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INTEGRATED CIRCUITS DICE AND WAFERS 

All ITT integrated c ircuits are available both in wafer and in ch ip 
form. Since the completed individual encapsulated product is 
cap able of being more extensively and thoroughly tested than the 
wafer, these speci f icatio ns are lim ited to the capability of the chip 
and the attendan t testi ng equipme nt. 

USE 

DTL and Linear ci rcuits are normally supplied wilh plain backing. 
Gold backing can be furnished upon special request. All o ther 
ci rcuits are supplied wil h gold bac king. Recommende d die attac h 
temperature is 420 'C lor either type of bac king. A 98% gold, 2% 
sili con p refo rm is recommended for die allach with all plain-backed 
ch ips. One mi l aluminum wire , ult rasonically bonded to the pads, 
is recom mended lor connecling the chip to the circuit. 

PACKAG ING FOR SHIPMENT 

Wafers will be shipped In lhe plastic package shown. Chips w ill 
be packaged In carriers as lnolca teo. 

IDENTIF ICATI O N 

All in teg rated cir cui t dice w ill be identified by the appropriate three 
o r four-dig it code , together with the individua l sullix number indi
cating the temperature range. 

For example , a 930 limited -temperature range chip would be a 
" 930•5." A 930 lull- temperature range chip would be a "930-L" 

I. C. WAFER PACKA G E 

CHIP PA C KAGE 

MIL AN D HI-REL SEMICONDUCTOR S 
Ml L38510. Many diodes and tran sistors are avai labl e 
asJAN , JAN/TX, or MIL typ es. 

Virtually all ITT Semiconduct ors are avail able with 
hi-rel processing. IC's , for example, can be processed 
for any po rt ions of , or all of, MI L-STD-883 and 

Whenever you need hi -rel semiconductors, check 
ITT. Your local representativ e can give up-to-date 
information on availability, price, etc. 



GENERAL INFORMATION ITT 54/74 SERIES TTL FAMILY 

This series offers a wide range of d igital integrated 
circuit devices from simple NANO gates to large 
complex fu nctions. They form a TTL fa mily (Tran
sistor- Transisto r Logic) guaranteed to operate over 
the follow ing amb ient temperature ranges: 

M il itary range, 54 series - 55°C to 125°c 
Ind ustrial range, 74 series o0 c to 75°C 

All devices operate over a frequency range between 
D .C. and typically 20 MHz, and are fully compatible 
with all 54/74 series TT L and 930 series DTL. 
Clamping diodes are pro vided at the inputs to en
hance the inherent high noise immunit y w hen dr iving 
trans mission lines. Most outputs are of totem pole 
config urat ion to give good drive capabil i ty, i.e. high 
fan-out , especia lly into large capacit ive loads. Other 
outpu t s include an open -circu it co llector connec ti on. 

FEATURES 

High speed- typica l propagation delay (gate) of 9 ns. 
Guaranteed noise margin -g reater than 400 mV. 
Low power dissipation- 10 mW per gate at 50% 

du ty cycle. 
Worst case fan-out of 10. 
Low output impedance. 
Logic levels guaranteed over range of supply voltage 

and operating temperatur e 
Wide range of functio ns- many SSI and MSI func

tions. 
Compatibl e with other DTL, TTL logic series. 

INDE X FOR STAND A RD 7400 SERIES 

For the mili tary range,replace74 in the type number 
by 54 . 

TYPE DESCRIPTION 

ITT7 400 Quad 2 i/p NA NO 
ITT740 1 Quad 2 i/p NANO (open-collector 

5-5 V rati ng) 
ITT740 1A Quad 2 i/p NA NO (open-collector 

15 V rating) 
ITT 7402 Quad 2 i/p NOR 
ITT7403 Quad 2 i/p NANO (open-collecto r 

5-5 V rat ing) 
ITT7403A Quad 2 i/p NANO (open col lector 

15 V rating) 
ITT7404 Hex inve r ter 
ITT7405 Hex inverter (open-co llector 

5-5 V rating) 
ITT7405A Hex in verte r (open -co llector 

15 V rat ing) 
ITT7 406 Hex inverte r b uffe r/driver 

(open-collecto r 30 V rating) 
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TYPE 

ITT 7407 

ITT74 10 
ITT7 412 

ITT7412A 

ITT7413 
ITT7416 

ITT7 417 

ITT7420 
ITT7426 

ITT7428 
ITT7430 
ITT7437 
ITT7438 

ITT7440 
ITT744 1A 
ITT74 42 
ITT7443 
ITT7444 
ITT7445 

ITT 7450 
ITT7451 
ITT7453 
ITT7454 
ITT7460 
ITT7470 
IT T7472 
ITT7473 
ITT7474 
ITT7475 
ITT7476 

IT T7 480 
ITT7481 
ITT7482 
ITT7483 
ITT7484 
ITT7 486 
ITT7490 
ITT749 1A 
ITT7492 
ITT7493 
ITT7494 
ITT7495 
ITT7496 
ITT7410 4 

DESCRIPTION 

Hex bu ff er/driver (open-collector 
30 V rat ing) 
Trip le 3 i/p NANO 
Trip le 3 i/p NA NO [open -collector 
5 V rat ing) 
T rip le 3 i/p NANO [open-collector 
15 V rat ing) 
Dua l 4 i/p Schmitt Trigger 
Hex in verter bufferfdr iver 
(open-co llecto r 15 \I rating) 
Hex buffer/driver (open-co llecto r 
15 V rat ing) 
Dual 4 i/p NA NO 
Quad 2 i/p high voltage interface 
NANO (open co llector 
Quad 2 i/p NOR buffer 
8 i/p NANO 
Quad 2 i/p NA NO buffe r 
Quad 2 i/p NANO buffe r 
(open co llector 5.5 V rating) 
Dua l 4 i/p NA NO Buffer 
B.C.D. to decimal decode r/d river 
B.C.O. to decima l decode r 
Excess 3 to dec ima l decoder 
E"""ss 3 yra y tu d"ci 1r1c1I tlt,cudt,r 
B.C.D. to decimal decode r 
(open collecto r 30 \I rating) 
Expandab le dual 2 wide, 2 i/p A.0 .I . 
Dual 2 wide, 2 i/p A .0. I . 
Expandable 4 w ide, 2 i/p A .0.I. 
4 wide , 2 i/p A.0.1. 
Dual 4 i/p expander 
D.C. clocked J-K f lip-flop 
J-K master-slave flip-flop 
Dual J-K master-slave flip -f lop 
Dual 0-type edge-triggere d f lip-f lop 
Quad bistable latch 
Dual J-K maste r-slave flip-flop with 
preset and clear 
Gated full adde r 
16-bit full memory 
2-bit fu l I adder 
4-bi t ful l adde r 
16-b it memo ry 
Quad 2 i/p exc lusive-OR 
Decade cou nter 
8-bit shift register 
Divide by 12 cou nter 
4-bit binary counte r 
5-bit shift register 
4-bit shi ft register (reversib le) 
4-bit shi f t register 
Gated J-K master-slave flip -flop 
(see ITT9000) 
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GENERAL INFORMATION ITT 54/74 SERIES TTL FAM ILY 

TYPE 

ITT74 105 

ITT74107 
ITT7 4118 
ITT7 4121 
ITT74145 

ITT74150 
ITT74151 
ITT74154 

ITT74155 
ITT74156 

ITT74161 

ITT74 180 
ITT74192 
ITT74193 

DESCRIPTION 

Gated J-K master-slave f lip -flop 
(see 

0

ITT9001) 
Dual J-K master -slave f lip-flop 
Hex set/ reset latch 
Monostab le 
B.C.D. to decimal decod er 
(open-collector 15 V rating) 
16-b i t data selector/mul t iplexer 
8-bit data selector/mul t iplexer 
4-line-to -16-line decoder/demultiplexe r 
(see ITT9311) 
Dual 2 to 4 l ine decoder/ demu ltiplexer 
Dual 2 to 4 line decoder/d emul t ip lexer 
(o/c 5-5V rating) 
Synchronous binary up counter 
(see ITT9316) 
8-bit par i ty generato r/ch ecker 
Synchronous BCD -Up/ Down counter 
Synchronous Binary 4-bit 
up/down counter 

FUNC T ION AL INDEX 

FUNCTION 
NANO 

NOR 

Inverter 

Non -Inverter 

Schmitt Trigger 
And -Or -Inver t (A .0.1.) 

Expander 
Exclusive OR 

TYPE 
ITT7400 
ITT7401 * 
ITT7401A * 
ITT7403* 
ITT7403A* 
ITT74 10 
ITT7412 
ITT7412A 
ITT7420 
ITT7426* 
ITT7430 
ITT7437 
ITT7438 
ITT7440 
ITT7402 
ITT7428 
ITT 7404 
ITT7405" 
ITT7405A • 
ITT7406 
ITT7416 
ITT7407 
ITT7417 
ITT7413 
ITT7450 
ITT7451 
ITT7453 
ITT7454 
ITT7460* 
ITT7486 

Flip -flops 

Counters 

FUNCTION 

J-K 

D-type 
Latch 

Decade 
Divide by 12 

Divide by 16 

Shift registers 

Memories 

4 Bit 

5 Bit 
8 Bit 

16 Bit RAM 

Decoders/demultip lexers 

B.C.D. to decimal 

Excess 3 to decimal 
Excess 3 gray to decima l 
4 Line to 16 line 
2 Line to 4 line 

Data selector / mu lt ip lexer 

16 Bit 
8 Bit 

2 Bit 
4 Bi t 
1 Bit 

Monostab le 

Parity gen/check 

8 Bit 

•Devices with open col lector outputs. 
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TY PE 

ITT7470 
ITT7472 
ITT7473 
ITT7476 
ITT74104 
ITT74105 
ITT 74107 
ITT7474 
ITT7475 
ITT74118 

ITT7490 
ITT7492 
ITT74192 
ITT7493 
ITT74161 
ITT74193 

IT T7494 
ITT7495 
IT T7496 
ITT7491A 

ITT7481 
ITT7484 

ITT7 441A • 
ITT7442 
ITT74 45* 
ITT 74 145* 
ITT7443 
ITT7444 
ITT74 154 
ITT74 155 
ITT74 156* 

ITT74150 
IT T74 151 

ITT7482 
ITT7483 
ITT7480 

ITT74 121 

ITT74 180 



GENERAL INFORMATION ITT 54/74 SERIES TTL FAMI LY 

INTRODUCTION TO TTL 

The TT L circuit configurat ions are designed so that 
the unifo rm logic and noise margi n levels apply to al l 
the standard devices in the fam ili es. Thus many para
mete rs and the ir l imits are common. In addit ion the 
operating conditi ons are identified for each family . 
Once these standard operating condit ions are under
stood i t becomes possible for the designer to use the 
fam il y by simply referr ing to the logic and connec
tion diagrams on each data sheet. All common info r
mation is included in the remainder of this section. 

For ease of read ing, the data on ly refe rs to the 
ITT7400 series family but it is equally app li cab le to 
the ITT5400 series. Where there are excep t ions these 
are clear ly indicated on the individua l data sheets 
concerned. 

LOGIC DEFINITION 

Positive logic is used throughout the data sheets. This 
is defined as fo llows. 

Log ical 'O' = Low voltage; typica ll y 0.2 V but ( 0.8 V 
Log ical '1' = High voltage; typ ically 3.3 V but) 2 .0 V 

Current flowing into a device term inal is def ined as 
positive . 

D.C. CHARACTERISTICS COMMON TO A LL 
DEVICES (except where otherwise stated) 

D.C. tests are carried out under the specified condi
tions. All inputs and ou tputs are tested for all possible 
log ic states. Worst state load cu rrents and vol tages 
are app lied and the test limits are applicable over the 
full temperature range. ' 

Min. Max. 
Supply vo l tage, Vee: 

74 series 4.75 5.25 
54 series 4. 5 5.5 

Operat ing temperatu re: 
74 series 0 75 
54 series- - 55 125 

D.C. noise margin typically greater than 1 V . 

ABSOLUTE MAXIMUM RATINGS 
(above which the usefu l life of the device 
impaired ) 

Continuous suppl y voltage Vee (Note 1) 
Inp ut voltage. 
Vo ltage between inputs . 

Unit 

V 
V 

oc 
oc 

may be 

.. 7V 
5.5 V 
5.5 V 

-10 mA Cont inuous input cu rrent 
Standa rd output vo ltage . 
Storage temperatu re . 

- 0.5 to 5.5 V 
-65°C to 150°C 

Note I 
Th is rating is reduced to 5.5 V i f unused inputs are 
connected directly to Vee -

STANDARD CHARACTERISTICS (limits apply over the full range of operat ing temperature and for 
standa rd totem po le outpu t except whe re otherwise stated). 

PARAMETER 

V1H 

VI L 

Vol (standard output) 

Vol (buffer output) Vo H 

lcEX ope n collec tor on ly 

- IF 

IR 

IR 

- 1sc 
54 series 

74 series 

Min . 

2.0 

2.4 

20 

18 

LIM IT (Not e 8) COND ITIONS 

Typ . Max . Unit 

V 

0.8 V 

0.22 0.4 V 

3.3 V 

250 µA 

Vrr 
Min . 

Min. 

Min. 

Min. 

Min. 

VoL(0.4V or VoH) 2.4V (Note 1) 

Vol ( 0.4V or VoH) 2.4V (Note 2) 

I0l=16 mA , V1H=2V or VJ L =0.8V (Note 3) 

Vil =0.8 V or VoH =2 .0V (Note 4) 

Vil =0.8V, V1H =2V, VouT =ma x. 
o/p vo l tage rat ing 

1.0 1.6 mA Max. VF =0.4V (Note 5) 

40 µA Max. VR =2.4V, input loading-1 unit load (Note6) 

1.0 mA Max . VR =5 .5 V irrespective o f in put loading 

55 

55 

mA Max. Vour=O v (Note 7) 

mA Max . V 1H=2.0V or V1L =0 .8V ; app ly accord ing 

to logic function 

Where character ist ics for dev ices differ from the above table these are shown in the data sheets. 
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GENERAL INFORMATION ITT 54/74 SERIES TTL FAMILY 

Note 1 
Condition at outputs dependent on the truth table 
of the device . For examp le. for gates and buffers, 
Vol ( 0.4 V applies, and for flip-flops, shift registers. 
counters, decoders. etc. eithe r Vol ( 0.4 V or VoH 
> 2.4 V app lies at each output. Output cond it ions do 
not apply for 7486, 7460, 7445. 74145, and 7441A. 
This parameter does not app ly for 7413 and 74121. 
because of the Schm itt trigger inputs. 

Note 2 
Conditions at outputs dependent on the truth table 
of the device, for example; for gates and inverters 
VoH > 2.4 V . Output conditions do not app ly for 
dev ices with open co llecto r output. This parameter 
does not apply fo, 7413, 74121. 

Note3 
Condit ions V 1H and Vi l depend on device truth 
table. Limit s for 7441A, 7445and 74145areshown 
on the appropriate dat a sheets. 

Note4 
This parameter for totem pole output devices only. 
V 1L and V1H apply according to the truth table. 
IOH ;-400 ~ for devices w ith Fan-out;lO ; loH; 
-800 µA for devices with Fan-out;20; loH ; - 1.2 
rnA for devices with Fan-out ; 3Q, etc. 

Note5 
Limi ts apply for an input loading of 1 unit load; for 
other input loadings multiply limits by number of 
unit loads. For fl ip-flops, see appropriate data for 
test conditions. 

Note6 
All othe r inputs at O V for 7472. 7473. 7476, 74107. 
For 7470 all other inputs at O V except J and K 
which are at 4.5 V. For 7474 consult data sheet. 
Lim its to be multiplied by the input loading of the 
device. 

Note 7 
Maximum l imit ; 57 mA for devices with internal 
feedback connect ions. (e.g. flip-flops and some com
plex devices). For 7400 series simple NANO gates 
not more t han two outputs may be shorted at any 
time. For all other devices and for all 5400 series 
not mo re than one output to be shorted at any ti me. 
Open collector dev ices: no parameter fo r - lsc -

Note 8 
Typical lim its are at ambient temperature , T A;25°C 
and Vcc;5 V. 

A.C. TESTS 

Testing of propagation delays is carried out using the 
typica l switching load circuits shown below. These 
load circuits are designed to simulate full fa n-out 
loadi ng. An oscilloscope with high impedance probes 
and having a bandw idth of at least 100 MHz is suit
able for these measurements. 

TYPICAL SWITCHING TEST LOAD CIRCUITS 

For totem pole outputs: 

• Yee 

DEVICE OP 
R, 

~0-----11--~--IIM---l.i..-lM-- ~ 

OUTPU T 

For ope n collecto r outputs: 

o~.I• T , • v ,,, 
~ OUTPUT 

ORDERING CODE FOR TTL CIRCUITS 

Operating Temperature Range 
540 0 series - 55 to + 125°C 
7400 series O to + 75PC 

Package (add) 
B for Flat Pack 
J for Ceramic Dual In-Line 
N for Pla stic Dunl In-Line 

Example: 
ITT7400J 
is o0 c to + 75°c I Range in 
Ceramic Dua l In-Line , Package 

1-4 



GENERAL INFORMATION ITT 54/74 SERIES TTL FAMILY 

Notes 
1. Diodes are type 1 N4148. 
2. The values of CL and R L are quoted in the data 

sheets. Value of CL inc ludes probe and ji g capi
tance. 

3. The characteristics of the pulse generator used at 
the input of the device are stated in the data 
sheets. Typ ical character istics are: VouT=3.5V; 
Rise time, tr, =Fall time, t1,=less than 15 ns; 
Zo = 50 .s-2; Pulse Repetition Frequency, P.R.F. = 
1 MHz; Pulse widt h for gate, Ip = 500 ns. 

1. HIGH LOGIC STATE '1' (ON STATE) 

Waveforms 

1-SV /-------\I NPUT 

I I 
I I k- '• -+i 

I I i:::l- ;~;~ 
PUT -{-Wt 10<:: 

I I I I 
·~ :.- -.i ~+ -+!'•t--1•,,-

The NANO gate has two stable operat ing states. These are illustrated in Figs. 1 A and 1 B. 

le 

Fig. 1A. Typi cal 'ON' conditions Re 

wi th all inputs Logic '1 '. 
MULTIPLE-

<K 

EMITTER 
TRANSIS'TOR 

(MET) +l· I V 

I 

t 1·4 V 

A 1. 
+l·l v• 

8 1. 

INPUTS 
+l-l V 

1. 
+l ·l V' 

C 

1. 
+l·l V 

f le 

Fig. 18 . Ty pical 'OFF' conditions Ro~ 
◄ K with one input Logic ·o·. 

+O·J V 
IG+llit 

+o-2V A 

8 1. 
+ l ·lV 

C 1, 
+J-JV 

·I· D 
➔ l· l V 
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' le 

Re 
HK 

+O •tV 

vn 

lc+lc + 1111. 
•0 ·7 V 

Ro 

1 K 

+le 

Re 
1·6 K 

le 

VTI 

R, 
1 K 

I 

l Q : -· 

~~-{17- -
1 
I 
I m== 

tO GATES 

•,L" 16 mAmax 

le f +sv 

f' 1lO 

VT) 

◄·l V 

DI ,, Q LOAD Of 
-<>--
l ·l V 10 GATES 

VTl 
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GENERAL INFORMATION ITT 54/74 SERIES TTL FAMIL Y 

The d.c . operation of this cir cuit is more readily 
understood i f the mu ltiemitte r tr ansistor (MET) con
necting the inputs is considered equivalent to a diooe 
AND gate in series with an offset diode connected to 
the base of transistor VT1. Thi s is shown in Fig. 2, 
the emitter-base junctions of th e MET form ing the 
input d iodes and the collect or-base ju nction form ing 
the offset diode . 

Fig. 2. Simpl ified analogy of TT L gate. 

,-----.- --- ..-- -- +5V 

Ag 

A -14----

B 

C 

D 

When al l t he inputs are positiv e a log ic '1' cu rrent 
flows from the positive supp ly thr ough Rg into the 
base of VT1 wh ich heavily cond ucts and turns VT2 
'ON' into the saturated stat e. Since bo th VT1 an:l 
VT2 are sat urated , there is insuff icient voltage across 
the base emitter terminals of VT3 to render it con
ducting. The output voltage is about +0 .2 V, (i.e. 
saturation vo l tage of VT2). Th e co llecto r current of 
VT2 will cons ist of the total 'sinki ng' current from 
the gates connected to the outpu t terminal . When 
the base curr ent d rive to VT2 is h igh, VT2 can re• 
main satur ated even with a large co llector cur rent, 
with adverse circu i t tolerances and tempe rature vari
ations. This permits a fan -out of up to 10. With a 
mult iemitt er t ransisto r. mor e current flows from a 
posit ive held inpu t than with a convent ional D.T.L. 
gate (the leakage cu rrent of the reverse biassed input 
diode) since the MET is biassed in th e inverted mode 
and the funct ions of emitter and collector are re
versed. Howeve r, the MET is designed to have a very 
low inverse gain and IR is kep t t o a minimum. IR 
w i ll equal th e emitte r base leakage current plus the 
product of inverse curr ent gain and IG . 

2. LOW OR OFF STATE 

The opposi te state shown in Fig. 1 B is achieved if the 
vo ltage of any number of inputs is reduced below a 
threshold level o f about + 1.5 volts. F ig. 1 B shows 
the cond i t ions when input A is at +0 .2 vol ts (a 
typica l output voltage of a prev ious gate). No base 
current flows into VT1 since the co llecto r of the 
MET is at too low a potent ia l, with respect to its 
base. 
Therefore, no current wil l flow thro ugh VT1 and 
VT2 oth er than leakage cur rent (w hic h can be 
neglected in this analysis). The transistor V T3 will 
conduct to provide sufficient output cu rrent to 
maintain following gates connected to th e output 
term inal at 3.3 V positive in lo gic 1. The fan-ou t is 
high (10) under worst case conditions because of the 
low output impedance of VT3. 

3. CHANGEOVER BETWEEN STATES 

The transistor action of the ME T consider ably im
proves the swi tching speed when com pared with a 
DTL gate. In switching from the ON to t he OFF 
state the ME T saturates and rap idly rem oves the 
charge stored in VTl turning it off. T hen VT2 be
gins to turn off and VT3 turns on as the collector 
potentia l of VT l rises. VT3 assists VT2 to turn off 
and pu lls the outpu t termina l rap idly positi ve, charg
ing any load capacitance. Th e diode 01 helps to 
prevent VT2 and VT 1 from condu-:t ing simultane
ously and R L Ii mits the current through V T3 to a 
safe value dur ing the switc h over i f the out pu t 
terminal is accidentally shorted. 

Fig. 3. Propagation de lay waveforms . 

IN PUT - _L ~},4 

VO LTAGE :::J: - -- - -· i\ -- - t- l ·S V 

I I V1L 

~a - ~ I , 
I : i- 10 0, 1 

OUTPUT -4-~ 1 1 VoH 

VOLTAGE -_J--J- -
1 

- - ---:- -
1
- .j_,,SV-

VoL -
1 

- , - I 
1 I I 

I I I I 
1 

: I I 
_.J ,,,- .r4- I '•H I 

I I I 

Switching fr om the OFF to the ON state is more 
rapid than ON to OFF since none of the t ransistors 
VT1 , VT2 and MET are saturated in the OFF cond i
tio n . The switch to the ON condition is partic ul ar ly 
fast owing t o add itiona l drive by t ransistor VT1 in 
turning on VT 2. F ig. 3 shows t he typ ical switching 
t i mes from th is gate. 



GENERAL INFORMATION ITT 54/74 SERIES TTL FAMILY 

OUTPUT 

VOLTAGE 

/ T;amt, IW -j-75°C 

+HV ....---- , 

lowest loglc '1' 
level of avililablc 
output (,nd input) 
voltage 

Highest logic 'O' 
output 
(and a.v,1ilable input)-. Vol 
voltage 

Vol 

For input voltages "--...----"'.t 
above this level the NM 
device will remilln Y1L 
in the 'ON' state 

NOISE IMMUNITY 

The noise imm unity of the TTL gate is typically 
greater than 1 volt and is guaranteed 0.4 V minimum 
under worst case conditions for temperature and 
loading tolerances . The noise immunity is der ived 
from the difference between ex.treme l imits of input 
voltage and th e voltage required to ensure the 
change of a logic state. This is il lustrated by the 
transfer characteristic shown in Fig. 4. 

Fig . 4 . Typical t ransfe r characteristic 

showing noise margins. 

t For input voltages 
below th is level the 

ViH device will remain 
in th~ 'OFF' state 

INPUT 
VOLTAGE 

Note: NM~ Noise marg in 

GATES DIFFERING FROM THE STANDARD 
CI RCUIT 

NOR buffer 
(e.g. 7428) 

◄ K 
100 

Typical variations from the standard NANO gate 
circuit configuration are shown in the following 
circuit d iagrams. 

Open collector 
(e.g. 7401) 

Vee 

-• A.B 

z 

: tL Leso 

NANO buffer 
(e.g. 7440) 

NOR gate 
z (e.g. 7402) 

..... lt()TU.1-Nl"w•IN~Rfrllt 

C•07407) 

BASIC RULES FOR THE USE OF TTL DEVICES 

1. Spare inputs should be connected to used inputs 
if the fan-out permits. Otherwise connected to 
the Vee power line via a resistor of value 1 K 
ohm or greater. This is particularly important for 
the 'preset' and 'c lear' asynchronous inputs. 

2. Gates from the same package may be paralleled 
where necessary for better driving capability. 
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GENERAL INFORMATI ON ITT 54/74 SERIES TTL FAMILY 

3. Interconnect ion lengths of 12 inches or less 
(capacitance of about 50 pF) are unlikely to 
give ring ing problems; lengths up to 24 inches are 
possible with good ground arrangements. Greater 
length wil l probably requ ire l ine driv ing pre
cautions (see separate Appl ication Note). 

4. 'Wired-OR' can be performed "at the output term 
inals of open-collector netw orks howe ver a speed 
penalty is incurred by the introduction of a 
resistive pu ll-up. 

5. In calcu lating system speeds, due all owa nce should 
be made for the maximum set-up and m inimum 
clock pu lse width t imes on flip-flops , as well as 
the propagation de lays of the elements used. 

6. If relays are driven from TT L circuitry , care must 
be taken to ensure that the load con nection wires 
to the relay contacts do no t int roduce noise into 
the logic system. Th is can be do ne by allowin~ 
these wires only to enter the logic system en
closure at a po int close to the relay contacts, or 
in ex treme cases by also shielding the relay . 

7. Similarly externa l inputs should be bro ught on to 
the printed c ircu it connections at r ight angles to 
the other wiring, the printed circ uit itse lf being 
laid out to ensure least coupling between inputs 
and other connections. 

8. If syste"' ,µ.,.,d is high, al lowance should be 
made when calculating power supp ly require
men ts for the increased netwo rk supply currents 
due to current spiking and line driving . An al low
ance at 10 MHz of 15% for spik ing and up to 0.5 
mA per each gate node for th e line driving will be 
adequate for this. 

9. Decouple every 10 gates or their equiva lent in 
MS I functions with 0.01 µF to 0. 1 µF capacitors 
of R .F. rat ing . 

In conclusion, a careful perusal of t he data sheet to
gether w i th the point s mentioned above, will help in 
achieving a trouble free logic design at the firs ; 
attempt . 

DRIVING DTL LOGIC FROM TTL DEVICES 

When driving ITT9 30 series DTL from 74/5400 
series TTL the fu ll fan-out of the TTL is available . 

DRIVING TTL LOGIC FROM DTL DEVICES 

Driving IT T7400 series TTL from ITT930 series 
DTL necessitates a reduction of the full fan-out 
from 8 to 3 for standard gates and from 25 to 20 
for buffers. Increased fan-out can be ach ieved wi th 
standard OTL gates by using an addit ional pull-up 
resistor. 

SYMBOLS AND THEIR DEFINITIONS 

Fan-out 

fmax 
IccH 

ICCL 

IF 
IR 
tsc 
lcEX 
IOL 
IOH 
Ice 
l tN+ 
1IN • 
Pdyn 
RL 
TA 
th 
th+ 
th. 
lcp 
Ip 
tpo 
tpd+ 

tn+1 

1min 
tsp+ 
tsp-
Vee 
VH 
V 1H 

VtL 

VoL 
VoH 
VOH(M) 

V IN 
VouT 
VT+ 
VT . 
WIRED-OR 

Load capac itor in sw itching test circuit 
(includes probe and jig capac itance). 
Num ber of unit loads an out put can 
drive. 
Maximum c lock frequency. 
Supply current for h ighest di ssipat ion 
logic state . 
Supp ly current for lowest d issipation 
logic state. 
Input forward current. 
Input reverse current. 
Output short circuit current. 
Output leakage current. 
Low state output Curren I. 
High state output current. 
Supply current. 
Input current at VT +. 
Input cur rent at VT, _ 
Dynamic power dissipation . 
Load resistor in switc hing test ci rcuit. 
Ambient temperature. 
Input hold time. 
Logical • 1' ho ld time. 
Logica l ·o· hold time . 
Clock pulse width. 
Preset or clear pulse width. 
Output pulse width. 
Propaga tio n delay to logi cal ·1' on 
output. 
Propagation delay to logic al ·o· on 
output. 
State of output (or input) befo re the 
acti ve edge of the clock pulse. 
State of output (or input) after the 
active edge of the clock pulse. 
Minimum width tr igger pulse . 
Log ical ·1 · inp ut set up time. 
Log ical ·o· input set up time . 
Supply voltage. 
Hysteres is vo l tage. 
Input high vo l tage to ensure VoL(or 
VOH)*. 
Input low voltage to ensure VoH(Or 
VoL) *. 
Output low vo ltage. 
Output high voltage. 
Output breakdown voltage of open 
col lector device. 
Voltage at an input. 
Voltage at an output . 
Positive edge threshold voltag e. 
Negative edge thresho ld volta ge. 
The commoning of open co llector out
puts with a pull -up resisto r t o perform 
the AND function. 

•output level dependent on device logic as found 
from truth table . 
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ITT74 00 Quad 2 input NANO gate 
ITT7401 } Quad 2 input NANO gate 
ITT7401A with open collector output 
ITT7402 Quad 2 input NOR gate 
ITT7403 } Quad 2 input NANO gate 
ITT7403A with open collector output 
ITT7404 Hex inverte r 

1n 74o5 } Hex inverter (open collector) 
ITT7405A 
ITT7406 

ITT7 407 
ITT74 10 
ITT7412 

ITT7412A 

ITT74 16 

ITT7417 
ITT7420 
ITT742 6 

ITT7428 
ITT7 430 
ITT7437 
ITT7438 

ITT7440 

Hex inverter/buffer/driver (open col
lector ) 
Hex buffer/dr iver (.open co llector) 
Tr iple 3 input NANO gate 
Triple 3 input NANO gate (open co l
lector) 
Triple 3 inp ut NANO gate (open col 
lector ) 
Hex inverter/buffer/dr iver (open col 
lector) 
Hex inverter/dr iver (open collector). 
Dual 4 input NANO gate 
Quad 2 input high voltage interface 
NANO gate (open collector) 
Quad 2 input NOR buffer 
Single 8 input NANO gate 
Quad 2 input NANO buffer 
Quad 2 input NANO buffer (open co l
lector) 
Dual 4 input NANO buffer 

DESCRIPTIO N 

ITT7400, ITT7410, ITT7420, ITT7430, IT T7440 
are standard totem pole output gate devices. 
ITT7401 (A) ,ITT7 403(A),ITT7405(A), ITT7412(A), 
ITT7438are open co llector output devices featuring: 

Wired or capability 
Output rating 5.5V · Suffix "A" denotes 15V 

ITT7406, 7416 , 7407, 7417 are high voltage open 
collector dev ices featuring : 

Output rating 30V (54n406, 54n407), 
15v (54n41s, 54n411J 

Sink current 40 mA (7406, 07, 16, 17), 
30 mA (5406, 07, 16, 17) 

ITT7426 is an open collector device featur ing: 

Wired or capability 
Output rat ing 15V } Suitable as MOS interface 
Low lcEX device 

ITT7400 through ITT7440 

ITT7437, 7438, 7440 is a NANO buff er feat ur ing a 
FAN OUT OF 30 . 

ITT7402 is a NOR gate with standard totem pole 
outpu t. 

ITT74'28 is a NOR buffer featuring : FAN OUT OF 30 . 

The circuit s of all th ese devices are the same as th ose 
shown in the general informa t ion sect ion, except 
some have a d iffe rent number of inputs . 

TYP ICAL CHARACTERISTICS 
Power 

dissipation 
Propa• per package 
gation (50% duty 
delay cycle) 

Device type ns mW 

Quad 2 inpu t 7400 9 40 
NA NO 

Triple 3 input 7410 9 30 
NANO 

Dual 4 input 7420 9 20 
NANO 

Single 8 inpu t 7430 9 10 
NANO 

Open collector 
2 input NANO 740 1 ,01A 22 40 

7403,03A 22 40 
74 12,12A 22 40 

Quad 2 input 7426 22 40 
interface NANO 

Hex inverter 7404 9 60 

7405(A) 24 60 
Open collector 7406,16 15 105 
Hex inverter 7407, 17 14 145 

Dual 4 input 7440 9 53 
NANO buffer 

Quad 2 input 7437 10 107 
NANO buffer 

Quad 2 input 7438 12 93 
NANO buffer 
(Open Collector) 

Quad 2 input 7402 9 55 
NOR gate 

Quad 2 input 7428 9 100 
NOR buffe r 
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ITT7400 through ITT7440 

Input loading fac tor ........... 1 unit load 

Fan out (for tot em pole outputs) : 
Standard gates . 1 to 10 unit loads 
Buffer gates . . 1 to 30 unit loads 

7406, 07. 16, 17 . 40 mA Sink Current 
7406, 07, 16, 17 30 mA Sink Current 

Output voltage rati ng for 
open collector outputs . 

Except those with suffix A 
and 7426. 7416. 7417 

Except 7406. 7407. . . 

7402, 7428 

74fY7, 7417 

D.C. CHARACTERISTICS 

. 5.5V 

15.0V 
30.0V 

7404, 7405, 7405A, 
7406 , 7416 

7430 

Informati on on the absolute max imum ratings and 
the other D.C. characteristics of these devices (which 

PARAM ETER LIMI T 

Min. Typ. Max . 

1CCL 
ITT7400 , 01, 01A. 03. 
03A, 26 12 22 
7407, 17 2 1 30 
7410, 12. 12A 9 16.5 
7406. 16 24 38 
7420 6 11 
7430 3 5.5 
7404,05.0SA 18 33 
7440 17 27 
7402 14 27 
7428 35 56 
7437.3 8 34 54 

Pin configuration 
!top view) 

7400, 7403,7403A, 
7426 , 7437 , 7438 

7410, 7412 , 7412A 

7401 , 7401A 

7420,7440 

are common to ot her integrated ci rcuits in this series) 
is stated in the general information section . 

CONDITIONS 

Unit Vee 

mA Max . V1N on all inputs =5.0V 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
mA 
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ITT7400 through ITT7440 

PARAMETER LIMIT CONDITIONS 

Min . Typ . Max . Un i t Vee 

IccH 
7400. 01, 0 1A, 03, 
03A 4 8 mA Max . V1N on all inputs =0 V 

7406 , 16 30 42 mA 

7407, 17 29 41 mA 

74 10, 12, 12A 3 6 mA 

20 2 4 mA 

30 1 2 mA 

26,40 4 8 mA 

04,05 , 0SA 6 12 mA 

02 8 16 mA 

28 12 24 mA 

37 9 15.5 mA 

38 5 8.5 mA 

Exceptions to common characterist ics: 

PARAM ETER LIMIT CONDITIONS 

Min. Typ . Max . Un it Vee 

·Isc 7428 40 125 mA Max. ·vouT =ov 

·Isc 7440 18 70 mA Max . · vouT =V 1N=OV 

· Isc 5440 ,54/7 437 20 70 mA Max . *V ouT=V IN =OV 

VoH(M) 7426 15 V Min. V1L =0 .8V, loH =1mA 

ICEX 7426 50 µA Min . Vil =0 .8V, Vour12V 

Vol 7406 / 16 0.7V. Min. v I=2 .ov. IOL =40mA 

Vol 5406 / 16 0.7V Min. v I=2.ov. IOl =30mA 

Vol 7407/17 0 .7V Min. v I=o.8v . lo l =40mA 

Vol 5407 / 17 0.7V Min . v I=o.8v , IOl =30mA 

Vol 54/7407/17 0 .4V M in . v I=o .8v. IOL =16mA 

IOH 54/7406 250µA Min . V1=0 .8V, v 0 w3ov 

IOH 54/7416 250µA Mi n. v 1=o .8v. VoH =15V 

IOH 54/7407 250µA Min. v 1=2 .ov. v 0 w3ov 

IOH 54/74 17 250µA Min . V 1=2.0V, v 0 w15v 

•Only one output to be short -circui ted at any tim e. 

SWITCHING CHARACTERISTICS 

Switching test circuits as shown in the general infor 
mation section. 

Note 
Other inputs of the gate under test taken to 2.4 V, 
except 7402, other input of the gate under test taken 
to ground. For 7428 the pulse input is taken to a 
7400 series gate with the other inputs at 2.4 V and 

wh ose output is connected to one input of th e gate 
under test (other inputs of gate unde r test taken to 
ground). 

Characteri sti cs of pu lse from generator at a device 
input : 

1- 11 

tr = 10 ns, tf = 4 ns, lp = 500 ns, P.R.F. = 1 MHz. 
Z0 = 50 .Q, Ampl i tude = 3.5 V, except for 7428 
wh ere tr= tf ( 15 ns. 
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ITT7400 through ITT7440 

PARAM ETER LIMIT CONDIT IONS 

Min. Typ. Max. Unit 

tpd+ 

7400, 10,20,30 10 22 ns See test circu its in introdu ct ion, 
CL =15 pF, AL =400 f2 

7401,01 A,03 ,03A,12,1 2A 35 45 ns RL=4KD,CL=15pF 
7426 16 24 ns AL =1 K D, CL =15 pF 
7404 1U 22 ns AL =400 H, CL =15 pF 
7405,05A 40 55 ns RL =400 D. CL =15 pF 
7406,16 10 15 ns AL =110 D, CL =15 pF 
7407,1 7 6 10 ns AL =110 D, CL =15 pF 
7440 10 22 ns AL =133 D, CL= 15 pF 
7402 10 22 ns RL =400 D, CL =15 pF 
7428 10 15 ns AL =133 D , CL =15 pF 
7437 13 22 ns RL =133 D, CL =45 pF 
7438 14 22 ns AL =133 n,cL =45 pF 

tpc1. See test ci rcuit: 
7400,1 0,20,30 8 15 ns AL =400 D, CL =15 pF 
7426 11 17 ns RL =1 K D,CL =15 pF 
7406,1 6 15 23 ns AL =110 D, CL =15 pF 
7407,17 20 30 ns AL =110 D, CL =15 pF 
7401,0 1A,03 ,03A,12,12 A 8 15 ns RL =400 D. CL =15 pF 
7404,05,05A 8 15 ns AL =400 D, CL =15 pF 
7440 8 15 ns AL =133 D, CL =15 pF 
7402 8 15 ns AL =400 D. CL =15 pF 
7428 8 15 ns A L =133 D, CL =15 pF 
7437 8 15 ns RL =133 D, CL =45 pF 
7438 11 18 ns RL =133 D. CL =45 pF 

TYPICAL CHARACTERISTICS OF ST AND ARD NANO GA TES 

2 

.. 
~o 
> 

2 

11,r.. ~ 
~ ~ 

I 
I 
I 

I 
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Typical and 95% Limit Input Characteristics 
(at 5 V and o0 c to 1s0 c1 
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Typical and 95% Limi1 Output Characteristics 
(at 5 V and o0 c to 75°C) 

4 
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APPLICATION NOTES 

Wired-Or Function 

The purpose of the 5.5 V open collector devices is 
prim arily to perform the 'wired-OR' function which 
can not be implemented by the standard active pu ll 
up output circuit. The open collector devices require 
an external resistor between output and ·Vcc - The 
choice of resistor value is a compromise between fan 
out requirements, the number of commoned outputs, 
power dissipation and speed. Limiting values of Rx 
are given by the following inequalities. 

Vcc(max .) - VoL(max.) 
Rx ) 

(10 - N) IF 

Vcc(mi n .) - VoH(min .) 
Rx { 

M.ICEX + N .IR 

Where M=Number of outputs commoned togeth er in 
the 'Wired-OR' function; N• Fan out required. 

ITT7400 through ITT7440 

High Voltage Output 

A typ ical use of the h igh vol tage open collector 
device : 

Miniature relay dr ives - A protection diode is 
required to prevent turn off tran sients damaging 
the output trans istor (as shown). 

PROTECTION DIO DE 

OUTPUT I.C. RELAY 

Output Interfacing 

When interfacing between TTL logic and lamps, re
lays etc. a discrete driving transistor is normally used. 
It there are several such interface transistors being 
driven from one multiple gate TTL devi ce a problem 
is encountered in determining the value of base 
resistor to be used, to ensure maximum base drive 
without risk of over dissipat ing the ICC, when all out· 
put s are high . The ci rcu it shown be low is suitable for 
use with the ITT devices and gives minimum base 
current of 10 mA . 

,- -- -ll- - - -- l 
I I 
I •oo I 

ov1,v: 

10,.,A 

Standard 74 Series Gate 

Th e inclu sion of the 470 pF capacitor will give a 
considerable impro vement in speed of this circu it. If 
the trans istor used is a 2N2369A propagation delay 
tim es from the gate input s 10 output of 10ns can be 
achieved. 
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ITT7413 

DUAL 4-INPUT POSITIVE NANO SCHMITT TRIGGER 

• Temperatu re compensated thresholds 
• Hysterisis 0.8 V 

• Fan out=1 0, low state 
• Fan out-20 , high state 

• Operates from signal with slow rise and fall times 
• Pulse shaper 

TYPICAL CHARACTERISTICS 

Propagation delay . . . . . 17 ns 
Power dissipat ion (50% duty cycle) 85 mW 
Input load ing factor . . . . . . 1 unit load 
Fan out . . . . . . 1 to 10 unit loads. low state 

1 to 20 un i t loads. high state 
Positive threshold 
Negative thresho ld . 

D.C. CHARACTERISTICS 

PARAMET ER 

VT+ positive edge thresho ld voltage 

VT- negative edge threshold 

VH hysteresis 

- l1N+ input current at VT+ 

-l1N- input cur rent at V T-

1ccH 

ICCL 

Min. 

1.5 

0.4 

. 1.7 V 
0.9V 

Typ.at 
25°c 

1.7 

0.9 

0.8 

0.65 

0.85 

20 

14 

Informat ion on the absolute maximum ratings and 
the other D.C. characteristics of this device (which 

Pin configuration 
(top view) 

Circuit diagram of one gate 

Resistance values in ohms 

LIMI T 

Max. Units Vee 

V 5.0V 
1.1 V 5.0V 

V 5.0V 

mA 5.0V 

mA 5.0V 

36 mA Max. 

28 mA Max. 

ITT7413 

CONDITIONS 

VoL(0.4V 

VoH)2.4V 

V1N=VT+ 

V1N=VT. 

V1N on all input s 5.0V 

V1N on all inpu ts OV 

are common to othe r integrated circu i ts in this series) 
is stated in the general information section. 

SWITCHING CHARACTERISTICS Vcc=5.0 V, TA Ms= 25°C 

PARAMETER LIMIT CONDITIONS 

Min . Typ. Max. Unit 

tpd+ 18 35 ns See test circuit 
tpd. 15 30 ns See test circu it 
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Switching test circuit 

,.v 

f'UlS E 
C.VHAATOk. 

CL Includes probe !\Od jig c.1p;icitJ.nce: 

W:a:vt!forn,s Pulse Characteristics 
tr= 10 ns 
Ip= 4 ns 
f0 = 500 ns 

1-1v/-------~ 
P.R.F. = 1 MH z 
Z0 =50Q 
Amplitude - 3.5 V 

I I 
I I 
I I 

I I 
- -- -- +- ou rP11T 

I I I I 
, ,,, · _J L..._ I ' •• . 

--, I - --1 t+- • 

APPLICATION NOTES 

Pulse Shaper 

Any input signal with slowly changing vo l tages will 
be unamb iguously shaped by the ITT7413due to its 
schmitt input . 

Multivibrator 

The circu it shown will have operated as a self starting 
multivibrator having frequency range of 1 Hz to 10 
MHz. Typica l values of Care 2,000 µF for 1 Hz and 
200 pF for 10 MHz . Mark space rat io 1 :3 . 

JJOfl 

ITT7413 

An alternative circuit is also illustrated which avoids 
the use of such large and expensive capacitors to 
achieve low frequencies. It also has the advantage of 
easy adjustment. Typ ical values of C for 1 Hz with 
transistor current gain of 200 is 40 µF. 

ec,osc 

C 

25 K 
1 K 

F.0. 1!'\1 0-------

Supply Switch on Reset Driver 

It is often required that I .C. logic systems should be 
reset to a known state on switch on of supply volt 
age. This function is automatica lly provided by the 
circuit shown. The output pulse is given approx i
mately by the relation 

t=0.4 C ( 4R X 103~ 
R + 4 x 10 3) 

This time constant should be designed to be longer 
than the start up time of the V cc power supp ly. 
The d iode is provided to ensure fast d ischarge of C. 

Vee 

1N414B R 
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ITT744 1A 
BCD T O DECIMAL DECODER/ DRIVER 

• For driving gas-filled co ld cathode indicato r tubes 

TYPIC AL CHA RACTERI STI CS 

Power d issipation . 
Input loading factor 
Output load . . 
Output vol tage 

. 140 mW 
1 unit load 

.~7mA 
85 V 

Pin configuration (top view) 

D C B A 

0 0 0 0 

0 0 0 1 

0 0 0 

0 0 1 

0 0 0 

0 0 1 

0 1 1 0 

0 1 1 1 

0 0 0 

Truth Table 

O/P 

0 

1 

2 

3 

4 

5 

6 

7 

8 

OUTPUT 0 

OUTPUT 1 

OUTPUT 5 

OUTPUT~ 

GND 

OUTPUT 6 

OUTPUT 7 

OVER RANGE 

0 1 0 2&8 

0 1 1 3&9 

0 0 4&8 

0 1 5&9 

0 6&9 

7&9 

Logic diagram 

9 

DESCRIPTIO N 

The input circu i t ry of the ITT7 441A consists of 
eight inverters wh ich are used to produce t rue and 
complement logic level$ of the input signals which 
are sui tab le for internal use. T he decod ing from 
BCD is achieved by four AND gates and ten NOR 
gates. T he ou tput drivers are designed to dr ive gas
f il led indicato r tubes . The ci rcuitry of the output is 
such that when it is in the off state it can always 
withstand the unused cathode vo l tage and operate 
with minima l current (thus keeping backgrou nd glow 
to a minimum). In addition due to special control of 
the breakdow n of the output transistors. there is no 
tendency for the non conducting output tr ansistors 
to osci I late. 

0 0 9 Circuit diagram of typical input and output circuits 
Resistance values in ohms 

-- - ---- --< JINTERNAL A,B,Cor 0 

'----- ~---<.._ ___ ,._ __ -QGND 
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PARA
METER LIM IT 

CONDI
TIONS 

IM_i n_._I _~_~c_.a_t_M_a_x_. _U_n_its t-V_c~c~- -- - -

VoH (M) 70 85 V Max . loH=2 mA 

lcEX 50 µA Max. VcEx =55V 

Vol 2.4 V M in . IOL =7 mA 

tee 21 42 mA Max. 

Inform at io n on the absolute maxi mum ra-rings and 
the o ther DC characteristics o f t his dev ice (which 
are common to other integrated circu its in this 
series) is stated in the general informat ion section. 

N UMER ICA L IND ICATOR T UBE DRIVING 

Th e circuit il lustrates typical connection o f ITT-
744 lA to a numer ical ind icator tube . 

A 

B 

C 

D 

R and V are selected from tube manufacturers data. 
Th e ground connection must be of low imp edance. 

Th e ITT7441A ensu res that the prebias voltage does 
not fall below 70 volts. A numer ical indicator tube 
must be chosen such that the preb ias current does 
not exceed 2 mA at a prebias voltage of 70 volts . 
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ITT7441A 

APPLICATION NOTE 

Decoding 

It is not generally real ized that decoders designed as 
BCD to decim al decode rs can be used w it h non 
standard input and output con nect ions . Th is al lows 
the user greater flexibil i ty on board layout for BCD, 
and ability to decode other codes . 
Th e charts belo w show some possible inp ut and o ut
put connections for the following codes: 
BCD, Exc ess three Gray, Gray , Biquinary and 2421 . 
Also shown is the t ruth table for each code. Th e bo x 
represen ts the decoder w ith stand ard connections 
mar ked . To the left of the box are shown the vari
ations of input co nnect ions and to the right the vari 
at ions of outp ut connect ions . 

Input 

a b 

A A 

B C 

C B 

D D 

Input 

a b 

D D 

A B 

B A 

C C 

0 

1 

A 2 

iii 3 

B .§ t 4 
u "ti c 8 s 

c a-c s 
u 
1:11 7 

D 8 

9 

BCD 

Ou tput 

a b 

0 0 

1 

2 4 
3 5 

4 2 

5 3 

6 6 

7 7 

8 8 
9 0 

D C B A 

0 0 0 0 

0 0 0 1 

0 0 0 

0 0 1 1 

0 0 0 

0 0 1 

0 0 

0 1 1 1 

0 0 0 

0 0 

Excess Three Gray 

0 

A 2 
iii 3 

B .§ t 4 

~ 8 5 

C 8 C 6 
1:11 7 

D 8 

9 

Outpu t D C B A 

a b 

1 1 

8 8 
2 4 
7 5 
4 2 

5 7 
3 3 

6 6 
0 0 

9 9 

0 0 0 

0 0 
0 1 1 

0 0 1 

0 0 0 

0 0 

0 

1 1 

1 0 

0 0 

Dec 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Dec 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 



ITT7441A 

Gray 

Inpu t Output D C B A Dec 

a b a b 

0 7 7 0 0 0 0 0 

6 6 0 0 0 1 1 

A A A 2 4 0 0 0 1 2 

-; 3 5 0 0 0 3 

B c B 
E ,.. 

4 0 4 0 0 4 · - Qj u -0 
Qj 0 5 1 5 0 1 5 0 u 

c - a, 
B C Co 6 3 3 0 0 1 6 u 

Ill 7 2 2 0 0 0 7 

D D D 8 8 8 0 0 8 

9 9 9 0 9 

2421 

In put Output D C B A Dec 

a b a b 

0 6 6 0 0 0 0 0 

1 7 7 0 0 0 1 1 

A A A 2 4 2 0 0 0 2 

-; 3 5 3 0 0 1 1 3 

B C B E ,.. 4 2 4 0 0 0 4 
·- Qj u -0 

5 3 5 0 0 1 5 Qj 0 

c 0 u 
B C - Qj 6 0 0 0 0 6 Co u 7 1 1 0 7 Ill 

D D D 8 8 8 0 8 

9 9 9 9 

Biquinary 

Inpu t Output D C B A Dec 

a b a b 

0 0 0 0 0 0 0 0 

1 5 5 0 0 0 1 

D D A 2 1 2 0 0 0 2 

;;; 3 6 7 0 0 1 1 3 

A B B E ,.. 4 2 1 0 1 0 0 4 
· - Cj. u -0 
Qj 0 5 7 6 0 0 0 5 0 u 

B A C 
- a, 

6 3 3 0 0 1 6 Co u 
7 8 8 0 1 0 7 Ill 

C C D 8 4 4 0 1 1 8 

9 9 9 1 1 0 0 9 
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e2421 Decoder 
eBiqui nary Decoder 

BCD TO DECIMAL DECODER -ITT7442 
EXCESS 3 TO DECIMAL DECODER- ITT7443 

EXCESS GRAY TO DECIMAL DECODER- ITT7444 

Logic Diagram 

e3 line to 8 line decoder with strobe 
eRecognition of invalid input codes 

Connect ions are shown for the ITT7 442. The matr ix 
con nections are different for the ITT7443 and the 
ITT7444 and they can be determined from the truth 
table. 

TYPICAL CHARACTERISTICS 

Propagation delay . 
Power dissipation . 
Input loading factor . 
Fan out .. 

25 ns 
. 140 mW 
1 unit load 

1 to 1 0 unit loads 

Pin configuration (top view) 

BA 

A 

D C 

0 c 

Truth Table 

Excess 3 Excess 3 
BCD lneut lneut Grar Input Decimal Output 

Dec. D C B A D C B A D C B A 0 2 3 4 5 6 7 8 9 
0 0 0 0 0 0 0 0 0 0 0 1 
1 0 0 0 0 1 0 0 0 1 0 0 
2 0 0 0 0 0 0 1 0 
3 0 0 1 0 0 0 0 1 0 
4 0 0 0 0 1 1 1 0 0 0 0 1 1 
5 0 0 1 0 0 0 0 0 1 0 1 
6 0 1 0 0 0 1 0 1 1 0 
7 0 1 0 1 0 0 
8 0 0 0 0 1 1 1 0 0 1 
9 0 0 0 0 0 0 0 

Over Range Conditions 

10 0 0 0 1 0 1 1 
11 0 0 1 0 0 1 
12 0 0 1 0 0 0 
13 0 1 0 0 0 0 0 0 0 0 
14 0 0 0 0 1 0 0 0 
15 0 0 0 0 0 

1-1 9 



ITT7442, ITT7443,ITT7444 

Circuit diagram of typical input and output circuits 
Resistance salues in ohms 

INTERNO.L 
A,B,C or D FROM 

INPUT 
INVERTERs 8::::::::::::::::;:_, 

GND 

INTERNAL A,B,Cor 5 

SWITCHING CHARACTERISTIC S Vcc=5 .0 V, TAMB= 25° C 

PARAMETER LIM IT 

Min. 
Typ .at 
25°c Max. Units 

cc 

G 

COND IT IONS 

tpd + through two log ic levels 

tpd + through three logic levels 

10 17 

26 
25 

35 

ns 

ns 

Use switch ing load ci rcuit 

tpd - through two logic levels 

tpd - through three logic levels 

10 22 

26 
30 

35 

ns 

ns 

Use swi t ch ing load circuit 

Informat ion on the absolute maxim um ratings and 
the othe r D .C. characterist ics of these devices (wh ich 

are common to other integ rated circu i ts in this series) 
is stated in the general info rmation section. 

Switching load circuit 
OUTl'UT 

OUTfUT 0 

TR..Ul H TA8LC 
GENEM~ 

OE'l'iCf UNDEI\ 

Tm 

Waveforms 

OUTP'Ul't l 
INPU~ - - ----¥~ -----

INPUTO . C., D \ I ------,j 
. 1 ~v \ j- __ _L _ _ 

-, ~-· ~ 
"N'I' OUT!UT 

ANt OUTPUT 

I 

I 
-l 

1·5 V 

1- 20 

tNme 

Truth Table 

Generator Characterist ics 
t r =10ns 
tf = 4 ns 
R.F. = 1 MHz 
Amp litude= 3.5 V 
Z0 = 50 .Q 
Transi ti ons on B . C . & D 
must occu r befo re trans
ition on A. 



ITT7445 
ITT74145 

BCD TO DECIMAL DECODER/DRIVER 

eso mA Output Sink -Curren t 
e lTT7445 30 Volt Output 
e lTT74145 15 Volt Outpu t 
• Recognition of Invalid Codes 
• Decoder Excess Three Gray, Gray, Biquinary and 
•other Codes 

TYPICAL CHARACTERISTICS 

Propagat ion de lay . . 
Powe r d issipation .. 
Input loading fact o r . 
Output voltage rati ng 

ITT7445 
ITT7 4145 

Pin Configurat ion 

OU TPUT 3 4 

OU TPUT 4 5 

OUT PUT 5 

OUTP UT 6 

GN D 

Logic diagram 

'i A 

. . . 35 ns 

. 215 mW 
1 un it load 

Yee 

IN PUT A 

INPU T B 

INPUT C 

INPUTD 

OUTPUT9 

OUTPUTS 

OUTPUT7 

30V 
15 V 

~- - -, ,----- ---, 

A 

0 C 
c 

DESCRIPTION 

These decode rs consist of e igh t inverters and ten out 
put gates. Each pai r o f inverters are co nnect ed in 
series to p rovide t rue and complement signals of t he 
fou r inputs . The ten output gates are of special desig n 
to enab le them to have t he hig h volta ge rat ing and 
high curre nt capab i lity. These ou tput gates each 
have four inp uts whi ch are used to p rovi de full de
cod ing so tha t invali d input states give no outp ut . 

Truth Table 

INPUTS OU TPUT S 

D C B A 0 2 3 4 5 6 7 8 9 

0 0 0 0 0 1 

0 0 0 1 0 1 1 

0 0 0 0 1 

0 0 0 1 

0 0 0 0 1 1 

0 0 1 0 1 1 

0 0 0 1 

0 1 1 1 0 1 1 

0 0 0 0 1 

0 0 0 

OVE R RAN GE COND IT IONS 

0 0 

0 1 1 

0 0 

0 1 

0 

Circuit diagram of typical input and output circuits 

Resistance values in oh ms 

)K 
INTERNAl 

A, 8, CorD 

tNt ERNA.L 

'- ---1 1-- --0 -:.. i . c ., o 

~- - --< >-- -- - - - --<>- - ----<>GNO 
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ITT7445 
ITT74145 

:->ARAM
FTER L IM IT 

Typ.at 

CONDI
TIO NS 

M in. 25°C Max . Uni ts Vee 
lccH supply 
current fo r 
highest dissi-
pation state 
74 series 43 
54 series 43 

ICCL supply 
current for 
lowest di ssi
pation state 
74 series 
54 series 

31 
3 1 

70 
62 

53 
45 

mA Max. Any val id 
mA Max . input code 

mA Max . Any invalid 
mA Max. input code 

OUTPUT ~ ---- +----- - --0 Vee 

IK no 

Informat ion on the absolute maximum rati ngs and 
the ot her D.C. character istics of this device (w hich 
are common to othe r integrated circu it s in this 
series) is stated in the general informat ion section . 

SWITCHING CHARACTERISTICS Vcc=S .0 V, T AMB=25°C 

PARAMETER 

tpct+ propagat ion delay to logical '1' 

tpct• propagation delay to logical ·o· 

Switching load circui t 

Truth Table 

Min . 

tr = 1 0 ns 
Generator Characteristics 

2 0 = 50 n 

Typ .at 
25°c 

If = 4 ns 
R.F . = 1 MHz 
Amplitude - 3 .5 V 

Transition on B. C or D must 
occur before trans ition on A . 

LIM IT 

Max. 

50 
50 

ANY OUTPUT 

CONDITION S 

Units 

ns 

ns 

Use sw itching load ci rcu it 

Use sw itching load circu i t 

Waveforms 

I 
-I 

I 

HY 

~ 
I 

APPLICAT ION NOTE 
Decoding 

It is not generally realised that decoders designed as 
BCD to dec imal decoders can be used with non 
standard inpu t and output connecti ons. This allows 
the user greater fle xibil i ty on board layo ut for BCD. 
and abi l ity to decode other codes. 
The fo ll owin g charts show some possib le input and 

1- 22 

output connect ions fo r the following codes: BCD, 
Excess Three Gray. Gray, Biqu inary and 242 1. A lso 
shown is the truth table fo r each code. Th e box 
represents the decoder w ith standard conn ect io ns 
marked. To the left of the box are shown the vari
ations of input connections and to the right t he vari
at ions of output connect ions. 



ITT7445 
ITT74145 

BCD 2421 

Input Output D C B A Dec Input Output D C B A Dec 

a b a b a b a b 

0 0 0 0 0 0 0 0 0 6 6 0 0 0 0 0 

A A A 1 0 0 0 1 1 1 7 7 0 0 0 1 1 
A A A 

2 2 4 0 0 0 2 2 4 2 0 0 0 2 
.; 3 3 5 0 0 1 3 .; 3 5 3 0 0 1 1 3 

B C B E ._ Ei E B E ._ 
·- Q) -~ ~ (J -c 4 4 2 0 0 0 4 4 2 4 0 0 0 4 
Q) 0 0 0 e. &l 5 5 3 0 0 1 5 c B -- &l 5 3 5 0 0 1 5 

C B C cc C cc 
(.) 6 6 6 0 0 6 (.) 6 0 0 0 0 6 Ill Ill 

7 7 7 0 1 1 1 7 7 1 1 0 1 7 
D D D D D D 

8 8 8 0 0 0 8 8 8 8 0 8 

9 9 9 0 0 9 9 9 9 1 1 9 

Excess Three Gray Biquinary 

Input Output D C B A Dec In put Output D C B A Dec 

a b a b a b a b 

0 1 1 0 0 0 0 0 0 0 0 0 0 0 

1 8 8 0 0 1 5 5 0 0 0 1 
D D A 

D D A 2 2 4 0 1 2 2 2 0 0 1 0 2 
.; 3 7 5 0 0 1 3 .; 3 6 7 0 0 1 1 3 

B E t A B B E :;; 
A B ·u -a 4 4 2 0 0 0 4 ·- -c 4 2 1 0 1 0 0 4 

Q) 0 ~ 0 
C &l 5 5 7 0 0 5 C &l 5 7 6 0 0 0 5 
oC B A C oC 

B A C (.) 6 3 3 1 0 6 (.) 6 3 3 0 0 6 
Ill Ill 

7 6 6 1 7 7 8 8 0 0 7 

c c C C D 
D 8 0 0 1 0 8 8 4 4 0 1 1 8 

9 9 9 0 0 9 9 9 9 0 0 9 

Gray 

Input Output D C B A Dec 

a b a b 

0 7 7 0 0 0 0 0 

6 6 0 0 0 

A A A 2 4 0 0 0 1 2 
.; 3 5 0 0 0 3 E ._ 

B c B -~ ~ 4 0 4 0 0 4 
C 8 5 1 5 0 1 5 -- Q) 

c Cc 
B C (.) 6 3 3 0 1 0 1 6 Ill 

7 2 2 0 1 0 0 7 

D D D 8 8 8 0 0 8 

9 9 9 0 9 

1-23 



DUAL 2 WIDE 2-INPUT AND/OR INVERT GATES - ITT7450,51 
SINGLE 4 WIDE 2-INPUT AND/OR INVERT GATES --- ITT7453, -54 
THE MIC7450 AND THE MIC7453 ARE EXPANDABLE 

TYPICAL CHARACTERISTICS 

Propagation delay . . 
Power dissipation 

(50% duty cycle) . 
Input I oad i ng factor 
Fan-out . . . . . 

... .... 9 ns 
29 mW (7450 , 7451) 
23 mW (7453, 7454) 

. . . . 1 un it load 
. . 1 to 10 unit loads 

Pin configuration hop views) 

ITT7450 

ITT7453 

Make no external 
connection to 
pins 11 and 12 

ITT7451 

ITT7454 

If expander is not 
used leave pins 
11 and 12 open 

Circuit diagram of one gate (ITT7450 and ITT7 451) 

Resistance values in ohms 

A 

B 

C o+--+-1>---" 

0 o+--i-t--- ~ 

1K 

120 

z 

Xe X=A.B. C.O. 
......_._..,_..._ __ _ ___. _ _ ---+ of ITT7 46O 

Z=(A.B) + ( C.O) + ( X) 

The ITT7451 and ITT745 4 do not 

have the expanding inputs XE and Xe 

Circuit diagram of ITT7453 and ITT7454 

Go+-+-11-+-l--f--.>---' 
Hlo-l--l--,l-+-l- -1- ~-J 

Z=(A.8) +(C.0) + ( E.F)+ (G.H) + ( X) 

where X: A.B.C.D. of ITT746O 

PARAMETE R LIMIT CONDI TI ONS 

lccH 
ITT7450, ITT7451 
ITT7453, IT T7454 

iccL 

Min. 
Type at 
25°c 

7.4 
5. 1 

4.0 

Information on the absolute maximum ratings and 
the other D.C. characteristics of these devices (which 

Max. Un i ts Vee 

14 mA Max . V1N on all inpu ts 
9.5 mA Max. 5.0 V 

8 .0 mA Max. V1N on all inpu ts 0V 

are common to other integrated circuits in this series) 
is stated in the general information section. 
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ITT7450, ITT7451 
ITT7453, ITT7454 

D.C. CHARACTERISTICS OF ITT7450/3 EXPANDER INPUTS AT 0°C 

PARAMETER LIM IT CONDI T IONS 

Min . Type Max. Unit Vee 

Ix expander current 3.1 mA Min . VcE =0.4V, lol =16mA (Note 1) 

VsE base emitter voltage 
of output trans istor 1.0 V Min . lol =16mA, RcE=0, IE =260µA (Note 1) 

VoH output high voltag e 2.4 3.3 V Min. loH =-400µA,IE - 270µA, l c-270µA (Note 1) 

Vol output low voltage 0.22 0.4 V M in. IOl =10mA, IE=430µA,RcE =130 (Note 1) 

D.C. CHARACTER ISTICS OF ITT5450/3 EXPANDER INPUTS AT -55°C 

PARAMETER LIMIT COND IT IONS 

Min. Type Max. Unit Vee 

Ix expander current 2.9 mA Min. VcE=0.4V,IOl =16mA (Note 1) 

VsE base emitter vo ltage 
of output transistor 1.0 V M in. lol =16mA,RcE=0,IE=410µA (Note 1) 

VoH output high voltage 2.4 3.3 V M in. low - 400µA,IE=150µA, lc= - 150µA (Note 1) 

Vol output low voltage 0 .22 0.4 V Min . lo l =16mA,IE =300µA,RcE=138 (Note 1) 

Note 1 

VcE, IE , le and RcE refer to voltage, current and resistance on XE and Xe terminals. 

SWITCHING CHARACTERISTICS Vcc=S.0 V, 

TAMB=25°C 

PARA
METER LIM IT 

Min. Type Max. Units 

CONDI
T IONS 

10 

8 

22 ns 

15 ns 

See test circuits 

See test circu i ts 

Switching test c ircu it for ITT7453/4 

PUL\£ 

G(N£1V,JOR 

- ------+sv 

IN◄ 1 1,8 

1- 25 

Switc hing test circuit fo r ITTI450/1 

ts V ~---- -

Pulse Characteristics 
tf = 10 ns 
tr = 4 ns 
tc = 500 ns 
P.R.F. = 1 MHz 
Z 0 50il 
Ampl itude = 3.5 V 

IN◄I.S 

Waveforms 

- ~-~ -------~ 
J I 
I I 
J I 

I I J 
uv -t - -- -- +-ou; f'UT 

11 I ! 
~~ -1~t 



ITT7450, ITT7451 
ITT7453, ITT7454 

USE OF EXPANDER 

The expander points are provided so that the input 
of the ITT7450 or the ITT7453 can be increased by 
a maximum of four 4-input NAND gates. Both Xe 
and XE expander points must be used to connect to 
the Xe and XE outputs of the ITT7460 expander. 

USE AS AN EXCLUSIVE OR GATE 

The connections as an exclusive OR gate are shown 
below with inputs A and 8. 

A A B O/P 

B 0 0 0 
0 /P 

A 1 0 

0 1 
B 0 

The inverse of exclusive OR function can also be 
obtained 

A 

s 

B 

A 

0/P 

A 

0 

1 

0 

B O/P 

0 1 

0 0 

0 

1- 26 

ITTT450 and ITT7451 USED AS A COMPA RATOR 

Two binary numbers ABeD and WXYZ. 

A ,-... 
w 1-----

ii 
w 

x 
;; __ .,......_ 
X 1-------' 

C - -.,......_ 
y 1-----

C- -.,......_ 
y 1-------' 

0 --~ ,__ __ ___, 

z- --, ., 

When ABeD = WXYZ O/P = 0 
when ABCD} or ( WXYZ O/P = 1 

0/P 

ITT7453 and ITT7454 USED AS A COMPARATOR 

Two binary numbers ABCD and WYXZ. 

A 
w 
ii 
w 

0 - ,... ..... 
z---,___, 

When ABeD · WXYZ O/P = 0 
when ABCD) or ( WXYZ O/P = 1 

O.P 



TYPICAL CHARACTERISTICS 

Propagation delay . 
Power dissipation (50% duty cycle) 
Input loading factor . 

. 13 ns 
8mW 

1 unit load 

ITT7460 

DUAL 4 INPUT EXPANDER 

The ITT7460 exp ander is intended for use with the 
ITT7450 or 53 AND-OR-INVERT gates. Not more 
than four exp ander gates ( two packages) should be 
connected to any AND -OR -INVERT gate. The Xe 
and Xe outputs of the expander shou ld be connected 
respectively to Xe and XF expander inputs of the 
AND -OR-INVERT gates. Inter-connect ing leads 
should be kept as short as possib le. 

