




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ing task is to ensure that a particular bit arriving at its desti­
nation is interpreted in the proper context. To achieve this, 
both the sender and receiver of the data must accomplish the 
five following requirements. 

1. Agree upon the nominal rate of transmission; or how 
many bits are to be emitted per second by the sender. 

2. Agree upon a specified information code providing a one­
to-one mapping ratio of information-to-bit pattern and 
vice versa. 

3. Establish a particular scheme whereby each bit can be 
properly positioned within a byte by the receiver of the 
data (assuming that bit-serial transmission is used). 

4. Define the protocol (handshaking) sequences necessary 
to ensure an orderly flow of information. 

5. Agree to the electrical states representing the logic val­
ues of each bit and the particular pulse code to be used. 

These are by no means all of the points that must be agreed 
upon by sender and receiver-but these are probably the most 
important. Items 2, 3 and 4 are more or less "software" type 
decisions, because the actual signal flow along the transm is­
sion line is usually independent of these decisions. Because 
items 1 and 5 are much more dependent on the characteris­
tics of line drivers, line receivers, and transmission lines, they 
are the primary concern here. 

Figure 4-6 represents the components of a typical data trans­
mission system. The information source can be a computer 
terminal or a digitized transducer outout, or any device emit­
ting a stream of bits at the rate of one bit every tB seconds. 
This establishes the information rate of the system at 1/tB 
bits per second. The information source in the figure feeds a 
source encoder which performs logic operations not only on 
the data, but also on the associated clock and, perhaps, the 
past data bits. Thus, the source encoder produces a binary 
data stream controlling the line driver. The line driver inter­
faces the source internal logic levels (TTL, MOS, etc.) with 
transmission line current/voltage requirements. The trans­
mission line conveys signals produced by the line driver to the 
line receiver. The line receiver makes a decision on the signal 
logic state by comparing the received signal to a decision 
threshold level, and the sink decoder performs logic opera-

lions on the binary bit stream recovered by the line receiver. 
For example, the sink decoder may extract the clock rate from 
the data or perhaps detect and correct errors in the data. From 
the optional sink decoder, the recovered binary data passes to 
the information sink-the destination for the information 
source data. 

Assume for the moment that the source encoder and sink de­
coder are "transparent"; that is, they will not modify the 
binary data presented to them in any way. Line driver sig­
nals, then, have the same tim ing as the original bit stream. 
The data source emits a new bit every tB seconds. The pulse 
code produced by the source encoder and line driver is called 
Non-Return to Zero (NRZ), a very common signal in TTL logic 
systems. A sample bit pattern with its NRZ representation is 
shown in Figure 4-7a. The arrows at the top represent the 
ideal instants, or the times the signal can change state. The 
term unit interval is used to express the time duration of the 
shortest signaling element. The shortest signaling element 
for NRZ data is one bit time IB' so the unit interval for NRZ 
data is also tB. The rate at which the signal changes is the 
modulation rate (or signaling speed), and baud is the unit of 
modulation rate. A modulation rate of one baud corresponds 
to the transmission of one unit interval per second. Thus the 
modulation rate, in baud, is just the reciprocal of the time for 
one unit interval. A unit interval of 20 ms, therefore, means 
the signaling speed is 50 baud. The reason for differentiating 
between the information rate in bits per second (bps) and the 
modulation rate in baud will be clarified after examining 
some of the other pulse codes later in this chapter. 

NRZ data should always be accompanied by a clock signal, 
Figure 4-7b, which tells the receiver when to sample the data 
signal and thus determine the current logic state. For the ex­
ample in Figure 4-7b, the falling edge of the clock corres­
ponds to the middle of the data bits, so it could be used to 
transfer the line receiver data output into a binary latch. The 
falling edge of the clock is thus the sampling instant for the 
data. The line receiver does have a decision threshold or 
slicing point so that voltages above that threshold level pro­
duce one logic state output, while voltages below the thresh­
old produce the other logic state at the receiver output. The 
receiver may incorporate positive feedback to produce hys­
teresis in its transfer function. This reduces the possibility of 
oscillation in response to slow rise or fall time signals applied 
to the receiver inputs. 

Fig. 4-6. Data Transmission System 
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Previously in this chapter, it was stated that the fast rise and 
fall times of signals, corresponding to the transitions between 
data bits, are rounded out and slowed down by a real trans­
mission line. Each transition of the signal applied to the line 
by the line driver is transformed to a rounded out transition 
by the dispersion and attenuation of the transmission line. 
The resultant signal at the load end of the line consists of the 
superposition of these transformed transitions. The waves 
arriving at the load end of the line are shown in Figure 4-7c 
and their superposition is shown in Figure 4-7d. It is assumed 
that the line is terminated in its characteristic resistance so 
that reflections are not present. The receiver threshold level 
is shown here, superimposed on the resultant load signal, and 
the re-converted data output of the line receiver is shown in 
Figure 4-7e along with the ideal instants for the data transi­
tions (tick marks). 

Comparing the original data (Figure 4-7a) to the recovered 
data (Figure 4-7e) shows that the actual recovered data tran­
sitions may be displaced from their ideal instants (tic marks 
on Figure 4-7e). This time displacement of the transitions 
is due to a new wave arriving at the receiver site before the 
previous wave has reached its final value. Since the wave 
representing a previous data bit is interfering with the wave 
representing the present data bit, this phenomenon is called 
intersymbol interference (in telegraphy it is called character­
istic distortion). The intersymbol interference can be red'uced 
to zero by making the unit interval of the data signal quite 
long in comparison to the rise/fall time of the signal at the 
receiver site. This can be accomplished by either reducing 
the modulation rate for a given line length, or by reducing 
the line length for a given modulation rate. 

Signal quality is concerned with the variance between the 
ideal instants of the original data signal and the actual tran­
sition times for the recovered data signal. 

For synchronous signaling, such as NRZ data, the isochronous 
distortion of the recovered data is the ratio of the unit inter­
val to the maximum measured difference irrespective of sign 
between the actual and theoretical significant instants. The 
isochronous distortion is, then, the peak-to-peak time jitter 
of the data signal expressed as a percentage of the unit inter-

-I '. f-

val. A 25% isochronous distortion means that the peak-to­
peak time jitter of the transition is .25 unit interval (max). 

Another type of received-signal time distortion can occur if 
the decision threshold point is misplaced from its optimum 
value. If the receiver threshold is shifted up toward the One 
signal level, then the time duration of the One bits shortens 
with respect to the duration of the Zero bits, and vice versa. 
This is called bias distortion in telegraphy and can be due to 
receiver threshold offset (bias) and/or asymmetrical output 
levels of the driver. This effects is shown in Figure 4-8. 

Bias distortion and characteristic distortion (intersymbol 
interference) together are called systemic distortion, because 
their magnitudes are determined by characteristics within the 
data transmission system. Another variety of time distortion 
is called fortuitous distortion and is due to factors outside the 
data transmission system such as noise and crosstalk, which 
may occur randomly with respect to the signal timing. 

SIGNAL QUALITY MEASUREMENT-THE EYE PATIERN 
To examine the relative effects of intersymbol interfer­
ence on random NRZ data and a "dotting"* pattern, see 
Figure 4-9. The top two waveforms represent the NRZ data 
and dotting pattern as outputs into two identical long trans­
mission lines. The middle two traces illustrate the resultant 
signals at the line outputs and the bottom two traces show 
the data output of the line receivers. The respective thresh­
olds are shown as dotted lines on the middle two traces. The 
arrows indicate the ideal instants for both data and dotting 
signals. 

Notice that the dotting signal (0) is symmetrical, i.e .. every 
One is preceded by a Zero and vice versa, while the NRZ data 
is random. The resultant dotting signal out of the line is also 
symmetrical. Because, in this case, the dotting half-cycle 
time is less than the rise/fall time of the line, the resultant 
signal out of the line (E) is a partial response-it never reach-

*The term dotting pattern is from telegraphy and means an alternating se- II 
quence of 1·bits and a·bits (the "dot dot dot" etc.). Note that an NRZ dotting I 
pattern generates a signal which has a 50% duty cycle and a frequency of 
112 tB (Hz). 

a ~ 1 ~ a ~ 1 ~ 1 + 1 ~ a ~ 1 • 1 + 1 t ~ ""'00""" 

a) NRZ DATA 

b) CLOCK 

c) WAVEFRONTS 
DUE TO EACH 
DATA TRANSITION 

d) RESULTANT 
LOAD SIGNAL 

e) LINE RECEIVER 
DATA OUTPUT 

~ .. '.-~~- ..... 

- - • - .. - * - ~ '" - ,,~"""'" ~ -

Fig. 4-7. NRZ Signaling 
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Fig. 4-8. Bias Distortion 
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Fig. 4-9. Comparison of NRZ Random Data and "Dotting" Signals 

es its final level before changing. The dotting signal, due to 
its symmetry, does not show intersymbol interference in the 
same way that a random NRZ signal does. The intersymbol 
interference in the dotting signal shows up as a uniform dis­
placement of the transitions as shown in Figure 4-9f. The 
NRZ data shows intersymbol interference, in its worst light, 
due to its unpredictable bit sequence. Thus, whenever feasi­
bility of a data transm iss ion system is to be tested, a random 
data sequence should be used. This is because a symmetri-
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cal dotting pattern or clock signal cannot always show the 
ef·fects of possible intersymbol interference. 

A very effective method of measuring time distortion through 
a data transmission system is based on the eye pattern. The 
eye pattern, displayed on an oscilloscope, is simply the 
superposition-over one unit interval-of all the Zero-to-One 
and One-to-Zero transitions, each preceded and followed by 
various combinations of One and Zero, and also constant One 



and Zero levels. The name eye pattern comes from the resem­
blance of the open pattern center to an eye. The diagramatic 
construction of an eye pattern is shown in Figure 4-10. The 
data sequence can be generated by a pseudo-random se­
quence generator (PRSG), which is a digital shift register 
with feedback connected to produce a maximum length se­
quence. The PRSG, requiring only two devices (Figure 4-11), 
generates a sequence that repeats after 22°_1 bits. Feedback 
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o 
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ISOLATED 
0_1 

TRANSITION 
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1 0 1 
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ALL THE ABOVE 

SIGNALS 

INPUT 
TO LINE 

r-
"L-

Jl 

x=r 
1------1 
1 UNIT 
INTERVAL 

connections for PRSG shift registers from 4 to 20 bits in length 
are shown in Figure 4-12. 

Severa I featu res of the eye pattern make it a usefu I tool for 
measuring data signal quality. Figure 4-13 shows a typical 
binary eye pattern for NRZ data. The spread of traces cross­
ing the receiver threshold level (dotted line) is a direct meas­
ure of the peak-to-peak tmnsition jitter---isochronolls distilr-
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Fig. 4-10. Formation of an Eye Pattern by Superposition 
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tion in a synchronous system-of the data signal. The rise and 
fall time of the signal can be conveniently measured by using 
the built-in 0% and 100% references produced by long strings 
of Zeros and Ones. The height of the trace above or below the 
receiver threshold level at the sampling instant is the noise 
margin of the system. If no clear transition-free space in the 
eye pattern exists, the eye is closed. This indicates that error­
free data transm iss ion is not possible at that data rate and 
line length with that particular transmission line without re­
sorting to equalizing techniques. In some extreme cases, 
error-free data recovery may not be possible even when using 
equalizing techniques. 

The eye pattern can also be used to find the characteristic 
fesistance of a transmission line. The 2500.: printed circuit­
type potentiometer termination resistor (Figure 4-11) can be 
adjusted to yield the minimum overshoot and undershoot of 
the data signal. Figure 4-14 shows the NRZ data eye patterns 
for RT>RO' RT = RO and RT<RO' The 100% and 0% refer­
encr) lev',ls are again provided by long strings of Ones and 

CLOCK 

INITIALIZE 

FOR 2 INPUT EXCLUSIVE OR USE 1/49014 

FOR 4 INPUT EXCLUSIVE OR 
CIRCUIT BELOW CAN BE USED 

3/49014 

B D--0 l A~~ 
Q~~ 

Zeros, and any overshoot or undershoot is easily discernible. 
The termination resistor is adjusted so that the eye pattern 
transitions exhibit the minimum perturbations (Figure4-14b). 
The resistor is then removed from the transmission line, and 
its measured value is the characteristic resistance of the line. 

By using the eye pattern to measure signal quality at the load 
end of a given line, a grapl'\ can be constructed showing the 
tradeoffs in signal quality-peak-to-peak jitter-as a function 
of line length and modulation rate for a specific pulse code. 
An example graph for NRZ data is shown in Figure 4-15. The 
graph was constructed using eye pattern measurements on a 
24 AWG twisted pair line (PVC insulation) driven by a differ­
ential voltage source driver (9614) with the line parallel­
terminated in its characteristic resistance (96 ,0.). The oscil­
loscope photographs in Figure 4-16 show the typical eye pat­
terns for NRZ data with various amounts of isochronous 
distortion. The straight lines represent a "best fit" to the 
actual measurement points. Since the twisted pair line used 
was not specifically constructed for pulse service, the graph 
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Fig. 4-12. Feedback Connection for Various Maximal Sequence Length PRS§::; 
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probably represents a reasonably good worst·case condition 
insofar as signal quality vs line length is concerned. Twisted 
pair lines with polyethylene or Teflon® insulation have shown 
better performance at a given length than the polyvinyl chlo­
ride insulation. Likewise. larger conductors (20 AWG, 22 
AWG) also provide better performance at a given length. 
Thus. the graph in Figure 4·15 can be used to estimate feasi· 
bility of a data transmission system when the actual cable to 
be used is unavailable for measurement purposes. The 
arbitrary cutoff of 4000 feet on the graph was due to an ob­
served signal amplitude loss of 6 dBV (112 voltage) of the 
24 AWG line at that distance. The cutoff of 10 Mbaud is 
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based on the propagation delays of the typical TIL line drivers 
and receivers. Field experience has shown that twisted pair 
transmission systems using TIL drivers and receivers have 
operated essentially error-free when the line length and mod­
ulation rate are kept to within the shaded recommended 
operating region shown in Figure 4-15. This has not preclud· 
ed operation outisde this region for some systems. but these 
systems must be carefully designed with particular attention 
paid to defining the required characteristics of the line. the 
driver. and the receiver devices. The use of coaxial cable 
instead of twisted pair lines almost always yields better per· 
formance. i.e., greater modulation rate at a given line length 

11 



and signal quality. This is because most coaxial cable has a 
wider bandwidth and reduced attenuation at a given length 
than twisted pair line (one notable exception is RG 174/U 
cable). In the next section, a method is discussed that allows 
a rough estimation of the maximum "safe" modulation rate 
for a given length of a particular coaxial cable when actual 
eye pattern measurements cannot be made on that cable. 

It should be remembered that, in some ways, the eye pattern 
gives the minimum peak-to-peak transition jitter for a given 
line length, type, pulse code, and modulation rate. This is 
because the eye pattern transition spread is the result of in­
tersymbol interference and reflection effects (if present) and 
this minimum jitter is only obtainable if the following condi­
tions are met. 

• The One and Zero signal levels produced by the line driver 
are symmetrical, and the line receiver's decision threshold 
(for NRZ signaling) is set to coincide with the mean of those 
two levels. 

• The line is perfectly terminated in its characteristic resis­
tance to prevent reflections from altering the signal thresh­
old crossings. 

• The time delays through driver and receiver devices for 
both logic states is symmetrical and there is no relative 
skew in the delays (difference between L --+ Hand H --+ L 
propagation delays = 0). This is especially important when 
the device propagation delays become significant fractions 
of the unit interval for the applicable modulation rate. 

If anyone of these conditions is not satisfied, the signal qual­
ity is reduced (more distortion). The effects of receiver bias 
or threshold ambiguity and driver offset can be determined 
by location of the decision threshold(s) on the oscillograph of 
the eye pattern for that driver/cable modulation rate combi­
nation. For eye patterns displaying more than 20% isoch­
ronous distortion, the slope of the signal in the transition 
region is relatively small. Therefore, a small amount of bias 
results in a large increase in net isochronous distortion. See 
Figure 4-17 for a graphic illustration of this effect. In the 
interest of conservative design practices, systems should al­
ways be designed with less than 5% transition spread in the 
eye pattern. This allows the detrimental effects due to bias to 
be minimized, thus simplifying construction of line drivers 
and receivers. 

10% POSITIVE 
BIAS 

NO I 

ESTIMATION OF SIGNAL QUALITY IN 
LIEU OF EYE PATTERN MEASUREMENTS 
In many design situations it is not always convenient to meas­
ure signal quality using the eye pattern. This can be caused 
by lack of equipment, time, or unavailability of the transmis­
sion line to perform the necessary measurements. In such 
cases, the following rule of thumb applies: the unit interval 
should be greater than twice the 10 to 90% rise or fall time 
of the line, i.e., 

tui ~ 2t10_90% 

Eye patterns that meet this criterion show that adherence to 
this rule will keep the peak-to-peak jitter to less than 5% of 
the unit interval. If the 10% to 90% rise time cannot be easily 
measured-as is the case with coaxial cables whosedom inant 
loss mechanism is simple skin effect-then the 10 to 80% 
rise time may be used instead of the 10 to 90% rise time. 
The corresponding peak-to-peak jitter, due to intersymbol 
interference with the tui ~2 tlO-80% rule, is usually less 
than 10%. In any event, if the unit interval is less than the 0 
to 50% rise time of the signal at the line end (tui < to-50%), 
then the error-free recovery of NRZ data is not possible with­
out using equalizing techniques. Sometimes, changing to a 
pulse code which allows partial response recovery will enable 
data transmission at an otherwise unusable line length-speed 
combination. When actual eye pattern measurements cannot 
be made, an estimate of feasibility can still be obtained by cal­
culating the signal transition time. 

N.S. Nahman2 ,4 presented a simple method to predict the 
transient response of a coaxial cable from the cable attenua­
tion. The procedure was based on a graphical analysis tech­
nique allowing prediction of the step response of a network 
from a graph of the imaginary part of the transfer function, 
in this case the imaginary part of 'Y (s). The normalized step 
responses (Figure 4-18) are plotted with the abscissa in nor­
malized time (x) 

where 

a 

and 

t = real time, 

x ~ t/a 

1 

21ft a 

(4.5) 

(4.6) 

ISOCHRONOUS DISTORTION (10) = ~ x 100% 

'"' 

105011 210011 

BIAS 0% 5% ID 20"10 ID 

10% 12% 10 36% 10 

Fig. 4-17. Receiver Bias Effect on Total Isochronous Distortion 

10-38 



0.9 

0.8 

0.7 

0.6 

g 0.5 . ~ 
m - 0.9 l4 ~ m 0.8 

0.4 

0.3 

0.2 

0.1 

0 

m = 0.7 

~ ~ P\ m=O.6 -s. 
m:: 0.5 ~ E/ V 17 L \ /' 

m,j,/ V V V 1/ 
~ V V V V 

o 0.1 0.2 0.3 0.4 0.5 0.6 OJ 0.8 0.9 1.0 

x:: t/a 

g . 

1.0 

m - Dot 0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

o. 1 

o 
o 

'( 
'I; 
~ 

m=o.8 m =p 
VVt-::::r-

m=~ 
m = 0.5 

~ V V ~ m:: 0.4 -r--

V V l-
I--

V 

9 10 '1 12 

x == t/a 

Fig. 4-18. Normalized Step Responses for 

fm Law Coaxial Cables (After Nahman2 ) 

It (f 0) ~ attenuation of the coaxial cable in nepers at fre­
quency (fiji) for length I. If CY (fO) is known in dB, then 
division by 8.686 will convert the dB/length into nepers/ 
length (1 neper = 8.686 dB). 

m ~ slope of the attenuation vs frequency curve for the par· 
ticular coaxial cable when plotted on log-log graph paper 
(log dB vs log frequency). 

log <X (f2J -log <x(f1) 

m = log (f2) -log (f1) 

where f2 > f1 and a (f2) is the attenuation at frequency 
(12), and log is the common (base 10) logarithm. 

Slope m will have a range of O<m < 1. 

Nahman pointed out that this method applies to cables where 
either the attenuation or the phase characteristic can specify 
the transfer function. This implies that knowledge of either 
characteristic alone provides sufficient information for the 
other characteristic; in particular, the Bode condition must 
be met. 

lim 'Y(s) = 0 
s~oo s 

For details, see Nahman's paper2. In general, a reasonably 
accurate modified transfer function may be specified satisfy­
ing Bode's condition for coaxial cables. Twisted pair and par­
ailel wire lines cannot usually be fully characterized by either 
attenuation or phase characteristics alone. This is because 
each has a significant contribution to the overall transfer 
function. Thus Bode's condition cannot usually be met, so 
Nahman's method will not yield accurate results. 

In a more recent paper', he asserted that the primary contrib­
utors to the shape of the step response waveform are those 
frequency components transmitted with less than 20 dB of 
attenuation. Thus, the predom inant slope of the attenuation 
curve up to 20 dB at that cable length should be used. For 
short cables (1000 ft) the 20 dB attenuation may occur in the 
10 to 100 MHz region. Equation 4.6 may be modified by 
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factoring out the cable length to produce 
1 1 

~ ] - []-1 <Xl (fo) m m 
a = 21ff 0 cos (m1f/2) • I 

(4.7) 

where CY, (fO) is now the attenuation (in nepers per unit 
length and is the line length. The time for the line signal to 
rise to 50% is obtained by combining Equations 4.5 and 4.7 
(Equations 5 and 7 in Reference 4). 

where X50% is obtained from Figure 4-18 or the table in Fig­
ure 4-19. Likewise, combining the expressions for x, 0% and 
X80% and subtracting gives 

t 1O·80% = [ I] m 
(4.9) 

The 10 to 90% rise time can be found similarly by substitut­
ing X90% for X80% in Equation 4.9. 

As an example of the use of these equations to predict step 
response of a coaxial cable, consider RG59A/U cable. The 
listed attenuation for RG59A/U is13 

fO CY (fO)/l 00 It (dB) 

10 MHz 
100 MHz 
400 MHz 

1.07 
3.4 
7.0 

The slope of the attenuation curve is 

log 7.0 -log 1.07 
m = ------~--~--~--------~ 

log (400 x 106) = log (10 x 106) 
£ = 0.51 
1.60 

The attenuation per unit length (in nepers) at 400 MHz is 

H 7.0 
<Xl (400 M z) = 8.686 100 ft. 

0.008059 nepers/ft 

Thus, the normalization constant. a, is 

• 



m X50% X10-90% X10-S0% 

0.4 1.30 * 14.5 
0.5 1.15 * 7.1 
0.6 1.00 * 3.5 
0.7 0.92 6.6 2.4 
O.S 0.S9 3.0 1.4 
0.9 0.S9 1.0 0.7 

*90% points not given on graph for these values (Figure 42) 

Fig. 4-19. Normalized Time to Reach Various Percentages 
of Signal Final Value for Various Values of m 

1 a = ------::-
2rr(400 X 106) 

1 

[ 
.008059 ] .51 

cos[(.51)rr/2J 
6.355 X 10- 14 

A 140-foot length of line, therefore, should have a t50% time 

1 

t50% = (1.15) (6.355 X 10- 14) (140) .51 

and the 10% to 80% rise time is 

1 

t1O-80% = (7.1) (6.355 X 10- 14) (140) .51 

1.18 ns 

7.29 ns 

For 1000 ft of RG59A/U, the previous results for 140 ft can 
be scaled. 

