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INTRODUCTION

This databook contains data sheets on the SGS-ATES range of bipolar digital silicon
integrated circuits intended for professional applications. To permit ease of consulta-
tion, it has been divided into six main sections: Index, DTL, TTL, HLL, LPDTL and
RTL integrated circuits.

Since the LPDTL and RTL families are not recommended for new designs only a
brief resumé of the available devices has been included. Full data sheets are still
available and will be supplied free on request.

At the beginning of each section, an analytical index of applications refers to the
corresponding pages containing fully characterized data on the appropriate types.
The information on each product has been specially presented in order that the
performance of the product can be readily evaluated within any required equipment
design.

Particular attention has been given to the measurement of the characteristics of
all integrated circuits to ensure that they conform to the Company’s Semiconductor
Users’ Reliability Evaluation programme (SURE).

The SURE programme has been carefully devised so as to be compatible with any
national or international quality assurance programme. It is continuous (performed
on all production batches), repetitive (performed under fixed conditions) and
comprehensive (represents as many military and industrial specifications as possible).
It is emphasised that all products are produced from the same high grade silicon
material and by the same manufacturing processes, the only difference in their
classification being in the number and severity of tests applied and the degree of
information supplied on each test.

OTHER SGS-ATES DATABOOKS

The SGS-ATES range of products includes discrete devices, linear and digital
integrated circuits for both consumer and professional applications. Data sheets on
these devices can be found in the following databooks:

SGS-ATES Professional Databook 1 - Small Signal Discrete Devices
S5GS-ATES Professional Databook 3 - Linear, MOS & COS/MOS ICs
SGS-ATES Consumer Databook - Transistors & ICs

SGS-ATES Power Databook - Discrete Devices
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ALPHA-NUMERICAL INDEX

DTL INTEGRATED CIRCUITS

TTL INTEGRATED CIRCUITS

HLL INTEGRATED CIRCUITS

LPDTL INTEGRATED CIRCUITS

RTL INTEGRATED CIRCUITS




GENERAL ALPHA-NUMERICAL INDEX

Page
type section E. L.
E 300 LPDTL 473 —
E 301 LPDTL 473 —
E 302 LPDTL 473 —
E 303 LPDTL 473 —
E 304 LPDTL 473 —
E 305 LPDTL 473 —
E 306 LPDTL 473 —
H 102 HLL 344 362
H 103 HLL 344 362
H 104 HLL 344 362
H 105 HLL — 395
H 109 HLL 345 363
H110 HLL 346 364
H 111 HLL 346 364
H 112 HLL 397 399
H113 HLL 348 366
H 114 HLL 350 368
H115 HLL 401 403
H 117 HLL 405 413
H118 HLL — 419
H119 HLL — 421
H122 HLL 351 369
H124 HLL 351 369
H 156 HLL 423 427
H 157 HLL 433 —
H 158 HLL —_ —
H 159 HLL — —
H 160 HLL —_ —
H 165 HLL —_ —
H166 HLL —_ -
H 167 HLL —_ —
H 168 HLL —_ —
T100 TTL 84 —
T101 TTL 84 —
T102 TTL 74 —
T103 TTL 74 —

T104  TTL 74 —
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473
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473
380
380
380
395
381
382
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384
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421
387
387
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437
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463
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107
107
100
100
100

type

T105
T 106
T107
T 108
T 109
T110
T112
T115
T1186
T118
T120
T121
T122
T 150
T151
T 152
T 154
T163
T 164
T 165
T167
T 168
T172
T173
T174
T175
T176
T 7400
T 7401
T 7402
T 7403
T 7404
T 7405
T 7406
T 7407
T 7408
T 7409

section

TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL
TTL

Page
E. S.
80 105
80 105
74 100
80 105
78 104
— 113
76 101
80 105
74 100
93 115
89 110
83 110
83 103
121 121
127 127
131 131
— 135
139 139
143 143
— 147
— 151
— 159
— 163
— 167
— 173
—_ 179
— 185
— 194
— 195
— 196
—_— 195
— 194
— 197
— 197
— 233
— 237
— 237



Page Page

type section E. S. type section E. S.
T 7410 TTL — 194 T 74193 TTL — 301
T 7416 TTL — 197 T75107 A TTL — 318
T 7417 TTL — 233 T75108 A  TTL — 318
T 7420 TTL — 194 T 75109 TTL — 321
T 7426 TTL — 24 T 75110 TTL — 321
T 7428 TTL — 243 T75207A  TTL — 313
T 7430 TTL — 194 T75208A  TTL — 313
T 7433 TTL — 243 T75451 A TTL — 329
T 7440 TTL — 198 9093 DTL 32 B2
T 7441A TTL — 210 9094 DTL 32 62
T 7442 TTL — 247 9097 DTL 33 63
T 7443 TTL — 247 9099 DTL 33 63
T 7444 TTL — 247 9900 RTL 477 477
T 7450 TTL — 199 9903 RTL — 477
T 7451 TTL — 199 9904 RTL 477 477
T 7453 TTL — 20 9905 RTL — 477
T 7454 TTL — oo 9907 RTL 477 477
T 7460 TTL — 203 9914 RTL 477 477
T 7472 TTL — 204 9915 RTL 477 477
T 7473 TTL — 206 9926 RTL 477 477
T 7474 TTL — 208 9927 RTL 477 477
T 7475 TTL — 212 9930 DTL 19 49
T 7476 TTL — 206 9932 DTL 24 55
T 7481 TTL — 253 9933 DTL 27 58
T 7483 TTL — 265 9934 DTL — 50
T 7484 TTL — 253 9935 DTL 20 51
T 7486 TTL — 214 9936 DTL 21 52
T 7490 TTL — 216 9944 DTL 25 56
T 7492 TTL — 273 9945 DTL 29 59
T 7493 TTL — 218 9946 DTL 22 53
T 74107 TTL — 206 9948 DTL 29 59
T 74121 TTL — 281 9951 DTL 36 66
T 74122 TTL — 289 9962 DTL 23 54
T 74123 TTL — 289 9974 RTL 477 477
T74157 TTL — 2% E. = Extended temperature range
T 74180 TTL — 220 |. = Intermediate temperature range

T74192 TTL — 301 8. = Standard temperature range






DTL INTEGRATED CIRCUITS




DTL INTEGRATED CIRCUITS

DTL 930 SERIES

Extended temperature range Page 9
Standard temperature range a4
Page
GATES E. S.
9930 19 49
9932 24 55
9933 27 58
9934 — 50
9935 20 51
9936 21 52
9944 25 56
9946 22 53
9962 23 54
Page
FLIP-FLOPS E. S.
9093 32 62
9094 32 62
9097 33 63
9099 33 63
9945 29 59
9948 29 59
Page
OTHER FUNCTIONS E. S.
9951 Monostable 36 66

E. = Extended temperature range
S. = Standard temperature range



SILICON PLANAR DIGITAL INTEGRATED CIRCUITS

DTL

EXTENDED TEMPERATURE RANGE - 55°C+ 125°C

@ Compatible with TTL and LPDTL products

@ Noise Immunity 1V

@ Output drive capability of 10

@ Power dissipation 8.5 mW per gate

@ Fan-in expansion capability

o Wired-OR capability

@ Same pin configuration as the corresponding
TTL and LPDTL products

ORDERING NUMBER

UBA XXXX51X

(for Dual in-Line Package, XXXX is type number})
U3l XXXX51X

(for Flat Package, XXXX is type number)

diode-transistor
logic family

The SGS Diode-Transistor Logic {DTL) Family consists of a set of
compatible integrated circuits designed for medium power, medium
speed applications.

The circuits are fabricated within a silicon monolithic substrate
using the standard Planar epitaxial process.

DTL elements are available in two hermetically sealed ceramic
packages : the Dual in-Line Package {BA} designed for low cost
insertion, and the 14 leads flat package (31) for maximum com-
ponent density.

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)

Supply voltage (V). continuous 8v
Supply voltage {V¢C), pulsed < 1 sec 12v
QOutput current, into outputs
DTL 9932- 9944 100 mA
Other elements 30 mA
Input forward current -10 mA
Input reverse current 1 mA

-55°C to 125°C

Temperature {ambient} under bias
- 65°C to 160°C

Storage temperature

OPERATING CONDITIONS

Temperature range
Supply voltage

-559C to 125°C
5V + 109

PHYSICAL DIMENSIONS

Dual-In-Line ceramlc packago

PHYSICAL DIMENSIONS

Flat caramic package

6.6 6.1
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Diode-Transistor Logic Family DTL

INPUT-OUTPUT LOAD/DRIVE FACTORS

./
@ O P “ce
0.66 CJ =iy
0.66 1 1 066
1s O [ 0.6t
v O [ s
10 O [ 10
ano O [ 0
9093
NS
= Vee
1 11
[ = = iy}
g = m]
1 31
10 ] =
[cia] s 110
9930
A4
b
: O -]
0.66 ﬂ: 0.66
0.66 O] [ 060
2 O [ 2
0 O wi
one -

9945

* Sew Miscellareous Rules for 8944

MISCELLANEOUS RULES

[e1]s} wm

| g—
1

=

gy =

-
25

hod NS
1ee CH— ] D ... 30 =]
.66 [ [ 166 0.66 O L:I
266 — [ 066 0.6 (O -
15 O} M 066 L5 CT 5 =]
v O [ s 9+ O =a m}
L M o s O— =]
= ano O m
9094 9097
\J =\
[ .o [
[ [ - ]
=} 1 g -l
=] O m]
[ 1 d m]
= [ m]
-py GNDE1 =)
9932/9944 9933
A4
b Vee ]
@ @: ! 166 O -]
[ 0.66 T ﬁj
i - [0 0.66 -]
o 1 : O] m
=B 9 O ]
U GND -
9946 9948
-
g [ ¢
1 O =
1 O bm
1 1
10 3
10 g mpl
M= :lio
8962

cc

0.6
0.66

EXTENDED TEMPERATURE RANGE

———
+ O [ Vce
0.66 O 3
0.66 O [ 0.t
= i m
o O [ 15
o g— mRy
GND d [ 10
9099
S
40 gk
O mR
1O [Cho
30 JF
1 [To
100 m]
[s] == @:::Im
9935/6
—
10 O [Jvee
[ ]
22 O d =]
22 O '.H Wiy =|
(= %:
0 O -}
anoC m]

9951

The number of elements driven by an output terminal may consist of any combination of elements whose sum of input load factors does not
exceed the output drive factor.
An externel resistor should be used with 3944. With an external resistor R the following output drive factors will be obtained :

DIVIDD

Drive Factor = 26
Drive Factor = 25
Drive Factor = 23
Drive Factor = 20




Diode -Transistor Logic Family DTL

EXTENDED TEMPERATURE RANGE

For increased output drive, the inputs and outputs of 1/2 DTL 9944 may be paralleled, up 10 4 common outputs. For 4 paralleled elements:

each combined input, load factor = 4
each combined output, drive factor = 100 (R = 2 K())

"WIRED OR” CONNECTION
1. Outputs of DTL gates may be tied together for the “wired GR" function
{ABCD - GHIJ = ABCD + GHIJ}. Subtract, for each added gate, 0.83 unit load from output drive factor.

2. Outputs of DTL 9932 may not be tied together for the "wired OR" function,

"WIRED OR” Examples :

:

49930 and
1 2 x % 994p

4 x % DTL 9946

Card L

Driven
L/ Elements

>

§ ),_Ea_ 9.17 Card N L
=>— —ma

TL 9930 WIRED OR

1
1
1
1
1
i
1
D

Each output driver is 1/2 DTL 9944, Note that the DTL 9944 is a
direct high fan-out replacement for DTL 9930, except that an external
resistor must be used. The F.O. will be the same as one 1/2 DTL 9944
buffer used with that resistor.




Diode -Transistor Logic Family DTL

EXTENDED TEMPERATURE RANGE
DELAY TIME PERFORMANCE INTO CAPACITIVE LOADS

Most delay attributable to capacitive loads is associated with the positive going output. Two R-C time constants are seen in the positive going out-
3.75 K
active fanout
Above the threshold which occurs at about 1.4 10 1.5 volts at 25°C, the R of the 2nd R C time constant is & k(2 and 1he rate of the: voltage rise
above threshold is slow. The logic signal propagates through at the threshold level, so voltage rise above threshold does not affect speed. By noting
that both rise domains drive 1oward V¢, the voitage rise waveform may be calculated. DTL gate inputs are ~ 2 pf per input for active or inactive

fanout; the remaining capacitance is from board, wiring, and coennectors.

put.!n the 1st time period, from the saturated low level to threshold, the R of the RC time constant can be given by 6K{2in parallel with

AVERAGE PROPAGATION DELAY VS, AVERAGE PROPAGATION DELAY vs.
TEMPERATURE (TEST CONDITION A) TEMPERATURE (TEST CONDITION B)
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= 7 s S0 I I
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FIG. 1 FIG. 2

TEST CONDITIONS FOR FIG. 1 AND 2

= MKz

P = 720 nsec.
o o
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Diode -Transistor Logic Family DTL

£+ TENDED TEMPERATURE RANGE

tphd CURVES VERSUS OUTPUT CAPACITANCE (TA = 25°C unless otherwise noted)

TYPICAL tpg OF GATES

tpq- VERSUS CAPACITANCE tpd+ VERSUS CAPACITANCE
VERSUS CAPACITANCE (9932 - 9944) (9944)
100 0 200
T L T
s hreshold = L5V 1500 < R <5100 | Vee =5V
80 Yee =Y Ve 3V 160 /
/,1(“(\ Q
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2 ]
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— [ ted]
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; » | : [T 1]
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tod+ VERSUS CAPACITANCE tpg, VERSUS CAPACITANCE (p4. VERSUS CAPACITANCE
(9932 (9945 - 9948) (9945 - 9948)
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T I 0 ML E— 100 ——— T
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R= 5100 i R=2700)
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7 200 } — 4_ 80
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Diode -Transistor Logic Family DTL

TEST CIRCUITS

GATES

Pulse In

All diodes BAY 74 or equivalenl

£XTENDED TEMPERATURE RANGE

Vee
FLIP - FLOPS v
Vee cc
20 Vour
Sl Py
R Ll R
ld
-
Pulse In
c
I

All diodes BAY 74 or equivalent

GND

POWER DISSIPATION CURVES (Ta = 25°

AVERAGE POWER DRAIN vS,
TEMPERATURE (TYPICAL EACH GATE)

unless otherwise noted}

POYER DISSIPATION
VS. SUPPLY YOLTAGE
(9945 - 9948)

POWER DISSIPATION
PER SIDE V5. SUPPLY YOLTAGE
(CUTPUT NOT LOADED) (9932 - 9944)

1 125 T 100 T T —
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Y . . .
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Diode -Transistor Logic Family DTL

Vee - SUPPLY VOLTAGE - v

IS

NOISE IMMUNITY

There are two types of noise immunity which can be guaranteed : Signal

Noise Immunity or Ground Noise immunity.

(A) Signal noise immunity

or

where

IviL - voul
[VOH - ViH | = VNC

= VNs

ViL = Maximum Low Input Voltage that guarantees VO

VoL = Maximum Low Output Voltage
Vi4 = Minimum High Input Voltage that guarantees Vo
VoH = Minimum High Output Voltage

(B} Ground noise immunity, VNG. The worst case noise immunity for
diode-transistor togic circuits is usually ground noise VNG.

Note that some curves show two values of VC( at given temperature for
the same noise immunity. The upper VC(C corresponds to noise immu-
nity such that VN & VNS & VNG & VIL - VOL. The driving device

is hard in saturation and VNG simply adds to VgL. The

lower Vcc

carresponds to soft saturation where VNG tends to turn off the drive
gate. There is voltage gain therefore between VNG and the output node
and VNG is significantly less than V|| - VQL.

Each of the curves on this page shows VN, the worst case of VNG and

VNS.

As an example the curves for fan-out of 7 show a worst case VN = VNG
of 200 mV at Vgc = 4 V and -55°C. This, however, corresponds to a

worst case signal noise immunity of V|

same fan-out, temperature, and V¢ (.

SUPPLY YOLTAGE VS.

TEMPERATURE FOR CONSTANT YALUES

VoL

500 mV for the

SUPPLY VOLTA

GE VS.

TEMPERATURE FOR CONSTANT VALUES

OF WORST CASE NOISE IMMUNITY OF WORST CASE NOISE IMMUNITY
10
9 \
FAN-OUT =5 \ 500V 8 [FAN-OUT =7 AN
700mY\ N\ > 7 500mv\
| n=%0mv \ \ w oo Va9 50 mv¥ \
L N AN
é 5
1y ——— N \
e
= PR )
\ ~——] 2, \ =
500mv J\l: S [s00mv.
300 mY “N > [300my.
100 mY ————— womv— |
0 ——— 5 0
55 [ 125 55 25 125

TEMPERATURE - C

TEMPERATURE - o

15

EXTENDED TEMPERATURE RANGE

TEST CIRCUIT

Vee » SUPPLY VOLTAGE - V

Vee - SUPPLY VOLTAGE - v

® o

-

SUPPLY VOLTAGE VS.
TEMPERATURE FOR CONSTANT VALVES
OF WORST CASE NOISE IMMUNITY

FAN-OUT =3

TEMPERATURE - °C

SUPPLY YOLTAGE VS.
TEMPERATURE FOR CONSTANT YALUES
OF WORST CASE NOISE IMMUNITY

| FAN-OUT = 10

vy = 900 my 300 mV|

M

560mv

N\

7
Wi

TEMPERATURE - °C



Diode -Transistor Logic Family DTL

MINIMUM - MAXIMUM DC GURVES, If VS. Vog & Vi

GATES AND BUFFERS
IF VS. VCC AND VE

GATES AND

BUFFERS

I VS. Ve AND Vg

EXTENDED TEMPERATUF

RAN. &

2 2 TEST CIRCUIT
‘ T T T i | ‘
| TEST POINT R TEST POINT
T, = -55°C & 25°C -~ cc
15 1A L5 a °
| [P —
. -
< “\/% < o
E o1 -~ g
! ~ [ o
w - =
L OIS
|
0.5 i | 0.5 v
eV =04V l
0 J 0
35 4.5 5 5.5 6 3 35 4 4.5 5 55 6
Vee -V Vee ¥
FIG. 1 FIG. 2 FIG. 3
OUTPUT LOW CURRENT VS. V¢ & Vg FOR GATES
toL V8- Ve loL V5. Ve oL ¥S- VoL & Vec
30 20 I 30
VoL =04 ‘
2.5 25 4 2.5
< < TYPICAL <
€ E E
.15 C1s .15
] — )
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K » K
‘ I
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//mﬁ\qum ‘ [ !
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0 ‘ J ’ L | 0 | 0 /
3 4 5 3 2 3 4 5 6 0.1
YooV ooV
FIG. 4 FIG. 5
BUFFERS GATES INPUT THRESHOLD VS. TEMPERATURE
GATES BUFFERS
3 3
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e L] veo
H 2 |
s N 7 \ ot
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e \ S 2 \ vy TYPICAL
o o
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1\“_ TYPICAL \ ) i TYPICAT]
] \L
I
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0 0
55 % 125 55 25 125

Tp - AMBIENT TEMPERATURE - °C
FIG.7

TA - AMBIENT TEMPERATURE - °C

FIG.

8

FIG. 9
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Diode -Transistor Logic Family DTL

EXTENDED TEMPERATUAE RANGE

OUTPUT CURRENT VS. OUTPUT VOLTAGE FOR GATES

OQUTPUT CURRENT ¥S. QUTPUT
YOLTAGE FOR GATES

2 \ TEST CIRCUIT
1 Tsc TEST POINT ce
.5 }
A ! lout
N —
' 1 ; | ¢
[ t HE
2 ! { MAXIMUM al Voo = 5.7
- [ N
MINIMUM al v =4 5V
S,

N
) Vou TEST POINT

0 LI N

z 4 3

Vout - Vv

EXAMPLES OF USES FOR THE MINIMUM-MAXIMUM DC CURVES (Page 136}

EXAMPLE 1.
A low DTL 9930 output at -55°C fans out to 8 inputs of DTL 9930 or Vee
9932 Ve = 5 V. Positive DC ground noise {VNG) of 350 mV is applied

to the 1st 9930. Its output may thus rise to 0.75 Voit (VNG + VOL). J’ —D

4.65 Volts (Vee - VNG) remain from Ve pin to ground pin; this is

above VgL = 4.5 V, and test Ig| is conservative. Maximum current

flowing in each input of the 8 9930/9932's is given by Fig. 1 on Page 136 O—ED)__D) 8 OTL 9930 or
with VE = 0.75 V and V¢C = 5V : the current {IF) is less than 1.25 mA OTL 9932 GATES
and total current (< 8 x 1.25 = 10 mA) is less than the IQL test current t

used at -55°C to saturate the low output. l___DD

Above the 350 mV of VNG already applied, the difference between the _J:_

common node voltage (< 0.75 V} and the low input threshold - VNG

{VIL = 1.40 V) of the 8 9930/9932’s is still = 350 mV, allowing for
signal noise to be superposed above ground noise.

EXAMPLE 2.

The If and IQL curves on Page 136 may be expressed in analytical form,as
follows

< YCC-VF - VFD 1, . gs0¢
3k
For Tp greater than 25°C, the 3 k{Q rises by 0.12%/°C to approximately 3.36 k{ at 125°C. VEp is the temperature dependent silicon forward
diode drop and is about 0.7 V at 25°C and ! mA . .Ygp/°C s rouahly 1.8 mV/°C.
The ratio of Q| , on gates {figs. 4,5, and 6 at page 136 }at Ve belo - test VcC, to 1L at test VCC can be given by

IF

loL @ -5s°C N Vee-3V and by loL @ 25°C N Vee-23V
Testig @ Voo =45V~ 45V-3V Test gL @ VoL =45V 45V-23V

Sinca, at 25°C, gL > 12 mA at VgL = 4.5 is guaranteed by the test point fig. 4 page 136 QL at V¢ pin to GND pin voltage of 3.6 V
is 3.6-2.3 —
2523 12 mA = 7.1 mA,
The similar expression for the 9932 power gate gives a very conservative vatue due to the phase splitter gain. Abc.e V), 1oL is limited by VoL
with an essentially resistive (V| saturation resistance slope). Fig. 6 at 125°C shows this, with V¢ having relatively small effect.
oL
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Diode -Transistor Logic Family DTL

EXTENOEO TEMPERATURE RANGE

EXAMPLE 3.

The test sequences and tables of conditionsand  limits use two values of V¢, VgL and VecH. With a nominal 5 volts VCc.for example, and
assuming _VcC = + 0.2V, testingat Vgg = 4.5 Vand VocH = 5.5 V allows simulation of + 0.3V ground noise VNG or VC( line noise VNG. Since
there is gain associated with VNG, particularly at lower temperatures and V¢ values : ihe test guarantees of output low current and voltage are the
worst case test conditions o simulate worst case ground noise. Much better numbers could be shown, for example, in the ratio of output current
to input current (I /IF) if both Ig and IF were measured at identical V¢ values and if input current was sunk into VF = V|, the worst case
low output level, or even into VF = V||, the input threshold value. However, the test values would then guarantee only signal line noise immunity,
where there is no gain associated with VNg. By use of the Minimum/Maximum DC curves on Page 95 or by the Example 2 equations, limits for the
single VC( testing approach could be recovered. More important, éach design or components engineer can develop tha fanout, power, and noise
margin tradeoffs for this unique application.

lVNG
Veg PIN TO

ELEMENT GND PIN
VOLTAGE

TVNG
GND




Dual 4-Input Extendable Gate 9930

EXT.

CONNECTION DIAGRAM

{top view)

A vee
1] [J1a
= = J§)
1] 112
L} == [J11EXT.
5 =l
6 C] w i
g =i
GN

SCHEMATIC DIAGRAM
{one gate only)

ELECTRICAL CHARACTERISTICS (Vcc =5V +10%)

EXTENOEO TEMPERATURE RANGE

LOGIC FUNCTION

= >
=J >

POSITIVE E=A-B-C-D
{NAND)
LOGIC

NEGATIVE E=A+B+C+D
{NOR)
LOGIC

LIMITS
SYMBOL CHARACTERISTICS -65°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max. |Min. Typ. Max. |Min. Max.

VoH Output High Voltage 25 26 25 \ Ve =45V, IgH=-0.18mA
one input at V|| (see below}

VoL Output Low Voltage 04 0.4 04 \ Vee =45V loL =12 mA
inputs at V|H (see balow)
Ve =55V, IgL = 15 mA
all inputsat VR =55V

ViH Input High Voltage 2.1 1.9 1.7 A Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 14 11 08 A Guaranteed input low threshold
for all inputs

s Input Load Current 1.5 15 14| mA Vec =55V VE=04V
on other inputs VR = 4 V

'R Input Leakage Current 2 2 5 LA Vee=55V VR=4V
ground on other inputs

Isc Qutput Short Circuit Current -0.68 -1.33(-0.68 -1.33] -0.59 -1.33] mA Ve = 5.5 V ona input grounded
output grounded

1PD Power Dissipation Current 3.25 .mA Ve =5V inputs open

{each gate)

tod * Turn-off delay 25 80 nsec Vee=5V
see test circuit

Tpd = Turn-on delay 10 30 nsec
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Extendable Hex Inverter 9935

EXTENDED TEMPERATURL RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGKAM LOGIC FUNCTION
{top view} {one gate only)

— \J Vee
10 [,
2 = =
3 [ A A=E
< @:n
> e
¢d wi
0 mi
GND
—
ELECTRICAL CHARACTERISTICS (Vgc=5V +10%)
LIMITS
SYMBOL CHARACTERISTICS -B5°C 25°C 1250 UNIT CONDITIONS AND COMMENTS
Min.  Max. | Min. Typ. fiax. [ Min. tiax.
VOH Qutput High Voltage 25 2.6 25 \ Vec=45V, Igy=-0.18mA

one input at V|| (see below)

VoL Output Low Voltege 0.4 0.4 0.4 \% Vee=45V gL =12mA
inputs at V| {see below)
Vee=55V, IgL=15mA
allinputsat VR =55V

ViH Input High Voitage 2.1 19 1.7 \% Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 1.4 1.1 08 \Y Guaranteed input low threshold
for all inputs

IF Input Load Current -15 -15 1.4 mA Vee =55V VE=04V
on other inputs VR = 4V
Isc Qutput Short Circuit Current 068 -1.33 |-0.68 -1.33|-0.60 -1.33| mA Vee =55V one input grounded
output grounded
IPD Power Dissipation Current 3.25 mA Vce =5V inputs open
(each gate)
lpd + Turn - off delay 25 <0 nsec Vee=5V

see test circuit

tod - Turn - on delay 10 40 nsec

NOTE : BAY-74 Diode must be connected to each gate .uhen testing this element.
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Hex Inverter 9936

EXTENDED TEMPERATURE RAN"E

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
(top view) {one gate only)

LOGIC FUNCTION

— ]

: @ Q'j::;

30 12 A E A=E
4[:@ @:11

s o

¢ O mE

g . -

GND

ELECTRICAL CHARACTERISTICS (Vcc =5V +10%)

LIMITS

SYMBOL CHARACTERISTICS -65°C 25°C 125°C UNIT CONDITIONS AND COMMENTS

Min.  Max.|Min. Typ. Max. [Min. Max.

VOH Output High Voltage 25 26 25 Y Vee =45V, lgH=-0.18mA
one input at V||_ {see below}

VoL Output Low ‘/oltage 0.4’ 0.4 04 v Vec=45V oL = 12 mA
inputs at Vi {see below}

Vee = 5.8V, lgL =15mA

all inputs at VR =55V

VIH ‘| Input High Voltage 21 1.9 1.7 v Guaranteed input high threshoid
for all inputs

ViL Input Low Voltage 1.4 1.1 0.8 Y Guaranteed input low threshold
for all inputs

I Input Load Current -1.5 -15 -1.4 mA vVee=55V VE=04V
on other inputs VR =4 V

IR Input Leakage Current 2 2 5 A Ve =55V VR=4V
ground on other inputs

Isc Output Short Circuit Current 0.68 -1.33]-0.68 -1.33| -0.59 -1.33] mA Vce = 5.5V one input grounded
output grounded

lpp Power Dissipation Current 3.25 mA Ve =5V inputsopen

{each gate)
tod * Turn-off delay 25 80 nsec Veg=5V

see test circuit
g - Turn-on delay 10 30 nsec
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Quadruple 2-Input Gate 9946

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
{top view) (one gate only)
LOGIC FUNCTION
Vee
175KQ T
v o — A
\J cc B :D—E
b = 314 2K KQ
2 Lju A
a= = i s = >—*F
1 = I} POSITIVE E=A.B
= o e
‘ 1]
B o—j¢—- 5KQ
NEGATIVE E=A+8B
- =
L
aND 7 F] 8
ELECTRICAL CHARACTERISTICS (Vec=5V +10%}
LIMITS
SYMBOL CHARACTERISTICS -65°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min. Max. [Min. Typ. Max. |Min. Max.
VOH Output High Voltage 25 28 25 \ Vee=45V, IgH=-0.18 mA

one input at Vy_ (see below)

VoL Output Low Voltage 0.4 0.4 04 A Vee=45V IpL =12 mA
inputs at V| (see below)

Vce =55V, lgL = 15mA

all inputs at VR =55V

VIH Input High Voltage 21 19 1.7 \ Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 1.4 1.1 08 \ Guaranteed input low. threshold
for all inputs

g Input Loed Current : -1.5 -1.5 14| mA Vec =556V VE=04V
on other inputs VR =4 V

IR Input Leakage Current 2 2 5 LA Vee=55V VR=4V
ground on other inputs

Isc Qutput Short Circuit Current 0.68 -1.33/ -0.68 -1.33| -0.69 -1.33| mA Vee = 5.5V one input grounded
output grounded

1PD Power Dissipation Current 3.25 mA Ve =5V inputs open

{each gate)
tpd + Turn-oft delay 25 80 nsec Vee=56V

see test circuit
tod - Turn on delay 10 30 nsec
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Triple 3-Input Gate 9962

CONNECTION DIAGRAM

SCHEMATIC DIAGRAM

EXTENDED TEMPERATURE RANGE

(top view) {one gate only)
LOGIC FUNCTION
L75KQ
. ° A
\J Vee - oVee c 5 >} £
8
= P“ 2KQ h oK
2O 113 A
C E
flm [ A —0E B %
] [
s g = POSITIVE
8 (NANO? E=A-B-C
= o 5KQ LOGIC
1 =] NEGATIVE o
c (NOR) E=A1B¢+C
GNo| s LOGIC
== GND
ELECTRICAL CHARACTERISTICS (Vcc =5V +10%)
LIMITS
SYMBOL CHARACTERISTICS -550C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max. [Min. Typ. Max. [Min, Max.
VOH Qutput High Voltage 25 2.6 25 v Vec=45V, IlogH=-0.18mA
one input at V|| {see below)
Vou Output Low Voltage 0.4 04 0.4 v Vee =45V loL =12 mA
inputs at V|H (see below)
Vee=5.5V, IgL = 15mA
all inputsat VR =55V
ViH Input High Voltage 21 1.9 1.7 v Guaranteed input high threshold
for all inputs
ViL Input tow Voliage 1.4 11 08 \% Guaranteed input low threshold
for all inputs
IE Input toad Current 1.5 15 14 | mA Vee =55V VE=04V
on other inputs VR =4V
IR Input teakage Current 2 2 5 pA Vee =55V VR=4V
ground on other inputs
Isc QOutput Short Cjrcuit Clrrent 0.68 -1.33(-0.68 -1.33| -0.89 -1.33| mA Vce = 5.5V one input grounded
output grounded
PD Power Dissipation Current 3.25 mA Vee =5V inputs open
{each gate)
g+ Turn-off delay 25 80 nsec Vee=56V
see test circuit
tpd - Turn-on delay 10 30 nsec
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Dual 4-Input Extendable Buffer 9932

CONNECTION DIAGRAM

{top view}
—\J
Vee
Ly = (31
2 113
EXT. 3 (22
R = J11 EXT. 2.75KQ)
sq (1
o 3 [ 9 A
g o= =
8 o—j¢—o
GND
X O—y
C O—K-—l

SCHEMATIC DIAGRAM
{one gate only)

Vee

ELECTRICAL CHARACTERISTICS (Ve =5V + 10%}

EXTENDED TEMPERATURE RANGE

LOGIC FUNCTION

POSITIVE E=A-B-C-D
(NAND)
LOGIC

NEGATIVE E = A+B+C+D
(NDR)
LOGIC

LIMITS
SYMBOL CHARACTERISTICS 55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max. | Min. Typ. Max. |Min. Max.

VOoH Output High Voltage 25 2.6 25 v Vec=45V loH =-2@-65°C,
inputs =-25€25°C
at VL =-4@125°C
{see below)

VoL Output Low Voliage 04 0.4 04 v Vec=45V  1gL=36mA
inputs at Vi {see below}
Vcc=55bV IgL=375mA
all inputsat 5.5 V

VIH Input High Voltage 21 1.9 17 \ Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 1.4 i 0.8 \ Guaranteed input low threshold for
all inputs

IF Input Load Current -15 1.5 1.4 mA Ve =556V VE=04V
on other inputs VR =4 V

IR Input Leakage Current 2 2 5 HA Vecc=55V VR=4V
ground on other inputs

Isc Output Short Circuit Current 16 18 16 mA Vee = 5.5V one input grounded,
output grounded

IpD Power Dissipation Current 13.3 mA Ve =5V inputs open

{each gate)

tpd + Turn-off delay 25 80 nsec | VCC =5V see test circuit

tpd - Turn - on delay 15 40 nsec | VCCc =5V see test circuit




Dual 4-Input Extendable Buffer 9944

EXTENDED TEMPERATURE RAN ;E

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
{top view) {one gate only)
v LOGIC FUNCTION
cC
NS A
' 1 8500 °
20 113
A
EXT.3 =) 8 % E
g [J11 EXT. D
= e POSITIVE E=A-B-C-D
5 wfl) (NAND)
:i LOGIC
7 -
1 ¢ E NEGATIVE E = A+B+C+D
GND (NOR)
LOGIC
63000
ELECTRICAL CHARACTERISTICS (Vcc=5V +10%)
LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT | CONDITIONS AND COMMENTS
Min, Max. [Min. Typ. Max. [Min. Max.
VoL Output Low Voltage 0.4 0.4 0.4 \Z Ve =45V gL =36 mA
inputs at V|4 (see below)
Vee =55V gL =40.5mA
all inputs at VR =5.26 V
VIH Input High Voltage 21 19 1.7 \Z Guaranteed input high threshold
for all inputs
viL Input Low Voltage 1.4 1.1 0.8 \ Guaranteed input low threshold
for ali inputs
IF Input Load Current -15 -1.5 -1.4 mA Vee=55V VE=04V
on other inputs VR = 4V
R Input Leakage Current 2 2 5 pA Vee =55V VR=4V
Ground on other inputs
ICEX Output Leakage Current 50 100 200 HA Ve = 4.5V one input grounded,
output at Ve
Ipp Power Dissipation Current
{each gate} 10 mA Vce =5V inputs open
tpd + Turn - off delay 15 50 nsec Vee=5V
see test circuits
tpd - Turn - on delay 10 3B nsec




Dual 4-Input Extendable Buffers 9932-0944

MINIMUM - MAXIMUM AND TYPICAL DC CURVES

POWER DISSIPATION

EXTENDED TEMPERATURE RANGE

OUTPUT LOW
OUTPUT CURRENT PER SIDE VS. SUPPLY VOL TAGE CURRENT VS. OUTPUT VOLTAGE
WITH INPUTS LOW (9932) (DUTPUT NOT LOADEO) (9932, 9944) (9932)
25
| /P
Y |1 L] =
T =
£ g K
~ . =z
= z w
w o I3
& N 5 e
2 ‘SC min a o
W y = P
[ TEST POINT a qqu—.acﬁ 3
=] o
a0 Veg =55V = =
3 = 1 e
s Yoo = 45V g R MORE INPUTS|LOW S
- C o
S 5| _TESTPOINT . >
o
< v =L o E
_(-IDH) (VOHJ
ol L 1
0 1 3 3 7 5 o 7 9.2 0.2 0.6 .8
VOUT -OUTPUT VOLTAGE - v VCC' SUPPLY VOLTAGE - V VOL-OUTFUT VOLTAGE - V
OUTPUT LOW OUTPUT LOW
CURRENT VS. SUPPLY VOLTAGE CURRENT VS. (g%!)’UT VOLTAGE
(9932
0 160
U 1 \ \
VOL < 0 « F | |
g% £ T, = 125C
. =120 P
z 3 ! S
i @ o Ky
& x <&
o > <
g » - S
80 g :
=] B, S K- RS
5 & 5 ; NR A
T . &
Z x < g I
E < 5 RPN ’
< —Y e @ T /: TEST POINT
o 10 FOR DTL 9944 ADD i [ “\“\m
- % 4mA TO CURVES © i W
. FOR SAME Voo NS ‘ [
2 3 1 5 0.2 0.4 0.6 0.8

Ve~ SUPPLY VOLTAGE - V

MISCELLANEOUS APPLICATIONS
LAMP DRIVING

SUGGESTED RATINGS DIP FLAT
Power Dissipation 400 mW | 240 mw
Max Hot Lamp Current one side only ON | 120 mA 100 mA
Max Hot Lamp Current both sides ON 90 mA 75 mA

VoL - GUTPUT VOLTAGE - v

5V<Vpe < 6.3V

B+
GND 5V. 100 mA Lamp.
4 DTL 9932 or equivalenl
or 9944

"Cold" lamp current is limited by saturation resistance, emitter resistance, and base current to about 200 to 250 mA. Most significant thermal time

constants for 9932 and 9944 : DIP 50 msec Flat 100 msec.

Thermal time constant is measured by forward diode drop in one gate with power pulsed into opposite gate.

INTERFACING

B + up to 12 voits. Line Receiver may have nominal low level of 1 volt;
nominal threshold &: 4 V and nominal high level 8 V, for example. Resistor
selected should be as low as possible consistent with required low input
level of receiver, number of receivers, and power dissipation of system

For guaranteed operation in both applications the use of selected units

is desirable. Operation as a lamp driver requires high gain units, and tor
interfacing high voltage units may ba required.
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Dual 4-Input Extender 9933

CONNECTION DIAGRAM

SCHEMATIC DIAGRAM

EXTENOED TEMPERATURE RANGE

(top view)
LOGIC FUNCTION
S~ % 9930 or 9932
1] =pt A o—i— 1 A
8 E
0 m}t s | ¢ ; S
3 m Y NODE
o mpl X O— ':--1.-—{‘,; —0 y ﬁ XorY
I rl
(= = ¢ o—ig— i —Pp—o % 9933
1
= m K] :
o—Iid¢ G S
707 =g 0 | > POS.LOGIC E=A-B-C-D-G-H-1-J
h
GND - S
NEG.LOGIC E =A+B+C+D+G+H+1+J
ELECTRICAL CHARACTERISTICS
LIMITS
SYMBOL CHARACTERISTICS -B5°C 25°C 125° UNIT | CONDITIONS AND COMMENTS
Min Max. | Min.  Typ. Max.|Min Max
VFD Forward Drop Voltags 0.84 098 | 0.70 0.82| 0.48 0.62 Y IFD =2 mA applied to
output, input grounded
[ Reversa Current 2 2 5 pA VR =4V, ground on
other inputs
IR Output Reverse Current 10 10 25 HA | VR =4V on output
FORWARD YOLTAGE
VS, FORWARD CURRENT
10
8
<
E
T 6
i
FAN-IN EXTENSION g
E
DTL 8933 elements may be used to extend fan-in capability to more C o8
than 20 without adversely affecting the noise immunity or load driving ; / / TEST|
z POINT|

capability of the element ta which they are connected.
Good practice dictates that extension interconnection paths be as short
as possible to minimize the effects of distributed capacitance on circuit
pertormance. The effects of capacitencs are summarized on the back
page. Typical input capacitance of DTL 9933 is 2 pF and output capaci-

tance is 5 pF.
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Dual 4-Input Extender 9933

TYPICAL CURVES TO SHOW THE EFFECTS OF EXTENDER PIN
CAPACITANCE ON NOISE THRESHOLD OF DTL 9930 DUAL GATE

PULSED GROUND NOISE
THRESHOLD AS A FUNCTION
OF EXTENOER PIN

PULSED SIGNAL LINE NOISE
THRESHOLD AS A FUNCTION
OF EXTENOER PIN

, CAPACITANCE . CAPACITANCE
t, =lnsec L = Insec
. .
Vi = . =
Ns =0 o Vig =°
) 23
AR %
w
2l I =~ ow
22 \ . 2% c=1
$ =3
25, N 522 o
g3 Com g3
Eg PF g
i Comp,e| ] 8L C=50pF
u 4 -
£gos ~ 2F!
> e
HF
‘ w C =200pF
0 0
a F) @ 0 80 0 » » 60 80

PULSE WIDTH - nsec

PULSE WIDTH - nsec

°RESET

EXTENDED TEMPERATURE AANGE

TEST CIRCUIT

TYPICAL CURVES TO SHOW THE EFFECTS OF EXTENDER PIN CAPACITANCE (Using DTL 9933)
ON TIME DELAY OF DTL 9930 DUAL GATE AND DTL 9932 DUAL BUFFER

160

120

9930 s,

@
S

OELAY TIME - nsec,
S

PULSE INr

GND

9930 tpds VS. 4. ¥S.
EXTENDER PIN CAPACITANCE EXTENDER PIN CAPACITANCE
160
] T - T
C, = 30 pF C, =30 pF
R = 4000
120
o
]
2
y ? 80
[ R=5KQ Voo =5V [ z
I I ! S o
b =
w NeC
[ [ 2 40 Z
R = 4000 Ve =5V
+—— .
( r tod. at R = 5KI is s!lqh“yl lawer
20 40 60 80 0 20 0 60 80
Cy- CAPACITANCE - pF C)- CAPACITANCE - pF
TEST CIRCUIT
WAVEFORMS
% 9930 pr 9932

I3
s

DELAY TIME - nsec.
=3
3

w
=3

9932 TIME DELAY VS.

EXTENDER PIN CAPACITANCE

[ <

|

LSV

Vout

GND

Cy represents the sum of the DTL 933 Dual Extencer Element oulput capaciiances [ ~ 5 pF per output) and associnted board, connectar and wiring capaditances.

25 50 75 1
Cy - CAPACITANCE - pF



Clocked Flip-Flops 9945 ~-9948

EXTENDED TEMPERATURE RARE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
{top view)
Yee
o/
1] [ 1ave,
¢, 2] 13
s) 3 [ 12¢,;
s, ¢ B e,
s 0,
2 6 [ 92
GND 7 [] =i

NOTE: The DTL 9945 incorporates the standard 6k output
pull-up resistor, while the DTL 9948 features a 2k ) output
pull-up resistor for improved switching times, thus reducing
however the drive capability.

Note :
DTL 9945 R{ = 6k{}) y | it 4
DTL9948- R1 = 2

LOGIC FUNCTION

Synchronous Entry Asynchronous Entry J - K Mode Truth Tabie
Inputs Outputs Inputs Outputs Inputs Outputs
tn th+1 tn th+ 1
S1 Sz Co Cq Q Cp Sp Q Q S Cq Q Q
L X L X NC H H NC NC L H L
L X X L NC H L H H L H L
X L L X | NC L H L H H H Qn Qn
X L X L NC L L H H L L Qn Qn
L X H H L
X L H H L For J - K Mode Operation :
H H L X H Connected 4 to 9and 11 to 6.
H H X L H
H H H H | Undeter-
mined
NOTES :

1) Abbreviation used in the body of tables :

L low, the more negative voltage level
H high, the more positive voltage levet (In all cases, unused pins have the same effect as high).
X immaterial, either H or L has equal effect

NC = no chenge , the clock pulse has no effect on outputs
Qp = outputs state at time tg

2} The LsymbolintheS andCinput column is defined as meaning that the input does not go high at any time while the clock is high . The H
symbol in the S and C input column is defined as meaning that the input is high at same 1ime whils the clock is high.
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Clocked Flip-Flops 9945-9948

9945 ELECTRICAL CHARACTERISTICS (Vcc =5V + 10%

EXTENDED TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS - BB°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max, [Min. Typ. Max. |Min Max

VOH Output High Voltage 25 2.6 25 \ vee= 45 V. lgH=-0.18 mA
V|L {sea below) on proper
asynchronous input

VoL Output Low Voitage 0.4 0.4 0.4 \ Ve =45V gL =12mA
Vee=55V gL =15 mA
V|H (sea below) on proper
asynchronous input

VIH- Input High Voitage 2.1 1.9 1.7 \% Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 1.4 11 0.8 \Y Guaranteed input low threshold
for all inputs

IF S & C Inputs Load Current 098 -0.98 -0.92 mA Vee =55V VE=04V
VR = 4 V on other inputs

IFS Sp. Cp Inputs Load Current -2.93 -2.93 -2.57 mA Vee=55V VE=04V
VR =4V on other inputs

Ircp Clock Input Load Current -2.93 -2.93 -2.57 mA Vee=65V VE=04V
ViLon Sp

IR S, C.Sp. Cp Inputs Leakage Current| 2 2 5 pA Vec=55V VR=4V
ground on other inputs

IRCP | Clock Input Leakage Current 0 10 20 WA Vec=4V  VR=4V
S and Cp inputs grounded

IPD Power Dissipation Current 14 mA vVee=5V

Isc Output Short Circuit Current -0.70 -1.33| -0.70 -1.33 | -0.63-1.30 mA Vee = 5.5V high output
grounded

tpd + Turn-off delay B 75 nsec Vec=5V
see test circuit

tpd - Turn-on delay 30 75 nsec

CLOCK PULSE DESCRIPTION
ViLep
SENSE

Ve2rC

1
0

30

V e-55C and 125° C



Clocked Flip-Flops 9945-9948

EXTENDED TEMPERATURE RANGE

9948 ELECTRICAL CHARACTERISTICS (Vcc=5V + 10%)

LIMITS

SYMBOL CHARACTERISTICS - B6°C 25°C 1268°C UNIT CONDITIONS AND COMMENTS

Min.  Max. | Min. Typ. Max, |Min. Max,

VOH Output High Voltage 25 26 . 25 \ Vee=45V  lop=-054mA
V| L (see below) on proper
asynchronous input

VoL Output Low Voltage 04 0.4 0.4 v Vec=45V  lgL=13mA
Vee=558V  toL=136mA
VIH (see below) on proper
asynchronous input

ViH Input High Voltage 2 1.9 1.7 \4 Guaranteed input high threshold
for all inputs

ViL Input Low Voitage 1.4 11 0.8 A Guaranteed input low threshold
for all inputs

IF S & C inputs Load Current -0.98 -0.98 -0.92 mA Vee=55V  VE=04V
on other inputs VR =4 V

IFs Cp. Sp Input Load Current 293 -2.93 -2.57 mA | Vcc=58V VE=04V

Ircp Clock Input Load Current -2.35 -2.35 -2.03 mA Vee =55V VE=04V
ViLon Sp

IR S, C,Sp. Cp Inputs Leakage Current 2 2 5 PA Ve =55V VR=4V
ground on other inputs

IrRcP Clock Input Leakage Current 10 10 20 UA | Vee=4V VR=4V
S and Cp inputs grounded

IPD Power Dissipation Current 16.2 mA | Veec=5V

Isc Output Short Circuit Current -2.10 -396| -2.10 -3986 | -1.86 -3.54 mA | Vcc=55V

high output grounded

tpd + Turn off delay 30 65 nsec | Voc=5V
56 test circuit
tod - Turn on delay 30 75 nsec

CLOCK PULSE DESCRIPTION : SEE 9945
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Dual Clocked J-K Flip-Flops 9093-9094

NOTE : The DTL 9093 and 9094 are respectively dual DTL 9945 and 9948 flip-flops.

CONNECTION DIAGRAM

LOGIC FUNCTION

EXTENDED TEMPERATURE RANGE

{top view)
S~
J-K M Truth T
= ) v Asynchronous Entry lode Truth Table
K, 2 O ») 13cP, Input Outputs Inputs QOutputs
th th+1
TR = 312, 4 (10} L 6 (8) 5(9) 3011 2(12| 6(8) 5(9)
so; 4 @ =] 1,
3 s ] w0so, H NC  NC L H L H
_ L H L H L H L
4 & O 90, H H Qp Qn
;O 803 L L Qn Qn
GND
NOTES :
1} Abbreviations used in the body of tables :
L = low, the mare negative volitage level
H = high, the more positive voltage levsl
{in ail cases, unused pins have the same effect as high}.
NC = no change, the clock pulse has no effect on outputs.
Qn = outputs state at time tpy
2) The L symbol in the J and K input column is defined as meaning that
the input does not go high at any time while the clock is high,
The H symbol in the J and K input cofumn is defined as meaning that
the input is high at same time while the clock is high.
SCHEMATIC DIAGRAM 9093/9094 (9083 SHOWN)
Yoo Yoo
Q Ij 31 Q [
1) 5 (8
| @
! - N
—o0 SDl SDZ
(a) R0
A A
vee Vge Vee Vge
i- 7] @ + Ll l _ll< ’e P
< P —¢ 14
o tg— | Kl | 1 2
3 @ (b aa
h 4 ) 4 h b
[$) a»
J: Ce, Cp
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Dual Clocked J-K Flip-Flops 9097-9099

JTE : The DTL 9097 and 9099 are respectively dual DTL 9948 and 9945 flip-flops.

CONNECTION DIAGRAM

{top view)

¢ 10
mzC
43 0
sort 5
o5 O
q, 6 O
anvor O

\J

“cc
13 Cp

12K,

N -
m}
m

114,

T E 105py

8Q,

CHEMATIC DIAGRAM 9097/9098 (9097 SHOWN)

Yrcc

LOGIC FUNCTION

EXTENDED TEMPERATURE RANGE

Asynchronous Entry J-K Mode Truth Table
inputs Outputs Inputs Outputs
th th+1
13 40100 6 (8 5(9) 3{11) 2(12)| 6(8) 5(9)
H H NC NC L H L H
H L H L H L H L
L H L H H H Qp Qn
L L H H L L Qn Qn
NOTES :

1} Abbreviation used in the body of tables :

L = low, the more negative voltage level

H = high, the more positive voltage level
(In all cases, unused pins have the same effect as high}.
= no change, the clock pulse has no effect on outputs.

NC
Qn =

outputs state at time tp
2} The L symbol in the J and K input column is defined as meaning that
the input does not go high at any time while tha clock is high.
The H symbol in the J and K input column is defined as that meaning
the input is high at same time while the clock is high.

)?cc
Q [[J _1 1 ‘j _z
(®) :E (5), ® @
y y y
’_—t‘a))snl umsDz
2 [ & x| '
g 1
an
Vee g Vge 9
'14 T % —1d T 1 =|‘
¢ g ¢ —»
4 Ky & K2
3 _'! ) @ an !' y @

lm

Cp

33



Dual Clocked J-K Flip-Flops 9093-909

ELECTRICAL CHARACTERISTICS (Vec =5V +10%)

EXTENDED TEMPEAATURE RAt

LMITS T
SYMBOL CHARACTERISTICS - 55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max. [Min. Typ. Max.|Min. Max.

VOH Qutput High Voltage 25 2.6 25 A" vee =45V 1o =-0.18ms
V|L {see bslow} and VR =4 V on
asynchronous inputs

VoL Qutput Low Voltage 0.4 0.4 0.4 vV |[Vcc=45V loL=138mA
vVee=55V loL =15 mA
Groundand VR =4V on
asynchronous inputs

ViL Input Low Voltage 1.4 1.1 0.8 v Guaranteed input low threshold
for all inputs

VIH {nput High Voltage 2.1 19 1.7 \ Guaranteed input high threshold
for all inputs

IF Input Load Current J and K Inputs -0.98 -0.08 -0.92 mA |Vcc=55V VE=04V

IFCp Clock Input Load Current Vee =55V VE=04V

9093 -2.93 -2.93 -2.57 mA | VL (see above)on
9099 -5.86 -5.86 5.14 asynchronous input

IFg Set Input Load Current 22 22 -1.93 mA | Vcc=55V VE=04V
ground on J inputs

IFc Clear Input Load Current -4.40 -4.40 -3.86 mA |Vge=-55V  VE =04V
Ground on K inputs

iR Input Leakage Current 2 2 5 pA |Vec=55V VR=4V

Jand X Inputs Ground on clock

Irs Set Input Leakage Current 2 2 5 PA | Vee =55V VR=4V
Ground on K inputs

IrRC Clear Input Leakage Current 4 4 10 pA [Vee=55V  vR=4V
Ground on J inputs

[F=Toid Clock Input Leakage Current

9093 10 10 20 HA (Vcc=4V VR=4V
9099 20 20 40 Ground on J inputs

Isc Output Short Circuit Current 0,70 1,33 0.70 -1.33| -0.63-1.30 mA |Vcc=55V
High output grounded

IPD Power Dissipation Current 28 mA |Vee=5V

tpd + Turn-off delay 35 75 nsec | VcC=5V

tpd - Turn-on delay 30 75 nsec see test circuit

CLOCK PULSE DESCRIPTION :

3V 1o 5V |
! |
| |
| |
] |
IPOWER v !
IPULSE ILCP
I ISENSE

ViLgp=1 Ve25C
=0V 2-55°C and 12%°C
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Dual Clocked J-K Flip-Flops 9094-9097

L ECTRICAL CHARACTERISTICS {Vec =5V +10%)

EXTENDED TEMPERATURE RANGE

]

T LIMITS
SYMBOL CHARACTERISTICS -B6°C 25°C 1250C UNIT CONDITIONS AND COMMENTS
Min. Max. |Min, Typ. Max.|Min. Max.

VoH Output High Voltage 25 2.6 25 Vv |vee=45v  igg=-054mA
V|L {see below) and VR =4 V
on asynchronous inputs

VoL Output Low Voltage 0.4 0.4 0.4 V |Vcc=45V ioL=123mA
Vee=55V  lgL=136mA
Ground and VR =4 V on
asynchronous inputs

ViH Input High Voltage 24 1.9 1.7 v Guaranteed input high threshold
for all inputs

VIL Input Low Voltage 14 11 08 \" Guaranteed input low threshold
for all inputs

IF Input Load Current J and K Inputs -0.98 -0.98 092 mA |Vec=58V VE=04 V

IFcP Clock Input Load Current Vee=55V VE=04V

9094 -2.35 2,35 -2.03 mA | V)] {see above) on
9097 -4.68 4.68 -4.04 asynchronous input
IFs Set Input Load Current 2.2 -1.93 mA |Vgc=55V VE=04V
Ground on J input
IFC Clear Input Load Current 4.4 4.4 3.86 mA | Vge=55V VE=04V
Ground on K inputs
R Input Leakage Current 2 2 5 PA | Vec=5B5V  VR=4V
Jand K Inputs Ground on clock

IRCP Clock input Leakage Current
9094 10 10 20 pA |vec=4v VR=4V
8097 20 20 40 Ground on J inputs

IRS Set Input Leakage Current 2 2 5 pPA |Vec=55V VR=4V
Ground on K inputs

IRC Clear input Leakege Current 4 4 10 PA |Vee=55V  VR=4V
Ground on J inputs

IsC Output Short Circuit Current 2.1 -396 | -21 -3.96(-1.86 -3.54 mA | Ve =55V
High output grounded

IpD Power Dissipation Current 324 mA |Vce=5V

tpd + Turn-off delay 30 65 nsec | VcCc =5V
see test circuit

tpd - Turr-on delay 30 75 nsec L

CLOCK PULSE DESCRIPTION : SEE 9093 - 9089
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Monostable Multivibrator 99£

EXTENDED TEMPERATURE AAI

SCHEMATIC DIAGRAM
LOGIC DIAGRAM

{top view) 14 11 Cx 10 Ry
Vee {t q 3 —ov
“"“ﬁ ,]n[I‘ Zﬁﬁ k})“ (Javo 20F 18k “xa
— .
3 € 9k0
[ 1840
————0"
36
250F W 15F W
1 —} —K
L2k0 242

GENERAL DESCRIPTION :

The DTL 9951 Monostable Multivibrator provides complementary output pulses which are typical 100 nsec wide. This pulse width is adjustable by
the addition of external discrete passive components.

The output pulse width is very stable as either V¢ ar temperature (or bath) isvaried when an external timing resistor is used instead of the interna
diffused resistor.

ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired) (1)

Output Current, into outputs 50 mA
Current into Pin 10 5 mA
NOTE: 1} In addition to abs. max. rating, pag. 87

ELECTRICAL CHARACTERISTICS (Vcc=5V+10%)

LIMITS ‘\7 T

SYMBOL CHARACTERISTICS -559C 25°C 125°C ! UNIT CONDITIONS AND COMMENTS

Min.  Max. |Min. Typ. Max. | Min. Max.

VoH Output High Voltage 25 25 25 v vec=45V gl =-0.18mA
Pin 2 grounded, Pin8at Vg

Vor Output Low Voltage 04 04 0.45 \ vee=45V lol =15 mA

Vee=55V IoL=15mA |
when testing Pin 1, ground Pin 10
when testing Pin 6, Vg on Pin 9

I Input Load Current -3.2 -3.2 -3 mA Vee=55V VE=0V
VR=4V

IR Input Leakage Current 5 5 10 A Vec=55V VR=4V
Ground on Pin 2

\pD Power Dissipation Current ] mA Vge =5V inputs grounded,
VcconPing

tpd + Turn-off delay (Pin 6) 40 nsec (Vcg =5V seetest circuit

tpd - Turn-on delay (Pin 1} 40 nsec

Pw Pulse width (Pin 1} a0 220 nsec

Pw J Pulse width {Pin 6) 70 160 nsec
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Monostable Multivibrator 9951

EXTENDED TEMPER. .TURE AANGE

RULES FOR USE OF DTL 9951

1} With Pin 9 connected to V¢ and no external capacitor {Cx}, the output pulse width is approximately 150 nsec.

2) With Pin 9 connected to V¢ and an external capacitor {Cx)} connected betwesn Pins 10 and 11, the output pulse width (T) is: T-24.5 {Cx + 20)
with Cx inpFand T in nsec.

3) For improved pulse width control, Pin 9 is left open and a stable external resistor {Ry) of 9 k€2 minimum to 15 k{ maximum is connected
from Pin 10 10 V. The output pulse width is given by the expression : T2 0.5 Ry (Cx+20) with Ry in kQ, Cx in pF and T in nsec.

4) The output duty cycle {puise width/period) shouid not exceed 40%. !t may be increased to 50 % by adding a 2 k{2 resistor between Pin11 and
V. Higher duty cycles are obtainable but the output pulse width and performance are less predictable.

5} The maximum input fall time to trigger : 15 nsec for a 1.4 volt swing; 40 nsec for a 2.4 voit swing; 80 nsec for a 4.4 volt swing.

6) The AC sensitivity of the inputs mav be decreased by connecting a capacitor between Pin 5 and ground.

7) The minimum pulse width at output Pin 1 is appraximately 100 nsec. This puise width may be decreased to 50 nsec by connecting a 10 k{2 re-
sistor between Pin 5 and VCC'

TIMING CHARACTERISTICS

OUTPUT PULSE WIDTH VERSUS EXTERNAL NORMALIZED OUTPUT PULSE WIDTH NORMALIZED OUTPUT PULSE
TIMING CAPACITANCE Cy VERSUS SUPPLY VOLTAGE WIDTH VERSUS TEMPERATURE
100 1.2
T T T T 11 L2 AR
| Ve =5V =Vg=vy, . 9= V15"
. R =m0a » 5 £ R, =300
@ =50 pF F - ] -
El C 50 p ml'l l.c, 51 pF g 11 cL 50 pF //
10 4 &\
P El 4
s = — g
= - [t [
: ra 2 5 =]
“ / = | & By
=) =] / =3
> / Q Q
o o a
= w o
2 Pulse N, N
& Lwidh 0.9 209
> Pin 217 < =
o = x
3 o
Pulse W o e
Pin & =
.1 L 0.8 0.8
10 100 10° 104 4 s 3 60 2 » 60 100 10
Cx - EXTERNAL TIMING CAPACITANCE - pf Vee - SUPPLY VOLTAGE - v TEMPERATURE - *C
NORMALIZED OUTPUT PULSE
WIDTH VERSUS TEMPERATURE
USING EE)(S':'sgrRONRAL TIMING POWER DISSIPATIDN SWITCHING TIMES VERSUS
2 R Ry % VERSUS TEMPERATURE 2 TEMPERATURE
. — T L
= [Yecz P T] ! Voe = 53V | \ |
= 100K1% CONNECT! TWEEN PINIO
5 Ry = 10K lxsgwcc £0 BE o Iv ]j\y\ " \ T
= | R, =00 = cc =Y o °°| |
S | oL =500 : — 2 1
2 z a5v Il T
& [-PIN9 IS OPEN Y cc =4 515 N to. PINT ]|
= \ i = -+ I B 1 O ]
a a = =+ |
5 | 2 o Yay PING
°© S Z |
& g 3 | ]
S oa | g £ ] Yap PIN 1 —
2" T “ Yo =V ™ Yec z =V, =Y i
Z { Vo=V, =V =0 | srt
Q | 1 4 5 RL = 3000 f
- 1 ¢, = 50pF
=50p
0.8 0 —I | | | oL (
0 -2 0 = 0 00 10 90 -0 0 D n) 0 190 “w D 0N 0 0 1@
TEMPERATURE - °C TEMPERATURE - °C TEMPERATURE - °C
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Diode-Transistor Logic Family DTL

EXTENDED TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS

9930 - 9936 - 9948 - 9962 GATES tpg TEST CIRCUIT

Pulse In

v |
' PW > 100 nsec

All diodes BAY 74 or equivalent
Vee

al PIN 14, GND at PIN 7

WAVEFORAMS
ViN
TEST CONDITIONS
1.5V
GND R c
toar Yod- et 39k 0pF
1.5v
Vout GND ta - 4000 S0pF
9935 GATE tpg TEST CIRCUIT
WAVEFQRMS
ULSE IN
YiN v v
v
ml 2 = IMHz
GND
tpd > [
Vml Vm1
Your
Diodes are BAY 74
TEST CONDITIONS
Vml Y2 Ri €1 Cz 3
L5V L3v lpot 39K J09F  20pF  SpF

Lod 400 2 50pF  20pF  SpF
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Diode -Transistor Logic Family DTL

EXTENDED TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS

9932 - 9844 GATES tpg TEST CIRCUIT

WAVEFORMS
Vee
Yin
1,5V
Test Element
14 GND
1 r
3v Puise in tod+ Lg.
1 L5v
PW > 100 nsec VouT GND
TEST CONDITIONS
All diodes BAY 74
or equivalent
Vee atPIN 14 R ¢
GND at PIN 7 9944[96' 5100 20pF
9944 L - 1500 100pF

9932 159, 5100 500pF
993z 15y 1500 5000F
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Diode-Transistor Logic Family DTL

EXTENDED TEMPERATURE RAN _E

SWITCHING TIME TEST CIRCUITS

9845 - 9948 - 8083 - 9094 - 9097 - 9099 FLIP-FLOPS tpg TEST CIRCUIT

Ihe external J-K conneclion is
valid for 3945-9948 only.

Pulse In Vin
3V | I
PW > 100 nsec

All diodes BAY 74 or equivalenl
VCC al PIN 14, GNO al PN 7

\ 4
h 4

TEST CONDITIDNS

R c

\ 2K 30pF
pd+ .
g 3300 S0pF

9951 MONOSTABLE tpd TEST CIRCUIT

LrAVEFORMS

S0pF ﬂ 3000 3000

Pulse In
1

3v | Vout 2 Vout !
1 PH = 20 nsec. Al diodes BAY 74 or S0pF L 4 Yy
= z e lent
e gl I \ 4 \ 4
20 nsec. GND PIN 7
) 4 h 4
h 4 h 4
-
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DTL integrated circuits 930 Series

Diode-transistor logic

STANDARD TEMPERATURE RANGE 0°C + 75°C

The SGS Diode-Transistor Logic (DTL) family consists
of a set of compatible integrated circuits designed for
medium power, medium speed applications.

. The circuits are fabricated within a silicon monolithic
o COMPATIBLE WITH TTL, LPDTL PRODUCTS substrate using the standard planar epitaxial process. *
o NOISE IMMUNITY 1V These devices are available in the following packages:
dual in-line ceramic package, dual in-line plastic package,
e OUTPUT DRIVE CAPABILITY OF 10 flat ceramic package.
o POWER DISSIPATION 8.5mW PER GATE
ABSOLUTE MAXIMUM RATINGS
e FAN-IN EXPANSION CAPABILITY (above which the useful life may be impaired)
o WIRED-OR CAPABILITY Supply Voltage (Vcc), Continuous 8V
Supply Voltage (Vo ), Pulsed < 1 sec. 12V
e SAME PIN CONFIGURATION AS THE Output Current, Into Outputs
CORRESPONDING TTL AND LPDTL DTL, 9932 - 9944 100 wA
PRODUCTS
Other Elements 30 mA
Input Forward Current ~10 mA
Input Reverse Current 1 mA
Storage Temperature, Plastic -55°C to 125°C
Storage Temperature, Ceramic -65°C to 150°C
ORDERING NUMBERS Temperature {Amb.) Under Bias,Ceramic -55°C to 125°C
U6A XXXX 59X  (for ceramic DIP; XXXX is type number)
U7A XXXX 59X  (for plastic DIP; XXXX is type number) OPERATING CONDITIONS
X s i
U3I1 XXXX 59 (for flat package; XXXX is type number) Temperature Range Q° to 75°C
Supply Voltage 5V % 5%
PHYSICAL DIMENSIONS
PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS Flat packege
14-pin plastic DIP 14-pin ceramic DIP
TMAX 66 6.1 s
=1 13
EE 34.28
31 ] 1412 08
o.M “m = o5
o B®__J &
e
1 1¢ ]
;b ] L:iu "o
q A | e
als 1 33 é 23 4586
5 B 0 8 e
é 6 9 |
(mlKd il ]
0.5
e 5T
Note : all dimensions in mm. Note : all dimensions in mm.
NQTE ; All dimenuons in mm.
OCTOBER 1970
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diode-transistor logic family D'TL

STANDARD TEMPERATURE RANGE

INPUT - OUTPUT LOAD/DRIVE FACTORS

—\J \J T /] S
: O =_] [ vee 160 O [ v 33 df m I - Vee
0.66 0 2 060 O b Les  0.66 35 0.6 E 3
0.66 ] 0ee .66 O [ 0.66 0.665 [ 066 0.66 O [ 0.6
15 (O 1 0ee LS [ 066 15 — 066 15 = IRy
o O B s s O :lxsecﬁ .I'—El.s 0 x:T e s
O Hw s O hs 0 O s o O 3 10
ono O [0 10 onvo O s ono O [ 9 oo O [ 10
9093 9084 = 9097 8089
\J \J A NS
1 [T Ve b = = R = -] 1O [1 vee
14 il 1 O— = Y 1 O i 1O )
[ 1 me = I 3 - F] 1 1 O =
15 =] 10 -] e =] 1 3 =)
169 m JB 1 & = I 1 O 3! 1 O 11
10 3 7 1 -25 O =Bt 1 h =B o O Fll
GNDL] ma BUJ GN DT ] 25¢ [ = -] GND [ [ 10
8930 9932/9844 9933 9934 % %
NS N E A
c @: N - P vee P HT e ':1 Vee
w my : O m [ = e =R 166 O =]
1. 110 0.66 [ 066 1 = 0.6 O [T 0.66
10 @ @: 1 0.66 03 [ 0.6t 1 O (110 0.66 ] [ 0.6
15 0 : O 1 2 1 B 2 O i)
10 ] m o O 110 10 w 9 O [ 9
eno @ 10 Gqu 3 GNDE 0 GnD O -]
9935/6 . 9945 9948 9948
\J \J
10 E Evcc 1 E"cc
[ 1O 1
2 O 3 10 —I\-—-—TDm
: m R Y El
[ m] 1O 1
0 =) 10 l:‘ mp
ano ) GND [ blo
* See Miscellaneous Rules for 8944. 9951 9962

** Plastic DIP only.

MISCELLANEOUS RULES

The number of elements driven by an output terminal may consist of any combination of elements whose sum of input
load factors does not exceed the output drive factor.

An external resistor should be used with 9944. With an external resistor R the following output drive factors will be
obtained:

R=6K(Q Drive Factor = 26
R =2KQ Drive Factor = 25
1KQ Drive Factor = 23
5100 Drive Factor = 20
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diode-transistor logic family DTL

STANDARD TEMPERATURE RANGE

For increased output drive, the inputs and outputs of 1/2 DTL 9944 may be paralieled, up to 4 common outputs. For 4
paralleled elements:

each combined input, load factor = 4
each combined output, drive factor = 100 (R = 2 K)

"WIRED OR” CONNECTION

1. Outputs of DTL gates may be tied together for the "wired OR” function :
(ABCD - GHIJ = ABCD + GHIJ). Subtract, for each added gate, 0.8 unit load from output drive factor.

2. Outputs of DTL 9932 may not be tied together for the "wired OR” function.

"WIRED OR” Examples:

D— e = >

% 9930 and
2 x % 9946

0 9.9 ¢

4 x % DTL 9946

Card | L

Driven
D) Elements

% Card N l_
1 _

TL 9930 WIRED OR

Each outputdriver is 1/2DTL 9944. Note that the DTL 9944
is a direct high fan-out replacement for DTL 9930, except
thatan external resistor must be used. The F.0. will be the
same as one 1/2 DTL 9944 buffer used with that resistor.




diode-transistor logic family DTL

STANDARD TEMPERATURE RANCGE

DELAY TIME PERFORMANCE INTO CAPACITIVE LOADS

Most delay attributable to capacitive loads is associated with the positive going output. Two RC time constants are
seen in the positive going output. In the 1st time period, f(n))m the saturated low level to threshold, the R of the RC time
. . . . 3.75 K

constant can be given by 6 KQ in parallel with aotive fanoul.

Above the threshold which occurs at about 1.4 to 1.5 volts at 25°C, the R of the 2nd RC time constant is 6 k) and the
rate of the voltage rise above threshold is slow. The logic signal propagates through at the threshold level, so voltage
rise above threshold does not affect speed. By noting that both rise domains drive toward Vg, the voltage rise
waveform may be calculated. DTL gate inputs are ~ 2 pf per input for active or inactive fanout; the remaining capaci-
tance is from board, wiring, and connectors.

AVERAGE PROPAGATION DELAY OF GATES AVERAGE PROPAGATION DELAY OF GATES
VS TEMPERATURE (TEST CONDITION A) 4 VS TEMPERATURE (TEST CONDITION B)
50
4
3
F.0.=7
8 I i
H
:v 3 F.O0. =5 %
= T - l-F.0.=51F.0. =7 _5_'3' et
Fo =3 =1 2 / ] et
FO. =1 (I —— Fo.-3
10 10
0 25 50 75 0 2 50 75
TEMPERATURE °C TEMPERATURE °C
FIG. t FIG. 2

TEST CONDITIONS FOR FIG. 1 AND 2

[ = 1MHz
PW = 500 nsec.

o 0
TesL Point Test Poinl
3 ) F.0.

Valls
Test Poimt 2 Test Point 1

Test Condilion B

Awpd:lpm‘lnu- " OPEN
Vi t Vi 2 ——) Test Condition A
7 ~CLOSED
TN
— Time
Lat Y




diode-transistor logic family DTL

STANDARD TEMPERATURE RANGE

d CURVES VERSUS OUTPUT CAPACITANCE (T = 25°C unless otherwise noted)

tod OF GATES

tpd- YERSUS CAPACITANCE tpds YERSUS CAPACITANCE
YERSUS CAPACITANCE pe (9932 - 9944) pd+ (9944)
100 Q@ 200 ,
Vlhreshald =k 5 v ‘y | vee = 5V )
80 i ] 160 >4
Ve =5V :
‘0 i) 1500 <R<5100 Lok
60 Py . .12 P
L3 g g &
o 2 2
) Y
10 B L1 R 80
20
[
% o 4000 < % <aKS © R = 4008 I
— = 100:
0 10 0
2 0 60 80 100 100 200 500 1000 2000 0 20 20 60 80 100
C- CAPACITANCE - pF C- CAPACITANCE - pF C - CAPACITANCE - pF
| tpqs VERSUS CAPACITANCE tods YERSUS CAPACITANCE tpd. VERSUS CAPACITANCE
| (9932) (9945 - 9948) (9945 - 9948)
100 — %0 w
| Vg =5V Veg =5V Ve =8V
R = 5100 / = 2700
80 200 80
60 \— / g 150 . 60
@ g
‘; / < 4 DTL 9945 and 9948
L d :
40 ./ 3 100 2 40
o = .
2 —‘ 50 20
0 | E— 9 0
100 200 500 1000 2000 0 20 20 60 80 100 0 20 0 60 80 100
| C- CAPACITANCE - pF C- CAPACITANCE - pF C - CAPACITANCE - pF

MAXIMUM BINARY COUNTING
RATE VERSUS CAPACITANCE
(9945 - 9948)

5 Veg = 5V i
z 5 u
5 R
=z N &Q
w2 O)Zl \'\4‘9
I 99‘,]
o 4 N
[
ut
“
4
z 0.5
y
z
E]
8 0.2

0.1

0 2 50 100 220 500 1000

C - CAPACITANCE - pF
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diode-transistor logic family DT

TEST CIRCUITS

GATES

Pulse In

IN

All diodes BAY 74 or equivalent

IN
Lf— GND
(- ] Loa

Vout

GND

STANDARD TEMPERATURE RAN

FLIP -FLOPS

LD i "
[ | T

L

All diodes BAY 74 or eguivalent

GND
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diode-transistor logic family DTL

POWER DISSIPATION CURVES (T'a = 25°C unless otherwise noted)

POWER DISSIPATION

VS SUPPLY VOLTAGE, EACH GATE

(9930, 9936, 9946, 9962)

: 12 //
Y /
: P
is P
3 //
5
506 1
= v
2
4 b
Ve - SUPPLY VOLTAGE - V
TRANSFER CHARACTERISTICS
|
|
Vout - Vin TRANSFER
CHARACTERISTICS
|’ ) 11
Vee =5V
1 F.(IJ 5 1 |
u 375
< I
5 Ty =25C
3 ] |
- 25
>
2 |
= T, =00Cl |
3 A A
. T, = 15°C]
ELs \
o
>
0
04 08 L2 L 2 2.2

VIN - INPUT VOLTAGE - ¥

125

100

15

- POWER OISSIPATION - m¥

25

o

W
~
v

-OUTPUT VOLTAGE - V
~
n

.25
o

POWER DISSIPATION
VS. SUPPLY VDLTAGE
(9945 - 9948)

STANDARD TEMPERATURE RANGE

PDWER DISSIPATION
PER SIDE VS, SUPPLY YOLTAGE
{OUTPUT NOT LOADED) (9932 - 97944)

All Inputs High
[ _LCP Pin High //
50 !
H | on
> A
: Sk
A z R\
=] O,
4 =
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S/ 2w -~ ]
N o a“““
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W FI qw'/\/
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= 2 One Or More Inputs Low
1 ‘
3 4 5 6 3 4 5 & 7
Voo - SUPPLY VOLTAGE - V Voo + SUPPLY VOLTAGE - V
VouT- V)N TRANSFER
TEST CIRCUIT
CHARACTERISTICS
Vee
| F.0.=1-R=375K0
Ve = 5V F.O.=8-R=14700
F.0. = All diodes BAY 74
LT or equivalent I R
',_TA =l 250 C——|
az0ec_| |
Tp = 75°C A
A
0 0.4 0.8 12 L6 2 2.2

VyN- INPUT VOLTAGE - V
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diode-transistor logic family DTL

STANDARD TEMPERATURE RANGE

NOISE IMMUNITY

VNS is the maximum voltage which may be applied in the signal line without affecting the driven gate.

WG is the maximum voltage which may be applied in the ground connection without affecting the driven gate.
The variation of these two noise voltages with temperature and V¢ is shown in figures 1 through 5.

The guaranteed worst case noise curve shown on figure 5 is obtained by:

VN VIL - VoL | or | VOH- VIH | whichever is smaller.
where: Vi, = Maximum Low Input Voltage that guarantees Voy

VoL = Maximum Low Output Voltage

ViH = Minimum High Input Voltage that guarantees Vg,

Voy = Minimum High Output Voltage

(See the table of forcing functions and test limits for the values of these parameters).

NOISE IMMUNITY V. SUPPLY VOLTAGE NOISE IMMUNITY V5. SUPPLY VOLTAGE
1.2

NOISE IMMUNITY VS. SUPPLY VOLTAGE

La 1.3
g~
-l [ ] [ ] 1
v Ns Tp =75°C |
1.3 NG : 2 . FO.=8 !
> / | Y > 1 T 11 :
= T = —te X =
z =g z =
g’ / |T=8 2 g 2 R g =%
E 0. < b =5 2 D z Ns
w11 j w g 1 NG ]
[ (&)
201 2 z ~
5 2 2
2 54 FO.=8 > N~
S : S Ta = 25°C G 09
; S 09 d
° 09
0.9 0.3 0.8
[ B 3 7 8 4 5 3 7 8 q 5 3 7 B
Vee - SUPPLY VOLTAGE - V Vee - SUPPLY VOLTAGE - v Vee - SUPPLY VOL TAGE - V
FIG. 1 FIG. 2 FIG. 3
GROUND HOISE IMMUNITY VS.
TEMPERATURE Vs VS. TEMPERATURE
.4 Test Circuit
L4 ] ! T 1 |
Voo = Y
> Veo = 5V FO.-8 F.0. = 109
. L3 > ™~
g N 12 N
> F ™~
£ 12 =z
g N e [
3 ™~ <
w L1 o [T GUARANTEED WORST CAS
z o Eos
5 SEERS |
4 E |
SR ™~ Vers
© 09 o LCE 5V Sog
05 oel L1 1
0 3 50 75 0 25 50 75
T, - AMBIENT TEMPERATURE - *C Tp - AMBIENT TEMPERATURE - °C
FIG. 4 FIG. 5
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dual 4-input extendable gate 9930

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM LOGIC FUNCTION
(top view) (one gate only)

A
V = -
1 [ 114 Ve
f = 113
EXT. 3 12 §
] [DnEXT. % £
5 310
= = [E—
onorg) S &OASlI\J'Ig)VE E=A.B.C.D
LOGIC

NEGATIVE E=A+B+C+D
(NOR)
LOGIC

ELECTRICAL CHARACTERISTICS (VoC =5V £ 5%)

LIMITS
SYMBOL CHARACTERISTICS oC 2°C 7°C | UNIT | CONDITIONS AND COMMENTS
Min. Max. Min. Typ. Max.|Min. Max.

VOH Output High Voltage 2.5 2.6 3.5 2.5 v Voo =4.75V, IoH =-0.18 mA
one input at Vyj, (see below)

VOL Output Low Voltage 0.45 0.25 0.45 0.45 v Vce =4.75V,  IOL = 13.3 mA
inputs at VIH (see below)
VCC =5.25V, IoL =152 mA
all inputs at VR =5.25 V

VIH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

VIL Input Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold
for all inputs

Ip Input Load Current -1.52 -1.1 -1.52 -1.52| mA Vee = 5.25 V, Vp =045V
on other inputs Vg =4V

IR Input Leakage Current 5 5 10/ pA Voo = 5.26V, Vg =4V
ground on other inputs

Isc Output Short Circuit Current  |-0.65 -1.33 |-0.65 -1.33|-0.56 -1.33| mA Vee = 5.25V one input grounded,
output grounded

Ipp Power Dissipation Current 3 4 mA Vee = 5V inputs open

(each gate)
tpdt Turn-Off Delay 25 45 100 nsec | VoC = 5V see test circuit
tpd- Turn-On Delay 10 20 40 nsec | Voo =5V see test circuit
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dual 5-input gate 9934

CONNECTION DIAGRAM

(top view)
N

133 D14 v

2 113

3 —— 12

AC—,_ L:u

5 110

(Y= Y]
6D 7 mf)

Plastic DIP only

SCHEMATIC DIAGRAM
(one gate only)

ELECTRICAL CHARACTERISTICS (Vo =5 V £ 5%)

STANDARD TEMPERATURE RANGE

LOGIC FUNCTION

POSITIVE F=A.B.-C-D-E
(NAND)
LOGIC

NEGATIVE F=A+B+C+D+E
(NOR)
LOGIC

LIMITS
SYMBOL CHARACTERISTICS wC %°C 75°C | UNIT | CONDITIONS AND COMMENTS
Min. Max./Min. Typ. Max.|Min. Max.

VOH Output High Voltage 2.5 26 3.5 2.5 A Voo =4.75V,  Iog =-0.18 mA
one input at Vyj, (see below)

VoL Output Low Voltage 0.45 0.25 0.45 0.45 A VCcc =4.75V, 1oL =13.3mA
inputs at VIl (see below)
Vee =5.25V, IoL = 15.2mA
all inputs at VR =5.25 V

ViH Input High Voltage 2 1.9 1.8 A Guaranteed input high thresholu
for all inputs

VIL Input Low Voltage 1.2 L1 0.95 v Guaranteed input low threshold
for all inputs

Ig Input Load Current -1.52 -1.1 -1.52 -1.52| .mA Vec =5.25V, Vp =045V
on other inputs Vg =4V

Ir Input Leakage Current 5 5 10| pA | V=525V, Vg=4V
ground on other inputs

Isc Output Short Circuit Current  |-0.65 -1.33 |-0.65 -1.33|-0.56 -1.33| mA Vee = 5.25V one input grounded,
output grounded

Ipp Power Dissipation Current 3 4 mA Vg = 5V inputs open

(each gate)
tpd t Turn-Off Delay 25 45 100 nsec | Voc =5V see test circuit
tpd- Tum-On Delay 10 20 40 nsec | Vog =5V see test circuit
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extendable hex inverter 9935

CONNECTION DIAGRAM

(top view)
\J

10 =P Vee

L= ="

30 12

10 o8

5 O =y

¢ =R
GND 7 [ @:: 8

SCHEMATIC DIAGRAM
(one gate only)

ELECTRICAL CHARACTERISTICS (Vo =5V t 5%)

STANDARD TEMPERATURE RANGE

LOGIC FUNCTION

LIMITS
SYMBOL CHARACTERISTICS 0°C %°C 75°C | UNIT | CONDITIONS AND COMMENTS
Min. Max. [Min. Typ. Max. Min. Max.

VoH Qutput High Voltage 2.5 2.6 3.5 2.5 v vcc =4.75V, IoH =-0.18mA
one input at Vi, (see below)

VoL Qutput Low Voltage 0.45 0.25 0.45 0.45 v Voe =475V, IpL =13.3mA
inputs at VI{ (see below)
Voe =525V, IpL =152 mA
all inputa at VR = 5.25V

VIH Input High Voltage 2 1.9 1.8 A Guaranteed input high threshold
for all inputs

Vi, Input Low Voltage 1.2 1.1 0.95 A Guaranteed input low threshold
for all inputs

Ip Input Load Current -1.52 -1.52 -1.52| mA | Vcg = 5.25V, VF =0.45V
on other inputs VR = 4V

Isc Qutput Short Circuit Current  [-0.65 -1.33|-0.65 -1.33 |-0.56 -1.33 mA | VCC = 5.25V one input grounded,
output grounded

IpD Power Dissipation Current 4 mA | Vo¢ = 5V inputs open

(each gate)
tpd + Tum-Off Delay 25 45 100 nsec | VCC = 5V see test circuit
tpd- Turn-On Delay 10 30 40 nsec Vce = 5V see test circuit

NOTE : BAY-74 diode must be connected to each gate when testing this element.
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hex inverter 9936

CON

NECTION DIAGRAM
(top view)

-
[ =
30
(=
=
=
GND 7 ]

@ i 312
A
JE:

SCHEMATIC DIAGRAM
(one gate only)

ELECTRICAL CHARACTERISTICS (Vo =5 V £ 5%)

STANDARD TEMPERAT(URE RANGE

LOGIC FUNCTION

LIMITS
o
SYMBOL CHARACTERISTICS e %°C %°C | UNIT | CONDITIONS AND COMMENTS
IMin.  Max.|Min. Typ. Max.|Min. Max.

VOoH Output High Voltage 2.5 2.6 3.5 2.5 v Voo =4.75Y,  IoH =-0.18 mA
one input at Vp, (see below)

VoL Output Low Voltage 0.45 0.25 0.45 0.45 A% Vee =4.75V, oL = 13.3 mA
inputs at VIH (see below)
Ve =5.25V,  IoL = 15.2 mA
all inputs at VR =5.25 V

VIH Input High Voltage 2 1.9 1.8 A% Guaranteed input high threshold
for all inputs

VIL Input Low Voltage 1.2 1.1 0.95 \4 Guaranteed input [ow threshold
for all inputs

Ip Input Load Current -1.52 -1.1 -1.52 -1.52) mA Vee =525V, Vp =045V
on other inputs Vg =4V

Ig [nput Leakage Current 5 5 10| upA Voo = 5.25V, Vg =4V
ground on other inputs

Isc Output Short Circuit Current  |-0.65 -1.33 |-0.65 -1.33|-0.56 -1.33| mA Vee = 5.25V one input grounded,
output grounded

Ipp Power Dissipation Current 3 4 mA Vee = 5V inputs open

(each gate)
tpdt Turn-Off Delay 25 45 100 nsec | Vog =6V see test circuit
"pd‘ Turn-Cn Delay 10 20 40 nsec | Voo =5V see test circuit
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quadruple 2-input gate 9946

CONNECTION DIAGRAM

SCHEMATIC DIAGRAM

STANDARD TEMIPERATURE RANGE

LOGIC FUNCTION

(top view) (one gate only)
oVee
- s ¢
g [ 14 vec B
[ = [J 1
; B Ao—i4—] = s=I—=
4 Bu
5 0
. . Bo—1¢— POSITIVE E=A-B
(=0 - {NAND)
oo 7 s LOGIC
NEGATIVE E=A+B
(NOR)
LOGIC
ELECTRICAL CHARACTERISTICS (VCC =5V z 5%
LIMITS
SYMBOL CHARACTERISTICS e %°C %°C | UNIT | CONDITIONS AND COMMENTS
Min. Max.|Min. Typ. Max.|Min. Max.
VOH Output High Voltage 2.5 26 3.5 2.5 v Voo =4.75V,  Iog = 0.18 mA
one input at Vi, (see below)
VoL Output Low Voltage 0.45 0.25 0.45 0.45 v vVee =4.75V,  IoL = 13.3 mA
inputs at VI{ (see below)
VCce =5.25V,  IoL =152 mA
all inputs at VR =5.25 V
VIH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputa
ViL Input Low Voltage 1.2 1.1 0.95 v G teed input low threshold
for all inputs
g Input Load Current -1.52 -1.1 -1.52 -1.52) mA Vee =925V, VR=045V
on other inputs Vg = 4V
I Input Leakage Current 5 5 10| uA Voc =525V, Vp =4V
ground on otler inputs
Isc Output Short Circuit Current  |-0.65 -1.33 |-0.65 -1.33(-0.56 -1.33| mA Ve = 5.25V one input grounded
output grounded
Ipp Power Dissipation Current 4 mA Ve = 5V inputs open
{each gate)
tpdt+ Turn-Off Delay 25 45 100 nsec | Vog = 5V see test circuit
Lpd- Turn-On Delay 10 20 40 nsec | Voo =5V see test circuit
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triple 3-input gate 9962
STANDARD TEMPERATURE RANGE
CONNECTION DIAGRAM SCHEMATIC DIAGRAM LOGIC FUNCTION
(top view) (one gate only)
1.75K0
¥ S S =D S
B
1] 14 e 2KQ ﬁsxn
= [ A
c E
Ha a it A ¢—OE B $_
] On
10
G - B POSITIVE E=A-B-C
o ] =i 5KQ (NAND)
LOGIC
GND 7] [3 8
o} JE—
NEGATIVE E=A+B+C
(NOR)
omm GND LOGIC
ELECTRICAL CHARACTERISTICS (Voo =5V ¢ 5%)
LIMITS
SYMBOL CHARACTERISTICS e »°C %°C | UMIT | CONDITIONS AND COMMENTS
Min Max.|Min. Typ. Max.|Min. Max.
VOH Output High Voltage 2.5 26 3.5 2.5 V| Vec =475V, log =-0.18 mA
one input at V|, (see below)
VoL Output Low Voltage 0.45 0.25 0.45 0.45 A% Ve =4.75V,  IQL = 13.3 mA
inputs at VIH (see below)
Vee = 5.25V, IoL = 15.2 mA
all inputs at VR = 5.25'V
ViH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 1.2 1.1 0.95 \Y Guaranteed input low threshold
for all inputs
Ip Input Load Current -1.52 -1.1 -1.52 -1.52 mA Vee = 5.25V, Vp =045V
on other inputs VR =4V
I Input Leakage Current 5 5 10 npA Vee =525V, VR =4V
ground on other inputs
Isc Output Short Circuit Current  |-0.65 -1.33 |-0.65 -1.33]-0.56 -1.33| mA Vee = 5.25V one input grounded,
output grounded
Ipp Power Dissipation Current 4 mA | Ve = 5V inputs open
(each gate) -
tpd+ Turn-Off Delay 25 45 100 * nsec Vee =5V see test circuit
Lpd- Tum-On Delay 10 20 40 nsec | Voc =5V see test circuit
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dual 4-input extendable buffer 9932

CONNECTION DIAGRAM

(top view)
\J
! 18 Ve
2 2 (13
EXT. 3 J =P
A F (311 EXT.
s O =i}
s 3 =]
GND 7 8

SCHEMATIC DIAGRAM

(one gate only)

Vee

]

ELECTRICAL CHARACTERISTICS (VO =5V ¢ 5%)

STANDARD TEMPERATURE RANGE

LOGIC FUNCTION

POSITIVE E=A:B-C-D
(NAND)
LOGIC

NEGATIVE E =A+B+C+D
(NOR)
LOGIC

LIMITS
SYMBOL CHARACTERISTICS 0°C 250C 750G UNIT CONDITIONS AND COMMENTS
Min. Max. |Min. Typ. Max.|Min. Max.