Circuit diagram of one expander 

Resistance values in ohms 
~- -- ----aVcc 

I Pin configuration 1 

Ao--
Bo---;
co---+-+-• 
Do---+-+-+... 

PARAMETER 

4K 

VoN on state voltage 

IOFF off -state output current - 7460 

5460 

ION on-state output current - 7460 

- IF input forward current 

IR input reverse current 

INPUT EXPANDER 

PARAMETER 

5460 

lccH supp ly current for highest 
dissipation (off state) 

ICCL supp ly current for lowest 
dissipation (on state) 

Xc=A.B.C.D 

Xe = A.B.C.D 

LIMIT 

Type at I 
Min . 25°C Max. Units Vee --- ---- ----

0 .4 V Min . 

270 µA Min . 

150 µA Ma 

- 300 µA Max. 

-430 µA 

1.0 1.6 mA Max. 

-40 µA Max. 

1.0 mA Max. 

LIMIT 

Min. Type Max . Units Vee 
2 4 mA Max. 

1.2 2 .5 mA Max. 

CONDITIONS 

VE =1V. V 1H=2 .0V. Rctvcc = l .1 K. 
TAMs=Min. 

Vc=v .5V, V1L =0.8V 

RE/GND =1.2K. T AMB=M in. 

v Iw2.ov. VE=1.ov 

TAMs=Min. 

VF =0.4V 

VR =2.4V 

VR =5 .5V 

CONDITIONS 

V1N on all inputs OV, VE=0.85V 

V1N on all inputs 5.0V, Ve=-.85V 

Information on the absolute maximum ratings and the other D.C . characterist ics of this dev ice (which are 
common to other integrated circuits in this series) is stated in the general information sect ion. 
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ITT7460 

PARAMETER 

tpd+propagation delay to logical '1' 

(through ITT7450 or ITT7 453) 

tpd • propagation delay to logical 'O' 

(through ITT7450 or ITT74 53) 

Switching test circuit 

N.ILS£ 

<ilNE.V.T01. 

INPUT DIVICE UHDfll THT 

Min. 

LIMIT 

Type Max. 

15 30 

10 20 

¼ 1,ic1udts prob• 
and Jlo cap1cft1nc, . 

Unit s 

ns 

ns 

CONDIT IONS 

See test circuits 

See test circuit 

Pulse Characterist ics 
tf = 10 ns 
tr = 4 ns 
tp = 500 ns 
P.R.F. = 1 MHz 
Z 0 = 50 Q 
Amplitude = 3.5 V 

~ 
I I 

Waveforms I I 
I I 

I 11 
1.IVi - ----;- O,UTPUT 

i I I I 

~ I- --, ~· 
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TYPICAL CHARACTERISTICS 

Max imum clock f requency. 
Propagation delay . 
Power dissipat ion . . . . . 
Input loading factor 

Clock and any J or K input 
Preset and clear. . 

Fan out .. 
Clock pulse transition 

t ime to logical '1 · 
Clock pulse width tcp 
Preset and clear pu lse w.id th tp 

Pin configuration 

ITT7470 

POSITIVE EDGE TRIGGERED J-K FLIP-FLOPS 

35 MHz 
22 ns 

. 75mW 

1 unit load 
2 unit loads 

1 to 10 unit loads 

5 ns to 150 ns 
20 ns 
25 ns 

Truth Table 

SY NCHR ONOU S ASYNCHRONOUS 

tn tn+ 1 Preset Clear Q Q 
J K Q Q 0 0 0 0 

0 0 No change 1 0 0 1 

0 0 0 0 
0 0 No control 

Complement 

Logic diagram 

Cl OCK 

DESCRIPTION 

This device features twin J and K inputs, single J and 
R inputs. asynchronous preset and clear inputs and 
positive edge tr iggered clock input. At the threshold 
voltage, on the pos it ive transi t ion of the clock, input 
information is transferred to the outpu ts . Above or 
below the threst)old the J and K inputs are disabled. 
The asynch ronous inputs w ill operate t he device only 
w ith clock low. The truth table shows t he modes of 
operat ion. 

Circuit diagram (Resistance values in ohms) 

Kl;o--------' 

Kl · ~::C...---'--....1 

Q Q 

C1.0CK 
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ITT7470 

PARAMETER LI M IT COND IT IONS 

Typ . at 
Min. 25°c 

- 1 F inpu t forward curr ent. 
All J & K inp uts and clock 1.0 
Preset and clear 2.0 

IR input reverse current. 
A ll J & K inp ut s and clock 
Preset and clear 

IR All inputs 

-ls c short circuit 
output curren t 
74 series 18 
54 series (No te 2) 20 

Ice suppl y cur rent 13 

Not e 1 
Test with all inpu ts at 4.5 V except J and K which 
are at OV. When testing J and K inputs all other in 
puts, to the approp riate input AN D gate must be at 
logical '1'. 

Test circuit 1 

NL Si: 
GEN(U ,10"-

Pulse Characteristics 
tr = 10ns 
tf = 4 ns 
tcp = 20 ns 
R.F. = 1 MHz 
Amplitude = 3.5 V 

Max . Units Vee 

1.6 mA Max . VF=0.4V 
3.2 mA Max. Note 1 

40 µA Max . VR =2.4V 
80 µA Max . All other inputs at OV except 

J and K which are at 4. 5 V 

mA Max. VR =5 .5V 
A ll other inputs at OV except 
J and K which are at 4.5V 

57 mA Max . Vou T =OV 
57 mA Max. Preset and clear=OV 

26 mA Max . 

Note 2 
Not more than one outpu t to be shor ted at any time. 

Waveforms 

lo , K 

Qor Q 

QorO 

Test circuit 2 

1-30 

fll.l U.1 
,,,vr 

~ -Do-= :G-1 

••<..,.,u,~,.,,,., 
51o"n u ln,C"~• • I 

"""' '~ n.., 

(M.llhiU 



SWITCHIN~ CHARACTERISTICS V cc=S.OV , TA Me=25°C 

PARAMET ER 

Min. 

fmax maximum input cloc k frequency 20 

tsp min imum input set up time at J and K 

th m inimum input hold t ime at J1, J2, 
K1, K2 

~d+ propagation delay t ime to logical ·1 · 
ear or preset to output 

Clock to output 10 

tpd· propagat ion de lay ti me to log ical 'O' 
Clear or preset to output 
Clock to outpu t 10 

Waveforms 

CLEAR 

INPUT~ f 
1-5 v;\~. - -~ ~ ~ ~ --- - - - - -- - -

I- <, (CLEAR)--1 

I 
I 

PRESET I 

INPUT I 
I 
I 
I 
~ tp4 - I---

Q oureur I I 
I I 
I 1 SV 

I 
I 
I 

- ,-J c,.>lt I+--
I I 

1· S V 
QOUTPUl' 

1 SV \ •S V 

I 
_, __ 

t,.- tp( .,.,_Eur>--,{ 

I 
I+- ,.,+ -i 
I I 
I 1-SV 
I 

I 
-I l p,,1- f--

I 
I 1 S V 

I 

LIMIT 

Typ. Max . 

35 

10 20 

0 5 

50 
27 50 

50 
18 50 
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ITT7470 

CONDIT IONS 

Unit I MHz Use test circuit 1. J and R at OV 
J1, K1. J2 and K2 at 2.4 V 

ns Use test circuit 1. J or Kat OV 
J l , J 2, K 1 and K2 at 2.4 V 

ns Use test circu it 1. J and Kat OV 
K1 and K2 or Jl and J2 at 2.4 V 

Clock at 0.8 V. J and Kat OV 
ns J and K at 2.4 V . Use test ci rc•uit 2. 
ns Use test ci rcu i t 1. J and K at OV, 

J and K as t rut h table 

Clock at 0 .8 V . J and Kat OV. 
ns J and K at 2.4 V. Use test circu it 2. 
ns Use test circuit 1. J and Kat OV, 

J and K as truth table 



SINGLE J-K MASTER SLAV E FLIP-FLOP - ITT7472 
DUAL J-K MASTER SLAVE FLI P-FLOP - ITT7473, ITT7476, ITT74107 

TYPICAL CHARACTERISTICS AND RECOM
MENDED OPERATING CONDITIONS 

Maximum clo ck frequency 
Propagation delay 
Power dissipat ion: 

Single type . 
Dual type . 

Input loading factor: 
J and K inputs . . 
Direct and clock inputs . 

Fan-out .. .. . ... . . 
Clock pulse w id th tcp . . . 
Preset and clear pulse width tp 
Input set up t ime tsp 
Input hold tim e th . 

20MHz 
20 ns 

50m W 
100mW 

1 unit load 
2 unit loads 

1 to 1 O uni t loads 
20 ns 
25 ns 
. tcp 

. 0 ns 

J 

0 

1 

0 

Truth Table 

SYNCHRONOUS ASYNCHRONOUS 

In tn+l Preset Clear Q Q 

K Q a 0 0 1 1 

0 No change 1 0 0 1 

0 1 0 0 0 

0 No control 

Complement 

Logic diagram 

CLOCK 

--------------- -- Pin configurations -----------------

ITTT 472 

CLOCK1 5 

(CLEAR l) C.,1 6 

Circuit diagram-1 Flip-Flop 
(Resistance values in ohms) 

CLEAR. 

ITTT47 3 ITTT476 
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DESCRIPTION 

These devices cons ist of gated Master and slave bis
tables . The ITT7 472 with preset, clear and t riple J 
and K inputs. The ITT74 73 and ITT7 4107 with 
clear and single J and K inputs. The ITD476 with 
preset, clear and single J and K inputs. The direct in 
puts will operate the device irrespective of the state 
of clock J or K inputs. The clock input operates as 
follows, on a positive going transition first the slave 
bista ble is isolated from the master, then information 
is transferred from the J and K inputs to the master 
bistable. On a negative go ing t ransition f i rst the J and 
K inputs are d isabled then the informatio n is trans-

ITT7472, ITT7473 
ITT7476, ITT74107 

ferred to the slave bistab le. Operation wi II be accord
ing to the truth table if J and K information is 
present before and during the period t hat the clock 
is high. Because of the inte rnal feedback fro m the Q 
and 6 outputs to the J and K input AND gates one 
or other of the gates will have a logica l ·o· on one 
internal input. The externa l inputs canno t affect that 
gate. The other input AND gate will have a lo gical 
'1 ' on its inte rnal input, if one of t he externa l in puts 
goes to a logical '1 · at any time wh ile the clock is 
high the master bistable will change state and the Q 
and Q outputs will follo w on the negat ive trans it ion 
of the clock. 

PARAME T ER LIMIT CONDIT IONS 

Note 1 

-IF input forward current 

Al l J and K inputs 

Preset, clea r and clock 

ICC supply current 

Single type 

All dual types 

Type at 
M in. 25°c 

1.0 

2.0 

10 

20 

Test with all othe r inputs at 4 .5 V. Use preset o r 
clear to set device to approp riate logic state. Clock to 
be tested for both log ic states. When testing J or K 
inputs all other inputs including inte rnal inputs to 
the appropriate input AND gate must be at logical · 1 '. 

Max . Units Vee 

1.6 mA Max . VF=0.4V 

3.2 rnA Max. (Note 1) 

20 mA Max . 

40 mA 

Info rmation on the absolute maximum ratings and 
the other D.C. characte rist ics of th is dev ice (which 
are common to other integrated ci rcuits in this ser ies) 
is stated in the general information section. 

SWITCHING CHARA CTERI STI CS Vc c =5.0V, T AMs =25°C 

PARAMETER LIMIT COND ITIONS 

Min. Type Max . Units 

fmax maximum input clock frequency 15 20 MHz Use test circuit 1 

tpct+ propagat ion de lay ti me to logica l · 1 ' 

Clear or preset to output 16 25 ns Use test circuit 2 

Clock to output 10 16 25 ns Use test circuit 1 

tpct· propagat ion delay time to logical ·o· 
Clear or preset to output 25 40 ns Use test circuit 2 

Clock to output 10 25 40 ns Use test circu it 1 

1- 3 3 
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ITT7472, ITT7473 
ITT7476 , ITT74107 

"'"' GEN(M TO" 

IN,UT 

Test Circuit 1 

OUTNJTS 

CL includes probe and jig capacitance 

Pulse Characterist ics 
tr = 10 ns 
tf = 4 ns 
tcp = 20 ns 
R.F. = 1 MHz 
Amplitud e = 3.5 V 

Test circuit 2) 

Waveforms 

-~-~~_i_; ___ ;f' ~I 1-5 V ... i'""",. ___ ___,.,~I I 

OUTPUT Qo rQ I ,,,- ~I 1-5 V , .. ;!\ 
I 

I~'•'+ / 
OUTPUT Q or Q I ~ 1-5 V 

------1~, 
I 

~-+-+-- ..-..-----<> •: sv 

f UUflNl'" .J T 

CL includc.s probe ;rn d jig capacitance 

Pulse Ch:iric teriniC$ 
S:irne :1.s TcSl Circuit 1. except t , 

1--!c,.u,, 

25 ns. 

Waveforms 
ClEAR 

INPUT
1
~~ ---~t ~V -

;-,-1p (ClEAA:J-+j ., 
I 

PRESET -'- ' -- --- ------, L 
IN PUT t.~\ _____ ...,1:~-&~ 

-'p d - 1---
Q OUTPUT ----.---------- 'pd+ _ ., 

--; ' pd• 

I 

Q OUTPUT 
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ITT7474 

POSITIVE EDGE TRIGGERED DUA L D-TYPE FLIP FLOP 

TYPICAL CHARACTERISTICS AND OPERATING 
CONDITIONS 

Maximum clock frequency 
Propagation delay .. 
Power d issipation . . 
Input loading factor : 

Preset or data 
Clear or clock .. 

Fan out . .. 
Clock pulse width tcp 

25 MHz 
17 ns 

85mW 

Preset or clear pulse width tp 

1 unit load 
2 unit loads 

1 to 10 unit loads 
30 ns min . 

.. 30 ns min. 

Pin configuration 
(top view) 

SYNCHRONOUS 

Truth Tab le 

ASYNCHRONOUS 

D Input 

0 

Q Q 

0 1 

0 

PresetClear Q Q 

0 

1 

0 

0 

0 0 

0 

No Control 

Logic diagram 

D CLEAR C LOCK PRESET 

Circuit diagram of one flip-f lop 

Resistance values in ohms 

0 Ct tAR CLOCK PRUEl 

DESCRIPTION 

The ITT7474 is an edge triggered D type flip-flop in 
which the transf er of the D input data takes place 
dur ing the positive transition of the clock input. 
When the clock input is above or below the transfer 
threshold the 'D' input is inh ibited. The transfer 
threshold is not directly related to the transit ion 
time of the positive going edge. Preset and clear in
puts operate irrespective of the logic state of the 
clock or D input . 

PARAMETER LIM IT CONDITIONS 

- IF Preset or D input 

Clear or clock 

IR D input 

1cc 

Preset or clock 

A l l inputs 

Clear 

M in. 
Typ. at 

25°C 

1.0 

2.0 

17 

Information on the abso lute max imum ratings and 
the other D.C. characteristics of this device (wh ich 

Max. Unit Vee 

1.6 mA Max . VF=0.4V 

3.2 mA Max . VF=0.4V 

40 µA Max . VR=2 .4V 

80 µA Max. VR=2.4V 

1 mA Max . VR•5.5V 

120 µA Max . VR=2.4V 

30 mA Max. All inputs high 

are common to other integrated circuits in th is series) 
is stated in the general information section. 
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ITT7474 

SWITCHING CHARACTERISTICS Vcc =5.0V, T AMs =25°C 

PA RAMETER 

fmax max im um input clock fr equency 

tsp mini mum input set up ti me 

th minimum input ho ld time 

tpd+ clear or preset to output 

tpd+ cloc k to output 

tpd . clear or preset to output 

tpd- cloc k to out put 

,utH 
(;~N(IV,1011. ----{] 

Test Circuit 1 

O!JT l'UTS 

Min. 

15 

10 

10 

Pulse Characteristics 

t r = 10 ns 

CL lndudes probe in d Jig a padun(ri 

If = 4 ns 
lcp = 30 ns 
Ip (D input) = 60 ns 
R.F. clock = 1 MHz 
R.F O input = ½ R.F clock 
Amp litu de= 3.5 V 

DINMJT 
tPVLSE 8) 

QorQ 

Waveforms 

··~ 

,, v 

,, I 
MV 

,___,,._._¼ HY 
11 '-----

______ ._ .. _-......,;f MV 
QorQ 

Pulso A to T Ht t 1, Pulse 8 to Tt.l t th 

LI MIT 

Typ . Max . 

25 

15 20 
2 5 

25 
14 25 

40 
20 40 

CLEAR INPUT 

Pl,ll$£ 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

Test Circuit 2 

OUTPUTS 

«"N[ftATOR o.avo-- --ac, 

PR[S.CT 
INJ'Ul 

CON DIT IONS 

Use test cir cuit 1 
Use test cir cuit 1 

Use test cir cuit 1 

Use test circuit 2 
Use test circu it 1 

Use test cir cuit 2 
Use test cir cuit 1 

Pulse Characteristics 

tr = 4 ns 
tf = 10 ns 

Amplitude = 3.5V 

tp = 25 ns 
R.F = 1 MHz 

Cl.EA.I!, INPVf 

PRESET INPUT 

Waveforms 

15 V 

~---- J~-------- -- -
1----- tp[tlur} -------i 
I 
I 

~ 11140,.ucf--.., 

I 

I 
I 

,:-+1 ,., _ ~ _., f----
OUTPUTO I I 

i \ sv : ,.,/~<sv 
I ~ ----+-1-~ 
I I 
~ lr47" ,.._ --.,f 11'4 • ~ 

_o_ur_PU_T_Q_.!_~y~:-v---~-~\ __ •_• ___ _ 
I -
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TYPICAL CHARACTERISTICS 

Propagation delay . 
Power d issipation . 
Input loading factor 

D input 
Cloc k input. 

Fan-out .... 

Pin configuration 

D1 

D2 

CLOCK 3 .. 4 

D3 

CLOCK 

4 

PARAME TER 

tccH supply cu rrent 
highest d issipation state 

lceL supp ly current 
lowest d issipation state 
64/7475 

5475 

M in. 

.. 12 ns 
160mW 

2 uni t loads 
4 unit loads 

1 to 10 unit loads 

Q 1 

Q2 

Q2 

CLOCK 1- 2 

GNO 

QJ 

QJ 

DESCRIPT ION 

ITT7475 

4-BIT BISTABLE LATCH 

Logic diagram 

0. Q DATA 

These latches consist of two cross coupled AND
OR-INVERT gates and one data inve rter. When the 
clock input goes to a logica l 'O' state the Q output 
remains in its last logic state. When the clock goes to 
a logical ·1 · state the O output follows the logic state 
of the D input. 

Circuit diagram (Resistance values in ohms) 

Q 

LIM IT 

Typ. at 
25°C Max. 

34 

28 53 

28 46 

Q 

Units 

mA 

mA 

mA 

DATA 

CONDIT IONS 

Vee 

Max. Clock at logical 'O' , Data at logical 1 · 

Max. Clock and data inputs at log ical ·o' 

Informat ion on the absolute maximum rat ings and 
the ot her D.e. character ist ics of th is device (which 

are common to othe r integrated circuits in this series) 
is stated in the general information section. 
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ITT7475 

SWITCHING CHARACTERISTI CS Vcc=5 .0V, TAMe=25°C 

PARAMETER 

tsp+ min imum logica l ' 1' set up time 'D' input 

tsp+ min imum logical ·o· set up t ime 'D' input 

th+ maximum logical · 1' hold time at 'D' input 

th. maximu m logical '0' hold time at 'D' input 

tpd+ propagation delay time to logical '1 ' 

D too 

D to Cl 
Clock to Q or 6 
tpd+ propa gation de lay time to logica l ·o· 
D to a 
D to Q 

Clock to a or 6 

..... , 
GIENERATOII 

""'" 

PIii.SE 
0(N£RATOR 

<= 

OU1PLJT 0 

Switching test circuit 

Waveforms 

I 

~I 

Min . 

0 

0 

U~\I 

OUTPUT 0 ~ ;jL t 
The pulse generators have the following characteristics 

Amplitud e= 3.5 V R.F data =½ clock R.F 
tr = 10 ns tp 1 = 1 µs 
tf = 4 ns tp2 = 500 ns 
R.F clock = 1 MHz 

Phase relat ion between clock and data signals can be 
varied to test tsp and th. 

LIMI T CONDITI ONS 

Typ . Max. Unit 

7 20 ns Use test ci rcuit 

14 20 ns Use test circuit 

- 15 ns Use test ci rcuit 

- 6 ns Use test circui t 

16 30 ns Use test circ uit 

24 40 ns Clock at logica l 1. 

16 30 ns Use test circ uit 

14 25 ns Use test circuit 

7 15 ns Clock at logica l · 1' 

7 15 ns Use test circuit 

APPLI CATION NOTES 

1. Short Term Memory 
In counting app lications it is usual to di splay the 
final count for a period of time , while the count er is 
counting new information . This requ ireme nt is read• 
ily fulfilled by using the ITT7 445 between the 
counte r and t he display unit, as shown. 

RESET 

INPUT 

CLOCK 

NEW COUNT 

2. Gating 
The transfer of signals through a 2 input NA NO gate 
is prevented by applying a logica l '0' to th e contro l 
input. This causes the output always to be high when 
the gate is closed. I t is sometimes required that the 
output remains in the logic state that is present the 
instant the in hib it signal is applied. This f unction is 
readily achieved by utiliz ing the ITT7475. 
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GATED FULL ADDERS 

The ITT54/7480J is a single-bit, high-speed , bina ry full a__gder with gated 
comple mentary inputs, complemen tary sum (1 and 1) outputs and 
inverted car ry output, designed for medium- and high-speed, multiple
bit, par rallel-add/seria l-carry appl ications . The circui t (see schematic 
diagram) uses diode-transistor logic (DTL) for the gated inputs, and 
high-speed, high- fan-out transistor-transistor logic (TTL) for the sum 
and car ry outputs. The circuit is entirely compat ible with both DTL and 
TTL logic fami lies. A single -inversio n, high-speed, Darlington-connected 
serial-ca rry circuit is added to minimize the amount of " look-ahead" and 
carry cascadi ng circuitry required. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Supply Voltage Vee (See Note 4) . ... 
Input Voltage, V1, (See Notes 4 and 5) 
Opera ting Case Temperature Range: 

UNITS 

. . ... 7 Volts 
. ... 5.5 Volts 

ITT5480J Circuits ............... .... - 55 to 125 °C 
Operating Free-Air Temperature Range: 

ITT5480J, ITT5480J Circuits . . . . . . . . . . . - 55 to 125 °C 
ITT7480J Circuits . . . . . . . . . . . . __ ...... O to 70 °C 

Storage Tempe rature Range . . . . . . . . . . . . . . - 65 to 150 °C 

RECOMMENDED OPERATING CONDITIONS 

Suppl y Voltage Vee: ITT5480J Ci rcuits 
ITT7480J Circu its 

Fan-Out : C,+i. N ..... . .... .... . .. . . 
I or Y, N .. ............. . . 
A* or B*, N 

5 Volts ± 10% 
5 Volts ± 10% 

1 to 5 
1 to 10 
1 to 3 

NOTES: 1. A=A"A c, B=B"B c where A• =A , A,, B' =B , B,. 
2. When A· or B • are used as inputs, A, and A, or B, and B, respective ly 

must be connected to GND. 
3. When A , and A, or B, and B, are used as inputs, A· or B • respectively 

must be open or used to per form Dot-OR logic. 
4. The voltages are with respect to ground terminal. 
5. Input signals must be zero or positive wit h respect to network ground 

terminal. 

ITT7480 

DIME NSIO N5 

TRUTH TABLE 
(See Notes 1, 2, and 3) 

c. B A Cfl+I y :I 

0 0 0 , , 0 

0 0 , , 0 1 

0 , 0 , 0 , 
0 1 1 0 1 0 , 0 0 , 0 , 
1 0 1 0 1 0 

1 1 0 0 1 0 

1 , 1 0 0 1 



ITT7480 

ELECTRICAL CHARACTERISTIC S (over operating temperature range unless otherwise noted) 

SYMBOL PARAMETER TEST MIN TYPf FIGURE 

Vi r.t1) Logical 1 Input vo ltage 1 and 2 2 

V la(OJ Log ical O Input voltage 1 and 2 

Vw111 Log ical 1 output voltage 2 2.4 3.5 

V.,.t,1 Logical O outpu t voltage 1 0.22 

lr ... ,01 
Log ical O level Input 
current at A ,, A,, B,, 
8,, A, or B, 

3 

, .... , Log ical O level input current 
at A· or 8' 4 

l1"roi Logical O level Input curronl 
ate , 4 

, .... , Log ical 1 level input current 
at A , A1, B1, 81, A:. or Be 5 

l1.nu1 
Logical 1 leve l Input current 
ate , 6 

lo, 
Short-circuit output 
current at X or X§ 7 

-20 

-18 

lo, Short -circuit ou tpu t 
current at c,.,§ 7 

-20 

- 18 

lee Supply current 8 
21 

21 

t For ccndiHon 1 1hown as MIN or MAX, use the approp ria te value 1peclfl ed under recommended 
o~raling condlllons for tho appllcablo devic e lypo. 

; All typical values nre at Vcc•5V, T,._ ... 2s0 c. 
§ Not more lh1n one output should bo shorted at a ll ma. 

SWITCHING CHARACTERISTICS , Vcc =5 V, T.=25°C 

MAX UNITS 

V 

0.8 V 

V 

0.4 V 

-1.6 mA 

-2.6 mA 

-8 mA 

15 µA 

1 mA 

200 µA 
1 mA 

-57 mA 

-57 mA 

-70 mA 

-7 0 mA 

31 mA 

35 mA 

PARAMETERI FROM TO FIGURE9 MIN TYP MAX UNITS 
INPUT OUTPUT TEST NO. 

t,..,, 
~ 

1 13 17 .ns 

t,..,o 
c, 

2 8 12 ns 

t,.,, 
~ 

3 18 25 ns 

t,..,o 
Be 

4 38 55 ns 

t,.,, 5 52 70 ns 
Ac X 

6 62 80 t,., ns 

t,.,, - 7 38 55 ns 

t,..,o 
Be X 

8 56 75 ns 

t,..,, 9 48 65 ns 
A, A • 

t,., 10 17 25 ns 

t,.,, 11 48 65 ns 
B, a· 

t,..,o 12 17 25 ns 

~ i,... is propaga tion delay lime to loolcal 1 level. '-'• la propaga tion delay time lo logica l O level. 

1- 40 

TEST CONDIT IONSt 

Vec= MIN 
-

Vcc=MIN 

Vec=MIN 

Vcc =M IN 

Vcc=MAX, V,,= 0.4 V 

Vcc=MA X, V,, .. 0.4 V 

Vec= MAX, V,,,. 0.4 V 

Vec=MAX, V ,= 2.4 V 

Vcc=MAX, V,,"'5.5 V 

Vcc=MA X, V,, .. 2.4 V 

Vcc=MA X, V,,a 5,5 V 

Vcc=MAX 
ITT5480J 

ITT7480J 

ITT5480J 
Vcc=MA X 

ITT7480J 

Vec= MAX 
ITT5480J 

tTT7480J 

TEST CONDITIONS 

C, =15 pF, R,=7800 

C, =15 pF, R, =7800 

C, = 15 pF, R, =780 O 

C,= 15 pF, R, =78 0 0 

C, = 15 pF, R, =400 fl 

C, -=15 pF, R, =4000 

C, = 15 pF, R, =400 n 

C, = 15 pF, Ai. =400 0 

C, =15pF 

C, .. 15 pF 

C, = 15pF 

C, = 15 pF 



ITT7480 

TYPIC AL APPLICATIONS 

n-bit binary adder or subtractor (see figu res A and B) 

The ITT7480J is designed specifically for N-bit adder or sub
tractor operations without externa l gates or inverters. In both 
appl ications, the sum or difference functions are generated in 
para llel wh ile the carry functions are obtained ser ially . When 
the number of stages is small, the add or subtract time deter
mines the maximum system clock rate. However, as the number 
of bits increases, the time required for the carry function to 
ripple through each bit becomes the limiting factor. Normally 
the ripple time of adders built with standard integrated circuits 
is excessive, and the resulting system speed is so slow that 
other more complex methods are required to perform these 
functions. 

In the ITT7480J, two methods are used to reduce the carry delay. 
The carry circuit emp loys a high-speed Darlington output, and 
the logic gating has only one inversion between the C, input and 
the C,., output. This log ic configuration results in an inverted 
carry output , and consequently · an inverted carry input to the 
succeeding stage. To counteract this inverted input without 
sac ri fic ing propagat ion time through the carry , gates are provided 
within t~e circuit to invert the A and B inputs and the resulti ng 

I-- - ---------- -
1 
I 

•' 
C 

i:: 
Cn+I 

8 " 

NC 

NC 

sum or difference output. This interconnect ion method is illus
trated by bit 2 and bit 4 of the adder (Figure A). The inverted 
carry output is a true carry from bit 2 and bit 4, enab ling the use 
of non inverted A and B Inputs for the odd-numbered bits. 

When performing subtraction (Figure B) the C, input to bit 1 is 
connected to a logical 1 and input bits and input contro l func 
tions for lhe subtrahend (memory or register B) are effect ively 
inverted. 

The input control is used to disable the A and B inputs when 
memory or register information is being shifted. A log ical 0 
applied to this line will bring each sum or difference output to a 
log ical O condition and maintain this level regardless of the state 
of the input information into each bit . For the adder (Figure A), 
input control is app lied to A, and B, of odd-numbered bits and 
lo Ac and Be of even numbere d bits. For the subtrac ter (Figure 
A), input control is applie d to A, and Be of the odd-numbered bits 
and to Ac and B, of the even-numbered bits. These alternating 
patterns are necessary to comp lement the varying input se
quence which they control. 

C OUTPUT 

7480 Cn 

C 
Ac ., 
•2 TO N 

e, STAGE 

8 2 
Be 

NOTE: Functions noted as NC are open. 
FIGURE A - N-BIT BINARY ADDER 

i-- - -- - - ----- -

: BIT I 

I __ --------

,----
' I 
I 

Vee ----
c. 

7480 .. 
NC AC 

C ., 
•2 f: 
a, 
82 
Be 

C OUTPUT 

c. 
7480 .. 

NC "c C ., 
•2 
a, c,,•1 
82 
Be 

~----------------
NOTE: Functions noted 3$ NC are opon. FIGURE B - N-BIT BINARY SUBTRACTOR 
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7460 • 
Cn A 

•c ., 
•2 
a, 
8 2 

NC Be 

C NC 

i: TO N 

Cn+I (i'2i➔ STAGES 

a• NC 



ITT7480 
TYPICAL APPLICATIONS 

n-bit binary adde r with registe r selection (see figure C) 

This applicat ion fully utilizes the flexibility of the input gating 
availab le with the ITT7480J. Two "A" registers and two "B" 
registers dr ive a single adder for each bit required. Register 
selection is perform ed internally for registe rs A, and 8,, and 
externally by a type ITT7405J TTL gate f<lr registers A, and B,. 
Dot-OR log ic is performed at the A• and a• nodes within the 
adder when the register selection is made. 

Operation is as follows: To add the contents of Register A, to 
Register B,. A, and B, control lines are brought to the logical 0 
state. In similar fashion, the contents of register A, are added to 
register B, by holding A, and B, control li nes at a logica l o. Four 
reg ister combinations may be used. Even-numbered input ibts 
from each register must be inverted since the A" and s· inputs 
are being used to perform Dot-OR logic. This is not a configura
tion restr ict ion for fli p-flop type registers and memories, but may 
require add itiona l logic elements if other storage configurations 
are used as inputs. 

Cn 7460 A• 

MEMORY OR 
REGISTER Az 

The input control function is available as in the previous appli 
cation and is implemented by bringing all four register contro l 
lines and the input contro l line to a logica l O level. This con
dit ion ensures a logical O at each :z output regard less of "A" and 
"B" register logic levels. 

Up to four "A" registers and four "B " registers may be imple
mented in a fashio n analogous to that shown in Figure C. Inputs 
from the register-contro l gates (ITT7405J) of the additional 
registers would be Dot-OR connected with A, and B, registers at 
the A· and B · inputs. 

To perform N-bit subtraction, the C, input at bit 1 is conne cted 
to a logical 1 and bit inputs from each reg ister or memory used 
as a subtrahend must consist of the comp lement of bit inputs 
shown for the adder addend. Input control remains the same. 

I: OUTPUT 

➔ 

.----------· 
i ~fg~T~J~ 
I AS REQUIRED 
·---------

➔ 

Cn 7480 A* Cn 
7460 A* 

Ac i: 
Al 

Cn 7460 A* 

Ac 
l:: NC Al 

NC Ac i:; 
Ac 

i: NC 
Al Al 

A2 i: A2 
B1 

Cn+1 
B2 

B1CONTROL Be s* 

81 
82 
Be 

C,,11 

NC 

INPUT 
CONTROL 

1--- - - -------

' I BITI 
I 

•-------------- -

A2 i: 
s, 
82 

Cnt1 

Be s" 

A2 I: 
B1 

Cntl (Q_f!_➔ 
82 NC) 

Be s* 

-► 
- > 

i- -- ---- --- - -
1 AOOITIONAL 
: 7405 GATES 
1 AS REQUIRED __ _ 

82CONTROL0- --4-f- ----- - ---< "-1-- ---- ---4-f-- ---- -----<H- - - - - -- - - - -

I 

MEMORY OR 
REGISTER 82 

'- - -- ---- --- -- -- - - - ----- ------- --- ------ ----- --- ---- --

NOTE: Functions noted es NC are open. 

FIGURE C - N-BIT ADDER WITH REGISTER SELECTION 
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ComPontnl Y"tlue.s shown are nominal. 
Resistor values are In ohms. 

Al 
A2 
A•-- ---~ 
Ac-- --- -~ 

B•--- -- -
Bc -- -----~ 

SCHEMATIC 

FUNCTIONAL BLOCK DIAGRAM 

Cn-- - --- - ---t----t -+---i-"\ 
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ITT748 0 

PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS 

TEST NO. 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2.4V INPUT 

c;;+1 OUTPUT 

A* ore•~ 
Vee 

PULSE 
GENERATOR 
(See Noto4) 

NOTES: 

INPUT, 
y 

SEE 
TEST 
TABLE 

1. Perform 1011 In ■cc.ordance with 1011 table . 
2. Each output Is tosled soparaloly . 

e" 
CL 15pF'' 

(See Note 6) .J 

3. Vollago va luoa aro wilh ro,pocI 10 nolwo,k GNO terminal . 
4 . Tho gonora tor ha.s the follow ing characteris tics: V9""c3 V, 11 ='c~ 15 ns, 

t11 =0.5 µ.s, PRR • 1 MHz, and Z.,, ,.. 50 9. 
5. Inputs and outputs not othorwl1e specified are open. 
6. <;_ includes probe and Jig capacllance. 
7. load chcull 2 simulates output load of 5. 
8. All diode, aro 1N3064. 

TEST TABLE (See Note 5) 

OUTPUT APPLY APPLY APPLY APPLY APPLY UNDER INPUTY INPUTY +2.4 VTO GNDTO OUTPUT LOADING TO TEST TO TO 

c:; None c. None B, ~ (N=S) 

~ None c. None B, c.., {N=S) 

C 11tl Be None c, A., B1 '0:7, (N = 5) ~. Be Non e C. A,, B, ~ (N=S) 

l: (N=10) 
:i: Ac None c. A1,B1 l: (N=10) 

(; -11tl (N=-5) 

:& (N = 10) 
l: Ac None c. A1, 81 l: (N-10) 

V a+ I (N=S) 

'!' Be None c. B, l: (N=10) 

:i: Be None C. B, l: {N = 10) 

A" None A, A, None A' (C,= 15 pF) 

A' Nono A, A, None A' (C, =15 pF) 

B' None B, B, None a· (C.=15 pF) 
B· None B, B, None B· (Ct=15pF) 

FIGURE 9 - SWITCHING TIMES 
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I_ __ LOAD CIRCUIT I ___ : 

1 
LOAO CIRCUIT 2 : 

L SAME AS LOAD CIRCUIT I _l 
1------------ I 
I LOAD CIRCUIT 3 1 

I SAME AS LOAD CIRCUIT I : 
EXCEPT RL, 780.J\. : 

1 (See Note 71 , 

'----------- ' 

' I I 

~ ti ~ ~ lg 
I I I 

to•,. 9()1)/o : 

SO°/.. : 1~,. ~ •P____.., --- --
I ,v 

INPU T 'v ISV 

' 
,,v 

OUTPUT 

I 
I _,., 
I 

'-4- 1&M:10 
I 

\: 
L 
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ITT7481, ITT7484 

16 BIT RANDOM ACCESS MEMORY WITH SERIAL READ AND WRITE 

ITT7481 DIRECT WRITE INPUT 

ITT7484 STROBED WR ITE INPUT 

TYP ICA L CHARACTERISTICS 

Power dissipat ion 
Read time 
Fan-in . 
Fan-out . 

... 275 mW 

..... 20 ns 
See D.C. tests 
See D.C. tests 

Logic diagram 

Pin configuratio ns (top view) 

ITT7481 

SENSE 

WRITE I SENSE WRITE 
I . I I 

X, 1 1 0 GND O 

X 3 X 1 X 1 Vee V 1 Y1 Y3 

ITT7484 

WRITE SENSE WRITE 
WR ITE I 

& 0 

WRITE 
1 
A 

I SENSE l 
1 I 
B 1 0 GND B A 

X 4 X 3 X 1 X 1 Yee Y, Yi Y, 

ITT7484 only 

Circuit diagram showi ng one memory element and sense/wri t e 'O' amplifier 

SENSE-0 LINE TOO OUTPUT OF _____ _ ..:.:....c.:...:..:.:.;...;;.. _ ___ ____ 1S FLIP-FLOPS 

- - -+---~--<l,__ ..... _---4,-- -----~+- - - -+---0 Y,;c 

Vlo WRITE AMPLIFIER 
(Wi AMPLIFIER IS .S.AME') 

),) SENSE .4.Mi'I.IFU:R. 
l'>: AM PI.IFH:R IS SAME} 

tThe ITT7 484 is the same as the ITT7481, but with 
the addition of strobed write inputs (as shown above) . 

TO WR ITE 1 
AND SENSE 1 
AMPLIFIERS 

TO OTHER 1S FLIP-FLOPS \1 OUTPUT) 

0-~--~, TO OTHER. 1 fl.lt' -f LOPS IN X1 AXIS 

~ --- - TO OTHE R 1 Fl lP,FLOPS IN Y1 AXIS 

MEMORY FLtP-H.OP 
tON E C F 16 SHOWN) N .B. RESISTOR VALUES IN O HMS 

Note: Sense outputs, So and S1, are open-collector 
outputs. 
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ITT7481 ITT7484 

DESCRIPTIO N 

The ITT748 1 and ITT7484 are 16-bit memory ci r
cu its organized in a 4x4 matrix. Each memo ry bit 
can be addressed direc tly by 4 'X' lines and 4 ·y· 
lines. Infor mati on is contained within each memo ry 
element by a bistab le trans istor circuit, with each 
transistor having three emitters to provi de the 
necessary gating. The information conta ined within 
each element iswritten in by addressing the particular 
bit at the address inputs with a logical 1. A 'Zero' is 
written in by applying a logica l 1 to the common 
write zero input and similarly, a 'one' is wr itten in 
by applying logical 1 to the common write ' 1 • input. 
The read-out is non-destruct ive. Information w ithin 

each element is read-out by addressing each b it using 
the appropriate addr ess inputs X 1 -4 and Y 1-4· T he 
read output signal is obtained at the output of the 
sense ampl if iers as a logica l ·o· on the sense 1 or 
sense O outputs depending upon whether there is a· 
logic '1' or ·o· sto red in the bit. 
The informat ion in the memory is destroyed when 
supply voltage is removed, i.e. it is vo latile. 
The store can be considered as 16 words of onl y one 
bit. A larger scratch pad memory can be const ructed 
by using many of these dev ices w ith the appropriate 
common address lines. Alternatively, the store can be 
used as a single 16-bit memo ry with serial wr i te-in 
and read-out. 

PARAMETER LIMIT CONDITIONS 

Typ.at 
Min. 25°c Max. Unit Vee 

V1H input vol tage at X or Yin- 2.1 V Min. lol =20mA *, l o l =40mAt, Vol 0.4V 
puts to ensure wr iting or sensing 

V1H input vo ltage at Wo or W1 2 V Min. IOl =20mA*, IOl =40mAt, Vol <0.4V 
to ensure writing 

Vtl input vo ltage at X or Yin- 0.8 V M in. IOl =20mA *. IOl =40mAt. Vo l< 0.4V 
puts to prevent writ ing 

Vil input voltage at X or Y in- V Min . - loH=250µA, VoH =5.5V 
puts to prevent sensing 

Vt l input voltage at Wo or W1 V Min. IOl =20mA•. lol =40mAt, Vol< 0.4V 
to prevent wri t ing 

VoH logical 1 output voltage 5.5 V Min . -1 Ow25oµA 
Vol log ical O output voltage 0.4 V Min. IOl =20mA•. IOl =40mAt 
- IF logica I O input curre nt at 1.6 mA Max. Vi l =0.4V 
Wo or W1 inpu ts 

PARAMETER LI M IT COND ITIONS 

Typ.at 
Min. 25°c Max. Unit Vee See T est Cir cuit 

- IF logical O input current at 1' 1 mA Max. V1l=0.4V 
all X and Y inputs 

IR logical 1 input current at 40 µA Max. V1H·2.4V 
Wo or W1 inp uts 1 mA Max. V1H•5.5V 
IR logical 1 input current at 40 0 µA Max. V1H•4.5V 
all X and Y inputs 3 mA Max. V1w5.5V 
1cc 

5481-84 55 78 mA Max. 
748 1-84 55 91 mA Max. 

* IT T54 81. ITT 5484 only. 
t lTT748 1, ITT7484 only. 

Information on the absolute maximum ratings of these devices is stated in the general information section. 
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ITT7481 ITT7484 

SWITCHING CHARACTERISTICS Vcc =5V, TAMs =25° C 

PARAME TER LIM IT CONDI T IONS 

M in . Max. Unit 

tpd- propagation delay from Address each memory b it 
address inputs 22 45 ns CL =15p F 
To sense outputs 27 55 ns CL =200pF 

tpd+ propagation delay from Address each memory bit 
address inputs 15 25 CL=15pF ns 
To sense outputs 20 35 ns CL =200pF 

tpd- propagat ion delay from CL =15pFY . locat ions on ly addressed. 
address inputs to sense outputs 20 30 Address X 1 to X4 ns 

twR write recovery time 30 60 ns Address each memory bit CL =15pF 

Test circuit 

SYNC 

),V s, our~vr 

r toAO - - - 7 
, c111.cun I I 

I 120:: : 

I 

,..,, ( ' ! 
I • I 
L------- -J 
' loAO ciRC:viT2- , 
~h n•• H lo.ad c,, c.a,,t 1J J 

NOTES : 

1. The pulse generators have the fo llowing charac
ter istics : VouT =3V . tr =tt= 10ns. tsetup=0 to 10ns. 
For the address pu lse generator, tp=100ns and 
P.R.F .=2MHz. For the Wo and W1 pulse genera
tors, tp=2 5ns and P.R.F .=1MHz. 

2. CL includes probe and j ig capacitance. 
3. For the ITT7484 , unused Wo and W1 inputs are 

3.5V. 

Waveforms 
f--- tp-----.j 

-t 1

1 

I+'' ·,,-.j I t-
ADDREss .,.,,.,.,.,.-== I 
PULSE A I I 90% 90% I 

~---,-------- YouT 

(See Note 1) I 1·5 v 1·5 V I 
10% =-l_J't' sct ~P. 10% ,._ ___ _, '-- - -- o v 

W
0 

W RITE p(w: it c~------- - --- ------ ------- VouT 
PULSE B 1·5 V I 90 ¼ 1·5 V 
(See No te 1) 10% I I I .10% 

~°L~'gTE ~ ,,~ .J..J ·:--"'w_:..;.r"'"""""------A------,-.-s-v _____________ ~:u, 
(See Note 1) I 

-------rl~---~ I ,_ ____ ov 
--------~ ' '" r------r- - ---- Vo" 

S
0

0U TPUTD ~----- --~- ':::'.~t4=-----Vo, 

S OU TPUT E ------ - - - -- - -- -- --~ Vo" 1 WRITE -RECOVERY TIME VOLTAGE WAVEFO RMS 1·5 V 

f---- tp ------j V 
-+I l j,+, 'r-o,j I I- ---- o, 

ADDRESS 
PULSE f 
(See No te 1) 

I ' ----,·-------- VouT I 90~0 90% I I 
10~~ 

1-SV 1·5V 1·5V 1·SV 
~tsci_up 10%,-,,.;;__ __ ....J I I ,.__ ____ ov 

WR ITE 
PULSE G 
(WoOR W ,) 
(See Note 2) 

OUTPUT H 
(S0 OR S1) 

.. p(wrotc) ~- --------7-------1----- - VouT 
1 ·5 V 0~ j I 1'5 V L... I 1 ,oo, I 10•· -+I ' •d- r -.. <od+ j 

~ !:.l~:..J.}~ , u ,----, I 
I 

o v 
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ITT7482 
TWO BIT BINARY FULL ADDER 

TYPICAL CHARACTER ISTICS 

Carry propagation de lay . .. 15 ns 
Power dissipat ion 175mW 
Inp ut load ing factor at 

A1 81 C1N inputs .. 4 uni t loads 
Input loading facto r at A2 82 input s 1 unit load 
Maximum fan out L1 q output 10 
Maximu m fan out CouT output 5 

Pin configurat ion 
(top view) 

GND 

Cour 

DESCRIPTIO N 

The ITT7482 is a 2-b i-t binary full adder inte nded 
for parallel addition ci rcuits. Sum outputs are pro-
vided for each bit and the carry output is obtained 
by routing the carry from the bit addition through 
to the second bit add ition . The sum output provides 
full fan -out of 10 fr om its totem po le output but the 
carry output is restr icted to maximum fan-out of'5. 

PARAMETER L IM IT CONDITIONS 

Min . Typ , Max. Units 

ICCH 
7482 
5482 

35 
35 

58 
50 

mA Vee maximum 
mA Vee maxim um 

Information on the absolute maximum ratings and 
the othe r D.C. character istics of th is device (which 
are common to other integrated circuits in this series) 
is stated in the general information sect ion. 
The max imum lim it of short circui t output current 
at CouT is - 70mA . 

Input 

A1 81 A2 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 

1 0 

0 

1 1 1 

0 0 0 

1 0 0 

0 0 

1 0 

0 0 

1 0 

0 

Logic Diagram 

A, 

B, 

1-48 

Truth Table 

Output 

When C1N=O When C1N=l 

A2 L 1 qCouTL l qCouT 

0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 1 0 

0 0 0 1 0 

0 0 0 0 

0 1 1 0 0 0 

0 0 0 1 1 0 1 

0 0 1 1 0 

1 0 0 0 

1 0 0 0 

0 0 0 

0 0 1 0 

1 0 0 

1 0 0 

0 

.. -, 



ITT7482 

SWITCHING CHARACTERISTICS Vcc=SV, T AMs=25°C 
PARAMET ER LIMITS COND IT IONS 

From To Typ. at Test 
input output Min. 25°c Max. Un its Vee No. 

tpc+ C1N L1 34 ns 5V . 1 

tpct. C1N 1:, 40 ns 5V * 2 

tpct+ C1N Lz 38 ns 5V * 3 

tpd - C1N i:2 42 ns 5V * 4 

tpct+ 82 L2 40 ns 5V . 5 

tpct. Bz Lz 35 ns 5V . 6 

tpct+ C1N couT 17 27 ns 5V * 7 

tpct. C1N CouT 12 19 ns 5V . 8 

*As test ci rcuit with CL =15 pF AL =400 Q 
l ·i V Vee s V OUTPUT 

Switching test load circuit ~ 
PULSE ;::T 

GENERATOR TABLE 
(s~e Note 1) ~ 

PUl SE 
GENERATOR 
OUTPUT 

OUTPUT 
WAVEF-ORHA 

OUTPUT 
WAVEFORM B 

Waveforms 

~tfl+-
r----------..·-1-1- -- - - - V111m 

2 V I 
1·5 V I 

1 V 
,.... ___ '• - - -~, •----V1n co) 

--+-1 lpd ·:'" ~ Yo H 

I I : 
I 

1 
1·S V : 1·5 V 

_J l pd- t...-------,,1
------·YoL 

~ 1Pd+ ~r----- -r---.: - ----VoH 
I I I 
I MV 1-SV 

I : v.,, 
____,., Cp d- :~ 

,----------- --- -, 
I R~ '400 0 I I I 
I I 

I C, 
I 
I 
I 
I !I 1S pF , .,. .,., 

L ___ LOA 0 Cllt.CUIT1 __ J 
IT<5Aoc,mr rT·- - - , 

SAM.f..AS .bQe-C?.£1,Rf:!.!T .!_ _ __J 

ILOAOCIRCVIT3 - - - 7 
SAME AS LOAD CIRCUIT 1 I 

NOT ES: E><CEPT R, · 780 ll L _______ _j 

1. The generator has the following characteristics: 
V in(1) 2'. 2.4V, Vin(0) ~ 0.4V, tr = 8 15 ns, 
tf = 3 to 5 ns, PRF = 1 MHz, tp = 200 ns, and 
Zout~50 n, 

2. Perform test in accordance wi th test table. 
3. Each output is tested separate ly. 
4. Vo ltage values are with respect to network 

ground terminal. 
5. CL includes probe and jig capacitance . 
All diodes are IN4148. 

Test Table 

Apply pu lse 
Test Parameter Generator Output under Apply App ly S1 S2 S3 
No . Output to Test (S4) 2.4 V to GND t o 

tpd+ C1N i:1 A1 Az,B1 ,Bz Closed Open Open 

2 tpct. (Waveform A) 

3 tpd+ i:2 
C1N A1A2 81 ,Bz Open Closed Closed 4 tpd- (Waveform A) 

5 tpct+ Lz 
Bz None A1 ,B1 .Az Open Closed Open 

6 tpct. (Waveform B) and C 

7 tpct+ CouT 
C 1N A1A2 B1 ,Bz Open Open Closed 

8 tpct. (Waveform B) 
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ITT748 3 
4-BIT BINARY FULL ADDE R 

TYPICAL CHARACTERISTI CS 

Carry propagation de lay . 
Power dissipation .. . .. 
Input loading factor (inputs A1, B1. 

A3,B3,C1N), . . ... . 
Input loading factor (inputs A2, 82, 

A4, B4l. . . . . - -
Maximum fan out L1 L2 L3 and 

L 4 
Max imum fan out CouT 

DESCRIPTION 

. . 29 ns 
390 mW 

4 un it loads 

. 1 unit load 

. 10 unit loads 

. 5 un it loads 

The ITT7483 is a 4 bit binary ful l adder suitable for 
paral lel add applicat ions. A lthough the circuit func
tions using a serial carry techn ique the overal l carry 
propagation delay is typically less than 30 ns. The 
sum and carry outputs are the standard totem po le 
output circu it but with a fan out of 5 on the carry 
and the ful l fan out of 10 on each sum output. 

Pin configuration (top view) 

1- 50 

Logic diagram 

" -, 

-INT ERNAL 
CARRYCx 

Covr 



ITT7483 

First Addition Truth Table 

Inputs Cin=0 Cin=1 The t ruth table con siders only half of the operat ion 
of thi s full adder - the sum of two bi ts wi th the 

A1 81 A2 B2 r, ~ Cx r1 ~ Cx carry input (A i. A2 with B1. 82) . Using the truth 
table the sum of th e fi rst tw o bits with the carry in-

I Second Addition put (C1N) can be determined giving the fi rst two bits 

Input s Cx =0 Cx=1 
of th e sum outp ut IL1 and ~ ) and an internal carry 
(Cx). This internal carry is added to the last two bits 

A3 83 A4 84 L3 L4CouTL3 L4Cou T 
of the binary inpu t signal (A3. A4 w ith B3. 84) to 
give the last tw o b i ts of the sum output (L3 and 

0 0 0 0 0 0 0 1 0 0 L4) and t he carry output (CouT) . By using the 

1 0 0 0 0 0 0 1 0 truth tab le again for t he second add ition the outputs 

0 1 0 0 1 0 0 0 1 0 
can be determ ined for any cond i tio n of the inp uts. 

1 1 0 0 0 0 1 0 PARAM- CONDI -
0 0 1 0 0 0 1 1 0 
1 0 1 0 0 0 0 1 

ETE R LIMI TS TIONS 

0 1 1 0 1 1 0 0 0 1 Typ.a t 
1 1 1 0 0 0 1 1 0 1 M in. 25°c Max . Units Vee 0 0 0 1 0 1 0 1 1 0 
1 0 0 1 1 1 0 0 0 ICCH 
0 1 0 1 1 0 0 0 7483 78 128 mA Max. V 1N=4.5V 
1 1 0 0 0 0 5483 78 110 mA Max. V1N=4.5V 
0 0 0 0 1 0 
1 0 1 0 0 
0 1 0 0 

In format ion on the absolute maximum ratings and 

0 
the other D.C. characteristics of this device (which 
are common to other integrated circuits in th is series) 
is stated in the general informa tion section. 
The maximum lim it of short circu it output current 
at Cou T is - 70 mA. 

SWITCHING CHARACTE RISTICS Vcc=SV, TA= 25° C 

PARAMETER LIMITS CONDITIONS 

From To Test 
inpu t output Min. Typ. Max. Unit No. 

tpd+ . C1N 1 34 ns ·cl =15 pF, RL =400 Q 1 

lpd. C1N 1 40 ns *CL =15 pF . RL =400 Q 2 

tpd+ C1N 2 38 ns *CL =15 p F, RL =400 Q 3 

lpd. C1N 2 42 ns •cl =15 p F , RL =400 Q 4 

l pd+ C1N 3 50 ns *CL =15 p F. RL =400 Q 5 

lpd. C1N 3 60 ns *CL =15 pF, RL =400 Q 6 

tpd+ C1N 4 55 ns *CL =15 pF. RL =400 S1 7 

tpd. C1N 4 55 ns · cl =15 pF . RL=400 Q 8 

tpd+ CIN CouT 35 48 ns *CL =15 pF, RL =780 Q 9 

tpd. C1N cou T 22 32 ns *CL =15 pF, RL =780 Q· 10 

lpd+ A2or B2 2 40 ns *CL =15 pF , RL =400 Q 11 .13 

tpd. A2orB2 2 35 ns *CL =15 pF, RL =400 Q 12. 14 

tpd+ A4or84 4 40 ns *CL =15 p F , RL =400 Q 15,17 

tpd- A4or84 4 35 ns *CL =15 pF, RL =400 Q 16 .18 

•see switch ing test circu it and test tab le. 
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ITT7483 

Notes: 

HY 

PULSE 
GENERATOR 
(See Note 1) 

Switching test circuit 

OUTPUT 

--------, 
Fl, .f.C>O!"! I 

I 

~--+-+---- .............. ._ ......... ~--~ l 

Waveforms 

I 
I 
I 

I-:- TI 

L __ lOAO ClRCUIT I - __ J 

iLOAOCIRCUIT, - 7 
SAME A S lOAO CIRCUIT \ 
£XC£Pi R, 780 !! I L ____ _ 

...Ji,t_ _:,,,-
' I,-- --- ----+ - --- -- Vinm 

PULSE _d¢2 V lV~ GENERATOR ~s y 1·5·v 1V 
OUTPUT 1V _ ----< p---- ------Vin(O) 

OUTPUT 
WAVEFORM A 

I -M lpd+f+:: -----,J-""' I I YoH 

l I 

OUTPUT 
WAVEFORM B 

I I 
-. I 
-:r 

I 
I I 

I 
-ti 

VoL 

1. Pulse generator output characterist ics: Vin( 1) ~ 

2.4 V, V;n(O) :S 0.4 V, tr = 8 to 15 ns, If = 3 to 
5 ns, P.R .F. = 1 MHz, tp = 200 ns, and Zout 
::!=50Q. 

3. Each output is tested separately. 
4. Voltage va lues are with respect to net work 

ground terminal. 
5. CL include s prob e and jig capacitance. 

2. Perform test in accordance with test tab le. 6. All di odes are IN4148. 
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ITT7483 

Test Table 

Apply 
pu lse 

Para- generator Output under Apply Apply Test 
meter output to test (S6l 2 .4V to GND to S1 S2 S3 S4 S5 No. 

I tpc:J+ L 1 B1. A2, 
C1N A1 and B2 Closed Open Open Open Open 

tpc:J. (Wavefo rm A) 2 

tpc:J+ L2 3 
C1N A 1 and A2 B,-and B2 Open Closed Open Open Open 

lpd- (Waveform A) 4 

tpc:J+ L3 A1 , A2, B1, Bz, 5 
C1N and A3 and B3 Open Open Closed Open Open 

tpc:J. (Waveform A) 6 

tpc:J+ L4 A1, A2, B1, Bz, 7 
C1N A3. and A4 83. and B4 Open Open Open Closed Open 

tpc:J. (Waveform A) 8 

tpc:J+ C4 A1,A2, B1. Bz, 9 
C1N A3, and A4 B3. and B4 Open Open Open Open Closed 

tpc:J. (Waveform Al 10 

tpc:J+ L2 A1, B1. B2, A1, B1. B2, 11 
A2 None and C1N Open Closed Open Open Open 

tpc:J. (Waveform A) 12 

tpc:J+ L2 A1, B1, 13 
82 None A2, and C1N Open Closed Open Open Open 

tpc:J. (Waveform Bl 14 

tpd+ L4 A3, B3, and 15 
A4 None B4 Open Open Open Closed Open 

tpc:J. (Waveform 8) 16 

lpd+ L4 A3, B3. and 17 
84 None A4 Open Open Open Closed Open 

tpc:J. (Waveform B) 18 

Input s not specified are open 
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ITT7486 
QUAD 2 INPUT EXCLUSIVE OR GATE 

TYPICAL CHARACTERISTIC S 

Propagation Delay . 
Power Dissipation 
Input Loading Factor 
Fan-out: 

Logica l ·o· 
Logica l ' 1' 

DESCRIPTION 

. .. 12 ns 

. 150 mW 
1 unit load 

1 to 10 un it loads 
1 to 20 uni t loads 

The 'Exclus ive OR' funct ion is correct ly represented 
in Boolean Expressions as Z = AB + AB but is often 
abbreviated to Z = A EB B. The operat ion is also rep
resented in the truth table shown above, a conven-

A 

B 

PARAME T ER 

lcCH supply current 
highest dissipation state 

74 series 

54 series 

ICCL supply current 
lowest dissipat ion state 

74 series 

54 ser ies 

Min. 
Typ.at 
2s0 c 

30 
30 

26 
26 

GND 

LIMIT 

Max. 

50 

43 

Pin Configuration 
Truth Table 

Inputs Output 

A B z 
0 0 0 

0 1 

0 1 

Top view 
0 

ient memory aid is to cons ider the device as a One 
Bit adder without carry. The fan-out of 20 prov ided 
in the logical '1' state is to fac il itate the connection 
of unused inputs to used inputs. 

Circuit diagram of one gate 

Resistance values in ohms 

Units 

mA 

mA 

mA 

mA 

Vee 

Max. 

Max. 

Max. 

Max. 

COND IT IONS 

All inputs at logica l ·o· 

One inp ut at O and 

one at ' 1 • on each gate 

Informat ion on the absolute maximum ratings and the othe r D.C. characteristics of this device (wh ich are com
mon to other integ rated circuits in this series) is stated in the general information section. 
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ITTT486 

SWITCHING CHARACTERISTICS Vcc=S.OV, TAMs=25°C 

PARAMETER 

tpd+ propagation delay time to logical ·1 • 

other input low 

ot her input high 

tpcJ. propagation delay time to logical 'O' 

other input low 

othe r input high 

Switching load circuit 

PULSE 

GENERATOR 

lNPUT 

B 

Pulse Characteristics 
Amplitude = 3.5 V 
tr = 10 ns 
tf = 4 ns 
R .F = 1 MHz 

O'JTPUT 

Waveforms 

Min. 

1 

tp = 500 ns 
OU'IMrJ ~ '\ 15V 
_ __.)"j- NY t ll i'-----

Comparator 

1 I c I 

~"" ~ ~.,r-
SWl flrot..A ~ ~ w, 

I I I I 
I 1 I I 

~M ~I ' SWI~ .• 1 1,sv : • ~sv 

- 1.,... 1 ~.! ..----, 

APPLICATION NOTE 

The above circuit shows a two 4 bit number com 
parator which requires only the true signal of each 
number. When A=A1, B=B1, C=C 1, D=D 1 the 
ITT7453 output is a logical '1 '. 

LIMIT 

Typ_ Max. 

15 23 

15 23 

18 30 

11 17 

13 22 

Comparator 

Units 

ns 

ns 

ns 

ns 

ns 

CONDITIONS 

Use switching load 

circuit 

Use switching load 

circuit 

This comparator uses the true signal of one number 
and the complement of the other, it can be con
veniently extended to compare two 8 bit numbers . 
When A=A 1, B=B1, C=C1, D=Dl, E=E1. F=F 1. G= 
Gl, H=Hl, the output wil l be at logical '0'. 

MIC7430 

20 MHz Phase Splitt er 

At high frequency it is difficu lt to produce a com 
plement of a signal with inverse mark space ratio 
equal to that of the t rue signal and without phase 
delay. The circuit shown produces true and comple
ment outputs with one transition of each almost 
simultaneous. On the other transit ions there is up to 
a 5 ns difference depending to some extent on fan
out loading. 

D>---- -• COMPLEMENTOUTPUT 

,__ __ _ , TRUEOUTPUT 

MIC7486 
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ITT7490 
ASYNCHRONOUS DECADE COUNTER 

• Divide by 2 
• Divide by 5 
• Divide by 10 
• BCD or Symmetrical Divide by 10 Count 

TYPICAL CHARACTERISTICS 

Propagation de lay (ripple de lay) . 
Max . clock freq uency .. 
Power dissipation (over fu l l count 

sequence) . . . . . 
Input loading factor 

Ro(1). Ro(2). Rg(J), R9(2) 
Clock A input . . . . . . . 
Clock BD input . 

Fan-out from each output (Note 1) 
Glock pu lse width . 
Reset pulse widt h . . 

DESCRIPTIO N 

. 60 ns 
18 MHz 

135mW 

1 un it load 
2 unit loads 
4 unit loads 

. 1 0 unit loads 
50 ns min. 
50 ns min. 

Th e decade coun ter consists of four master slave 
flip-flops . Fli p-flop 'A' provides a divide-by-2 func
tion. The remaining three fl ip-f lops are interna lly 
connected to prov ide a d ivide-by-5 counter. Count
ing occurs on the negative edge of the clock . 
Inputs Ro( 1) and Ro(2) are gated to provide reset 
to zero, and in puts Rg(1) and Rg(2) are gated to 
prov ide reset to BCD count of nine. All input s 
have input cl amping d iodes and outputs are standa rd 
7400 series configurat ion. 

Because output A is not internally connected to 
the succeeding flip-flops three count modes are 
availab le: 

1. BCD mode Is obtained by externally connecting 
A output (pin 12) to clock BO input (p in 1 ) . 

2. A symmetri cal div ide by 1 O count is obtained 
by externally connecting D output (pin 11) to 
clock A input (pin 14) . 

3 . The dev ice may be used as separate div ide-by-2 
and d ivide-by-5 counters but with common reset 
lines. 

The counters may be cascaded to prov ide any 
number coun t. 

R°'" 

R,m 

Note 1 

Pin configuration 
(to p view) 

INPU T A 

NC 

OU TPUT A 

OUTPUT D 

GND 

OUTPUT-C 

For a d ivide by 10 cou nt. with Pin 12, O/P A. con 
nected to pin 1, I/P BD. the fu ll fan -out is still per
missible from O/P A. 

DECADE COUNTER 

Logic Diagram 

OtJ't.pcJf O 

..,.,o,__ -J ____ 
Rt,:1 .,---- -,--

'~" o-----JI - "', 
"1-~J p----~ 
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Truth Table 

BCD COUNT SEQUENCE 

Count Outputs 

D C B A Roc1i 
0 0 0 0 0 1 
1 0 0 0 
2 0 0 0 0 
3 0 0 1 X 
4 0 0 0 1 
5 0 0 X 
6 0 1 0 0 
7 0 1 1 1 0 
8 1 0 0 0 X 
9 0 0 

X indicates that logica l '1' or logical 'O' may be 
present. 
*When resuming the c ount mode Ro(1 J or Ro(2) 

PARAMETER LIMIT 

Typ . at 
Min. 25°c Max. 

lccH 

7490 32 53 

5490 32 46 

ICCL 
7490 21 35 

5490 21 30 

Information on the absolute maximum ratings and 
the other D .C. characteristics of this device (which 

RESET/COUNT 

Reset Inputs Outputs 

Ro(l) R9(1) R9(2) D C B A 
1 0 X 0 0 0 0 

X 0 0 0 0 0 
X 0 0 
0 0 0 
1 1 1 0 0 1* 
0 0 X Count 
X X 0 Count 
X 0 X Count 
0 X 0 Count 

must be switched to logi cal ·o · before R9(1 J or 
R9(2J are switched to logical ·o· to ensure that th e 
counter remains at BCD count of 9 . 

CONDIT IONS 

Units Vee 

All outputs at 0 

Ro and ·Rg at 0 

mA Max . V1N = 5.0V 

mA 

BCD count of 7 

mA Max. VIN= 5.0V 

mA 

are common to other integrated circu i ts in th is series) 
is stated in the general information section. 

SWITCHIN G CHARACTER ISTICS Vcc=5.0V, TAMs=25°C 

PARAMETER 

Min . 

fmax 10 

lpd+ 

From input 'A' to output 'C' 

lpd-

From input 'A' to output ·c· 

LIMIT 

Typ. Max. 

18 

60 100 

60 100 

1- 57 

Unit 

MHz 

ns 

ns 

COND ITI ONS 

Load circu i t on each output 

Load circuit on each output 

Load circuit on each output 



ITT7490 

OEVICE 
UNOER 
TEST 

Switch ing load circuit 

OUTPUT +sv 

OUTPUT 

1N148 

I 
Cc, 15pF 

_ CL INCt.UDES ~08E . 

- AND JIG CAPACITANCE 

Waveforms 

CP, INPUT PULSE CHARACTER ISTICS 
Amp litude 3·5 V 
tr = 10ns tf = '4 ns 
P.R.F. - 1 MHx duty cycle = SO% 

1 I I 2 II 4 5 8 9 

/I 'fTv'\! n_ l,5V f\ n_ l.5V r VIH 

_J LJ- 1V \__J ~ \.._J ~--V
1
L 

INPUT CP, I I 
I I 

OUTPUTC -~- ~ 
--- ---- - I- -I I-

1,. I 

OUTPUT O / - --- -

APPLIC ATION NOT ES 

1. Ripple De lay 

In asynchronous counters ripple delay always occurs. 
I t is defined as the time interva l between the clock 
pulse edge at the first stage and the instant a 
succeeding stage changes state . When decod ing the 
outputs of t he counter false output s can occur at 
the t ransit ions from an odd count state to an even 
count state. The false output will always rep resent 
a lower count than the true state . When using the 
counter with decoding the possibi lity of such false 
outputs can be prevented by inhibiting the decode 
gate w ith t he clock signal. 

C LOCK. 

2. Count Range, Less Than Ten 

Typical ly when feed ing back outputs signals from 
the counter by dir ect connection from outputs to 
reset inputs Ro(1) and Ro(2) the counter wi ll reset 
and start a new count sequence. Feedback can be 
obtained in th is manner from all coun t states except 
7 which will requir e a th ree input NAND gate and 
an inverter in the feedback loop . Under ex t reme 
worst case cond itions of direct feedba ck it is possib le 
that not al l stages wil l reset; correct resetti ng can be 
ensured by using externa l gating for al l count states . 
When resetting in either manner the reset coun t state 
will be on the outputs for the t ime it tak es for 
resettin g to occu r. 

3. Illegal Start Up States 

On appl icat ion of supp ly voltage each f l ip-f lop in a 
counter may start up in eithe r state. It is, ther efore, 
possible for the counter to assume any one of the 
16 possible stat es. With any ty pe of counter which 
uses internal gat ing to restrict th e count sequence, 
the 7490 being no except ion, the i llegal states 
(BCD 10 to 15), could be ob tained . If this is the 
case, appl icat ion of clock pu lses will enabl e t he 
counter to count out of this state, after wh ich 
normal operation wil l follow. If, howeve r, it is 
essential t hat such condit ions are avoided arrange
ments should be made to provide a reset signal 
du ring initia l application of supp ly vo ltage. A ci rcuit 
which will general ly prove satisfactory is shown 
below. 