1 

1.18 • [ 1000J -:5i 
140 

55.7 ns 

and 

t 1O-80% = 7.29 • flO;;] .51 344.2 ns 

If the desired modulation rate is 1 Mbaud (tui = 1.0 fJs) and 
the line length is 1000 feet, then the system using RG59/U 
cable would probably operate satisfactorily. Be aware, how­
ever, that if the single slope (m) does not accurately approxi­
mate the actual attenuation characteristic of the coaxial 
cable, then Nahman's method will show considerable error in 
predicting the signal transition time. RG174/U is a coaxial 
cable with an attenuation characteristic that has a slope in 
the 0.3 to 0.65 range depending on the frequency. Thus the 
method cannot be accurately applied to RG174/U cable. 

Also, Nahman's method cannot be applied to commonly avail­
able twisted pair or parallel wire lines. This is because know­
ledge of either the I ine attenuation or its phase characteristics 
is not normally sufficient to completely specify the transfer 
function. Thus, the previously mentioned Bode condition is 
not satisified, and the analysis previously used cannot be ap­
plied satisfactorily. 
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Experimental tests on various twisted pair cables from 10 to 
4000 feet in length have revealed that these cables show a 
law of m~0.6 for attenuation, but follow an almost linear 
increase in rise time as cable length is increased. The 10 to 
90% rise time usually falls in the following range. 

7 ::;; t1O-90% ::;; 27 

where T is the time delay of the cable per unit length times 
the cable length. Combining this with the suggestion that 
the unit interval should be at least twice the 10-90% rise time 
of the line, then the minimum unit interval should be 

This corresponds with a boundary for recommended operat­
ing regions shown in Figure 4-15. Experience has shown that 
adherence to the above relationship with twisted pair cables 
results in less than 10% peak-to-peak jitter due to intersym­
bol interference. 

OTHER PULSE CODES AND SIGNAL QUALITY 
In the preceding sections, the discussion of signal quality has 
been centered around the use of NRZ signaling, because it 
represents the simplest and most commonly used pulse code. 
Other pulse codes have been developed which provide one or 
more of the following desirable features: 

• Compress the overall bandwidth normally required to 
adequately transmit the Signal yet still ensure recovery 
of the binary data. 

• Eliminate the need for a dc response in the transmission 
medium so that transformer coupling can be used for 
phantom power distribution on repeated lines. (The elimi­
nation of a dc characteristic of the pulse code also allows 
ac coupling of amplifier circuits). 

• Provide a clocking scheme within the signal so that no 
separate clock channel is required for synchronization. 

• Provide built-in error detection. 

The following discussion is restricted to the binary class of 
baseband Signals. This simply means that each decision by 
the line receiver yields one bit of information. The M-ary 
schemes (M>3) can encode more than one bit of information 
per receiver decision', but these schemes are seldom applied 
to baseband Signaling due to the complexities of the driver 
and receiver circuits (especially for M>3). M-ary schemes, 
however, are applied to high speed non-baseband data trans­
mission systems using modems. The price to be paid for the 
increased bit-packing with multi-level signaling is decreased 
immunity to noise relative to a binary system. This is because 
a smaller relative threshold displacement (or amount of noise) 
is required to produce a signal representing another logic 
state in the M-ary schemes. 

In general, the binary class of pulse codes can be grouped 
into four categories; 

• Non-Return to Zero (NRZ) 

• Return to Zero (RZ) 

*Jt can be shown that, for M levels, the information per receiver decision will 
be S:::; 1092 M bits/decision. Thus, three levels theroetically yield 1.58 bits; 
four levels yield 2 bits of informatio~ eight levels vield a bits. etc. 



• Phase Encoded (PE) (sometimes called Split Phase) 

• Multi-Level Binary (MLB). (The MLB scheme uses three 
levels to convey the binary data, but each decision by the 
line receiver yields only one bit of information.) 

A secondary differentiation among the pulse codes is con­
cerned with the algebraic signs of the signal levels. If the 
signal levels have the same algebraic sign for their voltages 
(or currents) and differ only in their magnitudes, the signal­
ing is called unipolar. A very common example of unipolar 
signaling is TIL or ECL logic. TIL uses two positive voltages 
to represent its logic states, while ECL uses two negative 
voltages for its logic states. The complement of unipolar 
signaling is polar signaling. Here, one logic state is repre­
sented by a signal voltage or current having a positive sign 
and the other logic state is represented by a signal with a 
negative sign. For binary signals, the magnitude of both sig­
nals should be equal, ideally. Their only difference should be 
in the algebraic signs. This allows the receiver to use ground 
as its decision threshold reference. 

Non-Return to Zero (NRZ) Pulse Codes 
There are three NRZ pulse codes: NRZ - Level (NRZ-L), NRZ­
Mark (NRZ-M), and NRZ - Space (NRZ-S). NRZ-L is the same 
pulse code as previously discussed. In NRZ-L signaling, data 
is represented by a constant signal level during the bit time 
interval. with one signal level corresponding to one logic 

UNIPOLAR 
NRZ-L 

state, and the other signal level corresponding to the opposite 
logic state. In NRZ-M or NRZ-S signaling, however, a change 
in signal level at the start of a bit interval corresponds to one 
logic state and no change in signal level at the start of a bit 
interval corresponds to the opposite logic state. For NRZ-M 
pulse codes, a change in signal level at the start of the bit 
interval indicates a logic One (Mark), while no change in sig­
nal level indicates a logic Zero (Space). NRZ-S is a logical 
complement to NRZ-M. A change in signal level means a logic 
Zero and no change means logic One. With NRZ-M and NRZ-S 
pulse codes, therefore, there is no direct correspondence 
between signal levels and logic states as there is with NRZ-L 
signaling. Any of the NRZ pulse codes may, of course, be 
used in unipolar or polar form. The NRZ codes are shown in 
Figure 4-20, along with their generation algorithms*, signal 
levels vs time, and their general power density spectrum. 

The degradation in signal quality caused by intersymbol in­
terference for NRZ-L signaling was discussed earlier. Since 
the minimum signaling element (unit interval) for all three 
NRZ pulse codes is equal to tB' the previous signal quality 
discussion for NRZ-L also applies equally to NRZ-M and 
NRZ-S pulse codes. The following is a capsule summary ofthe 
previous discussion on NRZ signal quality. 

*The generation algorithm showing the sequence of signal levels on the line, 
represented by the set {b n} is determined by the sequence of input logic 
state~, represented by the set {an}' See Bennet14 for detailed usage of this 
notation. 

PO~R 0 --------------+-------~----_+--------------+_----~------­
NRZ-L 

UNIPOLAR 

NRZ-M 0 --------" 

UNIPOLAR 
NRZ-S 

DATA TO 
BE SENT 

" 

'" 

a n =l 

an = 0 

UNIPOLAR 
NRZ-l 

1-'8-1 

'8 

bn = + 

bn = 0 

LINE SIGNAL SEQUENCE (bn) 

POLAR 
NRZ-L 

1-'8-1 

'8 

bn = + 

bn := -

UNIPOLAR 
NRZ-M 

OR 

OR 

1-'8---1 

'8 

bn = (-) bn-l 

bn = bn_l 

UNIPOLAR 
NRZ-S 

OR 

OR 

'8 

bn = (-) bn-l 

Fig. 4-20. Non-Return to Zero (NRZ) Pulse Codes 
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• When ts is less than the 0-50% rise or fall time of the sig­
nal at the line end, the open space in the eye pattern closes, 
thereby indicating error-free data transmission is unlikely. 

• When ts is less than the 10-90% rise or fall time of the 
line end signal, some intersymbol interference is present 
and thus, some time jitter in the transitions of the recover­
ed data will be present. 

NRZ codes are simple to generate and decode because no 
precoding or special treatment is required. This simplicity 
makes them probably the most widely used pulse codes, with 
NRZ-L the leader by far. NRZ-M has been widely used in 
digital magnetic recording where it is usually called NRZI 
for Non-Return to Zero, Invert-on-Ones. In terms of the four 
desirable features for a pulse code listed at the start of this 
section, however, none of the NRZ codes are all that great­
NRZ codes do possess a strong dc component, and have 
neither intrinsic clocking, nor error detection features. Even 
so, their power frequency spectra are used as references for 
comparison with other pulse codes. 

Return to Zero (RZ) Pulse Codes 
The RZ group of pulse codes are usually simple combinations 
of NRZL data and its associated single or double frequency 
clock. Sy combining the clock with data, all RZ codes possess 
some intrinsic synchronization feature. Three representative 
RZ pulse codes are shown in Figure 4-21. Unipolar RZ is 
formed by performing a logic AND between the NRZ-L data 
and its clock. Thus a logic Zero is represented by the absence 
of a pulse during the bit time interval, and a logic One is rep­
resented by a pulse as shown. Pulse Position Modulation 

UNIPOLAR 
RZ 

UNIPOLAR 
PPM 

UNIPOLAR 
POM 

LINE SIGNAL SEOUENCE (bn) 

UNIPOLAR UNIPOLAR DATA TO 
BE SENT UNIPOLAR 

RETURN TO ZERO 
PULSE POSITION PULSE POSITION 

" MODULATION MODULATION 

0 __ _ 

t8 /2 t8/4 t8/3 

(PPM) uses a pulse of ts/4 duration beginning at the start of 
the bit interval to indicate a logic Zero, and a ts/4 pulse be­
ginning at the middle of the bit interval to indicate a logic 
One. Pulse Duration Modulation (PDM) uses a ts/3 duration 
pulse for a logic Zero and a (2/3) ts pulse for a logic One, with 
the rising edge of both pulses coinciding with the start of the 
bit interval. PDM with tS/4 pulse widths is also used but bet­
ter results are usually obtained with the ts/3, 2 ts/3 scheme. 

The reason for differentiating between information rate and 
modulation rate can now be further clarified. Each of the RZ 
pulse codes in Figure 4-21 has the same information rate; 
ie., lIts bits per second. Their respective minimum signal­
ing elements (unit intervals) however, are all less than ts 
so the modulation rate for the RZ pulse code is greater than 
the information rate. Remember that with NRZ signaling, 
the unit interval and the bit time interval are equal in dura­
tion, so the information rate in bps is equal to the modu­
lation rate in bauds. For isochronous NRZ signaling, the 
measures bps and baud are both synonymous and inter­
changeable. 

Inspection of unipolar RZ signaling reveals that the unit inter­
val is 1/2 bit interval (tui = tS/2). When this unit interval 
is less than the 0-50% rise or fall time of the line, the data is 
likely to be unrecoverable. With a fixed modulation rate, the 
price paid to include clocking information into unipolar RZ is 
reduced information rate over that for NRZ signaling. Like­
wise, for PPM with its unit interval of tS/4, the information 
rate reduces to 114 that of NRZ data under the same condi­
tions. This is because the maximum modulation rate is de­
termined by the 50% rise time of the line which is constant 

GENERAL POWER SPECTRUM FOR RZ CODES 

bn = (+J{O';;; t < tB/21 
bn = (0) { t8/2 ,,;; t < ts 

bn = (+J {t8/2":;; t'; 3tB/41 bn "'- (+J{ 0,;;; t < 2tS/3 

bn = (0)( 0,;;; t < t8/2 , bn = {OJ {2t8/3";;: t < t8 

3tS/4 < t < t8 

bn = (+J {o.,.;; t';;; t8/4 

bn = (0) {t8/4 < t < ts I b,o(+1{0""B/3 

bn = (O){ t8/3';; t8 

Figure 4·21. Return to Zero (RZ) Pulse Codes. 
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for a given length and type of line. PDM has a unit interval of 
t8/3 so, for a given maximum modulation rate, the resulting 
information rate is 113 that of NRZ data. 

The preceding argument should not be taken as strictly cor­
rect-since the actual intersymbol interference patterns for 
the three RZ codes discussed differ somewhat from the pat­
tern with NRZ codes. A random sequence of NRZ data can 
easily consist of a long sequence of Zeros followed by a single 
One and then a long sequence of Zeros, so the t50% limit can 
be accurately applied. Unipolar RZ, in response to the same 
long data sequence, produces a t8/2 pulse, so the t50% 
argument can be applied here too. With PPM and PDM, the 
maximum time that the line signal can be in one state is quite 
reduced from the NRZ case. For PPM, this time is 1.25 tB 
(010 data sequence) while for PDM, it is .67 tB (see Figure 
4-21). With PPM and PDM, then, the line signal may never 
reach the final signal levels that it does with NRZ data. So, 
the PPM and PDM signals have a head start, so to speak, in 
reaching the threshold crossing of the receiver. Because of 
the reduced time that PDM and PPM signal levels are allowed 
to remain at one signal level, their signaling may still operate 
at a modulation rate Slightly above that where the NRZ data 
shows 100% transition jitter. Even with this slight correction 
to the previous discussion, the RZ group of pulse codes still 
sacrifice information rate in return for synchronization. The 
PPM scheme appears to be a poor trade in this respect, since 
PDM allows a greater information rate while retaining the 
self-clocking feature. Unipolar RZ, because it provides no 
clocking for a logic Zero signal, is not generally as useful as 
PDM for baseband data transmission. However, unipolar RZ 
is used in older digital magnetic tape recorders. 

Examination of RZ codes shows only one more desirable 
feature than NRZ codes: clocking. RZ codes still have a dc 
component in their power density spectrum (Figure 4-21) 
and their bandwidth is extended (first null at 2/tB) over that 
of NRZ (first null 1/tB)' RZ codes do not have any intrinsic 
error detection features. 

Phase Encoded (PE) Pulse Codes 
The PE group of pulse codes uses signal level transitions to 
carry both binary data and synchronization information. Each 
of the codes provides at least one signal level transition per 
bit interval aiding synchronous recovery of the binary data. 
Simply stated, Biphase-Level (Bi ¢ -L) code is binary phase 
shift keying (PSK) and is the result of an Exclusive-OR logic 
function performed on the NRZ-L data and its clock; it is fur­
ther required that the resultant signal be phase coherent 
(i.e., no glitches). Biphase-Mark (Bi ¢ -M) and Biphase-Space 
(Bi ¢ -5) codes are essentially phase coherent, binary frequen­
cy shift keying (FSK). In Bi ¢-M, a logic One is represented 
by a constant level during the bit interval (one-half cycle of the 
lower frequency 1/(2 tB)' while a logic Zero is represented by 
one-half cycle of the higher frequency 1/tB' In Bi ¢-S, the 
logic states are reversed from those in Bi¢ -M. Another way of 
thinking of Bi4> -M or Bi 4> -5 is as follows. 

• Change Signal level at the end of each bit interval regard­
less of the logic state of the data. 

• Change signal level at the middle of each bit interval to 
mean a particular logic state. 

In Bi ¢ -M (sometimes called diphase), a mid-bit interval 
change in signal level indicates a logic One (Mark), while no 

*Delay Modulation15 ,16 has a maximum of 2 t8 wjthout a signal level transition. 
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change indicates a logic Zero. For Bi 4> -5, no signal level 
change in the middle of the bit interval means a logic One, 
while a change means a logic Zero. 

In Bi ¢ -L (also called Manchester Code), a positive-going 
transition at the middle of the bit interval means a logic Zero, 
while a negative-going transition there indicates a logic One. 

The fourth member of the PE family is Delay Modulation 
(DM)15.'6 sometimes referred to as Miller code. Here logic One 
is represented by a mid-bit interval signal level change, and a 
logic Zero is represented by a signal level change at the end of 
the bit interval if the logic Zero is followed by another logic 
Zero. If the logiC Zero is immediately followed by a logic One, 
no signal level transition at the end of the first bit interval is 
used. The waveforms encoding algorithms, and general 
power density spectra for the PE pulse code family are shown 
in Figure 4-22. 

A brief inspection of the signal waveforms for the three Bi­
phase pulse codes reveals that their minimum signaling ele­
ment has a duration of one-half bit interval (tui = tB/2); the 
longest duration of either signal level is one bit interval. 
Similarly, DM is seen to have a minimum signaling element 
of one bit interval (tui = tB) and the maximum duration of 
either signal level is two bit intervals (produced by a 101 pat­
tern). Biphase codes should exhibit eye closure (they would 
not be recoverable without equalization) when tui :s to-50%' 
So, a 50% jitter on NRZ signaling approximately corresponds 
to the Biphase codes non-operation point. Biphase codes, 
therefore, provide one-half the information rate of NRZ sig­
nals at a given maximum modulation rate. This is in exchange 
for synchronization information and a dc-free spectrum when 
used in polar form. 

DM should have essentially the same intersymbol interference 
characteristics as NRZ, since the unit interval is the same for 
both codes. DM may perform slightly better than NRZ, be­
cause the maximum duration of either signal level is two bit 
intervals. Overall, DM is better coding scheme than the Bi ¢. 
It does not require as much bandwidth as Bi cp and still pos­
sesses the desirable dc response and synchronization qualities. 

Both Bi ¢ and DM are good choices for digital magnetic 
recording'6; Bi ¢ is widely used in disc memory equipment, 
and DM is rapidly gaining acceptance where high bit packing 
densities are desired. Overall scoring, in terms of the four 
desirable characteristics, shows the PE pulse codes with three 
primary features; bandwidth compression, no dc, and intrinsic 
synchronization. 

The Bi ¢ family does not possess any intrinsic error detection 
scheme. DM does possess the capability of detecting some­
but not all-single bit errors. This detection process is accom­
plished by checking to see if a single level persists longer 
than two bit intervals, in which case, an error is indicated. 
DM detection requires two samples per bit interval. 

Multi-Level Binary (MLB) Pulse Codes 
The pulse codes in the MLB group discussed have a common 
characteristic of using three signal levels (expressed in short­
hand notation as +, 0, -) to represent the binary information, 
but each receiver decision yields only one bit of information. 
These are sometimes called pseudoternary codes to distin­
quish them from true ternary codes wherein each receiver 
decision can yield 1.58 information bits. 

II 
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The most straightforward pulse code in the MLB group is 
polar RZ (Figure 4-23). Some authors place PRZ in the RZ 
group, but since PRZ uses three signal levels, it is placed in 
the MLB group here. A logic One is represented by a positive 
polarity pulse, and a logic Zero is represented by a negative 
polarity pulse. Each pulse lasts for one-half bit interval. 
PRZ has excellent synchronization properties since there is a 
pulse present during every bit interval. 

Bipolar (BP)17,'8 uses a tB/2 duration pulse to signify a logic 
One, and no pulse during the bit interval to signify a logic Zero. 
The polarity of the pulses for a logic One is alternated as 
shown in Figure 4-23. Bipolar coding is also known as Alter­
nate Mark Inversion. BP is widely used in Bell Systems T1 -
PCM carrier systems as a pulse code transmitted along a re­
generative repeated transmission line. Since BP has no dc 
component, the regenerative repeaters along the span line 
may be transformer coupled and powered by a phantom con­
stant current power loop from the central office. The synch­
ronization properties of BP are excellent if the number of Zero 
bits transmitted in series is constrained. This constraint on 
the number of sequential Zeros allows clock circuits in each 
repeater to remain in synchronization. A scheme called Bi­
nary with 6 Zeros Substitution (B6ZS) was developed to 
replace 6 Zeros with a given signal sequence to offset this 
loss of synchronization'8. Bipolar coding has a limited capa­
bility to detect single errors, all odd errors, and certain even 
error combinations which violate the mark alternation rule. 
Another scheme called High Oensity Bipolar with 3 Zeros 
substitution (HOB-3) replaces four successive Zeros (no 
pulses) with three Zeros followed by a pulse whose polar­
ity violates the Mark alternation rule". Subsequent detec­
tion of this pattern (three Zeros and pulse violating the polar­
ity coding rule) causes the receiver to substitute four Zeros 
for the received 0001 pattern. 

0
, T 

BI~~~R I ---t-----' 

DICODE T ___ + __ .... 
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DIJRZ 
IN DonED LINES 

PAIR SELECTED 0'_ ± 
TERNARY 
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MPST-RZ 

DUOBINARY 
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In Oicode (01)2°,21, a polar pulse (either tB for Ol-NRZ or 
tB/2 for Ol-RZ) is sent for every input data transition. The 
limiting constraint is that the successive pulses must alter­
nate in sign (Figure 4-22). As in NRZ-M and NRZ-S, the 
actual polarity of the pulses does not necessarily correspond 
to the logic state of the data (a positive pulse may represent 
either a Zero-to-One or a One-to-Zero transition of the input 
data). The power spectrum for 01 is the same as for BP (no dc 
component). Bit synchronization for 01 can be obtained in 
the same manner as for BP, but with 01, the number of bits of 
the same logic state must be controlled in order for the re­
ceiver to maintain bit synchronization. 01 also has the intrin­
sic capability of detecting single bit errors (via two successive 
positive or negative signal levels), all odd, and some even 
numbers of errors. 

Pair Selected Ternary (PST),8 22 and Modified PST (MPST)22 
were proposed to minimize the disadvantages of BP coding: 
loss of synchronization with long strings of Zeros and timing 
jitter. PST 1M PST maintains the strong features of BP: dc 
free spectrum, single error detection. To produce PST or 
MPST, the incoming bits are grouped into pairs, and the sig­
nal produced on the line is governed by a coding table (see 
Figure 4-24). Two modes are also used in the coding table 
with a change in mode occurring after a certain bit pair is 
transmitted. The features of PST 1M PST thus include: 

• No dc spectral component, 

• No loss of synchronization with long strings of Zeros, 

• Intrinsic error detection, 

• Simplification of requirements for timing extraction cir­
cuits with respect to BP. 

2/18 

GENERAL POWER DENSITY SPECTRUM 
RANDOM SEQUENCE P{O) ~ P(ll = 0 5 

Fig. 4-23. Multilevel Binary (MLB) or Pseudoternary Pulse Codes 
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MPST coding was developed primarily to speed up the framing 
process, i.e., selecting which two successive pulses constitute 
a valid pair, when the probability for a Zero and a One are not 
equal. 

Duobinary23.24 is an example of a correlative level coding 
technique, wherein a correlation exists between successive 
signal levels. Duobinary uses three signal levels with the 
middle level corresponding to a logic Zero, and the other two 
levels corresponding to a logic One. The pseudoternary sig­
nal is generated by precoding the input data, which results in 
constraining the line signal to change only to the neighbor-

Data to be 

Name Sen' Ian) line Signal tui 

Polar Return an =: 1 ;~ 
to Zero 1--'"-1 'S/2 
IPRZ) an = 0 o~ 

:~ Bipolar an = 1 ". 
ISP) "LJ-" 

'S/2 
an =: a " 

Okade 
NA NA 's 01 

Pair Selected 

Ternary NA NA 's 
(PST-L ) 

PST·RZ NA NA 'S/2 

Modified 

PST·L NA NA 's 
(MPST-L ) 

Modified 

PST·RZ NA NA 'S/2 
(MPST.RZ) 

an = 0 0 

Duobinary 'S 

an :=. 1 '" 

ing level, i.e., the (+) to (-) and (-) to (+) level changes are not 
allowed. This precoding process uses controlled intersymbol 
interference as part of the coding scheme. The benefit is an 
effective doubling of the bit rate for a given bandwidth and 
concentration of the power spectrum toward dc (Figure 4-23). 
Duobinary has the capability to detect single errors which 
violate the encoding rules. In terms of bandwidth utilization, 
Duobinary ranks first among all the binary and MLB codes'o, 
but its strong dc component prohibits the use of ac-coupled 
transmission media. Synchronization properties are similar 
to NRZ, thus external clocking must be used to recover the 
data. 

