Rll. R19 = 4700 ohms, 0.5 
watt 

R,., RH = loudness control. 
dual potentiometers. 25000 
ohms, 0.5 watt. linear 
taper 

R15. R,. = 27000 ohms, 0.5 
watt 

R .. , R16 = 33000 ohms, 0.5 
watt 

R... Roo := 1000 ohms, 0.5 
watt 

Rn, R.. = 10000 ohms, 0.5 
watt 

R •• , Ros = 270 ohms, 0.5 watt 
R... R2'I = bass control, dual 

potentiometers, 5000 ohms, 
0.5 watt, audio taper 

R25, R .. := 39 ohms, 0.5 watt 
Ros.:= balance control. po

tentiometer, 5000 ohms, 
0.5 watt, 5 taper 

Roo. R.. := 0.12 megohm, 0.5 
watt 

Rn, R.. = 1500 ohms, 0.5 
watt 

R .. , R.. = 12000 ohms, 0.5 
watt 

Rso. R.. := 15000 ohms. 0.5 
watt 

R .. , R.., R .. , R.s = 560 
ohms,l watt 

.Rso, R<1, R .. , & = 3.9 ohms. 
0.5 watt 

R.., Ro., R.., Ro. = 0.27 ohm, 
0.5 watt 

Roo = 330 ohms. 2 watts 
R51 = 100 ohms, 0.5 watt 
Rso := 82 ohms, 0.5 watt 
5, := selector switch, double

pole, double-throw 
5. := ON-OFF switch, sin

gle-pole. single-throw 
T,. T. = driver transfonner. 

Columbus Process Co. No. 
X7602. Better Coil and 
Transfonner Co. No. 
99A4. or equiv. 

T. = power transfonner, 
Columbus Process Co. 
No. 7603. Better Coil and 
Transfonner Co. No. 
99P3. or equiv. 



434 RCA Transistor Manual 

12-20 27-Mc/s, 5-WATT CITIZENS-BAND TRANSMITTER 

TO 
MIC 

RF OSC. 

o--:llJ..-__ 4-l 
CI3 

= 

RF DRIVER 

+11 TO 15V 

RF POWER 
AMPLIFIER 

C9 

MODULATOR 

CII 

+ 
C2~ 

NOTE: The 40082 transistor used in the rf power amplifier should be mounted on a good 
heat sink. 

Circuit Description 
This transmitter operates directly 

from a 12-volt supply without the 
need for dc-to-dc converters, and is 
thus adaptable to mobile operations 
employing 12-volt systems. Its low 
power drain also makes it adaptable 

to portable use with small storage 
batteries. 

The rf section of the transmitter, 
which consists of a 40080 crystal
controlled oscillator, a 40081 driver, 
and a 40082 power amplifier, de-
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12-20 27-Mc/s 5-WATT CITIZENS~BAND TRANSMITTER (cont'd) 

Circuit Description (cont'd) 
velops 5 watts of rf power output 
at 27 Mcl s. Both the driver and 
the power amplifier are modulated 
to achieve 100-per-cent amplitude 
modulation. 

stage also uses a class C common
emitter configuration and is modu
lated through the collector circuit. 
The double-... network used as the 
output resonant circuit provides har
monic rejection of 50 dB, as required 
by F.C.C. regulations. The minimum 
rf power output supplied to the an
tenna from the power amplifier is 
3 watts. 

The 40080 crystal-controlled os
cillator stage is a Colpitts type of 
circuit that provides excellent fre
quency stability with respect to 
collector supply voltage and tem
perature (well within the 0.005-per
cent tolerance permitted by F.C.C. 
regulations) and delivers a minimum 
rf power of 100 milliwatts to the 
input of the driver stage. 

The 40081 driver stage uses a 
class C common-emitter configura
tion. The modulation input is applied 
to the collector circuit. This stage 
delivers a minimum of 400 milli
watts of modulated rf power to the 
power amplifier. A heat dissipator 
should be mounted on the case of 
the 40081. The 40082 power-amplifier 

In the audio (modulator) section 
of the transmitter, two 2N591 class 
A amplifier stages are used to drive 
a class AB push-pull output stage 
using two 2N2869/2N301 transis
tors. This design provides maximum 
efficiency with low distortion. A 
1N2326 compensating diode is used 
in the biasing network to provide 
thermal stability. The modulation 
transformer T. is designed to match 
the collector-to-collector load im
pedance of the modulator to the 
impedance of the rf driver and 
power-amplifier stages. 

Parts List 
c. = 75 pF. ceram!c 
C. = 30 pF. ceraInlC 
C •• C •• C. = 0.01 JLF. ceramic 
C. = 47 pF. ceramic 
Co = 51 pF. mica 
C. = 24 pF. mica 
C. = 0.01 p.F. ceramic 
C,O = variable capacitor, 90 

to 400 pF (ARCO 429. or 
equiv.) 

Cll = 100 pF. ceramic 
CJ..2 = 220 pF. ceramic 
C •• = 5 p.F. ceramic 
Cu. C17 = 50 p.F. electro

lytic. 25 V 
C .. = 10 p.F. electrolytic. 

15 V 
Cl.. C18 = 10 p.F, ceramic 
C19, Coo = 0.2 JLF. ceramic 
COl = 0.1 JLF. ceramic 
C .. = 500 p.F. electrolytic. 

15 V 
Lt, r.. = rf choke. 15 JLF 
(Miller 4624. or equiv.) 

La = variable inductor (0.75 
to 1.2 p.H) ; 11 turns No. 22 
wire wound on ~~-inch 
CTC coil fonn having a 
"green dot" core; Q = 120 

L. = variable inductor (0.5 
to 0.9 p.H); 7 turns No. 22 
wire wound on ~!o-inch 
CTC coil fonn having a 
"green dot" core; Q = 140 

R. = 510 ohms. 0.5 watt 
Ro, Rl. = 5100 ohms. 

0.5 watt 
Ro = 51 ohms. 0.5 watt 
R. = 120 ohms. 0.5 watt 
R. = 47 ohms. 0.5 watt 
R. = 0.1 megohm, 0.5 watt 
R1 = 10000 ohms, 0.5 watt 
Rs = 2000 ohms, 0.5 watt 
R. = potentiometer, 10000 

ohms 
Rl0 = 3600 ohms, 0.5 watt 
Rll = 15000 ohms, 0.5 watt 
R13 = 1000 ohms, 0.5 watt 
R14 = 1200 ohms, 0.5 watt 
R,. = 240 ohms, 0.5 watt 

Rl., Rl1 = 2700 ohms, 
0.5 watt 

R18, R,. = 1.5 ohms, 0.5 watt 
TI = rf transfonner; pri

mary 14 turns, secondary 
3 turns of No. 22 wire 
wound on %-inch CTC 
coil fonn having a "green 
dot" core; slug-tuned 
(0.75 to 1.2 p.H); Q = 100 

T. = rf transfonner; pri
mary 14 turns. secondary 
2-% turns of No. 22 wire 
wound on ~!o-inch CTC 
coil fonn having a "green 
dot" core; slug-tuned 
(0.75 to 1.2 p.H); Q = 100 

T. = transfonner; primary: 
2500 ohms; secondary 200 
ohms center-tapped; Mi
crotran SMT 17 -SB or 
equiv. 

T. = transfonner; primary: 
100 ohms center-tapped; 
secondary: 30 ohms 

NOTE: See general considerations fDr" cDnstructlDn Df high-frequency and broadband circuits 
Dn pege 391. 
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12-21 50-Me/s 40-WAn CW TRANSMlnER 
With Load-Mismatch Protection 

OSCILLATOR LOW-LEVEL AMPLIFIER DRIVER 

XTAL 
c::J 

= 

= 

Circuit Description 

Ce 

This cw transmitter uses a VSWR 
bridge circuit to maintain a steady
state dissipation in the output stage 
under all conditions of antenna mis
match. This technique makes it pos
sible to realize the full power poten
tial of the 40341 overlay transistor 
used in the output stage. 

OUTPUT 
(50 OHMS) 

The 50-Mel s crystal-controlled 
2N3118 oscillator stage develops the 
low-level excitation signal for the 
transmitter. The 50-Mc/s output sig
nal from the collector of the oscilla
tor transistor is coupled by La to 
the base of a second 2N3118 used 
in a predriver stage (low-level am-



Circuits 437 

12-21 50-Me/s 4O-WATT CW TRANSMITTER (eonrd) 

Circuit Description (cont'd) 
plifier). This step-down transformer 
matches the collector impedance of 
the oscillator transistor to the low
impedance base circuit of the pre
driver transistor. The collector cir
cuit of the predriver is tuned to 
provide .maximum signal output at 
50 Mc/s. This signal is coupled from 
a tap on inductor L. to the input 
(base) circuit of the driver stage, 
which uses a 2N3375 silicon power 
transistor to develop the power re
quired . to drive the output stage. 

The 40341 overlay transistor used 
in the output stage develops 40 watts 
of power output at the transmitting 
frequency of 50 Mc/s. The driving 
power for the output stage is 
coupled from the collector of the 
driver transistor through a bandpass 
filter to the base of the output tran
sistor. The filter networks in the 
collector circuit of the 40341 pro
vide the required harmonic and 
spurious-frequency rejection. The 
50-Mc/s output from these filter 
sections is coupled through a length 
of 50-ohm coaxial line to the an
tenna. Capacitors C., C., and C,. 
are adjusted to provide optimum 
impedance match between the trans
mitter and the .antenna. 

The output of the transmitter is 
sampled by a current transformer 
(toroid) T, loosely coupled about the 

Parts List 

output transmission line. This trans
former is the sensor for a VSWR 
bridge detector used to prevent ex
cessive dissipation in the output 
stage under conditions of antenna 
mismatch. If the antenna is dis
connected or poorly matched to the 
transmitter, large standing waves of 
voltage and current occur on the 
output transmission line. A portion 
of this standing-wave energy is ap
plied by T 1 to the 1N3067 diode in 
the bridge circuit. The rectified cur
rent from this diode charges capaci
tor Cl8 to a dc voltage proportional 
to the amplitude of the standing 
waves. This voltage, which is essen
tially an agc bias, is applied to the 
base of the 2N3053 agc amplifier 
stage. The output of the agc stage 
biases the 2N3118 predriver stage 
so that its gain changes in inverse 
proportion to the amplitude of the 
standing wave on the output trans
mission line. Therefore, as the am
plitude of the standing waves in
creases (tending to cause higher 
heat dissipation in the output tran
sistor), the input drive to the out
put stage is reduced. This compen
sating effect maintains a steady-state 
dissipation in the output transistor 
l'egardless of mismatch conditions 
between the transmitter output cir
cuit and the antenna. 

C, = variable capacitor, 90 
to 400 pF, Arco No. 429 
or equiv. 

Ca = 51 PF, mica 

C15 = variable capacitor. 
14 to 150 pF, Arco No. 
426 or equiv. 

Ls, L7, L9, LID, Lll == rf 
choke. 7 p,H 

L. = 4 turns of B & W No. 
3006 coil stock 

C. = 30 pF, ceramic 
c., Cs, Cu, Cu. C19. C.. = 

feedthrough capacitor. 
1000 pF 

C. = viiriable capacitor, 1.5 
to 20 pF. Arco No. 402 
or eqwv. 

C. = 36 pF, mica 
Cs, C18, C.. = 0.02 p,F, 

ceramic 
C •• C10 = variable ca~acitor, 
~r to ~f.F. Areo o. 404 

C.a = ~1 pF. mica 
C1S = variable capacitor, 

0.9 to 7 pF. Vitramon No. 
400 or equiv. 

C17 = 1000 pF. ceramic 
C18 = 0.01 p,F. ceramic 
COl = variable capacitor, 

32 to 250 pF, Vitramon 
No. 464 or equiv. 