VoH Output High Voltage 2.5 2.6 2.8 2.5 \ Voo =4.75V, [oH =2 mA e 0°C
one input =-2.5mA @ 25°C
at Vi, =3 mA e 75°C
(see below) -

VoL Output Low Voltage 0.45 0.45 045 V Vge = 4.75V, IgL, = 33.3mA
inputs at VIH (see below) .
VCC = 5.25V, IoL =38 mA
all inputs at VR =5.25 V

VIH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

Vi Input Low Voltage 1.2 1.1 0.95 \ Guaranteed input low threshold for
all inputs

Ip Input Load Current -1.52 -1.1 -1.52 -1.52| mA Voo =5.25V, VFE =045V
on other inputs Vg =4 V

Ig Input Leakage Current 5 5 10| wA Ve =52V, VR=4V
ground on other inputs

Isc Output Short Circuit Current 15 16 14 mA Ve = 5V one input grounded.
output grounded

Ipp Power Dissipation Current 15 mA VCC =5V inputs open

(each gate)
tpdt Tum-Off Delay 25 50 100 nsec | VoG =5V see test circuit
[ Tum-On Delay 15 25 50 nsec | Voo =5 V see test circuit
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dual 4-input extendable buffer 9944

STANDARD TFMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
(top view) (one gate only)

LOGIC FUNCTION

S A
=g
i g o JERV 8500 5
= 113
A
EXT.3 =) H @ E
4 3 exr. o -
* H o POSITIVE E=A-B-C-D
LY = =] £ (NAND)
GND 7 . - LOGIC
NEGATIVE E = A+B+C+D
(NOR)
LOGIC
63002
ELECTRICAL CHARACTERISTICS (VCC =5V +5%)
LIMITS
SYMBOL CHARACTERISTICS 0°C 950C 75eC | UNIT | CONDITIONS AND COMMENTS
Min. Max. | Min. Typ. Max. |Min. Max.
Vi Output Low Voltage 0.45 0.27 0.45 0.45 v Vee = 4.75V, L
oL P ln%uts at VIH (see%elow)

Voo =525V,  IgL =41 mA
all inputs at VR =5.25 V

Vig Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold
for all inputs

Ip Input Load Current -1.52 -1l -1.52 -1.52 | mA vee =5.25V,  VF =0.45V
on other inputs Vg =4 V

Ig Input Leakage Current 5 5 10| pA Ve =5.28V, VR =4V
ground on other inputs

IcEx Output Leakage Current 50 100 200 pA Ve = 4.5V one input grounded,
output at Ve

Ipp Power Dissipation Current 10 mA Vce =5 V inputs open

(each gate)
tpd T Turn-Off Delay 15 35 70 nsec Vog =5V see test cireuit
tod— Turn-On Delay 10 20 45 nsec Voo =5V see test circuit
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dual 4-input extendable buffers 9932-9944

OUTPUT CHARACTERISTICS (’I‘A: 25°C unless otherwise noted)

OUTPUT CURRENT
WITH INPUTS LOW (9932)

<
E 20 ¥
v
=
it
3
© 1
3
o
.
5
e
5
o
L
v =5V
3 spvee
vy =0
ol |
0 1 2 3 4

VOUT' OUTPUT VOLTAGE - V

\ MISCELLANEOUS APPLICATIONS

60

lg| - OUTPUT LOW CURRENT - mA
8

Lamp Driving

SUGGESTED RATINGS DIP FLAT DIP pl.
Power Dissipation 400 mW 240 mW 300 mW
Max Hot Lamp Current one side only ON | 120 mA 100 mA 110 mA
Max Hot Lamp Current both sides ON 90 mA 75 mA 80 mA

STANDARD TEMPERATURE RANGE

OUTPUT LOW CURRENT
VS SUPPLY YOLTAGE (9932}

T 11
VoL £0.4v >
/r
4

/ Note ©
For DTL 9944
Add = 4mA

3 4 5

Ve SUPPLY VOLTAGE - V

5V<Vpp < 6.3V

B+
GND
5V. 100 mA Lamp.
¥ DTL 9932 or equivalent
or 9944

"Cold” lamp current is limited by saturation resistance, emitter resistance, and base current to about 200 to 250 mA.
Thermal time constant is measured by forward diode drop in one gate with power pulsed into opposite gate.

Interfacing

B + up to 12 volts. Line Receiver may have nominal low
level of 1 volt; nominal threshold &2 4 V and nominal high
level 8 V, for example. Resistor selected should be as low
as possible consistent with required low input level of re~
ceiver, number of receivers, and power dissipation of
system. For guaranteed operation in both applications the
use of selected units is desirable. Operation as a lamp
driverrequires high gain units, and for interfacing high vol-

tage units may be required.

LINE
RECEIVER
OR

) ' RECEIVER
% DTL 9944 !

'~ - = = Harness.Twisted Pair
or other Noisy
Environment
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dual 4-input extender 9933

CONNECTION DIAGRAM

SCHEMATIC DIAGRAM

STANDARD TEMPERATURE RANGE

(top view) LOGIC FUNCTION
. ~ % 9930 or 9932
= 3¢ A o—i— A
8 E
= =it a ¢ s
10 = NODE
. . X Ot Kboyot- ; X or ¥
] J
5 =Pl ¢ o—j—i1 \ % 9933
6 ] mi i
o o—ig— -
e T = : POS.LOGIC E =A'B-C-D-G-H-I*J
ke e —
NEG.LOGIC E = A+B+C+D+G+H+I+J
ELECTRICAL CHARACTERISTICS
LIMITS
SYMBOL|  CHARACTERISTICS 0°C 25°C 750G UNIT | CONDITIONS AND COMMENTS
Min. Max. | Min. Max. | Min. Max
V&p Forward Drop Voltage 0.70 0.90 | 0.66 0.84 | 0.56 0.76 v Ifp = 2 mA applied to
ouEJut, input grounded
IR Reverse Current 5 5 10 uA VR =4V, ground on
other inputs
i) QOutput Reverse Current 25 25 + 50 LA VR =4V on output
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clocked flip-flops 9945-9948

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
(top view)
];Vcc

A R,
1 14 vee
cp 2 m i)
S1300 [ 12¢)
S; 4 ﬂjTL‘T:ucz
[of - = [ 105p
Q 6 [J9 @
G 7 ] D8

NOTE: The DTL 9945 incorporates the standard 6KQ
output pull-up resistor, while the DTL 9948 features a
2KQ output pull-up resistor for .improved switching
times, thus reducing however the drive capability.

Note:
DTL 9945 - R] = 6k
DTL 9948 - R1 = 2k2

LOGIC FUNCTION

Synchronous Entry Asynchronous Entry J - K Mode Truth Table
Inputs Qutput Inputs Qutputs Inputs QOutputs
tn th +1 tn th +1
S1 S2 Co C1 Q Cp Sp Q Q 81 C1 Q Q
L X L X NC H H NC NC L H L H
L X X L NC H L H L H L H L
X L L X NC L H L H H H Qn Gn
X L X L NC L L H H L L Q Q
L X H H L For J - K Mode Operation:
X L H H L Connected 4 to 9 and 11 to 6.
H H L X H
H H X L H
H H H H Undeter-
mined
NOTES:

1) Abbreviation used in the body of tables:
L = low, the more negative voltage level.
H high, the more positive voltage level (in all cases, unused pins have the same effect as high).
X immaterial, either H or L has equal effect.
NC = no change, the clock pulse has no effect on outputs.
Qn = outputs state at time ty

2) The L symbol in the S and C input column is defined as meaning that the input does not go high at any time while the clock is high.
The H symbol in the S and C input column is defined as meaning that the input is high at the same time as the clock is high.
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clocked flip-flops 9945-9948

STANDARD TEMPERATURE RANGE

9945 ELECTRICAL CHARACTERISTICS (VCC =5V +5%)

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C_ | UNIT | CONDITIONS AND COMMENTS

Min. Max. [Min. Typ. Max.| Min. Max.

VOoH QOutput High Voltage 2.5 26 3.3 2.5 v vee =4.75V, IoH = -0.18 mA
VIL (see below) on proper
asynchronous input

VoL Output Low Voltage 0.45 0.25 0.45 0.45 \ vee =475V, IoL =16 mA
vee = 5.25Y,  IoL = 16 mA

VIH (see below) on proper

asynchronous input

VIH Input High Voltage 2 1.9 1.8 Vv Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 1.2 1.1 0.95 \) Guaranteed input low threshold
for all inputs

Ip S & C Inputs Load Current -1 -1 £0.95| mA | VcC =5.25V, VF =0.45V
VR =4 V on other inputs

Ipg Sp. Cp Inputs Load Current -2.96 2.96 -2.85| mA Vee =5.25Y, VR =045V
VR =4 V on other inputs

Igpcp Clock Input Load Current -2.96 -2.96 2.85| mA Ve =5.25V, VF =0.45V
Vi1, on 8p

Ig S, C, 8p, Cp Inputs Leakage 5 5 10| wpA Vec =5.28V, VR =4V

Current ground on other inputs

Ircp Clock Input Leakage Current 20 20 30| ,A Ve =4V, VR =4V
S and Cp inputs grounded

Ipp Power Dissipation Current 15 mA vee =5V

Isc Output Short Circuit Current -0.65 -1.33 | -0.65 -1.33| -0.56 -1.33| mA Vee = 5.25V high output
grounded

Lpd+ Tum-Off Delay 30 90 nsec | Voo =5V see test circuit

tpd— Turn-On Delay 30 90 nsec | Vog = 5V see test circuit

CLOCK PULSE DESCRIPTION

3V 1o 5V

I
i
|
)
!
|
{
{

SENSE

ViLcp = IV e 25°C
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clocked flip-flops 9945-9948

STANDARD TEMPERATURE RANGE

9948 ELECTRICAL CHARACTERISTICS (VCC =5V 1 5%)

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS

Min. Max. | Min. Typ. Max.|Min. Max.

Vod Output High Voltage 2.5 26 3.3 2.5 \% vee =4.78V,  lgg =-0.54 mA
Vi1, (see below) on proper
asynchronous input

VoL Output Low Voltage 0.45 0.25 0.45 045 V vee = 4.75V,  IgL = 14.6 mA
Ve =5.25V, 1oL =14.6 mA

VIH (see below) on proper

asynchronous input

VIH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

VIL Input Low Voltage 1.2 1.1 0.95 \Y Guaranteed input low threshold
for all inputs

Ip S & C Inputs Load Current -1 -1 095 mA |Vgc=5.25V, VF =045V
on other inputs Vg =4 V
IF‘S Cp, Sp Inputs Load Current -2.96 -2.96 -2.85( mA Vee =5.25V, VR =0.45V
Ipgp | Clock Input Load Current -2.38 -2.38 2.26| mA | Vcc =5.25V, VF =045V
VI, on Sp
g S, C, 8D, CD Inputs Leakage 5 5 10| puA |Voc =52V, VR=4V
Current ground on other inputs
Igcp | Clock Input Leakage Current 20 20 30| «A | Voc=4V, VR =4V
S and Cpy inputs grounded
Ipp Power Dissipation Current 17.5 mA Ve =5V
Isc Output Short Circuit Current -1.86 4.41 |-1.86 -4.41|-1.68 4.20 mA | VCC =5.25V
high output grounded
tpdt Turn-Off Delay 30 80 nsec | VCC =5 V see test circuit
tpd— Turn-On Delay 30 80 nsec | Voi = 5V see test circuit

CLOCK PULSE DESCRIPTION : SEE 9943
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dual clocked J-K flip-flops 9093-9094

STANDARD TEMPERATURE RANGE

NOTE: The DTL 9093 and 9094 are respectively dual DTL 9945 and 9948 flip-flops.

CONNECTION DIAGRAM

(top view)

onononna

14 Ve
(113 cpy
[z,
1,
[ 10 50,
[ 970,
[ 8 Q;

v
ot

LOGIC FUNCTION

Asynchronous Entry J-K Mode Truth Table

Input Outputs Inputs Outputs

th t1

tn
4 (10 6(8) 5(9) 3(1D) 2(12)| 6(8) 5(9)

H L

H
Qn
Qn

H
L

Q
T

H
L

NC
H

NC
L

[pli=cf=1

L
H
L

NOTES:

1) Abbreviations used in the body of tables:
= low, the more negative voltage level
= high, the more positive voltage level
(in all cases, unused pins have the same effect as high).
NC = no change, the clock pulse has no effect on outputs.
Qn = outputs state at time tn

2) The L symbol in the J and K input column is defined as meaning
that the input does not go high at any time while the clock is
high.

The H symbol in the J and K input column is defined as meaning
that the input is high at the same time as the clock is high.

H

SCHEMATIC DIAGRAM 9093/9094 (9093 SHOWN)
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dual clocked J-K flip-flops 9097-9099

NOTE: The DTL 9097 and 9099 are respectively dual DTL 9948 and 9945 flip-flops.

SCHEMATIC DIAGRAM 9097/9099 (9097 SHOWN)

ano? O

CONNECTION DIAGRAM

(top view)

s

o 1O
K;ZC'—[
5 g
gyt Hri

9,5 O

Qs O—

guuggg o

(5)

LOGI

C FUNCTION

STANDARD TEMPERATURE RANGE

Asynchronous Entry

J-K Mode Truth Table

Inputs Outputs Inputs QOutputs
ty t,+1
13 410 6(8) 5(9 3(11)y 2(12)| 6 (8 5(9)
H H NC NC L H L H
H L H L H L H L
L H L H H H G Qn
L L H H L L Qn @n
NOTES:
1) Abbreviations used in the body of tables:
L = low, the more negative voltage leve!
H = high, the more positive voltage level

high

(in all cases, unused pins have the same effect as high).
NC = no change, the clock pulse has no effect on outputs.
Qn = outputs state at time ty.

2) The L symbol in the J and K input column ie definred as meaning
that the input does not go high at any time while the clock is

The H symbol in the J and K input column is defined as meaning
that the input is high at the same time as the clock is high.

y
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dual clocked J-K flip-flops 9093-9099

ELECTRICAL CHARACTERISTICS (Vcc =5V £ 5%)

STANDARD TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT CONDITIONS AND COMMENTS
Min. Max. |Min. Max. | Min. Max.

VoH Output High Voltage 2.5 2.6 2.5 \ Voo =4.75V, o =-0.18 mA
Vi1, (see below) and VR =4 V on
asynchronous inputs

V Output Low Voltage 0.45 0.45 0.45 \ Vee =475V, IgL = 16 mA

oL vee = 5.25V, Igb =16 mA
ground and VR = on
asynchronous inputs

Vi, Input Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold
for all inputs

Vig Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

Ip Input Load Current J andK Inputs -1 -1 0.95| mA Voo =5.25V, Vi =045V

Ircp Clock Input Load Current Vee =5.25V. Vg =0.45V

9093 -2.98 -2.98 2.86| mA Vi1, (see above) on
9099 -5.96 -5.96 5.72 asynchronous input

Irg Set Input Load Current -2.23 -2.23 -2.15| mA Vee =5.25V,  VE =0.45V
ground on J inputs

Igc Clear Input Load Current -4.40 -4.40 -4.28| mA vee = 5.25V,  Vee =045V
ground on K inputs

Ig Input Leakage Current 5 5 10| pA Vee =525V, VR =4V

J and K Inputs ground on clock

Igs Set Input Leakage Current 5 5 10) wA Vee =5.26V, VR =4V
ground on K inputs

Irc Clear Input Leakage Current 10 10 201 uA Voo =5.25V, VR =4V
ground on J inputs

Ircp Clock Input Leakage Current

9093 20 20 30| upA Vee =4V, VR =4V
9099 40 40 60 ground on J inputs

Isc Output Short Circuit Current -0.65 -1.33 | -0.65 -1.33| 0.56 -1.33| mA vee =5.25V
high output grounded

IPD Power Dissipation Current

9093 30 mA Vee =5V
9099 28
tpdt+ Tum-Off Delay 30 90 nsec | Voo =5V see test circuit
tpd— Turn-On Delay 30 90 nsec | Vo =5 V see test circuit
CLOCK PULSE DESCRIPTION:
3V to 5V| |
I |
|
I 1
| {
IPOWER v 1
IPULSE ILeP
|SENSE

ViLgp=1Ve25C



dual clocked J-K flip-flops 9094-9097

ELECTRICAL CHARACTERISTICS (VCC= 5V £ 5%)

STANDARD TEMPERATURE ANGE

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75C UNIT | CONDITIONS AND COMMENTS
Min. Max. |Min. Max. | Min. Max.

VOH Output High Voltage 2.5 2.6 2.5 Vv vee =475V, IoH = 0.54 mA
V], (see below) and Vg =4 V
on asynchronous inputs

VoL Qutput Low Voltage 0.45 0.45 0.45 v Voo =525V, oL =14.8 mA
vee = 4.75Y, lo]V =14.6 mA
ground and VR = on
asynchronous inputs

VIH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

Vi, Input Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold
for all inputs

Ig Input Load Current J and K Inputs -1 -1 -0.95| mA Vee =5.25V, Vg =045V

Ircp Clock Input Load Current vee =5.25V, VR =045V

9094 -2.38 -2.38 -2.20 | mA VJL, (see above) on
9097 -4.76 -4.76 -4.76 asynchronous input
IFs Set Input Load Current -2.23 -2.23 -2.15 mA vee =5.25V,  Vp =045V
ground on J inputs
Irc Clear Input Load Current -4.40 4.40 4.28| mA Ve =5.25V, Vg =045V
ground on K inputs
Ir Input Leakage Current 5 5 10| pA Vee =5.25V, VR=4V
J and K inputs ground on clock

[RCP Clock Input Leakage Current
9094 20 20 30| pA vee =4V, VR =4V
9097 40 40 60 ground on J inputs

Igg Set [nput Leakage Current 5 5 10 | pA Vg =525V, VR =4V
ground on K inputs

Igc Clear Input Leakage Current 10 10 20 | pA Vo =5.25V, Vg =4V
ground on J inputs

Isc Output Short Circuit Current -1.86 4.41|-1.86 4.41 |-1.68 4.20| mA Ve =5.25V
high output grounded

[ IpD Power Dissipation Current
9094 35 mA | Voo =5V
9097 324
+ Tum-Off Delay 30 80 nsec v, =5 V see test circuit
tod cC
tod— Tum-On Delay J 30 80 nsec | VCC =5 V see test circuit

CLOCK PULSE DESCRIPTION : SEE 9093 - 9099
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monostable multivibrator 9957

CONNECTION DIAGRAM
(top view)

STANDARD TEMPERATURE RANG
SCHEMATIC DIAGRAM
11 c 0 R
Tvcc ° I — 0 v
zunli.]n'j gnﬂﬁ k‘nﬁ “zm 2pF l]]u 0 akn
id

T

16
259F 7Y}
1.2k0

ELECTRICAL CHARACTERISTICS (VCC =5V)

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT CONDITIONS AND COMMENTS
Min. Max.|Min. Max. Min. Max.
Vi Qutput High Voltage 3.2 3.2 3.2 \% Vee =5V, IgH =0.15 mA
OH Pin 2 grounded.?”qn 9 at VcC
V, Qutput Low Voltage 0.45 0.45 0.5 v Ve =5V, IpL,=14.8 mA e 0°C and 25%
oL I18 =14 mA e 75°C
when testing Pin 1, ground Pin 10
when testing Pin 6, Vo on Pin 9
1 Input Load Current 2.8 -2.8 266 | mA |Vecc=5Y, VF=VgoL
F VR =4 V (see above)
Ig Input Leakage Current 5 5 10 pA Ve =5V, VR =4V
ground on Pin 2
Ipp Power Dissipation Current 10.8 mA Vee =5V inputs grounded,
Vecon Pin 9
tpg + Turn-Off Delay (Pin 6) 40 nsec- | VCC =5V see test circuit
tpd — Turn-On Delay (Pin 1) 40 nsec VCC =5V see test circuit
Pw Pulse Width (Pin 1) 90 330 nsec | Voo = 5V see tost circuit
Py Pulse Width (Pin 6) 70 270 nsec | Voo = 5V see tost circuit
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monostable multivibrator 9951

STANDARD TEMPERATURE RANGE

tULES FOR USE OF DTL 9951

) With Pin 9 connected to V(3¢ and no extemal capacitor (Cy), the output pulse width is approximately 100 nsec.

1) With Pin 9 connected to V%(a and an external capacitor (Cy) connected between Pins 10 and 11, the output pulse
width (T) is: T~6.4 (Cx + 20) with Cx in pF and T in nsec.

)} For improved pulse width control, Pin 9 is left open and a stable extemnal resistor (Ry) of 9 k(0 minimum to 15 kQ
maximum is connected from Pin 10 to V. The output pulse width is given by the expression: T~ 0.64 Ry (Cx+20)
with Ry in k), Cy in pF and T in nsec.

) The output duty cycle (pulse width/period) should not exceed 40%. It may be increased to 50% by adding a 2kQ} resi-
stor between Pin 11 and Vo Higher duty cycles are obtainable but the output pulse width and performance are less
predictable.

) The maximum input fall time to trigger: 15 nsec for a 1V swing; 40 nsec for a 2V swing; 80 nsec for a 4V swing.

) The AC sensitivity of the inputs may be decreased by connecting a capacitor between Pin 5 and ground.

) The minimum pulse width at output Pin 1 is approx1mately 100 nsec. This pulse width may be decreased to 50 nsec
by connecting & 10 kQ resistor between Pin 5 and Vee:

IMING CHARACTERISTICS

OUTPUT PULSEW!DTH VERSUS EXTERNAL NORMALIZED OUTPUT PULSE WIDTH NORMALIZED QUTPUT PULSE WIDTH
TIMING CAPACITANCE C VERSUS SUPPLY VOLTAGE YERSUS TEMPERATURE

100 . ——
_véc L :Eq =|v|“' TCE :'v‘, =|v“‘ Ve =5V Y9 = Vg
| FEr_ =300 7 R - 3000 R =300
[CL =500F € = 50pF €= 50pF
T a7 25C

1
Pulse Wioth |/
Pin 2

Y] Pulse Widlh

=l [ 11 0.8 0.8
10 102 103 104 a 5 6 0 25 50 15
Cy- EXTERNAL TIMING CAPACITANCE - oF Veg - SUPPLY VOLTAGE - V TA - AMBIENT TEMPERATURE - oC

0.9

0.9

NORMALIZED OUTPUT PULSE WIDTH
NORMALIZEO OUTPUT PULSE WIDTH

0.1

NORMALIZED OUTPUT PULSE WIDTH VS. PIN 6 QUTPUT PULSE WIDTH
TEMPERATURE USING EXTERNAL VERSUS LOAD RESISTANCE (FAN-OUT
TIMING RESISTOR Ry SIMULATION) SWITCHING TIMES VS, TEMPERATURE
25

1'2V|_|5\}*r||x1|| 20 :_|
cc Vee =5V

Ry =10 K + 1% Connected between__|__| T 260C |
= 250

pin 10 and Vo A pd‘(‘ o b [

20

=
S

L1 ! \, |
R =300"
|-c_ =50 pF
Pin 9 is open

3

o

1
»
°
~

tod— Pin 1
—

T
tpan Pin 6

©
S

PULSE WIDTH - asec
&
o
.

SWITCHING TIMES - nsec

0.9

40

gy Pin L

0.8 0 J 5 r N [ ]
0 2 50 75 0 1 2 3 1 5 0 25 50 75
T, - AMBIENT TEMPERATURE - °C Ry - LOAD RESISTOR - K ) Ty - AMBIENT TEMPERATURE - 5C
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diode-transistor logic family DT

STANDARD TEMPERATURE RANG

SWITCHING TIME TEST CIRCUITS

9930 - 9934 - 9936 - 9946 - 9962 GATES Ly TEST CIRCUIT

Pulse In

3V |
PW¥ > 100 nsec

Diodes are BAY 74

WAVEFORMS

TEST CONDITIONS

1.5V
GNO
R c
t Loa- JE———

pd:
pd L5v tod *  39k1 30 pF
DUT——/_ = \=GND tpd - 4000  50pF

9935 GATE tpq TEST CIRCUIT

WAVEFQRMS
ULSEIN
Vin v 3v
v m2
ml =
GND f= IMHz
tod '+ tpd-
Vi Vol
Vout
Diodes are BAY 74
TEST CONDITIONS
Yo Vn2 R cz G
15V L3V

39kQ 30pF 20pF 5pF
- 400Q 50pF 20pF 5pF

-
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diode-transistor logic family DTL

STANDARD TEMPERATURE RANGE

WWITCHING TIME TEST CIRCUITS

9932 - 9944 GATES tpq TEST CIRCUIT

WAVEFORMS
Vin
Lsv T\
Test Element GND
lpd+ Ly
15V
Your GND

TEST CONDITIONS

Diodes are BAY 74 R c

9944 t g+ 5100 20pF
9944107 - 1500 100 pF
9932 (75 + 5100 500 pF
992 thy - 1500 500 pF
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diode-transistor logic family DTL

STANDARD TEMPERATURE RANGI

SWITCHING TIME TEST CIRCUITS
9945 - 9948 - 9093 - 9094 - 9097 - 9099 FLIP-FLOPS tpd TEST CIRCUIT

Vee

the exlernal J-K conneclion 1s
valid only for 9945-9948

Pulse in VIN % 20pF

X

[PW >100 nsec. K

al al l
L2 Ll
VouT_L
All diodes BAY 74 or equivaleal C
VCC at PIN 14, GND at PIN 7
WAVEFORMS
TEST CONDITIONS
R c

4+ 2K0 30pF
:Ed- 3300 50 pF

9951 MONOSTABLE tpd TEST CIRCUIT

WAVEFORMS

lpmq

oor e L 3000 H 000

Vour !
0 &
v AN
Pulse In Pulse Widlh
ldd- - nd- -
3v ! Vout 2 Vout ! ! |
ouT Pint |
PW = 2100 nsec. All diodes BAY 74 or 50pF Y 4
= 1MHz lent
t = 20 nsec. sautvalen !! !! '
U = 20 nsec.
Yy h 4
Yy %[
——
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" TTL INTEGRATED CIRCUITS
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TTL INTEGRATED CIRCUITS

TTL T 100 SERIES Page
Extended temperature range 73
Standard temperature range 99
GATES Page FLIP-FLOPS Page OTHER FUNCTIONS Page
E. S. E. S. E. S.
T102 74 100( T 100 84 107 | T 118 Monostable 93 115
T103 74 100( T 101 84 107 | T 150 4-bit shift register 121 121
T104 74 100| T 110 — 113| T 151 1-0f-10 decoder 127 127
T105 80 105| T120 89 110| T 152 Dual fuli adder 131 131
T 106 80 105| T121 89 110| T 154 256-bit ROM — 135
T107 74 100| T 173 — 167 | T 163 8-input multiplexer 139 139
T108 80 105 T 164 Dual 4-in. multiplexer 143 143
T109 78 104 T 165 64-bit RAM — 147
T112 76 101 T 167 9-bit parity generator — 151
T115 80 105 T 168 Quad 2-in. multiplexer — 159
T116 74 100 T 172 Quad line receiver — 163
T122 83 103 T 174 Triple line receiver — 173
T 175 Dual line driver — 179
T 176 Dual retrigg. resett. — 185
monostable multivibr.
TTL T54/74 SERIES Page
T 54 series-Extended temp. range 191
T 74 series-Standard temp. range 191
GATES Page | FLIP-FLOPS Page | OTHER FUNCTIONS Page
T 7400 194 | T 7472 204 | T 7441A  Decoder Nixie® driver 210
T 7401 195| T 7473 206 T 7442 4-line-to-10 line 247
T 7402 196 | T 7474 208 | T 7443 4-line-to-10 line 247
T 7403 195| T 7476 206 | T 7444 4-line-to-10 line 247
T 7404 194 | T 74107 206 | T 7475 8-bit bistable latch 212
T 7405 197 T 7481 16-bit RAM 253
T 7406 197 T 7483 4-bit binary full adder 265
T 7407 233 T 7484 16-bit RAM 253
T 7408 237 T 7490 Decade counter 216
T 7409 237 T 7492 Divide-by-12 counter 273
T 7410 194 T 7493 Binary counter 218
T 7416 197 T74121 Monostable multivibrator 281
T7417 233 T 74122 Retrigg. monost. multiv. 289
T 7420 194 T 74123  Retrigg. monost. multiv. 289
T 7426 241 T74157  Quad 2-input multiplexer 297
T 7428 243 T74180 8-bit odd/even parity 220
T 7430 194 generator/checker
T 7433 243 T74192 Sync 4-bit U/D counter 301
T 7440 198 T74193  Sync 4-bit U/D counter 301
T 7450 199 T 75107A Dual line receiver 313
T 7451 199 T 75108A Dual line receiver 313
T 7453 201 T 75109 Dual line driver 321
T 7454 201 T75110 Dual line driver 321
T 7460 203 T 75207A Dual line receiver 313
T 7486 214 T 75208A Dual line receiver 313
T 75451A Dual peripheral positive 329
AND driver
TTL T54H/74H SERIES Page
T 54H series-Extended temp. range 333 E. = Extended temperature range

T 74H series-Standard temp. range 333 S. = Standard temperature range
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5ILICON PLANAR DIGITAL INTEGRATED CIRCUITS I I L

transistor-transistor
logic family

EXTENDED TEMPERATURE RANGE - 55°C + 125°C T_he Trans'istor-Transist'or Iog!c iptegratgd circuit family_ ("I'TL.) com-
bines a high fanout, high noise immunity, low power dissipation and
good capacitive load driving capability with low propagation delay

e Compatible with DTL and LPDTL products tirT\es. The CirCL!itS are fabricated within a silicon monolithic substrate
o Input diode clamping using Planar Epitaxial processes. ]

o Noise immunity 1V TTL elements are ava'llable in two herm_etlcally sealed oer.amic
© Worst case noise immunity 0.4V packages:the Dual in Line Package (D), designed f_or low cost inser-
o Output drive capability of 10 tlon,. and the 14 lead flat package (F) for maximum component
@ Power dissipation 11 mW per gate density.

e Gate propagation delay of 6 nsec
o Output pull-up circuit
e Same pin configuration as the corresponding

ABSOLUTE MAXIMUM RATINGS

{above which the useful life may be impaired)

DTL and LPDTL products V¢ pin potential to Ground -05Vto8V
Input Voltage {see Note) -05Vto5.5V
Gate Qutput Voltage, Inputs Low -0.5VtoVce
Gate Current Into Qutput Terminal, Inputs High (except T109) 50 mA
Gate Current Into Qutput Terminal, Inputs High T109 100 mA
Flip-Flop Qutput Voltage when output is normally high -05VioVee
Flip-Flop Current Into Output Terminal when output is normally low 50 mA
Storage Temperature Range 765°C to 150°C
Temperature {Ambient) Under 8ia¢ -B5°C 10 125°C

OPERATING CONDITIONS

Temperature Range -559C to 125°9C
Supply Voltage (Vcc) 5V +10%

ORDERING NUMBER
NOTE - Becauss of the input clamp diodes, excess current can be drawn out of the inputs if
T1XXD2 (for Dual in-Line Package ) the D.C. inpul voilage is more negative than -0.5 V. The diode is designed to clamp off large
TAXXF2 (for Flat Package ) negative A.C. swings associaled with fast fall times and long lines. This maximum rating is
inlended only to limit the steady State input voltage and current.

PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
16-pin ceramic DIP 14-pin ceramic DIP Flat caramic package
TMAX
o W s
0.2 “ — = |“
=
—s "= ]
P )
=] Rl=""]
PV 3 — =T T—
g e Qw0 [T 1]
Oz 157 G o a
" e v - -
O: w G o b
- [mE] 2] u
O« v g a x| = |
3 e uflg| s an
Os 2[R 5, Rl =2 8B
d 0 ] Os »p
6 1
O o E ¢ 'd
Oe 9 . o *H
Note : all dimensions in mm. Note : all dimansions in mm. Notx Al domsnions 'n e

1AACH 1970
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Nand Gates 1102 -T103-T104 -T 107 - Hex Inverter T 11€

CONNECTION DIAGRAMS (top view)

1 Dhavee !

[y= =t} 10
3T 12 30
4:@ @:u i =

o

Bl

T 103

5 6 [0 =
o5 = Qm
ano 70 =N GND 7 (]
T 102
o/
1 D14 vee 10

13 2O

2

3 112 =

4 = 4

SE M0 -5

= =K 60
GND 7] 3 s GND T[]

Sl
e

b lavee

313

12
=
[0
m

m i

T 107

T116

ELECTRICAL CHARACTERISTICS (Vcc =5V + 10%)

EXTENDED TEMPERATURE RANGI

——
Hiivee 19 10 ve e

1 = R

[ 3 12

[ = Don

Mo 503 30 BASIC GATE CIRCUIT
wukl Y=

[ 5 GND 7

* Number of inputs depends on the gale

LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max.| Min, Typ. Max.| Min.  Max.

VOH Output High Voitage 24 24 27 24 \% Vee=45V, Igy=-1.32mA
VL = velue indicated below

VoL Qutput Low Voltage 0.4 0.21 04 0.4 \% Vee=5.5V, lop =17.6 mA
Vec=45V., loL=136mA
V|H = value indicated befow

VIH Input High Voltage 2 1.7 1.4 Vv Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 08 0.9 08 Y Guaranteed input low threshold
for all inputs

IF Input Load Current 16 1.1-186 1.6 mA Vece=55V, VF=04V
VR = 5.5V onotherinputs

IR Input Leakage Current 10 60 60 PA Vec=55V, VR=45V,
Gnd on other inputs-

Isc Qutput Short Circuit Current -30  -100 | -30 -100|-30  -100 mA Vee =55V
Inputs and output grounded

IPD Power Dissipation Current 55 35 55 55 nA Vce =5V inputs open

{each gate}
tpd + Turn Off Delay 3 10 nsec Vee=5V. CL=15pF
tpd - Turn On Delay 3 12 nsec See test circuit
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Nand Gates 1102-T103-T104 -T107 - Hex Inverter T116

YOLTAGE - V

PUWER DISSIPATION - mW

EXTENDED TEMPERATURE RANGE

WORST CASE LOGIC LEVELS HIGH LEVEL NOISE IMMUNITY LOW LEVEL NOISE IMMUNITY
VERSUS TEMPERATURE VERSUS TEMPERATURE VERSUS TEMPERATURE
3 3 1.2
B T T P Paomes oy Syep 1 £.0. 10 45V < Ve €559
—Von Yee = 5V+—ton = tmAl | [
2.5 ! 1 ! 25 1
—Vou Vo= 4]l ImAl | > 2o ] >
| . N'cC - .
2 i r 2 Lv > 0.8 §
st L R z 2] z
Ls - s B ) |
—] = E = +
w 1 sl : F.0 = 10
2l — 9
1 , s 1| 1 = ERY — —
1L = /‘: g o
- T — 1 4 Q
| ° e
0.5 Vo 0.5 0.2
—JF.0. = 1od—abv < Ve < s.5v—] ;
0 | | | 0 o
75 ~25 25 75 125 -75 -25 25 75 125 .75 =25 25 75 125
Ta - AMBIENT TEMPERATURE -°C Tp - AMBIENT TEMPERATURE - °C T a- AMBIENT TEMPERATURE -
WORST CASE POWER DISSIPATION
VERSUS SUPPLY VOL TAGE WORST CASE POWER DISSIPATION WORST CASE TURN OFF DELAY
(per gate) VERSUS FREQUENCY (per gate) VERSUS TEMPERATURE
3 —— ] 80— 30 —
55 CETy < 125C | s occ =5 _VCC-: 5V
0 I _ -] | 50% DUTY CYCLE See lest circuil -
1 S C = 15pF 25 .
Q' - ”
25 oriE -~ E gp)See lest oncut < s
- ' e
-k ‘ | = T o
L ] 2 B
20 yPICAL ] = o e
wonz ] < ° W PRy
GATE 2 s a0 Lo -
15 "] a [ ° -
o 022 z
= P S 1
10 i
g o : {--
TE ~OFE~ TYPICAL =
5 GA ARSI e 5 e 15PFT -
‘ ‘ - i 1
Y Y [ T
45 475 5 5.25 5.5 0 5 1 15 20 -75 -25 75 125
SUPPLY VOLTAGE - « [ - FREQUENCY - MHz TA-AMBIENT TEMPERATURE -
AC POWER TEST CIRCUIT WORST CASE TURN ON DELAY
VERSUS TEMPERAT URE
. -
— () ®
= Vee = 5Y
Vin \'|/ Vee 2 N See lest circuit
15F e B BN
cL 0.33uF : <
I __L POWER = | > V¢ 30 ax, <
ui S~ €
a ~L 450,
R H > ! ~~4
F3 ~_ My
“AX o
X 115,,,_- -
L il fndn Rl
50; DuUTY CYCLE :
?[s 10 ns. _g s
= —-MIN. 9 15 pF
Note: Capacitance includes probe and jig capacily | —Q— == = =
Alf inputs lo be tied logether 0 ' J |
-75 -25 b4 75 125

Tp - AMBIENT TEMPERATURE - °C
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NAND Gate Open Collector T 112

EXTENDED TEMPERATURE RAN(

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
(top view) (one gate only)

1
20
1]
1

[y vee
(113
1312
M
= [0
[ = 39
GND 7 [] -

EJE%JJ

ELECTRICAL CHARACTERISTICS (Ta -55°C to 125°C, Vcc =5V + 10%)

LIMITS
SYMBOL AND UNIT | CONDITIONS AND COMMENTS

CHARACTERISTICS -55°C 28°C 125°C
Min.  Max.[Min. Typ, Max,|Min. Max.

VoL Output Low Voltage 0.4 021 04 0.4 v Vee =5.5V IOL =176 mA
V|H = value indicated below

VIH Input High Threshold 2 1.7 1.4 \ Guaranteed input high threshold
for all inputs

ViL Input Low Threshold 0.8 09 0.8 \ Guaranteed input low threshold
for all inputs

g Input Load Current 1.6 -1 -8 -1.6 mA | Vcc=5.5V vp =04V
Vg = 5.5V on other input

IR Input Leakage Current 10 60 60 UA Ve = 5.5V VR =4.5V
ground on other input

ICEX Qutput Leakage Current 150 150 pPA Ve = 4.5V inputs grounded
4.5V applied to output

IpD Power Dissipation Current 55 35 55 55 mA Ve =5V inputs open

{each nate)
tpd + Turn-Off Detay 32 nsec ! Vee =5V
tpd - Turn-On Delay 12 I CL=15pF see test circuit
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Quad 2-input Open Collector NAND Gate 112

EXTENDED TEMPERATURE RANGE

WIRED-OR APPLICATIONS

The T102 allows wired-OR operation when a proper load resistor (RL) is connected between V¢ and output pins. General rules to calculate the
allowed number of wired-OR gates with a requested drive fector are explained here below.

For a given number {K) of wired-OR gates end a given number (n) of driven CCSL gates, two eguations can be written in order to determine the value
of the external resistor {R|) that guarantees a correct operation with respect to the same Noise Immunity levels as the CCSL family.

High Level : if all the wired-OR gates outputs are at the high level, a total current flows from supply through the external resistor R|_, that is the sum
of the output leakage current ICEX of the output wired-OR transistor and the input leakage current
IR of the driven gates. This current takes the output voltage to a value that should not be less than the
VQH voltage, that guarantees the high level Noise immunity. Therefore, to limit this voltage drop, fol-
lowing R|_ limitation should be respected :

RLmax=\M note that the resulting R valua is & worst case as ICEX given in
n KICEX+n IR present deta sheet is measured at 4.5V instead of 2.4V, Besides even IR
N-R— is measured at 4.5V,

T
1
1
1
)

T112 wired-ORN-L—

Low level : when almost one of the wired-OR gates is at the low level {ON}, a current flow from supply, throughR|_, to the output of the ON transistor
This current is the ratioof R|_and the allowed voltage drop, {the output leakage current of the OF F wired-OR gates is negligible). In addition, the out-
!p\.nCN transistor sinks the output load current 1g of the driven inputs - The VoL voltage guerantees the low level Noise |mmunity, that is total sunk
current should not overcome 10 value: therefore, to limit the currant through R{_, following limitation should be respected :

vee - VoL

loL-niF
If more than one gate is ON, allowed R value is higher.
drlv?n The two combined equations give maximum and minimum values among which should range R
Inputs value :

RL min =

vce—Vvol vV¢e — VoH n = number of driven inputs
————— SR S ——

\ T loL—nlf Klcex +n IR K = number of wired-OR T112 gates
1

A

| T112 wired-OR Nl
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Power Gate T 109

CONNECTION DIAGRAM
{top view)

_\/ﬁ
2 O
3
4
5
6

GND 7

gonnn
gououu

For noise immunity and operating level curves, refer to the gate section.

ELECTRICAL CHARACTERISTICS (Ve =5V £10%)

OOOT
||

EXTENDED TEMPERATURE RANGE

SCHEMATIC DIAGRAM
{one gate only)

oVee

LIMITS
SYMBOL CHARACTERISTICS -565°C 25°C 126°C UNIT CONDITIONS AND COMMENTS
Min.  Max.[Min. Typ. Max. | Min. Max.
VOoH Output High Voltage 24 24 27 24 \ Vec=45V, IgH=-36mA
V| = value indicated below
VoL Output Low Voltage 0.4 021 0.4 0.4 \ Vee=56V, lpgL=48mA
Vee=456V,  IgL=408mA
ViH = value indicated below
Vi Input High Voltage 2 1.7 1.4 \ Guaranteed input high threshold
for ali inputs
ViL Input Low Voltage 0.8 0.9 08 v Gueranteed input low threshold
for al} inputs
IF Input Load Current -3.2 22 -32 -3.2 mA Vee=55V VF=04V,
VR=55V
on other inputs
IR Input Leakage Current 20 120 120 A Vee=556V, VR=45v,
Gnd on other inputs
IpD Power Dissipation Current {each gate) 129 86129 129 mA Ve =5V inputs open
Isc Output Short Circuit Current 40 -150 |-40 -150 |-40  -150 mA Vee=5.5V inputs and
output grounded
tog + Turn Ott Delay 4 15 nsec vee=5V, CL=15pF
tod - Turn On Delay 3 10 nsec See test circuit
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Power Gate T 109

WORST CASE POWER OISSIPATION
VERSUS SUPPLY VOLTAGE
{per gate)

120
55T < T, < 125°C
100
=
€
8 s
= Tons WAK = =
£ gl GATE 4~
A
o - - P. |
) GATE ZON TYP-—]
]
=
o
= I
4] L
T a
GATE “OFF~ TYP,
0
45 4.75 5 5.25 5.5
Veg - SUPPLY VOLTAGE - V
WORST CASE TURN OFF OELAY
VERSUS TEMPERATURE
60 —
| vee = 5v
See tesl circuit
w 50
2
%
- ac P
o -
. 3
-
E 10 *@\"“9)
- w,’l[’
4 - -
= L — -1 \3 -
i LSty
- JIS B
% o[ It g
MIN @ 15 pF
N —
<75 -25 25 75 125

T 5- AMBIENT TEMPERATURE - °C

L

50% DUTY CYCLE
Amp x4 V
t, iy € 10 ns.

EXTENDED TEMPERATURE RANGE

PONWER DISSIPATION VERSUS
FREQUENCY (per gate}

200 .
Moo
-50% DUTY CYCLE
160|C = 15pF
i S
€ ee lest circuit A
=
21 e
=
i
a B>
5 80
-4
i
E3
o
@ a0
o
0 5 10 15 2
(- FREQUEACY - MHz
WORST CASE TURN ON OELAY
VERSUS TEMPERATURE
60 .
Vo= 5V
See test circuil
w50
%
< a0
i
a
=
5 3 >
z N
3 n
E
Fo» =~ MAX. @ 150 pF __|
I N, r— [y
H S T
1 ~~4 MAX. & 15 oF
T T B
T — MIN. 6 15 pF —]
0 B s ol ke ot
75 25 %5 75 125
T, AMBIENT TEMPERATURE - oC
AC PONER TEST CIRCUIT
)
15pF

POWER w | x Vo¢
CL

I IU.33;..F

NOTE : Capacitance includes probe and jig @paoty - All inputs are to be tied togethar
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AND-NOR Gates 1105 -T108 - T115 - Expander T106

EXTENDED TEMPERATURE RANGE

The TTL T105 and T108 are AND - NOR gates which may be NOR expanded with the use of the T106 element,

CONNECTION DIAGRAMS SCHEMATIC DIAGRAMS
(top view) vee

s RERN

(13

[ 12 coll,
(111 Emiut.

10 o

EXPANDER ©

T 105 o=
EXPANDER © 4%17

6650
./ Nominal " mponenl values t t R,
for lhe sections withoul
1 [ 14 vec expanders: AXXa
2 O E 13 RYy-Rym R - GKD s i im el l % T105 WITH EXPANDER INPUTS

Ry = L5KM R, - 1500
10 12 R - 800 Ry - 1.25KQ

s O =il T105-T115
s O blo
o & [ s
anp 7 O ) 8

T115 26 K0

14v,
E e o
13 o
[112 coit. i

b“ Emit. ]E ]E-E

e
10 Emu,

P 9 Coll. T 106 {one gate}

Vee

: 14 VCC 26K 2.6K0 000 2.6K1
(113

° . .
- Elz Coll.
4 1 EmiLL. Ql 2 Q3 Q02 Q a
blo (o
[ 9
O~ » ¢ t ¢
1 8
i ]E ]E % 6650 %
T 108 Ll
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AND-NOR Gates T105 - T108 - T115 - Expander T106

EXTENDED TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (Vcc =5V £ 10%)

LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C | UNIT CONDITIONS AND COMMENTS
Min.  Max.| Min. Typ. Max. |Min. Max.
VOH Qutput High Voltage 24 24 27 24 v Vec=4.5V IgH=-1.32mA
V(L See below
VoL Output Low Voltags 0.4 02 04 0.4 v Vec=55V fgL=176mA
ViH=55V
Vec =45V loL=136mA
VIH See bslow
ViH Input High Voltage 2 1.7 1.4 \Y Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 08 08 08 \ Guaranteed input low threshold
for ell inputs
IF Input Load Current
T105 (non exp. sectionjand T115 -1.6 -1t 16 -1.6 mA Vec=55V VE =04V
T105 (exp. section} T106and T108 24 -16 -2.4 -2.4 5.5 V on other inputs
IR Input Leakage Current
T105 {non exp. section) and T115 60 60 pA VR =45V Vece=55V
T105 (exp. section) T106 and 7108 75 90 90 Gnd on all other inputs
1PD Power Dissipation Current
T105 17.8 121178 17.8 mA Vee=5V
T115 13 95 13 13 All inputs open
T108 125 9.3 125 125
Alpp Extra Current Drein when one 1.61 1.08 1.61 1.61 mA Ve =5V
T106 expander is attached to all inputs high
aT105 “ON”
Isc Output Short Circuit Current 30 -100|-30 -100{-30  -100 mA Vee=55V Inputs and
output grounded
tpd + Turn off delay 4 12 nsec T105 Vee=5V
(non expanda- C =15 pF )
tpd - Turn on delay 3 14 nsec ble section) See test circuit
and T115
tod* Turn off delay 3 15 nsec T105 (exp. Vee=5ov
section) and CL=15pF
tod - Turn on delay 3 12 nsec T108 See test circuit
Atpd + Turn off delay -1 4 nsec T106 only - the T106 is tested by
measuring its tpd through the
Atgy - Turn on delay -1 4 nsec T105 - see test circuit

Note : 1) Output characteristics above apply to T105-T115and T108

2) Input characteristics above apply to T105, T115 and T 108 using either the internal gates or an external T106 extender
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AND-NOR Gates T105 - T108 - T115 - Expander T106

POWER OISSIPATION - m¥

-ns

TURN OFF DELAY

lpgt -

tpd* - TURN DFF DELAY -ns

"ORST CASE POWER OISSIPATloN
T 105 YERSUS SUP
VOLTAGE {per gau)

~QF F* CONDITION ALL INPUTS GROUNDEOD
50 |[EXCEPT EXTENDERS

o X

[ Toon? ‘55‘]’
AR
40 E et |

~0ON” CONDITION ALL INPUTS OPEN i

L

Te oM~ ]
30 GA

20

[ 1

S
1 1 1

4.5 4.75 5 5.25 5.5
SUPPLY VOLTAGE - V

WORST CASE TURN OFF DELAY OF
EXPANDABLE GATE YER U
TEMPERATURE

Vee= 5V
C_ = 15F
25| 1-105 ble seclion)

and T1-108 3
See tesl circust

»\r*f'

MIN
=T

-5 -25 2 7 125
Ta - AMBIENT TEMPERATURE -

WORST CASE TURN OFF OELAY OF
NONEXPANDABLE GATE YERSUS
TEMPERATURE

T
Vcc

- 105 (Nun expandable s2clion)
and - 11
See test circuil -

n
&

20

N I

15 =25 25 75 125
AT AMBIENT TEMPERATURE -

- m¥

POWER OISSIPATION

TURN ON DELAY - ns

Lpg=-

Lo~ TURN ON ELAY - ns

EXTENDED TEMPERATURE RANGE

WORST CASE POWER OISSIPATION
Olz“\)lERSU

100

“ON” CONDITION ALL

INPUTS OPEN *OF

CONDITION ALL

80| INPUTS GROUNDED -1
[ EXCEPT EXTENDERS

Pl
A
0 J 8 " !
- GI \:_!'ON"‘YPA/
= GAT
40 e
—F
—
P.
“OFF TY
2 ATE
— |
-55C £ T € 125C
0 L L !
4,5 4.75 5 5.25 5.5
SUPPLY VOLTAGE - V
VlORST CASE TURN ON OELAY OF
DABLE GATE YERSUS
TEMPERATURE
30
Vee = 5v
C_ = 15F
25| T- 105 (expandable section)
and
See lest cireurt
20
15 SN
e
N v M,
10 —~2AX
5
——4—_L_ ] _|mn
0 g
75 -25 25 75 125
TA' AMBIENT TEMPERATURE - °C
WORST CASE TURN ON OELAY OF
NONEXPANDABLE GATE YERSUS
TEMPERATURE
30
L - 105 (Non expandable section) Vee=5Y
and T -115 See lest corcuit
25 AN
)
\
N
20 >
~
3~
15 =
]
5
T ——e MIN. @ 15 pF
o \
-75 -25 25 75 125

TA - AMBIENT TEMPERATURE -
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Quad 2-input NOR Gate 1122

EXTENDED TEMPERATURE RANGE

SCHEMATIC DIAGRAM
(one gate only)

CONNECTION DIAGRAM

(Top view)
S
1 Y14 vee
2] 113
3 12
i o= i
s 110
o[ 19
GND 7] o )
‘cc
ELECTRICAL CHARACTERISTICS (Tp =-55°C 10 125°C, Vec =5V 4+ 10%)
|
LIMITS
SYMBOL CHARACTERISTICS - B5° 25°C 125°C UNIT | CONDITIONS AND COMMENTS
Min.  Max.| Min.-  Typ. Max. | Min.  Max.
VOH | Output High Voitage 24 24 27 24 v Vee=45V IoH =-1.32mA
VL = value indicated below
VoL Output Low Voltage 0.4 0.21 0.4 0.4 \2 Vee =55V loL=17.6 mA
Vee=45V lor =13.6 mA
V|H = value indicated below
‘ VIH input High Voltage 2 1.7 1.4 \2 Guaranteed input high
threshold for all inputs
ViL Input Low Voltage 08 09 0B \ Guaranteed input low
threshold for all inputs
Ie Input Load Current 1.6 1.8 -1.6 mA Ve =55V VE=04V
5.5 V on other input
IR Input Leakage Current 10 60 80 PA Vee=5.5V VR =45V
IsC Output Short Circuit Current | -30 -100 | -30 -100 [-30 -100 mA Vee =55V inputs and
output grounded
Ipp Power Dissipation Current 55 35 5.5 5.5 mA Ve =5V inputs open
{each gate)
tpd + | Turn-Off Delay 10 nsec vee=5V CL=15pF
tpd ~ Turn-On Delay 12 see test circuit
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J-K Flip-Flops T 100-T 101

EXTENDED TEMPERATURE RANGE

GENERAL DESCRIPTION

The TTL family includes the T100 and T101 flip-flops to satisty the storage -element needs of a logic system. Each is a master-sslave JK flip-flop
with the same multi-emitter inpuis and low impedance active pull-up outputs common to the gate elements.

The internal JK connections assure the user of non-ambiguous operation for all input states. The masler-stave design with buffered clock input
offers high noise immunity, low clock loading and eliminates the need for careful control of clock pulse rise or fall times. Data is accepted by the
master when the clock is in the low logic state. Transter from master to sfave occurs when the clock goes from the low to the high logic leval.
When the clock is in the high logic Jevel both J and K inputs are inhibited. For this reason it is desirable to maintain the clock pulse in the high
level most of the duty cycle. Direct set and reset inputs provide true asynchronous control of both master and slave flip-flops independent of iogic
and clock input levels.

A common J-K input is provided which is useful in the physical layout of most logic configurations.

The two circuits are almost identical. The T100 has capacitors at the outputs of the J and Kdata input gates in the master flip-flop. The capacitors
serve to lengthen the time requirements between J or K data and the low to-high clock transition. This feature makas the T100 particularly attracti-
ve for applications where clock shew is an important consideration.

The T101 provides one J and one K input for additional logic fiexibility. 1t has no master flip-tlop capacitors 10 extend the set-up time and there-
fore has a higher toggling rate.

The important characteristics of the two flip-flops are illustrated in the following curves and specifications. Noise immunity and operating level cur-
ves shown in the gate section of the data sheet are applicable to the flip-floos as well.

CONNECTION DIAGRAMS

(top view)

/S N
K1 (1 14Vce w1 [0 14 vee
50203 = — 1o Sy _ 1 13T,
k130 [ 125 k304 H T 129
4,y a3 [ 1x; 114 HM 11k,
4, 50 [ 10k, 5,50 M w0k,
q O [1 scp = [ 9cp
GND 7 8q GND 7 Y]

T 100 T 101
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J-K Flip-Flops T100-T 101

EXTENDEO TEMPERATURE RANGE

TRUTH TABLES

SYNCHRONOUS ENTRY ASYNCHRONOUS ENTRY
J - K MODE OPERATION Independent of Clock and Synchronous |nput
INPUTS €@ tp OUTPUTS @t + 1 INPUTS OUTPUTS
(5} {5}
JK J1 U2 Jgz K1 K2 K3 Q Q Sp Cp Q Q
1 4 5 12 3 10 1 6 8 2 13 6 8
L X X No Change (4)
H L L No Change (4} L L H H
H L H L H L H H L
H H L H L H L L H
H H H Toggles H H No Change
_ L
| nNoTEs:

1) H = Most positive logic level.

2) L = Most negative voltage level.

3} X = Could be high or low.

4) For no change of outputs, the J and K inputs of the common JK input must remain low from the time Lhe clock goes low 1o the time the clock
goes high again.

5) The T101 has inverted J2 (Pin 5) and K2 {Pin 10} inputs. When not in use, they must be grounded.

6) The L symbol in the J and K input column is defined as meaning that the input does not go high at any time while the clock is low. The H sym-
bol in the J and K input column is defined as meaning that the input has been high a1 same time while the clock was low.

T100 AND T101 FUNCTIONAL LOGIC DIAGRAM

S
J T
P o
J2 H s 0
T = Q
4 01 001

cp °_D°_‘ MASTER SLAVE

I
=
Q

K1 T100 L
prms - 5
1 i q
Ky o—{
K T101

o




J-K Flip-Flops T100-T101

PDWER DISSIPATION - m¥

200

T 100 SCHEMATIC DIAGRAM

EXTENDED TEMPERATURE R+.NGE

13
i vee Vee i
vee [Jaks. [k Ve
2
axn KAl K KN
Q5 \/q10
Q2] q3 Q8 [Q7
Q1 Q6
10 Q4 Q9 10
3 pF pF
10 T x®n 13
11 o
1o _L
Y Y ¥ A%
Vece = PIN 14
GND=PIN 7
9
WORST CASE MAX. & MIN.
POWER DISSIPATION VERSUS tpy+ &tpy- PROPAGATION
CLOCK INPUT FREQUENCY OELAYS - CP TO DUTPUTS
— 52 — 52
v cc= 5V E cc 5V
C = 15pF o =1spF
50% OUTY CYCLE CLOCK . 4 44
c / H
; b ;
wv v
Z o3 - fE TS
~ [~
W ~ MAX. tog. Pid 4 =
. - /s
L V28 |“ !
o) S !
Wy 2 i \ % 2
= R:
Zalh S w| [T~ AW areT S =
<
+ +
g L[] WIN. Lpg. L -
MIN. tog v | _+-"
. | 4
10 2 30 w0 -75 .25 3 5 125

f- FREQUENCY - MHz

T o7 AMBIENT TEMPERATURE - ©C

WORST CASE MAX. &
tpd+ & tpd- PROPAGATION
OELAYS - ASYNCHRONOUS
INPUTS TO OUTPUTS

Ta- AMBIENT TEMPERATURE - *C

Ve = |
cc S
rc L =15pF \\\Q‘?‘/
KA
e
o
~ v
= =t
T Y4
St
x&,
*‘“6’—'1(7
~— L‘n o
MIN. {pg - (CP LOW) z
—= — =
MIN. tpd + (CP HIGH) | 1~
75 -25 25 75 125
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J-K Flip-Flops T100-T101

ns.

INCREASE IN PROPAGATION DELAY -

EXTENDED TEMPERATURE AANGE

T 101 SCHEMATIC DIAGRAM

Ver

—0 12

INCREASE IN ASYNCHRONOUS
OR CLOCK INPUT tod* AND t

&
DUE TD QUTPUT CAFACITANEE

7 -

0 40
CL - LOAD CAPACITANCE pF (Both oulpuls)

WORST CASE SET UP/RELEASE TIME
& NEG. CLDCK PULSE WIDTH

Vee =5 X e
\ o

I &
MIN, ALLOWABLE W4

MIN, SET-UP TIME 4

-

2 MAX, RELEASE TIME
B B it i
2 L
-15 -25 25 75 125

NEGAT:.'E CLOCK PULSE WIDTH,SET-UP/RELEASE TIME-ns.
=1

TA - AMBIENT TEMPERATURE - oC
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J-K Flip-Flops T100-T101

ELECTRICAL CHARACTERISTICS (Ve =5V +10%)

EXTENOEO TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min. Max. [ Min. Typ. Max.|[Min. Max.
VOH Output High Voltage 24 24 27 24 Vv Vee= 45V, lIoH=-1.2mA
Vi on asynchronous input
VoL Output Low Voltage 0.4 021 04 0.4 Vv vee= 45V lpL=124 mA
V|H on asynchronous input
Vee= 55V loL =16mA
ViH = 55V onasynchronous
input
VIH Input High Voltage 2 1.7 1.4 \% Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 08 09 0.8 A Guaranteed input low threshold
for all inputs
IR Input Leakage Current
J, K, T, K & Clock Inputs 5 60 60 PA | Vee= 565V VR=45V
J- K lInput 10 120 120 Gnd on other inputs
Asynchronous input 14 162 162
IF Input Load Current
J, K, J, K & Clock inputs -1.6 -1 -16 -1.8 mA [Vce =55V VE = 0.4V
J - K inputs -3.2 -2 32 =32 5.5 V on other
Asynchronous 1nput 4.32 2.7 432 -4.32 inputs
IPD Power Dissipation Current
{each flip-flop}
T100 23 13 23 23 mA |Vgc =5V Spatground
Ti 28 14 28 28
Isc Output Short Circuit Current 30 -100 | -30 -100(-30 -100 mA (Ve =5.5 Vground on output
and asynchronous input
tpd + Turn-off delay 8 12 20 nsec
tpd - Turn-on delay 12 20 30 nsec
trelease T100 10 18 nsec
T101 1 7 V=5V
t set-up T100 2 3 nsec CL=15 pF
o1 8 10 see test circuits
and curves
Negative clock pulse width
T100 25 nsec
TI0M 10
Toggle frequency
T100 20 MHz
Ti0 50
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Dual J-K Flip-Flops T120-T 121

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAMS FUNCTIONAL LOGIC DIAGRAMS
(top view)
A4
Cp ! 6 .cc o b .o
& 2 O+ =2 15¢, G 15Cp
4o O M 4« J 14 UK
K a ] = mEN I3 134 n
x5 CHHS [] 2% Sp 12X
e v [ u« qQ 1L Sp
371 i ) 0q [ 1
GND 8 [ =ik GND 23 & X qf— X K. Q
K Cp « %
T120 T121 T120 T121
A.ailable in Dip only
TRUTH TABLE
. . ASYNCHRONOUS ENTRY INDEPENDENT
SYNCHRONQUS ENTRY J-K +.iODE OPERATION OF CLOCK & SYNCHRONOUS INPUTS
T120 INPUTS  tq T12T INPUTS . tp OUTPUTSC tq + 1 T120 INPUTS T121 INPUTS QUTPUTS
Ko KK | Jk K o a Cp Sp o Q s
14 3(13) 5(11)-4(12) | 14 3(13) 412 6(10) 7(9) 1(15) 5{11} 1{15) 6(10} 749
L X X L X X No Change (1} L H L L H
H- L L H L H No Chaage (1} H H H No Change
H L H H L L L H L L H H
H H L H H H H L L H H L
H H H H H L Toggles

H = Most positive logic fevel
L = Most negative logic level
X = Could be high or low

NOTES :

1} K inputs should be grounded when not in use.
2} The L symbol in the J and K input column is defined as meaning that the input does not go high at any time while the clock is low. The H
symbol in the J and K input cotumn is defined as meaning that the input has been high at same time while the clock was low,
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Dual J-K Flip-Flops T120-T121

EXTENCED TEMPERATURE RANGE

T 120 SCHEMATIC DIAGRAM

lece

Rg R [JRi2 [IR13 |[R20
9 %/ 78 Gy

Q.
qQ Ria R21
Ve Q9
R 10 Ris R22
1
i “cC 4 Yee
R, R
v 4 Ry
cc a a5
Ry
5 J
V|
Q D
3

Veg= Pin 1
Gnd =Pin B

NOMINAL COMPONENT VALUES

R, Ra Rs Rg. Ryg. Ryg Riz Ry Roa Ray Roa Roe Rz
Rp. Ry, R, R
20 Ry Re,
R Ry Rog Ry = 6 K02
R“, Rm: 1.5 KR
Rz, Rpg* 1500
Ry Rp- 80"
Rys. Rop Rps, Ryp, Rgg = 125K
RJZ: 1K
€. Cp  WpF
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Dual J-K Flip-Flops T 120-T 121

EXTENDED TEMPERATURE RANGE

T 121 SCHEMATIC DIAGRAM

6 vee
Re ||R12 ||Riz [JR13 [[R2o | R [JRus|[R1e Re [|R11 [[R1z [JRi3 [JR2e (R [RuslIR
Q) 7 6 q Qa2 Qo w09 |a5aQ
a a7 §u Q5 Qu il 935
% 4 R
Veegt Veg vee a1y Q s c¢
| R R 15 R3 Ry, R 10 Ris R22 Ry
47 Q Q
1 15
Vee Yec yee  Yec
Ve a Ry ga Ra | |Re Jcc
12 07 18
Ry R,
3% Py =y
v
Q) L] Vo »
ion Qni
13
R31
Vee
R2e
Veg = Pin 16
Gl?ﬂc =P B Q 12
= Q33

NOMINAL COMPONENT VALUES

Ry, Re Rs Ry, Rig Rig Riz, Rl Rap Rys Roa Rop Rg= 4 K0
Ry. R3, Rg, Ry=2KR

Rq, Ry Rog R = 6K

Ryz Rz= 80

Rys. Raz, Rys. Ryp, Rap = L25KR
Ryp= 1K~

Cy. Cp= 10pF

91



Dual J-K Flip-Flops T120-T 121

ELECTRICAL CHARACTERISTICS (Voc =5V +10%)

EXTENDED TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS -559C 259C 126°C UNIT CONDITIONS AND COMMENTS
Min Max.[ Min. Typ. Max.| Min.  Max,
VOH Output High Vbltage 2.4 24 27 2.4 \2 Vee =45V loH=-12mA
V| L on asynchronous input
VoL QOutput Low Voltage 0.4 0.2t 04 04 \2 Vee= 45V lgL=124mA
VIH on asynchronous input
Vee =55V lgL=16mA
VIH = 5.5 V on asynchronous input
ViH Input High Voltage 2 1.7 1.4 A Guaranteed input high threshold
for alt inpuls
ViL Input Low Voltage 08 09 0.8 A Guaranteed input low threshold
for all inputs
IR Input Leakage Currant
J. K and K inputs 5 60 60 MA |Vee=55V
Clock input 10 120 120 VR=45V
JK input 20 240 240 Ground on other inputs
Asynchronous inputs 14 160 160
IF Input Load Current
J. K and K inputs 1.6 11 1.8 1.6 mA | Vec=55V
Clock input -3.2 22 32 32 VE=04 V
JK input -6.4 44 64 -6.4 5.5V on other inputs
Asynchronous inputs 4.32 -3 432 -4.32
IPD Power Dissipation Current 27 14 27 27 mA Vee =5V Cpatground
{each flip-flop)
Isc Output Short Circuit Current -30 100| -30 100 | -30 -100 mA [Vcc =55V ground on output
and asynchronous input
lod + Turn-off delay 8 13 22 nsec
tpd - Turn-on delay 12 21 32 nsec
vee =5V
t rejease 1 7 nsec
CL=15pF
t set- up 8 16 nsec
see test circuits
Negative Clock Pulse Width 10 nsec
Toggle frequency 50 MHz
1
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One-Shot Multivibrator T 118

GENERAL DESCRIPTION

This retriggerable monostable multivibrator {or one-shot) provides an output pulse with high accuracy and a very wide duration range {50 nsec to o) .
The T 118 will respond to trigger inputs even when already in its active timing state, and will time itself out from the last input pulse received,

CONNECTION DIAGRAM

{top view}
~/
1 O R, 1avee
: O < [ 1
X
3 O [ 128c
« O = I
Nes O [ w0nc
76 ] anc
ano7 O [ a0

SCHEMATIC DIAGRAM

ELECTRICAL CHARACTERISTICS (Vg = 5V+ 10%)

EXTENDED TEMPERATURE RANGE

LIMITS
UNIT CONDITION. MM
SYMBOL CHARACTERISTICS _850C 2500 1250C DITIONS AND COMMENTS
Min.  Max. [Min. Typ. Max. | Min. Max.

VoH Output High Voltage 2.4 24 33 2.4 v Vee= 45V IgH=-1mA
for pin 6 open pin 11
for pin 8 ground pin 11

VoL QOutput Low Voitage 04 0.2 04 0.4 v Vee= 45V gL =10mA
for pin 6 open pin 11
for pin 8 ground pin 11
Ay

ViH Input High Voltage 2 2 1.7 \ Vee = 4.5V minimum pulse
width 40 nsec

ViL Input Low Valtage 1.4 0.85 0.85 v ’ Vee = 5.5 V minimum pulse
width 40 nsec

Ip Input Load Current 1.6 1.1 -1.6 1.6 mA Vec =55V VE=04vV
4.5V on other input

'R input Leakage Current 15 60 60 pA Vee= 55V vp=45vV
ground an other input

IPD Power Dissipation Current 25 25 25 mA Vee = 5.5V ground on true
inputs and 4.5V an complemented
inputs

tpa + Negative trigger input 10 Q output 25 50 nsec ?VCC =8y Rx = g KQ

tpd - Negative trigger input to Q output 25 50 nsec g)L(: %5 oF
see test circuit

tow Min Q output putse width (1} 45 65 nsec 5 reut

Cstray Max. allowable Wiring Cap 50 50 50 pF Gnd on pin 13

{pin 13} This capacitance,if present, will

add to Cx in determining output
pulse width

Rx Timing Resistor (2) 5 205 205 20| ko |

Notes : 1) Pulse width calculation : Tpw = 0.36 Ry Cy.

2) Unless otherwise noted, 10 K{} resistor (R} is placed between Pin 13 and V¢ for all tests.
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Transistor-Transistor Logic Family TTL

EXTENDED TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS

T102-T103 - T104- 7107 - T109 - T118 vy TEST CHRCUIT

WAVEFOFMS

_________ L5

\
!
lpg ¢ ~=ed ba— e 1g-
JL T e == G
INPUT Vou
{2 IMHz PULSE 15%F
Ampa & I
Width > 200 ns. NOTE Capacilance incluges probe and jig capacily

Lo ts 10ns,

tpd TEST CIRCUIT T105-T115 NONEXPANDABLE SECTION ONLY

Wa'YEFORMS

INPUT
PULSE

- A IR Y

(Cwmm  TTUGATE m Vopr AN
Amp 4V 150F 15pF

Width (:IEGOns NOTE Capacilance includes probe and jig capacily

I y< 10 ns.

tpd TEST CIRCUIT T105-T108 EXPANDABLE GATE AND T106 EXPANDER

TI08 ONLY

Yout

PULSE INPUT TTL

GATE
[ | CI&W Yinl

fa MHz
Amp = 4V
Whdth = 200 ns.
L, Ly < lons. T106

NOTE X
Wilh switch 1n position 1 'measure Lpg of T105 - Witk swilch in position 2 measure Ipg (T105 - T108} + Alpg (T10F - Capaciiance includes probe and
g capaciences.
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Transistor-Transistor Logic Family TTL

SWITCHING TIME TEST CIRCUITS

Frequency x 2 MHz
Pulse width & 250 ns.
Rise time < 15 ns.
Fali time < 15ns.
Amplitude x 4 V

PULSE
GER. TTL GATE

T100tpg TEST CIRCUIT

EXTENDED TEMPERATURE RANGE

Lsv / \ / \
in \_ﬂ N
lpd’ "pd'
1 ‘ | Lsv I; \‘
1':vF.5xI L I VouT e—/ WAVEFORMS —_—
ALL INPUTS H:EDK ¢ © 8+.L
1

TIED TOGETHER

Freguency ~ 2MHz.
Pulse width 2 250 ns.
Rise lime < 15ns.
Amplitude % 4V

Fall time < 15 ns.

PULSE
{ GEN.

T101 tpq TEST CIRCUIT

Vee

KM SXUW

L vout
' R 7 S /I \ /T \
s L5V
I T Sp |2
1 1 5pF x 5% tpa+ Log-
TTL gate l ] I P pd
1
: %er t L5V
H
150F15% I . H : Vout — WAVEFO RMS | W
1 | Kk cp ofel
ALL INPUTS [ J"‘._) \

TIED TOGETHE

SWITCHING NOTES

1) The load capacitance indicated in test circuits includes the capacitance of probe and jig.

| e ﬂ’_Z;L_J

I 150F1 5%

2) Sensitivity of all switching parameters to supply voltage change {within range of 5V + 10%} and D.C. loading is very small.
3) Allowable clock skew < tpg +(max) + trelease (min.). :
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Transistor-Transistor Logic Family TTL

SWITCHING TIME TEST CIRCUITS

EXTENOED TEMPERATURE RANGE

T100 tsge - up and trelpase TEST CIRCUIT

release

LDTL
9930

Frequency ~ 2MH2
Rise ime < 10 ns,
Fall time < 10 ns.
Amphitude 2 4V

T101 tset - yp and trelease TEST CIRCUIT

% OTL
. 9930

WTTL
T 102 6 A\

Frequency & 2MHz

Rise time < 15 ns.
Fall lime < 15 ns.
Amplitude &4V

INITIAL ADJUSTMENT

1. With switch in t release position adjust pulse generators,

2K & 5% %W
L
Sel-up 15. 60pF Lrelease
Yout
i
100ns. WA . EFORMS
v >3v
N ——\ y Ju— L
<0.4v

C1 & CR for proper Vcp, VJ & Vp waveforms and tre-
lease timit value.

2. With switch in t set-up position adjust Cg for 1 set-up
limit vaiue.

t set-up is detined as the minimum time required for a
High to be present at a synchronous logic input at any time
during the low state of the ciock in order for the fiip-flop to
respond to the data.

t release is defined as the maximum time allowed for a High
1o be present at a synchronous logic input at any time
during the low state of the clock and not be recognized.

1.5V

— e\ — 1.5v

<0.4Vv
L g7 for 500d device willi swikch 1D Lrelease posilion

0.4/

>3
-/ ; _/ \; L5V
<0.4v

VoyT for good device wilh swilch in L set-up posilion
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Transistor-Transistor Logic Family TTL

EXTENDED TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS

T120 tpg TEST CIRCUIT

vee
Freq. = 2MHz QuTy v,
: ouT 2
Pulse width x 250 ns, o L
Rise ime < 15ns. R
Fafl time < 15 ns.
Amplitude 3 4V 3 13
Y ade B de
TTL gate ¢ ¢
PULSE L
T T
GEN. 2 I 2 I
14 14 q
il o TL
ALL INPUTS I T
TIED TOGETHER ! I L s I L
2
—
I PIN 16 = Vce
PIN 8= GND
T121 1pq TEST CIRCUIT
Vee
FREQ. x 2 MHz viyee Voutl Yout

PULSE WIDTH = 250 ns N |
RISE TIME < 15 ns,

FALL TIME < 15ns. T
AMPLITUDE 2 4V 3 13 1
s Spq 6 J g 10
PULSE| Tige L q
cP cP ¢
GEN. 2 I 2 I
14 7 14 al——9
ALL INPUTS K cp 2 1 k %
TIED TOGETHER T I Rt ] ICL
; .
- C
I PIN 16 = Vcg
PIN 8 = GND
WAVEFORMS

R = 2KQ, +5%, 172w
Ci = 15 pF +5% ViN P
CL = 15pF +5% L5V 1.5V
Cl&CL include all probe and jig capacity. Very short GND toat
stranded or printed wire should be used for all intercon-
nections. 1.5V L5V
Probes should be connected directly to the input & out- GND VouT 1
put pins. ANO  VoyuT 2
NOTE :

For tset.up and trelease see T 100 and T 101 test circuits,
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Transistor-Transistor Logic Family TTI

SWITCHING TIME TEST CIRCUITS

EXTENDED TEMPERATURE RAN

T118 tpg TEST CIRCUIT

va5y 5K
o

{2 IMHz  INPUT | Vour

Amp. > 3V PULSE
Width > 40 ns.

te=11< 10 05, I"’"
VIN
15
T

Note: Capacitance includes jig and probe capacity.

YVout

L5V

ViN -\

Yot ]

L5V
Yout TPW
Vout
i 15V
tpg

T112 tpq TEST CIRCUIT

Input
pulse

g

pF
= IMHz
Amp x4V

Vout

A =3.0000 for lpg +
A =330 0 for tpg~

Width & 200 nsec Your |,
1= 11 < 10 nsec pd ¢
Nole : capacilance inciudes probe and 1g capacily. .
T122 thd TEST CIRCUIT
Vin
Lsv -
Vout

1= IMHz INPUT  TTL
amplzeqy  PULSE GATE
Widlh = 200nsec oF
“t,- t; < l0nsec

NOTE: Capacitance includes probe and iig capacity.

Vout Lsv —

lpd + tpd-
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TTL integrated circuits

T100 series

STANDARD TEMPERATURE RANGE, 0°C to 75°C

e COMPATIBLE WITH DTL AND LPDTL
PRODUCTS

¢ INPUT DIODE CLAMPING

¢ NOISE IMMUNITY, 1V

e WORST CASE NOISE IMMUNITY, 0.4V

e OUTPUT DRIVE CAPABILITY OF 10

® POWER DISSIPATION, 11 mW PER GATE
e GATE PROPAGATION DELAY OF 6 nsec
e ACTIVE PULL-UP OUTPUT CIRCUIT

e SAME PIN CONFIGURATION AS THE
CORRESPONDING DTL AND LPDTL PRODUCTS

ORDERING NUMBERS

T1XXD1 for ceramic DIP
T1XXB1 for plastic DIP
T1xXF1 for flat package

Trqnsis tor - transistor
logic

The Transistor - Transistor Logic integrated circuit family
(TTL) combines a high fan-out, high noise immunity, low
power dissipation and good capacitive Ioad driving
capability with Iow propagation delay times.

The circuits are fabricated within a silicon monolithic
subsirate using planar epitaxial processes.

These devices are available in the following packages:
ceramic DIP(14 or 16 leads), plastic DIP (14 or 16 leads),
flat ceramic package.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Ve Pin Potential to Ground

-0.5V to 8V

Input Voltage (see note 1) -0.5V to 5.5V
Gate Qutput Voltage, Inputs Low 0.5V to VCC
Gate Current into Output Terminal,

Inputs High {except T109) 50 mA
Gate Current into Output Terminal,

Inputs High T109 100 mA
Flip-Flop Output Voltage when Output

is normally High 0.5V to Vo
Flip-Flop Current into Output Terminal

when Output is normally Low 50 mA
Storage Temperature, Plastic $5°C to 125°C

-65°C to 150°C
55°C to 125°C

Storage Temperature, Ceramic
Temperature (Amb.) Under Bias, Ceramic

OPERATING CONDITIONS

0°C to 75°C
5V + 5%

Temperature Range
Supply Voltage

PHYSICAL DIMENSIONS
14 pln ceramlc pIP

PHYSICAL DIMENSIDNS
14 pin plastic DIP

PHYSICAL DIMENSIONS

Geramic flat package

56 61
15
34.28 13
1412 08
| -1 035
|
nn— 1
| <
H
| -
@
PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS 1312 1110 9 I
16 pin ceramic DiP 16 pin plastic DIP q'4 Ll S
e sh O (o
= 23 454
- ; ~ _l J
2z ] £
o
i 21
3.5] | 0.5 MIN
N 30 | __Jlos 015
36 B4 .10

NOTE: all dimenslons in mm.

MARCH 1971




NAND gates T102 -T103 - T104 - T107, hex inverter T 11«

CONNECTION DIAGRAMS (top view)

STANDARD TEMPERATURE RANC

“\J \J \J
10 [ vee 1 14 vee T M 1avee
.C b, pliSh =
3 m I} 30 (12 3 12
9 - ‘g - = L:l“ EQUIVALENT CIRCUT
5 = T 50 =) = 10 (one gate only)
= = 6 |:| [ 5 = = R Voo
Gnp 7] Fs GNo 7 ] 8 GND 7
T 102 T 103 T 104
A\ N
10 14 vee 10 314 vee .
2] 113 2 E] E E 13 o——
Ormend--
30 12 ' 12 L i
‘T - . @ & o '
= w)l) 50 s I Sl
= =g °g = 'y
GND 7] [ s aNo T[T ) s
T 107 T116 * Number of inputs depends on the gat
ELECTRICAL CHARACTERISTICS (VCC =5V : 5%)
LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS
Min, Max. |Min. Typ. Max. |Min. Max.
Vou Output High Voltage 2.4 24 3.1 2.4 V| Voo =475 Iog =-1.2 mA
Vi, = value indicated below
VoL QOutput Low Voltage 0.45 0.21 0.45 045 V Voo =525V =16 mA
VCC =475V Igp, =14.1 mA
Vg = value indicated below
Vig Input High Voltage 1.9 1.8 1.6 v Guaranteed input high threshold
for all inputs
v, Input Low Voltage 0.86 0.85 085 V Guaranteed input low threshold
for all inputs
Ip Input Load Current -1.8 -1 -1.6 1.6 | mA Voo =526V  Vp=045V
Vg =525V
on other inputs
I Input Leakage Current 10 60 60 wA | Voo = 525V Vg =4.b v
Gnd on other inputs.
Ipp Power Dissipation Current 6.1 3.6 6.1 6.1 mA | Voo =56V inputs open
(each gate)
Isc Output Short-Circuit Current | -30  -120 |-30 -120 | -30 -120 | mA | Vo = 5.25 V inputs and output
grounded
tod+ Turnoff Delay 3 13 nsec Voo =6V CL, =16 pF
tpd T n Delay 3 15 See test circuit

100



NAND gate - open collector T112

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM EQUIVALENT CIRCUIT
(top view) (one gate only)
A
1 Mvee
2 E 13
3 = ]
LR = 1l
5 E )
6 E 3 9
6no 7 (5 [ s

FLECTNCM CHARACTERISTICS (Vo =5V + 5%)

| LIMITS

SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS

Min. Max. | Min. Typ. Max. | Min. Max.

VoL Output Low Voltage 0.45 0.21 0.45 045 [ V. [Voe =525V Igp, =16 mA
Vig = value indicated below

Vi Input High Voltage 1.9 1.8 1.6 V | Guaranteed input high threshold
for all inputs

VI, Input Low Voltage 0.85 0.85 0.85 \' Guaranteed input low threshold

for all inputs

Voo =525V Vp =0.45V
VR =5.25V on other input

I Input Load Current -1.6 -1 -16 -1.6 | mA
Ig Input Leakage Current 10 60 60 pA | Voo =5.25V VR =4.5V
HA

ground on other input

dcEx Qutput Leakage Current 200 200 Ve =4-75Y inputs guaranteed

| 4.5V applied to output

hPD Power Dissipation Current 6.1 3.6 6.1 6.1 mA Voo =5V inputs open

(each gate)

ltod+ Turn-off Delay 35 usec |( Voo =5V

tod— Turn-on Delay 16 nsec C;, =15pF  see test circuit
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NAND gate - open collector T11

WIRED-OR APPLICATIONS

STANDARD TEMPERATURE RA!

The T112 allows wired-OR operation when a proper load resistor (R]) is connected between VCC and output pins. Ge:
eral rules to calculate the allowed number of wired-OR gates with a requested drive factor are explained below.
For a given number (K) of wired-OR gates a given number (n) of driven gates, two equations can be written in order !
determine the value of the external resistor (Ry,) that guarantees a correct operation with respect to the same nois

immunity levels as the TTL family.

High Level: if all the wired-OR gates outputs are at the high level, a total cur-
rent flows from supply through the external resistor , that is the sum of the
output leakage current Icgx of the output wired-OR transistorand the input leak-
age curent IR of the driven gates. This current takes the output voltage to a
value that should not be less than the Voy voliage that guarantees the high
level noise immunity. Therefore, to limit this voltage drop, the following Rp,
limitation should be respected:

Vee - Vou

K‘CEXJm IR

note that the resulting Ry, value is a worst case as ICEX given in present data
sheet is measured at 4.5V instead of 2.4V. Besides even IR is measured at 4.5V.

RLmax =

Low Level: when almost one of the wired-OR gates is at the low level (ON), a
current flow from supply, through R[,, to the output of the ON transistor. This
current is the ratio of Ry, and the allowed voltage drop, (the output leakage cur-
rent of the OFF wired-OR gates is negligible). In addition, the output ON transis-
tor sinks the output load current I of the driven inputs. The VO, voltage guar-
antees the low level noise immunity, that is total sunk current should not over
come IQL, value; therefore, to limit the current through R[,, following limitation
should be respected:
R . =Jcc VoL
Lmin [OL _n IF
If more than one gate is ON, allowed Ry, value is higher.

The two combined equations give maximum and minimum values among which
should range Ry, value:

Vee—-Vi Voe=V, n = number of driven inputs
CCTTOL p  SCCZYOH
IoL-nlp KICExtn IR K = number of wired-OR T112 gates

DRIVING TTL LOADS

A}

cc

T112 wired-ORNL

STANDARD TEMPERATURE RANGE (0°C to 75°C)

The adjoining table gives minimum and n Ry, Rmax
maximum resistance values to be used in gy | g — - - _r - =
when one or more wired-OR T112s are KA1 K=K K=4) K5 | K6 | K7 | K=8K=9 K=
driving TTL loads. When K (1 to 10)
T112s are wired-OR and at the same 1 330 | 9040|5100 13560 | 2740 | 2220 | 1870 1610/ 1420 {1260 | 1140
time n TTL gates are driven, the resis- 2 375| 7340|4500 | 3260 | 2560 | 2100 | 1780|1500 1370|1220 | 1110
tance value to be externally connected 0140 1012
to the output should be comprised be- 3 428 | 6180|4050 |30 400 | 1990| 1710|1490 | 1320 {1190 | 1080
tween minimum and maximum given val- 4 | 500 5340|3700 |2800 | 2260 | 1900| 1630 | 1430 1280 | 1150 | 1050
ues. The table is calculated for the 5 | 600 | 4700|3380 (2610 | 2140 | 1810 | 1570 | 1380 | 1240 (1120 | 1020
worst case of .all the electrical param-
eters shown in the equations and the 6 | 750 | 4200|3100 |2450 | 2030 | 1730 | 1510 { 1340 1200 {1080 | 995
m?(i:lsi immunidef the TTL family is 7 100013790 (2880 (2300 | 1930 | 1650 1450 { 1290|1170 (1060 | X
widely respected. 8 |1500 | 3460 2680 |2180 1840 (1590! X | X | X | X | X
9 |3000|3180| X X X X X X X X X
10 | @ XJ X | X | X | X|X |X|X|x]|X
X meams not allowed driven gate: IJf = 1.6 mA
n = number of driven TTL gates IR =60uA
K = number of T112s wired-OR VoH = 2.4V
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NOR gate T122

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM EQUIVALENT CIRCUIT
(top view) (one gate only)

A d

1 ) 14vee
2 O 313

3 ) 12

a = Y

s 110

o =
oo 7 =y

ELECTRICAL CHARACTERISTICS (Voo =5V ¢ 5%)

LIMITS
SYMBOL | CHARACTERISTICS 0°C 250C 75C | UNIT | CONDITIONS AND COMMENTS

Min. Max. | Min. Typ. Max. |Min. Max.