For furt her detai ls see ITT7413 
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eGated Serial Input 

eTrue and Complement Serial Output 

TYPICAL CHARACTERISTICS 

Maximum cloc k frequency 
Propagat ion delay . 
Power d issipation . 
Input loading factor 
Fan-out ... .. . 
Clock pulse width tcp 
Serial inpu t set up time tsp 
Serial inpu t hold t ime th . . 

N .C. 

N.C. 

N.C. 

N .C. 

Yee 

N.C. 

N.C. 

PAR A M
ETER LIMIT 

Typ .at 

18 MHz 
. 26 ns 

175 mW 
1 unit load 

1 to 10 un it loads 
25 ns min. 
25 ns min. 

O ns 

Pin configur at ion 

Q 

Q 

A INPUT 

B INPUT 

GND 

CLOCK 

N .C. 

(top view) 

CONDI 
TIONS 

Min . .25°C Max . Units Vee 
ice 

7491.ll 35 58 mA Max. A ll inputs 

ITT7491A 

8 BIT SHIF T REGIST ER 

Logic diagram 

t 1..0CK 

DESCRIPTION 

The I TT7 491 A consists of eight master slave flip. 
flops conne cted to form an 8 bit shift register . The 
last stage has standard TTL outputs for both Q and 
Q . Gated seria l input function is provided by a 2 in
put NANO gate and an inverte r . The common cloc k 
input has an inverting buffe r to ma inta in a fan- in of 
unity . Informat ion in the register is shifted on the 
positive edge of t he clock. A ll inputs are provided 
with input clamping diodes. These registers may be 
cascaded to form any length of shi f t register . 

OEV 1C£ 
UNOER 
TEST 

IN PUT A or a 

Switching load circuit 

OUTPUT 

OUTPUT 

+5V 

CL 1HCU.J0£s PROBE 

~O JIG CAP~ANCE 

Waveforms 

.. 
CLOCK '•P -¥ i -\: IS V 

549 1.ll 35 50 mA at logical '0' 
-------'5 T·•· 1 n~'._ .. ___ 1 OUTPUT Qo rO 

Information on t he absolute maximum rat ings and 
the othe r D.C . characteristi cs of this device (which 
are common to ot her integrated circu its in this series) 
is stated in the general information sect ion. 

_ou_u_.,,._o_•_«_i _ _ _ __,_i ..,Ii 
-h .. f-

SWITCHING CHARACTERI STICS, Vee= 5.0 V, TAMB = 25°C 

PARA M ETER 

Mi n . 

10 

Typ . 

18 

24 

27 

LIM IT 

Max . 

40 

40 
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CONDIT IONS 

Unit 

M Hz Use switch ing load circuit on each output 

ns } Cloc k to output 
ns 



ITT7492 
ASYNCHRONOUS DIVIDE BY TWELVE COUNTER 

Divide by 2• 'Divide by 3• Divide by 6 •Divide by 12 

TYPICAL CHARACTERISTICS 

Propagation delay (ripple delay) . 
Maximum clock frequency ... 
Power dissipat ion (over full count 

sequence) .... 
Input loading factor: 

Ro(l), Ro(2) 
Clock A input .. 
Cloc k BC input . 

Fan-out from each output (Note 1) 
Clock pulse wid th 
Reset pu lse wid th ........ . 

. . 60 ns 
18 MHz 

124mW 

. 1 unit load 
2 unit loads 
4 unit loads 

~ 10 unit loads 
50 ns min . 
50 ns min. 

Pin co nfiguration (top view) 

CLOCK BC CLOCK A 

NC NC 

NC A OUTPUT 

NC 8 OUTPUT 

Yee GNO 

RO( I ) 9 C OUTPUT 

Rom 

Note 1 
For a divide by 12 count, with pin 12, 0/P A con
nected to Pin 1, 1/P BC, the full fan-out of 10 is 
still permissible fro m 0/P A. 

DESCRIPTION 

The divide-by-twelve counter consists of four master 
slave f li p-flops. Flip-flo p 'A' provides a divide-by-2 
function. The remaining th ree flip -flop s are internally 
connected to provide a divide-by -6 count. Countin g 
occurs on the negative edge of the clock input. 
Inputs Ro ( 1) and Ro(2) are gated to provide 
reset to zero. A ll inputs have input clamping diodes 
and outputs are standard 74 series configuration. 

Because output A is not interna lly connected to the 
succeeding flip-flops there are two count modes 
available: 

1. Div ide-by-twe lve mode is obtained by exte rnally 
connecting A output (pin 12) to clock BC input 
(pin 1). Outputs A, C and D give simultaneous 
division by 2, 6 and 12 respectively. 

2. The device may be used as separate d ivid e-by -2 
and divide-by -6 counters but w ith common reset 
lines. Outputs C and D give simultaneous di vision 
by 3 and 6 respective ly. 

The counters may be cascaded to provide any 
number count. 

Logic diagram 

OUTPUT A OUT,Vf 1I 

A 
1Nl'UT A 

K K 

Truth Table 

COUNT SEQUENCE 

Count Outputs 
D C B 

0 0 0 0 
1 0 0 0 
2 0 0 
3 0 0 1 
4 0 ~ 0 
5 0 0 
6 1 0 0 
7 0 0 
8 0 1 
9 0 1 

10 0 
11 0 

RESET/COUNT 

To Count: 

OUTPVT C OUTPUT 0 

K 

A 
0 

0 

0 
1 
0 
1 
0 
1 
0 

Eit her Ro(l) or Ro(2) or both reset inputs must 
be at logical 'O'. 

To Reset: 
Both Ro(l) and Ro(2) must be at"logical '1'. 

1-6,0 



ITT7492 

PARAMETER LIMIT COND IT ION S 

Typ at 
Min. 25°c 

ICCH 
7492 31 

5492 31 

IccL 
7492 20 

5492 20 

Max. Units 

51 mA 

44 mA 

mA 

mA 

Vee 

Max. 

Max. 

All inpu ts at o. Ro at O 

VIN= 5.0 V 

Count of 9 or 11 

V1N=5.0V 

Information on the absolute maximum ratings and 
the other D.C . characte r istics of this device (wh ich 

are common to othe r integrated circuits in this series) 
is stated in the general informat ion section. 

SWITCHING CHARACTERISTICS Vcc=5.0V, T AMs=25°C 

PARAMETER LIMI T CONDITIONS 

M in. Typ . Max. Un it 

fmax 10 18 MHz Load c ircuit on each output 

lpd+ 60 100 ns Load circuit on each output 
From input 'A' to output 'D' 

lpd- 60 100 ns Load circuit on each output 
From input 'A' to output 'D ' 

DCVICE 
UNCER 
TEST 

Sivitching load circuit 

+sv 

OUTPUT 

OUTPUT 

CPA INPUT PULSE CHARACTERISTICS 

Ampl itude = 3.5 V 
tr =10ns 
If = 4 ns T c,,1 5oF 1N4H8 P.R.F. = 1 MHz 
duty cycle = 50% 

CL INCLUDES ~08 C: 

~O J IG CAP~CITAN'C( 

'r 
-it---fl-

'r 
Waveforms 

1 11 2 11 6 1 12 , ) 

/\ !~! t'i 1•5V /\ r1-1·5V r V,H 
~ ~-1vt_J ~ ~-J ~-~ 
INPUT CP, I I . 

Ir---- I 

:f : \1·5V 
--- -

-;t};: -i,pd -~ 

OUTPUT D 
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APPLICATION NOTES 

1. Ripple Delay 
In asynchronous counters ripple delay always occu rs. 
It is defined as the time interval between the clock 
pulse edge at the first stage and the instant a succeed
ing stage changes state. When decoding the outputs 
of the counter. false outputs can occur at the 
transition fr om an odd count state to an even 
count state. T he fa lse output will always rep resent 
a lower count than the true state. When using the 
counter with decoding the possibi lity of such false 
outputs can be prevented by inhibiting the decode 
gate w ith the clock signal. 

CLOCK 0- ---~ •- ; ,____, __ Lil oo=r,~ 
2. Count Range, Less Than Twelve 

Typ ically when feeding back output signals from 
. the counter by dir ect connection from outputs to 

reset inputs Ro( 7) and Ro(2) the counter will 
reset and start a new count sequence. Feedbac k 
can be obta ined in this manner from al l coun t 
states except 9 and 11 which will require a three 
input NAND gate and an inverter as the feedback 
loop. Under ext reme worst case condit ions of 
direct feedback it is possib le that not all stages 
will reset, cor rect resetting can be ensured by 
using external gating fo r all coun t states. When 
resetting in eithe r manner th e reset count wil l be 
on the outpu ts fo r the time i t takes for resetting 
to occur. 

3. Illegal Start-up States 

On appl icat ion of supp ly voltage each f lip-flop 
in a counter may start-up in either state. It is, 
th erefore, possib le for the counter to assume any 
one of the 16 possib le states. With any type of 
counter, wh ich uses internal gating to restr ict t he 
count sequence , the 7492 being no except ion , 
the i llegal states (12 to 15), could be obt ained. 
If this is the case, applica t ion of clock puls es wil l 
enable the counte r to count off this state , after 
wh ich normal operat ion wi ll follow. If, how ever, it 
is essential that such conditions are avoided arrange
ments shou ld be made to provide a reset signal 
dur ing ini t ial appl ications of supply vo ltage. A circuit 
wh ich w ill general ly prove sat isfactory is shown 
below. 

Vee 

1N4 148 

I400)JF 

For furthe r det ai ls see ITT74 13 data sheet. 
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ITT7493 

ASYNCHRONOUS 4 BIT BINARY COUNTER 

Divide by 2 eD ivide by 4eDivide by seDivide by 16 

TYPICAL CHARACTERISTICS 

Propagation delay (ripple delay) . 
Maximum clock frequen cy . .. . 
Power dissipation (over fu ll count 

sequence) ..... 
Input loading facto r : 

Ro( l), Ro (2) · · · 
Clock A and B inputs. 

Fan-out from each output (Note 1) 
Cloc k pulse width 
Reset pulse width . .. • .. 

. . 75 ns 

.18 MHz 

120mW 

1 unit load 
2 un i t loads 

. 10 un it loads 
50 ns min. 
50 ns min. 

Pin conf iguration ( top view) 

Note 1 

CLOCK A 

NC 

A OU TPUT 

D OUTPUT 

GN0 

C OUTPUT 

For a divide by 16 count, w ith pin 12, O/P A, con
nected to pin 1, I/P B. the ful l fan-out of 10 is still 
permissible from O/P A. 

DESCRIPTION 

The 4 bi t bin ary counte r cons ists of four master 
slave f li p-flops. Fl ip -flop 'A' prov ides a divide-by-2 
function . The remaining three f l ip-fl ops are internal ly 
connected by provideadivide-by-8 counter. Counting 
occurs on the negative edge of the clock input. Inputs 
RO( 1) and Ro(2) are gated to provide reset to 
zero . Al l inputs have input clamping diodes and 
out puts are standard 7 4 series conf igurations. 
Because O/P 'A' is not internally connected to the 
succeeding fl ip-flops, there are two count modes 
avail able: 

1. Divide-by-16 mode is obtained by externally 
connect ing A output (Pin 12) to clock B input 
(pin 1). Outputs A. B, C, and D give simul • 
taneous d ivision by 2, 4, 8 and 16 respectively . 

2. The device may be used as separate divide -by-2 
and div ide-by -8 counte rs but with common reset 
lines. 

Logic Diagram 

OUTPUT A 
OUTPUT 8 OUTPUT C 

OUTPUT D 

A C ·o 
INPUT A 

K K K K 

INPUT 8 

Truth Tabl e 

COUNT SEQUENCE 

Coun t Outputs Count Outputs 

D C B A D C B A 

0 0 0 0 0 8 0 0 0 

1 0 0 0 9 0 0 1 

2 0 0 0 10 0 0 

3 0 0 11 0 1 1 

4 0 0 0 12 0 0 

5 0 0 1 13 0 1 

6 0 0 14 0 

7 0 15 

RESET/COUNT 

To Count: 
Ei ther RQ(1) or Ro(2) or both reset inputs must 

be at logical ·o· . 

To Reset: 

Both Ro(1) and Ro(2) must be at log ical '1 ' . 
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PARAMETER 

lccH 

7493 

5493 

lcCL 

7493 

5493 

Min. 

LIMIT 

Typ. at 
25°c Max. 

31 51 

31 44 

16 25 

16 22 

Informat ion on the absolute maximum ratings and 
the other D.C. character istics of this device (which 

CONDITIONS 

Units Vee 

Al l outputs at 0, Ro at O 

mA Max . V 1N = 50V 

mA 

Count of 15 

mA Max. V1N -5.0V 

mA 

are common to othe r integrated circuits in this series) 
is stated in the general information section. 

SWITCHING CHARACTERISTIC S Vcc=S.OV, TAMs=25°C 

PARAMET ER 

Mi n. 

fmax 10 

tpd + 
From input 'A ' to output 'D' 

tpd -

From input 'A' to output 'D' 

SWitching load circuit 

DEVICE 
UNDER 
TEST 

,,v 
OUTPUT 

0UTPUT 

T c,,1 5 pF 

CL. INCLUDES DROBE: 
~ O JIG CAPACITAHC( 

LIMIT COND IT IONS 

Typ. Max. Unit 

18 

75 

75 

MH z 

135 ns 

135 ns 

Load circu i t on each ou tput 

Load cir cuit on each output 

Load circuit on each ou tput 

Waveforms 

CPA INPUT PULSE CHARACTER ISTICS 

Ampl itude = 3.5 V 
tr = 10 ns 
tf = 4 ns 
P.R.F. = 1 MHz 
duty cyc le = 50% 

,, ,, 
-+ii--ii+-

' II 2 II s 9 16 , 1 

f\ !f2vll! ,-----1,_ I 5V f\ f\ 15V r V,H 

_j LJ- 1\ 't__J CJ \__j ~ - -Vu. 
INPUT CPA I I 

I I 

~-~ 
-ii- -i I-

!pd-
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APPLICATION NOTES 

1. Ripple Delay 

In asynchronous counters ripple delay always occurs . 
It is de fined as the time interval between the clock 
pulse edge at the first stage and the instant a 
succeeding stage changes state. When decoding the 
output s of the counter false outputs can occur 
at the transi t ion from an odd state to an even 
count state . The false output will always represent a 
lower count than the true state. When using the 
counte r with decoding the possibi lity of such fa lse 
outputs can be prevented by inhibiting the decode 
gate with the clock signal. 

C\.OCK 01---- --<1,-., :.--~~-
--i..r- :;: • 0/P j~ 

2 . Count Range, Less Than Sixteen 

Typically when feeding back output signals from 
the counte r by direct connect ion from outputs 
to reset inputs Ro( 1) and Ro(2) the counters will 
reset and start a new count sequence. Feedback 
can be obtained in this manner from all count 
states wh ich have codes with only one or two 
logic '1' states. Others will require a three or four 
input NANO gate and an inverter as the feedback 
loop. Under extreme worst case cond itions of direct 
feedback it is possible that not all stages will 
reset, correct resetting can be ensured by using 
external gating for all count states. When resetting 
in either manner the reset count state will be on 
the outputs for the time it takes for resetting to 
occur. 

3. Illegal Start Up States 

On application of supply voltage each flip-flop in 
a counter may start up in either state . It is, 
therefore, possible for the counter to assume any 
one of the 16 possible states. If, however, it is 
essential that start up cond it ions give zero count, 
arrangements should be made to provide a reset 
signal during initia l application of supply voltage. 
A circuit which will generally prove sat isfactory is 
shown below. 

Vee 

3.9K 

1N4I48 

ITT74I3 

T400µF 

For further details see ITT7413 data sheet. 
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ITT7494 
4 BIT SHI FT REGISTER 

• Preset Parallel Input 
• Parallel or Serial Input 
• Dual Source Parallel Input with Strobe 
•Serial Output 
•Buffered Clear, Clock and Serial Inputs 
• Dual Source Parallel to Serial Converter 

TYP ICAL CHARACTERISTICS 

Propagat ion delay 
Power dissipation .... . . . 
Input load ing factor, 

all inp uts except: preset 1 or 2 

.. 25 ns 
175mW 

(A, B, C, D). . .. 1 un it load 
preset 1 and 2 (common inputs) . . 4 unit loads 

Fan-out . . . 1 to 10 unit loads 
Clock pulse width tcp . . . . 35 ns, min. 
Clear pulse width tp (clear) . 30 ns, min. 
Preset pulse w idth tp (preset) . 30 ns, min. 
Serial input set up time: 

lsp+ .. .. ... . 
tsp- ....... . 

Serial input ho ld time th 

. 35 ns. min. 

. 25 ns. min. 

. . . . 0 ns 

Pin configuration (top view) 

r ~} 1B 

H :B PRESETS PRESETS 
1C 

1D 2C 

Yee GND 

2D PRESET 

SERIAL IN 7 CLEAR 

CLOCK 

PARAMETER LIMIT 

Typ . al 
Min. 25°c Max. 

ICCH 
7494 35 58 

5494 35 50 

iccL 
7494 30 50 

5494 30 43 

Logic d iagram 

2A 18 28 IC 2C 10 20 

DESCR IPTI ON 

The ITT7494 consists of four R-S master slave 
f li p-flops connected to form a four bit shift register . 
The clock, clear and serial inputs are buffered by 
four inverters. The two sets of preset inputs 1 A to 
1 D and 2A to 2D are selected by a logi cal '1' 
voltage applied to preset 1 and preset 2 inputs 
respectively, using four AND -OR-INVERT gates. 
A logical '1 ' vo ltage on th e preset inputs (1A to 1D 
or 2A to 2D l will set the flip -flops t o a logical 
'1' state, when selected by the preset 1 or 2 inp uts, 
irrespecti~e of the log ic state of th e clock. clear and 
serial inputs. Application of a logical '1' vo ltage 
to t he clear input will set all four stages to logical 'O' 
state irrespective of the logic state of the clock and 
serial inputs. Serial shift occurs on the posit ive 
edge of the clock, the preset 1 and 2 and clear 
inputs must all be at logica l '0' voltage and the 
serial input data must be present prio r to the 
clock edge. All inputs have clamping diodes and 
outputs are standard 74 series configuratio n. 
The registers may be cascaded to provi de any 
length register or any number of bits paral lel to 
serial converter. 

CONDI T IONS 

Unit Vee 

mA Max . Preset and clear inputs at logical ·o· 
mA clock and serial inputs at logical ' 1' 

mA Max. All inputs at logica l '0' 

mA 



ITT7494 

SWITCHING CHARACTERISTICS Vcc=5.0V, TAMs=25°C 

PARAMETER 

fmax 

tpd+ propagat ion delay 

to logical '1 ': 

from clock 

from preset 

tpd. propagation delay 

to logical '0': 

from clock 

from preset 

LI MIT 

Min. Typ. 

10 

26 

25 

Information on the absolute max imum ratings and 
the other D.C. characte ristics of th is dev ice (wh ich 
are common to other integ rated c ircuits in this series) 
is stated in the general information section. 

CLOCK 

SERIAL I 
INPUT' 

OUTPUT , 
1 

r 

PARALLEL INPUT OPERATION 

There are basical ly two forms of paralle l input 
shift registers . The preset paralle l input type such 
as the ITT7494 and IT T7496, and the clocked 
paral lel input type such as the ITT7495. 
The inputs of the preset types are taken to the 
f lip -flop preset inputs v ia appropr iate gating. The 
appli cation of a logical ' 1' voltage to the input 
w ill set the fl ip-flop to logical '1' state, but the 
app licat ion of a logical •o· voltage wil l then have 
no effect. To set flip.flop to log ical 'O' state the 
c lear input must be used. 

The inputs of the clocked type are taken to the 

Max. 

40 

35 

40 

40 

0£V ICE 
UN0ER 
TEST 

Un it 

MHz 

ns 

ns 

ns 

ns 

COND ITIONS 

Use switching load circuit 

Use sw itch ing lolld circu it 

Use switching load circuit 

SWitching load circ uit 

OUTPUT 
+sv 

OUTPUT 

T cL, 1SpF IN◄f◄8 

1.5V 

Cl. INCL\JOES PROBE 
AHO JIC CAPACITAHa: 

R S flip-flop inputs via appropr iate gating . The 
applicat ion of a logical '1 ' voltage at the input 
prior to c loc king will set the flip-f lop to a logicol 
'1' state simi lar ly the application of a logica l '0' 
voltage at the input will set the f li p-flop to a logica l 
'O' state. 
The clocked par allel input register is, the refore, 
most suitab le for applications where the parallel 
data is applied for a predetermined time as is the 
case for the accumu lator of a multipl ier. The preset 
paralle l input register is more suitable for app licat ions 
where the input data arrives random ly or is present 
for a very short time as can be the case in some 
types of analogue to digita l conversion systems. 
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ITT7495 
4 BIT SHIFT RIGHT, SHIFT LEFT REGISTER 

• Clocked Parallel Entry 
• Parallel to Serial Converter 
• Serial to Parallel Converter 
• Mode Control with Single or Dual Clock 

TYPICAL CHA RACTERISTICS 

Maximum clo ck f requenc y. 
Propagation delay . . 
Power dissipat ion . . . 
Input loading factor: 

(no t mode control). 
(mode contro l) . . . 

Fan-out from each out put . 
Clock pu lse w idth tcp: 

74 series . 
54 series . ... 

Set up tim e at data 
inputs tsp . .. 

Hold t ime at data input s th 
Set up t ime at mode control 

with respect to Clock 1 

3 1 MH z 
25 ns 

200 mW 

1 uni t load 
2 unit loads 

10 unit loads 

> 15 ns (nominal 10 ns) 
> 20 ns (nomi nal 10 ns) 

> 20 ns (nom inal 10 ns) 
.0 ns (nomi nal- 10 ns) 

tsp+ . . . . .. .. . .. . .. . . . > 10 ns 
> 20 ns tsp- . . . .. .. . .. .. . . .. . 

Set up t ime at mode contro l with respect 
to Clock 2 

SEf\lAL 
INPUT 

IN.PUT A 

INPUT B 

INPUT C 

INPUT D 

MODE 
CONTf\OL 6 

GND 

Pin configuration 
(top view) 

Yee 

> 20 ns 
>10 ns 

OUTPUT A 

OUTPUT B 

OUTPUT C 

OUTPUT D 

CLOCK 1 
fl- SHIFT 
CLOCK 2 
L-SHIFT 

Logic diagram 

S( IUAt. 
IHPUY 41 Pfil'UT OIHPu T 

DESCRIPT ION 

The shift register consists of four master slave flip 
flops. The outputs of these flip -flops , the R.S. inputs, 
the parallel inputs , the mode control and the serial 
input are all inter.connected by four AN D-DR
INVERT gates and six INVERTERS. The two 
clock inputs are selected by the mode cont rol 
via an AND-OR gate. When the mode contr ol is 
at logical 'O' it enables AND gates i and inhibits 
AND gate 2, thus perm itting clock 1 on a negative 
edge to prod uce righ t shift. When mode control 
is at logical ' 1 ' , AND gates 2 are enabled and AND 
gates i are inhibited, permitting clock 2 on a 
negative edge to produce parallel shift or with 
external connections• , left shift. If single source 
clocking is required the two clock inputs can be 
commoned. Informat ion should be present at the 
R.S. inputs of the flip -flop before clocking occurs. 

• For left shift make the following connect ions: 
Output D to Input C, Output C to Input B. 
Output B to Input A, and D input becomes the 
serial input. 

PARA- CONDI-
METER LIMITS T IONS 

Typ .at 
Min. 25°c Max. Units Ve e 

1cc 
7495 40 66 mA Max . 

5495 40 58 mA 
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ITT7495 

SWITCHING CHARACTERISTICS Vcc=5.0V, TAMe=25°C 

PARAMETER LIMIT CONDITIONS 

Min. 
Typ . at 

25°C 

fmax 20 31 

tpd- propagation delay to 26 
logical '1' from either clock 

tpd. propagation de lay to 24 
logical ·o· from either clock 

Information on the absolute maximum ratings and 
the other D.C. characteristics of this device (which 
are common to other integrated circu its in this 
series) is stated in the general information section. 

Clock Pulse Characteristics 

tr= 10 ns; tf = 4 ns; R.F = 1 MHz;; Z0 = 50 U; 
Ampl itude • 3.5 V 

APPLICATION NOTE 

Parallel Input Operation 

There are basically two forms of parallel input 
shift registers. The preset parallel input type such 
as the ITT7494 and ITT7496 and the clocked 
paralle l input type such as the ITT7495. 
The inputs of the preset type are connected to 
the flip-flop preset inputs via appropriate gating. 
The application of a logical '1' vo ltage to the input 
sets the flip-flop to logica l '1 ' state, but the appli
cation of a logical 'O' voltage then has no effect. 
To set flip-flops to logical 'O' state the clear in.put 
must be used. 
The inputs of the clocked type are connected to 
the R.S. flip -f lop inpu t s via appropriate gating. 
The application of a logical ' 1' vo ltage at the input 
prior to clocking sets the flip-flops to a logical 
'1' state similar ly the application of a logical 'O' 
voltage at the input sets the flip -flops to a logical 
'O' state. 
The clocked parallel input register is, therefore, 
most suitable for applications where the parallel 
data is app lied for a predetermined time as is the 
case for the accumulator of a multip lier. The preset 
parallel input register is more suitab le for applications 
where the input data arrives randomly or is present 
for a very short time as can be the case in some 
types of analogue to d igita l conversion systems. 

Max . Un it 

35 

35 

MHz 

ns 

ns 

DEVICE 
UNOER 
TEST 

SERIIII. INPUT 

0A A INPUT 

ClDCK 1 Or 2 

A OUTPUT 

Switching load circuit on each output 

Switching load circuit on each output 

Switching load circuit on each output 

Switching load circuit 

OUTPUT 
+5V 

CMITPUT 

IC L'l5pF IN◄1 ◄8 

CL INCLUDD PftOIIE 
AHO .JIO CAPAaTANCt 

Waveforms 

'•• 

I 
J-- 1.$V 

1'-- t---J1 
, L,op- I I 1 1 

- r-- •pd-- .., •pd• r 
I I I I I 

~-- --✓-- I ~ROLK--. ---- -- }. 
~ ~••p• 
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ITT7496 
5 BIT SHIFT REGISTER 

• Preset Parallel Input 
eParallel or Serial Input 
• Parallel and Serial Output 
eBuffered Clear, Clock and Serial Inputs 
• Serial to Parallel/Parallel to Serial Converter 

TYPICAL CHARACTERISTICS AND RECOM
MENDED OPERATING CONDITI ONS 

Propagation delay 
Power dissipat ion .. ... 
Input loading factor: 

All inputs except preset 
Preset (pin 8) .. . 

Fan-out .. . ...... . 
Clock pulse width tcp . . . 
Clear pulse width tp (clear) . 
Preset pulse w id th tp (preset) 
Serial input set time tsp . 
Serial input ho ld t ime th 

25 ns 
215mW 

1 unit load 
5 unit loads 

1 to 10 unit loads 
. 35 ns, min. 
. 30 ns, min. 
. 30 ns, min. 
. 30 ns, min. 

. . . 0 ns 

Pin configuration (top view) 

CLOCK CLEAR 

PRESET A 2 A OUTPUT 

PRESET B 3 B OUTPUT 

PRESET C C OUTPUT 

Yee 

PRESET D 6 D OUTPUT 

PRESET E. E OUTPUT 

PRESET ENABLE B SERIAL INPUT 

PARAMETER LIMIT 

Typ. at 
Min. 25°c Max. 

iccH 
7496 43 79 
5496 43 68 

1ccL 
7496 42 78 
5496 42 67 

Informatio n on the absolute maximum ratings and 
the othe r D.C. characteristics of this device (which 
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Logic Diagram 

our,vr A. •OUT NT & OUT":Jf C OUTNT O OUT,vt l 

"· UUA. r,.urr• ,,.lUTC . , .. u,ro H.IU Tl 

DESCRIPTION 

The ITT7496 consists of five R-S master slave 
flip-flops connected to form a five bit shift register. 
The clock, clear and serial inputs are buff ered by 
four inverters. The preset inputs A to E are connected 
to the flip-flop preset input s via five two-input 
NANO gates. The second input of each gate is 
connected to the common preset input , which 
when at logical '1' enables all preset inpu ts. A 
logical '1' on these inputs sets th e flip-flop s to the 
logical '1' state. A logical '1' on the clear inpu t 
sets al I f l ip-f lops to the logical 'O' state simul
taneously. Right shift in the register occur s on the 
positive edge of the clock pulse. The serial input 
data must be present prior to the clock edge. Al l 
inputs have clamping diodes and outputs are standard 
74 series configuration. 
The registers may be cascaded to prov ide any 
length of register. 

CONDITIONS 

Un its Vee 
Clock and clear at logica l ' 1' 

mA Max . Serial and preset input at logical 'O' 

mA 

mA Max . All at 0 

mA 

are common to other inte grated circuits in th is series) 
is stated in the general informa tion section. 



ITT7496 

SWITCHING CHARACTERISTICS Vcc=5.0V, TAMs=25°C 

PARAME TER LIM IT CONDITIONS 

Min. Typ. Max. Unit 

fmax 10 

tpd+ 

Clock to output 25 

Preset to outp ut 

tpd-

Clock to outp ut 25 

Clear to output 

Parallel Input Operation 

There are basically two forms of parallel input 
shift registers. The preset paralle l input type such 
as the ITT7494 and ITT7496 and the clocked 
paral lel input type such as the ITT7495 . 
The inputs of the preset type are connected to the 
flip-f lop preset inputs via app rop riate gating. The 
applicatio n of a logical '1' voltage to the input 
sets the f lip-flop to logica l '1' state but t he app lica
tion of a logical '0' voltage then has no effect . To set 
f lip-flops to logical 'O' state the clear input must be 
used. 
The inputs of the clocked type are connected to 
the. R-S flip-flop inputs via appropr iate gat ing. 
Th e applicat ion of a logical '1' voltage at the input 
prior to clocking sets the fl ip-flo ps to a logical 
'1' state. Simi larly the applicat ion of a logical 
'0' vo ltage at the input sets the flip-flops to a 
logical 'O' state. Hence the clocked paral lel register 
is most suitable for applicat ions where the parallel 
data is appl ied for a predetermi ned time as is the 
case for the accumulator of a mu lt iplier. The preset 
parallel input register is more suitab le for applicat ions 
where the input data arrives randomly or is present 
for a very short t ime as can be the case in some 
types of analogue to dig ita l conversion systems. 

40 

35 

40 

55 

1- 71 

MHz Use switching load circuit 
on each outpu t 

ns Use sw itching load circu it 

ns on each output 

ns Use switch ing load circu it 

ns on each output 

Switching load circuit 

OUTPUT 
+5V 

DEVICt: 
UNDER 
TEST 

OUTPUT 

-71 t-'••· 
c1.uAt I i.,v 

Tc,, 15pF IN11◄8 

CL lt«:t.UOES PR08£ 
AAD JIO CAPAC,TAACE 

Waveforms 

I 
PR[SeTA I 0\_ _ .. ,_. _________ _ 

-< ~ .... 
S~R~~ I I 

I 



ITT74118 
HEX SET-RESET LATCH 

TYPICAL CHARACTER ISTICS 

Power d issipat ion . . 
Inpu t loadin g factor: 

Set . . . . . . 

. 150mW 

1 un it load 
Reset . . . . . 

Max imum fan-out 

Mean set time . . 

5 unit loads 
20 unit loads (high logic level) 
10 unit loads ( low logic level) 
. . . . . . . . . .. 14 ns 

DESCRIPTION 

The ITT74118 consists of six cross coupled NANO 
gates each formi ng a simple b istable circuit. A reset 
line is common to all six latches. Information is 
stored with in a latch when both the set line and the 
common reset line are held at logical' 1 '. The state of 
each bistable can be changed by taking eithe r the set 
or reset to logical 'O' as shown in the truth table. 

s 
0 

Truth Table 

Reset 

X 

0 

Q 

1 

0 

Store 

1. X Indicat es input may be logical '1' or 'O'. 
2. Reset is common to all latches. 

D.C. CHARACTERISTICS 

PARAMETER 

Ice supply cur rent 

Min . 
Typ. at 
2s0 c 

30 

Informatio n on the absolute maximum ratings and 
the other D.C. characteristics of this device (which 

LIMITS 

Max. 

60 

Pin configuration 
(top view) 

Units Vee 
mA 

COND IT IONS 

50% du ty cycle 

are common to other in tegrated circuits in th is series) 
is stated in the general information section. 
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SWITCHING CHARACTERISTICS Vcc=5V, TAMs=25 °C 

PROPAGATION LIMIT CONDITIONS 
DELAY TIME 

Min. Typ, Max. Unit 

tpd+ to logical '1' level I from set 18 29 ns Fan out= 10 

tpd. to logical •o· level Standard load circuit 

from set 10 17 ns CL -15 pF 

tpd. to logical 'O' level RL = 400 .Q 

from reset 18 29 ns 

Circuit diagram 

1-6Kll Q 

1K!I 

Resec. 0---------4► Latches 

GND r>---+-----------------------~ 
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ITT74121 

MONOSTABL E MULTIVIBRATOR 

Pulse Width 30 ns to 40 s • Schmitt Trigger Input 

TYPICAL CHA RACT ERI STICS 

Propagation delay . . . . . . . . 
Power dissipati on (50% duty cycle) 
Input loading facto r : 

Inputs A1 and A2 
Input B 

Maximum fan -out .. 
B input tra nsit ion t ime 
A1. A2 input t ransit ion time 
Input pulse w idth .. 
Externa l timi ng resistance Rt 

74se ries .. .. . 
54 series 

T iming capacit or CT . 
Duty cycle : 

RT ; 2 K .Q .. 
Ar ; max . value 

Output pulse wi dt h 

DESCRI PTIO N 

Input Pulse Requirements 

. . 45 ns 

. 90mW 

1 un it load 
2 unit loads 

. 10 unit loads 
. 1 V/s max . 

. 1 V /J)s max. 

. . 50 ns, min. 

. 1.4 K .Qmin . 

. 40 K .Qmax. 
30 K .Qmax . 

1 ,000 µF max. 

. ... 67% 

. .. . 90% 
o .695 crRr 

A 1 and A2 are negat ive edge trigge r inpu ts and wil l 
trigge r the monostable when eit her or both go 
low w i th B high. B is a pos itiv e edge Schm itt 
tr igger input for slow edges or level detection and 
w il l t ri gger th e monostable when B goes h igh w ith A 1 
or A2 low. Once fi red further transitions on the 
inputs will have no effect on th e outpu ts unt il the 
time per iod is comp leted. The time per iod may 
be var ied w it h components as foll ow s: 

D.C. CHAR ACT ERISTI CS 

PARA METER 

VT+ pos itiv e edge thresho ld vo ltage 

At input A 

At input B 

VT. negat ive edge thresho ld vo ltage 

At inpu t A 

At inpu t B 

Ice supply current 

Qu iescent state 

F ired state 

Not es 

Min. 

0.8 

0.8 

1. Use external C ; 1 ,000 pF . A ; 10 K n. 
2. To measure lsc on Q groun d a ll in puts Pin 11 

and Pin 10. Pin 10 must be gro und ed last. To 

Pin Configuration (top view) 

OUTPUT Q Vee SUPPLY 

NC NC 

INPUT A1 NC 

INPUT A2 

INPUT B 

OUTPUT Q 6 

GROUND 

(a) External timing capacitor may be conne cted be
tween pi n 10 (posi t ive) and pi n 11. Wi th no ex
terna l capacitance an out put pu lse w idth of 
typ ically 30 ns is obtained . 

(b) To use t he intern al timing resistor (nor mally 2 
K .Q) connect pin 9 to pin 14. 

(c) To obtain variab le pulse width connect external 
variable resisto r between pins 9 and 14. 

(d) For accu rate repeatable pulse widths connect an 
external resistor between pin 11 and pin 14 
(value between 1.4 K n and maxim um value). 
Leave pin 9 open-circuit . 

LIMIT CONDITIONS 

Typ. at 
25°c Max . Unit Vee 

1.4 

1.55 

1.4 

1.35 

13 

23 

2 

2 

25 

40 

V 

V 

V 

V 

mA 

mA 

Mi n. Note 1 

Min . 

Min. Note 1 

Min . 

Max . Note3 

Max. 

measure I SC on TI leave Pin 10 and 11 op en. 
3. Use exte rnal C ; 1 .000 pF ; Ground A 1. A2; 

Pulse B according to truth tab le. 
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SWITCHING CHARACTERISTICS Vcc"S.OV, TAMB "25°C 

PARAMETER LIMIT 

Min. Typ. 

tpd+ 

From A1 or A2 to 0 25 45 

From B to Q 15 35 

tpd. 

From A1 or A2 to 0 30 50 

From B to Q 20 40 

tpo output pu lse width 

RT " internal 

CT= 0 20 30 

RT = interna l 

CT= 80 pF 70 110 

Ar = 10 K Q 

CT= 100 pF 600 700 

Rr = 10 K CT = 1 µ F 6 7 

tmin min. w id th trigger pu lse B input 30 

T.est circuit (1) 

c, 
2.◄ V 

PULSE q:E:: 
GENERATOR PER 
(Sec No te 1) TRUTHl-----t 

TABLE 

Q 

Q 

TEST CIRCUIT 

Note 1: 
The pulse generator has the follow ing characterist ics: 
VouT = 3.5V, tf = 5 ns, tr = 10 ns, Ip= 50 ns, 
PRF = 1 MHz, and Zou r ~ 50 Q. 
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ITT74121 

CONDITIONS 

Max. Unit 

I 70 ns Use test circu i t (1) 

55 ns 

80 ns Use test circuit ( 1) 

65 ns 

50 ns Use test ci rcuit (2) 

150 ns 

800 ns 

8 ms 

50 ns Use test circuit (2) 

OUTPUT Vee 

r- --- - ------, 
I I 
I I 
I I 
I I 
I I C' -:: I 
!_ -:-_ LOAD CIRCUIT 1 ___ l 
r LOAD CIRCUIT 2 1 
L ____ (SAME AS 1) ___ _J 



ITT74121 

Waveforms 

Test circuit (2) 

Note 2: 

PULSE 
GENERATOR 
(See Note l) .,____ __ _, 

Waveforms 

INPUTPU LSE ~2'7_V_V ou, 
(B INPUT, INVERT - -- ---- . 

FOR A1/A2 INPUTS) - - - -- -- -
1 

S V 

I !f--~?---1jl 0·7 v o 

_.i.,._,, --t ~'! 

I I 11?d :- I I 
I 

~~ VoH 

OUTPUT Q ~ - ~V- ___ -· 
I - Vo, 

I 

OUTPUTQ : ~=-
1
:;-----vo ,. 

i--; '-. ------- Vo, 
t?d · · · 

Vee 

TEST CIRCUIT 

OUTPUT Vee 

r -------7 
I I 
I I 

I I 
I :c:-c, IN~f◄S -=- I 
L"" - LOAOCIRCUl~ ___ J 
r LOAD CIRCUIT l 1 
L _ _ (SAME AS 1) __ ....J 

INPUT ~. 7 V 2_7 V -:-- Vou, 

o-1v ------ 1t.1vv 
0 

I tmin I 

~:--; Vo., 
OUTPUT Q _Jj . - . - - - ~ V 

:• i,j Vo, 
I '?O I 
.. .,1 

OUTPUT Q ~I VoH 
------ 1·5V 

- - -V ol 
VOLTAGE WAVEFO RMS 

The pulse generator has the following characteristics: 
VouT = 3.5 V, tf = 5 ns. tr = 10 ns. tp 2:: 50 ns, 
PRF = 1 MHz and ZouT ~ 50 n_ 
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ONE OF SIX T EEN DATA SELECTOR/MULTIP LEXER 

ONE OF EIGHT DATA SELECTOR/MULT IPLEXER 

ITT74150 
ITT7415 1 

TYPICAL CHARACTERISTICS 

Propagation delay from 
data inputs to the outpu t 

Power dissipat ion : 
ITT7 4150 .. . 
ITT74 151 .. . 

. . 10 ns 

200mW 
145mW 

Input load ing factor 
Maximu m fan-ou t . 

1 un it load 
20 un it loads (high logic level ) 
10 un it loads (low logic level) 

~ 

Pin configurations 
(t op views) 

ITT74150 

DATA INPUTS 

I 
DATA SELECT 

I 

v,~ s 9 10 11 12 o 1◄ 15 A 8 

7 6 -I l 

DATA INPUTS 

ITT7 4 151 

O STRtSE WI L::D 
SELECT 

OUTPUT. 

DATA IN PUT DATA SELECT 

Vee <I 5 6 7 A B C 

2 0 Y W t G N D 
I ' '---.--f 

DATA INP UT OUTPU T STROB E 

Logic diagram, ITT74150 

DESCRIPTIO N 

OUT PUT 
w 

Both circuits convert parallel bin ary information 
to a serial fo rm by means of a select signal. 
The ITTI4 150 can select one line of sixteen and 
route this informat ion to the output in the inverted 
form. Each l ine is selected by a binary coded 
number presented to four data select lin es. All 
t he information on t he data inputs can be inhibited 
from the output by a common st robe line when 
this is at a logical '1'. The output circu it is a 
standard TT L to tem po le configurat ion but having 
tw ice the fan out capabi li ty in the lo gical T state. 
The 1Tn 415 1 is a one li ne of eight selector . It 
is identica l in opera t ion to the ITT74150 (apart 
from handl ing less bits) but has an addit ional 
outptJt which provi li P.S non iovP.rsion of the input 
data. 
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ITT74150 ITT74151 

Truth Table, ITT74150 Inputs Ou t put 

D C B A Strobe Eo E1 E2 E3 E◄ Es E6 E7 Es E9 E10 E11 E12 En E14 E1s w 

X X X X 1 X X X X X X X X X X X X X X X X 1 
0 0 0 0 0 0 X X X X X X X X X X X X X X X 1 
0 0 0 0 0 X X X X X X X X X X X X X X X 0 
0 0 0 1 0 X 0 X X X X X X X X X X X X X X 1 
0 0 0 1 0 X 1 X X X X X X X X X X X X X X 0 
0 0 1 0 0 X X 0 X X X X X X X X X X X X X 1 
0 0 1 0 0 X X 1 X X X X X X X X X X X X X 0 
0 0 1 1 0 X X X 0 X X X X X X X X X X X X 1 
0 0 1 1 0 X X X 1 X X X X X X X X X X X X 0 
0 1 0 0 0 X X X X 0 X X X X X X X X X X X 1 
0 1 0 0 0 X X X X 1 X X X X X X X X X X X 0 
0 1 0 1 0 X X X X X 0 X X X X X X X X X X 1 
0 1 0 1 0 X X X X X 1 X X X X X X X X X X 0 
0 1 1 0 0 X X X X X X 0 X X X X X X X X X 1 
0 1 1 0 0 X X X X X X 1 X X X X X X X X X 0 
0 1 1 1 0 X X X X X X X 0 X X X X X X X X 1 
0 1 1 1 0 X X X X X X X 1 X X X X X X X X 0 
1 0 0 0 0 X X X X X X X X 0 X X X X X X X 1 
1 0 0 0 0 X X X X X X X X 1 X X X X X X X 0 
1 0 0 1 0 X X X X X X X X X 0 X X X X X X 1 
1 0 0 1 0 X X X X X X X X X 1 X X X X X X 0 
1 0 1 0 0 X X X X X X X X X X 0 X X X X X 1 
1 0 1 0 0 X X X X X X X X X X 1 X X X X X 0 
1 0 1 1 0 X X X X X X X X X X X 0 X X X X 1 
1 0 1 1 0 X X X X X X X X X X X 1 X X X X 0 
1 1 0 0 0 X X X X X X X X X X X X 0 X X X 1 
1 1 0 0 0 X X X X X X X X X X X X 1 X X X 0 
1 1 0 1 0 X X X X X X X X X X X X X 0 X X 1 
1 1 0 1 0 X X X X X X X X X X X X X 1 X X 0 
1 1 1 0 0 X X X X X X X X X X X X X X 0 X 1 
1 1 1 0 0 X X X X X X X X X X X X X X 1 X 0 
1 1 1 1 0 X X X X X X X X X X X X X X X 0 1 
1 1 1 1 0 X X X X X X X X X X X X X X X 1 0 

When used t o indicate an input condit ion, X = Logical '1' or Logical 'O' 

Logic diagram, ITT741 5 1 Truth Table, ITT74151 
Inputs Output:. 

sn.oae 
(ENA9l{) C 8 A Strobe D0D1 D2D3D4 D5D5D7 Y w 

o, 
X X X X X X X X X X X O 1 

o, 0 0 0 0 0 X X X X X X X 0 1 

o, 0 0 0 0 1 X X X X X X X 1 0 
0 0 1 0 X O X X );(: X X X 0 1 

o, 0 0 1 0 X 1 X X X X X X 1 0 
DATA 0 1 0 0 X X 0 X X X X X 0 1 

INl'".JTS 0 , 
0 1 0 0 X X 1 X X X X X 1 0 

o, 0 1 1 0 X X X 0 X X X X 0 1 
0 1 1 0 X X X 1 X X X X 1 0 

o, 
1 0 0 0 X X X X 0 X X X 0 1 

o, 1 0 0 0 X X X X 1 X X X 1 0 

;. 1 0 1 0 X X X X X 0 X X 0 1 
1 0 1 0 X X X X X 1 X X 1 0 

f 1 1 0 0 X X X X X X 0 X 0 1 
DATA 

1 1 0 0 X X X X X X 1 X 1 0 SEllCl' $ 

(l!IINA I\Y) C 
C 1 1 1 0 X X X X X X X O O 1 

1 1 1 0 X X X X X X X 1 1 0 
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D.C. CHARACTERISTICS 

PARAMETER 

Typ. at 
Min. 25°e 

lec H ITT 74150 40 

ITT74151 29 
1ccL ITT74150 35 

ITT74151 22 

LIM ITS 

Max. Un its 

68 mA 

48 mA 

60 mA 

38 mA 

Vee 
Max . 

Max. 

Max. 

Max. 

ITT74150 ITT74151 

CONDIT IONS 

Vst robe = 0 V , V 1N = 4.5 V 

(Al I data inputs logical '1 ') 

V IN - 0 

(All data inputs logical 'O') 

Infor mat ion on the absol ute max imum ratings and 
the other D.C. characte rist ics of these dev ices (which 

are common to other integ rated circu i ts in this series) 
is stated in the general informat ion section. 

SWITCH ING CHARACTERISTICS V cc =SV, TA Ms=25 ° C, FOR THE ITTT 4 150 

PARAMETER LIMITS 

From To M in. Typ. Max. Un its 

tpc1+ A. 8, e, or D w 23 35 ns 

tpc1_ A, B, C, or D w 22 33 ns 

tpc1+ Strobe w 15.5 24 ns 

tpc1_ Strobe w 21 30 ns 

tpd+ Eo to E15 w 13 20 ns 

tpc1. Eo to E15 w 8.5 14 ns 

Test circuit for ITTT 4 150 and ITT 74151 

STROBE INPUT v---- -- - S1 

DATA INPUT o-- -- ---, Eo o r D0 

v, 

E1 or 0 1 
E2 or D1 
E1 or 0 1 
E1 or 0 1 

Er or Ds 
E., or D, Y 
e, or 07 
E1 w 

CONDITIONS 

Vee= 5V See test circuit 

Vee= 5V See test circuit 

Vee = 5V See test cir cuit 

Vee= 5V See test circuit 

Vee= 5V See test circu it 

Vee = 5V See test ci rcu it 

E, Rv , ,fOO !J 

SELECT 
INPUT 

E,o 
E,. 
e,, 
E,, 
e,. 
e,, C 

A B D 
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ITT74150 ITT74151 

SWITCHIN G CHARAC T ERISTI CS Vcc=SV, T AMs=25°C, FOR THE ITT74 151 

PARAMETER LIMITS CONDITIONS 

From To Min. Typ. Max. Units 

tpct+ A, B orC y 35 52 ns Vcc=5.0V See test ci rcu it 

tpct. A, B or C y 20 30 ns Vcc=5.0V See test ci rcuit 

tpd+ Strobe y 35 52 ns Vcc=5.0V See test ci rcuit 

tpct. Strobe y 19 30 ns Vcc=5.0V See test ci rcuit 

tpct+ Do to 07 y 19 29 ns Vcc=5.0V See test ci rcuit 

tpct. Do to 07 y 16 24 ns Vcc=5.0V See test ci rcuit 

Waveforms for ITT74 150 and IT T74151 

-l 
I 

STROBE INPUT 
(See Notes 1 and ◄) I 110% 10% I 

I 
i--,.' ..:;.•~~~ 

'od+~ 
Y OUTPUT I 1·5 V I 1·5 V 

- -~ '~ tpd-1 I Vo, 

Eo OR Do INPUl 
(See Notes 2 and ◄) 

W OUTPUT 

V1L 

YoH 

<pd--1 l-- ---.-i .._ 
) t d+~ Le, VoH 

W OUTPUT 

Vo, 

STROSE-TO-OUTPUT VOLTAGE WAVEFORMS 

90 % VIH 

SELECT INPUT 1 ·S V 

(See Notes 3 and ◄) "--..:.::.-~ 1-- - - V,. 
I ltpd+ 
~ IJ Vo" 

WOUTPUT V 

tpd ~ i.: .VoL 
I lpd-....f i,..-

t~d + +, j. -r VoH 

YOUTPUT l1-SV 1·SV 

YoL 

SELECT INPUT-TO-OUTPUT VOLTAGE WAVEFORMS 

Y OUTPUT 

DATA INPUT-TO-OUTPUT VOLTAGE WAVEFORMS 

Notes: 
1. When measuring strobe to output t imes select in

put is at a logica l 0, Eo or Do is at a logical 1, 
V1 =4.5V. 

2. When measur ing data inp ut to output times 
strobe and select inpu ts are at a logical 0, and 
V1 ='1 .5V. 

3. When measuring select input to output t imes 
strobe input is at a logical 0. data input is at a 
logical 1, and V 1 = 0. 

4. The input pulse has the following characteri sti cs: 
Vjn(l) = 3 V, Vin(0) = 0 V.tr = If = 10 ns. 
PRF = 1 MHz, duty cycle = 50%, and generator 
Zout:::, 5 .Q 

5. CL inc ludes probe and jig capacitance 
6. All diodes are 1 N4148 
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ITT74154 
4-LINE-T0-16-LINE DECODER/DEMULTIPLEXER 

e4-L ine•to-16-Line Decoder DESCRIPTION 
eDemultiplexing Capability 

The ITTI4154 can be used as a 4-line-to-16-line 
TYPICAL CHARACTERISTICS decoder or a 1-line-to-16 -line demultiplexer. 

Propagation delay (through 3 In use as a decoder, one of the 16 output NANO 
levels of logic) . . ... 23 ns gates assumes its low state when enabled by the 

Power dissipation .. 170 mW 
strobe inputs G1, G2, and the appropriate binary 

Input loading factor . 1 unit load 

Maximum fan-out} : : 10 unit loads (low state) combination from the four binary-coded inputs 

20 unit loads (high state) A, B, C and D. 

The output gates are inhibited by a high strobe 

Pin configurations input. Therefore to demu ltiplex, data is entered 

(top view) on a, strobe input with the other strobe input low 
and the four other inputs addressing the appropriate 

INPUTS OUTPUTS data output Ii ne. 

The most significant input, D, produces a useful 
inhibit function when the ITr74154 is used as a 
1-line-to-8 -line demu ltip lexer or a 4-line to 8-line 
decoder. 

Be selecting appropriate outputs, any BCD code 
can be decoded using a ITT74154 element. See 
truth table and application note for further details. 

GND Buffers are incorporated on the inputs to reduce 
input loading. 

Truth Table 

INPUTS OUTPUTS 

G1 G2D C B A 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
L L L L L L L H H H H H H H H H H H H H H H 
L L L L L H H L H H H H H H H H H H H H H H 
L L L L H L H H L H H H H H H H H H H H H H 

L L L L H H H H H L H H H H H H H H H H H H 

L L L H L L H H H H L H H H H H H H H H H H 

L L L H L H H H H H H L H H H H H H H H H H 
L L L H H L H H H H H H L H H H H H H H H H 
L L L H H H H H H H H H H L H H H H H H H H 
L L H L L L H H H H H H H H L H H H H H H H 
L L H L L H H H H H H H H H H L H H H H H H 
L L H L H L H H H H H H H H H H L H H H H H 
L L H L H H H H H H H H H H H H H L H H H H 

L L H H L L H H H H H H H H H H H H L H H H 

L L H H L H H H H H H H H H H H H H H L H H 
L L H H H L H H H H H H H H H H H H H H L H 
L L H H H H H H H H H H H H H H H H H H H L 

L H X X X X H H H H H H H H H H H H H H H H 
H L X X X X H H H H H H H H H H H H H H H H 
H H X X X X H H H H H H H H H H H H H H H H 

H = hlgh, L=low, X=irrelevant 
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ITT74154 

Logic diagram 

,, 
;: 
"if 
,;-
i, I OU H UT GA TES 

TO OU fl'U T 
C,ATCS O 15 

I 

~ ~ 11 H NOfSHOW N 

u OU TPU T 

C 15 

" 

PARAM- CONDI-
ETER LIMIT TIONS 

T yp.at 
Min. 25°c Max. Unit Vee 

Ice 

74154 34 56 mA Max. 

54154 34 49 mA Max . 

For -lsc max imum limit = 57 mA, for 74154 

Information on the absolute maximum rating s and 
the othe r D.C . charact er ist ics of this dev ice (w hich 
are common to other int egrated c ircu it s in t his 
series) is stated in the general information sect ion. 

SWITCHING CHARACTERISTICS Vcc=5V, TA=25°C 

PARAMETER 

tpd+ from A , B, C, or D inputs 
through 3 levels of logi c 

tpd- from A, B , C, or D inputs 
through 3 levels of logi c 

tpd+ from eit her strobe input 

tpd- from eit her strobe input 

Test circuit 

SYNC 

LIMIT 

Min. Typ. 

24 

22 
20 

18 

Vcc · • S V 

STRO BE 

.,t. _(Sec Note C) 

INPUT 

G 

1---------tA 

-----------4B 
---------1c 
1---------10 

1-82 

Max. 

36 

33 

30 
27 

Unit 

ns 

ns 

ns 

ns 

OUTPUT 

I 
C,-- 15 pF 

-:- (Sec Note B) 

CONDI TI ON S 

SEE 
TEST 

C IRCUI T 

..,. 



Waveforms 

tr t( 

~ 10 n, ..... ~ -.,I .,_ ~ 10ns 
I .J=~----:=-:s.::'-1--------3 V INPUT A 90% 90% 

10% M v <p 1-s·v 
---""rl~-------,~~---- oY 

·EVEN ......lltod+ .,._ l, pd-. 1-----+--t=""-- - - Yett 
NUMBERED I 1.5 V I 1-5 V 
OUT PUTS I 

----V o, 

~ tpd- 14- -+l tod+ i-

000-N UMBEREO ~ .

1 
_
5 

V J{I ,---- -VoH 
OUTPUTS \ / 

1 
·
5 

V 
-------·----- -•Vo, 

90% 
STROBE 1•5 V 
INPUT 

~ trt+- <;10 ns 

I ~•------ - 3 V I 90% 
10% 10% 1-5 V 

r,i:..;..:;:~--~=1-------- -ov 
~.. tp . , 
I I 

---; <od- 1+- ....., tpd-+"4-i fl ,----- VoH OUTPUT 
,1-S V 1·5V 

"'· ___ _ _ .., ---- Vo, 

Notes: 
A. The truth table generator and the pulse generator 

have the following character ist ics: P.R.F.=1 MHz, 
Zout=50 U, t p=100 ns. 

B. CL includes probe and j ig capacitance. 
C. When measuring select input to output times the 

strobe inputs are groun ded. When measuring 
st robe input to output times. the untested strobe 
input is grounded. Select inputs determin ing out 
put under test through truth table generator. 

D. Al l diodes are 1N4 149 . 

ITT74154 

APPLIC ATION NOTE 

STROBE 

GND BCD INPUT 

A B C 0 

ITT74 154 1,16 DECOD ER 

Output Selection 
BCD Code 

Decimal Excess 
D igit 8421 5421 3 Gray 

0 0 0 3 0 

1 1 4 1 

2 2 2 5 3 

3 3 3 6 2 

4 4 4 7 6 
5 5 8 8 7 

6 6 9 9 5 

7 7 10 10 4 

8 8 11 11 12 

9 9 12 12 13 

DECODE ANY BCD CODE 

Decode any BCD code using a 74 154 element . Any 
4 bit BCD code may be decoded by select ing out -
puts, examples are shown in the table . 
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STANDARD TOTEM POLE OUTPUT - ITT74155 
OPEN COLLECTOR OUTPUT - 5.5V - ITT74156 

TYPICAL CHARACTERISTICS 

Power dissipation . . . . . 
Typical propagation delay . . 
Input I oadi ng fac tor 
Maximum fan-out 74155/56 
Maximum fan-out 74 155 only. 

STROBE 

. 125 mW 

. .. 16 ns 
1 unit load 

10 unit loads 
. 20 unit loads 

(high logic state) 

Pin configur ation 
(both devices) l SELECT OUTPUTS 

DATA INPUT _ _ -LI __ _ 

Yee 2~ 2G A ;_YJ 2Yl 2Y1 2Y0 \ 

12 11 10 9 

(top view) 

. l . DATA SELECT1Y31Y2 1Y1 1Y0 GND 
1C INPUT 

STROBE B OUTPUTS 

1G 

DESCRIPTION 

Both IT174155 and IT17 4156 have the same logic 
function . They can either be connected as a 2-l ine
to-4-line decoder using the select inputs. A and 
B, or as a 3-line-to-8-line decoder by using inputs 
A, B, and a common shorted connection 1C to 2C. 
The outputs only respond to t he data select inputs 
when either the strobe and/or data inputs go 
from logical • 1' to 'O'. In which case the appropriate 
output wil l change from logical '1' to 'O'. 
If the data is app lied to strobe/data inputs , the 
select inputs address the data to the approp riate 
output. Both devices form either a dua l 1-line-to• 
4-line demu ltip lexer with common address input or 
a 1-line-to -8-line demultiplexer . 
When using th is device it should be noticed that 
the two functional halves of this circuit are logically 
coupled from the select inputs. but are independent 
from the strobe or data inputs. 
The ITT74155 has totem pole outputs, wh i le the 
I Tl7 4156 has standard open collector outputs, 
so that several circu its can be easily 'Wired-ORed ' 
for demu ltiplexing from more lines. 
See t ruth tables for more detailed operat ion of 
these devices. 

PARAM- CONDI-
ETER LIMIT TIO NS 

Typ.at 
Min. 25°c Max. Unit Vee 

ice 
74155 25 40 mA Max. 

74156 25 35 mA Max. 

Maximum limit for - lsc parameter is -57 mA for 

ITT74155. No -lsc parameter for ITT74156. 

Info rmation on the absolute maximum rat ings and 
the other D.C. characteristics of these devices 
(which are common to other integrated circuits 
in this series) is stated in the general information 
section. 

STROBE 
1G 

~ 
SELECT 

A 

STROBE 
2G 

DATA 
2C 

Logic diagram 
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SWITCHING CHARACTERISTICS Vcc=5V, TA=25°C 

PARAMETER LIMIT 
To 

From out- Typ. at 
input put Min. 25°c 

tpd+ A,B,2C 

7415 5 1G or y 13 

74156 2G 15 

tpc1. A, B,2C 

74155 1G or y 18 

74156 2G 20 

tpd+ 

74155 A or B y 21 

74156 23 

tpd-
74155 A or B y 21 

74156 23 

tpd+ 
74 155 lC y 16 

74156 18 

tpd. 

74155 lC y 20 

74 156 22 

Truth Tables 

ITT74155 1 ITT74156 

CONDITIONS 

Max. Un it 

20 ns 

23 ns 

27 ns 

30 ns 

32 ns INPUTS 

34 ns AS PER 

T RUTH 

32 ns TAB LE 

34 ns 

24 ns 

27 ns 

30 ns 

33 ns 

(X = Don't Care, H = Logica l 1 State, L = Logica l 0 State) 

(Al 2-4 Line Decoder or 1-4 Line Demult iplexer 

2G = X , 2C = X 1G = X, 1C = X 

INPUTS OUT PUTS INPUTS OUTPUTS 

------ -----
Select Strobe Data Select Strobe Data 

~J.Q__ 1C lY0 1 Y1 1Y2 1Y3 ~2Q._ 2C 2Y0 2Y1 2Y2 2Y3 

X X H X H H H H X X H X H H H H 

L L L H L H H H L L L L L H H H 

L H L H H L H H L H L L H L H H 

H L L H H H L H H L L L H H L H 

H H L H H H H L H H L L H H H L 

X X X L H H H H X X X H H H H H 
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ITT741551 ITT74156 

(Bl 3-8 Line Decoder or 1-8 Line Demultiplexer 

IN PUTS 
Strobe 

Select or Data (0) ( 1) 
c• B A Gt 2YO 2Y1 

X X X H H H 

L L L L L H 

L L H L H L 

L H L L H H 

L H H L H H 

H L L L H H 

H L H L H H 

H H L L H H 

H H H L H H 

•Connect in pu ts 1 C and 2C to geth er. 
tConnect inpu ts 1G and 2G together. 

Test Circuit 
INPUT Vee OUTPUT 

TO INPUT t 
UN DER TEST 

1G 

TRUTH 
1C 

TABLE B 
GEN ERATOR A 
(See Note A) 

lC 

lG 

Waveforms 

NOTES: 
A. The truth tab le generator has the following char

acte r ist ics: PRF = 1 MHz, Zout ~ 50 Q, IP = 
100 ns. 

B. CL includes probe and jig capacitance. 
C. Al l diod es are IN41 49 . 

OUTPUT S 

(2) (3) (4) (5) (6) (7) 
2Y2 2Y3 1Y0 1Y1 1Y 2 1Y 3 

H H H H H H 

H H H H H H 

H H H H H H 

L H H H H H 

H L H H H H 

H H L H H H 

H H H L H H 

H H H H L H 

H H H H H L 

r-- -----, r -- --- -, 
I R, 400 U ( I R, 400 ~= I I I I I I (See Note C) I I I 

{ I I 
I I c, .• ,s pf I Tel 1SpF I I i (Site Note 8) I 7 

(See Note 8 1 I ':" I I I I 
I LOAD CIRCUIT FOR LOAD CIRCUIT FOR I 
I MIC741SS I I HIC7'41S6 

I L ______ j L ______ .....J 

• ; 10ni. --tcrJ,e-- __..,. H ~ 1 10ns 

I :'- ----- -•'---'-------- HV 
I -• 90 : . . I 

INPUT I I 

w ~ I 1
1 

w. ov '• ___ ..;-i=..:.::..!.--- -.:..:.. 

I ~---+------,.---- -- -· 
NO N,INVE RTING )+- <od+ ..,I 
OU TPUTS I H V 

I 
I HV 

INVERTING 
OUTPU TS 

I 
J 
~t od- I 

r- •••--.-f Vo, I : ,.__ __ ..;. 

I 
~ ,,.+--{ 

MV 

Vo, -----..J------
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ITT74180 
8 BIT ODD/EVEN PARITY GENERATOR AND CHECKER 

TYPICAL CHARACTERISTICS 

Propagation delay (depending 
upon input states) . . 36 ns 

Power dissipation . . 170 mW 
Input loadin g factor : 

Data inputs . 1 unit load 
Odd or even inputs 2 unit loads 

Maximum fan-out .. 20 unit loads (high logic state) 
10 unit loads (low logic state} 

Pin configuration 

(top view) 

r----- INPUH 

Vee 5 ◄ 3 2 

2 3 5 6 

0 

\ ,:P~T: 

1

evL IE-LEN] JD 
INPUT OUTPUT 

ODD &·OD D 

INPUT OUTPUT 

Truth Table 

INPUTS OUTPUTS 

1:OF 1's AT EVEN ODD ~ I: 
0THRU 7 EVEN ODD 

EVEN 0 1 0 

ODD 11 0 0 

EVEN 0 0 1 

ODD 0 1 0 
X 1 1 0 0 

X 0 0 

X ~ 'Don't care' 

DESCRIPTION 

This device is specif ically designed for erro r checking 
systems. The ITT7 4180 sums the 8 b its of binary 
information at the data inputs and gives outputs de
pending upon whether the sum is even or odd. Addi
t ional inputs ·even' and 'odd' can reverse the sense of 
the summing and also enables the ITT74180 to be 
cascaded to increase the word length of the data. 

Logic diagram 

OATA 
INPUTS 

0 0 0 0---------- -- -----' 
INPUT 

EVEN 0-------------- --....J 
INl'UT 
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ITT74180 

PARAMETER 

Typ. at 
Min. 25°c 

Ice supply current 

74 series 34 

54 series 34 

LIMIT 

Max. Unit 

56 mA 

49 mA 

CONDIT IONS 

Vee 

Max. Data input open w ith 

Max. even and odd inpu t s 

both zero or both 2.4V 

Information on the absolute maximum rat ings and 
the other D.C. characteri stics of this device (which 

are common to other integrated circuits in this series) 
is stated in the general information section . 

SWITCHING CHARACTERISTICS Vcc=5V, TAMe=25°C 

PROPAGAT ION 
DELAY T IME LIMIT COND ITIO NS 

From To 
(input) (output) Min . Typ, Max. Unit 

tpc1+ Data LEven 40 60 ns 

tpd. Data LEven 25 38 ns 

tpc1+ Data LOdd 32 48 ns 

tpc1. Data LOdd 45 68 ns Fan-out= 10 

tpc1+ Data LEven 32 48 ns Standard load ci rcuit 

tpc1. Data LEven 45 68 ns CL =15 pF, RL = 

tpc1+ Data LOdd 40 60 ns 400 Q and see test 

tpc1. Data LOdd 25 38 ns table 

tpc1+ Even or Odd L Even or L Odd 13 20 ns 

tpc1. Even or Odd L Even or L Odd 7 10 ns 
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PULSE 
GENERATOI\ 
(S .. Not• 1) 

NOTES: 

s~ it 
AND 

NOTES ODD 

TEST CIJ\CUIT 

ITT74180 

OUTrUT 

,--- --------, 
I R, I 
I I Switching load circuit 

I 
I 

I T'' I 
I - -1 
L _ _ _ LOAO CIRCUff1 _ _ _ _ j 
,-------- - ------, 

LOAD CIRCUIT 2 I 
L---- (SAMEAS1) ____ J 

Waveforms 
tr I+- --.-i t( ~ 

1. The pulse generator has the following character
istics: VouT = 3V. tr = tf = 1 O ns, tp = 500 ns, 
PRF = 1 MHz, and ZouT 50 f2. INPUT 

•'~~----:~ILi_ - ~ - - --VOUT 
90% 90% I 

2. Inputs not specified are open. 
3. CL includes probe and jig capacitance. 

1·5 V I 
l.----·-'P:.._ _____ .. ~, --,.;:.1;.;0.:.;o/o;.__ Q 

I _J tpd ·l· f+-
NONINVERTING I I -------+--.. 

FUNCTIONS I 1 ·5 V 

I Vo, 

OUTPUTS 
Vot1 

INVERTING 
FUNCTIONS 

VOLTAGE WAVEFORMS 

Test Table 

INPUT CONDITIONS OUTPUT INPUT CONDITIONS OUTPUT 

PULSE GND TESTED PULSE GND TESTED 

0 ODD LEVEN 2 ODD LODD 

1 ODD LEVEN 3 ODD LODD 

2 ODD kEVEN 4 ODD kODD 

3 ODD LEVEN 5 ODD LODD 

4 ODD LEVEN 6 ODD LODD 

5 ODD LEVEN 7 ODD LODD 

6 ODD LEVEN EVEN NONE LEVEN 

7 ODD LEVEN ODD 0 LEVEN 

0 ODD kODD EVEN 0 kODD 

ODD LODD ODD NONE kODD 
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ITT54/74192 
ITT54/74193 
SYNCHRONOUS 4-BIT UP-DOWN COUNTER 

SYNCHRONOUS 4-BIT UP-DOWN 
COUNTER (dual clock with clock) 
• Cascading Circuitry Provided Internally 

• Guaranteed fanout of 10 TTL loods over the full temperature rango 
and supply voltage ranges. 

• High capaci t ive drive capability. 

• Individual Preset to Each Flip Flop. 

• Typical power dissipation of 325 mW 

• The input/output characteristics provide easy interfacing with DTL930, 
TTL9000, TTL7400 and MSI fami lies. 

• Input clamp diodes limit high speed line termination effects 

• Fully Independent Clear Input 

• Typical Maximum Input Count Frequency .... 25 MHz 

The MSI ITT54n4192 is a synchronous up/down decade counter with separate 
up/down c locks, para llel load (asynchronou s) facility, two terminal count outputs 
for multi-decade opera tio n. and an asynchro nous overr iding master reset. 