LI = 1 turn of No. 16 wire; 
inner diameter, %6 inch; 
length, % inch 

La = rf choke, 1 p,H 
L. = oscillator coil; pri

mary, 7 turns; secondary, 
I-%. turns; wound from 
No. 22 wire on CTC coil 
form having "white dot" 
core 

L. == 5 turns of No. 16 wire; 
inner diameter, %6 inch; 
length. % inch 

L. == 6 turns of No. 16 wire; 
inner diameter, % inch; 
length, %. inch 

RI, R. = 510 ohms, 0.5 watt 
R. = 3900 ohms, 0.5 watt 
Ra, R. = 2.2 ohms, wire-

wound, 0.5 watt 
R. = 51 ohms, 0.5 watt 
Ra == 24000 ohms, 0.5 watt 
R. = 240 ohms, 0.5 watt 
R. = agc control, poten

tiometer, 50000 ohms 
RIO = 5.6 ohms, 1 watt 
TI = current transformer 

(toroid), Arnold No. A4-
437-125-SF. or equiv. 

NOTE: See general considerations for construction of high-frequency and broadband circuits 
Oil page 391. 
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12-22 
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17S-Mc/$ 3S-WATT AMPLIFIER 

DRIVER 

LOW-LEVEL AMPLIFIERS 
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12-22 175-Mc/s 35-WATT POWER AMPLIFIER (cont'd) 

Circuit Description 
This four-stage rf power amplifier 

operates from a dc supply of 13.5 
volts and delivers 35 watts of power 
output at 175 Mcl s for an input of 
125 milliwatts. The silicon overlay 
transistors used in the amplifier 
supply maximum output power at 
this level of dc voltage for use in 
mobile systems. 

The low-level portion of the am
plifier consists of three unneutral
ized, class C, common-emitter rf 
amplifier stages interconnected by 
band-pass filters tuned to provide 
maximum transfer of energy at 175 
Mcl s. The 40280 input stage develops 
1 watt of power output when a 125-
milliwatt 175-Mcl s signal is applied 
to the amplifier input terminal. This 
output is increased to 4 watts by 
the 40281 transistor used in the sec
ond stage. The 40282 driver transis
tor then develops 12 watts of driv
ing power for the output stage. 

Parts List 

When the low-level stages and the 
output stage are mounted on sepa
rate chassis, the output from the 
driver stage is coupled to the output 
stage through a low-loss coaxial 
line. The line is terminated by vari
able capacitors C15 and C,• and in
ductor Ln. The capacitors are ad
justed to assure a good impedance 
match between the output of the 
driver and the input of the output 
stage at 175 Mcl s. The driving sig
nal developed across inductor Ln is 
applied to the tuned input networks 
of three parallel-connected 40282 
transistors in the single-ended out
put stage. For an input of 12 watts, 
the three 40282 transistors deliver 
35 watts of 175-Mcl s power to the 
output terminal of the amplifier. 
Capacitors Coo and C'1 are adjusted 
to match the amplifier output to the 
load impedance at the operating 
frequency. 

c. = variable capacitor, 3 
to 35 pF, Arco No. 403, 
or equiv. 

to 150 pF, Arco No. 424 
or equiv. 

inch; length, ~~ inch 
Lo = 1-% turns of No. 16 

wire; inner diameter, ~~ 
inch; length. % inch CJh Cs, ClO, Cl'l', C18t Cl9. C27 

= variable capacitor, 8 to 
60 lIF, Arco No. 404, or 
eqUlV. 

C., Co, Cll = 0.1 JLF. ceramic 
disc 

C., Co, Ca, C .. , C .. , C .. = 
feedthrough capacitor, 
1500 pF 

Cs, ClO, C13. C14. C26 = vari
able capacitor. 7 to 100 
pF, Arco No. 423, or 
equiv. 

C. = variable capacitor, 14 

C15 = variable capacitor, 1.5 
to 20 pF, Arco No. 402 
or eqUlV. 

Coo, C •• , C.. = 0.2 JLF, 
ceramic disc 

L1 = 2 turns of No. 16 wire; 
inner diameter, %6 inch; 
length, ~~ inch 

L., L., La = 450-ohm ferrite 
rf choke 

L., Lo, Lll = rf choke, 1.0 
JLH 

L., Lt = 3 turns of No. 16 
wire; inner diameter. %6 

L,o = 2 turns of No. 16 wire; 
inner diameter, ~~ inch; 
length, %6 inch 

La, L,., L14 = 5 turns of No. 
16 wire; inner diameter, 
~~ inch; length, % inch 

L15, L, •• L .. = 2 turns of No. 
18 wire; Inner diameter, 
% inch; length, % inch 

L •• , L,., Loo = 2 turns of No. 
16 wire; Inner diameter, 
~4 inch; length, ~~ inch 

NOTE: See aeneral eonsiderations for construction of hiah-frequency and broadband cireuits 
on page 391. 
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12-23. 27-Mc/s CRYSTAl. OSCILLAT.OR 
Output 4. mW 

Circuit Description 
This crystal-controlled oscillator 

provides a stable 4-milliwatt output 
at 27 Mcl s. The circuit operates from 
a 20-volt, 7-milliampere dc supply. 

A 2N1491 common-emitter circuit 
amplifies the signal from the 27-
Mcl s crystal to develop -the rated 
power output. The combined effects 
of the base-bias network C1 and R1 

and the emitter-bias network C •. and 
R. bias the transistor for class C 
operation to prevent excessive load
ing of the collector resonant circuit 
L. and Ca. The use of crystal control 

Parts List 

OUT.pUT 
(LOAD = 

L2 50-100 
OHMS) 

assures excellent frequency stability 
for -the oscillator. Positive feedback 
is coupled from the collector to the 
base of the 2N1491 across the ca
pacitance of the crystal to sustain 
oscillations. 

The 27-Mc/s oscillator signal de
veloped across L, is inductively 
coupled. by L2 to the load circuit. The 
transformation provided by L. and 
L2 adequately matches the collector 
impedance of the transistor to a load 
impedance of 50 ·to 100 ohms. 

Ct = 20 pF, ceramic. disc, 
25 V 

C., C. = 0.01 p,F, ceramic 
disc, 25 V 

Ca = 22 pF, ceramic disc·, 
25 V 

Ll = 15 turns No. 22 enam., 
close-wound on CTC LS5 
form (powdered-iron 
slug) 

L1 
R1 = 9100 ohms, 0.5 watt 
Ra = 680 ohms, 0.5 watt 
Ra = 200 ohms, 0.5 watt 
XTAL = crystal, 27 Mcts Ls = 2 turns No. 18 enam., 

wound over cold end of 
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72-24 SOO-Me/s I-WATT POWER OSCILLATOR 

Circuit Description 
This power oscillator operates 

from a portable battery supply of 
28 volts and delivers 1 watt of rf 
power output at 500 Mcl s. The re
verse voltage to bias the 2N3553 
transistor for class C operation, as 
required in this Colpitts-type oscilla
tor, is developed across the emitter
to-base resistance-capacitance net
work C" Co, CG, R" Ro, and R.. The 
resonant circuit consisting of induc
tor L. and tuning capacitors C" C" 
and C. forms a selective emitter-to
collector load impedance for the 
2N3553, and resonates to generate 
a continuous 500-Mcl s signal when 
energy is applied to the circuit. 

The capacitive voltage divider C. 
and C. assures that the proper 
amount of feedback signal is de
veloped during each oscillator cycle. 
When the feedback voltage developed 
across capacitor C. is large enough 

Parts List 

and in the correct polarity to ·over
come the fixed bias, current flows 
through the 2N3553. RF chokes L, 
and L. and .bypass capacitor C. pre
vent rf components of the transistor 
current from flowing into the dc cir
cuit. The rf current is shunted 
through the oscillator resonant cir
cuit and used to replenish the energy 
lost or coupled from the circuit dur
ing each cycle. 

The oscillator output is induc
tively coupled to the load by La 
and L" which consist of two parallel 
brass rods spaced % inch apart. 
Each rod is 1-~ inches in length 
and %6 inch in diameter. The output 
is delivered to the load through ca
pacitor C, and a low-loss coaxial 
cable. The value of C. is selected to 
provide optimum match between the 
oscillator and the load impedance. 

Ct =: 500 pF. ceramic disc 
C. =: 0.01 JLF. ceramic disc 
C .. C •• C. =: variable capaci-

to 7 pF. Vitramon No. 400 
or equiv. 

1 %. inches in length. %6 
inch in diameter. sepa
rated by % inch 

tor. 1.5 t'I> 20 pF. Arco 
402 or equiv. 

C. =: variable capacitor. 0.9 

C. =: 50 pF. ceramic disc 
L,. L. =: rf chokes. 0.22 JLH. 

Nytronics No. 60Z189 or 
equiv. 

Le. L. = parallel brass rods. 

Rt =: 1800 ohms. 0.5 watt a. = 75 ohms. 0.5 watt 
Rs =: 2700 ohms. 0.5 watt 
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12-25 GRID-DIP METER 
For Measuring Resonant Frequencies from 3.5 to 1000 Mel s 

Parts List 
B = 13.5 volts. RCA VS304 
C. = 33, pF, mica, 50 V 

J = phone jack, normally 
ebsed 

megoiJm, 0,5 watt 
R. = 220 ohms, 0.5 watt 

C. = O.Oll'F, paper, 50 V 
C. = 5 pF, lll1ca, 50 V 

L = plug-in coil R, = 3,000 ohms, 0,5 watt 
R, = 3,£00 ohms, 0.5 watt 

C. = 0.01 p.F, paper, 50 V 
C. = variable capacitor, 50 

M =- mieroammeter, 0 to 50 
p.A (Simpson model 1227 
or eluivalent) 

R" = 39,000 ohms, 0.5 watt 
X = jumper, omit for meas-

pF (Hammarlund type 
HF-50 or equivalent) 

R. = variable le3istor, 0-0,~5 urements below 45 Me 

Coil-Winding Data 
Coil Freq. Range Wire Size 
1 3.4-6.9 Me/s #28. enamel 
2 6.7-13.5 Me/s #24, enamel 
3 13-27 Me/s #24, enamel 
4 25-47 Me/s #24, enamel 
5 46-78 Me/s #24, enamel 
6 74-97 Mels #16, tinned 
Coil forms are Amphenol 
type 24-5H or equIvalent. 

Circuit Description 

This grid-dip meter determines 
the frequency of resonant circuits 
quickly and accurately. Basically, it 
consists of a 2N1178 common-base 
rf oscillator stage that can be tuned 
over a wide frequency range. A 
1N34A diode, and a dc microammeter 
are used to show when rf power is 
being absorbed from the oscillator 
tuned circuit. The dc power for the 
oscillator is obtained from a 13.5-
volt miniature battery such as the 
RCA VS304. 

Inductor L and capacitor C. form 
the oscillator resonant circuit. Feed
back to sustain oscillations in the 

No. of Turns 
48~~, close wound 
22, close wound 
9~a, close wound 
4~8, close wound 
H~, close wound 
r...airpin f~!'rec:!. 118 inches 
long including pins. and ~~ 
inch wide 

l'tlsonant circuit is coupled by ca
pacitor C:, from the collector to the 
emitter of the 2N1178. RF voltage 
in the emitter-to-base circuit is 
coupled by C, to the 1N34A diode, 
and the rectified output appears on 
the dc microammeter. When power 
is absorbed from the oscillator 
resonant circuit, rf feedback is re
ducedand the reading on the micro
ammeter decreases. 

The coil used for inductor t is 
~.elected for the operating frequency 
desired. A frequency-tuning dial 
mouni;ed on the same shaft with the 
variable capacitor C. indicates the 
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12-25 GRID·DIP METER (cont'd) 

Circuit Description (cont'd) 
operating frequency of the meter. 
For measurement of the frequency 
of a resonant circuit, a coil having 
a suitable frequency range is in
serted in the grid-dip meter, and 
the meter control knob is adjusted 
for a reading of about half-scale. 
The meter is then tightly coupled 

to the unknown tuned circuit, and 
the tuning dial is rotated until a 
dip in the meter reading occurs. 
When transmitter tank circuits are 
measured, the transmitter plate sup
ply must be turned off to eliminate 
danger of shock. 

12-26 CODE· PRACTICE OSCILLATOR 

Parts List 
B = 1.5-4.5 V (One to three 

series-connected RCA 
VS036 dry cells may be 
used. depending upon the 
volume level desired.) 