VOH Output High Voltage 2.4 24 2.7 2.4 \Y Veg =475V Ipy =-1.2 mA

Vi1, = value indicated below
VoL Output Low Voltage 0.45 0.21 0.45 045| V |Vpoc =525V Ig, =16mA

Voo =475V Igp, =141 mA
Vi = value indicated below

VI Input High Voltage 1.9 1.8 1.6 V | Guaranteed input high
threshold for all inputs
ViL Input Low Voltage 0.85 0.85 085| V Guaranteed input low

threshold for all inputs

Ip Input Load Current -1.6 -1 18 -1.6 | mA vgc =525V  Vp =0.45V
5.25V on other inputs

Ig Input Leakage Current 10 60 60 HA  |Voc =625V VR =4.5V

Isc Output Short-Circuit Current |-30  -120 | -30 -120 | -30 -120 | mA | Vgc =5.25V inputs and
output grounded

Ipp Power Dissipation Current 6.1 36 6.1 6.1 | mA |Vgo =5V inputs open

1 (each gate)

tpd+ Turn-off Time 13 nesec Vee =6V Cg, =15pF

tnd— Tum-on Time 15 nsec see test circuit
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power gate T10

ELECTRICAL CHARACTERISTICS (VcC = 5V« 5%)

CONNECTION DIAGRAM

(top view)
\J

1 Og— [ 14vee

- 3 13

30 =¥

Ry = =B

= pm

6 3 9
GND7§ = I

STANDARD TEMPERATURE RAN

EQUIVALENT CIRCUIT
(one gate only)

oVee

LIMITS
SYMBOL CHARACTERISTICS 0°C 250C 750C UNIT CONDITIONS AND COMMENTS
Min. Max. | Min. Typ. Max. | Min. Max.
VoH Output High Voltage 24 2.4 27 2.4 \ Voo =478V Igy =-3.6 mA
Vg, = value indicated below
VoL Output Low Voltage 0.45 0.21 0.45 045 V Voc =5.25V Igp, =48 mA
’ Vo =475V Igp, = 42.3 mA
Vg = value indicated below
VIH Input High Voltage 1.9 1.8 16 v Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 0.85 0.85 0.85 \Y Guaranteed input low threshold
for all inputs
Igp Input Load Current 3.2 2 32 832 | mA Voo =525V Vg =045V
VR =5.25V
on other inputs
Ig Input Leakage Current 25 120 120 pA | Voo =5.25V VR =4.5V
Gnd on other inputs
Ipp Power Dissipation Current 14 8.6 14 14 mA | Vce =5V open
(each gate) .
Isc Output Short-Circuit Current | 40  -150 |-40 -150 |40  -180 | mA | Ve =5.25V inputs and output
grounded
tpd+ Turn-off Delay 3 17 nsec Vee =5V CL =15pF
t.pd_ Turn-on Delay 2 13 nsec See test circuit
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AND-NOR gates T105 ~ T108 -~ T115, expander T106

STANDARD TEMPERATURE RANGE

The TTL T105 and T108 ure AND — NOR gates which may be NOR expanded with the use of the T106 element.

CONNECTION DIAGRAMS EQUIVALENT CIRCUITS
(top view)
Yoo
/S
:;uvcc
(13 %‘m gm R""“
112 Col. 1 2 3
’Fm Emitt. 1
= © Q2 Q3 )
[ 9
EXPANDER O
m¥
o
T 105 o
EXPANDER O
~ 6650
1 3 14 vee Nominal component values |{R7
for tho sections without
2 3 [ 13 expanders: [y ]E ]E X
Ry =Ry =Rg =4 KQ [ S S S
3 [ 12 R;=lgm“§4 1500 _L % T105 WITH EXPANDER INPUTS
W O = Rg =807 Ry = L25K..
T105-T 115
s 53 3 10
6 [ 3 9
GND 7 = Yee

Q2
Qu :
[ 1avee e
13 e

12 con.
311 Emite ix%
310 Emitt, [ S
-} .
oo T 106 (one gate)
[ 8
Vee
T 106
14 vee 2.6K0 | 26K0 Bo0R 26ka
113 R ‘
EXP. O
" (312 conl.
5411 Emit, g‘ Q Q2 (5 Q1 QS % ._j) q7
10 o
[ 9
EXP, O ¢ . ! )
8
A ]E A % 00 XA
T 108 111l 11
T 108
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AND-NOR gates T105 - T108 - T115, expander T10¢

STANDARD TEMPERATURE RANG

ELECTRICAL CHARACTERISTICS (Vo = 5V + 5%)

LIMITS

SYMBOL CHARACTERISTICS 0°C 25:C 750C | UNIT | CONDITIONS AND COMMENTS

Min. Max.| Min. Typ. Max.|Min. Max.

Vou Output High Voltage 2.4 2.4 29 2.4 v Voo =47V Igy =-12 mA
Vi1, see below

VoL Output Low Voltage 0.45 02 0.45 0.45( V Voo =525V Igp, =16 mA
. VOIH =5.25V

Voo =475V g =141 mA
Ci
VIHCsee below oL

VI Input High Voltage 1.9 1.8 1.6 v Guaranteed input high threshold
for all inputs
VIL Input Low Voltage 0.85 0.85 ‘0.85| Vv Guaranteed input low threshold
for all inputs
Ip Input Load Current
T105 (non exp.section) and T115 -1.6 -1.04 -1.6 -1.6 | mA | Vpg =525V Vg =045V
T105 (exp.section) T106 and T108 2.4 -1.65 -2.4 2.4 | mA | 5.25V on other inputs
Ig Input Leakage Current
T105 (non exp.section) and T115 5 60 60 pA | Vg =4.5V Vie =5.25V
T105 (exp.section) T106 and T108 15 90 90 1A [ Gnd on all other inputs
Ipp Power Dissipation Current
T105 21.3 12.1 21.3 21.3| mA |Vec =5V
T115 15.4 9 15.4 15.4 | mA All inputs open
T108 17.7 9.3 17.7 17.7 | mA
Alpp Extra Current Drain when one T106
expander is attached to a T105 "on” 2.05 1.08 2.05 2.05| mA |V G = 5V
Al(i inputs high
ISC Output Short-Circuit Current -30 -120 (-30 <120 [-30 -120| mA |V = 5.25V inputs and output
grounded
todt Turn-off Delay 3 15 nsec g‘nlé)sTiri%n expandable section)
tha— Turn-on Delay 3 15 nsec | Voo =5V Cp, =15pF
see test circuit
tod+ Turn-off Delay 3 18 nsec g E;([iﬁrl‘({eggandable section)
tod_ Turn-on Delay 3 13 nsec Voo =5V Cp, = 15pF
pd ae%cteat circuit.L
Btpgt Turn-off Delay -2 5 nsec | T106 only - The T106 is tested
~ by measuring its tpd through the
Atpg— Turn-on Delay 2 5 8EC | T105 - see test circuit.
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JK flip-flops T100 - T101

STANDARD TEMPERATURE RANGE

GENERAL DESCRIPTION

The TTL: family includes the T100 and T101 flip-flops to satisfy the storage element needs of a logic system. Each is
a master-slave J-K flip-flop with the same multi-emitter inputs and low impedance active pull-up outputs common to the
gate elements.

The internal J-K connections assure the user of non-ambiguous operation for all input states. The master-slave design
with buffered clock input offers high noise immunity, low clock loading and eliminates the need for careful control of
clock pulse rise or fall times. Data is accepted by the master when the clock is in the low logic state. Transfer from
master to slave occurs when the clock goes from the low to the high logic level. When the clock is in the high logic
level bothdJ and K inputs are inhibited. For this reason it is desirable to maintain the clock pulse in the high level most
of the duty cycle. Direct set and reset inputs provide true asynchronous control of both master and slave flip-flops in-
dependent of logic and clock input levels.

A common J-K input is provided which is useful in the physical layout of most logic configurations.

The two circuits are almost identical. The T100 has capacitors at the outputs of the J and K data input gates in the
master flip-flop. The capacitors serve to lengthen the time requirements between J or K data and the low to high clock
transition. This feature makes the T100 particularly atiractive for applications where clock skew is animportant consid-
eration.

The T101 provides one J and one K input for additional logic flexibility. It has no master flip-flop capacitors to extend
the set-up time and therefore has a higher toggling rate.

The important characteristics of the two ﬂlp—flops are illustrated in the following curves and specifications. Noise im-
mumt,y and operating level curves shown in the gate section of the data sheet are applicable to the flip-flops as well.

| CONNECTION DIAGRAMS FUNCTIONAL LOGIC DIAGRAM

(top view)
\.J \J S"
Jg 1 é 1 Ve K1 Ve
Sp2 — 1% 32 O e 15T, a
3 E‘ (3 129, K13 = H Ha 12 1
Jy e : : 1 KJ Jp 4 O Hd 11 K3 SLAVE
s O [ w0k, L5 O 3 10k,
e OO O o a6 O B e i 3
avo 7 89 ano 7 O [ sQ
T 100 T 101 [
TRUTH TABLES
SYNCHRONOUS ENTRY ASYNCHRONOQOUS ENTRY
J-K MODE OPERATION Independent of Clock and Synchronous Input
INPUTS @ t, OUTPUTS @ tyh4 INPUTS OUTPUTS
JK J; Jy J3 K Ko K3 | Q q Sp %% | qQ q
1 4 12 3 10 11 6 8 2 13 6 8
L X X No Change (note 4) L L H H
H L L No Change (note 4) L H H L
H L H L H H L L H
H H L H L H H No Change
H H H Toggles
NOTES:

1) H = Most positive logic level.
2) L. = Most negative voltage level,
3) X = Could be high or low.
' 4) For no change of outputs, the J and K inputs of the common J-K input must remain low from the time the clock goes low to the
time the clock goes high again,
. 5) The T101 has inverted J2 (Pin 5) and K2 {Pin 10) inputs. When not in use, they must be grounded.
6) The L symbol in the J and K input column is defined as meaning that the input does not go high at any time while the clock is
low. The H symbol in the J and K input column is defined s meaning that the input has been high at same time as the clock
was low,
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J-K flip-flops T100 - T10

STANDARD TEMPERATURE RAN(

T100 EQUIVALENT CIRCUIT

13 2
2
K0 0l KQ ®n
Qs \/alo
Q24Q3 Q8 lq7
Ql [
10 4 D 10
1 oF N a oF L)
10 x0 0 s
u ? 12
ix 1(% 'L ix
Ll
Ve = PiN 14
GND=PIN 7
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J-K flip-flops T100 ~ T101

ELECTRICAL CHARACTERISTICS (VCC =5V : 5%)

STANDARD TEMPERATURE RANGE

LIMITS
SYMBOL, CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS
Min, Max. | Min. Typ. Max. | Min. Max.
Vou Cutput High Voltage 24 24 3 24 V [Voc =475V Igyg =-12mA
V11, on asynchronous input
VoL, Output Low Voltage 0.45 0.21 0.45 045| V |Veoo =475V g, =14.1mA
Vpy on asynchronous input
Voe =525V Igr, =16 mA
Vig = 5.25V on asynchronous
input
Vi Input High Voltage 1.9 1.8 1.6 A Guaranteed input high threshold
for all inputs
v, Input Low Voltage 0.85 0.85 08| V Guaranteed input low threshold
for all inputs
Ig Input Leakage Current
J, K, J, K & Clock Inputs 5 60 60 pA (Voo =525V Vg =4.6V
& - K input 10 120 120 Gmi3 on other inputs
Asynchronous Input 14 162 162
Ig Input Load Current
J, K, J, K & Clock Inputs -1.6 -1 -1.6 1.6 | mA Voo =525V Vp =046V
J - K input -3.2 2 32 -3.2 5.25V on other inputs
Asynchronous Input -4.32 -2.7 4.32 -4.32
Ipp Power Dissipation Current
(each flip-flop)
T100 28 14 28 28 mA (Voo =5V Sp at ground
T101 33 16 33 33
Isc Output Short-Circuit Current | -30  -120 {-30 -120 (-30 <120 { mA (Vo = 5.25V ground on output
ar% agynchronous input
tod+ Turn-off Delay 8 12 2 nsec
tpd— Turn-on Delay 12 20 30 nsec
T100 10 18 nsec
trelease 01 1 7 v o
tgat- T100 22 35 nsec cC -
el o 8 15 L o 15 pF
Negative Clock Pulse Width 8es test clrcults
T100 ] 25 nsec
T101 10
Toggle Frequency
T100 20 MHz
T101 50
[
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dual J-K flip-flops T120-T12:

CONNECTION DIAGRAMS

(top view}
S 1O i [0 16 vee Cp 1
Cp 2 OI= [ 15 & G 2
S 30 t [:1\4 K J a3
kK 1 : J_:ln J K a
K 5 Ol [11z K Sp 5
Q & O M qQ &
a 10 [N 10 q Q7
Gvog O 9 Q GND 8

T120

T121

STANDARD TEMPERATURE RANG

FUNCTIONAL LOGIC DIAGRAMS

16 VCC
J
15 Cp e

5
10 gl
K

cpP

=

Cp

14 JK
13J

12¥

115p
loQ

K
94

M3

K

J Q—

cP

g
Cp

& &

T120 T121
Available in DIP only
TRUTH TABLES
ASYNCHRONOUS ENTRY
SYNCHRONOUS ENTRY J-K MODE OPERATION Independent of Clock and Synchronous Input
T120 INPUTS @ t;, | T121 INPUTS @ t, | OUTPUTS @ thtl T120 INPUTS | T121 INPUTS OUTPUTS
JK J KK |JK J K Q [} Cp Sp Cp Q Q
14 3(13) 5(11-4(12)] 14  3(13) 4(12) | 6(10) F(C)] 1(15) 5(11) 115 | 6(10) 7D
L X X L X X No Change (note 5) L H L L H
H L L H L H No Change (note 5) H H H No Change
H L H H L L L H L L H H
H H L H H H H L L H H L
H H H H H L Toggles
NOTES:

1) H = Most positive logic level
2) L = Most negative logic level
3) X = Could be high or low

4} K inputs should be grounded when not in use
5) The L symbol in the J and K input column is defined as meaning that the input does not go high at any time while the clock is

low. The H symbol in the J and K input column is defined as msaning that the input has been high at same time

was low.
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dual J-K flip-flops T120-T121

Ti20 EQUIVALENT CIRCUIT

STANDARD TEMPERATURE RANGE

1¥Vee
Re LR IRz LIR13 {IR20 LIR19 [JR1slIR1e Ro Ry [{R12 [Ru3 [JR2 LRy [JRiglIR2e
Q) 76 (Q ul Q4 Q) 109 |9
Q Q 17 a; % 4 38 Q Q5
q R R R F31
ve Qg og'ce Vee aye Vee
i Ryg Ris Rz Ryy Ry Ris Ry Riy
14 Q Qg
1 15
i } Yec  Vee Vee Ye i
v v R
Vee 0 4 R Q cc cc 4 Ry Yee
12 Qe Qs
Ry Ry Ry Rg
¢ 1; Q31
5 1
v v
q L Ay | Qg - dy
Q23 R
3
14 =
2
Vo= Pin 16
G - Pin 8
| 7121 EQUIVALENT CIRCUIT 1 vee
R |jRu [|R12 [|R13 [[R2 [[Rw [[Ris|{R1s Ro |{®11 [JR12 [JR13 [R20 [[Rw |[R1a] Ry
Q Q
Ql 7 6 Q, 42 40] 10 9 |Qg Q
Qu QU by 03 Qa4 » 3 Qs
& R
Veeg'® Vel vee 41 ¥ Q: ) Vel
| R R, R R
R 15 7 Y R0 15 2 R
10
v llg, q ly
1 15
Vee Vec yee  dec i
Vec Ra Rg VCCLS e ¥Yee Ry {IRg e
Q 9 Q7 ]2
Ry Rs Ry Rg
Q Q0 Q
5 5 X 5 \ = .
Q2 u | Qz 2 0
io 2 Qn i
3 13
R31
2 Vee
Rz
Veg = Pin g "
Gnd =Pin B Q33

NOMINAL COMPONENTS VALUES (Both diagrams)
R1.R4,R5.Rg,R10,R14,R17,R21,R22,R03,Ro4, Rog.Rog = 4k{):

|
RypRig = 1.5 K% Rj2.Rig =160();  Ry3,Rpg =808

Ro.R3,Rg.R7 =2k();  Rg.R1g.Rog.R3) =6 k1

Ry5.Ro0Ros.RorRap =1.25 k();  Rgg =1K); C3,C3 =10 pF
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dual J-K flip-flops T120-T121

ELECTRICAL CHARACTERISTICS (Voo =5V £ 5%)

STANDARD TEMPERATURE RANGI

LIMITS
SYMBOL CHARACTERISTICS 0°C 259G 750C UNIT | CONDITIONS AND COMMENTS
Min. Max. |Min. Typ. Max. | Min. Max.
Von Output High Voltage 2.4 2.4 3 2.4 V. |Vog =47 Igy=-l2mA
Y[L, on asynchronous input
VoL Output Low Voltage 0.45 0.21 0.45 045 V Voo =475V Jgp, =14.1mA
Voo = 5.25V Ipr, =16 mA
VIH on asynchronous input
VIH Input High Voltage 1.9 1.8 1.6 \Y Guaranteed input high threshold
for all inputs
Vi, Input Low Voltage 0.85 0.85 0851 V Guaranteed input low threshold
for all inputs
Ig Input Leakage Current
J, K and K Inputs 5 60 60 | wA Voo =525V
Clock Input 10 120 120 Vg =45V
J-K Input 20 240 240 Ground on other inputs
Asynchronous Input 14 160 160
Ig Input Load Current
J, K and K Inputs -1.6 1.1 -1.6 -1.6 | mA | Vgg =5.25V
Clock Input -3.2 -2.2 -3.2 -3.2 Vp =045V
J-K Input 6.4 44 64 -6.4 5.25V on other inputs
Asynchronous [nput -4.32 -3 ~4.32 -4.32
Ipp Power Dissipation Current 30 30 30 mA | Vg =5V Cp at ground
(each flip-flop)
Isc Output Short-Circuit Current |-30  -120 |-30 -120 | -30 -120 | mA |V =5.25V ground on output
and asynchronous input
tpd+ Turn-off Delay 8 13 22 nsec
tpd— Turn-on Delay 12 21 32 nsec Veg =5V
brelease 1 7 nsec C, =15pF
taet-up 8 16 nsec see test circuit
Negative Clock Pulse Width 10 nsec
Toggle Frequency 50 MHz
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dual D {lip-flop T110

CONNECTION DIAGRAM

(top view)
h
Cpl :'“VCC
o 2] [y
Cp3 ] 120
Po 4 ] Mnc,
Q5] [J10 P
q +[] [9q
GND 7 [ [Jeq

TRUTH TABLES

SYNCHRONOUS ENTRY D MODE OPERATION

INPUTS @ ty OUTPUTS @ tn 41
D Q Q
2(12) 59) 6(8)
L L H
H H L

H = Most positive logic level
L = Most negative logic level

STANDARD TEMPERATURE RANGE

FUNCTIONAL LOGIC DIAGRAM

PRESET
4(10)

cLock —
30D

5(9)

6 (8)

ASYNCHRONOUS ENTRY INDEPENDENT OF
CLOCK & SYNCHRONOUS INPUTS

INPUTS OUTPUTS
Clear Preset Q Q
1(13) 4(10) 5(9) 6(8)

L L H H
L H L H
H L H L
H H No Change
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dual D flip-flop T110

EQUIVALENT CIRCUIT
(one side only)

PRESET
(4) 10

cLock
E)
A #Vee
axa
y
20D.
(D13 CLEAR
3 !E
) o

ELECTRICAL CHARACTERISTICS (Vo =5V = 5%)

STANDARD TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS 0°C 250C 75°C UNIT | CONDITIONS AND COMMENTS
Min. Max. | Min. Typ. Max.| Min. Max
Vou QOutput High Voltage 2.4 2.4 3 2.4 V. |Veo =475V gy =-0.6 mA
Vi, on asynchronous input
VoL Output Low Voltage 0.45 0.2 045 045 V |Vpo =625V Ig, =16mA
V4 on asynchronous input
VI Input High Voltage 1.9 1.8 1.6 V' Guaranteed input high threshold
for all inputs
VIL Input Low Voltage 0.85 0.85 0.85 A Guaranteed input low threshold
for all inputs
Ip Input Load Current
D and Pp Inputs -1.6 -1 -1.6 -1.6 | mA Voo =525V Vp =045V
Cp and Cp Inputs -3.2 -3.2 -3.2 other inputs high
Ig Input Legkage Current
D Input 60 60 60 HA (Voo =5.25V
Cpand Pp Inputs 120 120 120 VR, =4.5V
Cp Input 180 180 180
Ipp Power Dissipation Current
{each flip-flop) 12 12 12 mA |Groundon Cp Voo =5V
Isc Output Short-Circuit Current |-30 -120 |-30 -120 [-30 -120 mA | Voo =5.25V ground on output
and synchronous input
tpdl+ Turn-off Delay 10 20 35 nsec |D input
tndl—- Turn-on Delay 10 20 50 nsec |D input Ve =5V
tpdo+ Turn-off Delay 25 nsec |Cp, Sp inputs | *CC = LSoF
tpd2— Turn-on Delay 40 nsec |Cp, Sp inputs Sge te;t %
tget-up Set-up Time 20 nsec circuits
trolease |Release Time 5 neec
Clock Frequency 15 MHz
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one-shot multivibrator T118

GENERAL DESCRIPTION

STANDARD TEMPERATURE RANGE

This retriggerable monostable multivibrator (or one-shot) provides an output pulse with high accuracy and a very wide
duration range (50 nsec to ®). The T118 will respond to trigger inputs even when already in its active timing state, and
will time itself out from the last input oulse received.

CONNECTION DIAGRAM

EQUIVALENT CIRCUIT

(top view)
K l % exa | I
1 ] Ax E PR
2 O =Bt ' b
1] 3 2
[ = [ n !
5 O [ 10
(= =i ’
GnD 7 [ [ eq .
Vegs 1t
GHD = 7
ELECTRICAL CHARACTERISTICS (Vo =5V = 5%)
LIMITS
SYMBOL CHARACTERISTICS 0°C 250C 75C UNIT | CONDITIONS AND COMMENTS
Min. Max. | Min. Typ. Max. |Min. Max.
Vou Output High Voltage 2.4 2.4 3.4 2.4 vV |Vgg =478V =-0.72 mA
for pin 6 open pin ?i‘
for pin 8 ground pin 11
Vo, Output Low Voliage 0.45 0.2 0.45 045| V Vee =4 75V 13 mA
for pin 6 ground pmlil
for pin 8 open pin 11
VIH Input High Voltage 2 2 1.7 v Vg =475V minimum pulse
width 40 nsec
ViL Input Low Voltage 1.4 0.8 0.8 v Ve = 5.25V minimum pulse
width 40 nsec
Ip Input Load Current -1.6 -1 -16 -16 | mA |Voc =525V Vp =045V
4.5V on other input
Ir Input Leakage Current 15 60 60 pA |VoC =5.25V VR =4.5V
ground on other input
tpp Power dissipation Current 25 25 25 mA | Ve = 5.25V ground on true
inputs and 4.5V on complemented
inputs
tod+ Negative Trigger Input to Q Output 25 50 nsec | Voo =5V Ry =5K0
Lpd— Negative Trigger Input to Q Output 25 50 nsec Cx =0
Gy, =15pF
pr Min Q Qutput Pulse Width (1) 45 65 nsec see test circuit
Cslray Max. Allowable Wiring Cap (pin 13) 50 50 50 pF | Gnd on pin 13
This capacitance, if present, will
add to Cy in determining output
pulse width
Rx Timing Resistor (2) 5 40 (5 40 5 40 KQ
NOTES:

1) Pulse width calculation: T

2) Unless

~0.36 Ry

otherwise noted, l(ﬂzb resistor (Rx) is placed between Pin 13 and Vi for all tests.
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transistor - transistor logic family TTL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS
-Sensitivity of all switching parameters to supply voltage change (within range of 5 V £10%) and DC loading is very
small.

T102-T103-T104-T107-T109-T116 tod TEST CIRCUIT AND WAVEFORMS

Vee

PULSE ! H
gt —t e toa-

] INPUT VouT pd L\l
Frequency =~ IMHz TTL GATE[* Vout
Amplitude = 4V 15pF
Pulse width - 200 nsec I
Rise timo < 10 nacc
Falltimo < 10 nacc

R = 3.0000 for t g 4

R = 3300 for t, /0 Yin T SNV
1 ]

PULSE

INPUT

Frequoney = 1MH2z
Amplitudo 4V

" oF
Pulse width = 200 neec
Rise time € 10 neec

Fall time < 10 nsec

TTL GATE (%
15

Frequency = 1MHx
Amplitnde & 4V
Pulao width ~ 200 nacc
Rise time < 10 nsec
Falltime < 10 nsec

T105 and T115 3 TEST CIRCUIT (NON-EXPANDABLE SECTION ONLY) AND WAVEFORMS

Vee

Frequency =~ IMHz
Awmplitudo = 4V 15F
Pulse width 2 200 neec

Riee time < 10 neec

Fall time  § 10 neec

* Capacitance includes probe and Jig capacity.
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transistor - transistor logic family TTL

STANDARD TEMPERATURE RANGE
SWITCHING TIME TEST CIRCUITS

- Sensitivity of all switching parameters to supply voltage change (within range of 5V £+ 10%) and DC loading is very
small.
- For Flip-Flops allowable clock skew < tpd (max) + t 10060 (min).

T105-T108 EXPANDABLE GATE AND T106 EXPANDER tpd TEST CIRCUIT

T108 ONLY

Froquency = 1MHz
Amplitude = 4V
Pulse width = 200 nsec
Rise time < 10 naec
Fall time < 10 nsec

With switch in position 1 measure tpd of T105 - With switch in position 2 measure tpd (T105 - T108) + Atpd (T106).

T100 tp d TEST CIRCUIT AND WAVEFORMS

Vee

2K 5K Y W

Frequency & 2MHz
Pulee width ¢ 250 nsec
Rise time < 15 nsec
Falltime < 15 nace
Amplitude x4V

4 Lsv
124 Vin
150F £ 5%
PULSE _ﬂ a*
PULSE  TTL GATE tp
Lsv
Vour—/
vq.
TIED TOGETHER 113

Frequoney =~ 2MHz K 5EH W
Pulse width =: 250 osec
Rieo time < 16 nsec
Fall time < 1b nsec
Amplitude  x 4V

VouT

S\ —
15pF £5% VIN h— — —
thgt tpd-
pd pd

-
!
PULSE I [
GEN. TTL GATE ! 1 T
i
) lce s 15V
| i N
15F 5% I | : VOUT_/
A=r—« <, olet
ALL INPUTS [y | L

TIED TOGETHERGLS | L _ __ ___ ﬁf_zj-_J I L5pF £5%

* Capacitance includes probe and Jig capacity.
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transistor - transistor logic family TTL

SWITCHING TIME TEST CIRCUITS

STANDARD TEMPERATURE RANGE

- Sensitivity of all switching parameters to supply voltage change (within range of 5V + 10%)and D C loading is very

small.

- Allowable clock skew < tpd (max) *tg)enge

T100 t

% OTL
9930
9

lrelease

Cr
¥DTL
3930

Frequoncy x 2MHz

Rise time < 10 neec
Fall time < 10 nsec
Amplitude = 4V

set-up

(min).

and t g} opge TEST CIRCUIT

“TTL
T102

T101 t

% DTL
9930

Frequency = 2MHz
Rise time < 15 nsee
Fall time < 15 naec
Amplitude x 4V

INITIAL ADJUSTMENT

1. With switch in treleage position adjust Cp &
CR for proper Vop, Vj & Vp waveforms and
treleage limit value.

2. With gwitch in tget-up position adjust Cg for
tset-up limit value.

tset-up 18 defined as the minimum time required
for a Igigh to be present at a synchronous logic
input at any time duoring the low state of the clock
in order for the flip-flop to respond to the data.
trelease 18 defined as the maximum time allow-
ed for a High to be present ata synchronous logic
input at any time during the low state of the clock
and not be recognized.

set-up and to1age

TEST CIRCUIT

T 102 vy Yee

K0 5% BW

WAVEFORMS

VgyT for geod device with switch in trelease position

il N\
- \ /T <oavh

Vg yor good device with switch in tggpyp position

118



transistor ~ transistor logic family TTL

SWITCHING TIME TEST CIRCUITS

STANDARD TEMPERATURE RANGE

- Sensitivity of all switching parameters to supply voltage change (within range of 5V +10%)and D C loading is very

small,
- Allowable clock skew < tpd (max) +t

Frequency = 2MHz
Pulse width = 250 neec
Rise time < 15 naec
Fall time < 15 nmec

release

(min),

T120 t‘pd TEST CIRCUIT

Vee

Yin Cp
@1 R

VouTt

Amplitude % 4V

TTL GATE

13

hal ¥

2|

ol
I
7

1 14

K cp 2 Kcp
ALL INPUTS
TIED TOGETHER 17 I CL 15

PiN 16 = Vg
PIN 8 = GND

Ti21 tpd TEST CIRCUIT

WAVEFORMS

Vee
Frequoncy ~2MHz ‘N Ce Vout! Vout 2
Pulse width % 250 asec (g
Rise time < 16 naec R
Falltime < 15 neec
Amplitude % 4V 3 1s N I
NERLY| 0 Y y D ol410
PULSE] TILGaTE L o]
c c
GEN. 2| F I FI I
14 gl_7 14 Gl—?9
ALL INPUTS X Cp 17 K Cp
TIED TOGETHER T ICL I ICL
2
e C
I PIN 16 = Voo
PIN 8= GND
R =2K115% 172w
Cl =15pF 5%
CL =15pF % 5%
Cj & Cy, include all probe and jig capacity.
Very short stranded or printed wire should
be used for all interconnections,
Probes should be connected directly to the 15V
input & output pina.
GND o+
NOTE: Lsv
For tget-up and trelease see T100 and T101
test circuits. GND
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transistor - transistor logic family TTL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS
- Sensitivity of all switching parameters to supply voltage change (within range of 5V + 10%)and D C loading is very

small.
- Allowable clock skew < th (max) ¥t o10a5e (MiN).

T110 tod TEST CIRCUIT AND WAVEFORMS

v = 45V
Voo = 45V te
T q 2
o)

[
AL L . | = [ .
150F__14 14 I 95F 15 Lo|prEseT CLEARL, ] I
I .E pF | | P
D.U.T. r7 14

D.U.T.

o)

PRESET

Clear: ty =3 to 6 nsec P.W.=30 nsec f=1 MHz Clock: t.=15 nsec t;=15 nsec  P.W.=30 nsec f=1 MHz
Amplitude = 0.4 to 2.4 V. Amplitude =0.4 to 2.4 V.
Preset: t[=3 to 6 nsec  P.W.=30 nsec f=1 MHz D: 1,=15 nsec t¢= 15 nsec P.W.=25 nsec "set—upzzo nsec

Amplitude = 0.4 to 2.4 V. "rel.=5 nsec f = 500 kHz Amplitude = 0.4 to 2.4 V.

NOTE:
This Jig i8 used to test the minimum clock frequency,

T118 tod TEST CIRCUIT AND WAVEFORMS

yee
1.5V
+4.5V T SKQ Yin ;
o
113 Lyt
PULSE VouT
INPUT Lsv

*
Froquoncy % IMHz —J 15 vouT oW
Amplitudo % 3V Your |
Pulse width ~ 40 nsec v I

Rise time < 10 nsec - —our |
Fall timo £ 10 nsoc . Your | 1,5V
15¢
T o

* Capacitance includes probe and Jig capacity.
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TTL integrated circuit TlSO

4-bit shift register

EXTENDED TEMPERATURE RANGE -55°Ct0125°C

STANDARD TEMPERATURE RANGE 0°Cto75°C The T 150 4-bit shift-register is constructed on a single silicon

chip using the planar epitaxial process. The T 150 has serial
and parallel entry, serial and parallel output and Master Reset
(MR). Serial input is provided as aJ and K input, which may be
tied together externally to form a ”"D” input. The MR input
clears all stages independent of clock pin level. A logic HIGH
on the PE input ensures serial shift operation and a logic
LOW enables parallel entry concurrent with low to high
transition on the clock input. The J and K inputs make the
circuit useful as a 4-bit modulo N counter (N < 15) needing
only one additional gate element. The circuit utilizes TTL
logic for high speed and high fan-out capability.

o INPUT DIODE CLAMPING

® 20 MHz SHIFT FREQUENCY

o SYNCHRONOUS PARALLEL ENTRY

© J. K INPUTS TO FIRST STAGE

o ASYNCHRONOUS COMMON RESET

o POWER DISSIPATION OF 300 mW

e CERAMIC HERMETIC AND PLASTIC 16 PIN

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Storage Temperature Range

Supply Voltage, Continuous 0.5V to7V

D N-LINE PACKAGE Pply Vollage, Lontin

uaLl Input Voltage -0.5V to 5.5V
Output Voltage -0.5V to Vo

-65°C to 150°C

OPERATING CONDITIONS

Extended
Temperature Range

-55¢C to 125°C

Supply Voltage 5V+10%
Standard

Temperature Range 0°C to 75°C
Supply Voltage S5V 5%

PHYSICAL DIMENSIONS
16 pin plastic DIP

PHYSICAL DIMENSIONS
16 pin ceramic DIP

LOGIC DIAGRAM
AND PIN CONNECTION

6.5 MAX
isn g

?L ¢ 5| ¢] 7]
2—JuPE Py P Py Py :FVT
0__Jcp «J? 15
3_Jx BT gNI4p
—4 MR Qg Q; Q; Q3 Ej " . dlk b
1[15)14] 8] 2 g v z ar P
e 1 Ol ! :]E ®
el 12 O 7[R :‘5
Vee = PIN 16 U G ’13 z
GND = PIN8 Thax g 9P
NOTES: Ole s [

1) Bosrd-drilling dimansions shou)d equal
your practice for a conventional 0.51
mm. diameter lead.

2) Alldjmensions in mm.

NOTE: All dimansions in mm.

ORDERING NUMBERS

T 150 D1 (For Ceramic DIP and Standard Temperature Range)
T 150 D2 (For Ceramic DIP and Extended Temperature Range)
T 150 B1 (For Plastic DIP and Standard Temperature Range)

FEBRUARY 1971
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4-bit shift register T150

ELECTRICAL CHARACTERISTICS (TA = 0°Cto 75°C, Voo =5V £ 5%)

LIMITS
R CONDITIONS
SYMBOL | CHARACTERISTICS 0°C 25°C 750Cc | Unit AND COMMENTS
Min. Max. | Min. Typ. Max. | Min. Max.
VoH Output High Voltage 2.4 2.4 3 2.4 V | Vee=4.75V Igy=-0.36 mA
VoL Output Low Voltage 0.45 0.2 045 045 V |Vee=5.25V IgL= 9.6 mA
Voc=4.75V Igp= 8.5 mA
VIH Input High Voltage 1.9 1.8 1.6 V | Guaranteed input high threshold
for all inputs
VIL Input Low Voltage 0.85 0.85 0.85| V | Guaranteed input low threshold
for all inputs
Ig Input Load Current -1.6 -1 -1.6 -1.6 | mAlVee=5.25V Vg =045V
other inputs high
Ir Input Load Current (CP) -6.4 -4 -6.4 -6.4 | mA|Vce=5.25V Vg=045V
other inputs high
Ig Input Load Current (PE) -3.7 -2.3 -39 3.7 | mA|Vee=5.25V VE =045V
other inputs high
IR Input Leakage Current 60 15 60 60 | pA | Vee=5.25V VR =4.5V
Ig Input Leakage Current
(CP) 240 45 240 240 | pA | Vee=5.25V VR =4.5V
Ir Input Leakage Current
(PE) 140 35 140 140 | pA |Ve=5.25V VR =4.5V
Isc Output Short Circuit
Current -10 -70 |-10 -70 -10 70 | mA | Vee=TV 1.5V on output
and 5.25V on P input
Ipp Power Dissipation Current 85 85 85 | mA | Vee=5V
ELECTRICAL CHARACTERISTICS (T =-55°C to 125°C, Ve =5V £ 10%)
LIMITS DITIO
SYMBOL | CHARACTERISTICS | _ssoc 255G 1250C | Unit M TS
Min. Max.| Min. Typ. Max.|Min. Max.
VOH Output High Voltage 2.4 24 2.7 2.4 V | Vec=4.5V IpH=-0.36 mA
VoL Output Low Voltage 0.4 02 04 0.4 V | Vce=5.5V Ipr= 9.6 mA
Vee=4.5V Igp= 7.5 mA
VIH Input High Voltage 2 1.7 1.4 V | Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 0.8 0.9 0.8 | V | Guaranteed input low threshold
for all inputs
Ig Input Load Current -1.6 -1 -16 -1.6 | mA | Vce=5.5V VE =04V
other inputs high
Ip Input Load Current (CP) -6.4 42 64 -6.4 | mA | Vee=5.5V VE=04V
. other inputs high
Ig Input Load Current (PE) -3.7 -2.5 3.7 -3.7 | mA | Vee=5.5V VE=04V
other inputs high
Ir Input Leakage Current 60 15 60 60 | pA | Vee=5.5V VR =45V
IR Input Leakage Current
cp) 240 45 240 240 | pA | V=55V VR =45V
IR Input Leakage Current
(PE) 140 35 140 140 | uA | Vee=5.5V VR =4.5V
Isc Output Short Circuit
Current -10 -70 |-10 -70 -10 -70 |mA | Vee=7V 1.5V on output
and 5.5V on P input
Ipp Power Dissipation Current 85 85 85 |mA | Vee=5VY
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4-bit shift register T150

FUNCTIONAL DESCRIPTION

CP (common clock input) - shift or parallel entry operation occurs during low to high transition.
PE (parallel entry enable) - for parallel entry operation PE must be low; for shift operation it must be high.
MR (Master Reset)- when MR is low, all Q outputs are low independently of the condition of any other inputs.

J, K = serial inputs

Po, Py, Py, P3 = parallel inputs
Q3, Q3 = serial outputs

Qp, Q1, Q2, Q3 = parallel outputs

LOADING RULES (1 U.L. =1 TTL Gate Input Unit Load)

INPUTS : J, K, MR, Pg, P, Pp, P3 LOADING FACTOR : 1 U.L.
PE 2.3 UL
cP 4 UL.

OUTPUTS: Qp. Qi, Q2, Q3, Q3 DRIVEFACTOR : 6 UL.

SWITCHING CHARACTERISTICS (T4 = 25°C)

» CONDITIONS
SYMBOL CHARACTERISTICS Min Typ. Max.| UNIT AND COMMENTS
thd* Turn-Off Delay 10 20 35 ns,
tpd- Turn-On Delay 10 25 45 ns
CPpw Clock Pulse Width 35 ns
tg Set-up Time 17 ns
: Voo =5V
tp Release Time 17 ns
_ i _ Cy =15pF
Is(PE) Set-up Time for PE 26 ns
. . (see figures)
tr(PE) Release Time for PE 26 10 ns
tpd —(MR)| Reset Time for MR 35 ns
trec(MR) Recovery Time for MR 20 ns
MRpw Min. Reset Pulse Width 15 ns
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4-bit shift register

T150

T150 SWITCHING TEST JIG

NOTES

Gy = 9930
G, =TI102
G3 = T102
=5V
S5 is used for GND
reference check.

?Vcc

INTERNAL
PULSE
GENERATOR

SYNC.

[}

Q;n

GN081

Ve

IsMhiz GND VC(;J
o
1 2 ! 2
Sp S3
GEN.OUTPUT ccOF OEVIC

GND OPEN
%2

S

PIN5OF BU.T

TABLE TO BE USED TO CHECK JIG FOR CALIBRATION

Test
Type

Switch Numbers

S2| S3S4 (S5 | 86| S7

S8

59

S10

Probe
rA”

Probe
ngn

TEST POINT LIMITATIONS

Vee = 5V
Scope trigger
connected 1o sync.
Level check "S3™

(PE) SET
CHECK

VCP

PE

45 nsec

(PE)
RELEASE
CHECK

VCP

PE

(P2) SET
CHECK

VCP

P2

(P2)
RELEASE
CHECK

VCP

P2

1.5V

0 nsec

RESET
CHECK

VCP

RESET

RESET

FREQ.
CHECK

N

vCP

VCP

1000 nsec or 67.7 nsec

124



4-bit shift register T150

SWITCHING TIME AND SHIFT FREQUENCY WAVEFORMS

e s " 4 DATA
ot j[ T SERIAL —\ - Tt —em— e - LY
A - T == — o DATA
cPy,  CPy, PARALLEL - - e Lsv
N SR
QUTPYY — o —
wm__ ]
usc @R ouTPUT
N2 .
ViN
L5v = b nsec 2 66 nsec
Yout
(PIN 12 or 11) vy Frequen; = % X V| Frequency
APPLICATIONS
A. 4-BIT LEFT/RIGHT SHIFT REGISTER
StiltLett utput __—L\ A 4 [—— Shift Right Dulpul
Shift Right lnput I MR QOIlqlquZIQZ
Clack cp :I g
$pE pipy Ippte 0 [T
* Shift LEIVRLthCanlmI.——[ ’ ’ I— Shifl Lell Inpul
< To Shift Right-Ingul HIGH
To Shilt Left-Inpul LOW
B. 7- BIT PARALLEL - TO - SERIAL CONVERTER C. DIVIDE BY "N” COUNTER (°N” = 2 to 15)
cLock

Vee

Vee
It i tﬁ i1t
JMR Qo Q1 Qz Q3 JMR Q0 Q1 3L sera

Loer 1150 Ldep 110 @3 L,
R pgepq P P2 P3B|— Kpg: Py Py Prppe

I

[

Paral lel
Input

5 3=
Slart 2 T
Conversion Q0 i

" This circuil uses a marker bil Lo counl the dala bils shifled oul so Lhal a
parallel fead enable 15 generaled Lo load Lhe next paralfel word for conver-
sion at the correcl Lime,

ouTPUT
(y N

I J
weuT , PE Qgara |®
cousT cp T150 =

[5}
L%, Pa P1 Py Py —T

T T
MASTER
RESET

(Selector switch shown
in N = 15 posiion)
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4-bit shift register T150
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TTL integrated circuit Tl 51

EXTENDEND TEMPERATURE RANGE OHC—Of—tCn dCCOdCl’

-55°C to 125°C

STANDARD TEMPERATURE RANGE

0°Cto 75°C The T 151 one-of-ten decoder is a circuit' constructed
on a single silicon chip by means of the planar epitaxial
process. The T 151 is a multifunction decoder. Designed to
accept four weighted inputs and provide ten mutually exclu-
sive outputs, the circuit utilizes TTL logic for high speed
and high fan-out capability. The unique logic of this device
makes it very versatile in decoding and logic conversion ap-

e INPUT DIODE CLAMPING plications.
o TYPICAL INPUT/OUTPUT PROPAGATION
DELAY 20 ns ABSOLUTE MAXIMUM RATINGS
o MULTI-FUNCTION CAPABILITY (above which the useful life may be impaired)
o MUTUALLY EXCLUSIVE OUTPUTS Supply Voltage, Continuous -0.5Vto 7V
o DEMULTIPLEXING CAPABILITY : Input Voltage 05Vte5.5V
Qutput Voltage -0.5 Vto Vee
TYPICAL POWER DISSIPATIO
¢ ATION OF 145 mW Storage Temperature Range -65°C to 150°C
o CERAMIC HERMETIC AND PLASTIC 16 PIN

DUAL IN-LINE PACKAGE

OPERATING CONDITIONS
Extended
Temperature Range -55°C to 125°C
Supply Voltage 5v:10%
Standard
Temperature Range 0°C to 75°C
Supply Voltage S5V £5%
LOGIC DIAGRAM
AND PIN CONNECTION PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
16-pin ceramic DIP 16 pin plastic DIP
T MAX
6.5 MAX
15 14 1 2 531
s{;u_w g
(] §
Ay Al A Az _ 8.8
T 151 i S dNG
0123456789 g H g\ En
Os 1] 5
XY‘XXIXIT C‘ ng 5, :‘:]x
0> epr H
BL2DI93 4567 d. b S [
g - e n
7 »
Vee = PIN16 d. .h I qr 4P
GND = PIN 8 = Ok 13
Note : all dimensions in mm. NOTE: All dimensions in mm.
ORDERING NUMBERS

T 151 D1 (For Ceramic DIP and Standard Temperature Range)
T 151 D2 (For Ceramic DIP and Extended Temperature Range)
T 151 B1 (For Plastic DIP and Standard Temperature Range)

FEBRUARY 1971
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one-of-ten decoder T151

ELECTRICAL CHARACTERISTICS (0°C to 75°C, Ve = 5V  5%)

LIMITS
SYMBOL CHARACTERISTIC Unit CONDITIONS
0°C 25°C 75°C AND COMMENTS
Min. Max.| Min. Typ. Max. | Min. Max
VOH Output High Voltage 2.4 24 3 2.4 VCC=4.75V, IpH=-0.6 mA
VoL Output Low Voltage 0.45 0.2 0.45 0.45 Vee=4.75V, lpoL= 14.1 mA
Vee=5.25V, IpgL= 16 mA
VIH Input High Voltage 1.9 1.8 1.6 v Guaranteed input high threshold
' for all inputs
ViL Input Low Voltage 0.85 0.85 0.85 V | Guaranteed input low threshold
for all inputs
I Input Load Current -1.6 -1 -1.6 -1.6 mA | Voc=5.25V, VE=045V
Ig Input Leakage Current 60 15 60 60 pA | Voc=5.25V, VR= 45V
Isc Output Short Circuit
Current -10 -70 | -10 -70 |-10 -70 mA | Veoc=5.25V, output grounded
Ipp Power Dissipation Current 45 45 45 mA | Vo= 5V, A, Ay, A, A3
inputs grounded
ELECTRICAL CHARACTERISTICS (-55°C to 125°C, Voo =5V ¢ 10%)
LIMITS
CONDITIONS
SYMBOL CHARACTERISTICS .55°C 25°C 125°C | Unit AND COMMENTS
Min. Max.| Min. Typ. Max. |Min. Max.
VOH Output High Voltage 2.4 24 27 2.4 Vee =4.5V, log=-0.6 mA
VoL Output Low Voltage 0.4 0.2 0.4 0.4 Vee=4.5V, lpgL= 124 mA
Vee=5.5V, IpopL=16 mA
VIiH Input High Voltage 2 1.7 1.4 v Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 0.8 0.9 0.8 v Guaranteed input low threshold
for all inputs
If Input Load Current -1.6 -1.1 -1.6 -1.6 mA | Vcc=5.5V, VE=04V
Ir Input Leakage Current 60 15 60 60 | wA | Vec=5.5V, VR=4.5V
Isc Output Short Circuit
Current -10 -70 | -10 =70 |-10 <70 mA | Vcc=5.5V, output grounded
Ipp Power Dissipation Current 45 45 45 mA | Veo=5Y, Ap, Al A, Az

inputs grounded
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one-of-ten decoder T151

LOADING RULES (1 U.L. = 1 TTL Gate Input Unit Load)

INPUTS  : Ao, Aj, A, A3 LOADING FACTOR : 1 U.L.
OUTPUTS : 0,1,2,3,4,5,6,7,8,9 DRIVE FACTOR  : 10U.L.

SWITCHING CHARACTERISTICS (Tp = 25°C)

SYMBOL | CHARACTERISTICS Min. Typ. Max. | Unit A;%"g;'ﬁgﬁm
!
! tpd* Turn-Off Delay 10 20 35 nsec
Vee =5V CL=15pF
tpd- Turn-On Delay 7 20 30 nsec
| TEST CIRCUIT WAVEFORMS
b o] cC
PULSE
GEN. " _L J
1o
15pF I 15 ) VIN Vin Lsv A X Lsv
Ti51 - : GND
. 2 “"’J(pd-“‘“ —ilpd + b
3 ; i
ouT . YouT  Lsv x L5V
15pF
p y GND
L
-L

* The capacitance shall be within + 5% including jig, probe and wiring capacitance.

'APPLICATIONS
A. DECODER FOR ANY BCD CODE
| BCD CODE _
Xo X1 X2 X3 X3 DECIMAL OUTPUT BCD CODE
DIGIT | @42 | 5421 | Excess3| 4221
| ] 0 0.18 | 0.8 3 0.18
A AL A A Ay Al Ay Az 1 1.19 1.19 4 1.19
1710 DECODER 1/10 DECODER 2 2 2 5 2
T 151 T1 3 3 3 6 3
0123456789 07123456789 1 1 " 7 5
5 5 8.10 810 | 9.1
6 6 9.11 9.11 14
7 7 12 12 15
101
0123456789 11213141516 171819 . 810 s 5 s
QUTPUTS 9 9.11 14 14 17

Decode any BCD code using two T 151 elements. Any 4 bit BCD code may be decoded by selecting outputs as shown in the table.
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one-of-ten decoder T151

APPLICATIONS (contd)

B. ONE OF THIRTY-TWO DECODING

21] 22

24
GND
Ao Al A2;A3]

1710 DECODER
T 151

01234567

jlil

{ { i

Ap AL A A3 Ay Al Ay A3 Ay Al A A Al Ag Ay Ay
1/10 DECODER 1710 DECOOER 1710 DECODER 1710 DECODER
T 151 T 151 T 151
01234567 01234567 01234567 01234567
01234567 8 9101112131415 b 18 N 2 2 2
C. DIGITAL DEMULTIPLEXER
ADDRESS
OUTPUT
ADDRESS ~ DATA A B c LINE
—A—
l J l 0 0 0 0
Ao AL Ay~ A3 : 0 0 l
1/10 DECODER 0 1 0 2
T 151 1 1 0 3
012345617 0 0 I 4
T S A
0 I 1 6
i 1 | 7

The single-line input data may be routed to any one of 8 outputs by addressing that output as shown. All non-addressed output
remain high.

NOTE : Complements of output lines 0 and 1 are available on output lines 8 and 9 respectively.
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T152

TTL integrated circuit
“7

EXTENDED TEMPERATURE RANGE,
-55°C to 125°C

STANDARD TEMPERATURE RANGE,

Dual full adder

The T 152 dual full adder is a medium scale integrated

0°C to 75°C circuit constructed on a single silicon chip using the planar
epitaxial process. The T 152 consists of two independent,
high-speed, binary full adders with complementary sum
(S and S) outputs. One adder features inverted carry (CoyT)
output, while the second adder has complementary (A2 and
B7) inputs and an inverted carry (C[N) input. By connecting
the inverted carry output of the first adder to the inverted
carry input of the second adder, the device performs the
o INPUT DIODE CLAMPING addition of two 2-bit binary numbers. Designed especially
o MULTI-FUNCTION CAPABILITY for multiple-bit, parallel-add/serial-carry applications, the
o 8ns CARRY PROPAGATION DELAY circuit utilizes TTL logic for high-speed, high fan-out
operation, The single inversion unique circuitry of the
o COMPLEMENTARY INPUTS AND OUTPUTS serial-carry outputs minimizes the necessity for complicated
o TYPICAL POWER DISSIPATION OF 150 mW "look-ahead™ and carry-cascading circuits.
o CERAMIC HERMETIC AND PLASTIC 16 PIN ABSOLUTE MAXIMUM RATINGS

DUAL IN-LINE PACKAGE (above which the useful life may be impaired)

Supply Voltage, Continuous 05VtoT1V
Input Voltage 05Vtos55V
Output Voltage 0.5V to Ve

Storage Temperature Range -65°C to 150°C

OPERATING CONDITIONS

! Extended
Temperature Range

-55°C to 125°C

Supply Voltage S5Vt 10%
Standard
Temperature Range 0°Cto 75°C
Supply Voltage S5Vt 5%
LOGIC DIAGRAM PHYSICAL DIMENSIONS PHYSICAL DIMENSI{ONS
AND PIN CONNECTION 16 pin ceramic DIP 16 pin plastic DIP
THAX 65 MAX
. = T
Ay 2 b2 €O, £ i T
8 2| Fa1 |25 ﬂ“‘”‘" - -
- g
ciNy 4 bt %) L s
s
o L] O d [
o 18 0z s O 9y
A L. co, (nfl ] abk {3
g;li_d:)p/t.z 9.3, [mE ”:]5 O 135 «
_ 5 Os z[J® Op PRl =l
ey 24 sz O u ] Ol w :
O » [ dl 1o ] =
Vee = PIN 16 0O (] O 18
GND = PIN 8
Note : all dimensions in mm, NOTE: All dimensions in mm.

ORDERING NUMBER :

T 152 D1 (For Ceramic DIP and Standard Temperature Range)
T 152 D2 (For Ceramic DIP and Extended Temperature Range}
T 152 B1 (For Plastic DIP and Standard Temperature Range}

“EBRUARY 1971
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dual full adder T152

ELECTRICAL CHARACTERISTICS (0°Cto 75°C, Vo =5V £ 5%)

LIMITS
SYMBOL| CHARACTERISTICS 0°C 25°C 75°c  |Unit| CONDITIONS AND COMMENTS
Min. Max.|Min. Typ. Max.|Min. Max.
VoH |Output High Voltage 2.4 24 3 24 V. |Vee=4.75V log=-0.6 mA S,S;
Iog=-0.54mAS,, S,
Ipy=-0.42mA (7)1, CO-
VoL | Output Low Voltage 0.45 021 045 045| V |Vee=5.25V IgL=16mA  §1,S3
Ipr=14.4mA S_l' So
Ipr=11.2mA CO}, CO:
VIH Input High Voltage 1.9 1.8 1.6 V  |Guaranteed input high threshold for
all inputs
ViL Input Low Voltage 0.85 0.85 0.85| V |Guaranteed input low threshold for
all inputs
I Input Load Current
A2 and B Inputs -1.6 -1, -1 -1.6 | mA ; Vee=5.25V VE=0.45V
Other Inputs -6.4 4.4 -6.4 -6.4 | mA
IR Input Leakage Current
A3 and Bj Inputs 60 15 60 60 | nA Vee=5.25V VR=4.5V
Other Inputs 240 60 240 240 | pA
Isc Qutput Short Circuit
Current -30 -100 | -30 -100 |-30 -100 | mA |Vee=5.75V output grounded
Ipp Power Dissipation Cur-
rent 55 55 55 |mA |Voo=5V Aj and B7 grounded
ELECTRICAL CHARACTERISTICS (-55°Cto 125°C, Ve =5V +.10%)
LIMITS
SYMBOL| CHARACTERISTICS 55°C 25°C 125°C | Unit CONDITIONS AND COMMENTS
Min. Max |Min. Typ. Max. | Min. Max.
VOH QOutput High Voltage 2.4 24 2.7 2.4 V |Vee=4.5V  IgH=-0.6mA S],§2
IoH=-0.54mA Sy, Sy
IgH=-0.42mA CO, CO;
VoL Output Low Voltage 0.4 0.21 0.4 04 | V [Vee=55V IgL=l6mA §j, §2
Ior=14.4mA gl’ Sy
IgL=11.2mA COj, CO:
VIH Input High Voltage 2 1.7 1.4 V |Guaranteed input high threshold for
all inputs
ViL Input Low Voltage 0.8 0.9 0.8 | V |Guaranteed input low threshold for
all inputs
I Input Load Current
Aj and Bj Inputs -1.6 -1 -1.6 -1.6 | mA Vee=5.5V  VE=04V
Other Inputs -6.4 -4.4 -6.4 -6.4 | mA
IR Input Leakage Current
Ay and By Inputs 60 15 60 60 | pA Voe=5.5V VR = 4.5V
Other Inputs 240 60 240 240 | pA
Isc QOutput Short Circuit
Current -30 -100 | -30 -100 |-30 -100 |mA |Vce= 6V output grounded
Irp Power Dissipation Cur-
rent 55 55 55 |mA |Voe=5V  Ajand B) grounded
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dual full adder T152

LOADING RULES (1 U.L. = 1 TTL gate input unit load)

INPUTS Ay, By, CiN1 LOADING FACTOR : 4 U.L.
Kz, _Bz, EIN] 4 U.L.
Ay, By, 1 U.L.
OUTPUTS Cpj, Co2 DRIVE FACTOR : 7 UL.
Sy, Sy 9 U.L.
1. 52 10 UL.

SWITCHING CHARACTERISTICS (T4 = 25°C)

; CONDITIONS
SYMBOL CHARACTERISTICS Min. Typ. Max.Ext.Max.Std.| Unit AND COMMENTS
tpd* CiNto EOUT and ElN to CouT 2 8 13 15 nsec Ve — 5V
tpd- Cinto Cour and CN to CoyT 2 8 13 15 nsec CCC_ 15 oF
tpd* Ay to 52 8 25 40 45 nsec L P
— (see test circuit)
tpd- Ajto 5 8 20 35 40 nsec
tpd TEST CIRCUIT WAVEFORMS
Vee
o
PULSEl o0 G
GEN. L

Frequency ~ 2 MHz
Pulse Width = 250 ns.

Rise Time < 15 ns. 2 16
Fall Time < 15 ns. l_a VouT
Amplitude =~ 4 V., _l—AD D.U.T.
9 ViN L5V L5V
13 tch ‘pd“
| -~
8 Voyr 15V 15V
-——

* The capacitance shall be within + 5% including jig, probe and wiring capacitance.
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dual full adder T152

APPLICA
TRUTH TABLE PLICATIONS

A. PARALLEL ADDITION - RIPPLE CARRY

ADDER 1|
INPUTS OUTPUTS R %2 vz ?on
| I
— — — = i T X
CiN B A |Cour S S | 1 B -
0o 0 0 1 1 o0 i N I B
0 0 1 10 | l [ O N N
0 | 4 32 12 | | If' 1 3 2
0 ! ! 0 ! I, ADDER | ADDER 2 : : I ADDER !
0 1 1 0 1 0 1 7 6 5 0 9 N | | IL_Z,._ 6 __;,_
| 0 0 1 0 1 ! 1 : i _? Y
1 0 1 0 1 0 { o P
L e 2N R SN A O A O T R £ S T
1 1 1 0 0 1 2 1 LI T
S) S 2 %2 S35
PROPAG DELAY AND | C
ADDER 2 PA?:K:GE‘;TIIR%gUIERLE‘:)\;\SWORD-
LENGTH FOR PARALLEL ADDITION
INPUTS OUTPUTS © o
EIN By Ap B, A2 Cout 15 300
1 L
- A
[ PACKAGE »
g COUNT Pl
2 L’ .
b PROP. -
© - DELAY
5 /’ 100
¢d
0 0
0 10 20 30 40

NUMBER OF BITS

The curve shows propagation delay of the ripple - carry adder shown in the above figure and
also the low package count resulting from this-ripple-carry configuration.

B. PARITY - GENERATION OR CHECKING

Ao AL A Ay A1 Ag Ay A7 Mg
R 4 3 2 12
Al a1 — 1152 ——f A,
6 6 9
1152

12
A2

9 10

EVEN PARITY T [ ODD PARITY

The above configuration uses the T152 elements to generate parity for an 8 - bit byte or
check parity over 9 - bits. Additional adder blocks can be used to generate or check parity
over larger word lengths.

e e e = =~ 000D 0000000000000
—— 0O O~ — OO~ OO~~~ OO0 - — 00 -0~ ——0O0
_0 -0 -0 =0 —~0 -0 =0 =0 =0~ 0 -0 =0 -0 =0 =0 =0
—_—— —_ 0 =~ 0O~ 00 == 00 0000 —0— 0O ——000——0 wul

. =, 0D OO O ==~ 0D OO~~~ — 0000 ————000O0
e . O — O — O O OO O m e o e e e O = —

—_——— e = —~— 00000000~ — ==~ —~ 00000000

134



TTL integrated circuit

T154

STANDARD TEMPERATURE RANGE 0°C to 75°C

o COMPATIBLE WITH OTHER DTL OR TTL
FAMILY PRODUCTS

INPUT DIODE CLAMPING

OPEN-COLLECTOR OUTPUTS PERMIT
WIRED-OR CAPABILITY

SINGLE TTL LOAD INPUTS"

ALL CERAMIC HERMETIC 16 PIN DUAL IN-
LINE PACKAGE

ORDERING NUMBER

T154 D1XXXX, where XXXX are letters identifying
the particular content.

256-bit

read only memory

The T 154 is a 256-bit bipolar transistor- transistor logic read
only memory. The memory is organized as 32 words of 8
bits each. The words are selected through 5 address lines.
The 8 outputs of the words are uncommitted collectors
which may be wired-OR connected with the outputs of
other ROM’s. An Enable input is provided for additional
decoding flexibility. A high Enable forces all outputs to be
high. The contents of the memory are permanently program-
med on customer request.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Vcc Pin Potential to Ground -0.5V to 8V
Input Voltage -0.5Vto 5.5V
Current Into Output Terminal 100 mA

-0.5 to V¢ value
- 65°C to 150°C
-55°Cto 125°C

Output Voltages
Storage Temperature Range
Temperature (Ambient) Under Bias

OPERATING CONDITIONS
Temperature Range 0°C to 75°C
Supply Voltage 5V+s57

LOGIC DIAGRAM
AND PIN CONNECTION

151413121110

E A jAz3A A Ag

07070,0504050, 04

ITTTTTTT

123456709

GND =8
Vee =16

PHYSICAL DIMENSIONS
16-pin ceramic DIP

17.5MIN

20 MAX

1 [
157
1w
]
]
H
107
0

MA,
0.2 MIN
B.38
1

(mE
Os
O
O
O
O

Note: all dimensions in mm.

MARCH 1971
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256-bit read only memory T154

ELECTRICAL CHARACTERISTICS (VcCc =5V 57)

STANDARD TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS : Unit CONDITIONS AND COMMENTS
Min. Typ. Max
VoL Output Low Voltage 0.45 A Vee =475V loL = 10 mA
Monitor appropriate output to per-
form this test.
ViL Input Low Voltage 0.85 v Vo = 5.25V
Monitor appropriate output to per-
form this test.
Viy Input High Voltage 2 Vv Vee =475V
Monitor appropriate output to per-
form this test.
Ip Input Load Current -1.6 mA | Ve =5.25V Vg =045V
IR Input Leakage Current 100 pA  |Voe =5.25V VR = 4.5V
IcEX Output Leakage Current 100 pA | Voo =475V
5.25V on output.
IeD Power Dissipation Current 55 80 mA | Ve = 5.25V Enable and Address
inputs grounded.
SWITCHING CHARACTERISTICS (Tp = 25°C)
LIMITS .
SYMBOL CHARACTERISTICS " Unit CONDITIONS AND COMMENTS
Min Typ. | Max
tod + Enable and Address to Output .
Delay 30 50 ns 10 mA load S Monitor appropriate
thd~ | Enable and Address to Output outputs to perform
pd, these tests.
Delay 30 50 ns 10 mA load .
(See fig. 1)
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256-bit read only memory T154

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST:OUTPUT LOAD AND WAVEFORMS (Fig. 1)

5 nsec —e 5nsec
2V 2V
ouTPUT
ADDRESS INPUT v J1s VZOD “_Setli VLIV IINDER TES
QuTPUT
15°% 1.5V
(10 mA LOAD)
tpd- \pd t C includes probe and jig capacitance.

5 nsec be—  Snsecr
ENABLE AND i 25 {;’;
(.

ADDRESS INPUT L 15 Vzoo nse

QUTPUT : 15V
— ]

lpd 1 tpd-

TRUTH TABLE

WORD 01(02]03|04|05/06(07(08(09(10[11|12(13|14(15(16|17 [18[19]|20}21|22|23|24125(26(27|28(29(30|31

ENABLE

ADDRESS 1

ADDRESS 2

INPUTS

ADDRESS 3

ADDRESS 4

el |le|lei e 8
ol Eal Nl ol -
el |e| e
rle|lr|lz || e
rle|lz|e || e
ez =
kil Il =1 = - Il I o
cle|T ||z E
|||
clz |||
[l ol I = I ]
-l |||
|- |||
rlz || |Te
|||z~
c|lx | T || T
Tl ||| e
=l N B ol -
T |l
Tl (||
z|e|z|e|rle
= = I ol = o N s o
T|lr|lT (=l
Tz |z |T|C
||l |e|e
izl |z
T |T ||z
||| | =
T|T |||
T|xz (T |||
fasil = 8 =0 = e N
T || X |E ||

ADDRESS 5

OUTPUT 0O
OUTPUT 0

OUTPUT 0
OUTPUT 03

OUTPUT 04
OUTPUT 05

OUTPUTS

OUTPUT 04
OUTPUT 07

NOTES :

1) A high Enable forces all outputs to be high, irrespective of the selected word.

2) The output levels are not shown on the truth table since the customer specifies the output condition he desires at each of the cight outputs for
cach of the 32 words.

3) The output truth table has to be filled up with an X where a low level is required.

4) H high level: L~ low level.
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256-bit read only memory T154

STANDARD TEMPERATURLE RANG!

HOW TO HAVE A CUSTOMIZED ROM

The SGS CAD facilities are used to customize the ROM. A large computer drives a photocomposition machine tomake, from
your content-punched cards, the test sequence, the truth table and the masks.

This unique system eliminates pattern conversion errors: tupon request & computer generated truth table could be supplied for
customer re-check purposes.

Punched card format
The punched cards suitabte for SGS CAD are the 80 column type and onc card per word is needed.

Ist to 12th column - part number. alphanumeric. Each custom ROM is assigned its unique part number. First column
shows the first character.

13th to 16th column - word number. numeric. First word is always called N7 zero. Last column is the unil digit.
17th and 18th columns- blanks b,

19th to 26th column - word content expressed in one’s and zero’s. Coluinn 19 corresponds to the output Oq. the 20th to
0). ete.

EXAMPLE :

T154D1ABCD 17 10011001
1

fooogoooo00cooo0to0ofRoogPo0000000B000000000E0G00000000000C000090000000A00000000
T2 C N E DR SN ) S 19500232425 T, 2 2900 M IS IS T AT A0 1A A) Ak AT CRARSO S A ) SN V) SHSUBD €I K € Gy KB 62 B85 1) 1 2 i) P IE 1 12y a0
I ERR | RRRRRRE] RRR! BRI I BRI RRRRR R R R AR R NN R R AN R R AR R R RN RN
22222220222222222222222222222222222222222222222222222222222222220222222222222222
§3333333033333333333333333333333333333333333333333333333333333333333333333333313
AAaPRAdadfa444a4444044444449443444444A449444444d444444448444398d4444444444484Q44844
55055555555555559555555555555595555595559955555555555955555555559555555555955555565y
66666666E66666665666666666u6656656066666GE6FE665666666666565606665656666666686668656
° (IR RRREREEREERE RERE RO R R RN R R R R RN R R RN R R R R R
" 8883538608365889B883688880888088838328484830838683888833¢386886588085888888888888

999999995999999999999999939999999599999999y971939999999999599999939999399999339339

2005673 30N R0NSIS SIS0 JASENRNNNT Tl SIBBOCRUEE SO0 TR A IS0N QMG RN IINHSED B0




TTL integrated circuit

T163

EXTENDED TEMPERATURE RANGE
-55°C + 125°C

STANDARD TEMPERATURE RANGE
0°C+75°C

o COMPATIBLE WITH ALL OTHLR DTL
AND TTL FAMILY PRODUCTS

o INPUT DIODE CLAMPING

o TYPICAL DELAY-TIME 25 n SEC.

o TYPICAL POWER-DISSIPATION 135 mW
o MULTIFUNCTION CAPABILITY

o DATA INPUT ENABLE

o CERAMIC HERMETIC AND PLASTIC
16 PIN DUAL IN-LINE PACKAGE

ORDERING NUMBERS

T 163 D1 (For Ceramic PIP and Standard Temperature Range)
T 163 D2 (For Ceramic DIP and Extended Temperature Range)
T 163 B1 (For Plastic DIP and Standard Temperature Range)

8-input multiplexer

TTL family product

The T 163 is a high speed eight input digital multiplexer
circuit constructed on a single silicon chip using the planar
epitaxial process. [t provides, in one package, the ability
to select one bit of data from up to eight sources. The
T 163 can be used as a universal function generator to ge-
nerate any logic function of Tour variables. Both assertion
and negation outputs are provided. The active pull-upson
the outputs provide high speed, high fan-out and the TTL
circuitry makes the T 163 compatible with all other devi-
ces of the CCSL family.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage, Continuous 0.5V to7V
Input Voltage 0.5VtoSSV
Qutput Voltage -0.5V to Ve

-65°C to 150°C
-55°Cto 125°C

Storage Temperature Range
Temperature (Ambient) Under Bias

OPERATING CONDITIONS

Extended
Temperature Range

-55°C to 125°C

Supply Voltage S5V +10%
Standard

Temperature Range 0°C to 75°C
Supply Voltage S5Vi5%

LOGIC DIAGRAM AND
PIN CONNECTION

PHYSICAL DIMENSIONS
16 pin ceramic DIP

PHYSICAL DIMENSIONS
16 pin piastic DIP

65 uax

“UELEEELT p—
1 %

E'n‘l‘z'z'd's'bw%so @; 5 dNUA B ==
T 163 B-input Multiplexer  [3 51 | al  op =]
7 z 52 O: LN ap w3 =]

‘T l O: LANE al 4Pz . =H

! B Os v [J Ols 2 [0J= = e —]
Voo = PIN 6 de  wp | gl P =]
GND = PIN 8 - o dl  db _

s «;E de 912 =4

NOTE: All dimensions in mm.

Note : all dimensions in mm.

OCTOBER 1970
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8-mput multiplexer T163

ELECTRICAL CHARACTERISTICS (0°C to 75°C, VCC = 5V 1 5%)

LIMITS
Symbol | CHARACTERISTICS 0°C 755C 755C UNIT | CONDITIONS AND COMMENTS
Min. Max.| Min, Typ. Max. [ Min. Max.
VOH Output High Voltage (2.4 24 3 2.4 V |Vcc=4.75V IoH =-0.6 mA
VoL Output Low Voltage 0.45 0.21 045 0.45 V | Vcc =475V loL=14.1mA(Pinl5)
fOL=12.95mA(Pinl4)
Voo =5.25V IoL=16 mA (Pinl5)
IoL=14.4mA(Pin 14)
VIH Input High Voltage 1.9 1.8 1.6 V | Guaranteed Input High Threshold for
All Inputs
VIL Input Low Voitage 0.85 0.85 0.85 V | Guaranteed Input Low Threshold for
All Inputs
Ip Input Load Current -1.6 -1 -1.6 -1.6 mA | Voo =5.25V VF =045V
IR Input Leakage Current 60 15 60 60 PA | VCC=5.25V VR =45V
Isc Output Short Circuit |-30 -100{ -30 -100 |30 -100 mA | Vcc = 5.25V  Output Grounded
Current
IpD Power Dissipation 43 43 43 mA |Vcc=5V
Current
ELECTRICAL CHARACTERISTICS (-55°C to 125°C, Vcc =5V & 10%)
LIMITS
Symbol | CHARACTERISTICS S5oC 355¢C 1259C UNIT CONDITIONS AND COMMENTS
Min. Max.| Min. Typ. Max. [Min. Max.
VOH |Output High Voltage | 2.4 24 2.7 2.4 V| Vcc =45V IoH=0.6 mA
VoL |Output Low Voltage 0.4 02 04 04| V |Vcc=45V loL=12.4mA (Pin I5)
IoL=11.2mA (Pin 14)
Vcc =5.5V loL=16 mA (Pin I5)
IpL=14.4mA (Pin 14)
VIH |Input High Voltage 2 1.7 1.4 V | Guaranteed Input High Threshold for
All Inputs
VIL |Input Low Voltage 0.8 0.9 08| V | Guaranteed Input Low Threshold for
All Inputs
IF |Input Load Current -1.6 -1 -16 -1.6| mA |VcCc=355V Vg=04V
IR |Input Leakage Current 60 15 60 60| pA | VCC=55V VR=45V
Isc |Output Short Circuit (-30  -100 |-30 .100 |+30  -100| mA |Vcc =5.5V  Output Grounded
Current
Ipp | Power Dissipation 40 40 40 mA |Vcc=5V
Current
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8-input multiplexer T163

FUNCTIONAL DESCRIPTION

The T 163 is a logic implementation of a single pole - 8 position switch with the switch position controlled by the state of three
select inputs, SO, S1, S2. Both assertion and negation outputs are provided. The enable input (E) is active low. When it is not
;activated the negation output is high and the assertion output is low regardless of all other inputs.

The logic function provided at the output is :

Z=E-(I0-50-51-52 + 11-50:51-52 +12:50-S1-52 +13-80-S1-52 +14-50-51-S2 +15-80-51-S7 +15-50-51-S2 +17:S0-51-52).

The T 163 provides the ability, in one package, to select from eight sources of data or control information.
By proper manipulation of the inputs, the T 163 can provide any logic function of four variables and its negation.
Thus any number of random topic elements used to generate unusual truth tables can be replaced by one T 163.

tm
%
N
»
»
[<§
—
S
9
&
iy

[

._
&
3

N
N

Il o oI o B I i i ol ol B o i o B I o - o
=< - e - - < < T A al a i ol o
ITTT T T XD T -~ X
o Ll - - R A i
P T = o S
O R - A e N
ol I I R R e
[l i R I L
MO X X X T e X K M X M X

Ll =~ i i T Y

T T R R R VR VR R
I ) K X X X X X % M X M

iR = N Tl - - - -l
T TP DS T T~ T~ T

H = High voltage Jevel L = Low voltage level

X = Level does not affect output

LOADING RULES
(1 UL. = | TTL Gate Input Unit Load)

INPUTS : 1,2,3,4,5,6,7,9,10,11, 12,13 LOADING FACTOR :

1UL.

OUTPUT: 15 DRIVING FACTOR :10U.L.

OUTPUT: 14 DRIVING FACTOR :

SWITCHING CHARACTERISTICS (TA = 25°C)

9U.L

SYMBOL CHARACTERISTICS Min. Typ. Max.

UNIT

CONDITIONS AND COMMENTS

tpd+ Turn - Off Delay 23 34
tpd- Turn - On Delay 25 36

nsec

nsec

Vee =5V Cp =15 pF
Vee =5V Cp=15pF

M




8-input multiplexer T163

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

Ve
o)
20uF
0.1 uF
- Viy L5V
1 16 GND
D.U.T.
INP. ! | v 15V
N S ouT ouT 5
50 (e[ pp—
2Ry oL
| 15pF
I thd + tog-

* The capacitance shall be within + 5% including jig, probe and wiring capacilance.

APPLICATIONS :

3 BIT COMPARATOR

Three bits of data to be compared are supplied to the address and select inputs of the T 151 and T 163 respectively.

If Ag, A, A2 and Bg, B, B2 compare, the mutuaily exclusive active low output of the T 151 1/10 decoder and the selected in-
put of the T 163 multiplexer will be coincidental and COMPARE OUT will behigh. The COMPARE ENABLE must be low tc
permit compare operation.

A.ZAIAO B,B, B
ol
(%2 2R i)
— > ~
[THLC] @ Semm— I —
BB — I e
oo .2
e b— /1 2
= == COMPARE ENABLE
@S v B 2 TO NEXT STAGE
COMPARE ENABLE o™ =g
FROM PRECEEDING <o N & 2 N Jo— COMPARE OUT
STAGE [ 2 [ Iy
SO I P
w =
INTERCONNECTION DIAGRAM FOR 9 BITS
A B A B A B
I I

3 Bit Comparator 3 Bit Comparator 3 Bit Comparator
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TTL integrated circuit

T 164

EXTENDED TEMPERATURE RANGE
-55°Cto 125°C

STANDARD TEMPERATURE RANGE
0°C to 75°C

TYPICAL PROPAGATION DELAY 25 ns
ON-CHIP SELECT LOGIC DECODING

FULLY BUFFERED COMPLEMENTARY
OUTPUTS

iNPUT CLAMPING DIODES

CERAMIC OR PLASTIC 16 PIN DUAL-IN-LINE
PACKAGE

COMPATIBLE WITH ALL DTL AND TTL
FAMILY PRODUCTS

ORDERING NUMBERS
T 164 D1 (Ceramic DIP Standard Temperature Range)

T 164 BI (Plastic DIP Standard Temperature Range)

T 164 D2 (Ceramic DIP Extended Temperature Range)

Dual four-input
multiplexer

The T 164 is a monolithic, high speed dual four input digital
multiplexer circuit. It consists of two multiplexing circuits
with common input select logic, and each circuit contains
four inputs and fully buffered complementary outputs.
Active puliups in the outputs ensure high drive and high speed
performance. Because of its high speed performance and
on-chip select decoding the T164 may be cascaded to mul-
tiple levels so that any number of fines can be muitiplexed
onto a single output bus. The circuit utilizes TTL logic for
high speed and high fanout capability, and is compatible
with all DTL and TTL family products.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage, Continuous -0.5Vto 7V
Input Voltage -0.5Vto 5.5V
Output Voltage -0.5V to V¢

Storage Temperature Range (Ceramic DIP)
Storage Temperature Range (Plastic DIP)

OPERATING CONDITIONS

-65°C to 150°C
-55°C to 125°C

Extended
Temperature Range
Supply Voltage

Standard
Temperature Range
Supply Voltage

-55°Cto 125°C
5V + 10%

0°Cto 75°C
SV 5%

PHYSICAL DIMENSIONS
16 - pin plastic DIP

TN

PHYSICAL DIMENSIONS
16 - pin ceramic DIP

0fE

Y

ot

6

CONNECTION DIAGRAM
(Top vie.;)
6.5 MAX
o S
21 [] 16 Vee
2 —
E 2[ - g 15 ; 0.2 MIN
(2 0—2a 22— g;
) d = @
3s1 Z.—{] 14 = 8%
4 By So 13 °
AT T dF0
w15 81 Ao—] 12 gl
= <
gb[—ﬁzh——]n » ap
= > D 4 \
7 fr— BzAsAz\—] 10’ = E
= 5 1
L |
Gnd 8 [] :] 9 ols 1
Ol 10
8 L

OOoogoggoooOoO

B
v o
-

XYW 07
IR

[AX4

JOOooOogd

Note all dimensions in mm.

Ll

Note : all dimensions in mm.

| APRIL 1971




Dual four-input multiplexer T164

ELECTRICAL CHARACTERISTICS (Tp = 0°C to 75°C, Vg = SV t 5%)

SYMBOL CHARACTERISTICS Min. Typ. Max. Unit CONDITIONS
VOH Output High Voltage 2.4 3.0 v Vee =475V Iog= -1.2mA (Pins 1-15
Vee =475V loyg=-1.08mA (Pins 2-14
VoL Output Low Voltage 0.21 0.45 v Voo = 5.25V loL= 16mA (Pins 1-15)
IoL= 14.4mA (Pins 2-14
Ve = 4.75V IpL= 14.1mA (Pins 1-15
IoL= 12.7mA (Pins 2-14
VIH Input High Voltage 1.9 v Guaranteed input high threshold for all
inputs.
ViL Input Low Voltage 0.85 \Y Guaranteed input low threshold for all
inputs.
Ig Input Load Current -1.1 -1.6 mA Vee =5.25V VE= 045V
IR Input Reverse Current 15 60 PA Vee =5.25V VR=4.5
IppH Power Dissipation Current 30 43 mA Vee = 5V All inputs high.

ELECTRICAL CHARACTERISTICS (TpA =-55°Cto 125°C; Voo =5V 2 10%)

SYMBOL CHARACTERISTICS Min. Typ. | Max Unit CONDITIONS
VOH Output High Voltage 2.4 2.7 \Y Veg = 4.5V IoH= -1.2mA (Pins 1-15)
Vee = 4.5V IoH= -1.08mA (Pins2-14)
VoL Output Low Voltage 0.21 0.4 v Vee = 5.5V IoL= 16mA (Pins 1-15)
IoL= 14.4mA (Pins 2-14)
Vec=4.5V  lgL=12.4mA (Pins 1-15)
IoL= 11.2mA (Pins 2-14)
Vg Input High Voltage 2.0 \ Guaranteed input high threshold for all
inputs.
VIL Input Low Voltage 0.8 v Guaranteed input low threshold for all
inputs.
Ig Input Load Current -1.0 -1.6 mA Vee = 5.5V Vg= 0.4V
IR Input Reverse Current 10 60 pA Vee = 5.5V V= 4.5V
IppH Power Dissipation Current 30 40 mA Vee =5V All inputs high.
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Dual four-input multiplexer T164

TRUTH TABLE LOGIC DIAGRAM
INPUTS OUTPUTS
Ag Ay Zpn Zy 0% of. o8Bl gbo ?“s ok oM

X

Ag

wn
=}
>
N
>
w

|1 11 _Jtlg_l_

INPUTS OUTPUTS ; 7
— B A
Bp By

IZCC I I e
= el N %
KX X XXX T
XX X X T ox
XX X X
T X X X X X
IrTZCIC T
FICZCc e
Cl

7]
=]
o
[N)
-]
w
N
w
&N
w

Zg “ 5o Za

L = LOW VOLTAGE LEVEL
H — HIGH VOLTAGE LEVEL
X = DON'T CARE

NN N
IIzEmrCEE |
M 3 X X X X T
MO X X I X X
XL T X X X X
IO X X X X X X
I ITIrCT T
- N N -

LOADING RULES (1 U.L.=1 TTL GATE INPUT UNIT LOAD)

INPUTS : ALL LOADING FACTOR : 1 U.L.
OUTPUTS: 1.15 DRIVING FACTOR :10 U.L.
OUTPUTS: 2.14 DRIVING FACTOR : 9 U.L.

SWITCHING CHARACTERISTICS (Tp = 25°C)

[ SYMBOL CHARACTERISTICS Min. Typ. Max. | Unit | CONDITIONS AND COMMENTS
tpd Tum-Off and On Delay S to Z 24 32 ns l
tpd Tum-Off and On Delays Sto Z 18 ns |: See Test Circuit
tpd Tum-Off and On Delays A or B to Z 14 ns |\

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

1316 14 SouT
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Dual four-input multiplexer T164

APPLICATIONS
BIT a FROM 16 WORDS BIT b FROM lb WORDS
N
0123 4567 8 9101 12131415 ‘o123 dser 89 101 12131415
o L LI Ll L] LOEL te o L 1l
9 T 164 D T 164 . T led S° T 164
Sz, 2z, 2, z, oz oz, z 2z Y 72,2, z, 7y Hz,2, 2z 2
. T T TT T
5y
5

S0 T 164

Za 2, 2y I

BIT(a) BIT (b}
QUTPUTS

A. Five T164’s provide switching of data from sixtcen two-bit words onto a two-bit output data bus. The selection of which
bit to be transferred is made by the address inputs Sg, Sy, S; and S3.

4-BIT BINARY COUNTER lLlI llll 1lll lﬂll L
M

Clock

] TR

5o
Sy

SWITCH SERIALIZER/PATTERN-GENERATOR

RESYNCHRONIZER

K QP—

B. Sixteen-bit pattern generator
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TTL integrated circuit

T165

STANDARD TEMPERATURE RANGE
0°C to 75°C

FAST ACCESS TIME: 60nsec
LOW POWER DISSIPATION: 6mW/BIT
DTL AND TTL COMPATIBLE

FULLY DECODED: ON CHIP ADDRESS,
DECODE AND BUFFER

CERAMIC 16-PIN DUAL IN-LINE PACKAGE

OUTPUT OPEN COLLECTORS ALLOW WIRED-
OR CAPABILITY FOR WORD EXPANSION

e SIMPLE MEMORY EXPANSION: CHIP SELECT
INPUT LEAD
¢ MINIMUM LINE REFLECTION: LOW VOLTAGE

INPUT CLAMP DIODES

64-bit random

aCCess meEmory

The T 165 is a 64-bit random access memory. Its high speed
makes it ideal in scratch pad applications. The use of
Schottky barrier diode clamped transistors to obtain fast
switching speeds results in higher performance than with a
pold diffusion process. The T 165 is packaged in a hermeti-
cally sealed 16-pin dual in-line package, and its performance
is specified over a temperature range from 0° to 85°C. The
memory is organized as a 16-word by 4-bit array. The storage
flip-flops are addressed through an on chip | out of 16 binary
decoder using four input address leads. A separate Chip
Select lead allows easy selection of an individual package
when outputs are OR-tied. In addition to the address leads
and the Chip Select lead, there is a write input which allows
data presented at the data leads to be entered at the addressed
storage cells.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

-0.5Vto 7V
5.25V

-65°C to 150°C
-55°Cto 125°C

Supply Voltage (V) Continuous
Input Voltage

Storage Temperature Range
Temperature (Case) Under Bias

OPERATING CONDITIONS

ORDERING NUMBER Temperature Range 0°C to 75°C
T165 D1 Supply Voltage 5V 15%
PHYSICAL DIMENSIONS
CONNE((:‘TION DI)AGRAM 16 - lead ceramic DIP
op view,
mas ¢
— 7.31ma o E
ADDRES: 0 Ag (], 16 0 Vee e i =3I
(=]
Chie seLect - Cs f 2 15 Ay ADDRESS 1 W oz =
W . 3
WRITE ENABLE W ] 3 14 [] Az ADDRESS 2 I -2
0.45 254
DATA IN 1 Dy ] 4 13 ;]A3 ADDRESS 3 - 17.78 - 762
Data 0UT 1 07 5 12 10s Datlan 4 19.3m2
— 12
Data IN 2 Dyl g 11 [] O4 DaTA OUT4 I
DATA OUT 2 03 [] 7 10 [}P3 Datain 3 °
GND | 8 9 103 DataouTs
E-0077
Note : all dimensions in mm.

MAY 1972
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64-bit random access memory T165

ELECTRICAL CHARACTERISTICS (0°C to 85°C, Ve = 5V £ 5%)

STANDARD TEMPERATURE RANGE

SYMBOL CHARACTERISTICS Min. Typ. | Max. | Unit CONDITIONS
VoL Output Low Voltage 0.45 \ Vee =475V Vw = VL
Vg=Vp =125V Igp=15mA
Vee = 4.75V Vg =Vyw=GND
Vp = VIH Ipop = 15mA
IceEX Output Leakage Current 100 MA Vee = 5.25V VCEX =5.25V
Vg = 2.5V Vw = ViH
Vp = GND
Vee = 5.25V VCEX = 5.25V
Vg=Vw=GND Vp=Vy,
VIH Input High Voltage 2 \4 Guaranteed high threshold
voltage
ViL Input Low Voitage 0.85 \% Guaranteed low threshold
voltage
IED Input Load Current Data -1.6 mA | Voo =5.25V ViN = 0.45V
Vy = GND
Ig Input Load Current A-W-Cg -1.6 mA Vee = 5.25V VIN = 0.45V
IRD Input Reverse Current Data 40 BA | Ve =5.25V VIN =5.25V
Vy = 2.5V
Ir Input Reverse Current A-W-Cg 40 MA Vee = 5.25V VIN =5.25V
VEeC Input Clamp Voltage -1 v Vee =475V IIN =-5mA
CIN Input Capacitance (All Pins) 6 pF | VIN=2V
CouT Output Capacitance 8 pF Vout = 2V
Ipp Power Dissipation Current 110 mA | Voo =525V Vp=Vg=Vp=GND
SWITCHING CHARACTERISTICS (Tp = 0°C to 85°C, V¢ = 5V)
SYMBOL CHARACTERISTICS Min. Typ. Max Unit CONDITIONS
Ta(cs) |Read Access Time From Chip Select 60 ns Figure 3
Tr(cs) |Recovery Time From Chip Select 60 ns Figure 3
TaA) Read Access Time From Address 60 ns Figure 4
TRr(A) Recovery Time From Address 60 ns Figure 4
Twp Write Pulse Width 40 ns Figure 2
Twr Write Recovery Time 50 ns Figure 2
Tpo Data To Output Delay 25 ns Vy = GND Figure §
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64-bit random access memory T165

STANDARD TEMPERATURE RANGE

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

Condition of test : e FIG. 2

Input pulse amplitude 2.5V \\

Input pulse rise and fall time must be Snsec between 1V and 2V LT\
Speed measurements are made at 1.5V levels -

FIG. 1 5v

3000

30pF 6000

E' L8

OPERATION

READ: The memory is addressed through Ag-A3 which select
one of the 16 words. The chip is enabled by placing chip select
(Cg) to logic “0”. If the write enable (W) is at a logic “I” the
four stored bits are read out of 07-04 in parallel.