The MSI ITT54n41 93 is a synchronous up/down 4-bit binary counter with separate 
up/down clocks, parallel load (asynchronous) facility, termi nal count outputs for 
multi-decade operations, and an asynchronous overriding master reset. 

Counting is synchronous, with the outputs changing state after the low to high 
transition of either the count-up clock (CPu) or count-down clock (CPo). The direc
tion of counting is determined by which clock inpu t is pulsed while the other clock 
input is high. (Incorrect counting will occur if both the count-up clock and count
down clock inputs are pulsed simultaneously .) The counter will respond to a clock 
pulse on either input by changing to the next appropriate state of a binary sequence. 

The counter has a parallel load (asynchronous ) facility which permits the counter to 
be reset. Whenever the data enable (PL) inpu t is low, the information present on the 
parallel data inputs (PA· P8 , Pc, P0 ,) will be loaded into the counter and appear on 
the outputs independ ent of the conditions of the cloc k inputs. When the data enable 
input goes lows, this information is stored in the counter and when the counter is 
clocked it changes to the next appropr iate state in the counts sequence. The data 
inputs are inhibited when the data enable is high and have no effect on the counter . 

The terminal count-up (TCul and terminal count-down (TC0 ) outputs (Carry and 
Borrow respectively) allow multistage binary counter operations without additional 
logic. The counters are cascaded by feeding the terminal count-up output to the 
count-up clock input and the terminal count- do wn output to the count-down input 
of the following coun ter. 

1- 90 

DUAL IN-LINE (Top View) 

LOGIC: LOW INPUT TO l.D.tO SETS Otl fl., 

<>a•B,"c•C,Co•D 

DIMENSIONS 

NOTES: Al~inl ncha . 
u:o,n o,einler.dtdfotin w,1ior,inho3e1VW1on 
.300'cenlm.. They cns:,urpo,Wf3'\ipped w,th 
•posilivt • mholi~ I JO!oCJWlott ittsut ion.. 



ABSOLUTE MAXIMUM RATINGS (above wh ich the useful l ife may be imppired) 

CHARACTER ISTICS 

Storage Temperature ........ . 
Temperature (Ambient) Under Bias). 
Vee Pin Potential to Ground Pin. 
Voltage Applied to Outputs for 

high output state . 
Input Voltage (D.C.) .... . . 

RECOMMENDED OPERATING CONDITIONS 

--65°C to +150 
- 55°C to+ 125 

-0.5Vto +7 

-0.5V to Vee 
-0.5V to +5.5 

UNITS 

oc 
oc 
Volts 

value 
Volts 

ITT54/74192 
ITT54/74193 

ITT54192, ITT54193 ITT74192, ITT74193 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage Vr-r- 4 .5 5 5.5 4.75 5 5.25 V 
Normalized fan-out from each output, N 10 10 
Input count frequency, f--··- 0 25 0 25 MHz 
Width of any input pu lse, tw 20 20 ns 
Data setup time , tsetuo (see Figure 7 and Note 2) 20 20 ns 
Data hold t im e, thold (see Note 3) 0 0 ns 
Operating free-air temperature range, T tJ. .55 25 125 0 25 70 oe 

NOTES: 2. Setup time is the interval immediately preceding the posit ive-going edge of the load pulse during which interval the data to be 
recognized must be maintained at the input to ensure its recognition. 

3. Ho ld time is the interva l immediately following the positive-going edge of the load pu lse during which interval the data to be 
recognized must be maintained at the input to ensure its recognition. 

ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE (unless othervvise noted) 

SYMBOL CHARACTERISTICS 
TEST ITT54192, ITT54193 ITT74192, ITT74193 

UNITS CONDIT IONst FIGURE MIN TYP:j: MAX MIN TYP:j: MAX 

V1H High-level input voltage 1 and 2 2 2 V 
V1L Low• level input voltage 1 and 2 0.8 0.8 V 

VoH High-level output voltage 1 2.4 2.4 V Vee= MIN, V1H = 2 V 
V IL =0.8 V, IOH =•4 00µA 

Vol Low-level output voltage 2 0.4 0.4 V Vee = MIN, V1H = 2 V, 
V1L = 0.8 V, IOL = 18 mA 

l 1H High-leve l input current 3 
40 40 /.IA Vee= MAX, v, • 2.4 V 

1 1 mA v~~ = MAX, V1 = 5.5 V 
Il l Low- level input current 4 -1.6 -1.6 mA Vee= MAX, V1 • 0 .4 V 
1os Short-circuit outp ut current ~ 5 ·20 -65 -18 -65 mA Vee - MAX 
1cc Supply current 6 65 89 65 102 mA Vee = MAX 

tFor conditions shown as MIN or MAX. use the appropriate value spec ified under tecommended operating conditions for the app licable 

device type. *All typical values are at Vee= 5 V. TA • 25° C. ~ot more than one output should be shorted at a time . 

SWITCHING CHARACTERISTICS, Vee= 5 v. TA • 25°C, N = 10 

PARAMETER§ FROM TO TEST MIN TYP MAX UNITS CONDITIONS INPUT OUTPUT FI GURE 

1max 25 32 MHz 
'setup 7 14 20 ns 
tPLH 

Count•up Carry 8 17 26 
tPHL 16 24 

ns 

tPLH 
Count•down Borrow 8 16 24 

tPHL 16 24 
ns CL • 15pF, 

tPLH 25 38 RL =400.Q 
tPHL 

Either Count Q 8 ns 31 47 
1PLH 27 40 
tPLH Load Q 7 ns 29 40 
tPHL Cleat Q 7 22 35 ns 
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JTT54/74192 
ITT54/74193 
ITT54-74192 DECADE COUNTERS 

TYPICAL CLEAR , LOAD, AND COUNT SEQUENCES 

1. Clear outputs to zero. 
2. Load (preset) to BCD seven. 
3. Coun t up to eight. nine, carry , zero, one. and two. 
4. Count down to one, zero, borrow , nine, eight, and seven. 

ClEAft 

LOAO 

~{ _J 

_J 

.J 

COUNT 
UP 

~~~~:- -- -- ---- ------ --~ - ----- ------ -- --_ .;.._....:...;: - - -
~ - - ---- - -- ----- --' ~------ ---- --- - - -
,- ---~_ ..... , __ 
I 

COUNT 
OOWN 

BOAR:>W _....:.,--'-, --'-, ...:,~-'-,- --- -- --'-, _ .:___--, 

SEQUENCE 
ILUJSTAATEO 

lol (1( I a • o 1 21 
~ ~ 1--COIJ<TuP--i 

ITT54 -74 193 BINARY COUNTERS 

TYP ICAL CLEAR , LOAD, AND COUNT SEQUENCES 

1. Clear outputs to zero. 

2. Load (preset) to BVD thirteen. 
' ,3. Count up to fourteen, fifteen, carry, zero , one, and two. 

4. Count down to one, zero, borrow, fifteen . fourteen, and thirteen. 

CLEAR 
LOAO -~ -~ 

I I 

r --- -- --- ---- - -- -
OAT. 

{D

·: _]_]-~~ = = = = = = = --~~ ..... --- -- ---- - --- -- - -~~-~·~:-- --- ---- - --- - -- -·~- -- --- --- -- -- - --_Jr~,~-~•~~================ 
COUNT n ,-,------ ------
c:NT _ __.,_I ....:.._:._I ..:1-....!...-- ---- -~~ 
DOWN I I I 

- -t I 
Qe- I 

OUTPUTS - - I c.' --'----''- ---

OC = ~ {

OA _ 1 ' I 

Oo = lJ._J~• -'---':.._- -- ,_ __ _ .;___,_ ____ r--- -'--

CA.ARY 

1)011"°" 

SEOUEHCE 

1 I 0 

I I ' ' (o( (13( 

IUJJSIIWED 'CLEAR'~ 
' I I 

I ,. 15 0 I 21 r COONT UP--, 

L I O 15 14 131 
ICOOMT DOWN-----, 

NOTES: A. Clear overr ides load, data, and count inpu ts. 
8. When counting up, count•down input must be high; when counting down, count-up inpu t must be high. 
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PARAMETER MEASUREMENT INFORMATION 

D-C TEST CIRCUl 'J<S. 

V1His,( 
NOTE 

Vic 

'cc 

FIG URE l - v ,H, VIL • VoH 
bch ou1p1,11 is ttlttd ,epa,-attlv. 

"cc 

""'"''" 
°"""' i·· o, V 

• NOTES 

09 

Oc 

OD 

FIGUR E 4 - l1L 

}·-

•V•HiSEE 
NOTE v,c 

FIGURE 2- V1H, VIL• Vol 
Eacti ou1pu1 is umed' l«!~altiy . 

vcc 

FIGURE 5 - los 

)' 

Eo,cl't OUIJ)ut ,s 10,t~ nparalel y ,n 1he htgh -~.,,e l $1111P, 

• Arrows ind.ca1e tc tual direc1;on o f cu-rrt n t llow. Cu11rm ir'ltO • lt-rminal is ,1 ~i l i.,.e 11a lue. 

SWITCHING CHARACTERISTICS 

~~:[:;: i_ ____ _ ~-t-"1 

,S•• "'-cl .. A' 

ITT54/74192 
ITT54/74193 

vcc 
UP 80...,. 

}~-DONN 
CAARY SEE A 

• o • 

09 

°< 
I.OW •o 

FIGURE 3 - l 1H 

NOTES : A. E:ach inpu t " l hled Hl~ '•• •l v. 

u• 
OQWN 

LO-'O 

8 . Apply v, 10 in pu1 1.1nder IHI, Ind ,round Olhe, incx,u 
uoept when tctTll'!g 611• inpuu, apply •.s V 10 ctw 
..- d lold inl)Un . 

'5, 

vcc J ice 

CARRY 

}·· o. 
oe. 

•c 
•o 

FIG URE 8 - Ice 

-------, 
I 
I 
I 
I 
I 

' cs .. H~t, CI I 

I
ei..• •~ptr I 

__ 1s .. ,.,..,,,a, , 
I I L_ LOAO CI RCLII T 1 ___ J 
,-------------, 1..0AC CIACV IT ~ I 
J I Sor,,,,o 4Bl,,OOOClre..., 11) I 1._ ____________ ,J 

TEST CIRCUIT r--~ .. ~~1;C:,.-;.-;---7 

VOLTAGE WAVEFORMS 
NOT ES: A. The pois e genera1on have the follow lng cn~r,3ctedst lt1 · Zout :::::: 50 .0. lo, 1he da ta pulse generator, 

PAR • 500 kHz , duty cy c:le • SO": for 1he load pu li& gener ,110,, PRA • 1 MHz . duly cycle • 501f.. 
8 . CL Includes c:,robe end j,g c•pacha11ct. 
C. All ct.od tts arc 1 N3064. 

FIGURE 7 - CLEAR, SETUP, ANO LOAD TIMES 
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JTT54/74192 
ITT54/74193 

PARAMETER MEASUREMENT INFOR MATI ON 

SWITCHING CHARACTER ISTICS 
PIJLSt 

OE:,..E.RATO,. 
{Se• Noll AJ 

vee 

""'"""' 

OUT-VT$ ,---------,-... ---., 
Co0c:Oeq,, Cl.CAR 

00,,ROW 

,----------- -- -... 
I ' , '\. •"'oon : 
I I 
I : 

CAARV P--+-+--t-+-1 I (S. • '-o teC: ) I 

a,~~~ -
oo 
Oe 

1 I~:.I:::,. 
Q.~M Oo 

,~ 
I 
I ' ._ __ _,_~ ..OA0 

VOLT AGE WAVEFORMS 

NOTES : A, The pu l1e gener•tor has the f0 IIOWingcharactttistic:s : PAR • 1 MHz, Zoul :::son, dutv cycle • 50%. 
8 . Cl lnctv~s probe and )ib capa.citanct. 
C. All d10<re$ ere 1 N3064 . 
0. Count -up and eoun1.(fow n pulsfl shown are fOf 1he SN54193JSN74193 bin.a•v eoun1ers, Count cycle fo r 

SN54 192 dttadlt counter is 1 thtOu,gh 10. 
E. Waveforrm for ou1pu1s QA, Oe , and Oc a,t omittfd 10 ~mphfy the dt awln g. 

TEST CI RCUIT 

FIGURE 8 - PROPAGAT ION DELAY TIM ES 
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L __ ~<;!~~!.. i_ ___ J 
r-----------, 

U,AO C.l!tCO H 2 : 
L _ t,o, , u1 a1 1..oOoC1.-.::..,,) _J 
r-- ---- -- -- ---.., 
• LOAD ORC VIT 3 : 
I,,. ,~ .... Hl.oed C. , c,,,,1 1) _J 
r-- --- - - ------, 

L.OA.0 C:tAC.1.11:T 4 I 
I ('So...,. o~ 1.o-0c1 e,~ c.; , 11) : 
L -- - -- - - _ _____ _, 

'--- ~r ---1.~~~,;~.;;---7 
, cs-~~ c .. c. .. ;, 1) , 

L---- -- -- ---- .J r-- --- -------, 
'---- ~ , (SO~A~ ~ :~ ~

1:c!,t 11 : 

L------ ---- - --J 



• I 

TYPICAL APPLICATION DATA 

MODULO•N DIVIDER 

ITT54/74192 
ITT54/74193 

The ITT54 193/ITT74 193 can be used to d ivide an incom ing count 
freque ncy by any integral number IN) from one to 16. Th is is done 
by mod ifying the count frequency occurring at the carry output by 
presetting the date inputs to 16 minus N . By connecting the carry 

output to the load input, the counter will count to the maximum 
state (15) and the data inputs will then be enabled on t he succeeding 
clock pulse. The counter outputs are then preset to the levels applied 
at the data inputs and the count sequence is repeated. 

OATA INPU T S 

,--"---,. 

IN PUT 
LOOD A B C D OU TPUT 

UP CA~Fn' 
541513, ,v vcc ?.;193 

SORROW 
OOWN 

CU'.AR "• 0a "c Oo 

-=-~ 
OUTPUTS 

The ITT54192/ITT74192 may be used in the same manner to perfo rm division by any number from 1 to 10 . 

LOAO 

COAD 

lJPCL.OCK UP 

DOWN 
CLOCK DOWN 

Q.£AA 

CU:AR 

CASCADING 

CATA INPUTS 

,--"----, 

A B 0 U)AO 

5.;192, CARRY UP 
54193 , 
74 t92 o r 
74193 

80RROW DOWN 
A B C D CLEAR 

~ 
OU TP\JTS 

OJ\TA INPU TS 

~ 

A B C D 

54192: , CARRY 
5419J , 
7 4 l92 Of 
74t93 

BORROW 
A a C D 

~ 
OUTPUTS 

TO 
NE XT 
SiAZ E 

Circ uitry is provided int ernally for cascading these counters. Th e 
mode of cascading shown below is ripple borrow/carry. N.o external 
compo nents are required . 

I 



GENERAL INFORMATION ITT 54H/74H SERIES TTL FAMILY 

This series is designed to be used in conjunction with 
the 54/7400 Series TTL in system locations requiri ng 
minimum propagation delays. They form a TTL 
family (Transistor -T ransistor Logic) guaranteed to 
operate over the follow ing ambient tempe rature 
ranges: 

54H Series 
74H Series 

-55° C to 125°c 
o0 c to 75°c 

All devices operate over a frequency range between 
D.C. and typically 30 and 50 MHz, and are fully 
compat ible with all 54H/74H series TTL and 930 
series DTL. 

Clamping diodes are provided at the inputs to 
enhance the inherent high noise immunity when 
driving transmission lines. Most outputs are of totem 
pole configuration to give good drive capability, i.e., 
high fan-out, especially into large capacitive loads. 
Other outputs include an open-circuit col lector 
connection. 

All functions are available in ceramic dual- in-line 
or plastic dual-in -line packages. 

FEATURES 
High speed - typica l propagat ion delay (gate) of 6 ns. 

@CL= 25pF 

Guaranteed noise margin -greater than 400 mV. 
Low power dissipation- 23 mW per gate at 50% 

duty cycle . 
Worst case fan-out of 10. 
Low output impedance. 
Logic levels guaranteed over range of supply voltage 

and operating temperature 

Compatible with other DTL, TTL logic series. 

INDEX FOR STANDARD 7400H SERIES 

For the mi litary range, replace 74H in the type 
number by 54H. 
Prefix the type number by ITT and end with J which 
indicates the ceramic dual- in-line package. 
For example: ITT5484J is a 16 BIT MEMORY de
vice in 54 series logic with a ceramic dual -in- li ne 
package. 

TYPE DESCRIPTION 

74H00 Quad 2 i/p NANO 

74H01 Quad 2 i/p NANO 

(open-collecto r 5-5 V rating) 

74H04 Hex inverter 
74H05 Hex inverter (open-collector 5-5 V rating) 

TYPE 

74H10 

74H20 

74H:50 

74H40 

74H50 

74H51 

74H53 

74H54 

74H60 

74H72 

74H73 

74H74 

74H76 

DESCRIPTION 

Tr iple 3 i/p NANO 

Dual 4 i/p NANO 

8 i/p NANO 

Quad 2 i/p NANO buffer 

Expandable dual 2 wide, 2 ilp A.0.1. 

Dual 2 wide, 2 i/p A.0. 1. 

Expandable 4 w ide. 2 i/p A.0.1. 

4 wide. 2 i/p A.0.1. 

Dual 4. i/p expander 

J-K master-slave flip-f lop 

Dual J-K master-slave flip-flop 

Dual D-type edge-triggered f l ip-flo p 

Dual J-K master-slave flip-flop 

with preset and clear 

FUNCTIONAL INDEX 

Gates 

Flip-flop s 

FUNCTION 
NANO 

Inverter 

And-Or -Invert (A.0.1.) 

Expan der 

D-type 

TY PE 
74HOO 

74H01 • 

74 H10 

74H20 

74H30 

74H40 

74H04 

74H05* 

74H50 

74H51 

74 H53 

74H54 

74H60* 

74H72 

74H73 

74H76 

74H74 
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GENERAL INFORMATION ITT 54H/74H SERIES TTL FAMILY 

INTRODUCTION TO TTL 

The TT L circuit configurations are designed so that 
the uniform logic and noise margin levels apply to al l 
the standard devices in the fami lies. Thus many para
meters and their lim its are common. In add it ion the 
operat ing cond itions are identified for each fam ily, 
Once these standard operating cond itions are under
stood it becomes possib le for the designer to use the 
family by simply referring to the logic and connec
tion diagrams on each data sheet. Al l common infor
mation is included in the remainder of this section. 

For ease in reading, the data only refers to the 74H 
series family but it is equally applicable to the 54H 
series. Where there are exceptions these are clearly 
indicated on the individual data sheets concerned. 

LOGIC DEFINITION 

Positive logic is used throughout the data sheets. Thi s 
is defined as follows. 

Logical '0' = Low voltage; typica ll y 0.2 V but ( 0.8 V 
Logical ' 1' = High voltage; typical ly 3.3 V but) 2.0 V 

Current flow ing into a device term inal is defined as 
posit ive. 

D.C. CHARACTERISTICS COMMON TO ALL 
DEVI CES 
(except where otherwise stated) 

D.C. tests are carried out under the specified condi
tions. A ll inputs and outputs are tested for all possible 
logic states. Worst state load currents and voltages 
are app lied and the test l imits are applicable over the 
full temperature range. 

PARAMETER LIMIT (Note 8) 

Min. Typ . Max. Unit 

V 1H 2 .0 V 

V1L 0.8 V 

Vol (standard output) 0.22 0.4 V 

Vol (buffer output) VoH 2.4 3.3 V 

lcEx open co llector only 250 µA 

Min. Max. 
Supp ly voltage , Vee : 

74H series 4.75 5.25 
54H series 4.5 5.5 

Operating temperature: 
74H series 0 75 
54H series -55 125 

D.C. noise margin typica l ly greater than 1V. 

ABSOLUTE MAXIMUM RATINGS 
(above wh ich the usefu l life of the device 
impa ired) 

Continuous supply vo ltage Vee (Note 1) 
Input voltage . . 
Voltage between inputs . 

Unit 

V 
V 

oc 
oc 

may be 

.. 7V 
5.5 V 
5.5V 

- 10 mA Continuous input current 
Standard output voltage . 
Storage temperature . 

-0.5 to 5.5 V 
. -65°C to 1 5o0 c 

Note I 
Th is rati ng is reduced to 5.5 V i f unused inputs are 
connected dir ectly to Vee. 

STANDARD CHARACTERISTICS 

(limits app ly over the full range of operating temper
ature and for standard totem po le output except 
where otherwise stated). 

Where characterist ics for devices differ from the 
table these are shown in the data sheets. 

CONDIT IONS 

Vee 
Min . Vol (0.4V or VoH) 2.4V (Note 1) 

Min . Vol ( 0.4V or VoH) 2.4V (Note 2) 

Min. loL=20mA, v I1-1=2v or v1L =0.8V (Note 3l 

Min. V1L =0 .8V or VoH=2.0V (Note 4) 

Min. V1L =0.8V, V 1H=2V, VouT=max. 
o/p voltage rating 

2.0 mA Max. VF =0.4 V (Note 5) 

50 µA Max. VR=2.4V. input loading -1 unit load (Note6) 

1.0 mA Max . VR =5.5 V irrespective of input load ing 

54H series 40 100 mA Max. VouT=0 V (Note 7) 
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GENERAL INFORMATION ITT 54H/74H SERIES TTL FAMILY 

Note 1 

Condition at outp uts dependent on the truth table 
of the device. For example, for gates and buffers, 
Vol 5 0.4 V applies., and for flip-flops, either Vol 
5 0.4 V or VoH ::: 2.4 V applies at each output. 
Output conditions do not apply for 74H60. 

Note2 
Conditions at outputs dependent on the truth table 
of the device. for example; for gates and inverters 
VoH ) 2.4 V. Outp ut conditions do not app ly for 
devices with open collector output. This parameter 
does not apply for 7 4 13, 7 4 1 21 . 

Note3 
Conditions V1H and V i L depend on device truth 
table. 

Note4 

This parameter for totem pole output devices only. 
Vi L and V 1H apply according to the trut h table. 
IQH = - 500 µA for devices with Fan-out = 10; 
IOH = -1,0 mA for 54H/74H74; IOH = -1.5 mA 
for 54H/74H40, 

Note 5 
Limits apply for an input loading of 1 unit load; for 
other input loadings mu ltiply limits by number of 
unit loads. For flip - flops, see appropriate data for 
test cond itions. 

Note6 

All other inputs at O V for 74H72, 74H73, 74H76 . 
For 74H74 consult data sheet. Limits to be multi
plied by the input loading of the device. 

Note 7 

For all devices not more than one output to be 
shorted at any time. Open collector devices: no 
parameter for - lsc-

Note 8 
Typical limits are at ambient temperature, T A=25°C 
and Vcc =5 V. 

A.C. TEST~ 

Testing of propagation delays is carried out using the 
typical switching load circuits shown below. These 
load circuits are designed to simulate full fan-out 
loading. An osci lloscope with high impedance probes 
and having a bandwidth of at least 100 MHz is suit
able for these measurements. 

TYPICAL SWITCHING TEST LOAD CIRCUI TS 

For to tem pole outputs: 

DEVICE O? 
R, 

~o----t,•-<1---IIM----19!----1 ..... --, 

C. 

OlJIPUT 

For open collector outputs: 

o~ PII c,!••~• 
OUTPUT 

Diodes are type 1 N4148 or equiv. 
The values of CL and RL are quoted in the data 
sheets. Value of CL inc ludes probe and jig capi
tance. 
The character istics of the pulse generato r used at 
the input of the device are stated in the data 
sheets. Typical characteristics are: VouT= 3 V; 
Rise time, tr, =Fa ll time, tf,=less than 7 ns; 
Z 0 = 50 ; Pulse Repetition Frequency, P.R.F . = 
1 MHz; Pulse width fo r gate, tp = 500 ns. 

Waveforms 
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GENERAL INFORMATION ITT 54H/74H SERIES TTL FAMILY 

CIRC.UIT DIAGRAM OF MIC74HO0 GATE 

~- - --- -..-~c 
7.8t.O 

......., 
INflVTS 

The d.c. operation of this circuit is more readily 
understood if the multiemitter transistor (MET) con
necting the inputs is considered equivalent to a diode 
AND gate in series with an offset diode connected to 
the base of transistor VT1. This is shown in Fig. 2, 
the emitter-base junctions of the MET forming the 
input diodes and the collector-base junction forming 
the offset diade. 

Fig. 2. Simplified analogy of TTL gate. 

vu 

' 
• 

• 0 

' g:_ ,\, /.., •IV 

• v,2 -~ • 
0 

When all the inputs are positive a logic '1' current 
flows from the positive supply through Rg into the 
base of VTl which heavily conducts ani:l turns VT2 
'ON' into the saturated state. Since both V'rl and 
VT2 are saturated, t here is insufficient voltage across 
the base emitter terminals of VT3 to render it con
ducting. The output voltage is about +0.2 V, (i.e. 
saturation voltage of VT2). The collector current of 
VT2 will consist of the total 'sinking' current from 
the gates connected to the output terminal. When 
the base current drive to VT2 is high, VT2 can re
main saturated even with a large collector current. 
with edverse circuit tolerances and temperature vari• 
ations. This permits a fan -out of up to 10. With a 
multiemitter transistor. more current flows from a 
positive held input than with a conventional D.T.L. 
gete (the leakage current of the reverse biassed input 
diode) since the MET is biassed in the inverted mode 
and the functi ons of emitter and collector are re• 
versed. However, the MET is designed to have a very 
low inverse gain and I A is kept to a minimum , I A 
will equal the emitter base leakage current plus the 
product of inverse current gain and IG, 

2. LOW OR OFF STATE 

The opposite state shown in Fig. 1 Bis achieved if the 
voltage of any numbet of inputs is reduced below a 
threshold level of about + 1.5 volts. Fig , 1 B shows 
the conditions when input A is at +0.2 volts (a 
typical output voltage of a previous gete). No base 
current flows into VTl since the collector of the 
MET is at too low a potential, with respect to its 
base. 
Therefore, no current will flow through VTl and 
VT2 other than leakage current (which can be 
neglected in this analysis). The transistor VT3 will 
conduct to provide sufficient output current to 
maintain following gates connected to the output 
terminal at 3.3 V positive in logic 1. The fan•out is 
high (101 under worst case conditions because of the 
low output impedance of VT3. 

3. CHANGE0VER BETWEEN STA1ES 

The transistor action of the MET considerably im
proves the switching speed when compared with · a 
DTL gate. In switching from the ON to the OFF 
state the MET saturates and rapidly removes the 
charge stored in VT1 turning it off. Then VT2 be· 
gins to turn off and VT3 turns on as the collector 
potential of VT1 rises. VT3 assists VT2 to turn off 
iiod pull s the output terminal rapidly positi-.e, charg• 
ing any load capacitance. The diode 01 helps to 
prevent VT2 and VTl from condu.:ting simultane• 
ously and Rl limits the current through V1'3 to a 
safe value during the switch over if the output 
terminal is accidentally shorted , 

Fig. 3. Propagation delay waveforms. 

INPUT _ _ / \~ _ 
VQLTAG£ ______t,,~~ - - - - ---- . ;\I - - ' ~HV 

VIL 
I I 
J.8 ni..J J I 

I : r-10.,-, 
OUTPUT --t-~ 1 I Vo H 

VOLTAGE -_j..J- •· , - - - - -:- - I-"- +i·SV-
V - - - 1- I 

OL I • I I I 
I I I I 
I I I I 

_J '••--r- I '"• I 
I I I 

Switching from the OFF to the ON state is more 
rapid than ON to OFF since .none of the transistors 
VT1, VT2 and MET are saturated in the OFF condi• 
tion. The switch to the ON condition is particularly 
fast owing to additional drive by transistor VT1 in 
turning on VT2. Fig. 3 shows the typical switching 
times fMm this gate. 
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GENERAL IN FORMATION ITT 54H/74H SERIES TTL FAM ILY 

OUTPUT 

VOLTAGE 
+ NV,._ _ __ _ 

Lowe.st loi ic '1 ' 
leYel of available 
output (and Input) 
volta1e. 

Hi1hett lo1ic• 'O' 
output 
(and available Input)- Vol ' 
volu 1e 

·v ol 

~ 
v,c 

V1H 

NOISE IMMUNITY 

The no ise immu nity of the TTL gate is typi cally 
greater than 1 vol t arid is guaranteed 0 .4 V min imum 
under worst case conditions fo r temperature and 
loading to lerances. The noise immunity is deri ved 
from the differen ce between ext reme limits of input 
voltage and the voltage required to ensure t he 
change of a logi c state . This is i llustrated by the 
transfer character istic shown in Fig. 4. 

SPECIFIED AS 

~~'~' ~ - IN_P_U_T_~ 

VOLTAGE 

fo r input volugH 
be low th is level th e 
device will remain 
in the 'O FF' sute 

for input volu.1es 
i bove. this leve l the 
device will remain 
in the 'ON' state Not e: NM= No ise margin 

Fig. 4. Typical t ransfer characteristic showin g noise margins 

GATES DIFF ERING FROM TH E STANDARD 
CIR CUIT 

Typical variat ions from the standard NANO gate 
circu it conf iguration are shown in the following 
circuit diagra ms. 

Open collecto r 
(e.g. 74H 01) 

NANO buffer 
(e .g. 74H40) 
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ITT74H00 Quad 2 inp ut NAND gate 

ITT74H01 Quad 2 input NAND gate 

ITT74H04 Hex inverter 

ITT74H05 Hex inverter (open collector) 

ITT74H10 Triple 3 inpu t NAND gate 

ITT74H20 Dual 4 input NAND gate 

ITT74H30 Single 8 input NAND gate 

ITT74H40 Dual 4 input NANO buffer 

DESCRIPTION 

ITT7 4H400, ITT74H10, ITT74H20, ITT74H30, 
ITT74H40 are standard totem pole output gate 
devices. 

ITT74H01 is open collector output device featuring: 

Wired or capability 
Output rating 5.5V • Suffix "A" denotes 15V 

ITT74H40 is a NAND buffer featuring a FAN OUT 
OF 30. 

The circuits of all these devices are the same as those 
shown in the general information section, 

74H400, 74H01 

ITT74H00 through ITT74H40 

TYPICA L CHARACTERISTICS 
Power 

dissipation 
Propa· per package 
gation (50%duty 
delay cycle) 

Device type ns mW 

Quad 2 input 74H00 6 .90 
NAND 

Tr iple 3 input 74H10 6 67.5 
NANO 

Dual 4 input 74H20 6.5 45 
NA NO 

Single 8 input 74H30 8 22.5 
NAND 

Open collector 74H01 9 82 
2 input NAND 

Hex inverter 74H04 6.5 140 

Open collector 74H05 9 140 
Hex inverter 

Dual 4 input 74H40 7.5 85 
NANO buffer 

Input loading factor .. . ... . .. . 1 unit load 

Fan out (for totem pole outputs) : 
Standard gates . ... 
Buffer gates . . . . . . 

Output voltage rat ing for 
open collector outputs . 

74H10 

1 to 10 un it loads 
1 to 30 un it loads 

..... . . 5.5V 

74H20, 74H40 74H30 74H04 , 74H05 
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ITT74H00 through ITT74H40 

0 ,C. CHARACTERIS T ICS 
Information on the absolute maximum ratings and 
the other O.C. characteristics of these devices (which 

are common to other integrated circuits in this series) 
is stated in the general information section. 

PARAMETER LIMIT CONDITIONS 

Min . Typ. Max . 
IGCL 

74HOO, 01 26 40 
74H10 19.5 30 
74H20 13 20 
74H30 6.5 10 
74H04, 05 40 58 
74H40 25 40 

iccH 
74HOO, 01 10 16.8 
74H01 6.8 10 
74H10 7.5 12.6 
74H20 5 8.4 
74H30 2.5 4.2 
74H40 10.4 16 
74H04, 05 16 26 

Exceptions to common 
characteristics: 

-lsc (Buffers) S4/74H40 40 125 

SWITCHING CHARACTERISTICS 

Switching test circuits as shown in the general infor
mation section. 
Note 
Other inputs of the gate under test taken to 2.4 V. 

Unit Vee 

mA Max. V1N on all inputs=5.0V 
mA 
mA 
mA 
mA 
mA 

mA Max. V1N on all inputs=O V 
mA 
mA 
mA 
mA 
mA 
mA 

mA Max. · vouT=V1N=OV 

Characteristics of pulse from generator at a device 
input: 

tr= 7 ns, tf = 7 ns, tp = 500 ns, P.R.F. = 1 MHz, 
20 = 50, Amp litude= 3.0 V 

Parameter Min. Typ. Max. Units Conditions 

tpd+ 
74HOO, 10 5.9 10 ns See test circ uits in introduction, CL= 25 pF, 

RL = 280 
74H20 6 10 ns 
74H30 6.8 10 ns 
74H01 10 15 ns RL = 280 , CL= 25 pF 
74H04 6 10 ns RL = 280 , CL" 26 pF 
74H05, 05A 10 15 ns RL = 280 , CL .. 26 pF 
74H40 8.5 12 ns RL = 93 ,CL=15pF 

tpd- See test circuit: 
74HOO, 10 6.3 10 ns RL = 280 , CL= 25 pF 
74H01 7.5 12 ns RL = 280 , CL= 25 pF 
74H04 6.5 10 ns RL = 280 , CL= 25 pF 
74H05 7.5 12 ns RL = 280 , C_L = 25 pF 
74H20 7 10 ns RL .1280 , CL= 25 pF 
741-130 8.9 12 ns RL = 280 , CL= 26 pF 
74H40 6.5 12 ns RL = 280 , CL= 25 pF 

•Only one out pu t to be short-circuited at any time. 
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TYPICAL CHARACTERISTICS OF STANDARD 
r,IAND GATES 

Typic;al and 95% Limit Input Characteristics 
(at S V an~t o0 c to 1s0 c1 

2 1-~-.---.---,--,---,.--,-"""T--r-, 

~ 
~ o· ~~- + -1,-+-+--++-+---,1--+---1 
> 

2 ' 
-60 -,o -40 -30 -20 ·10 0 10 20 30 40 l(,nA) 

Typical and 95% Limit Output Characteristics 
Cat 5 V and o0 c to 75°CI 

4 
r----

- '-- -~ --l'\ \ I Hi,:h
1
Smt-

- '-- · 
\\ \ 

Tr,. \ \ ' 
' 

--1-- -

1\ \ ' Hl11a, \ ' '-
: \' \ 

........ ,.__......_ t:-.,_ - ..... \ Ti,. ..... 
0 

l9,...S1u• ' \ \ 

-· -- · ~ -- -
~ ·I 

•90 .,o -o40 -30 •20 -10 0 10 20 30 40 l(Ma) 

APPLICATION NOTES 

Wired-Or Funct~n 

The purpose of the 5.5 V open collector devices is 
primarily to perform the 'wired-OR' function which 
can not be implemented by the standard active pull 
up output circuit. The open collector devices require 
an external resistor between output and ·Vcc - The 
choice of resistor value is a compromise between fan 
out requirements, th·e number of commoned outputs, 
power dissiP<!tion and speed. Limiting values of Rx 
are given by the following inequalities. 

ITT74H00 through ITT74H40 

Rx ) 
Vcc(max.) -VoL(max.l 

(10-N) IF 

Vcc(min.) - VQH(min.) 
Rx ( 

M .lcEx + N.IR 

Where M=Number of outputs commoned together in 
the 'Wired-OR' function; N=Fan out required . 

High Volt~• Output 

A typical use of the high voltage open collector 
device: 

Miniature relay drives - A protecfion diode is 
required to prevent turn off transients damaging 
the output transistor (as shown). 

PROTECTION DIODE 

OUTPUT I.C. RELAY 

Output Interfacing 

When interfacing between TTL logic and lamps, re
lays etc. a discrete driving transistor is normally used. 
If there are several such interface transistors being 
driven from one multiple gate TTL device a problem 
is encounte~ed in determining the value of b<!se 
resistor to be used, to ensure maximum base drive 
without risk of over dissipating the ICC, when all out 
puts are high. The circuit shown below is suitable for 
use with the ITT devices and gives minimum base 
current of 10 mA. 

"''0"1 

,----ll-- ---, 
I I 

OVl'PvT 

I I 

10 ,ti A 

Standard 74 Series Gate· 

The· inclusion of the 470 pF capacitor will give a 
considerable improvement in speed of this circuit. If 
the transistor used is a sN2369A propagation delay 
times from the gate inputs to output of 1 0ns can be 
achieved. 
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DUAL 2 WIDE 2-INPUT AND/OR INVERT GATES - ITTI4H50, 51 

SINGLE 4 WIDE 2-INPUT AND/OR INVERT GATES - ITTI4H53, 54 
THE MIC7'4HSO AND THE MIC74HS3 ARE EXPANDABLE 

TYPICAL CHARACTERISTICS 

Propagation delay . . 
Power dissipation . . 

(50%duty cycl e) . 
Input loading facto r 
Fan-out . .... . . 

... .... 6.5 ns 
58 mW (74H 50, 74H51) 
42 mW (74H5 3, 74H54) 

.... 1 unit load 
. . . 1 to 10 un it loads 

Pin configuration (top viewsl 

ITTI4H50 

ITTI4H53 

Make no external 
connection to 
pins 11 and 12 

PARAMETER 

1ccH 
ITT74H50, ITT74 H51 
ITT74H53, ITT74 H54 

1ccL 
ITT74H50, ITT74H51 
ITT74H53, ITT74H54 

ITTI4H51 

ITTI4H54 

If expander is not 
usect leave pins 
11 and 12 open 

Ty pe at 
Min . 2s 0 c 

15.2 
19.4 

4.0 

8.2 
7.1 

Circuit diagram of one gate (ITT74H50 and ITT74H 51) 

~'\~/lt\'OM1 ore~I , 
l f1I' ~.-,q, ootll itpultor. 1111<1 loq• t "4t. 
UcrtdXp,!10i'litflC1P11n..t.nl!Clf11M'IO...,,_,, 
~~1 , xono ,:o,tflo.Wdionolcit1 ~td0cri0 l4tOO Ol't'l,lftclftty. 

Mo111tf(lt1.ttffld(.'Ol'ltll(i!Ol'lb XOMl,.... d ... ~~-
1A~db,rS4"1fiCV'74H601~~ rr-,eta:n'IIC1IO 

ION~lrollts. 

Circuit diagram of ITT74H53 a.nd ITT74H54 

!:!ill(i , ,. COf'f!po,itti! ~oi.,,, C,,f l'-ol 
2 Fo,~.oo01lrtp,,, l) ~UH<l!OQ~ll« 

LIMIT 

Max. 

24 
14 

8.0 

12.8 
11 

3, X1111cl:il~Oftltllo,,t11'""""'/\f\Olllt.,... l~tf . 

4 .,i,.1111CoN1lonrvt1c1ic,,,oi01"1o~l/7'4.Slorwbont, . 
~ Aklfdof'°""~H60/7.i60t,oon0tt'qotun,,oylbe:CONltcttd 

JOfN t ,pofl4tf lllp./11. 

CONDITIONS 

Units Vee 

mA Max. V1N on all inputs 
mA Max . 5.0V 

mA Max . V1N on all inputs 0\ 

Info rmation on the absolute maximum ratings and the other D.C. characte ristics of these devices (wh ich are 
common to other integrated circuits in this series) is stated in the general information section. 
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ITT74H50, ITT74H51 
ITT74H53, ITT74H54 

D.C. CHARACTERISTICS OF ITT5450/3 EXPANDER INPUTS AT -55°C 

PARAMETER LIMIT CONDITIONS 

Min . T""e Max. Unit Vee 
Ix expander current 5.85 mA Min . Vx = 1.4 V 

VsE bas!! emitter volta~e 
of output transistor 1.0 V Min. IOL = 20 mA, RcE = 0, IE= 700 µA (Note 1) 

VoH output high voltage 2.4 3 .3 V Min. IOH = - 500 µA,, IE = 320 µA, le = - 320 µA (Note 1) 

Vol output low voltage 0.22 0.4 V Min. lol = 20 mA, IE= 470 µA, RcE =.68 (Note 1) 

D. C. CHARACTERISTICS OF ITT74H50/3 EXPANDER INPUTS AT o0 c 

PARAMETER 

Ix expander curren t 

Vse base emitter vo ltage 
of output transistor 

VoH output high voltage 

Vol out19ut low voltage 

Note 1 

Min. Type 

2.4 3.3 

0.22 

LIMIT 

Max. 

6.3 

1.0 

0.4 

CONDITIONS 

Unit Vee 
mA Min. Vx_ = 1.4 V 

V Min. IOl = 20 mA , RcE = 0, IE= 1.1 mA (Note 1) 

V Min . IQH = -500 µA, IE = 570 µA, le = - 570 µ.A (Note 1) 

V Min loL = 20 mA, IE= 600 µ A., Ree = 63 (Note 1) 

Vee , IE, le and Rc:E refer to voltage, curren t and resistance on Xe and Xe termin als. 

SWITCHING CHARACTERISTICS (V CC= 5.0 V, T AMB = 25°C) 

PARAMETER LIMIT 

Min . Type Max . 

tpd+ 7 11 
tpd- 6.2 11 
tpd+ 7.4 
tpd- 11.4 

Switching test circuit for ITT74H53/4 

2 . .t.Y 

,um 

GEN£U.TO~ 

- -----...- +>V 
- - - 1 

I 
I 
I 
I 

lN41 .. 

Uni t 

ns 
ns 
ns 
ns 

CONDITIONS 

See test circuits , expander pins open 

See t~t circuits '. expander pins open 

See test circuits, Cx = 15 pF 

See test cir cuits, Cx = 15 pF 

Switching test circuit for ITT74H50/1 

,-- -- -- -.••v 

Pulse Characteristics 

tf = = 7 ns 

IN◄l41 

Waveforms 

tr 
tc 

= 7 ns 
= 500 ns 
= 1 MHz 
-50 
=3V 

--~··· ~-------~ 
P.R.F. 

Zo 
Amplitude 

I I 
I I 
: I 

..,,. 
• '_t!;~ --,~ 
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U$E 9F ~XPANQER 

Thi! e1tpanc111r po ints are pr1111i,ded so tl'tat th e input 
of the ITT74H5Q or the ITT74HS3 can be increased 
by a maximum of four 4,input NA~D gates. Both 
Xe and Xe expander ppints must~ used to connect 
to the "c and Xe outputs qf th e ITT74H60 
expan~er. 

USE AS Afll EXCLU$1VE OR GATE 

The connection s as an exclt1siv11 OR gate are shown 
below with inpu ts A and B. 

A 

B 

A B 

0 0 

1 0 

0 

, . 0/P 

0/P 

0 

0 

The inverse of excl~ive OR ft1nction can also be 
obtained 

A 

i' 

B 

A 

A 8 

0 0 

0 , 
0 

0/P 

0 

0 

0/P 

ITT74H60, ITT174H51 
IT1r74H53, ITT74H54 

Two binary numbers ABCD c!nd WXYZ. 

A 
w 

B --r--.. 
x >----.,...., 
9 __ .rs--,. 
X .,__ _ _ ___, 

0--"" z ------. 
0--.r--.. 
z --~-

Wher,i ABCD • WXVZ 0/P,. 0 
when ABCD) o r ( WXVZ 0/P • 1 

ITT'7453 and ITT7454 USED AS A COMPARATOR 

Two binary numbers ABCD and WVXZ. 

A 

w 
A 
w 

i---~' 
x~-"'-./ 

c--- · 
y 

c--_, ---,. 
y 

o-- ..... ~- ........ 
z---,__,, 

When ABCP - WXYZ 0/P = 0 
when ABCD} or ( WXVZ 0/P "' 1 
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TYPICAL CHARACTERISTICS 

Output capacitance, 

Vee and Gnd terminal open ... 
Power dissipation (50% duty cycle) 
Input loading factor .. . 

Circuit diagram of one expander 

Resistance values in ohms 
~------0Vcc 
4K 

. 1.3 pF 

. 12.5 mW 
· 1 unit load 

Xc=A.B.C.o 

XE= A.B.C.D 
A 
Bo---4-_. 

C 
oo---4----1-i-. 

Xe 

XE 

ITT74H60 

DUAL 4 INPUT EXPANDER 

The ITTI4H60 expander is intended for use with the 
ITTI4H50 or ITT74H53 AND-OR-INVERT gates. 
Not more than four expander gates (two packages) 
should be connected to any AND-OR-INVERT gate-. 
The Xe and XE outputs of the expander should be 
connected respectively to Xe and XE expander in
putsof the AND-OR-INVERT gates. Inter-connecting 
leads should be kept as short as possible. 

Pin configuration 

PARAMETER LIMIT CONDITIONS 

Type at 
Min. 25°c Max. Units Vee 

VoN on state voltage 0.4 V Min VE= 1 V, V1H = 2.0 V 
74H60 ION = 7.4 mA 

TAMB = Ooe 
54H60 0.4 V Min IQN = 5.85 "1,A 

TAMB= -55 e 
VoN on state voltage 0.4 V Max Ve= 0.6 V, v,H = 2.0 V 

74H60 loN = 7.4 mA 
TAMB = +70°C 

54H60 0.4 V Max ION= 7.85 mA 
T AMB = +125°C 

IOFF off-state output current- 570 
74H60 

µA Min . Vc=v.5V. Vfl =0.8V 

54H60 320 REIGND = 575 n 
IQN on-state output current- TAMB= Min. 

74H60 -600 µA Max. V1H=2 .0V. VE =1.0V 
54H60 -470 µA TAMs =M in. 

-IF input forward current 2.0 mA Max. VF=0.4V 
IR input reverse current 50 mA Max. VR=5 .5V 

INPUT EXPANDER 

PARAMETER LIMIT CONDITIONS 

Min. Type Max. Units Vee 
lccH supply current for highest 3 4.5 mA Max. VfN on al l inputs OV. VE=0.85V 
dissipation (off state) 

ICCL supply current for lowest 
dissipation (on state) 

1.9 3.5 mA Max. V1N on al l inputs 5.0V, VE =-.85V 

Informa tion on the absolute maximum ratings and the other D.C. characteristics of this device (which are 
common to other integrated circuits in this series) is stated in the general information section. 
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SINGLE J-K MASTER SLA VE FLI P-FLOP - ITT74H72 

DUAL J-K MASTER SLAVE FLIP-F LOP - ITT74H73, ITT74 H76 

TYPICA L CHARACTERIS T ICS AND RECOM
MENDED OPERATING CONDIT IONS 

Maximum clock frequency 
Propagation de lay 
Power dissipatio n : 

Single type . . 
Dual type .. 

Input load ing factor: 
J and K clock inputs 
Direct and clock inputs. 

Fan-out . .. . . . 
Clock pul se wid th tcp . 
Clear pul se w idth tc 

Preset pu lse w id th Ip 
Input set up tim e tsp 
Input hold time t h . . 

25 MHz 
18 ns 

. BO mW 
160 mW 

1 unit load 
2 uni t loads 

1 to 10 unit loads 
. . . . . . 12 ns 

. 12 ns, 74H72 , 74 H73 
lcp, 74H76 

16 ns. 74 H72, 74H76 
. tcp 

. ... : . 0 ns 

Pin configurations 
ITT7472 

SYNCHRONOUS 

D Input 

0 

Q 

0 

ITT7473 

ITT7 476 

Truth Table 

ASYN CHRON 

PresetClear Q 

Q 0 0 1 

1 1 0 0 

0 0 

i5 

1 

0 

No Cont rol 

1- 10a 

Logic diagram 

Circuit diagram 74H7 2 

Logic diagram 

Circuit diagram ITT74H73 



Logic diagram 

Circuit diagram 74H76 

PARAMETER 

Type at 
Min . 25°c 

- IF input forward current 
All J and K inputs and clock 
Preset, clear 

IR 
J and K inputs and clock 
Preset, and clear 

Ice supply current 16 
Single type 32 
All dual types 

Note 1 
Test with al l other inputs at 4.5 V. Use preset or 
clear 10 set device 10 appropriate logic stste. Clock to 
be tested for both logic states. When testing J or K 
inputs all other inputs including internal inputs to 
the appropriate input ANO gate must be at logical '1 '. 

ITT74H72, ITTT4H73, ITT74H76 

DESCRIPTION 

These devices consist of gated Master and slave 
bistables. The ITT74H72 with preset, clear and 
triple J and K inputs. The ITT74H73 with clear and 
single J and K inputs. The ITT74H76 with preset, 
clear and single J and K inputs . The direct inputs 
of clock J or K inputs. The clock input operates as 
follows, on a positive going transistion first the slave 
bistable is isolated from the master, then information 
is transferred from the J and K inputs to the master 
bistable. On a negative goirgj trans ition first the J and 
K inputs are disabled then the information is trans
ferred to the slave bistable. Operation wi II be accord 
ing to the truth table if J and K information is 
present before and during the period that the clock 
is high . Because of the internal feedback from the Q 
and 6 outputs to the J and K input AND gates one 
or other of the gates will have a logical ·o· on one 
internal input. The external inputs cannot affect that 
gate. The other input AND gate will have a logical 
·1 · on its internal input, if one of the externa l inputs 
goes to a logica l '1' at any time while the clock is 
high the master bistable will change state and the Q 
and Q outputs will fo llow on the negative transition 
of the clock. 

LIMIT CONDIT IONS 

Max. Units Vee 

2.0 mA Max . VF =0.4V 
4.0 mA Max. (Note 1) 

50 µA Max. VA= 2.4 V 
100 µA Max. VA= 2.4 V 

25 mA Max . 
50 mA 

In formation on the absolute maximum ratings and 
the other D.C. character istics of this device (which 
are common to other integrated circuits in this series) 
is stated in the general information sect ion. 



ITT74H72, ITT74H73, ITT74H76 

SWITCHING CHARACTERISTICS Vcc=5.0V, TAMe=25°C 

PARAMETER 

fmax maximum input clock frequency 

tpd+ propagation de lay time to logical ·1' 
Clear or preset to output 
Clock to outpu t 

lpej · propagat ion delay t ime to logical ·o· 
Clear or preset to output 
Clock to OU tpu t 

Test Circuit 1 

,uLU 
GfNEMT OI'. 

INPUT 

OUTPUTS 

CL includes probe and jig capacitance 

Pulse Characteristics 
tr = 7 ns 
tf = 7 ns 
tcp ':' 20 ns 
R.F . = 1 MHz 
Amplitude= 3 V 

Test circui t 2) 

M in. 

25 

6 

10 

LIMIT CON DITIONS 

Tvn . Max. Unit 

30 MHz Use test circuit 1 . 

6 13 ns u~e test ci rcu i t 2. 
14 21 ns Use test circuit 1. 

12 24 ns Use test circuit 2. 
22 27 ns Use test circuit 1. 

Waveforms 

-~-~~_i_; __ ;f ~I 1-5 V 

'" i-1 __ ___ .,_I I 

I ,,,- ~ MV ,. ~ OUTPUT Q or Q 

I . I 
__ o_u_tt_u_r __ a_o_,_a ______ ~--~-·_· ,~v 

I 

Waveforms 

C\r AI\ INl'Ur 
~~~~~,-:\, /_: 1._•v_ 

.-- -t- -+-- r1- ------o •: s \I , ., .. ~'-- ----'· ~ ,., 
i--- 1P [CLEAAI ~ 

I 

1•:41• i 

<a!~!~o-. l---._--- -~~~~~'= '---'1---,-..t-1011-+-- t----~ ~~~S.,\T -- ------ --- ----,.•\·· : E-P11tn r u.;r:1r .. 

t. "9. ' ~- --' :~· ·: 1-.J: f--. '• (p m,t )--1 -,,._ 
1.o-

Cl include$ probe :and 1ii u pacitance 

Pulse Characteristics 

0 OUTPUT ... 

\~ 
-------- tpc1+ ---,'. 

__ __ ___,1-1 
Same as Test Circuit 1, except tp = 16 ns. 

-- '"i 'pd♦ .. _ - ,,._ -
'1 .6V 1.5V 

Q OUTPUT 
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TYPICAL, CHARACTERISTICS AND OIIERATING 
CONOITl<'.)NS 
Maximum clock frequency 
Propagation delay . . 
Power dissipation . . 
Input loadi rig t11ctor: 

Preset or data 
Clear or clock . . 

Fan out . ..... . 
Clock pulse width tcp 
Preset o~ clear pulse Yfidth tp 

35MHz 
11 ns 

150mW 

1 un it load 
. , 2 4n jt loaqs 

1 to 10 unit load~ 
15 ns min. 

· · · 25 ns ll')ln. 

Pin 11onfig1,1r,tic,n 
(top view) 

SYNCHRONOUS 

Trutti Table 

ASYNCHRONOUS 

D Input 

0 

a a 
0 1 

1 0 

PresetClear Q 0 

0 

1 
0 

0 

0 

1 

0 1 

0 

No Contr ol 

fTT74H74 

Circuit di..-.m of one flip-flop 

DE$Cjl!PTIQN 

"cc 
f ?.,.Of H(JI 

t'L IP •t'IJ.IP 

The ITT74H74 is 811 ed§e triggered O type flip-floP 
in which thi; transfer of the O input data takes place 
during the positive tra115ition of the clock inpt1t. 
When the c!~k input is above or below the tr!l~!lr 
threshold the. '0 1 input is inhibit~. The tre11sf11r 
threshold is not directly relatll(l to the tra"5ition 
time of the positive going edge. Preset and clear 
inputs operate irrespective of the logic ~ate of the 
clock or D input. 

PARAMEl'ER LIMIT CONC:>ITiONS 

-IF Preset or D input 

Clear or cloc~ 

IR O inp ut 

Preset or clock 

All inputs 

Clear 

tee 54H74 
74H74 

Min . 
Typ , at 
2s0 c 

30 
30 

Information on the absolute ma)!imum ratings and 
the other O.C. characteristics Qf this device (whi ch 

1-'11 

Max . Unit Vee 

2.0 mA Max . VF=0.4V 

4.0 mA Max . VF =0 .4V 

50 µA Max. VR=2.4V 

100 µA Max. VR=2.4V 

1 mA Max . VR•5.5V 

150 µA Max . VR=2 .4V 

42 mA Max . All inputs high 
50 mA 

are common to other integrated circuits in this series) 
is stated in the general information section. 



ITT74H74 

SWITCHING CHARACTERISTICS Vcc=5.0V, TAMs=25°C 

PARAME TE R 

fmax maximum inp ut cloc k fr eque ncy 

tsp minimum input set up t im e 

th minimum input ho ld time 

tpd+ clear or preset t o out put 

tpd + clock to output 

tpd . clear or preset to output 

tpd. clock to output 

Test C-ircuit 1 

PUlU 

G1N10 10, ~ ......c<::.··o:.:':.:.'l'l 

Min . 

35 

0 

4 

7 

LIM1T 

TvP. Max . 

43 

10 
15 

20 
8.5 15 

30 
13 20 

CONDI TI ONS 

Unit 

MH z Use test circu i t 1 

ns Use test circu it 1 ("Low" Data) 

ns Use test circuit 1 ("High" Data) 

ns Use test circuit 1 

ns Use test ci rcuit 2 

ns Use test c ircuit 1 

ns Use test circu it 2 

ns Use test ci rcuit 1 

Test Circuit 2 

QufPli.llS 

Pulse Characteristics 

tr= 7 ns 

CL Includes prot.. .and iii apad unc.• 
Pulse Characteristics 
tr= 7 ns 

tf = 7 ns 
tcp = 20 ns 
Ip (D input) = 60 ns 
R.F . c lock= 1 MH z 
R.F D input = ½ R .F clock 

Amplitude = 3 V 

O INPVT 
tPVUE 8) 

()o,Q 

Waveforms 

11V 

,_ _ _ ,_••-·-¼\._•_•_v ___ _ 

"6'o,Q 

1,1 ____ _ 

___ _;_ __ ••_• ~t-11V 

Pube A to Test t., Pulse B to Teit t,. 

If= 7 ns 
t = 25 ns 
if.F. = 1 MHz 
Amplitude = 3 V 

CL[ A,_ INl't.lT Waveforms 

'------.J➔--------- --
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PP.UEf INftJt 

J..--- l i;>{<l,,•1 ------t 
I 
I 

1,.-- 1.,u.,,1,1) ---.t 
I 

I 
I 

-i ' · •· ~ --i I--
OUTPUT 0 I I 

::..::..:.c::.:..:c....:-~\,.~_v __ _ _ !t--'-""~lrs-v _ _ _ 
I I 

-i ,,.,_ I+- -i •,~ .... 

.:o.:.u'cc."'.:.rc_o::....,!---'lr,-.-- ---.---..... '\ ~:-· __ _ _ 
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HIGH SPEED TTL 

HIGH SPEED SATURATED 
TRANSISTOR-TRANSISTOR 
LOGIC CIRCUITS 
• Single power supply requirements: 5 volts optimum, 4.5 to 5.5 

volts range 

• High speed: typical gate propagation delay time of 7 ns 

• High DC noise margin: typically one volt 

• Added input diodes and low output impedance provides mini-
mum AC noise susceptibility 

• Fan Out: 10Tl'L loads 

• Power dissipation: 11mw per NANO gate at a 50% duty cycle 

• Compatible with ITT OTL family and other OTL and TTL circuits 

• NANO gate pin configurations are compatible with OTL 

The ITT MIC9000 Series of TTL circuits is designed to be used In any digital system 
where good noise Immunity, high speed, medium power and high fan-out performance 
is required. The line is characterized by a broad number of functions availab le in a 
variety of packages. The basic elements of the family are act ive low level output 
AND gates commonly known as NANO gates. 

Typical high level noise immunity of every device in the family is 1.9 V and typical 
low level noise immunity is 0.9 V. Worst case immunity is 400 mV over the entire 
temperature range. Power dissipation is typica lly 11 mW per gate function at a 50% 
duty cycle, and the average propagat ion delay is 7 nanoseconds per gate function. 
A sing le 5 V ±10 per cent power supply is used w ith the circuits . 

The gates were designed to provide low output impedance in both high and low states 
which results in good capacitive drive capability and good immunity to crosstalk. 
The output impedance in the low state is about 10 ohms and in the high state, about 
20 ohms. To further enhance noise immunity, all inputs of all devices incorporate 
diode clamps which considerably reduces the ringing which can result from long 
lines and impedance mismatches. The binary elements are of a JK, DC master slave 
design and will togg le at 40 MHz, except for the 9000 element. The 9000 has capaci 
tors purposely incorpora ted in the design to increase its set-up time and provide it 
with consi derable immunity to long clock skew. Due to the longer set-up time the 
9000 toggle frequency is 20 MHz. A common JK input is incorporated on all binary 
elements to provide data entry inhibit/enab le. The Input to the clock on each element 
is buffered to reduce the clock input load ing. 

The Vee and ground terminals of all devices are located on diagonal corners of the 
package which allows two degrees of freedo m in routing of power and ground leads 
on the PC boards . Special care has been taken in establishing pin-o uts for the 
flip-flop so as to minim ize cross-overs when laying out common dynamic functi9ns 
with these elements. Simple loading rules are Incorporated so that the fan-in and 
fan-out capability of each device will be quickly established . 

The MIC9000 series TTL is compa ti ble with DTL and MSI devices as well as the 
more complex functions which w ill be available In the future. 

1-113 

DIME NSIONS 

DUAL IN-LINE 
PACKAGE 

TO-116 

Jo 
.090 

1--i~--l 
NOTE: I. Bo11d drtlHne dimensions shoi,ld c:qn l your 
pru:li~ for a co1we11tio1ul .020 ll'lch di1mettr Ind . 

~·· CUAL IN-LINE 
16 LEAC 

.011 
. 200 MA.ll. ' 00, 

100 I 

110 
090 

,JSS 

I_ ·"" 
f J .,, 

i.w; , ' 

~ ~ .Ol S Mitt :~-I 

DIMENSIONS - FLAT PACK 
TO-86 

~?'°1~ 
-:~ I 
.OIS -. l 70- - .l7 0-

.0060 ,2SO .2~ .O&S 

.003S -- =:;:;;:=-~ I 050 1 
- .160 - I --, 

.l •O i~ 

.. ;:=ju-- ·· .. -=1 
•. I . ' . j ..,_ , ,_. 

-= - ll)ro,( ,o -= - "" 
T-----c==E:::~J 

- ~: -l j ~ 

18 LEAD-ch eck factory for availat.lllty 

NOTE: All d ime-nsions in inches 
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MIC9000 SERIES TTL INTEGRATED CIRCUITS 

NANO GATES 

II 

1l 

9016 

BUFFER 

9009. 

,o 

12 

9002 

• 10 

12 
1l 

10---+--,7 
12 _ _,___ ,.., 

n 

9020 

SPECIAL ORDERING CODE 
Temperatur e R• nge: 

-55 °C to + 125°C, add -1 to 
MIC number. 
0°C to + 75 ° C, odd -5 to MIC 
numbe r. 

Case Style: 
.250" x .250" Flor Pack, odd "B" 
following lasl digit. 
Ce ramic Dual In-line , add "D" foll
owing lau dig it. 

Examp le: 
MIC 9002-1D ;, - 55° lo + 125'C . 
Temperature renge in Cerami c Dual• 
In-Line package . 
Flet·•pac'k and Oual•ln•Line packages 
have ume pin configur.ation. 

1 
2 

n 
l 

,o 
11 II 

9005 

" 

9003 9004 

12 

10 
12 
ll 

AND-OR-INVERT GATES AND EXTENDER 

9006 

ll 
1 _ _,___, '"I" 

12 COLL. 

11nm. 11 EMIT 
11COll 

2----'--'....., 
l 

9COLL. 

IOEMIT. 

(uhnd~r for uH with 9005 & 9008) 

DUAL FLIP-FLOPS 

IO 

Vcc- Pln 16 
Gnd =i Pin 8 

" 

10 

" 

1-114 

9001 

" 

9022 

SINGLE FLIP-F LOPS 

,, 

Vee ..,.. Pin 14 
Gnd- Pin 7 

9 
10 

9000 

9007 

9008 

" 

II [ Mil 
12C0l l 

Vee- Pin 14 
Gnd - Pin 7 

10 
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may 
be Impaired) 

Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias 

(MIC9000-1) -55 °C to +125°C 
Temperature (Ambient) Under Bias 

(MIC9000-5) o0 c to + 75°c 
Vee Pin Potential to Ground (See Note 1) - 0.5V to + 8.0V 
Input Voltage (D.C.) (See Note 2) - 0.5V to + 5.5V 
Input Current (See Note 2) - 30 mA to + 5.0 mA 
Qutput Voltage, Output Normally High O V to + Vee value 
Current Into Output Terminal, Output Low (except 9009) 50 mA 
Current Into Output Terminal, Output Low 9009 100 mA 
NOff 1 
The maximum Vee value of 8.0 volts Is not the primary facto r In dete1mlnlng the majl(imum 
Vee which may bG aP9lled to a number ol Interconnected devices. The voltage at a 
high output Is approxlmalety 2 v . •a below the Vee. vollage, so the primary limit on th~ 
Vee Is 1h11 ttle voltage al eny lnpul may not go above 5,5 V unle.s:s the cunent Is llmlte C, 
$0 this efrecllvely llmlts tho system v~ to approximately 7.0 volts-. 

NOff 2 
BecauM of the lnput clamp diodes, exe&ss current can be drawn out of the Inputs If the 
D.C. lnpul volt.age Is more negative than -0.5 v . TM diode is destgned to clamp 011 
l11g1 negative A.C. swings associated wilh last fall lime, and long Hnes. Tr1ls maximum 
tiling ft lnte~ only to llmlt lhe :steady s~te inpul volte.ge and current. 

LOADING RULES 
In this data sheet the following notation has been chosen to 
Indicate the Input loading and output drive for all logic elements, 

Where 

INPUTS OUTPUTS 

A/ B X/Y 

LOGIC ELEMENT 

A= high logic level input load factor 
B= low logic level input load factor 
X = high logic level output dr ive factor 
Y= low logic level output drive factor 

When check ing for loading violations it Is only necessary to Insure 
that the sum of the high logic level input load factors at any node 
does not exceed the high logic level output drive factor at that 
node. The same is true for the low level load and dr ive factors. 
These rules apply only within the TTL MIC9000 series. 

Multiplying the factor with the appropriate current per unit load 
gives the input loading or output drive In terms of current. For 
the TTL circuits of this data sheet, current per unit is -1.6 mA 
maximum at the low logic level and is 60 µA maximum al the 
high logic level. 

In the case where unused inputs of an AND gate are shorted to a 
driven input, the high log ic level Input load factor for the inputs 
will be the number of Inputs shorted together times the high logic 
input load factor for one input. The low log ic level input load 
factor for the inputs will be the same as that for a single Input. 

UNUSED INPUTS 
Proper termination of unused inputs will result in maximum oper
ating speed. Substantia l degradat ion of turn-on delay may occur 
if unused Inputs are left open. 

The following are acceptable ways to terminate unused inputs: 

1. Tie the Input to a used input on the same gate. The TTL 9000 
series has made special provision for this method by offering 
extra high level drive factor on all outputs. 

2. Tie the Input to Vee through a resistor. This resistor should be 
chosen to keep the input cur rent within absolute maximum 
ratings for any possible extreme of the Vee supply . More than 
one input may be terminated through one resistor. · 

3. Tie inputs to a separate supply between 4.5 and 2.4 V, if one 
should be available. 

4. Tie the Inputs to the output of an unused gate. The unused 
gate must provide a constant high level output. 

NANO GATES - 9002, 9003, 9004 AND 9007 

HEX INVERTER-9016 

The 9002, 9003, 9004 and 9007 are active low level output AND 
gates commonly known as NANO gates. The 9016 is a hex inverter 
with input and output characteristics identical to the 9002, 9003, 

9004 and 9007. The variety of gate combinations provides the 
system designer the utmost in logic flexibility and reduces 
package count. 

Figure 1 - LOGIC SYMBOL AND PIN CONFIGURATIONS 

9016 9002 9003 9004 

1 
2 12 

13 
3 

• • 10 
10 12 

11 11 13 

Vee - PIN 14, GND - PIN 7 

1-'-115 

10 
11 

12 
13 

9007 
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Figure 2 - BASIC GATE CIRCUIT 

IHPUT ♦ 

Nominal Resistor V1lun 

R1 .,. Rs - 4.0 Ito 
Ra - 1.5 ltO 
RJ-150O 
R◄ - so 0 
Ri-=-1.25 ltCl 

: :0 1 

----,-----J: 
---~--- t--J 

** ·-~-- --~-
'Number of inputs depends on the 111,. 

,, '• 

•• 

Figure 3 - LOADING FACTORS 

ELECTRICAL CHARACTERISTICS 9002, 9003, 9004, 9007 AND 9016 (T, = -55°C to 125°C, Vee= 5.0 V ± 10%) 

LIMITS 

SYMBOL CHARACTERIST IC -55°C 2s•c 125°C UNITS CONDI TIONS 

MIN. MAX. MIN. TYP. MAX, MIN. MAX. 