C,. C. = 0.01 p.F. paper, 
150 V 

Ro = 27000 ohms. 0.5 watt 
Ro = 3000 ohms. 0.5 watt 

H = Headphone. 2000-obm, 
magnetic 

Rl = 2200 ohms. 0.5 watt 

R. = volume control poten
tiometer. 50000 ohms. 0.5 
watt 

Circuit Description 
This simple audio oscillator oper

ates from a dc supply of 1.5 to 4.5 
volts, depending on the amount of 
output desired. Magnetic headphones 
provide an audible indication of key
ing. When the key is closed, the 
2N 408 transistor supplies energy to 
the resonant circuit formed by ca
pacitors C, and C. and the inductance 

of the headphones, and this circuit 
resonates to produce an audio tone 
in the headphones. Positive feedback 
to sustain oscillation is coupled 
from the resonant circuit through 
C, and C. to the emitter of the 
2N408. R. is adjusted to obtain the 
desired level of sound from the 
headphones. 
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Parts List 
Cl, Co = 1 1iF, paper (or 

Mylar), 200 V 
C. = 0.47 pF, ceramic, 25 V 
C.60~sV == 560 pF, ceramic, 

C.60~.V= 330 pF, ceramic, 

Cs!;OCi,= 0.01 pF, ceramic, 

C1SO ~ = 0.02 pF, ceramic, 

Cu = 0.1 pF, ceramic, 50 V 
Cu, C .. = 2000 1iF, electro-

lytic, 15 V 
C15 = 16 pF, electrolytic, 

150 V 
F = fuse, 1 ampere 
I = indicator lamp No. 47 
K = dc relay; . coil resistance = 2500 ohms; operating 

current = 4 rnA 
Rl = 39000 oluns, 0.5 watt 
Ro, Ro, Ru, Roo = 3900 ohms, 

Circuit Description 

RCA Transistor Manual 

ELECTRONIC KEYER 

0.5 watt 
Ro, R1B = 18000 oluns, 

0.5 watt 
R., Ro = 51000 ohms, 

0.5 watt 
Ro, Roo = potentiometer, 

10000 oluns 
R7, RlO = 22000 oluns, 

0.5 watt 
Rs, Roo = 180 oluns, 0.5 watt 
Rll, Rn = 15000 ohms, 

0.5 watt 
R10, R19 = 33000 oluns, 

0.5 watt 
Ri<, R18, Roo, Roo = 27000 

oluns, 0.5 watt 
RlD. R .. = 270 ohms, 0.5 watt 
R17 = 68000 oluns, 0.5 watt 
R .. = 100000 oluns, 0.5 watt 
Roo = 68 ohms, 0.5 watt 
Roo = 560 oluns, 0.5 watt 
R27 = 1200 ohms, 0.5 watt 

Ro8 = volume-control 
potentiometer, 50000 ohms 

R31, Ro. = 10000 oluns, 
0.5 watt 

R .. = 6800 ohms, 0.5 watt 
Roo = 8200 oluns, 0.5 watt 
Rao, Roo, R •• = 15000 oluns, 

0.5 watt 
Ra7, Roo = 47000 ohms, 

0.5 watt 
R .. = 10000 oluns, 1 watt 
Sl = Vibroplex keyer, 

or equiv. 
So = toggle switch, double

pole, double-throw 
S. = toggle switch; single

pole, single-throw 
Tl = push-pull output trans

fonner (14000 ohm to 
V.C.) 

T. = power transfonner, 
Stancor PS8415, PS8421, 
;or equiv. 

This compact electronic keyer can 
be used for automatic keying of a 
cw transmitter at speeds up to 60 
words per minute. Two multivibra
tor trigger circuits using 2N404 
transistors automatically control the 

dot and dash transmissions. A 
"Vibro-Keyer", which is spring
loaded to the OFF position, selects 
the type of transmission desired. 
Unless the "Vibro-Keyer" is moved 
to either the DOT ur the DASH po-
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12-27 ELECTRONIC KEYER (conYd) 
Circuit Description (cont'd) 
sition, both lnultivibrators are held 
inoperative by the biasing action of 
2N1302 clamping circuits. 

When the "Vibro-Keyer" S1 is de
flected to the DOT position, the first 
2N1302 clamp transistor becomes in
operative, and the dot multivibrator 
is allowed to operate as a free
running circuit. Feedback circuits in 
the multivibrator assure continued 
operation, regardless of whether Sl 
remains in the DOT position, long 
enough to develop the square-wave 
output that controls both the dura
tion of the dot and the space that 
follows it. When Sl is set to the 
DASH position, both clamp transis
tors become inoperative. The dot 
multivibrator and the dash flip-flop 
then operate simultaneously. The 
dash flip-flop is triggered by the 
positive pulses from the dot multi
vibrator. The IN34A steering diodes 
prevent triggering of the flip-flop by 
negative pUlses. Because two posi
tive pulses are required to produce 
one complete cycle of output from 
the flip-flop, the frequency of this 
circuit is one-half that of the dot 
multivibrator. 

The square-wave outputs from the 
dot multivibrator and the dash flip
flop are coupled to two more 2N404 
transistors used in an OR gate cir
cuit. During the positive half-cycle 
of the square-wave inputs, the OR 
gate conducts to remove the cutoff 
bias from the 2N647 relay ampli
fier, which controls the operation of 
keying relay Klo The relay is then 
energized, and its contacts close for 
the period required to key the trans
mitter for the selected type of trans
mission. One section of K1 may be 
used to mute the receiver during 
key-down periods. Because the OR 
gate circuit is keyed successively by 
signals from the dot multivibrator 
and the dash flip-flop in the forma
tion of a dash, the duration of a 
dash is three times that of a dot. 

The keying speed of this electronic 
keyer is determined by the fre-

quency of the dot multivibrator. 
This frequency is adjustable by 
means of potentiometer R .. , which 
varies the amplitude of the negative 
dc voltage. As the negative voltage 
at the armature of potentiometer 
R. is increased to a maximum value 
of 60 volts, the keying speed is in
creased to a maximum of 60 words 
per minute. Potentiometer R. con
trols the ratio of "on time" to "off 
time" of the dot multivibrator tran
sistors, and thus determines the 
duration of both dot and dash trans
missions and the minimum spacing 
between successive transmissions. 
The over-all keying speed is not af
fected by this adjustment. 

The electronic keyer may also be 
operated as a semiautomatic key 
("bug") when selecter switch S. is 
placed in the SEMIA UTO position. 
Dots are still produced automati
cally, but the automatic keying cir
cuits are bypassed when S1 is moved 
to the DASH position. The forma
tion of dashes is then controlled 
manually. When S. is in the MAN 
position, a hand key (connected 
across the terminals marked HAND 
KEY) may be used for manual con
trol of the keyer; the automatic key
ing circuits are then bypassed dur
ing the formation of both dots and 
dashes. 

The keyer operates from a 117-
volt, 60-c/s ac power input applied 
through a step-down power trans
former T •. The ac input voltage is 
converted to the negative dc volt
age used to control keying speed by 
a IN2861 half-wave rectifier circuit. 
Two other 2N2861 diodes are used 
in a voltage-doubler circuit that op
erates from the 6.3-volt secondary 
winding of transformer T. to pro
duce the dc supply voltage for the 
various circuits in the keyer. A 
2N404 tone oscillator, which is gated 
on by the relay-amplifier circuit, 
provides an audible indication of 
keying. 
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12-28 POWER SUPPLY FOR AMATEUR TRANSMITTER 

600 Volts; 300 Volts; Total Current 330 Milliamperes (Intermittent Duty) 

r 
111 V 
60", 

Parts List 

~V NOT USED 

Cl c.. c.. c. Co Ce C.Ce= 
0.001 p.F. ceramic disc. 
1000 V 

C.. ClD. Cu. Cll! = 40 p.F. 
electrolytic. 450 V 

CRl CR. CRa CR, CR. eRe 
cn. eRe = RCA-IN2864 

F = fuse. 5 amperes 
1= indicator laIrip 

LI __ _ 

.------='.!.jiiim~-.--..... _o + HV 
Appro •• 
600 V 

RIO 

t-.-iTnm~-_-~+ 

K1 = relay; Potter and 
Brumfield KAllAY or 
equiv. 

Lt = 2.8 henries. 300 InA; 
5tancor C-2334 or equiv. 

1.2 = 4 henries. 175 rnA; 
5tancor C-1410 or equiv. 

R,RoRoR.RaR.n.Ra= 
0.47 megohm. 0.5 watt 

ApprOi. 
300 V 

R. = 47 ohms. 1 watt 
RlD Rll = 15000 ohms. 10 

watts 
Rll! = 47000 ohms. 2 watts 
5, 5. = toggle switch, single

pole single-throw 
T = power transformer; 

5tancor P-8166 or equiv. 
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12-28 POWER SUPPLY FOR AMATEUR TRANSMlnER (cont'd) 

Circuit Description 
This power supply uses eight 

lN2864 silicon diodes in series-con
nected pairs in a bridge-rectifier 
circuit to supply a 600-volt dc out
put from a 117-volt ac input. The 
second set of diode pairs (CR. 
through CR.) is also used in a con
ventional full-wave rectifier circuit 
to supply a 300-volt dc output. 
Series-connected pairs of diodes are 
used to provide the rectification in 
this circuit because the peak-inverse
voltage rating of such combinations 
is twice that of a single diode. 

The operation of the power sup
ply is controlled by two switches. 
When the ON-OFF switch S, is 
closed, the 117-volt 60-c/s ac input 
power is applied across the primary 
of the step-up power transformer 
T,. The power supply does not be
come operative, however, until 
switch S. is also closed. Relay K, is 
then energized, and the closed con
tacts of the relay complete the 
ground return paths for the power
supply circuits. Switch S. can be 
used as a STANDBY switch for the 
transmitter, or another switch may 
be connected in parallel with S. so 
that the standby-to-on function can 
be controlled from a remote location. 

During the half-cycle of ac input 
for which the voltage across the 
secondary winding of T, is positive 
at the top end and negative at the 
bottom end, current flows from the 
bottom of the secondary through 
diodes CR1 and CR. (which are 
oriented in the proper direction), 

out the KiA section of the relay con
tacts to ground, and then up through 
bleeder resistors R,• and R11 and the 
external load connected in shunt 
with the resistors to develop the 600-
volt output. The return flow is com
pleted through filter choke L,., diodes 
CR, and CR., and the entire second
ary winding. During the next half
cycle of the ac input, the polarity 
of the voltage across the secondary 
reverses, and the current flows 
through diodes CR. and CR., through 
the bleeder resistors and the external 
load circuit in the same direction 
as before, and then through diodes 
CR. and CR.. Capacitors C. and C,• 
and choke L, provide the filtering to 
smooth out the pUlsations in the 
600-volt dc output. 

For the 300-volt dc output, only 
one-half the voltage across the sec
ondary winding of T, is required. 
The CR.-CR. and CR1-CR. diode 
pairs are operated in a full-wave 
rectifier configuration to provide this 
output (diodes CR, through CR. are 
not included in the 300-volt circuit.) 
The current flow through the diode 
pairs is the same as described be
fore, but the current is directed from 
the relay contacts up through bleeder 
resistor R,• and the external load 
circuit to develop the 300-volt out
put. The return flow is through 
choke L. and the transformer center 
tap. Capacitors Cll and C12 and choke 
L. provide the filtering for the 300-
volt dc output. 
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"",VOLTAGE REGULATOR, SERIES TYPE 

With Adjustable Output 

. Line Regulation within 1.0% Load Regulation within 0.5% 

+ 

INPUT 
4O-50V 

DC 

Parts List 

°2 TYPE 
2N3055 

Cl = 1 !iF. J!!.per, 25 V 
Co50=V1oo P-F. electrolytic, 
CR = reference diode, 12 V 

R3 

. Rl = 1200 ohms, 0.5 watt 
Ro a. a. = 0.1 ohm, 0.5 watt 
Ro = 2000 ohms, 0.5 watt 
R. = 570 ohms, 0.5 watt 

Ra 

+ 
C2 -

OUTPUT 
Rg 22-30V 

O-IOA 
DC 

RIO 

R. = 270 ohms, 0.5 watt 
Ro·RlO = 1000 ohms, 0.5 watt 
Ro = potentiometer, 1000 

ohms, 0.5 watt 



Circuits 449 

12-29 VOLTAGE REGULATOR, SERIES TYPE 

Circuit Description 

In this series-type voltage regu
lator, regulation is accomplished by 
varying the current through three 
paralleled 2N3055 transistors con
nected in series with the load circuit. 
A reverse-bias-connected Zener diode 
provides the reference voltage for 
the circuit. The voltage drop across 
this diode remains constant at the 
reference potential of 12 volts over 
a wide range of current through 
the diode. 