Line Signal Sequence Ibn) Generation 

bn = 1+) I 0.;;' < 'S/2 

bn = (0) l's/2';;' < 'S 

bn =I-)10';;'<'s/2 

bn = 10) I 'S/2 .;; , < IS 

The polarity of b n depends on the polarity of bn-k corresponding to 
the last an-k =: (1). If the last bn-k was a positive pulse (1), then b n 
will be a negative pulse (2). If the last bn-k was a negative pulse (2), 
then bn will be a positive pulse (1). 

1) bn = I+d 0';;, < 'S/2 

bn = (0) I 'S/2 .;; , < 's 
2) bn = 1-) I 0';; , < 'S/2 

bn = (0) I 'S/2';;' < 's 

bn = 0 0';;, < 's 

Ifao =8n_1. bn=O or else bn = -bn-k 

with bn-k corresponding to last an-k *- an-k-1 

Pair Polarities for Cn Cn+l 

~an+1 + MODE - MODE 
--- ---

bn =: Cn { a ::;;;; t < t8 1 1 + - + -

1 0 + 0 - 0 

0 1 0 + 0 - [Change mode after ,ransmiSSion] 

0 0 - + - + of a 10 or 01 anan+l pair. 

Same pairing and CnCn+1 bn = Cn{ 0';;, < 'S/2 

as above for PST·L. bn = (0) {'S/2';;' < 's 
Pair Polarities for Cn Cn+1 

an an+1 + MODE - MODE --- ---
bn = Cn { 0 :;;;;; t < t8 1 1 + 0 0 -

1 0 + - + -

0 1 - + - + [Change mode after transmiSSion] 

0 0 0 + - 0 of 00 or 11 anan+1 pair. 

Same pairing and CnCn+1 table bn = Cn I 0';;, < 'S/2 

as above for MPST·L. bn = (0) I 'S/2 .;; , < 'S 

If an ~ 0 then bn == O. 

If an == 1, then the polarity of bn depends on the polarity of bn-k for 

last an-k = 1. 

If an and an-k are separated by an even number of zeros, then bn == 

bn-k, if not, then bn = (-)bn-k. 

\ 

Fig. 4-24. Multilevel Binary Pulse Coding Table 
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Section 5 
FORMS OF OPERATION 

This section discusses the basic forms a nd modes of operation 
of data transmission circuits. 

• There are two primary forms of signal propagation on trans­
mission lines: single-ended and differential. An examina­
tion is made in this chapter of the consequences of each 
form with respect to system complexity and noise immunity. 

• The three primary modes of operation are discussed. The 
modes refer to the direction of data flow along the line 
and to whether or not the direction is reversible. For each 
combination of form and mode of operation, a particular 
line driver and line receiver is recommended and that 
specific applications figure is shown. 

• An analysis is made of the three most often requested 
standardized interfaces: EIA RS-232-C, MIL-STD-188C 
(low level), and the IBM 360/370 Channel I/O interfaces. 

• A brief guide is provided for selecting line drivers and line 
receivers, based on the information presented in the pre­
vious chapters. Also, some useful miscellaneous system 
guidelines are mentioned. 

SINGLE-ENDED VS DIFFERENTIAL 
There are two basic forms of operation for baseband data 
transmission circuits: single-ended and differential. The 
single-ended form uses a single conductor to carry the 
signal (signal line) with the signal voltage (or current) 
referenced to a signal return conductor which also may be 
the common return for other signal conductors. A repre­
sentation of a single-ended circuit is shown in Figure 5-1. 

The single-ended form is the simplest way to send data as 
it requires only one signal line per circuit. This simplicity, 
however, is often offset by the inability of this form to al­
low discrimination between a valid signal produced by the 
driver, and the sum of the driver signal plus externally in­
duced noise signals. 

External noise sources can be separated into two primary 
components: induced noise vN, and ground potential differ­
ence vGPD. Induced noise is usually caused by electrostatic 
(capacitive) and/or electromagnetic (mutually inductive) 
coupling between adjacent signal lines, power conductors, 
etc. The induced noise is referred to as crosstalk. A ground 
potential difference is caused by current flow through the 
finite resistance and inductance associated with the signal 
common return. The predominant component of vGPD is 
usually 60 Hz (the ac mains frequency). Because the receiver 

SIGNAL LINE 
DATA RS 

IN .cv~-o--If---{ 

COMMON GROl,.lND 
RETURN 

Fig. 5-1, Single-Ended Circuit Form of Operation 
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sees the sum of the driver output voltage va, the induced 
noise voltage vN and the ground potential difference vGPD 
at its input, there is no way the receiver can differentiate be­
tween the desired driver signal va and a possibly erroneous 
signal (va + vN + vGPD)' The ratio of the signal voltage to the 
signal + noise voltage must be made sufficiently large to aid 
data recovery by the line receiver. This can be accomplished 
by several methods: 

• Use shielded cable to reduce crosstalk between signal lines. 

• Increase driver output signal levels to swamp out the noise 
signals. 

• Reduce the ground circuit impedance to reduce the ground 
potential difference. 

• Isolate the signal leads from power carrying conductors. 

• Control slew rate of the driver to reduce capacitively 
coupled crosstalk between signal leads. 

• Incorporate hysteresis in the line receiver to increase rela­
tive noise immunity. 

• Limit line length to reduce circuit exposure to noise sources. 

• Apply a combination of the above. 

Each of the above "remedies" has its own disadvantages too. 
Using shielded cable (coax) is generally expensive; increas­
ing driver signal levels may be costly in terms of system power 
particularly when the circuit is parallel terminated. Also- re­
ducing ground circuit impedance may not be possible due to 
the magnitude and characteristics of the external noise 
sources, and at the very least, adds expense in wire costs. 
Isolating signal leads from each other and from power con­
ductors may be possible in some systems, but does make 
interconnecting cables unwieldy. Driver slew rate control 
and/or hysteresis in the receiver can decrease crosstalk and 
increase relative dc noise immunity, respectively. They can, 
however, lead to severe signal quality degradation from bias 
effects. Both methods increase system delay, thus reducing 
system operating speed. Line length limiting may not be 
possible, as the system components may be quite separated 
from each other. In any event, applying one or more of the 
above remedies must be carefully considered in light of the 
individual system requirements. A solution to some of the 
problems inherent in the single-ended form of operation is 
offered by the differential form of operation (Figure 5-2). 

DIFFERENTIAL DRIVER DIFFERENTIAL RECEIVER 

Fig. 5-2, Differential Circuit Form of Operation 



As illustrated, the differential form of operation uses a dif­
ferential driver (essentially two single-ended drivers with 
one driver always producing the complementary output sig­
nal level to the other driver), a twisted pair transmission line 
and a differential line receiver. The twisted pair line itself 
offers several features. 

• Transverse magnetic fields, produced by external noise 
sources, induce currents in the line, which are essentially 
cancelled out by the alternating polarity of the magnetic 
circuits provided by adjacent twists of the line. 

• In a line with perfect longitudinal balance, both wires in 
the pair are equally affected by electrostatically coupled 
noise. This results in a net common mode signal with 
respect to the ground return. 

• Ground potential difference also appears as a net common 
mode signal to the line receiver. 

The driver signal appears as a differential voltage to the line 
receiver, while the noise signals appear as a common mode 
signal. The two signals, therefore, can be discriminated by 
a line receiver with a sufficient common mode voltage op­
erating range. 

The use of parallel wire cable, e.g., flat or ribbon cable, with 
differential operation provides approximately the same bene­
fits as provided by a twisted pair, with the exception that in­
duced currents caused by transverse magnetic fields do not 
cancel out. The flat cable presents a single magnetic circuit 

1/2 8T13 (OR 8T23) 

to the external noise source, instead of the many magnetic 
circuits of alternating polarity presented by a twisted pair. 
Thus, with flat cable, this single magnetic circuit allows a 
transverse magnetic field to induce currents produci ng a 
net common mode signal. 

The choice of single-ended or differential operation depends 
to a large degree on the line length (exposure to external 
.noise sources) and on the characteristics of the external 
noise sources. In high EMI environments, differential opera­
tion may provide the extra noise immunity necessary to make 
system operation feasible, thus offsetting added cost of im­
plementing the differential data transmission circuit. 

MODES OF OPERATION 
The term modes of operation refers to the direction of data 
flow on the transmission circuit. The fundamental mode of 
operation is simplex (Figure 5-3). which means unidirection­
al, non-reversible data flow from the line driver to the line re­
ceiver(s). If more than one receiver is used, then the mode 
can be called a simplex distribution bus (Figure 5-4). The 
simplex mode of operation can be used with single-ended or 
differential forms, and with polar or unipolar drivers. 

The half-duplex mode is a non-simultaneous, reversible 
data flow between two line driver Ireceiver pairs called ports. 
These ports are located at opposite ends of a transmission line 
(Figure 5-5). It is important to provide parallel line termina­
tions at each end of the line to suppress reflections, otherwise 
system noise immunity and even system speed may suffer. 
The type of parallel terminations to use is determined by the 

1/38T1410R8T24) 

DAOAIN~r-W ~ nl:~ ) ~,-.: DATA our 
XIAL RO 

8 ~~ f 
~ = 

a. Single-Ended, Unipolar 

1 SHIELD OR COMMON GROUND RETURN 

b. Differential, Unipolar (Single Supply) 

1/275110 (OR 75109) 

DATA IN 

INHIBIT 

SHIELD OR COMMON GROUND RETURN 

c. Differential, Unipolar (Dual Supply) 

Fig. 5-3. Simplex Modes of Operation 
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DATA 
INPUT 

1/3 8T14 (OR 8T23) 

DATA 
OUT 

COAXCA", - ~~~:A 
~~J-~--~~----------V-3-8T-'-4r~OR-8-T~23·~_~j8 

DATA ~ 
OUT 

a. Single-Ended, Unipolar (Single Supply) 

RT DATA ~• 12861C 

'------t.:>--+---O-.~+__---------------'---------"t_t_------___(f__------------< * _ OUTPUT 

INHIBIT 

DATA 
INPUT 

117511010R 75109) 

DATA 
OUT 

SHIELD OR COMMON GROUND RETURN 

DATA 
OUT 

b. Differential, Unipolar (Single Supply) 

SHIELD OR COMMON GROUND RETURN 

c. Differential. Unipolar (Dual Supply) 

Fig. 5-4. Simplex Distribution Bus 
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line driver's characteristics. Figure 5-5 shows three sets of 
Ie drivers and receivers connected with their respective, 
proper temination networks. HGilf-duplex operation may also 
use either Single-ended or differential form with polar or 
unipolar drivers. 

Full-Duplex operation is simultaneous, two-way data flow 
between two ports. It is not usually feasible in baseband sig­
nalling, although some bridge-type circuitry has been used' 
The difficulty in baseband full-duplex operation is the separa­
tion of the signal levels produced by the two drivers operat­
ing on the loop simultaneously. However, non-baseband, 

DATA 
OUT 

PORT 
ENABLE 

full-duplex operation using frequency division multiplexing 
(FDM) techniques is widely used. The most common example 
of the FDM full-duplex operation, the 103 type modem, uses 
frequency shift keying (FSK) and two frequency bands to 
keep the data paths separate. 

The logical extension to half-duplex operation is mUltiplex 
sometimes called a data bus or party line (Figure 5-6). Multi­
plex operation is non-simultaneous data flow among three or 
more ports connected to the same physical transmission line. 
Like simplex and half-duplex modes, multiplex operation 
may be used in single-ended or differential form with polar 
or unipolar drivers. 

PORT 
ENABLE 

~DATA 
OUT 

816 

6 
a. Single-Ended, Unipolar 

PORT 
ENABLES 

DATA 

" 

DATA 
OUT 

1,29614 

-5V 

b 

t5V -'5V 

t--+I~---4-~~ELD OR 
COMMON GROUND 

RETURN 

b. Differential. Unipolar (Dual Supply) 

I J t I I 

8 }----I~ 
-:=' IVVISTED PAIR -=-

TRANSMISSION LINE 

c. Differential, Unipolar, (Single Supply) 

Fig. 5-5. Half-Duplex Modes of Operation 

10-51 

PORT 
ENABLES 

DATA 

" 

DATA 
OUT 

1 29614 

DATA 
OU1 

• 



S'i'R6BE 
PORT 1 

PORT 1 

DATA OUT 
PORT 1 

PORT 2 PORT 3 PORT 5 PORT 7 

DATA OUT 
PORT 7 

STRciB'E 
PORT 7 

a. Single-Ended. Unipolar 

LOCATION 2 

DRIVER 1 DRIVER 3 

RECEIVER 4 

75110(OR 75109) 
DRIVERS 

b. Differential. Unipolar (Dual Supply) 

Fig. 5-6. Multiplex (Data Bus) Operation 

The primary advantage of multiplex operation over simplex 
operation is reduction of wire costs-one physical trans­
mission line can serve where several were once required. 
The disadvantages of multiplex mode include increased com­
plexity of driver circuits to include an "off" state, and the 
added logic required to implement bus protocol or "hand­
shaking". 

Particularly, when multiplex operation is desired, considera­
tion must be given to the following areas: 

• The protocol or handshaking required for a particular port 
on the bus to send data must be designed. The protocol 
sequence usually involves the following operations. 

1) The port must signal a desire to use the bus (interrupt). 

2) Bus controller must acknowledge interrupt and send 
go ahead command. 

3) Port assumes control of bus and sends data, perhaps 
preceded by the code to indicate the recipients(s) of 
the following data. 

4) Receiving portIs) must acknowledge receipt of data. 
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5) Transmitting port receives the acknowledgement, and 
releases control of the bus so that other ports may 
pass their data. 

The overall bus operation is either polled or asynchronous. 
In polled operation, a central bus controller addresses each 
port in turn to ask if any data is waiting to be sent. If the ad­
dressed port has no traffic, it signals no data and the control­
ler inquires at the next port. If the port has some data, then 
the controller gives a go ahead to the port; data is sent, and 
the controller then inquires at the next port. 

In asynchronous operation, any port having data essentially 
"holds up its hand" and waits for a go-ahead signal to ripple 
down the series enabling logic. The priority for a particular 
port is determined by the ports proximity to the master con­
trol port which sends a go-ahead down the enable logic chain 
at regular time intervals. This scheme is well suited to bus­
organized minicomputers. The Digital Equipment Corpora­
tion's Unibus® and Omnibus® architectures are excellent 
examples. 

• The effect of powered-down drivers and receivers on nor­
mal bus operation must also be considered. Integrated 
circuit drivers and receivers contain paraSitic diodes that 



are normally reverse biased when the power supply is on. 
Unless special design techniques are used, these diodes 
can become forward-biased when the unit is powered­
down causing the bus to malfunction. 

• The protocol timing must include sufficient time delays 
to allow for the different port-to-port signal propagation 
delays. 

• Both physical ends of the transmission line comprising a 
channel for the bus must be terminated to prevent spurious 
signal levels due to reflections. 

• Stubs or taps from the main transmission line should be 
kept to a minimum length. A daisy chain wiring method is 
preferable to a tap-off method. If stubs must be used, 
then to cause the least perturbations on the line, the stub 
length should be controlled such that the propagation de­
lay of the stub is less than 1/8 of the Signal rise or fall 
time at the stub-to-line connection point. 

• If a 3-state driver system is used (logic Zero, logic One 
and off or driver in high impedance state), some means 
must be provided to detect the difference between a driver 
sending data and the all-drivers-off condition. In the 2-
state bus system, this problem does not occur because a 
logic Zero (usually a HIGH) indicates either a logic Zero 
or that no port is currently sending. A logic One (usually 
a lOW) on a 2-state system then indicates a port is trans­
mitting a logic One and the receiver should interpret it as 
such. 

• The data format must also be considered: 

Parallel operation is fast but expensive, since it requires 
one transmission line and the associated interface for 
every bit of the word (or byte) transmitted in parallel. 

Serial operation is slower, but requires only one transmis­
sion line and interface per port. This saving may, however, 
be partially offset by the need for a parallel-to-serial con­
verter at the transmitting site, and a serial-to-parallel 
converter at the receivi ng site. 

The parallel structure is commonly used for rapid exchange 
of data over short distances; e.g., within a computer or 
between a computer and peripherals. The serial structure 
is used for communications over long distances, as between 
a terminal and its controller. 

• A final consideration concerns polled operation of a 
multiplex system. The amount of time necessary to ad­
dress and receive acknowledgement from a port must be 
weighed against the volume of data the ports normally 
send, and the total number of ports on the bus. If there is 
a large number of ports on the bus, most of the time 
might be used by the polling operation with very little 
time devoted to actual exchange of information. A large 
number of ports combined with a high relative volume of 
traffic expected per port can lead to data backing up at 
each port waiting to be sent, and an overall reduction in 
information throughout. In a real time system where fast 
response is essential, serious consideration should be given 
to splitting up a single large bus into several satellite 
busses, each with its own polling controller and protocol 
with respect to the central bus. Queuing theory can be 
used to estimate the throughput on a bus structure when 
many variables, including the number of ports, the mean 
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transaction length, and the number of transactions per 
port per unit time, are known7 • 

STANDARDIZED INTERFACES 
There are two main ways the interface electrical character­
istics become standardized. The first, and probably most 
common, is informal adoption via proliferation of devices 
having the specified electrical characteristics. Excellent 
examples of this informal method are provided by TTL and 
ECl logic levels, and loading rules. The input/output elec­
trical characteristics of these two logic families have become 
"standards" because many different manufacturers make 
devices which can be easily interconnected. 

Informal standards may also be born when an equipment 
manufacturer announces a product that other competing 
manufacturers wish to directly connect to their respective 
products. If the original manufacturer of the product has a 
large share of the market place (and a large number of com­
petitors) an "instant standard" can eaSily arise. A good ex­
ample of this is the IBM 360/370 I/O interface (channel to 
control unit)', which is standardized primarily because, first, 
IBM has a large share of the computer market place; and 
second, a large number of manufacturers are interested in 
selling "plug compatible" peripheral devices. Thus, one 
company's electrical interface may become an informal stan­
dard in a very short time. Likewise, minicomputer manu­
facturers, such as DEC, may have their in-house interface 
characteristics for their Unibus® and Omnibus® "standard­
ized" via the wide application of their products, and the pro­
liferation of competitive add-on manufacturers. 

Formal interface standards are usually issued either by col­
lective associations of manufacturers (EIA), U.S. Government 
and military (FIPS, DCA), international organizations (CCITT, 
ISO), or other interested organizations (IEEE, ANSI). These 
standards usually arise when two different pieces of equip­
ment that may be built by two or more different manufact­
urers must interface, as in data terminals and data modems, 
or when a government organization is setting up a system 
which requires interface uniformity. Adherence to the stan- II 
dards is usually voluntary. However, if a manufacturer 
wishes to sell products in the application area encompassed 
by the standard, it behooves him to comply if at all feasible. 
In the past, formal standards have usually adopted the elec-
trical characteristics of a pre-existing interface, especially if 
the usage of such electrical characteristics was widespread 
at the time the standard was drafted. The resultant standard 
is then mostly a blessing given to one set of interface speci-
fications, rather than an optimal, more general solution to 
data communications interface problems. lately, both the 
national and international standards organizations have been 
seeking greater intercourse with one another, with an effort 
to produce fewer different electrical interface standards, and 
ascertain the optimum technical solution to satisfy the great-
est number of application requirements. Interoperability and 
compatibility with pre-existing equipment is a primary re­
quirement in any new standard, consequently much work is 
devoted to this task. 

The majority of requests for standardized interface devices 
are currently for EIA RS232-C (and CCITT V.24), Mil-STD­
l88C (low level), and IBM 360/370 I/O. The EIA interface3 

and CCITT V.244 are intended for use between data terminal 
equipment (DTE) and data communications equipment (DCE). 
The two standards have essentially the same electrical speci­
fications, but differ in Signal lead nomenclature. Both stan­
dards also specify the protocol to be used between the DTE 



and DCE. The interface is a simplex, single-ended, polar, 
unterminated type with line length and slew rate limiting 
used for control of reflection effects. The implied maximum 
cable length is 50 feet, and all signals are referenced to a 
common signal return lead. The maximum modulation rate 
on the interface is 20 kbaud. The primary electrical charac­
teristics of the interfaces are listed in Figure 5-7. 

Fairchild manufactures one triple driver (9616) and two re­
ceivers (9617 and 9627) to meet the requirements for this 
application. The 9616 triple EIA/MIL line driver has two 
particularly valuable features making it easier to use than 
other currently available EIA interface drivers. First, the 
9616 has internal slew rate limiting which eliminates the 

EIA RS-232-C Section 
Characteristic Limits Units in 

MIN MAX Standard 

Driver output voltage VOH 25 V 2.6 
Open circuit VOL -25 V 

Driver output voltage VOH 5 15 V 2.6 
Loaded output VOL -15 -5 V 

Driver output resistance 
Power on RO 
Power off RO 300 2.5 

Driver output short -500 +500 rnA 2.6 
Circuit current 

Driver output slew rate 
All interchange circuits 30 V/us 27(5) 
Control circuits 6 V/ms 2.7(3) 
Rate and timing circuits 6 V/ms 2.7(4) 

4 %UI 2.7(4) 

Receiver input resistance RIN 3 7 2.4 

Receiver open circuit -2 +2 V 2.4 
input bias voltage 

Receiver input threshold 
Output = MARK -3 V 2.3 
Output = SPACE 3 V 

NOTES: 

1. Ripple ~ 0.5%, VOH' VOL matched to within 10% of each other. 

need for an external capacitor for each driver. Second, the 
logic function performed by the 9616 is AND-OR-INVERT 
(AOI), instead of the usual NAND structure. The AOI still al­
lows the "SPACE-~Ring" of two data signals as provided by 
the NAND type drivers, while activation of the NOR (Inhibit) 
input to the 9616 forces the driver to a MARK state (called 
MARK Hold) regardless of the logic states of the data inputs. 
The latter feature of the 9616 enables the protocol sequence 
to easily be initiated or terminated without requiring the 
extra logic gate needed by NAND type drivers performing the 
same function. More discussion on EIA RS232-C and the 
9616/9617 devices is presented in Fairchild Application 
Note 320. The usage of the 9616/9617 devices as an RS232-
C interface is shown in Figure 5-8. 