WRITE: The memory is addressed through Ag-A3 which

select one of the 16 words. The chip is enabled by placing op0; Jlﬁ:‘“’ faes).
Cg to logic “0”. If the W is at a logic “0”, the data on terminals Y
Di-Dg4 is written into the addressed word in parallel and in

complementary form. When W returns to logic “1”, the infor- €000

mation that was written in is now read out. However, each
bit readout is the complement of what was written.

ADDRESS DECCOER
i
BUFFERS 1% o1 m m 04 Ree FIG. 4
A 0 = vout

;
VY

T

AQ O—

14 B4(6X4)

HIIEE
EEEE

| 8

= 5
Y dBARAD B! .

MEMoRY
CELLS

Al O—

A20—

oL | oor
f
I
D2 O »Lj'—\ L o0z
¥ D
D3 o ™ | co3
P i |
—+t+—o04
WRITE AND SENSE AMPLIFIERS ; °
ina
FIG. 6 E002
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64-bit random access memory T165

32 WORD x 8 BIT MEMORY

STANDARD TEMPERATURE RANGE

Two T 165 devices are used to increase the number of bits per word to 8. This is accomplished by connecting the Chip Select and
Address inputs in parallel.To increase the number of words to 32, two of such parallel combinations are used.

AL RESS ini °
ALo l’>‘ 7
Ag" — _.’>
Ay ;
A0 11
H
Ay ‘o i
| it
s TH |1des cs
Uag Ag : tﬂo Ao
L 2, 0, b— 1| :, 0, i, 0 b L :, 0,
— A2 i L. 2 2
a3 80, a; 80, L4,y gozD_IA__AJ‘:D‘OZ
wo- W= -‘ —qw = | W~
Dy O3p 0, 04 b ’__ D, 03 by r D, 3 b
il FDZ o2 1o |
Dy 0, Ho; o | H03  0g Hos o bl
RTE D, LA | 0, 4o,
W oLl L | ‘
s I
D, ‘o—rt it H 1 0 0y
D, o el T © 0,
= o
. 0 0g
e 1 :
0 0g
Dy
XTH
Dg o
5 o 0y
L7 — .
— 0 04
g DATA CUTRYTS
Da% Brots
£0014

64 WORD x 4 BIT MEMORY

The 64 word memory is made up of 4 T 165 memory devices. Word expansion is made possible by utilizing the Chip Select input
as an additional address line. A ! out of 4 decoder is used to drive the Chip Select input, and the outputs of each T 165 are OR-

tied.

AL
. /4 DECOOER
As'o o
A0DRE
1ALTS |_
Ago
Ay o—
Ayt
A3
cs cs cs cs
Ao aka] Ao A0
L Ay o, E Ay 0y p— |1 & o b— L A 0y
Ay A, L A, Ay
Ay 80, Ay B 05 p— Ay 8 0p b A3 8 Dy b
W= —d W~ w - W~
— Dy 03 b ||| — 0y 03 by ||| — Dy o3 bl || — D1 03 b
— b, — oz D, —{ 0,
. H Dy -, Dy o, FDJ 0, 03 0,
WRITE o, o2 o, o,
W ‘o—
o 0,
0, o !
. P
Dy'0— . 07
. 0 04
NS 3}
0,0 —0 0y
“ o INPLTS Dara outeyr
[SENES
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T167
TTL INTEGRATED CIRCUIT

9 - BIT PARITY GENERATOR AND CHECKER

BOTH EVEN AND ODD OUTPUT AVAILABLE

HIGH VERSATILITY PROVIDED

INPUT CLAMPING DIODES

14-PIN CERAMIC OR PLASTIC DUAL IN-LINE PACKAGE
COMPATIBLE WITH ALL DTL AND TTL FAMILY PRODUCTS

The T 167, 9-input parity generator/parity checker, is a versatile MSI device commonly
used to detect errors in data transmission or data retrieval. Two outputs (EVEN and ODD)
are provided for versatility. An INHIBIT input is provided to disable both outpufs of the
T 167 (a logic 1 on the INHIBIT input forces both outputs to a logic 0).

When used as a parity generator, the T 167 supplies a parity bit which is transmitted
together with the data word.

At the receiving end, the T 167 acts as a parity checker and indicates that data has been
received correctly or that an error has been detected. Available in standard temperature
range (0 to 75°C), it comes in plastic and ceramic dual in-line package similar to Jedec
TO-116.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage, continuous -0.5t07 \Y
Vi input voltage -0.5to0 5.5 Vv
Vg Output voltage -0.51t0 5.5 \%
Top Operating temperature Oto 75 ©°C
Tatg Storage temperature
for ceramic package -651t0 150 ©°C
for plastic package -b5510125 ©°C
L

ORDERING NUMBERS

T 167 D1 (for ceramic dual in-line package and standard temperature range)
T 167 B1 (for plastic dual in-line package and standard temperature range)
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1167

MECHANICAL DATA (Dimensions in mm) 7.4

Ceramic dual in-line package

{similar to TO-116)
Q25
4o
15.24 T 8.38
20"\&! POS7- A
A M1 M
% 8
1 7
| S U N [ N U IO (0 |
7ymax
Plastic dual in-line package |
(similar to TO-116)
Q25
838 \
POM-A
CONNECTION DIAGRAM Vee o " 10 9 8
(top view) T ] T | ]
g Dy Dg EVEN J
D oy INHIBIT
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1167

FUNCTIONAL LOGIC DIAGRAM

TRUTH TABLE

RECOMMENDED OPERATING CONDITIONS

INHIBIT

EVEN QUTPUT

E . . ODDOUPUT

INPUTS OUTPUTS
Do INHIBIT | Zof 1'sat Dy EVEN 0DD
thru Dg
X 1 X 0 0
1 0 EVEN 0 1
1 0 ODD 1 0
0 0 EVEN 1 0
0] 0 ODD 0] 1

X : any level present at those inputs does not affect the output.

Vee
Top

Supply voltage

Operating temperature

4.75t0 5.25
O0to75

\
°C
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T167

ELECTRICAL CHARACTERISTICS

(over recommended operating conditions uniess otherwise specified)

Parameter Test Conditions Min. Typ. Max.|Unit |Fig.
Vg Input high voltage 2 vV |1
ViL Input low voltage 08| V |1
Von  Output high voltage EVEN
Vee =4.75V V; = 0.8V
lon = -800 uA
VINH|B|T =0.8V 26 \Y 1
OoDD
Vee =475V Vi=2V
lop = -800 uA
Vinmeir = 0.8V 2.6 v
Voo  Outputlow voltage EVEN
Vee =4.75V V=2V
loL =16 mA
VinHisiT = 0.8V 04| V
0DD 1
Vee =4.75V V;=0.8V
loL =16 mA
VinHisiT =08V 04| V
Lo Input low current at
data inputs Vee =5.25V V; =04V -1.6 |mA| 2
lin Input high current at
data inputs Vee = 5.25V V; =5.5V 1| mA 9
Vee = b.25V V=24V 40 [ A
" Input low current at
inhibit input Vee = 5b.25V V; = 0.4V 3.2 mA| 2
Ik Input high current at
inhibit input Vee = 5.25V V; =55V 1| mA 9
Vee = 5.25V V=24V 80 | WA
lsc®  Short-circuit
output current Vee = 5.25V
VinmisiT = 0.8V -20 -70 | mA | 3
lce Power supply current | Ve = 5.25V 70 | mA| 3

* Not more than one output should be shorted at a time.
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T167

SWITCHING CHARACTERISTICS (Ve = BV, Tamp = 25°C, N = 10)

L. )
Test Conditions ** . .
Parameter . Min. Typ. Max. | Unit
from input to output
toa1 Propagation delay time
to logical 1 level Data 1-8 Even 38 bbb ns
Data 1-8 Odd 32 45 ns
Data 9 Even 23 40 ns
Data 9 Odd 20 35 ns
Inhibit Even or Odd 10 18 ns
Tpdo Propagation delay time
to togical O level Data 1-8 Even 35 bO ns
Data 1-8 Odd 30 45 ns
Data 9 Even 20 35 ns
Data 9 Odd 15 30 ns
Inhibit Even or Odd 8 156 ns

** See switching times test circuit, waveforms and truth table.

DC TEST CIRCUITS (arrows indicate actual direction of current flow. Current into a
terminal is a positive value).

Fig. 1 - Vi, Vi, Vou, VoL Fig. 2~ i, lin
Vinea T\\:c %
—{o, |_[Tear
VH —1% 102
Tg; by EVEN Tg o M oy EVEN[—
" TRUTH :[D"S TRUTH ‘j\l ano—‘_ ors :g‘s oFEN
Sl I 1 Tl oo TABLE A L N P
o oy
:lDSl)g Vout 08 pg
T ]

Each input is tested separately.
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T167

DC TEST CIRCUITS (continued)

When testing lgc each output is tested
separately in accordance with the truth
table. When testing |c both outputs are
open.

SWITCHING TIMES

Flg 3- Isc, Icc

Vs, YC

g

o
i .
> SEE
e o=
PEN _D: coo ne
—os
oy o,

NOTES :

1. The pulse generator has the

following characteristics :
v, = 3V, t, =t = 10ns,

Test circuit
Ve ouTPUT
[o]
PULSE
GENERATOR
(See Notel)
Waveforms tr
0%
15V

tpw

tow = 500 ns, PRR = 1 MHz
and Z,; =500

2. CL includes probe and jig ca-
pacitance.

3. All diodes are 1TN3064.

90%

15V \

156



T167

TYPICAL APPLICATION

8-BIT 881
DATA DATA
SOURCE ) RECEWVER
\— Dy
102 —10z
D0 Dy
0. .| .
o, 1167 b, 1167 ~WTPUT
o D: EfTOR SIGNAL
D7 Dy
159 Dy
CONTROL % QUTRUT ATy BITAZ
FRRTY GENERATCR PARITY CHECKZR

* Output can be conditioned for odd or even parity. An “even parity bit” checking code has a parity bit
such that the sum of the 1's in the data word plus the parity bit is always an even number.
An “odd parity bit” checking code has a parity bit such that the sum of the 1°s in the data word plus the

parity bit is always an odd number.
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T 168
TTL INTEGRATED CIRCUIT

QUAD 2 - INPUT MULTIPLEXER

FULLY BUFFERED OUTPUTS
ON-CHIP SELECT LOGIC DECODING
MULTIFUNTION CAPABILITY
INPUT CLAMPING DIODES
TTL-DTL COMPATIBLE

The T 168 is a quad multiplexer of monolithic construction. Each multiplexer has common
enable, select logic, two inputs and a single output. The device has an active level low
enable input (E), an output are active level high. This device is available in a 16-lead dual
in-line plastic and ceramic package for a standard temperature range (O to 756°C).

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 \
V, Input voltage 5.5 \Y
TStg Storage temperature :  for plastic package -65to 125 °C

for ceramic package -65to 1560 °C
Top Operating temperature Oto 75 °C

ORDERING NUMBER : T 168 B1 for dual in-line plastic package
T 168 D1 for dual in-line ceramic package

MECHANICAL DATA Dimensions in mm
e b =y boreeThi. ae
LEJILI ﬂ [[\ ﬁ;]? um} '_n 1 [y ]m! J—J “:' r>;:‘ g'—-—l_l__

i __’..ﬂ ! CTTTEY s |
c = L oal AL

2nmar ™ = = i -

coonnons I 1
= i"l LASGe g

D Y
YT T

P e

I
I
8 |

T 168 B1 % e i o o T 168 D1
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T 168

CONNECTION DIAGRAM
(top view) veg E 4A 4B 4Y 3A 3B 3Y
— —

16 1B % 13 12 11 10 9

FUNCTIONAL LOGIC DIAGRAM
® ® ® ® ® ©® @ o

kI 03A o4B LA 28 02A 18 1A
Ds ‘—|>= L({>
®¢ —q[>=
Ll | LI || L
v Ly 2Y v
® ® o) @ S-0284
TRUTH TABLE SELECT
ENABLE INPUT INPUTS OQUTPUT
| E s B A Y
H X X X L
L H X L L
L H X H H
[ L L L X L
' L L H X H
| H = HIGH Voltage Level.
L = LOW Volitage Level.
X = Either HIGH or LOW Logic Level.
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T 168

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 4.75t05.25 \Y
N Normalized fan-out {each output) max 10 —
Top Operating temperature Oto 75 °C

ELECTRICAL CHARACTERISTICS

(over recommended operating conditions unless otherwise specified}

Parameter Test conditions Min. Typ¥ Max. |Unit
Vb Input high voltage 2 \Y
Vi Input low voltage 0.8 \
Ve Input clamp
diode voltage Vee= 4.75V ;= -12mA -1.5 \Y)
Von  Output high voltage Vee=4.75V V u=2V
Vi =08V Igy=-800nA| 24 3.6 Vv
VoL Output low voltage Vee=4.75V V=2V
V=08V  Ig = 16mA 04 | V
(I [nput high current Vee=5.25V V=24V 40 | uA
Vee=5.25V V=5V 1 | mA
lie Input low current Vee=5.25V V=04V -0.96 -1.6 | mA
Isc*" Short-circuit
output current Vee= 5.25V -30 -100 | mA
lec™ ™ Supply current Vee=5.25V 30 48 | mA

* All typical values are at Voo = 5V, Tamp = 25°C.
**  Not more than one output should be shorted at a time
*** )t is measured with 4.5V applied to all inputs and al! outputs open,
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T 168

SWITCHING CHARACTERISTICS (Vg = 5V, Toms = 25°C, N = 10)

Test conditions*
Parameter Min. Typ. Max. |Unit
From To
toqr  Propagation delay time Data Output 11 22 | ns
to logical 1 level
0 fogic eve Enable Qutput 13 24 | ns
Select Qutput 17 30| ns
toao  Propagation delay time Data Output 10 18 | ns
to logical O level
ogical 0 leve Enable Output 19 26 | ns
Select Output 20 31| ns
¥ See switching times load circuit and waveforms.
SWITCHING TIMES
Load circuit Waveforms
=10ns <'0ns
e . ! ; W
INPUT ! ‘_530"' 9‘]";':\\
i R - A0 10%,. 10%.
EHim \ L : HT- N lw e ¥
T Lot NCN pdl Y
O l‘“ - - IN ERTING T T Yy Nusv 4
R OUTPUTS 1pd0 -
7"rc-mmnn) oot
"l- IN-2RTING pd YoH
o 6ot QUTPUTS 5V / Y
You
)
e 5- 0266
NOTE: A. Cp includes probe and jig NOTE: The input waveform is supplied by a
capacitance. generator with the following characte-
B. All diodes are TN 3064. ristics: PRR = 1 MHz, Z, = 504,
tpw = 100 ns.

162




T172
TTL INTEGRATED CIRCUIT

QUAD LINE RECEIVER

® INPUT CLAMP DIODES

® ACTIVE OUTPUT PULL-UP

® TYP.POWER DISSIPATION 150 mW

® 14-PIN DUAL IN-LINE PLASTIC PACKAGE

The T 172 is a quad two-input line receiver, constructed on a single silicon chip using the
planar epitaxial process. Compatible with other TTL and DTL family products, it combines
high noise immunity with high logic speed. The T 172, available in standard temperature
range (0 to 75°C), comes in a dual in-line plastic package similar to Jedec TO-116.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage, continuous -0.5t07 \Y)
\ Input voltage -0.5to0 5.5 \Y
Vo Output voltage -0.5to0 5.5 \
Top Operating temperature Oto 75 °C
Tstg Storage temperature -55t0 125 °C
ORDERING NUMBER : T 172 B1

MECHANICAL DATA Dimensions in mm

e T oo :'-' - 0 ’l—\___j'_
I l—l‘rT TITI T & = r ;
LTI LLERE ds otz
e ez l
5 L' '_‘ i} h h ] - - ll e
ik 75
= my 3 L es_ ]
e il
= =
i;__f.l. aSia e adl«ii S
W TR
S
= == similar to TO-116
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T172

CONNECTION DIAGRAM (top view)

Ve, 1 n

n 10
. /o

BYNGRY
22

D
11_1 sy wn |
3 4 ND
RECOMMENDED OPERATING CONDITIONS
Vee Supply voltage 4,75 10 5.256 \Y
Top Operating temperature Oto75 °C

ELECTRICAL CHARACTERISTICS

(over recommended operating conditions unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. |Unit

Vi Input high voltage Guaranteed input high

threshold for all inputs 2.6 Y]
1 input low voltage Guaranteed input low

threshold for all inputs 1.5| V
Vou Qutput high voltage Vee =4.75V |gy= -500uA

V=15V

Other input to Ve 2.6 \Y

Vee =4.75V lgy=-500uA

Vi =11V

Other input to V¢ 2.8 Y
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T172

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ. Max. [Unit
VoL Output low voltage Vee=4.75V g =20 mA
Vi = 2.6V 04 | V
(I Input high current Vee =5.25V Vi =26V 50 | uA
Vee =5.25V V,,; =55V 1 |mA
I Input low current Vee =525V V) =04V 2.0 |mA
lsc®  Short-circuit
output current Vee = 5.25V Output and
inputs grounded -40 -100 | mA
lecH High level power
supply current Vee = 5.25V Inputs high 50 | mA
lccL Low level power
supply current Vee = 5.25V Inputs low 20 | mA
Ve Input clamp diode
voltage Vee =4.75V |} =-12mA -1.5| V
* Only one gate shorted at a time
SWITCHING CHARACTERISTICS (Vg =5V, Tymp = 25°C)
Parameter ‘Test Conditions Min. Typ. Max. |Unit
toa1  Propagation delay time to
logical “1” 12 ns
See switching time test
. . circuit and waveforms
toao  Propagation delay time to
logical “0” 12 | ns




T172

SWITCHING TIMES

Test circuit Waveforms
vee
9]
- (r
2800 ] 90
15v
DEVICE 10%
Kyt UNDER
TEST
(See Notes) N30S3 v Vo
Co=2507 v 15V
(See Notes ) Vou
y __ltpdo
Notes :

- The input pulse has the following characteristics : P.R.R. 1MHz, duty cycle 60%, tf =t =7 ns
- €, includes probe and jig capacitance.
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T3
TTL INTEGRATED CIRCUIT

QUAD BISTABLE LATCH

® [NPUT CLAMP DIODES

® ACTIVE OUTPUT PULL-UP

® FAST LATCHING FUNCTION

® TYPICAL POWER DISSIPATION OF 300 mW
® 16-PIN DUAL IN-LINE PLASTIC PACKAGE

The T 173 is a quad D type flip-flop, constructed on a singie silicon chip using the planar
epitaxial process. It has common clock line, common strobe capability by means of a
logical high level and, except the first stage, complementary output. The T 173 high speed
makes this device ideally suited for use as temporary storage for binary information
between processing units and indicator units. Available in standard temperature range
(0 to 75 °C), it comes in 16-lead dual in-line plastic package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 Y
V, Input voltage b.b \Y
Top Operating temperature 0to75 °C
Tetq Storage temperature -65t0 126 °C

ORDERING NUMBER : T 173 B1

MECHANICAL DATA Dimensions in mm

ey s L i -,

| v e ——y -] @ L
‘f -‘\?-J 1_7. ,_,],. J—;_ at u r'\__. .
! 16 B e =
_p RERE ! | 2| ‘-“\-

= 5 = e
. 773 L e
Lr&’ Lnonann 17':1
)
[ e e 0 i
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1113

CONNECTION DIAGRAM ({top view)

FUNCTIONAL LOGIC DIAGRAM

TRUTH TABLE

Otn—l

w OO0 00—
— XX O
nm X —ooX
% —xXooX

168
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1113

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 4.75 to 5.25 \
N Normalized fan-out from each output max 10 —
Too Operating temperature Oto 75 ©°C
ELECTRICAL CHARACTERISTICS
(over recommended operating conditions unless otherwise specified)
Parameter Test conditions Min. Typ. Max. | Unit
Vin Input high voltage Guaranteed input high
threshold for all inputs 2 \%
Vi Input low voltage Guaranteed input low
threshold for all inputs 08| V
Von  Output high voltage Vee=4.75V gy = -500 uA
VvV, =0.8V 2.4 \
Vee=4.75V  1g4=-500 uA
VvV, =04V 2.8 \
VoL  Output low voltage Vee=4.75V Ig_.=20 mA
VvV, =0.8Vv 04| V
(I Input high current Vee=5.25V V; =24V 50| pA
(clock strobe inputs) Vee=5.25V V, =55V 1] mA
i Input high current Vee=5.25V V, =24V 1001 uA
(data input) Vee=b5.25V V; =55V 10 mA
Isc Short-circuit Vee=5.25V
output current {Q) input and output grounded -40 -100| mA
Iscy  Short-circuit Vee=5.25V C, =45V
output current (Q) output grounded ~-40 -100| mA
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Ti73

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
lcc.  Supply current,
low level output Vec=5.25V |I-C,= Gnd
S =45V 72 | mA
lccu  Supply current,
high level output Vce=5.26V 1-5-C,=4.5V 88 | mA
Vee=5.25V 1-8-C,= Gnd 88 | mA
SWITCHING CHARACTERISTICS (Ve =5V, Tamp= 25°C)
Parameter Test conditions* Min. Typ. Max.| Unit
tpdo Propagation delay time
to logical O level Cp =5=0.4V Pulse 1 _
fromito Q 7 11.5] ns
from | to Q 15 22| ns
Cp2=5=0.4V Pulse 1 and 2
from C, to Q 15 22| ns
from Cp to Q 23 35| ns
Cp2=1=0.4V Pulse 2 and 3
fromS to Q 16 25| ns
tpq1  Propagation delay time
to logical 1 level Cp =S=0.4V Pulse 1 _
from | to Q 8 131 ns
from | to Q 14 22| ns
Cp2=5=0.4V Pulse 1 and 2
from C, to Q 18 26| ns
from Cp, to Q 20 29| ns
Cp2=1=0.4V Pulse 2and 3
from S to Q 12 191 ns
ts Set-up time Cp2=5=0.4V Pulse 1 and 3 15 ns
trel Release time Cp2=5=0.4V Pulse 1 and 3 15| ns

* See switching time test circuit, waveforms and truth table.

2/73
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T173

SWITCHING TIMES

Test circuit

1N 3063
11

C

IN3063

Vee
(@]
R
T
L
See pulse 1
1
Q —o—
Seepulse2 —wo— Cp R Ll
Q
S
C
Seepulse 3 | T

Pulse 1

Pulse 2

C=25pF{including g
and probe
capacitance )

R=28GQ

PRR=1MHz t=t;=7ns

Waveforms

TN

I —/

Q — /——
t Toe!
pdQ pdit

Q ——
tpd 1 | tpa 0

PRR=2MHz t,=t=7ns

PRR =2MHz t=t= 7ns
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Waveforms (continued)
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TTL INTEGRATED CIRCUIT

T 174

TRIPLE LINE RECEIVER

® HIGH SPEED

® FAN-OUT of TEN (10) with STANDARD TTL INTEGRATED CIRCUITS
® EACH CHANNEL CAN BE STROBED INDEPENDENTLY

® |NPUT SENSIBILITY of 200 mV
® SINGLE 5V POWER SUPPLY

The T 174 is a triple line receiver constructed on a single silicon chip using the planar
epitaxial process. Constructed with a common voltage supply and ground terminal, the
T 174 has a TTL compatible active puli-up. The input sensitivity (200 mV) is particularly
important when data have to be detected at the end of long transmission line.

The receiver high impedance input structure presents a minimal load to the driver and

minimizes line reflections.

Available in the standard temperature range (0 to 75°C), it comes in 16-lead dual in-line

plastic package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage

Vi Input voltage

Teg Storage temperature
Top Operating temperature

7 \Y

5.5 \Y

-55t0 125 °C
Oto756 °C

ORDERING NUMBER: T 174 B1

MECHANICAL DATA

<
O T e e s EI_

1

.» '"—'7« i ‘(’ﬂl_‘ I

Dimensions in mm
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T174

CONNECTION DIAGRAM

(top view)

INPUT Ky}t 16 JVee
RECEIVER INPUT Ry [] 2 15 [JLy STROBE INPUT
STROBE INPUT L, []3 14 [IRy RECEIVER INPUT
INPUT Kol 4 13 [Jo; ouTpUT
INPUT Ky 05 12 [IK, INPUT
ouTPUT o, [Is 11 [JL, STROBE INPUT
THRESHOLD iNnPUT A []7 10 [JR, RECEIVER INPUT
GND[]s 9 [Jo, outpur
5-0228
FUNCTIONAL LOGIC DIAGRAM
A o
Ri R, Ry
Ly o L2 0, L3 O3
ﬁ:’ Ks Ka
$-0229
RECOMMENDED OPERATING CONDITIONS
Vee Supply voltage 4.75t0 5.25 \Y
Top Operating temperature Oto756 °C
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T114

ELECTRICAL CHARACTERISTICS

{over recommended operating conditions unless otherwise specified)

T
Min. Typ. Max.

Parameter Test conditions Unit
VoL  Output low voltage Vee=4.75V g =16 mA
Vg=13V Va=0V
V, =2V V=0.8V 04| V
Vee=4.75V g =16 mA
Vp= 15V Va=5bV
Vi =2V V=08V 04| V
Vee=475V loL=16mA
V_=0.8Vv V=2V 04| V
Von  Output high voltage Vee=4.75V  154=-800pA
Vep=1.7V Va=0V
Vi =2V V=08V 2.4 A
Vee=4.75V  Ion=-800uLA
Vge= 19V Va=5V
vV, =2V V=08V 2.4 A
Vee=4.75V  lon=-800uA
V| =Vk=0.8V 2.4 Y
he Input low current Vee=50.26V V=04V
Vp=0V -1.6 | mA
i Input high current Vee=5.25V Vg=4.5V
V=24V 40 | pA
Vee=5b.26V V=45V
V,=5.bV 1| mA
IrH Receiver input
high current Vee=5.25V VRg=3.8V 0.28 | mA
lec Power dissipation current | Vcc= 5.25V 72 | mA
lsc™  Output short circuit
current Vee=5.26V V= GND
All inputs grounded -60 -100 | mA

* Only one output shorted at a time
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T14

Typical transfer characteristics 4 T r-“m
Vo [ i
W) Vd =5V |
i
3 10
—H
-
Va=0V L ||
V=1V
2 Vo= 2V 11
%= 3V = I
]
1
0 Qs 1 5wy 2
SWITCHING CHARACTERISTICS (Vee= 5V, Tymp 25°C
Parameter Test conditions Min. Typ. Max.|Unit
tpdi Propagation delay time
to logical 1 See switching time test
circuit and waveforms 18 30| ns
tpao Propagation delay time
to logical O See switching time test
circuit and waveforms 15 25| ns
4/73
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T174

SWITCHING TIMES

Test circuit
Pulse
Generator
5-0230
Waveforms
tr=3 ns tf=3 ns.
—_— e —

| ]
__________ 3v

! o T

PRR.=1MHz 1 £15v 15V !
INPUT 10% F ey = 05 ps— —», Y 10% oV

| ‘
|
Ltpdl 80
! S-—— === Vou
]
15V 15v Y
OUTPUT / \ — VoL
$-0231

77 4/73



T 174

TYPICAL APPLICATIONS

T175 DRIVER

o

T174 RECEIVER

@_‘: 7500 COAX

o— /\

|

o D Ll |
750 :

L ——
T175 DRIVERS —

It more than one driver/receiver is to be used for each

transmission line, the line should be terminated at both
ends as shown.

178
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TTL INTEGRATED CIRCUIT L

DUAL LINE DRIVER

® HIGH-POWER DRIVE CAPABILITY

® SHORT CIRCUIT PROTECTION

® TTL or DTL COMPATIBLE DIODE-CLAMPED INPUTS
® EMITTER-FOLLOWER OUTPUTS

The T 175 is a circuit constructed on a single silicon chip by means of the planar epitaxial
process. It is designed to drive 5082 or 75§ coaxial transmission lines. TTL multiple
emitter inputs allow this line driver to interface with standard TTL or DTL system.
The outputs are designed to drive long lengths of coaxial cable, strip line, or twisted pair
transmission lines with impedances of 50 to 5002 .

The output stages have short circuit protection against overload on the line.

Available in standard temperature range (0 to 75°C), it comes in a 16-fead dual in-line
ceramic package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 vV
V; Input voltage 5.5 vV
Vo Output voltage 5.6 \Y
Tetg Storage temperature -65t0 150 °C
Top Operating temperature 0to75 °C
ORDERING NUMBER: T 175 D1
MECHANICAL DATA Dimensions in mm

,._7"‘;.1

s

L th 5

anmg .
o)
| S

¥ 8
t‘:1'(.':'7.'.1']3' [0 0 i g
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T115

CONNECTION DIAGRAM

(top view)

s T s B e T e S s B e OO e Y e Y
9

FUNCTIONAL LOGIC DIAGRAM
(half T 175)

ang®

(abcd)+(ef) abcd+ef

N N

z-abcd.ef

|

D

I Emitter follower

Commeon output short- circuil protection

T Tt/ T A

O
Emitter follower

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage
Top Operating temperature

4,75 t0 5.26
0to 75
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T 175

ELECTRICAL CHARACTERISTICS

(over recommended operating conditions unless otherwise specified)

Parameter Test conditions Min. Typ. Max. | Unit
ViH Input high voltage Vee=4.75V 2 \'
VL Input low voltage Vee=4.75V 08| V
Vor  Output high voltage Vee=4.75V V=2V
lop=-75mA 2.4 \
loL Qutput low current
(each output) Vee=5.26V V=2V
VoL= 1.9V -100 -230 | mA
loL:  Output low current
(each output) Vee=5.26V V=2V
VoL= 1.3V -15 | mA
b Input low current
(each input) Vee=5.25V V=04V -1.6 | mA
lH Input high current —‘
(each input) Vee=5.26V V=24V 40 | UA
Vee=5.25V V=55V 1 | mA
lcex  Output leakage current Vee=5b.26V V;=0.8V
VoL=0V -1 | mA
lor Output reverse current Vee=0V V;= 0.8V
Von= 3V 500 | uA
lsc Short-circuit current
(each output) Vee=5.26V V=2V
VoL =0V -30 | mA
lcch  High power dissipation
current {without loads) Vee=5.25V V=45V 28 | mA
lecc  Low power dissipation
current (without loads) Vee=5.25V V=04V 50 | mA
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T 175

Typical output current 0 -0

-80

120 L c=5Y

0 1 2 3 LVs (V) 5

SWITCHING CHARACTERISTICS (Vee=5V, Tamp 25°C)

Parameter Test conditions Min. Typ. Max. |Unit

tpa1 Propagation delay time
to logical 1 See switching times test
circuit and waveforms 20| ns

todo Propagation delay time
to logical O See switching times test
circuit and waveforms 20| ns
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T19

SWITCHING TIMES

Test circuit
INPUT v OUTPUT
?
PULSE
GENERATOR
/21175 4
—

S-0237

INPUT PULSE : Amplitude = 3.0V
tow = 40 ns (50% Duty Cycle)
tr =3ns tf = 2ns

Waveforms

5-02%
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T15

TYPICAL APPLICATIONS

A typical application for the T 175 is shown in Figure 1, If only one line driver is to be
used for each transmission line, the line may be terminated with 50 ohms on the receiving

end only. See Figure 2.

Figure 1

RECEIVER [ RECEIVER

F===== -3 T TRT o=y , r:75:0‘}9;\_1(:::‘ —
_[; _]_ 1 l j_ _]_ 750 | ReCEIVER
750
S-023
Figure 2

500 COAX
ES=2777771 ¢
RECEIVER
1/2 1175 500

S$-0234

184



176
TTL INTEGRATED CIRCUIT

PRELIMINARY DATA

DUAL RETRIGGERABLE RESETTABLE MONOSTABLE MULTIVIBRATOR

® ACTIVE PULL-UP OUTPUTS

® OUTPUT DRIVE CAPABILITY of 10
® NOISE IMMUNITY of 1V

® DTL-TTL COMPATIBILITY

The T 176 is a DC dual level sensitive retriggerable and resettable monostable multivibrator,
which provides an output pulse whose duration is a function of external timing components
only. The T 176 has two inputs, one of which is active level high and one of which is acti-
ve level low; this allows a choice of leading edge or trailling edge triggering. The output pulse
may be terminated at any time by taking reset pin to a low logic level. This device is available
in 16-lead dual in-line plastic and ceramic package for a standard temperature range
(0 to 75 °C).

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage -0.5t0 8 \Y
Vi Input voltage 5.5 \Y
Top Operating temperature Oto 75 °C
Teg Storage temperature -65 to 1256 °C

ORDERING NUMBERS: T 176 B1 for dual in-line plastic package
T 176 D1 for dual in-line ceramic package

MECHANICAL DATA Dimensions in mm
.. B T
]W HW T | ‘“‘1 L £

- il H 1| el

pae '-i i uab _L H
= = L -—_u "'E i 1 LY
e Bl s s -
: 7
foonnnoo e e b
‘—“ I[g.mul_nml
= 1
s FraT L\_ 5_11
T 176 B1 Shikic ez, T 176 D1
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T 176

CONNECTION DIAGRAM

Vec CxRy CR, CD B A Q @
— — — —1 — — ) — 1l
6 15 14 13 12 11 10 9
1 2 3 4 5 6 7 8
 — | — i—J —J —J  — ) —t  m—
CyRy C R, CO 8 A Q & enD
5-0839
LOGIC DIAGRAM
Cx Ry
Yee
1 2
(15) (14)
6(10)
Q
4312)
- 7(9)
e
LY
co
Yce=Pinlé
GND=pin 8
3(13) 5-0840

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage
Top Operating temperature

4.75105.256
Oto 75

\
°C
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T 176

STATIC ELECTRICAL CHARACTERISTICS

(over recommended operating conditions uniess otherwise specified)

Parameter Test conditions Min. Typ¥ Max.| Unit
Von  Output high voltage Vee=4.75V lgy= -0.86mA|2.4 3.4 \
VoL  Output low voltage Vee=4.75V lg . =11.3 mA 0.25 0.45| V
Vec=5.25V Ig =128 mA 0.25 045 V
Vig Input high voltage 1.8 A
Vi Input low voltage 0.85| V
I Input low current Vee=5b.25V V) =045V -1 -1.6| mA
lr Input reverse current Vee=05.25V V g=4.5V 15 60| HA
Isc™* Short-circuit output
current Vee=5.26V -8 -50| mA
lpp Power dissipation
current Vee=5V GND pins b and 11 35 mA

* All typical values are at Vee = 5V, Tamp = 256 °C
** Not more than one output should be shorted at a time
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T 176

DYNAMIC ELECTRICAL CHARACTERISTICS (Ve =5V, Tomp= 25 °C)

Parameter Test conditions Min. Typ. Max.| Unit
tpa1  Propagation delay time
to logical 1 level C_=15pF Rx= Bk
Cx=0 27 ns
toa o0 Propagation delay time
to logical O level C_=15pF Rx= 5k
Cx=0 27 ns
tow Minimum pulse width C_=156pF Rx= bBk&
Cx=0 80 ns
tow Pulse width Cx=1000pF Ryx=10k% 3.8 s
Rx External timing resistor 5 50| k&2
Output pulse width vs. timing resistance
and capacitance for Cx < 103 pF for
Cx =103 pF, tp,,=0.32 Ry Cx (1 +%l)
Cow 61350 OPERATION RULES
(ns) ¢ . 2 a) An external resistor Ry and an
¢ A i external capacitor Cx are required.
, -;//,, q The values of Rx may vary from
R LT M vy 5 k§2 to 50 k2, Cx may vary from
107, = _iLsOkﬁ‘/ T : AA 0 to any value necessary and ob-
. Lok A AT A tainable.
e LA b) Is recommended Ry = 30 kS if a
2 L e L fixed value of Ry is used
N T e \ X )
0t Ty I ¢} The output pulse width tis defined
. —— as follows:
. : _ 0.85
L t=0.35 RXCX[1+—-R—]forCX>1O3pF
. i X
© i i Where Ry _is .in kQ
1 P 2 68 2 ] CXISIHPF
1 10 10? Cx (pF) t is in ns




T 176

SWITCHING TIMES

Test circuit

Vee =PIN1G - I 5k0
GND=PIN 8 °,

PULSE 1 2
GENERATOR

(see note)

Vi O— !

Cp

L1l 1 I T

$-0841

CL

NOTE: The pulse generator has the following characteristics; V; = 3V, t, = t; <10 ns, tp = 40 ns
PRR = 100 kHz.

Waveforms

40ns tp
3V ——
Vi 15V
oV —m8
!pd1
Vo / 15v
/ ‘pw
lpdo
i \ 15v

$-0842
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T54/14
TTL INTEGRATED CIRCUITS series

TRANSISTOR-TRANSISTOR LOGIC

COMPATIBLE WITH OTHER TTL or DTL FAMILY PRODUCTS
NOISE IMMUNITY 1V

WORST CASE NOISE IMMUNITY 0.4V

OUTPUT DRIVE CAPABILITY of 10

POWER DISSIPATION 10 mW per GATE

GATE PROPAGATION DELAY 10 ns

The T 54/74 series of TTL integrated circuit combines high fanout, high noise immunity,
low power dissipation and low propagation delay times and can therefore be used in any
digital system.

Series T 54 are integrated circuits available in 14 or 16-lead dual in-line ceramic package.
Series T 74 are integrated circuits available in 14 or 16-lead dual in-line plastic or ceramic
package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 \%
A Input voltage 5.5 \%
Tstg Storage temperature -65 to 160 °C
Top Operating temperature: for T 54 type -55 to 125 °C

for T 74 types 0Oto 70 °C

ORDERING NUMBERS:

T 54 XX D2 for dual in-line ceramic package
T 74 XX B1 for dual in-line plastic package
T 74 XX D1 for dual in-line ceramic package
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T54/74
series

MECHANICAL DATA (dimensions in mm)

Dual in-line plastic packages: for T 74 XX B1

7am_ L
025, 0250,
. 838 T L 17.78 8.38
L Zomﬂl
]
OO MM[O
£ 9
]
1 8
| O W B
Dual in-line ceramic packages: for T 74 XX D1
for T 54 XX D2
7 max - 7’“7“;'
u B N
1T g r:3
ol e @L
| Q45 ¢ 254
838 17.78 0.4
POSY}-A zomax °
20
m 7 ApMonNnOonnQ
16 L]
ﬁ‘_ll_ll_JI_JLlLJIil I‘_Il_Jl_IULlL_lD—lil
RECOMMENDED OPERATING CONDITIONS
Vee™ Supply voltage: for T 64 type 45 to 55 \Y
for T 74 types 4.75t0 5.25 \
N Normalized fanout {each output) max 10
Top Temperature range:  for T 54 type -565 to 125 °C

for T 74 types

Oto 70 °C

* These are measured with respect to the ground.
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series

T54/14

INDEX

T 5400/7400
T 5401/7401
T 5402/7402

T 5433/7433
T 5440/7440
T 5441A/7441A
T 5442/7442
T 5443/7443
T 5444/7444
T 5450/7450
T 5451/7451
T 5453/7453
T 5454/7454
T 5460/7460
T 5472/7472
T 5473/7473
T 5474/7474

07A/75107A

08A/75108A

09/75109
110/75110
5207A/75207A
T 55208A/75208A
T 55451A/75451A

DC TEST CIRCUITS
AC TEST CIRCUITS

—— ===~
[epléglegTagTéglealérldalénléaléaterférfe]

Quad 2-input NAND.

Quad 2-input open- ~collector NAND
Quad 2-input .
Quad 2-input with open —collector NAND.
Hex inverter . . .
Hex inverter with open —collector

Hex inverter with open-collector

Hex buffer/driver with open-collector .
Quad 2-input AND .

Quad 2-input AND with open —collector
Triple 3-input NAND .

Hex inverter with open- ~collector’ .
Hex buffer/driver with open-collector .
Dual 4-input NAND . .
Quad 2-input NAND with open collector .
Quad 2-input NOR buffer . . .
8-input NAND

Quad 2-input NOR buffer with open coIIector

Dual 4-input ND buffer
Decoder Nixie® driver . .
BCD-to~decimal decoder . .
Excess-3-to-decimal decoder. . .
Excess-3- ?ray—to—demmal decoder .
Expandab 2-input AND-OR
Dual 2-input AND-OR .

Expandable 2-2-2-2 input ‘AND-OR
4-wide-2-input AND-OR-INVERT
Dual 4-input expander . . .
J-K master-slave with AND |nputs .
DuaIJ K with clear . . . .

4| blt bistable latch

Dual J-K master- sIave vs}lth preset and cIear .

16-bit RAM

4-bit full adder .

16-bit RAM with gated write |nputs
Quad 2-input exclusive-OR .

Decade counter . .
Divide-by-12 counter

Binary counter .

Dual J-K master-slave . .
Monostable multivibrator .
Retriggerable multivibrator (with clear)

Dual retriggerable multivibrator {with clear) .

Quad 2-input data selector . .

8-bit odd/even parity generator/checker .

Up/down decade counter . .
Up-down binary counter

Dual line receiver .

Dual line receiver .

Dual line driver

Duaf line driver

Dual line receiver .

Dual line receiver .

Dual peripheral posmve 'AND driver.
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NAND gates T7400-T7404-T7410-T7420~T743

CONNECTION DIAGRAMS (Top view)

STANDARD TEMPERATURE RAN

dJ— b 4’ b od— B /7 b o/}
.0 ik ?[E ijn & T 2] o ]
N @b JEE ne o] IEE N o] i
o Il @]n i 0] N+
S il 5[37 o sl i ﬂ Do sl
69% @39 ¢ {]" s[] s 6 9 6] [
! LA SLR L DA !
T 7400 T 7404 T 7410 T 7420 T 7430

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS (*) | MIN. TYP.(**) MAX. |UNIT
Vin(1) Logical 1 input voltage required at all input Vce= MIN 2 v
terminals to ensure logical O level at output
Vin(0) Logical O input voltage required at any input Vee= MIN 0.8 v
terminal to ensure logical 1 level at output
Voul(l) Logical 1 output voltage Vee=MIN V= 08V| 24 3.3 \Y
lipad = -400 pA
Vout(0) Logical 0 output voltage Vee= MIN Vip=2 V 0.22 0.4 v
lsink =16 mA
Lin (0) Logical O level input current (each input) Veoe= MAX V=04V -1.6 mA
Iin(l) Logical 1 level input current (each input) VCC= MAX Vm= 2.4V 40 PA
Vec= MAX Vip= 5.5V I mA
Ipg Short circuit output current (***) Vee= MAX -18 - 55 mA
lCC(O) Logical 0 level supply current/gate Vee= MAX V=5V 3 5.5 mA
ICC(I) Logical 1 level supply current/gate Vee= MAX V=0 1 2 mA
SWITCHING CHARACTERISTICS (V= 5V. Ty =25°C, N=10)

PARAMETER 'l}':?;l TEST CONDITIONS | MIN. TYP. MAX. | UNIT
tde Propagation delay time to logical O level 26 CL =15pF RL:4OOQ 8 15 ns
tpd] Propagation delay time to logical | level 26 |Cp =I5pF Ry=4000 12 22 ns

*) For conditions shown as MIN or MAX. use appropriate value specified under recommended operating conditions.
**) All typical values are at V- =25°C.

(***)

=5V, T
Not more than one output gmuld be sﬂorled at a time,
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NAND gates with open-collector T7401-T 7403

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAMS (Top view)

\J
[ 14 vee

14 vee i
[ e 2( ig
SLLI G Cls
] il N O
5[@ ] 10 5[%
% ik 1 @

8 GND 7

(o
1B
18

T 7401 T 7403

lELEC]"RICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

| PARAMETER TEST CONDITIONS (*) | MIN. TYP.(**) MAX. | UNIT
’ Vin(1) Logical | input voltage required at all input Vce= MIN 2 v
terminals to ensure logical O (on) level at output
| Vin(0) Logical O input voltage required at any input Vce= MIN 0.8 v
terminal to ensure logical 1 (off) level at cutput
4 lout(1) Output reverse current Vee= MIN Vi =0.8V 250 pA
Vout(1) =5.5V
| Vout(0) Logical 0 output voltage (on level) Vece=MIN Vijp=2V 0.4 v
| Isink = 16 mA
lin(0) Logical O level input current (each input) Vce= MAX Vip =04V -1.6 mA
lin(1) Logical 1 level input current (each input) Vee= MAX Vip =24V 40 pPA
Vee=MAX Vip =55V 1 mA
Icc(0) Logical O level supply current /gate vVee=MAX Vip= 5V 3 55 mA
lecqn Logical | level supply current /gate Vee= MAX Vi, =0 1 2 mA

'SWITCHING CHARACTERISTICS (Ve =5V, Ta = 25°C, N = 10)

PARAMETER TFelsg‘ TEST CONDITIONS |MIN. TYP.  MAX.[ UNIT
tpd0 Propagation delay time to logical O level 27 | Cc=15pF Rp=400Q 8 15 ns
tpd1 Propagation delay time to logical | level 27 CL=1§pF RL=4KQ 35 45 ns

(@) For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions

(%) All typical values are at Voo = SV, Ty = 25°C.
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NOR gate T7402

CONNECTION DIAGRAM

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

(Top view)

oy ™ ] 14 Vee

o[l ik

3] 12

o] —n

. @]m

o] ik
ono7 (] S

T 7402

STANDARD TEMPERATURE RANG:!

PARAMETER TEST CONDITIONS (*) | MIN. TYP.(**) MAX.| UNIT
Vin(1) Logical I input voltage required at either input Vee= MIN 2 v
terminal to ensure logical 0 level at output
Vin(0) Logical O input voltage required at both input Vee= MIN 0.8 v
terminals to ensure logical 1 level at output
Vout(l) Logical I output voltage Vce=MIN Vij=0.8V 2.4 3.3 v
Tload = - 400 pA
Vout(0) Logical 0 output voltage Vcc =MIN Vjp= 2V 0.22 0.4 v
Isink= 16 mA
Tin(0) Logical O level input current (each input) Vcc= MAX Vip=0.4V -1.6 mA
Tin(1) Logical 1 level input eurrent {each input) Vece= MAX Vip=24V 40 A
Vcc=MAX Vip=55V 1 mA
Ios Short-circuit output current (***) Vece= MAX -18 -55 mA
Icc(oy Logical O level supply current Vce=MAX Vip=5V 14 27 mA
Iccy Logical 1 leve! supply current Vee=MAX Vip=0 8 16 mA
SWITCHING CHARACTERISTICS (Vcc =5V, Ta =25°C, N=10)
Test
PARAMETER Fig. | TEST CONDITIONS | MIN. TYP. MAX.|UNIT
tpd0 Propagation delay time to logical O level 26 | CL=15pF R} =40010 8 15 ns
tpd1 Propagation delay time to logical | level 26 | CpL=15pF R[=4000 12 22 ns
*) For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions
**) All typical values are at Vo = 5V, Tp =25°C
{***) Not more than one output should be shorted at a time.
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hex inverters with open-collector output T7405-T7406-T 7416

CONNECTION DIAGRAM (Top view)

\J

1 e vee
1y
A v,
1Y L
5 [§ gjm
o] it
- Y,

T 7405 - T 7406 - T 7416

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS (*) Min. Typ.(**) Max. | Unit
Vin(1) Logical I input voltage required
at input terminal to ensure logical | Voo = MIN 2 v
0 (on) level at output
Vin(0) Logical 0 input voltage required
at input terminal to ensure logical | Voo = MIN 0.8 A
1 (off) level at output |
Iout(l) Output reverse current Vout(l) = 5.5V T7405 ‘
Vee =MIN =30V | T7406 250 A
out(l) = R
Vip = 0.8V Vout(l)= 15v T7416
Vout(0) Logical 0 output voltage (on) Ve =MIN  Vip =2V o
level LiL =16 0.4
sink = 16mA v
Vec=MIN Vi, =2V T7406
lgnp = 40mA " ‘ T7416 0.7
Iin(O) Logical 0 level input current Vee =MAX Vi, =04V -1.6 mA
Iin(1) Logical I level input current Vee = MAX  Vip =24V 40 pA
Vec =MAX Vi, =5.5V 1 mA
ICC(O) Logical 0 level supply current/ Vee =5V T7405 3 5.5
gate Vin = 5V T7406 mA
Ta = 25°C T7416 45 63
Icc(1y Logical 1 level supply current/ Vee =5V T7405 1 2
gate Vin=0 T7406 s , | ™A
Tp = 25°C T7416
SWITCHING CHARACTERISTICS (Ve = 5V, T = 25°C)
PARAMETER F;l;elf;e TEST CONDITIONS Min. Typ. Max. | Unit
thdo Propagation delay time to logical Cp = 15pF
P Olevel R = 4009 17405 8 15
27
Cp = I5pF T7406 ns
Ry = 1100 17416 13 20
tpdl Propagation delay time to logical CpL = I5pF
P 1 level R[ = 4KQ T7405 4058
27 Cp = I5pF T7406 ns
R[ = 1100 T7416 17 26

(*) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

(**) All Typical values are at Voo = 5V, Ty = 25°C
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NAND buffer T7440

CONNECTION DIAGRAM (Top view)

STANDARD TEMPERATURE RANGE

g Prve
(0 ] 3
ne (] 112
a[] 1w
1] i
ol ik
6NO 7 8
T 7440

ELECTRICAL CHARACTERISTICS (over recommended free-air temperature range uniess otherwise noted)

PARAMETER TEST CONDITIONS (%) Min. Tyﬁ(**l‘ Max. | Unit
Vin(1) Logical 1 input voltage required
at all input terminals to ensure Vee = MIN 2 Vv
logical O level at output
Vin(0) Logical 0 input voltage required
at any input terminal to ensure Vee = MIN 0.8 Vv
logical | level at output
. Vee = MIN Vinp =0.8V
Vout(1) Logical 1 output voltage load = - |.2mA m 2.4 3.3 v
. Veo = MIN Vip =2V
Vout(0) Logical 0 output voltage lsgﬂc( = 48mA n 0.28 04 v
lin(O) Logical O level input current _ o ~ A
(each input) Vee = MAX Vin = 0.4V 16 | m
Lin(1) Logical 1 level input current Veoe = MAX Vip = 2.4V 40 HA
(each input) Voo = MAX Vin = 5.5V ! mA
Ios Short-circuit output current(***} | Vo = MAX -18 -70 mA
fele/(0)} Logical 0 level supply current Vee = MAX Vip =35V 17 27 mA
Iccny Logical | level supply current Vee = MAX in=0 4 8 mA
SWITCHING CHARACTERISTICS (Ve =5V, Ty =25°C, N = 30)
PARAMETER TEST TEST CONDITIONS Min T Max Unit
FIGURE P :
tpd0 Propagation delay time to logi- .
P cal O lovel 26 | €L =15pF "Ry =1330 8 15 ns
t Propagation delay time to logi-
pdi pag elay g _ _
cal 1 level 26 CL=15pF Ry =1330Q 13 22 ns

*) For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions

(**) Al typical values are at Vo = 5V, Ty = 259C.
(***) Not more than one output should be shorted at a time.




AND-NOR gates T7450-T7451

CONNECTION DIAGRAMS (Top view)

\J
1[ 14 vee
2] 1
3] ]12;
4[ :]llx
5[] 0
6] Eq
GND 7|j 1 8
T 7450

STANDARD TEMPERATURE RANGE

Y e vee
2] s
3] 12 ne
[ 11 we.
o] o
o[} 1K

oo 1] ik

T 7451

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

are open.

x4

i (***)

All typical values are at Vog =5 V, Tp =25°C.
Not more than one output should be shorted at a time.

PARAMETER TEST CONDITIONS (*) | MIN. TYP.(**) MAX. | UNIT
Vin(1) Logical 1 input voltage required at both input Vce= MIN 2 v
terminals of either AND section to ensure logi-
cal 0 at output
Vin(©) Logical 0 input voltage required at one input Vcc= MIN 0.8 v
terminal of each AND section to ensure logi-
cal 1 at output
Vout(1) Logical 1 output voltage Vce=MIN Vip=08V| 24 3.3 v
lioad = - 400 pA
Vout(0) Logical 0 output voltage Vee=MIN Vip=2V 0.22 0.4 \Y
Isink = 16 mA
Lin(0) Logical O level input current (each input) Vce= MAX Vip=04V - 1.6 mA
Tin(1) Logical | level input current (each input) Vce=MAX Vip=24YV 40 BA
Vce=MAX Vip=55V 1 mA
Ios Short-circuit output current (***) Vce= MAX -18 -55 mA
Icc(0) Logical O level supply current Vce=MAX Vip =5V 7.4 14 mA
| Iccly Logical 1 level supply cusrent Vee=MAX Vi, =0 4 8 mA
™ For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions. Expander inputs X and X

199




AND-NOR gates T7450-T7451

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (T 7450 circuit ) using expander inputs, VcCc = 4.75 V, Tp =0°C

Test
PARAMETER Fig TEST CONDITIONS MIN. TYP.(**) MAX. | UNI1
Ix Expander current 1 V] =04V Isink=16 mA 3.1 mA
VBE(Q) Base emitter voltage of output transistor 2 | Lsink=16 mA 1;=0.62 mA 1 v
Q R1=0
Vout(1) Logical 1 output voltage 3 | ljpad=-400pA 24 33 v
[} =13 =270pA
Vout(0) Logical 0 output voltage 2 | ILsink=16mA 11=0.43mA 0.22 0.4 v
R1 =130Q
SWITCHING CHARACTERISTICS (Vcc =5V, Ta =25°C,N=10)
Test
PARAMETER Fig. TEST CONDITIONS (*) MIN. TYP. MAX. | UNIT
tpd0 Propagation delay time to logical O level 28 | CL=15pF RL=4000Q 8 15 ns
tpd] Propagation delay time to logical 1 level 28 |CL=15pF RL=400 Q 13 22 ns
™ Expander inputs X and X are open .
** All typical values are at V=5V, Tp=25°C.
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AND-NOR gates T7453~T7454

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAMS (Top view)

! V—\] M Ve i N P“ vee

2(] ] 13 2] Pu

3{] 112 % 3] 12 ne

gl [] 11 x 0 111 Ne

s[] ] 10 5 10

s[] ] ¢ P“
GNo 7] ] ¢ N7 ] ]

T 7453 T 7454

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS (¥) | MIN. TYP.(**) MAX. | UNIT

terminals of one AND section to ensure logical
0 level at output

|
' Vin(1) Logical 1 input voltage required at both input Vee= MIN 2 v
l
|
|
|

Vin(0) Logical 0 input voltage required at one input Vee= MIN 0.8 \Y
terminal of each AND sectjon to ensure logical
1 level at output

i| Vout(1) Logical I output voltage Vee=MIN Vip=08V | 24 33 v
‘ lload = - 400 pA
Vout(0) Logical O output voltage Vcc =MIN Vjp=2V 0.22 0.4 \Y
Isink = 16 mA
lin(0) Logical O level input current (each input) Vee = MAX Vip =04V -1.6 mA
Lin(1) Logical 1 level input current (each input) Vee = MAX Vijp =24V 40 HA
Vece = MAX Vip =55V i mA
Ios Short-circuit output current (***) Ve = MAX -18 -55 mA
Icc(o) Logical O level supply current Vece =MAX Vip =5V 5.1 9.5 mA
Icc(l)  Logical I level supply current Vcec=MAX Vin=0 4 8 mA
()] For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions, Expander inputs X and X
are open.

** All typical values are at Voc = 5V, Tp = 25°C.
(***)  Not more than one output should be shorted at a time.
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AND-NOR gates T7453-T7454

STANDARD TEMPERATURE RANG!

ELECTRICAL CHARACTERISTICS (T7453 circuit ) using expander inputs, VCC = 4.75 V, Tp = 0°C

Test
PARAMETER Fig. TEST CONDITIONS MIN. TYP.(**) MAX. | UNIT
Ix Expander current I |V =04V ILjnk=10 mA 3.1 mA
VBE(Q) Base-emitter voltage of output transistor 2 Isink=16mA 1]=0.62 mA 1 v
Q R| =0
Vout(1) Logical 1 output voltage 3 [ipad=-400pA 2.4 33 v
11=-1p=270 pA
Vout(0) Logical 0 output voltage 2 Isink=16 mA [1=0.43 mA 0.22 0.4 v
Ri=130Q
SWITCHING CHARACTERISTICS (Ve =5V, TA =25°C,N=10)
Test
PARAMETER Fig. TEST CONDITIONS (*) MIN. TYP. MAX.| UNIT
tpd0 Propagation delay time to logical O leyel 28 |CL=ISpF R =400%Q 8 15 ns
tpdl Propagation delay time to logical | level 28 |CL=15pF Rp=400Q 13 22 ns
™ Expander inputs X and X are open.
**) All typical values, are at Vee = 5V, Ta = 25°C.
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expander T7460

CONNECTION DIAGRAM (Top view) \J

' (114 Vee
2] 13
3] 12 X
4[ :]11 X
50 [0 x
6 (] [] 9 X

GND 7] ik

T 7460

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

Test
PARAMETER Fie;. TEST CONDITIONS (*) | MIN.TYP.(**) MAX. | UNIT
Vin(1)  Logical ] input voltage required at all input 4 | Voce=MIN 2 v
terminals to ensure that the output is in the
on state
Vin(g) Logical 0 input voltage required at any input S | Vcc=MIN 0.8 v
terminal to ensure that the output is in the
off state
Von On-state output voltage 4 | VCC=MIN Vijp =2V 0.4 v
V=1V R=1.1K Ta=0°C
‘ T
Ioff Off-state output current 5 | VcCc=MIN,Vijp=0.8V,TA=0°C 270 pA
Vi=4.5V R=12K
—
Ion On-state output current 6 | VCcCc=MIN,Vjp,=2V,Vj=1V | -0.43 mA
Iin(0) Logical 0 level input current (each input) Vce=MAX, Vin=0.4V -1.6 mA
Lin(1) Logical 1 level input current (each input) Vee=MAX, Vin=2.4V 40 uA
Veo=MAX, Vin=5.5V 1 mA
Icc(on) On-state supply current 7 | VcC=MAX,Vip=5V, 1.2 2.5 mA
V=085V
Icc(offy Off-state supply current 7 | VCC=MAX, Vjp=0, 2 4 mA
V=085V
(*)  For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
(**) All typical values are at Voo = 5V, Ty = 25°C.
SWITCHING CHARACTERISTICS (Voe =5V, Ta = 25°C, N =10)
PARAMETER Eﬁ;‘ TEST CONDITIONS | MIN. TYP. MAX | UNIT
tpd0 Propagation delay time to logical O level 29 | CL=I15pF R1=4009% 10 20 ns
tpd1 Propagation delay time to logical 1 level 29 | CL=15pF Rp=4009Q 15 30 ns
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J-K flip-flop T7472

DESCRIPTION

STANDARD TEMPERATURE RANGE

This J-K flip-flop is based on the master-slave principle and has AND gate inputs for entry into the master section which is
controlled by the clock pulse. The clock pulse also regulates the state of the coupling transistors which connect the master and
slave sections. The sequence of operation is as follows :
1) Isolate slave from master.
2) Enter information from AND gate inputs to master.
3) Disable AND gate inputs.

4) Transfer information from master to slave.

HIGH

Low

CONNECTION DIAGRAM (Top view)

e 1] B 4 vee
cDZEW 112 %
4 3 112 ¢p
e 4[] )11 %)
4
15 5 (1 [0 K2
T 6] ] 9 %3
GND 7 [] ] s a
T 7472

CLOCK WAVEFORM

TRUTH TABLE
tn tn+ 1
1 Q
|
0 Qn
0 0
1 1
1 On

RECOMMENDED OPERATING CONDITIONS

— Width of clock pulse, tp (clock)
— Width of preset pulse tp (preset)
Width of clear pulse, tp (clear)

Input setup time, tsetup
Input hold time, tpq4

4
NOTES :
nJ=n-J12-13
2)K=KI - K2- K3
3) ty = Bit time before clock pulse
4) ty 4 | = Bit time aftec clock pulse
5) NC = No intemnal connection.
20 ns (min)
25 ns (min)
25 ns (min)
>tp (clock)
0 (min)
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J-K flip-flop T7472

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS (*) |MIN. TYP.(**) MAX. | UNIT
Vin(l) Input voltage required to ensure logical 1 at any Vce=MIN 2 v
input terminal
Vin(0) Input voltage required to ensure logical Qatany | VCC=MIN 0.8 v
input terminal
Vout(1) Logical I output voltage Vee=MIN Ijpad=-400pA| 2.4 3.5 v
Vout(0) Logical 0 output voltage Vee=MIN fsink= 16 mA 0.22 0.4 v
Lin(0) Logical 0 level input current at Vecc=MAX Vi =04V -1.6 mA

J1, 12, J3, K1, K2, or K3

Logical O level input current at preset, clear,

Lin(0) or clock Vec=MAX Vip =04V -3.2 mA
Lin(1) Logical | level input current at Vcc=MAX Vjp =24V 40 pA

J1, 12, 13, K1, K2, or K3 VCC=MAX Vijp =55V 1 mA

Lin(1) Logical 1 level input current at preset, clear, VcCc=MAX Vip =24V 80 PA

or clock VCC=MAX Vin=5.5V 1 mA

Ios Short - circuit output current (***) Vec=MAX Vi =0 -18 -57 mA

1 Icc Supply current VcCc=MAX Vip =5V 10 20 mA

™ For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.

**) All typical values are at Ve =5V, Tp =25°C.
(***)  Not more than one output should be shorted at a time.

SWITCHING CHARACTERISTICS (Vcc =5V, Ta =25°C, N=10)

PARAMETER —l;_-i;t TEST CONDITIONS | MIN. TYP. MAX. [ UNIT
felock  Maximum clock frequency 31 | CL=15pF RL=400Q | 15 20 MHz
tpd1 Propagation delay time to logical 1 level 32 | CL=I15pF RL=4000 16 25 ns
from clear or preset to output

tpdo Propagation delay time to logical O level from 32 | CL=15pF Rp=400Q 25 40 ns
clear or preset to output

tpdl Propagation delay time to logical | level from 31 | CL=15pF Ry =400Q | 10 16 25 ns
clock to output

tpdo Szg(a%itg:]r:;i:tlay time to logical O level from 31 CL=15pF RL=400Q | 10 25 40 ns

POSITIVE LOGIC
Low Input to Preset sets Q to Logical 1. Low Input to Clear sets Q to Logical 0. Preset and Clear are independent of clock.
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dual |-K flip-flops T7473-T7476-T7410;

DESCRIPTION

STANDARD TEMPERATURE RANGI

These J-K flip-flops are based on the master-slave principle.Inputs to the master section are controlled by the clock pulse. The
clock pulse also regulates the state of the coupling transistors which connect the master and slave sections.

The sequence of operation is as follows :
1) Isolate slave from master.
2) Enter information from J and K inputs to master.
3) Disable J and K inputs.
4) Transfer information from master to slave.

HIGH

LOow

CONNECTION DIAGRAMS (Top view)

CP l[‘

Cp ZI:

\
c, SEL L] 10

] 14
:|13
112
11

K
] s

cp ¢ [}
s 70
T 7473
TRUTH TABLE
(each flip-flop)
In th+1
J K Q
0 0 Qn
0 1 0
1 0 1
1 1 (_Jn
NOTES

1) t, = Bit time before clock pulse.

2) tp4 = Bit time after cl

ock pulse.

CLOCK WAVEFORM

J

ol

GND

Cp 1] ™~ [ 16 &
Sp 2] []15 @
% 3] 1142
o] [] 13 on
vccsq 12 ¢
e iEE
Sp7 ] 10 Q
Co 8 [] ]9y
T 7476

RECOMMENDED OPERATING CONDITIONS

Width of clock pulse, tp (clock)
Width of preset pulse (T7476 nnly), tp (preset)

Width of clear puise, tp (clear)

Input setup time, tsetup
Input hold time, thq1q

\J
o 1 vee
Q 2[ ]u o
Q3] 12 cp
K 4[] 11«
Qs ] Pm Ch
Qe ]9 cp
GND 7 [‘ ] s 4
T 74107
20 ns (min)
25 ns (min)
25 ns {(min)
=t (clock)
0  (min)
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dual J-K flip-flops T7473-T7476-T74107

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS (*) |MIN. TYP.(**) MAX. |UNIT
Vin(1) Input voltage required to ensure logical 1 at any | VCC=MIN 2 v
input terminal
Vin(0) Input voltage required to ensure logical 0 at any | VCC=MIN 0.8 A%
input terminal
Vout(1) Logical 1 output voltage VCC=MIN ljoad=-400pA| 2.4 3.5 \"
Vout(0) Logical 0 output voltage Vce=MIN Iipk= 16 mA 0.22 0.4 v
1in(0) Logical O level input current at J or K Vce=MAX Vijn =04V -1.6 mA
i Logical O level input current at clear, preset _ L
lin(0) (T7476 only), or clock Vcc=MAX Vi =04V -3.2 mA
Iin(1) Logical I level input current at J or K Vee=MAX Vin=24V 40 pA
Vee=MAX Vi =55V 1 mA
. Logical 1 level input current at clear, preset — A
() (77476 only), or clock VCC=MAX Vin =24V 80 | pa
VCC=MAX Vin =55V 1 mA
Ios Short circuit output current (***) Vee=MAX Vi =0 -18 -57 mA
Icc Supply current Vee=MAX Vi3 =5vVv 20 40 mA
(] For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
**) All typical values, are at Vo = 5V, Tp = 25°C.
(***)  Not more than one output should be shorted at a time; only for T7473 and T74]107 when measuring Q, apply 2.4V to clear, ground Q and

limit test time to 100 ms.

SWITCHING CHARACTERISTICS (Vcc =5V, TaA = 25°C, N=10)

Test
PARAMETER Fie. | TEST CONDITIONS |MIN. TYP. ~MAX/|UNIT
fclock  Maximum clock frequency 31 |CpL=15pF RL=400Q | 15 20 MHz
tpdl Propagation delay time to logical 1 level from | 32 | CL=15pF RL=400% 16 25 ns
clear to cutput
tpd0 Propagation delay time to logical 0 leve! from 32 | CL=15pF R =400Q 25 40 ns
clear to output
tpdl Propagation delay time to logical | level from 3] | CL=I5pF Rp=400Q | 10 16 25 ns
clock to output
tpd0 Propagation delay time to logical O level from 31 Cy=15pF Rp=400Q | 10 25 40 ns
clock to output
POSITIVE LOGIC:

Low Input to clear sets Q to logical 0. Clear is independent of clock.
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dual D-type flip-flop T7474

STANDARD TEMPLERATURE RANGL

DESCRIPTION

These monolithic, dual, D- -type, edge-triggered Nip-flops feature direct clear and preset inputs and complementary Q and Q
outputs. Input information is transferred to the outputs on the positive edge of the clock pulse.

Clock triggering occurs at a voltage level of the clock pulse and is not directly related to the transition time of the positive
going pulse. After the clock input threshold voltage has been passed, the data input (D) is locked out.

This dual flip-flop is ideally suited for medium-to-high-speed applications. It can result in a significant saving in system power
dissipation and package count in applications where input gating is not required.

CONNECTION DIAGRAM (Top view) TRUTH TABLE
\Y
Ch 1[ :| 14 Voo
o 2] —{sec SYNCHRONOUS ENTRY D MODE RECOMMENDED OPERATING
® OPERATION
CONDITIONS
c, BE 112 0
" INPUTS t;, | OUTPUTS tpy
D ! H 11 ¢ Width of Clock Pulse tp(clock) 30 ns
P Width of Preset Pulse tp(presct) 30 ns
a s o s P Q Q Width of Clear Pulse tp{clear) 30 ns
6] j 9 Q 0 ] 1
ano 7[} 8 Q 1 | 0 |

T 7474

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS (*) MIN. TYP.(**) MAX. | UNIT
Vin(1) Input voltage required to ensure logical 1 at any | VCC=MIN 2 v
input terminal
Vin(0) Input voltage required to ensure logical O at Vce=MIN 0.8 Vv
any input terminal
Vout(l) Logical ! output voltage VCC=MIN l|pad=-400pA| 2.4 3.5 Vv
Vout(0) Logical 0 output voltage VCC=MIN Isink= 16 mA 0.22 0.4 Vv
lin(0) Logical 0 level input current at preset or D Vce=MAX Vi =04V - 1.6 mA
lin(0) Logical O level input current at clear or clock Vce=MAX Vih =04V -3.2 mA
Iin(1) Logical | level input current at D Vece=MAX Vi =24V 40 pA
Vce=MAX Vi =55V 1 mA
lin(1) Logical | level input current at preset or clock Vece=MAX Vi =24V 80 pA
Vee=MAX Vin =55V 1 mA
Iin(1) Logical 1 level input current at clear Vce=MAX Vijp =24V 120 pA
Vee=MAX Vip =55V 1 mA
Ios Short circuit output current (***) Vce=MAX Vin =0 -18 -57 mA
Icc Supply current Vce=MAX Vip =5V 17 30 mA

Notes: see the following page.
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dual D-type flip-flop T7474

SWITCHING CHARACTERISTICS (VcC =5V, Ta = 25°C, N = 10)

STANDARD TEMPERATURL RANGE

PARAMETER "l;:eisgt TEST CONDITIONS | MIN. TYP. MAX. |UNIT
felock Maximum clock frequency 33 CL=15pF RL=400Q| IS 25 MHz
tsetup Minimum input setup time 33 | CL=15pF RL=400Q 15 20 ns
thold Minimum input hold time 33 | CL=15pF RL=400Q 2 S ns
tpd | Propagation delay time to logical 1 level from 34 | CL-15pF Rp=400Q 25 ns
clear or preset to output

Lpd0 Propagation delay time to logical O level from 34 | CL=15pF R =400Q 40 ns
clear or preset to output

tpdl Propagation delay time to logical 1 level from 33 |CL=15pF RL=400Q | 10 14 25 ns
clock to output

tpdo Propagation delay time to logical O level from 33 [ CL=15pF R =400Q 10 20 40 ns
clock to output

POSITIVE LOGIC

Low Input to preset sets Q to logical 1. Low input to clear sets Q to logical Q. Preset and clear are independent of clock.

NOTES :
*) For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
(**) All typical values are at Ve - 5 V. Tp = 25°C.

(**¥)

Not more than one output should be shorted at a time.
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BCD-to-decimal decoder/driver T7441A

STANDARD TEMPERATURE RANGE

MSI
DESCRIPTION
The T7441A is a monolithic, BCD-to-decimal decoder incorporating high performance output transistors designed for use as

indicator or relay drivers.

The BCD-to-decimal decoder consists of familiar transistor - transistor logic (TTL) gate circuits which select one of the ten
decimal output drivers. The BCD inputs are fully compatible with Series T74 logic outputs; and, in addition, physical placement
of these inputs is coincidental with the BCD outputs of the T7490 decade counter. Decoding and DC switching for components
such as miniature lamps and relays may be performed by the T744 1A within the ranges specified for the electrical characteristics.

CONNECTION DIAGRAM (Top view)

TRUTH TABLE
) ~ b INPUT OUTPUT
H D C B A ON*
g ik
9
i HA & ] 14 0 0 0 0 0
0
i AR
5
vee 5 ] 4J]u GND 0 0 1 1 3
6
bE_B 7 ’—LJ“ 0 1 0 0 4
3 °_1 0 1 0 1 5
HE e 0 0 1 1 0 6
8 .J ]q 0 1 1 1 7
i 0 0 0 8
i 0 0 1 9

T7441 A

positive logic : see truth table. * All other outputs are off.

ABSOLUTE MAXIMUM RATING (above which the useful life may be impaired)
Current into any Qutput (off-state) 2 mA

OPERATING CONDITION
Maximum Voltage on any Output 0V
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BCD-to-decimal decoder/driver T7441A

MSI STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER ];;el: TEST CONDITIONS Min.  Typ.(*) Max. | Unit

Vin(1)  Losical | input voltage 8 | Yeoc = MIN 2 v
Vin(O) Logical O input voltage 8 Vee = MIN 0.8 v
Von On-state output voltage 8 Vee = MIN lon = TmA 2.5 v
Ve = MAX  Vgy = 55V 50 | pA

Tofr Off-state reverse current 9
Vee = MAX Vout = 70V 2 mA
Tin(1) Logical 1 level input current at Vee = MAX Vip = 2.4V 40 RA
B,CorD 10 "Vee=MAX Vi, = 5.5V I | mA
Vee = MAX Vin =24V 80 RA
Lin(1) Logical | level input current at A 10 Vee = MAX Vi, = 5.5V | mA
Iin(O) Iéoog:(;)al 0 level input current at B, 1 Vee = MAX Vip = 0.4V 16 A
Iin(O) Logical O level input current A 11 Vee = MAX Vin = 0.4V -3.2 mA
Icc Supply current 10 | Voo =MAX 21 42 mA

* This typical value is at Vo = SV, Ty = 25°C.
cC A

TYPICAL APPLICATION DATA

The T7441A output transistors are capable of withstanding voltages and sinking current required to operate most types of
gas-filled indicator tubes.

When these decoder/drivers are used in close proximity (on the same circuit board) with standard digital integrated circuits,
care should be exercised to ensure that the impedance of the ground bus (including interconnections) is sufficiently low to
absorb the normal energy levels resulting from switching the tube elements.

B+

E]RL INDICATOR TUBE

]
Peeeoceooee”
0 1 2 3 4 5 6 7 8 9
BCD-TO-DECIMAL
DECODER/DRIVER (®—0 Vee
A B C D
AB) é é é) Note: values for B + and Ry_are as specified
b, the tube manufacturer.
[ )
Y

BCD INPUT
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4 -bit bistable latch T 7475

MSI STANDARD TEMPERATURE RANGE

DESCRIPTION

This latch is ideally suited for use as temporary storage for binary information between processing units and input/output or
indicator units. Information present at a data (D) input is transferred to the Q output when the clock is high, and the Q output
will follow the data input as long as the clock remains high. When the clock goes low,the information(which was present at the
data input at the time the transition occured) is retained at the Q output until the clock is permitted to go high.

The T7475 features complementary Q and Q outputs from a 4-bit latch, and is available in the 16-pin package.

This circuit is completely compatible with all popular TTL or DTL families. Typical power dissipation is 40 milliwatts per latch.

CONNECTION DIAGRAM (Top view) \J
) ﬂ—'? 116 Q
TRUTH TABLE
o 2[f [j15 Q (each latch)
o 3[] 14 @
tn thel
cp 4[] 1113 cp D 0
vees ] 12 Gno ! 1
0 0
o s[] 11 3
b 7] [0 Q
NOTES :
9 s[f 1Ex t, = bit time before clock pulse transition..
th, 1 ° Dbit time after clock pulse transition.

T 7475

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER l‘:l:;?x‘re TEST CONDITIONS (¥) Min. Typ.(**) Max. | Unit
Vin(l) Input voltage required to ensure
logical 1 level at any input 12 Vce = MIN 2 v
terminal
Vin(O) Input voltage required to ensu- A
re logical O level at any input 13 Vce = MIN 0.8 v
terminal
12
Vout(l) Logical 1 output voltage and Vce = MIN lload = —400pA| 2.4 v
i3
12
Vout(o) Logical 0 output voltage aln3d Ve = MIN lgink=16 mA 0.4 v
Lin(0) Logical 0 level input current atD| 14 Vce = MAX Vin = 0.4V -3.2 mA
Logical 0 level input current at -
lin(0)  clock 14 | Vco=MAX -64 | mA
. . Vce = MAX Vin = 2.4V 80 PA
lin(l) Logical | level input currentatD | 14 Voo = MAX Vi, =55V 1 vy
lin(1) Logical 1 level input current at 14 Vee = MAX Vin = 2.4V 160 DA
clock Ve = MAX Vin = 5.5V i mA
Ios Short-circuit output current(***)| 15 Vee= MAX Vout =0 -18 -57 mA
Icc Supply current 16 Vce = MAX 32 53 mA

(®) For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions.
(**)All typical values are at Vo = SV, Ty = 250C. {***) Not more than one output should be shorted at a time
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4 -bit bistable latch T 7475

MSI STANDARD TEMPERATURE RANGE
SWITCHING CHARACTERISTICS, (Ve = 5V, Ty =125°C, N=10)

PARAMETER FTngsxlre TEST CONDITIONS Min.  Typ.  Max. | Unit
{ Minimum Jogical | level input 35 Cr = 15pF Ry =400 O 7 20 s
setup 1 setup time at D input ‘L p L
Minimum logical O level input _ _
lsetup O setup time at D input 35 Cy, = 15pF Rp =400 Q 14 20 ns
Maximum logical | level input _ _ *
thold ! hold time required at D input 3 CL=15pF Ry =400 @ 0 15 ns
Maximum logicai O level input _ _ *
thold0 hold time required at D input 3 CL=15pF Ry =400 0 0 6 ns
tod1(D Propagation delay time to logical = ISoF Ri — 400 2 16 30
PAID-Q) | fevel from D input to Q output 33 CL=15 L=4 ns
Propagation delay time to logical _ _
'pd0(D-Q) g level from D input to Q output 33 CL=15pF R =400 0 14 2 ns
tod 1(D-O Propagation delay time to logical s ISoF R. = 400 2 40
pdi(@-Q) level from D input to Q output 3 CL=15p L =400 0 ns
t _ Propagation delay time to logical
pd0(D-Q) 0 level from D input 10 Q output 35 Cp = 15pF Rp =400 Q 7 15 ns
Propagation delay time to logical
tpdl (C-Q) I lfvel from clock input to Q out{ 35 Cp = I5pF Ry =400 0 16 30 0s
pu
Propagation delay time to logical
thdo(c-Q) © l‘evel from clock input toQ out-| 35 CpL=15pF Ry =400 Q 7 15 ns
pu
Propagation delay time to logical .
tpa1(Cc-Q)  !level from clock input toQout) 35 CL=15pF Ry =400 Q@ 16 30 ns
put
Propagation delay time to logical
tpd0(C-Q) 0 level from clock input toQout-| 35 Cp = 15pF Ry =400 @ 7 15 ns
put

* These typical times indicate that period occurring prior to the fall of clock pulse {tg) below 1.5V when data at the D input will still be recognized
and stored.
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quad 2-input exclusive-OR gate T7486

STANDARD TEMPERATURE RANGE

MSI
DESCRIPTION

This monolithic, quadruple 2-input exclusive-OR gate utilizes TTL circuitry to perform the function: Y = AB + AB. When the
input states are complementary, the output goes to a logical 1.

This circuit is fully compatible for use with other TTL or DTL circuils. Input clainping diodes are provided to minimize
transmission line effects and thereby simplify system design. Input buffers are used to lower the fan-in requirement to only one
normalized series T74 load. A full fan out to 10 normalized series T74 loads is available from each of the outputs in the logical
0 state. A fan-out of 20 is provided in the logical | state. Propagation delay is 12 nanoseconds and power dissipation is 37.5
milliwatts typically for each exclusive-OR function.

CONNECTION DIAGRAM (Top view)

\J
1 q 114 vee
2[} 13 TRUTH TABLE
)y 12 Inputs Output

% i T oo
5 ] 10 ? (l) :
o[ i Lt
GND7 [] ] 8
T 7486

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS (*) Min. Typ.(*) Max. ‘ Unit

Vi) frou sl eured o e |y -y : v
Vi Inputvotegs reired o e |y g 08 | v
Vout (1)  Logical | output voltage xﬁfOT:MOl.r;V ;::;Zl ):z_sf)\(;‘m 2.4 \Y
Vout(0) Logical 0 output voltage zifojr:)NBV Zi:illzl(nzr:f\ 0.4 v
Lin(1) Logical 1 level input current (each Voo = MAX Vin =24V 40 RA
input) Vee = MAX Vip = 5.5V 1 mA

lin(0) iI;lc;gui[c)al 0 level input current (each Voo = MAX Vi, = 04V -16 mA
los gll::)rretntt:ir(cilit*;)utpm xgl((jojrof\x Vin(1)= 4.5V -18 - 55 mA
Icc Supply current Vee = MAX Vip =4.5V 30 50 mA

(*)  For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

("*)  All typical values are at Vo = 5V, Ty = 250C.
(***) Not more than one output should be shorted at a time.
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quad 2-input exclusive-OR gate T7486

Msl STANDARD TEMPERATURE RANGE

SWITCHING CHARACTERISTICS (Ve = 5V, Ty =25°C, N=10)

PARAMETER FT];SI‘R TEST CONDITIONS Min. Typ. Max. | Unit

¢ Propagation delay time to logical Ci = 150F Ry = 400 0 0 17

pd0 0 level (other input low) 30 L=15p L= ns
Propagation delay time to logical _ _

thdl 1 level (other input low) 30 | Cp = 15pF Ry =400 Q 15 23 ns
Propagation delay time to logical _ _

tpd0 0 level (other input high) 30 | CL=15pF Rp = 4000 13 22 ns
Propagation delay time to logical _ _

tpd1 1 level (other input high) 30 | CL=15pF Ry =4000 18 30 ns
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decade counter T7490

MSl STANDARD TEMPERATURE RANGE

DESCRIPTION AND TYPICAL COUNT CONFIGURATIONS

This high-speed, monolithic decade counter consists of four dual-rank, master-slave flip-flops internally interconnected to pro-

vide adivide-bv-two counter and a divide-by-five counterGated direct reset lines are provided to inhibit count inputs and return all

outputs to logical zero or to a binary coded decimal (BCD) count of 9. As the output from flip-flop A is not internally connected
to the succeeding stages, the count may be separated in three independent count modes :

1) When used as a binary coded decimal decade counter, the BD input must be externally connected to the A output. The A
input receives the incoming count, and a count sequence is obtained in accordance with the BCD count sequence truth table
shown below. In addition to a conventional zero reset, inputs are provided for a reset to nine.

2)If a symmetrical divide-by-ten count is desired for frequency synthesjzers or other applications requiring division of a binary
count by a power of ten, the D output must be externally connected to the A input. The input count is then applied at the
BD input and a divide-by-ten square wave is obtained at output A.

3) For operation as a divide-by-two counter and a divide-by-five counter, no external interconnections are required. Flip-flop A
is used as a binary element for the divide-by-two function. The BD input is used to obtain binary divide-by-five operation at
the B, C, and D outputs. In this mode. the two counters operate independently: however, all four flip-flops are reset simul-
taneously.

CONNECTION DIAGRAM (Top view)

B0 INPUT 1 []

114 mweuT A

Rorn 2] ] 13 nC

hlZA

Ro 3]

NC 4 [ 1o
Vee s 4 _lll 110 ano
Roep 61 -]lﬂl 98
Ren 7] Eec
T 7490
TRUTH TABLES
BCD COUNT SEQUENCE (note 1) RESET/COUNT (note 2)
OUTPUT RESET INPUTS OUTPUT
COUNT
Dl c| B | & Ro) | Roy | Ro(y | Rgey | D C B A
0 0 0 0 0 1 1 0 X 0 0 0 ¢
1 0 0 0 1 1 1 X 0 0 0 0 0
2 0 0 1 0 X X 1 1 1 0 0 1
3 0 0 1 1 X 0 X 0 COUNT
4 0 1 0 0 0 X 0 X COUNT
S 0 1 0 1 0 X X 0 COUNT
6 0 1 I 0 X 0 0 X COUNT
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
NOTES :

1) Output A connected to input BD for BCD count.
2) X indicates that ejther a logical ! or a logical O may be present.
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decade counter T7490

MSI STANDARD TEMPERATURE RANGE
OPERATING CONDITIONS

Width of Input Count Pulse, tp(in) 50 ns (min)

Width of Reset Pulse, tp(reset) 50 ns (min)

NOTE: Fan-out from output A to input BD and to 10 additional series T74 loads is permitted.

ELECTRICAL CBARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER FTi;fl‘m TEST CONDITIONS (*) Min.  Typ{**) Max. | Unit
Vin(1 Input voltage required to ensure logi- _
in(1) cal | at any input terminal 17 [Vcc=MIN 2 v
Vin(0 Input voltage required to ensure logi- _
in(0) cal 0 at any input terminal 18 |Vce = MIN 038 v
Vout(1) Logical I output voltage 18 | Ve = MIN  ljpad=-400pA 2.4 \Y
Vout(p) Losical 0 output voltage 17 [Voc=MIN  I[gpk=16mA 0.4 \
Lin(1) Logical 1 Jevel input current at RO(I)‘ 19 Vee = MAX vy, = 2.4V 40 HA
Ro2). Ro(1), or Ro(2) Voo = MAX Vi, = 5.5V 1 mA
Vee = MAX Vi =24V 80 A
lin(1) Logical ! level input current at input A | 19 cc! n "
Ve =MAX Vi = 5.5V 1 mA
Lin(1y Logical | level input current at input 19 Vee =MAX. Vip = 2.4V 160 pA
BD Vee =MAX Vi =35.5V i mA
Lin(0) Logical 0 level input current at Roy), 20 |Vee=MAX Vi =04V 16 mA
Ro(2). Ro(1). or Ro(2)
lin(O) Logical O level input current at input A| 20 |Vcoc=MAX V;,=0.4V -3.2 mA
lin(0) ]];])Dgical 0 level input current at input 20 |Vee = MAX Vi = 0.4V 6.4 mA
Ips Short-circuit output current (*<*) 21 Voo = MAX Vo =0 -18 -57 mA
Icc Supply current 19 | Voc = MAX Vi, =4.5V 32 53 mA

NOTES :

(*)  For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
(**)  All typical values are al Vo =5V, Ty < 25°C.

(***) Not more than one output should be grounded at a time.

SWITCBING CHARACTERISTICS (Ve =5V, Tp =25°C, N=10)

PARAMETER FTiegi‘re TEST CONDITIONS Min.  Typ. Max.| Unit

{max I;djéérsnum frequency of jnput count CL=15pF Ry = 4000 10 18 MHz
tpdl Propagation delay time to logical |

level from input count pulse to out- 36 | Cp=15pF R =400Q 60 100 ns

put C
tpd0 Propagation delay time to logical 0

level from input count pulse to oul- 36 | Cp = 15pF Ry =400Q 60 100 ns

put C
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4-bit binary counter T7493

STANDARD TEMPERATURE RANGE

MS1

DESCRIPTION

This high-speed, monolithic 4-bit blnary counter consists of four master-slave flip-flops which are internally interconnected to
provide a divide-by-two counter and a divide-by-eight counter. A gated direct reset line is provided which inhibits the count

inputs and simulitaneously returns the four flip-flop outputs to a logical 0.
As the output from flip-flop A is not internally connected to the succeeding flip-flops the counter may be operated in two

independent modes :

1) When used as a 4-bit ripple-through counter, output A must be externally connected to input B. The input count pulses are
applied to input A. Simultaneous divisions of 2, 4, 8, and 16 are performed at the A, B, C, and D outputs as shown in
the truth table below.

2) When used as a 3-bit ripple-through counter, the input count pulses are applied to input B. Simultaneous frequency divisions
of 2,4,and 8 are available at the B, C and D outputs . independent use of flip-flop A is available if the reset function coincides
with thereset of the 3-bit ripple-through counter.