If the output voltage tends to rise 
for any reason, the total increase 
in voltage is distributed across 
bleeder resistors Rs, Rg, and R,0. If 
potentiometer Rg, the output-voltage 
adjustment, is set to the mid-point 
of its range, one-half the increase in 
output voltage is applied to the base 
of the 2N3053 transistor QQ. This in
creased voltage is coupled to the base 
of the 2N3053 transistor Q, by R2 , 

the common emitter resistor for the 
two transistors. The reference diode 
CR and its series resistor R3 are 
connected in parallel with the bleeder 
resistors, and the increase in out
put voltage is also reflected across 
the diode-resistor network. However, 
because the voltage drop across CR 
remains constant, the full increase 

in voltage is developed across R3 
and thus is applied directly to the 
base of Q,. Because the increase in 
voltage at the base is higher than 
that at the emitter, the collector cur
rent of the transistor increases. 

As the 2N3053 collector current of 
Q, increases, the base voltage of the 
2N1479 transistor Q, decreases by the 
amount of the increased drop across 
RIo .The resultant decrease in current 
through the 2N1479 causes a decrease 
in the emitter voltage of this tran
sistor and thus in the base voltage of 
the 2N3055 transistor Q2. Similar ac
tion by Q2 results in a negative-going 
voltage at the base of each of the 
three 2N3055 transistors Q3, Q5, and 
Q7. As a result, the current through 
these transistors, and through the 
load impedance in series with them, 
decreases. The decrease in load cur
rent tends to reduce the voltage 
developed across the load circuit to 
cancel the original tendency for an 
increase in the output voltage. Simi
larly, if the output voltage tends 
to decrease, the current through the 
three paralleled 2N3055 transistors 
and through the load circuit in
creases, so that the output voltage 
remains constant. 
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J2-30 VOLTAGE REGULATOR, SHUNT TYPE 
Regulation 0.5% 

INPUT 
45TO 55V 

DC 

Circuit Description 
This simple two-transistor shunt

type voltage regulator can provide 
a constant (within 0.5 per cent) dc 
output of 28 volts for load currents 
up to 0.5 ampere and dc inputs from 
45 to 55 volts. The two transistors 
operate as variable resistors to pro
vide the output regulation. A 27-volt 
Zener reference diode is used as the 
control, or sensing, element for the 
circuit. 

With a 28-volt output, the reverse
bias-connected reference diode, CR, 
operates in the breakdown-voltage 
region. In this region, the voltage 
drop across the diode remains con
stant (at the reference potential of 
27 volts) over a wide range of re
verse currents through the diode. 

The output voltage tends to rise 
with an increase in either the ap
plied voltage or the load-circuit im
pedance. The current through re
sistor R. and reference diode CR 
then increases. However, the voltage 
drop across CR remains constant 
at 27 volts, and the full increase in 
the output voltage is developed 
across R.. This increased voltage 
across R. is directly coupled to the 
base of the 2N1481 transistor and 
increases the forward bias so that 
the 2Nl481 conducts more heavily. 

OUTPUT 
2BV, 0 TO O.5A 

DC 

CR = reference diode, 27 V 
1li = 28 ohms. 10 watts (in

cludes source resistance 
of transformers. rectifiers. 
etc.) 

R2 = 1000 ohms. 0.5 watt 

The rise in the emitter current of 
the 2N1481 increases the forward 
bias on the 2N1485, and the current 
through this transistor also in
creases 

As the increased currents of the 
transistors flow through resistor R" 
which is in series with the load im
pedance, the voltage drop across R, 
becomes a larger proportion of the 
total applied voltage. In this way, 
any tendency for an increase in the 
output voltage is immediately re
flected as an increased voltage drop 
across R, so that the output volt
age delivered to the load circuit re
mains constant. 

If the output voltage tends to de
crease slightly, the voltage drop 
across reference diode CR still re
mains constant, and the full decrease 
occurs across R2. As a result, the 
forward bias of both transistors de
creases so that less current flows 
through R,. The resultant decrease 
in the proportional amount of the 
applied voltage dropped across this 
resistor immediately cancels any 
tendency for a decrease in the out· 
put voltage, and the voltage applied 
to the load circuit again remains 
constant. 
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12-31 LIGHT MINDER FOR AUTOMOBILES 

TO IGNITION 
SPEAKER 

~=F-"'---~-~lIrn 
RI 

R2 
FOR NEGATIVE

GROUND IGNITION 
SYSTEMS 

TI 

o-~>-~~~ __ ~r-__________ ~II~ER 

Parts List 

FOR POSITlVE
GROUND IGNITION 

SYSTEMS 

Ct = 0.22 I'F. electrolytic. 
25 volts 

S1 = switch. double-pole. 
double-throw 

equiv. 
Tl = ~udio-output trans

former; 400-ohm pri
mary. ll-ohm secondary; 
Lafayette No. 99R6209 or 
equiv. 

Cs = 30 1LF. 15 volts 
R1 = 15000 ohms, 0.5 watt 
& = 680 ohms, 0.5 watt 

Speaker = l~!.-inch perma
nent-magnet type; voice
coil impedance, 11 ohms; 
Lafayette No. 99R6035 or 

Circuit Description 
This light-minder circuit sounds 

an alax:m if the lights of a car are 
left on when the ignition is turned 
off. The alarm stops when the lights 
are turned off. When the lights are 
intentionally left on for a period of 
time, the alarm can be defeated so 
that no warning sounds. The alarm 
then sounds when the ignition 
switch is turned on as a reminder 
that the system has been defeated 
and the switch should be returned 
to its "normal" position. 

The circuit is essentially an os
cillator that obtains its supply volt
age from two possible sources, the 
ignition system or the light system 
of the car. In the "normal" mode of 
operation, the ignition system is con
nected to the collector circuit of 
the 2N217 (or 2N647) transistor, 
and the light system is connected 
through the lN34 diode to the 2N217 
(or 2N647) emitter. When the igni
tion switch is on, the collector of the 
transistor is at the supply voltage. 

If, at the same time, the lights are· 
on, the emitter of the transistor is 
also at the supply voltage. Because 
both the emitter and the collector 
are at the same voltage, the circuit 
does not oscillate and no alarm 
sounds. When the ignition is turned 
off, the collector is returned to 
ground through Rl and C" but the 
emitter remains at the supply volt
age and provides the necessary bias 
for the circuit to oscillate. Turning 
the lights out removes the supply 
voltage and stops the oscillation. 

In the "defeat" mode of opera
tion, the ignition system is con
nected through the lN34 diode to 
the emitter of the transistor, and 
the light system is completely dis
connected. The lights can then be 
turned on without the alarm sound
ing. When the ignition is turned on, 
it supplies the necessary voltage to 
the emitter of the transistor to 
cause the alarm to sound. 



452 RCA Transistor Manual 

12-32 BATTERY CHARGERS 
For 6- and 12-Volt Automobile Batteries 

FOR 6-CELL, 12 V 
AUTOMOBILE 
BATTERIES 

FOR 3-CELL, 6 V 
AUTOMOBILE 
BATTERIES 

Paris List 
C1sv SO p.F. electrolytic. 

F1 =: fuse. I-ampere. 3 AG 
b =: pilot lamP. No. 1488 

(12 V. ISO mAl for 12-
volt system or No. 47 (6 
V. ISO mAl for 6-volt 
system 

R1 = S ohms. 20 watts for 

TYPES 
IN2860 

TYPE 
IN3754 

12-volt system or 2 ohms. 
2S watts for 6-volt sys
tem 

& =: 33 ohms. O.S watt 
R. =: 470 ohms. O.S watt 
It. = ISO ohms. O.S watt 
R. =: 1800 ohms. O.S watt 
He = potentiometer. cutcff 

+ 

adjustment, 10000 ohms, 
2 watts 

5, =: toggle switch, single
pole, single-throw. 3-am
pere, 12S-volt 

Tl =: power transformer. 
5tancor No. RT-202. or 
equiv. 
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12-32 BATTERY CHARGERS (confd) 

Circuit Description 
These battery chargers can be 

used to recharge run-down batteries 
in automobiles and other vehicles 
without removing them from their 
original mounting and without the 
need for constant attention. When 
the battery is fully charged, the 
charger circuits automatically switch 
from charging current to "trickle" 
charge, and an indicator lamp lights 
to provide a visual indication of this 
condition. 

12-Volt Battery Charger-This 
circuit can be used to charge 6-cell, 
12-volt lead storage batteries at a 
maximum charging rate of 2 am
peres. When switch S1 is closed, the 
rectified current produced by the 
four IN2860 silicon diodes in the 
full-wave bridge rectifier charges 
capacitor C1 through resistors Rl 
and R2 and the No. 1488 indicator 
lamp, I,. As C1 charges, the anode 
of the IN3754 diode is rapidly raised 
to a positive voltage high enough so 
that the diode is allowed to conduct. 
Gate current is then supplied to the 
2N3228 SCR to trigger it into con
duction. The SCR and the battery 
under charge then form essentially 
the full load on the bridge rectifier, 
and a charging current flows through 
the battery that is proportional to 
the difference in potential between 
the battery voltage and the rectifier 
output. Resistor Rl limits the cur
rent to a safe value to protect the 
IN2860 rectifier diodes in the event 
that the load is a "dead" battery. 
The energy stored in C1 assures that 
the SCR conducts and, thereby, that 
the charging current flows for prac
tically the full 180 degrees of each 
successive half-cycle of input until 
the battery is fully charged. (The 
SCR is actually cut off near the 
end of each half-cycle but is re
triggered shortly after the beginning 
of each succeeding half-cycle by the 

gate current applied through the 
IN3754 diode as a result of the 
steady potential on Cl.) 

When the battery is fully charged, 
the two-transistor regenerative 
switch is triggered into conduction 
(the triggering point is preset by 
means of potentiometer R.). As a 
result of the regenerative action, the 
2N2614 and 2N3241 transistors in 
the switch are rapidly driven to 
saturation and thus provide a low
impedance discharge path for Cl. 
The capacitor then discharges 
through these transistors and resis
tor R2 to about 1 volt (the voltage 
drop across the transistors) . This 
value is too low to sustain conduc
tion of the IN3754 diode, and the 
2N3228 SCR is not triggered on the 
succeeding half-cycle of the input. 
The saturated transistor switch also 
provides a low-resistance path for 
the current to the No. 1488 indicator 
lamp, which glows brightly to signal 
the fully charged condition of the 
battery. The current in the lamp cir
cuit (R" lamp, and transistor 
switch) provides a "trickle" charge 
of approximately 150 milliamperes 
to the battery. 

6-Volt Battery Charger-This cir
cuit can be used to charge 3-cell, 6-
volt lead storage batteries at a 
maximum charging rate of 3.2 am
peres. It is very similar to the 12-
volt battery charger except for the 
rectifier configuration. In the 6-volt 
circuit, the four 1N2860 diodes are 
connected in a full-wave center
tapped rectifier circuit that provides 
the higher charging current of 3.2 
amperes to the 6-volt battery. With 
the . exception of the rectifier cir
cuit, the indicator lamp, and the 
value used for R" the 6-volt charger 
is identical to the 12-volt charger 
and operates in the same way. 
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12-33 UNIVERSAL MOTOR SPEE.D CONTROL OR LIGHT DIMMER 

LOAD-

TYPES 
IN2860 

TYPE 
2N3228 

OR 
TYPE 

2N3669 

INCREASE 
SPEED 

cw 

TRANSISTOR 
SWITCH 

RII 

• Maximum load is 2 amperes when 2N3228 SCR is used or 12.5 amperes when 2N3669 
SCR is used. 