MIL-STD-188C Section 
Notes (low level) Limits Units in Notes 

MIN MAX Standard 

5 7 V 7.2.2.1 1 
-7 -5 V 

3 kU";RL";7 kU 

100 1.2.1.2 IOUT,,10mA 
-2 V"VO,,2 V 

-100 +100 rnA 7.2.1.2 

5 15 O/OUI 7.2.1.3 2 

3 V"VIN,,25 V 6 7.2.1.4 mod rate 
,,200 kbaud 

+100 ~A 7.2.1.6 3 
-100 ~A 

2. Waveshaping required on driver output such that the signal rise or fall time is 5 to 15% of the unit interval at the applicable modulation rate (7.2.1.3). 
3. Balance between marking and spacing (threshold) currents actually required shall be within 10% of each other (7.2.1.6). 

Fig. 5-7. Electrical Characteristics of EIA RS-232-C and MIL-STO-188C (Low level) 

~
1/39616 I EIARS232C I 139617 

DATA 1 ..-- INTERFACE ~}(r 
DATA 2 

INHIBIT ;:, ) ~ DATA OUT 

SIGNAL COMMON RESP HYST 
Vec J.12 V:;: 10°0 RETURN 

VEE 12 V± 10%_ ~ ~ )}---, ...L _. (CIRCUIT AB) ...L J... c' 

-= I ~~~~~~~~!SeEo:~RNoO~SO:TlONAL 
IMMUNITY OF RECEIVER 

Fig. 5-8. EIA RS-232-C Interlace Application 
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MIL-STD-188C low level interface" devices are often request­
ed in conjunction with RS232-C capability. Fortunately, the 
two standards have overlapping specifications (See Figure 5-
7) so that one driver designed to satisfy the electrical require­
ments in MIL-STD-188C also satisfies the electrical require­
ments in RS232-C. The notable exception is the 5 to 15% 
driver signal waveshaping requirement in 188C. The 9616 
was designed with both specifications in mind, so only an 
external capacitor on the 9616 output (as shown in Figure 
5-9) is needed to perform the required waveshaping for MIL­
STD-188C at the desired modulation rate. 

The electrical characteristics for the receiver in both stan­
dards are somewhat different (see Figure 5-7) in input re­
sistance and threshold levels, but both standards are satis­
fied by the 9627 dual EIAIMIL interface receiver. Option 
strapping on the 9627 allows the user to choose the receiver 
input resistance (either 3 to 7 kn or >6 kn) and threshold 
levels. The 10% threshold matching requirement MIL-STD-
188C can be met with the 9627 by a trimming network as 
shown in Figure 5-9. 

DATA 
INPUT 

1 / 69N04/7404 

Where EIA RS232C and MIL-STD-188C (low level) are pri­
marily intended for use on DTE-DCE interfaces, and are 
formal standards, the IBM 360/370 1/0 interface is prob­
ably the best known example of an informal standard inter­
face. The 1/0 interface2 is the communications link between 
a channel in the System 360 or System 370 computer and the 
various 1/0 control units. The interface specification deline­
ates electrical characteristics, information formats, and con­
trol sequences to pass information between the channel and 
the peripheral control unit. The primary electrical charac­
teristics are shown in Figure 5-10. The interface is a multi­
p�ex' single-ended, unipolar variety designed to operate with 
up to 10 ports on a double terminated 95 transmission line 
of either coax or tri-lead6 cable. The 8T23 and 8T24 devices 
satisfy the requirements in the IBM document2 for bus 
drivers and bus receivers respectively. Their use is shown in 
Figure 5-11. 

SELECTING LINE DRIVERS AND LINE RECEIVERS 
Selecting a line driver-transmission line-line receiver to 
meet a particular system criterion is a much easier task 

Vee = +12 
VEE =-12V 

Vee = +12 V± 10% 
VEE = 12 V ± 10% 

'WAVE SHAPING 
CAPACITOR 

TRIMMING NETWORK ATTACHED TO 9627 
ALLOWS SETTING OF INPUT THRESHOLDS TO 
MEET 10% MATCHING REQUIREMENT IF REQUIRED 

Fig. 5-9. MIL-STD-188C Low Level Interface Application 

Characteristic MIN MAX Units Conditions Notes 

Driver output voltage Zero state 0.15 V lOUT = 240 ~A 

One state 3.11 V lOUT = -59.3 mA 1 
5.85 V lOUT = -30 ~A 2 
7.0 V lOUT = -123 mA 3 

Receiver input thresholds VIH 1.7 V 
VIL 0.7 V 

Receiver input current IIH 0.42 mA VIN = 3.11 V 
IlL -0.24 mA VIN = 0.15 V 

Receiver input resistance RIN 4 20 kn 

Receiver input operating -0.15 7 V power on in receiver 
Voltage range -0.15 6 V power off in receiver 

Neither drivers nor receivers will cause spurious noise on the line during a power·up or power-down sequence. 

NOTES: 

1. Current flow out of driver (2 term inators, 10 receivers). 
2. Current flow out of driver (one receiver, no terminator). 
3. Current flow out of driver during over-voltage interval to driver. 

Fig. 5-10. Electrical Characteristics for IBM System 360/370 Channel 110 Interface2 
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P55 XE POD IS POWER OFF DISABLE 
XE IS TRANSMIT ENABLE 

DATAINPUTD 

POD XE D 

,I 

POD XE D POD XE D 

DO 

POD XE D POD XE D POD XE D 

. . . 

DO DO DO 

I 
I 
I 
I 
I 
I 
I 
I 

POD IS HELD LOW WHEN A PORT IS BEING POWERE'D-UP OR POWERED·DOWN THIS 
~VENTS SPURIOUS DATA FROM ENTERING THE BUS AFTER POWER SUPPLY IS UP, 
POD IS SET HIGH, ALLOWING THE PORT TO TRANSMIT DA1A WHEN XE IS HIGH 

ONE BIT SLICE OF liD BUS IS SHOWN 

Fig. 5-11. IBM 360/370 Channel 110 Interface Application 

than initially choosing the target system characteristics. The 
former is a relatively simple process of comparing the device 
characteristics to the design goals. The latter is a difficult 
matter because of the large number of variables involved. 
Designing from scratch, however, is not an impossible task. 
The primary choices to be made are as follows: 

• Simplex or multiplex operation of the lines. 

• Single-ended or differential operation. 

• Pulse code. 

• Signal quality vs line length trade-off for particular pulse 
codes selected. 

• Line termination method. 

With these choices in mind, Figure 5-12 was constructed to 
recommend the optimum Fairchild devices for the particular 
applications constraints. 

SYSTEMS CONSIDERATIONS 
The following points should be considered when using trans­
mission line interface circuitry. 

• The most limiting factor to data rate with long lines (> 50 
feet) is usually the rise and fall time of the cable. The use 
of the eye pattern allows easy measurement of signal qual­
ity (amount of time jitter). 

• Differential forms are preferable to single-ended forms 
where high noise environments are present. Opto -isolators 
and transformers offer high common mode operating 
ranges and ground isolation. With transformers, a dc-free, 
self-clocking code such as Bil/l (digital binary phase mod­
ulation) is useful. 

• The total number of ports on a multiplex system should be 
restricted so that the parallel combination of the input 
impedance of receivers and the output impedances of dis­
abled drivers is greater than the characteristic resistance 
of the transmission line. 

• Ground returns are necessary for proper operation of inte­
grated circuit line drivers and receivers. This may be ac-
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complished by connecting the shield of the line to the 
ground pins of ICs connected to the line. 

• Data rates above 10 Mbaud will usually require ECl to be 
used instead of nl types for the drivers and receivers, be­
cause of the 20 to 50 ns propagation delays in the nl 
compatible devices. 

• Liberal use of .01 to .1 jJF capacitors to decouple the power 
supplies feeding line drivers and receivers is recommend­
ed. One capacitor per power supply for every two to four 
devices is usually sufficient. 
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Standard 

Interface 
Recommended 

Comments Fig. 
Driver/Receiver 

EIA RS 232-C 9616, 1488, 9617,1489, o to 20,000 bps. maximum cable length implied in standard is 50'. 5.8 
75150 75154 

MIL STD 188C 9616 9627 Use capacitor from 9616 output to ground to provide wave-shaping at 5-9 

applicable modulation rate. 

IBM 360 I/O 8T23, 8T24, Recommended maximum of 10 ports on bus. 5-11 
75123 75124 

Single-Ended Simplex 

Line Maximum Line* Recommended 
Length Data Rate Type and Zo Driver IReceiver 

Comments Fig. 
(feet) (NRZ Data) 

0-2' 20M bps SW ] TTL TIL Unterminated line. Obey loading rules. 
TP >90 n Gate Gate 
COAX 

2 - 20' 10M bps TP ] 9009 TTL Use parallel terminated line with more than 5·1 
TPS >90 n or Gate one receiver. Use series terminated line 
COAX 7440 with only one receiver. 

COAX ~50n 9S140 TTL Use parallel terminated line with more than 5·1 
Gate one receiver. Use series terminated line 

with only one receiver. 

20 - 500' 10M bps@ 20' TPS ] >50 n 8T13,75121 8T14,75122 Use parallel terminated line. 5-3 
0.5M bps@500' COAX -

> 500' Not recommended. Use balanced differen-
tial form to gain system noise immunity. 

Single-Ended Multiplex 

0-2' 10M bps SW Open TTL Use wired-AND with low value ( < 1 kQ ) 
Collec· Gate collector pull up resistor. Obey loadi ng 
tor TTL rules. 

2 - 20' . 10M bps TP ] 8T13,75121 8T14,75122 Single +5 V supply . Use parallel term ina- 5-6d 
COAX >75 n or or tion at both ends of bus. 

8T23,75123 8T24,75124 

20 - 500' 10M bps@20' COAX >95 n 8T23,75123 8T24,75124 Use parallel termination at both ends of bus. 5·11 
0.5M bps@500' Single +5 V supply required. 5-11 

> 500' Not recommended. Use balanced differen· 
tial form to gain system noise immunity. 

Differential Simplex 

0-50' 10M bps TP ] >50 n 9612 9613/15 Use parallel termination. Single +5 V sup- 5-3b 
TPS >80n 9614 9613/15 ply required. 5-4b 

75110A/ 75107/ Split parallel termination. +5 and -5 V 5-3c 
112 108 supplies required. 

50 - 4,000' Use signal TPS >50n 9612 9613/15 Use parallel termination. Single +5 V sup- 5·3b 
quality graph. >80 n 9614 9613/15 ply required. 5-4b 

75110A/ 75107/ Use split parallel termination. +5 V and 5·3c 
112 108 -5 V supplies required. 

> 4,000' Cable loss exceeds 6 dBV. Perhaps non-
baseband techniques should be used, (i.e., 
MODEMS). 

Differential Multiplex 

0-50' 15M bps TP >90 n 75110A/ 75107/ Use split parallel termination at each end of 5-6b 
TPS 112 108 line. Requires +5 V and -5 V supplies. 

TP ] >90 n 9614 9615 Connect as shown in half duplex differential 5-5c 
TPS circuit. Requires single +5 V supply. 

50 - 4,000' Use signal TPS >90 n 75110A/ 75107/ Use split parallel termination at each end of 5-6b 
qual ity graph. 112 108 line. Requires +5 and -5 V supplies. 

> 4,000' Cable loss exceeds 6 db V. Perhaps non· 
baseband techniques should be used, (i.e .. 
MODEMS). 

'SW - Single Wire over Ground Connection TPS - Shielded Twisted Pair 
TP - Twisted Pair COAX - Coaxial Cable 

Fig. 5-12. Selection Guide for Line Drivers/Line Receivers 
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Section 6 

SATISFYING EIA STANDARDS RS-422 AND RS-423 

The Electronic Industries Association, EIA, has this year released new standards for binary digital inter­
faces between Data Communication Equipment (modems), and Data Terminal Equipment (CRT Termi­
nals, teletypewriters, etc.). These standards are RS-422, Electrical Characteristics of Balanced Voltage 
Digital Interface Circuits, and RS-423, Electrical Characteristics of Unbalanced Voltage Digital Interface 
Circuits. RS-423 replaces the electrical section of RS-232-C, the existing EIA standard, and expands its 
capabilities to include operations at higher data rates and over greater distances. RS-422 incorporates a 
technology not covered by RS-232-C, defining a balanced, differential, high speed interface. The fol­
lowing table provides a brief comparison of the recommended maximums for these standards. 

EIA 
Standard 

RS-232-C 
RS-423 
RS-422 

Cable Length 
(Recommended Maximum) 

50 ft. 
4000 ft. @ 1 Kbps 
4000 ft. @ 1 00 Kbps 

Data Rate 
(Recommended Maximum) 

20 Kbps 
1 00 Kbps @ 40 ft. 
10 Mbps @ 40 ft. 

Development of RS-422 and RS-423 was initiated during 1973 when the existing standard, RS-232-C 
was due for review. (EIA reviews its standards on a five year cycle). At this time it was decided to bring 
out a new standard that would eliminate the deficiencies of RS-232-C and to reconcile it with the stand­
ards CCITT V. 24 (now revised to V. 28) and MIL-STD-188C with the hope that one standard or very 
similar standards would cover the military, international and commercial areas. In addition, it was in­
tended that the resulting standard should be readily implemented with integrated circuitry and should 
facilitate an orderly transition from existing RS-232-C equipment without forcing obsolescence or ex­
pensive retrofits. At this time the structure of standards at EIA was evolving such that three separate 
standards, electrical, functional and mechanical, together would replace RS-232-C . 

.... 
0 z LOAD w z 0 

I~ IJ OW a: oJ oJ::; 
GENERATOR ~ ~ IDa: RECEIVER AS: Generator Interface «w 

~o 0 .... A'S': load Interface 
A A' 

Rt Cable Termination Resistance (Optional) 
C: Generator Circuit Ground 

Rt C': load Circuit Ground 
Vg: Ground Potential Difference 

8' 

Vg 

-=- -=-

Fig. 6-1 RS-422 Balanced Interface Circuit 
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There are several areas for improvement in the electrical section of RS-232-C. It has been felt that 
the driver and receiver circuits as well as the interchange circuit, in general, were underspecified. 
More specifically, the voltage levels of the interchange signals are larger than necessary or desirable at 
± 15 V. The maximum cable length was too short at 50 feet, the data rate was too low at 20 kilobits-per­
second, and no provision for multiple receivers was provided. Additionally, the low common mode 
operating range and susceptibility to crosstalk made some applications risky. The interconnecting cable, 
itself, was only addressed in terms of length and capacitance. 

The influence of RS-422 and RS-423 has been pervasive. The proposed Federal Standards 1020 and 
1030 accept RS-422 and RS-423, respectively, without change. The proposed MIL-STD-188-114 incor­
porates RS-422 and RS-423 with only a minor addition. These standards are also being utilized by 
ANSI, the Public Data Networks Interface, and at the international level they are included in CCITT pro­
visional recommendations X.26 (unbalanced) and X.27 (balanced). 

RS-422 Driver (Balanced) 
RS-422 allows either a unipolar or a polar driver. The unipolar approach offers a potentially cheaper 
system as its operation requires only a single power supply but at the expense of introducing a common 
mode component to the signal. The polar approach offers the potential of minimizing any common mode 
signal, but requires two power supplies for operation. 

The generator or driver specified in RS-422 is a circuit with low impedance, balanced, voltage source 
outputs that provide a differential signal voltage in the range of 2 to 6 volts. (Refer to Figure 6-1). The two 

RS-422 DRIVER CHARACTERISTICS 
LIMITS 

MIN MAX UNITS 

Output Voltage - Open Circuit: Vo, Voa, Vob 
(See Figure 6-2) Vo -6.0 6.0 V 

Voa -6.0 6.0 V 
Vob -6.0 6.0 V 

Output Voltage - Terminated: Vt 
(See Figure 6-3) IVtl 2.0 V 

0.5Vo V 

Output Voltage Matching Error: 
(See Figure 6-3) (IVtl-IVtl) -0.4 0.4 V 
(Vt is the output voltage of the 

opposite binary state.) 

Output Offset Voltage: Vos 
(See Figure 6-3) Vos -3.0 3.0 V 

Output Offset Voltage Matching Error: 
(See Figure 6-3) {[Vosl - IVosl} -0.4 0.4 V 
(Vos is the output offset voltage of the 

opposite binary state.) 

Output Short Circuit Current: Isa, Isb 
(See Figure 6-4) Isa -150 150 mA 

Isb -150 150 mA 

Output Leakage Current - Power Off: Ixa, Ixb 
(See Figure 6-5) Ixa -100 100 /-LA 
(-0.25 V ~ Vx ~ 6.0 V) Ixb -100 100 /-LA 

Transition Time - Differential: tr, tf 
(See Figure 6-6) tb < 200 ns tr 20 ns 

tf 20 ns 
tb :3 200 ns tr 0.1 tb ns 

tf 0.1 tb ns 
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signal states are defined as the MARK or OFF state, where terminal A is negative with respect to termi­
nal S, and the SPACE or ON state, where terminal A is positive with respect to terminal S. A summary of 
the specifications is contained in the preceeding table. 

Fig. 6-2 Output Voltage - Open Circuit - Test Circuit 
(RS-422) 

c 

A 

Vas 

son 
±1% 

-=- 50 n 
±1% 

B 

Fig. 6-3 Output Voltage - Terminated - Test Circuit 
(RS-422) 

Fig. 6-4 Output Short Circuit Current - Test Circuit 
(RS-422) 
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A 

-0.25 V ,,;,Va ";'6.0 V 

B 

Fig. 6-5 Output Leakage Current - Power Off - Test Circuit 
(RS-422) 

RS-422 DRIVER 

Fig_ 6-6 Switching Test Circuit 
(RS-422) 

In addition, the standard requires that the differential signal change monotonically in the transition re­
gion, defined as between the 10% and 90% pOints of the signal change, that any overshoot or under­
shoot be less than 10% of Vss, and at no time outside of the transition region shall the instantaneous 
magnitude of Vt be greater than 6 volts or be less than 2 volts. 

The fault conditions that a driver must withstand without damage, under either a power-on or power-off 
condition are: 

a. Driver output open circuit 
b. Differential output short circuit 
c. Output short circuit to ground 
d. Output short circuit to any other lead included in RS-422 and RS-423. 

These fault conditions imply that the driver must withstand a 150 milliampere source with a voltage 
range of ±10 volts (signal plus common mode) being connected to its outputs. 

The terminated output requirement (I Vt I ~ 0.51 Vo I) limits the combined output impedance of the dif­
ferential outputs to less than 100 ohms. Variations in the total output impedance between output states 
are also limited. The output voltage matching specification (I Vt I - I Vt I ~ 0.4 V) restricts the change to 
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less than 20 ohms in the case of the open circuit output voltage magnitudes being equal. An output offset 
requirement ( I Vos I ~ 3.0 V) limits the amount of common mode signal the driver can generate. This re­
quirement in conjunction with the offset matching specification further limits any mismatch between the 
voltage levels or impedances of the two outputs. The output current range has a specified maximum 
(lis I ~150 mAl and an implied minimum of 20 milliamperes required by the combination of the minimum 
signal (2.0 V) into a 100 ohm load. 

The monotonicity requirement places a unique restriction on differential output circuits. It should be 
noted that unless the transitions of the individual outputs overlap, a flat or zero-slope region develops in 
the differential transition. While a zero-slope region, in itself, may not violate the monotonicity require­
ment, any ringing or system noise occurring at this point in time could. This requirement can be satisfied 
if the individual transition times are kept longer than the device propagation delays; but, this eventually 
compromises the system's maximum data rate. Closely matched propagation delays would permit high 
speed operation while insuring a monotonic differential signal. 

RS-423 Driver (Unbalanced) 
The generator or driver specified in RS-423 is a circuit with a low impedance, unbalanced, voltage 
source output that provides a signal of 4 to 6 V in magnitude. (Refer to Figure 6-7). The two Signal 
states are defined as the MARK or OFF state when the A terminal of the driver is negative with respect to 
terminal C and the SPACE or ON state when the A terminal is positive with respect to terminal C. A 
summary of specifications is contained in the following table. 

RS-423 DRIVER CHARACTERISTICS 
LIMITS 

MIN MAX UNITS 

Output Voltage - Open Circuit: Vo 
(See Figure 6-8) Vo(space) 4.0 6.0 V 

Vo(mark) -6.0 -4.0 V 

Output Voltage - Terminated: Vt 
(See Figure 6-9) IVtl 4.0 V 

0.9 Vo V 
Output Short Circuit Current: Is 

(See Figure 6-10) Is -150 150 mA 

Output Leakage Current - Power Off: Ix 
(See Figure 6-11) Ix -100 100 p.,A 

(-6.0 V ~ Vx ~ 6.0 V) 

Transition Times: tr, tf 
(See Figure 6-12) tb> 1.0 ms tr 100 300 p.,s 

tf 100 300 p.,s 
tb ~ 1.0 ms tr 0.1 tb 0.3 tb p.,s 

tf 0.1 tb 0.3 tb p.,s 

In addition, the standard requires that the signal change monotonically in the transition region, defined 
as the 10% to 90% portion of the signal change, that any overshoot or undershoot be less than 10% of 
the signal amplitude, and that at no time, after the transition region is traversed, shall the instantaneous 
magnitude of Vss be greater than 6 V or less than 4 V. 

The fault conditions this driver must withstand in either a power-on or power-off condition are: 

a. Driver output open circuit 
b. Output short circuit to ground 
c. Output short circuit to signal return 
d. Output short circuit to any other lead included in RS-422 or RS-423 
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ti 
w 
Zw 

GENERATOR ~ iil 
LOAD 

RS-423 DRIVER 

I~(j 
A ~ I A' 

RECEIVER 

C B' 

-= 

AC: Generator Interface 
A'B": Load Interface 

C: Generator Circuit Ground 
C': Load Circuit Ground 
V g: Ground Potential Difference 

Fig.6-7 RS-423 Unbalanced Interface Circuit 

RS-423 DRIVER 

-= 

Fig. 6-8 Output Voltage - Open Circuit - Test Circuit 
(RS-423) 

C 

-= 

Fig_ 6-9 Output Voltage - Terminated - Test Circuit 
(RS-423) 

-= 

Fig. 6-10 Output Short Circuit Current Test Circuit 
(R5-423) 
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-6.0 V O'(Vx ",6.0 V 

Fig. 6-11 Output Leakage Current - Power Off - Test Circuit 
(RS-423) 

Fig.6-12 Switching Test Circuit 
(RS-423) 

As with the balanced driver, this implies that the unbalanced driver must withstand a 150 mA source with 
a voltage range of ± 10 V being connected to its output 

The unbalanced driver output impedance is established by the terminated output specification (I Vt I 
>0.9 Vo). Since there are no output matching or offset requirements, there are no restrictions on output 
impedance or voltage levels matching between output states. If, however, the driver requires an external 
waveshaping method which incorporates an external resistor, then a mismatch between states in the 
output impedance could be of consequence. The output current range has a specified maximum (lis I 
~ 150 mA) and an implied minimum of 7.8 milliamperes required by the combination of a minimum signal 
(4.0 V) into a 450 n load. 

Since this is not a differential output device, the monotonicity requirements are not as complex as in the 
case of the balanced driver. However, concern must be given to the amount of crossover distortion per­
mitted during transitions. 