Vo,, Output High Voltage 2.4 2.4 2.7 2.4 Volts Vee= 4.5 V I°" = -1.32 mA 
Inputs at V" (see below) 

Vex Output Low Voltage 0.4 0.21 0.4 0.4 Volts Vee= 5.5 V loo.=17 .6 mA 
V,- =5 .5 V 
Vce=4.5 V lo,,= 13.6 mA 
lnouts at V," (see below) 

V,H Input High Voltage 2.0 1.7 1.4 Volts Guaranteed Input hig h 
threshold for all Inputs 

v" Input Low voltage 0.8 0.9 0.8 Volts Guaranteed Input low 
threshold for all inputs 

I, Input Load Current -1.6 -1.1 -1.6 -1.6 
mA Vce= 5.5 V V,=0. 4 V 

-1 .24 - 0.87 - 1.24 -1 .24 Vee=4.5 V 5.5 V on other 
inputs 

1, input LeaKage Gurrent 10 60 60 µA Vee=5.5 V V,=4.5 V 
GND on other inputs 

1 .. Vee Current, Gate On 5.5 3.5 5.5 5.5 Inputs high 
(each aate) 

Vee Current, Gate Off 1.6 1.07 1.6 1.6 mA Vcc=e5.0 V 
Inputs at gnd 

(each aate) 
t..,, Swffchlng Speed 3.0 10 ns Vee= 5.0 V, See t.., test ci rcuit 
t..,. Switching Speed 3,0 12 ns C,= 15 pF 

ELECTRICAL CHARACTERISTICS 9002, 9003, 9004, 9007 AND 9016 (T,=0°C to 75°C , Vee =5 .0 V ± 5%) 

LIMITS 

SYMBOL CHARACTERIST IC 0°c 2s•c 1s•c UNITS CONDITIONS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

VOM Output High Voltage 2.4 2.4 2.9 2.4 Volts Vce=4 .75V I°"= -1 .2 mA 
Inputs at VIL (see below) 

V<>. Output Low Voltage 0.45 0.21 0.45 0.45 Volts Vcc- 5.25 V lcx =16.0 mA 
V,-=5.25 V 
Vce=4.75 V l0t=-14.1 mA 
Inputs at V," (see below) 

V," Input High Voltage 1.9 1.8 1.6 Volts Guaranteed Input high 
thresho ld for all input_~---

VIL Input Low Voltage 0.85 0.85 0.85 Volts Guaranteed Input low 
thresho ld for all inputs 

I, Input Load Gurrent · 1.6 1.0 1.6 1,6 
mA Vcc-5.25 VI V,-0.45 V 

-1.41 -0.91 -1.41 - 1.41 Vcc=4.75 V/ 5.25 V on other 
Inputs 

1, Input Leakage Current 10 60 60 µA Vee=5.25 V V,=4 .5 V 
GND on other inputs 

l,o Vee Current, Gate On 6.1 3.6 6.1 6.1 Inputs ~1qn 
(each gate) -· Vee Current, Gate Off 1.7 1:07 1.7 1.7 mA 

Inputs 'al" gnd Vee=6.0 V 
(each gate) . 

i.., ;,wotcmng ;,peea 3.0 13 ns V«: ~ 5.u v, see t.., test circuit 
i..- Switching ~peed 3.0 

·- · 
-15 ns C, = 15 ~PF,, .S.. ..... ,. 
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TYPICAL INPUT AND OUTPUT CHARACTERISTICS 9002, 9003, 9004, 9007 AND 9016 

,.o 

i ) ,0 

OUTPUT VOLTAGE VERSUS 
INPUT VOLTAGE 

R:,. vcc•~.ov 
r.0 . ,1 1 ,--+-·:;.~ 

... 
_,;55 "C 

o•c 
-1-1-,...u•c 

.,,,,n·c 
-lU"( 

,.o 

: 
; - 2.0 

i 
8 ·4.0 

•LO 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

"cc• 5.ov I II 

- _1~~:~ I 
-.<. ... 25•c ,.. "\1:1 

... 

z 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 
(OUTPUT HIGH) 

f ·Ml- ~-+-+- ..,,_~--+--+--< 
a 
~ -,o 1----+--+ ...,,,~+ -l-+--+---! 
~ 
1-<0 

100 

1 ,o 

! 
~ 60 

z a •• 
j 20 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

(OUTPUT LOW) 

Vcc•S.Ov r1~·..s. 1--
INPUTS H'1Gi. 

75•(. / -
V 

/ u•c --
o•c 

-
I , • SS' C 

j 

I 
0 

0 1.0 ) .0 2.0 ,.o , .o ,.o 1.0 ,.o s.o 1.0 
I 

OO 0.5 1.0 B 
Y,w • IHP\IJ vot.TAGE - V0t.l$ "ou,-OulPUT VOl1ACi( -VOLT$. 

POWER DISSIPATION, LOGIC LEVELS AND NOISE IMMUNITY 

POWER DISSIPATION VERSUS 
SUPPLY VOLTAGE 

WORST CASE LOGIC LEVELS 
VERSUS 

AMBIENT TEMPERATURE 

rh 1--f-- Cf'""f--d_. 

,.,f--+-+--t-1-PT"-+--:l:~ 
~ 1,0 

2S HS 
Ja-All&l(NT JEMP[RATUR[ - ·c 

, .. 
, .. 
... 
u 

... 
•.. 

WORST CASE HIGH LEVEL 
NOISE IMMUNITY VERSUS 
AMBIENT TEMPERATURE 

'·' 

; 
t 

1.0 

! 0.8 

~ 0 .6 

ii 

; 0 ,2 

" "' T• ·AM81[NT l[MP(JUTUR [ • 'C 

V°'n -OOTPUT YOLTAC.[ •YOlTS 

WORST CASE LOW LEVEL 
NOISE IMMUNITY VERSUS 
AMBIENT TEMPERATURE 

" T(MP[AAlUR[ I ' C1 

SWITCH ING CHARAC TERISTICS tpd TEST CIRCUIT 

Vee 

SWITCHING WAVEFORM 

J7_ 
I ::= 1.0 MHz 
Amp ::= 4.0 V 
Width ~ 200 ns 
11 = t,~IOns 

PIJLSE 
INPUT 

2.0 10 

Vour 

r· ~ 
•Jncludesall ~robe and jig capacitance 

,o 

.J 

WORST CASE TURN OFF DELAY 
VERSUS 

AMBIENT TEMPERATURE• 
f- Vee, sov -- >--

,,...t:,___ 
.~ , 

~ .,'!:,"? 
~/ V 

,, 

1~ - -- !- ->--
,.o l I Wit ,.f ,!r,pF 

" See 1 .. test circuit 
0 _,, I 

25 125 

f.\_,,..AM81t;HT JOil"EJlAJUflE- "C 

\ ,t ~· 

s 
:;: 
i 

' ~ 
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WORST CASE TURN ON DELAY 
VERSUS 

AMBIENT TEMPERATURE 0 

" 
lO 

14 

I"-.,, I I I Vce•S.OV -
I',., I I I 

I",.~ I I 
I ~c.,3 
I I ~ 

" 
" 

~ I I -,__ 
>-- [::::,, ~.~ c,, 

~F I I 

•h I I 
MlH. Al Cl • lSd 

0 I I I 
-ss 2!1 12!1 

Ti1-•Ji18J[HT JE .. N:RATvJtt -• c 



S-rles ITT9000-1, ITT9000-5 

~AND BUFt;ER r- 9D09 
The 9009 is a power gate capable of sinking and sourcing large 
cµrrents for high fanout applications. Logic<1IIY It Is the same as 

, the 9004. 

UlGIC DfA(IRAM AND PIN CONFIGURATIO.N 
FlgUfe 5 

Fl9ure 4 1,oi.OING Fj\CTORs· 

9--t---, 

,o -_::r::::::~ 
12 
13--+-~ 

Vee- PIN., CHO - PIN 7 

ELECTRICAL CHARACT~fllllTICS 9009 

LIMITS 

SYMBOL CHARACTERISTIC -ss•c 2s•c 
Ml ~. M"X. MIN. T¥.P. Mi\X. 

V°" O~tput ·High Voltage 2.4 2.4 2.7 

V01. Output Low Volt~~e 0.4 0.21 0.4 

V1 H Input High Voltage 2.0 1.7 

V1< Input Low Voltage 0.8 0.9 

I, Input ~oad Current 3.2 2.15 3.2 
-2.48 -1.74 -2.48 

1, Input Le~kage Cur rent 20 120 

1,. Vee Current, Gate On 12.9 8.6 12.9 
(each gate) 

Vee Current, Gate Off 3'.2 2.15 3.2 
(each gate) 

1,,.,, 1 :;witching Speel! 4.0 15 
~~ &witching Speed 3.0 10 

LIMIT S 

SYMBOL CHARACTERISTIC o•c 25PC 

MIN. MAX. MIN. TYP. "!AX. 

v,,.. Output High Voltage 2.4 2.4 2.9 

Vo,. Output Low Volla ge 0.45 0.21 0.45 

V,H Input High Voltage 1.9 1.8 

V11 Input Low Voltage 0.85 0.85 

I, Input Load Current -3.2 -2.0 -3 .2 
-2 .82 -1.82 -2.82 

1, Input Leakage Current 20 120 

l,o Vee Current, Gate On 14.6 8.6 14.6 
(each gate) 

Vee Ourrent, Gate Off 
(each gate) 

3.4 2.15 3.4 

i,. . Switching Speed 3.0 17 

I 

t..,. Switching &peeg 2.0 13 I 
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Figure 6 
CIRCUIT DIAGRAM 

(One Gate) 

Nominal Rtiis.lot Values 

R, - 2,0 llf? R4 - 50 U •1 •t ., 
R,- 56011 lb-4.0tll •• R1- ISO!l R, - sooo 

IHPUT 
03 

•• 
., OUTPUT 

., 
•t 

12s•c UNITS CONDITIONS 

MIN. MAX, 

2.4 VQitS Vcc=4.5 V I°" = -3.96 mA 
Inputs <1t V,c (see below) 

0.4 Volts Vcc=S.S V lc..= 52.8mA 
V,H=5.SV 
Vc:,;=4.5 V lo,=40 .8 mA 
Inputs at V," (see below) 

1.4 Volts Guaranteed Input high 
threshold for all Inputs 

0.8 Volts Guaranteed input low 
threshold lor all Inputs 

3.2 mA Vcc= 5.5 V V, =0.4 V 
-2.48 Vcc=4.5 V 5.5 V on other 

Inputs 
120 µA Vce=5.5 V V,=4.5 V 

GNO on other Inputs 
12.9 Inputs high 

3.2 
mA Vce=S.0 V 

Inputs gro unded 

ns V00 = 5.0 V, See t.., te~t ci rcuit 
ns C,=15 pF 

1s•c UNITS C!)NDITIONS 

MIN. MAX. 

2.4 Volts Vee=4 .75 V I""= -3.6 mA 
lnouts at v,. (see below) 

0.45 Volts Vec= 5.25 V I0<=48 .0 mA 
V,H=5.25 V 
Vcc =4.75 V 10<=42.3 mA 
Inputs at V," (see below) 

1.6 Volts Guaranteed Input high 
threshol_d for all ineuts 

0.85 Volts Guaranteed input low 
thresl)old for all Inputs 

- 3.2 
mA 

Vcc:=5.25 VI V,=0.45 V 
-2 .82 Vee= 4.7_5 V I 5.25 V on other 

Inputs 
120 µA Vee= S.25 V V,=4.S V 

GNO on other inputs 
14.6 Inputs high 

3.4 
mA 

Inputs at gnd 
Vcc=S .0 V 

ns Vcc=5 .0 V, See t,., test circuit 
ns C.=15 pF 
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i'YPICAL INPUT AND OUTPUT Cl'IARACtERISTICS 90b9 

' ... 
OUTPUT VOLTAGE VERSUS 

INPUT VOLTAGE 

,.,.,.~ 'tcc•S.O't 
r.o.•>) 