Parts List 
C1 = 1.0 p.F'l.aper, 200 V 
C215=V 50 JI. , electrolytic, 

F1 = fuse. 3-ampere (with 
2N3228 SCR) or 15-am
pere (with 2N3669 SCR) 

R1 = 2 volts divided by 
rated value of the load 
current (as given on 
motor faceplate). The 

load current squared 
times the calculated value 
of resistance plus a 50-
per-cent safety margin is 
the recommended wattage 
rating for the resistor. 

R., R10 = 1000 ohms, 0.5 
watt 

& = 5600 ohms, 0.5 watt 
& = 4700 ohms, 0.5 watt 
R. = 470 ohms, 0.5 watt 
R. = 150 ohms, .0.5 watt 

R. = potentiometer, speed 
adjustment, 0.1 megohm, 
2 watts, linear taper 

R. = 100 ohms, 0.5 watt 

R. = 15 ohms, 0.5 .watt 
Rll = 15000 ohms, 1 watt 
Sl = tog~le switch. single-

pole, smgle-throw 

Circuit Description 

This circuit can be used to provide 
both speed control and speed regula
tion (constant speed under condi
tions of changing loads) for ac/dc 
universal motors which have name
plate current ratings up to two am
peres with a 2N3228 SCR or up to 
12.5 amperes with a 2N3669 SCR. 
Motor speed can be adjusted from 
complete cutoff to essentially the 

full rated value. The circuit also pro
vides smooth anti-skip operation at 
reduced speeds. This control circuit 
is useful for adjusting and regulat
ing the speed of small power tools 
(e.g., drills, buffers, and jigsaws) 
as required for special jobs. 

The speed of the power-tool motor 
is determined by the time during each 
half-cycle of the ac input signal that 
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12-33 UNIVERSAL MOTOR SPEED CONTROL 
OR LAMP DIMMER (cont'd) 

Circuit Description (cont'd) 
the SCR conducts. This time, in 
turn, is controlled by manual adjust
ment of potentiometer R2• When R. 
is set for minimum resistance, the 
rectifier current from the four 
1N2860 rectifiers charges capacitor 
C1 rapidly to the triggering poten
tial of the two-transistor regenera
tive switch (preset to six volts for 
this circuit), and the switch is trig
gered into conduction early in each 
input half-cycle. When the 2N2614 
and 2N3241 transistors used in the 
switch circuit conduct, C1 discharges 
through the series circuit of the 
transistors and the gate electrode 
of the SCR. This discharge current 
triggers the SCR into conduction, 
and load current then flows until the 
end of the input half-cycle. This op
eration is repeated for each succeed
ing half-cycle of the ac input signal, 
and the motor is maintained at maxi
mum speed. 

When the resistance of R. is in
creased, C1 charges more slowly and 
the SCR is triggered later in the 
input half-cycle, or not at all if the 
charge on C1 fails to reach six volts. 
Thus, the speed of the motor is re
duced, or is cut off completely in the 
maximum-resistance position. 

The feedback circuit (Rl, R., Ro, 
and C.) maintains essentially con
stant speed of the motor under 
changing load conditions. As the load 
is applied to the motor, the speed 
momentarily decreases and the cur
rent through the motor and the SCR 
increases. Resistor R1 , in series with 
the SCR, develops an increased volt
age drop, and the charge on capaci
tor C. is increased. This increased 
charge produces a current increase 

through resistor Ro; less current is 
then required through resistor R. and 
the regenerative transistor switch. 
As a result, the SCR is triggered 
earlier in the next half-cycle of the 
input ac voltage. The increased con
duction time results in a corre
sponding increase in motor speed 
approaching that set by means of 
the potentiometer R.. Resistor R. 
performs an additional function of 
this circuit, i.e., it shunts out com
mutator "hash" and thereby elimi
nates the possibility of premature 
triggering of the SCR. 

The circuit can also be used to 
provide continuous and smooth con
trol of the brightness of incandes
cent lamps. Lamps having a total 
power rating of 240 watts (with the 
2N3228 SCR) or of 1500 watts (with 
the 2N3669 SCR) can be adjusted 
from complete cutoff to essentially 
full rated brightness. As a lamp 
dimmer, the circuit is useful for pro
viding the exact amount of light re
quired at different times in various 
locations, i.e., the desired level for 
any mood or occasion. 

When the circuit is used as a lamp 
dimmer, speed regulation is not re
quired, and capacitor C2 and resis
tors R. and R. in the feedback 
network may be omitted. Lamp 
brightness is controlled in essen
tially the same way that the speed 
of a universal motor is controlled. 
The brightness of the incandescent 
lamp load is determined by the time 
during each half-cycle of the ac in
put that the SCR conducts. This 
time, in turn, is' controlled by man
ual adjustment of potentiometer R2• 
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12-34 MODEL TRAIN AND RACE-CAR' SPEED CONTROL 

Parts List 

TYPES 
IN2860 

TYPE 
IN3754 

INCREASE SPEED 

- R5 

cw R3 

TYPE 
2N3228 

R4 
+ 

R8 

Rg 

C. = 1 p,F, paper, 200 V 
C. = 1000 pF, electrolytic, 

25 V 

three 5-ohm, 20-watt re
sistors) 

R. = 150 ohms, 0.5 watt 
R. = 1000 ohms, 0.5 watt 
5, = toggle switch, single-

F. = fuse, 1-ampere, 3 AG 
I. = neon lamp, NE-83 or 

NE-2 

R. = potentiometer, speed 
adjustment, 1000 ohms, 2 
watts, linear taper 

pole, single-throw, 3-am
pere, 125 volt 

R. = 15 ohms, 0.5 watt T1 = power transformer, 
5tancor No. RT-202 or 
equiv. 

R. = 47000 ohms, 0.5 watt 
R. = 15 ohms, 60 watts (use 

R., R. = 100 ohms, 0.5 watt 
Ro = 470 ohms, 0.5 watt 

Circuit Description 

This circuit can be used to pro
vide continuous and smooth control 
of the speed of model vehicles which 
are designed to operate at dc volt
ages up to 12 volts. The speed of 
such vehicles can be adusted over the 
complete range from zero to the full 
rated value. This control circuit is 
useful for starting, stopping, and 
adusting the speed of most model 

railroad trains, race cars, and simi
lar "hobby type" vehicles. 

The operating speed of the model 
railroad train or race car is de
termined by the delay involved in 
triggering the 2N3228 SeR into con
duction after the start of each half
cycle of ac input voltage. This delay 
time, in turn, is controlled by adust
ment of the _ potentiometer R.. Be-
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12-34 MODEL TRAIN AND RACE-CAR SPEED CONTROL (con,t'd) 

Circuit Description (cont'd) 

cause the load and the SCR are in 
parallel (rather than in series as in 
the Universal Motor Speed Control, 
Circuit 12-33), output voltage is 
available at the load only when the 
SCR is not conducting. When R. is 
set for maximum resistance (maxi
mum clockwise position), maximum 
delay in triggering the SCR is ob
tained, and maximum speed is at
tained in the model vehicle. 

When switch S, is closed, the pul
sating direct current from the 
1N2860 bridge rectifiers charges. ca
pacitor C, through the resistor R2 
and the 1N3754 silicon diode, and a 
voltage appears across the output 
terminals. Under conditions of mini
mum conduction of the SCR (ap
proximately 100 degrees of each 
input half-cycle of voltage), a maxi
mum voltage of approximately 13 
volts is present at the output termi
nals. As the resistance of poten
tiometer R3 is decreased, the current 
through R3, R., and R5 charges ca
pacitor C, more quickly to the 
triggering potential of the two
transistor regenerative switch. The 
2N2614 and 2N3241 transistors in 
the switch then supply the gate cur
rent to trigger the 2N3228 SCR into 
conduction, and the voltage across 
the output terminals drops to slightly 
less than one volt when poten
tiometer R. is set for minimum 
resistance. 

The output voltage is filtered by 
capacitor C, and therefore ap
proaches a steady dc level de
termined by the relative duration 
of the "on" and "off" periods of the 

SCR. The 1N3754 diode isolates the 
anode of the SCR from the potential 
on capacitor C, so that the SCR, 
when it is triggered into conduction, 
does not provide a discharge path 
for the capacitor and so that the 
anode voltage falls to zero and turns 
off the SCR at the end of each input 
half-cycle. Resistor R9 helps to sta
bilize operation of the SCR and also 
provides a parallel path for dis
charge of C, after the SCR is trig
gered into conduction. Resistor R2 
limits the current through the bridge 
rectifier circuit to the maximum al
lowable value of 2 amperes in the 
event of a short circuit across the 
output terminals. 

The parallel arrangement of the 
load and the SCR in this circuit pro
vides superior control and speed 
regulation at the operating voltages 
of model vehicles. The circuit is in
herently self-regulating, i.e., it main
tains essentially constant speed 
under varying load conditions. When 
the mechanical load increases (e.g., 
when the vehicle travels on an in
clined portion of track), the vehicle 
motor tends to slow down. The motor 
current then increases, and the volt
age acrOl>1:\ the capacitor C2 de
creal>el>. However, because this 
voltage is all>o the potential for the 
timing circuit (R., R., R5, and Cl), 
the capacitor C1 charges more slowly 
and the delay in triggering the SCR 
is increased. As a result, the output 
voltage is also increased and the 
speed is maintained essentially 
constant. 
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12-35 ELECTRONIC TIMER 

INCREASE TlME-

RS 

Parts List 
C, = 50 p,F. electrolytic. 

15 V 
R1 = 3000 ohms. 5 watts 
R. = 33 ohms. 0.5 watt 

Rs = 150 ohms. 0.5 watt 
R. = 47000 ohms. 0.5 watt 
Rr = 10000 ohms. 0.5 watt 
S, = toggle switch. double-

C% = 50 p,F. electrolytic. 
150 V 

Fl = :fuse. 3-ampere. 3 AG 
It= neon lamP. NE-83 

R. = potentiometer. 1 meg
ohm. 2 watts. linear taper 

R. = 470 ohms. 0.5 watt pole. double-throw 

Circuit Description 
This circuit can be used to con

trol the time interval between the 
appUcation and interruption of power 
to ac/ dc devices which do not use 
the frame as a ground and which 
have total power ratings up to 240 
watts (nameplate current ratings 
up to two amperes). The interval 
between turn-on and turn-off can be 
adjusted from five seconds to ap
procx:imately two minutes. The timer 
is useful for providing controlled 
"ON" times for such equipment as 
photo-enlargers, developers, small 
heaters, incandescent lamps, and 
universal motors. 

The "ON" time of the equipment 
with which this circuit is used is 
determined by the length of time 
required for the timing capacitor 
C. to charge to the value required 
to turn on the NE-83 neon lamp and 
trigger the two-transistor switch. 

This time,., in turn, is controlled by 
adjustment" of potentiometer R •. 
When ON~QFF switch 81 is turned 
to the ON 'position, the full-wave 
rectified current from the IN2860 
silicon rectifiers charges capacitor 
C, through resistor R,. When the 
charge on C, increases to a suffi
cient value, current flows through 
the IN3754 diode and triggers the 
2N3228 8CR into conduction to com
plete the load circuit. 

At the same time, capacitor C. 
charges, at a rate determined by its 
capacitance and the resistance of the 
series combination of R. and Ro, to 
about 80 volts. At this point, the 
NE-83 neon lamp fires, and the cur
rent through the lamp activates the 
two-transistor regenerative switch. 
The 2N2614 and 2N3241 transistors 
used in this switch quickly saturate 
and provide a low-impedance dis-
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12-35 ELECTRONIC TIMER (cont'd) 

Circuit Description (cont'd) 
charge path for capacitor C,. The 
capacitor discharges through re
sistor R. and the two transistors to 
approximately one volt (the drop 
across the transistors). Current then 
ceases to flow in the gate circuit 
of the SCR, and it is not triggered 
on the next half-cycle of input ac 
voltage. As a result, the load circuit 
is not completed and no power is 

delivered to the load until the cir
cuit is reset. The lN3754 diode in
creases the threshold voltage of the 
SCR gate circuit from 0.6 volt (the 
drop across the gate-cathode junc
tion of the SCR) to 1.2 volts. In this 
way, the diode prevents accidental 
triggering of the SCR and improves 
the stability of the circuit. 