RS-422/RS-423 Receiver 
The standards RS-422 and RS-423 are written to have identical receiver specifications such that a 
single device design could satisfy both standards. Such a receiver would operate in the balanced system 
(RS-422) between the differential outputs of the driver and in the unbalanced system (RS-423) between 
the driver output and the signal common return. The receiver specified in RS-422 and RS-423 is a diffe­
rential circuit with balanced input impedance larger than 4 kilohms and a differential input threshold 
magnitude less than 200 mV over a ±7 Vcommon mode range. A summary of the specifications is 
contained in the following table. 
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LIMITS 
RS-422/RS-423 RECEIVER CHARACTERISTICS 

MIN MAX 

Input Current: lia, lib I (See Figure 6-14) (-10 V ~Via ~10 V; Vib=O) lia 
(-10 V ~Vib ~10 V; Via=O) lib 

(See Figure 6-14) 

(Iia and lib must be in the shaded portion of the graph.) 

Differential Input Voltage - Threshold: Vth 
(See Figure 6-15) Vth -200 
(-7.0 V ~ Vcm ~7.0 V) 

Differential Input Voltage - Threshold Balance: Vth Bal 
(See Figure 6-16) Vth Bal -400 

(-7.0 V ~Vcm ~7.0 V) 

Differential Input Voltage - Operating Range: Vdiff 
(See Figure 6-17) Vdiff -6,0 

Differential Input Voltage - Maximum: Vdiff max 
(See Figure 6-17) Vdiff max -12.0 

Input Voltage - Maximum: Via -10 
(See Figure 6-17) Vib -10 

C 
RS-422 SYSTEM 

C' 

-= -= 

A' ---'-'-<>-
A A' 

B' ----"-0.-

C' C B' 

-= -= RS-423 SYSTEM 
(Load Circuit Ground) 

c' 

Fig. 6-13 RS-422/RS-423 Receiver 

Fig. 6-14 Input Current - Voltage Test Circuit 
(RS-422/RS-423) 
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Fig.6-15 Differential Input Voltage - Threshold - Test Circuit 
(RS-4221RS-423) 

-7.0 V ",Vern "'7.0 V -= 

Fig. 6-16 Differential Input Voltage - Threshold Balance - Test Circuit 
(RS-422/RS-423) 

-= 

Fig. 6-17 Input Voltage Test Circuit 
(RS-422/RS-423) 

The graph used to specify the input current voltage characteristic of the receiver limits the input resis­
tance to be greater than 4 kilohms when there exists a ± 3 V bias in the driver. Permitting an internal 
bias allows receivers to be designed that require only a single power supply for operation. The input ba­
lance requirement restricts not only the input threshold accuracy of the receiver, but also any mismatch 
of its input resistance. 

New Products 
Efforts are ongoing at Fairchild to develop a family of products satisfying these standards. The first of 
these announced products are: 

9634 Dual 3-State Differential Line Driver (RS-422 Driver) 
9638 Dual Differential Line Driver (RS-422 Driver) 
9636A Dual Single-Ended Line Driver (RS-423 Driver) 
9637A Dual Differential Line Receiver (RS-422/RS-423 Receiver) 
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ORDER INFORMATION 

Three basic units of information are contained in the code. 

9636A T C 

Device Type Package Type Temperature Range 

DEVICE TYPE 
This group of al pha numeric characters defines the data sheet which specifies the device functional and electrical characteristics. 

PACKAGE TYPE 
One letter represents the basic package style. 

D Dual In·line Package (Hermetic, Ceramic) 
F Flatpak (Hermetic) 

H Metal Can Package 
J Metal Power Package (TO-66 Outline) 

K 
P 
R 
T 
U 

Metal Power Package (TO-3 Outl i ne) 
Dual In·line Package (Molded) 
Mini DIP (Hermetic, Ceramic)* 
Mini DIP (Molded) 
Power Package (Molded, TO-220 Outline) 

*Refer to individual data sheets for details. For special requirements, contact factory. 

Different outlines exist within each package style to accommodate various die sizes and number of leads. Specific dimensions 
for each package can be found in the PACKAGE OUTLINES section of this catalog. 

TEMPERATURE RANGE 

Two basic temperature grades are in common use: 

C = Commercial/Industrial/Consumer 

O°C to +70/75°C 
-20°C to +85°C 
-40°C to +60°C 
_40° C to +85° C 

M Military 

_55°C to +125°C 
_55°C to + 85°C 

Exact values and conditions are indicated on the individual data sheets. 

EXAMPLES 

1. IlA710FM 
This number code indicates a IlA710 Voltage Comparator in a flatpak with military temperature rating capability. 

2. IlA725EHC 
This number code indicates a IlA725 Instrumentation Operational Amplifier, electrical option E, in a metal can with a 
commercial temperature rating capability. 

3. IlA725E HCG 

This number code indicates the identical device as in example 2. Except it has a gold plated kovar header; the standard 
header is tin dipped. 

DEVICE IDENTIFICATION/MARKING 

All Fairchild standard catalog linear circuits will be marked as the following example: 

UNIOUE 38510 PROCESSING 

MA710DC 
F Date Code 

Additional processing to Fairchild Unique 38510 specifications is indicated by noting the appropriate requirements (08, 
OC) after the standard order code. 

Detailed ordering procedures are provided in the OEM price list. 

MATRIX VI PROGRAM 

Additional screening to the Fairchild Matrix VI program is indicated by the OM or OR suffix to the standard order code. 

OLD ORDER CODES 

Devices may continue to be purchased against old order codes (Example: U5R7723393; now 723HC). However, all products 
will be marked with new order codes unless otherwise specified. 

11-3 
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DICE POLICY 

GENERAL INFORMATION 

Fairchild linear integrated circuits, constructed using the Fairchild Planar· epitaxial process, are 
available in dice form incorporating these features: 

• Commercial or Military Selection (Military Limits Probed at 25°C) 
• M I L-STD-883, Method 2010.2, Condition B Visual 
• Gold Backing 
• Glass Passivation 
• Protective Packaging 

ELECTRICAL CHARACTERISTICS 

Each die electrically tested at 25°C to guarantee commercial dc parameters. 

Military grade dice are guardband tested at 25°C dc to guarantee military temperature range 
operation. 

QUALITY ASSURANCE 

All Fairchild linear dice are 100% visually inspected and conform to MI L-STD-883, Method 2010.2, 
Condition B. In addition, quality control visually inspects the dice to a given sampling plan. 

Each die is gold backed to aid die attach. Most diec are available with glass paSSivation coating with 
only the bonding pads exposed. 

SHIPPING PACKAGES 

Linear dice are packaged in containers with an anti-static sheet inserted between the lid and the 
dice. This sheet guards against electrostatic damage during shipment and storage. 

The clear plastic carrier allows visual inspection of all the packaged dice. Each carrier is heat sealed 
within a transparent bag. A small piece of dehydrator paper with humidity indicating color is 
inserted in each bag prior to sealing. 

ORDER INFORMATION 

Each linear integrated circuit die has a unique order code which describes the device type, the dice 
designation and type of electrical tests performed. The dice designation is denoted by a "C" and 
wafer designation is denoted by a "W." Examples follow: 

Dice Wafer 
Generic Type Order Code Order Code 

IlA741 C'· IlA741CC IlA741WC 
IlA3045 IlA3045CC IlA3045WC 
75450B 75450BCC 75450BWC 
IlA101A J,LA101ACC IlA101AWC 
IlA796C IlA796CC IlA796WC 

··Some device types imply a military or commercial range by the generic type. Where this does not 
occur the suffix should be: 

XM Military Grade Die or XC Commercial Grade Die 
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SPECIAL CHIP PROCESSING 

If there is a need for additional testing or processing, Fairchild will negotiate with the customer to 
meet his requirements. 

PRODUCT AVAILABLE IN DICE FORM 

Please refer to FSC OEM Price List for product available in die form. 

·Planar is a patented Fairchild process. 

11-5 
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FAIRCHILD PACKAGE OUTLINES 

In Accordance with 
JEDEC (TO-39) OUTLINE 

.370 (9.40) 

.335 (8'51)M'360(8'90) 

'31~1~:OO)~ DIA. 

.040 (1.02) --r 
MAX. . .2:& (6.60) L .2 (6.09) 

SEATING . . . ---t 
PLANE f 

3'PINS .500 (12.70) 
.019 (0.483) n n n MIN. 
.016 (0.406) U U U------=:r--

DIA. 

1----1-- .200 (5.08) T.P. 
.100 (2.54)T.P: 

METAL 

45° T.P . 

. 034 (0.864) ~ ~.040 (1.02) 

.028 (0.771) .029 (0.737) 

In Accordance with 
JEDEC (TO-220) OUTLINE 

BF 
NOTES: 
Pins are gold-plated kovar 
Pin 3 connected to case 
50 mil kovar header 
Package weight is 1.23 grams 

5K 
NOTES: 
Pins are gold-plated kovar 
Pin 3 connected to case 
50 mil kovar header 
Package weight is 1.23 grams 

'<:] .500 (12.70! MIN. 

t:r=~::::::::::::¥- --. 

EC 
NOTES: 
Package is silicone plastic with boron 
nickel-plated copper tab and pins 

Mechanically interchangable with TO-66 
Center pin is electrical contact with 

.145 (3.68) 

2 tr:::::::::::====::::::::r- 1.2.10 ~ 
I=r=:=:::;;;;;;;;;~:=;+ :nlll (4.83) 

.141D(i:i~8) r'--"'I-'m (6.73) . (5.97) 