.... t- -~ 
1 
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v~:~ -
~~~ 

IU tc 
I I 

oo 1.0 2:.0 ).0 
Vo1 • t111;.u:r 'IOt,T&G(-\IOU S 

I.O 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

~, ,1.ov I r 
1U't, 

r- U'C 
,-

· LO 

·10 ., .. 

ll 'C. 

r 

I 

~~ 

to 4.0 i.O 

¥11. - INP\IT YO\.lAGf:· VOt.TS 
... 

,o 

1 
Ii ... 

I ... 
i 
~ ... 
& 
- ·IO 

•100 

bUTPUT CURRENT VERSUS 
OUTPUT YOLTAGt 

"ct •1.0V 
1111,V lS AT GIIIO' I/ 

- I-- 1- O' C -ss•c WI! 
w!_ ,.., ~ 

'T 1u•c- ,-.. 

J 

.. 
lJ2S't ., · r 

~ 0-C ,., 
we 

• 1,0 0 1.0 2:.0 ).0 4,0 U ,.o f.0 
Your •OUTPUT YOLTAli[ • YOU S 

too 

1 , .. 

"cc•S..OY 12sy 11'( 

1~,U TS NIGH 
A ;,I, _ 

IP' j'-) ,--
fl 

f ,o 
~ 

-ss~ 

D 
§ , o 

' oo 
II 

0.S 1.0 l,S Z.O 
"ou1 •OUTPUT 'IOLJA,[ • VC>llS 

POWER DISSIPAtlON, LOGIC LEVELS AND NOISE IMMUNITY 

100 

. " .. 
~ 
~ ,o 
;; 
; 
i .. 
~o 20 

• 
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Serles ITT9000-1, ITT9000 -5 

EXTENDABLE AND-OR-INVERT GATES- 9005, 9008 
EXTENDER - 9006 

The TTL 9005 and 9008 are AND-OR-INVERT gates which may be 
OR extended with the use of the 9006. For noise Immunity and 
operating level curves, refer 1o the gate secti on. 

LOGIC DIAGRAMS AND LOADIN G FACTORS 

9005 

1.111.I~: 
1.5/1 .S e U /11 '" • I 

1.5/1 .5 g 11 ~~~~T~. 
1 

1.511.5 IO 12 • COLL. 

EXTEN0ABLE GATE 

:;: ~~ u/1 11.,. 1 6 '1:0/10 fa. 5 

1/1 4 

111 5 Vee - Pin 14 

N0N·EXTENDABU GATE Go
d 

- Prn 
7 

•four E1tenders (9006) m1y be 
lltd to thts• lermlnals 

CIRCUIT DIAGRAMS 

9005 

Vee 

EXTENDABLE GATE 

Vee 

The numbers by each Input and output give the Input loading and 
output drive capabllily . For complete explanation see Page 2 and 3. 

9008 

)5/15 -"---r"

l.5/U -~-i. -/ 

1.1/ 11 --=--,-- , 
1,1/11 -a=-~__, 
1.5/U -...!..-r -, 
1.1,1.1 --=---(. _;' 

1.1/1.5 -+-- -.---
1.1/1.5 
1.511.5 _ _._....., _., 

1 Fou, Exltnders (9006) may be 
I ltd to the.st t1rmln1ls 

9 
10 

U /11 ,.,. I 
l0/1 0 ,_•I 

•OU T. 
• COLL. 

Vee- Pin 14 
Gnd - Pin 7 

9006 

l.5/U~
1
~ 1.5/U 12 

1.5/15 2 COLL. 

1.511.5 11 UIIT . 

9008 

Vee- Pin 14 
Gnd- Pin 7 

Vee- Pin 14 
Gnd - Pin 7 

Typical Resistor Values 

9006 

Vee 

Ri - Rz - Rt - Rs - 2.6 kO 
Ri - 80011 
R.- 150O 
R1 - 80 0 
R, - 4,0 kO 
R,-6650 

N0N-EXTENDAB LE GATE Vee- Pin U 
Gnd- Pin 7 

Typical Resistor Veluei 

R, - R, - 2.6 kll 
l\i- 80011 
R,- R,1 - 150O 
R5- Ru- 800 

R..- Re- R10- Ri,-4.0 kO 
R, - 665 II 
R, - 1.5 kll 
R 14 - 1.2.5 kO 

lwo in• p,ck 1&e 

1- 120 

Vee - Pin 14 
Gnd - Pln 7 



Serles ITT9000-1, ITT9000-5 

ELECTRICAL CHARACTERISTICS 9005, 9006 AND 9008 (T, = - 55°C to 125°C, Vcc =S.0 V ± 10%) 

LIMITS 

SYMBOL CHARACTERISTIC -ss•c 2s•c 12s•c UNITS COND ITIONS & COMMENTS 
MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

VOH Output High Voltage 2.4 2.4 2.7 2.4 Volts Vcc =4.5 V lo" = -1. 32 mA 
VIL =value ind icated below 

Vo,, Output Low Voltage 0.4 -
0.2 0.4 

on this table 
0.4 Vo lts Vce= 5.5 V lo,,= 17.6 mA 

V,H=,5.5 V 
Vcc=4 .5 V 1°' =13.6 mA 
V,tt= (see below ) 

V1H input nIgn vouage ~-U l .f l.'I Volts Guaranteea input nigh 
threshold for all inputs 

VIL Input Low Volt age 0.8 0.9 0.8 Volts Guaranteed Input low 
threshold for all Inputs 

I, Input Load Current - 1.6 - 1.1 - 1.6 -1.6 mA Vec=S.5 V 
9005 Non-Extend able Gate -1.24 -0.87 - 1.24 - 1.24 Vec =4.5 V V, =0 .4 V , 

Input Load Current -2.4 -1 .5 - 2.4 - 2.4 µA Vcc= 5.5 V 5.5 Von 

Extendable Gate and -1.86 - 1.31 - 1.86 - 1.86 Vcc =4.5V 
othe r Inputs 

Extender ,. Input Leakage Current 5.0 60 60 mA Vcc =5 .5V Gnd on all 
9005 Non-Extendable Gate V• =4.5 V othe r i nputs 

Input Leakage Current 7.5 90 90 
Extendab le Gate and 
Extender -- -1,o Vee Current , Gate "ON " mA 

----
9005 Non-Extendable Gate 6.5 4.5 6.5 6.5 Vce=5.0 V All Inputs 
Qr .. ~ Extendab le liate 1 1. ;, 7.b 11.J 11.;, open 
~uun nii ,_ ___ i,L__ ,1i.,5 1? /i -- -Vee Current, Gate "OFF" mA 

All inputs 9005 Non-Extenrl•hle t::• te 3.1 ? 1 3 .1 :l 1 
9005 Extendable Gate 4.7 3.3 4.7 4.7 Vcc =5.0V except extende r 

_ 3'>'uo __ ,, ___ ,. ____ ,,_ -·---- "•q --- - -- y.o . E~q _____ ,>t:!J. inputs gnd. 
e,"i;.-- Extra Current Drain 1.61 1.08 1.61 1.61 mA Vee= 5.0 V All inpu ts high 

from one 9006 Extender 9006 attached to a 9005 
Gate "ON" 

ExtFa Current Drain 2.35 1.65 2.35 2.35 mA Vee= 5.0 V All inputs grounded-
from one 9006 Extender 9006 attached to a 9005 
Gate "OFF" - -- ----· -•-- · - - -

Note: Output characterist ics apply to a 9005 (both gates) or a 9008. 
Input characterist ics apply to a 9005 (both gates) or a 9008 using either the internal gates or an external 9006 extender. 

4D 

OUTPUT VOLTAGE VERSUS 
INPUT VOLTAGE 

~t: vcc•1.0V 
r.o.•11 --f::!l\o 

"' $~'( ---.. , 
.. J~:~-
1z~•c ---

1.0 l.O ,.. 
v11,.--1.NP-UT V0Lf&G[- V0l TS 

9005, 9006, 9008 
TYPICAL INPUT-OUTPUT CHARACTERISTICS 

~· 
;•2.0 
e-•.o 

• 8.0 

(EXTENDABLE GATES') 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

Vee• S.O V I ,,. 
1!;~, I ,, 

~ ' ., ~ •-•c ....- -ss·c 

• 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 
(OUTPUT HIGH) 

Vee •S.OV 

. . 
IHPvfS ,U GHO. I 

0 0-C 
I/ 

fflll',,. , • SS'C 

j-i 
~ ~ 

• Ii(. 1;~~ 

" r' • 
a •c 

, 
~i=~~ 

- 2'S' ( -f "' 
o I -t,O - II 

• to O Z.O 4.0 &.O 1.0 1.0 1..0 >.O S.O 1.0 
YIN • INPUT Y0l Ti\G[ • VOl,TS "ou t -OUTt ut V0l TAt;.[- V0LTS 

• Curves on Page 6 apply to 9005 nonextendable gate. 
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Serles ITT9000-1, ITT9000 -5 

ELECTRICAL CHARACTERISTICS 9005, 9006 AND 9008 (T,=0°C to 75°C, Vc,;=5.0 V :!: 5%) 

LIMITS 

SYMBOL CHARACTERISTIC o•c 2s•c rs•c UNITS CONDITIONS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

v,,.. Output High Voltage 2.4 2.4 2.9 2.4 Volts Vcc=4.75 V, loH= -1 .2mA 
V" = value indicated below 
on this table 

Ve,,. Output Low Voltage 0.45 0.2 0.45 0.45 Volts Vcc= S.25 V, I01.=16.0 mA 
Vcc=4.75 V, le,,.=14.1 mA 

V,tt Input High Voltage 1.9 1.8 1.6 Volts Guaranteed Input high 
threshold for all Inputs 

v,, Input Low Voltage 0.85 0.85 0.85 Volts Guaranteed Input low 
thr eshold for all Inputs 

I, Input Load Current - -1.6 -1. 04 -1 .6 -1.6 mA Vcc=5.25 V 
9005 Non-Extendable Gate -1.4 1 - 0.79 -1.41 -1.41 Vcc= 4.75V V,=0 .45 V 

Input Load Current -2.4 - 1.56 -2 .4 -2.4 mA Vcc=5.25 V 5.25 v on 
9005 Extendable Gates -2.12 - 1.19 -2.12 -2 .12 Vcc=4 .75 V other inputs 
and Extender 

1, Input Leakage Current 5.0 60 60 p.A 
9005 Non-Extendable Gate V,= 4.5 V 

Input Leakage Current 7.5 90 90 Vcc=4.75 V 
Extendable Gates and Gnd on all other Inputs 
Extender 

1,o Vee Current , Gate "ON" mA Vcc-5.0V 
9005 Non-Extendab le Gate 7.7 4.5 7.7 7.7 All Inputs open 
9005 Extendable Gate 13.6 7.6 13.6 13.6 
9008 17.7 9.3 17.7 17.7 

Vee Current, Gale "OFF" mA Vcc=5.0V 
9005 Non-Extendab le Gate 3.4 2.2 3.4 3.4 All Inputs except 
9005 Extendable Gate 5.1 3.3 5.1 5.1 extender Inputs gnd. 
9008 10.2 6.6 10.2 10.2 

L!,1,o Extra Current Drain 2.05 1.08 2.05 2.05 mA Vcc- 5.0 V 
when one 9006 Extender All Inputs high 
is attached to a 
9005 Gate " ON" 

Extra Current Drain 2.54 1.65 2.54 2.54 mA Vcc- 5.0V 
when one 9006 Extender All Inputs grounded 
is attached to a 
9005 Gate "OFF" - --- --- --

Note: Output character istics above apply to a 9005 (both gates) or a 9008. 
Input character istics above apply to a 9005 (both gates) or a 9008 using either the internal gates or an external 9006 extender. 

AC CHARACTERISTICS tpd TEST CIRCUIT 

9005 NON-EXTENDABLE GATE 9005 OR 9008 EXTENDABLE GATE 

Fig. 7 

.JL 
r:i.t OMHt 
AMP• •.ov 
WIDTH•20011o1 
1, • 1r .$lO n,1 

• Includes all probe and/or jiz eapacilanee. 

9006 EXTENDER Yee 

Fig. 9 

v,. 

2.ou1· 

PULSE 
INPUT 

C~• 1~ pF I 
•Includes all probe and/or jig c~pacitance. ':'" 

1- 122 

Fig. 8 

.JL 
f!!111.0.WHz 
AW.P• ,rnV 
WIDTH• 200M 
t, •f(S10P11 

• tnc1ud'es 111 probe and/ or Ila c1paclt1nce. 

SWITCHING WAVEFORM 

Y1H~- - ------~ ~-~· 
I I 

Yoor~ 

NOTES: 
With $Witch in po,iti on (1) ffiHS.\lft lpd 
of 9005. With switch in position (2) mtH• 
u<0 tpd (9005) + 6tpd (9006). Copocl• 
tancts includ1 probl and Iii capuilanus. 



Serles ITT9000-1, ITT9000-5 

AC CHARACTERISTICS (T,=25° C) 900-5.-1, 9006-1 , AND 9008::-1 

LIMITS 

SYMBOL MIN. MAX. UNITS CONDITIONS & COMMENTS 
I,,.,, 3.0 15 ns Vcc=5 .0 V, C, =15 pF 
t,,.,_ 3.0 15 9005 Nonextendable gate only, 

See Fig. 7 
t,.+ 3.0 18 ns Vcc=5.0 V, C, = 15 pF, C"=S.O pF 
i,,.,_ 3.0 13 9005 Extendable gate and 9008, 

See Fig. 8 
At,,., -3 .0 5.0 ns 9006 only 
Al,,, - 3.0 5.0 The 9006 Is 10s1ed by rne~surlng Its 

propagation time through the 9005. 
The t,,., readings shall not exceed 

Symbols are 
1
define d in the test circuit. 

the 9005 readings by the specified 
amount. See Fig. 9. 

AC CHARACTERISTICS (T,=25°C) 9005- S, 9006-5, AND 9008-5 

LIMITS 

SYMBOL MIN. MAX. UNITS CONDITIONS & COMMENTS 

1,,.,, 3.0 12 ns Vcc= 5.0 V, C,= 15 pF 
t,,.,_ 3.0 14 9005 Nonextendable gate only , 

See Fig. 7 

t,. . 3.0 15 ns Vcc=5.0 V, C, = 15 pF, C"=S.O pF 

""'- 3.0 12 9005 Extendable gate and 9008, 
See Fig. 8 

At,,.,, -2 .0 4.0 ns 9006 only 
At.., -2.0 if.O The 9006 Is tested by measuring Its 

propagation time through the 9005. 
The t,,., readings shall not exceed 
the 9005 readings by the specified 

Symbols are defined in the test circuit. amount. See Fig. 9. 

9005-1, 9006-1 AND 9008-1 

.. 
40 

WORST CASE TURN OFF DELAY 
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VERSUS AMBIENT TEMPERATURE 
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~ 16 
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I I 
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Serles ITT9000- 1, 

J-K FLIP-FLOPS - 9000, 9001, 

The TTL 9000 series has four flip-flops to satisfy the storage 
requirements of a logic system. All are master-slave JK designs 
and have the same high speed and high noise Immunity as the 
rest of the 9000 series. As with the gates, all Inputs have diode 
clamps to further enhance the noise immunity. 

The JK type flip-flop was chosen for all flip-flop elements in this 
family because of Its inherent logic power . The input function 
required to produce a given sequency of states for a JK flip-flop 
will , in general, contain more "don't care" conditions than the 
corresponding function for an RS flip-flop. These additiona l 
"don't care" cond itions will, In most cases, reduce the amount 
of gating elements required to Imp lement the input function. 

The master-slave design offers the advantage of a DC threshold 
on the clock Input initiat ing the transition of the outputs, so that 
carefu l control of clock pulse rise and fall times Is not required . 

Data is accepted by the master while the clock is In the low state. 
Refer to the truth table for definition of "ONE " and "Z ERO" data. 
Transfer from the master to the slave occurs on the low to high 
transition of the clock. When the clock is high, the J and K inputs 
are inhibited. 
A joint (JK) input is provided for all flip-flops In this family. This 

DUAL J-K FLIP-FLOPS - 9020, 9022 

common Input removes the necessity of gating the clock signa l 
with an external gate In many applic ations. This not only reduces 
package count, but also reduces the possibility of clock skew 
problems, since wi!h internal gating provided , all flip- flops may 
be driven from a common clock line. Several TTL drivers may be 
used In parallel to drive this common clock line, if the load 
exceeds the F.O. capability of the 9009 buffer. 

The asynchronous Inputs provide ability to control the state of 
the flip-flop independent of static conditions of the cl ock and 
synchronous inputs. Both asynchronous set and clear are pro
vided on all flip-flops except the 9020, which because of a logic 
trade-off has only clear inputs. The set or clear pin being low 
absolutely guarantees that one output will be high, but if opposing 
data is present at the synchronous inputs and the fli p-flop is 
clocked, the low output may momentarily spike high synchronous 
with a positive transllion of the clock . If the low output of the 
flip-flop is connected to other flip -flop inputs clocked from the 
same line, the spike will be masked by the clock. If the clock Is 
suspended during the time when the asynchronous Inputs are 
activated, no spike will occur. When the spikes can cause prob
lems, a simple soluti on Is to common the joint JK inputs with thJl 
synchronous set or reset signal . 

LOGIC DIAGRAMS AND LOADING FACTORS 

9000 
l /1 o--- •'-- - ,_ ..r 
,,, - -~ $~~---I 
1,, - - ~12 ___ __, 

111 ---'----+ ---- --! 
212 ,___....!.,. __ _._-r-..----. 
1,1 -----"-~--, 
111 ,__ _.:,:10e,__,-- ------. 
1, 1 11 r--...c.L.. _/ 

9001 

.,, 14 

• 201,0 
,,, 

212 

'1, 
'1, 

.,. 
''1 -- -~-- -,__r.,.....---.... 
111 ,~-....a.~ 
1,, - - -'12,_ __ --I 6 20fio l11 

'11- -~-- -- - - ---1 
212 ___ _,_ __ _....-r:;,--..., 
1,,-- ....,_~---t 
,,, - -~,o~ _,-- -, 
111.,_ _ _!1,!_l __ J-,""---

9000/9001 

112 

e 201 10 111 

Vee - 14 CNO - 7 

FUNCTIONAL LOGIC DIAGRAMS 

So 9022 OPfLY 

• 

9020 

~1 
20110 

20/10 

11 
111 

9022 

1/1 
20110 

20110 

9020/9022 

Vcc•l 6 GND•8 

So 9022 ONLY . 
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SYNCHRONOUS OPERATION ASYNCHRONOUS OPERATION 

TRUTH TABLES BEFORE CLOCK OUTPUTS INPUTS OUTPUTS AFTER 
OUTPUTS INPUTS CL.OCK s. Co ONE ZERO 

ONE ZERO J K ONE 

L H L" X L 
L H H" X H 
H L X L' H 
H L X H" L 

SYNCHRONOUS OPERATION 

The truth table de.fines the next state of the llip•f lop after a low-to• 
high transit ion of the clock pulse. The next state is a function of 
the present state and the J and K Inputs as shown in the tab le. 

The J and K inputs in the table refer to the basic flip-flop J and K 
inputs as ind icated on the logic diagrams. These internal inputs 
are tor every flip-flop the result of a logic operation on the external 
J and K inputs. This operation is represented symbolically by AND 
gates in the logic diagram tor each flip -flop. Logic diagrams are 
in accordance with MIL Standard 806B. 

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

ZERO 

H 
L 
L 
H 

L L H H 
L H H L 
H L L H 

H H Synchronous 
Inputs Control 

The H' symbol in the J or K input column Is defined as meaning 
that the Input has been high at some time while the clock was low. 

The X symbol indicates that the cond ition of that input has no 
effect on the next state of the flip-flop. 

The H and L symbols refer to steady state high and low voltage 
levels, respectively. 

UNUSED INPUTS 

The 9001, 9020 and 9022 all have active level low synchronous 
Inputs. When not in use they must be grounded. All other unused 
inputs Including a.synchronous should be tied high tor maximum 
operating speed. Use one of the methods recommended on Page 3. 

ELECTRICAL CHARACTERISTICS 9000, 9001, 9020 AND 9022 (TA= -55°C to 125°C, Vec=S. 0 V :t 10%) 

LIMITS 

SYMBOL CHARACTERISTIC -ss•c 2s0 c 12s•c UNITS CONDITIONS & COMMENTS 
MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

Vo,, Outpul High Voltage 2.4 2.4 2.7 2.4 Volts Vee=4. 5 V, IOH= -1.2 mA 
Vex Output Low Voltage 0.4 0.21 0.4 0.4 Volts Vec=4.5 V, k,1.= 12.4 mA 

Vee= 5.5 V, lex= 16.0 mA 
V,H lnpul High Voltage 2.0 1.7 1.4 Volts Guaranteed Input high 

threshold for all Inputs 
Vi. Input Low Voltage 0.8 0.9 0.8 Volts Guaranteed Input low 

threshold tor all inputs 
I, Input Leakage 

All J, K inputs 5.0 60 60 µA Vcc =5.5V V, =4.5 V 
T inputs 9000, 9001 Gnd. on other inputs. 
JK inputs 9000, 9001 10 120 120 
T inputs 9020, 9022 
JK Inputs 9020, 9022 2(J 240 240 
So, Co {all flip-flops) 14 160 160 

1, Input Current 
All J, K Inputs -1.60 -1 .1 - 1.60 -1.60 mA Vce=5 .5 V V,=0.4 V 
T inputs 9000, 9001 5.5 V Gnd on 
JK Inputs 9000, 9001 -3.20 -2 .2: -3.20 -3.20 other inputs 
T inputs 9020, 9022 
JK inputs 9020, 9022 - 6.40 -4.4 -6 .40 -6.4 0 
So. Co {all flip-flops) -4.32 - 2.97 -4.32 -4 .32 

1, Input Current 
All J, K inputs -1.24 - 0.87 - 1.24 - 1.24 mA Vcc=4.5V 
T inputs 9000, 9001 
JK inputs 9000, 9001 -2.48 - 1.74 -2.48 - 2.48 
T inputs 9020, 9022 
JK inputs 9020, 9022 -4.96 -3 .46 -4.96 -4.96 
So, Co (all flip-flops) -3.35 -2 .35 -3.75 -3.35 

l,o Vee Current 
9000 24 13 24 24 mA S, at gnd Vcc=5. 0 V 
9001 28 14 28 28 So at gnd 
9020, 9022 27 14 27 27 Co,, c., atgn d 
each flip-flop 

'. 
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ITT9000•6 

ELECTRICAi! CHAftACtERIS'tlCS 9000, 9001, 9020 AND 9022 (T,=0°C lo 75°C, Vcc=S,O V :t: 5%) 
'" ,. 

L.IMITS 

SYMBOL CltAAACTEAIS11C 0•<1 2s•c: ·1s•c llttits CONDITIONS a COMMENTS 
MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

VOH Output High Voltage :!.4 2.4 a.o 2.4 Volts Vcc=4,?5 V, IOH= -1.2 mA 
V,:;. Output Low Voltage 0.45 0.21 0.45 0.45 Volts Vcc-'4.75 V, lo,,= 14.1 mA 

Vcc= S.25V, lo,,=16mA 
V,M Input High Volt~ge 1.9 1.8 1.6 Volts Guaranteed Input high 

t~reshold for all lnouts 

VIL Input I.ow Voltage 0.85 0.85 0.85 Volts Guaranteed Input low 
,threshold for all lnj)uts 
VCC=S .25 V, V,.,4 .5 V 1, Input Leakage 

5.0 
,.A 

"Ill J, K Inputs 60 60 . Gnd. oti other Inputs. 
T Inputs 9000, 9001 
JK inputs 9000, 9001 10 120 120 
T Inputs 9020, 9922 

20 240 240 JK Inputs 9020; 9022 
So, Co (all flf P·llops) 14 160 180 

I, Input curre nt mA Vcc-5.25 V 'il,=0. 45:V--
An J, K fnp~ts -1.80 -1.0 -1.60 -1.60 s:2s v on othl!r 
T inputs 9000, 9001 

-3.211 
Inputs 

JK Inputs 9000, 9001 .... 3.20 -'-2,0 '"3.20 
1' inputll 9020, 9022 

·-s.4o '-'6.40 · JK .lnputs ·9020, 9022 -6 ,40 "' 4,0 
So, Cb (all rhc•llocsl -4.32 -2 ,7 '-4.32 -4 .32 

1, Input Curren t mA Vcc"'4.75 V 
Ail J, K lnpu\s , , -1.41 .£0.94 -1.41 ..: 1,41 
'r inputs 9000 9001 ' ' 
JK Inputs 90r, 9001 ~2 .82 -1.811 -2.82 -2.82 
T Inputs 902 • 9022 
JK Inputs 9020, 9022 ~S.64 -3.76 ~S.64 -5.64 
So. Co (al! flip•ffODS) u3 ,78 -'2.54 ;-3,18 - .3.78 

"· Vee Cu/rent 
28 

mA Vcc= S.O V 
9000 28 28 So at gnd 
90(11 33 33 33 Saat gnd 
9020, 9022 30 30 30 C!o,, <;;.at gnd 
eacl\ fllp<fl<ip 

TYPICAL iNPUT AND OUTPUf ClHARAC:'i'EFUS"l'ICS 90001 901>11 9020 AND 9022 
OUT~UJ VOLTAGE ~S INPUf 
VOLTMIEASYiwHRllNOiis INPUTS ... 

0 .w..J....L,.1!.o:!1=,!,,!,~ •.• --- .... 

u 

1 
! ~u 

i .... 
i 
! -,.o 
~ .... 

VIII ~ IN,UT VCM..T"" •VOLlS 

INPUT CUARtfl! .VERSUS 
INM YOL,AGE 

JK INPUT 90001 9001 

"«•s.ov H+ 1ri•c rt I 
~•u•c • ,,... r-.-u•c 

J 
I - l,11•,c - ~::~ 

I- ~J:~ 
I I 
I 
I 

•-• 

•• 

... 

ClllCK OinPUf VOL tAOE 
VERSUS INPUt VOLtAGE 

Ycc•l.o• 

,-s~•c :.~----,,•c 
i-u•c- ---
I I 

l.4 2.0 
Wlff .. tllllilll,lf VOLfAG£•V0t..TS 

INPUT CUIIAENT ,VERSUS 
INPU't VIILTACE 

IK lfjPIJt 902\l, 90~ 

v,c•S..OY I I 

, .. 

..... 11'( .. I I , .... rlk. ... , .. ,s•c 

- ~tli~ 

·•• 
~ 

ns•t 

E::=~i:~ 
I- [;:: ... , 

I I 

0 I 

1.0 

·lO 

INPUT CURAENt V£RSUS 
INPUf VOLTAGE 9004 

... ,,.~ .. I I/ 
I J 1n•c - fS"C - -o·c 

r -...:1''< u•c 

-~t.O O 2.0 4.0 4LO 
VIN•IN,u t 'i'OlU.Ct ·YOUS 

... 
INPUt CURAENt VERSUS INPUt 

VOLTAGE ASYNCHRONOUS 
INPUTS-ALL Fl.lP-FllltlS ... 

v« , s.oY I ,, 
'-- I II 

L- >l•c 
u •c r.=ss•c 

10 '( .. , 
0 .... 

' I 
0 

~ 
.... , 

0 1- r~i:~ -
I- 1n•, .,. • I 

-I 0 
I 

10 • 1 
•z.o O l .O 4.0 '-0 ,.o •l.O 

V1w • INl'UT vouAtc • YOLTS 
0 ~ ~ ...... ~- 02.04.0UllO 

Y11r•Hlt,V T VOll ACi[ • YQLT$ ... , ..... IH,l,IT V01.TMit-vd1.TS 
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, .• 
INPUt CURRENT VERSUS 

INl>tlt VOLTAGE 9009 

•cc i ;.a• I 
1u•c I - H'C 

·LO 

... ·•~ 

I00 

,_ :--.o·c 
., ..;:_:551( u~, 

r 

0 2.0 4..0 4.0 
V111 • INPUT VOLTAC:[ •'10\,1$ 

OUTPUT CURRENT VERSUS 
OUfPUT VOLTAGE 
(OUTPUT LOW) 

vcc 110v •ir!,.. l-,..l 

tt1,vn Mc• -) ,.,, 
' -.... 

7 2.-s•c 

•". 
I 

I • 55--.--. 

' I 
II 

OO CU LO lS 2.0 
Vou , - OUTPUT vo, TAG( - VOLT$ 
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SWITCHING CHARACTERISTICS (TA=25° C, Vee=5 .0V , C,= C, = 15 pF of al l fli p-flops unless otherw ise noted) 

CHARACTERISTICS MIN. 

t,,.,, Clock-to-Output 
So or Co-to-Otuput 

t,. _ Clock-to-Output 
So or Co-to-Outpu t 

tu,"'41 J, K orJK 
Data Entry 
J orKData Entry 

lalN1 • J , Kor JK 
Data Entry 
J or K Data Entry 

Pulse Clock I 9000 
Widt hs Only 

So or Co 
Toggle Frequency 

For-! types 

MAX. AND MIN. PROPAGATION 
DELAYS VERSUS 

AMBIENT TEMPERATURE 
T TO OUTPUT 

~ .. ~-- -- -,~,-- -"- -'-~,,. 
t, · .Ul! ll[ Nf ff lilP(lt .lfUflf· •C 

9000 
NEGATIVE CLOCK PULSE WIDTH 

SET-UP/ RELEASE TIME 
VERSUS AMBIENT TEMPERATURE 

" Tl •A.W.BJF;NT JEMP(RATUJI(•'( 

9000 Only 30• 35 
10· 12 

17 
9000 Only 

Positi ve 
Negative 
Positive 
Negative 
Negative 
9000 Onlv 

MAX. AND MIN. PROPAGATION 
DELAYS VERSUS 

AMBIENT TEMPERATURE 
ASYNCHRONOUS INPUTS 

TO OUTPUTS 

f4 · AM8ICNT T[WP[R:AlUR[ ·"C 

9000/9001 
Fig. 10 

WAVEFORMS •04 V 
_j 

Fig.12 
•30 Y 

1" 
•O.•" 

TYP. MAX. UNITS 

12 20 ns 
12 20 ns 
20 30 ns 
25 35 ns 
22 ns 
8.0 ns 
12 ns 
18 12 ns 

7.0 1.0 ns 
11 4.0 ns 
20 ns 
25 ns 
s.o ns 
10 ns 
25 ns 
20 MHz 
50 MHz 

INCREASE IN ASYNCHRONOUS 
OR CLOCK INPUT 

DUE TO OUTPUT CAPACITANCE 

l(tO 2()0 

C:~•l0l0 UPAt;llli NC[-pf' .U 801'4 OVTP\.11$ 

SWITCHING TEST CIRCUITS 

Vee - 5.0 v 
R- 2.0 k!! 
C1 - CL - 15 pF 
including 
probe and jig 
c:.apacilance 

9020/9022 
Fig. 11 

>) 0 " 

1.:.v 

•0 ... " =====-\~=t-1-~·:~:.--- --1-~ 
1- 127 

FIGURES 

10, 11, 12 
10, 11.12 
10, 11, 12 
10, 11.12 
10, 12 
10, 11, 12 
10, 11, 12 
10, 12 

10 11 12 
10, 11. 12 
10, 12 

10 12 
10, 11, 12 
10, 11, 12 
10, 11, 12 
10 12 
10, 11, 12 

9001-9020-9022 
SET-UP/ RELEASE TIME AND 

NEGATIVE CLOCK PULSE WIDTH 
VERSUS AMBIENT TEMPERATURE 

-z.o------ --- --·!l!I 2~ 11!1 
r, • AMB1£HT f( lilP($1ATUi:t£-•c 

Vee- 5.0 V 
R- 2.0.0 
Ct ... CL.,,,, 15 pF 
Including 
probe and jig 
capaeit.lnc:e 

I 
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SWITCHING TEST NOTES 
1 .. , and 1,. _ 

1. v,. should be kept at the high logic level when performing 
t,. tests. 

2. Drive the clock pulse input with a suitable pulse source. t,.,, 
and I,,.,- delays are as delined in the waveforms. 

1. t,.,..., is defined 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 clock In order for the flip-flop to respond to 
the data. 

2. The test for t,.,.,. is performed by adjusting the timing relation• 
ship between the Ve, and v,. inputs to the t .. ,.,. minimum value. 
A device that passes the test will have the output waveform 
shown. The output of a dev ice that does not pass the t.,,_,. 
test will remain at a static log ic level (no switching will occur). 

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

2. The test for t .• , .... is per lormed by adjusting the timing relation
ship between Va and V" to the t,,, . ... maximum value. The 
outputs of devices that pass will remain at static logic levels. 
In order to check both J and K sides of the flip-flop It is 
necessary to perform the test with the flip-f lop In each of its 
two possible states, i.e., set and clear. This can be accom· 
plished by making use of the appropriate i;lirect input s to 
establish the state before a test. The outputs of devices that 
do not pass the t, ...... test will exhibit pulses Instead of static 
levels. 

RECOMMENDED INPUT PULSE SOURCES 

PULS£ 

/ 

GEN(RAfOR 

FR'EQUEN(.Y ., ZMH.t ~----' 
OUTY CYCLE i!: 50¾ 

A[)JUSTABLE 
O(LAV 
NETWOR'l< 

.-.OJUSTABt.E 
O(t.AY 
~£fWORK 

9000 SCHEMATIC DIAGRAM 

Vee - Pin 14 
Gnd-= Pin 7 

For re.sisto, values,see p.age 16 

Vee""' Pin 14 
Gnd - Pin 7 

1-128 

0Tl9932 Elles wilh adjustable up.,eilors 
connected from exte-nder input, lo 1round 
make suitable del.-y elements. 

9001 SCHEMATIC DIAGRAM 

For resistor values,see Pil&e 16 



v,c 
•,a 

Serles ITT9000-1, 

9020 SCHEMATIC DIAGRAM 

16 
Vee 

Vee= Pin 16 
Gnd=Pin 8 

NOMINAL COMPONENT VALUES (ALL FLIP-FLOPS) 

A1, A,, Rs, Ra, Rio, R"• Ru, Rn, Ru, Rn, Rt,, A1t-i RZ9 = 4.0 kP. 

1-129 

R,, R,. R,, R, = 2.0 kn 
R~, R", R211 R11 = 6.0 kn 

Ru, R,, =1.5 kn 
R.,, R,.= 1500 

Ru, R,. =80 !! 
R1s, Rn, A 11, Rn, Rio= 1.25 kn 

Ru = 1.0 kU 
C,, C, = 10 pF 

ITT9000-5 

I 
\ 

12 
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9022 SCHEMATIC DIAGRAM 
For resisto r values, see table on page 

Vee 

APPLICATIONS 

Vcc= Pin 14 
Gnd=P in 7 

12 

SYNCHRONOUS BCD COUNTER DIV IDE BY TEN COUNTER 

0 1 o, 04 "' 
Two TTL 9020 Dual Flip-Flops require no additional gating 
to produ ce a fully synch ,onous 8421 code BCD Counter. 

Two TTL 9020 Dual Flip-Flops require no additional gati ng 
elements to produce divide by ten circuit with a square wave 
div ide by ten output and a divide by five outpu t. 

BINARY COUNTER WITH ASYNCHRONOUS PARALLEL LOAD AND CLEAR 

- - PAfl:ALL[L INPUT -

COUHT mPUT ~_._ _ _ ___._...._, 

MASHA CLEAR----_.--+,- =~--'--+-0
2
------'- -+-o, ~ ='--' 

- PARALLEL OUTPUT - -

1-130 

Binary counter using synchron ous 2 
bit stages with trick le down betwee n 
stages illustra tes method of utilizing 
dual JK f lip-flops having common 
clock s in counter app lications. 



DUAL JK (OR 0) 
FLIP-FLOP 
• Dual Rank Type Circuit 

• Separate Clocks 

• Separate Asynchronous Set and Clear Inputs 

• Low Power Dissipation 

• Compatible with ITT DTL and Other TTL Families 

• Input Diode Clamping 

• 25 MHz Operation 

The MIC9024 consists of two high-speed, completely independen t 
transition c locked JK fl ip-flops. The clock ing operation is independent 
of rise and fall times of the clock waveform. The JK design allow s 
operation as a D f lip-flop by s imp ly connecting the J and K pins 
together. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Stor age Temperature 
Temperature (Ambient) Under Bias 
Vee Pin Potential to Ground Pin (See Note 1) 
Voltage applied to output when output is high 
Input Voltage (DC) (See Note 2) . .. . 
Input Current (DC) (See Note 2) . . . . . . . 
Current into output when outpu t is low 
Notes l and 2 following page 

LOGiC DIAGRAM 

.. 
UNITS 

-65 to +1 50 oc 
- 55to +125 oc 

- 0.5 to +8 Volts 
0Vto +V ee value 

-0 .5 to +5 .5 Volts 
- 30 to +5 mA 

+30 mA 
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ITT 9024® 
DUAL JK (OR D) FLIP-FLOP 

DIMENSIONS - DUAL IN-LINE 

200 

M>O EJ"'" 21 no 

~ 
MAX 

-11-.0C,MJN 

Leods ore intended for inse,1ion in hole rows on 
.300 "c enlers. They o<e purposely shipped with 
''p,ositive'"(..375) misali9nmenl 10 focilitale inserlion. 

DIMENSIONS - FLAT PACK 

I • ··~ 
•09 

,--,---T O_P_V1-EW--!' f-m~ r 
..L~o" 
T ~ .oso 
0050 I. 283 . I .oo 3~ r -:2 41-----i 

11 

14 

12 
13 

15 

LOGIC SYMBOL 

10 

9 

I 
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*ELECTRICAL CHARACTERISTICS (T,.=0°C to 75°C, Vcc =5 V ± 5%) (.Note 3) 

LIMITS 
SYMBOL CHARACTERISTIC o•c 2s•c 1s•c UNITS CONDITIONS AND 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 
COMMENTS 

v ... Outout Hioh Vollaoe 2.4 2.4 3.0 2.4 Volts Vee= 4.75 V, IOH= - 1.2 mA 

Vo,, Output Low Voltage 0.45 0.21 0.45 0.45 Volts Vee=4.75V, lo,,= 14.1 mA 
Vcc=5.25 V, loc= 16 mA 

V,H Input High Voltage 1.9 1.8 1.6 Volts Guaranteed input high 
lhresho ld for all inputs. 
(To Sink lot) __ _ 

V,t Input Low Voltage 0.85 0.85 0.85 Volts Guaranteed input low 
thresho ld for all inputs. 
(For V°" Output) 

1, J , K Leakage Current 5.0 60 60 µA Vee= 5.25 V, V, - 4.5 V 
21, Clock Input, So 10 120 120 Gnd. on other inputs 
41 Co 20 240 240 

I, J, K Input Current -1.6 -1.0 - 1.6 -1 .6 mA Vcc= 5.25 V V, =0.45 V 
2 1, Clock Input, So -3 .2 -2.0 -3.2 -3.2 4.5 Von other 
31, .. C, /Not" 4\ -4.8 -3.0 -4.8 4.8 inj;!UtS 

I, J , K Input Current - 1.41 -0 .94 - 1.41 -1.4 1 mA Vcc=4.75 V 
2 I, Clock Input, S, -2.82 -1.88 -2 .82 -2.82 
31 Co /Note 41 -4.23 -2 .82 -4 .23 -4.23 

1,. Current Drain 9.0 14 mA Per Flip Flop in Worst 
Logic State 

lsc Output Current 65 mA Logic 1 output ;:,nort Circui t 
-

·Pu lse tested . 

*ELECTRICAL CHARACTERISTICS /T,. = -55° C to 125°C, Vee = 5 V ± 10%) (Note 3) 

LIMIT S 
CONDITION S AND 

SYMBOL CHARACTERISTIC -ss•c 2s•c 12s0 c UNITS COMMENTS 
MIN. MAX. MIN. TYP. 

VOH Output High Voltage 2.4 2.4 2.7 
Vo,_ Output Low Voltage 0.4 0.2 

0.4 0.25 
V,H Input High Voltage 2.0 1.7 

I 
V,t Input Low Voltage 0.8 

,. J, K Leakage Current 5.0 
21, Clock Input, S, 10 
4 I, C, 20 

1, J, K Input Current -1.6 - 1.1 
2 1, Clock Input , S, -3 .2 -2.2 
3 1, C, (Nole 4) -4.8 -3 .3 
I, J, K Input Current -1.,4 - 0.91 
21, Clock lnpul, S, -2.48 - 1.82 
31, Co (Nole 4) -3 .72 - 2.73 

IPO Current Drain ~.o 

lsc Output Current - 65 

• Pulso tostod. 

NOTES: 

MAX. MIN. MAX. 

2.4 Volts Vec=4.5 V, IOH= - 1.2 mA 
0.4 0.4 Volts Vee= 4.5 V, lot = 12.4 mA 
0.4 0.4 Volts Vcc= 5.5 V, io<=1 6 mA 

1.4 Volts Guaranteed input high 
threshold for all inputs. 
(To Sink lot) 

0.9 0.8 Volls Guaranteed input low 
threshold for all inputs . 
(For V°" Output) 

60 60 µA Vcc=5.5 V, V, =4 .5 V 
120 120 Gnd. on othe r inp uts 
240 240 

- 1.6 - 1.6 mA Vcc=5.5V V,=0. 4 V 
- 3.2 -3 .2 4.5 Von other 
-4.8 -4.8 i nputs 

-1.24 -1 .24 ffiA vcc ~4-" v 
- 2.48 -2.48 
-3.72 -3.72 

14 ffiA t-'er r11p rIop ,n vvorst 
Logic State 

mA Logic 1 Output Short Circuit 

Inputs If tho D.C, lnput voltage is more nogolivo than - 0.5 v. The diode 
Is designed to c lamp off large nogot lYo A.C. swings associate d with fast fall 
times and long lines . This maximum rating Is intended onl y to llmil the 
steady state lnpul voltage and curronl. 

(i) The maximum Vee value of 8.0 volts Is not lhe primary facto r In dctormlnlng 
tho maximum Vee which may be applied lo a number of Interconnected 
do\llcos. The voltage at a high output Is opproxlmately 1 Vu below the Vee 
voltage, so tho primary llmll on the Vee Is that the vollago at ony lnpu t may 
not go abovo 5.5 V unless the evrrent i$ llmltod 1 so this oHcclively lim its 
tho syslom Vee to approx i mately ?.O volt1.. 

(3) Posillve current Is into device and negatlvo cur rent is out of de,..Jce. 

(2) Because of the Inpu t clomp diodes, excess current can bo drawn oul o f thG 
(4) Oonotos maximum curre nt under normol opo rotlon . These currents may 

Increase up to 4 If If J , K=Lo glc 1 and S0 =Logic O. 

1-132 



SYNCHRONOUS ENTRY 
J-K MODE OPERATION 

TRUTH TABLES 

SYNCHRONOUS ENTRY 
D MODE OPERATION 

ITT9024 

ASYNCHRONOUS ENTRY INDEPENDENT 
OF CLOCK & SYNCHRONOUS INPUTS 

INPUTS ATt,, OUTPUTS AT t.,., INPUTS AT I,, OUTPUTS AT t. +1 INPUTS OUTPUTS 

J 

L 
L 
H 
H 

K Q Q 

H No Change 
L L H 

D Q Q 
L L H 
H H L 

So c, Q Q 
5(11 ) 1(15) 6(10) 7 (9) 

L L H H 
H H L L H H L 
L Togg les H L L H 

L = Low Logic Level, H = High log lc Level H H No Change 

LOADING RULES 

INPUT LOADING 

J and K 1 U.L. 

FAN OUT 
OUTPUTS 

High State Low State 
C, and So 2U.L. 
Co• (Note 4) 3U.L. 

Q 20 10 
Q 20 10 

1 U.L. = 1 TTL Unit Load es dcllned by the enlrios t, and 1, tab les. 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

EQUIVALENT INPUT CIRCUIT 

IN 

Vee 

on 

NOT O o 
SELECTED.1 SELECTE 

r ~0.3V 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

·" INJl\n r-oJ 9.U(UO l 

an·c.\ I I 

, ·~~ M-
, 

i•1-0 INPUJ ~·ci 
j ~ I -5UJ.CllCI -+-,+-t-t-t-1 
u, -4.CI' ,-- ,r-, t-1t-1t-1--1-t-t--t--1 

~ 
~~ ... 01-1 1-1 1-11-1--;--;--;--;--;-; 

l.O t, 0 6.0 1.C 

v01 • lt,,l'Uf 't'OUACf • VOllS 

OUTPUT HIGH 
EQUIVALENT CIRCUIT 

r---+------- 0 Vee 

1.51.ll 6S n 

on 

'------o OUT 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 
(OUTPUT HIGH) 

VOU1 - Olltf\11 VOUAGl • \Uf~ 
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OUTPUT LOW 
EQUIVALENT CIRCUIT 

= ~OUT 

'1r 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 
(OUTPUT LOW) 

I 
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SWITCHING CHARACTERISTICS (T,.,=25 °C, Vcc= S.O V, Cl = 15 pF) 

LIMITS 
~YMBOL CHARACTERIST IC 2s•c 

MIN. TYP. MAX. 

i,.. . J, K,O 25 
i,.._ J, K,D 20 
t,, 1.,u, ' 2.0 
t •• ,""' 15 
1,.. So to Q 10 
i,.._ So toQ 25 

Togg le Frequency 25 

SWITCHING TEST CIRCUIT 

INPUT PULSEt~--

son J So 

Cp 

-= 
K Co 

WAVEFORM S 

Cp 

!pd+ ~ 

OUTPUT -- - / ---
00R Q ----· 

--1 "d_ , __ 
-- , --- 1.SV 
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Q 

Q 

UN ITS COMM ENTS 

ns Each Flip- Flop 
ns 
ns 
ns 
ns 
ns 

MHz 

CLI I CL 
-= -= 

C'- Includes probe and Jig capacitance 

SPEC IAL ORDERING CODE 

Temperature Range: 
1 =- -55 ° to + 12s 0 c 
5• oo to +1soc 

Pockago: 
B• .250'' X .25011 FhU Pack 
0-= Dunl In-Line , 16 leads 

Exampro: 
MIC9024 • 18 mee;ns opera ting tem
pcraturo rnngo of - 55° 10 
+ 12s0 c, suppllod In a Fla1 Pack 



16-BIT MEMORY CELL 

• High Speed 

• Compatible with DTL and TTL Logic 

• High Noise Immunity, Typically > 1 Volt 

• High Fanout 

• Low Power Dissipation - 250 mw Typical 

The MIC 9033/5033 is a Planar epitaxia l integrated 16-bit , bit-or iented, 
non-destructive readou t memory cel l, compatible with ITT MIC 930 
DTL and ITT MIC 9000 TTL digita l integrated circu its. This memory 
cell, organized as 16 word by one bit, is designed for high-speed 
scratch-pad memory applications. 

The memory cells consist of 16 R-S f lip-flops arranged in an address
able four-by-four matrix. The desired bit location is selected by 
raising the coinc ident X-Y address lines to a log ic "1" {typically 3.5 
volts) and holding the non-selected address lines at logic " 0" (approxi 
mately ground). As many as four locations may be addressed simul
taneously without destroying stored informat ion. The data and 
complemented data stored at the addressed bit location may be read 
at the output terminals. If the addressed bit location contains a " 1 ", 
the one output (S,) will be in a low state; zero output (So) will be in a 
high state. Both W, and Wo must be at logic "O" during reading. 

Writing is accomplished by act ivating one of the wr ite amp lifiers. To 
wr ite a "1 ", the desired bit location is addressed and the input of the 
"wr ite one" (W,) amplifier is raised to a log ic " 1 ". To wr ite a "0 " , the 
input of the "wr ite zero" (Wo) amplifier is raised to a logic "1 ". 

The outputs are open-collector, which may be wire "OR" ed for word 
expansion . An external resistor should be returned to Vee to pull-up 
the wire "O R"ed outputs. 
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16-BIT MEMORY CELL 
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DUAL IN-LINE PACKAGE 
T0-116 
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ELECTRICAL CHARACTERISTICS 

Ratings 

SYMBOL CHARACTERISTIC 

Vee Supply Voltage 
Vee Operating Supply Voltage 

Input Vollage 
Output voltage 

TA Ambient Temperature 
Ts Storage Temperature 
OJ.,. Thermal Resistance, Junction-to-Ambient: 

(1) Free Air 
(2) 200 Fl/Min . Air Flow 
(3) 400 FI./Min. Air Flow 

OJ.i::. Thermal Resistance, Junction-to-Case 
po Power Dissipation 

LIMITS 

MIN. TVP. MAX. 

7.0 
4.5 5.0 5.5 

5.5 
5.5 

0 +75 
-65 +150 

120 
65 
55 
30 

0.25 

D. C. Characteristics (Vee = 5.0 V, T,. = 0°C to + 75°C) 

TEST CHARACTERISTIC 
MIN. 

LIMITS 

MAX. 
1,, Address Input Low Current 11 , ... Address Input High Current 0.4 
l,w wr ite Input Low Current , .5 
low Write Input High Current 0.1 
V,c Input LOW Voltage , .o 
v," Input High Voltage 2.1 
V01. Output LOW Voltage 9033/5033-XXl 0.45 

9033/ 5033-XX2 0.45 
la, Output Leakage Current 0.1 
Ice Power Drain 65 

UNITS 

Volts 
Volts 
Volts 
Volts 
oc 
oc 

DC/Walt 
DC/Watt 
DC/Watt 
DC/Watt 
Watts 

UNITS 

mA 
mA 
mA 
mA 
Volts 
Volls 
Volts 
Volts 
mA 
mA 

-· -· --- - ------ - -·----~·--- -

Switching Time Tests (Vee = 5.0 V, T,. = 0°C to + 75° C) 

TEST CHARACTERISTIC 
C,(pF) 

LI MITS 
UNITS 

MIN. MAX. 

tw~ Write Pulse Width ' 25 ns 

tw, Write Recovery Time 30 35 ns 

l It .. Read Recovery Time 30 20 ns 
t,A Read Access Time 200 30 ns 

t... Read Access Time 30 22 ns 
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SPECIAL ORDERING CODE 

Temperature Range: s = ogc ,o 1soc 
Cue Style: 

Ce,amic Ov•l-ln.lin e, 14 leads, add 
uou following last digit. 

Fanout: 
40 mA Fanout pa,t number,.: 
MIC5033-5D1 o, MIC9003..SOI 
20 mA Fanout pnrl numbeu: 
MIC5033..S02 o, MIC9033•502 

CONDITIONS 

V,,= 0 V 
V.,.=4 .5V 
V,w=0V 
V,w=4.5 V 

R, =120 0 to Vee 
R, =240 n to Vee 
Vo,<=Vec 
Vcc=5.25 V 
Inputs Grounded 

CONDITIONS 

One X-Y location high, all others low, 
Wo low when check ing W,, W, low 
when checking Wo. 

One X-Y location high, all others low, 
"1" previous ly stored when testing 
So, "O" previously stored when 
checking S,. 

One X-Y location switched, all others 
low, "1" previously stored when test-
ing S,, "O" previously stored when 
testing So. 

Four X·Y locations switched, all 
others low, ''1'' s previously stored 
when testing S,, "0"s previously 
stored when testing So. 



SWITCHING TEST WAVEFORMS 

X•T 
,u1.SE 

GND --' ·h----+--r 

WRlTE 
PULS[ 

OUTPUT 

GND 

CIRCUIT DIAGRAM 

4.IV 

T 

- _____ j ____ _ _ 

4.IV 

'•• 
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SWITCHING TEST OUTPUT LOAD 

Vee 

R1 R2 

5033/9033 - 501 120 330 
5033/9033-502 240 560 Rt 

TO OUTPUT --~--- --~ I 
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APPLICA TIONS 
A memory utilizing MIC5033/9033 16-bit memory cells may have 
any desired word length and the number of words in the memory 
is a multiple of 16. To Illustrate how the MIC5033/9033 may be 
used to construct a larger memory, the following example Is given: 

The six memory address lines from an external source may be 
decoded at the first level with two 1-out-of-8 decoders. Each 
output of the 1-out-of-8 decoders cont rols a driv ing transistor. 
These drivi ng transistors provide the cur rent necessary to drive 
eight X and eight Y address lines. Each transistor drives 18 
MIC5033/9 033 memory cells. The figure below shows the organi
zation of such a memory . The four MIC5033/9033 's shown in 
detail represent 64 words of one bit each. There are nine such 
groups of four MIC5033/9033' s each, each group representing one 
of the nine bit positions. The 16 address driving transistors drive 
all nine groups. 

The 1-out-of-8 decoder produces one of the eight comb inations 
of three inputs only if the Enable input is at a high logic level. 
If the Enable Input Is at a high logic level, one, and only one, of 
the eight outputs assumes a low logic level. If the Enable Input 
is at a low logic level, all the outputs assume a high logic level. 
This feature allows the several decoders to be used for memory 
addressing where the number of words is increased to say 128 
or 256. 

The example given above is only one of many organizations and 
is presented as an Illustration. Obvious ly many address decod ing 
schemes may be ut ilized depending on memory size, driver 
fan-out , decoder fan-out , wiring, heat dissipation , etc. 

MEMORY I OF 8 DECODE 

{
--=====l ' 

ADDRESS 1....,_~-~- - ~ ~....,...J 

wRllE 
ENABLE 

1 OF 8 
DECODE 

Y DRIVERS 11111 71 7 ,--- -- - - - - -~ 
I 
I 

DRl:ERSI - ~ • I 

I ~ 

::: 
::: 
::: ... 

. 
::: 
::: 
:: 
~ -

I I t 
I 9 0 3 3 9 0 3 I / 
I I / 
I !~ I 
I 
I I I 
I 9 0 3 3 9 0 3 3 I I 
I I I 
I "- "-I 

~ 
I I 
I I 
I I 
I 

~ BIT 1 ~ I 
I I 
L -- ---- -- - - -U 

OUT WRITE 
I I 
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WRITE OUT 
0 0 

READ ANO WRITE 
DATA (DOUBLE RAIL I 

LOGIC DIAGRAM 

---------, 

BIT 9 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Tr----r rj 

Y4 



ITT9601 ® 

Retriggerable Monostable Multivibrator TTL 

RETRIGGERABLE MONOSTABLE 
MULTIVIBRA111R TTL 
• Complementary Outputs and Complementary DC level sensitive 

inputs - insensitive to input pulse transition time. 
• "Leading edge" or "trailing edge" triggering. 
• High speed operation - maximum input repetition rate greater 

than 10 MHz. 
• High noise immunity - 400 mV worst case. 
• High fanout - up to 8 TTL loads. 
• Accurate timing - determined by external R and C -

50 nsec. to co output pulse width range. 

• Choice of operating mode - inputs can normally allow 
retriggering, but can also be locked out. 

• Input diode clamps prevent ringing. 
• Logic levels are compatible with ITT DTL 930, ITT TTL 9000, 

MSI and other DTL and TTL families. 
• Pulse width compensated for Vee and temperature variations. 

The retriggerable monostable multivibrator or one-shot prov ides an 
output pulse with high accuracy and a very wide duration range 
(50 nsec to co). It has four DC level-sensitive inputs, two are active
level High and two are active-level Low. Designed for high speed 
operation, the MIC9601 will respond to trigger inputs even when already 
in its active timing state, and will t ime itself out from the last input 
pulse received. 

The unique design of the MIC9601 makes it very useful in applicat1ons 
such as in square-wave and variable delay pulse generators, long 
delay timers, pulse absence detectors, digital low-pass filt~rs, and 
even FM demodu lators. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Storage Temperature 
Temperature (Ambient) Under Bias 
Vee Pin Potential to Ground (See Note 1) 
Input Voltage (D.C.) (See Note 2) 
Input Current (See Note 2) 
Voltage Applied to Output 

When Output is High 
Current Into Output When Output is Low 

-65 to +150 
-55 to +125 
-0.5 to +B.O 
-0 .5 to +5.5 
-30 to +5.0 

0 Vto +Vee 
50 
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UNITS 

oc 
oc 
Volts 
Volts 
mA 

value 
mA 

DUAL IN-LINE PACKAGE 
T0-116 

k... .280....l 
1 · MAX. - I 

DIMENSIONS - FLAT PACK 

1· .320MIN 'I 
- 111 r 

1· .1875 ·1 
MIN. 

.300 

~ .050TYP. 

_[004TYe 

T 

NOTES: 

I 
I 

I 
I 

.I I 

_r:)65MAX. 

I .. 240 MIN . • ,T 
265 MAX. 

(1) The maximum Vee value of 8.0 volts Is not th e 
primary facto r In determining the maximum Vee 
which may be applied to a number of inte rconF 
nected devices. The voltage at a hig h output 
is approximately 1 Vn below the Vee voltage , 
so the primary llm lt on lhe v cc is that tho 
voltage at any Input may not go above 5.5 V 
unless the current Is limited , so this effectively 
l imits the system Vee to approximately 7.0 
volts. 

(2) Because of tho Input clamp diodes, excess 
cur rent can be d rawn out of the inputs If th e 
D.C. Input voltage is more negative 1han 
-0.5 V. The diode Is designed to clamp off 
large negative A.C. swings associated with fast 
fall times and long lines. This maximum rating 
ls Intended only to limi t tho steady state Input 
voltage and current. 

I 
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FUNCTIONA L DESCRIPTION 

The 9601 monostable multivib rator has four inputs, two of which 
are active level high and two active level low. This allows a 
choice of leading edge or trailing edge triggering. The Inputs 
are D.C. coupled making triggering indep endent of input tran
sition times. 

Each time the input conditions for triggering are met, the external 
capac itor is discharged in a short lime and a new cycle is begun. 
Successive inputs with a period shorter than the delay lime 
retrigger the 9601 and result in a continuous true output. Re
trigger ing may be inh ibited by tying the negation (Q) output back 
to an active level high input. 

Active pullups are provided for good drive capabili ty Into 
capac itive loads. 

OPERATION RULES 

1. An external resis tor Rx and an external capacitor C, are 
required as shown in the logic diagram. The values of Rx 
may vary from 5.0 k!'l to 50 k!'l for o to + 75°C operalion, and 
5.0 kn to 25 k!'l for - 55 to + 125°C operatio n. Cx may vary 
from O lo any value necessary and obtainable. 

2. If a fixed value of R, is used, the fo llowing values are recom
mended : Rx = 30 kn for O to + 75°C operat ion; Rx = '10 k!'l 
for - 55 to + 125°C operation. 

3. The output pulse wi dth T is defined as follows: 

T = 0.32 R, Cx [1 + ~: J (For C, greate r than 10' pF) 

Where Rx is In k!'l, C, is in pF, T is in ns 

For C, < 10' pF, see Fig. 14 

4. If electro lytic type capacitors are to be used, the following 
two arrangemenls are recommended: 

R < O.GR<( Mu ) ~ 
01: any sillcon A 

lyoe diode, such 
"FD700 

~I'' ,, 
PiN II PIN ll 

This c:i1cuit also amplilies Cl( allowing 
fo, longer OUIPUI pulse widlh. 

R < Rx (0.7) (h,.Q,) 
Rx (min) < R)( < Rx (ma1) 

Q1: Any NPN silicon device with 
wflicienl hFc-al low c:uuenh:, 
tuc:h as 2ff25 I I 

Both circuits prevent reverse voltage across C,. The pulse width 
T for the circu il s is defined as follows: 

T = 0.36 RC, (1 + o; J 

Where R is in k!'l, C, Is in pF, T is In ns 

5. To obtai n variable pulse width , by remote trimming, the 
followi ng circuit Is recommended: 

It,: s 1tx IMINJ 

Pl# ll ~~~~S-P;S;8~b -
PIM 11 o--I IQ OO'IC( 11~11 !MU I -Rx 

o--------
'cc 

6. Under any operat ing condition, Cx and Rx (min) must be kept 
as close to the circuit as possible to minimize stray capaci
tance and reduce noise pickup. 

7. Input Trigger Pulse Rules. 

Input to Pifl 1 (2) 
Pin, 2, (1), 3 & 4 - I 

t1, t, - Setup time > 40 ns 
h , h - Rele;ne time > 40 ns 

Input lo Pin 3 (4) 
Pin4(3)= 1. Pins lor2 - o 

8. The retrigger pulse width is calculated as shown below: 

~ 
:--1 w--------; 

_i L 
tw = tVH + lpd+ - O.32 RxCx (l + ~?) + tpdt-

The retrigge, pul.se width is equal to tho pulse, width tpw plus 
.a delay time. For pulse widths 2reater than 500 ns, tw c:an be 
approdmated as tpw. 

NOl E: Retriggering will not occur if the retrlgger pulse comes wilhin .32 RxCx <i> ns afior the Initial trigger pulso. 

LOGIC DIAGRAM 

Vee • PIN 14 
GND • PIN J 

·~ 2--0 
J 
4 

9601 
0/ S 

0-- 6 
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SPECIAL ORDERING CODE 

Temperature Range: 

1= -55• + 12s 0 c 
S= 0 ' 10 + 7SC 

Package: 

B = .250" X .250" flol Pack 
O=Dua l ln•line 1 14 loads 

Example: 

MIC9601· 18 means operating tem• 
peralure range of - 55° to 
+ I :25°C, $Upplied in a Flat P~ck 
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ELECTRICAL CHARACTERISTICS (T, = - 55°C to 125°C, Vcc=S V ± 10%) 

LIMITS 
SYMBOL CHARACTERISTIC -55°C +25°C +125°C UNITS I CONDITIONS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. (Note 1) 

Vow Output High Voltage 2.4 2.4 3.3 2.4 Volts I Vee=4.5 V, ICH= -0 .72 mA 
(Note 2) 

V01. OuJput Low Voltage 0.4 0.2 0.4 0.4 Volts Vce=4.5 V, lo..= 10 mA 
(Note2) 

v,. Input High Voltage 2.0 1.7 1.4 Volts Vec=4.5 V (Note 3) 

v,. Input Low Voltage 0.85 0.90 0.85 Volts Vee= 5.5 V (Note 3) 

1, Input Load Current 1.6 1.1 -1.6 -1 .6 mA Vee-:, ,:,v 
V, -0.4 V 

I, lnout Leakaae Current 15 60 60 µA Vec=5.5 V, V, =4.5 V 

lsc Short Circuit Current -10 -40 mA Vec=5 .0V, Vo,,,=0V 
(Note 2) 

1- Quiescent Power Supply Drain 25 25 I 25 mA Vee- 5.5 V 

t,.. Negative Trigger Input 25 40 ns Vee=5 .0 V 
to True Output Rx=5.0k!l 

C, -O C, - 15 PF 

I,. - Negative T rigger Input 25 40 ns Vec=5.0V 
to Complement Output R, =5.0 k!l 

C, - 0, C, - 15 pF 

tp• l•i"J Minimum True Output 45 65 ns Vee=5 .0 V 
Pulse Width Rx= 5.0 kO 

c , -o,C , -15oF 

8 1 •• Pulse Width Variat ion 3.08 3.42 3.76 µsec Vee= 5.0 V, Rx= 10 kO, 
C, -1000 pF 

Csu ... v Maximum Allowable 50 50 50 pF Pin 13 to Ground 
Wiring Cap. (Pin 13) 

Rx Timing Resistor 5.0 25 5.0 ,:, S.o--i!S kfl 

TABLE 11 - ELECTRICAL CHARACTERISTICS (T, = 0°C to 75°C, Vee= 5 V ± 5%} 

LIMITS 

SYMBOL CHARACTERISTIC ~ c +25°C +75°C UNITS CONDITIONS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. (Note 1) 

VOH Output High Voltage 2.4 2.4 3.4 2.4 Volts Vc~
1
=4.75 V, IOH= -0.96 mA 
Note2) 

V""- Output Low Voltage 0.45 0.2 0.45 0.45 Volts Vee=4 .75 V, 10<= 12.8 mA 
(Note2 ) 

V,H lnpul High Voltage 1.9 1.8 1.6 Volts Vee= 4.75 V (Note 3) 

v" lnout Low Voltaoe .85 0.85 0.85 Volts Vee= 5.25 V (Note 3) 

I, Input Load Current - 1.6 -1.0 -1.6 -1.6 mA Vec =S.25 V 
V, =0.45V 

I lnnut Leakane Curren t 15 60 60 µA Vcc=5 .25 V, V, = 4.5 V 

lse I Short Circuit Current - 10 -4 0 mA Vec=5.0V, Vo,,,=OV 
(Note 2) 

1,. Quiescent Power Supp ly Drain 25 25 25 mA Vec=5.25 V 
Ground Pins 1 and 2 

t,. , Negative Trigger Input 25 40 ns Vcc =5.0 V 

to True Output Rx= 5.0 k!l 
Cx - 0, C, = 15 pF 

I,. - Negative Trigger Input 25 40 ns Vcc=5.0 V 
to Complement Output Rx= 5.0 k!l 

Cx=O , C, =15pF 

li, .. l• l"l Minimum True Output 45 65 ns Vec=5.0 V 
Pulse Width R, =5.0 k!l 

C, =0, C,= 15 pF 

81,.. Pulse Width Variation 3.08 3.42 3.76 µsec Vee= 5.0 V, Rx= 10 k!l, 
Cx=1000 pF 

Cu • .-.Y Maximum Allowab le 50 50 50 pF Pin 13 to Ground 

Wirinn Can. (Pin 13) 
R, Timing Resistor 5.0 50 5.0 50 5.0 50 k!l 

NOTES: (1) Unless otherwise noted, 10 J<g ,esistor placed between Pin 13 a.nd Vee, for all tests. (Rx) 
(2) Ground Pin 11 lo, Vo. Pin 6_or VOH Pin 8 or lsc Pin 8. Open Pin 11 lor Vo. Pin 8 or VOH Pin 6 or lsc Pin 6. 
(3) Pulse Test to determ ine V1H and V1L (Min PW 40 ns). 

1-141 



ITT9601 

TYPICAL ELECTRICAL CHARACTERISTICS 
INPUT LOAD CURRENT INPUT LEAKAGE CURI/ENT 

VERSUS INPUT VOLTAGE VERSUS INPUT VOLTAGE 
,., 

"cc• s,ov J.,,~ ~ 0 

1-o.) I 1,. - ~ C 
I 

""" 
~ 1,, .' -}) C • 1,.. ·)) C k= ., 

11 !! 

i'·' 1..,,21c 

I ~ I 
..:•?,) 

,,. • 1;, C 

·I.> 
I 

·II ~, • " 
,., 

l\ l'UI VOl.l,\U • VOll~ 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE (HIGH STAT£) 

,., 

" , "cc ~ :i , L - ' -..- I 
~ .. 
i + l 

I ... 
3 
e ,-- L. 
~ I t . " 

1,.~,~.~tr[ v i 
~ -.., · •nc 

• • ,., .. , ..• ,U 

IJiiPl.lWM 111r,1 ••"""" 

POWER DISSIPATION VERSUS 
AMBIENT TEMPERATURE 

. ,.,. 1 .. 1 · 1.-.i ' "' I .. ., . 

1 

; 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE (LOW STATE) 
II) 

Ve I , ).Oi I I 
ouf,u1 MlOW" ' I .. 

, ... y.--
v n, ! .. '• 

V ~ 
~ 

" 
;f 

'• .,,1,-i-
# I I I 

0 
,; I I 

• 0.1 , .. , .. ;o_A· 

0\JIPtll"1:ltlAC( • V0{1) 

NEGATIVE TRIGGER DELAY TIME 
VERSUS AMBIENT TEMPERATURE, 

u o01- -~-+-~-

1 1-+ -+--i-+-+ ,,.,- l""'--I I 
,. I 

: 

1 l~I Ar.t ·VOI.IS 

NORMALIZED OUTPUT PULSE WIDTH 
VERSUS AMBIENT TEMPERATURE 

;1.• vcc. ),ov I 

1,i: • IOlO 

' 
C:( • lo'!# 

i 1,1 

I !!: 
~ I ~ 10 -il . 

+ 1--- -~ ,- I------ -
j I 
§ ' ·' 

, .. I I 
·• ,n 0 ,, 

" 
,,, 

I • AMll!ll'I l!MP(-.Ut,.Jlt - 'C 

• 

"cc·Uv 
~ I ---i ., • "cc 'h v 
; 

i I -
~ Vcc • UV 

I --
,. I I 
·• •n 0 n " "' '• • AMa ll ,.,, 11MPU!AIIIII'£ • C 

NORMALIZED OUTPUT PULSE 
WIDTH VERSUS s·uPPLI' VOLTAGE 
, .. 

'• "' I '• • IO• t' ~ 
c, 1ol11 

f t: 
!I 
C -- . 1-1--
~ t O 
~ i----
~ --
~ 
~o.t 
~ 

i 

" 
I r-

'·' ... ,., ,., ... 
'S,l}f'jl\lv,)t!At,t·YC)\~ 

s 
" g .,,_ __ ________ _, 

~ 
'!' 
;\ 10 
~ 

NORMALIZED OUTPUT PULSE WIDTH 
VERSUS-OPERATING DUTY CYCLE 

Vee• s.ov 

~ ~::,: 
i 1,tr---i - --t---t-''•c. •_n_c--i 

,- . 

I ,., t----i -- -+--+- - = 

s ·-
~ '-----t---+--+- ---i i ,., , 

PULSE WIDTH VERSUS 
TIMING RESISTANCE 

OUTPUT PULSE WIDTH VERSUS 
AMBIENT TEMPERATURE 

i II t-- -f- - -+ -:;>L.f - -1 

~ 
8 •·• r - -t-;,-<- + - -t-- --; 

~ JO Cl )0 
It.a; • 0(1( R'4AI, II Nr~ ltfJ.l~lOlt • •P 

•2) ~ 1) .ia 
I • AMjl[.111 l(W'CtA.IUlll • C 
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OUTPUT PULSE WIDTH VERSUS TIMING RESISTANCE AND CAPACITANC E 

For C, < 1 0' pF (For C, ;,,,, 1 0'pF, t, . = 0.32 R, C, (1 + 0. 7) 
R, 

"' C: 

103 ' r ,_ 
0 

~ 

~ 
:::, 
Q. ,_ 
:::, 

102 0.. ,_ 
:::, 
0 

SWITCHING TI ME TEST CIRCUIT AND WAVEFORMS 

•4.5v Vee 

-;=!~ I- .. 
J .OYj_f ~ 

1pd•- f -

~ ~ -tpw - 1 VOUT 

~ You1 
tpd- - 1 -

NOTE: Capacl1anco Inc ludes 
Jig end Probe 

Cx - Tl Ml NG CAPACITANCE - pF 

LOADING RULES 

TTµL INPUT LOAD AND DRIVE FACTORS 

- ss 0 c to + 125°C o0 c to 75°C 

INPUT LEVEL LOAD FACTOR INPUT LEVEL LOAD FACTOR 

High 1 High 1 
Low 1 Low 1 

OUTPUT STATE DRIVE FACTOR OUTPUT STATE DRIVE FACTOR 
High 12 High 16 
Low 6 Low 8 

CCSL INPUT LOAD AND DRIVE FACTORS 

- 55°C to + 125°C 

INPUT LEVEL LOAD FACTOR 

High 12 
Low 10 

OUTPUT STATE DRIVE FACTOR 

High 144 
Low 62 
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0°c to 75°c 

INPUT LEVEL LOAD FACTOR 

High 12 
Low 10.5 

OUTPUT STATE DRIVE FACTOR 

High 
Low 

192 
85 
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APPLICATIONS 

,, 
INPUT rt...fl..JUU1.. 

J PUUE WJOtK T LJ 
I 

t OUT 
o au, l ... ___ _.n ... __ _ 

" 

'cc 

,, 
c, 

II ,, 

ff , .. , I 
m 

INPUT 

'cc 

FREQUENCY DIVISION 
This configuration makes the 9601 non-re triggerable and 

capable al frequency div ision. 

•cc 

., 

DUI 

DELAYED PULSE GENERATION 
The lirst 9601 determ ines the time T, belore the ini tiat ion of the 
output pulse. The second 9601 determines T,, the outp ut 

pulse width. 

AURII 

'cc 

MALFUNCTION INDICATOR 

-~-
fREQUUCY 

OISCRIMINA TOR 

DUI 

The outpu t ol the retriggerable si ngle shot will on ly remain 
high If the input frequency is above some fixed value. The 
input, may be a flip flop which normally has a fixed frequency 
of operation. A system malfunct ion is indicated when the flip 
flop frequency drops and ret rigge ring operation of single shot 
ceases. 

The 9601 can be used to produce a vo ltage output propor t iona l 
to input frequency . For a fixed TC of R, and C, , the duty cycle 
of the output will vary with frequency . Th is is integrated by R, 
C, prod ucing a voltage propor t ional to frequenc y. 

'cc "cc 

'• ., 
" 

951)1
11- - - -

"' -- ,....,~JI 
• Do-

AST ABLE MUL TIVIBRATOR 
Frequency of operation is dependen t upon value of R, and C, . 

H44 



Packages: 14-L.ead Ceramic DIP, Plastic DIP and Flat Pack ITT9602® 

DUAL RETRIGGERABLE RESETTABLE MONOSTABLE MULTIVIBRATOR 

The TTL/Monostable 9602 is a dual retrig'gerable, 
resettable monostable multivibrator which provides 
an output pulse whose duration and accuracy is a 
function of external timing components. The ITT9602 
has excellent immunity to noise on the Vee and 
ground lines. The ITT9602 uses TTL inputs and 
outputs for high speed and high fanout capability and 
is compatible with all members of the TTL family. 

• 72 ns to oo Output Width Range 
• Retriggerable Oto 100% Duty Cycle 
• TTL Input Gating • Leading or Trailing Edge 
Triggering 

• Complementary TTL Outputs 
• Optional Retrigger Lock-Out Capability 
• Pulse Width Compensated for Vee and Temperature 
Variations 

• Resettable 

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

Storage Temperature - 6!:i°C to + 1!:i0°C 

Temperature (Ambient) Under Bias 
- 55°C to +125°C 

Vee Pin Potential to Ground (See Note 1) 
-0.5 V to +8.0 V 

Input Voltage (D.C.) (See Note 2) -0.5 V to +5.5 V 

Input Current (See Note 2) -30 mA to +5.0 mA 
Voltage Applied to Output When Output is High 

-0.5 V to +Vee value 
Current Into Output When Output is Low 50 mA 

NOTES: 
1. The max imum Vee value of 8.0 volts is not the 

pr imary factor in determining the maximum Vee 
which may ·be appl ied to a number of inter
connected devices. The voltage at a high output is 
approximately 1 V BE below the V CC voltage, so 
the primary limit on the V cc is that the voltage 
at any input may not go above 5.5 V unless the 
current is limited. This effectively limits the 
system Vee to approximately 7.0 volts. 

2. Because of the input clamp diodes, excess current 
can be drawn out of the inputs if the D.C. input 
vo ltage is more negative than - 0.5 V. The diode 
is designed to clamp off large negative A.C. 
swings associated with fast fall times and long 
lines. This maximum rating is intended only to 
l imit the steady state input voltage and current. 

CONNECTION DIAGRAM 
(TOP VIEW) 

1' 

2 ' 

•P ins for e x ter na l tim ing 

Cx •x 
vcc 

Cx 

0 ... , 
OS 1 

0 

Co 

"=D ooo, 
11 052 

Co 

LOGIC SYMBOL 

13 

FUNCTIONAL DESCRIPTION 

"• 

0 10 

0 

The 9602 dual resettable, retriggerab le monostable 
multivibrator has two inputs per funct ion, one active 
high and one active low. This allows leading edge or 
trailing edge tr iggering. The TTL inputs make trigger
ing independent of input transition times. When 
input conditions for triggering are met, a new cycle 
starts and the external_ capacitor is rapidly discharged 
and then al lowed to charge . An input cycle time 
shorter than the output cycle time will retrigger the 
9602 and result in a continuous true output. (See 
Rule 9.) The output pulse may be terminated at any 
time by correcting the reset pin to a low logic level 
pin . Act ive pu l lups are provided on the outputs for 
good drive capabi lity into the capacitive loads. 
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OPERAT ION RULES 

1. An external resistor (Rx) and external cap• 
acitor (Cx) are requ ired as shown in the 
Logic Diagram. 

2. The value of Rx may vary from 5.0 to 
50 k.Q for Oto 75° C opera t ion. The value of 
Rx may vary from 5.0 to 25 k.Qfor - 55 to 
+125°C operation. 

3. The value of Cx may vary from 0 to any 
necessary value available. If, however, the 
capacitor has leakages approaching 3.0 µA or 
if stray capacitance from either term inal to 
ground is more than 50 pF, the tim ing equa
t ions may not represent the pu lse width 
obta ined. 

4. The outp ut pulse with (tl is def ined as 

fol lows: [ 1 ] 
t = o.3 1 RxCx 1 + Rx 

Where RX IS in kH 
Cx is i n pF 
t 1s inns 

tor Cx < 10-' pF. see Fi g. 17 . 

5. If electr olyt ic type capacitors are to be used, 
t he fo llowing three confi gurations are recom· 
mended : 
A . Use with low leakage electrolyt ic 

capacitors . 
The norm al RC configuration can be 
used predictably only if the forward 
capacitor leakage at 5.0 volts is less than 
3 µA, and the inverse capacitor leakage 
at 1.0 volt is less than 5 µA over the 
operat iona l temperature range and Rule 
3 above is satisfied. 

ve e ~ P1N2 1, a1 

Rx Cx 

, 1-:--<> PIN 1115) 

B. Use with high inverse leakage current 
electrolytic capacitors. 
The diode in this configuration prevents 
high inverse leakage currents through the 
capacitor by preventing an inverse voltage 
across the capaci tor . The use of this con
figuration is not recommended with 
retriggerable operat ion. 

A , o.6 R x I MAXJ F0777 

vee ~ P1N211M 

Cx 
~ P tN Ill~) 

C. Use to obtain extended pulse widths : 
t :::::0.3 RCx 

This conf igur ation can be used t o obtai n 
exten ded pulse wid th s, because of the 
larger t iming resistor allowed by beta 
multipl ication. Electro lytics wit h high 
inverse leakage currents can be used. 

vee o-A-, .... - -~ "" ,..., 

---W-, .... ~- PIN1( 151 

R < Rx (0.7 ) lhFE 01) o r < 2. 5 Mn whic hever 
Rx (m in) < Ry < Rx (max) 1s th e lesser 

01 : NPN silicon transistor wi th hFE requ i remen ts of 
above equat ions, such as 2N5961 or 2N596 2 

t ,:,;0 .3 RCx 
T his config uration is not recommended 
with retriggerable operation. 

6. To obtain variable pu lse widt h by remote 
trimmi ng, the following circuit is recom
mended: 

ft l RJ: MIN 

PIN 2 1141 o-,--vvs,- - - - - - - -b 
J. ' AS CtOSE AS POSSIBl E R T Rx MAX - Rx 

PIN 1 1151 o---J 10 OEVIC( 

Vee o--- - - - - - - -

7. Under any operating condition, Cx and Rx 
(m in) must be kept as close to the cir cu it 
as possible to minimize stray capacit ance 
and reduce no ise pickup. 

8. Input Tr igger Pulse Rules. See Trigge r ing 
Tru th Table, page 5. 

Input to Pi n 5 ( 1 1) 
Pin 4 ( 12 ) ; Low 
P in 3 ( 1 3) ; High 

ti, t3 ~ M in.Posit ive In p ut 
Pu l se Width > 40 ns 

t2, t4 = M i n. Negat ive In pu t 
Pulse W idth > 40 ns 

1-•1-1 l-12-1 
INPUT 2.5V~--! 2.5V ~ I I 

- 1.5V -
ov I OV - 1- lpd• :.:..j t:: lpd• 

Q OUTPUT Fsv ~ 
Inpu t 10 P in 4 ( 1 2 ) 
Pin 5 ( 11 ) ; H igh Pi n 3 ( 13 ) = High 

- 'J- -4-
INPUT 2.SV ~ - , "" 2.5V --,._ ~ 

_J .. \.2::'._ ov "\....__/ 
~ · tpll+ tpd• -1 

o~ ----~ /uv 
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9. The retr iggerable pulse width is calculated 
as shown below: 

1 
1w; tp w + 'p d+= 0 .31 RxCx (1 + Rx )+ lpd + " 

INPUT 
:------ tw____.,.; 

OUTP\11 _J L 
The retrigger pulse width is equal to the 
pulse width tpw plus a delay time . For pulse 
widths greater than 500 ns, tw can be 
approximated as tpw. Retriggering will not 
occur if the retrigger pulse comes within 
:::::0.3 Cx ns after the initia l tr igger pu lse. 
(i.e. during the discharge cycle). 

ITT9602 

10. Reset Operation - An overriding active low 
level reset is provided on each oneshot. 
By applying a low to the reset, any timing 
cycle can be terminated or any new cycle 
inhibited until the low reset input is removed. 
Trigger inputs wil l not produce spikes in 
the output when the reset is held low. 

PULS E 
WIDTH 

- t -

'-----~' 
Q OUTP Ul 

Q OUT PU T 

11. Vee and Ground wiring should conform 
to good high fr equency standards so that 
switching transients on Vee and Ground 
leads do not cause interaction between 
one-shots . 

ELECTR ICA L CHARACTERISTICS (TA = - 55°C to 125°C, Vee= 5 V ± 10%) 

Symbol Limits Units Conditions 
-55°C +25°C +125°C (Note f) 

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

VoH 2.4 2.4 3.3 2.4 Vo lts Vee = 4.5 V, IOH =- 0.96 mA (Note 2) 

Vol 0.4 0.2 0.4 0.4 Volts Vee = 4.5 V, IOL = 9.62 mA (Note 2) 

Vee= 5.5 V, loL = 12.8 mA 

V1H 2.0 1.7 1.5 Volts Guaranteed inout high 
V1L 0.85 0.90 0.85 Volts Guaranteed input low 

l1L - 1.6 - 1.1 -1.6 -1.6 mA Vee = 5.5 V, V1N = 0.4 V 

- 1.24 - 0.97-1.24 - 1.24 mA Vee= 4.5 V, V1N = 0.4 V 

l1H 10 60 60 µA Vee= 5.5 V, V1N = 4.5 V 

1sc - 25 mA Vee = 5.5 V, VouT =1.0 V .(Note 2) 

lpo 45 39 45 45 mA Vee= 5.o v 
tpd+ 25 35 ns Vee= 5.o v, Rx= 5.o kn 

Cx = 0, CL= 15 pF 

tpd- 29 43 ns Vee = 5.0 V Rx = 5.0 kn 
Cx = 0, CL= 15 pF 

tpw(m in) 72 90 ns Vee= 5.o v Rx= 5.o kn 

78 100 ns ex = 0, CL= 15 pF 

tpw 13.08 3.42 3.76 µs Vee = 5.0 V, Rx =10 kn, Cx = 1000 pF 

CsT RAY· 50 50 50 pF Pins 2 and 14 to Ground 

Rx 5.0 25 5.0 25 5.0 25 kn 
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ELECTRICAL CHARACTERISTICS (TA= o0 c to 75°C, Vee= 5 V ± 5%) 

Symbol Limits Units Conditions 
-0°C +25°C +75°C (Note 1) 

Min. Max. Min. Typ. Max . M in. Max 

VoH 2.4 2.4 3.4 2.4 Volts Vee= 4.75 V, IOH =- 0.96 mA (Note 2) 

Vol 0.45 0.2 0.45 0.45 Volts Vee= 4.75 V, IOL = 11.3 mA (Not e 2) 

Vee= 5.25 V, lo L = 12.8 mA 

V1H 1.9 1.8 1.65 Volts Guaranteed input high 

V1L 0.85 0.85 0.85 Volts Guaranteed input low 

l1L -1 .6 -1.0 - 1.6 -1.6 mA Vee= 5.25 V, V1N = 0.45 V 

-1.41 - 1.41 -1.41 mA Vee= 4.75 V, V1N = 0.45 V 

l1H 10 60 60 JlA Vee = 5.25 V, V1N = 4.5 V 

Isc - 35 mA Vee = 5.25 v , VouT = 1.0 v (Not e 2 ) 

lpo 52 39 50 52 mA Vee= 5.0 V, Ground, Pins 1 and 2 

tpd+ 25 40 ns Vee= _5.o v, Rx= 5.o k.Q 

Cx = 0, CL= 15 pF 

tpd - 2·9 48 ns Vee = 5.o v Rx= 5.0 k.Q 
Cx = 0, CL= 15 pF 

tpw(min) 72 100 ns Vee= 5.0 V Rx = 5.0 k.Q 

78 110 ns Cx=O,C L =15pF 

tpw 3.08 3.42 3.76 IJ.s Vee = 5.0 V, Rx = 10 k.Q, Cx = 1000 pF 

CsTRAY 50 50 50 pF Pins 2 and 14 to Ground 

Rx 5.0 50 5.0 50 5.0 50 k.Q 

1. Unless otherw ise noted, 10 k.Qresistor placed between Pin 2 (14) and Vee, for all tests. (Rx) 
2. Ground Pin 1 (15) for Vol on Pin 7 (9), or for VoH o n Pin 6 (10) , or for lsc on Pin 6 (10); also, apply 

momenta ry ground to Pin 4 (12). Open Pin 1 (15) for Vol on Pin 6 (10), or for VoH on Pin 7 (9), or 
for lsc on Pin 7 (9). 

TYPICAL ELECTRICAL CHARACTERISTICS 

INPUT LOAD CURRENT 
VERSUS INPUT VOLTAGE 

-0.1 ,__ _ _,__...._ 

1A • ·II C 

I 

I.I 

INPUI VOllACI. • VOi iii 

so 

60 

40 

IQ 

INPUT LEAKAGE CURRENT 
VERSUS INPUT VOLTAGE 

v,c·~ 

t 

t 
·IH 

,.o ,.o •. o 
I 'i PUT VOt IAQ • VOl IS 
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OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE (LOW STATE) 

so 
vcc ~-'> v 
nu l PUI tOW '1 -

60 L 
,t> ~ 

'• 
" '• 1H 

11) 

0 
g_. • O.? 

OUI PUT \IOtlAC,( • 'JOL IS 



ll 

l.O 

·l.O 

·ll 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE fHIGH STATE) 

I I 
,_ Vee -;,ov 

OUT PUT .. Ht C>f' 

Ji 
. -~~t / ~ +V 

If ~ (, ~ 

'fl '~1 
I/ 

·1' 
·l.O 1.0 , .o 6,0 

0 

OUTPUT VOLJAG( • VOllS 

MINIMUM TIME DELAY, 
RESET TO OUTPUT VERSUS 
AMBIENT TEMPERATURE 

I I 
Vee· l.OV 

.,_Cl • l~i,1-' 

_Rx • I0kO 

Cx . ,ol., 

./ 

" I• 1tl t> • l JJ u ' I _....... 

/ 

I ~-
I 

I I I 
- '' • .. ' ,,, ,, 

MINIMUM PULSE WIDTH TO 
TRIGGER VERSUS 

AMBIENT TEMPERATURE 
(POSITIVE EDGE TRIGGER INPUT) 

IO 

dO 

vcc · ~.ov I 
C1 • ll If 
R~ • lOkOI 
Cx • !03cf 

)0 I/ 
/ 

, 

IO 
,v I./ 

POSIIIYC PUISE ----r _,,,. _,,,. 
10 

~,c,n~l •u~ ~ 
-

I 

0 
·ll · 1l O 1l ll '" 

l. l 

0 l. 

.,0 

IA· AM8t(,Nt t{MP{RA fUR( • ~C 

NORMALIZED OUTPUT PULSE 
WIDTH VERSUS SUPPLY VOLTAGE 

'cc· l ov 
R

1 
• )Oi.0 ~ 

' c, • 1olr1 

"' " I'-.. ..__ -- -
I 

' 
I 
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MINIMUM PULSE WIDTH TO 
TRIGGER VERSUS 

AMBIENT TEMPERATURE 
(NEGATIVE EDGE TRIGGER INPUT) 

IO 'cc·. l. O·, 
c, • I\ If -+- --+-~-t- -+---l 
qx - 1c-.n 

:0 Cx -1 c1:r_-+---+- - -t--'---l 

lOl----1---t---l-..;--t-

18 

" 

10 

1 

f~ • A/.'BHNT IEMPt!l,UUI'[ • •c 

PULSE WIDTH VERSUS 
TIMING RESISTOR 

vcc • ;_ov 
~C x ,10lp: 

I / 

I / 
I V 

/ 
V ' 

/ I 

l,.c _ I I -
I 

, 
V 

'-

0 
·11 -11 0 11 ll 12) -1) ·1l O 1l l l ll> 10 IO )0 dO 

no 

110 

"' 

10 

IO 
·ll 

IA - AMBIENT lf MPlRAIURE • •c 

POWER DISSIPATION VERSUS 
AMBIENT TEMPERATURE" 

!' I~ l ' PIN2. 0 
Rx • IOH'1 I I 

Vee.;,; v -vcc • ;_o v 

-- I -
I Vcc • 4,;v 

-r -I 
·ll 1l ll 11l 

IA· AMBl{NI llMP(.RAIUR( • C 

0 I.I 

1A A"181[Nl l(MP(RAIURt • C 

NORMALIZED OUTPUT 
PULSE WIDTH VERSUS 

SUPPLY VOLTAGE 
TA• ~ ,.C 

r-- .R:X • )QkO 
Cx • !Ollf 

1.05 

1.00 

0.91 
V 

0.0> ,.o 

I ,V , 
I 

/ v 

,v 
l/v 

l.O 

Vcc·S UPPlY YOLTAG( ·VOLTS 
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ldO 

130 

110 

110 

100 

"' 
80 

10 

60 

Rx· (XlERHAl II MI NC R[';ISTOR • 0 

MINIMUM OUTPUT PULSE 
WIDTH VERSUS 

AMBIENT TEMPERATURE 
I 

Vee • !>.cw 
- R• • ~t('" 

- c, 0 

c, ' t;pf 

COMPl(i\,{N1ARV OUtP ! I / 

V 

_vi 
r-- ~ L- ..... 

/ 

1Ri0U1Pr-
,__ 

· II ·1l 0 1l " 11l 
IA · AM8 1( Nl tlMP(R ATUR[ - C 
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OUTPUT PULSE WIDTH VERSUS TIMING NEGATIVE TRIGGER DELAY 
TIME VERSUS 

AMBIENT TEMPERATURE RESISTANCE AND CAPACITANCE FOR Cx < 1a3 pF 
40 

>- V 
/ - ---- lp;J~ COMPUt,.\f.NIARY -t«J • IRU( OUIPUI 

OUIPUI • 

,. 
- -

I 
10 -" cc •).Dv ., 

_ c, 

0 
-1~ 

c, 
I 

• ) kO 

• O ·-· ll lf ~ - -

I 
I I 

· 11 0 11 II 

IA - AMSl( NT TEl,FERATURE- •C 

LOADING RULES 

-

111 

l: 
I 

:,:: ... 
0 

~ .. -~ 
::, 
Q. ... 
::, 
Q. ... 
::, 
0 

TTµL INPUT LOAD AND DRIVE FACTO RS 

LOA D 
INPUT S 

H IGH LOW 

3 ,4 , 5, 11, 1 2 , 13 1 U.L. 1 U. L. 

D RI V E FACTOR 
OUT PUTS 

HI G H LOW 

6, 7,9, 10 16 U.L. 8 U.L . 

1 U. L. = 1 TTL G at e Inpu t Load 

104 

103 

10' 
80 
60 

40 

20 

10 

For Cx;::: 103 pF , tp w = 0 .31 RxCx (1 +~ 
Rx 

2 

1- 150 

/ 

~ 

r:, .... ~v / 

~ 
/ 

./ 

I ~~ 
, 

./ V ~ ... r:,,._\ ·/ ~ 

"f -- ~ ..... --~~-/ 

----
.... V ., .... / .... . ~ 

... ---.... V 
... ~+ 

/ ,,, 

----y V 
~ 

4 6 810 ,o2 

c, -TIMI NG CAPACITA NCE - pF 

TR IGG ERING T RUTH TABLE 

PIN NO'S. Op eration 5 (11) 4 ( 12) 3( 13 ) 

H-+L L H 

H L-->H H 

X X L 

H = HIGH Volt age Leve l 
L = LOW Vo l tage Level 
X = Do n 't Car e 

Tr igger 

T rigger 

Reset 

., 
V 
ll 
ll i..-

/ ~ 

10~ 

H--+L = H IGH to LOW V o ltage Level t r ansit io n 
L-+H = LOW t o HI GH V oltage Level t ransit ion 
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SWITCHING CIRCUITS AND WAVEFORMS INPUT PULSE 
f ::: 100 k Hz 
Amp::: 3 .0 V 
Width ::: 40 ns 
tr ~ tf ~ 10 ns 

INPUT 
PULSE 

V1N 

l Sln 

-= -= 
Vee ~ Pin 16 

GND ~ Pin 8 

1.SY 

lpd•~t 

_:: _______ L_J_'_pd---',·--1 

APPLICATIONS 

vee vce 

RXI Rx, 
ex, 

.. 
10 

OUT 

IN ~ ~ 
... , 9v01 
0 SI 0 S > 

5 I 

' 0-

13 

"____r---,_,,_, 
ou,_n__ 

•>-i-1 

The first one-shot determ ines the time t1 before the 
in it iation of the output pulse . The second one-shot 
determines t2 the outp ut pu lse width . 

ex , Rxi Cx, . ., 
"'CC vcc 

OUTPVT 

L 
... , gtjO' 
O SI 0., 

0--

0\lf nRI OI NG 
(NASlE 

0 U1PUl 

PULSE GENERATOR 

The output frequency produced with t he above con
figur ation is determ ined by Cx1 and Rx 1, while the 
pu lse width is determined by Cx2 and Rx2· 0/S 1 
forms an astable mu ltivibrator with an output pulse 
width of approx imate ly 25 ns, while 0/S 2 extends 
the pu lse width to the required va lue. 
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ITT9300(t) 
MSI 4-BIT SHIFT REGISTER 

MSI 4-BIT SHIFT REGISTER 
The MIC9300 Four Bit Shift Register is a high speed multi -functional 
sequential logic block which is useful in a wide variety of register 
and counter applications. As a register it may be used in serial-serial, 
shift left , shift right, serial-paral lel, paralle l-serial, and parallel-parallel 
data transfers . The circuit uses TTL for high speed and high fanout 
capability, and is compatible with DTL, and TTL digital integrated 
circuits. 

• 15 MHz shift frequency 

• Synchronous parallel entry 

• J, K inputs to first stage 

• Asynchronous common reset 

• Typica l power diss ipation of 300 mW 

• The input/ output characteristics provide easy interfacing with 
DTL930, TTL9000, TTL7400 and MSI families 

• All ceramic HERMETIC 16 pin Dual In-Line package 

• Input diode clamping 

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

CHARACTERISTICS 

Storage Temperature . . . . . . . . . . . . . - 65°C to + 150 
Temperature (Ambient) Under Bias .. - 55°C to + 125 
Vee Pin Potentia l to Ground Pin . . -0.SV to + 7 
Voltage Applied to Outputs for 

high output stat e .... .. . . - 0.5V to + Vee 
Input Voltage (D.C.) . . . . . . . . - 0.5V to + 5.5 

UNITS 

oc 
oc 
Volts 

value 
Volts 

PHYSICAL DIMENSIONS 

100 

~II 
'" ""' 
~ l- O\~MlN 

g- r . 
<! 

~ 

~ 

1--::-1 
NOUS 
l \ U (II ••t ,,.1f"4t0 , .. ••H•l• 0" •ft,. .. . f0 • \ Cl" 

lOO U" lt o 111,, • " ow111ou t , '" •••• • • '1" 
.. ,◄•H t ll~l "'• U h l:""'' "' 111 t,i, ht trf ,ft1u1, ..-

1 ao, 1• 11, J1,111 . , .,,,,,, .. .. , ,,,, .. ,, , .. .,, 1101,1, 
" '"'' t , 10, t ,.,, . ... ........ , 010,,"'( ... ,, .,, , 1,, ... . 

Figure 1 

LOGIC SYMBOL 

9 4 5 6 7 

J PE Po P1 P2 P3 
Cp 9300 SR 

K MR Qo Q1 Qz 

I IS 14 13 12 

Yee :::: PIN 16 
GNO = PIN 8 

Figure 2 

SPECIAL ORDERING CODE 

Tcmpcroture Range: 
-s s'c 10 + 125°C, add -1 to 
MIC nu mbe r. 
O' C lo + 75°C, add -5 ro MIC 
number. 

Case Style : 
¼" x ¾" Fl• r P•ck, ad d "B" 
following las r digir. 
Ceramic Dual ln·l inc, 16 lcc1ds, add 
"O" follow ing IMI d igit. 

Example: 
MIC9300-1D 1, - ss' c ro +12s • c . 
Tempcrelurc range in Cernmic Dvol• 
ln•ll ne, 16 lead p ackage , 
Fla1-pack and Dual-In-l ino packages 
have same p in configu rati on. 



FUNCTIONAL DESCRIPTION 

The logic symbol of Figure 2 provides an indication of the 
funct ional cha racteristics of the MIC9300 four bit shift register. 
Several special logica l features of the MIC9300 design which 
provide a high degree of general usefulness are described 
below: 

1. A JK input is provided to the first flip f lop in the register. This 
type of input is the same as \he more comll_)_on JK input 
except that the low voltage level activates the K input. This 
provides the greater power of the JK type input for more 
genera l applications and at the same time the simp le D type 
input that is most appropriate for a shift register can be 
easily obta ined by simply tying the two inputs together. 

ITT9300 

5. The active high output is provided for all four stages and an 
active tow output is provided for the last stage. 

6. A master asynchronous clear input allows the setting to zero 
of all stages, independent of the condition of any other inputs. 

TABLE 1- TRUTH TABLE 
FOR SERIAL ENTRY 

(PE= HIGH, MR= HIGH, (n + I) indicates 
state after next clock) 

ii Qoaltn+I 

L L 

L H Q0 at In (no change} 

H L Q0 at In (toggles} 

H H H 
2. There is no restriction on the activity of the J or K inputs 

for logical operation - except for the set up and release 
time requirements. 

3. Parallel inputs for all four stages are provided. These will 
determine the next condition of the shift register synchronous 
with the clock input , whenever the Parallel Enable input is 
low. With the Parallel Enable input low the element appears 
as four com mon clocked D flip f lops. When the Parallel 
Enable is high, or not connected, the shift register perfo rms 
a one bit shif t for each clock input. In both cases the next 
state of the flip flop occurs after the tow to high transit ion 
of the clock input. 

TABLE II - LOADING RULES (1 U.L = 1 TTL Gate Input Load) 

4. An internal clock buffer provides both reduced clock input 
loading, and the ability to gate the clock with only a single 
NANO gate. 

INPUTS 

J, K. MR. P0, P,. P, & P1 

PE 
c, 

OUTPUTS 

Qo, Q,, Q,, Ql & Ql 

LOADING 

I U.L. 

2.3 U.L. 

4 UL. 

FANOUT 

6 U.L. 

ELECTRICAL CHARACTERISTICS (MIC9300-1X) (TA= - 55° C to + 125° C, Vee= 5.0 V ± 10%) 

LIMITS 
SYMBOL CHARACTERISTICS - ss•c +2s•c +12s 0 c UNITS CONDITIONS & COMMENTS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

V°" Output High Voltage 2.2 2.4 2.7 2.4 Volts Vcc=4.5V , l01<= -0.36 mA 

V0< Output Low Voltage 0.4 0.2 0.4 0.4 Volts Vee= 5.5 V, I°' = 9.6 mA 
Vee= 4.5 V, 101. = 7.44 mA 

V,H Input High Voltage 2.0 1.7 1.4 Volts Guaranteed Input high 
thresho ld for all inputs 

v" Input low Voltage 0.8 0.9 0.8 Volts Guaranteed input low 
thresho ld for all inputs 

1, Input Load Current· -1 .6 -1.10 -1.6 - 1.6 mA Vee=S.5 V 
J , K, MR, P~ P,, P, & P, -1.24 - 0.97 -1.24 - 1.24 mA Vee=4.5V. V, =0.4V 

,. ln11ut Leakage Current· 15 60 60 µ.A Vec=5 .5V, V, =4.SV 
J, K, f;ffl, P,, P,, P, & P, 

ELECTRICAL CHARACTERISTICS (MIC9300-5X) (TA =0 °C to + 75°C, Vee= 5.0 V ± 5%) 

LIMITS 
SYMBOL CHARACTERISTICS o•c +2s•c +1s•c UNITS CONDITI ONS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

VOH Outpul High Voltage 2.4 2.4 3.0 2.4 Volts Vee=4.75 V, IOH= -0.36 mA 

V0<. Output low Voltage 0.45 0.2 0.45 0.45 Volts Vcc=5.25V, lo,.=9.6 mA 

V,H Input High Voltage 1.9 1.8 1.6 Volts Vcc=4.75 V, lcx.=8 .5 mA 
Guaranteed input high 
threshold for all inputs 

V,c lnp4t Low Voltage 0.85 0.85 0.85 Volts Guarantee d i nput low 
thresho ld for all inputs 

1, Input Load Current• -1.6 -1.0 -1.6 - 1.6 mA Vec=S.25 V 
J , K, MR, P,, P,, P, & P, - 1.41 -0 .9 -1.4 1 -1 .41 mA Vcc=4.75V, V, =0 .45V 

1, lnwt Leakage Current· 15 
J , K, f.ffi, P,, P,, P, & P, 

60 60 µ.A Vec=5.25 V, V, =4.5 V 

• For CP and PE input currents, use load factors in Table 11 
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INPUTS 

MR,J,K.P.,P ,. P, &P, 

TYPIC AL INPUT AND OUTPUT CHARACTERISTICS 

Vee 
EQUIVALENT CIRCUIT 

INPUT CURRENT VERSUS INPUT VOLTAGE 

pt CP 

Ycc• ~.ov 
1.i.• l"tC 

... , 1-+- -+- -l-l-!!--+--I -I 

./ 

14·· ,--+-....,_~✓ .. ...... - 1- -+- -t- -t___, 

~ .,., l- -+"--./ l-+--+--1-1- +- -I 

·I .♦ l---i4--t---+- t-+--t--t---, 

OUTPUTS 

•to l-+--+--1-1-lf-+-+-I 

1 

• -lO .... 1-=l~:;~i::::~=t=~==t=~ i.H ._,_, r_l-+- -+--+---<- +- -1 

I 
~-t O 1++-+ -1---, 1-+-+-+-I 

·U t+- +- -t---+---,t-+--+--+-< 

-t.!1u_,~-~+-~~---,,.-, ~~,, 
v11~ • 1/IINII ~UC( •\'OU\ 

~----- --.- Vee 

EQUIVALENT CIRCUIT 

OUTPUT CURRENT VERSUS OUTPUT VOLTAGE 
(0,, 0 ,, Q ,, 0, AND ei,) 

lOW STATE HIGH STATE 

"cc•u~ 
1,.,-3•c 

"u•,.tv 
1,,-1''C I 

I V 
I 

V 

I I 

·• 

-~., 
..• 

·t.O 

/ 

I 
I 

• . • -• U 1.0 
·» 

-1.0 1,0 l.O U t ,O 

~M·Oiltl'tJ1YOt;!I.C( ·~ ll Y0111·0\IIMYOt lAQ· VOm 
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ITT9300 
SWITCHING CHARACTERISTICS (TA= 25°C) 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS & COMMENTS 

i... Turn Off Delay 20 35 ns Vcc=5.0 V, C, = 15 pF 

i,... Turn On Delay 25 45 ns (See Fig. 5 & 6a) 

fv Shift Right 15 25 MHz Vcc=5.0V, C,=15 pF 

Frequency (See Fig. 5 & Ge) 

CP,. Clock Pulse Width 35 15 ns 

t, Sel-up Time 35 17 ns Vcc=5 .0 V 

I, Release Time 16 0 ns C, = 15 pF 

t,(PE) Set-up Time for Pl: 45 26 ns (See Figs. 6a & 6b) 

qPi:) Release Time for Pl: 25 10 ns 

t,. _(fvl'R) Reset Time for MR 35 ns 

t, .. (MR) Recovery Time for MR 20 ns 

MR,. Min Reset Pulse Width 15 ns 

SET.UP TIME : l, is defined as !ho minimum ti me ,eQulrod for the loglc levo1 lO be prosent a.t the !ogle lnout prior to the cloc k. transition from low to high 
in order for the ltlp-tlop (sJ to respond . 

RELEASE TIME: t1 rs defi ned :as the moxlmum lime allowed for 1he loglc tovel 10 be present at u,e loolc Input prior to the clock 1rnnsiH0n lrom low to high 
In order tor lhe flip .110,:,(sl not to respond . 

RECOVERY TIME FOR MR: l,ec:(MR) Is doli ned as 1he minimum time requi red b e1ween lhe end of tho reset pulse and lho clock transillo n from low lo high 
In order for lhe flip - flop(s) to rcscond 10 the clock . 

.. 

.. 

). 

" 
" 

Figure 3 

PROPAGATION OEI.AY -
CLOCK lO Q, OR Q', 

OUTPUT VS TEMPERATURE 
~fotj.S~W 

I 

I 
;;;.'~) 

,-- ~ 

,_ 
. 

v 
~ i1'ft\ V\-__.. 

-1 -, ·1 
•n •» •1$ •S n e ., o 1~ ~ 

rt ,WUA! llltt."C. 

Pull • Cene,ator Output 
I. Switchina: Time (lr,d• & tpct.-) Tesh 

Rise Time < 15 n, 
Fall Time < 15 n, 
Amplitude :::.:; 4 V 
FrtQ. - 2 MHz ± 5% at 50% duty eye.le 

2. Shift Rl1ht fteQuency Test 
Rise Time < 15 ns 
FIii Time < 15 ns 
Amplitude :; 4 V 
freq.=- 15 MHz wil h PUl$6 width 

adjustment so that Vo11 has 
duly cycle of appror . SO%. 

.. 
" 

" 
" 

Figure 4 

PROPAGATION DELAY -
CLOCK TO Q, OR Q, 

OUTPUT VS TEMPERATURE 
~f HJ.hto:-.,. 

I/ , 
✓ 

-;,,~ 
I 
I V 

«"'~ +- I-

I 
I 
I 

·U ·» ·U ! l> e ~ IS 11!6 1!5 
ut,tl'Et .uUll< ·c 

g 4 5 6 7 16 

J PE Po Pt Pz P3 

vour Vour Your VouT Vour 

Figure 5 - SWITCHING TIME & SHIFT RIGHT FREQUENCY TEST CIRCUIT 
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Fig. 6a Fig. 6b 

- ,, I--

I 
~-~t -------------- 1)1/ 

"' ,:::iF -------------- ,),., ,. 

iji ~J: -----;;.-:.-_-- - -- 'd -- - --- -- 1" 
ill • • - .... 

- ,,.~ 

Fig. 6c 

.,,.., 
----✓ 

You1 frequency = ½ X Y1N Frequency 

Figur e 6 - SWITCHING TIME & SHIFT RIGHT FREQUENCY WAVEFORMS 

APPLICATIONS - The MIC9300 has been designed to be useful 
in a wide variety of applications. The multifu nct ional capability 
of the MIC9300 is Illust rated by the applicat ions shown below. 
below. 

LS/ RS SELECT 

:.::RS:..:D::.A:.:;TA"-"'INC.....,----l J PE Po P1 P2 P3 .... ..,... __ __, J PE Po P1 Pz P3 

LS DATA OUT 
CLOCI< 
MASTER RESH 

Vee 

Vee 

CLOCK 

Cp 9300 SR 
K MR Qo Q1 Q2 Q3 Q

3 
Cp 9300 SR 

+-1-1-H-- -d K MR Qo Q1 Q2 Q3 QJ 

Figure 7 - EIGHT BIT LEFT/RIGHT SHIFT REGISTER 

This register shifts Left or Right on each shift clock, depending 
upon the condition of the LS/ RS SELECT input. If th is input is 
high , Right Shift occ urs and if low, Left Shilt occurs . 

~---- 7 PARALLEL DATA INPUTS -- ----

GND 

J PE Po ., •2 P3 J PE Po P1 P2 P3 

ep 9300 SR ep 9300 SR 
Q3 Q3 K MR Qo Q1 Q2 K MR Qo Qi Q2 

vee Vee 

9007 

Figure 8 - SEVEN BIT PARALLEL TO SERIAL CONVERTER 
This parallel to serial conver ter uses a marker bit , to count the 
data bits shif ted out, so that a para llel load enable is generated 
to load the next parallel word for conversion at the correct time. 
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0 

SELECTOR SWITCH SHOWN IN N=IS POSITION 

2 3 4 S 6 7 8 9 10 11 12 13 14 IS 

J PE Po Pt P2 P3 

INPUT ------~ Cp 9300 SR 

K MR Qo Q1 Q2 Q3 QJ 

!<>--+--- -OU TPUT 

Figure 9 - DIVIDE BY N COUNTER FOR N=2 to 15 
This counter produces an output pulse for every N input pulses, 
where the number N is determined by the setting of the slide 
selector switch as shown or by logic inputs to the paralle l data 
lines from an external source . 

2 3 4 S 6 

LSD 
SELECTOR 
SWITCH 

8 9 0 

MSO 
SELECTOR 
SWITCH 

4 S 6 

fin + N 

8 9 

~------➔J PE Po P1 P2 P3 ~------'J PE Po P1 P2 P3 

INPUT 

COUNT SEQUENCE 

9 0 0 I I 
8 0 0 0 I 

0 0 0 0 
6 I O O 0 
5 I I O 0 
4 0 I I 0 
3 I O I I 
2 I I O l 
l l l I 0 
0 0 l I I 

Cp 9300 SR 

K MR Qo Q1 Q2 Q3 Q
3 

Cp 9300 SR 

K MR Qo Q1 Q2 Q3 Q
3 

9007 

Figure 10 - TWO DECADE PROGRAMMABLE DIVIDER 
This circuit divides by any number "N" from 1 to 100. The 
selected N Is one greater than Is shown on the slide switches . 
As an example the switches are showing 56, therefore the circu it 
will d ivide by 57 with this setting. 
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MSI ONE-OF-TEN DECODER 

MSI ONE-OF-TEN DECODER 
The MIC9301 is a multipurpose decode r desig ned to accept four inputs 
and provide 10 mutually exclusive outputs. The circuit uses TTL for 
high speed and high tan out capability , and is compatib le with DTL, 
and TTL digital integrated circuits. 

• Multi-function capability 

• Mutually exclusive outputs 

• Guaranteed fanout of 10 TTL loads over the full temperature 
range and supply voltage ranges 

• High capacitive drive capability 

• Demultip lexing capability 

• Typical power dissipation of 145 mW 

• The input/output characteristi cs provide easy interfacing with 
DTL930, TTL9000, TTL7400 and MSI families 

• All ceramic HERMETIC ·16-pin Dual In-Line package 

• Input clamp diodes limit high speed line termination effects 

ABSOLUTE MAXIMUM RATINGS 
(at.eve which the useful life may be impai red) 

CHARACTERISTICS 

Storage Temperature 
Temperature (Ambient) Under Bias 
Vee Pin Potent ial to Ground Pin .. 
Voltage App lied to Outputs for 

. -65 °C to +150 
- 55°C to +125 

-0.5Vto +7 

UNITS 

oc 
oc 
Volts 

high output state 
Input Voltage (D.C.) . ...... . . 

- 0.5V to + Vee value 
.. - 0.5V to + 5.5 Volts 
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PHYSICAL DIMENSION S 

L r 
''" ..... 

NOTU: 
I Lu• h . ,, ,it1, ... , o IOI ,n,e,,,.,_ ... IUlh ,o·- , •n 

)00'" Ul\(tH lfto '" "ro•u•, ' " •OH O* ''" 
wJKll'l·,.- M I )l~lfn<t.Jlt f ll "" '" ' 1• •• t"" Ult ""H tl•Oft 

2 luul .,,..,,. , 4,..,,,11.,;,111111>ew1•, -ci~ 1 ro..-, 
• ll tt •U fo, I (DI\ U Al •H• I I 0 20 l,e(. fl CIUOlflt1• • k U 

Fig. 1 

LOGIC SYMBOL 

15 14 2 

Ao A1 A2 A3 
1/10 DECODER 

9301 
0123456789 

131211 109 3 4 5 6 7 

Vee• PIN 16, GNO- PIN 8 

Fig. 2 
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ELECTRICAL CHARACTERISTICS (MIC9301-1X) (TA= - 55°C to +125° C, Vcc =5 .0 V ± 10%) 

SYMBOL CHARACTERISTICS -ss•c 
MIN. MAX. MIN. 

V°" Output High Voltage 2.4 2.4 

Vo,. Output Low Voltage 0.4 

V," Input High Voltage 2.0 1.7 

VIL Input Low Voltage 0.8 

1, Input Load Current 
-1.6 

-1.24 

1, Input Leakage Current 

t..,. Turn Off Delay Input to Output 
t..,_ Turn On Delay Input to Output 

FUNCTIONAL DESCRIPTION 

The MIC9301 Decoder accepts four active high BCD inputs and 
provides ten mutually exc lusive active low ou1puts, as shown by 
Figure 2. The active low outputs facilitate memory addressing 
when inverting drivers are used be tween deco der and memory 
elements such as the M IC9033. 
The logic design of the MIC9301 ensures that all outputs are 
high when binary codes greater than nine are applied to the 
inputs. 

The most signi f ican t A, input produces a useful inhibit functi on 
when the MIC9301 is used as a 1 out of 8 decoder. This is 
illustrated in the 1 out of 32 decode r shown in Figure 9. 

The Truth Table an'cl Load ing Rules for the MIC9301 are shown 
in Table I and Table II. 

TABLE I - TRUTH TABLE 

-'11 A, Al Al 0 I 2 3 

l l l 
H l L 

L H l 

H H l 

l l H 

H l H 

l H H 

H H H 

l L l 
H L l 

L H l 
H H L 
l L H 

H L H 

l H H 

H H H 

l L H H H 

l H L H H 

l H H l H 

l H H H L 

l H H H H 

l H H H H 

L H H H H 

L H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H = H11h Voltage L, ve-1 
l - low Voltaic level 

• s 6 1 

H H H H 

H H H H 

H H H H 

H H H H 

L H H H 

H l H H 

H H l H 
H H H L 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

H H H H 

a • 
H H 

H H 

H H 

H H 

H H 

H H 

H H 

H H 

L H 

H l 
H H 

H H 

H H 

H H 

H H 

H H 

LIMITS 
+ 2s0 c +12s 0 c UNITS CONDITIONS 

TYP. MAX. MIN. MAX. 

2.7 2.4 Volts Vcc= 4.5V , I01=-0.6 mA 

0.2 0.4 0.4 Volts Vcc=4.5V, 10<=12.4 mA 
Vcc=5.5V , lo,.= 16.0 mA 

1.4 Volts Guarantee d input high 
threshold for all inputs 

.09 0.8 Volts Guaranteed input low 
threshold for all inputs 

-1.10 -1.6 -1.6 mA Vcc =5. 5V I 
-0 .97 - 1.24 - 1.24 mA Vcc= 4.5 VI V, =0.4 V 

15 

23 
20 

60 

35 
30 

60 µA Vcc =5.5 V, 

ns Vee = 5.0 V 
ns C, = 15pF 

See Fig. 8 

SPECIAL ORDERING CODE 

Temperature Range: 
-ss •c to + l25 °C, add -1 to 
MIC numbe r. 
0°C to +75 °C, add -5 to MIC 
numbe r . 

Case Style: 
lj.1" x ¾ " Fla t Pack, add "B" 
fo llowing las t d ig it. 
Ceramic Dual In-Linc, 16 leads, add 
"O" following las t d igit. 

Example: 
MIC930l-10 ;, -55 °C to +1 25 °C. 
Temperature range in Ce ra mic Dua l
In-Line, 16 lead package. 
Flat-pack a ,1d Oual•ln-Line pachge~ 
have same pin conf igura li on. 

TABLE II -

V, = 4.5 V 

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

INPUTS LOADING 

A,i. A,, A1 & A1 l U.L. 

OUTPUTS FANOUT 

o. 1. 2. 3, 4. 5, 6, 7, 8, & 9 10 U.L. 
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ELECTRICAL CHARACTERISTICS (MIC9301-5X) (T,.. = 0°C to + 75°C, Vee = 5.0 V ± 5%) 

SYMBOL CHARACTERISTICS o•c 
MIN. MAX. 

Voo Output High Voltage 2.4 

Vo,. Output Low Voltage 0.45 

V,H Input High Voltage 1.9 

v,, Input Low Volt age 0.65 

-1.6 
1, Input Load Current 

-1.41 
1, Input Leakage Current 
L , Turn Off Delay Input to Output 
Ip.,_ Turn On Delay 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

Fig. 3 

I -

INPUTS 

EQUIYALE.NT CUICUIT 

Vee 

OUTPUTS 

EQUIVALENT CIRCUIT 

OUTPUT LOW 

OUTPUT HIGH 

•cc 

~ .. , 

L. 
f 
-- •l.S 

•U 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

Yu · UV 
1.-•&"C 

I 

/ 
~_,, 

., .. o ,.. 1,0 J.0 

Fig. 4 

Fig. 5 

~ 

' 

lf1N·llrll'\ll'o'Cll.JJG ·YQ.~ 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

OUTPUT LOW 

r- "cc'"" ~ 
' • • lS'C 

/ 

I -
.... , Q ... , 1,1 

"ou1 • OUl'UI Wll.14'1 • \IOII.IS 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 

OUTPUT HIGH 

y~-!. • ., 
' -, .-~-c I 

I 
V 

V 
I 

·• ·I.O O U J.I ,.. ... 
"ou-r • OC,11,VI ~ fMl • 'll'CIUS 

MIN. 

2.4 

1.6 

LIMITS 
+:2s•c +1s•c UNITS COND ITIONS 
TYP. MAX. MIN. MAX. 

3.0 2.4 Volts Vcc=4.75 V, loo= -0.6 mA 
0,2 0.45 0.45 Volts Vcc=4.75 V, IOL= 14.1 mA 

Vcc =S .25 V IOL= 16.0 mA 

1.6 Volts Guaranteed Input high 
threshold for all inputs 

0.65 0.65 Volts Guaranteed input low 
thresho ld for all Inputs 

-1 .0 -1.6 -1 .6 mA Vcc=5.25 VJ 
-0 ,9 -1.41 -1.41 mA Vcc=4 .75V I V, =0. 4SV 

15 

23 
20 

60 60 µA Vcc= 5.25V , V, = 4.5V 

35 ns Vcc-5.0 V 
30 ns C,= 15pF 

See Fig. a 

SWITCHING PERFORMANCE 

Fig. 6 
TYPICAL TURN ON DELAY 

VERSUS TEMPERATURE 

~H-+--+-+-+-l--l-1--++-l 

-»•Z•k).J~el~l6 \0J 2) 

IA • MIIIUITltMIUAIUIIC· "t 

. 

Fig. 7 
TYPICAL TURN OFF DELAY 

VERSUS TEMPERATURE 

... r-t-r-t--r-r-t-~ , ... ) - -
~ -t- -t--t-1-+~~ ;,'tr- -

•» •J) l \)1)6.,610 0 

l 4·AMl-t(Nl ff•11'UM 11111t·'C 

2kO 

I ISpF ..=!-----'-'e'--e'--",'-, 

PULSE GEN CHARACTERISTICS 
FREQ a 1 MHz 

PULSE WIDTH • IDOn, 
tt • Ifs 15ns 

VouT 

0 

AMPLITUDE~ 4V • 
PIN 16 • 5V ICL 

* INCLUDES ALL PROBE AND JIG CAPACITAN"CE PIN 8 • GNO = 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Fig. 8 
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APPLICATIONS - The MIC9301 decoder may be used for BCD 
to Decimal or 3 bit binary to octal conversion as well as many 

other applicat ions. The general purpose nature of the MIC9301 
is indicated by its use in the following applications. 

.-----GND 
------ STROBE 

Ao A1 A2 A3 

1/10 DECODER 
9301 

0123456789 

Ao A1 A2 A3 
1/10 DECODER 

9301 

Ao A1 A2 A3 
1/10 DECODER 

9301 

Ao A1 A2 A3 
I /10 DECODER 

9301 

0 I 23456789 0123456789 0123456789 

0 I 234567 89101112 131415 16 18 20 22 

Fig. 9 - ONE-OUT-OF-THIRTY-TWO DECODING 

I DECIMAL 
DIGIT 8421 

Ao A1 A2 A3 Ao A1 A2 A3 0 0, 18 

I / 10 DECODER 1/10 DECODER I I, 19 

9301 9301 2 2 

0 I 2 3 4 5 6 7 8 9 0 I 23456789 
) I) 

3 3 
4 4 

5 5 
6 6 
7 7 

8 8, 10 

0123456789 10 1112 13 1415 16 17 18 19 
9 9, II 

OUTPUTS 

Ao A1 A2 A3 
1/10 DECODER 

9301 

0123456789 

24 26 28 30 

OUTPUT SELECTION 

BCD CODE 

EXCESS 
5421 3 4221 

0, 18 3 0, 18 

I, 19 4 1.19 

2 5 2 

3 6 3 

4 7 6 

8, 10 8, ID 9, II 

9. II 9, II 14 

12 12 15 

13 13 16 

14 14 17 

Decode any BCD code using two 9301 elements. Any 4 bit BCD code may be decoded 
by selecting outputs as shown in the table. 

Fig. ID - DECODE ANY BCD CODE 
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INPUT 

A B C 

ADDRESS DATA 

~ 

Ao A1 A2 A3 

1/10 DECODER 
930 1 

0123456789 

ADDRESS 
A B C 

0 0 0 
I 0 0 
0 I 0 
I I 0 
0 0 I 
I 0 I 

0 I I 

I I I 

Data may be routed from a source to any of 8 outputs by 
addressing that output. All non-addressed outputs remain high. 

Complements of outputs O and 1 are available at outputs 8 and 9 
respectively. 

Fig. 11 - DIGITAL DEMULTIPLEXER 

D 

Ao A1 A2 A3 
930 1 V10 DECODER 

OUTPUT 
LINE 

0 
I 

2 
3 
4 
5 
6 
7 

0 I 2 3 4 5 6 7 8 9 Each output of the MIC9301 may be consi dered a minterm of the 
input code. Several sums of minterms may be generated eco
nomically using discrete IC gates and one MIC9301 decoder. 

A 

B 

Q=ABCD+ABCD+ABCD+ABCD c ___ ~ 

'--- - - - --P =AB CD.+ ABCD + ABCD + ABCD 

OUTPUT P 

Fig. 12 - MINTERM GENERATOR 
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MSI 
DUAL FULL 
ADDER 
• Multi- functi on capab ili ty 

• Sns carry propagation delay 

• Complementary inputs and outputs available 

• Typ ical powe r dissipat ion of 150mW 

• The input/output characteristics provide easy interfacing with 
DTL930, TTL9000, TTL7400 and MSI families 

• All ceramic HERMETIC 16-pin Dual In-Line package 

• Input clamp diodes limit high speed termination effects 

The MIC9304 consists of two independent, high speed, binary full 
adders. The adders are useful in a wide variety of applications 
including multip le bit para llel add/serial carry add ition, parity genera
tion and checking, code conversion , and majority gating. The circuit 
uses TTL for high speed, high fanout operati~n and is compatible with 
DTL, and TTL digital integrated circu its. 

ITT9304(E) 
MSI DUAL FULL ADDER 

PHYSICAL DIMENSIONS 

L r 
'" 

NOUS . 

'" 

011 .,, 
100 Jl(A). i.. J7) Hl'IM ~ 

I t ,t O\ t•• ,,.ttn4 r 0 ro , ,nu, t-0" ,.,11,o!t •o•\ on 
)00 u• 1, ,, l r..1 .,t 111,,oou1, ,• ,ou.:. '"' '" 
c,o,, 1,. ·, 4 J l~t••" U l•l " "'• MID ll (ol,U1t , n" •! •O<II 

1 ,, ., , o, ,11,n1 d •'!'lf tl\10...1 , ,. ,~ , 0,. ,1 , o v• 

,,.u,, •••• , ,0.,,,, .. ,.0, .. 1 ,,01,,""'' '""ttt•~·· 

Fig. 1 

LOGIC SYMBOL 

Fig. 2 

Vee= PIN 16 
GNO = PIN 8 

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

CHARACTER ISTICS 

Storage Temperature . . .... ... - 65°C to + 150 
Temperature (Ambient) Under Bias . ... - 55°C to + 125 
Vee Pin Potent ial to Ground Pin . -0.5Vto +7 
Voltage Appl ied to Outputs for 

high output state -0.5 V to + Vee 
Input Voltage (D.C.) . . . . . . . . . . . . . . . . - 0.5V to + 5.5 
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oc 
oc 
Volts 

va lue 
Volts 
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TABLE I - TRUTH TABLES 

ADDER 1 

INPUTS OUTPUTS 

C 8 A ~o s s 
L 'L L H H L 

L L H H L H 

l H L H L H 

L H H L H L 

H L L H L H 

H L H L H L 

H H L L H L 

H H H L L H 

ADDER 2 

INPUTS OUTPUTS 

"C' e, A, l! 2 J:, Co s 

L L L L L H H 

L L L L H H L 
L L L H L H L 

L L L H H L H 

L L H L L H H 
L L H L H H H 

L L H H L H L 
L L H H H H L 
L H L L L H H 
L H L L H H L 
L H L H L H H 
L H L H H H L 

L H H L L H H 

L H H L H H H 

L H H H L H H 

L H H H H H H 

H L L L L H L 

H L L L H L H 

H L L H L L H 

H L L H H L L 
H L H L L H L 

H L H L H H L 
H L H H L L H 

H L H H H L H 

H H L L L H L 
H H L L H L H 
H H L H L H L 

H H L H H L H 

H H H L L H L 
H H H L H H L 

H H H H L H L 

H H H H H H L 

! 

L 

H 

H 

L 

L 
L 

H 

H 

L 

H 

L 
H 

L 
L 

L 

L 
H 

L 
L 
H 

H 

H 
L 
L 
H 

L 
H 

L 

H 
H 

H 

H 

TABLE II-

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

INPUTS LOADING 

FA I A. B &C 4 U.L. 

FA 2 A,.01 &c 4 U.L. 

A, & 8 1 I U.L. 

OUTPUTS FANOUT 

FA I Co 7 U.L. 

s 9 U.L. 

s 10 U.L. 

FA 2 Co 7 U.l. 

s 9 U.L. 

! IOU.L. 

FUNCTIONA L DESCRIP TION 
The MIC9304 logic bloc k consists of two separate high speed 
<.:cury dti µendtml tmm full <1dder::;. T his design allows a minimum 
ca rry propagation time when the adders are used in ripple ca rry 
app lications. The adders are identical except that adder 2 has 
provision for eit her active high or acti ve low inputs al the A 
and B terminals. The adders prod uce a low carry and both low 
and high sum with act ive high Inputs, a high ca rry and both hi(Jh 
and low sum when active low inputs are used. This p rinci ple 
of duality is shown in Figure 12, where the adders are drawn 
as functional bloc ks. · 

The Truth Table and Loading Rules fo r the MIC9304 are shown 
in Table I and Table II. 

H = High Voltage Level 
L = Low Voltage Level 
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SPECIAL ORDERING CODE 

lcmperalu rc Rt1ngo: 
- 55 •c to + 125°C, add - 1 to 

MIC numbe r. 
o•c to +75•c, odd -5 to MIC 
number. 

Case Style: 
¼,, x % " Flar Pack, add "8" 
following last digit. 
Ceramic Dual In-Line, 16 le,ads, add 
"D" following lost dig it. 

Example: 
MIC9304•1D ;, -ss •c to + 12s•c. 
Temperature rango In Cornmic Dual
ln•li no, 16 lead package. 
Flat-pack and Oua1•1n-line packa ges 
have um<! p in configuration. 
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ELECTRICAL CHARACTERI STICS (MIC9304-1X) (TA= -55 °C to + 125°C, Vee= 5.0 V ± 10%) 

LIMITS 

SYMBOL CHARACTERISTICS -ss•c +2s•c +12s•c UNITS CONDITIONS 

MIN. MAX. MI N. TYP. MAX. MIN. MAX. 

VoH Output High Voltage 2.2 2.4 2.7 2.4 Volts Vec=4.S V, lo" = -1.2 mA (Pins 7 & 9) 
Vee= 4.5 V. IOH= - 1.08 mA (Pins 6 & 10) 
Vee=4 .5 V, l0tt= -0.84 mA (Pins 5 & 11) 

V°'- Output Low Voltage 0.4 0.21 0.4 0.4 Volts Vee = 5.5 V, lo,.= 16 mA (Pins 7 & 9) 
I"" = 14.4 mA (Pins 6 & 1 O} I 
lo,.=1 1.2mA(Pins5& 11) 

Vee = 4.5 V, I<>.= 12.4 mA (Pins 7 & 9) 
101.= 11.2 mA (Pins 6 & 10) 
lo..=8 .7 mA (Pins 5 & 11) 

V,H Input High Voltage 2.0 1.7 1.4 Volts Guaranteed input high 
threshold for all inputs 

v" Input Low Voltage 0.8 0.9 0.8 Volts Guaranteed input low 
threshold for all inputs 

I, Input Load Current - 1.6 -1. 1 -1.6 -1 .6 mA Vec =5.5V 
4 1, Input Load Current -6.4 -4.4 -6.4 -6.4 V, =0.4 V 

1, Input Load Current -1.24 -0 .97 - 1.24 -1.24 
V, =5.5 Von 

4 1, Input Load Current -4.96 -3.88 -4 .96 -4.96 mA Vcc =4.5V other Inputs 

1, Input Leakage Curren 15 60 60 µA 
Vee=5.5 V, V,= 4.5 V 

4 1, Input Leakage Curren 60 240 240 Ground on other inputs 

t.,. C to Co 8 13 ns 

t..- C to Co 8 13 ns Vec= 5.0 V 

i... A, lo S 28 40 
Ct=15 pF 

ns See Fig. 11 

t.,_ A, to S 25 35 ns 

ELECTRICAL CHARACTERISTICS (MIC9304-5X) (TA=0°C to +75°C, Vce =5.0 V ± 5%) 

LIMITS 
SYMBOL CHARACTERISTICS o•c +2s•c +75°C UNITS CONDITIONS 

MI N. MAX. MIN. TYP. MAX, MIN. MAX. 

VoH Output High Voltage 2.4 2.4 3.0 2.4 Volts Vee= 4.75 V, IOH = - 1.2 mA (Pins 7 & 9) 
Vee = 4.75 V, IOH= - 1.08 mA (Pins 6 & 10) 
Vec=4.75 V, l0tt= -0.84 mA (Pins 5 & 11) 

V01. Output Low Voltage 0.45 0.21 0.45 0.45 Volts Vee = 5.25 V, loo.= 16 mA (Pins 7 & 9) 
lot = 14.4 mA (Pins 6 & 10) 
le,.= 11.2 mA (Pins s & 11} 

Vee=4.75 V, lo,.= 14.1 mA (Pins 7 & 9) 
loo.= 12.7 mA (Pins 6 & 10) 
l0t=9.85 mA (Pins S & 11) 

V,H Input High Voltage 1.9 1.8 1.6 Volts Guaranteed input high 
threshold for all inputs 

v,. Input Low Voltage 0.85 0.85 0.85 Volts Guaranteed input low 
thresho ld for al l inpu ts 

1, Input Load Current -1.6 -1.0 -1.6 - 1.6 mA 
Vee=5.25 V, V, =0.45 V 

4 1, Input Load Current -6.4 -4.0 -6.4 - 6.4 V, =5.25 Von other Inputs 

1, Input Load Current -1 .41 -0.9 - 1.41 - 1.41 mA 
Vce=4.75 V, V, =0.45 V 

4 1, Input Load Current - 5.64 -3.6 -5,64 - 5.64 v, = 5.25 Von other inputs 

1, Input Leakage Curren 15 60 60 µA 
Vec=5 .25 V, V,= 4.5 V 

4 1, Input Leakage Curren 60 240 240 Ground on other Inputs 

I,. + C to Co 8,0 15 ns 

I,.,. C to Co 8.0 15 ns Vec=5.0 V 

t,., A, lo S 28 45 
Ct =15 pF 

ns See Fig. 11 

t,,.,. A, to S 25 40 ns 
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INPUTS 

EQUIVALENT CIRCUIT 

Vee 

OUTPUTS 

INPUT CURRENT VS INPUT VOLTAGE 
PINS 1, 2, 3, 4, 12, 15 PINS 13, 14 , .• 

"cc•\JW 
,_, 

"'cc· s.a,, 

.. , 
, .... ~•c 

I •. , 
r"•~:c 

V 
V 

V - V 
,....... 

·H, 

. 
-- -u 

f-- -,- I- - ·-
••. ). 

· 1,0 , .. ,_, ,., ..• 
FIG. 4 

·) ,) 
-1.0 ,., ,_, ,_, 

Vu,1 • 1KPUI v«rAG( • VOi.iS 

FIG. 3 
OUTPUT CURRENT VS OUTPUT VOLTAGE 

LOW STATE HIGH STATE 

.. , 

LOW ST ATE HIG H ST ATE ,. 
"«•uv I Vee• l,,OV 

. . " . 
' 
• 
' 

.. 

TYPICAL CARRY TURN ON 
OELAY TIME 

VERSUS TEMPERATURE 

-
Sttr.,., 
Vcc•HJV 
C,·1'~ 

•SS ·» ·H S.O h 4) 6) I} 113 1Z,. 

JA• AM!l[NI lfMNJIAflJRC •"( 

Fig, 7 

TYPICAL ADD TURN ON 
DELAY TIME 

VERSUS TEMPERATURE 

/ 
..,. 

Sttftt. I 
Vee. ).OV 
Ct,•lhl' 

-Si ·» ·I) l,.O Z5 6 ~ ~ 1a, 11) 

IA• MIBI01I lUi'JtlATUIW • •t 

Fig. 9 

. 
' 
1 

.. . ., 
~ 
~ 

~ 

f 
~ 

,. 
; " 
)lu 

Vee - -H-I,_- 1S~C I 
I 

,-~ 1 ·• 

,_ i,; :,s•c 

J 
I 

r- V - ,- ,- -

I/ 
.- "" 

I/ 
I 

/_ 

., j ,- r-I .,. 
·l,O ~ .6 -0.l O 0,1 O,♦ 1,0 

You1•0lll,UIVOl!AC( •YOl.rs 

FIG. 5 

TYPICAL CARRY TURN OFF 
DELAY TIME 

VERSUS TEMPERATURE 

-

~n, . r 

,-,- i- ~ - t-t-- t--
"cc•!l.ov 

"'"" •n -~ •U U ~ .CS 6$ IS l0 I~ 

l,\•AN.ll!HI r(Nlf:RAtlJl( · •c 

Fig. 8 

FREQUENCY~ 2.0 MHz } 
PULSE WIDTH ~ 250 ns 
RISE TIME < 15 ns 
FALL TIME < 15 ns 
AMPLITUDE~ 4.0 V 

' INCLUDES PROBE AND J IG 

•IO 
•1.0 0 1.0 

Vee 

2.0 k!l 

TYPICAL ADD TURN OFF 
DELAY TIME 

VERSUS TEMPERATURE 

CAPACITANCE Vee 

r-

t-t- t-t- HHHc--1- Sttngi, 1 
Yee· UV 

1--1-- t-l--H H l- 11-t-cl • lill 

'·' '·' '·' 
FIG. 6 

-SS •JS •15 ) ,I Z5 G .S ID II:& 125 

IA• AM(ll[.0,1 ruu1'1AIUR[ •"C 

Fig. 10 
Fig. 11 - SWITCHING TIME TEST CIRCUIT 

AND WAVEFORMS 
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APPLICATIONS - The MIC9304 dual adder has been designed 
to be useful in a wide variety o1 app lications such as addition, 
parity generation and checking , code conversion , majority gating 
and other applications for which this combina tion of logic gates 
may be useful . The multifunc tional capab ilities of the MIC9304 
dua,I adder can be seen from reference to the applications shown. 

ITT9304 

-OR-

Fig. 12 - FUNCTIONAL BLOCK REPRESENTATION 

The principle of duality al lows 2 ways of represent ing each adder . 
The circuit is the same in both cases but the logi c diagrams 
differ . The dual diagrams facilitate log ic design and allow a 
greater understanding of lhe capabilities o1 the device. 

Fig. 13 - RIPPLE CARRY PARALLEL ADDITION 
Shown above is a high speed ripple carry parallel addit ion 
scheme. Only one and-or -not gate delay is incurred at each stage 
allowing a typical addition speed of (N + 1) x 8 ns, where N 
is the number of bits in the word. A similar scheme will work 
if lhe negation inputs are used, and the design acts as a sub 
tractor when the complement or one variable is provided. 

! 
; 
" ! 

~ 
~ : 

PROPAGATION OE.LAY ANO 
PACKAGE COUNT AGAINST 

WORD LENGTH FOR 
RIPPLE CARRY ADDITION 

@~~~~~~~~-~~ 

"" 
,., 

Fig. 14 
The curve shows propagation de lay or the ripple Carry Adder 
drawn in Figure 5. Plotted on the same diagram is a curve 
showing the low package count resulting from this Ripple 
Scheme. 
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C B A 
9304 FA l 

S S Co 

GND. 

~. 
TO STAGE 

'------------+--- ~co ' • 1 

Sx Cl( 

TO PARALLEL ADDER 

Fig. 15 - ADDITION OF SIX VARIABLES 
The above design shows how the MIC9304 can be used In Qarry 
save arithmet ic. Six input variable are reduced to two where 
ihey can be added in a paral lel adder. Delay between inputs 
and outputs is typically 50 ns, allowing extremely high speed 
computation. Additional variables may be added or the concept 
can be extended to multiplication, divis ion, and vario us other 
arl thmelic operati ons. 

GND. 

Fig. 16 - BYTE PARITY GENERATION OR CHECKING Fig. 17 - 4 BIT PARALLEL GRAY TO Bl~ARY CONVERSION 
A 4 bit para llel binary to gray conversion Is shown. The adders 
can also be used for other cyclic code manipulations . 

The MIC9304 can be used for parity checking or generating. The 
above design uses 2 MIC9304's to generate parity for an 8 bit 
byte or check parity over 9 bi ts. The delay from Input to odd 
parity is typically 35 ns. Addit ional adder blocks can be used 
to generate or check parity over larger word lengths. The 
concept can also be used for hamming and cyclic code genera
tion and check ing. 
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MSI DUAL FOUR-BIT LATCH 
• Active Level Low Enable Gate Inputs 

• Overriding Master Reset 

• 25 ns Through Delay 

• The Input/Output Characteristics Provide Direct Interfacing With 
Fairchild DTµ.L, LPDTµ.L, TTµ.L, and MSI Families (CCSL). 

• Input Clamp Diodes Limit High Speed Termination Effects. 

The MSI MIC9308 is a Dual 4-Bit Latch designed for general purpose 
storage appl ications in high speed digital systems . The MIC9308 uses 
TTµ.L technolog y and is CCSL compatible. A ll inputs incorporate dio de 
clamps to ground to reduce negative line transients. All outputs have 
active pul l-up c ircuitry to provide high capacitive drive and low im
pedance outputs in both logic states to provide good A.C. noise 
immunity . 

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

CONDITIONS 

Storage Tempera ture . - 65 to + 150 
Tempera ture (Amb ient) Under Bias -55 to + 125 
Vee Pin Potentia l to Ground Pin - 0.5 to + 7 
Input Voltage (D.C.) (See Note 1) - 0.5 to + 5.5 
Input Current (D.C.) (See Note 1) - 30 to +5 
Voltage Appl ied to Outputs (Output High) -0.5 to + Vee 
Output Cur rent (D.C.) (Outp ut Low) + 30 

UNITS 

oc 
oc 
Volts 
Volts 
mA 
value 
mA 

NOTE 1: Either l ni:iut Volta ge ll mlt or Input Curroni ll mll Is sutflclo ru 10 protect the inpu ts. 

Description of Latch Operation- Data can be entered into the latc h 
when both of the enab le inputs arc low. As long as thin logic condition 
exists, the output of the latch w ill follow the input. If either of the 
enable inputs goes high, the data present in the latch at that time is 
held in the latc h and is no longer affected by the data input. 

The maste r reset over rides al l other input conditions and fo rces the 
outputs of all the latc hes low when a low signal is app lied to the master 
reset inp ut. 
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MSI DUAL FOUR-BIT LATCH 

PHYSICAL DIMENSION S 

020~,H -l f ~: 

t. I 
LOGIC DIAGRAM 

2 3 4 6 8 10 14 15 16 18 20 22 

I 5 7 9 II 13 17 19 21 23 

Vee = Pin 24 
Gnd = Pin 12 

SPECIAL ORDERING CODE 

Temper.ature Range: 
- 55° C to + 125°C, add -1 to 
MIC number. 
0°C to + 75°C, add -5 to MIC 
number . 

Case StyJe: 
Ceramic Dual In-Line, 24 leads, 
add "D" following last digit. 

Example: 
MICs.301-1O Is -ss •c to 
+ 12s• c . 

Tempera ture range in Ceramic 
Dual-In-Line , 24 lead package. 
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ELECTRICAL CHARACTERISTICS (TA -55 °C to + 125°C, Vee = 5.0 V ± 10% , See Note 1) 

LIMI TS 
SYMBOL CHARACTERISTICS -ss 0 c . +2s 0 c +1 25°C UNITS CONDITI ONS 

MIN. MAX. MIN. TYP . MAX. MIN. MAX. 

VCH Output High Voltage 2.4 2.4 2.8 2.4 Volts Vcc= 4.5 V. I"" = - 0.6 mA 
Inputs at threshold voltages 
(V,. or V,H) (See Note 2) 

Vo,.. Output Low Voltage 0.4 0.21 0.4 0.4 Volts Vee"' S.5V , l0t "' 14.4 mA 
Vcc"'4 .5 V, lo, = 11.2 mA 
Inputs at threshold voltages 
(V" or V,H) (See Note 2) 

V,H Input High Voltage 2.0 1.7 1.4 Vons Guaranteed input high 
lhresho ld for al l inputs 

v,. Input Low Voltage 0.8 0.9 0.8 Volts Guaranteed input low 
threshold for all inputs 

1, Input Load Current -1.6 -1 .1 - 1.6 - 1,6 mA Vcc"'S.5 V ' V, =0 .4 V 
E., E, and MR Inputs 

1.51, Input Load Current D Inputs - 2.7 -1 .9 -2 .7 -2 .7 V, =0.0V 
(See Note 3) 

1, Input Leakage Current 10 60 60 µA Vee=5.5 V, V, ,,,4.5 V 
E,, E, and MR Inputs 

1.5 1, Input Leakage Current 15 90 90 
D Inputs , .. Power Supp ly Current 90 65 90 90 mA Vee= 5.0V all outputs low 

inputs disabl ed 

ELECTRICAL CHARACTERISTICS (TA = 0°C to + 75"C, Vee 5.0 V ± 5% , See Note 1) 

LIMITS 

SYMBOL CHARACTERISTICS O°C +2s 0 c +75°C UNITS CONDITIONS 

MIN. MAX. MIN. TYP. MAX, MIN. MAX. 

Vo,, Outpu t High Voltage 2.4 2.4 3.1 2.4 Volts Vee"' 4.75 V, lo.11 = -0 .6 mA 
Inputs at threshold voltages 
(V,. or v,") (See Note 2) 

V01. Output Low Voltage 0.45 0.21 0.45 0.45 Volt s Vee= 5.25 V, lovr = 14.4 mA 
Vec=4 .75V , lo., =12.7 mA 
Inputs at lhreshold volt ages 
(V1e or V," ) (See Note 2) 

V,H Input High Voltage 1.9 1.8 1.6 Volts Guaranl eed inpul high 
thresho ld for ail inpuls 

VIL lnpul Low Voltage 0.85 0.85 0.85 Volts Guaranteed inpul low-
lhresho ld for all inouts 

1, Input Load Current -1 .6 -1.0 - 1.6 - 1.6 mA Vee=S.25 V V, =0.45V 

E,, E, and MR Inputs 
1.5 1, Input Load Current -2.7 - 1.8 - 2.6 -2.7 V, =0.0 V 

D Inputs (See Note 3) 

1, Input Leakage Current 10 60 60 !fA Vee= 5.25 V, V, = 4.5 V 
E,, E, and MR Inputs 

1.5 I, Input Leakage Current 15 90 90 
D Inputs , .. Power Supply Current 117 65 117 117 mA Vec=S.0V all outputs low 

Inputs dis abled 

NOYE 1: Unit$ are pufso tesled . 
NOTE 2: Output Voltages are guaranteed for olther tho fnput enabled or ln pul disab led case. 
NOTE 3; Thi$ cutr ont Is measured at V

1
H • 0.0 V to insure that no c:uuanl Is being absorbed by tho de1'lCo Internally . Tho maxi mum value gi ven 

guarantee s lhal lh e maximum l nstantanoous curren t that <:an flo w out Of lho Input al V1N • 0.4 V is 2.4 mA. 

1-170 



A.C. CHARACTERISTICS 
9308 SWITCHING WAVEFORMS 

STORING A ONE 

E1= GNO I 
---- 1-13- ,----Eo \1 sv 1.sv/ 

-.jt1- _ 1 14 

1.5V 
D - t2 r,::: 

__ Q ______ t 1.5V 

STORING A ZERO 
E1= GND 

1.5 V 

TIME DEFINIT ION 

t, Min. time that data 
must be present before 
enable to not increase t, 

t, Delay from enab le to 
output turning off 

t, Min. enable pulse 
Widlh to store a ONE 

t, Min. time that data 
must rema in constant 
after remova l of enable 

h Min. tim e th at data 
must be present before 
enab le to not inc rease t. 

t, Delay from enable 
to output turning on 

t, Min. enable pulse 
width to store a ZERO 

t, Min. lime thafdata 
must remain constant 
after remova l of enable 

ITT9308 

LIMIT · {See Note 4) . 

MIN. TYP. MAX. UNITS 

X minus - ns 
4 

- 22 X ns 

X 15 - ns 

X 5 - ns 

X 0 - ns 

- 15 X ns 

X 15 - ns 

X 2 - ns 

Q NOTE 4: Limits indicated by X will be shown on final data sheats . 

All delays are mea5ured wilh Vee • 5.0 V applied lo Pin 2d. and Prn 12 grounded. The active input is driven by a 9002 TT µL gate with the output 
loaded with tS pF. All outputs are loaded with 15 pF. 

LOADING RULES 

APPLICATIONS 

AND-OR ENABLE SHOWING ACTIVE LEVEL 
LOW ENABLE GATE UTILITY 
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A 
B 

C 

D 

INPUTS 

OUTPUTS 

PIN LOADING 

Do, Di, D2,D3 1.5 
MR,Eo ,E1 1.0 

Oo, 01, 02, 03 9.0 

DATA 

9308 4 BIT LATCH f 
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SLAVE AtGISTER 
AOOR6S 

CWC< 

900G 

Ao A.1 A2 A.3 EC'<,O,°';?D] 

93'8 4 81T lAlCH I 

t.fl Oo 01 O2 ol 

SINGLE MASTER/MULTIPLE SLAVE FLIP-FLOP 
9 3 01 1/10 OBDOER 

9308 4 BIT lATCH2 AEGISTEA 
7 

9JC8 -Cl 61T lATCH 1 AEGISfE.R 
- I 

MR"o 01 02 03 

CLOCK 

MIC9308 AS A HOLDING REGISTER 

IN COUNTING & DISPLAY APPLICATION 
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CfpPE Po P1 P2 P3 
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MSI DUAL FOUR-INPUT MULTIPLEXER 

MSI DUAL 
FOUR-INPUT 
MULTIPLEXER 
• Multifunction Capability 
• 25 ns Through Delay 
• On-Chip Select Logic Decoding 
• Fully Buffered Complementary Outputs 
• The Input/O utput Characteristics Provide Easy Interfacing with 

DTL930, TTL9000, TTL7400 and MSI Families 
• Input Clamp Diodes Limit High Speed Termination Effects 

The MIC9309 is a mono lithic, high speed, dual four-input digital multi 
plexer circuit, constructed with a planar epitaxial process. It consists 
of two multiplexing circuits with common input select logic, each 
circuit contains four inputs and fully buffered complementary outputs. 
In addition to operating as a multiplexer, the MIC9309 can generate 
any two functions of three variables. Active pullups in the outputs 
ensure high drive and high speed performance. Because of its high 
speed performance and on-chip select decoding, the MIC9309 may 
be cascaded to multiple leve ls so that any number of lines can be 
mult iplexed onto a single output buss. The circuit uses TTL for high 
speed, high fanout operation and is compatib le with all DTL, and TTL 
dig ital integ rated circuits. 

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

CHARACTERISTICS 

Storage Temperature .... . .... -65 °Cto +150 
Temperature (Ambient) Under Bias - 55°C to + 125 
Vee Pin Potential to Ground Pin -0.5 V to + 7 
Voltage Applied to Output when 

output is high . . ........ .. . 
Input Voltage (DC) (See Note 1) 
Input Current (DC) (See Note 1) 
Current into Output when output 

is low .. 

O.V to + Vee 
- 0.5 V to + 5.5 
-30 mA to +5 

+30 

UNITS 

oc 
oc 
Volts 

value 
Volts 
mA 

mA 
Note 1: Either Input Voltage lim it or Input Current limit is sufficient to protect 

the Inputs. 
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DUAL IN-LINE PACKAGE 

I\IOfll : 
L lo•h .,, .... tu•d, . to• , .. u ,, , ... ... "·•·· •O • I ,., 

010 

"' L-

T j 

)00 <•M,,1 ,,.,, .,, po ,p o u1, ·••flP•• ·· •Ill 
.o,,,,., 111\f..,,..,,,,..,.,,., 1•1 u ,11u1, ,11u,1 ,.,. 

Fig. 1 

FLAT PACKAGE 

I • 

1-- =- T(llPYl{W -oo,~.~ 
t ~-i..._____r== 

13 

--~~--I 
Fig. 2 

LOGIC SYMBOL 

12 11 10 9 4 5 6 7 

So'o, 11, 121 13,: loo 110 12b 'lti 
9309 DUAL 4 ttPIJT MUlltPlUlA 

z, I lti 1ti 

14 IS 

Fig. 3 

Vee - PIN 16 
GND = PIN 8 
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LOGIC DIAGRAM 

In In Ill 'o• 131 ,,, Ii, la, 

©,+-_©~• !- @_,_©_•+-,,- - -,®-~@ ®@ 

(D 

'• 

(j) 
or, 

(j) 0 ,, ® 

'· 

<J!@ 
1Y .._.,cc 

9309 
Dua l lou, input mull ipletef 
Loiic diagram 

Fig. 4 

TYPICAL INPUT ANO OUTPUT CHARACTERISTICS 

Fig. 5 INPUT CURRENT VERSUS 
INPUT VOLTAGE ,_, 

"cc·>.or I I""' I IH 
,- I- U,'"C 

I' 

-~ 
-2.0 

OUTPUT 
EQUIIJA.LENT 

CIRCUIT 
(Ou ll)'Ut Hi1 h) 

..,. -i>•c 

,., .. , 

II 
'<'C 

,., 

Fig. 6 OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 
(OUTPUT HIGH) 

" 

1.0 

INPUT 
EQUIVALENT 

CIRCUIT 

OUTPUT 
EQUIVALENT 

CIRCUlf 
(Out~t Low) 

'cc 

n 

Fig. 7 OUTPUT CURRENT VERSUS 
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FUNCTIONAL DESCRIPTION 

The MIC9309 dual four input multip lexer is a member of the 
ITT family of compatible Medium Scale Integrated (MSI) digital 
building blocks . It provi des this family with the ability to select 
two bits of either data or cont rol fro m up to four sources, in 
one package. 

The MIC9309 dual four input multiplexer is the logica l imple 
mentation of a two-pole four-position switch , with the position 
of the switch being set by the logic levels supp lied to the two 
select inpuls . Both assertion and negat ion outputs are provided 
for both multiplexers. The log ic equat ions for the outputs are 
shown below : 

z.= 1,. . s, • s,+ ,,. • s, • s,+ 1,. • s, • s,+ 1,. • s, • s, 
Z,= 1., • s, • s.,+ 1,. • s, • S,+ 1,. • S, • s,+ 1,. , s, · s, 
A common use of the MIC9309 would be the moving of data 
lrom a group of registers to a common output buss. The 
part icular register from which the data came would be deter• 
mined by the state of the select inputs. A less obvio us use is 
as a function generator. The MIC9309 can generate any two 
functions of three variables. This is useful for implementing 
random galing functions. 

TRUTH TABLE 

SELECT INPUTS 

s. s, 1,, 
L L L 
L L H 
H L X 
H L X 
L H X 
L H X 
H H X 
H H X 

s. s, 1.., 

L L L 
L L H 
H l X 
H l X 
L H X 
L H X 
H H X 
H H X 

L = low voltage level 
H • hig h voltage lovol 

INPUTS 

1,, 1,. 
X X 
X X 
L X 
H X 
X L 
X H 
X X 
X X 

1,. 1,. 
X X 
X X 
L X 
H X 
X L 
X H 
X X 
X X 

X •e llh er high or low log ic leve l 

OUTPUTS 

1,. z. z, 
X L H 
X H L 
X L H 
X H L 
X L H 
X H L 
L L H 
H H L 

!>b z. i. 
X l H 
X H L 
X l H 
X H l 
X l H 
X H L 
L L H 
H H L 

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

INPUIS LOADING 

I U.l . Vcc•UY I ~ I-
lo., I, •• l h , Ii. , 

IOb, 11b• 12b· l lb• 

"" 
, 

n"<v~ .. , 
-wir 

. ., 
·1.0 

"' 
,., 

-1')•r I 
I !llfft--»•c .. ,-

'p...._r-»•c·-
,~•c ----

) ,. 

J.O ,_, 
VOi.ii - 001PVI YOllAC[ • VOi.iS 

I-

" I 
,., 0 

I 

/ 

V s •. s, 

/ 
,-.__ 

FANOUT AT LOGIC LEVEL 
OUTPUTS HIGH LOW 

~ 

I -We 
z •. z. ZOU.L. IOU.L. 

I ,. z. 18 U.l . 9 U.L. 

-

•. , ,., ,., ,., 
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ELECTRICAL CHARACTERISTICS * (MIC9309-1X) (TA= - 55°C lo + 125°C, Vee =5.0 V ± 10%) 

LIMITS 
SYMBOL CHARACTERISTICS -ss•c +2s•c + 12s0 c UNITS CONDITIONS 

MIN . MAX. MIN. TYP. MAX. MIN. MAX. 

Ve>< Output High Voltage 2.4 2.4 2.7 2.4 Volts Vcc=4.5 V I.,..= -1 .2 mA (Pins 1 & 15) 
Vec=4.5 V IOM= -1.08 mA (Pins 2 & 14) 
Inputs at threshold voltages (V" or V,H) 
as per tru th tab le 

Vo,_ Output Low Voltage 0.4 0.21 0.4 0.4 Vo lts Vcc=5.5 V lo,.= 16.0 mA (Pins 1 & 15) 
lo,.= 14.4 mA (Pins 2 & 14) 

Vcc=4.5 V loo.=12.4 mA (Pins 1 & 15) 
lo,_=11.2mA (Plns2& 14) 

Inpu ts at threshol d voltages (V" or V,") 
as per truth table 

v," Input High Voltage 2.0 1.7 1.4 Volts Guaranteed input high threshold 
for all inputs 

V" Input Low Voltage 0.8 0.9 0.8 Volts Guaranteed input low threshold 
for all inpu ts 

I, (all inputs) Input Load Current - 1.6 - 1.1 - 1.6 - 1.6 mA Vcc=5 .5V V, ~0.4 V 
-1.24 -.8 5 -1.24 -1.24 mA Vec=4 .5 V Input selected 

1, (all inputs Input Leakage Current 15 60 60 µ.A Vcc=5 .5 V V, =4 .5 V 
Input not selected 

1- Vee Current 40 30 40 40 mA Vcc=5.0 V A ll inputs high 

1,., (S, to Z,) Switc hing Speed 24 32 ns 
Vee=5.0 V, C, = 15 pF, See Figure 8 

1,._ (S, to Z,) Switching Speed 24 32 ns 

ELECTRICAL CHARACTERISTICS* (MIC9309-5X) (TA= 0°C to + 75°C, Vee = 5.0 V ± 5%) 

•IMITS 
SYMBOL CHARACTERISTICS o•c +2s•c +1s•c UNITS CONDITIONS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

VOM Output High Vo ltage 2.4 2.4 3.0 2.4 Volts Vee =4.75 V lcH = - 1.2 mA (Pins 1 & 15) 
Vec=4 .75 V IOH= -1.08 mA (Pins 2 & 14) 
Inputs at thre shold voltages (V,. or V,H) 
as per truth table 

Vo. Output Low Voltage 0.45 0.21 0.45 0.45 Volts Vee"' 5.25 V I°' = 16.0 mA (Pins 1 & 15) 
l0<= 14.4 mA (Pins2& 14) 

Vce=4 .75 V lo,.= 14.1 mA (Pins 1 & 15) 
let= 12.7 mA (Pins 2 & 14) 

Inpu ts at threshold voltages (V" or V,H) 
as per truth table 

V,H Input High Voltage 1.9 1.8 1.6 Volts Guarantee d input high threshold 
fo r all inputs 

v .. Input Low Voltage 0.85 0.85 0.85 Volts Guaranteed input low thresho ld 
for all in puts 

1, (all inputs) Input Load Current - 1.6 -1 .0 -1.6 -1. 6 mA Vee= 5.25 V V, =0. 45 V 
-1.4 1 -.91 - 1.41 -1.41 mA Vcc= 4.75 V Inpu t selected 

I, (all inputs) Input Leakage Current 15 60 60 µ.A Vec=5 .25 V V, = 4.5 V 
Input not selec ted 

1,... Vee Curren t 43 30 43 43 mA Vcc=S.OV A ll inputs high 

t,.,,(S, to Z,) Switching Speed 24 36 ns 
t,,.,. (S, to Z,) Switching Speed 24 36 ns 

Vee= 5.0 V, C, = 15 pF, See Figure 8 

0 Pulse tested 
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1 •• ; S0 to z. 
CONDITIONS 

Pins 3, 12 = GND. 
Pin 11 = Vee 

Fig. 8 

A.C. CHARACTERISTICS 

SWITCHING WAVEFORMS 
All Inputs are outputs of TTL MIC9000 series gates loaded with 
15 pF. All outputs are loaded with the same capac itance 
(referred to as C,) and only with capacitance. 

t •• ; s. to z. 
CONDITIONS 

Pins 3. 12 = GND. 
Pin 11 = Vee 

Fig. 9 

SWITCHING CHARACTERISTICS 

t •• ; I., to Z. 
CONDITIONS 

Pins 3, 13 = GND. 

Fig, 10 

TURN OFF DELAY TIME VERSUS 
AMBIENT TEMPERATURE 

TURN ON DELAY TIME VERSUS 
TEMPERATURE 

TURN OFF DELAY TIME VERSUS 
AMBIENT TEMPERATURE 

(S. to Z.) .. 
Ycc•uv t LL 
Cl • ISd 

I I/ 
I ,,,,_ 

.. 
I) 

"'cc. s.ov 
Cl •Ulf 

- ~ .. ,.... V ·~ 
-u , -

(S. toZ.) 

.,, 
;;,, ,.... 

S'..,,,..,....-
V 

JO 

• '" ~ 
5 10 

" ,; 
I" 

(I,. to Z.) 
vc, • s.ov 
'1 •!)Of 

,, 

./ 

"" / 

-.. " • - ' 
., ....... 

.:•10 . ,.-,--
r--< 

)•·· 
• .,, 

" 

" 

14 • A.V.,l(HT n"'-"'••1uac • •c 

Fig. 11 

TURN ON DELAY TIME VERSUS 
AMBIENT TEMPERATURE 

(I,. to Z.) 
y<<. s.ov 
Cl •U ci 

r--.. 
....... "" ' . '-

• 
I, 

• " IA · AM11lwt TtMl'lllAIURf • •c 

Fig. 14 

- ~ -
• 
• . " " '" fA • M\8 100 f!M.l'IIIAIIJII{ • •c 

Fig, 12 

TURN OFF DELAY TIME VERSUS 
AMBIENT TEMPERATURE 

(S. to Z.) .. 
Vcc • UI\I' 

c,••ti 

.,,, - - -

. " 
,,, -
., -

" 1,_· AWIUHlftMP(U.tvtt-'C 

Fig. 15 
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TURN ON DELAY TIME VERSUS 
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OPERATION COD£ LIST 

S,, S, INSTRUC110rt 

0 0 SHlfT ten 
I O AOD 
0 SHIR RIGHT 

COMPltM ( Nl 

H - ••t ••. L - "O" 

ITT9309 

APPLICATIONS 

Ill I IH . 
0111 lJ.11 

Fig.12 - MULTIPLEXING TWO BITS FROM SIXTEEN SOURCES 
This diagram shows the Interconnection of five MIC9309 dual 
four bit multiplexers to provide switching of two bits of data 
from one of sixteen words onto a two bit data buss. The selec
tion of which word will be transferred to the buss is made by 
the address supplied to the So, S,, S, and S, inputs. As an 
example: if twe lve bit words are to be transferred to a twelve 
bit buss, the above diagram would be repeated six times. Not ice 
that the negative outputs are used at both levels resulting in the 
assertion output (negation of the negation) at a higher speed 
due to the fact that the through delay is less on the negation 
output. 

If the word selec ti ng address is held in four TTL flip f lops (two 
dua l packages) enough load capability is available to select 
between sixteen, sixteen bit words. 

Fig. 13 - GENERAL PURPOSE ACCUM ULATOR 
A fast, general purpose accumulator for computer applicat ions 
is capable of : 1) shift left; 2) add; 3) shift right and 4) comple
ment operations. On ly three packages are required to construct 
two stages of the general purpose accumu lator shown above. 

The D Input capability of the MIC9022 is utilized here to allow 
each flip flop of the accu mulator to accept the data as presented 
by the MIC9309 multiplexer. 

Under the operation code inst ructions the multip lexer provides 
an input to the MIC9022 from: 1) adjacent stage to the right 
for a sh ift left operat ion; 2) adjacent stage to the left for a shift 
right operat ion; 3) output of adders for add operat ion and 4) 
Q outputs of MIC9022 for tne complemenr operat ion. The 
operation code at the r ight of Figure 13 shows the instruction 
codes to perform the various operations . The accumulator 
should be capable of 20-25MHz operat ion. 
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'cc 

~ll:'l1P, 

l◄tlll ltlt/N.111a"' 1t;"1;t 

Fig. 14 - 16-BIT PATTERN GENERATOR 
This application illus trates the use of MIC9309 and MIC9020 in 
the design of one channe l of a 16 bit pattern generator. Each 
channel requires ½ MIC9020, ½ MIC9002 and 2½ MIC9309. 
Each channel consists of a switch seriallzer/pattern generator 
and resynchronizer sections with a modulo 16 binary counter 
common to all channels. 

The two least significant bits and two most signif icant bits of 
the counter control the first and second stages of multip lexing 
respect ively. In this manner four bits are multi plexed on each 
of the four li nes from the first stage to the second stage. Every 
four clock times a new input line containing four multip lexed 
bi ts is selec ted by the second stage of the serialize , thus 
serializ ing the 16 input bi ts from the switches . 

The resynchronizer flip flop is used to eli minate decoding spikes. 

SPECIAL ORDERING CODE 

Temperature Rt1n9e : 
-ss 0 c ro + 12s•c. i11dd -1 to 
MIC number. 
o"c to +1o "'c, add -5 10 MIC 
nvznber. 

Case Style, 
l/4' x %" Flot Pock, •dd "8" 
follow ing l,n t digit. 
Ceramic Dual /n•linc, 16 leads, add 
"O" following l;,st digit. 

Example: 
MIC9309-10 Is -55 • c to + 125 °C. 
Temperature range in Ceramic Dual
ln•line, 16 lead package. 
fl at•pack and Dual-In-li ne packages 
have same pin configurltl ion. 

mu ·~ , .. * 

1-- -----~P ."' r 
l-------1-' ~ I 

-- ---7 

1- -- --- -t,;.:t:>--'--+- -LP 
;·i · ::,_ ____ __ ..,~ i., b..f 

I 
I 

~=============~~!;'1>--+-L - - _"".'._ - - _j 

Fig. 15 - NON-LINEA R COU NTER 
The rate of the non-lin ear counter depends on the mult ivlbralor 
clock frequency selected under control of the lhree most signifi· 
cant bits of the counl er. This makes the counl rate a function 
of bolh the counl value of counter and frequency of clock 
mult ivibrator selected. 

Clock multip lexing is accompl ished by a MIC9309 dual 4-input 
multiplexer and one MIC9002 quad gate. Eighl line segments 
representing clock rates of the multivibrators may be adjusted 
in slope to approx imate a non-linear funclion. 
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MSI ONE-OF-S IXTEEN DECODEF 

MSI ONE-OF-SIXTEEN DECODER 
• Multi-function capability 

• Mutually exclusive outputs 

• Guaranteed fanout of 10 TTL loads over the full temperature 
range and supply voltage ranges 

• High capacitive drive capability 

• Demultiplexing capability 

• Typical power dissipation of 175 mW 

• The input/ output characteristics provide easy interfacing with 
DTL, 930 and TTL 54/7400 and 9300 families 

• All ceramic "Hermetic" 24-pin dual in-line package 

• Input clamp diodes limit high speed line termination effects 

• Two input enable gate 

The MIC9311 is a multi-purpose decoder designed to accept four 
inputs and provide 16 mutually exclusive outputs . The circuit uses 
TTL for high speed and high fan-out capability, and is compatible with 
all members of the 930 DTL, 54/7400 and 9300 families. 

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

CHARACTERISTICS 
Storage Temperature 
Temperature (Ambient) Under Bias .. 
Vee Pin Potent ial to Ground Pin .... 
Voltage Applied to Outputs for 

high output state . . ... . . 
Input Voltage (D.C.) . . . . . . .... .. . . 

-65 to +150 
- 55 to + 125 

-0.5 to +7 

-0.5 V to +V ee 
-0.5 to +5.5 

UNITS 
oc 
oc 
Volts 

value 
Volts 

FUNCTIONAL DESCRIPTION - The 9311 decoder accepts four active 
high BCD inputs and provides 16 mutually exclusive active low 
outputs, as shown by Figure 1. The active low outputs facilitate 
memory addressing when invert ing dr ivers are used between decoder 
and memory elements such as the 9033. 
The most signif icant A3 •input produces a useful inhibit function when 
the 9311 is used as a 1 out of 8 decoder. 
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ELECTRIC AL CHARACTERISTICS (TA= - 55°C to +125°C, Vcc =S.O V ±10%) See Note 1 

SYMBOL CHARACTERISTICS -ss•c 
MIN. MAX. 

VoH Output High Voltage 2.4 

V0<. Output Low Vol tage 0.4 

V,tt Input High Voltage 2.0 

V,c Input Low Voltage 0.8 

1, Input Load Current -1.6 
-1.24 

1, Input Leakage Current 

1,, Vee Current .... Turn Off Delay A Input to Output ...,_ Turn On Delay A Input to Outp ut .... Turn Off Delay E Input to Output 
tp._ Turn On Delay E Input to Output 

Note 1: Unlls a,e pulse testod. 

Eo El A,, A, A, A, 

H H X X X X 
H L X X X X 
L H X X X X 
L L L L L L 
L L H L L L 
L L L H L L 
L L H H L L 
L L L L H L 
L L H L H L 
L L L H H L 
L L H H H L 
L L L L L H 
L L H L L H 
L L L H L H 
L L H H L H 
L L L L H H 
L L H L H H 
L L L H H H 
L L H H H H 

TRUTH TABLE 

0 1 2 3 4 5 

H H ti H H H 
H H H H H H 
H H H H H H 
L H H H H H 
H L H H H H 
H H L H H H 
H H H L H H 
H H H H L H 
H H H H H L 
H H H H H H 
H H H H H H 
H H H ,H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 

H = High Voltage Level 
L = Low Voltage Level 

6 

H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 

7 8 

H H 
H H 
H H 
H H 
H H 
H H 
H H 
H H 
H H 
H H 
L H 
H L 
H H 
H H 
H H 
H H 
H H 
H H 
H H 

X = Level Does Not Affect Output 

9 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 

LIMITS 
+2s•c 

MIN. TYP. MAX. 

2.4 2.7 

0.2 0.4 

1.7 

0.9 

-1.10 -1.6 
-0.97 -1.24 

15 60 

35 55 

23 35 
20 30 

17 26 
16 21 

10 11 12 13 14 15 

H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 
L H H H H H 
H L H H H H 
H H L H H H 
H H H L H H 
H H H H L H 
H H H H H L 
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+12s•c UNITS CONDI TIONS 
MIN . 

2.4 

1.4 

MAX. 

Volts Vee=4.5 V, 101<= -0.6 mA 

0 .4 Volts Vee= 4.5 V, 10<.=12.4 mA 
Vce=5.5 V, l0t =16 .0 mA 

Vo lts Guaranteed input high 
threshold for all inputs 

0.8 Volts Guaranteed input low 
threshold for all inputs 

- 1.6 mA Vcc= 5.5 VI V,=0 .4 V 
-1 .24 mA Vcc=4.5 V) 

60 µ.A Vcc= 5.5 V, V, =4. 5 V 

mA Vee=5.0 V 

ns 
ns Vcc=5 .0 V 

C, =15pF 
ns See test circuit 
ns 

TTL INPUT LOAD AND 
DRIVE FACTORS 

INPUTS LOADING 

All Inputs 1 U.L. 

OUTPUTS DRIVE FACTOR 

All Outputs 10U.L. 

(1 U.L. • TTL Gate Input Load) 

INPUT LOAD AND DRIVE FACTORS 

GRADE INPUTS LOADING 

59 12/11 

51 12/10 

GRADE DRIVE FACTOR 

59 All Out uts 120/94 

51 All Out UIS 120/78 
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ELECTRICAL CHARACTERISTICS (TA= 0°C to +75 °C, Vcc=5.0 V ± 5%) See Note 1 

SYMBOL CHARACTERISTICS 

VOH Output High Voltage 

Vo,. Output Low Voltage 

V1H Input High Voltage 

VIL Input Low Voltage 

1, Input Load Current 

1, Input Leakage Current 

1,. Vee Current 

t,,.,. Turn Off Delay A Input to Output ...,_ Turn On Delay A Input to Output .... Turn Off Delay E Input to Output 
tp.,_ Turn On Delay E Input to Output 

Nole 1: Units a,e pulse 1ested. 

INPUT CURRENT VERSUS INPUT VOLTAGE 

I 
i ~-• ----v-l'-t -t-t-t-t 
, 
; .... v .... .., 
~ 
- ·B H --1-<t-<--i--i-t-+-+-+-< 

·H U....'-''-'--'--'.......,_ _.. _.. _.. -t 
•LO 1.0 1,0 ) ,0 U 

v
1
~ • INl'\IJ \'OIIACI •VOl.lS 

lnpuls 

Vee 
EQUIVALENT 
CIRCUIT 

LIMITS 
o•c +2s•c +1s•c 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

2.4 2.4 3.0 2.4 
0.45 0.2 0.45 0.45 

1.9 1.8 1.6 

0.85 0.85 0.85 

-1 .6 -1.0 - 1.6 -1.6 
-1.41 -0.9 -1.4 1 -1.41 

15 60 60 

35 60 

10 23 40 
7.0 20 35 

10 17 31 
7.0 17 26 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE OUTPUT LOW 
.., ,..cc . ,.,)v 

,,. . ~•c - >-1-

' ~ 

I i 

a " 
I 
L 

i' 
>-

g " 
_g I • 

·IO 
•1.0 ~-· • ,., 1.0 I, 

1/0lrl • Ol.tlPUf VOi.U C,: • 'IOI.TS 

~QU IVALENT CIRCUIT 
Outputs) 1 E OUTPUT LOW 

UNITS CONDITIONS 

Volts Vcc=4 .75 V, loH= -0.6 mA 

Volts Vee= 4.75 V, loi.=14.1 mA 
Vee= 5.25 V, 101.,;, 16.0 mA 

Volts Guaranteed input high 
threshold for all Inputs 

Volts Guaranteed Input low 
threshold for all inputs 

mA Vcc=5.25V I V, =0.4SV 
mA Vce=4.75V I 
µ.A Vcc= 5.25V, V, =4.5V 

mA Vce=5.0 V 

ns 
ns Vec=5.0 V 

ns 
C,=15pF 
See test circuit 

ns 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE OUTPUT HIGH 

0 Yee • l .OY V -~.o 
1..,, 11,•c. 

. I ~ ·10 V i • l) 

I i •20 

I 
_§·l> 

-~ I 
·» 

·1,0 0 1,0 '·' , .. ,., ,., 
"ou•. OIIIPUI \IOI.IAQ.. ,,otn 

Vee 

OUTPUT HIGH 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
PULSE GEN CHARACTERISTICS 

Freq . ... 1 MHz 
Pulse Width "' 100 ns 
t, = t, "= 15 ns 
Amplitude ... 4 V 

"I ncl udes all probe and Jig capacilance 

~ p;'--, '-2'--4 '-='-V--'cc~'-'- -t'I,' '' 

Pin 12 - Gnd 
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GND 

ENABLE 

E 

ADDRESS 

Ao At A2 A3 

MICf911 1/ 16 DECODER 

DECODE ANY BCD CODE 

Decode any BCD code using a 9311 element. Any 4 bit BCD 
code may be decoded by select ing outputs , examples are shown 
in the table. 

GND 
CLOCK ADDRESS 

"o A1 Az A3 

MIC9311 1/16 Dl:COOER 

J F(~f'I PZP3 

Cp Mtc:~T~IFT REGISTER 0 

K MR Oo01 Oz 03 03 

CLOCK DEMULTIPLEXING 

The 9311 can be used as a clock demult iplexer. The binary 
address designates to whic h register or counter the clock is sent. 
Up to 5 register counter stages can be dr iven by one decoder 
oulput allowing word lengths of 20 bi ts to be controlled . Any 
sequentia l circuit in the 9300 MS! family can be used in this 
configuration. 
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OUTPUT SELECTION 

BCD CODE 

DECIMAL EXCESS 
DIGIT 8421 5421 3 GRAY 

0 0 
I I 

2 2 

3 3 
4 4 

5 5 
6 6 
7 7 

8 8 

9 9 

SWITCHING 
PERFORMANCE 

0 3 0 
I 4 1 
2 5 3 
3 6 2 
4 7 6 

8 8 7 

9 9 5 
10 10 4 
11 11 12 
12 12 13 

PROPAGATION DELAY ENABLE INPUT 
TO OUTPUT VERSUS TEMPERATURE 

» .... ,-- I I 

• .... I I 

~ 

I "' 
I I/ 

2 

" 
,,, ~ ~~ 

~ r-... -~ ,,,,,, ~·· ,r I 
ii " 
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PROPAGATION DELAY DATA INPUT 
TO OUTPUT VERSUS TEMPERATURE 

.... 

SPECIAL ORDERING CODE 

Temperaturn Range: 
- ss 0 c to +12s0 c, add - 1 to 
MIC number. 
o° C to + 75° C, sdd -5 to MIC 
number. 

Caso Slyle: 

"' 

½:11 x ¾" Flat Pack, odd '"B" 
following last dig it. 
Ceramic Dual ln•Llne, 24 leads, add 
"0" foltowlng last digit. 

Example: 
MIC9311- 10 is -55°C to + 12S°C . 
Tempe rature range in Coramtc Duel-
1 n-Llne, 24 load package . 
Fhtt-i>ack and Dual-In-l ine packages 
ha..,o samo pin configura tion. 
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MSI EIGHT-INPUT MULTIPLEXER 

MSI 
EIGHT-INPUT 
MULTIPLEXER 
• Multifunction Capability 

• 25 ns Through Delay 

• On-Chip Select Logic Decoding 

• Fully Buffered Complementary Outputs 

• The Input/Output Characteristics Provide Easy Interfacing with 
DTL930, TTL9000, TTL7400 and MSI Families 

• Input Clamp Diodes Limit High Speed Termination Effects 

The MIC9312 is a monolithic, high speed, eight input digital multip lexer 
circuit. It provides in one package the ability to select one bit of data 
from up to eight sources. The M IC9312 can be used as a universal 
function generator to generate any logic function of four variab les. 
Both assertion and negation outputs are provided. TTL circuitry with 
active pul lups on the outputs prov ides high speed, high fanout 
operation and is compatible with al l DTL and TTL digital integrated 
circuits. 

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

CHARACTERISTICS 

Storage Temperature ...... . . - 65°C to + 150 
Temperature (Ambient) Under Bias - 55°C to + 125 
Vee Pin Potential to Ground Pin . . . -0.5 V to + 7 
Voltage applied to Output when 

output is high . . . . . . . 0 Vto +V ee 
Input Voltage (DC) (See Note 1) .. - 0.5 V to +5 .5 
Input Current (DC) (See Note 1) . . - 30 mA to +5 
Current into Output when output 

is low . . . . . . . . . . . . . . . . . . . . . . . + 30 

UNITS 

oc 
oc 
Volts 

value 
Volts 
mA 

mA 

Note 1: Either Input Voltage limit or Input Current limit is sufficient to protect 
the inputs. 
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LOGIC SYMBOL 

io '1 t2 '3 i,. •s 'ii ,, 
9312 I IIIPU( IIUUPUJU 

I Z 

14 IS 

Vee= PIN 16 
GND: PIN 8 

Fig. 1 

DUAL IN-LINE PACKAGE 

L r 
.0,) 

MAit 

NOTE. : 

011 
.00, 

JlO ,., 

.200 MAX. 1..,,. ... ~ 

lH!h Ill ,11t1 "(11 d 1(11 ,n1tr 1, o,n ,n ,.,,,1, 10•1 on 
JOO'" Ulll fO f"' t Y U t PVIPOH l'f' ttltOHd • •I ll 

~11><>~•1••t ~ ( J1!.J m111l•C"l<ltrtl lo h co1,1111 1t1H II-O"' 

Fig. 2 

FLAT PACKAGE 
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LOADING RULES 

INPUTS LOADING 

All Inputs I U.L. 

I U.l.: I TT~l Unit load 

1 U.L. Is dltlntd by the 1nttlH 
1-. 1nd If. In tht table on PII• ! . 

OUTPUTS 

z 
z 

Fig. 4 

FAN-OUT 

High State Low State 

18 9 
20 10 

FUNCTIONAL DESCRIPTION - The MIC9312 Is a logi cal Im
plementation of a single po le - 8 posit ion switch with the switch 
position controlled by the state of three select inputs, S,, S,, S,. 
Both assertion and negat ion outputs are provided. The enable 
input (E) is active low. When It is not act ivaled the negation 
output is high and the assert ion output is low regardless of all 
other inputs. The logic !unction provided at the output Is: 

Z = E · (I, · S, · S, · S, + I, · So · S, · S, + I, • S, · S, · S, + 1, • So • 
S, • s ,+ 1, • s, · s , • S,+ 1, • S, • s , · S,+1, • s, • S, • s,+1, • 
S, • S, •$ , ). 

The MIC9312 provides the abilit y, in one package , to se lect from 
eight sources of data or control informat ion. By proper manipu
lation of the inputs, the MIC9312 can provide any logic function 
of four variables and its negation. ThUs any number of random 
topic e lements used to generate unusual truth tables can be 
replaced by one MIC9312. 

E s, s, 
H X X 
L L l 
L L L 
L L L 
L L L 
L L H 
L L H 
L L H 
L L H 
L H L 
L H L 
L H L 
L H L 
L H H 
L H H 
L H H 
L H H 

TRUTH TABLE 

So lo 1, 1, 1, 

X X X X X 
L L X X X 
L H X X X 
H X L X X 
H X H X X 
L X X L X 
L X X H X 
H X X X L 
H X X X H 
L X X X X 
L X X X X 
H X X X X 
H X X X X 
L X X X X 
L X X X X 
H X X X X 
H X X X X 

H : Hl&b wolll&• 1ml 
L = low wolta11 l1nl 

I, 

X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
H 
X 
X 
X 
X 
X 
X 

Is 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
H 
X 
X 
X 
X 

X = lffll clou not olloct output 

Fig. 5 

'• 1, 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
L X 
H X 
X L 
X H 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

EQUIVALENT INPUT CIRCUIT 

IN 
NOT 

HLECTED i O SELECTED 

t -0.3V 
INPUT CURRENT VERSUS 
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Fig. 6 
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OUTPUT HIGH 
EQUIVALENT CIRCUIT 

Vee 

SOil 

~---uOUT 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE 
(OUTPUT HIGH) 

I I 
11cc •5.ov / 
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Fig. 7 
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OUTPUT LOW 
EQUIVALENT CIRCUIT 

►JTOUT 

l~r 
OUTPUT CURRENT VERSUS 

OUTPUT VOLTAGE 
(OUTPUT LOW) 
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ELECTRICAL CHARACTERISTICS * (MIC9312-1X) {TA= - 55°C to + 125°C, Vee =5 .0 V ± 10%) 

LIMITS 
SYMBOL CHARACTERISTICS -s s•c +2s•c +12s•c UNITS CONDITIONS 

MIN. MAX. MIN. TYP. MAX. MIN . MAX. 

Voo Output High Voltage 2.4 2.4 2.7 2.4 Volts Vee= 4.5 V loo= -1.2 mA (Pin 15) 
Vee= 4.5 V lot<= -1.08 mA (Pin 14) 
Inputs at thresho ld volta ges (VIL or V,H) 
as per truth table 

V01. Output Low Voltage 0.4 0.21 0.4 .04 Volts Vee=S.5 V lo,.= 16.0 mA (Pin 15) 
10<= 14.4 mA (Pin 14) 

Vee =4 .5 V lo,.= 12.4 mA (Pin 15) 
lot = 11.2 mA (Pin 14) 

I 
Inputs at thresho ld voltages (VIL or V,H) 
as per truth tab le 

V,H Input High Voltage 2.0 1 .7 1.4 Volts Guaranteed input high threshold 
lor all inputs 

V" Input Low Voltage 0.8 0.9 0.8 Volts Guaran teed input low threshold 
for all inputs 

1, (all inputs) Input Load Current -1.6 -1.1 -1.6 -;.1.6 mA Vee=5 .5 V V,= 0.4 V 
-1 .24 - 0.85 -1 .24 -1.24 mA Vee= 4.5 V Input Selected 

I, (all Inputs) Input Leakage Current 15 60 60 µA Vee= 5.5 V V,=4 .5 V 
Input not selected 

1, ... Vee Current 40 27 40 40 mA Vee=5.0 V 

t,. + (So to Z) Switch ing Speed 23 34 ns Vcc=5.0 V, See Page 4 
tp.,_ (So to Z) Switching Speed 25 36 ns C, = 15 pF 

·Pulse tested 

ELECTRICAL CHARACTERISTICS* (MIC9312-5X) (TA= 0°C to + 75° C, Vee= 5.0 V ± 5%) 

LIMITS 
SYMBOL CHARACTERISTICS o•c +25•c +1s•c UNITS CONDITIONS 

MIN . MAX. MIN. TYP. MAX. MIN. MAX. 

VOH Output High Voltage 2.4 2.4 3.0 2.4 Volts Vee= 4.75 V lot<= - 1.2 mA (Pin 15) 
Vcc=4.75 V lot<= -1 .08 mA (Pin 14) 
Inputs at threshold voltages (V,, or V," ) 
as per truth table 

Vot Output Low Voltage 0.45 0.21 0.45 0.45 Volts · Vec=5 .25 V lot = 16.0mA(Pin15) 
lo, = 14.4 mA (Pin 14) 

Vec=4.75V lo,=14.1 mA(Pln 15) 
lo,= 12.7 mA (Pin 14) 

Inputs at thresho ld voltages (V1t or V,") 
as per truth table 

V,H Input High Voltage 1.9 1.8 1.6 Volts Guaranteed Input high threshold 
for all Inputs 

VIL Input Low Voltage 0.85 0.85 0.85 Volts Guaranteed Input low threshold 
for all inputs 

1, (all inputs) Input Load Current -1.6 -1. 0 - 1.6 
.. 

-1.6 mA Vcc=5.25 V V, =0.45 V 
-1.4 1 -0.91 -1 .41 -1 .41 mA Vcc=4.75 V Input Selected 

1, (all Inputs) Input Leakage Current 15 60 60 µA Vcc=5 .25 V V,=4.5 V 
Input not selected 

1,.,.. Voe Current 43 27 43 43 mA Vcc=5 .0 V 
t,. + (So to Z) Switching Speed 23 34 ns Vee= 5.0 V, See Page 4 

tp.,_ (Soto Z) Switch ing Speed 25 36 ns C, =15pF 

• Pulse tested 
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INPUT (PIJII 11) 

A.C. CHARACTERISTICS 

A.C. CHARACTERISTICS 
All measurements are made with Vee= 5.0 V applied to pin 16 
and with pin 8 grounded. The active input Is dr iven by a 
MIC9002 TTL gate with the output loaded with 15 pF. Both 
outputs of the MIC9312 are loaded with 15 pF. 

1,.: S0 to z 

l.5V---
0UTPUl tPllllSI ------.J· 

1.,, t, to z 

Othtr CondUIOM: Pins 1, 8, 10, 12, 13 = Gnd 
Prn 2 = Vee lh,ouch 1.0 m 
Pin 16 = Yee 

othu CondiUons: Pini 8, 10, 11, 12, 13 = Gnd 
Pin 16 = Yee 

TURN OFF OEIAY VERSUS 
AMBIENT TEMPERATURE; 

S. lo Z 

TURN ON OEIAY VERSUS 
AMBIErff-TEMPERATURE; 

S. to Z 

TURN OFF DEIAY VERSUS 
AMBIENT TEMPERATURE; 

1, to l 

TURN ON OEUY VERSUS 
AMBIENT TEMPERATURE; 

1, toT 
v,c •tl)v I 
c, ·11- :~~;::" -L I I "cc·UIY 

Cl• ~fl' 
"« • ~.ov ~- '-· c, •Oif 

• .,, 

I 
I 
I ..,._ 
I --

r- l n r - .--

I I 1---.L ... I 
I I I 
I I . I 

3 .,, 
1.- •.uMllNl ll,,.,UAlt,,11( ••c 

Fig. 9 

1.,: s, to Z 

()thlr Conditions: Pim 1, 8, 10, 12, 13 = Gnd 
Pln 2 = Yee throuth 1.0 kfl 
Pin 16:: Yee 

! I 
I I 

~ . 
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I I 
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n 
14 • A'41l{Jlli ll,11JUA!U.1f• ' C 

Fig. 10 

TURN OFF DEIAY VERSUS 
AMBIENT TEMPERATURE: 

S. to Z 

TURN ON DEIAY VERSUS 
AMBIENT TEMPERATURE: 

s, to l 
"~--~~~-.---,-~~ 