12-36 ELECTRONIC HEAT CONTROL WITH READY LIGHT 
Turns Off with Increase in Heat 

Parts List 
~1 = incandescent lamp, 6-

watt, 117-volt 
Rl = 10000 ohms, 2 watts 
Ro, He = 150 ohms, 0.5 watt 
R .. R7 = 470 ohms, 0.5 watt 
R. = 4300 ohms, 0.5 watt 
& = sensltlvity control, po-

THI 

tentiometer, 2500 ohms, 
linear taper 

T, = transfonner (primary 
not used), tapped sec
ondary used as autotrans
fonner to provide step-up 
in voltage, Stancor No. 

FIRST 
TRANSISTOR 

SWITCH 

SECOND 
TRANSISTOR 

SWITCH 

P-6465 or equlv. 
THl = thennistor; negative 

temperature coefticient; 
resistance (cold) , 5500 
ohm s ; Keystone No. 
RL25Jl or equiv. 
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J 2-36 ELECTRONIC HEAT CONTROL WITH READY LIGHT (cont'd) 

Circuit Description 
This circuit can be used to regu

late the temperature of electric fry
pans, electric coffee makers, electric 
waffle irons, and similar types of 
electric appliances having a maxi
mum power rating of 240 watts. Two 
2N3228 ~PR's are used in the circuit 
to provide full-wave power control. 
The temperature at which the circuit 
interrupts power to the appliance 
heater is determined by the setting 
of the sensitivity-control poten
tiometer, R.. The thermistor TH1 is 
the sensing element used to initiate 
the control function. The lamp 11 
lights when the desired operating 
temperature is reached to indicate 
that the appliance is ready for use. 

When the 117-volt ac power is 
initially applied to the circuit, the 
resistance of the cold thermistor is 
high enough so that the current 
through resistor R1 is insufficient to 
trigger the first two-transistor re
generative switch. Potentiometer, 
R., however, is adjusted so that the 
current through resistor R7 will be 
large enough to trigger the 2N2614 
and 2N3241 transistors in the sec
ond regenerative switch into con
duction. The regenerative action of 
the switch circuit quickly drives 
these transistors into saturation. 
The saturated switch current flows 
through the gate electrode of SCR. 
and triggers it into conduction. 

Once the SCR starts to conduct, 
the gate electrode loses its control, 
and the flow of current continues 
for almost the full 180 degrees of 
the input half-cycle for which the 
anode of SCR. is positive with re
spect to its cathode. During this 
period, current flows through the 
primary of transformer T1 and 
through the appliance heater. The 
1N1199A diode restricts the voltage 
drop across the primary of T1 to 
about 0.3 volts. When SCR. is con-

ducting, the voltage drop across it 
is about 0.5 volt. The ready lamp 11 
is connected in parallel with the 
transformer primary and the SCR. 
The total voltage drop of 0.8 volt is 
not enough to light tpe lamp. 

During the input half-cycle that 
SCR. does not conduct, the flux 
about the step-up transformer T1 col
lapses and induces sufficient voltage 
across the secondary winding to cause 
current to flow through the 1N3754 
diode to the gate electrode of SCR1. 
This SCR is now triggered into con
duction and supplies the current to 
the appliance heater. In this way, 
full-wave power control is provided. 

The flow of current through the 
appliance causes the ambient tem
perature to rise. The thermistor 
TH1 has a negative temperature co
efficient, and its resistance decreases. 
When the temperature of the ap
pliance heater reaches the desired 
level, the resistance of the thermis
tor is reduced to a value less than 
the combined resistance of R. and 
R5. The current through R, is then 
sufficient to trigger the 2N2614 and 
2N3241 transistors in the first re
generative switch. These transistors 
are quickly driven into saturation, 
and the voltage across the switch 
decreases to about 1 volt. The bias 
resistors (R., R., and R.) for the 
second two-transistor regenerative 
switch are in parallel with the first 
switch, and the 1 volt that appears 
across these resistors is not high 
enough to maintain the conduction 
of the second switch. No gate cur
rent then flows to trigger SCR. 
into conduction on the next half
cycle of the input ac power. When 
SCR. is not conducting, the current 
supplied to ready lamp 11, through 
the first transistor switch, resistor 
R., and the IN3754 diode, is suffi
cient to light the lamp. 
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12-37 INTEGRAL-CYCLE RATIO POWER CONTROL 
For Electric Appliances 

Circuit Description 
This circuit can be used as a heat 

control for electric hot plates, and in 
other applications in which control 
of the average power level is desired. 
The average level of the power de
livered to an electric appliance is con
trolled, without the use of a ther
mistor sensing element, by allowing 
current to flow in the load circuit for 
only controlled periods. The current 
delivered to the load circuit is gated 
on and off by a free-running (approx
imately 1 cis) multivibrator; the 
ratio of on time to off time during 
each cycle determines the average 
amount of ac power applied. Two 
SCR's are used to deliver the load 
current so that full-wave power 
control can be obtained. Depending 
upon the maximum power rating of 
the appliance, either 2N3228 (up to 
800 watts) or 2N3669 (up to 2000 
watts) SCR's are used. 

The 117-volt ac power applied to 
the circuit is rectified by the IN3756 
diode CR •. The dc voltage developed 
across C. by the rectified current 
from CR. is the dc supply voltage 
for the 2N2614 transistors, Q2 and 
Q., in the free-running multivibra
tor. The rectangular-wave output 
from the multivibrator is applied to 
the base of the 2N2614 p-n-p tran
sistor Q,. The multivibrator output 
gates the operation of Q,. During 
the positive half-cycle, the transis
tor is held cut off; during the nega
tive half-cycle, the transistor is 
driven into saturation. The setting 
of potentiometer R. determines the 
relative durations of the positive 
and negative half-cycles of the mul
tivibrator output and, in this way, 
establishes the power on-time-to-off
time ratio. 

During the negative half-cycle of 
the input ac power, current is al
lowed to flow through the IN3756 
diode CR.. If Q, is gated on by the 
multivibrator during this period, 
most of the current from the diode 
is shunted through this transistor 
and the IN3754 diode CR. in series 
with it, and very little current is al
lowed to flow through T2• As a result, 
the amount of energy stored in T. is 
negligible, and when the polarity of 
the ac input reverses so that no cur
rent flows through CR., the collaps
ing field about this winding does not 
supply sufficient current to the gate 
electrode of SCR2 to trigger the 
SCR into conduction. For this con
dition, no current is delivered to the 
load circuit. 

If Q, is not gated on during the 
negative half-cycle of the ac input, 
all the current from CR. flows 
through T2, and a strong magnetic 
field is set up around this winding. 
When the polarity of the ac input 
reverses, the collapsing field about 
T2 causes sufficient current to flow 
through the IN3754 diode CR. to 
the gate electrode of SCR2 to trig
ger this SCR into conduction. Cur
rent then flows through the primary 
of autotransformer Tt and the load 
circuit. The IN1199A diode CR. 
limits the voltage drop across the 
primary of T, to about 0.3 volt. 

When the polarity of the ac input 
again reverses so that SCR. no 
longer conducts, the collapsing field 
about TI supplies sufficient gate 
current to SCRt through the IN3754 
diode CRI so that this SCR is trig
gered into conduction. The load cur
rent is then delivered through SCRI. 
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12-37 INTEGRAL-CYCLE RATIO POWER CONTROL (cont'd) 

117 V 
AC 

CR6 

TYPE 
IN3756 

R5 

FREE-RUNNING 
MULTI VIBRATOR 

POWER 
RATIO 

CONTROL 

+ 

Re 

* Maximum load is 800 watts when 2N3228 8CR is used or 2000 watts when 2N3669 
8CR Is used. 

Parts List 
C1, C. = 15 p,F, electrolytic, 

50 V 
R. = 2000 ohms, 5 watts ondary used as autotrans

former to provide 1-to-S 
step-up in voltage; Stan
cor No. P-6465 or equiv. 

C3 = 500 p,F, electrolytic, 
15 V 

R1 = 3000 ohms. 5 watts 
Ro. R. = 1000 ohms. 0.5 watt 
R. = 180 ohms, 0.5 watt 
R., R. = 6800 ohms, 0.5 watt 

R. = power-ratio control. 
potentiometer, 0.1 meg
ohm. linear taper 

To = transformer (second
ary not used); Stancor 
No. P-6465 or equiv. 

81 = ON-OFF switch, sin
gle-pole. single-throw 

T1 = transformer (primary 
not used); tapped sec-

12-38 SERVO AMPLIFIER 
Output, 6 W 

Circuit Description 
This servo amplifier can supply up 

to 6 watts of power to the drive 
motor of a servo system. The ampli
fier is driven by a 400-c/ s ac signal 
and is operated from a dc supply 
voltage of 56 volts. A pair of 2N3054 
silicon power transistors are used 
in a class AB, push-pull, single
ended output stage to develop the 
required output power. This output 
stage is very similar to the one used 

in the High-Quality 10-Watt Audio 
Power Amplifier, circuit 12-11. 

A 2N1481 common-emitter input 
stage amplifies the 400-c/ s input to 
the level required to drive the 
2N3054 output transistors. The am
plified 400-c/s signal at thecollec
tor of the 2N1481 transistor is 
coupled to the base of each 2N3054 
output transistor by the transformer 
T1. The secondary of T1 is split to 
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12-38 SERVO AMPLIFIER (cont'd) 

+56V 

RI 

C4 

.~ CI TYPE r- 2N3054 

OUTPUT 
TO 

CONTROL 
PHASE 

INPUT R2 OF 
400 cIs MOTOR 

+ C2 Rg 

Parts List 
CI = 10 /LF, electrolytic, 

15 V 
RI = 68000 ohms, 0.5 watt 
fu = 5600 ohms, 0.5 watt 

T= driver transformer; core 
material 0.014-inch Mag
netic Metals Corp. "Cr,ys
talligned" or eqUlv.; 
primary 1500 turns; sec
ondary 450 turns, bifilar 
wound (each section 225 
turns) 

C. = 47 /LF, electrolytic, 
15 V 

R. = 56 ohms, 0.5 watt 
R. = 560 ohms, 0.5 watt 

C. = 20 /LF, electrolytic, 
50 V 

C. = 500 /LF, electrolytic, 
50 V 

R. = 3300 ohms, 0.5 watt 
R.., R7 = 18000 ohms, 0.5 watt 
Rs, R. = 400 ohms, 0.5 watt 
RIO Rll = 4 ohms, 1 watt 

Circuit Description (cont'd) 

form two identical windings which 
are oriented so that the inputs to 
the output transistors are equal in 
amplitude and 180 degrees out of 
phase, as required for push-pull 
drive. 

If the input to the upper output 
transistor were applied between the 
base and ground, this transistor 
would be operated as an emitter 
follower and could not provide volt
age gain. The input, however, is ap
plied between the base and the 
emitter so that, in effect, the upper 
transistor is operated as a common-

emitter amplifier except that there 
is no phase reversal between input 
and output. Its gain, therefore, is 
equal to that of the lower output 
transistor, which is operated in a 
conventional common-emitter am
plifier configuration. The positive 
half-cycle of the output signal de
veloped by the upper transistor and 
the negative half-cycle developed by 
the lower transistor then have equal 
voltage swings. This output is 
coupled to the control-phase wind
ing of the drive motor by the series 
output capacitor C •. 
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12-39 SHIFT REGISTER OR RING COUNTER 

SWITCHING 
TRANSISTOR 

TRIG C2 

Parts List 

A 

REGISTER 
No.1 

OUTPUT A 

REGISTER 
No.2 

OUTPUT B 

REGISTER 
No. N 

OUTPUT N 

C, = 100p,F, electrolytic, 6 V 
C •• C., C", CN = 0.05 p,F (or 

0.1 pF), ceramic, 50 V 
C. = 1 JLF, (or 25 p,F), elec

trolytic, 25 V 

No. 49; 2-volt, 60-mA (or 
No. 1488; l4-volt, lSO-mA) 

Rl = 1000 ohms, 0.5 watt 
(or 680 ohms, 1 watt) 

330 ohms, 0.5 watt) 
Rs, Rs, RN = 2200 ohms, 

0.5 watt (or 680 ohms, 
0.5 watt) 

CR" CR., CRN = crystal 
Rs = 27 ohms, 0.5 watt (or 

12 ohms, 1 watt) 
R., R., RN' = 560 ohms, 0.5 

watt (or 180 ohms, 1 watt) 
R7, RiO, RN" = 150 ohms. 1 

watt (or 82 ohms, 2 watts) 
diode 1N34A or equiv. 