.190(!.83).L~r---~Lt :J 
~~~~~G~_·_'6_0_(L:·_06_)·f_L~~'~' ~.~---~I-t-

f L 195 (2.66) 
.055 (1.40) .0 5 (2.41) 
.045 (1.14) 

.055 (1.40) .110 (2.79) 
~ .090 (2.28) ~ 

+~ .&;5 (1.14) 
.&~O (.762) . 0 (.508) 
. 5 (.381) 

SECTION x-x 

the mounting tab 
Package weight is 2.1 grams 

GH 

NOTES: 
Package is silicone plastic with nickel­

plated copper tab and pins 
Center pin is electrical contact with the 

mounting tab 
Package weight is 2.1 grams 
'Mechanically interchangable with TO-66 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

In Accordance with 
JEDEC TO-92 OUTLINE 

.170 (4.321 

r·20S (5.2011 
.175 (4.451 

DIA. 

. 210.--t.331-g 

I SEATING 

~ PLANE 

.500(12.701 ~ ~3 PINS 
MIN. 0 .019 (0.4831 

I .016 (0.4061 
~ DIA. 

r------+--.13~i~.431 

EI 
NOTES: 

.050 (1.271 
T.P. 

COLLECTOR 

105 (2 671 
080 (2031 

BASE 

Pins are tin-plated copper 
Package material is transfer molded 
thermosetting plastic 

ECB configuration 
Package weight is 0.25 gram 

In Accordance with JEDEC (TO-3) 
OUTLINE-4-PIN 

.32518.131 

.205 15.211 

PINNa. 1 

.470111.941 
DIA. PIN 
CIRCLE 

I--- 1.500138.11 --+-1 
I I 1.480137.591 

I 
.835121.211 I-- I 
.805 120.451 I 1-.1 

SEATING 
PLANE 

[ 
~II .048 11.221 DIA I--- .038 10.961 . 

I------t-::~~ :~~~:; 
PIN NO.2 

2 HOLES 
. 151 13.841 
.161 14.091 

.18814.781 
2 PLACES 

PIN NO.3 

JEDEC TO-3 OUTLINE· 

.32518.131 1_.875122.291-1 

.20515.21 I MAX OIA. I .135 13.431 

~ 
MAX . 

,~ 

I=TING PLAN~ 

.312 (7.921 MIN. 

~ 

-~:~~~:~~~g:1 
PINNO.2~ 'I~ -:mg~~~: 
.225 15.71) /~ 
.205 15.201 ~~/-,I --,<,." .161 (4.091 T-l /1 ---/- \ '- 21 ~U~~~I 

.440 (11.181 ( (f'i I I __ } \ 

.420 (10.671~q.; " ~I J _______ \ _ / .188 (4 78) MAX. 
I / 2 PLACES 

~ '---- 525 (13 341 MAX 
GLASS / 

COMMON PIN NO 1 

GJ 
NOTES: 
Pins are gold-plated or solder dipped 

alloy 52 
Pins 1 and 2 electrically isolated from case 
Case is third electrical connection 
Aluminum package with copper slug, pins 

are soldered in 
Package weight is 7.4 grams 
Aluminum cap (may be dome-type, 

depending prod. line) 
"Except pin diamater 

GK 
NOTES: 
Pins are gold-plated or solder dipped alloy 

52 
All pins electrically isolated from case 
Package weight is 7.4 grams 
"Except number of pins and pin diameter 

' . 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

JEDEC TO-39 OUTLINE* 

.335 18.509) t-~-=~~-l-~~~!i~~~i 

.31518001) - -

0::;~1.0!6)gl ·-t .029 I 737) .,85. 14699) ---:::L __ .15?13810) 
SEATING -+ 
PLANE -r 

I 

3 PINS ~ ~ ~ .500112.70) MIN. 
.0191.483) I ~ 
.01S 1.406)' 1 

DIA. 

1----1-.2001508) T.P. 

PIN NO.1 

T-- I. 

45 0 T.P. \'0/ .~'V--~ 
.034 "" L .04011.016) 
.028 ~ .029 I 737) 

He 
NOTES: 
Pins are gold-plated kovar 
Pin 3 connected to case 
Package weight is 1.23 grams 
50 mil kovar header 

P~ NO.2 

PIN NO.3 

-----METAL 

'Dimensions same as JEDEC TO-39 except 
for can height 

In Accordance with 
JEDEC (TO-SS) OUTLINE 

14-PIN CERPAK 

Ie' 

• 1 14 

1 I· 
.260 (6. 
.240 (6. 

~ 
I 

.019 (0.483) 

.015(0.381) ~ 
7 8 

.010 (1.270) 1 
TYP. 

TYP. =::::.J I 

.370 (9.398) 

.006 (0.152) .250 (6.350) 

.004 (0.102) 

t4~==~:~~~~:~~~ 
! I .260 (6.604) I t 

.025(0635) r--.240 (6096) ---j .065 (1.651) 
TYP. .050 (1.270) 

In Accordance with 
JEDEC (TO-91) OUTLINE 

10-PIN CERPAK 

~~: j J: . ':IIo===j~~!:~: 
.37019.39) -+1-----'~I .250IS.35) 1 I .370 19.39) 

)..--~.~- .250 IS.35) 

1 

-.1._ 

l 
.-1 I I 

L.035 1.889) I .260IS.60) I t 
DOS 1.152) 
.0041:(92) 

TYP. r--- .240 16.10)-+j .085 CO.216) 
.07510.191 ) 

604) 
096) 

3F 
NOTES: 
Pins are tin plated 42 alloy 
Hermetically sealed alumina package 
Cavity size is .130 diamater 
Package weight is 0.26 grams 

31 
NOTES: 
Pins are tin-plated 42 alloy 
Hermetically sealed alumina package 
Pin 1 orientation may be either tab or dot 
Cavity size is .130 
Package weight is 0.26 gram 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

24-PIN FLATPAK 

.05011.271--1 I-­
TYP. 

II .019 10.481 
-II-- .015 10.381 

1 
.475 112.061 
.425 110.801 

.00510,131 .06411.621 

. 004 10.101 ~'141 

*=-tiO 0 0 0 0 0 0 o~ 
.028 10,711 f-- .38019,651 I 
.025 10.641 .37019.401--1 

3M 
NOTES: 
Pins are gold-plated kovar 
Package material is kovar 
Cavity size is .120 x .235 (3.05 x 5.97) 
Package weight is 0.8 gram 

16-PIN CERPAK 

I- 16 

I 
T 

.050 
1012 
TYP. 

7) : 

I 
.4 
,3 

09 (1.039) 
71 (0942) 

8 9~ 

.019(0,048) ~' 
,015 (0.0381 

T~~'350 ~,350 
.250 I ,250 
(088911 (0.889) 

.006 (0 015) (0~~.5) (0635) .075 (0.191) 
,004 (0.0101 TYP, ,060 (0.152) 

t=====j I===~ ! 
'-I -----' , 

.283 (0.719) I .024 (0.061) 
~-.247 (0.627)1 TYP . 

4L 
NOTES: 
Pins are alloy 42 
Package weight is 0.4 gram 
Hermetically sealed beryllia package 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

In Accordance with 
JEDEC (TO-99) OUTLINE 

rr ~~;:~1 lOlA. j-_-.-_ 

.040 11.016Q MAX. .185 14.6991 L .16514.1911 

SEATING=r-~ 
PLANE I f .500 (12.701 

8 PINS nn n nn .04~~X0161 MIN. 

.019104831 UU U UU 

.016104061 ---
OIA. 

.10012.5401 
T.P. 

JEDEC TO-101 OUTLINE 

, =1 .37019.40) ;H -.33518.511 DIA . 
. 33518.511 

.305 (7.75) DIA. - .185 14.70) 

'04~~~~2)~R19) 

SEATING I_--t. 
PLANE .500 

. 04~~~~2) n~~' ~ ~n (12.701 MIN. 

12 PINS ,.......------l1 U ___ 1. 
.020 (0.51) __ .115 
.016 10.41) ....-~--: 12.92) T.P . 

. 230 \ 45 
15.84) T.P. 2~.o"O"o.6 

~7 

GLASS 

3~' T.P. 

58 
NOTES: 
Pins are gold-plated kovar 
Seven pins thru leads No.4 connected 

to case 
15 mil kovar header 
Package weight is 1.22 grams 

5L 
NOTES: 
Pins are gold-plated kovar 
Eight pins thru 
15 mil kovar header 
Package weight is 1 .22 grams 

50 
NOTES: 
Pins are solder dipped to the seating plane . 
Twelve pins thru 
'Similar to JEDEC TO-101 
Package weight is 1.4 grams 

All dimensions in inches (bold) and millimeters (parentheses) 

11-10 



FAIRCHILD PACKAGE OUTLINES 

In Accordance with 
JEDEC (TO-100) OUTLINE 

.370 (9.398) 

.335 (8.509) ---jt~===!j~-".3=35 (8.509) 

.305 17.747) f 
.040 .260 (6.60) 

(1016~~~;;:;:;;:;;;;;:;::J~.2~4[0((6=.~10=)_~ 
MAX. u H .- t SEATING 

-----.------ -~PLANE 
10 PINS I 

:g~t\~:~~: lm~~~~m~ .04~~X016) .50t~\~~70) 

.230 (5.842)-+~--. 
T.P. .115(2.921) 

T.P. 

GLASS 

-.------1 0 ( 

i 10 0 /,P 7 
36° _& 

T.P. ~~~9 8 INSULATING STANDOFF-V SHAPE MAY VARY 

.045 (1.143) 
.034 (0.864) .029 (0.737) 
.028 (0.711) 

JEDEC TO-100 OUTLINE 

.335 (S.509) .335 (S.509) 1F=r370 (9.39S) 

.305 (7.747) 

.040 ~ .185 (4.699) 
(1.016~ 1. 165 (4.191) 
MAX. '_L! Lt __ ~ -.---- ~ ______ t_,.gATING 

10 PINS I I PLANE 

.020 10.511 m~~~~~m .040 (1.016) .500 (12.70) 

. 016 (0.41) MAX. MIN. 
DIA. t 

. 230 (5.S42)-+o---~ 
T.P. .115 (2.921) 

T.P. 

GLASS 

6 

1 

\10 7 
36° 
T.P. ~~~ 8 INSULATING STANDOFF -V SHAPE MAY VARY 

. 045 (1.143) 
.034 (0.864) .029 (0.737) 
.028 (0.711) 

SG 
NOTES: 
Pins are gold-plated kovar 
Twelve pins thru 
'Similar to JEDEC ,0-101 
Package weight is 1.08 grams 

SE 
NOTES: 
Pins are gold-plated kovar 
Ten pins thru 
15 mil kovar header 
Package weight is 1.32 grams 

SF 
NOTES: 
Pins are gold-plated kovar 
Nine pins through, pin 5 connected 
to case 

15 mil kovar header 
Package weight is 1.32 

JEDEC TO-3 OUTLINE* 

+ .100(254) 
.375 (953) .085 (2.16) 
.350 (8.90) ~ 
+-----rr--;--,-'--------1.,-;-;- SEATING r -tr--=P';:'LA""N""E~ 

.280 (7.11) 

.2-,-----r (6.6_0) _~ ~ ~ ~~ 

SH 
NOTES: 

II .030 (0.76) DIA. TYP . 
-II-'-' 10 PINS 

.159 (404) 

.154 (3.91) 
DIA. 2 PLACES 

~76(4.47) R MAX . 
2 PLACES 

.500 (1270) 
DIA. TYP. 

Package material is nickel-plated CRS 
Pin material is alloy 52 
Glass material is corning 9010 
Pin, post and base gold-plated 
'Except height and number of pins 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

In Accordance with 
JEDEC (TO-100) OUTLINE 

I r·370 (9.40) DIA 

. 335 (8.51) .185 (4.70) "1 p:335l8.5TI,. .305 (7.75) DIA. .165 (4.19) 

,,,,,"~4~]~ 
PLANE ~llflAJ1Jr .500 

.O~~ ~ ~ ~~ ~MIN. 
.019 (0.48) DIA -
.016 (0.41) . 
TYP. f:nifNS 

. 230 
(5.84) T.P. 

51 
NOTES: 

.115 
(2.92) T.P. 

GLASS 

Pins are solder dipped to the seating plane 
Ten pins thru 
High RTH package 
15 mil kovar header 
Package weight is 1.32 grams 

5N 
NOTES: 
Pins are solder-dipped to the seating plane 
Nine pins through, pin 5 connected to case 
15 mil kovar header 
Package weight is 1.32 grams 

5Q 
NOTES: 
Pins are solder dipped to the seating plane 
Ten pins thru 
15 mil kovar header 
Package weight is 1.32 grams 

5U 
NOTES: 
Pins are gold-plated kovar 
Ten pins through 
High RTH package 
15 mil kovar header 
Package weight is 1.32 grams 

In Accordance with 
JEDEC (TO-99) OUTLINE 

'-1-_____ ->+_.370 (9.40) DIA 
,- .335 (8.51) . 

.335 (8.509) II I 

.30~\~:47) ~Il J, 
.040 (1.016) .185 (4.699) 

MAX. l I .165 (4.191) 

, ! t 
SEATING T i 
PLANE ~ 

.~:C:~~51)_nn n nn .0~lk?2) .50~\~270) 

.016 (0.411 UU U UU t 
DIA . 

GLASS 

5M 
NOTES: 

.100 (2.54) T.P. 

INSULATING 
STANDOFF -
SHAPE MAY VARY 

Pins are solder dipped to seating plane 
Eight pins thru 
15 mil kovar header 
Package weight is 1.22 grams 

5T 
NOTES: 
Pins are gold-plated kovar 
Eight pins thru 
'Dimensions similar to JEDEC TO-100 
except for 8 pins spaced 45° apart. 

Package weight is 1.22 grams. 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

JEDEC TO-96 OUTLINE· 

.370 (9.398) 

.335 (8.509) ii;====~t...: . .:=.33=;.5 (8.509) 

.305 (7.747) 

.040 .260 (6.601 

(1.016~fI-Jr;r;;;:;:;;:;;:;;:;;:;:j~.2=-4[0t.(6:::.~10~1 
MAX. ...-LL * * =r SEATING 

T ---.------- --PLANE 
10 PINS I 
.020 (0.511 m~~~~rnJ .040 (1.016) .500 (12.70) 
.016 (0.411 MAX. MIN. 
~~ . 

.230 (5.842)--+-0-------1 
T.P. .115 (2.921) 

T.P. 

GLASS 

1 

\10 7 
36° 
T.P. '. ~ ~9 8 INSULATING STANDOFF-Y// V SHAPE MAY VARY 

.045 (1.143) 
.034 (0.864) .029 (0.737) 
.028 (0.711) 

In Accordance with 
JEDEC TO-78 OUTLINE 

~H~ .30517.75) -I DIA. 
DIA . 

. 040 11.9161~---'-
MAX. .185 14.691 

L :105(4.f9j 
SEATING ... ~ 

PLANE t t 
6 PINS .500112.701 

.020 (0.5081 J~~ ~ ~~ MIN. .016 <0.4061 I 
DIA. ___ , 

5R 
NOTES: 
Pins are gold-plated kovar. 
Nine pins thru, Pin No.5 is connected 

to case 
15 mil kovar header 
Package weight is 1.32 grams. 
-Dimensions similar to JEDEC TO-96 

except for standoff. 

5Z 
NOTES: 
Pins are gold plated kovar. 
Six pins thru. 
Pins 2 and 6 are omitted. 
Package weight is 0.95 gram. 

All dimensions in inches (bold) and millimeters (parentheses) 
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PACKAGE OUTLINES 

In Accordance with 
JEDEC (TO-116) 

14-PIN HERMETIC DUAL IN-LINE 

r---.786 119.939)-----J 

I A A ,.760 (19.05) , A A I 

.110 

.090 
(2.794) 
(2.286) 
TYP. 

16-PIN HERMETIC DUAL IN-LINE 

.110 (2.794) 

.090 (2.286) 
TYP 

.026 (.635) R 
NOM. 

6A 
NOTES: 
Pins are intended for insertion in hole rows 
on .300" (7.6201 centers 

They are purposely shipped with "positive" 
misalignment to facilitate insertion 

Board-drilling dimensions should equal 
your practice for .020" 10.508) diameter pin 

Pins are alloy 42 
Package weight is 2.0 grams 

68 
NOTES: 
Pins are tin-plated 42 alloy 
Pins are intended for insertion in hole rows 
on .300" centers (7.62) 

They are purposely shipped with "positive" 
misalignment to facilitate insertion 

Board-drilling dimensions should equal 
your practice for .020 inch diameter 
pin 10.51) 

Hermetically sealed alumina package 
Cavity size is .110 x .140 (2.79 x 3.561 
Package weight is 2.0 grams 
'The .037-.027 dimension does not apply to 
the corner pins 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

24-PIN DUAL IN-LINE 

t----1.290 132.7661---1 

1/\1\1\/1.235 131.3691 ~I\I\I\ 1 

I 1211109 8 7 6 5 4 3 2 1 

.570114.4781 

.515113.0811 

L 

.190 14.8261 

.14013.5561 

131415161718192021222324 

-=-i ~.065 11.6511 i L .100 12.5401 
.04511.1431 ----1 .04011.0161 

t ~;::;;::;:;:;::;;:::;::;:;;J 
(--.-~~ 

.037 10.9401 II .020 10.5081 

.027 10.686dl-.016 10.4061 
STANDOFF 

WIDTH 

a-PIN DUAL IN-LINE 

.384 (9.7541 
~ .376 (9.5501-1 

14 
.271 (6.8831 
. 245 (6.2231 

.025 R (0.6351 
NOM . 

L!T"5~.,....,....,r-r'-r' 
.00~\~12~L_ 'L-I L·0~5(1.6511 . -J .020 (0.5081 .0 5 (1.1431 

.016 (0.4061 

t 
.200 (5.0811i=;::::::r=;::::r=1=i=il 

l~ 
.165 (4.1911 
.125 (3.1751 

.110 (2.7941 

.090 (2.2861 

~--~:~~g :U~ci: 

.011 (0.279) 
09 (0229) 

6N 
NOTES: 
Pins are tin-plated 42 alloy 
Package material is alumina 
Pins are intended for insertion in hole rows 
on .600 (15.24) centers 

They are purposely shipped with "positive'· 
misalignment to facilitate insertion 

Cavity size is .230 x .230 (5.84 x 5.84) 
Package weight is 6.5 grams 

6T 
NOTES: 
Pins are tin-plated kovar 
Pins are intended for insertion in hole rows 
on .300" centers 

They are purposely shipped with "positive" 
misalignment to facilitate insertion 

Board-drilling dimensions should equal 
your practice for .020 inch diameter pin 

Hermetically sealed alumina package 
Cavity size is .110 x .140 
Package weight is 1.0 grams 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

I 
. 219 (5.563) 

In Accordance with 
14-PIN DUAL IN-LINE 

(JEDEC TO-116 OUTLINE) 

r---.785 (19.939)---1 

I 1\ 1\ ,.755(19.177), 1\ 1\ I 

,~~J~i I 'L 
. 100 12.54) ~ rI I 

.110 (2.794) .037 (.940) .020 (.508) 

.090 (2.286) :o27(686) .016 (.406) 
STANDOFF 

WIDTH 

16-PIN DUAL IN-LINE 

1------ :~:;g~~~: ----I 

-t 
.291(0.739) 
. 265(0.673) 

:---- .025 R (0.064) 
NOM . 

L L.,-r-,-"T""1-r""'T""'T"'T-r-r-~,.....J 
I I .065 (0.165) 

- -.045(0.114) 

I-:~~~lg;~;:l 
f : '020(0'051)~ .219 (0.556) R=;H'=t=::r'Hr==i=r=;:::r;::::r=t==r1=l MI N . 

. 170
1
0t·432) !!, :Ij I ,--1SEATING (0.028) , L t PLANE :~~~ ". (0.023) 

.045(0.114) 

~~ --~~ .015(0.038)~ ~ .165 (0.419) .110 (0.279)_ .037(0.094) .020(0.051) .375 (0.953) 
.100 (0.254) .090 (0.229) .027(0.069) .016(0.041) NOM. 

TYP. STANDOFF 
WIDTH 

7A 
NOTES: 
Pins are tin-plated 42 alloy 
Pins are intended for insertion in hole rows 
on .300" (7.62) centers. 

They are purposely shipped with "positive" 
misalignment to facilitate insertion. 

Board-drilling dimensions should equal 
your practice for a conventional .020" 
(0.51) diameter pin . 

Hermetically sealed alumina package. 
Cavity size is .130 x .250 (3.30 x 6.35) 
'Similar to JEDEC TO-116 except for 
package width. 

Package weight is 2.2 grams . 

78 
NOTES: 
Pins are tin-plated 42 alloy 
Pins are intended for insertion in hole rows 
on .300" (7.72) centers. 

They are purposely shipped with "positive" 
misalignment to facilitate insertion 

Board-drilling dimensions should equal 
your practice for .020 inch diameter 
pin (0.51) 

Hermetically sealed alumina package 
Cavity size is .130 x .230 
'The .037-.027 (0.94-0.69) dimension does 
not apply to the corner pins 

Package weightis 2.2 grams 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

14-PIN QUAD IN-LINE 
(JEDEC TO-116 OUTLINE)'· 

1--_. _____ .785119.94) 
I .750119.051 

i 
17 

. 271 16.881 

.24516.221 
.025 10.64) R . 

NOM. 

1_ '---r--r-'-'--""--'-r-r-T--.---r--,-,-,r-' 

1~.065 11.651 
.04511.141 

II .02010.511 
----j r .01610.41 I 

-1 : .01510.381 
.185 14.70Ib=>=r='==='=r=lc::::::r=='::=i-r=l=r~., MIN. 

7F 

NOTES: 
Pins are tin-plated kovar 
Board-drilling dimensions should equal 

your practice for .020 (0.51) inch 
diameter pin 

Hermetically sealed alumina package 
Cavity size is .110 x .140 (2.79 x 3.56) 
'This is a 6A package with the pins formed 

in assembly 

M~_I : ~I~ S,EATING d'<l".!::-r'-...L.----:!'JA.. 

I _ i.' ,: L .L:~2A4~~ I~~ r- I i .06511.651 
.13813.511 11----- '--1 _ ~ .01110.281 
.11813.001 I STANDOFF .03710.941.180 14.571: -I I I 

.11012.791 WIDTH .02710.69) .420110.67) _ .009 0.23 

.09012.29) .38019.651 
TYP. 

16-PIN QUAD·· IN-LINE 

7H r- 8 NOTES: 
.271 16.881 
.24516.221 

________ .025 10.641 R. NOM. Pins are tin plated kovar 

~~9~~~~~~~ 
.02010.51 I _11_ 
.01610.41111 

~ .06511.651 
.04511.141 

Board-drilling dimensions should equal 
your practice for .020 (0.51) inch 
diameter pin 

Hermetically sealed alumina package 
Cavity size is .110 x .140 (2.79 x 3.56) 
'The .037-.027 (0.94-0.69) dimension 

.185 d I h . 
14.701 32 18261 oes not app y to t e corner PinS 
MAX. r---~ -~AX~ Package weight is 2.0 grams. 

1 '[ "This is a 6B package with the pins formed 

~ IOOa~I"lITBL_ _ i inn assembly. 

:~:~G f i ~ IT I IT IT]T* n t·T 1> 
.11012.791 I i '.03710.941 I L ~' -- I '.220 IS 591 I III 45

0 

090(229)-------f-----i ---~ I--- - --~ I, 
. TYP .02710.69) .13813511' .18014571, -1_.01110281 

. STANDOFF .04511 141 .11813 oOIL .420110671 ]' .00910 231 
WIDTH .01510381 '.38019651 - , 

Ali dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

14-PIN DUAL IN-LINE 
(METAL CAP) 

1
~'765 (19.431 .740 (18.801 

.470 (11.941----1 

.440 (11.181 I 

.065 (1.6S)J L 

.045 (1.14) 

.320 (0.811 
RADIUS 

.310 (7.87) 

.290 (7.37) 

.095 (241) .285 (724) H 
~mm'025(~) L ~) 

t- j L t !~:~':G )}---'-...L--q 

. 125 (318)' . II .020 (0511 
MIN. ~ --11- 016 (041) 

.110 (2.791 .034 (0.861 •. 
:09012.291 .030 (0.761 

STANDOFF WIDTH 

3-PIN SINGLE SIDE POWER PLASTIC MINIDIP 

(10.11 ) Ir .398 

.150 n ~--I (3.81) .125'· 
(3.18) , .125 DIA. HOLE t (3.18) r=n---i-. -.--f.L......=~I.r-_ -+-+ ----.1_.1 ~ 

1-------- (;~~) 
110 ~ 

(2642) I l~=rTfT;:;=~)NDICATING 
"1'r'::T--.--~-- - MARK, 

,~,Jl ,~, ... ,,'" JI~ 
.026 10.66) JILl 
.100 (2.54)-..1 i.-

NO.1 PIN 

.032 (0.81) 

7N 
NOTES: 
Pins are gold-plated kovar 
Package material is alumina 
Pins are intended for insertion in hole rows 
on .300" centers (7.62) 

They are purposely shipped "positive" 
misalignment to facilitate insertion 

Board-drilling dimensions should equal 
your practice for .020 (0.51) inch 
diameter pin 

Low temperature seal 
Cavity size is .170 x .215 (4.32 x 5.46) 
Package weight is 1.3 grams . 

BY (U-1) 
NOTES: 
Pins are tin plated copper 
Package weight is 0.6 gram 
Package material is plastic 
Tab is electrically insulated from pins 
This package is intended to be mounted with 
the tab flush with the top of the P.C. board 
or heat sink. A No.4 screw may be used to 
secure the package. Thermal compound 
is recommended. 

All dimensions nominal. 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

3-PIN SINGLE SIDE POWER PLASTIC MINIDIP 

.11012791--i 1--.34518761--1 
TTi-
I I 

I .2701 
r16.B61 

I i.026 10.661 

.375 .360 
19.53119.141 

_=-----=-It ~ 

1 
INDICATING 

I MARK, NO.1 PIN 

1.33018.381-1 

.135 .015 

(3rf~~~50~ • I (6.351 .020 

======tI(= )F=~t .1 
1-1'~----.385 (25.021-----~· . 

4-PIN SINGLE SIDE POWER PLASTIC MINIDIP 

.150 
(3.811 

.250 1.040 (U (26

1

421 

INDICATING 1 MARK, NO.1 PIN 

_ ("~~161 I 
. 021 

10 531 =Ii 

.125 
(3.181 

8Y (U-2) 
NOTES: 
Pins are tin plated copper 
Package weight is 0.6 grams 
Package material is plastic 
Center pin is electrical contact with 
mounting tab 

For detailed package configuration, refer 
to FSB-90717 

All dimensions nominal 

8Z (U-1) 
NOTES: 
Package is plastic with tin-plated copper 
pins 

Board-drilling dimensions should equal 
your practice for .033 (0.84) inch 
diameter pins 

Package weight is 0.6 gram 