~~~ ;::'->-<f--+-.i-+--1- -< 
" l--+-+--+-+-+--+--!--,1---1 

Vcc•UV I 
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Fig. 13 
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Fig. 11 

IIPIJT!Plll10] 

.-.- -.... 

13 
+ .., 

tpd: E to Z 

OU1PIJT(Pl1141 -- - ---J ' 
Other Condition•: Pina 8, 11, 12, 13 = Gnd 

Pin 1 = Yee thro111h 2.0 Ul 
Pin 16 = Yee 

I ~-
~ 

I 

Fig. 12 

TURN OFF DELAY VERSUS 
AMBIENT TEMPERATURE; 

E to Z 

TURN' ON DEIAY VERSUS 
AMBIENT TEMPERATURE; 

E to Z .o----------
~~~ ;,~~r.lY~l-.J---!---+--l--J. --1 

! ,0 1--,-.,__,__,__..._.__,_-<__. 
~ .. ....i......i-1--1- -1--1- -1- -1- --1 
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13 
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Fig. 15 Fig. 16 
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APPLICATI ONS 

A MUL Tl-PORT MEMORY MODULE 

The four bit by eight word multi-po rt memory module shown 
In the diagram below uses only thirteen MSI packages; four 
MIC93O6 24 pin dua l four bit latches , eight MIC9312 eight input 
multiplexers, and one M IC93O1 one-out-of-ten decoder . 

The module as shown Is capable of simultaneously reading from 
two independently specified locations and writing into a third 
independently selected location. The necessary enables are 
provided so that a number of these modules may be connected 
together to produce a lar ge r memory. As en ex omplc 8 =sixteen 
bit by sixty-four word memory would require thirty-two of the 
modules shown below. 

By connect ing this type ,of memory to a function generator unit, 
a processor could be constructed that would execute three 
address instructions at a very high speed on the data contained 
in this type of memory. In order t0 -util ize the speed of the 
memory the instructions would also have to be contained in 
fast semiconductor memory. 

ITT9312 

SPECIAL ORDERING CODE 

Temper ature Range: 
-55 • c 10 + 12:S'C, add -1 10 

MIC number. 
O' C 10 +75 °C, add -5 10 MIC 
number. 

Case Style: 
¼'' x ¾" Flat Pack, add "B" 
following last digir. 
Cerami c Oual In-l ine, 16 le&d,, odd 
"O" fol lowing lu t digit. 

Example: 
MIC9312-1D is -5 5• c 10 +125 • c . 
Temporotvre range in Ceramic Oual
ln-li ne, 16 lead package . 
Fla 1-pack and Dua>l•ln-Line packages 
h11ve sam e pin configura tion . 
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· All Muhiploxer connoctlons 
are slmllor to M0 nnd M, 
with Inputs to M0 and M0 
being the 0 0 outpuls of the 
latches, M 1 and M1 inputs 
being tho 0 1 outp ul.s of the 
latch, M1 and M1 Inputs being 
0 0 oulpuls of lho latch, otc. 

I 
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3 BIT COMPARATOR 

~~~,.:!t~1~~!;--- -- ~ .... , 
co.w•••c ('(& k t 
ro "'t'' sr•Gt 

Fig. 18 

IMPLEMENTING ANY FOUR-VARIABLE BOOLEAN FUNCTION 

The MIC9312 eight input multip lexer can (In addition to perform
ing its nomina l funct ion) produce any Boolean function of four 
variables without any additi onal elements if both the assertion 
and negation of one of the variables are present. If an assertion 
and negation are not present, one Inverter may be required . 

The procedure for imp lement ing a four-va riable function, along 
with an example, is shown in the attached diagram . First, con• 
sider the function in terms of a Karnaugh map. if the 0,, Q, and 
0 , variable are connected to the S., s, and S, inputs of the 
MIC9312 then the Karnaugh map will be split, as shown, into 
eight sections, with each section corresponding to an input to 
the MIC9312. In order to implement the funct ion each Input 
of the MIC9312 is connected to one of the following four signals: 
ground, Vee, the assertion, or negation of the fourth variable. 

The contents of the two squares associated with an input, on 
the Karnaugh map, determine which connection is made to 
that input. If both squares contain a zero, ground should be 
connected to the input; if both squares contain a one, the Input 
should be connected to Vee- if the two squares contain a one 
and a zero then eithe r the assertion or negation of the fourth 
variable will be requi red to imp lement the function. If the single 
one is located in the square associated with the assertion of the 
fourth variab le then the assertion of the assertion of the fourth 
variab le is connected to that input, and vice versa. 

Shown in the illustration below is a MIC9312 decod ing the 
condition of a MIC9300, producing a one output whenever the 
register conta ins two or more transition s. The truth table, 
Karnaugh map and the connection \o the MIC9312 for th is 
function are also shown In the illustration. 

In many applications, using the MIC9312 to imp lement general 
logic funct ions of fou r variab les will result in a sizeable reduc
tion In package count. In many cases use of the MIC9312 with 
additiona l gates to produce functions of more than four variables 
wil l also reduce the package count. 

The concept of using the MIC9312 eight input-multi plexer as a 
general logic function· generator is described by S. S. Yau and 
C. K. Tang of Northwestern University in a paper presented at 
the 1968 Spring Joint Computer Conference in Atlantic City, New 
Jersey. 

APPLICAT IONS 

3 BIT COMPARATOR 
Three bits of data to be compared are supplied to the address 
and select inputs of the MIC9301 and MIC9312 respect ively. 
If A., A,, A,, and Bo, B,, B, compare, the mutually exc lusive active 
low output of the MIC9301 1/10 decoder and the selected input 
of the MIC9312 multiplexer will be coinc idental and COMPARE 
OUT wil l be high . . The COMPARE ENABLE must be low to 
permit compare operat ion. 

INTERCONNEC TION DIAGRAM 
FOR 9 BITS 

0oo, 

o, 
Mut.nPI.CXER 
WPIJT MAP Foti 
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0 
0 
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' ' 
' 
' 
' 
' I 
' 

FFlOM n1£ K.ut NAUGM MAP C# TH[ OESl~EO F\JHCTIOH 
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Fig. 19 
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MSI 4-BIT BINARY COUNTER 
The MIC9316 is a high speed synchronous 4-bit binary dec ade CO\Jnter. 
It is a synchronously presettable, multifunctiona l MSI building block 
useful in a large number of counting , digital integr ation , and convers ion 
applications. Several stages of synchronous operation are obtainable 
with no external gating packages required through an interna l carry 
look-ahead counting techn ique. 

• Synchronous Counting and Parallel Entry 

• Decoded Terminal Count 

• Built-In Carry Circuitry 

• Typical Power Dissipation of 300 mW 

• The Input/Output Characteristics Provide Easy Interfacing with 
DTL930, TTL9000, TTL7400 and MSI Families 

• All Ceramic Hermetic 16 Pin Dual In-Line Package and Flat 
Package 

• Input Diode Clamps Limit High Speed Line Termination Effects _ 

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

CHARACT ERISTICS 

Storage Temperature .... - 65°C to + 150 
Temperature (Ambient) Under Bias - 55°C to + 125 
Vee Pin Potential to Ground Pin - 0.5 V to + 7 
Voltage Applied to Outputs for 

high output state 
Input Voltage (D.C.) 

LOGIC DIAGRAM 

10 
2 

9 3 4 s ·s 

I 14 13 12 11 

-0.5 V to Vee 
- 0.5 V to + 5.5 

15 
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UNITS 

oc 
oc 
Volts 

value 
Volts 

Vee = Pin 16 
Gnd = Pin 8 

ITT9316~ 
MSI 4-BIT BINARY COUNTER 

PHYSICAL DIMENSIONS 

DUAL IN-LINE PACKAGE 

•on 1 

Oil ... 

,,. 

200IILU.. ~ l~ NOM J JICll't l 

Al. 
idJ 
1--~--l 

I ltt 1h t .rt ,,.,t t M t • 1., ,,,w, t•o- '" fl.at ••• ' O• 
JOO" " " lf O Ti-t r.,. pw1poH t r , ... . .. , . ,u, 

"'M \ llff f ~ I l1 SI ,_,U l.olll fl'ltftl 10 ltc ,l , U lt,1 IIMII -

FLAT PACKAGE 
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FUNCTIONAL DESCRIPTION - A clock buffer and inverler 
drives the four clocked RS master-slave flip flops in parallel, so 
that synchronous operallon is obtained. When the clock input 
(CP) is low, the slave is steady, but data can enter the master 
via the A and the S inputs. During the low lo high transition 
of CP, f irst the data Inputs (A and S) are inhibited, so lhat a 
later change in the input data will not affect the master; 
secondly, the now trapped information in the master is trans
ferred to the slave and is reflected al the outputs . When the 
trans fer is completed both the master and the slave are steady 
as long as the clock input remains high, and regard less of the 
logi c sta te at any other Input to the device . During the high to 
low transit ion of the clock input, lirst lhe transfer path from 
master to slave are inhibited , leaving the slave steady in its 
present state, second ly, the data input s (A and S) are enabled 
so that new data can enter the master. As a result of this 
sync hrono us operation higher clock frequency is possib le and 
much less externa l logic is required in most appl ications. Some 
restrictions are p laced on the manne r of select ion. First, the 
transition of CEP or CET from high to low or of PE from low 
to high may only be done when CP is high. The remaining 
transitions may be made by following the setup and release 
t imes specif ied under "Switching Characteristics." The asyn
chronous MA clears the counter Independent of any other input. 

Note: CE (count enable) =CEP • CET 
TC=CET • a, . a, . a, . a, 

SPECIAL ORDERING CODE 

Tempe rature Range: 
-s s·c lo + 125°C, a8d -1 to 
MIC number. 
0°C lo +75 ° C, add -5 to MIC 
numbN. 

Case Slyle: 
l/.s" x 3,,t" fla t Pa~k. ddl.i "B" 
following la st digif . 
Ceramic Dual In-Line, 16 leads 1 add 
"O" following last digit. 