I!, 12, IN = indicator lamp 
R. = 1000 ohms, 0.5 watt 
R. = 1000 ohms, 0.5 watt (or 

NOTES: 
The shift register may use as many stages 
as desired and may be made regenerative 
by connecting points A and A'. In addi
tion, the basic circuit can be adapted for 
operation at many different output-current 
levels. 

Circuit Description 

In this basic shift register, the 
successive outputs from the various 
stages are delayed (or shifted) from 
those of the preceding stages by a 
controlled time interval (i.e., the 
duration between input trigger 
pulses). These outputs are coupled 
through OR gates (not shown on 
circuit schematic) and may be used 
to program the timing sequence for 
various digital switching operations. 

The circuit as shown is designed for an 
output-current level of 40 mA (Ei = 12 
V; Eo = 9 V). Transistor types and com
ponent values shown in parentheses indi
cate the changes necessary for operation 
at an output-current level of 3 amperes 
(Ei = 27 V; Eo = 24 V). 

If point A' on the circuit is con
nected to point A, the register be
comes regenerative and may be used 
as a ring counter. 

The dc supply voltages Ei and Eo 
are obtained from separate taps on 
a resistive voltage divider. With 
these voltages applied, the 2N1302 
switching transistor is immediately 
triggered into conduction by the 
positive voltage applied to its base 
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12-39 SHIFT REGISTER OR RING COUNTER (cont'd) 

Circuit Description (cont'd) 
through R.. One of the register 
stages must be triggered simul
taneously to provide a complete path 
for the current through the switch
ing transistor. 

Each register stage is basically a 
two-transistor regenerative switch 
that employs an n-p-n triggering 
transistor and a p-n-p output tran
sistor. For the E1 and E. voltages 
used (see notes below circuit sche
matic), the n-p-n transistor is a 
2N1302, and the p-n-p transistor is 
a 2N404 or a 2N2869/2N301 depend
ing upon the level of output current 
desired. If either of the transistors 
in a register stage starts to conduct, 
both of them are quickly driven into 
saturation by the regenerative ac
tion of the stage. The relatively high 
current from the p-n-p transistor in 
the stage flows through the resist
ance that exists between the E1 and 
E. taps on the power-supply voltage 

'divider. The increased voltage drop 
across this resistance reduces the 
E. voltage to a value less than that 
required to trigger the other regis
ter stages, and these stages are held 
inoperative. 

When power is initially applied to 
the circuit, C. and R. assure that the 
first register stage is triggered into 
conduction before current flows 
through any of the other register 
stages. When the power is first ap
plied, the initial surge of current 
through C. and R. immediately trig
gers the 2N1302 transistor in the 
first stage into conduction. This 
transistor and the p-n-p output tran
sistor are then quickly driven into 
saturation by the regenerative ac
tion of the stage. No other register 
stage is then allowed to conduct, and 
the lamp, 1, in the collector of the 
p-n-p transistor in the first stage 
lights to indicate that the output is 
being supplied by this stage. This 
condition is maintained until an in-

put trigger pulse is applied. During 
this period, C. charges through 
diode CR" the 2N1302 transistor, and 
resistors R. and R. to the E1 voltage 
less the sum of the voltages dropped 
across the other components in the 
charging path. 

A negative trigger pulse is ap
plied to the base of the 2N1302 
switching transistor to initiate a 
register shift. A sufficiently large 
negative pulse will drive the switch
ing transistor to cut off. All the reg
ister stages are then held inopera
tive for the duration of the trigger 
pulse. When the trigger pulse is re
moved, the switching transistor 
again conducts through one of the 
register stages. This time, however, 
no quick surge of current can flow 
through C. and R. to trigger the 
first register stage, because C. has 
fully charged' to the E1 voltage. 
Moreover, the charge on C. tends to 
reverse-bias diode CR1, and thus im
pedes the flow of current through 
the first register stage. The charge 
on C" however, is series-aiding with 
the dc supply voltage in the second 
register stage. This series-aiding ef
fect causes the second stage to be 
triggered into conduction before cur
rent can flow through any of the 
other stages. The biasing action of 
this stage then holds the other stages 
inoperative. The lamp I. then lights 
to indicate that the output is being 
supplied by the second stage. 

When the next register shift is 
initiated by a negative trigger pulse, 
the charge on C. assures that the 
third register stage will be triggered 
to supply the output. In this way, the 
operation of the register is shifted 
from one stage to the next each time 
a negative trigger pulse is applied. 
The register can be reset so that the 
operation starts with the first stage 
at any time by discharging capaci
tor C •. 
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72-40 AC VOLTMETER 

INPUT 
C2 r 

R, 
TYPE TYPE 
3N99 3N99 

CI 
0 

\ 
PUSH-TO-READ SWITCH 

Parts List 

RIO 

R7 RII 
TYPE TYPE 
3N99 3N99 

Re 
RI6 

+ 
Ce -

TYPE 
IN34 

+22.5 v 

c, = 0.01 JLF, paper, 600 V. 
C2 = 25 J1.F, ceramic disc, 

R., Rs, R13 = 10000 ohms, 
0.5 watt 

Rl. = 2000 ohms, 0.5 watt 
R16, R17, R18 = 5100 oluns, 

0.5 watt 25 V. 
C., C5, C7 = 0.33 JLF 
C., Co = 100 JLF, electrolytic, 

R. = 47000 ohms, 0.5 watt 
Ro, R9, RH = 0.39 megohm, 

0.5 watt 
RIO = zero-adjustment po

tentiometer, 10000 ohms, 
0.5 watt, linear taper 6 V. 

Cs = 50 JLF, electrolytic, 25 V. 
M:t = dc miIIiameter 

R7, Rn = 33000 ohms, 0.5 
watt SI = push-to-read switch; 

single-pole, single-throw; 
Microswitch No. BZ2RQ1 
or equiv. 

R1 = 1000 oluns, 0.5 watt 
Ra = 10 megohms, 0.5 watt 
Ro = 100 oluns, 0.5 watt 

R10 = 5000 ohms, 0.5 watt 
R1. = gain-control poten

tiometer, 1000 ohms, 0.5 
watt, linear 

Circuit Description 

This circuit illustrates the appli
cation of RCA-3N99 MOS transis
tors in an ac voltmeter. The circuit 
has an input impedance of 1 meg
ohm, a full-scale sensitivity of 10 
millivolts on the lowest range, a 
flat frequency response over the 
audio range of 20 to 20,000 cis, and 
a low current drain which permits 
fully portable operation. The ampli
fier portion of the voltmeter circuit 
consists of four 3N99 stages. The 
first stage is operated as a source
follower and presents a very low 
input capacitance to the conven
tional one-megohm input-signal volt
age divider. With this stage operat
ing at a drain current of only 230 
microamperes and a drain-to-source 
voltage of 0.5 volts, the effective in-

put capacitance is only 0.5 pico
farad. The source of the first stage 
is coupled to the insulated gate of 
the second stage by a 0.33-micro
farad ceramic capacitor. 

The second stage is operated as 
a common-source amplifier. As in 
the first stage, the 10,OOO-ohm source 
resistor establishes a quiescent drain 
current of approximately 230 micro
amperes. The source resistor is by
passed with a 100-microfarad capaci
tor. This stage provides a voltage 
gain of between 16 and 20. 

The third stage is similar to the 
second stage except that an unby
passed lOOO-ohm potentiometer is 
added in series with the bypassed 
10,OOO-ohm source resistance. This 
potentiometer can be used to vary 
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12-40 AC VOLTMETER CIRCUIT (cont'd) 

Circuit Description (cont'd) 
the voltage gain of the stage be
tween 10 and 20 by varying the 
amount of negative feedback volt
age. With a 10-millivolt signal at 
the input of the first stage, the 
maximum output-signal voltage at 
the drain of the third stage is about 
2.8 volts rms. 

The fourth stage is operated as a 
source-follower and ·provides the 
necessary impedance transforma
tion between the high output im
pedance (approximately 300,000 
ohms) of the third stage and the 
low impedance of the meter rectifier 
circuit. 

The meter rectifier uses two 1N34 
diodes in a conventional meter-circuit 
bridge configuration. A third 1N34 
diode is used in conjunction with a 

10,000-ohm potentiometer to compen
sate for the nonlinear rectification 
characteristic of the rectifier diodes 
at the low end of the meter scale. 

A 100-to-1 voltage divider is 
placed ahead of the input-coupling 
capacitor of the first stage to pro
tect the gate of the 3N99 in this 
stage from overload in the event 
that an excessively large signal is 
accidentally applied to the input 
terminals when the range switch is 
in the 10-millivolt position. A "push
to-read" switch removes this 100-to-
1 attenuation network from the 
circuit. 

The total consumption from the 
battery for the complete meter am
plifier is only 2.5 milliamperes. 

12-41 ASTABLE MULTIVIBRATOR 
(Frequency = 7000 c/ s) 

12V~--~--------~-----4r---------, 

1 
f = (0.7C1R.) (0.7C.R.) 

Cl, C. = 0.1 p.F, paper, 25 V 
Rl R. = 60 otuns, 5 watts 
R. R. = 1000 otuns, 0.5 watt 
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12-41 ASTABLE MULTIVIBRATOR (cont'd) 

Circuit Description 
This astable (free-running) multi

vibrator develops a square-wave out
put that has a peak value equal to 
the dc supply voltage (Vee = 12 
volts) and a minimum value equal 
to the collector saturation voltage of 
the transistors. The circuit is basic
ally a two-stage nonsinusoidal os
cillator in which one stage conducts 
at saturation while the other is cut 
off until a point is reached at which 
the stages reverse their conditions. 
The circuit employs two 2N1481 
transistors operated in identical 
common-emitter amplifier stages 
with regenerative feedback resist
ance-capacitance coupled from the 
collector of each transistor to the 
base of the other transistor. 

When power is initially applied to 
the circuit, the same amount of cur
rent tends to flow through each tran
sistor. It is unlikely, however, that 
a perfect balance will be maintained, 
and if the current through transis
tor Q" for example, should increase 
slightly without an attendant in
crease in that through transistor 
Q., the multivibrator will oscillate 
to generate a square-wave output. 

As the current through transistor 
Q, increases, the resultant decrease 
in collector voltage is immediately 
coupled to the base of transistor Q. 
by the discharge of capacitor C, 
through resistor R.. This negative 
voltage at the base reduces the cur
rent through transistor Q., and its 
collector voltage rises. The charge 
of capacitor C. through resistor R. 
couples the increase in voltage at 
the collector of transistor Q. to the 
base of transistor Q" and further 
increases the flow of current through 
Q,. The collector voltage of Q, de-

creases even more, and the base of 
Q. is driven more negative. As a re
sult of this regenerative action, 
transistor Q, is driven to saturation 
almost instantaneously, and, just as 
quickly, transistor Q. is cut off. This 
condition is maintained as long as 
the discharge current of C, develops 
sufficient voltage across R. to hold 
Q. cut off. The time constant of C, 
and R., therefore, determines the 
time that Q. remains cut off (i.e., 
the duration of the positive half
cycle of the square-wave output). 
During this period, the voltage at 
the output terminal is the dc sup
ply voltage (12 volts). 