CONNECTION DIAGRAM (Top view)

TRUTH TABLE (Notes 1, 2 and 3)

INPUT B 1 ] b]d INPUT A
OUTPUT
Ron 2] 13 ne COUNT Dlcl B A
Ro 3 12 & 0 ol o0o|lof|oO
1 0 0| 0 1
NC a i [Ju o 2 oo 1|0
Vee s 10 GND 3 (U Y R
a ) 4 0 | 0|0
NC ) s s 5 0 1 0 [
6 0 1 1 0
NC 7 E 1ER 7 0 1 I 1
8 1 0, 0|0
T 7493 9 1 0| 01
10 1 0 1 0 NOTES -
I ! 0 ! ! 1) Output A connected to input B.
12 1 I 0 0 2) To reset all outputs to logical 0
13 1 ] 0 1 both Rp(1) and _Ro(z) inputs
must be at’a logical 1.
14 1 | ! 0 3) Either (or both) reset inputs
15 1 1 1 1 Ro(1) and Rg(2) must be at a
logical O to count.
OPERATING CONDITIONS
Width of Input Count Pulse, tp(in) 50 ns (min)
Width of Reset Pulse, tp(reser) 50 ns (min)

NOTE : Fan-out {rom output A to input B and to 10 additional series T 74 loads is permitted.
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4-bit binary counter T7493

MSI STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (over recommended free air temperature range unless otherwise noted)

PARAMETER FTl;Z‘re TEST CONDITIONS (*) Min. Typ.(**) Max. | Unit
Vin(l) lnp}ut voltage reguired to e'nsure 17 Vee = MIN ) v
logical 1 at any input terminal
V; Input voltage required to ensure
in(0) P 8 q _
logical O at any input terminal 18 Vee = MIN 0.8 v
Vout(1) Logical 1 output voltage 18 Vee = MIN  ljgaq=-400pA | 2.4 v
Vout(0) Logical 0 output voltage 17 Voo = MIN gk = 16mA 0.4 Vv
| Iin(l) Logical 1 level in.pul current at 19 Vee = MAX Vi, =24V 40 HA
Ro(1yor Ro(g) inputs Vee = MAX Vi, = 5.5V I mA
| lin() Logical | level input current at 9 Voo = MAX Vi, =24V 80 HA
A or Binputs Vee = MAX Vi, = 5.5V ! mA
lin(0) Logical 0 level input current at
| Ro(1) or Ro(2) inputs 20 | Voo=MAX Vi, =04V -1.6 | mA
lin(0) Logical O level input current at _ o
A or B inputs 20 Voo = MAX Vi, =04V -3.2 mA
lpos Short-circuit output current (***) 21 Vee =MAX Vo =0 -18 - 57 mA
Icc Supply current 19 Vee = MAX Vi, =4.5V 32 53 .mA
NOTES :

(*)  For conditions shown as MIN or MAX, usc the appropriate value specified under recommended operating conditions.
(**) All typical values are at Voo = 5V, Ty = 250C.
(***) Not more than one output should be grounded at a time.

SWITCHING CHARACTERISTICS (Voo =5V, T4 =25°C. N =10)

Test

PARAMETER Figure

TEST CONDITIONS Min. Typ. Max. | Unit

f Maximum frequency of input
max auencxotimp CL=15pF R =4000 0 18 MHz

count pulses

tpd1 Propagation delay time to logical
1 level from input count pulse to 36 Cp = 15pF R =400Q 75 135 ns
output D

tpd0 Propagation delay time to logical
0 tevel from input count pulse to 36 Cp = 15pF Ry =400 Q 75 135 ns
output D
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8-bit odd/even parity generator/checker T 74180

MSI STANDARD TEMPERATURE RANGE
DESCRIPTION

This universal, monolithic, 8-bit parity generator/checker, utilizing familiar Series T74 TTL circuitry, features odd/even outputs
and control inputs to facilitate operation in either odd-or even-parity applications. The word-length capability is easily expanded
by cascading. Typical applications are shown for this parity circuit being used to generate and check parity.

The T74180 is fully compatible with other TTL or DTL circuits. Input buffers are provided so that each data input represents
only one normalized series T74 load. A full fan-out to 10 normalized series T74 loads is available from each of the outputsin the
logical O state. A fan-out to 20 normalized loads is provided in the logical | state. Typical power dissipation is 170 mW.

CONNECTION DIAGRAM (Top view)

J TRUTH TABLE
it 114 vee INPUTS OUTPUTS
3
27 " s % OF I'sAT % T
o THRU 7 | EVEN]| ODD | pvEn| opD
EVEN INPUT 3 [1 al—2
EVEN 1 0 i 0
obDiNPUT 4 [|— s—n OoDD 1 0 0 1
EVEN 0 1 0 |
=EVEN OUTPUT 5 [ 2—Jun oDD 0 1 1 0
=00D OUTPUT 6 [] 1—] s X ! l 0 0
[ X 0 0 1 1
onD 7] |——] 8 X = irrelevant
T 74180

Positive logic : see truth table

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER l;rigfxtre TEST CONDITIONS (*) Min. Typ(") Max. | Unit
Vin(1) Input voltage required to ensure logi- _
in(1) cal 1 at any input terminal 22 Ve = MIN 2 v
Vin(oy Input voltage required to ensure logi- _
in(0) cal 0 at any input terminal 22 Ve = MIN 08 v
\ Logical | output voltage Vcc=MIN V; =2V
out(1) Logl P 4 CcC in(1 v
2 | Vin(0)=0.8V  ljpyq =-800pA | 24
Vout(0) Logical O output voltage Vee=MIN  Vipy=2v,
ut(0) 2 V=08V gL 16 ma 0.4V
Lin(1) L.ogiqal 1 level input current at each - Vee = MAX V=24V 40 | pA
ata input Voo = MAX Vi, = 5.5V 1 | mA
lincgy Logical O level input current at each _ o
in0) 4t input 23 | Veo=MAX Vi, =04V 1,6 | mA
lin(1)  Logical I level input current at even Vee =MAX Vi, =24V 80 | pA
or odd input 23 Ve = —
cc =MAX V=55V i mA
Linco Logical O level input current at even _ o
in(0) PP input 23 | Voo =MAX Vi =04V -32 | mA
Ios Short circuit output current (***) 24 Vce = MAX -18 - 55 mA
Icc Supply current 242§nd Vee = MAX 34 56 mA

(*)  For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
(**)  All typical values are at Veg =5V, Ta = 25°C.
(***) Not more than one output shouid be shorted at a time.
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8-bit odd/even parity generator/checker T 74180

MSI1 STANDARD TEMPERATURE RANGE
SWITCHING CHARACTERISTICS (Vcc = 5V. Ta = 25°C, N=10)
FROM TO Test B .
PARAMETER | qNpUT) (OUTPUT) Figure TEST CONDITIONS Min Typ.  Max Unit
tpdl Data s Even 37 Cp = IspF R +400Q 40 60 ns
tpd0 Data = Even 37 CL = I5pF RL =400 Q 25 38 ns
tpdl Data = 0dd 37 CL = I15pF RL =400 Q 32 48 ns
tpd0 Data = Odd 37 CL = I5pF RL = 400 Q@ 45 68 ns
tpd1 Data ¥ Even 37 CL = IS5pF RL = 400 Q 32 48 ns
tpd0 Data = Even 37 CL = I5pF RL = 400 Q 45 68 ns
tpdl Data * Odd 37 CL = 15pF RL = 400 @ 40 60 ns
tpd0 Data ® Odd 37 CL = 15pF R =400 Q 25 38 ns
tpdl EvenorOdd | = Evenor £ Odd | 37 CL = 15pF RL =400Q 13 20 ns
1pd0 EvenorOdd | £ Evenor £ Odd| 37 Cp = I5pF Ry — 400 Q 7 10 ns
]
EVEN 00
Q, 0 IN IN Q 0
! ! A 9 1
o anfh iy UN
Q3 3 N 3
TYPICAL APPLICATIONS Qy 4 174180 Q, . 174180
Q 5 EVEN q s EVEN
VERIFYING TRANSMITTED DATA Qs K ouT 05 . puT [T PARITY
6 s
In this example (Figure A), data is Q, 7 Q, 700D EVEN
being transmitted (rom data register N IN
A to dala register B, Parity generators DATA DATA
A] and A2 are connected to generate PTGISTER A REGISTER 8
an even-parity bit Qg which is trans-
mitted to register B. Parity checkers Qg OEYNEN 0.:30 % 0
Bl and B2 verify the accuracy of the Q 1 A Q 1 s
transmitted data and generate an even Q 2 00D 2 Q 2 oop [2
true (logical 1) or flalse (logical 0) Q' 3 ouT Qi"l 5 out
parity output signal. Q;: 4 T74180 9, o 174180
EVEN
N ST %3 oot
K NG 6 Q4 b
Q5 7 Q5 70DD EVEN
N IN
J % 0 % l
Qs
FIG. A
32- BIT WORD
‘] [ 1]] L LLI L] ’ LI I
01 234567 01 23 45 6 7 01 23 45861 0 1 2 3 456 17
g | —even E.EN . EN EVEN
% —] oo & x oD x = 00D 5 = [olo]: R =
© QDD E.EN 000 E.EN 0DD £.EN DDD EVEN
FIG. B PARITY
OUTFUT

CASCADING FOR LONGER WORD LENGTHS
The parity generator/checker may be cascaded [or applications requiring longer word lengths. See Figure B. The ODD IN control
is grounded for even parity generation and the EVEN IN control is grounded for odd parity generation. Two control inputs
and two oulputs ensure faster operation when cascading for word lengths over 8 bits, as only one gate delay is added for each
additional 8-bit group. For a 32-bit word. parity can be generated in approximately 65 ns.
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T 74 series TTL

STANDARD TEMPFERATURE RANGE

D-C TEST CIRCUITS*

FIG. 1 FIG. 2

Voul() v

FIG. 3 FIG.4

cC

Open
Y1
' v

Vln ton n

) 1) “On” and “off” conditions are tested separately
2) Each gate is tested separately.

FIG.5 FIG. 6 FIG.7

*Arrows indicate actual direction of current flow.
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T74 series TTL

DC TEST CIRCUITS* (contd.)

. 0
— 1
A 5 '_\
TEST 8 2 _—s"
v PER P
n TRUTH c S o
TABLE 6l =
1 [
0 8
- 9 VoN

T 1

1. Each output is tested separately in the ON state.

FIG. 8
[
Vee
Tl'cc
LU
o
A 2 [
B 3l
[
s | L oren
¢ o |
[ o 7|
-3 .
9l

il

1. When testing ljn 1) each input is tested separately.
2. When testing Icc all outputs are open, inputs A, B, and C
are at 4.5V, and input D is grounded.

FiG. 10

* Armrows indicate actual direction of current flow.

STANDARD TEMPERATURE RANGE

0

— 1

A 2

TEST 1 3

v PER 4
in TRUTH c 5
TABLE 6

7

0 8

- 9

il

1. Each output is tested separately in the OFF state.

FiIG.9
Vee
0
—
N 1=
. 2
n (0) 3
(0 B |
Vn nole o
c s L open
o -
b 71—
8 |—
£y N

i

1. Each input is tested separately

F1G. 11
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T74 sertes TTL

D-C TEST CIRCUITS* (contd.)

v

STANDARD TEMPERATURE RANGE

Vee

cc
g Lk
Vin(1y 60— D Q I _l Vin O Q ‘—I
| Veut
Vnul(l)
N 'sink _ Yoad
v o—d¢C, Q 2V o Q T
Voot ® Voul(n ®
i1l L4l
1. Each latch is tested separately. 1. Each latch is tested separately.
FI1G. 12 FIG. 13
Vee e
D Q 4.5V D Q
See See See los
Vin notes QPEN note 1 note 2
| c, @ C, Q
;' Each mpu-l s llesled separately. 1. Inpul conditions are in accordance with truth table.
- When lestfng in(1) ¢ D,ground clock. . 2. Each latch and each output is tested separately.
3. When testing ljp(1) at clock,ground all D inputs.
FIG. 14 FIG.15
Ve
l‘cc
o qQ

ol

OPEN

1. All latches are tested simultaneously.

* Arrows indicate actual direction of current flow.

FIG. 16
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T74 series TTL

STANDARD TEMPERATURE RANGE

D-C TEST CIRCUITS* (contd.)

Vee
X A
|
TEST 8 . foad
PER
Sin TRUTH o [l I}
TABLE

Yauln

T il

1. Each output is tested in the logical O state. 1. Each output is tested in the logical 1 state.

FIG. 17 £1G. 18

] X A X Al
Ten
i A 8 : ! T OPEN
OPEN ¢
inth ¢ e KZII::)D—- Ro e
L -~
ol o LI e
T o -
. . 1. Each input is tested separately.
1. Each input is tested separately . 2. When testing RO(I) or Rg(l) apply 4.5V to RO(Z) or
2. When testing Ro( |y or R9(l) ground Ry or Ry(2) Ro(2)-
3. When testing Rq(2) or Ro(2) ground Roj) or Rg(1). 3. When testing Rq(2) or Rg(y apply 4.5V to Rg(y) or
4. When testing I reset all oUtputs to logical 0, ground R()(l)'
all inputs, then measure l¢c-
FIG. 20
FIG. 19
TEST
PER
Vin TRUTH
TABLE

1. Each output is tested in the logical 1 state.
FIG. 21

* _ Arrows jndicate actual direction of current flow.
— X {pin N® 1) is BD input when testing T7490, B input when testing T7493.
— Rg (pins N© 6 - N© 7) has to be connected only when testing T7490.
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T74 series TTL

STANDARD TEMPERATURE RANGI

D-C TEST CIRCUITS* (contd.)

v
cc Yee
o 00D 00D
1 s L
TEST 2 EVEN TEST 2 z
v, o— PER PER |1 nen 5 EVEN |—
in(D TR 3 sink ee 3
UTH TRUTH o o= rotes open
v TABLE a 5 TABLE " O a 5
in O 5 0bD 'loao n( 5 oD f—
6 3
7 IQE" 7
EVEN “oul EVEN
| — 1 4 ] L
1. Each input is tested separately.

FiG.22 2. Odd and even inputs are each tested for lin¢1) and lin¢0)
with both an even-code and an odd-code applied at the
data inputs.

F1G. 23
Vee
[ tiec
, 20D
- Vee
— , s
—— EVEN
, SN
—13 See 0S
OPEN noles 00D
—1 l —Jo
: 1
—5 0DD — by
—¢ —?  even |—
7 .
EVEN OPEN . OPEN
] b2
=y 3w |-
—Je
: .
1. Each output is tested separately. EVEN
2. When testing Icc both outputs are open. J_
FiG. 24
FIG. 25

* Arrows indicate actual direction of current flow.
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T 74 series TTL

SWITCHING TIME TEST CIRCUITS

2.4V Vee Outpul Ve
RL
oO.U.T
Generalor
(See Notel
CL
Input I
FIG. 26
289 vee Output vee
ST,
FLon
Puise ! | R
| Generator
Seenotel)
| uT.
|
Y CL
Input i
FIG. 28

STANDARD TEMPERATURE RANGE

2.4v VCC Qulput VCC
RL
Pulse
G:neralor D.U.T
(See Nole 1}
CL
Input
FIG. 27
Input

Oulput

Pulse
enerator |4
See Notel

Cu

Expander Under Tesl

FIG. 29

SWITCHING WAVEFORMS FOR FIG. 26 - 27 - 28 - 29

i

Lsv

2.V

2.7V
0.7v o
Lsv_ | Y
lpd(?l

NOTES .

|- - - — vgen
Lsv
Input
Pc [ pul
Voul(h
\1/.5\/ Output
- = Youtm
[*

1) The generator has the following characteristics : Vgen =35V, tp= 0.5 ps; PRR = 1 MHz; Zgy™ 50Q; t; =5 nsand t; = 10 ns (for T 7406 and

T7416; to =1ty < 10 ns.).
2) All diodes are BAY 71.

3) tpd = lEdozi lEdl.

4) Cy_includes probe and jig capacitance.
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T74 series TTL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS (contd)

d—————— = Voen
27V 2.7
v Input

nput Vee Outpul 15V 15
T [} YA 1 0.7V 0
'pd0
Pul A ‘—\ Vout (1
ulse
H Outout
Generalor . 1 N
(see note 1) T 1 (S1in position A)
. Voul (0)
00 .
ool Vout (1)

/st L5V Output
/I o0 (S1in position B)
— Vout @

NOTES : 1) The generator has the following characteristics; ng =3V, tg=t; S15ns, = 0.5 ps, PRR = 1 MHz, Zg,; =50 Q.
2) All diodes are BAY 71. — 3) tp4 = 1540 * tpd] — 4) C|_includes probe and Jigcapacitance. ~ 5) Each gate tested separately.
2

FIG. 30

ll l'U
o] T v
cc _ .
. N gen
M ”% oy EN— 15V ﬁwl:.ﬁkp 1
ulse
R RANS bilocy (Y OV 0
minimum
U (setup}
————— Yout(h Qo Output
o0 j L5V
u C [Toat Voulo
: ~ Your( .
Test Output Test Outpul L5V Qor Q Output
o~—t— - o  — Vout(®

NOTES : 1) Clock, J and K input pulse characteristics : Vgen =3.5V,t,=5ns,1] = 10ns, tp= 20 ns, and PRR = 1MHz. When testing fo]ock
vary PRR.
2) For the T7472,J=J " J5 - J3and K = Ky - K3 - K3.
3) Gates inputs (shown with dotted lines) are for the T7472 only. The T7473, T7476, T74107 dual Flip-Flops have direct J and K
inputs and preset is not available on the T 7473 or T74107.
4) All diodes are BAY 71.
5) C includes probe and Jig capacitance.

FIG. 31
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T 74 series TTL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS (contd)

Vee ©
cc .
21 Clear
15 Inpul
R
Preset
tuput
T 7472/T 7476
Vuu((l)
I Q Oulput
v
- — - - Presel Inpul Lol
Clear {npul “out(1)
G Output
o— s Test Outpul Voulor

Tesl Outpul
NOTES :
1) Clear or preset inputs dorninate regardless of the state of clock or J-K inputs.
2) Clear or preset input pulse characteristics: Vgep = 3.5V, tg = 5ns, t] = 10ns, tp(clear) = tp(preset) = 25ns. PRR = IMHz, and Zoyg = 50 €L
3) Gates inputs (shown with dotted lines) are for the T7472 only. The T7473, T7476 and T7}21F07, dual Flip-Flops have direct J and K inputs, and
preset is not available on the 7473 or 74107.
4) All diodes are BAY71.
5) Cy includes probe and lig capacitance.

FIG. 32

Clock lopul

D Input
(Pulse A)
(See Nole 2)

D npul
(See No- Clock
te 2) Pulse

Q Q I(‘,l
Tesl

Oulpul '

0 fpul
(Pulse B)
(See Note 2)

—————— ~ = Mot

Qo Q Oulput
Vaut(@
Voult

Q or Q Oulput

Test
Oulpit

A )

NOTES:

1) Clock input pulse has the following characteristics: Vgen»‘S.SV, tg=5ns, t; =10ns, !p:30ns, and PRR=1 MHz. When testing f.|ock, vary PRR.

2) D Input (pulse A) has the following characteristics: Vgen:3.5V, to=5ns, t;=10ns, lselUPZZOns, t,=60ns, and PRR is 50%of the clock PRR.
D Input (pulse B) has the following characteristics: VgeHZS.SV, 1g=5ns, t |=10ns, thold =5ns, tp:GOns, and PRR is 50%of the clock PRR.

3) All diodes are BAY 71

4)Cy includes probe and Jig capacitance.

FIG. 33

228




T 74 series TTL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUIT {contd)

Vgen

0 Ciear tnput
Pulse Generator

- la -T -tp(preset)

—7y e Yoen

! 15V : o Preset Input
. 07V I,

Putse Generator

See Nole 2

] Presel
D Clock Input

O
g CL
— L
Tesl

Test Culput
Output

Vout(h)

Q Oulput

- = Voud

(I : _ v
pd | oul(D
' 1.5. 15V Q Output
Vout(0)
NOTES :

1) Clear and preset inputs of the T7474 dominate regardless of the state of clock or D inputs. 2) All diodes are BAY 71.
3) CL includes probe and Jig capacitance. 4) Clear or preset input pulse characteristics : Vgen =3.5V, tg =5ns, and t, =30 ns.

Q

FIG. 34

Inputs Qutputs
— A ,—L_

D cp Vee Q Q

T o
L
Pulse

Generalor A o D Q
(see note 1)

L

Pulse
Genecalor B
(see note 1)
= l
B! %

. 0.7V ]
lhold —————_——— 0
= hold i — Lsetup 0 told 0

y
A 4

pl

0.7v D tnput

Cp input
______ (see nole 5)
lpdd (C- Q 0

g0 (D - Q) Vout (1)
S L5V / Output Q
—_—

a1 (C-Q out (0}

\ lpd) (D-§ = =Vout ()

a0 kp - B §1‘5V ) ahd Output @

Yout (0
tdo (C - Q) FIG.35

_/

tod 1

NOTES : 1) The pulse generators have the following characteristics : Vgen = 3V, t] = tg <7 10 ns, and Zg,; ~ 50 (2. For pulse generator A t 1 =lps
and PRR = 500 kHz. For pulse generator B, tp2 = 500 nis and PRR = 1 MHz. Positions of D-input and clock-input pulses are varied with
respect to each other to verify setup and hold times.

2) Each latch is tested separately.

3) CL includes probe and jig capacitance.

4) All diodes are BAY 71. _ _

5) When measuring tpd} (D-Q) and tpdg (D-Q) or tpdo (D-Q) and tpq) (D-Q), clock input must be held at logical 1.
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T 74 series TTL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS (contd.)

Vee ouT
[}

Pulse

L
Generalor A B 0AD CIRCUIT 1

seenole 1) L - it AL A L |
Ry o = = ToaoTiRur 7 — ~ 711
c L

o—Ry O
tnote 3 r CDAD CTRCUIT 3 ”I
N oL S
J_ ™ 7 ToanciRCuita ~ ~ )
Lo Jsameash g

SWITCHING WAVEFORMS FOR T 7490

Vin

Inpul A
Vin 1)

Voulid
Qutput C

Voul (©)
— Vout (v

Oulput D(REF)
Vout (05

SWITCHING WAVEFORMS FOR T 7493

Vin (v
Input A
Vin (0

Voul (D)

¥ Output D
Voul (25

FI1G. 386

NOTES :

1) The pulse generator has the following characteristics: Vgen = 3V; 19 = 1] <15ns,tp = 0.5 ps, PRR = | MHz, Zgy ~ 509
2) X (pin N. 1) is BD input when testing T7490, B input wﬁin testing T7493

3) Rg (pins N. 6 - N. 7) has to be connected only when testing T7490.

4) All diodes are BAY71

5) C_ includes probe and Jig capacitance

6)tpg = 'pd0* tpdl

7) Voltage values are with respect to ground terminal.
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T74 series TTL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS (contd)

. oo oyt
I
00D e e b 1
R
e T I I
Pulse Tizlf)E 2 : RS L amn Jhm o l
o | Lt B3 1
z L_Z LoaoCiReuTL Tt
5 00D
|~ " TeRcTmer s T 70
I (same as |, !
3 SR e d
EVEN
— L
L
4 1 TEST TABLE
-—
INPUT CONDITIONS ouIPUT
PULSE GND TESTED
npul R
0 [SI) X VN
0.7V T 0 [ o T FVEN
2 onb L EVEN
v ObD_ | % EVEN
4 onp » EVEN
Non - Inv s [ omo ¥ LVEN
Functions I T ¥ EVEN
7 ODD X EVEN
0 oDy ¥ ODD
| DD _ropb |
v, 2 opb_ | _xonp
Funclions. 3 [$10))] | X ODD
a opb | £ onD
s ODD “zobb
o ODD £ oD
NOTES : 7 0DD X ObD
1) The pulse generator has the following characteristics : [ NONE TEVEN ]
Vgcn=3V, t; =tg=10ns, IPZSOO ns, "0 | =:£EVEN |
PRR = | MHz, and Zj,; ~ 50 Q. Q ¥ ODD
2) inputs not specified are open. NONE X ObD
3) Cj, includes probe and Jig capacitance.
4) All diodes are BAY 71.
FIG. 37
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T 7407
TTL INTEGRATED CIRCUITS T 7417

HEX BUFFERS/DRIVERS HIGH VOLTAGE QUTPUTS

® H|GH SINK-CURRENT CAPABILITY

® CONVERTS TTL VOLTAGE LEVELS to MOS LEVELS
® |INPUT CLAMPING DIODES

® TYPICAL POWER DISSIPATION: 1456 mW

These monolithic TTL hex inverter buffers/drivers feature high-voltage open-coliector
outputs for interfacing with high-level circuits (such as MOS) or for driving high-current
loads {such as lamps or relays) and are also characterized for use as inverter buffers for
driving TTL inputs.

Available in standard temperature range (0 to 70°C) they come in 14-lead dual in-line
plastic package similar to Jedec TO-1186.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 \Y)
Vi Input voltage 5.5 \%
Vo Output voltage for T 7407 30 Vv
for T 7417 15 A"
Top Operating temperature 0to 70 °C
Tetg Storage temperature -65 to 150 °C
ORDERING NUMBERS: T7407 B1, T 7417 B1
MECHANICAL DATA Dimensions in mm
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T 7407
T 7417

CONNECTION DIAGRAM

Ve 14 13 12 11 1
/M M 1 3

[
]

R o e g e e g s ey e
2 3 4 5 6

o

]
](o

[e]

1 7 GND
S-0241
RECOMMENDED OPERATING CONDITIONS
Vee Supply voltage 4.75 10 5.25 Vv
Vo Output voltage  for T 7407 max 30 \Y
for T 7417 max 156 \Y%
loL Output low current max 40 mA
Tap Operating temperature 0to70 °C
ELECTRICAL CHARACTERISTICS
(over recommended operating conditions unless otherwise specified)
Parameter Test conditions Min. Typ¥* Max. |Unit| Fig.
Vi Input high voltage 2 Vv 1
Vi input low voltage 08| V| 2
lcex Output leakage
current Vee=4.75V V=2V
VOH= VO Mmax 250 IJ.A 1
T\/OL Output low voltage | Vee=4.75V  V; =0.8V
loL= 40mA 07 | V 2
VCC= 4,75V Vi= 0.8v
ioL= 16mA 04| V
I Input high current Vee=5.25V V=24V 40 | uA 3

—_

Vee=525V  V, =55V mA
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T 7407
T 1417

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ* Max. [Unit | Fig.

h Input low current Vee=5.25V V=04V -1.6 | mA | 3

iccm  Supply current at
high-level output Vee=5.26V V=5V 29 41 mA | 4

lcc  Supply current at
low-level output Vee=5.25V V=0V 21 30 [mA | 4

* All typical values are at Vg = 5V, T, =25°C.

SWITCHING CHARACTERISTICS (Vee =5V, Typp = 25°C)

Parameter Test conditions Min. Typ. Max. | Unit| Fig.

tpao  Propagation delay time
to logical O level C_=15pF R.=1108Q 20 30| ns | b

toar  Propagation delay time
to logical 1 level C,_=15pF R_.=1108 6 10| ns 5

DC TEST CIRCUITS (Arrows indicate actual direction of current flow. Current into a
terminal is a positive vatue).

Flg 1- VIH: ICEX FIQ 2- V“_, VOL

Vee

iy VoH

5-0242
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T 7407
T 7417

DC TEST CIRCUITS (continued}

Fig. 3- L, he
Vee
H
v OPEN
L

S-0244

SWITCHING TIMES

Test circuit

PULSE
GENERATCR

(See Note A)

Fig. 4 ~ lcen, lecu

Vec
'ccul l‘ca

Y OPEN

$-0245

All buffers/drivers are
tested simultaneously

INPUT Vec =5V

R0 N

0 OUTPUT

NOTES: A. The generator has the following characteristics: tpw = 0.5us, PRR = 1 MHz, Zout 5082

|J:z €y =15pF

(See Note B)

$-0259

B. C|_includes probe and jig capacitance.

Waveforms

—
90%
15V

10%,
INPUT —-7)

—

QUTPUT

S10ns =10ns

35v

90%

1.5V L

tpw \ 10% ov
d1 tpdo
VoH
15V '.sh‘
VoL
5-0260
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T 7408
TTL INTEGRATED CIRCUITS T 7409

QUAD 2-INPUT POSITIVE "AND” GATES

e TOTEM-POLE OUTPUTS (T 7408 only)

e OPEN COLLECTOR OUTPUTS (T 7409 only)
e DIODE-CLAMPED INPUTS

e NORMALIZED FAN-OUT OF 10

e 14-PIN PLASTIC DIP

The T 7408 and T 7409 are monolithic quad two input AND gates in a 14-lead dual
in-line plastic package similar to Jedec TO-116.

The T 7408, with totem-pole outputs, drives 10 normalized Series 74 loads. The
T 7409, with open-collector outputs, provides additional logic flexibility, as the outputs
may be wire-AND connected to extend the AND function. They are available in the
standard temperature range (0 to +70°C).

ABSOLUTE MAXIMUM RATINGS

Ve Supply voltage 7 vV
Vv, Input voltage 5.5 \
Vie Interemitter voltage 55 VvV
Vou Output high voltage (T 7409 only) 55 V
Top Operating temperature 0 to 70 °C
L Storage temperature -65 to 150 °C
ORDERING NUMBERS: T 7408 B1, T 7409 B1.

MECHANICAL DATA Dimensions in mm

e o 1 CRER e,
__f" {117 lJ;' '{f: ‘”, & [
R oz,
045 2.54
3 J. 128
7 5.2 o L..838
- ™ -
Ao oonn
' B T = = 1
—
I
5 similar to TO-116
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T 7408
T 7409

CONNECTION DIAGRAM

RECOMMENDED OPERATING CONDITIONS

VCC s,
—

13 12 n 10 9
s O e I o HE o |

D

02

1

—J 71 [J
2 3 4

I O T
5 6 7

GND

Vee Supply voitage 475 to 525 V
N Normalized fan-out from each output max 10 —
Tcp Operating temperature 0to 70 °C
ELECTRICAL CHARACTERISTICS
(over recommended operating conditions unless otherwise specified)
Parameter Test Conditions Min. Typ.* Max.|Unit | Fig.
Vi Input high voltage 2 \ 1
Vi Input low voltage 08|V 2
Vou Output high voltage Vee = 475V
(for T 7408 only) Viy =2V
lon = -800uA 24 \" 1
VoL Output low voitage Vee =475V
Vi =08V
lo. = 16 mA 04| V 2
Iin Input high current Vee =525V
(each input) Vy =24V 40 | A
Vee =525V 3
Viy =55V 1| mA
(I Input low current Vee =525V
(each input) Viy =04V -1.6 | mA 4
leex Output leakage current | V.. = 475V
(for T 7409 only) Vy =2V
Vou=55V 250 | nA 1
lge™™ Short-circuit
output current
(for T 7408 only) Vee =525V -18 -55| mA 5
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T 7408
T 7409

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test Conditions Min. Typ.* Max. |Unit | Fig.
leel Supply current, Vee =525V
low level output Vy=0 20 33| mA 6
leen Supply current, T Vee =525V
high level output V=5V 11 21| mA 6
* All typical values are at Vo =5V, T, , = 25°C.
** Not more than one output should be shorted at a time.
SWITCHING CHARACTERISTICS (v =5V, T,,, =25°C, N =10)
Parameter Test Conditions Min. Typ. Max.| Unit | Fig.
towo Propagation delay time [ G, = 15pF
to logical 0 level R, = 400Q
for T 7408 12 19| ns 7.8
for T 7409 16 24| ns B
toat Propagation delay time | C, = 15pF
to logical 1 level R, =400Q
for T 7408 175 27) ns 7.8
for T 7409 21 32| ns

DC TEST CIRCUITS (Arrows indicate actual direction of current flow.

Current into a terminal is a positive value).

Fig. 1 = Vg Vo leex Fig. 2 - Vi, Vo,

Vee

i

DN

Lz

Each input is tested separately.

Both inputs are tested
simultaneously.

Fig. 3 -l

OPEN

Each input is tested separalely.
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T 7408
T 7409

DC TEST CIRCUITS (continued)

Fig. 4 - I, Fig. 5 - Ig Fig. 6 = lec, lecn

Vec Vee

OPEN 45V

Each input is tested separately. Each gate is tested separately. High level and low-level
conditions are tested.
All gates are tested
simultaneously.

SWITCHING TIMES

Fig. 7 - Test circuit

INPUT 2 o CuTPUT

?

NOTES:
A) The generator has following
characteristics: t_ = 0.5 s
ow
PRR = 1 MHz; ZOU[ = 50 Q3
B) CL includes probe and jig capacitance
C) All diodes are 1N3064

PULSE
INE TR
(Z = NoleA)

Fig. 8 - Waveforms

INPUT

tpd 1 tpd O

.\ — = —— Nun

/1‘5 : 1E 4
ouTPUT Vou
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TTL integrated circuit T 7426

Quad 2-input
high-voltage intertace

STANDARD TEMPERATURE RANGE
0°C to 70°C gate

This open-collector NAND gate features high output voltage
e OPEN COLLECTOR OUTPUT ratings for interfacing with low-threshold-voltage MOS logic

H circuits or other 12V systems. Although the output is rated
o HIGH BREAKDOWN OUTPUT VOLTAGE to withstand 15V, the Voo terminal is connected to the

o TYPICAL APPLICATION AS DRIVER FOR standard 5V source. The output transistor will sink 16mA

LOW-THRESHOLD-VOLTAGE MQS INPUTS while maintaining a low-level output voltage of 0.4V maxi-
e 14.PIN PLASTIC DIP mum, thus providing a high-fan-out driver with the nominal
power dissipation of standard series T74 gates.

ABSOLUTE MAXIMUM RATINGS
(above which the uselul life may be impaired)

Supply Voltage Ve (1) v
Input Voltage (1 and 2) 5.5V
Output Voltage (1 and 3) 15v
Storage Temperature Range -65°C to 150°C
OPERATING CONDITIONS
Supply Voltage Ve (1) 4,75V to 5.25V
Maximum Voltage on any Output (1) 12V
ORDERING NUMBER Free-Air Temperature Range 0°C to 70°C

T 7426 BI

Notes : see next page.

CONNECTION DIAGRAM PHYSICAL DIMENSIONS
14-pin plastic DIP

33

MINGS| 3.5

130
]
B
M
-

12
11
10
9
8

6.5 MAX

0.2 MIN

g
o] )
0 S iy g

L Note all dimensions in mm.

8.38
D 1 UM l]

JUNE 1972
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Quad 2-input high-voltage interface NAND gate T7426

STANDARD TEMPERATURE RANGE
ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS (*) | Min. Typ(**) Max.| Unit

Vin(1) Logical 1 input voltage required at either input

terminal to ensure logical O level at output Vce =MIN 2 \"
Vin(O) Logical 0 input voltage required at both input
terminals to ensure logical 1 level at output Vce=MIN 0.8 \"
Vout(l) Logical 1 output voltage Vee =MIN Vi,=0.8V| 15 v
lipad=1mA
Loff Off-state reverse current Vee=MIN Vin=0.8V 50 HA
Vout(1)=12v
Vout(p) Logical 0 output voltage Vce=MIN Vip=2V 0.4 v
Igink=16mA
[in(O) Logical 0 level input current (each input) Vee=MAX Vig=0.4V -1.6 mA
Iin(1y  Logical 1 level input current (each input) Vee=MAX Vig=24V 40 MA
Vco=MAX Vig=5.5V 1 mA
Iccoy Logical 0 level supply current Vee=MAX Vip=5V 12 22 mA
Icc(1y Logical | level supply current Vee=MAX Vin=0 4 8 mA

SWITCHING CHARACTERISTICS (Vcc=5V, Tp=25°C, N=10)

PARAMETER TEST CONDITIONS Min.  Typ. Max.| Unit
tpdo Propagation delay time to logical 0 level CpL=15pF Ry =1KQ2 il 17 ns
tpdl Propagation delay time to logical 1 level C1=15pF Ry =1KQ2 16 24 ns

™ For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
(**)  All typical values are at V=5V, Tp=25°C.

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

INPUT 2.4V Mpgr Veez 5V
RL=Tk0) INPUT
PULSE
GENERATOR
(See Note A) outPUT 1 ) Vout (1)
it 15 15V
(See Note B ) g g
——————— Youll0)

Notes: A. The generator has the following characteristics: ty, = 0.5,u8 , PRR = IMHz, Zoyq %508
B. Cp includes probe and jig capacitance

NOTES :

1) Voltage values are with respect to network ground terminal.

2) Input signals must be zero or positive with respect to network ground terminal.

3) This is the maximum voltage which should be applied to any output when it is in the off state.
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T 7428
TTL INTEGRATED CIRCUITS T 7433

PRELIMINARY DATA

QUAD 2 - INPUT NOR BUFFER

ACTIVE PULL-UP OUTPUT (for T7428)
OPEN COLLECTOR OUTPUT (for T7433)
TTL-DTL COMPATIBILITY

TYPICAL DISSIPATION of 112 mW
HIGH FAN-QUT (N = 30)

These positive NOR buffers are functionally identical to T7402 but are designed to drive
high capacitive loads with significantly improved dynamic performance.

The devices are directly applicable for use as clock drivers where the distributed capacitive
load is relatively large.

Available in standard temperature range (0 to 70°C) they come in 14-lead dual in-line
plastic package similar to Jedec TO-1186.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 vV
V; Input voltage 5.5 \%
Vo Output voltage (T 7433 only) 5.5 Vv
Tsig Storage temperature -65 to 150 °C
Top Operating temperature 0to 70 °C
ORDERING NUMBERS: T 7428B1, T 7433 B1

MECHANICAL DATA Dimensions in mm

e
e e i ey

00 60a 0.

r= 1
S .
E |

SEEE LT
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T 7428
T 7433

CONNECTION DIAGRAM

Vee 4 13 12 1t 10 8

9
o /.

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage for T 7428 4.75t0 5.25 Vv
for T 7433 4.5t0 5.5 \Y
N Normalized fan-out from each output max 30 —
Top Operating temperature 0to 70 °C
ELECTRICAL CHARACTERISTICS
(over recommended operating conditions unless otherwise specified)
Parameter Test conditions Min. TypX*Max. | Unit
Vin Input high voltage Vec=4.75 2 \
Vi Input low voltage Vec=4.75 08| V
Vi Input clamp voitage Vee=4.75 I =12 mA -15 |V
Von  Output high voltage Vec=4.75 V=0.8V
(T 7428 only) lon=-2.4mA 2.4 \
lon  Output high current Vec=4.75 V;=0.8V
(T 7433 only) Vo= 5.5V 250 | uA
VoL Output low voltage Vee=4.75 V=2V
o= 48mA 04|V

4/73
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T 7428
T 7433

ELECTRICAL CHARACTERISTICS (continued)

J Parameter Test conditions Min. Typ*Max. |Unit
Iy Input high current Vee=5.25 V=24V 40 | uA
Vee=5.25 V=55V 1| mA
I Input low current Vee=56.25 V= 0.4V 1 -1 .61 mAl
. 1 T
lsc ™™ Short circuit output
current(T 7428 only) Vee=5.25 -70 -180 | mA
lcer * Power dissipation current,
high level output Vee=5.25 12 27| mA
lcet™™ Power dissipation current,
| low tevel output Vee=5.25 33 57| mA
NOTES: * All typical values are at Voo = 5V, Tamp = 25°C

o Only one output shorted at a time.

It is measured with all inputs grounded and outputs open.
It is measured with one input of each gate at 5V, the remaining are grounded; all the
outputs open.

*

e

SWITCHING CHARACTERISTICS (Vee =5V, T, = 25°C, N = 30)

Parameter Test conditions Min. Typ. Max. | Unit
toa1  Propagation delay time to
logical 1 C,_=150pF R,_=133Q
for T 7428 10 15| ns
for T 7433 15 22| ns
thao  Propagation delay time toﬁ| W 1
logical O C_= 150 pF R_ =133
for T 7428 12 18| ns
for T 7433 16 24| ns
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T 7428
T 7433

SWITCHING TIMES

Test circuit

INPUT «Vee

OQUTPUT

«Vee

R (See Note C)

for 77428

Q
PULSE I
GENERATOR
(See Note A4 ) torT733  RL WVee
ICL (See Note B)
5-0238
NOTES: A, The generator has the following characteristics: tpy = 0.5 Us, PRR
ty = tf <10 ns.
B. CL includes probe and jig capacitance.
C. Ail diodes are 1N 3064.
Waveforms
tr t
t 1 1 1
[ U 3v
1 0% 90% 1
| Asv 15v X!
INPUT 10%) 1, tpw 1} 10% ov
I
1tpd 0 '} tpd1
———————
! |
QUTRUT | | Vou
\I 1/
1.5v 1.5v
______ o
S-0240
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17442
17443

TTL INTEGRATED CIRCUITS 17444

4-LINE-TO-10-LINE DECODERS (1 - OF - 10)

® TYPICAL DC NOISE IMMUNITY OF 1V
® TYPICAL POWER DISSIPATION OF 140 mW
® DIODE-CLAMPED INPUTS
® NORMALIZED FAN-OUT OF 10
® 16-PIN DUAL IN-LINE PLASTIC PACKAGE

These monolithic decimal decoders consist of eight inverters and ten four-input NAND
gates. The inverters are connected in pairs to make BCD input data available for decoding
by the NAND gates. The T7442 BCD-to-decimal, T7443 excess-3-to-decimal, and T7444
" excess-3-gray-to-decimal decoders feature familiar transistor -transistor-logic circuits with
inputs and outputs which are compatible with other TTL and DTL circuits. Available in the
standard temperature range {0 to 70°C), they come in 16-pin dual in-line plastic package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 \Y
Vi Input voltage b5b Vv
Top Operating temperature O0to70 °C
Tetg Storage temperature -65t0 160 °C

ORDERING NUMBERS : T 7442 B1, T 7443 B1, T 7444 B1

MECHANICAL DATA Dimensions in mm

_'.'1"‘_‘
iR 52 1) BN
agapayagEgayagoqui: - O

Ll[ i ” ‘|! 1{ N ‘r--.} ,[ X
5 0§88 i3 4 s
o1

LT ] 254
g

EC ERSES N e i
: -
)

SRepvaasssnuats
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117442
17443
T7444

CONNECTION DIAGRAM

8
Vec1g 15 14 13 12 1 10 9
——

FUNCTIONAL LOGIC DIAGRAMS

T7442 BCD-to-decimal
OULS OQUIs OuTl7 OUL8 OULY
cD

oglo oLl OUL2  OUL3  OUL4 .
; s¢p| paco] ot facdl e é sco|  paco o

[w]

NPUT D

' \
. ]
A A é’_DO'B C,_{>oc D’_‘DO_[
é é 5-0221

INPUT A INPUT C

T 7443 Excess-3-to-decimal

OoUrs OouLe OUL7  QUL8

oqu OUT.t our2  ours CcUL4

) ABLD!

INPUT D

A B :: B c C D l:: o D
Z} $-0222
INPUT C

NPUT A INPUT B
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17442
17443
T7444

FUNCTIONAL LOG!IC DIAGRAMS (continued)
T 7444 Excess-3-gray-to-decimal

OU 0 OoJl1 OUT.2 OQUTL3 OUL4 Ouls oJLe OUL7

A’__DO_IA e,_{>oﬁ CP_DO_C b»_{>do

§-0223
INPUT A INPUT B INPUT C INPUT D

TRUTH TABLES

T7442 T7443 T7444 ALL TYPES

INPUT INPUT INPUT DECIMAL OUTPUT
[DCBA plc|s|a plcs A ol1]2(3]4]5]6]7/8]0
BEE 00|11 olol1]o] ol tl1[a]1]1]n
BEEE ol1]{o]o 0o 1]1]o0 EREIEIEIEIEIERERE
ol o[ 1]0 o101 EIERE IR EIERERE
o of 11 ol1]110 ol 1]o]1 IRIEICIEIEREIERERE
ol 1]0/0 ol1]1]1 ol1lolol [1l1]1[1 o]1]1]1]1]1
ol 1/ 0]1 10 0(0 11100 1|11l ]ol 1)1
ol 1]1l0 10]0] 1 11101 AR IR
ol 111 1101]0 ARIERE AEIEIEIRIEEEI R
1 0l olo 1o 1)1 110l [yl ]l 1]o]
1 0] 0|1 1100 1lol1]0 [t a1 1Ta[1[1]0
110/ 1]0 111 lol1] (1011 TR EIEIEIEAEEE
1 0] 1]1 111]1]0 110/0]1 IRIEIEIRIRIEIEIERE
1] 1] oo 1ERERE 11ofolo [l r[a a1
1 1] o] 1 olo[o] o olololol [ ala[t[ ][ [1]1]1
1 1] 1]0 0olo 0|1 0/ 0|01 TR RIRIEIEIERE
TEIEIE ofof1]o] Jo|oj1]1 TRIEIEIEIRIEIEIERE
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17442
17443
T7444

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 47510 5.25 \Y
N Normalized fan-out from each output max 10  —
Top Operating temperature O0to70 °C
ELECTRICAL CHARACTERISTICS
{over recommended operating conditions unless otherwise specified)
Parameter Test Conditions Min. Typ’ Max. Unit Fig.
Vig Input high voitage 2 1-2
ViL Input low voltage 0.8 1-2
Von  Output high voltage Vee =4.75V
Vig =2V
V,., =038V
loy = -400 pA 24 \ 2
VoL  Output low voltage Vee =4.75V B
Vig =2V
Vi =08V
lo. = 16mA 04 | V 1
(I Input high current Vee =5.25V
(each input) Vv, = 2.4V 40 | pA
Vee =5.25V 3
Vi =55V 1| mA
I Input low current Vee =56.25V
(each input) Vi =0.4Vv -1.6 | mA 3
Isc™ Short-circuit
output current Vee =05.25V -18 -55 | mA 4
lce Supply current Vee =5.25V 28 56 | mA 3

*

All typical values are at Ve = 5V, Tamp = 25°C

** Not more than one output should be shorted at a time.
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17442
17443
T7444

SWITCHING CHARACTERISTICS (Vee=5V, Tymp = 25°C, N = 10)

Parameter Test Conditions Min. Typ. Max. | Unit | Fig.

tpao Propagation delay
time to logical O
level through two C_=15pF
logic levels R =4000Q 10 22 30 ns | 5-6

tod0 Propagation delay
time to logical O
level through three | C_ = 15 pF
logic levels RL =400Q 23 35 ns | 5-6

tpd1 Propagation delay
time to logical 1
level through two C_ =15 pF
logic levels RL =4000 10 17 25 ns | 5-6

thd1 Propagation delay
time to logical 1
level through three | C_ = 15 pF
logic levels R_ =4000 L 26 35 ns | 5-6

DC TEST CIRCUITS (Arrows indicate actual direction of current flow. Current into a
terminal is a positive value).

Fig. 1- Vi, ViL, VoL Fig. 2 - Vi, ViL, Von
T\ Ve T Vee
0 0
1 1
A 2 A 2
v, TEST 3 V) TEST 3
Mo R B " Mo pEr B 4
TRUTH 5 TRUTH 5
v |o-{TABLE [Hc : Vi |oTABLE |c e
7 7
D D
8 8
9 9
Each output is tested separately. §-0224 Each output is tested separately. S-0224



17442
17443
T7444

DC TEST CIRCUITS (continued)

F|g3— IIH' IIL' ICC VCCT“(;C Flg4— ISC TVCC
0b—) 0
11— 1
I, & Zp— A 2
oL 30— TEST 3
VioTH see B Lo Vi PER [B 4 Isc
|
i | NOTE OPEN TRUTH
H c So— TABLE |—c S
6o— 6
70— D 7
D 8 )
9po— 9

J— 5-0225 l

When testing Iy, I each input is tested Each output is tested separately
separately.

When testing Icc all inputs are grounded

and outputs are open.

§-0225

SWITCHING TIMES

Fig. 5 - Test circuit Fig. 6 - Waveforms
Vee =5V [(cmee — '™
N4
INPUT ) INPUT A K15V
] RL TYPICAL INPUT M e e e e ViL
A A 2 VOLTAGE p. .
TRUTH TABLE 3 WAVEFORMS Dﬂ_ Y
GENERATOR B B8 4 (See note1)
(See note!) o 5
6
7 1N3064
D D
8
l 9
J- TYPICAL QUTPUT
$-0226 VOLTAGE
WAVEFDRMS

Notes :

1. The truth table generator has the following characteristics:
Von 324V, Vo <04V, tyand < 10ns, and PRR = 1 MHz. Input B, C,and D transitions oc-
cur simultaneously with or prior to input A transitions.

2. C_ includes probe and jig capacitance.

252



TTL INTEGRATED CIRCUITS

T 7481
T 7484

16 - BIT RANDOM ACCESS MEMORY

® WIRED-OR OUTPUT for WORD EXPANSION
® TYPICAL NOISE IMMUNITY of 1V
® DTL-TTL COMPATIBILITY

These 16-bit random access memories are monolithic, high-speed, transistor-transistor-logic
(TTL) array of 16 fiip-fiops and two write amplifiers interconnected to from a “scratch-pad”
memory with direct-address and non-destructive read-out. A number of active element me-
mories may be paralleled to fromthe desired matrix size {(number of words) and to form the
desired word length (number of bits). Available in standard temperature range (0 to 70°C),
they come in 14-lead dual in-line plastic package similar to Jedec TO - 116 (T 7481 only)

and 16-lead dual in-line plastic package (T 7484 only).

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage

V, Input voltage

Tstg Storage temperature
Top Operating temperature

7 A

5.6 A

- 65 to 150 °C
Oto 70 °C

ORDERING NUMBERS : T 7481 B1, T 7484 B1

MECHANICAL DATA

Dimensions in mm

LR P ki
Frr
f j'i‘;; r = ETE Y =\
TIITTILTT P S ot 2zl N
TS = AT
1 bE_ = ) om0 R
348 ) o e PI ‘ u5 254 i
e Bl T L gan | e 1778, =0 |83 _ |
EX®oa X C
e el S e T —h
[ I
et 2 5 M e N R O (OGN o0 nn
*';\1——" ot e i 3
2 ¥ 2 e
T [ 2 B, L T 7481 B1 To o oo T 7484 B1
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T 7481
T 7484

CONNECTION DIAGRAMS

For T 7481 type

X, W, S, Sg GND Wy v,
% 13 12 1 1 9 8

.|

For T 7484 type
Wia Wig Sy Sp OND Wog Wou Y4
16 15 1 13 12 11 10 9

W

[ ] ||

1 2 3 4

L

S 0418 S-0417
FUNCTIONAL LOGIC DIAGRAM
WRITE WRITE
1 0
A B* A B
1
ol \ 10 0 \ 10 Wi W
X Y X, Y X, Y3 X Y
X | N N L [
AN o 170 0 NI N
X3 V| X3 YZ X3 Y3 X3 Y[.
X3 |___ —[_ ]_ [
0N\ 17N\0 0N N\ NG
n n NN v X2 % X, Y%
X2 NN L —
—
AN N 1 \0 0 N\J
v \x, Yy XY X Y SENSE SENSE
1 0
X, |_ T
Y Y,
! Y2 %3 4 5-0442

* Gated inputs (as shown) are available on T 7484 only. The T 7481 has one W, and one

W1 input.

9/73
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T 7481
T 7484

SCHEMATIC DIAGRAM

SENSE-0 UINE O 0 OUTPUT OF
15 FUIP -FLOPS
—0 Yec
o 0 WRITE 1
] AND SENSE1
o AMPLFIERS
) \
ADDRESS | X;0—
WPUTS
TWO OF TD REMAINING
oo M w [ SFUP-FLOPS
SHOWN) | !
A8
WRITE INPUTS -
Wy —OGND
Y - \d 4 —_ A4
Wo WRITE AMPLIFIER Sg SENSE AMPLIFIER . MEMORY FUP-FLOP
(W) AMPLIFIER 1S SAME) (Sy AMPLIFIER IS SAME) (ONE OF 18 SHOWN )
5-0432

* Gated inputs (as shown) are available on T 7484 only. The T 7481 has one W, and one
W. input.
1

FUNCTIONAL DESCRIPTION

The memory cell consists of 16 flip-flops arranged in a 4-by-4 matrix with each flip-flop
representing one bit of 16 words. Four X-address lines and four Y-address lines permit.
the address of one bit at a time. Each flip—flop, composed of two cross-coupled 3-emitter
transistors, is used to store one bit. To determine if a logical 1 or O has been stored, it is
necessary to know which one of the two flip-flop transistors is conducting. One emitter
of each of these transistors serves as the sensing output. All 16 of the logical 1 sensing

outputs are connected to the sense logical 1 (S,) amplifier input and all 16 of the logical 0
sensing outputs are connected to the sense logical 0 (S,) amplifier input. The two remaining
emitters on each transistor are used to complete the matrix connections necessary for the
X-and Y-address lines. Due to the matrix nature of the circuit, at least one address line
of all flip-flops except the one being addressed will continue to remain at a logical O level
and no change will occur on those flip-flops. The desired bit location is selected by raising
the coincident X-Y address lines to a logical “H” level and holding the non-selected address
lines at logical “L” level. As many as four locations may be addressed simultaneously
without destroying stored information. The stored data and its complement at the address-
ed bit location may be read at the output terminals. If the addressed bit location contains
a "1”, the S, output will be LOW and the S, output will be HIGH. If the addressed bit
location contains a “0”, the S, output will be HIGH and the S output will be LOW.
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T 7481
T 7484

FUNCTIONAL DESCRIPTION (continued)

The memory is non-destructive as the states of the flip-flops are not disturbed during
sensing. The memory is volatile and information will be lost if the supply voltage is removed.
To store new information in a flip-flop, it is necessary to address it and apply logical 1
voltage to the appropriate write amplifier input. (The T 7484 circuit has gated write
amplifier inputs). The output of the write amplifier responds by dropping to a logical O
level. Since all logical O sense lines are connected to the output of the logical 0 write
amplifier and all logical 1 sense lines are connected to the output of the logical 1 write
amplifier, a logical O voltage on the output of a write amplifier will apply the same voltage
to emitters of all flip—flop transistors connected to that amplifier. In all flip—flops except
the one being addressed, this low voltage has no effect since at least one other emitter on
each of the flip-flop transistors is held low by the address lines. But two possibilities exist
with the flip-flop that is addressed. The flip—flop may already be in the desired state, in
which case no change occurs. But if the flip~flop must be changed from one state to the
other,the low voltage applied to the emitter of the transistor which is not conducting turns
that transistor on causing the other transistor to turn off. Since the connection between
the output of the write amplifier and the sense line is common to the input of the sense
amplifier, the memory cannot be used to provide information on the state of a bit while
the write amplifiers are activated.

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 4.75 10 5.25 A"
tow Write pulse width min. 25 ns
t, Set-up time {address lines input) min. O ns
Top Operating temperature 0 to 70 °C
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T 7481
T 7484

ELECTRICAL CHARACTERISTICS

(over recommended operating conditions unless otherwise specified)

Parameter Test conditions Min. Typ.* Max.|Unit | Fig.

Vinaw [nput voitage required
at X or Y address line
to ensure writing 21 \Y

ViHw  Input voltage required
at W, or W, inputs to

ensure writing 2 \Y 1
Vinas !nputvoltage required Vee =475V
to X or Y address line VoL<04V
to ensure sensing o = 40mA 2.1 \")
ViLaw Input voltage required
at X or Y address line
to prevent writing 08| V 2
Viiw Input voltage required
at W, or W, to prevent
writing 1 \Y 1
V,Las Inputvoltage required
at X or Y address lines
to prevent writing Vee =475V
V, =55V
lon = 250 uA 1 \YJ
3
Von Logical 1 output voltage | V.. =4.75V
lop = 250 uA 5.5 Vv
Voo Logical O output voltage | V.. =4.75V
oL = 40mA 04| V |12
I Logical 1 level input cur-
rent at write 1 and write
0 (each input) Vee =5.26V
| =24V 40 | pA
; = b.bV 1 mA
. . 6
In Logical 1 level input cur-
rent at each X and each
Y address line Vee =5b.25V
V, =45V 400 | A
V, =55V 3 mA
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T 7481
T 7484

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ.* Max.|Unit | Fig.
L Logical O level input cur-
rent at write 1 and write
0 (each input). _ -1.6 |mA | 4
P Ve =5.25V
e Logical O level input cur- Vi =04V
rentatall X or all Y ad-
dress lines -11 |mA | b
lec Supply current Vge =5.25V 66 91 'mA | 6
* All typical values are at V. = 5V, Tamb = 25°C
SWITCHING CHARACTERISTICS
(VCC= 5V, Tamp™ 25°C, refer to figs. 7 and 8 test circuits)
Parameter Test conditions Min. Typ.* Max.|Unit
tor Write recovery time X, ~ Y, location addressed
C_=15pF 30 60 | ns
thdo Propagation delay ti-
me to logical O level
from address-line
inputs to Sg or Sy
outputs. X, - Y, location addressed
C,_ = 15pF 22 45 | ns
C,_ = 200pF 27 65 | ns
9/73 258




T 7481
T 7484

SWITCHING CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
L Propagation delay ti-
me to logical 1 level
from address-line
inputsto S, or S,
outputs X, =Y, location addressed
C_=15pF 15 25 | ns
C_ = 200pF 20 35 | ns
todo Propagation delay ti-
me to logical O level
from address - line
inputs to Sy or S,
outputs. X, through X, and Y,
location addressed
C_=16pF 20 30 ns

DC TEST CIRCUITS

terminal is a positive value).
Fig. 1 -V, V., VoL

Yoo

a5y

SEE nr MY
NOTES

PULSE €
PULSER

SEE
NOTES

il
!

NOTES :

{Arrows indicate actual direction of current flow. Current into a

SEr, THE

!
Youw « ViHas
'
'
! °

i
'

[—‘«v— Yaow
0

s-0421

'
'
0
'
T
'
'

A
v
'

5-0410

— Each bit location is tested separately by applying pulse A and 4.5V to each -of the 16 bit addresses
individually. All unused address lines are grounded.
— W0 (and SO) Is tested separately (16 tests). Apply pulseB to Wo, pulse C to Wl' and measure VOI_

at Sq. Unused output is open.

~ W 1 (and Sq) is tested separately (16 tests). Apply puise B to Wl' pulse C to WO' and measure VOI_

ats;. Unused output is open.

— For the T7484, each of the two W0 or two W 1 inputs are tested separately. Apply 4.5V to unused

W0 or W1 inputs,
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T 7481
T 7484

DC TEST CIRCUITS (continued)
Fig-2 -V, , Vo,

- - vec
SENSE THE
Ju ! ”
L ARSE & ——J——'—, ,_;—l— ViLAW
™ hozNnX% ! sy
— i
SEE M
Y Oo—notes [] x‘z 50— Puse o ;
— OPEN : asy
X3 St— i
[ N PULSE C — °
Wo W '
S-olre
— - 3-0428
NOTES :

Each bit location is tested separately by applying pulse A and 4.5V to each of the 16 bit addresses
individually. All unused address lines are grounded.

Wo {and So) Is tested separately (16 tests). Apply pulse B to Wo, pulse C to Wl' and measure VOL
at SO' Unused output Is open.

w 1 (and Sl) is tested separately (16 tests). Apply pulse B to Wl' pulse C to WO' and measure VOL
at Sl' Unused output is open.

For the T7484, each of the two W0 or two W1 Inputs are tested separately. Apply 4.5V to unused
W0 or W1 inputs.

Fig. 3- Vo

L)

SENSE TIME
45Y
! 1
o
N PULSE A vy AS
Ton
PULSE A —x 5p (1%
SEE 45V
|—{x2
NOTES
— %3 5
L%
W wn PULSE B o

st F[ 1 ! .f_

vee

NOTES
J - 5-0426

0422

NOTES :

Each bit location is tested separately by applying pulse A and 4.5V to each of the 16 bit adresses
Individuaily. All unused adress lines are grounded.

Wy (and So) is tested separately (16 tests). Apply pulse B to Wo,groundwl. and measure VOH
at SO' Unused output is open.

W (and S,) Is tested separately (16 tests). Apply pulse B to W ,, ground W and measure VoH
at Sl' Unused output is open.

For the T7484, each of the two W, or two W, Inputs are tested separately. Apply 4.5V to the
unused input of the gate under test and ground both inputs of the unused gate.
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T 7481
T 7484

Fig. 4-1,_
T"cc
60—
OFEN
L )| I
[T} -
Yi SEE
NOTES
S-413
NOTES :

— Each input is tested separately.
— AIll unused Inputs are grounded.

Fig. 6 - 1,5, 1cc
vee
J‘cc
™ W2 Yax
.-
SEE x
Vi O—{notes [ Sof—-
| _Ix2 OPEN
X3 | Jy —
| x
wo W
$-0425

NOTES :

— Each input is tested separately for
IIH wlth all unused inputs grounded.

— When measuring 'CC ail inputs are
grounded.

Fig.5- 1,
Yeo
L.svo—r
WY, 5 %
SEE A
. NOTES
L— Xt Sy b—
Vi o— X2 OPEN
X3 sy |—
p— x‘ N
L o W
S-0424

NOTES :

— Each X input is tested separately with
the other three X Inputs grounded
and 4.5V applied to all Y inputs.

— Each Y Input Is tested separately with
the other three Y inputs grounded
and 4.5V applied to all Y inputs.

— FortheT7484 both Wy and both W,
inputs are grounded.
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T 7481

T 7484

SWITCHING TIMES

Fig. 7 - Test circuit

SYNC.

3sv Vee=5Y So
QUTPUT
ADDRESS
PULSE i
GENERATOR
(See Note 1) 500 Fo——t—————
LOAD |
g I CIRCUIT Y I
@
S woY, Y3 Y : I
W, PULSE S | 200 |
o ia Xi so ! |
GENERATOR * =Y X i - |
See Note ! 500 82 2 | 3000 I
< Lo
22 %3 S1 I |
o Z I
> Xy, U 1
i W
A Wo 1 | v A '
W, PULSE | | LOAD CIRCUIT 2 |
GENERATOR |—# Same as load crcutt 11
(See Note 1) 500 (SeeNote 3) | | Lb——eeem—e—a—
— S-0434
NOTES (for test circuit and waveforms):
The pulse generators have the following characteristics : Vi =3V, t, =t =10 ns, ts =0 to 10 ns.

1

For the address pulse generator, t
=25 nsand PRR =1 MHz.
2) CL includes probe and jig capacitance.

tors, t

pwW

3) For the T7484, unused W0 and Wl inputs are 3.5V.

= 100 ns and PRR —=2MHz. For the W0 and Wl pulse genera -
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T 7481
T 7484

SWITCHING TIMES (continued)

Fig. 8 - Waveforms

ADDRESS CTL— Vi
PULSE A 15v 15V \
(See Note 1) 0¥ |tg \ o/ N ov
pwi(w
Wg WRITE Yi
PULSE B
(See Note 1) ov
W, WRITE
PULSE C
{See Note )
S OUTPUT D \ 15V
————————___—————\ VoH
Sy OUTPUT E 1.5v
tpw —VOL

t t

ADDRESS H Yi
PULSE F 15v % |Isv /sv AA

(See Note1) 0 [tg \‘0"-—/ \— ov

tpw (write)
WRITE Yi
PULSE G 15V, L5V tpd0 tpd1
(WoOR W, ) ., N\ o,
(See Note 2) o
J— V.
- /— OH
QUTPUT H \_/——N 15v 18V
(SQOR Sy) - N/ VoL
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T 7481
T 7484

TYPICAL APPLICATIONS

The T 7481/T 7484 can be used to build a memory with a storage capability of m~words
{multiples of 16) of n-bit length. Here below a memory of 64 words of 8-bit length is
iltustrated. Each bit plane (B, through Bg) is formed by paralleling the W,, W, inputs, S,
S, outputs, and completing the X-Y matrix connections. The matrix is completed by
paralieling the X lines of Circuits A-B and C-D and the Y lines of A-C then B-D, to form
the 64 addresses of plane B;. Two pull-up resistors, one for S, and one for S, should be
provided for wired-OR outputs. The other seven planes are identical to B,. The X and Y
lines of the eight planes are paralleled so that all bits of each word are addressed simulta-
neously. Addressing of a particular word is accomplished by the X-Y decoder/drivers.
For this particular example, the decoder could be a 1-of-Bdecoder{see T 7442 and T 7444
applications) and the drivers may consist of discrete transistors, each of supplying current
for 16 address inputs. A number of decoding/driving schemes are possible. The T 7484 has
gated W, and W1 inputs which may be used to perform the write enable function. External
gating may be employed if enabling functions are required xith the T 7481.

X - ADDRESS DECODE

5o
Sy
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T 7483
TTL INTEGRATED CIRCUIT

4 - BIT BINARY FULL ADDER

® ACTIVE PULL-UP QUTPUTS
® DTL-TTL COMPATIBILITY
® HIGH FANOUT

The T 7483 is a 4-bit binary full adder for adding two four bit binary numbers. The sum
{2) outputs are provided for each bit and the resultant carry {C,) is obtained from the
fourth bit.

A carry look ahead circuit is included to provide minimum carry propagation delays.
Designed for medium to high speed, multiple bit, parallel-add/serial-carry applications, the
circuit utilizes high speed, high fan-out TTL.

Available in standard temperature range (0 to 70°C) it comes in 16 pin dual in-line plastic
package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 Y
Vi Input voltage 5.5 \Y
Top Operating temperature 0to 70 °C
Tetg Storage temperature -65 to 150 °C

ORDERING NUMBER : T 7483 B1

MECHANICAL DATA Dimensions in mm

3yoae
~ -

_.-—.__—.____.._' ey |

3

LLEENR i i
8 838

| O - -

o

LELL;.D_.FLJ:L_L_I "LL_L

[:]

O OO
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T 7483

CONNECTION DIAGRAM

DATA INPUT A,
SUM OUTPUTE
DATA INPUT Aj
DATA INPUT B3

Vee
SUM OUTPUTE
DATA INPUT B2

DATA INPUT Az

FUNCTIONAL LOGIC DIAGRAM

Co—.

T

184 DATA INPUT

I, SUMOUTPUT

¢, CARRY GUTPUT
BIT 4

CIN CARRY INPUT

By DATA INPUT

Ay DATA INPUT

I
I
I
[Jono
I
I
I

Ly SuM OUTPUT

5-0495

4>01*%

"D

€2

5/74
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T 7483

TRUTH TABLE

INPUT ouTPUT
When When
Cin=0 Cin=1
When When
C; =0 C,=1
—

Ay By A, By z, Z /¢ zZ % /|G
A3 By As B, Zd/ Zs Csl/ 2y 25 [
L L L L L L L H L L
H L L L H L L L H L
L H L L H L L L H L
H]H [ L L LlHlofwn]ln L
L L H L L H L H H L
H L H L H H L L L H
L H H L H H L L L H
H H H L L L H H L H
L L L H L H L H H L
H L L H H H L L L H
L H L H H H L L L H
H H L H L L H H L H
L L H H L L H H L H
H L H H H L H L H H
L H H H H L H L H H
H H H H L H H H H H

NOTE: Input conditions at A,, A,, B, B, and Cyy are used to determine outputs Z; and
2, and the value of the internal carry C,. The values at C,, Az, Ba, A4 and By,
are then used to determine outputs 25, 24 and Cy.

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 4.75 to0 5.26 Vv
N Normalized fan-out from outputs:
Cq max b
Z-2,-2,-2, max 10
Top Operating temperature 0to 70 °C
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T 7483

STATIC ELECTRICAL CHARACTERISTICS

(over recommended operating conditions unless otherwise specified)

Parameter Test conditions Min. Typ.*Max. |Unit| Fig.
Vin Input high voltage 2 VvV | 1-2
Vi Input low voltage 08| V [1-2
Vou  Output high voltage Vee=4.75V 2.4 \ 2
VoL  Output low voltage Vee=4.75V 04| V 1
I Input high current at
A;-A3-B;-Bj3 or C)y Vee=5.25V V=24V 80| uA | 3
Az-A4-By-B4 Vee=5.25V V,=5.5V 1] mA
I Input low current at
Aj1-A3-B;-B; or Cyy Vee=56.25V V=04V -3.2| mA| 3
A,-A4-B2-By
Isc**  Short-circuit output 4
current at 2y -2, -23-24| Vo= 5.25V -18 -55| mA
lsc*™ Short-circuit output 4
current at Cq4 Vee=5.25V -18 -70| mA
lcc Supply current Vce=5.25V 58 79| mA| 3

All typical values are at Voc =5V, Tymp = 25°C.
Not more than one output should be shorted at a time.

5/74
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T 7483

DYNAMIC ELECTRICAL CHARACTERISTICS (Vce=5V, Tymp=25°C, N = 10)

Test conditions* )
Parameter Min. Typ. Max. | Unit
from input to output
thqy  Propagation delay time Cin N 23 34| ns
to logical 1 level Cin Z, 24 35| ns
Cin Zs 30 50| ns
C|N 24 30 50| ns
C'N Ca 12 20| ns
A, or B, 2, 40| ns
A4 or By 2a 40| ns
tpgo  Propagation delay time Cin 2 20 34| ns
to logical O level Cin 2, 22 35| ns
Cin =, 24 40| ns
Cin 24 28 50 ns
Cin Cs 12 20| ns
A, or B, Z, 35| ns
A4 or By 24 35| ns

* See switching times

DC TEST CIRCUITS (Arrows indicate actual direction of current flow. Current into a

terminal is a positive value).

Flg. 1- Vo|_, |o|_

)
>
—/

Yo
L
50488

loy

Each input or output is tested separately.

Test table
Output Under Test loL
2, -2 -25-24 16 mA
Cq 8 mA
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T 7483

DC TEST CIRCUITS {continued)

Fig. 2 - Von, lon

TEST
PER
v, TRUTH
TABLE |- |
AND
TEST
TABLE

| Each input or output is tested separately

Fig. 3- I, i, lec

45v Tllcc
N I,
A1
. 8y Ljl—
. sEE Az
Y TEST B2 L3—— >OPER
- TABLES .
iy 3
83 I —
Ay
By [

I

1. Each input is tested separately.

2. When testing I apply 4.5V to A; -
A,-A3-A4, and C)n; and ground
Blr B,, Ba and B4.

Fig. 4 - Ig¢

Each output is tested separately.

Test table
Output Under Test lon
2y-2,-2,- %, -400 pA
Cs -200 uA
I )L Test table I Test table
APPLY V T APPLY V
TEST I, ! APPLY 4.5V TEST I, ! GND
Cin A, and B, Cin A, and B,
Ay Cinand B, Ay C\y and B,
B, C and A, B, Ciy and A,
Az None A, None
B2 None B, None
A, A;-B; and B, Ay A;-B; and By
B, A;3-B; and A B, A;-B; and Ay
Ay None Ay None
Ba None Bs None

5.0101
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T 7483

SWITCHING TIMES

Test circuit
24V Vo = BY OuTPUT vee
S el e — =
-
’:’ C4 b g []ac0n i
Eztr AR IL |
— ‘ECIN Ly "—'05,\‘ '1% ! 1
At _1 I CL |
50pF !
-] I, H;’A | I P |
PuLSE e A2 L= _toao ceums =7 )
GENERATOR - TEST By I3 o™\
(SEE NOTE 1) TABLE 537 ] e e e .
50 A3 LOAD CIRCUITS 2, 3.4 |
A o L e s w0 cher |
Ay
——————————— '
_ B4 C,,L—o&.} —_— ™ oAb ciRCUIT 5 |
— SAME AS LOAD CIRcUT 1 |
L EXCEPY Ry 7800 |
| J
5- 0502
Waveforms
tr Yo
ViH
PULSE 2v kY
GENERATOR W 1.5V ' 15y W
QUTPUT Ldad LN v
I todi ,,IL
oH
15V 15V
OUTPUT
WAVEFORM A toao oL
A/
loH
1
ouTPUT Ly v
WAVEFORM B Yo
thao
§-0503
NOTES:

1 -Pulse generator output pulse characteristics: V;y <2.4V, V, <04V, t, =8to 15 ns,
ty =3 to 6 ns, PRR = 1 MHg, t,, =200 ns, and Z,,; =50 &

2 -Perform test in accordance with test table.

3 - Each output is tested separately.

4 - Voltage values are with respect to network ground terminal.

5 - C_ includes probe and jig capacitance.

6 - All diodes are TN3064.
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T 7483

SWITCHING TIMES (continued)

Test table
APPLY PULSE|  OUTPUT
r\:é'?éﬁ GENERATOR|  UNDER ZAPP'-TY é“;g'-TYO st 2 s3 s4 6
OUTPUTTO |  TEST (S6) 4VTO
ooy c Z B,. A,
-~ ~ WAVEFORM Al A and B, |CLOSED|OPEN |OPEN |OPEN |OPEN
foat c 4 AjandA;, |B,andB, |OPEN |CLOSED|OPEN |OPEN |OPEN
tpdo N (WAVEFORM A}| 2 ! 2
eal c 5 Ar As BiBa 1 pen |open cL OPEN
toao i~ (WAVEFORM A)| and A, and B, P OSED OPEN
toal 24 Al-A‘I-AJ Bl,B:.BJ
-~ Cin (WAVEFORM A)| and A andB, _ |OPEN |OPEN |OPEN |CLOSED|CLOSED
thar Cs Ar, A1, A; | By, By, Bs
- Cin (WAVEFORM B)| o A, b, OPEN |OPEN |OPEN |OPEN |CLOSED
toar z, AL B,,B;
A N B PEN |CLOSED|OPEN |OPEN EN
Toao 1 [WAVEFORM B) ot | andcw | OSED)OPEN | OPEN  |OP
taal z ALB A
B 2 N 1 | op

Toa0 2 (WAVEFORM B) one | [ o1 A% |OPEN | CLOSED|OPEN | OPEN | OPEN
pal A Za N A Bs opEN  |OPEN |OPEN | CLOSED|OPEN
taaa 4 (WAVEFORM B) one and B, E L ol
o . A, B,
— B, wavErORMg)|  None min, |OPEN |oPEN |OPEN |cLOSED|OPEN

NOTE: Inputs and outputs not otherwise specified are open.
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T 7492
TTL INTEGRATED CIRCUIT

DIVIDE-BY-12 COUNTER/DIVIDE-BY-2 AND DIVIDE-BY-6

® ACTIVE PULL-UP QUTPUTS

® DTL AND TTL COMPATIBLE

® AVERAGE POWER DISSIPATION of 1565 mW
® HIGH FANOUT

The T 7492 is a versatile MS! constructed on a single silicon chip by means of the planar
epitaxial process.

This device is a 4-bit Binary counter consisting of four master slave flip-flops which are
internally interconnected to provide a divide~-by-2 counter and a divide-by-6 counter.
Available in standard temperature range (0 to 70°C) it comes in 14-lead dual in-line plastic
package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 \
Vi Input voltage 5.5 Vv
Top Operating temperature 0to70 °C
Tstg Storage temperature -65 to 150 °C

ORDERING NUMBER: T 7492 Bt

MECHANICAL DATA Dimensions in mm

booanona
i3 8 l

1

oo OO oo
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T 7492

CONNECTION DIAGRAM

—
Bc |r u]] A
Ne 2 13 ne
ne o 12[] Qa
Ne [l ufag
vee [Is 10[J6ND
Rowny [le off ac
Roc) 7 8f] oo
5-0630

FUNCTIONAL DESCRIPTION

A gated direct reset line is provided which inhibits the count inputs and simultaneously
returns the four flip-flop outputs to a logical “0” level.

As the output from flip-flop “A” is not internally connected to the succeeding flip-flop,
the gounter may be operated in two independent modes :

1) When used as a divide-by-12 counter,output Qn must be externally connected to
input BC.
Simultaneous divisions of 2, 6,and 12 are performed at the Q4, Qc,and Qp outputs as
shown in the truth table.

2) When used as a divide-by-6 counter, the input count pulses are applied to input BC.
Simultaneously, frequency divisions of 3 and 6 are available at Q¢ and Qp outputs.
Independent use of flip-flop A is available if the reset function coincides with reset of
the divide-by-6 counter.

5/74 274



T 7492

FUNCTIONAL LOGIC DIAGRAM

BC Rq (RESET ZERO)
5-0631

TRUTH TABLE (See NOTES 1, 2 and 3)

OUTPUT
COUNT

Qp [ Qe | G | Qa
0 L|L|L|tL
1 L|fv]L|mR
2 L|L|R|L
3 L|L|H]|H
4 Ll H|lL |L
5 L H | L H NOTES :
8 A I L 1. Output Qp connected to input BC.
7 H|{L|[L|H

" Th L 2. To reset all outputs to LOW level both
8 Ro@y and Rpgpy inputs must be at
9 H|L]|H|H HIGH level state.
1 H | H L . .
0 t 3. Either {or both) reset inputs Rg(;) and
" HIHJL]H Ro2) Must be at a LOW level to count.
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T 7492

RECOMMENDED OPERATING CONDITIONS

VCC
N*

tow
Top

Supply voltage

Normalized fanout {(each output)
Pulse width (at reset and count inputs)

Operating temperature

4,75 10 5.25
max 10
min 50
0to 70

\

ns
°C

¥ Fanout from output Qu to input BC and to 10 additional series T 74 loads is permitted.

STATIC ELECTRICAL CHARACTERISTICS

{over recommended operating conditions unless otherwise specified)

Parameter Test conditions Min. Typ* Max.| Unit
ViH Input high voltage 2
VL Input low voltage 0.8
Vor  Output high voltage Vee=4.75V o= -400uA| 2.4
VoL  Output low voltage Vee=4.75V o= 16 mA 04| V
I Input high current at
RO(l) or Ro(z) Vee=5.26V V| =24V 40| UA
Vee=5.25V V=556V 1| mA
Vi Input high current at A Vee= 5.2V V=24V 80 LA
Vee=56.26V V=55V 1| mA
I Input high current at BC | Vc=5.26V  V,; =24V 160 | MA
Vee=56.25V V=556V 1| mA
I Input low current at
Ro(l) or Ro(z) VCC= b.2bV Vi =04V -1.6| mA
he Input low current at A Vee=5.25V V=04V -3.2| mA
he Input low current at BC Vee=5.25V V=04V -6.4| mA
lsc™* Short-circuit output
current Vee=5.25V -18 -57 | mA
lcc Supply current Vee=50.25V V=45V 31 51| mA

*

All typical values are at Vcc =5V, T,ymp = 25°C.

* Not more than one output should be shorted at a time.

5/74
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T 7492

DYNAMIC ELECTRICAL CHARACTERISTICS {V;c=5V, T,,=25°C, N=10)

Parameter Test conditions Min. Typ. Max. |Unit
fmax  Maximum count
frequency C_=15pF
RL =400 Q2 10 18 MHz
tpal Propagation delay time
to logical "1" level from
input count pulse to
output D C_=15pF
RL_ =400 Q2 60 100| ns
thao Propagation delay time
to logical “0” level from
input count pulse to
output D C_ =15pF
RL =400 Q2 60 100| ns

DC TEST CIRCUITS (Arrows indicate actual direction of current flow. Current into a
terminal is a positive value).

Fig. 1~ Vi, VoL

TEST
% PER
TRUTH
TABLE

1. Each output is tested in the LOW

OYee

level state.

Fig. 2 - V), Vou

TEST

Y PER
TRUTH
TABLE

50832

level state.

5-082)

1. Each output is tested in the HIGH

277
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T 7492

DC TEST CIRCUITS (continued)

Fig. 3 - lim, lec

Ve
l tec

BC Q —

i ag —
O A OPEN

Vin ac —

A

l $-0834

1. Each input is tested separately.
2. When testing Rg(1;, ground Rg(z).
3. When testing Rogz) ground Rg(y).
4. When testing lcc reset all outputs

to LOW level, ground all inputs,

then measure lq¢.

Fig.5" ISC

TEST

TRUTH
TABLE

5-0838

1. Each output is tested in the HIGH

level state.

Flg. 4 - I“_
T"cc
BC Qp —
W Qg |—
vo A OPEN
1L ac
e o

i $-0835

. Each input is tested separately.
2. When testing Rgyy apply 4.5V to

Ro(z).
3. When testing Rgpy apply 4.5V to

Rou).

—_
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T 7492

SWITCHING TIMES

Test circuit

AL

E—‘ {See Note 3)
iadl al

|
|
. S |
T LAl
-I Ci(See Note4) i I
|

L BC ap

g | ___loAD CIRCUT Y _ _
PULSE [——————————————
GENERATOR A LOAD CIRCUIT 2 |
(See Note 1) L ({ Same as 1) N
Qc e A,
r LOAD CIRCUIT 3 :
Same as |

R Qp I_____L____L_:::_J
r LOAD CIRCUIT 4 :
.J- {____ (Sameastn) ___ |

QUTPUT 5-0637

Waveforms (See note 2)

OUTPUT Qp
5-0638
NOTES:
1. The pulse generator has the following characteristics; V; = 3V, t, = ty < 15 ns,

tow = 0.5 s, PRR = 1 MHz, Z,,; = 50 Q.

t + 1
2. Propagation delay = LZLG
3. All diodes are 1TN3064.

4. C_ includes probe and jig capacitance.
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T 14121
TTL INTEGRATED CIRCUIT

PRELIMINARY DATA

MONOSTABLE MULTIVIBRATOR

® TTL COMPATIBLE
® ACTIVE PULL-UP QUTPUT
® NORMALIZED FANOUT of 10

The T 74121 is a monostable multivibrator, featuring d-c triggering from positive or gated
negative-going inputs with inhibit facility.

Both positive and negative-going output pulses are provided.

Available in standard temperature range (0 to 70°C), it comes in 14-lead dual in-line
plastic or ceramic package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voitage 7 \
vV Input voltage 5.5 \
Top Operating temperature Oto 70 °C
Tao Storage temperature -65to 150 °C

ORDERING NUMBERS : T 74121 B1 for dual in-line plastic package
T 74121 D1 for dual in-line ceramic package

MECHANICAL DATA Dimensions in mm

00 0nn&na

w L}

T R n T 74121 B1

281 6/74



T 74121

CONNECTION DIAGRAM

TIMING PIN. :
Ve ne  Ne [ TMINGPING e NOTES :
V4 13 12 1" 10 9 8 . . "
i T s N iy AN s I e MY s B s 1. t, = time before input transition
[ J 2. th + 3 = time after input transition
[+

5

. X indicates that either a logical 0 or

1 may be present

4. NC = no internal connection

5. A1 and A2 are negative-edge trig-
= 5 5 7% 5 T gered logic inputs—and will trigger the
a NC Al A2 8 a GND one shot when either or both go to

5-0742 logical 0 with B at logical 1
6. B is a positive Schmitt-trigger input
for slow edges or level detection, and
TRUTH TABLE will trigger the one shot when B goes
to logical 1 with either A1 or A2 at
tn INPUT  [tn+, INPUT logical 0. {See truth table)

OUTPUT 7. External timing capacitor may be
AlT|A2| B |A1|A2| B connected between pin 10 (positive)
and pin 11. With no external capaci-
1 1 0 1 1 1 Inhibit tance, an output pulse width of typi-

0| X 1 0O X | O Inhibit cally 30 ns is obtained
X|0 1 X[{o0|O0 Inhibit 8. Touse the internal timing resistor{2k 2
0| X 0 0 X |1 One Short nominal), connect pin 9 to pin 14
i( ? ? é 8 :Il 825 gp‘g: 9. To obtain variable pulse width con-
1 1 1 0 X 1 Inhibit nect external variable resistance bet-
X 0 0 X 1 0 Inhibit ween pin 9 and 14. No external cur-

0 X 0 1 X 0 Inhibit rent [imiting needed
X1 o0 1 1 1 1 Inhibit 10.For accurate repeatable pulse widths
0 X 1 1 1 1 Inhibit connect an external resistor between
1 1 0 x| o 0 Inhibit pin 11 and pin 14 with pin 9 open-
1{1]10]0|Xx]|o0 Inhibit cireuit
0=V;{0)<0.8V

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage

4.75 t0 5.25 Vv
max 10

N

Normalized fanout from each output

t, ~ tf Input pulse rise and fall time: Schmitt input (B) max 1 V/s

Logic input (A1, A2) max 1 V/us
tow Input pulse width min 50 ns
Ry External timing resistance max40 k&
C, External timing capacitance 0 to 1000 uF
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T 714121

STATIC ELECTRICAL CHARACTERISTICS

(over recommended operating conditions unless otherwise specified)

Parameter Test conditions Min. Typ.* Max.|Unit
Vil Input high voltage 2 VJ
Vi Input low voltage 08| V
Von  Output high voltage Vee =4.75V lgy=-400uA |24 33 \%
rvo,_ Output low voltage Vee =475V lgL=16 mA 022 04| V
=5, Vv, =2. 2
lin Input high current at A1 Vee =5:25V V=24V 40 [HA
A
or A2 Ve =525V V=55V 005  1|mA
Vee =5.25V V=24V 4 80| uA
(. Input high current at B -
Vee =5.25V V; =55V 0.05 1/ mA
I Input low current at A1
or A2 Vee =5.25V V=04V -1 -1.6/ mA
™ Input fow current at B Vee =5.25V V=04V -2 -3.2|mA
lsc**  Short-circuit output
currentat Qor Q Ve =5.25V -18 -25 -55|mA
lee Power supply current in
quiescent (unfired) state | Ve =5.25V 13 25| mA
lcc Power supply current in
fired state Vee =5.25V 23 40| mA
L
* All typical values are at Ve =5V, Tamp = 256°C
** Not more than one output should be shorted at a time
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T 74121

DYNAMIC ELECTRICAL CHARACTERISTICS (V¢ = 5V, Tymp = 26°C)

Parameter Test conditions Min. Typ. Max. | Unit
toq 1 Propagation delay time to
logical 1 level from B
input to Q output C_=15pF C,=80pF |15 3b 55 | ns
tpq 1 Propagation delay time to
logical 1 level from A1/A2
inputs to Q output C_=15pF C,=80pF |25 456 70| ns
tpa 0 Propagation delay time to
logical O level from B
input to Q output C_=15pF C,=80pF |20 40 65| ns
tpq 0 Propagation delay time to
logical O level from A1/A2
inputs to Q output C_=15pF C,=80pF |30 50 80| ns
tow Pulse width obtained
using internat timing
resistor C_=156pF Cy =80pF
Ry = open Pin9toVce| 70 110 1501 ns
tow Puise width obtained
with 0 timing capacitance | C,_ = 15 pF Ci=0
R; = open Pin9toV¢ecl 20 30 50| ns
C_=15pF C; = 100 pF
tow Pulse width obtained Ry=10k<Q Pin 9 open 600 700 800 | ns
using external timing
resistor C_=16pF Cy=1uF
Ry =10k Pin 9 open 6 7 8| ms
ty, Input hold time C_=15pF C, =80 pF
R; = open Pin 9 to V¢ 30 50| ns
6/74
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T 14121

Typical distribution of units for out- Typical variation in internal timing re-
put pulse width sistor value vs. ambient temperature
. G- 1295 G-1291t
AR
Vee=5Y N t
Tamb=25'C (%)
Cy=101pF 12 - r'
o |Rt=10 kA 1/\\ 7
$ .
§ (External) I 10 ‘.
5 /
3 8 4
8 | — ”
~
s | ¢ :
o o
2 £ . .
H 2 3 . /
O— & F—— - o
g]e ¢ [Ale :
o < I c c
> || = 2 o 0 >
= T / ] ] A
2 ] 'E 4 § E -r -
& | ] l\ -2 =
93%o0f Units -4
AT T
692 694 696 698 700 702 tpwins) 60 -40 20 0 20 40 60 80  Tymp(°C)
Typical variation in output pulse width Typical variation in output pulse width
vs. supply voltage vs, ambient temperature
G.1297 G-1294
Mpw [TTTTTTTT ] [ I Btow [ [
eny [T LTI (%)
Cy=60pF
Ry=10kQ External
o8 Tamb=25°C 0s
N 0.4
1
02 1 T = 0.2 ==
o | e o ¥ tpw=420nS at
LA™ tpw=420ns at A amb =25°C ]
-02 ] Yee=SY -02 LA
~ \ w p)
04 i ‘ RN 04 4
-06 1 -06 >
-08 ‘ 08 |5 -
L T -
45 475 5 525 Veelv) -60 -40 -20 0 20 40 60 80 Tambl*C?
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T 14121

Typical propagation delay time to lo-
gical 1 level vs. ambient temperature
(B input to Q output)

Typical propagation delay time to lo-
gical O level vs. ambient temperature

(B input to Q output)

G-1292 G-1293
! t — T T T
Vo= d0 (Vep=z 1 «
pdt [Vec=5v pd0 [Vec=5¥ , (;(HHL ]
(ns) | Cy=80pF (ns) | ¢y =80pF H R i
Ry =Internatl ; | B I }
t Ry=lInternal ; oS
80 80 _T [ i
i i 1
70 70 REBEN -
| i ! ; +
60 6 - - L L iC, =100pF et ehe ]
o l N\ - ‘ ! s‘N
=~ 4 <J 0 i T o 3
50 (- 50 =] 50pF (3=
L =
R T R eery & o
40 = 40 : ol
T
30 30
20 ++ 20 —— 4+
|
T
10 10 +
[ :
0 0 1 |
-60 -40 -20 O 20 40 &0 80 Tamb(*C) -60 -40 -20 O 20 40 60 80  Tamb CC)
Typical Schmitt trigger threshold vol- Typical output pulse width vs. timing
tage vs. ambient temperature resistor value
G-~1296 G-1290
V. t — e g —
THO T 1 pw S5
- (ps) W e ——
(V) Vee=5Y s W~ i =
10° : -
2 { |
19 Packlash V1i0+) - Mo -)
102
18
3
17 > 10
h —l_ __
8 A) S Positive -Going Threshold
: YTHO. ‘
~ S,
15 7 IT -
4 S Negative -Going Threshold
NYrHo - L]
1.3 ‘ = -
12 I 102
-60 -40 -20 0 20 40 60 80 Tamb(*C)
6/74
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T 74121

. N G_1289
Typnc_al output pulse width vs. external tow =
capacitance (ps) i
ob ec=sv
Tambs=25°CEET:
IS

SWITCHING TIMES

Test circuit Waveforms
i y
24V
7 INPUT -‘ T T VM
13
8 NPUT,INVERT ) tow o,
L FOR AUA2 INPUTS tpal w
VoH
PULSE 18y
GENERATOR
(See rotel) uTRUT O Llpdo fou
10AD CRCUIT 2 ourpuT 8 _ You
(Same as I} 1oy
You
3-0750
NOTES:
1. The pulse generator has the following characteristics:
V| = 35V, t, = 10 ns, tf = 5 ns, tpy = 50 ns,
PRR = 1 MHz, and Zo+ & 50 S2
2. C_ includes probe and jig capacitance
6/74
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T 14121

SWITCHING TIMES (continued)

Test circuit (ty,, "internal/minimum” t, )

|NuT Yoo OUTRUT Ve

-
BAY 71 or

PULSE equrvalent

GENERATOR
[See note iy

NOTES:

1. The pulse generator has the following characteristics:
Vi = 3.5V, tr = 10 ns, ty = 5 ns, tpw = 50 ns,
PRR =1 MHz and Zom ~50 Q2

2. C_ includes probe and jig capacitance

288

Waveforms
B
INPUT kD] v "
18y Yy

o7, N 07V Vie
You

OUTPUT Q
Yoo
_ You

ouTtPuT &
YoL
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T 74122
TTL INTEGRATED CIRCUITS T 74123

RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH CLEAR

® RETRIGGERABLE FOR VERY LONG OUTPUT PULSES: up to 100% DUTY-CYCLE
® OVERRIDING CLEAR TERMINATES OUTPUT PULSE

The T 74122 is a TTL and T 74123 is a dual TTL retriggerable monostable multivibrator
featuring DC triggering from gated low-level active {A) and high level active (B} inputs, and
also provides overriding direct clear inputs. The retrigger capability simplifies the generation
of output pulses of extremely long duration. Available in standard temperature range (0 to
70°C), it comes in 14 and 16 lead dual in-line plastic or ceramic package.