Examp le: 
MIC9316-1D ;, -55°C lo +125 °C. 
Temp erature range in Ceramic Dual• 
ln•llne 1 16 lead package. 
Flat-pack and Ova l-In-line pack ages 
hitve same pio configuration . 

LOADING RULES 

CCSL LOAD AND DRIVE FACTORS 

24 /2 0 ,- - 8-/ ~6 ._7 --

9 3 4 5 6 

12/ 10 ,, 
1

10 
24/ 20 

2 

IC 15 72/ 60 

1 14 13 12 11 

12/ 10 
72/ 60 

TTL LOAD AND DRIVE FACTORS 

2 2/ 3 2/ 3 2/ 3 2/ 3 

ELECTRICAL CHARACTERISTICS (MIC9316-1X) (TA= - 55°C to + 125°C, Vee= 5.0 V ± 10%) 

LIMITS 

SYMBOL CHARACTERISTICS - 55°C +25°C + 12s•c UNITS CONDITIONS & COM MENTS 

MIN. MAX. MIN. TYP. MAX. MIN. MAX. 

Voo Output High Voltage 2.4 2.4 2.7 2.4 Volts Vcc=4.5 V, loH= -0.36 mA 

Vo,. Output Low Voltage 0.4 0.2 0.4 0.4 Volts Vcc= 5.5 V, lo. =9.6 mA 
Vee= 4.5 V, lo.= 7.44 mA 

Y ott Input High Vollogo 2 .0 1.7 1.4 Volts Guaranteed Inpu t high 
threshold for all inputs 

Vic Input Low Voltage 0.8 0.9 0.8 Volts Guaranteed inpu t low 
threshold for all inputs 

1, lnr,ut Load Current -1 .6 -1 .0 -1 .6 -1.6 mA 
MR,C EP 

21, Input Load Current -3.2 -2 .0 - 3.2 -3.2 mA Vcc=5.5 V 

CP, PE, CET V,= 0.4 V 

>;,, I, Input Load Current 
Po, P11 P,, P1 

-1.07 -0.7 -1.07 -1.07 mA 

I, lnr,ut Leakage Current 
MR,CEP 

60 10 60 60 µ.A 

2 1, Input Leakage Current 120 20 120 120 µ.A Vcc =5 .5V 

CP, PE, CET V,=4 .SV 

¾I, Input Leakage Current 
Po, P1 1 P:, P1 

40 7.0 40 40 µ.A 
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ELECTRICAL CHARACTERISTICS (MIC9316-5X) (TA =O"C to + 75°C, Vcc=5.0 V ± 5%) 

LIMITS 
SYMBOL CHARACTERISTICS o•c +2s•c +1s•c UNITS COND ITIONS & COMMENTS 

MIN. MAX. MIN . TYP. MAX. MIN. MAX. 

VOH Output High Voltage 2.4 2.4 3.0 2.4 Volts Vcc= 4.75 V, IOH= -0.36 mA 
Vo,. Output Low Voltage 0.45 0.2 0.45 0.45 Volts Vee = 5.25 V, lo,.= 9.6 mA 

Vee=4.75 V loc=8.5 mA 
V,H Input High Voltage 1.9 1.8 1.6 Volts Guaranteed input high 

thresho ld for all inputs 
Voc Input Low Voltage 0.85 0.85 0.85 Volts Guaranteed input low 

threshold for all inputs 
1, ln11ut Load Current 

MR, CEP 
-1.6 - 1.0 -1.6 -1.6 mA 

2 I, Input Load Current -3.2 -2.0 -3.2 -3.2 mA Vee=5.25 V 
CP, PE, CET V, =0 .4 V 

¾ I, Input Load Current 
Po, P,, Pi, P, 

- 1.07 -0 .7 -1 .07 -1 .07 mA 

I, ln~Leakage Current 60 
MR, CEP 

10 60 60 µA 

21, Input L~kage Current 
CP, PE, CET 

120 20 120 120 µA Vec=5 .25 V 
V, =4.5V 

1/., 1, Input Leakage Current 
Po, P i. P1, Pi 

40 7.0 40 40 µA 

SWITCHING CHARACTERISTICS (TA= 25°C) 

SYMEIOL CHARACTERISTICS MIN. TY P. MAX. UNITS COND ITIONS & COMME NTS 

t,.+ (Q) Turn-Off Delay 20 ns 
t..,_ (Q) Turn-On Delay 15 ns Vec=5.0 V 

C, = 15 pf 
t.., , (TC) Turn-Off Delay for TC 35 ns (Fig. 1) 
t,. _ (TC) Turn-On Delay for TC 20 ns 
t,(CE) Set-Up Time for CE 14 ns Vee=5 .0 V 
t,(CE) Release Time for CE 12 ns C, = 15 pf (Fig. 2) 
t, Set-Up Time for Data 18 ns 
t, Release Time for Data 17 ns Vee= S.O V 

t,(PE) Set-Up Time for PE 30 
C, =1 5 pf 

ns (Fig.3) 
t,(PE) Release Time for PE 28 ns 
t..- (MR) Turn-On Delay for iiiiR 33 ns Vee = 5.0 V, C, = 15 pF (Fig. 4) 
t.+ Propagation Delay for CET to TC 14 ns Vee = 5.0 V, C, = 15 pf (Fig. 5) 

SET•UP TIME: h is de fined as the minimum tlme requ i red for the logic leve l to be presen1 at the log ic inpu1 prior 10 lhe cloc k 1ransilion from low to high rn 
order tor tne l lfp-Uop{s) to respond. 

RELEASE TIM E: t, is delined as lhe maximum time allo wed lor tho logic level 10 be pres.enc at Iha loglc inpu t prior to the c lock trans i tion l rorn low to high 
In order tor lhe IHp-flop(s ) not to ,espond. 

I 
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Fig. l 
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SWITCHING TIME WAVEFORMS 
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CP 

I 

,,1c117 f..-
cc 

TC 
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APPLICATIONS 

SYNCHRONOUS COUNTING SCHEME 

1-192 
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ITT9322® 
QUAD TWO-INPUT MULTIPLEXER 

MSI QUAD TWO-INPUT 
MULTIPLEXER 
• Multifunction Capability 

• 20 ns Through Delay 

• On-Chip Select Logic Decoding 

• Fully Buffered Outputs 

• The Input/Output Characteristics Provide Easy Interfacing with ITT DTL 930, 
ITT TTL9000, MSI and othe r DTL and TTL Famili es. 

• Input Clamp Diodes Limit High Speed Termin at ion Effects . 

The ITT9322 is a mono lithic , high speed, quad two- input digita l m ultip lexer 
circuit, constructed with the ITT epitaxial process. It consists of four multiplexi ng 
circuits with common se lect and enable logic, each circuit contains two inp uts and 
one outp ut. The circuit uses TTL for high speed , high fanout operation and is 
compat ible with all other members of the DTL and TTL family of digital 
integrated circuits. 

ABSOLUTE MAXIMUM RATINGS (above wh ich the useful life may be impaire d) 

CHARACTERISTICS 

Storage Temperatur e • . 
Tempe rature (Ambient) Under Bias 
V cc Pin Pote nt ial to Ground Pin . 
Vo ltage App lied to Output whe n output is high . 
Input Voltage (DC) (See Note 1) 
Input Curren t (DC) (See Note 1) . . . . . . 
Current into Output when output is low . . 

-65°C to +150 
-55°C to +125 

0.5 V to +7.0 
o v to +Vee 

--0.5 V to +5.5 
- 30 mA to +5 

. +30 

UNITS 

oc 
oc 

V 
value 

V 
mA 
mA 

Note 1 - eithe r Input Voltage limit or In put Cu rrent limit is suffic ient to p rotect the inputs . 

LOGIC DIAGRAM ~@ @~ ©® Q)® 
1ld 10d 11c 10c 1Ib 10 b 11a 10a 

Vee g PIN 16 GND ~ PIN 8 
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DUAL IN-LINE PACKAGE 

L r 
"' ... 

KOH : 
\ U ·h ,,. ,,.t .. •d• (I ro, onH H •OI' • II flOlc •• • , on 
lOO"un,.,, ,,.-t'r•••1K1•Pon r, ,n,,.r,••••• n 

"•cu ,1,w, I Jl\1,.. ,u ,11•m •,u ro hc ,1ii..1, ,n1411.oo11t 

FLAT PACKAGE 

I • 

L 
'L ~•-- -"-""'. 

~ - lOf'v-.-w 

''"' 00-lS-~~ 

1=~ 
~i:i ---l 

SPECIAL ORDERING CODE 
Temperature Range: 

1 -55 ° + 125° c 
5 0°to+75C 

Package: 
8 Flat Pack 

D a Dual In-L ine, 16 leads 
Exam ple : 

MIC9322 • 18 means operat ing 
temperature range of -55° to 
+125°C. sup plied in a Flat Pack 

LOG IC SYMBOL 
I~ 2 l ~ 6 I• U II 10 

" 
Vee • PIN 16 GNO ; Pi'NS 

I 



ITT9322 
ELECTRICAL CHARACTERISTICS* (TA = -5 5° C to +125° C, Vee= 5.0 V :!: 10%) 

LIMITS 
SYMB OL CHARACTE RISTI CS -55 ° c +25° C +125°C UNITS CON OITIONS 

MIN. MAX . MIN. TYP. MAX . MiN. MAX. 

VoH Output High Voltage 2.4 2.4 2.7 2.4 Volts Vee=4.5V loH= - 1.2mA 
Inputs at threshold voltages (V1L or V1HI 
as per t r uth table 

VoL Output Low Voltage 0.4 0.21 0.4 0.4 Volts Vee= 5.5 V loL = 16.0 mA 
Vee = 4.5 V loL = 12 .4 mA 
Inputs at th reshold voltages IV1L or V IHl 
as per truth table 

V1H Input H igh Vo ltage 2.0 1.7 1.4 Volts Guaranteed input high threshold fo r all inputs 

V1L Input Low Voltage 0.8 0 .9 0.8 Volts Guaran teed input low threshold fo r all inpu ts 
IF (all inputs! Input Load Current -1 .6 - 1.1 - 1.6 - 1.6 mA Vee = 5.5 v I VF=0.4V 

-1. 24 - 0.85 -1.24 - 1.24 mA Vee=4.5V J Input selected 
IR {all inpu ts) Input Leakage Current 8.0 60 60 µA Vee= 5.5 v VR = 4.5 V 

lpoH Vee Cur rent 43 30 43 43 mA Vee - 5.0 v All input s high 

tPd+ IS to 28 ) Switch ing Speed 17 25 ns 
Vee = 5.0 V, CL= 15 pF, See Figure (A) 

tpd- (S to Za l Swi tch ing Speed 20 27 ns 
•Pul$8 Tested 

ELECTRICAL CHARACTERISTICS• ITA = 0°C to +75° C, Vee = 5.0 V :t_5%l 

I IMITS 
SYMBOL CHARACTERISTICS o0 c +25° C 

MIN . MA X. MIN. T YP. MAX. 

VoH Output High Voltage 2.4 2.4 3.0 

VoL Output Low Voltage 0.45 0.2 1 0.45 

V1H Input H igh Vo ltage 1.9 1.8 
v,, Input Low Voltage 0.85 0.85 
IF !all inp uts) Input Load Current -1 .6 - 1.0 - 1.6 

-1.41 -0 .9 1 -1.41 
IR lall inpu ts! Inpu t Leakage Current 8.0 60 
lpoH Vee Current 45 30 45 
tpa + IS to Zal Switc hi ng Speed 17 30 
lpd - lS to Zal Switching Speed 20 31 

•Pulse Tested 

FUNCTIONAL DESCRIPTION - The MiC9322 quad two inp ut multi · 
plexer is a member of the ITT family of com pat ible Medium Scale 
Integrated (MS ll digit al bu ilding blocks, It prov ides th is family with the 
ability to select four bits of either data or contro l fr om tw o sources, in 
one package. The enab le input (E ) is act ive low. When not ac tivated all 
outputs (2) are low regardless of all othe r inpu ts. 

The MIC9322 Quad two Input multip lexer is the logical imp lementat ion 
of a four-po le two -posit ion switch, wi th the position of the switch being 
set by the logic levels supplied to the one select input. The logic 

+125° C UNITS CONOITIONS 
MIN. MAX. 

2.4 Volt s Vee = 4 .75 v lo H=- 1.2mA 
Inputs at th reshold vo ltages IV I L or V IH l 
as per tr uth table 

0.45 Volt s Vee = 5.25 v lo L = 16 .0 mA 
Vee = 4 .75 v loL • 14 .1 mA 
Inputs at thresho ld vo ltages (ViL or V1Hl 
as per t ruth table 

1,6 Volt s Guaran teed inpu t high threshold for all inputs 

0.85 Volt s Guarant eed inout low thresho ld fo r all inputs 
- 1,6 mA Vc:c: = 5,25V I VF • 0.45V 
- 1.41 mA Vee =·4 .75 V I Input selected 

60 µA Vrr = 5.25 V Vo = 4.5V 
45 mA Vrr • 5.0 V All inputs hig_h 

ns 

ns Vee • 5.0 V, CL • 15 pF, See Figure (A) 

equatio ns for the ou tputs are s,hown below : 

Za = E · 01a ·S + loa ·$) Zb= E · (l ib · S + lob ·Sl 
Zc = E · U1c · S + loc · Sl Zd = E · (l id ·S+ lo d ·Sl 

A common use of the M IC9322 would be the moving of data from a 
group of registers to four common output busses. T he particular 
register from wh ich the data came would be determined by the state of 
the select input. A less obvious use is a function generator . The M IC9322 
can generate four functions of two variables with one variable common . 
This is useful for implementing gating functions. 

TRUTH TABLE 
Iden t ica l for Eec h Mult ip lexer 

LOADING RULES 
11 U.L. = 1 TTL gate inpu t load) 

L =-- low vo ltage levol 

H = high vo ltage leve l 
X eit her high or low logic leve l . 

ENABLE 

E 
H 
L 
L 
L 
L 

SEL ECT 
INPUT 

s 
X 
H 
H 
L 
L 

INPUTS 

l o x li x 

X X 
X L 
X H 
L X 
H X 
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OUTPUT INPUTS LOADI NG 

Zx 
loa, I Ia, I0b• I lb• 1 U.L . 

loc,l1c,loa,l1d 
L S,E 
L 
H 
L 
H 

OUT PUTS 
FANOUT AT LOGIC LEVEL 

HIGH I LOW 

20 , Zb ,Zc ,Zd 20 U.L . J 10 U,L. 
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... 

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 

INPUT CURRENT VERSUS 
INPUT VOLTAGE 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE (OUTPl/T HIGH) 

INPUT EQUIVALENT CIRCUT¾T T 

OUTPUT CURRENT VERSUS 
OUTPUT VOLTAGE (OUTPUT LOW) ,.. 

,., 
.1 • ,, 
;.1.0 
a 
f·U 
-~•) .O 

'"·»( .... 
T_. ·D"C 

➔.• 
' ". u,•c 

·U '·' u .. 
v, •. 1._.,,lwt.UQ: •VOl~ 

,., 

1 

: a ·Ill 
I · ll i-- -;----t--,....-+----t-,--i 

_li ·• i---;------;-+--r---t-t--i 

..., 

u 

I 
, •us•c 

A. C. CHARACTERISTICS 

lpd; S to ZA 

CONDITIONS -Pi ns 2, 15 • GND 

Pin 3 • Vee 

SWITCHING WAVEFORMS - A ll inputs arc outp uts of TTL 9000 
series gates loaded w ith 15 pF, All outputs are loaded with tho same 
capacitance (referred to as CL) and onlv with capacitance. 

'""''-- --/ ·~ ~ ..... , 
(A) 

SWITCHING CHARACTERISTICS 
TURN OFF DELAY TIME VERSUS 

AMBIENT TEMPERATURE (S to z.1 to,---~-~---~~ 

~ 
:i ., 1---'--~ .;-t---r--h-'--r '-l 

" s 
5 

TURN ON DELAY TIME VERSUS 
AMBIENT TEMPERATURE (E to Z,) 

tpc1: E to Za 

CONDITIONS - All Other Inputs High 

'·-r------\, .. v.,.tJ. ~ 
.... '" -I .... I- -I .... 1-

YQ.ll ~. .... Y.: 
c,'lfill4J, ... \~1 !iN 

ta) 

TURN ON DELAY TIME VERSUS 
AMBIENT TEMPERATURE (S lo Z,) ., 

,. 

,:: ro r:=:i=, ..... +-.-'""''a+· -1 =F--+-----1 
• 
Ji lO 

n "' 
l,1, • MIIIOO l(Mbl1,1 .. • C 

TURN OfF DELAY TIME VERSUS 
AMBIENT TEMPERATURE (I ,, to Z,) 
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t0c,: 10• to z. 
CONDITIONS - Pins 1, 15 • GND. 

• 

TURN OFF DELAY TIME VERSUS 
AMBIENT TEMPERATURE ([to Z.) 

"cc•Uv 

' ., ~ 
- c,-u,-

~ ]l 

Ii 5 ,, 
,,,,. ,. - .-, 

)IQADI. IIAX. ~ 

.... 
- )

1
1C.CAID[~~. 

• ... I I "'1~
1111111i-

0 " 
n 

/ 

- -
"' 

TURN ON DELAY TIME VERSUS 
AMBIENT TEMPERATURE (11, loZ,) 

• 
'Wcc•U V 

C, •D,r 

' 

- - >tWDIM». -
w, )lGlA.Ol(MU. 

'41C-..AIJI Mtlfj 

f+f,==; tlc:IAOl.WH 
I I I • ➔I " 

I I 

I 

I ,, 
"' 

I 
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APPLICATIONS 

DUAL 10 INPUT MULTIPLEXER 

IC 0 .lDOJ!US ,, _ __,_ ___ .... 

:; ===~=t~:;:::l 
,, '--- .... ~--..I 

Mutllt lUU I OUINJT liOJUIPUll.R l OUIIPUT 

SHIFT LEFT, SHIFT RIGHT, PARALLEL LOAD REGISTER 

1-196 

DAU LVUTS 

,, 

'" 

CA Tl UI SM In RIGHI 

CLOC.l 

OPERATION CODE LIST 
A B Operation 

L L Parallel Load 0.Ul out Sli1'1 UH 
H 
L 
H 

L 
H 
H 

Shift Left 
Shilt Right 
Shift Right 

This register will shift left, shift right, and load 4 bits of para llel 
data according to the operation code applied to A and B. 

cau11u, 1 

APPLICATIONS 
REGISTER SELECTION 

The 9322 can be used to select paralle l 
data from two mult ip le bit sources. Illus
trated above is a count ing and display 
system where the 9322 se lects the con 
tent of one of the counters for display. 
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FUNCTIONAL OESCRIPTION - The two 8 bit shift registers have a 
common clock in put (pin 9) and separate clock inputs (pi ns 10 & 7), 
The clocking of each register is controlled by the OR funct ion of the 
separate and the common clock input. Each register is composed of 
eight clocked RS master-slave flip-flops and a number of gates. The 
clock OR gate drives the eight c lock inputs of the flip-flop in parallel. 
When the two c lock inputs (the separate and the common) to the OR 
gate are low, the slave latches are steady, but data can enter the master 
latches via the R and S input. Ouring the first low to high t ransition of 
either, or both simultaneously, of the two c lock inputs, the data inputs 
(R and S) are inhibited so that a later change in input data will not 
aff~ct the ma!.t.er; then thP. nnw trapped informat ion in the maste r is 
transferred to the slave. W hen the trans-fer is comp lete, both t he master 
and the slave are steady as long as either or both clock inputs remain 
high. During the high to low transition of the last remai"ning high clock 
input, the transfer path from master to slave is inhibited first, leaving 
the slave steady in its present state; second the data inputs (R and S) 
are enabled so that new data can enter the master. Either of the clock 

inputs can be used as c lock inh ibit inputs by app lying a logic h igh 
signal. Each 8 bit shift register has a two input multip lexer in front of 
the serial data input. The two data inputs Oo and D1 are controlled by 
the data select input Os following the Boolean expression: 

Serial data in: s0 • o5o0 + OSOi 

An asynchronous master reset is prov ided which, when activated by a 
low logic level, wi ll clear all sixteen stages independent ly of any other 
input signal. 

LOADING RULES 
11 U.L. • TTL 
inp ut gate load) 

INPUT 
MR, Do'DI 
Separate CP (pi ns & & 10) 
o, 
Common CP (pin 9) 

OUTPUT 
Q-r0.7 

FA NI N 
1 Un it Load 
1.5 Unit Loads 
2 Un it Loads 
3 Unit Loads 

FAN OUT 
6 Un it Loads 

ELECTRICAL CHARACTERISTICS !TA = - 55oC to+ 125oC, Vee= 5.ov :t 10%) 

LIMITS 

-ss 0c + 2s 0c + 12s 0 c 
SYMBOL CHARACTERISTICS MIN. MAX . MIN. TYP. MAX. MIN . MAX. UNITS T EST COND ITIONS 

VoH Output High Vo ltage 2.4 2.4 2.7 2.4 Volts Vcc=4.5V ,loH • -0 .36mA 

VoL Output Low Voltage 0.4 0.2 0.4 0.4 Volts Vcc=5 .5V ,IOL =9.6mA 

Vcc =4.5V ,lo L =7.44mA 

VH Input High Voltage 2.0 1.7 1.4 Vo lts Guaranteed input high 

threshold for all inputs 

VL Input Low Voltage 0.8 0.9 0.8 Volts Guaranteed in put low 

threshold for all inputs 

IF Input Load Current (MR,Do •D 1) -1.6 - 1.0 -1 .6 - 1.6 mA 

1.5IF Input Load Current -2.4 - 1.5 -2 .4 - 2.4 mA 

(separate CP pins 7 & 10 Vcc ~s.sv 

2IF Inp ut Load Current (Dsl - 3.2 -2.0 - 3.2 -3 .2 mA VF=0.4V 

3IF Input Load Current (common CP pin 9) -4.8 - 3.0 -4.8 - 4.8 mA 

Ip Input Leakage Curre nt IMR,Do•D 1) 60 10 60 60 µA 

1.5Ip Input Leakage Current 90 15 90 90 µA 

(separate CP pins 7 & 10) Vcc =5.5V 

2 Ip Input Leakage Curren t (D 5) 120 20 120 120 µA VR =4.5V 

3 Ip Input Leakage Curren t (common CP pin 9) 1801 30 180 180 µA 

lpo Power Dissipation 365 300 365 365 mW Vcc=S .OV 

SWITCHING WAVEFORMS 

Note: 07 is co nnected to D1, Othe r c lock ls grounded. 

Fig. 1 
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ELECTRICAL CHARACTERIST ICS (TA= o0 c to+ 75°C, Vee= 5.0V:!: 5%) 

LIMITS 

o0 c +25°C +1s0 c 
SYMBOL CHARACTERISTICS MIN. MAX. MIN. TYP. MAX. MIN. MAX. UNITS TEST CONDITIONS 

VOH Output High Voltage 2.4 2.4 3.0 2.4 Volts Vcc=4.75V, loH~0.36mA 

VOL Output Low Vol tage 0.45 0.2 0.45 0.45 Volts Vcc =5.25V, loL • 9.6mA 

Vcc • 4.75V, loL • 8.5mA 

VtH Input High Voltage 1.9 1.8 1.6 Volts Guaranteed input high I 
threshold for all inputs 

VtL Input Low Voltage 0.85 0.85 0.85 Volts Guaranteed input low 

thresho ld for all inputs 

IF Input Load Current (MR,D 0 •Dtl - 1.6 - 1.0 - 1.6 -1.6 mA 

1.5IF Input Load Current -2 .4 -1.5 - 2.4 - 2.4 mA 

(separate CP pins 7 & 101 Vcc=5.25V 

2IF Input Load Current (0 5) -3.2 - 2.0 - 3.2 - 3.2 mA VF • 0.4V 

3IF Input Load Curren t -4 .8 -3.0 -4 .8 - 4.8 mA 

(common CP pin 9) 

IR Input Leakage Current (MR,Do•Dtl 60 10 60 60 µA 

1.5 IR Input Leakage Current 90 15 90 90 µA 

(separate CP pins 7 & 10) Vcc =5.25V 

2 IR Input Leakage Current (Os) 120 20 120 120 µA VR • 4.5V 

3 IR Input Leakage Current 180 30 180 180 µA 

(commo n CP pin 9) 

lpo Power Dissipat ion 365 300 365 365 mW Vcc =5.0V 

SWITCHING CHARACTERISTICS (TA • 2SoC) 

SYMBOL CHARACTERIST ICS MIN. TYP. MAX. UNITS TEST CONDITIONS 

tpd-(Q7& 07 Turn -Off Delay (clock to output) 13 ns Vcc =5.0V, CL • 15 pf Fig. 1 

t pd- l07&07I Turn-On Delay (clock to output) 22 ns 

tpd - (MRI Turn-On De lay (Master reset to output) 35 ns Vcc • 5.0V, CL • 15pF Fig. 2 & 3 

CPpw Min. Clock Pulse Width 14 ns Vcc=5.0V. C1• 15 pF Fig. 1 

MRpwlCPH) Min. Master Resat pulse width with clock high 15 ns Vcc5.0V, CL =15 pF Fig. 2 

MRpwlCPU Min. Master Reset pulse width with clock low 28 ns Vcc =5.0V, CL • 15pF Fig. 3 
----

CP 

-J 1-- MR,iw!CPHI 

MR- _ -=-v- -- -- -- --- - -- -- -- -- -- -~ - - I .S V 

--1 1- twl MRI 

t s y 

Note: Os, 0 1, o0 , aro h igh. Other clock input is grounded . 

Fig. 2 

H99 



ITT9328 

CP 

-j i--- MRp.lCPLI 

MR - v-,-----_-_ ---------=----=-------_- _-_-_-_-_-_-_-_--""-\v- -- -
- 1 r lpc1-(IIR( 

01 ~-- - - - --- - --- - -- --- ~ - --

1.5 v 

1.5V 

Note: D s, O 1, 0 0 are high. Othor cloc k Input Is grou nded. 

Fig. 3 

APPLICATION: 

DATA INP\JTS 

CLOCK ------- -+--- -+-- --t---------t --- ..---- -+
RESH - ....--- ----+- ..----+-- --1 ---,,__---- - -t -+--+- --- -+-

c:) NWIDE 

DATA OUTPUTS 

N-BIT BY 8-WORD HIG H-SPEED MEMORY 
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ANNOUNCEMENT OF ADDITIONAL 1-------
PRODUCTS EXCLUSIVELY ITT'S 

Data Sheets are being prepared on products listed 
below. Write for your copies. 

54124n4 124 · UN IVERSAL PULSE GENERATOR 
• Specially designed for clock and delayed pulse 

generation 
• 2 cascaded multivibrators for delayed pu lse 
• Gated feedback for high stab ility cont rolled 

oscillation 
• No ji tter self-start 
• Positive Schmitt trigger input 

54130/74130 , 54131n4131 · QUAD 2 1/P AND 
POWER DRIVERS 

• 100 mA lsink 
• 54130/74130 30 V open collector rating 
• 54131 /74131 15 V open col lector rating 
• Pin compatible with 54/7408 
• Vol at 100 mA = 0.4 V max 

54/74 130-131 

54135n4135, 54137n4137 - QUAD/HEX NANO 
SCHMITT TR IGGERS 

• High input impedance· compatib le w ith 54/74L, 
MOS, H LL and high vo ltage transducers, etc. 

• Temperature compensated thresholds 
• Input load factor 1 /4 unit load 
• 15 V input rating 
• 54135/74135 pin compatible with 54/7400 and 

54/74132 
• 54137/74137 p•in compatible with 54/7404 and 

54/7414 

54/74137 

54138/74138, 54139/74139 - QUAD 2 1/P OR 
POWER DR IVERS 

• 100 mA lsink 
• 54138/74138 30 V open collector rat ing 
• 54139/74139 15 V open co llector rat ing 
• Pin compatible with 54/7432 
• Vol at 100 mA = 0.4 V max 

54/74 138- 139 

1- 201 
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ADDITION A L PRODUCTS EXCLUS IVELY ITT'S 

SAH 161, SAH 171, SAH 181 · DIGITAL VOLT
METER KIT 

• Kit consists of 3 MOS-LSI Circuits for use in 
Digital Vol tmeters and sim il ar analog to Digita l 
Converters 

• SAH 161 is the clock generator and driver circuit 

• SAH 171 is the counter and memory circuit 
• SAH 181 is the scanner and display driver 
• The use of t hese thre e circuit s together with a 

minimum of external components results in a 
low cost high performance digita l voltmeter 

'• -ez11---- -- - ---;- r, 
•v•o----¢ 

UAA 110 - ST ILL CAMERA CIRCUI T 
• Monolithic integrate d circuit for use in stil l 

cameras 
• Controls exposure under varying light conditions 
• Output capability to show need to use a tripod 

• Battery mon it or 

1-202 

UAA 126, UAA 136 · PHASE SYNCHRON IZED 
MULTICHANNEL OSCILLATOR KIT 

• For use as frequency synthesizer in mobile 

transmitters/rece ivers 
• 410 channe ls spaced 25 KHz from 9.25 to 19.5 

MHz 

• UAA 126 is a programmable divider 
• UAA 136 is a fixed divider, phase discrimi nator 

• Can be used for other freq uency ranges by using 
suitable pre-scalers or mixers 

R( f"ERCttC[ 
OSCtU • .AJ()A 

J>ROCRM,U.IA8 LE 
OIV•CDI 

SAJ 220 - FAMILY OF QUARTZ WATCH AN D 
CLOCK CIRCUITS 

• Low power/ low vo ltage bipolar technology 
• Family offers circuits for use in watches and 

clocks dr iven from a quartz crystal 
• On chip osci l lato r, 15 stages and output motor 

dr iver on one chip 

• Ava ilable with different output pulse width s and 
in m icro dip and mini d ip packages 

0 



ADDITIONAL PRODUCTS EXCLUSIVELY ITT'S 

TBA 840 - SINGLE COIL WATCH REGULATOR 
• Single monolithic circuit for driving and regula-

t ing watches having a single-coil movement 
• For use w i th mercury or silver oxide monocells 

• Also usable with tuning fork oscillator watches 
• Available in m icro-three pin packages 

J__c_, 17 
0 

SAH 190 - MOS TOP OCTAVE ELECTRON IC 
ORGAN TONE GENERATOR 

• H igh accuracy. Less than ±.0.003% against tem
pered tone scale 

• Opt ion I allows switching to half or full tone 
lower 

• Opt ion II all ows output frequency change by a 
complete octave 

• A full top octave requ ires three ident ical devices 
• Outputs compatib le to drive SAJ 110 seven-stage 

divider 

SAH190 
• ' 7\ 

$AH190 $AH 190 
., ... ,, 

11 1, 11 1,c 

TBA 470 - TEN STAGE GATE. e.g. ELECTRONIC 
ORGANS 

• Allows use of single mechanical contact instead 

of 10 per key 
• Each of the ten separate em itter tone sigrn,ls are 

summed at common collector 
• Check suppression capability 

1 -- TBA~70--- - ·- -------7 

I I 
I I 
I '---1-+-J--6- ~ ~I-, r+ ---+- -"-l----"-1---4---+-' I 
L _J 

TCA 250 - DUAL ACTIVE FILTER AMPLIFIER 
• Dual amplifier circuit designed specifically for 

active filter applications in audio frequency range 
• For use in 2nd order low pass f ilter using one 

stage or as a 4th order low pass fi lter using both 

stages 
• Adjustab le ro ll-off character istic 

TCA 430 - QUAD-OSCILLATOR (TONE GENERA· 
TOR FOR ELECTRONIC ORGANS 

• One monolith ic chip conta ins 4 RC oscillators 
and designed for use in several organ applications 

• Three circuits provide a low cost top octave 
generator with outputs compat ible with the 
SAJ 110 seven-stage frequency divider 

• TCA 430 is temperature neutral, thus, accuracy 

is a function of external R&C 
• Separate pin for simu ltaneous vibrator 

R , , 

TCA 430 

R,. 
'-- --- --o A I 

-- ----<'----- --- -<>u 
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ADDITIONAL PRODUCTS EXCLUSIV ELY ITT'S 

TCA 350 - ANALOG SHIFT REGISTER (DELAY 
LI NE) 

• 185 stage "bucket- brigade" delay I ine for audio 

frequency signals 
• Uses symmetrica l clock in~u ts up to 500 KHz 

• Delay can be varied. t = 2.f~l;ck 

'-<--+- -~-+---~--+--'-OIi 1·1 9Vl 

L _ 
~ -------~---1-<>li [~19VJ 

- - __ _j 

TBAS00-5 WATTS A UDIO AMPLIFIER 
• Mono l ithic c ircuit providing 5 watts into 16 Q at 

Vee = 24 volts 
• For use in Radio, TV and Phone app lications 
• Uses popular heat tab package designed for on 

board heat dissipation 

TBA 940, TBA 950 - TV HORIZONTAL DEFLEC
TION SYSTEMS 

• Each circui t contains osci llator and all othe r 

functions of TV Horizontal deflection system 
up to driver 

• TBA 940des ignedforThyristor (SCA) Def lection 
• TBA 950 designed for Tran sistor Deflec tion 
• Video recorder drive capability 

'7M 

:[ 
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DIGIT A L CI RCUIT HIGH-LEVEL LOGIC 

ITT's 300 Digital Integrated Circuits are designed 

for applications whe re a high degree of DC and 

AC noise immunity is requ ired. The fam ily in

cludes a full complement of gates. inverters. ex
panders. f lip flops. counters and decoders . 

ITT HL L is avai lable in in both industrial and mil

itary tempe ratu re ranges, in both 12v Vee and 

1 5v V CC versions. 

ITT 300 Series finds app lication in electrostatic 

copy mach ines. industria l systems such as in

jection mold ing or automated we lder control. and 

military systems operating under the most severe 

cond itions where errors caused by no ise are in

tolerab le. By virtue of its 12v nominal V CC with 

relative insensitiv ity to supply variations. H LL is 
a perfect choice for automotive appl ications. In 

general. any system which previously required 

relays for logic can benefit from the many 

capabilities of ITT 300 Series. 

3.5v guaranteed D.C. noise marg in 

16 pin ce ram ic or plastic dual in line 

packages 
15 volt logic swing o r 12 volt log ic swing 

availab le 

Buffered outputs on all elements 
Insensitivity to short no ise pulses 

Choice of f ull or limited temperature ranges 

Interface with discrete components and 

Linear I.C. 

Line driving and receiving capab ilities 

NAN O GAT ES/ INVERT ERS 
ITT 32 1 QUAD 2 INPUT NANO GATE (ACTIVE 

PULL-UP) 
ITT 322 DUAL 5 INPUT NANO GATE (ACTIVE 

PULL- UP) 
ITT 323 QUAD 2 INPUT NAN O GATE (OPEN 

COL LECTOR) 

ITT 324 QUAD 2 INPUT NAN O GATE (PASS IVE 

PUL L-UP) 
ITT 325 DUAL 2 INPUT . DUA L 3 INPUT NANO 

GATE (ACT IVE PULL -UP) 

ITT 326 DUAL 2 INPUT. DUAL 3 INPUT NANO 

GATE (PAS SIVE PULL-UP) 

2- 1 

ITT 332 QUAD INVERTER. DUAL 2 INPUT 
NANO GATE (OPEN COLLECTOR) 

ITT 333 QUAD INVERTER. DUAL 2 IN PUT 
NANO GATE (PASSIVE PULL -UP) 

ITT 334 HEX INVERTER W IT H STROBE (OPEN 
COLLECTOR) 

ITT 335 HEX INVERTER WITH STROBE 
( PASSIVE PULL-UP) 

BUFFER S 

ITT 30 1 DUAL 5 INPUT NAN O BUFFER (ACTIVE 

PULL-UP) 

ITT 302 QUAD 2 INPUT NA NO BUFFER (OPEN 

COLLECTOR) 
ITT 303 QUAD 2 INPUT NANO BUFFER 

(PASSIVE PULL-UP) 

AND - O R - INVE RT GATE S 

ITT 341 DUAL 2 WIDE. 2 INPUT AN D-OR

INVERT GATE (ACTIVE PULL-U P) 

ITT 344 DUAL 2 W IDE. 2 INPUT AND-OR 

INVERT GATE (W/OU TPUT EXPANDER) 

EXPAN DERS 
ITT 33 1 DUAL 5 IN PUT EXPANDER 

FLI P-F LO PS 
ITT 311 MASTER/SLAVE FLIP-FLOP 

ITT312 DUALJ-K FLIP-FLOP 

ITT 342 DUAL ONE SHOT MULT IVIBRATO R 

ITT 370 QUAD D FLIP-FLO P (LATCH) 

I NTERFA CE ELEME NTS 
ITT 361 DUAL HIGH LEVEL TO DTL/TTL INTER

FACE 

ITT 362 DUAL DTUTTL TO HIGH LEVEL INTER

FACE 
ITT 363 QUAD DTL/TTL TO HIGH LEVEL INTER

FACE 

D ECODERS 
ITT 380 ONE-OF-TEN DECODER/DRIVER 

ITT 38 1 ONE-OF-TEN DECODER 

COU NT ER S 
ITT 37 1 DECADE COUNTER 
ITT 372 HEXADEC IMAL COUNTER 

I 



DIGITAL CIRCUIT HIGH-L EVEL LOGIC 

ABSOL UT E MAXIMUM RATINGS 
Characteristics 

Storage Temperature Range 

Uni ts 

Ceramic ................................ ......... -65° C to + 1 50 °C 
Plastic ......................... ................... -55°C to +100 °C 

Operating Temperature Range 
ITT300-1 D .................................. -55°C to + 125 °C 
ITT300-1 D1 ................................ -55°C to + 125 °C 
ITT300-5D ..................................... -30 ° C to +85 ° C 
ITT300-5D1 ........... ...................... - 30°C to +75 °C 

Lead Temperat ure. 1/1 6 inch from case. 
10 seconds maximum ......................................... 300 °C 

Supply Voltage - Contin uous ....................... + 16 .5 Volts 

Supply Voltage - Pulsed <0 .1 second ........... + 18 Volts 
Input Voltage - (exclusive of expanders) 

12V Version ............................ -0. 5V to + 16.5 Volts 
15V Vers ion ............................ -0 .5V to + 18.0 Volts 

Input Voltage - expande rs ................... 0 V to +6.0 Volts 
Voltage applied to output ........... -0 .SV to + 16 .5 Volts 

Sink Current at TA =25°C. continuous 
301 & 302 .............. ............................................ 80 mA 
All other types ..................................................... 15 mA 

Surge Sink Current at TA =25°C , < 1 sec. 
301 & 302 ........................................................ 100 mA 
A ll other types ..................................................... 20 mA 

Output Short Circuit Duration to GND ......... Contin uous 

ORDERING INFOR MATION 

The full type number designates tempe rature range , voltage and package as follo ws: 

ITT 301 H 5D ___,....., 

t~P•ck•ge + + Device Voltage 
Type 

CROSS REFERENCE 
Part No. TEMP RANGE V cc(No minal) PACKAGE ITT TELEDYNE 

obsolete 1 

ITT 3xx -5N -30 °C to +85°C 12V Plastic Dip 5N CJ 
ITT 3xxH - 5N -30°C to + 70°C 15V Plastic Dip 5N1 AJ 
ITT 3xx -50 -30 °C to +85°C 12V Ceramic Dip 50 Cl 
ITT 3xxH-50 -30°C to +70°C 15V Ceramic Dip 501 Al 
ITT 3xx -1 D -55°C to + 125°C 12V Ceramic Dip 1D BL 
ITT 3xx H·- 1 D -55 ° C to +125°C 15V Ceramic Dip 101 ML 
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PARAMETER 

1eex, 

Vee MAX 

Vee MIN 

VeeNOM 

DEFINIT ION 

Input lhresho!d vohage . low 

Input lhteshold voltage . high 

(e>1cep1 3 1 1 Sand A> 
VIH o f311 Sand A mputs 

Input cunoni. low. 1 un,1 load 

Input leakage c1,ment. 1 un,t 
load 

Ou1pu1 low voltag e lsce load • 

,ng 1ab le on data sheet fot 

apphca bte VOL 

VO L 1 - generally appl icable 

VOL2 - 30 1 bufler only 

VOL3 - open collector types 

VOL4 - 380 decode r only 

Output h19h voltage of an· 
devices 

Output high source of actwe 

pul lup devices cuueni of 30 1 

Outpu1 high breakdown vo lt -

1age ol the lol lowmg dev ices 

302 aod 323 gates 
332 and 334 1nvenu,s 

380 decoder 

381 decoder 

Ou1put high leakage current 

of open col lector devices 

TEST SUPPLY VOLTAGE 

TEST SUPPLY VOLTAGE 

TEST SUPPLY VOLTAGE 

12V VERSION 

IVee • + 12V ±IV) 

50V M IN 

6.SVMA X 

7 OV MAX 

2 1 mAMAX 

IOµA MAX 

I 5VMAX 

1 BVMAX 

0 .4V MAX 

1.2V MAX 

100VMIN 

5 OmAMIN 
15 mAMIN 

13,0VM IN 
20 .0VM IN 

24 .0VM IN 

15.0VMIN 

25µAMAX 

13.0V 

11.0V 

12.0V 

DIGITAL CIRCUIT HIGH-LEVEL LOGIC 

15V VERSION TEST CONDIT IONS 

IVcc • + 15V±IVI 

5.0V MIN Guaranteed input low 1h1eshotd tor all inpu1s 

excepl 311 T2 • 4 .8V M IN al 1 SV 

6.SV MAX Guaran1eed input high th,eshold for all 1npu1s 
(ucep1 311 Sand R1 

7.0V MAX Guar3n1eed V1H of 311 Sand R 1npu1s 

2 6mA MAX At Vee MAX with v ,N = Vou MAX 

IO µA MAX At Vee MAX w11h v ,N ~ Vee MAX 

1.8VMAX IQL = F.O x UL 
2 .0V MAX IQL = F.0 x UL At Vee MIN with 
0 .4V MAX 10 L = F.o • uL Vil = 5.0V. V tH • 6.5V 
l .2VMAX lo L • 30mA 

130VMIN At Vee M1N. v1L = s.ov. v1H R e.sv: 
IOH = F.O. x UL 

SOmAMIN At Vee nominal. V IL a 5.0V. V 1H ~ 6 .5V : 
15mAMIN VOH = 7.0Vfor 12VVERSl0N , 

9.5V for 15V VERSION 

AtlMAxof 
16,SVMIN 4mA At Vee MAX . V i l - s.ov 
24 0V MIN 4mA VIH = 6.5V. w ith 
24.0VMIN 0.5mA 'MAX forced into inpu1 
15.0VMIN 0.5mA 

25µA MAX At Vee MAX. Vil • s.ov. V JN = 6.5V : 

Veex ~ Vee MAX 

160V 

14.0V 

15.0V 

F.O. is fanout m umt loads IUU. Umt lo adings are gwen in 1he p in !ables on the 1nchvid ual data shee1s. A umt load for ITT 300 Series is defi ned by the 

above inpu l specif icaoons 
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DIGITAL CIRCUIT HIGH-LEVEL LOGIC 

SUMMARY OF D EV ICE P ROPAGAT ION DELAYS AND WO RST-CASE SUPPL Y CU RRENTS 

Delay Range Worst -Case lcc(mA ) 

Device (nanose conds) 12V 15V 

301 dual 5-input power NANO gate 240 40 0 48 68 

302 quad 2-input power NANO gate (OC) 240 600 40 60 

303 quad 2 - inpu t power NANO gate (PP•) 240 60 0 49 70 

3 11 master/slave flip-flop 250 820 18 25 

3 12 dual J -K or S-R flip -f lop 230 60 0 30 40 

32 1 quad 2-input NAN D gate 200 30 0 15 20 

322 dua l 5- input NANO gate 190 550 8 11 

323 quad 2- input NANO gate (OC) 160 40 0 5.5 8 

324 quad 2- input NANO gate (PP) 200 60 0 28 40 

325 2.2.3.3 - input NANO gate 200 30 0 15 20 

326 2.2.3.3-input NANO gate (PP) 200 60 0 28 40 

33 1 dual 5- input gate expander 4.2 5.2 

332 hex inverter gate (OC) 140 350 28 42 

333 hex inverter gate (PP) 140 350 42 60 

334 str obed hex inverter (OC) 140 350 28 42 

335 strobed hex inverter ( PP) 140 350 42 60 

34 1 dual 2- input AND -OR-INVERT gate 150 41 0 11 15 

342 dual monostable multivibra tor 160 260 17 ·23 

344 dua l exclusive-0 R gate 200 60 0 10 14 

36 1 dua l input inte rface 230 325 8 11 

362 dua l output interface 100 40 0 10 13 

363 quad output interfac e 240 600 51 64 

370 quad latch 500 500 38 48 

37 1 decade counter 200 800 41 53 

3 72 hexadecimal counter 200 80 0 4 1 53 

380 BCD to decade decoder / driver NA NA 30 38 

381 BCD to decade decoder 300 50 0 30 38 

NOTE: Only the shortest and longest delays are listed for each device. 

See the device data sheets for al l input -output p ropagation delays. 
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ITT301- DUAL EXPANDABLE FIVE-INPUT NANO BUFFER 

The ITT 301 is an active pull-up element featuring 
high current capability in both the high and low 
state . It is an excellent cho ice for driving long 
transmission lines, as a system clock driver. or for 
driving any load with high capacitance or in 
ductance . 

SCHEMATIC (EACH GATE) 

,------- ----- ....... ---<JVcc 

X(.r- -- -, 8 2K 620 3 9K 200 

0 

C 0 

A GNO 
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PIN CONFIGURATION 

1& Vee 

INPUTS 

INPUTS 

x, 7 

GNO 8 

O= ASCOE 

PINS FUNCTION LOADING 

A -E Inputs 1 UL 
X Expanders 

0 Ou1puts 20U LatV 0 u (12Vor 15VI 
30 UL aI VOL2 (12V) 
25ULatVoL2I15V) 

• Ete:h <l•Ode I.eel 10 X 1 o, x 2 1t 1 un11 10,t:1 

I 



ITT 302, 303 - QUAD 2- INPUT (2 EXPANDABLE) NAN D BUFFERS 

The ITT 302 and 303 are open collector and 
passive pull-up, respectively. power gates w ith 
high current sinking capab ility. Both devices are 
"w ire-or" capab le and find appl ication as lamp 
dr ivers or high-fanout gates. 

A 

SCHEMATIC 

303 
~-- +------+----<iVee 

9.1K 

._ _ __.,___OG N0 
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PIN CONFIGURAT ION 

1& Vee 

02 4 ..__ __ _ 

GNO 8 

PINS FUNCTION LOADING 

A.B Inputs l UL 
X Expanders 
0 Outputs SULatVou 

20 U L at VO L 1 
20 unit loads handled wtlh cor,ecl u tame1 u1s1sto, 

302 handles 10 TTL loads at VOLl 

' Eich diode t,td 10 X1 Of X2 is I unit load 



The ITT 31 1 is a uni ver sa l HLL flip -flop . It has 
separate clocks w hich allow tw o-phase (dua l in
hibit) opera t ion. direct set and reset inputs. six 
data inputs. and is leve l sensit ive. It can be op 
erated as a J -K fli p-flop by external w iring and 
feat ure s act ive outputs . 

T1 

CIRCUIT DIAGRAM 

SET-RESET MOOE 

M 

s 

J-K MODE 
5 

SINGLE -PHASE TIM ING 

0 

a 

DATA ENTERED MASTER 
IN M ASTER IN Hl8 ITEO 

~H~sETse.:'oLOl~ __ ___ ___ L_ 
0 .4V ;~~;HOLOT-, ----- --1 -

SLAVE DATA ENTERED 
INHIBITED IN SLAVE 

TWO -PHASE Tl MIN G 

··1 ,. SET INTO MASTER 

/ II / MASTER INHIBITED 

T,__J LL__ 

T2 ~ I 
SLAVEI NHIBITEO/ L_J 

~ 
. .,. . TRANSFERRED TO SLAVE 

ITT311 - MASTER SLAVE FLIP-FLOP 

S-111 OPi AATION 

8 0111+1 
L O" 

L H L 
H l H 

' 
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GNO 8 

PIN CON FIGURAT ION 

PINS ,uNCTIOH 

A,8 O•t• •rt>UIJ 

,, C lo,c:l.o!ll)u l 

~ ~'.:;it,.out, 
o.O 011,0...11 

LOA.DING 

' UL 

'"' 

SCHEMATIC 

TYPICA L INPUT 

R • 8.2K ON A. 8, S, R. T2 
R • 4 1K ON T 1 

TYPICAL OUTPUT 

vee u-- -.--- --
5 10f? 
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ITT312 - DUAL J-K FLIP-FLOP 

Two completely separated J -K flip-flops are in
corpo rated on one 312 chip. Each flip-flop has its 
own separate clock. set. and reset inputs. The 
devic e clock is negative edge sensitive. requiring 
a clo ck fall time of 3 volts per microsecond or 
faster . Active-high outputs are provided. 

TRUTH TABLE 

S-R MODE J-K MODE 

s- If a J K on+1 
H H X L L on 
H L L L H L 
L H H H L H 
L L H H H an 

X • lnder,,m,n.11e &1a1e 

PINS FUNCTION LOADING 

J.K J•K inputs 1 UL 
T Clock inputs 1 UL 

s.i'i Direct S-R inputs 2 UL 

a.a Outputs 5ULatVoL1 

GNO 8 

SCHEMATIC (EACH FLIP-FLOP) 

PIN CONFIGURATION 

~-- ---- -- --------------os 
iio---+--- - --------+---------, 

Vccc,--+--+------s.---..-- --+-- ---.- ----+- - --.--.------< 

K 
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ITT321 - QUAD 2-INPUT (2 EXPANDABLE) NAND GATE 

ITT322 - DUAL 5-INPUT EXPANDABLE NANO GATE 

The ITT 321. 322. 325. and 341 make up the 
active - output group of H LL gates . Active-high 
outputs have high source current capabi lity for 
driving lines of moderate length or high 
capacitance loads. 

PIN CONFIGURATION 

ITT.321 

16 Vee 

~--- 15 81 

GNO 8 

O=AB PINS FUNCTION 

A-E Inputs 
X Expanders 
0 Outputs 

INPUTS 

GNO 8 

LOADING 

1 UL 

SUL at Voll 
"hchdl()(tt tiitd 10><1 o, X2 tt 1 unit lo~ 

PIN CONFIGURATION 

ITT 322 

O=ABCOE 

SCHEMATIC (EACH GATE) 

1s vee 

321 

r---------t---ovcc 
322 

~-----+----+---uvce 

8 2K 510 8 2K 9.1K 5\0 

xO--- 0 
0 0 

8 e 

A 
8 7.SK 

GNO 

A GNO 
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ITT325 - DUAL 2, DUAL 3-INPUT NANO GATE 
ITT341 - DUAL 2 WIDE, 2-INPUT EXPANDABLE AND-OR -INVE RT GATE 

PIN CONFIG URATION 

ITT 32 5 

03 1 1----, ,e Vee 

----'15 C2 

A1 7 1----.....1 

GN0 8 

O• AB O•ABC 
PINS FUNCTION LOADING 

A ·C Inputs 1 UL 

0 Output~ 5 UL a1 VOL1 

SCHEMATIC (EACH GATE) 

325 

,--- --- ---- - -Ovcc 

82 K 9 .1K 510 

+-411--+--0 0 

--- - --< >------OG N0 
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PIN CONF IGURATION 

O•ABaco 

PINS FUNCTION LOADING 

A· D Inputs 1 UL 

X Expanders 
0 Ou1puts 5Ula1VOL1 
'bc l'I diod e ht d 10 X1 o, x 2 ,s I ufhl lo~ 

~ltC IU. CMGAtU 

,-~- ---- -1- - -1--o vcc 

8 2K 8 2K 9. IK 510 

'----+-- ---0 GNO 



ITT323- QUAD 2-INPUT (2 EXPANDABLE) NANO GATE 
ITT332- QUAD INVERTER, DUAL 2-INPUT NANO GATE 

The ITT 323, 332. and 334 are H LL's open
collector gates. Open. or uncomm itted . collectors 
can be. or connected through an appropriate pull 
up resisto r to a power supp ly other than that used 
for the HLL gate . This capabil ity allows open
collector devices to interface directly to DTL. TTL. 
or MOS . or to drive small indicator lamps or relays 
directly. 

SCHEMATIC 

.--- --------ov ee 

8.2K 

xo---i.-

~- --+---O GND 

SCHEMATIC 

332 
2.8K 

vee 
BO-,. --, 

I 
I 

0 

A 

GND 

PINS FUNCTION LOADING 

A.8 lnpu1s I UL 
0 Outp u ts 5 UL at VOLi 

7 UL at VO Li 

E11her dev,ce handles? vn11 loads w11h 
coue ct external i,ultul) res,~tor 

2-11 

PIN CONFIGURATION 

15 vee 

GNO 8 

o = Aii 
PINS FUNCTION LOADING 

A.8 Inputs I U L 
X Ekpa,nder5, 

0 Outputs s U L a, VOL l 

' (llch d •!Jd.e I...S 1o)l 1 or )(
1

11 1 un,1 lo~ 

PIN CONFIGURATION 

ITT332 

15 Vee 

GNO 8 

I 



ITT334 - STROBED HEX INVERTER 

SCHEMATIC PIN CONFiGU RATIO N 

334 ~ -- --- - -- --ovcc 

2 .8K 

A 

e.c 

3K 

~ -- +---UGNO 

.... ,u HCTIOH LOADING 

0,t 1eM9u" IU L 

S1,o"ono,u1 2U L 

$11°"~' OU L 
Oi,,rot,11~ SU Laot'l/0~1 

7 ULttVoL .? 

2-12 



ITT324 - QUAD 2-INPUT (2 EXPANDABLE) NAND GATE 
ITT326 - DUAL 2. DUAL 3-INPU T NAND GATE 

The ITT 324, 326. 333, and 335 emp loy 9 .1 K 
passive pul l-up res istors on the chip . Passive pul l
up has as its main advantage the w ire-or capa 
bility, so these gates find wide appl ication in in
ternal logic systems . 

SCHEMATIC 

32A 
r- -------- .--u Vee 

2.8K 

3K 

- ----<..>GNO 

SCHEMATIC 

326 

,---- - -----. ,--0 Vee 

2.8K 

JK 

- --+--OGNO 

PINS FUNCTION LOADING 

l UL 

5UlatVOLl 

7 UL at Vo l l 

A·C 
0 

Inputs 
Outputs 

326 handles 7 unit loads wi th external pultup resistor. 

2- 13 

PIN CONFIGURATION 

ITT 324 

16 Vee 

GNO 8 9 D3 

o = Ali 

PINS FUNCTION LOADING 

A,8 lnpulS I UL 
X b panc9ers 
0 OutPulS 5 Vl. ~ I Vou 

7 U LV O L1 

324 hand les 7 unit loads w ith externa l pull up 
resistor. 

PIN CONFIGURATION 

ITT 326 

16 Vee 

r--- -; 15 e2 

GND 8 

I 



ITT333 - QUAD INVERTER, DUAL 2-INPUT NANO GATE 

ITT335 - STROBED HEX INVERTER 

8 0--14--, 
I 
I 

A 

SCHEMATIC 

333 

,--- ---- --...- - -ovce 

2 .8K 

'------OGN D 

PINS FUNCTION lOAOINO 

A.8 
0 

Inputs 

Out puts 

1 UL 

5 UL a t VOLi 

7 Ullt VOLi 

Oev 1co hana1es 7 un it loads., COHOCt 0 1tlOln1I f0$1S,IOI ,s us.td 

SCHEMATIC 

335 .--- --------+- DVee 

2 .8K 

AO- ---WI-~ 

s.e 

3K 

.__ __ .,_..,--,G NO 

PINS FUNCTION LOAOING 

A 0 1 111 npu1:s. 1 UL• 

8 Strobe inpu1 2 UL 
C Strobe ,npu1 4 UL 
0 Ou1pu1s SULe t VoL1 

7 UL 11Vou 

0tv 1et htnd!♦s 7 urut loads if conect 011111,:1al 1os1s10, ,s used 

PIN CONFIGURATION 

ITT 333 

GNO 8 

PIN CONFIGURATION 

ITT 335 

2-14 
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The ITT 33 1 co nsists of two arrays of H LL input 
diodes which are use d on the expander inpu t s of 
H LL devices . Two 8 .2 .K nomina l resistors are also 
avai lable on the chip . allow ing the 331 to be used 
as a second level dual 5- input AND gate . 

LOGIC DIAGRAM 

ITT331 - DUAL 5- IN PUT EXPANDER 

PIN CONFIG URATI ON 

I 

GND 8 

0 - ASCOE 

PINS FUNCT ION LOA DING 

A· E Inputs 1 UL 
0 Outputs 

2- 15 



ITT 342- DUAL MONOSTABLE MULTIVIBRATOR 

Two complete ly independent one-shots are pro
v ided on the 342 chip. Each one shot has an ex
pand able trigge r and provides compl imentary out
put pulses of any length. as determ ined by an ex
terna l timing capacitor . Ou tputs are active-high . 

The 342 is triggered on the positi ve going edge 
of th e input pulse . Maximum operating frequency 
is lim ited by the pu lse w idth and recovery time 
of th e particular circuit applicatio n. An external 
t im ing capacitor is required in conjunction with 
an int ernal or external timing resistor . 

Pulse w idth is determined by the formula PW~ 
0.7 RC. with PW in Nanoseconds. R in ohms. and 
C in Picofa rads. The timing capacit o r C has no re
strict ion on value. but the timing resistor should 
be held between 2 and 62 KO. An internal 20 
Km ± 25% resistor is provided fo r normal appli
cat ions. 

Recov ery t ime is given by TR = 3C with TR in 
Nan oseconds and C in Picofarads. This is the time 
requi red to recharge the timing capacitor to the 
prop er voltage. 

PIN CONFIG URATION 

PINS FUNCTION LOADING 

A Trigger inputs 1 UL 

C-E Timing network N.A. 

X Expanders 

a.a Outputs SULatVou 
' Each diode lied 10 X1 ot x2 ,s 1 ur,l 1101d. 

SCHEMATIC (EACH MULTIVIBRATOR) 
20K 

8.2K 

a 

'----- - ---+----<~ - - ---t--+---- - ----Q GND 

AO--- ----- ---
XO-- --- - - ---__, 

2-16 
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ITT344- DUAL 2 WIDE 2-INP UT AND -OR-INVERT GATE 

The ITT 344 is an extremely versatile gate . The 
output expander allows the device to be wired-or 
with other passive pullup or open-collector 
devices. and stil l retain the desir able character
istics of an active -pu llup output. 

SCHEMAT IC 

~...,...r-4..------ --- -.-~-ovcc 
8.2K 

s,o n 

a,0- __ ,. 

X11"\-----+----l--!lah 

c,n-_..1--_ 8.2K 

_,....,.... _______ -ovcc 
8.2K 

X30--~ 8.2K 

Vee and ground are shown separated in the 

schematic for clarity. 1ne device has common 

Vee and ground pins. 

2-17 

PIN CONFIGURATION 

ITT344 

,a Vee 

L---~ 11 B2 

GNO 8 L--- - --1 9 X3 

0 = AB AN D CD 

PINS FUNCTIONS LOAD ING 

A •D Inputs 1 UL 
AO Act ive output 5ULa,v Ou 
ox Output expande r 

SULatVou 

oco Open collector N.A. 5 ULatVou 

7 UL at VOL2 

I 



ITT361- DUAL HIGH TO LOW INTERFACE 

n. 
vee, 

PIN CONFIGURATION 

ITT361 

16 vcc 

The ITT 361. 362 and 363 are designed to 
directl y interface H LL with other. low threshold 
logic families - TTL. DTL. RTL and DCTL. The 361 
and 362 have both inverting and non-i nverting in
terfac e capability. while the 363 functions as a 
NAN O interface. Only one input per gate of the 
361 or 362 should be used at any one t ime. with 
other inputs tied to remove them from the circuit 
to avo id possib le ambiguous outputs. 

01 2 1--- -~ 
n. 

15 vee 2 

SCHEMATIC 

vcct-1Ll,, 

e.2•0 8,2KO 

36 1 INTERFACE SPECIFICAT IONS 

Out puts connected for TTL. over applicable 
temperature range 

Vee TIL 

1.4K O 

VccRTL 

6200 

GNO 

Vol= 0.4V at loL = 6.4 mA. Vee = 5.5V 

VoH = 2.4VatloH = -160v a.Vcc =4.5V 

Outp uts connected for RTL - Vee = 3.0V 

GNO 8 

PINS 

NI 

0 

FUNCTION 

Inverting input 
Noninverting input 

Output 

• See specifications 

LOADING 

1 UL 
1 UL 

Full Temp Range Limited Temp Range 

+25 +85 Temp 0 c -55 +25 +125 -30 

VOL@ 6 mA 0 .33V 0.3V 0.35V 0.33 V 0.3V 0.35V 

HOH 1.01V 0.85V 0 .675V 0.9 0.85 0 .76 

10H -2 .5 mA -2.5 mA -2 .3 mA -2 .3 mA -2 .2 mA - 2.0 mA 

2-18 



ITT362 - DUAL LOW TO HIGH INTERFACE 

SCHEMATI~ 

•cc<>-----1----.-- - ----- - -,---, 

362 INTERFACE SPEC I FI CATIONS 

Inputs connected for TTL. over applicab le temp range 

IR= 10Ua 

-IF= -1 .6 mA 

V1H = 2.0V 

Inputs connected for RTL 

-55 

IR{Ua) 495 

VR 1.01V 

VF 0 .71 

VR = 4 .0V 

VF= 0.4V 

V1L = 0.8V 

0 c Full Temp Range 

+25 +125 

440 470 

0 .85V 0 .675V 

0 .5 0 .32 

GNO 8 

PINS 

0 
Inputs 

PIN CONFIGURATION 

ITT 362 

FUNCT IONS 

Output 

See schematic 

LOADING 

5 UL' 
See specs 

'Fanout is 5 HLL unit loads at VoH = 8 .5V and 

Vee= 11 .0V. or at VoH = 11.5V and Vee = 

14.0V . 

0 c Limited Temp Range 

-30 ° +25 ° +85 ° 

460 440 470 

0 .95 0.85 0 70 

0 .6 0 .5 0 .38 

-IF - 1.0Ua -1 .0Va -10 .0Ua -1.0Ua - 1.0Va - 10 .oua 

2-19 
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ITT363 QUAD LOW TO HIGH INTERFACE 

SCHEMAT IC 

~---------0 vee 

0 

1KU 

'----<'> GNO 

INT ERFACE SPECIFICATIONS 

IR= 10Ua VR = 4.0V 

- IF= 2.4mA VF= 0.4V 

- IF= 3.0mA VF= 0.4V 

VIL= 0.8V V1H = 2.0V 

Vee= 13VOR 16V 

Vee= 13v 

Vee= 1sv 

PIN CONF IGURATION 

1e vee 

GNO 8 

features active outputs. 

PINS FUNCTIONS LOADING 

A,B TTL inputs 1 TTL load 

X Expanders 

0 Outputs 5 UL atVou 
20 UL at v 0 u 

• TTL expander input loading applies 

2-20 



Four D-type flip-flops utilizing a common clock 

line make up the 370 . Each fl ip-flop has com 
plimentary passive pull up outputs with a single 

D input . This circuit is ideal as a quad latch for 

temporary storage of 4-bit binary numbers . 

Data is transferred from D inputs to outputs when 
the clock line is low. With the clock line high. out 
put data is held and D inputs are ignored . 

TRUTH TABLE 

C D an+1 

1 1 an 
1 0 an 
0 1 1 
0 0 0 

SCHEMATIC 

o, vee a, 02 02 03 

2-21 

ITT370 - QUAD D FLIP-FLOP 

PIN CONFIGURATION 

16 Vee 

D 

a a.. 

I 04 
D 

a 

D3 
D 

03 

D 
03 

PINS FUNCTION LOADING 

D Data inputs 2 UL 
C Cleek input 1 UL 
a .a Outputs 5ULatVoL1 

03 a, a. 



ITT 371 - DECADE COUNTER 

The ITT 371 HLL MSI counter generates BCD 
on its outputs. It has direct set inputs for each 
of its four intern al flip -flops and a common reset. 
Two clock inputs are provided. facilitat ing the in
put ENABLE funct ion. A ninth count output is 
provided as a carry output for cascading 371 's so 
a decimal number of any size may be generated. 
The passive outputs are ideal inputs to the 380 
Series BCD decoders . 

TYPICAL INPUT TYPICAL OUTPUT 

vee vee 

AIN 

-=-

LOGIC DIAGRAM 

s, 

CP1 o1 

s2 

02 

eP2 R 

S4 

04 

sa 

Os 

iv------°eo 
D 

2- 22 

PIN CONFIG URATIOt\l 

ITT 371 

15 vcc 

~------l 15 eP2 

14 

o, 

Os 
co 

08 7 I-+--+-+---+--~ s, 

GNO 8 '-- --.&- --' 9 co 

PINS FUNCTION LOADING 

CP Cloc:kmpu1s 2 UL 
A Direct rese1 inoul 1 UL 
s Ouec:1 set input 1/2 UL 

co Cat1you1pu1 2 UL 

a 0 1,11puts 5 UL al VOL1 

INPUT RIN 
CP1 CP2 5 K!l TYP. 

RESET 5 K!l TYP. 

ALL SETS 20 Kn TYP. 

OUTPUT R T 
o, 02 9 .1 K!l TYP. 

03 +04 
co 9 .1 K!l TYP. 



ITT 372 - DIVIDE BY 16 (HEXA DECIMAL) COUNTER 

The ITT 372 is identica l to th e ITT 371 except 
its outputs are coded in the stand ard 4- bit binary 
( 1-2 -4 -8) code . 
Operation of the 372 is identical to that of the 
371 . Interna l construction produces divide-by
sixteen oi,,eration . 

The 371 is level sens itive . count ing as the clock 
goes low . Holding eithe r clock low will inhibit the 
coun t sequence . Direct set or reset is accom 
plished by sw itching the desired input high . All 
unused direct set and reset inputs mus t be groun
ded. 

TYPI CAL INPUT TYPICAL OUTPUT 

Vee 

LOG IC DIAGRAM 

c• ,0- ------l 

~--+----< CJS2 

..._----t----f-, , -:l--".+ - O02 
CP2 0--+-1-- - --l 

A+h- -.... 
B '--_.- --.._ 

;:tt:::::=:::: 

R 

~- +--OSe 

1---:.+ - o oe 

~~co 

Oe 7 

GNO 8 

2-2 3 

PIN CONF IGU RATION 

16 vcc 

15 CP2 

14 

01 
02 

s2 
04 

se 
co 

9 co 

PINS FUNCTION LOADING 

CP Clock fnpu11 2 UL 
Direct resel tnpul l UL 

s 0 11ec t NII 1npul 112 UL 

co C3rry ovtpu1 2 UL 
Q Ou tpu t.s 5 Ul at V0l1 

INPUT R1N 

CP1 CP2 5 KU TYP. 
RESET 5 K!l TYP. 

A LL SETS 20 Kn TYP. 

OUTPUT ROUT 

01 02 9 .1 Kn TYP. 

03 +04 
co 9.1 Kn TYP. 

I 



ITT380, ITT381- BCD TO DECIMAL DECODER 

The 380 and 381 decode standard BCD ( 1-2-4-8) 

inputs to produce a low sta te on one of the ten 

open collector outputs. Int ernal design insures 
that no ambiguous outputs are produced, turning 

off all outputs when addressed by input codes for 

10-15 . The 380 is intended to drive small lamps 

directly or can be used with various interface 
buffering schemes. The 38 1 is identica l to the 
380 with the exception of i ts output ratings and 

is intended for use as an internal circuit element . 

TRUTH TABLE 

INPUTS OUTPUTS 

0 0 0 0 
1 0 0 0 

0 1 0 0 

1 1 0 0 

0 0 1 0 

1 0 1 0 

0 1 1 0 

1 0 

0 0 0 I 

1 0 0 1 

0 1 0 

1 0 

0 0 1 

I O 1 

0 1 

0 
1 

1 

1 

1 

1 

1 

0 1 

1 0 1 1 

1 0 1 

1 0 

1 1 

1 

1 

1 1 

1 1 

1 1 

0 I 

1 0 I 

1 0 1 

1 0 1 

1 1 1 0 

1 

I 1 

TYPICAL INPUT 

,,. 
'----+- -<)GNO 

TYPICAL OUTPUT 

-- - ~ o 

tlGNO 

OUTPUTS 

., 

., 
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PIN CONF IG URATION 

,.,,.out rro., v11w, 

Tabllt on P•a- 54 

PINS 

A 

0-9 

FUNCTION 

BCD lflpUIS 

Ou1pu1S 

LOADING 

1 UL 

·un it k>i11ding do es not apply 

LOGIC DIAGRAM 