The discharge current from C, 
decreases exponentially, as de
termined by the time constant of 
the discharge path, and eventually 
becomes so small that the voltage 
developed across R. is insufficient to 
hold Q. cut off. The decrease in col
lector voltage that results when Q.> 
conducts is coupled by C. and R. 
to the base of Q,. The current 
through Q, then decreases, and the 
collector voltage of this transistor 
rises. The positive swing of the volt
age at the collector of Q, is coupled 
by C, and R. to the base of Q. to 
increase further the conduction of 
Q.. The regenerative action of the 
multivibrator then quickly drives Q. 
to saturation and Q, to cutoff. The 
length of time that this condition 
is maintained is determined by the 
time constant of C. and R.. During 
this period, which represents the 
negative half-cycle of the square
wave output, the voltage at the out
put terminal is the collector satura
tion potential of Q •. 
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12-42 BISTABLE MULTIVIBRATOR 
l-Mc/ s IIFlip-Flopli 

+6V -18V +6V 

~------~----~~~~-o-6V 

= 

TYPE 
INI26 

"O"OUTPlH 

TYPE 
INI26 

INPUT 

Parts List 
c,. C. = 180 pF. mica. 24 V Ri Ra = 5100 ohms. 0.5 watt Ra R. = 11000 ohms. 0.5 watt 
C" C. = 430 pF. mica. 24 V R. R. = 1200 ohms. 0.5 watt R. & = 2700 ohms. 0.5 watt 

Circuit Description 

The bistable multivibrator is 
ideally suited for generating the 
binary ("1" and "0") type of out
puts required in computer applica
tions and also finds widespread use 
as an electronic switch. The circuit 
is in a stable state when either tran
sistor is conducting and the other 
transistor is cut off. The states of 
the transistors are switched by the 
application of a properly applied 
trigger pulse. The 1N126 steering 
diodes, CRa and CR., assure that the 
2N404 p-n-p transistors in the cir
cuit are triggered to alternate states 
only when positive pulses are ap
plied to the input terminal. 

A positive trigger pulse applied 
to the input terminal when transis
tor Qi is conducting and Q2 is cut 
off causes Ql to conduct less, and the 
collector voltage of this transistor 
increases to a more negative value. 
The increase in negative voltage at 
the collector of Ql is coupled to the 

base of Q2. If this voltage is large 
enough to overcome the cutoff bias 
on Q2, as determined by the ampli
tude of the trigger pulse, Q2 con
ducts. The collector voltage of Q. 
then decreases to a less negative 
value. This positive-going voltage is 
coupled to the base of Ql to decrease 
further the conduction of this tran
sistor. The regenerative action con
tinues until Q2 is driven to satura
tion and Ql is cut off. This condition 
is maintained until another positive 
trigger pulse is applied to switch 
the multivibrator from this stable 
state. 

The output of the multivibrator, 
which may be taken between collec
tor and groand of either transistor 
(or both) is a unit step voltage when 
one trigger is applied. A square
wave output is obtained by a con
tinuous periodic pulsing of the input. 
A frequency division from input to 
output of 2 to 1 is thus obtained. 
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12-43 LIGHT FlASHER 
60 Flashes per Minute 

MULTIVIBRATOR LAMP AMPLIFIER 5 

LAMP~ 
TYPE 
2N441 _ 

-=-12V 

+ -

Parts List 
C~ = 25 p.F, electrolytic, 12 V 
C. = 100 p.F, electrolytic 

R. R. = 100000 ohms, 
0.5 watt 

varied to change flashing 
rate. Bulbs and other resist
ive loads handling currents 
up to one ampere may be 
used, . but inductive loads 
should not be used. 

12 V & = 120 ohms, 0.5 watt 
LAMP = bulb. 12 V 

1 ampere 
R1 R. = 2000 ohms, 0.5 watt 

S = ON-OFF switch; sin
gle-pole, single-throw 

NOTE: C, and C. may be 

Circuit Description 
In this light-flasher circuit, a free

running multivibrator is used to gate 
the operation of a two-stage ampli
fier. An incandescent lamp is used 
as the collector load in the second 
amplifier stage, and each time the 
stage conducts, the lamp lights. The 
dc power for the circuit is supplied 
by a 12-volt B battery. 

The multivibrator uses a pair of 
2N217 transistors; the square-wave 
output developed at the collector of 
the second transistor is directly 
coupled to the base of a 2N270 tran
sistor operated in a common-emitter 
amplifier stage. 

The 2N270 transistor stage is 
gated on and off by the square-wave 
signal from the multivibrator. This 
stage, in turn, gates the operation 

of the 2N441 common-emitter ampli
fier stage in which the lamp is used 
as the collector load. Each time the 
2N441 transistor is gated on, the 
lamp lights. The lamp, therefore, 
flashes at the frequency of the mul
tivibrator. With the equation given 
for the astable multivibrator, circuit 
12-41, the natural (unloaded) fre
quency of the multivibrator in the 
lamp dimmer is calculated to be be
tween 6 and 7 cycles per minute. 
The loading effect of the low-imped
ance lamp circuit, however, reduces 
substantially the switching time con
stant of the multivibrator so that its 
frequency is increased by approxi
mately a factor of 10. The lamp, 
therefore, flashes at a frequency of 
approximately 60 cycles per minute. 
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RCA Technical Publications 

on Semiconductor Products, Electron Tubes, 
and Batteries 

Copies of the publications listed below 
may be obtained from your RCA dis
tributor or from Commercial Engineer
ing, Radio Corporation of America, 
Harrison, N. J. 

Semiconductor Products 

• RCA SEMICONDUCTOR PRODUCTS 
HANDBOOK - HB-IO. Two binders, 
each 7%" L x 5%" W x 2%" D. 
Contains over 1000 pages of loose
leaf data and curves on RCA semi
conductor devices such as transistors, 
silicon rectifiers, and semiconductor 
diodes. Available on a subscription 
basis. Price $10.00* including serv
ice for first year. Also available with 
RCA Electron Tube Handbook HB-3 
at special combination price of $25.00. * 
• RCA TUNNEL DIODE MANUAL-TD-
30 (8%" x 5%")-160 pages. Describes 
the microwave and switching capabili
ties of tunnel diodes. Contains infor
mation on theory and characteristics, 
and on tunnel-diode applications in 
switching circuits and in microwave 
oscillator, converter, and amplifier cir
cuits. Includes data for over 40 RCA 
germanium and gallium arsenide tun
nel diodes and tunnel rectifiers. Price 
$1.50·*t 

• RCA SEMICONDUCTOR PRODUCTS 
GUIDE-SPG20l/1L1147B (10%" x 
8%")-12 pages. Contains classifica
tion chart, index, and ratings and 
characteristics on RCA's line of 
transistors, silicon rectifiers, semi
conductor diodes, and photocells. 
Single copy free on request. 

• TECHNICAL BULLETINS-Authorized 
information on RCA semiconductor 
products. Be sure to mention type
number bulletin desired. Single copy 
on any type free on request. 

Electron Tubes 

• RCA ELECTRON TUBE HANDBOOK 
-HB-3 (7%" x 5%"). Five 2¥4-inch
capacity binders. Contains over 5000 
pages of looseleaf data and curves on 
RCA receiving tubes, transmitting 
tubes, cathode-ray tubes, picture 
tubes, photocells, phototubes, camera 
tubes, ignitrons, vacuum gas rectifiers, 
traveling-wave tubes, premium tubes, 
pencil tubes, and other miscellaneous 
types for special applications. Avail
able on subscription basis. Price 
$20.00* including service for first year. 
Also available with RCA SemiCOI\.
ductor Products Handbook HB-10 at 
special combination price of $25.00.* 

• RADiOTROW DESIGNER'S HAND
BOOK-4th Edition (8%" x 5;2")-
1500 pages. Comprehensive reference 
covering the design of radio and audio 
circuits and equipment. Written for 
the design engineer, student, and ex
perimenter. Contains 1000 illustra
tions, 2500 references, and cross
referenced index of 7000 entries. 
Edited by F. Langford-Smith. Price 
$7.00*t 

• RCA PHOTOTUBE AND PHOTOCELL 
MANUAL-PT-60 (8¥4" x 5%"}-192 
pages. Well-illustrated informative 
manual covering fundamentals and 
operating considerations for vacuum 
and gas phototubes, multiplier photo
tubes, and photocells. Also describes 
basic applications for these devices. 
Features easy-to-use selection chart 
for multiplier phototubes. Data and 
performance curves given for over 90 
photo-sensitive devices. Price $1.50*t 

• RCA RECEIVING TUBE MANUAL
RC-24 (8" x 514")-576 pages. Con
tains technical data on over 1000 
receiving-type tubes for home-enter
tainment use and picture tubes for 
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black-and-white and color TV. Fea
tures tube theory written for the 
layman, application data. selection 
charts, and typical circuits. Features 
lie-flat binding. Price $1.25*t 

• RCA TRANSMITTING TUBES-TT-5 
(8lJ4" x 5%")-320 pages. Gives data 
on over 180 power tubes having plate
input ratings up to 4 kw and on as
sociated rectifier tubes. Provides basic 
information on generic types, parts 
and materials, installation and appli
cation, and interpretation of data. 
Contains circuit diagrams for trans
mitting and industrial applications. 
Features lie-flat binding. Price $1.00*t 

• RCA INDUSTRIAL RECEIVING·TYPE 
TUBES-RIT 104P (10%" x 8%")-
52 pages. Technical information on 
over 200 RCA "special red" tubes, 
premium tubes, nuvistors, computer 
tubes, pencil tubes, glow-discharge 
tubes, small thyratrons, low-micro
phonic amplifier tubes, mobile com
munications tubes, and other special 
types. Includes socket-connection dia
grams. Price 40 cents. *t 

• RCA RECEIVING TUBES AND PIC
TURE TUBES-1275L (10%" x 8%")-
56 pages. New, enlarged, and up-to
date booklet contains classification 
chart, application guide, characteris
tics chart, and base and envelope 
connection diagrams on more than 
1300 entertainment receiving tubes 
and picture tubes. Price 50 cents. *t 

• RCA INTERCHANGEABILITY DIREC
TORY OF INDUSTRIAL-TYPE ELECTRON 
TUBES-ID-1020E (10%" x 8%"·)-12 
pages. Lists morE! than 2100 basic 
type designations for 20 classes of 
industrial tube types; shows the 
RCA Direct Replacement Type or 
the RCA Similar Type, when avail
able. Price 20 cents.*t 

• RCA PHOTOCELLS-CSS-800 (10%" 
x 8%")-36 pages. Contains a selec
tion of photocell-circuit diagrams; 
technical data and characteristic 
curves of RCA photoconductive, 
photojunction. and photovoltaic cells; 
interchangeability information. Also 
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contains representative circuits. 
Price 40 cents. *t 

• RCA INTERCHANGEABILITY DIREC
TORY OF FOREIGN vs. U.S.A. RECEIV
ING-TYPE ELECTRON TUBES-lCE-197D 
(8%" x 10%")-8 pages. Covers ap
proximately 800 foreign tube types 
used principally in AM and FM radios, 
TV receivers, and audio amplifiers. 
Indicates U.S.A. direct replacement 
type or similar type if available. 
Price 10 cents.*t 

• RCA NUVISTOR TUBES FOR INDUS
TRIAL AND MILITARY APPLICATIONS
lCE-280 (10%" x 3%")-16 pages. 
Describes unique features of nuvistors 
and includes tabular data, dimensional 
outlines, curves, terminal diagrams, 
and socket information. Price 25 
cents·*t 

Q TECHNICAL BULLETINS-Authorized 
information on RCA receiving tubes, 
transmitting tubes, and other tubes 
for communications and industry. Be 
sure to mention tube-type bulletin 
desired. Single copy on any type free 
on request. 

Batteries 

• RCA BATTERY MANUAL-BDG-ll1 
(10%" x 8%,")-64 pages. Contains 
information on dry cells and batteries 
[carbon zinc (Leclanche), mercury, 
and alkaline types]. Includes battery 
theory and applications, detailed elec
trical and mechanical characteristics, 
a classification chart, dimensional out
lines, and terminal connections on 
each battery type. Price 50 cents. *t 

• RCA BATTERIES-BAT-134G (10%" 
x 8%") -24 pages. Technical data on 
142 Leclanche, alkaline, and mer
cury-type dry batteries for radios, 
industrial applications, flashlights. 
lanterns, and photoflash service. 
Price 35 cents. *t 

• Trade Mark Reg. U.S. Pat. Oft. 
* Prices shown apply in U.S.A. and are 

subject to change without. notice. 
t Suggested price. 
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