Tab is electrically insulated from pins 
This package is intended to be mounted with 
the tab flush with the top of the PC board 
or heat sink. A No.4 screw may be used to 
secure the package. Thermal compound 
is recommended . 

All dimensions in inches (bold) and millimeters (parenthesesl 
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FAIRCHILD PACKAGE OUTLINES 

4-PIN SINGLE SIDE POWER PLASTIC MINIDIP 

-l ~ r'OO~~1 .150 
13.811 

f-'- I 
.250 I 

16.351 

~~--.-

.021 
10.531 

INDICATING 
MARK, NO.1 PIN 

.530 

113(61 

In Accordance with 
14-PIN ·PLASTIC DUAL IN-LINE 

(JEDEC TO-116 OUTLINE) 

r---.nOI19.561~ 

I A A r" .740 (18.80) A A I 

.065 (1.851 

.045 11.141 

.125 
13.181 

.110 (2.801 
- .090 12.29) 

.050 11.271 

.040 11.021 

8Z (U-2) 
NOTES: 
Package is plastic with tin-plated pins 
Board-drilling dimensions should equal 
your practice for .033 (0.84) inch 
diameter pin 

Package weight is 0.6 gram 
Tab is electrically insulated from pins 

9A 
NOTES: 
Pins are tin plated kovar 
'Package material varies depending on 

the product line 
Pins are intended for insertion in hole rows 
on .300" (7.621 centers 

They are purposely shipped with "positive" 
misalignment to facilitate insertion 

Board-drilling dimensions should equal 

~ '3'017'87) ~ . 0 0 . h .290 (7.37) .020 (0.511 your practice for. 2 (0.5081 inC 

_ --..r .01010.25) diameter pin 

f~:='01510'38R= - f ""Notch or ejector hole varies depending 
.~~~81 NOM. on the product line 

SEATING t .....l Package weight is 0.9 gram 

PLANE ! I l --r .011 10.281 
.D09 (0.23) 

.15013.81)~" ~~ ~ ~ 

.100 12.54) .110 (2.80) I I .020 10.51) .37519.52) 
.09012.29) ~ I .018(0.41) NOM. 

TYP. STANDOFF .03710.941 
WIDTH .027 (0.69) 

All dimensions in inches Ibold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

16-PIN PLASTIC· DUAL IN-LINE 

r.- ... _____ .760 119.301_---------! 

I r .740118.801 -, r"1 n I 

1-- .04511.14) 
.0351.89) .26016.60l 

.240 16.101 --I 16 

J_ '-r-r-r-r-r-,----,---::;=-,..,-ro·--=,.-:,::...,....,...,.. 
.11012.79) 
.09012.29) 

1.310 17 87)~20 I 51) 

~~AU'A;"~" ~~~--- TYP. I 

:~:~~NG I t J l -1-b-t::~i:l08)- ~ 
I .1181300 \<,. 

I I , 0 

.110(279) I I .037 (94) II I t 1.~20 15 5!li I ~t~·<' 

.090(229)--+---1 .027(69) -jl--I .0~S~64), ,.180(457), '.0111.28) 
STANDOFF WIDTH .0201.51) Y. L420110.67)'--J .0091.23) 

.010 1.25) '.380 19.65) , 

14-PIN PLASTIC QUAD IN-LINE 
(JEDEC TO-116 OUTLINE·) 

.03710941 

.02710691 
STANDOFF 

WIDTH 

.045 (114 1 

.03510891 

98 
NOTES: 
Pins are tin-plated kovar or alloy 42 nickel. 
Pins are intended for insertion in hole rows 
on .300" (7.62) centers 

Pins purposely have a "positive" 
misalignment to facilitate insertion 

Board-drilling dimensions should equal 
your practice for .020 inch (0.51) 
diameter pin 

Package weight is 0.9 gram 
'Package material varies depending on the 
product line 

"'The .037-.027 (0.94-0.69) dimension does 
not apply to the corner pins 

"Notch or ejector hole varies depending on 
the product line 

9C 
NOTES: 
Package is epoxy with tin-plated kovar pins 
Board-drilling dimensions should equal 
your practice for .020 (0.51) inch 
diameter pin 

Package weight is 0.9 gram 
'This is a 9A package with the pins formed 
in assembly. Only the notched and epoxy 
version is used 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 
16-PIN MOLDED QUAD IN-LINE 
9D QUAD PACKAGE FOR ALL 

TAA, TBA, TDA TYPES 

.11012.791 

.09012.291 

.05011.271 

.04011.021 

-h.310 17'871~020 1.511 
.29017.371 .0161.411 

fmm""~'~--' TYP. I 
,_, __ , 0., _' .20015.081 

:~:~~NG 'I' 'I ':' ,':' ':' '1- -t138J511 -J l [ .11813.00 \'0° 
I t I' 0 

.11012.791 .0371.941 1 .22015.591 1 -"' . 

. 09012.291-1---1 .0271.691 . ~ I- J .0~~~641, 1.:8014.5; 1 1,1 .011 1.281 
STANDOFF WIDTH .0201.511 . L420 110.67I---=.1if. .009 1.231 

.260 (6.601 

.240 (6-'0) 

.0101.251 '.38019.651' 

14-PIN PLASTIC DUAL IN-LINE 
(WITH COPPER SLUG) 

L.O~2Q:11 
.070 (1781 

I ~~:;:;: l 
'-6---CT=-="==r=-=c=,...=,=",==,=..,=",=-=,,=cr-d .,,~. ~C:]f': ~: 

.---" --i. ---. ~ 

.150 (381) 

.100 (2.541 

.110 (2.791 

.090 (2.291 
TYP. 

.11 __ .01110.281 
.00910231 

90 
NOTES: 
Pins are tin-plated copper 
Pins are intended for insertion in hole rows 
on ,300" (7.62) centers 

Board-drilling dimensions should equal 
your practice for .020 inch <0.51) 
diameter pin 

Package weight is 0.9 gram 
• Package material varies depending on the 
product line 
"The .037-.027 (0.94-0.69) dimension does 
not apply to the corner pins 

9H 
NOTES: 
Pins are gold-plated kovar 
Board-drilling dimensions should equal 
your practice for .020 (0.51) inch 
diamater pin 

Package material is epoxy with copper slug 
Package weight is 0.9 gram 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

, 

14-PIN PLASTIC DUAL IN-LINE 
(COPPER SLUG AND HEAT BRACKET)" 

.420 (1067) 

.400 (10.16) 

_ DRILL FOR 
4 - 40NC - 28 THREAD 

1.010 (25.651 
.990 (2515) 

PIN 1410 

- :~~g~~: -
.560 (14,221 

--_ .. - .540 (13 721 

.125 (3 1S1 
"REF~ 

i 

- .200 (5.081 
MAX. 

.015 (0381 
NOM. ::~~:~g~~: (?9~~1 

I 
t 

~EATING 
, PLANE II 

1~4.321. ~81) 
-- ----, 

:~~ i~:~~( r -- ~ ~ -- - :~~~ :g:~~: TYP. 
.110 (2791 .037 (0.941 STANDOFF :~~~ :~.~~:--~090 (2291 TYP. .027 (0.691 WIDTH 

1.200 (30481 __ 
1.160 (2946) 

.083 (2111 

.073 (1 851 

8-PIN PLASTIC DUAL IN-LINE 

I 
.393 (9 982).......j 

- 363 (9 220) , 

'256~Cl .30R. NOM. (7620) 

.236(5994) rr 375 (9525)] u 5 8 NOM. 

310 (7 874) 

~ ~ r·290 (7 366)l 
.065(1651) .197(5004) 

.055 (1 397) NOM I" 'I 
TYP. 4 PLACES ~I I 

~. -L- __ ;..--,-.,-=--...... 1 
.190(4.826) .150(3810) r-#====t<.\ 

10· NOM. 1YP. 
2 PLACES 

MAX .130 (3.302) .035 (0.889) 
---'t'--__ --._-=.L..!==-ll,,r-; NOM. :-1 7" NOM.1YP. t ~ 6~5 

f .011 (0.279)~-
.150(3.810) -.039(0.991) .009(0.229) I 
.100 (2.540) NOM. 

.110 (2.794) 

.090 (2.286) 
TYP. 

TYP. 4 PLACES 

9J 
NOTES: 
Pins are gold-plated kovar 
Package material is epoxy with copper slug 
and tin-plated copper bracket 

Board-drilling dimensions should equal 
your practice for .020 (0.51) diameter pin 

• Package is the same as 9H except that a 
heat bracket is attached 

9T 
NOTES: 
Pins are tin or gold-plated kovar 
Package material is plastic 
Pins are intended for insertion in hole rows 
on .300" (7.62) centers 

They are purposely shipped with "positive" 
misalignment to facilitate insertion 

Board-drilling dimensions should equal 
your practice for .020 (0.51) inch 
diamater pin 

Package weight is 0.6 gram 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

4-PIN POWER MINIDIP 

iLEADNO.l 

~I~;o~)-:l-

~:;=;:=::l==r:::;=-;;_~_·:r35) 

r·375 19.52)~100 

H~b=20-;::-1O.5::-:-;1)"t 
MIN . . 140 13.56) 

_____ nn ~d= 
50 •• 15013.81) 

t :JI ~ .230 ......... : 
15.84) I 

- - .018 10.46) 

1 .300 
I -17.62)-' 

1..------ .680117.27) 

9V (T1) 
NOTES: 
Package is plastic with tin-plated copper 
pins 

For detailed package configuration refer to 
FSD-90669 

Package weight is 0.6 gram 
T-1 package can be soldered to the PC 
board through .0230" x .020 (0.584 x 0.51) 
slots. Double or single-sided boards may 
be used. 

I 
---.1 

4-PIN POWER MINIDIP 
.109 

12.771 
DIA. 

rLEAD NO.1 

t 

-..; 1_ .018 
10.461 

9V (T2) 
NOTES: 
Package is plastiC with tin-plated copper 
pins and wings 

For detailed package configuration refer 
to FSD-90670. 

Package weight is 0.6 gram 
T-2 package is intended to be mounted with 
the tabs flush with the top of the PC board. 
Either No.2-56 screws or No.2 rivets may 
be used to secure the package. Single or 
double-sided PC boards may be used. 
Thermal compound is recommended . 

. 030 
10.761 

i .10ci 12.541 

~*~ , U 50 ~ .140 - I. t 1.12~ 13.181 

.3~056} '~~! ___ I ' 
I ..-- (7 62)--' 

1---- 11~6706) ·1 I 
---- (2~~071 ------~-I 

All dimensions in inches (bold) and millimeters (parentheses) 
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. 230 
15.841 

FAIRCHILD PACKAGE OUTLINES 

4-PIN POWER MINIDIP 

~LEADNO.1 

9V (T3) 
NOTES: 
Package is plastic with tin-plated copper 
pins and wings 

Package weight is 0.6 gram 
T-3 package is intended for applications 
with an external heat sink. A No.2 
mounting hole is provided for case of 
mounting. The tab may be bent to any 
convenient angle . 

~.375~ 19521 

I 11-'00 I 
'250~~ ~16.351 j 10' .020 

? \ • '0511 

=:;=1 
q I 

~ 
I "J .140 

I] j 
13.561 

I .15013.811 ! 
:too 12.541 

I 
I 

-~ ~.018 10.461 

I 
.~ 

! 
I 

.020 
10.51 
MIN 

! 
~ ' 

I I ' 1\ '"" tJr"" m.," 

.500' I 
11271----j 

12-PIN POWER PLASTIC DUAL IN-LINE 
1-----.750(1901~,________J 

.250 .250 I 
1.-163511-(635)---1 
I I 
I I 

I .100 r12541 

iF"~,=,,!,J,==c=!~~f--"'o',l~.093 (2 361 

9W (P3) 
NOTES: 
Package is plastic with tin plated copper 
pins and wings 

For detailed package configuration refer 
to FSB-90698 

Package weight is 0.9 gram 

All dimensions in inches (bold) and millimeters (parentheses) 
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FAIRCHILD PACKAGE OUTLINES 

. 035 
(0.89) 

12-PIN POWER PLASTIC DUAL IN-LINE 

I-- .2.0 I (6,35) 

.250 
(6.35)- .09' 

(2.36) 
DIA . 

k .650 1.000 

LIf=iT'nFrr===rrrAr+~IT 'T 
~I ~_I 

I I ,--_~ ___ L _____ _ 

~'4'~+ ,,'~~, 
(3.58) 
DIA. 

.088 (2.24) 

-L====rrI'====1kF== 

I I 
'''12541~ ~ 

12-PIN POWER PLASTIC DUAL IN-LINE 

(20571 

9W (P4) 
NOTES: 
Package is plastic with tin-plated copper 
pins and wings 

For detailed package configuration refer 
to FSB-90699 

Package weight is 0.9 gram 

9W (PS) 
NOTES: 
Package is plastic with tin-plated copper 
pins and wings 

For detailed package configuration refer 
to FSD-90740. 

Package weight is 0.9 gram 

All dimensions in inches (bold) and millimeters (parentheses) 
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PACKAGE OUTLINES 

12-PIN PLASTIC DUAL IN-LINE 

n n n DO 0 
__________ ~ _:---:-);;;-.093 12.361 DIA. 

Y 16351 

itrq-uc::===rtn:f' -oj~ 
I. J L, ... "", 'u JUl. " .. " .. "", 

.750 (19.051--=--F 

.02010.51) ,.310 --J mum .015 I'025~, ~~?~~-Li 
10~8) T ~ I 

!
---r.140 (356) , 

~ (~~:)--I-

J~ 0 U .135113.43) L J 
_ .150 .125 (3.18) .300 (7.62) 

(3.81) I 
.020 .100 (2.54) 

(10.51) 

9W (P6) 
NOTES: 
Package is plastic with tin-plated copper 
pins and wings 

Package weight is 0.9 gram 
The heat sinking tabs are electrically con­
nected to the most negative potential pin 

All dimensions in inches (bold) and millimeters (parentheses) 
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ALABAMA 
Huntsville Office 
Executive Plaza 
Suite 107 
4717 University Drive, NW, 
Huntsville, Alabama 35805 
Tel: 205-837-8906 

ARIZONA 
Phoenix Office 
4414 N. 19th Avenue 85015 
Suite G 
Tel: 602-264-4948 TWX: 910-951-1544 

CALIFORNIA 
Los Angeles Office" 
Crocker Bank Bldg. 
15760 Ventura Blvd. Suite 1027 
Encino 91436 
Tel: 213-990-9800 TWX: 910-495-1776 

Santa Ana Office' 
2101 E, 4th Street 92705 
Bldg. B. Suite 185 
Tel: 714-558-1881 TWX: 910-595-1109 

Santa Clara Office" 
3333 Bowers Avenue 
Suite 299 
Santa Clara, 95051 
Tel: 408-987-9530 TWX: 910-338-0241 

FLORIDA 
Ft. Lauderdale Office 
Executive Plaza 
Suite 300-8 
1001 Northwest 62nd Street 
Ft. Lauderdale, Florida 33309 
Tel: 305-771-0320 TWX: 510-955-4098 

Orlando Office· 
Crane's Roost Office Park 
303 Whooping Loop 
Altamonte Springs 32701 
Tel: 305-834-7000 TWX: 810-850-0152 

ILLINOIS 
Chicago Office 
The Tower - SUite 610 
Rolling Meadows 60008 
Tel: 312-640-1000 

·Field Application Engineer 

FAIRCHILD SEMICONDUCTOR SALES OFFICES 
UNITED STATES AND CANADA 

IN.DIANA 
Ft. Wayne Office 
2118 Inwood Dri .... e 46805 
Suite 111 
Tel: 219-483-6453 TWX: 810-332-1507 

Indianapolis Office 
Room 205 
7202 N. Shadeland 46250 
Tel: 317-849-5412 TWX: 810-260-1793 

KANSAS 
Kansas City Office 
Corporate Woods 
10875 Grandview, Suite 2255 
Overland Park 66210 
Tel: 913-649-3974 

MARYLAND 
Columbia Office' 
1000 Century Plaza 
Suite 225 
Columbia, Maryland 21044 
Tel: 301-730-1510 TWX: 710-826-9654 

MASSACHUSETTS 
Boston Office' 
888 Worcester Street 
Wellesley Hills 02181 
Tel: 617-237-3400 TWX: 710-348-0424 

MICHIGAN 
Detroit Office' 
Johnston Building, Suite 24 
20793 Farmington Road 
Farmington Hills 48024 
Tel: 313-478-7400 TWX: 810-242-2973 

MINNESOTA 
Minneapolis Office' 
7600 Parklawn Avenue 
Room 251 
Edina 55435 
Tel: 612-835-3322 TWX: 910-576-2944 

NEW JERSEY 
Wayne Office' 
580 Valley Road 07490 
Suite 1 
Tel: 201-696-7070 TWX: 710-988-5846 
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NEW MEXICO 
Alburquerque Office 
2403 San Mateo N.E. 87110 
Plaza 13 
Tel: 505-265-5601 TWX: 910-379-6435 

NEW YORK 
Melville Office 
275 Broadhol1ow Road 11746 
Tel: 516-293-2900 TWX: 510-224-6480 

Poughkeepsie Office 
19 Da .... is Avenue 12603 
Tel: 914-473-5730 TWX: 510-248-0030 

Fairport Office 
260 Perinton Hills Office Park 
Fairport 14450 
Tel: 716-223-7700 

OHIO 
Dayton Office 
4812 Frederick Road 45414 
Suite 105 
Tel: 513-278-8278 TWX: 810-459-1803 

PENNSYLVANIA 
Philadelphia Office 
2500 Office Center 
2500 Maryland Road 
Willow Grove, Pennsylvania 19090 
Tel: 215-657-2711 

TEXAS 
Dallas Office 
13771 N. Central Expressway 75231 
Suite 809 
Tel: 214-234-3391 TWX: 910-867-4757 

Houston Office 
6430 Hiltcroft 77081 
Suite 102 
Tel: 713-771-3547 TWX: 910-881-8278 

CANADA 
Toronto Regional Office 
FairChild Semiconductor 
, 590 Matheson Blvd .. Unit 26 
Mississauga, Ontario L4W lJ1, Canada 
Tel: 416-625-7070 TWX: 610-492-4311 

I 



AUSTRALIA 
Fairchild Australia Ply Ltd. 
72 Whiting Street 
Artarmo" 2064 
New South Wales 
Australia 
Tel: Sydney (02)-438-2733 

(mailing address) 
P.O. Box 450 
North Sydney 2060 
New South Wales 
Australia 

AUSTRIA AND EASTERN EUROPE 
Fairchild ElectronicS 
A-l01O Wien 
Schwedenplatz 2 
Tel: 0222 635821 Telex: 75096 

BRAZIL 
Fairchild Semicondutores Ltda 
Caix8 Postal 30407 
AUB Alagoas, 663 
01242 Sao Paulo, Brazil 
Tel: 66-9092 Telex: 011-23831 
Cable: FAIRLEe 

FRANCE 
Fairchild Camera & Instrument S.A. 
121, Avenue d'ltalie 
75013 Paris, France 
Tel: 331-584-5566 
Telex:: 0042 200614 or 260937 

GERMANY 
Fairchild Camera and Instrument (Deutschland) 
Daimlerstr 15 
8046 Garching Hochbruck 
Munich, Germany 
Tel: (089) 320031 Telex: 524831 fair d 

Fairchild Camera and Instrument (Deutschland) 
Koenigsworther Strasse 23 
3000 Hannover 
W-Germany 
Tel: 0511 17844 Telex: 09 22922 

FAIRCHILD SEMICONDUCTOR 
INTERNATIONAL SALES OFFICES 

Fairchild Camera and Instrument (Oeutschland) 
Postrstrasse 37 
7251 Leonberg 
'W-Germany 
Tel: 07152 41026 Telex: 07 245711 

Fairchild Camera and Instrument (Deutschland) 
Waldluststrasse 1 
8500 Nuernberg 
W-Germany 
Tel: 0911 407005 Telex: 06 23665 

HONG KONG 
Fairchild Semiconductor IHK) Ltd. 
135 Hoi Bun Road 
Kwun Tong 
Kowloon, Hong Kong 
Tel: K-890271 Telex: HKG-531 

ITALY 
Fairchild Semiconduttori, S.P.A. 
Via Flamenia Vecchia 653 
00191 Roma, Italy 
Tel: 06 327 4006 Telex: 63046 (FAIR ROM) 

Fairchild Semiconduttori S.P.A. 
Via Rosellini, 12 
20124 Milano, Italy 
Tel: 02 6 88 74 51 Telex: 36522 

JAPAN 
Fairchild Japan Corpqration 
Pola Bldg. 
1-15-21, Shibuya 
Shibuya-Ku, Tokyo 150 
Japan 
Tel: 03 400 8351 Telex: 242173 

KOREA 
Fairchild Semikor Ltd. 
K2 219-6 Gari Bong Dong 
Young Dung Po-Ku 
Seoul 150-06, Korea 
Tel: 85-0067 Telex: FAIRKOR 22705 

(mailing address) 
Central P.O. Box 2806 
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MEXICO 
Fairchild Mexicana S.A. 
Blvd. Adolofo Lopez Mateos No. 163 
Mexico 19, D.F. 
Tel: 905-563-5411 Telex: 017-71-038 

SCANDINAVIA 
Fairchild Semiconductor AB 
Svartengsgatan 6 
S-11620 Stockholm 
Sweden 
Tel: 8-449255 Telex: 17759 

SINGAPORE 
Fairchild Semiconductor Pty'Ltd. 
No. 11, Lorang 3 
Toa Payoh 
Singapore 12 
Tel: 531-066 Telex:'FAIRSIN-RS 21376 

TAIWAN 
Fairchild Semiconductor (Taiwan) Ltd. 
Hsietsu Bldg., Room 502 
47 Chung Shan North Road 
Sec. 3 Taipei, Taiwan 
Tel: 573205 thru 573207 

BENELUX 
Fairchild Semiconductor 
Paradijslaan 39 
Eindhoven. Holland 
Tel: 00-31-40-446909 Telex: 00-1451024 

UNITED KINGDOM 
Fairchild Camera and Instrument (UK) Ltd. 
Semiconductor Division 
230 High Street 
Potters Bar 
Hertfordshire EN6 5BU 
England 
Tel: 0707 51111 Telex: 262835 

Fairchild Semiconductor Ltd. 
17 Victoria Street 
Craigshill 
Livingston 
West Lothian. Scotland - EH54 5BG 
Tel: Livingston 0506 32891 Telex: 72629 



FAIRCHILD SEMICONDUCTOR SALES REPRESENTATIVES 
UNITED STATES AND CANADA 

ALABAMA 
CARTWRIGHT & BEAN, INC. 
2400 Bob Wallace Ave., Suite 201 
Huntsville, Alabama 35805 
Tel: 205-533-3509 

CALIFORNIA 
CEL TEC COMPANY 
18009 Sky Park Circle Suite B 
Irvine, California 92715 
Tel: 714-557-5021 TWX: 910-595-2512 

CELTC COMPANY 
7867 ConvoY,Court, Suite 312 
San Diego, California 92111 
Tel: 714-279-7961 TWX: 910-335-1512 

MAGNA SALES. INC. 
3333 Bowers Avenue 
Suite 295 
Santa Clara. California 95051 
Tel: 408-985-1750 TWX: 910-338-0241 

COLORADO 
SIMPSON ASSOCIATES. INC. 
2552 Ridge Road 
Littleton, Colorado 80120 
Tel: 303-794-8381 TWX: 910-935-0719 

CONNECTICUT 
PHOENIX SALES COMPANY 
389 Main Street 
Ridgefield, Connecticut 06877 
Tel: 203-438-9644 TWX: 710-467-0662 

FLORIDA 
LECTROMECH. INC. 
303 Whooping Loop 
Altamonte Springs, Florida 32701 
Tel: 305-831-1577 TWX: 810-853-0262 

LECTROMECH, INC. 
1350 S. Powertine Road, Suite 104 
Pompano Beach. Florida 33060 
Tet: 305-974-6780 TWX: 510-954-9793 

LECTROMECH. INC. 
2280 U.S. Highway 19 North 
Suite 119 Bldg. L 
Clearwater, Florida 33515 
Tel: 813-726-0541 

GEORGIA 
CARTWRIGHT & BEAN. INC. 
P.O. Box 52846 (Zip Code 30355) 
90 W. Wieuca Square, Suite 155 
Atlanta, Georgia 30342 
Tel: 404-255-5262 TWX: 810-751-3220 

ILLINOIS 
MICRO SALES. INC. 
2258-8 Landmeir Road 
Elk Grove Village. Illinois 60007 
Tel: 312-956-1000 TWX: 910-222-1833 

INOIANA 
LESLIE M. DEVOE COMPANY 
4215 E. 82nd Street Suite 0 
Indianapolis. Indiana 46250 
Tel: 317-842-3245 TWX: 810-260-1435 

KANSAS 
B.C. ELECTRONIC SALES. INC. 
P.O. Box 12485. Zip 66212 
8190 Nieman Road 
Shawnee Mission. Kansas 66214 
Tel: 913-888-6680 TWX: 910-749-6414 

B.C. ELECTRONIC SALES 
6405 E. Kellogg 
Suite 14 
Wichita, Kansas 67207 
Tel: 316-884-0051 

MARYLAND 
DELTA III ASSOCIATES 
1000 Century Plaza Suite 225 
Columbia, Maryland 21044 
Tel: 301-7»1510 TWX: 710-826-9654 

MASSACHUSETTS 
SPECTRUM ASSOCIATES. INC. 
888 Worcester Street 
Wellesley, Massachusetts 02181 
Tol: 617-237-2796 TWX: 710-348-0424 

MICHIOAN 
RATHSBURG ASSOCIATES 
18821 E. Warren Avenue 
Detroit. Michigan 48224 
Tel: 313-882~1717 Telex: 23~5229 

MINNESOTA 
PSI COMPANY 
720 W. 94th. Street 
Minneapolis, Minnesota 55420 
Tel: 612-884-1777 TWX: 910-576-3483 

MISSISSIPPI 
CARTWRIGHT & BEAN, INC. 
P.O. Box 16728 
5150 Keele Street 
Jackson, Mississippi 39206 
Tel: 601-981-1368 

MISSOURI 
B.C. ELECTRONIC SALES, INC. 
300 Brookes Drive, Suite 206 
Hazelwood, Missouri 63042 
Tel: 314-731-1255 TWX: 910-762-0600 

NEW JERSEY 
LORAC SALES. INC. 
580 Valley Road 
Wayne, New Jersey 07470 
Tel: 201-696-8875 TWX: 710-988-5846 

NEW YORK 
LORAC SALES, INC. 
550 Old Country Road, Room 410 
Hicksville, New York 11801 
Tel: 516-681-8746 TWX: 510-224-6480 