ABSOLUTE MAXIMUM RATINGS

Vcc Supply voitage 7 \%
Vi Input voltage 5.5 \
Top Operating temperature Oto 70 °C
Tstg Storage temperature -65 to 150 °C

ORDERING NUMBERS: T 74XXX B1 for dual in-line plastic package
T 74XXX D1 for dual in-line ceramic package
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T 74122
T 74123

MECHANICAL DATA (dimensions in mm)

Dual in-line plastic packages: for T74 XXX B1

Dual in-line ceramic packages:

7.1max

for T74 XXX D1

g
R H
i
GRS S
FA
0 6L e __,,:_2574 - J
297 rosoa

I e e I Y o A
1 8

| 7
LI N Y

71m
. -
= iy =
0 |_&t 5

0.25
048] 254
. s . . 838

20™ax

nopn
13 9
1 8
|0y 5y N W I}

__llost™
56
-

33
p’
-+

Qus 254
17.78 10.4

20 max

OO nl
% 9

1 8
L0 N I 0 [ o

11/74
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T 74122
T 74123

CONNECTION DIAGRAMS and TRUTH TABLE

For T 74122 (See note B and C) (See note A)
. P vee INPUTS OUTPUTS
2 [EXTERNAL Al A2 B B2 | Q@ Q
HEl v e
z ‘ CAPACITANCE H H X X L H
sl =1 | e ne X X L X | L H
e 524[4‘ ]” EAXPLgFYIA‘:‘AL X X X L L H
. cAmCmancE L X H H|lL H
CLEARS[—LC _ﬁ 1K NC L X t H | L U
5 ] INTERNAL L X H 1 iy
e 6 [_] _] S RESISTANCE X L H H L H
oo o = L7, a X L1 Ho|JL U
s-cos X L H Ty
H
POSITIVE LOGIC: SR L Y
Low input to clear resets Q to low 1 H H vl U
level and inhibits data inputs
For T 74123 (See note C) (See note A)
1A 1] I3 Yee
1 EXTERNAL
TAN
S V* (Rt
Al N
1 3 CLEAR 14 1EXTERNAL INPUTS QUTPUTS
CAPACTTANCE A B Q . b
13 «] & a i3 10
20 sl—Jo g 28 H X L H
X L L H
LentTnet o] cearp—{n 2 ciean L U Il u
2 EXTERNAL M H I u
RES1STANCE 7[ [0 28
2EXTERNAL
CAPACITANCE
GND 8] s 24
S-0892

POSITIVE LOGIC:
Low input to clear resets Q to low
level and inhibits data inputs

NOTES: A) H = high level (steady state), L = low level (steady state), T = transition from high to low
level, I L= one high-level pulse, LT = one low-level pulse, X = irrelevant {any input ,
including transitions) )

B) To use the internal timing resistor of T 74122 {10 k {2 nominal}, connect Rjy; to Ve

C) An external timing capacitor may be connected between Cy and Ry/Cy (positive)
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T 74122
T 74123

FUNCTIONAL LOGIC DIAGRAM

TYPICAL INPUT/OUTPUT PULSES

Below illustrates triggering the one-shot with the high-level active (B} inputs

RETRIGGER PULSE
{SeeNote)

B INPUT
e _towetPth
H
OUTPUT OJ tow [
fe—————»{OUTPUT WITHOUT

RETRIGGER
OUTPUT PULSE CONTROL USING RETRIGGER PULSE

BINPUT
CLEAR

OUTPUT WITHOUT CLEAR

'''''''' 1
OUTRUT @ ! s.089

OUTPUT PULSE CONTROL USING CLEAR {NPUT

NOTE: Retrigger pulse must not start before 0.22 Cy (pF) nsec. after previous trigger pulse

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 4.75t0 5.25 \Y
Ry External timing resistance 5to0 50 k&
Cy External timing capacitance no restriction

Tow Pulse width min. 40 ns
1 Set-up time (see note 1) min. 40 ns
th Hold time {see note 2) min. 40 ns
N Normalized fanout max. 10 -
Top Operating temperature Oto 70 °C

NOTES: 1) Setup time for a dynamic input is the interval immediately preceding the transition which
constitutes the dynamic input, during which interval a steady-state logic level must he
maintained at the input to ensure recognition of the transition

2

Hold time for a dynamic input is the interval immediately following the transition which
constitutes the dynamic input, during which interval a steady-state logic level must be
maintained at the input to ensure continued recognition of the transition
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T 74122
T 74123

STATIC ELECTRICAL CHARACTERISTICS

(over recommended operating conditions unless otherwise specified)

Parameter Test conditions Min. TypX* Max.| Unit
ViH Input high voltage 2 A
Vi Input low voltage 0.8 V
Von  Output high voltage Vee=4.75V 1oy =-8001A | 2.4 \Y
VoL  Output low voltage Vee=4.75V g =16 mA 0.22 04| V
lih Input high current Vee=05.26V  V; =24V
for DATA INPUTS 40| MA
for CLEAR INPUT 80| MA
e Input low current Vee=5.26V V=04V
for DATA INPUTS -1.6 | mA
for CLEAR INPUT -3.2| mA
Isc*™ Short-circuit output
current Vee=5.26V -10 -40| mA
lec Supply current
I (quiescent ar triggered) Vee=5.25V 46 66| mA
* All typical values are at Vee = 5V, Tamp = 25°C
** Not more than ‘one output should be shorted at a time
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T 74122
T 74123

DYNAMIC ELECTRICAL CHARACTERISTICS (Vec =5V, Tamp=25°C, N = 10,
C,=0,R, =5kq, R_=4009)

Test conditions
Parameter Min. Typ. Max.|Unit
from input to output
toLn Propagation delay time .
low-to-high-level Either A Q 22 33| ns
Either B Q 19 28| ns
t Propagation delay time _
P ot low-lovel Either A o} 30 40| ns
Either B Q 27 36| ns
thHL Propagation delay time
high-to-tow-ievel Clear Q 18 27| ns
tpLy  Propagation delay time B
low-to-high-level Clear Q 30 40| ns
tow Minimum pulse width Q 45 65| ns
tow Pulse width C,= 1000 pF Q
Ry=10k%
for T 74122 3.08 3.42 3.76| Ms
for T 74123 2.7 3.03 3.76| us
6-1418
Output pulse width vs. external timing tpw s THH—
capacitance (“)::fﬁil HHH g
A
, vy )
g
0 < {’ }i:; pali’,
‘ %S\ III
4 — 4.9\. A—
1 ° s\',
L
‘ol
. L
1 10 10? CylpF)
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T 74122
T 74123

SWITCHING TIMES

Test circuit
(See note B)
Oalz 5K ivcfsv
i
=9
PULSE
GENERATOR
(See noleA) Cy Ry Ve

BAY T1or

z4Y equivalent

CL
Tob

(See noteC)

PULSE
GENERATOR
(See noteA)

|

) INPUT CLEAR |

PULSE CLEAR ? ]
GENERATOR J_ | $-0896/1

{See noteA) 50 [ 2 L. L J

NOTES: A) The pulse generators have the following characteristics: t, = t; < 10 ns, PRR <1 MH;,
B) See "test conditions” for Ry and C; values
C} Ci include probe and jig capacitance

Waveforms
th
e 15y
15y X sy
INPUT \ ov
A ty
(S
INPUT
B
tow
INPUT 15y
CLEAR \
15v
——————————————————————— ov
'pLu toLn
~——- You

15v 15V 15y 1.5Y

ouTPUT @ . / L You
PHL . pw
- PLH
outPUT @ —
15V 15V
oy 5.0897
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T 74122
T 74123

TYPICAL APPLICATIONS

Timing component connections
when C, < 1000 pF (Fig. 1}

TO EXTERNAL TO EXTERNAL
CAPACITANCE RESISTANCE/
EXTERNAL

5084 CAPACITANCE

Timing component connections
when C; > 1000 pF and clear is
used (Fig. 2)

Yec

EXTERNAL RESISTANCE

= 08 EXTERNAL RESISTANCE
MAXIMUM

(Seo recommended up.rallng)

conditlions for EXTERNAL
RESISTANCE MAXIMUM

SILICON SWITCHING

EXTERNAL DIODE

T CAPACITANCE

TO EXTERNAL  TOEXTERNAL

CAPACITANCE  RESISTANCE/
EXTERNAL
CAPACITANCE 5-083%

To prevent reverse voltage across Cy, it is recommended that the method shown in figure 2
be employed when using electrolytic capacitors and in applications utilizing the clear
function. In all applications using the diode, the pulse width is:

Ry isin k2
C, isin pF
tow IS iN NS

tow =0.28 Ry Cy (1+

0.7,
Rt

11/74

296



14157
TTL INTEGRATED CIRCUIT Ll

QUAD 2 - INPUT MULTIPLEXER

® FULLY BUFFERED OUTPUTS

® ON-CHIP SELECT LOGIC DECODING

® TYPICAL PROPAGATION DELAY of 9 ns DATA to OUTPUT
® [NPUT CLAMPING DIODES

® TTL-DTL COMPATIBLE

The T 74157 is a monolithic high speed quad two input digital muttiplexer circuit. It
consists of four multiplexing circuits with common select and enable logic, and each circuit
contains two inputs and one output. Active pull-up outputs ensure high drive and high
speed performance.

The enable input {E} is active low. When not activated all outputs are low regardless of
all other inputs. Available in standard temperature range (0 to 70°C) it comes in 16-lead
dual in-line plastic package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 \Y
Vi Input voltage 5.5 \Y
Top Operating temperature 0to 70 °C
Tag Storage temperature -65 to 150 °C

ORDERING NUMBER: T 74157 B1

MECHANICAL DATA Dimensions in mm
e kit
"" e e 3T /.-'1"_::'_‘)»-
HIGTE. A5, N 7Y
f i S _m !

mﬂMH g
e e Loss |
n'\'\i :

r——— e e

t

manoogon
R

s e |
t_\:)i’EZI‘D"‘:J Tooor
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T 74157

CONNECTION DIAGRAM
Voo E 4A 4B 4Y 3A 38 3Y

1./ 1 1

16 B 1% 13 12 11 10 9

1 2 3 4 5 6 8

T T T J T T3 T T J

S 1A 1B 1Y 2A 2B 2Y OND
S$-0283

LOGIC DIAGRAM
©® ® ® ® ® 6 ®@ o

j:iB 3A 04B LA 28 2A 1B 1A
Qs _{>*‘ L{>
®€—°| o I
3v 4y 2Y 8%
® ® Q) © s-o
TRUTH TABLE SELECT
ENABLE INPUT INPUTS OUTPUT
E s B A Y
H X X X L
L H X L L
L H X H H
L L L X L
L L H X H
H HIGH Voltage Level.

LOW Voltage Level.
Either HIGH or LOW Logic Level.

'_
[l
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T 74151

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 4.75t0 5.25 \'
N Normalized fan-out (each output) max 10 —
Top Operating temperature 0to 70 °C
ELECTRICAL CHARACTERISTICS
{over recommended operating conditions unless otherwise specified)
Parameter Test conditions Min. Typ¥* Max. |Unit
A\ Input high voltage 2
Vi Input low voltage 0.8
Ve Input clamp
diode voltage Vee= 4.75V |j=-12mA -15
Von  Output high voltage Vee=4.75V V=2V
V.= 0.8V lon=-800uA| 2.4
VoL Output low voltage Vee=4.75V V=2V
V,.= 0.8V loL= 16mA 0.4
I Input high current Vee=5.25V V=24V 40 | MA
Vee=5.26V V=55V 1 | mA
I Input low current Vee=5.25V V=04V -1.6 | mA
lsc™™ Short-circuit
output current Vee= 5.25V -18 -65 | mA
lec™ ™™ Supply current Vee= 5.25V 30 48 |mA
* All typical values are at Voo = 5V, Tamp = 25°C.
**  Not more than one output should be shorted at a time
*** It is measured with 4.5V applied to all inputs and all outputs open.
4/73
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T 74157

SWITCHING CHARACTERISTICS (Vg = 5V, Tams = 25°C, N = 10)

Test conditions*®
Parameter Min. Typ. Max. |[Unit
From To
toq1  Propagation delay time Data Output 9 14 | ns
to logical 1 leve! Enable Output 13 20| ns
Select Output 15 23| ns
tpao  Propagation delay time Data Output 9 14 | ns
to logical O level Enable Output 14 21| ns
Select Output 18 27| ns
* See switching times load circuit and waveforms.
SWITCHING TIMES
Load circuit Wavefarms
_E'O"s =<10ns,
ouTPUT Vee W
INPUT el TN
RL=40000 10% tpw * N o
From (See rote B) tod1
QUTPUT ’ NON \ Vor
> INVERTING X
Ry i o
tpd1 Vor
ERTING /
g‘k‘j’TPUl[S 1.5V / 1.5V
$-0235n oL
lde
5-0286
NOTE: A. Cp includes probe and jig NOTE: The input waveform- is supplied by a

capacitance.
B. All diodes are 1N 3064.
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T 74192
TTL INTEGRATED CIRCUITS T 74193

PRELIMINARY DATA

SYNCHRONOUS 4-BIT UP/DOWN COUNTERS
(DUAL CLOCK WITH CLEAR)

® TTL-DTL COMPATIBILITY
® SYNCHRONOUS OPERATION

® FULLY INDEPENDENT CLEAR INPUT

® |INDIVIDUAL PRESET to EACH FLIP-FLOP

® TYPICAL MAXIMUM INPUT COUNT FREQUENCY of 32 MHz

These monolithic circuits are synchronous reversible (up/down) counters having a com-
plexity of 55 equivalent gates. The T 74192 is an Up/Down BCD Decade Counter and the
T 74193 is an Up/Down 4-bit Binary Counter. Both counters have separate up/down
clocks, parallel load facility, terminal count outputs for multidecade operation and an
asynchronous overriding master reset.

Available in standard temperature range (0 to 70°C) they come in 16 - lead dual in-line
plastic package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 \
Vi Input voltage 55 \
Top Operating temperature 0to70 °C
Tstg Storage temperature -65 to 150 °C

ORDERING NUMBERS : T 74192 B1, T 74193 B1

MECHANICAL DATA Dimensions in mm
e
P ————— - -—{"é_—,g 2 P
mmﬁ“ﬁ Soh o A
A BM 18 sT_:z,?l | anj
Sy = D oy g ]
e

(USRI e

Sooooana
" 3

e
oD LT'J'UJ
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T 74192
T 74193

CONNECTION DIAGRAM

INPUTS OUTPUTS  INPUTS
VCC —_— A A
6 15 1% 13 12 11 10 9

.M 03
[ & & & |
A CLEAR BORROW CARRY LOAD C

b D

COUNT COUNT
O Qn pown up %

A —
INPUT QUTPUTS INPUTS OCUTPUTS

FUNCTIONAL DESCRIPTION

For both counters synchronous operation is provided by having all flip-flops clocked si-
multaneously so that the outputs change coincidently with each other when so instructed
by the steering logic. The outputs of the four masters flip-flops are triggered by a low-to-
high level transition of either count (clock) input. The direction of counting is determined
by which count input is pulsed while the other count input is high.

All these counters are fully programmable; the outputs may be preset to any state by
entering the desired data at the data inputs while the load input is low. In this condition
the outputs change independently of count pulses.

A clear input has been provided which forces all outputs to low level when a high level is
applied; the clear function is independent of the count and load inputs.

Both borrow and carry outputs are available to cascade both the up/down counting
functions. The borrow output produces a pulse equal in width to the count-down input
when the counter under flows. Similarly, the carry output produces a pulse equal in width
to the count-up input when an overflow condition exists. The counters can then be easily
cascaded by feeding the borrow and carry outputs to the count-down and count-up inputs
respectively of the succeeding counter.

11/73
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T 74192
T 74193

FUNCTIONAL LOGIC DIAGRAMS
T 74192 decade counter.

DATA =% D CHRY

INPUT A C )\ VUTRJT
tj | [FEsT cuTPUT

DOWN Q| Qa

upP
COUNT @ -I>

DATA -
INPUT BO

COUNT 1/'\ dr -
| :
=B,

LiaTA

|
1
NPUT CO bi— _T—_‘_}
|
|
|
{

PRETST oaTPuT
Gc Oac

DATA
nPUT 0©

CLEAR o—{>o—|7 me OUTRUT
YD Qg
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T 74192
T 74193

FUNCTIONAL LOGIC DIAGRAMS (continued)
T 74192 decade counters (typical clear, load, and count sequences)

Hlustrated below is the following sequence:

1. Clear outputs to zero.
2. Load (preset) to BCD seven.
3. Count up to eight, nine, carry, zero, one, and two.
4. Count down to one, zero, borrow, nine, eight, and seven.
aem | |
LDAD
Ll
! —
A_[ — e —— — —  —
—_— — — — — — — — — —
B_I _ - - — — — e
DATA _— — ) — —  — — ——— —_—
]
C_l —_— - - -
—————— — — — — — —
D e
N LML L L
UP
COUNT
DOWN | l ’ I

CARRY l

BORROW
SEQUENCE o 7 8 9 o 1 2 ] 0 9 8 7
ILLUSTRATED e
CLEAR PRESET re——— COUNT UP COUNT DOWN ———
S$-0248
NOTES: — Clear overrides load, data, and count inputs.
— When counting up, count down input must be high; when counting down, count-up input
must be high.
11/73

304



T 74192
T 74193

FUNCTIONAL LOGIC DIAGRAMS (continued)
T 74193 binary counter.

EIRROW
™\ OuTPUT
—
: 5
———— )
O
DaTA 1 CARRY
INeUT A S — N\ ouTPUT
Py
DOWN PRESET outPuT
Qa —0q
COUNTY °_‘ o N Y A
Qa
CLEAR

CounT °—{>‘~‘ _DD_,_? 7

DATA
INPUT BO ) Y

—_/ Py
PRESET oUTPUT
Q E Oy ag
T
Qg
CLEAR
L ¥

DATA
INPUT O
PRESET oureUT
Qc 0Qc
T &

DATA

)| Yo
—
1
]|
INPUT DO ™ )
[

CLEAR o—{>¢>J = PRESET ouTPUT
D 0p

5-0249
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T 74192
T 74193

FUNCTIONAL LOGIC DIAGRAMS

T 74193 binary counters {(typical clear, load, and count sequences)

Iliustrated below is the following sequence :

1. Clear outputs to zero.

2. Load (preset) to BCD thirteen.

3. Count up to fourteen, fifteen, carry, zero, one, and two.
4. Count down to one, zero, borrow, fifteen, fourteen, and thirteen.

(continued)

CLEAR
LoAD
s _] o
1 - - - - =
_— — —
B e o
DATA —_—— — — — — — — -
CJ - - -
1 _
— - — — — — — -
b e o o e
COUNT
uP
COUNT
DOWN
% || L [ ] l
] L L
OUTPUTS —_— -
Qc |
— — ! b
Q l
CARRY U
BORROW
SEQUENCE 0 3 15 0 2 ! 15 w13
\(
LUSTRAED e PResET COUNT WP COUNT DOWN———==
S$-0250
NOTES: — Clear overrides load, data, and count inputs.
-~ When counting up, count-down input must be high; when counting down, count-up
input must be high.
11/73
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T 74192
T 74193

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 4.75 to 5.25 \%
feount  INput count frequency 0to25 MHz
tow Pulse width (arty input) min. 20 ns
t, Set-up time (see note 1)} min. 20 ns
th Hold time (see note 2} min. O ns
N Normalized fan-out from each output max. 10 —
Top Operating temperature 0t 70 °C
NOTES: 1) Setup time is the interval immediately preceding the positive-going edge of the load pulse

during which interval the data to be recognized must be maintained at the input to insure

its recognition.

2} Hold time is the interval immediately following the positive-going edge of the load pulse
during which interval the data to be recognized must be maintained at the input to ensure

its recognition,

ELECTRICAL CHARACTERISTICS

(over recommended operating conditions unless otherwise specified)

Parameter Test conditions Min. Typ.* Max. |Unit | Fig.
Vin Input high voltage 2 \Y 1
Vi Input low voltage 08 | V 1
Vou Output high voltage | Voe=4.75V V=2V
V.= 0.8V lon=-400uA | 2.4 \% 1
VoL Output low voltage Vee=4.75V Vu=2V
V.= 0.8V loL= 16mA 04 | V 1
i Input high current Vee=5.25V V=24V 40 | uA 9
Vee=5.25V V=55V 1 | mA
e Input low current Vee=5.25V -1.6 |mA| 2
l** Shortcircuit current | Ve = 5.25V -18 -65 |mA | 3
lec Supply current Vee =5.25V 65 102 |mA | 2
* Al typical values are at Ve = 5V, Tamp = 25°C.
** Not more than one output shorted at a time.
11/73



T 74192
T 74193

SWITCHING CHARACTERISTICS (Vee =5V, Tomp = 25°C, N = 10)

Test conditions*®
Parameter Min. Typ. Max. |Unit | Fig.
from input | to output
tpar  Propagation delay time
to logical 1 level 17 26 | ns
Count-up Carry
togo Propagation delay time
to logical O level 16 24 | ns
tpai Propagation delay time
to logical 1 level 16 24 | ns
. . Count-down | Borrow 7,8
thdo Propagation delay time
to logical O level 16 24 | ns
toq;  Propagation delay time
to logical 1 level 25 38 | ns
- - Either count Q
todo Propagation delay time
to logical 0 level 31 47 | ns
thd1 Propagation delay time
to logical 1 level 27 40 | ns
- - Load Q
thqo  Propagation delay time 45
to logical O level 29 40 | ns !
t Propagation delay time
pdo
to logical O level Clear Q 22 35 | ns

* See “Switching times test circuit and waveforms”.

11/73
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T 74192
T 74193

DC TEST CIRCUITS (Arrows indicate actual direction of current flow. Current into a
terminal is a positive value).

Fig. 1- Vi, Vi, Vou. Vor.

-
Vin [
OH
SEE all
NOTE ot
=
it o 1
J VoL Vo
= =
S- 0251
Fig. 2 - ljy, i, lee- Fig. 3 - I (see note 3).
4.5V VCC VCC
T T Jlec J
F uP
—uP BORROW|— BORROW
T powN CARRY
L CARRY P— 45V A
i A o D\o
— | SEE B Qp — B A r—\o
V. o—»|NOTE OPEN c Qg >0
i C QB (I B
= 2 o e L D ac __/D
It ¢ CLEAR 1
—CLEAR QD L sC
f —d LoaD LOAD
5-0252

5-0253

NOTES: 1) - Each output is tested separately.
2) - Each input is tested separately.
- When testing |4, apply Vi to input under test and ground other inputs except when
testing data inputs, apply 4.5V to clear and load inputs.
- When testing |;_, apply V; to input under test and ground other inputs.
- When testing | c¢ apply 4.5V to inputs; clear and load inputs are grounded.
3) - Each output is tested separately in the 1 level state.

11/73
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T 74192
T 74193

SWITCHING TIMES

Fig. 4 - Clear, set-up and load times test circuit.

oUTPUTS
—
Vee 0pC:Qp Qs
i 7 7
! r~——1- "7
DATA :
PU.SE P eorrow QEN | =4000 )
GENERATGR $——{DOWN | |
CARRY p— N
(See Note A) A OPEN ! (SeenoteQll
CLEAR B8 Qa P I
PULSE | |
GENERATOR c Cg I
o | C =15pF
(See Note A) Qc | ISeeNoteB) |
LOAD CLEAR | |
PULSE 00 |— )
GENERATOR LoAD ! 1L0AD CIRCUIT
| S J
(See Noted) M lcabcircum 2 )
— — |
LGame as Load Creurth)
T {cAD CPCUIT3 !
(Sameas Load Creunl))
(o cirRcuT s 7
l_(SimiasLoad Cucun‘_),

NOTES : A. The pulse generators have the following characteristics: Zg ~50§2 ; for the data pulse
generator, PRR = 500 kHz, duty cycle = 50%; for the load pulse generator, PRR = 1MHz,
duty cycle = 50%.
B. CL includes probe and jig capacitance,
C. All diodes are TN3064.

Fig. 6 ~ Clear, set-up and load times waveforms.

<7ns =< /Ins

|
157 | F3T N\
CLEAR 10% oy

DATA
IMNPUT

LOAD
INPUT

5-02%

11/73
310



T 74192
T 74193

SWITCHING TIMES (continued)

Fig. 6 - Propagation delay times test circuit. OUTPUTS
v Yee 0pQc Qg Q4 CARRY BORROW
Q ? o o [e] o
RUL SE ] 00 |
GENERATOR o, YR sorrowo- R <000
1 DUNN |
V_QJ_A CARRY (Seetote )
(See Note &) Q |
L o 8 A )
c Qp |
C,=15pF
D 0, L |
C
cLEAR o ) IBP?NO(L‘B) :
LOAD Il 1 LoaD CIRCUIT Y g
F===-=o=o
l i LOAD CIRCUIT 2

UsameasLoad Creut))
| CoAD CRCUIT )

NOTES: A. The pulse generator has the following characteristics; PRR = 1 MHz, Z, a50£2, duty
cycle = 50%.
B. C| includes probe and jig capacitance.
C. All diodes are TN3064.
D. Count-up and count-down pulses shown are for the T74193 binary counter. Count cycle
for T74192 decade counter is 1 through 10.
E. Waveforms for outputs Qp, Qg, and Q¢ are omitted to simplify the drawing.

Fig. 7 - Propagation detay times waveforms.

COUNT
upP

INPUT !
(See Note D) tod)

QuTPUT 2
op 1.5v
(SeeNote E)

CARRY
CUTPUT

.
COUNT L

TOWN . & "'_\L] v\ g
INPUT 10

(SeeNote D) tod
QUTPUT

0
{SeeNote E)

BORROW
QUTPU
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T 74192
T 74193

TYPICAL APPLICATION

Modulo-N divider

The T74183 can be used to divide an incoming count frequency by any integral number
(N) from one to 16. This is done by modifying the count frequency occurring at the carry
output by presetting the data inputs to 16 minus N. By connecting the carry output to the
joad input, the counter will count to the maximum state (15) and the data inputs will then
be enabled on the succeeding clock pulse. The counter outputs are then preset to the levels
applied at the data inputs and the count sequence is repeated.

DATA INPUTS

| ||

INPUT TOAD A B T D QUTPUT
gy —we CARRY LI LI
we TS
5V e BORROW fo— OPEN
clear 9 9 Q]D
OUTRUTS S-0258

The T74192 may be used in the same manner to perform division by any number from 1 to 10.



T 75107 A
T 75108 A
T 75207 A

TTL INTEGRATED CIRCUITS T 752084

DUAL LINE RECEIVERS

® TTL COMPATIBLE

® HIGH INPUT IMPEDANCE

® | OW INPUTS CURRENTS

® USEFUL IN PARTY-LINE SYSTEM APPLICATIONS
® EXCELLENT INPUTS SENSITIVITY (3mV TYP.)

The T 75107A - T 75108A and T 75207A - T 75208A line circuits are designed to detect
low level differential input signals as 26 mV for (T 75107A - T 75108A), 10 mV for
(T 75207A - T 75208A) amplitude and converter the polarity of the signals into appropria-
te TTL compatible output logic levels. There are dual line receivers featuring independent
channels with common voltage supply and ground terminals. The T 75107A - T 75207A
circuit features a TTL - compatible active pull up output, while the T 75108A - T 75208A
circuit is also TTL compatible, sub features on open collector output.

The receivers feature independent strobe inputs for each channels and a strobe input com-
mon to both channels.

Available in standard temperature range (0 to 70°C), they come in 14-lead dual in-line
plastic or ceramic package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 \%
V; (D) Differential input voltage 6 \%
V; (C) Common - mode input voltage 5 Y,
V; (S) Strobe input voltage 5.5 \%
Top Operating temperature . Oto 70 °C
Tetg Storage temperature -65 to 150 °C

ORDERING NUMBERS : T 756X XXA B1 for dual in-line plastic package
T 75XXXA D1 for dual in-line ceramic package

Supersedes issue dated 5/74
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T 75107 A
T 75108 A
T 75207 A
T 75208A

MECHANICAL DATA (dimensions in mm)

Dual in-line plastic package
far T 76XXXA B1

Dual in-line ceramic package
for T 75XXXA D1 74"

os1™
|33 | 567

| o)
oesl. 1524 e 104

zomax POST-A

oo nnMn
1% 8

1 7
| O O I O R I I B R O
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T 75107 A

T 75108 A
T 75207A
T 75208A
CONNECTION DIAGRAM
U
INPUT IAI[ ]uvcc.
INPUT 132[ ]‘3Vcc—
N.C.B[ {]12 2A INPUT
OUTPUT 1Y /-[ ﬂll 2B INPUT
STROBE 16 5[ ]ION.C.
STROBE s 6] o 2v outPuT
onD 7] 8 26 sTROBE
5-063%
TRUTH TABLE
DIFFERENTIAL STROBES OUTPUT
INPUTS
A-B G |S Y
T 75107A T 75207A
T 75108A T 75208A
V; 225 mV Vi, 210 mV X | X H
XL H
S25mV SV, <26 mV-1I0mV <V, <10mV| L | X H
H | H | INDETERMINATE
X | L H
V, €-25mV V, <-10mV L X H
H| H L
RECOMMENDED OPERATING CONDITIONS
Veet * Supply voltage 4.75tc 5.25 \Y
Vee -*  Supply voltage ~4.75 to -5.25 Y
V; (D) Differential input voltage -5 to b \Y
V,(C)* Common-mode input voltage -3 to 3 Y
A Input voltage (any differential input) -5 to 3 \

* This is measured with respect to the ground.
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T 75107 A
T 75108 A
T 75207 A
T 75208 A

STATIC ELECTRICAL CHARACTERISTICS

unless otherwise specified)

(Veet =56.25V, Vo =-5.26V

Parameter Test conditions Min. Typ¥* Max.| Unit
Vin Input high voltage be-
tween differential inputs 0.025 5| V
Vi Input low voltage be-
tween differential inputs -5 -0.025| V
V1 (S) Input high voltage at
strobe inputs 2 55| V
V,,_(é) Input low voltage at
strobe inputs 0 08| V
Von  Output high voltage
(T75107A-T75207A only) | Vee+= 4.75V Ve -=-4.75V
lioaa= —400 uA 2.4 \
VoL  Output low voltage Veet+=4.75V Ve -=-4.75V
bink = 16 mA 04| V
14 (D) [nput high current into
differential 1A or 2A V(D)= 0.5V V(C}=-3Vto3V 30 75| MA
lhL{D) Inputlow current into
differential 1A or 2A Vi(D)=-2V V{(C}=-3Vto3V -10| pA
I (S)  input high current into Vin(8)=2.4V 40| pA
trobe 1
strobe 1G or 2G V, (S)= 5.25V 11 mA
1,L(S) inputlow current into
strobe 1G or 2G V,L{S}=04V -1.6| mA
14 (S} Input high current into Vin (S)= 2.4V 80| LA
strobe S
V4 (8)= 6.25V 2 | mA
l,L(S) [nputiow current into
strobe S V,_(S)}=04V -3.2| mA
lsc ™™ Short-circuit current
(T75107A-T75207A only) -18 -70| mA
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T 75107 A

T 75108 A
T 75207 A
T 75208 A
STATIC ELECTRICAL CHARACTERISTICS (continued)
Parameter Test conditions Min. Typ¥ Max.| Unit
lccw+ Supply current from
Veet Vi(D)=26mV V 4(S)=5V
Tamp= 25°C 18 30| mA
lccH~ Supply current from
Vee- V;(D}=26mV V 4(S)= 5V
Tamp= 25°C -84 -15| mA
lsink Sinking current 16| mA
l\oad Load current -400| uA
* All typical values are at Veoe+ =5V, Vee- = -5V, T, = 25°C.
** Not more than one output should be shorted at a time.
Typical input current into 1A or 2A Typical supply current vs. ambient
vs. ambient temperature temperature
G-1215 G-1214
wo T | lech LTI T
(ua) 1T | (mA) HERE A lee.] 1]
T Veeo® 5V || 1 _ ++ =T : ]" T
8o | Yec=-5Y TR - e ;
| ] : u e !
60 2 i
>y ? o
40 -~ S i rl_ 8 AT T r
- . ¢ -
? s “ ol ece- sy
2 || Peg-=-5v
L
0 0 J T l |
60 40 -20 0 20 @ 60 80 Tamp(*C) 60 -40 20 0 20 40 60 80 Tymp(*C)
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T 75107 A
T 75108 A
T 75207A
T 75208 A

DYNAMIC ELECTRICAL CHARACTERISTICS (Vcc! = BV, Veg = -5V,
R =390Q, T,mp = 25°C)

Parameter Test conditions Min. Typ. Max. | Unit

tpLH(D) Propagation delay time,
from differential inputs

A and B to output C_=15pF
for T 75108A - T 75208A 19 25 | nsec
for T75107A - T 75207A 17 25 | nsec

tp (D) Propagation delay time,
from differential inputs

A and B to output CL = 15pF
for T75108A - T 75208A 19 25 | nsec
C_ =50pF
for T75107A - T 75207A 17 25 | nsec

tp_n(S) Propagation delay time,
from strobe input

G or S to output C_=15pF
for T75108A - T 75208A 13 20| nsec
C_ =50pF
for T75107A - T 75207A 10 15 | nsec

tp(S) Propagation delay time,
from strobe input

G or S to output C_=15pF
for T75108A - T 75208A 13 20 ! nsec
C_ =50pF
for T75107A - T 75207A 8 15 | nsec

G-1217

T T Typical propagation delay time (differ-
( ! ential inputs) vs. ambient temperature
{for T 75107A-T 75207A only)

toLH
PHL
{ns)
0 -

28

l?HL(D) i 1

0 i —l I

-60 -40 -20 O 20 40 60 80 Tamb(*C)
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T 75107 A
T 75108 A
T 75207 A
T 75208 A

tpH(®
(ns)

160
140
120
100
80
60
40

20

Typical propagation delay time (differ-
ential inputs) vs. ambient temperature
(for T 75108A-T 75208A only)

6-1218
1 \‘ T T ]
v, = BY
—‘VCC'_ et [ —
| Vec-=-5V| L_| _
(CL=15pF|
T
+ F R mml
! ! o b= T L
- e e et } N ! -
A =39000] | IR 1
= M T T
EENEERRSA
- '5'5’0‘—’“‘_?-"'_7 L 1\[ ;
121 [ AN L hed”
1] i T ——1’;” "
- o
T s Lol e i HEEE
R=3%0a | T ][]/ [
-60 -40 -20 O 20 40 60 80 Tamp('C)

Typical propagation delay time {strobe
inputs) vs. ambient temperature
{for T 75107A-T 75207A only)

6-1216
I T T T T ]
L] vecom sVl 1 {1 i T
Veg-s=Bvi Lo, o ] 1) ;
] Rri=3%040 S |
CL=50pF ' : !
| i
It —t .
[ ! A7
L] : e 1
tpLH (S) i . I
T R
71,, T‘a‘ - — i }
IHZ
- =F —— e —
| tPHLIS ;
_ i
|
-60 -40 -20 0 20 40 60 80 Tamp('C)

t

PHL
(ns)

30
28
24

20

teLn
tenL

(ns)| |

30

28

24

20

o]

Typical propagation delay time {differ-
ential inputs) vs. ambient temperature
(for T 75108A-T 75208A only)

6-1220
T T T 177 T
Vee.s V] 1 1T %
_|Veeos B U G
[Tvec=—sv| 1T AN T T 0 A
| |CL=15pF L !
11 ;
| I
! T
{ e
__.4‘ 1
\\s
IR N |
_l; 1\{‘1-;:~~9¥ e 3 04
= k- i
e - : [ ] [
_‘L J__; | | RL= 3900?—'—1-’“*»4 1]
' i R=1950 Q——— |
[ T RL=39000
=
] !
—1 = t
- ,4‘___ . H _% | L S
_[1 [ — l I
[ | RSN
60 -40 -20 O 20 40 60 80 Tamp (°C)

Typical propagation delay time (strobe
inputs) vs. ambient temperature
(for T 75108A-T 75208A only)

G-1219
[TTT
| {Vcce= 5V
Vee.=-5Y
IR =3%00
| 1€ = 15pF
[ ]
I
L1 | v
B 4
v
tpLK(S) ’le
-
j e~ | 1]
! | i \.______f_’_ N
A= Ly
S e ! I
L!pHL(S) i LT
! oo
T L. DEREE
LTT i HETRNEENEEE

0 20 40 60 80 Tamp({"C)

19
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T 75107 A
T 75108 A
T 75207 A
T 75208 A

SWITCHING TIMES

Test circuit.
DIFFERENTIAL

e Yee- outPUT

T75107 A

T75207A

c
PULSE L

GENERATOR 50pF i

(See Note 1) (See Note 3)
i
j
ouTtpuT
T75108 A
Cy T75208A

STROBE 500 = isoF
INPUT O——————
(See Note 2) (See Note 3)
PULSE —
50620/
GENERATOR
(See Note 1}

NOTES: 1. The pulse generators have the following characteristics: Zgyy =50 §2 t; =t = 10% 5ns,
tp1 =500 ns, PRR = 1 MHz tp5 = 1 us, PRR = 600 kHz.

2. Strobe input pulse is applied to Strobe 1G when inputs 1A-18B are being tested, to Strobe S
when inputs 1A-1B or 2A-2B are being tested, and to Strobe 2G when inputs 2A-2B are
being tested.

3. C_ inciudes probe and jig capacitance.

Waveforms

tp1 tp2
STROBE 7 r /—— 3y
INPUT 1.5V 15Y
Gor S - 'PHL(D) i A7 ov
tpLH(D) -
PLHE > tpLp(S) J_,‘ tp(S)
i
; |-~ vou
Y15y 15
QUTPUT Y
YoL
5-0641
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TTL INTEGRATED CIRCUITS

T 75109
T 75110

DUAL LINE DRIVERS

® HIGH SPEED DATA-TRASMISSION
® TTL COMPATIBLE

The T 75109 and T 75110 are dual line drivers featuring independent channels with com-

mon supply voltage and ground terminals.

The difference between the two drivers is in the output current specification, it is nominally
6 mA for the T 75109 and 12 mA for the T 75110.

The output current can be inhibited by appropriate logic levels on the inhibit inputs. This
device is available in 14 lead dual in-line plastic and ceramic package for a standard tempe-

rature range (0 to 70°C).

ABSOLUTE MAXIMUM RATINGS

Veet Supply voltage

Vee- Supply voltage

vV, Input voltage

Vo Common-mode output voltage
Top Operating temperature

Teg Storage temperature

7

-7

5.5

- 5to 12
0to 70 e
-656 to 160 e

o< <L

ORDERING NUMBERS: T 75 XXX - B1
T 75 XXX -D1

MECHANICAL DATA

L

e e _F_ 3T e

111 ‘S ;4 A /]

[ [( e

NN - L L- 838 _J

207
S s
L n.nnanonal
TS - e
P J
OO o O g T 75XXX-B1

for dual in-line plastic package
for dual in-line ceramic package

Dimensions in mm

W
P, _
SR MRS M "
i Bjaps| Il ﬂtﬁl i
MH} R
I l o ws)
u u Voommam L '
QL3 . 258 |
. 1522 ; 06|
ye= T
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T 75109
T 75110

CONNECTION DIAGRAM

S
INPUT 1A 1] Hha Veer
INPUT 1B 2[] 1131y outeuT
INHIBIT 1€ 3] 2 12 ouTPUT
INHIBIT2C 4[] e Vee-
INPUT  2A sq 10D INHIBIT
INPUT 2B 6] ]9 2zoutPUT
GND 7[] L1{ls 2v outsut
5. 0658
TRUTH TABLE
LOGIC INHIBITOR
INPUTS INPUTS OUTPUTS
A B C D Y z
X X L X H H
X X X L H H
L X H H L H
X L H H L H
H H H H H L

Low output represents the on state
High output represents the off state
Either High or Low

X T
1l
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T 75109
T 75110

RECOMMENDED OPERATING CONDITIONS*

Vet Supply voltage 4.75to 5.25 \%
Vee- Supply voltage ~4.75 to -5.25 \%
Vo Positive common mode output voltage Oto 10 \
Vg Negative common mode output voltage Oto -3 \%
*These are measured with respect to the ground
STATIC ELECTRICAL CHARACTERISTICS (V= 525V, Vee = -5.25V
unless otherwise specified}
Parameter Test conditions Min. Typ.* Max.| Unit
Vin Input high voltage at
any input 2 55| V
Vi Input low voltage at
any input 0 08| V
I (L) !tnput high current into Vin(L) =24V 40 | uA
logic 1A, 1B, 2A or 2B
9! o V(L) =525V 1| mA
1, (L) Inputlow current into
logic 1A, 1B, 2A or 2B Vi_(L) =04V -3 | mA
fiq (1) Input high current into Vin(ly'=24v 40 | uA
inhibit 1
inhibit 1 or 2C Vi (1) = 5.25V 1| mA
L, (t}  Inputlow current into
inhibit 1C or 2C Vi) =04V 3| mA
6/74
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T 75109
T 75110

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ® Max.| Unit
i (1) Input high current into Vig(l) =24V 80 | HA
inhibit D V(1) = 5.25V 2| mA
I, (1) Input low current into
inhibit D V(1) =0.4V -6 | mA
for T 75109 7| mA
lo Output current into for T75110 15| mA
on-state Vee=4.75V Ve=-5.25V
for T75109 |35 mA
Vee=4.75V  Vc=-5.25V
for T75110 |6.5 mA
lo Output current into
off-state 100 | uA
lect Supply current with
driver enabled into
on-state Vig{l)=2V Vv, {L)=04V
for T 75109 | 18 30| mA
for T 75110 23 50 | mA
lec™ Supply current with
driver enabled into
on-state Vil =2v VvV, (L)=04V
for T 75109 -18 -30( mA
for T 75110 -34 -50| mA
lect Supply current with
driver inhibited into
off-state Vi (1) =04V V_(L)=04V
for T 75109 18 mA
for T75110 21 mA
lee Supply current with
driver inhibited into
off-state Vi () =0.4V V,_{L)=04V
for T 75109 -10 mA
for T 75110 -17 mA

* All typical values are at Voot = 5V, Voo™ = -5V, Tamp = 25°C

6/74
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T 75109
T 75110

Typical output current vs. logic input
voltage

G-1226
1
° [T1
(may|{¥ee.= 3V -
[ |Yec-=-sv
v {Dav
12
0 -
8
° u
. OUTPUT Z \ OUTPUT Y
2
11 1.2 13 14 V(L) v

Typical supply current with driver ena-
bled (on-statej vs. ambient temperature

G-12218
lee [TTTT]
(MA)_VCC'= 5y

[ [Vee=-5Y
32
|
28
il
%
Hlec
b1

-0 -4 -20 0 20 4 60 80 Tamb(*C)

Typical output current vs. fogic input
voltage

6-1227
l0
(mA)
2
0 OUTPUT Z OUTPUT Y
8
6
. Veeo® SV |
Yee-"-5Y ||
2 ViD= (1)
0 [T
1t 12 13 14 vy
Typical supply current with driver ena-
bled {on-state) vs. ambient temperature
G-1229
Tec [1
) Jrec [
12 - EhiEds
28
z‘ o
20 lece
3
12
s Vee.® 5V
. Vo=V
|
0 [ ]

60 -4 -20 O 20 40 60 80 Tamb(®C)
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T 75109
T 75110

DYNAMIC ELECTRICAL CHARACTERISTICS (Voc*=5V, Voo ™=-5V, R, =50 22,

Tamp = 25°C)

Parameter

Test conditions Min. Typ. Max. | Unit

tp_n (L) Propagation delay time
from logic input Aor B
to output Y or Z

9 15 | nsec

tpn (L) Propagation delay time
from logic input A or B
to output Y or Z

9 15 | nsec

tp_n (1) Propagation delay time
from inhibitor input C
or D to output Y or Z

16 25 | nsec

tpye (1) Propagation delay time
from inhibitor input C
or D to output Y or Z

13 25 | nsec

Typical propagation delay time (logic

inputs) vs. ambient temperature

G-1230
teun v[ [ lsv
el | 'CCe"
(ns) {—|¥cc-=-5Y
1% _RL=50ﬂ
—C=40pF
%
[
12
©
=
8 4=
s togp(Lland tp, 1L
4
2
0

-60 -40 -20 O 20 40 60 80 Tamp(°C)

teLn

tpHL

{ns)
32
28

24

Typical propagation delay time (in-
hibitor inputs)vs. ambient temperature
G-1231

[ ]
Voo Y
Veo=-5V
R =50 1
CL=40pF

[T 1T

T {tpLH! - —EF

tpHL

60 -4 20 0 220 4 60 80 Tampl'C)
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T 75109
T 75110

SWITCHING TIMES

Test circuit

LOGIC
INPUT T T
" GOUTPUT

L Ry CL v
----------- 890 | S50 40 pF
n “ES (Note 2)
PULSE
GENERATOR

(Note 1)

a2<]

PULSE
GENERATOR
(Note 1)

+TO OTHER CHANNEL

— ' 4
INHIBITOR ! P teinetataiiaialit diadiald et
INPUT (Note 3)

5-065¢

NOTES:

1. The pulse generators have the following characteristics: Z5,¢ =5082, t,=t; = 10 * Bns, tp,; = 500ns,
PRR = 1MHz, t55 = 1 ms, PRR = 500kHz

2. Cy_ includes probe and jig capacitance

3. For simplicity, only one channel and the inhibitor connections are shown

Waveforms
LOGIC /—\ 3V
INPUT
Aor B 50% 50%
S, 0
tpl tp2 v
I 3v
INHIBITOR - w /
INPUT J'PHL(L) 50% 50
Cor D e—— /1 ov
tp (L) _’Jtpu_,(l) _J‘PHL“)
> __j:OH
OUTPUT ¥ 50% 50% 50% 50%
on
7 oft
OUTPUT Z so% fm_
| on
t L) t (L)
PHL _,‘_ELL $.0660

az7 6/74
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nI‘ TL integrated circuit

T75451A

STANDARD TEMPERATURE RANGE
0°Cto 70°C

OUTPUT CURRENT CAPABILITY 300mA
HIGH-VOLTAGE OUTPUTS

HIGH-SPEED SWITCHING

CIRCUIT FLEXIBILITY FOR VARIED
APPLICATIONS

TTL OR DTL COMPATIBLE
DIODE-CLAMPED INPUTS

e STANDARD SUPPLY VOLTAGE

8-PIN PLASTIC DIP

ORDERING NUMBER : T 75451A BI

Dual peripheral
positive AND driver

The T 75451A is a dual peripheral driver designed for use in
systems that employ TTL and DTL logic. Typical applica-
tions include high speed logic buffer, power driver, relay driver,
lamp driver, MOS driver and memory driver. The T 75451A
offers large freedom from latch-up, diode-clamped inputs to
simplify system design and can drive lamps,relays,and mem-
ories to rated levels of voltage and current without external
loading capacitors. The device is available in eight pin plastic
mini-DIP.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage Ve (1) v

Input Voltage Vi, (1 and 2) 5.5V
Intermitter Voltage (3) 5.5V
Continuous Output Current (5) 300 mA
Continuous Total Power Dissipation 800 mW

Storage Temperature Range -65°C to 150°C

OPERATING CONDITIONS

Supply Voltage Ve (1) 4.75V to 5.25V
Maximum Voltage on any Output
(1 and 4)

Free-Air Temperature Range

30V
0°C to 70°C

NOTES : see next page.

CONNECTION DIAGRAM

Veo 28 24 v

GND

PHYSICAL DIMENSIONS
8-pin plastic DIP
(MINI DIP}

05 min
3 |

3
33

Note : all dimensions in mm.

UNE 1972
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Dual peripheral positive AND driver T75451/

STANDARD TEMPERATURE RAN(

ELECTRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS (*) Min. Typ(**) Max.

Unit
Vin(l) Logical | input voltage required at all input
terminals to ensure logical O (on) ilevel at
output Vee = MIN 2 v
Vin(O) Logical 0 input voltage required at any input
terminal to ensure logical | (off) level at
output Vee = MIN 0.8 v
Ve Input clamp voltage Ve = MIN Ic=-12mA -1.5 v
lout(1) Output reverse current Vee = MIN Vin =2V 100 | pA
vout(I) =.3QV
Vee = MIN Vin = 0.8V 0.4 v
- Igink = 100mA
Vout(0) Logical 0 output voltage (on level)
Vee = MIN Vin = 0.8V 0.7 \%
Lgink. = 300mA
lin(oy  Logical O level input current (each input) Vee =MAX Vi, =04V -1.6 | mA
Ve =MAX Vi, =24V 40 pA
Iin(1)  Logical 1 level input current (each input)
Ve = MAX Vip = 5.5V 1 mA
Icc(oy Logical O level supply current Vec=MAX Vi;=0 52 65 | mA
ICC(l) Logical 1 level supply current Voo = MAX Vi =5V 7 11 mA
SWITCHING CHARACTERISTICS (Voo =5V, Ty = 25°C)

PARAMETER TEST CONDITIONS Min. Typ. Max.| Uni
tpd0 Propagation delay time to logical 0 level 45 ns
tpdl Propagation delay time to logical | level lgnk ~200mA  Cp = 15pF 25 ns
t Transition time, high-to-low level output 12 ns

T0 Ry = 500 -
tT1 Transition time, low-to-high level output 10 ns

(*)  For conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions.
(**) All typical values at Voo = 5V, Ty = 25°C.

NOTES :

1) These voltage values are with respect to network ground terminal unless otherwise specified.
2) Input signals must be zero or positive with respect to network ground terminal.

3) This is the voltage between two emitters of a multiple emitter transistor.

4; This is the maximum voltage which should be applied to any output when it is in the off state.
5) Both halves of this dual circuit may conduct rated current simultaneously.
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Dual peripheral positive AND driver T75451A

STANDARD TEMPERATURE RANGE

DC TEST CIRCUITS (arrows indicate actual direction of current flow. Current into a terminal is a positive value)

Vin(l) - Vin(O) - loul(l) - VOU[(O) TEST CIRCUIT

Vee TEST T
o} ABLE
INPUT OUTPUT
Towt ‘D UNDER OTHER
Vin (1) V. (1) TEST INPUT
CIRCUIT see [0 Vout APPLY MEASURE
TEST UNDER Y TEST
TABLE| g| TEST TABLE ~Jsink
Vin (0) . — Vin(l) Vin(l) | Vout(1) | lout(1)
Vout (O Vin(0) Vee Lout (0) | Vout(0)
-
l Note : Each input is tested separately

V¢ - lin(oy TEST CIRCUIT
]CC(O) - ICC(l) TEST CIRCUIT

Vee
svo—ABl cpeun
lint0) UNDER Y
Vino——\L_| TEST |OPEN
B,A

Ic l
Ve

“na
Note : Both gates are tested simultaneously I l

Note : Each input is tested separately

lin(1) TEST CIRCUIT

Vee

Tintn
Vi —
ino " ABI creurr

UNDER
B,A| TEST OPEN

L

Note . Each input is tested separately
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Dual peripheral positive AND driver T75451A

STANDARD TEMPERATURE RANGH

SWITCHING TIME TEST CIRCUITS AND WAVEFORMS

INPUT 2V 10V
‘ R -500
ouTRYUT
PULSE
GENERATOR CIRCUIT
(See Note A) UNDER
TEST Cy=15pF
GND (See Note B) Vout(0)
—-—
Notes ©

A) The pulse generator has the following characteristics : PRR - | MHz, Zgy( = S0
B) Cp includes probe and jig capacitance.

TYPICAL APPLICATION DATA
A) DUAL LAMP OR RELAY DRIVER

5Y
Iil /M m
INPFUTAG—|

STROBE O——¢ 3 T75L514 v
INPUTBO——— -

_Li_l |F3f 3]

Note: Optional keep alive resistors,maintain off-state lamp current at = 10% to reduce surge current.

B) COMPLEMENTARY DRIVER

SV -
KA

INPUT O

3 51 _[5]

COMPLEMENIARY

10l O quteyTs FoR

e V T 754514 GO/NO-GO INDICATORS

INVERTER MOS CLOCK CRIVERS
O BIPOLAR RELAYS
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T 54H/74H
TTL INTEGRATED CIRCUITS series

PRELIMINARY DATA

HIGH - SPEED TRANSISTOR - TRANSISTOR LOGIC

HIGH-SPEED-TYPICAL GATE PROPAGATION DELAY TIMES: 6ns at C_ =25pF
HIGH DC NOISE IMMUNITY: 1V (TYP.)

LOW OUTPUT IMPEDANCE .

POWER DISSIPATION: 23 mW (TYP.) per NAND GATE at50% DUTY CYCLE
FANOUT: 10 SERIES T54H/74H or 12 SERIES T54/74 LOADS

COMPATIBLE WITH STANDARD SERIES T54/74 LOGIC CIRCUITS

ALL INPUTS ARE DIODE CLAMPED to MINIMIZE TRASMISSION LINE EFFECTS
MULTIFUNCTION GATES and DUAL FLIP-FLOPS OFFER LOW COST per FUNCTION
SPECIAL CIRCUIT TYPES (AND and AND-OR FUNCTIONS) REDUCE SYSTEM
PACKAGE COUNT

Series T54H and T74H TTL integrated circuits are designed to be used in very high speed
digital system.

This logic series includes the gates and flip~flop elements needed to perform all functions
within general purpose digital system.

Serie T54H and T74H circuits feature a darlington-connected, double-ended, high-speed

output for improved switching speeds. Typical flip-flop clock frequencies are 30 and 50MHz.
Series T54H are integrated circuits available in 14 or 16 - lead dual in-line ceramic package.
Series T74H are integrated circuits available in 14 or 16 - lead dual in-line plastic or ceramic
package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 7 \'%
V, Input voltage ) 5.6 \'%
Tetg Storage temperature -65 to 150 °C
Top Operating temperature: for T54H type -b5 to 125 °C

for T74H types Oto 70 °C

ORDERING NUMBERS:

TH54H XX D2 for dual in-line ceramic package
T74H XX B1 for dual in-line plastic package
T74H XX D1 for dual in-line ceramic package
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T 54H/74H
series

MECHANICAL DATA (dimensions in mm)
Dual in-line plastic packages: for T74H XX B1

~:]‘1rrarx—‘

YA

| oss)
838 | e

SRV S

2Qmax

i
025
8.38 ) J

onnonnonon

s

1 7 1

9

8

Dual in-line ceramic packages: for T74H XX D1
for TB4H XX D2

|5 W Ay O

Y Al
[ & %’
i 431 w [T
o | el
Q45 1254
L 17.78 R 10.4
zomax £05) B
npnonoon
16 9
1 8
L
RECOMMENDED OPERATING CONDITIONS
Vee™  Supply voltage: for T54H type 45 to5.5 \%
for T74H types 4.75 to 5.25 \%
N Normalized fanout (each output) max 10

Top for T54H type

for T74H types

Temperature range:

-55 to 125 °C
0 to 70 °C

* These are measured with respect to the ground
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T 54H/74H
series

OPERATING CONSIDERATIONS

UNUSED INPUTS OF NAND AND GATES: for optimum switching times and minimum
noise susceptibility unused inputs should be mantained at a positive voltage into 2.4 V and
not more than 5.5 V.

FANOUT CAPABILITY: fanout {N) reflects the ability of an output to sink current from a
number of Series TS4H or T74H loads at logical 0 voltage level and to supply current at
a logical 1 voltage level.

LOGIC DEFINITION: Series T54H and T74H logic is defined in terms of standard POSI-
TIVE LOGIC.

TYPE DESCRIPTIONS

T 54/74 H 00 Quad 2-input positive NAND gate

T 54/74 H 01 Quad 2-input NAND gate with open collector
T 54/74 H 04 Hex inverter

T 54/74 H 05 Hex inverter with open collector

T 54/74 H 10 Triple 2-input positive NAND gate

T 54/74 H 11 Triple 3-input positive AND gate

T 54/74 H 20 Dual 4-input positive NAND gate

T 54/74 H 21 Dual 4-input AND gate

T 54/74 H 22 Dual 4-input NAND gate with open collector
T 54/74 H 30 8-input NAND gate

T 54/74 H 40 Dual 4~input positive NAND buffer

T 54/74 H 50 Exp. dual 2-wide 2-input AND-OR INVERT gate
T 54/74-H 51 Dual 2-wide 2-input AND-OR-INVERT gate
T 54/74 H 52 Exp. 2-2-2-3 input AND-OR gate

T 64/74 H 53 Exp. 2-2-2-3 input AND-OR-INVERT gate
T 54/74 H 54 Dual 2-wide 2-input AND-OR-INVERT gate
T 54/74 H 60 Dual 4-input expander

T 54/74 H 61 Triple 3-input expander

T 54/74 H 62 3-2-2-3 input AND-OR expander

T 54/74 H 71 JK master-slave flip-flop

T 54/74 H 72 JK master-slave flip-flop
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T 54H/74H

series

CONNECTION DIAGRAMS

T 54/74 H 00
T 54/74 H 01

T 54/74 H 04
T 54/74 H 05

T 54/74 H 10

o[ 4 vee 1] 1 Vee 1] 14 Yee
DO T g
ol Ji2 oa ) @]'z ov 24 3[? 1z
U0t £ Ol o200 (O i e T
0 TG SR B =1 R My
S [S1O) SO A2 SRS U
T 54/74 H 20
T 54/74 H 11 T 54/74 H 22 T 54/74 H 21
T 54/74 H 40
| e vee ] e vee TR | — wvee
© 2] Jia e o2 [H I 20 ‘B sz— n 20
O — Jiz we 5] ]z 2 ve o e
28 < 3 e < I e e ] ] ne
SE o mq—j Jow o s o oo
2 o Js v I s 2 woe] Jo 2
onp 7| Jo av ono 7 ] s 2v oo 7| s 2v
T54/74 H 30 T 54/74 H 50 T 54/74 H 51
s o) e vee a1 1< ve woaf] 1 vec
o o] s we 2 2 }[]w s 2 2 s e
¢ s Jz = ah I 2 _f]'z ne
i Ino o] }]u C e ] —L]ﬂ e
= s [0 ne S ro 10 0 s pw ©
£ Is ne 2 o s e = o Jo 1
oo 7] Ts v oo 7[—L - P oo 7[1 L Js v
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T 54H/74H
series

CONNECTION DIAGRAMS (continued)

T 54/74 H 62 T 54/74 H 53 T 54/74 H 54
A ‘[ 16 Vee A [ ]u. Voo A [ ]u vee
8 2 (REN ¢ ER- ¢ 2] [ RERC
c 3 Jrz w o 3 |RER.: o 3] 12 e

Ne g o x 6 ] s * e s n 9w
GND 7[ ]a v GND7D ]e 1% GND7q ]8 1%
5-0914 5.0915 - 5-1195
T 54/74 H 60 T 54/74 H 61 T 54/74 H 62

o o SIL wa e s lo o

(LORN| e vee 1 1] 14 Vee a1 ] 1evee
18 2] ] 10 18 2] J13 ac s 2[f I
1c %ﬁﬂ 12 1% Y| J12 38 ¢ 1] iz
24 A[E nooax 24 4] 17 34 o 2] o«

s

¢ s Is 22 2 s[ﬂgg 1z Y| s F
ovo 7] Je 2o GND 7 o 2x ono 7 | h“ x

sonse wons i
T54/74H 71 T54/74 H72

moo W ove  me ] T vee

ne 2] Icock  csanz [l U eneses

e a2 Tn ws 0 s ] cuocn

8 4] 1 kea J2 ‘[U' _].]” K3

PRESETS | o ws 2 sfj L] o Kz
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HLL INTEGRATED CIRCUITS
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HLL INTEGRATED CIRCUITS

HLL H 100 SERIES Page
Extended temperature range 341
Intermediate temperature range 359
Standard temperature range 377
GATES

H 102 Quad 2-input NAND gate (active puli-up)

H 103 Triple 3-input NAND gate (active pull-up)

H104 Dual 4-input expandable NAND gate (active pull-up)

H 105 Dual 2-wide 2-input expandable AND-NOR gate
(active pull-up)

H 109 Dual 4-input expandable power AND gate (open coliector)

H 112 Hex inverter (open collector)

H 113 Dual 2-input NAND gate plus dual expandable inverter
(open-collector)

H114 Quad TTL to HLL-COS/MOS converter

H11£ Strobed hex inverter (open collector)

H11& Hex inverter (active pull-up)

H119 Strobed hex inverter (active pull-up)

H122 Quad 2-input NAND gate (passive pull-up)

H 124 Dual 4-input expandable NAND gate (passive pull-up)

H167 Quad 2-input exclusive OR gate (active pull-up)

H 168 Quad 2-input exclusive OR gate (open collector)

MEMORY ELEMENTS

H110 Dual J-K flip-flop with set input
H 111 Dual J-K flip-flop with set and clear input
H 159 Quad D-latch

MONOSTABLE ELEMENT

H 117 Monostable/astable multivibrator

COUNTERS, REGISTER AND SPECIAL ELEMENTS

H 156 4-bit binary counter

H 157 Decade counter

H 158 BCD to decimal decoder/driver

H 160 4-bit shift register

H 1656 Quad Schmitt trigger (active pull-up)
H166 Quad Schmitt trigger (open collector)

HLL H 200 SERIES Page
Standard temperature range 467
E. = Extended temperature range

Intermediate temperature range
Standard temperature range

e

340

344
344
344

345
397
348

350
401

351
351

346
346

405

Page

362
362
362
395

363
399
366

368
403
419
421
369
369

364
364

413

S.

380
380
380
395

381
399
384

386
403
419
421
387
387
463
463

382
382
443

413

427
437
441
449
455
455



HLL INTEGRATED CIRCUITS

H100
series

EXTENDED TEMPERATURE RANGE

-55°C to 125°C

® WIDE RANGE OF SUPPLY VOLTAGE

® HIGH DC NOISE IMMUNITY 5V (TYP) at

vee

= 15V

e HIGH FAN-OUT 25 (WORST CASE)

® COMPATIBLE WITH MOS and COS/MOS IC’s

High level logic family

High Level Logic is a family of high threshold integrated
circuits.

it offers the advantages of 5V DC noise immunity, high
signal levels, large supply voltage tolerances and unusually
high (an-out.

These features make the family particularly suitable for
industrial, avionic and telephone applications where the high
noise environment might prohibit the use of a low threshold
integrated circuit.

The H100 series elements are available in the hermetically
sealed ceramic dual in-line package.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VcC) continuous 18V
Input Voltage -0.5 to 16V
Storage Temperature Range -65°C  to 150°C

OPERATING CONDITIONS

ORDERING NUMBER Operating Temperature -55°C  to 125°C
H1XX D2 Supply Voltage 108V to 16V
PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
14-pin ceramlc package 18-pin ceramic package

5 5
—— - R
MINO.S| 35 MiNOS| 5 17.5 MIN
20 MAX 20 MAX
oo n I oMM Mnn
El ® R % = ST T
- A f z : 3 ’)
I = I 0
NQTE: all dimensions in mm. NQTE: alt dimensions in mm,

2/74



H100

series

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAMS

H 102/H 122
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out 3

6

7
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i
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@ e r W o~ =
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H100

series

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAMS (continued)

H115 - H117 H 156/H 157

N 1] e vee cxmx 1 [ I v Q2 f [-».— — ] W Voo
out 1] s ™ o N [ ] 5 umner b2 2 [_——o -—-7] By
" JL ]" il IN )[ ] 1ZLIMITER Qo 3 [» - p-— ] 12 Pl
STROBE 4] s N J_

™ < v PO A[~—o —n @
our s 12 strose
N | nooaur z ! —fe < s E_ - m @
ur ] 10 N o sl IS cre ¢ EA_O i KR
onND 8] 9 our GRO 7[ »p ] 8 our oNo 7 U = "J 8 RESET
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gates H102 - H103 - H104

CONNECTION DIAGRAMS (top view)

EXTENDED TEMPERATURE RANGE

Ao 7 A4
1] [)1aVee 16‘ [1Vee = 14V
2 13 2::| 5 L_—:]n 2] 313
3] [z 3] )12 EXP.3 (] [12
a3 =}l 4] [ 4] [ 11EXP.
s )10 s )10 5 10
s ] e = =g 6 ] mp
Gna 7 wh Gnd 7 ] s Gnd 7 ] =]
H 102 H 103 H 104
LOGIC FUNCTION
A Positive logic
8
S@_ f e SCHEMATIC DIAGRAM
| X -m--=d (one gate only)
| A Negalive logic
| 0 --- E = A-B+C+D
X —mmmm M
S - 0558
ELECTRICAL CHARACTERISTICS
—55° 25°C 125°C
SYMBOL,| CHARACTERISTIC S%°C UNIT CONDITIONS
Min. Max. | Min. Typ. Max. | Min, Max.
Von Cutput High Voltage 14.5 145 15 14.5 \ Vee =16V Toy =—200u4A
9.3 9.3 9.8 9.3 v Vee =10.8V lon=—200u:A
VN =V (see below)
v Output Low Voltage L5 1 1.5 L5 v Vee =16V Ior, =12.5mA
oL e 8 Vée=103V  Ior=9mA
Vin =ViH (gee below)
VIL Input Low Voltage 6 [ 6 v Guaranteed Input Low Threshold
for All Inputs
Vin Input High Voltage 8 8 8 v Guaranteed Input High Threshold
for All Inputs
Ip Input Low Current -0.5 -0.08 -0.5 -0.5 | mA | Vec=16V f -
0.3 0,06 -0.36 -0.3%| mA | Vee=10.8v§ VF=LSV
IFEX Expander Input Low Current -14 -0.9 -14 -14 | mA | Vee=16V $ v ~ov
(Note 2) ) -1 -0.75 -1 -1 | mA | Veec=10.8V FEX
Ir Reverse Input Current 7 0.1 7 7 pA | Vee=16V VR =16V
Igc Output Short Circuit Cwrent |-6.6 -20 (-6.5 -13.5 -2 [-6.5-20 | mA | Ve =16V Inputs and
Output Grounded
IppH High Level Power Dissipstion 6 44 6 6 mA | Vgo=16V Inputs High
Current (Each Gate) )
Ippy, Low Level Power Dissipation 2 1.2 2 2 mA | Voo =16V Inputa Low
Current (Each Gate)
TPD 4 | Turn-Off Delay 160 250 nsec ( Voo =15V See Test Circuit
TPD— | Tum-On Delay 50 100 neec | V..=15V See Test Circuit
NOTES: 1) The node can be expanded using EB 383 or BAY 72 diodes

2} For H 104 only
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power gate H109

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAM (top view)

——\U—]
14 3 14Vee
2] 113

Exp. 3] [ 12
] [ 11Exp.
5] [ 10
s e

Gna7 [} =l

USE OF H109 POWER GATE

100 mA max.
A —_—
=D
i |

»

A e

@

LOGIC FUNCTION

i_e Erfrerewn

SCHEMATIC DIAGRAM (one gate only)

Positive
logic

*x gom»

Nogatlve
loglc

*x oow»

Locppt-d c
£o—j—1 .’(P!-nlo 2
. — H=ABCDEFQ
6 o—jaf— o
X
{rote 1)
ELECTRICAL CHARACTERISTICS
- © ° o
SYMBOL|  CHARACTERISTIC Bovc 25°C 126°C |untr CONDITIONS
Min. Max. |[Min. Typ. Max. [Min. Max.
VoL | Output Low Voltege 15 1 1.5 15| V |Vgc =16V.or L, = 100mA
Voo =10.8V ™ =V
(see below)
VIL Input Low Voltage 6 B 6 A\ Guaranteed Input Low Threshold
for All Inputs
Vi Input High Voltage 8 8 8 v Guaranteed Input High Threshold
for All Inputs
Ir Input Low Current 0.5 -0.08 -0.5 -0.5 | mA | Voc =16V Ve = L5V
-0.36 £0.06 -0.36 0.3 mA | Vec =10.8V F=L
IFEX Expander Input Low Current -l.4 0.9 -4 -1.4 | mA | Ve =16V v =9v
-1 075 -1 -1 | mA |Vgc =108V FEX
R Reverse Input Current 7 0.1 7 7 uA | Voo =16V Vg =16V
IcEX Output Leakage Current 100 100 100 | wA | Voo = 16V Vcex =18V
TepH High Level Power Dissipation 4.75 3.5 475 4.75 | mA | Voo = 16V Inputs High
Current (Each Gate)
IrpL Low Level Power Dissipation 3.75 26 3.7 3.75 | mA | Vgc =16V Inputs Low
Current (Each Gate)
TPD+ | Turn-Off Delay 80 250 nsec | Vg =16V See Test Circuit
TPD— | Twrn-On Delay 50 100 nsec | Vg = 15V See Test Circuit
NOTES: 1) The nade can be expanded using EB 383 or BAY 72 diodes

2} Use a diode when cperating with an inductive load
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dual J-K flip-flops H110 - H111

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAMS (top view)

~ 1aVee e ‘dr\,_E‘evcc
k 2] 15Cp

1 13cp 4 3] ——l_ [) 14K

3 12K sp 4 13y

a o 5|:J—|— [ 1250

(0% g e [11co

fjo 8 o 7} Ewa

e o Gnda ] 9 Q

H 110 (Noted) H 111 (Noted)

SCHEMATIC DIAGRAM (one flip-flop only)

— —(LCF {Note 5)

TRUTH TABLES

Synchronous entry (note 1) Asynchronous entry (note 2) SYMBOLS:
N 5 N NC = no change
time tn time to+1 inputa outputs Qn = output state at time
d K Q Q Sp k:unouz o @ 2 OUTPUTS -
o L =VgL
H H Qn Qn H H NC NC H = VoH
H L H L H L L H
INPUTS :
L H L H -
L H H L L= vy,
L L NC NC L L H H H=Viy
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dual J-K flip-flops H110 - H111

EXTENDED TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS

—550 ° 125°C
SYMBOL CHARACTERISTIC 55°C 2°C UNIT CONDITIONS
Min. Max [Min. Typ. Max. |Min. Max.
VoH Qutput High Voltage 14.5 145 15 14.5 V [ Vec =16V -
9.3 9.3 9.8 9.3 v | voc =1osy § oM =-200ua
VIN see truth table
VoL Qutpul Low Voltage 1.5 1.5 1.5 V | Vec =16V JoL =12.5mA
Vce =10.8V Jor. =9mA
VIN see truth table
VIL Input Low Voltage 6 6 6 V | Guaranteed Input Low Threshold
for All Inputs
Vm Input High Voltage 8 8 8 V | Guaranteed Input High Threshold
for All Inputs
Ir Input Low Current -0.65] -0.1 -0.65 -0.65| mA | Voo =16V } VF = 1.5V
J-K-SD-CD Inputs) -0.48 -0.08 -0.48 -0.48| mA | Vgc =10.8V .
Input Low Current -0.5 -0.08 -0.5 -0.5 | mA | Vcc =16V -
0P | ock T -0.36 D% Bhs|  Ok| | Ve Zioav | Veer =1sv
Ig Reverse Input Current ed 0.1 7 7 pA | Voo =16V VR =16V
{J-K Inputs)
Iz Reverse Input Current 14 0.2 14 14 pA | Ve =16V VR =16V
(CP-SD-CD Inputs)
Lic Qutput Short Circuit Current 6.5 -20 |65 -13.5 -20 |-6.5 -20 | mA | Voc =16V Qutput and Asyn-
chronous Grounded
Ipp Power Dissipation Current 24 24 24 mA | Vcc =16V 8D Grounded
TPD+ | Tum-Off Delay 250 600 neec |} Voo = 16V
TPD- | Tumn-On Delay 200 400 neec |18ee Test Circuit
felock Toggle Frequency 500 1000 kHz
(Max Clock Freguency)

NOTES: 1) JK mode operation
2) Indipendent of clock and aynchronous inputs
3) Truth table for H110, CD not connected
4) Unused flip-flop input pins must be connected to Vi
5) The fall time of the clock pulase must be lower than 1 /.LSEC/VOIL
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high to low level quad converter H113

EXTENDED TEMPERATURE RANGE

TheH113 could be used as a quad high to low level converter oras a quad HLL gate with open collector output ORing
function.

LOGIC FUNCTION

Posltive A ¢ c-AB
logle 8o
T
—————

CONNECTION DIAGRAM (top view)

A4
EXP.1 14Vce
2 (13 Negailve A ¢ c-Av8
logic 8
] 712 = 5
ExP.4 [} ma I S - 0559
H [0 .
8 m]} SCHEMATIC DIAGRAM (one gate only)
and7 ] b

vee

H 113

X
{Note 1)

ELECTRICAL CHARACTERISTICS

R -55°C 25°C 125°C
SYMBOL CHARACTERISTIC UNIT CONDITIONS
Min. Max. [Min. Typ. Max. |Min. Max.

VoL Output Low Voltage 0.45 0.3 0.45 0.45| V | Vcc =16V ToL = 12.5mA
Vee =10.8V ToL =SmA
Vin =VmH (see below)

Vi, Input Low Voltage 6 6 6 V | Guaranteed Input Low Threshold
for All Inputs

Vi Toput High Voltage 8 8 8 V | Guaranteed Input High Threshold
for All Inputs

Ir Input Low Current -0.5 -0.08 0.5 -0.5 | mA | Vec =16V ; VF = 1.5V

-0.3% -0.06 -0.36 -0.36) mA | Vce =10.8V F=t

1rEX Expander Input Low Current -1.4 09 -14 -1.4 | mA | Vo =16V _

FE 1 075 -1 T A [V 10§ veex =2
Iy Reverse Input Current 7 o1 7 7 LA | Voo =16V Vg =16V
Icex Output Leakage Current 80 80 80 uA | Vee =16V Vcex = 16V

24 24 24 A | Voo =16V Veex = 5.25V
Ippr High Level Power Dissipation 5 35 5 5 mA | Vcc =16V Toputs High
Current (Each Gate}
IppL, Low Level Power Digsipation 2 1.2 2 2 mA | Vcc =16V Inputs Low
Current (Each Gate)
TPD+ | Tum-Off Delay 110 250 wsec [}Vce =15V
TPD— | Tum-On Delay 40 100 nsec | ’See Test Circuit
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high to low level quad converter H113

EXTENDED TEMPERATURE RANGE

USE OF H113 HIGH TO LOW LEVEL CONVERTER

The output of H113 is an open collector, therefore it needs a pull-up resistor.

The output swing is a function of the voltage at. which the pull-up resistor is connected, so the H113 could also be
considered as an open collector HLL gate which allows the output OR-ing function.

1) OUTPUT LOW

Veet

Voc1 - Vo
Zlp+ —— SloL
R

g

lpL = 12.5mA et Vg = 16V

H113 Other loglc

loL = emA at YCC = 10.8V

2) OUTPUT HIGH

VoG

VoGt - Vou

< {lgcex + Lin)
R

ICEX =30uA

NOTE: 1) The node can be expanded using EB 383 or BAY 72 diodes
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low to high level quad converter H114

CONNECTION DIAGRAM (top view)

EXTENDED TEMPERATURE R *\NGE

LOGIC FUNCTION

Positlve A

logic Boee

——— 3
£xp. 1 [] [J14vee A
Negative B
2 w1 logic B fDD;C ¢ a8
3] =] L
exe. <« ] wll $ - 0559
*H o SCHEMATIC DIAGRAM (onc gate only)
s q o
6nd 7{} e
H 114
A 0—5 i
i
) i
X o—
(nato 1)
ELECTRICAL CHARACTERISTICS
_gEo oC 1250
SYMBOL CHARACTERISTIC 55°C 25 >*C UNIT CONDITIONS
Min. Max. |Min. Typ. Max. |[Min. Max.
Vou Output High Voltage 14.5 145 15 14.5 V | Voo =16V o
9.3 9.3 9.8 9.3 vV | vge =108V | low = -M0uA
VN = Vi (sea below)
VoL Output Low Voltage L5 1 1.5 1.5 | V | V¢ =16V lor, =12.5mA
Vcc =108V lop, = 9mA
Vin =Vm (see below)
Vi Input Low Voltage 0.85 0.85 0.85 | V | Guaranteed nput Low Threshold
for All Inputs
Vi Input High Voltage 2.1 1.8 1.55 V | Guaranteed Input High Threshold
for All Inputs
Ir Input Low Current -0.5 -0.08 -0.5 0.5 | mA | Voo =16V Vi = 0,45V
-0.36 -0.06 -0.36 -0.36 | mA | Voo =108V LA
IFEX Expander Input Low Current -1.4 0.9 -14 -1.4 | mA | Vcc =16V -
-1 0.75 -1 1 mA | Voo =10.8v § VFEX =0.9V
Ir Reverse Input Current 7 0.1 7 7 uA | Vec =16V VR = 4.5V
Isc Output Short Cireuit Current 6.5 -20 |65 -135 20 |65 -20 | mA | Vcc =16V Inputs and Output
Grounded
Irpu High Level Power Dissipation 4 3 4 4 mA | Vg =16V Inputs High
Current (Each Gate)
IrDL Low Level Power Digsipation 2 1.2 2 2 mA | Vcc =16V Inputs Low
TPD+ | Turn-Off Delay 160 250 nsec ;Vcc =15v
TPD— | Turn-On Delay 50 100 nsec{ See Test Circuit
NOTE: 1) The node can be expanded using the DTL 8933 or BAY 74 diodes
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gates with passive pull-up H122 - H124

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAMS (top view)

1
ZE@
g
]

s

s}
ena 7Y

[0
o
m

H 122

Euvcc

[
m}H
[

Gnd 7]

13
b|2
[ 11ExP.
[0
mt]

[ vvee

Positive loglc

€ ABCD SCHEMATIC DIAGRAM

Negativa logic

(one gate only)

- 3
G--C € A B CD
o s - 0558
Nodo G- - -~ - H
ELECTRICAL CHARACTERISTICS (Note 1)
-55°C 25°C 125°C
SYMBOL CHARACTERISTIC ° ° UNIT CONDITIONS
Min. Max. [Min. Typ. Max. |Min. Max.
Vou Output High Voltage 14.5 145 15 14.5 V | Voc =16V .
9.3 93 98 8.3 v |V Zib%y | ton =-s0ua
VN =V (see below)
VoL Output Low Voltage 1.5 0.2 1.5 L5 V | Voo =16V Iop, = 12.5mA
VCC =10.8V lop, = fmA
VN =VmH {pee below)
ViL Input Low Voltage 6 6 8 V [ Guaranteed Input Low Threshold
for All Inputs
Vin Input High Voltage 8 8 8 V | Guaranteed Input High Threshold
for All Inputs
IF Input Low Current -0.5 -0.08 -0.5 -0.5 | mA |Vce =16V Vg = 1.5V
-0.36 -0.06 -0.36 -0.36 mA | Vo =10.8V F=25
IpEx Expander Input Low Current -1.4 -0.9 -14 -14 | mA | Voc =16V _

F (H124 only) 1 075 -1 1 | ws Voo =108y § VFEX =2V
Ig Reverse Input Current 7 0.1 7 7 ud [Voo =16V Vg =16V
Icex Output Leakage Current 45 45 45 u8 | Voo =16V Veex =16V
Isc Output Short Circuit Current 0.9 2.05(-09 -1.6 -2.05|-0.9 -2.05( mA |Vcc =16V Inputs and Output

Grounded
Ippy High Level Power Diasipation 6 4.8 6 6 mA | Voo =16V Inputs High
Current (Each Gate)
Ippr, Low Level Power Digsipation 2 1,2 2 2 mA | Voo =18V Inputs Low
Current (Each Gate)
TPD+ | Tum-Off Delay 250 400 nsec | Voo =15V i See Test Circuit
TPD- | Turn-On Delay 40 100 naec | Ve =15V
NOTES: 1) The node can be expanded vaing diode EB 383 or BAY 72

2) For H 124 only
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gates with passive pull-up H122 - H124

WIRED - OR CONNECTION
Outputs of H122 and H124 may be tied together for the wired - OR function.

If 2, 3, 4, or 5 H122 (or H 124) are OR-ed, the drive factor is 10.

EXTENDED TEMPERATURE RANGE

For each additional gate over 5 a unit load of 2.5 should be subtracted from the drive factor of the gate.

EXAMPLE 1 EXAMPLE 2

Ya

drive lactor =10

Y%
H122 P

*
H124 P

H 124 /0

VoY

) driva laclor=10-2-2.6 = §

bt
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high level logic family HLL

EXTENDED TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS
Gates H102-H 103-H104

L
gl

rF'w = Susec
t = 1y £ 10psec

tpd VERSUS Voo

T
Fola!
200 GL = 100pF
160 1w
o
2
" 120
o
S
80
] 1pd—
)
0
10 12 14 18 18
vee- v
Power Gate H109
10v , l
| T——
= 4 10nsec

\pd VERSUS Vec

100
i i
80 —
| 1oL = 100mA
o [ cL = m0pF
E
T 60
-
3 I
[ lpd -
a0 /(
ol || [ |
10 12 14 16 18
vee v

1pd - nsec

1pd — nsac

&v
vour
vin 3 Grd
8v
Gnd
BAY 72 or EB 383
tpd VERSUS F.O. tpd VERSUS CL
400 T 500 —
veg = 15V Vge = 16V
t
T T
\ GL =~ 100pF wo| FO-7% }
s00f I\
N wpd+ g 0 A
™ 3 s+
200 ’
°
Tt 8 200 Pl
L1 //
100 - tps- L
100 1
- —
0 [}
° s 10 16 20 26 ° 200 400 600 600 1000
F.0 CL ~pF
tpd-
L
18V
Gnd
8v
__on
tpd VERSUS loL tpd VERSUS C_
200 200 T
\ I lop = 100mA
+—+ +
VoG = 16V Vee = 16V
160 \ i 180 i
1pa+ CL = 300pF /l
120 \ g
2 Ipd+ L
Yy [
80 i 2 g
—t e
pd-
L
40 40
° [
0 20 ) 80 80 100 ° 200 400  e00 800 1000
oL - mA cL - pF
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high level logic family HLL

Dual J-K Fiip-Flops H110-H111

o—
Vee =15v

Pulse In

{ = 500 KHz .—J

J Spa

cp

Cp

amplitude
mplitu o7 Y

Dual J-K Flip-Flop H110

EXTENDED TEMPERATURE RANGE

Cp
ouTt I | | l |
Gnd

al—»
Q | end

vVee
o
8 i
—0 PINt N
8V
H 110
CLOCK PULSE aND
0
. PINS YOUT|
. T -
der GND {
TPD- TPD+
Dual J-K Flip-Flop H111
VIN
PIN1
Tl N
CLACK PULSE l GND
c
& O g MOUT
o m _ ov
[sET GND —
TPD - TPD +
pd VERSUS Voo tpd VERSUS F.O. tpd VERSUS CL
200 500 | | - 500 —
Vgg = 18V
| Vge = 15V 0= “
0 | N\ tpd + "1 400 - 400 ik ek A
[+ = 100p| -
L i 1pd-
\pd—
o 20 pd g 300 pdt— 3 300 i+
H 2 L H |
M " Ipd- :
2150 B0 R o
| F.O. =25 T
e = 100pF
100 ‘ 100 100
» L o | o
10 12 14 16 18 b 1] 10 15 20 25 0 200 400 600 800 1000
Veg-V F.0. G - 9F

% The capacilance shatl be within + 5% Inaluding jig., probe and wiring capacitanca.
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high level logic family HLL

EXTENDED TEMPERATURE RANGE

High to Low Level Quad Converter H113

VEC=15V VCC1=6V

v

TPD + TPD-
196 VERSUS Voo tpd VERSUS loL tpd VERSUS €
160 200 T 500
| | vee = ISV—[
veer = 5V L CL = 100pF
IOL = 12mA 180 TR . 400
120 LC = 100pF voey = 5V
tpd +
o 2 120l 1™ , 30 y
H LT g ] 1pa s 2
g a0 H ¢ V“
g g 80 5 200
pdt |
4 ™ - N —1 1
—~ s ted 100 | et o
L
° ° [
10 12 14 0 8 9 10 " 12 13 14 3 ° 200 400 600 800 1000
Ve -V oL ~mA. CL - pF
Low to High Level Quad Converter H114
Vee
VIN
1.1K1 PINT2 1.5v
GND
8v
PINTY V—OEL =
GND
TPD+ TPD -
tpd VERSUS Voo 1pd VERSUS F.0. tpd VERSUS CL
20 — 500 500 —r
L vee = 15V
‘ F.o. 3[?5
- 400 400
180 Lhd == L1
T
tpd+
g § 300 8 0
f o §7 s :
2 | | rdoa R oo ™~ % 0 ]
CL = 100pF ‘ cc = 16 P~ LA - |
80 CL = 100pF LT
100 100
tpd- =l
1pd =) I— I
40 0 0
10 12 " % ] 0 5 10 15 20 25 0 200 400 6800 800 1000
Veg -V £.0. GL - pF

# The capacitanca shall ba within + 5% including Jig., proba an wiring capaci\anca.




high level logic family HLL

EXTENDED TEMPERATURE RANGE

Gates With Passive Pull-Up H122 - H124

J VIN
PING av
‘;!_]—L P GND
\
PH =5usec
av
t; =g < 10nss0
vouT aNO
PIN 8
L ——d b lo—
* The capacitance ahall ba within £ 5% Includtng |ig., proba and wiring capacitance. 1pd+ d-
\pd VERSUS Voe tpd VERSUS F.0. tpd VERSUS €|
500 1000
400
T T
| —vee = 1sv.
Yo 1 /
o m' 400 |—{—CL = 40pF. 800 vee =va v
| F.O. = |
300 C_ = 40pF N F.0. = 10
] \\ tpd+ } //
H | A e §o iy g i P
£ 200 2 2 L
B ,/ = 200 B 400
L
100 P
- 100 200
| lod— tpe- Ipd-
1 T
[ [
10 12 14 16 18 [ 2 4 8 8 10 [ 200 400 0800 800 1000
Ve v F.0. CL-pF
AC NOISE IMMUNITY INPUT LOW
AC NOISE MMUNITY TEST CIRCUIT (FOR GATES ONLY) »
T
Input low > 15 = 1
. veo 4 2 _| A‘b
] . .
Vour——\ /7 E % &
..... a 3 w© < % |
ML ST B R, H
Putse n ) %
Yourt 5
[
Ta=25°C
o L
0 20 40 80 0 100
PULSE WIDTH - nsec
AC NOISE IMMUNITY INPUT KIGH
=
Input high
> 15
w
a
=3
E
S
& 1
H N Ve = 15v
w F—
%
a
3 |
& Pl Vg = 10,8V
1 T T
Ta=25°C J l
0 1 1
[ 100 20 300 400 500

PULSE WIDTH - nsac
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high level logic family HLL

EXTENDED TEMPERATURE RANGE

SLOW DOWN OF TPD- (FOR GATES)

tpd— VERSUS CAPACITANCE

1pd- -2 50C
®

.L_"} Y-
A
BAY 720r N 8

EB 383

SLOW DOWN OF TPD- (FOR EXPANDER)

tpd— VERSUS CAPACITANCE

)
tpd - pisec
~
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HLL INTEGRATED CIRCUITS

H100

series

INTERMEDIATE TEMPERATURE RANGE
-40°C TO 85°C

e WIDE RANGE OF SUPPLY VOLTAGE

10.8V TO 16V

e HIGH DC NOISE IMMUNITY 5V (TYP.) AT
vVoe = 15V

e HIGH FAN-OUT 25 (WORST CASE)

e COMPATIBLE WITH MOS IC’s

ORDERING NUMBER

High level logic family

High Level Logic is a family of high threshold integrated
circuits.

It offers the advantages of 5V DC noise immunity, high
signal levels, large supply voltage tolerances and unusual-
ly high fan-out.

These features make the family particularly suitable for
industrial, avionic and telephone applications where the
high noise environment might prohibit the use of a low
threshold integrated circuit.

The H 100 series elements are available in the hermeti-
cally sealed ceramic dual in-line package.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V) continuous 18V
Input Voltage 0.5V to 16V
Storage Temperature Range 65°Cto 150°C

OPERATING CONDITIONS

Operating Temperature -40°Cto 85°C
H1XX D6 Supply Voltage 10.8V to 16V
PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
14 pin ceramic DIP 16 pin ceramc DIP
761025 761075
7§| 5
5 MAX. 5 MAX.
MAX. asml Lm 05 MIN.
INOTE 1) v INOTE 1) 38 TP
g
_l -d o IS—==
- = — ~d - b3
~ o | od 2 ¥
; L B 5 g -] o
- = ¥ S wd o
Rl « e ~ o] =
© o ~dq ER
: SEp . s I3
15 2
7MAX. 7Max
NOTES NOTES
1) Leads are inlanded for insertion in hole rovs3 on 7.6 mm. cenlres. 1) Loads are inlended for inserlion in hole rows on 7.6 mm. centras.
They are purpasely Shipped wilh “pasili:- ' (9 mm.) misalignment They are purposely shipped with "pasitive™ (9 mm.) misalignment
10 facililate insertion. 1o lacililale insertion.
2) Board-drilling dimensions should equal your praclica ‘ac a conven- 2) Board-drilling dimensions should aqual your praclice lor a canven-
tional 0.51 mm. diameler lgad. uonal 0.51 mm. diamolor load.
3 All dimensions 1 mm. 3 All dimenslons in mm.

MAY 1971
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H100

series

INTERMEDIATE TEMPERATURE RANGE

CONNECTION DIAGRAMS

H 102/H 122

- » 'l »r

i
1o
g
In
o
1s
s

5+0811)

H 105

~

~
e T e TS e B e B e T — SO 1

\\\\\\\

i e
2] —s
s E]_r]u
< — s
S[JJ e
o} it
7 Jo

|

~

- w
e T o T e Y — T — T

-

H 103

u?;lﬁ

H 109

dl
dl
!
<
o
o
dl

S-08301

H112/H 118

SRR
e e

P
o
e
I
T
Is
]s

:

H 104/H 124

360



H100

series

INTERMEDIATE TEMPERATURE RANGE

CONNECTION DIAGRAMS (continued)

H114 H115/H119 H117

w ! e vee cxime 1 ] Do wc

]“ Yee

@] 1 N our ’[ ili N a 2 [_| <| —{] uimier
e w7 v W o ﬂ_ ] amirea
ﬂ W our sTROBE 4] s N N ' [ JA_ ] ., N

£xp. 1 E

N 2

S|
N 5]
our 6]

our 3] t]n STROBE i = I

] 10 ™ " o | - 2 s [_ ] 0 N
s N our o " " cx s ] Jo our
] 8 our 7 [—N—N— ] s our

wo o ls  our aNO

5 i0mnt s-os2n soew
H 156

a2 1 [f—— Dw v

P2 7 [— s ar

e a3 —1n m

po <[ 1 &

e sl e a

we sd s e

oo 7] T e meser
s-tomn
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gates H102 - H103 - H104

INTERMEDIATE TEMPERATURE RANGE

CONNECTION DIAGRAMS (Top view)
\UJ \J A
' [Y1aVen = [Y1aVee = 14Vec
2] 312 ZCEDH 2 13
1] 12 1 12 EXP.3 [] 112
[ [ 4] [ 4 [ 11EXP.
Hw )10 5} m)i A= 310
s} =B s me s ] =D
Gna 7 [] [Js Gnd 7 [ m] Gna 7 [ mi
H 102 H 103 H 104
LOGIC FUNCTION
A Posilive logic
B
Sa:)’_E v SCHEMATIC DIAGRAM
X === = (one gate only)
A Negalive logic
=
o] E = A~-B+C:D
X ———3
X O
{nole 1)
ELECTRICAL CHARACTERISTICS
—40°C 25°C 86°C
SYMBOL CHARACTERISTIC UNIT CONDITIONS
Min, Max. | Min. Typ. Max. | Min. Max,
Vou Output High Voltage 14.5 145 15 14.5 Vv Voo =16V log =—200uA
9.3 9.3 9.8 9.3 v Vee =10.8V Ion =—-200pA
VN =V (see below)
v Output Low Voltage 1.5 1 1.5 15 A% Vce =16V IoL =12.5mA
oL VGG-108V  Ior=9mA
ViN =V (see below)
VIiL ‘Input Low Voltage 6 6 6 \Y% Guaranteed Input Low Threshold
for All Inputs
Viu Input High Voltage 8 8 8 \% Guaranteed Input High Threshold
for All Inputs
Ig Input Low Current -0.5 -0.08 -0.5 -0.5 | mA | Veo=16V ; Vp=15V
-0.36 -0.06 -0.36 -0.36| mA | Vgo=10.8V F=L
IFEX Expander Input Low Current -14 -0.9 -1.4 -1.4 | mA Vee =16V z VrEx =2V
(Note 2) -1 -0.75 -1 -1 mA Ve =10.8V
Ir Reverse Input Current 5 0.1 5 5 2A Vee=16V VR =16V
Igc Output Short Circuit Curent  |-6.5 -20 |-6.5 -13.5 -20 |-65-20 | mA | Vg =16V Inputs and
Output. Grounded
Ippy High Level Power Dissipation 6 4.4 6 6 mA Vee =16V Inputs High
Current (Each Gate)
IppL Low Level Power Dissipation 2 1.2 2 2 mA Voo =16V Inputs Low
© | Current (Each Gate)
TPD 4+ | Turn-Off Delay 160 250 nsec | Vgo =15V See Test Circuit
TPD- | Tum-On Delay 50 100 nsec [ Voo =15V See Test Circuit
NOTES: 1) The node can be expanded using EB 383 or BAY 72 diodes

2) For H 104 only
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power gate H109

INTERMEDIATE TEMPERATURE R“NGE

CONNECTION DIAGRAM (top view) LOGIC FUNCTION
A A
= ) 12Vce IF:;Tlcnve §§;>_—E E=ABCD
.2} [ x
ExP. 3 12 A
Negat)ve B =
4 Enexn logic o @E E=A+BeCeD
53 )10 x
s ] (e
Gnd 7 bs .
SCHEMATIC DIAGRAM (one gate only)
H 109

o Vce

USE OF H109 POWER GATE

' L °
E°+ (Nota 2§ |
H = ABCDEFG

Fo—t—t

- =g

X o——

(note 1)
ELECTRICAL CHARACTERISTICS
—40Q° 250. 0
SYMBOL CHARACTERISTIC ¢ 5°C 85°C UNIT CONDITIONS
Min. Max. |Min. Typ. Max. |Min. Max.

VoL Output Low Voltage 1.5 1 1.5 15| V | Voc =16V.or bL = 100mA

Vee =10.8V IN =V
(see bolow)

ViL Input Low Voltage 6 6 6 v Guaranteed Input Low Threshold
for All Inputs

Vig Input High Voltage 8 8 8 v Guaranteed Input High Threshold
for All Inputs

Ir Input Low Current -0.5 -0.08 -0.5 0.5 | mA | Vg =16V Vi = 15V

0.36 0.06 -0.38 -0.36| mA | Vcc =10.8V P2
IFEX Expander Input Low Current -1.4 0.9 -14 -1.4 | mA | Voo =16V v =9y
-1 075 -1 -1 mA | Voo =10.8V FEX

R Reverse Input Current 5 0.1 5 5 uA | Voo =16V Vg = 16V

[CEX Output Leakage Current 100 100 100 | A | Voo = 16V Vcex =16V

IppH High Level Power Dissipation 4.75 3.5 4.75 4.75 | mA | Vge = 16V Inputs High

Current (Each Gate)
IepL Low Level Power Dissipation 3.7 2.6 3.75 3.75 | mA | Ve = 16V Inpute Low
Current {Each Gate)
TPD+ | Tum-Off Delay 80 250 nsec | Vge = 15V See Test Circuit
TPD— | Turn-On Delay 50 100 nsec | Voo =15V See Test Circuit

NOTES: 1) The node can be expanded using EB 383 or BAY 72 diodes
2) Use a diode when operating with an inductive load
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dual J-K flip-tlops H110 - Hi111

CONNECTION DIAGRAMS (top view)

4
cp 1] [J14Vce
K QEJ— —J1acp
J GCJ [ 12k
sp 4] bHJ
5 5O o P
a e[ J':l" [
.and7] [Ja o

H 110 (Noteq)

SCHEMATIC DIAGRAM (one flip-flop only)

INTERMEDIATE TEMPERATURE RANGE

ce 1] \J Y18 Vee
K 2]} [1150p
J ad 314K
sp 4 [y
cp 5 [ 1250
a s [ 11cp
o 7] 105
Gnds [Je o
H 111 (Nole4)

Vee ©

Qo—

TRUTH TABLES

Synchronaus entry (note 1) 1
time tn time tp+1

J K Q Q

H H Q Qn

H L H L

L H L H

L L NC NC

o le {Note 5}

Asynch-mr;us entry (note 2)

inputs outputs
Sp [Cptnote 3 Q Q
H H NC NC
H L H
L H H
L L H H

364

SYMBOLS:
NC = no change
Qn = output state at time t,

OUTPUTS:
L = VoL
H = Voy
INPUTS:
L=vy,
H =V



dual J-K flip-flops H110 -~ H111

INTERMEDIATE TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS

—40°C 25°C 85°C

SYMBOL CHARACTERISTIC UNIT CONDITIONS
Min. Max. [Min. Typ. Max. |Min. Max.
VoH Output High Voltage 14.5 145 15 14.5 V | Vcc =16V -
3.3 93 a8 los v | vee =108V { on =-20048
VIN see truth table
VoL Output Low Voltage 1.5 1.5 1.5 V | Vcc =16V IoL. = 12.5mA

Vce =10.8V IoL. =9mA
ViN see truth table

ViL Input Low Voltage 6 6 6 V | Guaranteed Input Low Threshold
for All Inputs

Vm Input High Voltage 8 8 8 V | Guaranteed Input High Threshold
for All Inputs
I Input Low Current -0.65 -0.1 -0.65 -0.65| mA | Ve =16V VF =15V
(J-K-SD-CD Inputs) ~0.48 -0.08 -0.48 -0.48| mA | Voo =10.8V .
i Input Low Current -0.5 -0.08 -0.5 0.5 | mA | Vcc =16V
ror | ook Tnput) -0.36, -0.06 -0.36 20.36| mA | vcc =10.8v §  VFOP S L8V
Iz Reverse Input Current 5 0.1 5 5 uA | Vocc =16V VR =16V
{d-K Inputs)
Ir Reverse Input Current 10 0.2 10 10 pl | Vec =16V Vgr =16V
(CP-SD-CD Inputs)
| e Output Short Circuit Current 6.5 -20 |-6.5 -13.5 -20 |-6.5 20 | mA | Vcc =16V Output and Asyn-
| chronous Grounded
Ipp Power Dissipation Current 28 22 28 28 mA | Vcc =16V SD Grounded
TPD+ | Tum-Off Delay 250 600 nsec |} Voo = 16V
TPD— | Tum-On Delay 200 400 ' nsec |)See Test Circuit
felock Toggle Frequency 500 1000 kHz

(Max Clock Fregquency)

INOTES: 1) JK mode operation
2) Indipendent of clock and synchronous inputs
3) Truth table for H110. Cp not connected
4) Unused flip flop input pins must be connected to Ve
5) The fall time of the clock pulse must be lower thun 1 ;LSEC/Volt
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high to low level quad converter Hi11:

INTERMEDIATE TEMPERATURE RANG

TheH118 could be used as a quad high to low level converter or as a quad HLL gate with open collector output ORin
function.

LOGIC FUNCTION
CONNECTION DIAGRAM (top view)

Posltive ¢ ¢-7B
~J logle Bome
EXP.1 [] m) 1aVece ————
20 ;13 :lc:qlzllve A ¢ ¢-378
T mn )12 B -~
EXP.4 ] =
5 [0
s ] s SCHEMATIC DIAGRAM (one gate only)
Gna7 [ s
0

H 113

x o—- |

{Note 1)
ELECTRICAL CHARACTERISTICS
—40°C 25°C 85°C
SYMBOL CHARACTERISTIC UNIT CONDITIONS
Min. Max. [Min. Typ. Max. [Min. Max
VoL QOutput Low Voltage 0.45 0.3 0.45 0.45 V | Vecc =168V lIoL = 12.5mA
Vce = 10.8V IoL = 9mA
VIN =ViH (see below)
VIL Input Low Voltage 6 ] ] V | Guaranteed Input Low Threshold
for All Inputa
Vm Input High Voltage 8 8 8 V | Guaranteed Input High Threshold
for All Inputs
Ig Input Low Current -0.5 -0.08 -0.5 -0.5 | mA | Vge = 16V ; VF = L5V
-0.36 -0.06 -0.36 -0.36| mA | Vec =10.8V .
IrEX Expander Input Low Current -1.4 -0.9 -14 -1.4 | mA | Vcc =16V _
-1 075 -1 1 | ma | Voc =108y § VFEX =2V
Ix Reverse Input Current 5 0.1 5 5 ph | Voo =16V Vg =16V
IcEX Output Leakage Current 80 80 80 uwA | Vec =16V VCEX = 16V
24 24 24 wh | Ve = 16V Veex = 5.25V
IppR High Level Power Dissipation 5 35 5 5 mA | Vecc =16V Inputs High
Current (Each Gate)
IppL Low Level Power Dissipation 2 1.2 2 2 mA | Vee =16V Inputs Low
Current (Each Gate)
TPD+ | Tum-Off Delay 110 250 nsec Ve =15V
TPD— | Tumn-On Delay 40 100 nsec |)See Test Circuit
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high to low level quad converter H113

INTERMEDIATE TEMPERATURE RANGE

JSE OF H113 HIGH TO LOW LEVEL CONVERTER

"he output of H113 is an open collector, therefore it needs a pull-up resistor.

The output swing is a function of the voltage at which the pull-up resistor is connected, so the H113 could also be
:onsidered as an open collector HLL gate which allows the output OR-ing function.

1) OUTPUT LOW

Voo Ml

Veo1 - VoL
Zlp+ — <ig
R

IoL = 12.5mA at Vg = 16V

>

H113 Other loglc

oL = 8mA at VCC =10.8v

2) OUTPUT HIGH

Voo veer

Veet - YoH

<(lcex + £Ip)

A
ICEX =30:A

uGs

H 113 Other loglc

JOTE: 1) The node can be expanded using EB 383 or BAY 72 diodes
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low to high level quad converter H114

CONNECTION DIAGRAM (top view)

4
ExP. 1[] [ J1avee
2] [
a[]] 12
ExP.4 ] [T
5[] 1o
s [} o
Gnd 7 [} s

H 114

INTERMEDIATE TEMPERATURE RANGE

LOGIC FUNCTION

Posilivo A
logic 8

A8

loglc a

T
—
Negatlve A —i)_ c ¢

(note 1)
ELECTRICAL CHARACTERISTICS
—40° 25°C 85¢°
SYMBOL CHARACTERISTIC © © UNIT CONDITIONS
Min. Max.|[Min. Typ. Max. |[Min. Max
Von Output High Voltage 14.5 14.5 15 14.5 V | Ve =16V =
9.3 9.3 98 9.3 v | Vée =108V § lon = 2004
VN =ViL (see below)
voL Output Low Voltage 15 1 1.5 1.5 V | Voo =16V Ior, =12.5mA
Vee =10.8V Ior. = SmA
ViN =V (see below)
ViL Input Low Voltage 0.85 0.85 0.85| V | Guaranteed Input Low Threshold
for All Inputs
Vi Input High Voltage 2.1 1.8 1.55 V | Guaranteed Input High Threshold
for All Inputs
Ir Input Low Current 0.5 -0.08 -0.5 0.5 | mA | Voo =16V Vi = 0.45V
-0.36 -0.06 -0.36 -0.36 | mA | Voo =10.8V F=5
IFrex Expander Input Low Current -1.4 -0.9 -1.4 -14 | mA | Vcc =16V -
1 075 -1 27 | ma | veg =10.8v | VEEx =0V
Ig Reverse Input Current 5 0.1 5 5 wA | Vec =16V VR = 4.5V
Isc Output Short Circuit Current 6.5 -20 |65 -13.5 20 6.5 20 | mA | Vcc =16V Inputs and Output
Grounded
Ippn High Level Power Dissipation 4 3 4 4 mA | Voo =16V Inputs High
Current (Each Gate)
eoL Low Level Power Dissipation 2 .2 2 2 mA | Vcc =16V Inputs Low
TPD+ | Tum-Off Delay 160 250 nsec ) Vce = 15V
TPD- | Turn-On Delay 50 100 nsec |}See Test Circuit
NOTE: 1) The node can be expanded using the DTL 9933 or BAY 74 diodes
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gates with passive pull-up H122 - H124

INTERMEDIATE TEMPERATURE RANGE

CONNECTION DIAGRAMS (top view)

1[j Euvcc ‘: E“Vcc
2Ef ()13 2|j 13
3 (12 EXP. 3] 12
] F]" a] [ 11Exp.
s 110 s 10
s ] I (1o SE‘ [

Gna 7] s Gnd 7] e

H 122 H 124

LOGIC FUNCTION

§ ﬂ_ e Posltive loglc
D--- E-ABCD SCHEMATIC DIAGRAM

Node (one gate only)
é @_ Nogatlve logic
2= E
D=--- E:_A|B+C4D
| “Node ~
Node o
ELECTRICAL CHARACTERISTICS (Note )
|
—40°C 25°C 85°C
SYMBOL CHARACTERISTIC UNIT CONDITIONS
Min. Max. |Min. Typ. Max. |Min. Max.
Vos | Output High Voltage 14.5 145 15 14.5 V |Vee =16V -
9.3 93 08 9.3 v |vge =108V { lon=-50ua
Vmn =V (see below)
VoL Output Low Voltage 1.5 0.2 1.5 1.5 V | Vgc =16V IoL = 12.5mA
Vee = 10.8V IoL, = %mA
Vi =VmH (see below)
VIL Input Low Voltage 6 6 6 V | Guaranteed Input Low Threshold
for All Inputs
Via Input High Voltage 8 8 8 V | Guaranteed Input High Threshold
for All Inputs
I Input Low Current 0.5 -0.08 -0.5 -0.5 | mA |[Vcc =16V g Ve =15V
-0.36 -0.06 -0.36 -0.36( mA Vo =10.8V =2
IpEx Expander Input Low Current -1.4 -0.9 -14 -1.4 | mA | Voo =16V _
(H124 only) 1 0.75 -1 1 | mA | Voo =108V | veex =2y
Iz Reverse Input Current 5 01 5 5 HA | Voo =16V Vg =16V
Icex Output Leakage Cuirent 45 45 45 s | Voo =16V Veex =16V
Isc Output Short Circuit Current 0.9 -2.05/-0.9 -1.8 -2.05(-0.9 -2.05| mA |Voc =16V Inputs and Output|
Grounded
Ippy High Level Power Dissipation 6 48 6 8 mA |Vcc =16V Tnputs High
Current (Each Gate)
IppL Low Level Power Dissipation 2 12 2 2 mA |Vcc =16V Inputs Low
Current (Each Gate)
TPD+ | Tum-Off Delay 250 400 nsec | Voo =15V } See Test Circuit
TPD- | Turn-On Delay 40 100 nsec | Vcc =15V

NOTES: 1) The node can be expanded using diode EB 383 or BAY 72
2) For H124 only
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gates with passive pull-up H122 - H124

WIRED - OR CONNECTION
Outputs of H 122 and H 124 may be tied together for the wired - OR function.

A
B
E
[ - —
D E=A-B D = AB+CD

1f 2, 3, 4, or 5 H122 (or H 124) are OR-ed, the drive factor is 10.

INTERMEDIATE TEMPERATURE RANGE

For each additional gate over 5 a unit load of 2.5 should be subtracted from the drive factor of the gate.

EXAMPLE 1 EXAMPLE 2

% Yo
H122 P H122 P
-t
drlve faclor =10
"
0o

¥
H124

G

H124 J°

Peees

) drive faclor=10-2-2.5=§

H 124 O

i
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high level logic family HLL

SWITCHING TIME TEST CIRCUITS
Gates H102-H 103-H104

1pd - nsec

i

INTERMEDIATE TEMPERATURE RANGE

8v
mvl | Vout
r VIN T Gnd
PW = 5u380C
Iy =l £ 10nsec 8v
Gnd
BAY 72 or EB 383
tpd VERSUS Vog tpd VERSUS F.0. tpd VERSUS GL
240 400 T 500 —r—T—7
‘ Veg = 15V Voe = 168V
Lo las * 1 F.0. =25 4
o CL = 100pF 0. =
200 CL = 100pF N 400
300 /
N
180 2 \\ 7
] Tpat g 300 LA
€ ™ 2 tpd +
120 | 200 .y ]
o
2 =t 5 200 L1 e
8 | L1
100 tpd- [~
tpd — o 100 g
© f |41
0 o 0
10 12 14 18 18 5 10 5 20 25 200 400 600 800 1000
Voo -V F.O cL - pF
Power Gate H 109
tpd -
.
L I8V
1ov I | I Gnd
]:“1 . ‘T;‘Hlsoef\soc av
et —
VE
1pd VERSUS Voo tpd VERSUS loL tpd VERSUS Cp_
100 200 200 : : .
~ \ I I |0|,. = 100mA
— —
T~ \ veg = 15V Veg = 15V
i Ipd + 180 il 160
80 \ tpd+ CL = 300pF
| loL = 100mA \ 7
GL = 300pF g 120 $ 120
g 2 tpd+ L
&0 . .
B
. z 80 ™~ B go LT
L1 d — | 1pd-
)/‘ © 1pd- - pd
40 ] N I B m—
40 40
20 0 °
10 12 14 16 18 0 20 40 80 80 100 200 400 800 800 1000
Yeo- v gL — mA CL - pF
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high level logic family HLL

Dual J-K Flip-Flops H110-H111

300

250

tpd - nsac

150

100

50

INTERMEDIATE TEMPERATURE RANGE

10

Voo <Sav
cC =15V cp
Jd Spoa ouT l l I | I l
Pulse in G Gnd
G P
t = 500KHz Lk a
amplilude Cp a Gnd
v T
Dual J-K Flip-Flop H110
Vee
o
8 {
—0 PIN1 AL
av
H 110
CLOGK PULSE GND
7 PINS M\
H102 ov
SET D
TPD- TPD +
Dual J-K Flip-Flop H111
T_QVCC
) 3 | 17 o VIN
PINT
1 av
Hit1 cH2
CLOCK PULSE I , anND
L=
CH1 ping ~OUT
° 4 8v
GND
TPD- TPD+
¢ VERSUS C
tpd VERSUS Voo tpd VERSUS F.O. pd VER L
500 - 500 — B
' Vg = 18V P
! Vge = 15V o5
A tpd + 00 s 400
~] G = 1000 \pd-
\ P
tpd 8 300 tpd+ ——1 § 300 tpd+
2 —— 2 L
: p
B B 200 o P
F.O. =25 : J
Cp = 100pF ‘ J
4\ \ J 100 W 100
il [ ] 0 | 0
12 14 16 16 0 5 10 15 20 25 0 200 400 800 800 1000
Voo -V F.0. Cp -pF

* The capacltance shall be within = 5% Including |ig., probe and wiring capecitance.
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high level logic family HLL

High to Low Level Quad Converter H113

VCC=15V VCCi=5v

INTERMEDIATE TEMPERATURE RANGE

VIN
Ay [ |ason -
)
N H113 _L OUT anp
C1 === 100pF 1.5V
5017 ) |R2 *I vouT
GND
TPD + TPD-
tpd VERSUS Ve tpd VERSUS loL tpd VERSUS CL
160 200 — 500 —
| | Voo < 15V Vee = 8V
[ veci=sv c. = 100pF Voo | = 15V
oL = 12mA L1 160 i 400 APy
120 |—1 G = ic0pF Veer = 5V oL = 12mA
| ~Ttog+ ol - )
H g ] 3
E // g T E 17
. 80 — . I — ' L
R B a0 2 200
™~ td+ |
tpd— 1
“© 1pd- | 4" 1pd-
40 100
[
] —
|t
0 0 0
10 12 14 18 18 9 10 11 12 13 14 15 0 200 400 800 800 1000
Veg- v ‘o - mA CL - pF
Low to High Level Quad Converter H114
vee Voo
vin
* 19K PIN1Z
1.5V
PULSE IN
T."_V_[_L UE GND
v
PIN1TY w_.}
GND
TPD + TPD -
tpd VERSUS Vg tpd VERSUS F.0. tpd VERSUS CL
200 500 500 —
vge = 15V
F.0. =7
1
™~ tpd + 400 400
160
T
™ 300 ted+
u 300
H g
2 1m0 § ‘gt 2
k-] . \ !
s | F.O. - 25 B 200 B 200 ’/
Gy = 100pF Vlcc = 18V T L1 - 1
80 CL = 100pF L1
100 100 >
1pd-
= — o
40 0
© 12 1 16 8 ) 5 10 15 20 25 0 200 400 600 800 1000
Vee - Vv F.0. cy -pF

* The capacitance shetl ba within ¢

5% including |ig., probe and wiring capacitanca.
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high level logic family HLL

Gates With Passive Pull-Up H122 - H124

PW = 5u80C
=y s
t =ty < 10nsec Tov

BAY 7208
EB383

* Tha capacitanca shall be within » 5% including jlg., probe and wiring capecitance.

VIN
PING

vouT
PIN 8

INTERMEDIATE TEMPERATURE RANGE

8V

GND

\pd VERSUS Ve tpd VERSUS F.0. 1pd VERSUS CL_
4c0 ’ ‘ T L 600 | | 1000 | L
LV, = 1BV-
. ] cc =] 1 4
. e I 400 | GL = 40PF, 800 - VCE = 16V 4
O - 1
a0 - 4-FO- = — F.0. =10
¢ 0pF A
L
|1 Ny | 7
4 g Ml tpd+ Pal
o T Tpd - £ 300 600 [ 7
S i H — Y
ool 4/ : — § pit| A
b=} =2 '
3 :/ | i 200 B 400 v
’__ ] A
100 o 4 1
N 100 200
1pd ~ tpd- tpd-|
| o 0
10 12 1¢ 16 8 0 2 4 ) 10 0 200 400 800 800 1000
Veg-V F.0. CL - pF
AC NOISE IMMUNITY INPUT LOW
AC NOISE IMMUNITY TEST CIRCUIT (FOR GATES ONLY) »
Input low > 15 1 >
vee u > & 1|
9 s .
E ) A
o g 10 < "z
) 000 L SLe B B H
Pulss In (O g T
vour 3
2 s
Ta = 25°C
o [
0 20 40 80 ) 100
PULSE WIDTH - ngec
AC NOISE IMMUNITY INPUT HIGH
»
Input high
> 15
w
a
=3
E
a 1w \N
F Veg = 15V
u 1
3 N
s _ —]
P Vog = 10.8V
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high level logic family HLL

INTERMEDIATE TEMPERATURE RANGE

SLOW DOWN OF TPD- (FOR GATES)

tpd— VERSUS CAPACITANCE

iy |
14 ‘
12 _\/
&
9
c g u
I % S
N A
pof 2 /
BAY 720r B o
epaga N 6 VARES
4 / Pt
2
o | ]
1 5 1 50
G- pF

SLOW DOWN OF TPD- (FOR EXPANDER)

tpd— VERSUS CAPACITANCE

)
tpd-~ sec
nN
*
N
P

<)
a9 0

375



376



H100
HLL INTEGRATED CIRCUITS series

sanvars reneeratues mavee, oo 111N level logic family

High Level Logic is a family of high threshold integrated

o WIDE RANGE OF SUPPLY VOLTAGE 10.8 circuits.
TO 20V It offers the advantages of 5V DC noise immunity, high
signal levels, large supply voltage tolerances and
o HIGH DC NOISE IMMUNITY 5V (TYP.) AT unusually high fan-out.
Vece=15V These features make the family particularly suitable for
industrial, avionic and telephone applications where the
e HIGH FAN-OUT 25 (WORST CASE) high noise environment might prohibit the use of a low
threshold integrated circuit.
¢ COMPATIBLE WITH MOS I.C’s The H 100 series elements are available in the hermeti-

cally sealed ceramic Dual-in-Line package.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vc) continuous 22V
Input Voltage -0.5V to 20V
Storage Temperature Range 65°C to 150°C
OPERATING CONDITIONS

ORDERING NUMBER Operating Temperature 0°C to 75°C

H1XX D1 Supply Voltage 10.8V to 20V

PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
14-pin ceramic DIP 16-pin ceramic DIP
[ |

15 MIN
MINO.5| 3.5 17.5MIN
20 MAX T 20 MAX
‘{ A nrmim il—lﬂﬁﬂl_ll—lﬂl_l
N 2 a8 22 o @ 2 v T o N = 2 @
Z z B ﬁ s = 8
) J 8 z o n =
I I O O = I
Note : ali dimensions in mm. Note : all dimensions in mm.
JULY 1970
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H100

series

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAMS

H 102/H 122
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H100

series

CONNECTION DIAGRAMS (continued)

H114

exp. 1 | ]
n 2] @] 3
ot af) ] 2
N s 10
ur 6 9
oND 7 ] 8

H 166/H 157
az s
P2 2 dr_‘_‘
oa H H
Fo
P
cpe
ND
RESET
PO 2 15
Qo0 a] p—ha
a — (R ]
P si—d —z
cp sf—q F—{n
e 1 o
oo of 1

5- 106712

RESET

IN A3
IN Al
IN A2
ouT

1z

T
23

ouT
z7

ourt
16

»

DELAY O

DELAYI

GND

H 115/H119
i e vec
2 It "
i he  out
o] s N
Hi ez s TROBE
6[ n ouT
7 i N
8] 9 out
H 158
' he  vee
z[\— F—1is  wao
b bepe oy
4 b ou
e
o
7 o o
o T U
H 165/H 166
7[ + ] peLavs
J[ﬁ‘ @]u N3
Y i S il S
53—' 1 e AT
s[k i 0w
7{l 7.4‘ 10 DELAYZ
8 ‘L -~ ]s INMIBIT

STANDARD TEMPERATURE RANGE

H117
cx/ax [-— T ]“ Yeeo
a 2 [_I_ —l '_] ILIMITER
]
IN ) [ .I—J r] 12LIMITER
W e -
1 5 [__1 ] ™ N
x s} %] s our
o 7] — s our
H 159
> 1 e vee
0o 2 s reseT
ao a[ﬂ —he 03
@ o s a3
& sl 2 @
a s I H
o1 7] 10 az
oD g e 2
H 167/H 168
L] 1 [ 113 Vcc
IN 1 [: ]__]— ] 13 our
outr 3 [—\E EE—L—LLJ] 2 N
IN & [ ] " our
iN 5 [ﬁ %] 1 IN
our 6 [ ] e N
GND 7 [ J B our




gates H102 - H103 - H104

CONNECTION DIAGRAMS (Top view)

STANDARD TFYPERATURE RANG?

A4 A4 A4
T [ 14vce N [1aVee = [14Vec
: = 2EL§_L:N d =
3 12 3] 112 ExP.3 12
] N = it a [D1EXP.
Hs [0 5 il 5 : 10
s P 9 s ] 9 s ] [Je
Gnd 7] m]) Gna 7 ] e Gnd 7 ] =l
H 102 H 103 H 104
LOGIC FUNCTION
A Posilive logic
g B
8 :J:}_ s SCHEMATIC DIAGRAM
Xmmm = (one gate only)
A Negative logic
ED -
D E = A«B+C+D
X —3
ELECTRICAL CHARACTERISTICS
LIMITS
SYMBOL CHARACTERISTICS 0°C 9500 "75°C | Unit CONDITIONS
Min. Max. | Min. Typ. Max. |Min. Max.
Vou | Output High Voltage 18.5 18.5 19 18.5 V | Voc =20V lon - 200uA
13.5 135 14 13.5 v Ve = 15V loy - 200nA
9.3 23 98 9.3 \% Vcc = 10.8V  Ion - 200pA
VIN =V (see below)
VoL Output Low Voltage 1.5 1 1.5 1.5 \% Vee = 20V Ior, = 15mA or
Vee = 15V IoL = 12mA or
Voc =10.8V o, =9 mA
VIN = Viy (see below)
Vi input Low Voltage 6 6 6 \% Guaranteed Input Low Threshold
for All Inputs
Via Input High Voltage 8 8 8 v Guaranteed Input High Threshold
for All Inputs
Ig Input Low Current -0.6 0.1 0.6 0.6 | mA | Voo =20V
-0.48 -0.08 -0.48 0.48| mA | Voo =15V Vg = 1.5V
-0.36 0.06 -0.36 -0.36| mA | Vgc =10.8V
Irex | Expander Input Low Current -1.65 -1.25 -1.65 -1.65| mA | Vgg = 20V
(Note 2) -1.33 -0.90 -1.33 -1.33| mA | V¢ =15V VrEx =2V
-1 0.75 -1 -1 mA | Vcc =10.8V
1r Reverse Input Current 5 0.1 5 5 uA | Vge = 20V VR =20V
Isc Output Short Circuit Current 9 25 |9 <15 -2 9 25 mA | Vgg =20V Inputs and Qutput
Grounded
lppy | High Level Power Dissipation 75 6 7.5 7.5 mA | Vee =20V Inpute High
Current (Each Gate)
1ppL | Low Level Power Dissipation 2.5 1.5 25 2.5 mA | Voo =20V Inputs Low
Current (Each Gate) .
TPDy | Tumn-Off Delay 160 250 nS | Vgg = 16V See Test Circuit
TPD- | Tumn-On Delay 50 100 nS | Vgg = 16V See Test Circuit
NOTES: 1) Thé node can be expanded using EB 383 or BAY 72 diodes

2) For H 104 only
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power gate H109

BTANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM (top view) LOGIC FUNCTION
7 A
= m 14Vee :}:T::”\B §i>—E E=ABCD
2] 13 x
ExP. 3] )12 A
Negative g -
= [ nEXP. logle gg>—5 E=A+B+C+D
5] [ 1o X
s [] 19
Gna 7 ] s .
SCHEMATIC DIAGRAM (one gate only)
H 109

—oVee

USE OF H109 POWER GATE

100 mA max.
—-—

]
L= c
(Nate 23 4
H = ABCDEFG

x o——1

(note 1)
ELECTRICAL CHARACTERISTICS
LIMITS
SYMBOL CHARACTERISTICS 0°C 950G 75°C Unit CONDITIONS
Min. Max. | Min. ‘Typ. Max. | Min. Max.
Vo, |Output Low Voltage 1.5 1 15 15 | V | Voc =20Vor) loL = 100mA
Voo =¥Vor p Vg =V
Voo =108V ) (see below)
VIL Input Low Voltage 6 6 6 v Guaranteed Input Low Threshold
for All Inputs
Vin Input High Voltage 8 8 8 v Guaranteed Input High Threshold
for All Inputs
I Input Low Current 0.6 0.1 0.6 -0.6 | mA | Voo =20V
-0.48 -0.08 -0.48 -0.48| mA | Vo =15V Vg =15V
-0.36 -0.06 -0.36 -0.36) mA | Vec =10.8V
Irex Expander Input Low Current -1.65 -1.25 -1.65 -1.65| mA | Voc =20V
-1.33 -0.90 -1.33 -1.33| mA | Vge =15V VFEX =2V
1 0.75 -1 -1 | mA | Voo =108V
Ig Reverse Input Current 5 0.1 5 5 wA | Voo =20V Vr =20V
Icgx | Output Leakage Current 100 100 100 | pA | Voo =20V Vegx = 20V
Ippy |High Level Power Dissipation 6 4.5 6 6 mA | Voo =20V Inputs High
Current (Each Gate)
IPDL Low Level Power Dissipation 45 3.5 4.5 4.5 mA VCC =20V inputs Low
Current (Each Gate)
TPD+ | Turn-Off Delay 80 250 nS Ve =15V See Test Circuit
TPD- | Tum-On Delay 50 100 nS | Voo =15V See Test Circuit

NOTES: 1) The node can be expanded using EB 383 or BAY 72 diodes
2) Use a diode when operating with an inductive load
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dual J-K flip-tlops H110 -~ Hi11

CONNECTION DIAGRAMS ({top view)

J14VcC

[J13cp

H 110 (Noweq)

SCHEMATIC DIAGRAM (one flip-flop only)

STANDARD TEMPERATURE RANGE

v

[J15Cp
] 14K

[ 13y
112 5p

[J11¢cp
[ 105

=

{Noto 4)

Vec o—

TRUTH TABLES

Synchronous entry (note 1)
time tp time tp+1
I |k e | @
y H ﬁn Qn
H L H L
L H L H
L L NC NC

—— lcP (Note 5)

Asynchronous entry (note 2}

inputs outputs
| Sp [pwolea] gq a
H H NC NC
H L L H
L H H L
L L H H

382

SYMBOLS:
NC = no change
Qn = output state at time t,

OUTPUTS:
L =Vgr,
H = Vou

INPUTS :
L = Vi,
H=Vy



dual J-K flip-flops H110 - Hi111

ELECTRICAL CHARACTERISTICS

8TANDARD TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS 0°C 2500 750C Unit CONDITIONS
Min. Max. | Min. Typ. Max.|Min. Max.
Vou Output High Voltage 18.5 185 19 18.5 v Vec =20V
13.5 13.5 14 13.5 \ Vcc =16V IoH = 200pA
9.3 9.3 0.8 9.3 \ Vcc =10.8V
VIN see truth table
VoL Output Low Voltage 1.5 1.5 1.5 A Vec =20V IoL = 15mA or
Vec =15V loL, = 12mA or
Vecc =10.8V IoL = SmA
VIN see truth table
ViL Input Low Voltage 6 6 6 v Guaranteed Input Low Threshold
for All Inputs
Viu Input High Voltage 8 8 8 v Guaranteed Input High Threshold
for All Inputs
Ig Input Low Current 0.8 -0.130 0.8 08 | mA | Vgc =20V
(J-K-SD-CD Inputs) -0.64 -0.100 -0.64 -0.64| mA | Vgc =15V g Vg =15V
-0.48 0.08 -0.48 -0.48| mA | Voc =10.8V
Ircp | Input Low Current -0.6 -0.1 0.6 0.6 | mA | Voc =20V
(Clock Input} -0.48 -0.08 -0.48 0.48| mA | Voc = 16V ; Vecp = 1.5V
-0.36 -0.06 -0.36 -0.36| mA | Voo =10.8V
Ig Reverse Input Current 5 0.1 5 5 pA | Voo =20V Vg =20V
{J-K Inputs)
I Reverse Input Current 10 0.2 10 10 pA | Voo =20V Vg =20V
R (CP, 8D, CD Inputs) ¢ R
Isc Output Short Circuit Current |- 25 | -9 15 25 |9 25 | mA | Vg =20V Output and Asyn-
chronrous Grounded
lpp Power Dissipation Current 35 24 35 35 mA | Voo = 20V SD Grounded'
TPD+ | Tum-Off Delay 250 600 nS |} Vgc =15V
TPD- | Tum-On Delay 200 400 nS |(}See Test Circuit
f Toggle Frequency 500 1000 KHz
NOTES : 1) J-K mode operation

2) Independent of clock and synchronous inputs
3) Truth table for H 110. Cp not connected
4) Unused flip-flop input pins must be connected to Ve

5) The fall time of the clock pulse must be lower than l uSEC/VoI(,
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high to low level quad converter H113

STANDARD TEMPERATURE RANGE

The H113 could be used as a quad high to low level converter oras a quad HLL gate with open collector output ORing

function.

LOGIC FUNCTION

CONNECTION DIAGRAM (top view)
Positive A —D)__c ¢ =78
logic Beem
EXP.1[]| [ 14Vce e
2] 12 Negalive A ¢ c=AB
loglc -
a} )12
EXP.4 [} mpk!
H= 10
6 ] Eg SCHEMATIC DIAGRAM (one gate only)
Gnd 7 [ 8 oVoo
H 113
R
i E
x o—
{Note 1)
ELECTRICAL CHARACTERISTICS
LIMITS
SYMBOL CHARACTERISTICS 0°C 250C 750C Unit CONDITIONS
Min. Max. |Min. Typ. Max. | Min. Max.
VoL Output Low Voltage 0.45 0.3 045 0451 Vv Voo =20V Ior, = 15mA or
Vee =15V IoL = 12mA or
Vee =10.8V Ior, = SmA
Vin =Vig (see below)
ViL Input Low Voltage 6 6 6 \Y Guaranteed Input Low Threshold
for All Inputs
Vin Input High Voltage 8 8 8 \Y Guaranteed Input High Threshold
for All Inputs
Ig Input Low Current 086 0.1 -06 -0.6 | mA | Voo =20V
-0.48 -0.08 -0.48 048] mA | Voo =15V | Vp =15V
-0.36 0.06 0.3 038 mA | Vgg =108V
IFEX Expander Input Low Current -1.65 -1.21 -1.65 -1.65| mA | Voo = 20V
133 -0.90 -1.33 133 mA | VoS =15V § Vegx =2V
-1 0.75 -1 1 | mA | Voo =10.8V
Iz Reverse Input Current 5 0.1 5 5 pA | Voo =20V Vr =20V
IcEx Output Leakage Current 100 100 100 | pA | Vo =20V Vegx =20V
30 30 30 | pA | Voo =20V Vopx = 5.25V
lppu High Level Power Dissipation 6 45 6 6 mA | Voo =20V Inputs High
Current (Each Gate)
IppL Low Level Power Dissipation 2.5 1.5 25 25 | mA | Vo =20V Inputs Low
Current (Each Gate)
TPD+ Tum-Off Delay 110 250 nS |§Vec =15V
TPD- Tum-On Delay 40 100 nS |{See Test Circuit
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high to low level quad converter H113

STANDARD TEMPERATURE RANGE

USE OF H113 HIGH TO LOW LEVEL CONVERTER

The output of H113 is an open collector therefore it needs a pull-up resistor.

The output swing is a function of the voltage at which the pull-up resistor is connected, so the H 113 could also be
considered as an open collector HLL gate which allows the output OR-ing function.

1) OUTPUT LOW

Veo Veet

Vect - VoL
IIp+ ———— <o
]

loL = 15mA at VGG = 20v

loL = 12ma a1 VCC = 15V

H113 Qther logic

loL = 8mA at Vce = 10.8v

2) OUTPUT HIGH

Vee

veet

Veet - Vou
—— <(lcex*+Xlp)

ICEX =304A

H ns Other logic

JOTE: 1) The node can be expanded uaing EB 383 or BAY 72 diodes
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low to high level quad converter H11

STANDARD TEMPERATURE RANG

LOGIC FUNCTION

CONNECTION DIAGRAM (top view) Positive A —
d ¢ c-7n8

EXP. 1r_J

\J
[14avee . Negati A -
ive =
2 Ew logic B::D—c c=aB
Efm w2 o T -
EXP.4 [} M1
4 e SCHEMATIC DIAGRAM fone gate only)
6 d mi
6nd 7 [} 8

H 114

x o—

{note 1)
ELECTRICAL CHARACTERISTICS
LIMITS |
SYMBOL CHARACTERISTICS 0°C 259C 759G Unit CONDITIONS
Min. Max. | Min. Typ. Max.|Min. Max.
Vou Output High Voltage 18.5 185 19 18.5 \ Vec =20V
13.5 1356 14 13.5 \ Vee =15V Ioy = -200uA
9.3 9.3 9.8 9.3 v Vec =10.8V
Vin = ViL (see below)
A/ Output Low Voltage 1.5 1 1.5 1.5 v Voe =20V Iy, = 15mA or
ot VEC =15V Igr =12mAor
c =108V g =
T (see below)
Vi, Input Low Voltage 0.85 0.85 085 | V Guaranteed Input .ow Threshold
for All Inputs
Vit Input High Voltage 1.9 1.8 1.6 \Y Guaranteed Input High Threshold
for All Inputs
Ig Input Low Current -0.6 -0.1 -0.6 -0.6 | mA | Voo =20V
-0.48 -0.08 -0.48 048] mA | Voo =15V Vg = 045V
-0.36 -0.06 -0.36 -0.36| mA | Voo =10.8V
IrEx Expander Input Low Current -1.65 -1.25 -1.65 -1.65| mA | Vcc =20V
-1.33 -0.90 -1.33 -1.33] mA | Vg =15V Vrex = 0.9V
-1 -0.75 -1 -1 mA | Vcc =108V
Ip Reverse Input Current 5 01 5 5 pA | Voo =20V Vg =4.5V
Isc Output Short Circuit Current 9 25 |9 15 25 (-9 25 | mA | Voo =20V Inputs and Outpt
Grounded
lppH High Level Power Dissipation 5 4 5 5 mA | Voo =20V Inputs High
Current (Each Gate}
lppL Low Level Power Dissipation 2.5 1.5 25 2.5 mA | Voo =20V Inputs Low
TPD+ | Tum-Off Delay 160 250 nS |{Vgco =15V
TPD- | Turn-On Delay 50 100 nS |} See Test Circuit

NOTE: 1) The node can be expanded using the DTL 9933 or BAY 74 diodes
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gates with passive pull-up H122 - H124

BTANDARD TEMPERATURE RANGE

CONNECTION DIAGRAMS (top view)

B A4
1 [evee T 14 vee
2] [ 113 2] [
3] ()12 £xp. 3] )12
i [ ] ] 11 ExP.
sC] [0 5] 10
s} [s s [Oe
Gna7 ba and 7} bs
H 122 H 124

LOGIC FUNCTION

g :l}_' g Positivo logic
D--- £ = ABCD SCHEMATIC DIAGRAM

Node (one gate only) R
g :Dm_ g Negativa logic
cI- |
D ==~ E=A(B+G+D ‘
_____ o
Node ;
Nodo - - - ———4
FLECTRICAL CHARACTERISTICS (Nole 1)
\ LIMITS
3YMBOL CHARACTERISTICS 0°C 25°C 75°C Unit CONDITIONS
Min. Max. |Min. Typ. Max. [Min. Max.
Vou | Output High Voltage 185 185 18 18.5 V| Voo =20V
13.5 13.5 14 13.5 \ Vee =18V gy =-50uA
9.3 9.3 9.8 9.3 \% c =108V
\ﬁN =ViL (see below)
VoL Output Low Voltage 1.5 0.2 15 15 | V | Vec =20V IoL = 15mA or
Vcc =15V loL = 12mA or
| Veec =10.8V IpL = 9mA
VIN =Vin (see below)
ViL Input Low Voltage 6 6 6 v Guaranteed Input Low Threshold
for All Inputs
| Vg Input High Voltage 8 8 8 v Guaranteed Input High Threshold
| for All Inputs
g Input Low Current -0.6 0.1 -06 0.6 | mA | Voc =20V
-0.48 -0.08 -0.48 -0.48| mA | Vg =15V Vg = 1.5V
-0.36 -0.06 -0.36 -0.36| mA | Vgc =10.8V
IFEX Expander Input Low Current -1.65 -1.25 -1.65 -1.65| mA | Vg =20V
F (H 124 only) -1.33 -0.90 -1.33 -1.33 mA cc =15V VFEX =2V
1 075 1 41| mA | Vg¢ =108V
Ig Reverse Input Current 5 01 5 5 pA | Voo =20V Vg =20V
IceEx QOutput Leakage Current 45 45 45 pA | Voo =20V Veex =20V
Isc Output Short Circuit Current (-1.15 -2.5 |-1.15 -2 2.5 |-1.16 2.5 | mA | Vg =20V Inputs and Output
Grounded
Ippu High Level Power Dissipation 1.5 6 7.5 7.5 | mA | Voo =20V Inputs High
Current (Each Gate) )
IppL Low Level Power Dissipation 2.5 15 2.5 2.5 mA | Vcc =20V Inputs Low
Current (Each Gate)
TPD+ | Turn-Off Delay 250 400 nS | Vec =15V See Test Circuit
TPD- Turn-On Delay . 40 100 nS | Vgg =15V

OTES: 1) The node can be expanded using diode EB 383 or BAY 72
2) For H 124 only
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gates with passive pull-up H122 - H124

WIRED - OR CONNECTION

Outputs of H 122 and H 124 may be tied together for the wired - OR function.

1f 2, 3, 4, or 5 H122 (or H124) are OR-~ed, the drive factor is 10.

>

O

< C:D = AB+CD

STANDARD TEMPERATURE. RANGE

For each additional gate over 5 a unit load of 2.5 should be subtracted from the drive factor of the gate.

EXAMPLE 1

oy
Ya
H122 P

%

3 drive faclor =10

!

EXAMPLE 2

%
H122 O

) drive factor=10-2-2.5=5
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high level logic family HLL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS
Gates H102-H 103-H104

L lepF

vou 8V
1ov| | f T
r Pui B In in - Gnd
PW = 5us8c 11KD v
ty = |4 £ 10naec cc v
Gnd
BAY 72 or EB 363
tpd VERSUS Vco tpd VERSUS F.O. tpd VERSUS CL
240 r 400 500
N T T o sy
F.O =2 L vee = 15V Ve = 15V
CL = 100pF 4 Tt
200 ] cL = oopF wol| FO =% ‘/
300| [N /
1pd+ N
180 \ /
tpd+ g 300
8 S NS 2 war
T 120 | 20 |
8 B N 3 20 P P
80 L1
[
e 1pd- 100 - pd-
40 \pd- P
f
[\ ° [
10 12 14 16 16 20 0 5 10 15 20 25 o 200 400 800 800 1000
Vee -V F.0 CL — pF
Power Gate H109
tpd-
Ly
L 16V
10v I | VIN 1, G
r tpd+
1=l $ 10nsec vouT C:Gnd
tpd VERSUS Vce tpd VERSUS IoL tpd VERSUS C|_
120 ——T 200 200 ——
gL = 100mA \ | T loL = 100mA
o = boont Voo Voo = 15V
= 300p! = 15v =
100 L 180 c? : 160 G
+ CL = 300pF
i ! | L p »
s X
g B0 ™~ pd g 1% - g 12 A
\? 0 2 2 1+
| ' ° L1
;3 60 J 2 g 8 g
| ,-J——‘ —T 1
e || o
|
40 J 40 0
E J ° [}
10 12 14 16 18 20 ° 20 40 80 80 100 0 200 400 00 - BOO 1000
Vee— Vv oL — mA G - 9F



high level logic family HLL

STANDARD TEMPERATURE RANGE.

Dual J-K Flip-Flops H110-H111

o—t
vee =15y I\ cp
7 S0 a ouT | I | I | I
Puise in Gnd
C cp
1 = 500KHz Kk G | |
amplilude d Q Gnd
10V
Dual J-K Flip-Flop H110
Voo
8
3 —o pint AN
8V
H102 H110
CLOCK PULSE . GND
CHI pins 2
4
° H102 v
SeT ND
TPD- TPD+
Dual J-K Flip-Flop H111
—T—ovcc
=< 7 VIN
PINT
; v
H1t CH2
CLOCK PULSE l GND
2
v
& " ping YOUT|
o av
GND
TPD- TPD +
tpd VERSUS Vee tpd VERSUS F.O. tpd VERSUS CL
300 500 500 —
]7 L r Vg = 15V
+ 1 f £
par I Ve = 15V F.0. = g5
260 | T 400 F—t 400
AN Cp = 100pF 1pd- .
i
200 ™~ tpd- oo™ Ipd|+ 300 <
g ] 8 § A el
H a [t 2 -,
; ; . e
F.0. = 25 1pd-
B 150 ¥ B 200 B 20
cL = 100p
100 100 100
60 0 o
0 12 14 18 18 20 0 5 10 15 20 25 0 200 400 800 B0 10
Vee -V F.0. CL oF

* The capacilance shall be within + 55, Including |ig., probe and wiring capacitance.
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high level logic family HLL

High to Low Level Quad Converter H113

VCC=16V VCC1=5V

STANDARD TENPERATURE RANCE

VIN
1%
1.5V
VOUT| -
GND
TPD + TPD-
tpd VERSUS Vee trd VERSUS loL tpd VERSUS CL
200 T T 200 —T 500 T T 1
veer = 5V Veg = 15V Vees = sV
———+ ——+ Al B
o emh CL = 100pF Vee ' = 15V
reo|__|'or, = 12m4 180 G ) 0 Voe = ¥
C_ = 100pF vcey = 5V loL = 12mA
P P
. 120 — 7 § 2ol [ . , 300 A
tpd ¢
RS g ~ § p
' | ' —— v
2 80 | B g 2B 200
war | A
- - | 1pd-
© ™~ tpd 0 tpd 100t po
—
\-\‘ |
) [ [
10 12 14 18 I 20 9 10 " 12 K 1418 0 200 400 600 800 1000
Voo -V loL - mA CL-oF
Low to High Level Quad Converter §114
Veo Vce
vin
{ 1.0K0 PING2
1.5V
P 1
v ULSE IN oD
/ av
Ping YOUT
GND
TPD + TPD-
tpd VERSUS Vg tpd VERSUS F.O. tpd VERSUS CL
200 500 500 T
VeG = 15V
F.0. = 25
- pd+ 400 400
160 LA
N L~
300 300 el
2 ] ~ §
2 Ipd+
=120 < =
I~~~
B F.O. =25 B 200 — 2 200 Pt
Vv =15 -
CL | = 100pF G 7 16V B 7 tpa- L
80 CL = 100pF L1
100 100 -
o tpd- L~
i o ———
L1
a0l 0 0
10 12 14 18 18 20 0 5 10 15 20 2 [} 200 400 600 800 1000
vee - v F.0. CL -pF

% The capacitance shall ba within : 5% Including }ig., probe and wiring capacitance.
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high level logic family HLL

Gates With Passive Pull-Up H122 - H124

L_ :l 40pF VIN

Tov I | PULSE

BTANDARD TEMPERATURE RANCE
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= £ 10
frd S TEn8eS 18V vouT oD
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a
2
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high level logic family HLL

STANDARD TEMPERATURE RANGE

SLOW DOWN OF TPD-

tpd- VERSUS CAPACITANCE

’ [ 1]
Ve = 10.8V
12 /
4 j 4
g /
Toe /
BAY 720 2 /
Ep3ss N = 74 A
) papdp
—— / s
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1 5 -0 50
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Ve = 0.V
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)
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»
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&
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=
o
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HLL integrated circuit

H105

STANDARD TEMPERATURE RANGE

0°C to 75°C

INTERMEDIATE TEMPERATURE RANGE
-40°C to 85°C

e ACTIVE PULL-UP OUTPUT
o WIDE RANGE OF SUPPLY VOLTAGE

e HIGH DC NOISE IMMUNITY, 5V AT Vgc = 18V

o HIGH FAN-OUT 25 (NORST CASE)
e 14-PIN CERAMIC DIP

ORDERING NUMBERS

H105 D1 (Standard Temperature Range)
H105 D6 {(Intermediate Temperature Range)

Expandable dual
2-wide 2-input AND -
OR-INVERT gate

The H105 is a dual unit with each unit consisting of two-
2 input AND gates (one with an input expander node avai-
lable) that are intemally ORed together into an inverting
output configuration.

In accordance with the High Level Logic family charac-
teristics, itoffers the advantages of 5V DCnoise immunity,
high segnal levels, wide supply voltage tolerances and
unusuglly low fan-in. These features make the H105
particularly suitable for industrial, avionic and telephone
applications where the high noise environment might
prohibit the use of a low threshold integrated circuit.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage Vo, continuous H105D1 22V
H105D6 18V
Input Voltage H105D1 0.5V to 20V

H105D6  -0.5V to 16V

Storage Temperature Range 65 C to 150°C

OPERATING CONDITIONS

Temperature Range H105D1 0°C to 75°C
H105D6 -40°C to 85°C
Supply Voltage H105D1 10.8V to 20V

H105D6  10.8V to 16V

CONNECTION DIAGRAM

I s

[ i
Exp. ] e

o Nexe.

5 r]w
i o
5 e

GND =PIN 7
Vge = PIN 14

PHYSICAL DIMENSIONS
14 pin ceramic DIP

K ]

ARARA
L5 o‘ﬁlrji‘ _— Jz—sir*

MINO.S| 35

I 20 MAX

|
13

N
o

1]

.|

Ju|

7 MAX
8.38

0.2 MIN

- =

I e B e

Os
e
07

Note: ail dimanelons in mm.
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Expandable dual 2-wide2-input AND - OR-INVERT gate H105

ELECTRICAL CHARACTERISTICS (T A = 0°C to 75°C, Ve =10.8 Vio 20 V)

SYMBOL CHARACTERISTIC MIN. TYP. | MAX. UNIT TEST CONDITIONS
VoH Output High Voltage 18.5 19 V. |Vec=20V lon =-200 pA
13.5 14 v Vee =15V Iou =-200 uA
9.3 9.8 v Vee =10.8 V Ioy =-200 A
VIN =VIL (see below)
VoL Output Low Voltage 1 1.5 v Vee =20V lpr, =15 mA or
Vecc =15V ToL =12 mA or
Veec =10.8V IoL =9 mA
VIN =Vin (see below)
ViL Input Low Voltage 6 v Guaranteed Input Low Threshold for All Inputs
Viu Input High Voltage 8 v Guarsnteed Input High Threshold for All Inputs
Ip Input Low Current -0.1 -0.6 mA |Vcc =20V
-0.08 -0.48 mA |Vcc =15V VF = 15V
-0.06 -0.36 mA |Vcc =10.8V
IFex Expander Input Low Current -1.25 -1.65 mA |[Vec =20V
-0.90 -1.33 mA |Vcc =15V VFEX =2V
-0.75 -1 mA |Vcc =108V
1r Reverse Input Current 0.1 5 uA (Ve =20V VR=20V
1sc QOutput Short Circuit Current -9 -15 -25 mA |Vcc =20V Inputs and Qutput Grounded
IppH High Level Power Dissipation
Current (Each Gate) 9.5 12.5 mA |Vec =20V Inputs High
ipDpL Low Level Power Dissipation
Current (Each Gate) 3.0 5 mA |Vcc =20V Inputs Low
"pdl Turn-Off Delay 160 ns Vee =15V
tpd o Tum-On Delay 50 ns

ELECTRICAL CHARACTERISTICS (Tj

40°C to 85°C. Vog = 10.8 Vo 16 V)

SYMBOL CHARACTERISTIC MIN. TYP. | MAX. UNIT TEST CONDITIONS
Von Output High Voltage 14.5 15 V. | Vec =16V Ion =-200 zA
9.3 9.8 v Vee =108V Iou =-200 pA
VIN =ViL (see below)
VoL QOutput Low Voltage 1 1.5 v Vec =16V IoL =12.5 mA
Vce =108V IoL =9mA
VIN =V (see below)
ViL - Input Low Voltage 6 AY Guaranteed Input Low Threshold for All Inputs
VIH ~ Input High Voltage 8 A Guaranteed Input High Threshold for All Inputs
ir Input Low Current -0.08 -0.5 mA |Vgc =16V ! Ve =15V
-0.06 | -0.36 [ mA |vgc=108V§ YF=L
IFEX Expander Input Low Current 0.9 -l.4 mA | Vcc =16V _
075 | -1 | veS Zioav | veex =2V
ir Reverse Input Current 0.1 5 pA | Vec=16V Vr=16V
Isc Output Short Circuit Current $.5 -13.5 -20 mA Vec=16V Inputs and Output Grounded
Ippu High Level Power Dissipation
Current (Each Gate) 6.2 8.7 mA [Vee=16V Inputs High
IppL Low Level Power Dissipation
Current (Each Gate) 2.8 4 mA | Ve =16V Inputs Low
tpal Turn-Off Delay 180 ns Veo=15V
todo Turn-On Delay 50 ns
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H112
HLL INTEGRATED CIRCUIT

Hex mverter open
EXTENDED TEMPERATURE RANGE COllCCtOf ou tput

-55°C to 125°C

® WIDE RANGE OF SUPPLY VOLTAGE The H112 hex inverter is designed to drive low current

® HIGH DC NOISE IMMUNITY 5V at Voc = 15V lamps, interface with discrete components, and facilitate the
implementation of the Wired Collector function with mini-

® HIGH FAN-OUT 25 (WORST CASE) mum power dissipation,

® COMPATIBLE WITH MOS and COS/MOS 1C’s

(NOTE)
® 14-PIN CERAMIC PACKAGE
ABSOLUTE MAXIMUM RATINGS

(above which the useful life may be impaired)

Supply Voltage VC(, continuous 18v
Input Voliage -0.5V to 16V
Storage Temperature Range -65°C  to 150°C
OPERATING CONDITIONS
Temperature Range -55°C 1o 125°C
Supply Voltage 108V to 16V
ORDERING NUMBER
H112 D2
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
14.pin ceramic package

1 I:] 1

2] ik

3

E& 112 5 X1 754
15 MIN
4[] ] 11
20 MAX
4y I
& 8
. ! 3 : B
~ - «
7 8 s
QND =PIN 7
Vge = PIN 14
NOTE: all dimensions in mm.

NOTE: For details please refer to MOS IC’s data sheets

2/74
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Hex inverter open collector output H112

EXTENDED TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (Ty =-55°Cto 125°C, Vo =108 Vo 16 V)

SYMBOL CHARACTERISTIC MIN. TYP. | MAX. WNIT TEST CONDITIONS
VoL Output Low Voltage 0.2 L5 V |Vec=16V low =125 mA
Vec =108V lop =9mA
Vin =V (see below)
ViL Tnput Low Voltage 6 v Guaranteed Input Low Threshold for All
Inputs
VIH Input High Voltage 8 v Guaranteed Input High Threshold fer All
Inputs
I Input Low Current -0.08 -0.5 mA | Vgc =16V Ve =15V
0.06 | -0.36 | mA |Vcc=108V§ T
1g Reverse Input Current 0.1 7 pA | Ve =16V Vg=16V
IcEx Output Leakage Current 80 uA | Vec =16V Vcex =16V
IpDH High Level Power Dissipation 4 mA |Vecc =18V Input High
Current (Each Gate)
IppL Low Level Power Dissipation 2 mA | Vegc =16V Input Low
Current (Each Gate)
tpdt Turn-Off Delay 110 ns Vec =15V
todo Turn-On Delay 40 ns

High to Low Level Quad Converter H112

VCC=18V  VCC1s6V

o
1.8V
TPD + TPD-
tpd VERSUS Vge tpd VERSUS loL tpd VERSUS CL
180 200 —— 500 ——
| vge 718V Veey = 5V
[~ yec1 =¥ c, = 100pF [V
loL = 12mA L1 180 LT 400 ccl ;
120 | —1 €L = 100pF P Voer = 8V oL | = 12mA
L~"tpd + [~
o - g 120 ™~ || g 300
5 % |t H i ] _lpm §
2 B g B 0
}» war | A
tpd - M- 1=t —
|
© ] w0 U 100] eet=—"1 tpd
_—/
0 0 o
10 12 " 18 1 g 1 11 12 13 1418 o 20 400 800 800
Veg -V IoL - mA oL - oF
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HLL integrated circuit

H112

STANDARD TEMPERATURE RANGE

0°C to 75°C

INTERMEDIATE TEMPERATURE RANGE
-40°C to 85°C

e OPEN COLLECTOR OUTPUT
e WIDE RANGE OF SUPPLY VOLTAGE

o HIGH DC NOISE IMMUNITY, 5V AT Vcc = 15V

o HIGH FAN—OUT 25 (WORST CASE)
e 14-PIN CERAMIC DIP

ORDERING NUMBERS

H112D1 (Standard Temperature Range)
H112D6 (Intermediate Temperature Range}

Hex inverter open
collector output

The H112 hex inverter is designed to drive low current
lamps, interface with discrete components, and facilitate
the implementation of the Wired Collector function with
minimum power dissipation.

Belonging to the High Level Logic family, the high
threshold family of integrated circuits, it offers the
advantages of 5V DC noise immunity, high signal levels,
wide supply voltage tolerance and unusually high fan-out.
These features make the H112 particularly suitable for
industrial, avionic and telephone applications, where the
high noise environment might prohibit the use of a low
threshold integrated circuit.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be imp aired)

Supply Voltage V¢, continuous H112D1 22V
H112D6 18V

Input Voltage H112D1 0.5V to 20V
H112D6 -0.5V to 16V

Storage Temperature Range -65°C to 150°C

OPERATING CONDITIONS

Temperature Range H112D1 0°Cto 75°C
H112D6 -40°C to 85°C

Supply Voltage H112D1 10.8V to 20V

H112D6 10.8V to 16V

CONNECTION DIAGRAM

\J
1[1‘ 14

o[] 11
39& i
o0 i
55& ik
o] s
7 e

GND =PIN 7
VGG = PIN 14

PHYSICAL DIMENSIONS
14 pin ceramic DIP

-
|

J
5 04 2.54
r—‘ 15 MIN
MINO.5| 3.5

20 MAX

Nota: all dimensions In mm.

APRIL 1972
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Hex inverter open collector output H112

ELECTRICAL CHARACTERISTICS (T 4 =0°C to 75°C, Vg =10.8 Vio 20 V)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS

VoL Output Low Voltage 0.2 1.5 \Y Ve =20V IoL =15mA or
Vec =16V IoL =12 mA or
Vcec =108V IoL =9mA
Vin = Viy (see below)

Vi Input Low Voltage 6 v Guaranteed Input Low Threshold for Al
Inputs

vIH Input High Voltage 8 \Y Guarantead Input High Threshold for All
Inputs

Ie Input Low Current -0.1 -0.6 mA | Vgc =20V

-0.08 -0.48 mA | Vgc=15V VF=1L5V
-0.06 -0.36 mA | Vgc =108V

Ir Reverse Input Current 0.1 5 pA Vcc =20V VR=20V

IcEX Output Leakage Current 100 HA Vee =20V VCEX =20V

lppH High Level Power Dissipation 4.5 6 mA | Vcc=20V Input High

Current (Each Gate)
IpDL Low Level Power Dissipation 1.5 2.5 mA Vcc=20V Input Low
Current (Each Gate)
tpd1 Tum-Off Delay 110 ns Voo =15V
tpdo Turn-On Delay 40 ns

ELECTRICAL CHARACTERISTICS (T =-40°C to 85°C, Vo = 10.8 Vo 16 V)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
VoL Output Low Voltage 0.2 1.5 \Y Ve =16V IoL =125 mA
Ve =10.8V IoL =9 mA
Vin =V (see below)
ViL Input Low Voltage 6 v Guaranteed Input Low Threshold for All
Inputs
Vig Input High Voltage 8 v Guaranteed Input High Threshold for All
Inputs
Ig Input Low Current -0.08 0.5 mA | Vg =16V Vp =15V
0.06 | -036 | mA |Vcc=108V§ YFT
1p Reverse Input Current 0.1 5 pA | Vec =16V VR=16V
IcEX Output Leakage Current 80 nA Vec =18V VeEx =16V
IpDpH High Level Power Dissipation 3.5 5 mA | Vcc =16V Input High
Current (Each Gate)
IppL Low Level Power Dissipation 1.2 2 mA | V=18V Input Low
Current (Each Gate)
tpd1 Turn-Off Delay 110 ns Vec =15V
tpdo Tun-On Delay 40 ns
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H115
HLL INTEGRATED CIRCUIT

Strobed hex inverter
EXTENDED TEMPERATURE RANGE Opeﬂ COHCCtOT Output

-55°Cto 125°C

® ENABLE AND STROBE INPUT The HI115 hex inverter is designed to drive low-current
@ WIDE RANGE OF SUPPLY VOLTAGE lamps, interface with discrete components, and facilitate the
@ HIGH DC NOISE IMMUNITY 5V at Vcc = 15V implementatio_n.or 'xhc Wired Collector function with mini-
® HIGH FAN-OUT 25 (WORST CASE) mum power dissipation.
® COMPATIBLE WITH MOS and COS/MOS IC’s

(NOTE)
® 16-PIN CERAMIC PACKAGE

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Snpply Voltage Vo, continuous 18V
Input Voltage -0.5vV  to 16V
Storage Temperature Range -65°C  to 150°C

OPERATING CONDITIONS

Temperature Range -55°C to 125°C
Supply Voltage 10.8V 'to 16V
ORDERING NUMBER
HI115D2
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
16 pln ceramic package
-\
1] ] 16
e[} 15
3 14
{ f 2 L 0.45 2.54 ]
4 13 faNo5| 35 7.5 MIN
5] )12 ‘ 20 MAX
8] 111
7 10
[ ! 5 . 3
8] I - E
32’2 : :m |: NOTE: all dimensions in mm.

NOTE: For details please refer to MOS IC's data sheets

2/74
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Strobed hex inverter open collector output H115

EXTENDED TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (T =-55°C to 125°C Vo = 10.8 Vo 16 V)

SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT TEST CONDITIONS
VoL Output Low Voltage 0.2 1.5 v Vcc =16V IoL = 12.5 mA
Vce =108V IoL =9 mA
VIN =V (see below)
ViL Input Low Voltage 6 v Guaranteed Input Low Threshold for All
Inputs
Vin Input High Voltage 8 v Guaranteed Input High Threshold for All
Inputs
Ig Input Low Current -0.08 -0.5 mA |[Vcc =1V Ve = L5V
-0.06 | -0.% mA |Vcc =108V F=L
Ir Reverse Input Current 0.1 7 psA | Vec =16V VR=16V
Icex Output Leakage Current 80 uA |Vec =16V Vcex =16V
IpDH High Level Power Dissipation 4 mA | Vcc =16V Inputs High
Current (Each Gate)
IppL Low I.evel Power Dissipation 2 mA |Vcc=16V Inputs Low
Current (Each Gate)
tpdl Turn-Off Delay 110 ns Vee =15V
tpdo Turn-On Delay L 40 ns

High to Low Level Quad Converter H 115

1pd VERSUS Voo

b ]
I {veey=5v
Ipy, = 12mA r /
yo | —lc  =100F
L~Ttpd +
3
] [ =]
% w0
3
\
© tpd —
s
[
10 12 14 16 8
Veg -V

19d - nsec

VCC=18V  VCCI=6V

200

180

120

80

40

v

402

1.5v
PO+ TFO-
tpd VERSUS loL tsd VERSUS CL
——T 500 T—T T
Vg - 18V Vees = 5V
24—+
GL = 100pF [
v T 400 ce, =Y
Veer = 5V oy = 12mA
[~
™ 300
P T § 4
I
8 200
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. N T I
—
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ted 100 |t ted
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|
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HLL integrated circuit H115

Strobed hex inverter
open collector output

STANDARD TEMPERATURE RANGE The H115 hex inverter is designed to drive low-current
0°C to 75°C lamps, interface with discrete components, and facilitate
INTERMEDIATE TEMPERATURE RANGE the implementation of the Wired Collector function with
-40°C to 85°C minimum power dissipation.

Belonging to the High Level Logic family, the high
threshold family of integrated circuits, it offers the
advantages of 5V DC noise immunity high signal levels,
wide supply voltage tolerance and unusually high fan-out.
These features make the H115 particularly suitable for
industrial, avionic and telephone applications, where the

¢ OPEN COLLECTOR OUTPUT high noise environment might prohibit the use of alow
e ENABLE AND STROBE INPUT threshold integrated circuit.
e WIDE RANGE OF SUPPLY VOLTAGE ABSOLUTE MAXIMUM RATINGS
o HIGH DC NOISE IMMUNITY, 5V AT Vg =15V (above which the useful life may be impaired)
e HIGH FAN-OUT 25 (WORST CASE) Supply Voltage VC(, continuous H115D1 22V
) H115D6 18V
¢ 16-PIN CERAMIC DIP Input Voltage H115D1 0.5V to 20V
HI115D6 -0.5V to 16V
Storage Temperature Range -65°C to 150°C

OPERATING CONDITIONS

T H115D1 0°Cto 75°C
ORDERING NUMBERS emperature Range HllgDG -40°0C tz gg" C
H115 D1 (Standard Temperature Range) Supply Voltage H115D1  10.8V to 20V
H115 D6 (Intermediate Temperature Range) H115D6 10.8V to 16V
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
16 pin ceramlc DIP
——
[ |
1] ] 16
2[] 15
3 14 : |
! | P !—5'~ [ 0.45 234 ‘
4E ] 13 MINOS | 35 17.5 MIN
5[] i l 7 MAX 1
o] ik /" moonononnao
7(] ]10 2 . B
S B I B O I
NOTE.
GND =PIN 8 1) Board-drllling dimenslons should equal your practice for a
Vge = PIN 18 convenlional 0,5t mm. diameter lead.
2) All dimensions In mm,

FEBRUARY 1973
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Strobed hex inverter open collector output H115

ELECTRICAL CHARACTERISTICS (T 4 = 0°C to 75°C, Voo =10.8 Vto 20 V)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
VoL Output Low Voltage 0.2 1.5 v Ve =20V IoL =15 mA or
Vecc =15V Iop. =12mA or
Vec =108V IoL =9mA
VIN =V (see below)
Vi Input Low Voltage 6 v Guaranteed Input Low Threshold for All
Inputs
Vin Input High Voltage 8 A Guaranteed Input High Thereshold for All
Inputs
*p Input Low Current -0.1 0.8 mA |Vgc=20V
0.08 | -0.48 mA |Vge=15V Vp =15V
-0.06 -0.36 mA Vee=108V
**1r Reverse Input Current 0.1 5 pA | Vec=20V VR=20V
ICEX Output Leakage Curcent 100 ud | Vec=20V Vcgx=20V
IppH High Level Power Dissipation 4.5 6 mA |Vec =20V Inputs High
Current (Each Gate)
IppL Low Level Power Dissipation 15 2.5 mA | Vecc =20V Inputs Low
Current (Each Gate)
tpdl Turn-Off Delay 110 ns Vee =15V
tpdo Tu n-On Delay 40 ns

ELECTRICAL CHARACTERISTICS (T, =-40°C to 85°C, Voo = 10.8 Vo 16 V)

SYMBOL CHARACTERISTIC MIN. TYP. | MAX. UNIT TEST CONDITIONS
VoL Output Low Voltage 0.2 1.5 v Vec =16V IoL = 12.5 mA
Vec =108V IoL =9 mA
VIN =Vin (see below)
ViL Input Low Voltage 6 A Guaranteed Input Low Threshold for All
Inputs
Vg Input High Voltage 8 A Guaranteed Input High Threshold for All
Inputs
*Ir Input Low Current -0.08 -0.5 mA (Ve =16V Ve = L5V
-0.06 | -0.3 mA | Vee =108V e
**Ir Reverse Input Cumrent 0.1 5 uA | Vec=18V VR =16V
IcEx Output Leskage Current 80 uA | Vec =16V Vcex =16V
IPDH High Level Power Dissipation 3.5 5 mA (Vecc=16V Inputs High
Current (Each Gate)
IpDL Low Level Power Dissipation 1.2 2 mA [Vcc=16V Inputs Low
Current (Each Gate)
Lpdl Turn-Off Delay 110 ns Ve =15V
tpdo Turn-On Delay 40 ns

* Input Low Current : at pin 4 is equal to 2 . IF; at pin 12 isequal to 4 - I

** Reverse Input Currenl : at pin 4 is equal to 2 - [R; at pin 12 isequal to 4 - IR
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HLL INTEGRATED CIRCUIT

H117

EXTENDED TEMPERATURE RANGE
-55°Cto 125°C

MONOSTABLE AND ASTABLE FUNCTIONING
VERY WIDE DURATION RANGE (FROM 1 psec
TO MORE THAN 100 sec.)

OUTPUT PULSE WIDTH DEFINED ONLY BY
EXTERNAL TIMING NETWORK

PULSE TRIGGERING LARGELY INDEPENDENT
OF THE INPUT PULSE WIDTH AND FORM
EXTREMELY STABLE OPERATION WITH
RESPECT TO POWER SUPPLY AND TEMPERA-
TURE

COMPLEMENTARY OUTPUTS

POSSIBILITY OF DRIVING TTL AND DTL
CIRCUITS

WIDE RANGE OF SUPPLY VOLTAGE

HIGH DC NOISE IMMUNITY 5V at Ve = 15V
HIGH FAN-OUT 25 (WORST CASE)
COMPATIBLE WITH MOS and COS/MOS IC’s
(NOTE)

14-PIN CERAMIC PACKAGE

ORDERING NUMBER
H117D2

One-shot

multivibrator

The H 117 is a monostable multivibrator designed for a wide
range of pulse duration, practically independent of variation
in ambient temperature and power supply voltage.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage Vc(, continuous 18V
Input Voltage -05V 1o 16V
Storage Temperature Range -55°C  to 150°C
OPERATING CONDITIONS

Temperature range -55°C  to 125°C
Supply Voltage 10.8V to 16V

CONNECTION DIAGRAM
{Top view)

X = Pre-limiter connection

PHYSICAL DIMENSIONS
14-pin ceramic package

:
)
]
A
lnl

7 uAX
]
H 1
0.2uN
8%
s
1 1
2 J¥]
2
n

Oa
d
Oe
O

oou

NOTE: all dimensions in mm.

NOTE: For details please refer to MOS IC’s data sheets
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one~-shot multivibrator H117

EXTENDED TEMPERATURE RANGE

DESCRIPTION LOGIC DIAGRAM
This monolithic HLL monostable multivibrator features DC triggering
from gated negative going input. Both positive and negative going output
pulses are provided, with the customary large HLL family fan-out. Pulse
triggering occurs at a particular voltage level and is not directly related
to the transition time of the input pulse. Input pulses, with transition
time as slow as 0.2 V/ms, allow jitter-free output. DC noise immunity,
both Vo and ground,as high as 5V at Voo = 15V is guaranteed. Once
fired the output is independent of further transition of the inputs and is
a function only of the external timing components. Input pulses may be
of any duration relative to the output pulse. Output pulse duration may
vary from | psec to more than 100 sec by choosing appropriate timing
components. Qutput rise and fall times are independent of pulse length.
Pulse width is virtually independent of YCC (*1) and temperature {*2);
in most applications pulse stability will only be determined by Cx and
Ry stability. Jitter-free operation is maintained over the full tempera-
ture and VCC range, for nearly six decades of timing capacitance and
one decade of timing resistance. Throughout these ranges, pulse width
is defined by the relationship Tpy =~ 0.83 Cx Rx. Duty cycles as high
as 95 % are achieved when using RX = 100 kQ and Cx = 100 pF at
Vee = 15V.

*]1) With a typical variation of 0.1% per Volt
*2) With a typical variation of 0.02% per °C for Ry = 100k Q and Cy =1000pF.

ELECTRICAL CHARACTERISTICS (Ve = 10.8V 10 16V, Tp =-55°C to 125°C)

SYMBOL CHARACTERISTICS Min. Typ. | Max. Unit TEST CONDITIONS
vV Output High Voltage 14.5 15 v Vee = 16V
of pu e Yotiee 93 | 9.8 v vgg = jogv| 'OH=-200pA
VoL Output Low Voltage 1 1.5 v Vee =16V Ipp =12mA or
Ve = 10.8V IopL= 9mA
ViL Input Low Voltage 6 v Guaranteed input low threshold at
inputs A, Band C.
VIH Input High Voltage 8 A\ Guaranteed input high threshold at
inputs A, BandC.
I Input Low Current -0.08 0.5 mA | Vec =16V Vg=15V at
-0.06 | -0.36 mA | Voc=10.8V] pinsA,BandC.
IR Reverse Input Current 0.1 7 pA | Vcc =16V VR =16V at
pins A, Band C.
Isc Output Short Circuit Current -9 -25 mA | Vcc=16V at pinsQand C.
Ipp Power Dissipation Current 15 25 mA VCC =16V all inputs high,
2/74
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one-shot multivibrator H117

SWITCHING CHARACTERISTICS (T4 = 25°C)

EXTENDED TEMPERATURE RANGE

SYMBOL CHARACTERISTICS Min. Typ. Max. | Unit TEST CONDITIONS
tpds Turn-Off Delay 700 1000 ns Cx = 1000pF Vee= 15V
Inputs 3 and 4 to Output 8 Ry = 10k
tpd— Turn-On Delay 500 800 ns Cx = 1000pF Ve = 15V
Inputs 3 and 4 to Output 2 Rx = 10k cc
tpwy Duration of Trigger Pulse ! ps Cx = 1000pF Ry =10k0
Rx Maximum Timing Resistance 100 kQ
Cx Timing Capacitance No limit if trigger pulse is shorter
than output pulse.
Otherwise Cy < 200 pF.
Tpw Output Pulse Width (See note) 75 83 91 ps Cx = 1000pF
Ry = 100 kR
Note : Output pulse width calculation : Tpyy ~0.83 Ry Cx
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
115v
0 nF
INPUT
ou1gu1 Q | 157 _\\——/7
S04
31 Q QuTPUT
1000 pF 6 2 3_/_
la, T tpd-
ZT > 1 10 1
PULSE o0—y 4 8 ToutPyt
12 n —otpd+
I
13 5
00 I ™ 7 putpuT|C NOTES :
€1 T 1) When testing tpg switch S must be in position 2.
1 2) When teslinng;w switch S must be in position 1.
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one-shot multivibrator H117

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (V o =15V, T4=25°C unless otherwise noted)

OUTPUT PULSE DURATIDN VERSUS TIMING

MAXIMUM QUTPUT DUTY CYCLE VERSUS TIMING CAPACITANCE

CAPACITANCE . {INPUT DUTY CYCLE =~ §0%)
100.F l
A tH R=100%11
[
104F L %
*
1uF - )
w g w LR
<] 4 gol | 10 k)
E Y E
5 100nF N
E B R £
g i ERL) v
A (=
o lonF AT 7 P
E3 § 74
T 4 60 r
o.1ne LTI T 50/
0us lus  1us  100us  Ims  10ms 100ms 1s 105 0.InF InF 10nF l0onF 1uf 10uF 1004:F
OUTPUT PULSE DURATION TIMING CAPACI TANCE
OUTPUT DUTY CYCLE VERSUS TIMING
OUTPUT DUTY CYCLE VERSUS TIMING RESISTANCE AT DIFFERENT Ve,
RESISTANCE -
10 ' - Cx = 1000 pF
3 | |
Juu=Cs!
90 ’(m\{/ L L~ Zann
» w / »
) s )
§w B
> < >
o (5]
g0 £
3 3
g g
= =
2 2
e S
EY
% 0
0 El 100 0 10 % 100 500

TIMING RESISTANCE - k2

-TIMING RESISTANCE - xQ

RECOVERY TIME VERSUS TIMING CAPACITANCE

X

INPUT PULSE WIDTH
OUTPUT PULSE WIDTH

R =100 kD

I

0.1nF 1nF

10nF 100nF
TIMING CAPACITANCE

1uF 0uF W00uF

2/74
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one-shot multivibrator H117

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (V= 15V, T 4 =25°C unless otherwise noted)

PULSE WIDTH - X

PULSE WIDTH - ps

PULSE STABILITY VERSUS TEMPERATURE

Ry = 100 k03, Cx = 1000 pF

114
ans
3
an
&
.18 \
a
N
\\
-ao2
L
Q04
~a o @ 0 20 »o
TEMPERATURE - * C
PULSE WIDTH VERSUS TEMPERATURE
Ry =100 kf}, Cy = 1000pF 4_ 1108
" _|
s \
N
MR
e
N
n By
*eabr | | N
n ‘\
. A\
N
2
0 0 o L] w w0 200

TEMPERATURE - *C

OUTPUT PULSE WIDTH - X

DUTPUT PULSE MIDTH - %

OUTPUT PULSE WIDTH VARIATION AT EXTREMES Ve {PERCENTAGE)

VERSUS TIMING CAPACITANCE; Ry = 10 k@

Ve =10.8
cC
0 /] Voo =I5V
Voo =20V
-5 N 1T
ol I
-15
-
0.1nF InF 10aF 100nF 1pF 104F 100uF
TIMING CAPACITANCE
OUTPUT PULSE WIDTH VARIATION AT EXTREMES Vcg (PERCENTAGE),
3 VERSUS TIMING CAPACITANCE; Ry = 100 k0
=1
2 ™~
T~ Ve
1
0 Veg T8V
——
e Ve oV
-1
-2
0.1nF InF 10nF 100nF 1pF Pl 100uF

TIMING CAPACITANCE
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one-shot multivibrator H117

EXTENDED TEMPERATURE RANGE

APPLICATIONS

MONOSTABLE MULTIVIBRATOR TRIGGERING ON PULSE TRAILING EDGE, COMPLEMENTARY OUTPUTS

tp input ty 41 input | Output
A| B A B |Q C |
1 1 0 1 | one shot
1 0 0 0 | inhibit
1 ! 1 0 | one shot
0 i 0 0 | inhibit

tn, = time before input transition
th.l =time after input transition

NOTES :

-|]]-Rx

v ) L
cc i
o S e X C
D IS ¥ R VR VRN T
L2 3 4 5
-y o | —
L|" GROUND
A B
INPUT
1
LU
Cx

Z*VZ:SV
L

qQ
L—E———r—’cl
I

6 7

o gy o

OUTPUT @
T

— If pin 5 is connected to pin 11and pin 12 is connected to pin 13, T=0.83 Cx Ry at Vo = 10.8V to 20V. If pins 5, 11, 12, ) 3 are not connec-
ted, T= 1.2 R Cx at Ve = 16V to 20V,
— If diode Z is connected, C; may drive TTL or DTL circuits.