TRI-TECH EL~CTRONICS. INC. 
3215 E. Mai n Street 
Endwell. New York 13760 
Tel: 607-754-1094 TWX: 510-252-0891 

TRI-TECH ELECTRONICS, INC. 
590 Perinton Hills Office Park 
Fairport, New York 14450 
Tel: 716-223-5720 

TAl-TECH ELECTRONICS, INC. 
6836 E. Genesee Street 
Fayetteville, New York 13066 
Tel: 315-446-2881 TWX: 710-541-0604 

TRI-TECH ELECTRONICS. INC. 
19 Davis Avenue 
Poughkeepsie. New York 12603 
Tel: 914-473-3880 

NORTH CAROLINA 
CARTWRIGHT & BEAN. INC. 
1165 Commercial Ave. 
Charlotte, North Carolina 28205 
Tel: 704-377-5673 

CARTWRIGHT & BEAN. INC. 
P.O. Box 18465 
3948 Browning Place 
Raleigh. North Carolina 27609 
Tel: 919-781-6560 

OHIO 
THE LYONS CORPORATION 
4812 Frederick Road. Suite 101 
Dayton, Ohio 45414 
Tel: 513~278-0714 

THE LYONS CORPORATION 
6151 Wilson Mills Road, Suite 101 
Highland Heights. Ohio 44143 
Tel: 216-461-6288 

OKLAHOMA 
TECHNICAL MARKETING 
9717 E. 42nd Street, Suite 221 
Tulsa. Oklahoma 74101 
Tel: 918-622~5984 

OREOON 
OUADRA CORPORATION 
19145 S.W. Murphy CI. 
Aloha, Oregon 97005 
Tel: 503-225-0350 TWX: 910-449-2592 

PENNSYLVANIA 
BGR ASSOCIATES 
2500 Office Center 
2500 Maryland Road 
Willow Grove, Pennsylvania 19090 
Tel: 215-657-3301 

TENNESSEE 
CARTWRIGHT & BEAN. INC. 
P.O. Box 4760 
560 S. Cooper Street 
Memphis. Tennessee 38104 
Tal: 901-276-4442 
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CARTWRIGHT & BEAN. INC 
8705 Unicorn Drive 
Suite a120 
Knoxville, Tennessee 37919 
Tel: 615-693-7450 

TEXAS 
TECHNICAL MARKETING 
3320 Wiley Post Road 
Charrollton. Texas 75220 
Tel: 214-387-3601 TWX: 910-860-5158 

TECHNICAL MARKETING 
6430 Hillcrott, Suite 104 
Houston, Texas 77036 
Tel: 713-777-9228 

UTAH 
SIMPSON ASSOCIATES. INC. 
P.O. Box 151430 
Salt Lake City, Utah 84n5 
Tel: 801-571-7877 

WASHINGTON 
QUADRA CORPORATION 
14825 N.E. 40th Street 
Suite 340 
Redmond, Washington 98052 
Tel: 206-883-3550 TWX: 910-449-2592 

WISCONSIN 
LARSEN ASSOCIATES 
10855 West Potter Road 
Wauwatosa. Wisconsin 53226 
Tet: 414-258-0529 TWX: 910-262-3160 

CANAOA 
R.N. LONGMAN SALES, INC. (L.S.I.) 
1715 Neyerside Drive 
Suite 1 
Mississauga, Ontario, L5T 1C5 Canada 
Tel: 416-625-6770 TWX: 610-492-8976 

R.N. LONGMAN SALES, INC. (L.S.U 
16891 Hymus Blvd. 
Kirkland, Quebec 
H9H 3L4 Canada 
Tel: 514-694-3911 
TWX: 610-422-3028 



FAIRCHILD SEMICONDUCTOR FRANCHISED DISTRIBUTORS 
UNITED STATES AND CANADA 

ALABAMA 
HALLMARK ELECTRONICS 
4739 Commercial Drive 
Huntsville, Alabama 35805 
Tel: 205-837-8700 TWX: 810-726-2187 

HAMILTON/AVNET ELECTRONICS 
4692 Commercial Drive 
Huntsville, Alabama 35805 
Tel: 205-837-7210 
Telex: None-use HAMAVLECB DAL 73-0511 

(Regional Hq. in Dalias, Texas) 

ARIZONA 
HAMILTON/AVNET ELECTRONICS 
2615 S. 21st Street 
Phoenix, Arizona 85034 
Tel: 602-275-7851 TWX: 910-951-1535 

KIERULFF ELECTRONICS 
4134 East Wood Street 
Phoenix, Arizona 85040 
Tel: 602-243-4101 

LIBERTY ELECTRONICS 
8155 North 24th Ave. 
Phoenix, Arizona 85021 
Tel: 602-249-2232 TWX: 910-951-4282 

CALIFORNIA 
AVNET ELECTRONICS 
350 McCormick Avenue 
Costa Mesa, California 92626 
Tel: 714-754-6111 (Orange County) 

213-558-2345 (Los Angeles) 
TWX: 910-595-1928 

BELL INDUSTRIES 
Electronic Distributor Division 
1161 N. Fair Oaks Avenue 
Sunnyvale, California 94086 
Tel: 408-734-8570 TWX: 910-339-9378 

ELMAR ELECTRONICS 
2288 Charleston Rd. 
Mountain View, California 94042 
Tel: 415-961-3611 TWX: 910-379-6437 

HAMILTON ELECTRO SALES 
10912 W. Washington Blvd. 
Culver City, California 90230 
Tel: 213-558-2121 TWX: 910-340-6364 

HAMIL TON/AVNET ELECTRONICS 
575 E. Middlefield Road 
Mountain View, California 94040 
Tel: 415-961-7000 TWX: 910-379-6486 

HAMILTON/AVNET ELECTRONICS 
8917 Complex Drive 
San Diego, California 92123 
Tel: 714-279-2421 
Telex: HAMAVELEC SDG 69-5415 

INTER MARK ELECTRONICS INC. 
4040 Sorrento Valley Blvd. 
San Diego, California 92121 
Tel: 714-279-5200 

INTERMARK ELECTRONIC INC. 
1802 East Carnegie Avenue 
Santa Ana, California 92705 
Tel: 714-540-1322 

LIBERTY ELECTRONICS 
124 Maryland 'Street 
EI Segundo, California 90245 
Tel: 213-322-8100 TWX: 910-348-7111 

LIBERTY ELECTRONICS/SAN DIEGO 
8248 Mercury Court 
San Diego, California 92111 
Tel: 714-565-9171 TWX: 910-335-1590 

COLORADO 
CENTURY ELECTRONICS 
8155 West 48th Avenue 
Wheatridge, Colorado 80033 
fel: 303-424-1985 TWX: 910-938-0393 

CRAMER ELECTRONICS 
5465 East Evans Place at Hudson 
Denver, Colorado 80222 
Tel: 303-758-2100 

ELMAR ELECTRONICS 
6777 E. 50th Avenue 
Commerce City. Colorado 80022 
Tel: 303-287-9611 TWX: 910-936-0770 

HAMIL TON/AVNET ELECTRONICS 
5921 N. Broadway 
Denver, Colorado 80216 
Tel; 303-534-1212 TWX: 910-931-0510 

CONNECTICUT 
CRAMER ELECTRONICS 
35 Dodge Avenue 
Wharton BroOk Industrial Center 
North Haven, Connecticut 06473 
Tel: 203-239-5641 

HAMIL TON/AVNET ELECTRONICS 
643 Danbury Road 
Georgetown, Connecticut 06829 
Tel: 203-762-0361 
TWX: None - use 710-897-1405 

(Regional Hq. in Mt. Laurel, N.JJ 

HARVEY ELECTRONICS 
112 Main Street 
Norwalk, Connecticut 06851 
Tel: 203-853-1515 

SCHWEBER ELECTRONICS 
Finance Drive 
Commerce Industrial Park 
Danbury, Connecticut 06810 
Tel: 203-792-3500 

FLORIDA 
ARROW ELECTRONICS 
1001 Northwest 62nd Street 
Suite 402 
Ft. Lauderdale, Florida 33309 
Tel: 305-776-7790 

ARROW ELECTRONICS 
115 Palm Bay Road N.W 
Suite 10 Bldg. #200 
Palm Bay, Florida 32905 
Tel: 305-725-1408 

CRAMER ELECTRONICS 
345 North Graham Avenue 
Orlando, Florida 32814 
Tel: 305-894-1511 

HALLMARK ELECTRONICS 
1302 W. McNab Road 
Ft. Lauderdale, Florida 33309 
Tel: 305-971-9280 TWX: 510-956-3092 

HALLMARK ELECTRONICS 
7233 Lake Ellenor Drive 
Orlando, Florida 32809 
Tel: 305-855-4020 TWX: 810-850-0183 

HAMIL TON/AVNET ELECTRONICS 
68~ N.W. 20th Avenue 
Ft. Lauderdale, Florida 33309 
Tel: 305-971-2900 TWX: 510-954-9808 

HAMILTON/AVNET ELECTRONICS 
3197 Tech Drive, North 
St. Petersburg. Florida 33702 

SCHWEBER ELECTRONICS 
2830 North 28th Terrace 
Hollywood, Florida 33020 
Tel: 305-927-0511 TWX: 510-954-0304 

GEORGIA 
ARROW ELECTRONICS 
3406 Oak Cliff Road 
Doraville, Georgia 30340 
Tel: 404-455-4054 

HAMILTON/AVNET ELECTRONICS 
6700 Interstate 85 Access Road, Suite 1 E 
Norcross, Georgia 30071 
Tel: 404-448-0800 
Telex: None - use HAMAVLECB DAL 73-0511 

(Regional Hq. in Dallas, Texas) 

LYKES ELECTRONICS CORP 
6447 Atlantic Blvd. 
Norcross, Georgia 30071 
Tel: 404-449-9400 

ILLINOIS 
HALLMARK ELECTRONICS INC. 
180 Crossen Avenue 
Elk Grove Village, Illinois 60007 
Tel: 312-437-8800 
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t1AMIL TON/AVNET ELECTRONICS 
3901 N. 25th Avenue 
Schiller Park, Illinois 60176 
Tel: 312-678-6310 TWX: 910-227-0060 

KIERULFF ELECTRONICS 
85 Gordon Street 
Elk Grove Village, Illinois 60007 
Tel: 312-640-0200 TWX: 910-227-3166 

SCHWEBER ELECTRONICS, INC. 
1275 Bummel Avenue 
Elk Grove Village, Illinois 60007 
Tel: 312-593-2740 TWX: 910-222-3453 

SEMICONDUCTOR SPECIALISTS, INC. 
(mailing address) 
O'Hare International Airport 
P.O. BOx 66125 
Chicago, Illinois 60666 

(shipping address) 
195 Spangler Avenue 
Elmhurst Industrial Park 
Elmhurst, Illinois 60126 
Tel: 312-279-1000 TWX: 910-254-0169 

INDIANA 
GRAHAM ELECTRONICS SUPPL Y. INC 
133 S. Pennsylvania SI. 
Indianapolis, Indiana 46204 
Tel: 317-634-8486 TWX: 810-341-3481 

KANSAS 
HALLMARK ELECTRONICS, INC. 
11870 W. 91st Street 
Shawnee Mission, Kansas 66214 
Tel: 913-888-4746 

HAMILTON/AVNET ELECTRONICS 
9219 Guivira Road 
Overland Park, Kansas 66215 
Tel: 913-888-8900 
Telex: None -use HAMAVLECB DAL 73-0511 

(Regional Hq. in Dallas, Texas) 

LOUISIANA 
STERLING ELECTRONICS CORP 
4613 Fairfield 
Metairie, Louisiana 70002 
Tel: 504-887-7610 
Telex: STERLE LEC MRIE 58-328 

MARYLAND 
HALLMARK elECTRONICS, INC. 
6655 Amberton Drive 
Baltimore, Maryland 21227 
Tel: 301-796-9300 

HAMILTON/AVNET ELECTRONICS 
(mailing address) 
Friendship International Airport 
P.O. Box 8647 
Baltimore, Maryland 21240 

(shipping address) 
7235 Standard Drive 
Hanover, Maryland 21076 
Tel: 301-796-5000 TWX: 710-862-1861 
Telex: HAMAVLECA HNVE 87-968 

PIONEER WASHINGTON ELECTRONICS, INC. 
9100 Gaither Road 
Gaithersburg, Maryland 20760 
Tel: 301-948-0710 TWX: 710-828-9784 

SCHWEBER ELECTRONICS 
9218 Gaither Road 
Gaithersburg, Maryland 20760 
Tel: 301-840-5900 TWX: 710-828-0536 

MASSACHUSETTS 
CRAMER ELECTRONICS 
85 Wells Avenue 
Newton Centre, Massachusetts 02159 
Tel: 617-964-4000 

GERBER ELECTRONICS 
852 Providence Highway 
U.S. Route 1 
Dedham, Massachusetts 02026 
Tel: 617-329-2400 

HAMIL TON/AVNET ELECTRONICS 
100 E. Commerce Way 
Woburn, Massachusetts 01801 
Tel: 617-933-8000 TWX: 710-332-1201 



FAIRCHILD SEMICONDUCTOR FRANCHISED DISTRIBUTORS 
UNITED STATES AND CANADA 

HARVEY ELECTRONICS 
44 Hartwell Avenue 
Lexington, Massachusetts 02173 
Tel: &17-861-9200 TWX: 710-326-6617 

SCHWEBER ELECTRONICS 
213 Third Avenue 
Waltham, Massachusetts 02154 
Tel: 617-890-8484 

MICHIGAN 
HAMIL TON/AVNET ELECTRONICS 
32487 Schoolcraft 
livoOla, Michigan 48150 
Tel: 313-522-4700 TWX: 810-242-8775 

PIONEER/DETROIT 
13485 Stamford 
Livonia, Michigan 48150 
Tel: 313-525-1800 

R-M ELECTRONICS 
4310 Roger B. Chaffee 
Wyoming, MiChigan 49508 
Tel: 616-531-9300 

SCHWEBER ELECTRONICS 
33540 Schoolcraft 
Livonia, Michigan 48150 
Tel: 313-525-8100 

SHERIDAN SALES CO. 
24543 Indoplex Drive 
Farmington, Michigan 48024 
Tel: 313-477-3800 

MINNESOTA 
HAMILTON/AVNET ELECTRONICS 
7449 Cahill Road 
Edina, Minnesota 55435 
Tel: 612-941-3801 
TWX: None - use 910-227-0060 
(Regional Hq. in Chicago, 111.1 

SCHWEBER ELECTRONICS 
7402 Washmgton Avenue S. 
Eden Prairie, Minnesota 55344 
Tel: 612-941-5280 

SEMICONDUCTOR SPECIALISTS, INC 
8030 Cedar Avenue S. 
Minneapolis, Minnesota 55420 
Tel: 612-854-8841 TWX: 910-576-2812 

MISSOURI 
HALLMARK ELECTRONICS, INC, 
13789 Rider Trail 
Earth City, Missouri 63045 
Tel: 314-291-5350 

HAMILTON/AVNET ELECTRONICS 
396 Brookes Lane 
Hazelwood, MiSSOUri 63042 
reI: 314-731-1144 TWX: 910-762-0606 

NEW JERSEY 
HAMIL TON/AVNET ELECTRONICS 
218 Little Falls Road 
Cedar Grove, New Jersey 07009 
Tel: 201-239-0800 TWX: 710-994-5787 

HAMILTON/AVNET ELECTRONICS 
113 Gaither Drive 
East Gate Industrial Park 
Mt. Laurel, N.J. 08057 
Tel: 609-234-2133 TWX: 710-897-1405 

SCHWEBER ELECTRONICS 
43 Belmont Drive 
Somerset, N.J. 08873 
Tel: 201-469-6008 TWX: 710-480-4733 

STERLING ELECTRONICS 
774 Pfeiffer Blvd. 
Perth Amboy, N.J. 08861 
Tel: 201-442-8000 Telex: 138-679 

WILSHIRE ELECTRONICS 
102 Gaither Drive 
Mt. laurel, N.J. 08057 
Tel: 215-527-1920 

WILSHIRE ELECTRONICS 
1111 Paulison Avenue 
Clifton, N.J. 07011 
Tel: 201-365-2600 TWX: 710-989-7052 

NEW MEXICO 
CENTURY ELECTRONICS 
11728 Linn Avenue 
Albuquerque, New Mexico 87123 
Tel: 505-292-2700 TWX: 910-989-0625 

HAMILTON/AVNET ELECTRONICS 
2450 Byalar Dnve S.E. 
Albuquerque, New Mexico 87119 
Tel: 505-765-1500 
TWX: None - use 910-379-6486 
(Regional Hq, in Mt. View, Ca. ) 

NEW YORK 
ARROW ELECTRONICS 
900 Broadhollow Road 
Farmingdale, New York 11735 
Tel: 516-694-6800 

CRAMER ELECTRONICS 
129 Oser Avenue 
Hauppauge, New York 11787 
Tel: 516-231-5682 

CRAMER ELECTRONICS 
6716 Joy Road 
E. Syracuse, New York 13057 
Tel: 315-437-6671 

COMPONENTS PLUS, INC. 
40 Oser Avenue 
Hauppauge, LI., New York 11787 
Tel: 516-231-9200 TWX: 510-227-9869 

HAMILTON/AVNET ELECTRONICS 
167 Clay Road 
Rochester, New York 14623 
Tel: 716-442-7820 
TWX: None-use 710-332-1201 

(Regional Hq. in Burlington, Ma.) 

HAMILTON/AVNET ELECTRONICS 
6500 Joy Road 
E. Syracuse, New York 13057 
Tel: 315-437-2642 TWX: 710-541-0959 

HAMIL TON/AVNET ELECTRONICS 
70 State Street 
Westbury, 1.I., New York 11590 
Tel: 516-333-5800 TWX: 510-222-8237 

ROCHESTER RADIO SUPPLY CO., INC. 
140 W. Main Street 
(P.O. Box 19711 Rochester, New York 14603 
Tel: 716-454-7800 

SCHWEBER ELECTRONICS 
Jericho Turnpike 
Westbury, L.I., New York 11590 
Tel: 516-334-7474 TWX: 510-222-3660 

JACO ELECTRONICS. INC. 
145 Oser Avenue 
Hauppauge. 1.I., New York 11787 
Tel: 516-273-1234 TWX: 510-227-6232 

SUMMIT DISTRIBUTORS. INC. 
916 Main Street 
Buffalo. New York 14202 
Tel: 716-884-3450 TWX: 710-522-1692 

NORTH CAROLINA 
CRAMER ELECTRONICS 
938 Burke Street 
Winston Salem, North Carolina 27102 
Tel: 919-725-8711 

HAMIL TON/AVNET 
2803 Industrial Drive 
Raleigh, North Carolina 27609 
Tel: 919-829-8030 

HALLMARK ELECTRONICS 
1208 Front Street. Bldg. K 
Raleigh, North Carolina 27609 
Tel: 919-823-4465 TWX: 510-928-1831 

RESCO 
Highway 70 West 
Rural Route 8, P.O. Box 116-B 
Raleigh, North Carolina 27612 
Tel: 919-781-5700 

PIONEER/CAROLINA ELECTRONICS 
103 Industnal Drive 
Greensboro, North Carolina 27406 
Tel: 919-273-4441 

OHIO 
HAMILTON/AVNET ELECTRONICS 
761 Beta Drive. Suite E 
Cleveland, Ohio 44143 
Tel: 216-461-1400 
TWX: None - use 910-227-0060 
(Regional Hq. in Chicago. III.) 
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HAMIL TON/AVNET ELECTRONICS 
118 West park Road 
Dayton, Ohio 45459 
Tel: 513-433-0610 TWX: 810-450-2531 

PIONEER/CLEVELAND 
4800 E 13151 Street 
Cleveland, OhIO 44105 
Tel: 216-587-3600 

PIONEER/DAYTON 
1900 T roy Street 
Dayton, Ohio 45404 
Tel: 513-236-9900 TWX: 810-459-1622 

SCHWEBER ELECTRONICS 
23880 Commerce Park Road 
Beachwood, Ohio 44122 
Tel: 216-464-2970 TWX: 810-427-9441 

SHERIDAN/CLEVELAND 
Unit 28 
Versaplex Bldg. 
701 Beta Drive 
Cleveland, Ohio 44143 
Tel: 216-461-3300 TWX: 810-427-2957 

SHERIDAN SALES CO. 
(mailing address) 
P.O. Box 37826 
Cincinnati, Ohio 45222 
(shipping addressl 
10 Knollcrest Drive 
Reading, Ohio 45237 
Tel: 513-761-5432 TWX: 810-461-2670 

SHERIDAN SALES COMPANY 
2501 Neff Road 
Dayton, Ohio 45414 
Tel: 513-223-3332 TWX: 810-459-1732 

OKLAHOMA 
HALLMARK ELECTRONICS 
4846 S. 83rd East Avenue 
Tulsa, Oklahoma 74145 
Tel: 918-835-8458 TWX: 910-845-2290 

RADIO INC. INDUSTRIAL ELECTRONICS 
1000 S. Main 
Tulsa, Oklahoma 74119 
Tel: 918-587-9123 

PENNSYLVANIA 
HALLMARK ELECTRONICS, INC. 
458 Pike Road 
Huntingdon Valley. Pennsylvania 19006 
Tel: 215-355-7300 TWX: 510-667-1727 

PIONEER/DELEWARE VALLEY ELECTRONICS 
141 Gibraltar Road 
Horsham, Pennsylvania 19044 
Tel: 215-674-4000 TWX: 510-665-6778 

PIONEER ELECTRONICS, INC. 
560 Alpha Drive 
Pittsburgh, Pennsylvania 15238 
Tel: 412-782·2300 TWX: 710-795·3122 

SCHWEBER ELECTRONICS 
101 Rock Road 
Horsham, Pennsylvania 19044 
Tel: 215-441·0600 

SHERIOAN SALES COMPANY 
4297 Greensburgh Pike 
Suite 3114 
Pittsburgh, Pennsylvania 15221 
Tel: 412-351-4000 

SOUTH CAROLINA 
DIXIE ELECTRONICS, INC. 
P.O. Box 408 (Zip Code 29202) 
1900 Barnwell Street 
Columbia. South Carolina 29201 
Tel: 803-779-5332 

TEXAS 
ALLIED ELECTRONICS 
401 E. 8th Street 
Fort Worth, Texas 76102 
Tel: 817-336-5401 

CRAMER ELECTRONICS 
13740 Midway Road, Suite 700 
Dallas. Texas 75240 
Tel: 214-661-9300 

HALLMARK ELECTRONICS CORP. 
10109 McKalla Place Suite F 
Austin, Texas 78758 
Tel: 512-837-2814 

HALLMARK ELECTRONICS 
9333 Forest Lane 
Dallas. Texas 75231 
Tel: 214-234-7300 



FAIRCHILD SEMICONDUCTOR FRANCHISED DISTRIBUTORS 
UNITED STATES AND CANADA 

HALLMARK ELECTRONICS, INC. 
8000 Westglen 
Houston, Texas 77063 
Tel: 713-781-6100 

HAMILTONIAVNET ELECTRONICS 
4445 Sigma Road 
Dallas, Texas 75240 
Tel: 214-661-8661 
Telex: HAMAVlECB DAl 73-0511 

HAMIL TONIAVNET ELECTRONICS 
3939 An n Arbor 
Houston, "Tex8s 77042 
Tel: 713-780-1771 
Telex: HAMAVLECB HOU 76~2589 

SCHWEBER ELECTRONICS, INC. 
14177 Proton Road 
Dallas, Texas 75240 
Tel: 214-661-5010 TWX: 910-860-5493 

SCHWEBER ELECTRONICS, INC. 
7420 Harwin Drive 
Houston, Texas 77036 
Tel: 713-784-3600 TWX: 910-881-1109 

STERLING ELECTRONICS 
4201 Southwest Freeway 
Houston. Texas 77027 
Tel: 713-627-9800 TWX; 901-881-5042 
Telex: STELECO HOUA 77-5299 

UTAH 
CENTURY ELECTRONICS 
2258 S. 2700 West 
Salt Lake City, Utah 84119 
Tel; 801-972-6969 TWX: 910-925-5686 

HAMIL TONJAVNET ELECTRONICS 
1585 W. 2100 South 
Salt Lake City, Utah 84119 
Tel: 801 -972-2800 
TWX: None - use 910-379-6486 

(Regional Hq. in Mt. View, Ca') 

WASHINGTON 
HAMIL TONIAVNET ELECTRONICS 
'3407 Northrup Way 
Bellevue, Washington 98005 
Tel: 206-746-8750 TWX: 910-443-2449 

LIBERTY ELECTRONICS 
1750 132nd Avenue N.E. 
Bellevue, Washington 98005 
Tel: 206-453-8300 TWX: 910-444-1379 

RADAR ELECTRONIC CO., INC. 
168 Western Avenue W. 
Seattle, Washington 98119 
Tel: 206-282-2511 TWX; 910-444-2052 

WISCONSIN 
HAMIL TONJAVNET ELECTRONICS 
2975 Moorland Road 
New Berlin, Wisconsin 53151 
Tel: 414-784-4510 

MARSH ELECTRONICS. INC. 
1563 S. 100 Street 
Milwaukee, Wisconsin 53214 
Tel: 414-475-6000 

CANADA 
CAM GARD SUPPLY LTD. 
640 42nd Avenue S.E. 
Calgary, Alberta, T2G 1 Y6, Canada 
TeJ: 403-287-0520 Telex: 03-822811 

CAM GARD SUPPLY LTD. 
10505 111th Street 
Edmonton, Alberta TSH 3E8, Canada 
Tel: 403"'26-1805 Telex: 03-72960 

CAM GARD SUPPLY LTD. 
4910 52nd Street 
Red Deer, Alberti, T4N 2C8, Canada 
Tel: 403-346-2088 

CAM GARO SUPPLY LTD. 
825 Notre Dame Drive 
Ka mlooP8, Britllh Columbia, V2C 5N8, Canada 
Tel: 604-372-3338 

CAM GARD SUPPLY LTD. 
1777 Ellice Avenue 
Winnepeg, Manitoba. R3H OW5, Canada 
Tel: 204-786-8401 Telex: 07-57622 

CAM GARD SUPPL Y L TO. 
Rookwood Avenue 
Fredericton, New Brunswick, E3B 4Y9, Canada 
Tel: 506-455-8891 

CAM GARD SUPPLY L TO. 
15 Mount Royal Blvd. 
Moncton, New Brunswick, E1C aNS, Canada 
Tel: 506-855-2200 

CAM GARD SUPPLY LTD. 
3065 Robie Street 
Halifax, Nova Scotia, B3K 4P6, Canada 
Tel: 902-454-8581 Telex: 01-921528 

CAM GARD SUPPLY L TO. 
1303 Scarth Street 
Regina, Saskatchewan, S4A 2E7, Canada 
Tel: 306-525-1317 Telex: 07-12667 

CAM GARD SUPPLY LTD. 
1501 Ontario Avenue 
Saskatoon, Saskatchewan, S7K lS7, Canada 
Tel: 306-652-6424 Telex; 07-42825 

ELECTRO SONIC INDUSTRIAL SALES 
(TORONTO) LTD. 
1100 Gordon Baker Rd. 
Willowdale. Ontario, M2H 383, Canada 
Tel: 416-494-1666 
Telex: ESSCO TOR 06-22030 

FUTURE ELECTRONICS CORPORATION 
130 Albert Street 
Ottawa, Ontario, K1P 5G4, Canada 
Tel: 613-232-7757 

FUTURE ELECTRONICS CORPORATION 
44 Fasket Drive, Unit 24 
Rexdale, Ontario, M9W 1 K5, Canada 
Tel: 416-677-7820 

FUTURE ELECTRONICS CORPORATION 
5647 Ferrier Street 
Montreal, Quebec, H4P 2K5, Canada 
Tel: 514-735-5775 

HAMILTONIAVNET INTERNATIONAL 
(CANADA} LTD. 
6291 Dorman Rd., Unit 16 
Mississauga, OntariO, L4V 1H2, Canada 
Tel: 416-677-7432 TWX: 610-492-8867 

HAMILTONIAVNET INTERNATIONAL 
(CANADA) LTD. 
1735 Courtwood Crescent 
Ottawa, OntariO, K1Z 5L9, Canada 
Tel: 613-226-1700 

HAMILTONIAVNET INTERNATIONAL 
(CANADA) L TO. 
2670 Paulus Street 
St. Laurent, Quebec, H4S 1 G2, Canada 
Tel: 514-331-6443 TWX; 610-421-3731 

RAE. INDUSTRIAL ELECTRONICS, LTD. 
1629 Main Street 
Vancouver, British Columbia, V6A 2W5, Canada 
Tel: 604-687-2621 TWX: 610-929-3065 
Telex: RAE-VCR 04-54550 

SEMAD ELECTRONICS LTD. 
625 Marshall Ave., Suite 2 
Dorval, Quebec, H9P 1E1, Canada 
Tel: 514-636-4614 TWX: 610-422-3048 

SEMAD ELECTRONICS L TO. 
105 Brisbane Road 
Downsview, Ontario M3J 2K6, Canada 
Tel: 416-635-9880 TWX: 610-492-2510 

SEMAD ELECTRONICS LTD. 
1485 Laperriere Avenue 
Ottawa, Ontario, K1Z 758, Canada 
Tel: 613-722-6571 TWX: 610-562-8966 

12-8 