MONOSTABLE MULTIVIBRATOR

TRIGGERING ON PULSE LEADING EDGE

“cc
=
w0 u 11 ® 3 T
\ 2 3 a5 & 1
L T
GROUNO
outPyT | Cx Voo
Rx

INPUTC  / \

HIGH STABILITY CLOCK

3.k
cc
— 1 1
14 3 12 T 10 9 ]
1 2 3 5 [ 7
=) =)
GROUNO
QuUTPUT VCC

T=0.83 Cx Ry
W(ps) ~ 2Cx(nF)

o

2/74
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one-shot multivibrator H117

EXTENDED TEMPERATURE RANGE

APPLICATIONS (Contd)

FREQUENCY TO CURRENT CONVERTER VOLTAGE TO PULSE WIDTH CONVERTER

TouTPyT
Ve rj;_r‘ﬂ Vg1
i s Vee
TR Z 1 1 9 8 A N MM —

% 1B Z 1 1 9 B VIN=0=+ 13V
T=cx Ry YIN

! Vee
12 5
I h ~TT e
INPUT Ve IT T T anv he GROUND
w 6.5 ‘ BAY [12 CLOCK |_|

GROUND

A = 2=.D-f (mA) QOUTPUT CLOCK V¢
. [ f = Hz '#' ouTPUTQ
Ry X X ¢
D = 830 Ry Cx (ms) =~ E’Q- C3=Vee  Cx outPUT E ’—|
R=10 J\
Cx=F L——JT

DOUBLE PULSE GENERATOR

INPUT

Vee G/ INPUT |
P s

B R

I B
4 56 1
- —J =T
T GROUND Vec=1451t0 17V
= T) =083 Rx Cx

R Cx T, =055 R| C
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HLL integrated circuit

H117

STANDARD TEMPERATURE RANGE,

0°C to 75°C

INTERMEDIATE TEMPERATURE RANGE,
-40°Cto 85°C

MONOSTABLE AND ASTABLE FUNCTIONING

VERY WIDE DURATION RANGE (FROM | psec

TO MORE THAN 100 sec.)

OUTPUT PULSE WIDTH DEFINED ONLY BY

EXTERNAL TIMING NETWORK

PULSE TRIGGERING LARGELY INDEPENDENT

OF THE INPUT PULSE WIDTH AND FORM

o EXTREMELY STABLE OPERATION WITH
RESPECT TO POWER SUPPLY AND TEMPERA-
TURE

e COMPLEMENTARY OUTPUTS

o POSSIBILITY OF DRIVING TTL AND DTL

CIRCUITS

WIDE RANGE OF SUPPLY VOLTAGE

HIGH DC NOISE IMMUNITY, 5V AT Veoe=15V

HIGH FAN-OUT. 25 MINIMUM.

14-PIN CERAMIC DIP

ORDERING NUMBERS

H 117 D1 (Standard Temperature Range)
H 117 D6 (Intermediate Temperature Range)

One-shot

multivibrator

The H 117 is a monostable multivibrator designed for a wide
range of pulse duration, practically independent of variation
in ambient temperature and power supply voltage. Bglonging
to the High Level Logic family, the high threshold family of
integrated circuits, it offers the advantages of SV DC ground
and supply voltage noise immunity at Vcc = 15V, high
signal levels, wide supply voltage tolerances and unusually
high fan-out. These features make the family particularly
suitable for industrial, avionic and telephone applications
where the high noise environment might prohibit the use of
a low threshold integrated circuit.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage V¢, continuous

H 117 DI 22V
H117D6 18V
{nput Voltage

H 117 D1 - 0.5V to 20V
H 117 D6 -0.5Vto 6V

Storage Temperature Range -55°C to 150°C
OPERATING CONDITIONS

Temperature range

H117DI 0°Cto 75°C
H 117 D6 -40°C to 85°C
Supply Voltage

H 117 DI 10.8V to 20V
H117D6 10.8V to 16V

CONNECTION DIAGRAM
{Top.ie. )

X = Pre-himiter ~ynne :tion

PHYSICAL DIMENSIONS
14-pin ceramic DIP

7 MAX
0.2 MIN

Note : all dimensions in mm.

FEBRUARY 1973
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one-shot multivibrator H117

ELECTRICAL CHARACTERISTICS (Vcc = 10.8V to 20V, T = 0°C to 75°C)

SYMBOL CHARACTERISTICS Min. Typ. Max. | Unit TEST CONDITIONS
VOH Output High Voltage 18.5 19 v Vee = 20V
13.5 14 \Y Vee = 15V loH = - 200 pA
9.3 9.8 \% Vee = 10.8V
VoL Output Low Voltage | 1.5 \Y Vee = 20V oL =15mA or
Vee = 15V IopL=12mA or
Vee =108V IgL = 9ImA
ViL Input Low Voltage 6 \% Guaranteed input low threshold at
inputs A. Band C.
VIH Input High Voltage 8 \% Guaranteed input high threshold at
inputs A, BandC.
Ig Input Low Current 0.1 -0.6 mA | Vec =20V VE = 1.5V at
-0.08 | -0.48 mA | Ve = 15V pins A, B and C.
-0.06 -0.36 mA | Vec = 10.8V
I Reverse Input Current 0.1 5 uA | Ve = 20V VR = 20V at
pins A,.B and C.
Isc Output Short Circuit Current -9 -25 mA | Voc =20V at pins Q and C.
Ipp Power Dissipation Current 5 25 mA | Vec = 20V all inputs high.

ELECTRICAL CHARACTERISTICS (Voo = 10.8V to 16V, Ty =~40°C to 85°C)

TEST CONDITIONS

SYMBOL CHARACTERISTICS Min. Typ. | Max. Unit
Vv Output High Voltage 14.5 15 Vv Vee = 16V _
o 93 | 938 v vgg =108V } lon =~ 20044
VoL Output Low Voltage 1 1.5 Vv Vee = 16V loL=12mA or
Vee = 10.8V IoL= 9mA
ViL Input Low Voltage 6 Vv Guaranteed input low threshold at
inputs A, Band C.
VIH Input High Voltage 8 \Y% Guaranteed input high threshold at
inputs A, B and C.
I Input Low Current -0.08 -0.5 mA | Vee =16V VE=1,5V at
' -0.06 | -0.36 mA | Vec =10.8V] pins A, Band C.
IR Reverse Input Current 0.1 5 uA Vee = 16V VR =16V at
pins A, B and C.
Isc Output Short Circuit Current -9 -25 mA | Vee =16V atpinsQand C.
Ipp Power Dissipation Current 15 25 mA | Voo = 16V all inputs high.
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one-shot multivibrator H117

DESCRIPTION

This monolithic HLL monostable multivibrator features DC triggering

from gated negative going input. Both positive and negative going output
pulses are provided, with the customary large HLL family fan-out. Pulse
triggering occurs at a particular voltage level and is not directly related
to the transition timz of the input pulse. Input pulses with transition
time as slow as 0.2 V/ms. allow jitter-free output. DC noise immunity
both V¢ and ground,as high as 5V at Vce 15V is guaranteed. Once
fired the output is independent of further transition of the inputs and is
a function only of the external timing components. Input pulses may be
of any duration-relative to the output pulse. Qutput pulse duration may
vary from 1 psec to more than 100 sec by choosing appropriate timing
components. Output rise and fall times arc independent of pulse length.
Pulse width is virtually independent of Ve (*1) and temperature (*2):
in most applications pulse stability will only be determined by Cx and
Ry stability. Jitter-free operation is maintained over the full tempera-
ture and Vc(C range. for neuarly six decades of timing capacitance and
one decade of timing resistance. Throughout these ranges, pulse width
is defined by the relationship Tpy >~ 0.83 Cx RX. Duty c¢ycles as high
as 95 % are achieved when using RX = 100 kQ and CX 100 uF it
Vee = 15V.

*1) With a typical variation of 0.1% per Volt
*2) With a typical variation of 0.02% per °C for Ry 100k {) and Cx **1000p¥F.

SWITCHING CHARACTERISTICS (Tp = 25°C)

LOGIC DIAGRAM

SYMBOL CHARACTERISTICS Min. Typ. Max Unit TEST CONDITIONS
tpds Turn-Off Delay 700 1000 ns Cx = 1000pF Vee = 15V
Inputs 3 and 4 to Output 8 Ry = 10kQ
tpd- Turn-On Delay 500 800 ns Cx = 1000pF Vee = 15V
Inputs 3 and 4 to Output 2 Ry = 10kQ ~
tpw Duration of Trigger Pulse | us Cyx = 1000pF Rx = 10kQ
Ry Maximum Timing Resistance 100 kQ
Cx Timing Capacitance No limit if trigger pulse is shorter
than output pulse.
Otherwise Cx < 200 pF.
Tpw Output Pulse Width (See note) 75 83 91 ps Cx = 1000pF
| | | Ry = 100 k(2
Note : Output pulse width calculation: Tpyy = 0.83 Ry Cy
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
115V
5 nF
INPUT

T = OuTPUT Q L 15V
[ 503 T
ERmT
lalh
T

1000 pF 16 2
. _J;— BAY72  Llkn
>—— 10 biodo
zT s ?‘
PULSE oy 1 8 . &
BAY72 LIlkQ2
12 1 ..E"".i 100F

|:u 5 \]
“on - rg{?? , butsuT|E
1 .

Q OUTPUT __J

T outPuT |

—»{lpd +

NOTES :

1) When testing t
2) When leslinng

4 switch S must be in position 2.

pw switch S must be in position 1.
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one-shot multivibrator H117

TYPICAL ELECTRICAL CHARACTERISTICS (V cc =15V, Tpo=25°C unless otherwise noted)

OUTPUT PULSE DURATION VERSUS TIMING MAXIMUM OUTPUT DUTY CYCLE VERSUS TIMING CAPACITANCE
CAPACITANCE ) (INPUT DUTY CYCLE = 60%}
00
100, F T ) T
AHH R - 100 k07
0.F o
-
1uF A L
8 4 L1 R -10k0
2 == g
= 1 O
g looF ] é__ i °
g S 870l | o
o 100F AILV4 5 |
2 7 N
H 3 = = T
= 8 60|
InF Y
"4
0.10F 0 /
0.us lus  Wus 1005 Ims 10ms 100ms 1s 105 0. InF InF 16nF 1000F TuF 10uF 100.F
OUTPUT PULSE DURATION TIMING CAPACITANCE

OUTPUT DUTY CYCLE VERSUS TIMING
OUTPUT DUTY CYCLE VERSUS TIMING RESISTANCE AT DIFFERENT Vee,

RESISTANCE Cx = 1000 pF

3
w|__ D
e

=g \ﬁ-

K3
e

A\

= 7.

y

80

DUTPUT DUTY CYCLE - %
~
3

DUTPUT DUTY CYCLE - %

60

10 50 100 500 10 50 100 500
TIMING RESISTANCE - & TIMING RESISTANCE - k

RECOVERY TIME VERSUS TIMING CAPACITANCE

INPUT PULSE WIDTH
QUTPUT PULSE WIDTH
]|

R 100k

0.1nF 1nF 10nF 100nF 1uF 10uF 100uF
TIMING CAPACITANCE
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one-shot multivibrator H117

TYPICAL ELECTRICAL CHARACTERISTICS (Vo= 15V, T o =25°C unless otherwise noted)

PULSE STABILITY VERSUS TEMPERATURE
Ry = 100 k2, Cy = 1000 pF

OUTPUT PULSE WIDTH VARIATION AT EXTREMES V¢ (PERCENTAGE)

VERSUS TIMING CAPACITANCE: Ry = 10k

0.04 5
P Loc 10.8Y]
0 “gg TV
0.02 °'“ VC ns
. Z =
d o L—1TT
N, 5 [T |
i & :
3 (- “ ol |
J <) -
H v ] >
¥ Ce ™~ =
e =
0.02 3 /
-0.04 \ -
40 X 0 20 4 0 80 100 0.1nF nF 100F 1emF 1.F 10.F 100uF
TEMPERATURE - < C TIMING CAPACIT/NCE
PULSE WiDTH VERSUS TEMPERATURE OUTPUT PULSE WIDTH VARIATION AT EXTREMES Vi (PERCENTAGE),
o Ry = 100 k2, Cx = 1000 pF s VERSUS TIMING CAPACITANCE; Ry = 100 k12
|y NI
845 2 I~
< i S A Ve =108
| T Z
- & S £
0
g ™~ X 4
Ed =
w835 AN N 0 Veg =WV
3 A g I el J
g S C
& \1, 3 : ©a H
S Ny N Pl
o 4
825 J ‘|\“ -2
40 -0 0 2 40 60 80 10 0.1nF InF WnF 1000F 1uF 0 .F 100uF
TEMPERATURE - C TIMING CAPACITANCE
APPLICATIONS
MONOSTABLE MULTIVIBRATOR TRIGGERING ON PULSE TRAILING EDGE, COMPLEMENTARY OUTPUTS
Q
ty input th +1input | Output _
A B A B Q C vee T3 ‘_L ,J = ——C1
i
i T e NN =l ] A
1 1 0 1 | one shot TR TR T T 5 5 Z*VZ =5V
s !
| Q 0 Q | inhibit e
1 | { 0 | oneshot
0 1 0 0 |inhibit
tn = time before input transition 12 3 a5 & 1 M
= : e m) | g
tn.1 ~time afterinput transition j ‘:l-’ 'T' GROUND
A & DUTPUT C o
INPUT
i hi )
Ry cy _
OUTPUT Q o
NOTES :

1) If pin § is connected to pin 11and pin 12 is connected to pin 13. T = 0.83 Cy Ry at Ve = 10.8V 1o 20V. If pins 5, 11, 12, 13 are not connec-

ted, T= 1.2 Ry Cx at Ve = 16V to 20V.
2) If diode Z is connected. C) may drive TTL or DTL circuits.
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one-shot multivibrator H117

APPLICATIONS (Contd)

MONOSTABLE MULTIVIBRATOR
TRIGGERING ON PULSE LEADING EDGE

INPUT C i

Vee
—
7B PR

2
TLJTLJ
|
| v
C

|
T L
2
outpuTq | °X Vee
Ry

FREQUENCY TO CURRENT CONVERTER

1 2 3 4 5 b 7
o Ll_l
I
U
e 1 = 83D f ma
_;__I Rym
Ry Cy f - Hz
D = 830RxCx (ms)
R =0
Cx=F

IMGH STABILITY CLOCK

3.3Ks/

D)
L2 3
L|I T GROUND
LOUTPUT
"7
Rx Cx
T 083 Cx Ry

W(yps) = 2Cx(nF)

w7 ]
e Ll

VOLTAGE TO PULSE WIDTH CONVERTER

,J-‘ COUTPUT
N N s ]

Vee
[T 12 V[N~0— 13V
T=cx Rx VIN
Vee
1 2 3 4 5 b 7
T

. L)
GRCQUND
BAY 172
) Bay b2 cLock |

QOUTPUT CLOCK Ve

OUTPUTQ

ouTPuT €
e

DOUBLE PULSE GENERATOR

4 5 5
2 | — g |
GROUNO
T
Cx

INPUT
QUTPUT

T
T2

Vee = 14.5t0 17V
T =0.83 Rx Cx
T, =0.55 Ry C
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HLL integrated circuit H118

Hex inverter active
pull-up output

STANDARD TEMPERATURE RANGE The H 118 hex inverter performs the function B=A and uti-
0°C to 75°C lizes an active pull-up to minimize output impendance.

INTERMEDIATE TEMPERATURE RANGE Belonging to the High Level Logic family, the high
-40°C to 85°C threshold family of integrated circuits, it offers the

advantages of 5V DC noise immunity, high signal levels,
wide supply voltage tolerance and unusually high fan-out.
These features make the H118 particularly suitable for
industrial, avionic and telephone applications, where the
high noise environment might prohibit the use of alow

| ) T
e ACTIVE PULL-UP OUTPUT threshold integrated circuit.
A TAGE
¢ WIDE RANGE OF SUPPLY VOLTAG ABSOLUTE MAXIMUM RATINGS
o HIGH DC NOISE IMMUNITY, 5V AT Ve = 15V (above which the usefull life may be impaired)
o HIGH FAN-OUT 25 (WORST CASE) Supply Voltage Vo, continuous H118D1 22V
e 14—PIN CERAMIC DIP H118 D6 18V
Input Voltage H118D1 0.5V to 20V
H118D6 -0.5Vto 16V
Storage Temperature Range -85°C to 150°C
OPERATING CONDITIONS
Temperature Range H118D1 0°C to 75°C
ORDERING NUMBERS H118D§ 40°C to 85°C
H118 D1 (Standard Temperature Range) Supply Voltage H118 D1 10.8V to 20V
H118 D6 (Intermediate Temperature Range) H118D6 10.8V to 16V
CONNECTION DIAGRAM PHYSICAL DIMENSIONS

14 pin ceramic DIP

A

1

1Y o
824 T

14 [ 1

15 MiN

o[ . MINOS| 35
! 20 MAX
5[] 10 '
f O M[mMm
{ s ®m ~N — o o o
] 5 9 5z o~ = g
E ! ] ||ls =
- =
7 []s L 2 - o~ m e e o -
N [ O Y O
GND = PIN 7
Vg - PIN 14 Note: all dimonslons in mm. J

APRIL 1972
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Hex iverter active pull-up output H118

ELECTRICAL CHARACTERISTICS (T4 = 0°C to 75°C, Vcc = 10.8t0 20 V)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
Vo Output High Voltage 18.5 19 \4 Vcc =20V IoH =-200 A
13.5 14 \ Vec =15V IoH =-200 pA
9.3 9.8 v Vee =108V 1oH =-200 A

VIN =VIL (see below)

voL Output Low Voltage 1 15 v Vee =20V Ior, =15mA or
Vec =15V IoL, =12 mAor
Vecc= 108V IoL, =9mA
VIN =ViH (see below)

ViL Input Low Voltage 6 v Guaranteed Input Low Threshold for All
Inputs

ViH Input High Voltage 8 v Guaranteed Input High Threshold for All
Inputs

Ir Input Low Currerit -0.1 -0.8 mA | Voc =20V

-0.08 | -0.48 mA Vec =15V W =15V
-0.06 | -0.36 mA Ve =108V

IR Rsverse Input Current 0.1 5 A | Vec =20V VR=20V

Isc Output Short Circuit Current -9 -15 -25 mA Vecc =20V Input and Output Grounded

IpDH High Level Power Dissipation 6 7.5 mA Vee =20V Input High

Current (Each Gate)

IpDL Low Level Power Diasipation 15 2.5 mA | VCC =20V  Input Low

tpdl Tum-Off Delay 160 ns Vee=15V

tpdo Tum-On Delay 50 ns

ELECTRICAL CHARACTERISTIC (T =-40°C to 85°C, Vg = 10.8 to 16 V)

SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT TEST CONDITIONS
VoH Output High Voltage 14.5 15 v Vee =18V IoH =-200 uA
9.3 9.8 v vce =108V IoH =-200 pA

VIN =ViL (see below)

VoL Output Low Voltage 1 L5 v Vecc =18V IoL =12.5 mA
Vec =108V IoL, =9 mA
ViN =Vm (see below)

ViL Input Low Voltage 8 v Guaranteed Input Low Threshold for All
Inputs

Viy Input High Voltage 8 v Guaranteed Input High Threshold for All
Inputa

Ip Input Low Current 008| 05 | ma |vec=16V i Ve =15V

. -0.06 [ -0.36 mA | Vcc=10.8V

Ir Reverse Input Current 0.1 b LA Vee =18V VR=16V

Isc QOutput Short Circuit Current 6.5 -13.5 -~20 mA Vecc =186V Input and Output Grounded

1PDH High Level Power Dissipation 4.4 6 mA vVcc =16 V. Input High

Current (Each Gate)
IrDL Low Level Power Dissipation 1.2 2 mA | Vcc =18V Input Low
Current (Each Gate)
tpd1 Turn-Off Delay 160 ns Vec =15V
tpdo Turn-On Delay 50 ne
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HLL integrated circuit H119

Strobed hex inverter
active pull-up output

STANDARD TEMPERATURE RANGE The H 119 hex inverter can replace 1-1/2 quad two - input
0°C to 75°C NAND gate packages in several applications through use
INTERMEDIATE TEMPERATURE RANGE of the enable or strobe inputs. The device consist of six
-40°C to 85°C two-input NAND gates with one input common to four gates

and another common to two gates. Active Pull-up are uti-
lize to minimize output impendance.

Belonging to the High Level Logic family, the high
threshold family of integrated circuits, it offers the
advantages of 5V DC noise immunity, high signal levels,
wide supply voltage tolerance and unusually high fan-out.
These features make the H119 particularly suitable for

e ACTIVE PULL-UP OUTPUT industrial, avionic and telephone applications, where the
e ENABLE AND STROBE INPUT high noisg environmgnt .might prohjbit the use of a low
threshold integrated circuit.
e WIDE RANGE OF SUPPLY VOLTAGE
e HIGH DC NOISE IMMUNITY, 5V AT Voo = 15V ABSOLUTE MAXIMUM RATINGS
e HIGH FAN—OUT 25 (WORST CASE) (above which the useful life may be impaired)
e 16—PIN CERAMIC DIP Supply Voltage V. continuous FH119 D1 22V
H119D6 18V
Input Voltage H119D1 .5V to 20V
H119D6 0.5V to 16V
Storage Temperature Range -65°C to 150°C
OPERATING CONDITIONS
Temperature Range H119D1 0°Cto 75°C
ORDERING NUMBERS H119D6 -40°C to 85°C
H119 D1 (Standard Temperature Range) Supply Voltage H119D1 10.8V to 20V
H119 D6 (Intermediate Temperature Range) H119D6 10.8V to 16V
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
16 pin ceramic DIP
———
1] [ 16
3 14
d | . I
4 ]13 MINGS| g
5[] ] 12 ‘
o Ik minlinlalalsinls
7]] ]10 E . s
di IE " 5 W m e e
Ly DTOoOooOogoog
NOTE:
GND = PIN & 1) Board-drllling dlmensions should equal your practica for e
Ycc =PIN 19 conventional 0.61 mm. dlameter lead.
2) All dimenaions In mm,
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Strobed hex inverter active pull-up output H119

ELECTRICAL CHARACTERISTICS (Ta =0°C to 75°C, Vcc =10.8 Vio 20 V)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
VoH Output High Voitage 18.5 19 v Vecc =20V Tox =-200 A
13.5 14 v Vcc =15V IoH =-200 pA
2.3 0.8 v Vcc =10.8V IoH =-200 A

ViN =V (see below)

VoL Output Low Voltage 1 L5 v Vee =20V foL =15 mA or
Vcc =15V oL =12 mA or
Vcc =108V IoL =9 mA
ViN =Viu (see below)

VL Input Low Voltage 6 v Guaranteed Input Low Threshold for All
Inputs

Vi Input High Voltage 8 v Guaranteed loput High Threshold for All
Inputa

*1g Input Low Current -0.1 -0.6 mA | Vgc =20V
-0.08 -0.48 mA Vecc=16V VF =15V
-0.06] -0.38 mA | Voc =108V
*lg Reverse Input Current 0.1 pA | Voo =20V Vg =20V
Isc Output Short Circuit Current -9 -15 - 256 mA Vg =20V Inputs and Outputs Grounded
Ippyi High Level Power Dissipation 6 7.5 mA | Voe =20V Inputs High
Current (Each Gate)
IrpL Low Levei Power Dissipation L5 2.5 mA | Vcc =20V  Inputs Low
Current (Each Gate)
tpd1 Turn-Off Delay 160 ns Vee =15V
tpdo Tum-On Delay 50 ns

ELECTRICAL CHARACTERISTICS (T4 =-40°C to 85°C, Vcc = 10.8 V to 16)V)

SYMBOL CHARACTERISTIC MIN. TYP. | MAX. UNIT TEST CONDITIONS
Vo Output High Voltage 14.5 15 v Vec =16V lon =-200 pA
9.3 9.8 v Vee =108V lon = 200 A

Vin =ViL (see below}

VoL Output Low Voltage 1 1.5 v Vec =16V IoL = 12.56 mA
Vcc =108 V loL =9 mA
VIN =VIH (see below)

ViL Input Low Voltage [} v Guaranteed Input Low Threshold for All
Inputa

Vin Input High Voltage 8 v Guaranteed Input High Threshold for All
Inputa

*IF Input Low Current -0.08] -0.5 mA | Vcc =16V Ve =15V
-0.06 | -036 mA | Vgo =108V F=24
**IR Reverse Input Current 0.1 5 A | Vec =18V Vp=16V
Isc Output Short Circuit Current -6.8 -13.5| -20 mA | Vec =16V Inputs and Output Grounded
lppy High Level Power Dissipation 4.4 6 mA [ Vcc =16V Inputs High
Current (Each Gate)
ippL Low Level Power Dissipation 1.2 2 mA Vcc =16V lnputs Low
Current (Each Gate)
todi Turn-Off Delay 160 ns Vec =15V
todo Turn-On Delay 50 ns

* Input Low Current : at pin 4 is equal to 2 - IF; at pin 12 isequalto4 - IF

** Reverse Input Current : at pin 4 is equal to 2 - [R; at pin 12 is equal to 4 - IR
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H156
HLL INTEGRATED CIRCUIT

EXTENDED TEMPERATURE RANGE Binary Counter

-55°C to 125°C

SYNCHRONOUS COUNTING The H 156 is a synchronous binary counter. It is an asynchro-
ASYNCHRONOUS PRESET nously presentable, multifunctional building block usable in a
ASYNCHRONOUS RESET large number of counting applications.

WIDE RANGE OF SUPPLY VOLTAGE
HIGH DC NOISE IMMUNITY 5V at V¢c = 15V
HIGH FAN-OUT 25 (WORST CASE)
COMPATIBLE WITH MOS and COS/MOS 1C's
(NOTE)

® 14-PIN CERAMIC PACKAGE

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage V¢, continuous 18V
Input Voltage -0.5V 1o 16V
Storage Temperature Range -65°C  to 150°C

OPERATING CONDITIONS

Temperature Range -55°C to 125°C
Supply Voltage 10.8V o 16V

ORDERING NUMBER
H 156 D2

CONNECTION DIAGRAM PHYSICAL DIMENSIONS
14-pin ceramic package

E]
8 412 2 9 —
1)
02 MiN :l.’
]

RESET Py Py P, P3

5 cp QSLd”
e Jore om0 3
1 ul] s
\ \ 2 [t im)
313110 : "E e
] n H P
5 w3
[ oJ
GND = PIN 7 , . 3
Ve = PIN14

NOTE: all dimensions in mm.

NOTE: For details pleass refer to MOS IC's data sheets
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Binary counter H156

EXTENDED TEMPERATURE RANGE

GENERAL DESCRIPTION

A clock buffer drives the four JK master slave flip-flops in parallel, so that synchronous operation is obtained. The

information contained in the master is transferred to the slave flip-flops during the clock pulse high-to-low transition;
the information contained in the slaves is available on their outputs 00' Ql , 02 and 03.
Four asynchronous preset (P) inputs are provided, allowing the counter to be positioned to any counting number from

0 to 15. In order to preset the counter the following operations are necessary:

1)
2)
3)

4)
5)
6)

Disable the counter by applying a low level to CPE input;

Reset the counter by applying a low level to Reset input;

Insertin the counter the desired output configuration by applying to Preset inputs the levels shown in the
Preset Count truth table (for example: if the desired preset is the count position 7, required preset inputs are
Po=P|=Py=L P3=H);

Apply a high level to Reset input;

Apply high levels to Preset inputs;

Enable the counter by applying a high level 10 CPE input;at this point of the example outputs are:
00=Ol=02:H, 03=L; that is a count of 7. The next CP high-to-low transilion sets the counter on
00=01=02=L, 03=H; that is the count position 8.

Counter disabling by low level on CPE, operation N°1, is not strictly required: it is recommended in order to avoid

spike generation on the first stage due to CP (ransition during reset operations.

From the above it can be seen that zero reset during count sequence, when P inputs are already high, can be

accomplished by the simplified operation sequence:

1) CPEHtoL

2) ResetHtolL

4) ResetLtoH

6) CPELtoH

TRUTH TABLES
COUNT SEQUENCE (see note) PRESET COUNT

OUTPUTS COUNT INPUTS OUTPUTS COUNT

Q Q Q2 @ PO Pl P2 P3| Q0 Q1 Q2 Q3
L L L L 0 H H H HJL L L L o
H L L L 1 L H H Hln L L 1L
L H L L 2 H L H H|L H L L 2
H H L L 3 L L H H|{H H L L 3
L L H L 4 H H L H|L L H L 4
H L H L 5 L H L H|{H L H L 5
L H H L 6 H L L H|(L H H L 6
H H H L 7 L L L H|H H H L 7
L L L H 8 H H H L|L L L H 8
H L L H 9 L H H LfH L L H 9
L H L H 10 H L H L|L H L H 10
H H L H 11 L L H L|H H L H 1
L L H H 12 # H L L|L L H H 12
H L H H 13 L H L L{H L H H 13
L H H H 14 H L L L|fL H H H 14
H H H H 15 L L L L|H H H H 15
L L L L 0 H H H H|fL L L L 0

Note: CPE, R, PO- PI \ PZ' and P3 inputs are OUTPUTS: L= VOL

all High; transition from a count position H=Vgy

to the following one is attained through INPUTS: L=V

a high — to — low CP input transition.

HeViy

2/74
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Binary counter H156

ELECTRICAL CHARACTERISTICS (VCC=10.8V 1016V, Ty= -55°C to 125°C)

EXTENDED TEMPERATURE RANGE

SYMBOL CHARACTERISTIC MIN. | TYP. | MAX. | UNIT TEST CONDITIONS
Vou Output High Voltage 14.5 15 v Ve = 16V Ioy = - 200uA
9.3 9.8 v Vee =108V Igy = - 200uA
VN (async.) =V (see below)
VoL Output Low Voltage 1 1.5 v Vee =16V lgp, = 12.5mA or
Ve =108V Igp = 9mA
VinBoP1 PPV VingRy=YiL
ViL Input Low Voltage 6 v Guaranteed input low threshold for
| all inputs
Vig Input High Voltage 8 v Guaranteed input high threshold for
all inputs
| Ig Input Low Current
Py, P, Py, P4 Inputs -0.1 -0.7 mA Vee =16V Vg = L5V
005 ] -0.48 | mA VCC =108V VF = 1.5V
Reset input grounded
Reset Input 04 | 28 mA Ve =16V Vg =15V
02 -192 | mA VCC =108V Vp= 1.5V
Preset inputs grounded
Igcp Input Low Current Clock -0.07( 0.5 mA Vee =16V Vg= 1.5V
Inputs -0.04} -0.36 | mA Voo =108V Vp=15V
Vc on the clock input not under
test
I Reverse [nput Curtent
Pg: Py, Py, P3 Inputs 1 7 MA Vee =16V VR = 16V
Ve on reset and clock inputs
Reset [nput 5 28 HA Vee =16V VR =16V
Ve on preset and clock inputs
Ipcp Reverse Input Current Clock 1 7 HA Vee =16V VR =16V
Inputs Ground on the clock input not
under test
Ige Output Short Circuit Current -6.5 |-13.5 [-20 mA Vee =16V
Output and proper asynchronous
inputs grounded
tpp Power Dissipation Current 22 mA Vee =16V
Reset grounded
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Binary counter H156

EXTENDED TEMPERATURE RANGE

LOGIC DIAGRAM

g

MESET
o—

S

f—-—o0

]

|

LOADING RULES (1 U.L. = 1 HLL gate input unit load)

n Q "2 o "

L =1L ]

o T N
R
[_741 - rt+ 7

INPUTS: CP,CPE LOADING FACTOR = | UL.
Po. P, Py Py = 14UL.
R 5.6 U.L.
OUTPUTS: Qg Qy,Q,,Q3, (_)3 DRIVING FACTOR = 25U.L.
SWITCHING CHARACTERISTICS (T, = 25°C)
SYMBOL CHARACTERISTIC MIN. | TYP. | MAX. UNIT TEST CONDITIONS
todl Turn-Off Delay 350 600 nsec Vee = 15V R; = LIKQ
tpdo Turn-On Delay 220 400 nsec CL = 100pF
f Max. Input Clock
Frequency 0.5 1 MHz See test circuit

Notes: The rise and fall times of the clock pulse must be Jower than 5 usec/V.
The clock pulse width at high level must be higher than 300 ns.

tpd TEST CIRCUIT

PULSE
GEN.

V= 10V
f = 100KHz

Duly cycle = 50%

INPUT
cP)

OuTPUT

cpP

INP.
(CP)

11

Po P1 Py Py

29,9, 0

Q3

LT

0 Ve

R =1.1KQ

g

Vref =

vref =

6V

6V

2/74
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HLL integrated circuit

H156

STANDARD TEMPERATURE RANGE
0°C to 75°C

INTERMEDIATE TEMPERATURE RANGE
-40°C to 85°C

SYNCHRONOUS COUNTING
ASYNCHRONOUS PRESET
ASYNCHRONOUS RESET

WIDE RANGE OF SUPPLY VOLTAGE

HIGH FAN-QUT 25 (WORST CASE)
14—PIN CERAMIC DIP

ORDERING NUMBERS

H 156 D1 (Standard Temperature Range)
H 156 D6 (Intermediate Temperature Range)

HIGH DC NOISE IMMUNITY, 5V AT V¢

=15V

Binary counter

The H 156 is a synchronous binary counter. It is an asynchronously
presettable, multifunctional building block usable in a large
number of counting applications.

Belonging to the High Level Logic family, the high threshold
family of integrated circuits, it offers the advantages of 5V DC
noise immunity, high signal levels, wide supply voltage tolerance
and unusually high fan-out. These features make the H 156
particularly suitable for industral, avionic and telephone
applications, where the high noise environment might prahibit
the use of a low threshold integrated circuit.

ABSOLUTE MAXIMUM RATINGS

(above which the useful life may be impaired)

Supply Voltage Ve, continuous

H 156 D1 22V
H 156 D6 18V
Input Voltage

H 156 DI 0.5V to 20V
H 156 D6 0.5V10 16V
Storage Temperature Range -65°C to 150°C
OPERATING CONDITIONS

Temperature Range o o
H 156 D1 0Cto75°C
H 156 D6 40°Cto 85°C
Supply Voltage

H 156 D1 10.8V to 20V
H 156 D6 10.8V to 16V

CONNECTION DIAGRAM

8 41229

| {[]]

RESET Py Py Py Py

& CPE

Q3
090,05 Qg

LT

313110

GND = PIN 7
Vee = PIN 14

PHYSICAL DIMENSIONS
14 pin ceramic DIP

7MAX

MIN, 05

-

Note: alt dimenslors in mm.

SEPTEMBER 1971
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Binary counter H156

ELECTRICAL CHARACTERISTICS (V=108 to 20V, T 4= 0°C to 75°C)

SYMBOL CHARACTERISTIC MIN. TYP | MAX. [ UNIT TEST CONDITIONS
Vou Output High Voltage 18.5 19 v Ve =20V g = - 200 pA
13.5 14 v Vee=15Y Ioy = - 200 ua
9.3 9.8 v Ve =108V gy =-200pA
Vi (asyne.) = V| (see below)
VoL Output Low Voltage 1 15 | V| Ve =20V lop, = 15mA or
Ve =15V lgp = 12mAor
Voc =108V lgp =9mA
VInFoP 1P2P3) = ViViNery= VIL
Vi Input Low Voltage 6 v Guaranteed input low threshold
for all inputs
Vi Input High Voltage 8 \'4 Guaranteed input high threshold
for all inputs
Ig Input Low Current -0.15) -08 [mA Vee =20V Vg =15V
Py, Py, Py, Py Inputs 0.1 -0.64 | mA Vee =15V Vg=15V
005 | -0.48 )| mA Ve =108V Vp=15V
Reset input grounded
Reset Input -0.6 -32 | mA Veoe =20V Vp =15V
04 -2.56 | mA Ve =15V Vg =15V
-0.2 -1.92 [ mA Vee =108V Vp=15V
Preset inputs grounded
Igcp Input Low Current Clock -0.1 0.6 | mA Vee =20V Vg=15V
Inputs -0.07 -0.48 | mA VCC =15V VE=15V
-0.04 | 036 mA Ve =108V Vp=15Y
Ve on the clock input not
under test
IR Reverse Input Current
Py, Py, Py, P3, Inputs 1 5 HA Ve =20V Vg =20V
Vo on reset and clock inputs
Reset Input 5 20 HA VCC =20V Vg =20V
Vi on preset and clock inputs
Ircp Reverse Input Current Clock 1 5 HA Ve =20V VR =20V
Inputs Ground on the clock input not
under test
Isc Output Short Circuit -9 ~16 -25 mA Vee =20V
Current Output and proper asynchronous
inputs grounded
lpp Power Dissipation Current 28 36 mA VCC =20V
Reset grounded

| N

428



Binary counter H156

ELECTRICAL CHARACTERISTICS (V=10.8V to 16V, T, = - 40°C to 85°C)

SYMBOL. CHARACTERISTIC MIN. | TYP. | MAX. | UNIT TEST CONDITIONS
Vou Output High Voltage 14.5 15 \% Ve = 16V log = - 200pA
93 9.8 \% Vo =108V lgy = -200pA
Vi (async.) = Vyj (see below)
VoL Output Low Voltage 1 1.5 V | Vgc=16V  lgp =125mAor
Vec =108V Ig = 9mA
VNP 1P PV VINR)=ViIL
ViL Input Low Voltage 6 v Guaranteed input low threshold for
all inputs
Vi Input High Voltage 8 \Y Guaranteed input high threshold for
all inputs
Ig Input Low Current
Pg. Py, Py, P Inputs -0.1 -0.7 mA Ve =16V Vgp=15V
-0.05| -048 | mA Vee =108V Vp=15V
Reset input grounded
Reset Input -04 -2.8 mA Vee =16V Vg =15V
-02 | -1.92 | mA Vec =108V Vp=15V
Preset inpugs grounded
Igcp Input Low Current Clock -0.07] -0.5 mA Vee =16V Vg =15V
Inputs -004 1 -0.36 [ mA Ve =108V Vp=15V
V¢ on the clock input not under
test
Ig Reverse Input Current
Pg: P» Py, P Inputs 1 5 Vee =16V Vg =16V
Ve on reset and clock inputs
Reset Input 5 20 LA Vee =16V Vg =16V
Ve on preset and clock inputs
IRCP Reverse Input Current Clock 1 5 A VCC =16V VR =16V
Inputs Ground on the clock input not
under test
Isc Output Short Circuit Current 6.5 [-13.5 |-20 mA Vec =16V
Output and proper asynchronous
inputs grounded
Ipp Power Dissipation Current 20 29 mA Vee =16V

Reset grounded
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Binary counter H156

GENERAL DESCRIPTION
A clock buffer drives the four JK master slave flip-flops in parallel, so that synchronous operation is obtained. The
information contained in the master is transferred to the slave flip-flops during the clock pulse high-to-low transition;

the information contained in the:slaves is available on their outputs Qq. Qs 02 and Q3.

Four asynehronous preset (P) inputs are provided, allowing the eounter to be positioned to any eounting number from

Qto 15.In order to preset the counter the following operations are necessary :

n
2)
B

4)
5)
6)

Disable the counter by applying a low level to CPE input;

Resel the counter by applying a low level to Reset inpul;

Insertin the counter the desired output configuration by applying 10 Preset inputs the levels shown in the
Preset  Count truth table (for example: if the desired preset is the count position 7, required presel inpuls are
Py=P|=Py=L P3=H);

Apply a high level to Resel input;

Apply high levels to Preset inpuls;

Enable the counter by applying a high level to CPE input; at this point of the example oulputs are:
QOZQFQZ:H’ Q3:L; that is a count of 7. The next CP high-tolow transition sets the counter on
QO:QI=Q2:L, Q3=H; that is the count position 8.

Counter disabling by low level on CPE, operation N°I, is not strictly required: it is recommended in order to avoid

spike generation on the first stage due to CP transition during reset operations.
From the above it can be seen thal zero reset during count sequence, when P inputs are already high, can be

accomplished by the simplified operation sequence:

1) CPEHwL

2) ResetHtoL

4) ResetLtoH

6) CPELtoH

TRUTH TABLES
COUNT SEQUENCE (se¢ note) PRESET COUNT

OUTPUTS COUNT INPUTS OUTPUTS COUNT
Q Q1 Q@ Q3 PO Pl P2 P3| Q0 QI Q@2 Q3
L L L L 0 H H H H|L L L L )
H L L L ! L H'H H|lHw L L L 1
L H L L 2 H L H H|L H L L 2
H H L L 3 L L H H|H H L L 3
L L H L 4 H H L H|L L H L 4
H L H L H L H L H|H L H L 5
L H H L 6 H L L H|[L H H L 6
H H H L 7 L L L H|H H H L 7
L L L H 8 H H H L|L L L H 8
H L L H 9 L H H L(H L L # 9
L H L H 10 H L H L|fL H L H 10
.

H H L H il L L H L|H H L H 1
L L H H 12 H H L Lyl L H H 12
H L H H 13 L H L L|H L H H 13
L H H H 14 H L L L|L H H H 14
H H H H 15 L L L L|H H H H 15
L L L L 0 H H H H|L L L L 0

Note: CPE, R, PO’ P1 Py, and P3 inputs are OUTPUTS: L= VOL

all High; transition from a count position H=Vgy

to the following one is attained through INPUTS: L=vy

a high ~to — low CP input transition.

H - Vi
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Binary counter H156

LOGIC DIAGRAM
Po Q Py 9 Py Q Pa 03
T L]
cP
CPE
e [ IS o [
o

RESET

LOADING RULES (1 U.L. = 1 HLL gate input unit load)

INPUTS: CP, CPE LOADING FACTOR = 1U.L.
PO, Pl , P2, P3 = 14UL.
R = 54UL.
OUTPUTS: Qo. Ql , Q2, Q3. 63 DRIVING FACTOR = 25U.L.
SWITCHING CHARACTERISTICS (T A= 25°C)
SYMBOL CHARACTERISTIC MIN. [ TYP. | MAX, UNIT TEST CONDITIONS
todl Turn-Off Delay 350 600 nsec Vee = 15V Ry = LIKQ
todo Turn-On Delay 220 400 nsec €y = 100pF
f Max. Input Clock
Frequency 0.5 1 MHz See test circuit
R

Notes: The rise and fall times of the clock pulse must be lower than 5 usec/V.
The clock pulse width at high level must be higher than 300 ns.
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Binary counter H156

tpd TEST CIRCUIT

PULSE
GEN.

V = 10V
f = 100KHz
Duty cycle = 50%

cp

CPE

INP,
{CP)
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HLL INTEGRATED CIRCUIT

H 157

EXTENDED TEMPERATURE RANGE
-55°C to 125°C

SYNCHRONOUS COUNTING
ASYNCHRONOUS PRESET

ASYNCHRONOUS RESET

WIDE RANGE OF SUPPLY VOLTAGE

HIGH DC NOISE IMMUNITY 5V at Voc = 15V
HIGH FAN-OUT 25 (WORST CASE)
COMPATIBLE WITH MOS and COS/MOS IC's
(NOTE)

14-PIN CERAMIC PACKAGE

Decade counter

The H157 is a synchronous 8421 BCD Counter. It is an
asynchronously presettable, multifunctional building block
usable in a large number of counting applications.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage Vcc, continuous 16V
Input Voltage -0.5V  to 16V
Storage Temperature Range -55°C  to 150°C
OPERATING CONDITIONS
Temperature Range -55°C  to 125°C
Supply Voltage 108V to 16V

ORDERING NUMBER

H157 D2

AN;°§:$§3‘§223,“10N PHYSICAL DIMENSIONS
14-pin ceramic package
[ |

1229

RESET RP P Py

8 4 2

CcpP
CPE

Q
Q Q) %07 "

313110

GND=PIN7
Vcc=PIN 14

£
z |»
bl
in

3.5

7 MAX
8.38

0.2 MIN,

NOTE: atl dimensions in mm.

NOTE: For details pleasa rafer to MOS IC's data sheets
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Decade counter H 157

EXTENDED TEMPERATURE RANGE

FUNCTIONAL DESCRIPTION

A clock buffer drives the four JK master slave flip-flops in parallel,so that synchronous operation is obtained.

The information contained in the master is transferred to the slave flip-flops during the clock pulse high-to-low transition; the
information contained in the slaves is available on their outputs Qg, Q1, Q2, and Q3.

Four asynchronous preset (P) inputs are provided, allowing the counter to be positioned to any counting number from 0 to 9.
In order to preset the counter the following opcrations are necessary :

. Disable the counter by applying a low level to CPE input,

2. Reset the counter by applying a low level to Reset input,

3. Insert in the counter the desired output configuration by applying to Preset inputs the levels shown in the Preset Count
truth table (for example : if the desired preset is the count position 7, required preset inputs are Pg=Py= Py =L,P3=H),
Apply a high level to Reset input,

Apply high levels to Preset inputs,

Enable the counter by applying a high level to CPE input; at this point of the example outputs are :

Qg = Q) =Q2 = H, Q3 =L, that is a count of 7. The next CP high-to-low transition sets the counteron Qg = Q) =Qy = L,
Q3 = H,that is the count position 8.

e

Counter disabling by low level on CPE, operation N° 1 is not strictly required : it is recommended in order to avoid spike
generation on'the first stage due to CP transijtion during reset operations.

From the above it can be seen that zero reset during BCD count sequence, when P inputs are aiready high. can be accomplished
by the simplified operation sequence:

I.CPEH to L,

2.ResetHto L.

4. Reset LtoH,

6.CPE L toH.

TRUTH TABLES
BCP COUNT SEQUENCE (see note)

PRESET COUNT
OUTPUTS
COUNT INPUTS OUTPUTS
Q Q Q0 Q3 COUNT
Pg Py Pz P3| Qo Qr Q2 Q3
lﬁ T LI 0 H HHH LLLL 0
e N L HHH|/HL L L i
H H L L 3 H L H H L H L L 2
L L H L 4 L L H H H H L L 3
H L H L 5 H H L H L L H L 4
L H H L 6 L HL H|lHL H L 5
H H H L 7 H L L H L H H L 6
L L L H 8 L L L H H H H L 7
H L L H 9 H H H L L L L H 8
L L L L 4] L H H L H L L H 9
Note:CPE, R, Pg, P|, P2 and P3 inputs are OUTPUTS : L =VgL
all H; transition from a count posi- H =vVoy
tion to the following one is attained INPUTS : L =vy
through a high-to-low CP input tran- H=vp
sition.
LOGIC DIAGRAM ) % Tv, q) Py Q Py L
<P
cPE
r E)
| S
' — ]
RESET o
2/74
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Decade counter H 157

ELECTRICAL CHARACTERISTICS (Vce=108V 10 16V, Ty =~ 55°C to 125°C)

EXTENDED TEMPERATURE RANGE

SYMBOL CHARACTERISTIC MIN. | TYP. | MAX. | UNIT TEST CONDITIONS
Vou Output High Voltage 14.5 15 v Vee = 16V log = - 200pA
9.3 9.8 \% VCC = 10.8V loi = - 200uA
Vin (async)  Vyy Lsee below)
VoL Output Low Valtage | L5 V| Vee=16V g = 125mAor
Vee =108V Igp = 9mA
VinPoPy PPV i Vinry=ViL
ViL Input Low Voltage 6 v Guaranteed input low threshold lor
all inputs
Vig Input High Voltage 8 v Guaranteed input high threshold for
all inputs
Ig Input Low Current
Pg. Py, Py, Po Inputs -0.1 0.7 mA Ve =16V Vg =15V
-0.05| -0.48 | mA VCC =108V Vg=1.5V
Reset input grounded
Reset Input 0.4 -2.8 mA Vee 1oV Vg =1.5V
0.2 -192 | mA VCC =108V Vg= 1.5V
Preset inputs grounded
Iecp Input Low Current Clock -0.07] -05 mA Vee =16V Vg = 1.5V
Inputs -0.04 | -0.36 | mA VCC =108V Vg - 1.5V
Ve on the clock input not under
test
169 Reverse Input Current
Pgs Py, Py, P Inputs 1 7 Vee = 16V Vg = 16V
Ve on reset and clock inputs
Reset Input S 20 HA Vee =16V Vg =16V
Ve on preset and clock inputs
Ircp Reverse [nput Current Clock 1 7 HA Vee = 16V Vg = 16V
Inputs Ground on the clock input not
under test
Igc Output Short Circuit Current -6.5 [-135 |[-20 mA Vee =16V
QOutput and proper asynchronous
inputs grounded
Ipp Power Dissipation Current 3 22 mA Ve - 16V

Reset grounded
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Decade counter H 157

EXTENDED TEMPERATURE RANGE

LOADING RULES (1 U.L.=1 HLL gate input unit load)

INPUTS : CP, CPE LOADING FACTOR =1U.L.
PO, P1, P2, P3 =1.4UL.
R =5§4U.L.
OUTPUTS :  Q0,Ql,Q2,Q3,Q3 DRIVINGFACTOR =25U.L.
SWITCHING CHARACTERISTICS (T4 = 25°C)
SYMBOL CHARACTERISTICS Min. Typ. Max UNIT CONDITIONS
tpd + Turn-off Delay 350 600 nsec Vee=15V
tpd - Tum-on Delay 220 400 nsec CL. =100 pF
RL = LIKQ
f Max. Input Clock Frequench 0.5 1 MHz J See test circuit

NOTES : The risc and fall times of the clock pulse must be lower than 5 psec/V.
The clock pulse width at high level must be higher than 300 nS.

tpd TEST CIRCUIT

PULSE cP
GEN.
CPE
INP,
P
V=10V
f =100 KHz

Duty Cycle = 50%.

INPUT
P . k

QUTPUT
@
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HLL integrated circuit

H 157

STANDARD TEMPERATURE RANGE, 0°C TO 75°C

SYNCHRONOUS COUNTING

ASYNCHRONOUS PRESET

ASYNCHRONOUS RESET

WIDE RANGE OF SUPPLY VOLTAGE 10.8

TO 20V

HIGH DC NOISE IMMUNITY, 5 V AT Ve =15V
HIGH FAN-OUT 25 (WORST CASE)

e 14 PIN CERAMIC DIP

ORDERING NUMBER
H157 D1

decade counter

The H 157 is a synchronous 8421 BCD Counter. It is
an asynchronously presettable, multifunctional building
block usable in a large number of counting applications.
Belonging to the High Level Logic family, the high threshold
family of integrated circuits, it offers the advantages of 5V
DC noise immunity, high signal levels, wide supply voltage
tolerance and unusually high fan-out. These features make
the H 157 particularly suitable for industrial, avionic and
telephone applications, where the high noise environment
might prohibit the use of a low threshold integrated circuit.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage (V) continuous 2V
Input Voltage -0.5Vto20V
Storage Temperature Range -55°Cto 150°C

OPERATING CONDITIONS
Temperature Range 0°Cto 75°C
Supply Voltage 108Vto20V

LOGIC DIAGRAM
AND PIN CONNECTION

5 ce a
L 11
6 P Q9 Qo7
313110
GND=PIN 7
Veg=PIN 14

PHYSICAL DIMENSIONS
14-pin ceramic DIP

MINO.S| 3,5
20 MAX
O O o A A
= a8 Zog o o
>
< R
z ]
z R
~
S -~ ~ m w w0~

Note : all dimensions in mm.

NOVEMBER 1970
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decade counter H 157

ELECTRICAL CHARACTERISTICS (T = 0°C to 75°C, Vcc = 10.8V to 20 V)

STANDARD TEMPERATURE RANGE

{ ( LIMITS
SYMBOL CHARACTERISTICS ( 0°C 25°C 75°C UNIT CONDITIONS
Min. Max)|Min. Max.| Min. Max.
VQH Qutput High Voltage 18.5 18.5 18.5 v Vee= 20V ioH =-200 pA
13.5 13.5 13.5 \% Vee= 15V IoH =-200 pA
9.3 93 9.3 v Vcce= 10.8V 1oy =-200 pA
VIN(async.)= V][ (see below)
VoL Output Low Voltage 1.5 1.5 1.5 v Vee= 20V oL = 15SmAor
vee= 15V oL =12mAor
Vce= 108V IgL = 9mA
VIN(async.) = VIH (see below)
VIL Input Low Voltage 6 6 6 \% Guaranteed input low threshold
for all inputs
VIH Input High Voltage 8 8 8 v Guaranteed input high threshold
for all inputs
IF Input Low Current -0.8 0.8 -0.8| mA Vce=20V VE=15V
Pq, P1, P2, P3Inputs 0.64 0.64 0.64] mA | Vec=15V  VE=15V
0.48 -0.48 -0.48 | mA Vce=108V VE=15V
Reset grounded
Reset Input -3.2 -3.2 -3.2| mA Vece=20V  VE=1.5V
2.56 -2.56 -2.56| mA Vee=15V  VE=1.5V
-1.92 -1.92 -1.92 | mA Vcec=108V V=15V
Preset inputs grounded
IrCp Input Low Current -0.6 -0.6 -0.6| mA Vce=20V  VF= 1.5V
Clock Inputs 0.48 0.48 -0.48 | mA Vee=15V  VE= L5V
-0.36 -0.36 -0.36 | mA Vce= 108V VF= 1.5V
Ve on the clock input
not under test
IR Reverse Input Current
Pg, P1, P2, P3 Inputs 5 N 5 PA Vee=120V VR =20V
Vcc on reset and clock
inputs
Reset Input 20 20 20 HA Vee=20V VR =20V
VC on preset and clock
inputs
IRCP Reverse Input Current 5 S 5 RA Vee= 20V VR =20V
Clock Inputs "| Ground on the clock input
not under test
Isc Output Short Circuit -9 2519 2519 -25! mA Vee= 20V
Current Output and proper asynchronous
inputs grounded
IPD Power Dissipation Current 36 36 36| mA Vee= 20V
J i J Reset grounded
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decade counter H 157

STANDARD TEMPERATURE RANGE

FUNCTIONAL DESCRIPTION

A clock buffer drives the four JK master slave flip-flops in parallel,so that synchronous operation is obtained.

The information contained in the master is transferred to the slave (lip-flops during the clock pulse high-to-low transition; the

information contained in the slaves is available on their outputs Qqg, Q1, Q7, and Q3.

Four asynchronous preset (P) inputs are provided, allowing the counter to be positioned to any counting number from 0 to 9.

In order to preset the counter the following operations are necessary :

. Disable the counter by applying a low level to CPE inpul,

2. Reset the counter by applying a low level to Reset input,

3. Insert in the counter the desired outpul configuration by applying to Preset inputs the levels shown in the Preset Count
truth table (for example : if the desired preset is the count position 7. required preset inputs are Pg =Py = Py =L, P3=H),

4. Apply a high level to Reset input,
S. Apply high levels to Preset inputs,
6. Enable the counter by applying a high level to CPE input; at this point of the example outputs are :
=Q= Qv = H, Q3 = L. that is a count of 7. The next CP high-to-low trunsition sets the counteron Qg = Q) = Qa = L.
Q3 = H,that is the count position 8.
Counter disabling by low level on CPE. operation N° 1 is not strictly required : it is recommended in order to avoid spike

generation on the first stage due to CP transition during reset operations.

From the above it can be seen that zero reset during BCD vount sequence. when P inputs are already high. can be accomplished
by the simplified operation sequence:

1.CPEH to L,

2.ResetHtoL.

4. Reset L to H,

6.CPELtoH.

TRUTH TABLES
BCD COUNT SEQUENCE (see note)

PRESET COUNT
OUTPUTS INPUTS OUTPUTSj
%o B % COUNT COUNT
Po Py P2 P3| Qo Q Q2 Q3
L L L L 0 H H H H|L L L L 0
;’ ; ]i t ; L H H H|H L L L i
PH oL L : H L H H|[L H L L 2
L LB L 4 L L H H|H H L L 3
H oL oH oL s H H L H|L L H L 4
L H H L 6 L H L H H L H L S
H H H L 7 H L L H|L H H L 6
L L L H 8 L L L H|HH H L 7
H L L H 9 H HHL|LL L H 8
L L Lt 0 /L HH L HL L H 9

Note: CPE.R, Py, Py, P2 and P3 inputs OUTPUTS : L =VgL

are all H; transition from a count H =V,
it i i OH
position to the (ollowing one is
attained through a high-to-low INPUTS : L =V
CP input transition. H =Vy
LOGIC DIAGRAM % 7% ‘fpl Qi TPZ TOz g 9

cpP
CPE

RESET o0——
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decade counter H 157

LOADING RULES (1 U.L.=1 HLL gate input unit load)

STANDARD TEMPERATURE RANGE

INPUTS : CP, CPE LOADING FACTOR =1U.L.
PQ,P1,P2,P3 =14UL.
R =54U.L.
OUTPUTS :  Q0,Q1,Q2, 03,03 DRIVING FACTOR =25U.L.
SWITCHING CHARACTERISTICS (Tp = 25°C)
SYMBOLI CHARACTERISTICS Min. Typ. Max. ‘ UNIT [ CONDITIONS
tpd + Turn-off Delay 350 600 nsec Vee=15V
tpd - Turn-on Delay 220 400 nsec CpL. = 100 pF
RL = 1.1KQ
f Max. Input Clock Frequency | 0.5 1 MHz See test circuit
NOTES : The rise and fall times of the clock pulse must be lower than 5 psec/V.
The clock pulse width at high level must be higher than 300 nS.
tpd TEST CIRCUIT J I I I —ovee
R PyP Py Py oLk
PULSE cP 3
GEN. b—-Q3
oy
INP, out
(CP)
v =1ov
f =100 KHz

Duty Cycle = 50%.

q
INPUT
Py . Vrel = 6V
—_ ——— Vel gV
ouTPUT
Qy
———
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HLL integrated circuit

H158

STANDARD TEMPERATURE RANGE
0°C to 75°C

STABLE HIGH-VOLTAGE QUTPUT
CHARACTERISTICS AT 55V

DIRECT DISPLAY DRIVE CAPABILITY

WIDE RANGE OF SUPPLY VOLTAGE
10.8 V 10 20V

HIGH DC NOISE IMMUNITY, 5V AT
Yee = 18V

o 16-PIN CERAMIC DIP

ORDERING NUMBER

BCD to Decimal
Decoder/Driver

The H 158 is an HLL compaltible BCD to Decimal Decoder/
Driver. It accepts 8421 binary coded decimal inputs and
provides ten mutually exclusive outputs which are able
to directly drive gas-filled, cold-cathode indicator tubes. In
accordance with the High Level Logic family characteristics.
1t offers the advantages of 5V DC noise immunity, high signal
levels, wide supply voltage tolerances and unusually low
fan-in. These features make the H 158 particularly suitable
for industrial, avionic and telephone applications where the
high noise environment might prohibit the use of a low
threshold integrated circuit.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may he impaired)

2V
05Vio20V
-65°C to 150°C

Supply Voltage (V) Conlinuous
Input Voltage
Storage Temperature Range

OPERATING CONDITIONS

Temperature Range
Supply Voltage

0°C 10 75°C
108Vto20V

H 158 D1
—
LOGIC DIAGRAM PHYSICAL DIMENSIONS
AND PIN CONNECTION 16-pin ceraraic DIP
4 1367109 5 4 1112
29232724 252,232,2,2 ~? - o
17 5MIN
ST -
AgAyhpAsg Bk i
1572 3 1 -
GND =PIN & Note : all dimensions in mm.
V:c =PIN 16
JANUARY 197}
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BCD to decimal decoder/driver H158

ELECTRICAL CHARACTERISTICS (T4 - 0°C 1o 75°C, Ve = 10.8V to 20V)

STANDARD TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS oC 250C 750C UN]TT CONDITIONS
Min. Max. | Min. Max.|Min. Max.
VOH Output High Voltage 55 55 55 v Vee=10.810 20V [oy=100 pA
V(N at input thresholds
IcEX Output Leakage Current 20 20 20| KA Vee=10.8to 20V VouT=20V
VN at ground or V¢
VoL Outpul Low Voltage 2 2 2V Vee=10.810 20V 1) =7TmA
VIN at input thresholds
ViL Input Low Voltage 6 6 6] V Guaranteed input low threshold
for all inputs
ViH Input High Voliage 5 8 8 v Guaranteed input high threshold
for all inputs
Ig Input Low Current -0.6 -0.6 -0.6| mA VCCTZOV
-0.48 048 0.48 mA Vee=15V VE=1.5V
0.36 -0.36 -0.36| mA Vee=10.8v
I Input Reverse Current 5 5 S| pA Vecand VR = 108 1o 20V
lpp Power Dissipation Current 30 30 30| mA Vee=20V
Inputs Grounded
LOADING RULES (1 U.L. = | HLL GATE INPUT UNIT LOAD)
INPUTS : Ag A| Ay A3 LOADING FACTOR = | U.L.
FUNCTIONAL DESCRIPTION
Ap AV AQA3 | Z4Z) Zy 23 Z4 Zs Zg Z7 28 Zg
The BCD to Decimal Decoder/Driver accepts BCD inputs
from HLL or MOS circuits and produces the correct L L L L L
output selection to directly drive gas-filled, cold-cathode HL L L
indicator tubes. L HL L L
The outputs are selected as shown in the Truth Tabie. HHLL L
The H 158 is capable of driving all known available cold L L HL L
cathode indicator tubes having 7mA or less cathode H L H L L
current. L HHL L
HHHL L
L L L H L
H L L H L

Note : Positions not shown

COUNTING TEST CIRCUIT

are High.

evee

<oy

=5

—
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H159
HLL INTEGRATED CIRCUIT

PRELIMINARY DATA

QUAD LATCH

The H 169 (standard temperature range) is a monolithic integrated circuit, available in
16-lead dual in-line ceramic package, useful in monitoring or storage applications.

A common clock input (@), when in the high state, allows information present at the data
input (D) to be transferred to the output of the latch. When ¢ is low, the information
present at Q or o} , will remain at the previous level.

A common Reset (R) input allows resetting of all Q outputs to a logic "0” state, inde-
pendent of ¢ or D.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage : 22 \4
V; Input voltage -0.5t0 20 \4
Tstg Storage temperature -65 to 150 °C
Top Operating temperature’ 0 to 75 °C

ORDERING NUMBER: H 159 D1

MECHANICAL DATA Dimensions in mm
R o
= (A
04 I ":"Ei'
Lo |
RS L A =3
l

L'.:l LT R ST i Cl—é"
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H 159

CONNECTION DIAGRAM (top view)

BLOCK DIAGRAM TRUTH TABLE
(10}

N N O o | o | m ane

e @ e a e a Qa o

& (r; b} ¢ R D é$ R D ¢ R D 0 X I on
ol | l Wj x | x | o | o

| 0 | 0

& o m ) | | | |
PIN 8 =GND 5-0831
PIN16=YeC
RECOMMENDED OPERATING CONDITIONS
Vee Supply voltage 10.8 to 20 \%
Top Operating temperature 0to 75 °c
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H 159

STATIC ELECTRICAL CHARACTERISTICS (T mp = 25°C)

Parameter Test conditions Min. Typ. Max.| Unit

Von  Output high voltage lop = -200 HA

V,; = see truth table

Vee = 10.8V 9.3 98 \

Vee = 15V 13.6 14 \

Vee =20V 186 19 \
VoL  Outputlow voltage loL =12mA

V| = see truth table

Vee = 10.8V to 20V 1 1.6 V
A\ Input high voltage Vee = 10.8V to 20V 8 \
A\ Input low voltage Vee = 10.8V to 20V 6| V
he Input low current Vi =15V

Vee = 10.8V to 20V -0.36| mA
IR Input reverse current Vee =20V Vg =20V 5| HA
lge Short-circuit output

current Vee =20V Input and

outputs grounded -9 -16 -26| mA

lIep Power dissipation current | Vee =20V 34| mA
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H 159

DYNAMIC ELECTRICAL CHARACTERISTICS: (T,,, = 25°C, Ve = 16V,
C_ =100pF, R_ 1.1kQ)

Parameter

Test conditions™

Min. Typ. Max.

Unit

tpd1

Propagation delay time
to logical 1 level
from ¢ to Q

770

ns

Todo

Propagation delay time
to logical O level
from ¢ to Q

440

ns

Tpd1

Propagation detay time
to logical 1 level
from ¢ 0o Q

300

ns

Todo

Propagation delay time
to logical 0 I_evel
from ¢ to Q

540

ns

Tpdo

Propagation delay time
to logical 0 level
from R to Q

100

ns

Tpd1

Propagation delay time
to logical 1 level
fromR to Q

100

ns

*See switching times test circuit and waveforms

7/74
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H 159

SWITCHING TIMES

Test circuit

RESET ¥, v,
% 112 Hn10 ¥; (RESET} o cc
L
a
PULSE 12
GENERATOR 2 BAY7)
See N H or equivalent
ee Note | © R ? o
n 100 0F
TROG
PULSE "
GENERATOR | ¢E ¥, (cLaCk)
See Note 50
n L] [}
)
So V2THUD 3 oazs
1L
Yoo

NOTE: The pulse generators have the following characteristics: t, = tf 210 ns @10v, tpw = 5 pus,
PRR = 50 kHz (Pulse Generator 1), PRR = 25 kHz (Pulse Generator 2)

Waveforms

lpa0@-Tn | RCEULE

5-0827
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H 160
HLL INTEGRATED CIRCUIT

PRELIMINARY DATA
4-BIT SHIFT REGISTER

® JK MASTER SLAVE FLIP-FLOPS
® ASYNCHRONOUS MASTER RESET
® INDIVIDUAL SET INPUT

The H 160 (standard temperature range) is a monolithic integrated circuit, available in
16-lead dual in-line ceramic package,consisting of four JK Master Slave flip-flops, connected
in serial fashion.

The outputs of the flip-flops change state on the negative transition of the clock pulse.
A set input (S) is provided for eack flip-flops hat acts when a low level is applied regardiess
of the state of the clock similarly an asynchronous master reset (MR) input clears all the
flip-flop when a low level is applied.

The clock enable {¢ E) control provides a means of inhibiting the clock input.

Q outputs are available from all four stages, and Q from the last register stage.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 22 \Y
Vi Input voltage -0.51t0 20 \%
Tstg Storage temperature -65 to 150 °C
Top Operating temperature - 0 to 75 °C

ORDERING NUMBER: H 160 D1

MECHANICAL DATA Dimensions in mm

o+
o5y
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CONNECTION DIAGRAMS

S2

Q2

NG S3 O

Yee
16

14 13 12 " 10
 nn W ey Y s WA s SRS s |

15

GND

5$-0800

BLOCK DIAGRAM

%oy

0o———+

5¢

1
g|loococo~ -——-oO
0200011 - — 00
01. OO0+~ — — R =R=X=]
OO O = — cooo
Aleere— cooo
T
P
W O—NMm< -—Nm
(&)

b
m_ e} — o X
=

&l o—-
I
: e o |
o = X o~
[y
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H 160

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 10.8 to 20 \%
Top Operating temperature 0 to75 °C

STATIC ELECTRICAL CHARACTERISTICS (T,,,, = 25°C)

Parameter Test conditions Min. Typ. Max.| Unit
Von  Output high voltage lop =-200 LA
V; = see truth tables
Vee = 10.8V 93 98 \
Vee = 16V 1356 14 Y
Vee = 20V 186 19 \
VoL  Output low voltage lor =12 mA
V; = see truth tables
Vee = 10.8V 1o 20V | 1.5 V
Vin Input high voltage Vee = 10.8V to 20V 8 vV
Vie Input low voltage Vee = 10.8V to 20V 6| V
e Input low current
(¢, E, D, MR} Vee =20V VL= 1.6V 0.4 mA
I Input low current
(S) Vee =20V V, = 1.6V 0.8| mA
lir Input reverse current
(¢, ¥E, D, MR) Vee =20V Vg =20V 5| uA
Ir Input reverse current
(s Vee =20V Vg =20V 10| A
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H 160

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
lsc Short~circuit output
current Vee =20V
V;(S;) = GND -9 -25| mA
Ipp Power dissipation current | Voo = 20V Inputs GND 38| mA

DYNAMIC ELECTRICAL CHARACTERISTICS

C_ =100pF, R = 1.1k}

(Tomp = 25°C, Ve = 15V,

Parameter

Test conditions®

Min. Typ.

Max.| Unit

Tod1

Propagation delay time
to logical 1 level
from ¢ to Q

3560

700| ns

thao

Propagation delay time
to logical 0 level
from ¢ to Q

350

700| ns

tha1

Propagation delay time
to logical 1 level
from S, to Q

50

ns

tde

Propagation delay time
to logical O level
from MR to Q

400

ns

tow

Minimum input pulse
width from ¢ to MR

300| ns

max

Maximum clock
frequency

1.5|MHz

*See switching times test circuit and waveforms

7/74
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H 160

SWITCHING TIMES

Test circuit
Vee Yee
L l
o
SET \¥% Vo Yee
Sp RESET/O 1?2
) I So
R
Q 1O! L
K
PULSE 12ZHN0 ?ij e o
GENERATOR 2 ¢E MR ar equivalent
See Nate 50 ) CL
1l
a T e IOOpF
TRIGG.
!
PULSE O
GENERATOR 1 PE Q V; (CLOCK)
See Note 50 ;)' I
J o SUN
a —-‘ _?2
— K a
Sp 172 H1o 5-0826
Yee

NOTE: The pulse generators have the following characteristics: t, = t; 2> 10 ns @ 10V, tpy= 5 us,
PRR = 50 kHz (Pulse Generator 1), PRR = 25 kHz (Pulse Generator 2)

Waveforms

cLOCK - . ! CLOC_K_/—\ /_\ /_\ /_\_

OQATA

S : HR

: :
% 1 . e~ N
S " hon U o K o / \ /—‘\w._ |
1 PP i
1pd0(-0) | i~ | tpaite-0) T tpdilsIDY | TpdO(MR-@)
pnalatien 91 ECR itk —~ —

L

s

soms
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H 165
HLL INTEGRATED CIRCUITS H 166

PRELIMINARY DATA

QUAD SCHMITT TRIGGER

® DELAY PINS ALLOW the USE of EXTERNAL SLOW-DOWN CAPACITOR

® |DEAL FOR USE asa LINE RECEIVER

The H 165 and H 166 (standard temperature range) are monolithic integrated circuits, avail-
able in 16-lead dual in-line ceramic package. The H 165 (active puli-up output) and the
H 166 (open collector output) are HLL integrated circuits. The device (H 165-H 166) is
presented with a choice of two truth tables determined by whether an internal puil-up
resistor {pin P) is left open or is connected to V. If pin P is left open, the.device will not
recognize open circuits. By this we mean that the input will continue to see the logic state
that was at the input before the connection was broken. It is this characteristic that elimi-
nates errors due to contact baunce on relay or switch contacts. |If pin P is tied to V¢, the
device acts like a standard HLL circuits and considers an open input connection to be a
logic one. An inhibit pin is provided that forces all outputs high whenever it is high.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 22 \Y
Vi Input voltage -0.5t0 20 Y
Tatg Storage temperature -65 10 150 °C
Top Operating temperature Oto 75 °C

ORDERING NUMBERS:

H 165 D1 for dual in-line ceramic package (active pull-up output)
H 166 D1 for dual in-line ceramic package (open collector output)

MECHANICAL DATA Dimensions in mm
he OIS T
e == f EJ S
i AF “H\( L ﬁ‘}
:‘JL‘.E H """" 52
o T
zc\m ¥ist B

npoppnaonaAaMno!
s 9

l\
1 L]
[cr\:r\:.r jSpupspansy

3/75
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H 165
H 166

CONNECTION DIAGRAM

P ‘ﬂ e vee
DELAY 0 ZH 1s oELAY3
INPUT 0 3] Jra nPUT3

Go ]13 Q3

=~

ai 5 IRE: az

INPUT 1 GE hn INPUT 2

DELAY1 7 o pELAY2
GND 8] Jo iNniBIT
5-1068/1
BLOCK DIAGRAM

1
P fo

3
INPUT 0 O SCHMITT & &
DELAY O ?—1 TRIGGER |

8
INPUT T O SCHMITT 5
DELAY 1 O— TRIGGER Qi

7

—%_5

1 INHIBIT
INPUT 2 O—y SCHMITT 12 .
DELAY 2 O] TRIGOER Q2

10

14
INPUT 3 SCHMITT 13 _
DELAY 3 TRIGGER &

15 5.0996/1

* See truth tables
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H 165
H 166

TRUTH TABLES

Pin 1 connected to V¢ Pin 1 open
INPUTS INPUTS
OUTPUTS OUTPUTS
INHIBIT A e o+ INHIBIT A " (1
tn tntl| 4n tntil {n tntl} gn tntl
0 0 0 open |1 0 0 0 0 open| 1 1
0 0 1 open | 0 0 0 0 1 open| 0
1 1 X X o1 1 1 1 X X 1 1
TRIGGER TRANSFER CHARACTERISTICS
¥, (TRIGGER) Ycg =135 to 20V Yo [TRIGGER) Yce =108V
lr" 7 T T T T X -
| ! | X Vol i !
; ! I by ! |
! Vi | ' e : vT_:I : vro |
L | | . A .
85 6 65 25 s 85 v,(:) 65 75 s 85 V(W)
RECOMMENDED OPERATING CONDITIONS
Vee Supply voltage 10.8 to 20 \
Top Operating temperature range 0 to75 °C
3/75
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H 165
H 166

STATIC ELECTRICAL CHARACTERISTICS (T,..;, = 25 °C)

Parameter Test conditions Min. Typ. Max.| Unit
Vou  Output high voltage lom =-200 uA
(for H 165 only) VianHy= Vee
Vee= 108V 9.3 9.8 Vv
Vee=15 V 135 14 Vv
Vee=20 V 185 19 \
VoL  Output low voltage loL =12 mA
(for H 165 only) Vi unmy= GND
Vi (tric)= Vec
Vee= 10.8 to 20V 1 15| V
VoL  Output low voltage loL =12 mA
(for H 166 only) Vianmy= GND
Virricy)™ Vee
Vee=10.8 to 20V 04| Vv
Vi Input low voltage at
inhibit input 6| V
Vin Input high voltage at
inhibit input 8 \%
Ir Input reverse current at
inhibit input Vg =20V
Vee= 20V 5| LA
[P Input low current at
inhibit input Vg =15V
Vee= 10.8 to 20V -0.4| mA
lsc Short-circuit output
current (for H 165 only) | Vi unHy= Vec
Vee=20V -9 -25| mA |
3/75
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H 169
H 166

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
lpo Power dissipation
current (for H165 only) |V, (nuy = Vec
Vi (trig)= GND
Vee= 20V 38| mA
lpp Power dissipation
current (for H166 only) |V, qnuy = Vee
Vi (triay= GND
Vee= 20V 33| mA
V1+  Trigger positive transition
threshold voltage at
3,6, 11, 14 pins Vee= 10.8 to 20V 7.5 85| V
V- Trigger negative transition
threshold voltage at
3,6, 11, 14 pins Vee= 108V 6.5 \
Vee= 1356 to 20V 5.5 6.5| V
T+ Input current at positive
going threshold
(PIN 1 connected to Vcc) | Vee= 20V 5| uA
It + Input current at positive
going threshold
(PIN 1 open) Vee= 20V 11 mA
I+ - Input current at negative
going threshold
{PIN 1 connected to Vc) | Vee= 20V -3| mA
[ Input current at negative
going threshold
(PIN 1 open) Vee= 20V -1 mA
3/75

459




H 165
H 166

DYNAMIC ELECTRICAL CHARACTERISTICS

(Tamp = 25°C, Ve = 15V,

RL = 1.1 kg, C_ = 100 pF, see test circuit)
Parameter Test conditions Min. Typ. Max.|Unit
tha1 Propagation delay time
to logical 1 level from
trigger input Pull up input to Ve
(1) 1, (2) 700 ns
Tpdo Propagation delay time
to logical O level from
trigger input Pull up input to Ve
1 (1) 1, (2) 700 ns
Tpa1 Propagation delay time
to logical 1 level from
trigger input Pull up input open
11 (2) 1, (2) 700 ns
tpdo Propagation delay time
to logical O level from
trigger input Pull up input open
|1 (2) |2 (2) 700 ns
tha1 Propagation delay time
to logical 1 level from
inhibit input Pull up input to Vee
I (1) 1, (1) 500 ns
thdo Propagation delay time
to logical O level from
inhibit input Pull up input to V¢
|1 (1) |2 (1) 500 ns
tha1 Propagation delay time
to logical 1 level from
inhibit input Pult up input open
I, (2) 1, (1) 500 ns
tpao  Propagation delay time
* to logical 0 level from
inhibit input Pull up input open
1 (2) 1, (1) 500 ns
3/75
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H 165
H 166

SWITCHING TIMES

Test circuit
\
Voo —0, 1t
o]
2
7 Yo
X! SCHMITT
0! | TRIGGER
{
PULSE ! 11k0
GENERATOR | 112 >
(See Note) i cC
: Cy
® 100 pF
500
INHIBIT
5 .0999/1
NOTE: The pulse generators have the following characteristics: t, = tf <10 ns @ 10V, tow = 5 i

PRR =100 kHz

Waveforms

V; (INHIBIT)

l.._p b 5-1001
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H 167
HLL INTEGRATED CIRCUITS H 168

PRELIMINARY DATA

QUAD 2 - INPUT EXCLUSIVE OR GATE

The H 167 and H 168 (standard temperature range) are monolithic integrated circuits,
available in 14-lead dual in-line ceramic package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 22 \%
Vi, Input voltage -0.5t0 20 \Y)
Teg Storage temperature -65 to 150 °C
Top Operating temperature 0 to 75 °C

ORDERING NUMBERS:

H 167 D1 for dual in-line ceramic package (active pull-up output)
H 168 D1 for dual in-line ceramic package (open collector output)

MECHANICAL DATA Dimensions in mm
HH ) gk éﬁﬁl
P

]
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H 167
H 168

CONNECTION DIAGRAM

BLOCK DIAGRAM

GND

I M £ /M Mmoo

~

— 0 O O g O g

£-1009

TRUTH TABLE

A B C
A O—
0 0 0
¢ o 1] 1
1 0 1
5.1010 1 ‘] O
RECOMMENDED OPERATING CONDITIONS
Vee Supply voltage 10.8 to 20 \%
Top Operating temperature range 0 to75 °C
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H 167
H 168

STATIC ELECTRICAL CHARACTERISTICS (T,,,= 25 °C)

Parameter Test conditions Min. Typ. Max.| Unit
Von  Output high voltage lon =-200 pA
(for H 167 only) Vi =V,_
Vee=10.8V 9.3 98 \
Vee=156 V 135 14 \Y
Vee=20 V 185 19 \
VoL  Output low voltage o, =12 mA
(for H 167 only) Vi =V
Vee= 10.8 to 20V 1 15| V
VoL  Output low voltage loL =12 mA
(for H 168 only) Vi =Viy
Vee= 10.8 to 20V 04| V
i
Vi Input low voltage 6| V
Vi 8 \Y
Ir Input reverse current Vg =20V
Vee= 20V 5| MA
e Input low current Ve = 1.5V
Vee= 20V -0.1 -0.4| mA
Isc Short-circuit output
current (for H 167 only) Input and output grounded
Vee =20V -9 -25| mA
lpp Power dissipation current | Vo= 20V 38| mA
(for H 167 only)
Ipp Power dissipation current | Vee= 20V 33| mA
(for H 168 only)
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H 167
H 168

DYNAMIC ELECTRICAL CHARACTERISTICS (T,n, = 25°C, Vee = 15V,
R =1.1KQ, C_=100 pF)
Parameter Test conditions Min. Typ. Max.|Unit
tpd1 Propagation delay time
to logical 1 level See test circuit 250 ns
todo Propagation delay time
to logical 1 level See test circuit 120 ns

SWITCHING TIMES

Test circuit

L
11k0
Vi
© i 100 BAY 72 or
PULSE T‘ Y . oF T BhUaLENT
GENERATOR ! n DM 12
(See Note) i ! 7 2
H104 | Yo
500 ) LKy
100
i pF I § 21011
NOTE: The pulse generator have the following characteristics: t, = t¢ <10 ns @ 10V, tpw = 5 ps,

PRR = 100 kHz

Waveform
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H 200
HLL INTEGRATED CIRCUITS series

PRELIMINARY DATA

HIGH LEVEL LOGIC FAMILY

® WIDE RANGE of SUPPLY VOLTAGE 10.8 to 16V.

® HIGH DC NOISE IMMUNITY 5V (TYP.} at Ve = 15V
® HIGH FANOUT 25 (WORST CASE)

® COMPATIBLE WITH COS/MOCS ICs

High Level Logic is a family of high threshold integrated circuits. It offers the advantages of
5V DC noise immunity, high signal levels, large supply voltage tolerances and unusually high
fanout. These features make the family particularly suitable for industrial, avionic and
telephone applications where the high noise environment might prohibit the use of a low
threshold integrated circuit. The H 200 series elements are available in standard temperature
range (0 to 75 °C) it comes in 14 and 16 pin dual in-line plastic package.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage 18 \4
Vi Input voltage -0.5to 16 \4
Tetg Storage temperature -65 to 150 °C

ORDERING NUMBER
H 2XX B1 for dual in-line plastic package

MECHANICAL DATA Dimensions in mm
b e L v s
ey 1) U g oo, b ey
L) | l_l,c)-.?l f ¥ 4 :—r_‘um s
IR = h = =)
i s i . 83 (i, - oy R <O
pomm 207
H i LK 5 ——-‘ .r'- = S 1
nopnoon) oncooonag,
D B) |
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H 200
Series

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 10.8 to 16
Top Operating temperature range 0to 75

TYPE DESCRIPTIONS

Gates

H 202 Quad 2-input NAND gate (active pull-up)

H 203 Triple 3-input NAND gate (active pull-up)

H 204 Dual 4-input expandable NAND gate (active pull-up)

H 205 Dual 2-wide 2-input expandable AND-NOR gate (active pull-up)
H 209 Dual 4-input expandable power AND gate {open collector)

H 212 Hex inverter {open collector)

H 213 Dual 2-input NAND gate plus dual expandable inverter {open collector)
H214 Quad TTL to HLL-COS/MOS converter

H 215 Strobed hex inverter (open collector)

H 218 Hex inverter (active pull-up)

H 219 Strobed hex inverter (active pull-up)

H 222 Quad 2-input NAND gate (passive pull-up)

H 224 Dual 4-input expandable NAND gate (passive pull-up)

H 267 Quad 2-input exclusive OR gate (active- pull-up)

H 268 Quad 2-input exclusive OR gate (open collector)

Memory elements

H210 Dual J-K flip-flop with set input
H 211 Dual J-K flip-flop with set and clear inputs
H 259 Quad D-latch

Monostable element

H 217 Monostable/astable multivibrator

Counters, register and special elements

H 256 4-bit binary counter

H 257 Decade counter

H 258 BCD to decimal decoder/driver

H 260 4-bit shift register

H 265 Quad Schmitt trigger (active pull-up)
H 266 Quad Schmitt trigger {open collector)
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CONNECTION DIAGRAMS

H 200
Series

H 202/H 222 H 203 H 204/H 224
" I @  w e e o ] e
w ol s W W [E&] oow o ] -
o o W of o on o 1o
W] To oo oW [@ T W ow 1o o
wo s Do | To w W s ] ;| 0N
our & [@ @] 9 ~ our 6 f e N our & L s Y
ano 7] s our e 7] la o oND 7 Te our

H 205 H 208 H210
woo ] W vee wo | e 1] Ne wc
w2 W w2 In K 2 [J_ I o
exp ] N e 3] Dz w s - ’F oK
wo o] nooexe wo ] Mn exe so «ff ] s
s o w o o ’[J g N
wr 6 E s oot 6] ] e n o 6 [} B &
oND 7 8 our oNo 7] Je our o 7 ] e
H211 H212/H 218 H 213
o be e w o e v e o e e
© il e [& 1o W owa] s
! e El_r]“ . N 1 @] 2 our our 5] 2N
® ‘[J | Q& o w exe o] —
© s fh sp
. ﬂj DI @1 o on s[@ To
. D I N 1
LI e a oo 1] IE ono 7] s our
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H 200
series

CONNECTION DIAGRAMS (continued)

Q2

P2

Qo

PO

cP

GND

RESET

PO

Qo

at

P1

cP

H 214

!
2]
dl

i
dl
ik
dl

5 105871

H 256/H 257

0

9

]
]
]
]
]
I
]

3. 108412

H 260

—

21—

s—

sf—- —n
sEL—o —]n
1[:—0 b—-{lo
o] 1B

Yee

Pl

3]

Q3

P3

RESET

NC
Pl

a3

az

P2

IN A3
IN A1
IN A2
ouT

z2

ouT
z3

our
z7

ourt
Z8

P

OELAY O

INO

ao

ai

N1

DELAY1

GNOD

H 215/H 219
1 6 vee
2] Jis w
| W our
A[ 13 IN
5 12 STROBE
6[ n our
7] Jio W
8] e our
H 258
‘L—\ e vee
2— 5N AO
i
«[— b—n %1
= ocn
d b
7—o b—l10 °LZ’;
Jl j}‘-‘ %
H 265/H 266
1f-- .| I Yoo
Hi - ‘ -l oELary
][ - ‘F“ - e IN3
J— i Jn &
sf- = ‘ I e I az
c,[—— ‘l —]u IN2
7 + o ceLavz
8 L:q_ 9 INMIBIT

H217

Cx/rRx 1 [J—i ]'A

[} 2 E —‘ ] 1 LIMITER
N o :Jij] UMITER
N L[ ;r—] 1

z s ] e

& 6] %] s

GNO 1[ | okt oi ] 8

H 259

c» 1] I

- H| ['s RESET
a0 3] e

1 L[ 13

& 5 12

ar s[ﬂ: In

o1 7] 10

GND LI i D2

H 267/H 268

n il K

IN 2 [ ]\]

o el

IN L[ ] n

i s [% LT\L] )

our 6l 9

oo 7] K

Yee

vz

N

our

our

Yoo

Yeo
out
N

our
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LPDTL INTEGRATED CIRCUITS
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LPDTL INTEGRATED CIRCUITS

The following LPDTL devices are currently in production. Data sheets can be supplied

on request.
tod Py f Fan
{ns) {mW) {(MHz) Out
GATES
E 301 Dual 3-Input 60 2 10
E 302 Quad 2-Input 60 4 10
E 303 Triple 3-Input 60 3 10
|E304  Dual 4-Input with Extender 60 2 10
E 305 Dual 3-Input with Extender 60 2 10
E 306 3 and 4-Input with Extender 60 2 10
FLIP-FLOPS
E 300 Clocked 2.5 10
CONNECTION DIAGRAMS
Lt Lo
r D D —=
E300 £301 £302 E303

Typical noise immunity: 1V.
Extended temperature range (—55°C to + 125°C): ceramic flat and DIP packages.
Standard temperature range {(—20°C to - 100°C): ceramic flat and DIP packages.
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RTL INTEGRATED CIRCUITS
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RTL INTEGRATED CIRCUITS

The following RTL devices are currently in production. Data sheets can be supplied
on request.

tg Py f Fan
(ns) (mW) (MHz) Out
GATES
9900 NOR buffer 0 20 o 80
\_03* NOR 3-Input 10 20 - 16
9907 NOR 4- Input 10 40 16 |
_9914 ] NOR Dua! 2- lnput 15 40 ) 16
9915 'NOR DL,"?L@'L”‘E'( 10)__‘40 16
FLIP-FLOPS
19926  JK 90 20 ]
9974 JK 90

OTHER FUNCTIONS

9904 _Half adder B 20 75 16
9905*7 Half shift reglster 20 77 16
9927 Quad Inverter 10 30 16

* Standard temp. range only

CONNECTION DIAGRAMS

B -0 -
@ -G

Extended temperature range (55°C to +125°C): TO-98/TO-100 packages.
Standard temperature range (0°C to +70°C): TO-99/TO-100 packages.

9926 9974

& @ -
& -2
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Printed in ltaly by Pirovano - Segrate - Milano
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DTL INTEGRATED CIRCUITS

TTL INTEGRATED CIRCUITS
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