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INTEGRATED CIRCUITS DICE AND WAFERS

All ITT integrated circuits are available both in wafer and in chip
form. Since the completed individual encapsulated product is
capable of being more extensively and thoroughly tested than the
wafer, these specifications are limited to the capability of the chip

and the attendant testing equipment.

USE

DTL and Linear circuits are normally supplied with plain backing.
Gold backing can be furnished upon special request. All other
circuits are supplied with gold backing. Recommended die attach
temperature is 420°'C for either type of backing. A 98% gold, 2%
silicon preform is recommended for die attach with all plain-backed
chips. One mil aluminum wire, ultrasonically bonded to the pads,
is recommended for connecting the chip to the circuit.

PACKAGING FOR SHIPMENT

Wafers will be shipped in the plastic package shown. Chips will
be packaged in carriers as indicated.

IDENTIFICATION

All integrated circuit dice will be identilied by the appropriate three
or four-digit code, together with the individual suffix number indi-
caling the temperature range.

For example, a 930 limited-temperafure range chip would be a
“g930-5." A 930 full-temperature range chip would be a "930-1."

I. C. WAFER PACKAGE

CHIP PACKAGE

MIL AND HI-REL SEMICONDUCTORS My :;ﬁfﬁi:i:fns'mm are umlianie

Virtually all ITT Semiconductors are available with
hi-rel processing. IC's, for example, can be processed
for any portions of, or all of, MIL-STD-883 and

Whenever you need hi-rel semiconductors, check
ITT. Your local representative 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 digital integrated
circuit devices from simple NAND gates to large
complex functions. They form a TTL family (Tran-
sistor-Transistor Logic) guaranteed to operate over
the following ambient temperature ranges:

Military range, 54 series —56°C to 125°C
Industrial range, 74 series 0°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 TTL and 930 series DTL.
Clamping diodes are provided at the inputs to en-
hance 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 collector connection.

FEATURES

High speed—typical propagation delay (gate) of 9 ns,

Guaranteed noise margin—greater than 400 mV.

Low power dissipation—10 mW per gate at 509,
duty cycle.

Worst case fan-out of 10.

Low output impedance.

Logic levels guaranteed over range of supply voltage
and operating temperature

Wide range of functions—many SSI and MSI func-
tions.

Compatible with other DTL, TTL logic series.

INDEX FOR STANDARD 7400 SERIES

For the military range, replace 74 in the type number
by 54.

TYPE DESCRIPTION

ITT7400 Quad 2 i/p NAND

ITT7401 Quad 2 i/p NAND (open-collector
5.5 V rating)

ITT7401A  Quad 2 i/p NAND (open-collector
15 V rating)

ITT7402 Quad 2 i/p NOR

ITT7403 Quad 2 i/p NAND (open-collector
55 V rating)

ITT7403A Quad 2 i/p NAND (open collector
15 V rating)

ITT7404 Hex inverter

ITT7405 Hex inverter {open-collector
5-5 V rating)

ITT7405A  Hex inverter (open-collector
15 V rating)

ITT7406 Hex inverter buffer/driver

{open-collector 30 V rating)

TYPE
ITT7407

ITT7410
ITT7412

ITT7412A

ITT7413
ITT7416

ITT7417

ITT7420
ITT7426

ITT7428
ITT7430
ITT7437
ITT7438

ITT7440
ITT7441A
ITT7442
ITT7443
ITT7444
ITT7445

ITT7450
ITT7451
ITT7453
ITT7454
ITT7460
ITT7470
ITT7472
ITT7473
ITT7474
ITT7475
ITT7476

ITT7480
ITT7481
ITT7482
ITT7483
ITT7484
ITT7486
ITT7490
ITT7491A
ITT7492
ITT7493
ITT7494
ITT7495
ITT7496
ITT74104

DESCRIPTION

Hex buffer/driver (open-collector
30 V rating)

Triple 3 i/p NAND

Triple 3 i/p NAND [open-collector
5 V rating)

Triple 3 i/p NAND |open-collector
15 V rating)

Dual 4 i/p Schmitt Trigger

Hex inverter buffer/driver
{open-collector 15 V rating)

Hex buffer/driver (open-collector
15 V rating)

Dual 4 i/p NAND

Quad 2 i/p high voltage interface
NAND (open collector

Quad 2 i/p NOR buffer

8i/p NAND

Quad 2 i/p NAND buffer

Quad 2 i/p NAND kuffer

(open collector 5.5 V rating)

Dual 4 i/p NAND Buffer

B.C.D. to decimal dacoder/driver
B.C.D. to decimal dzcoder

Excess 3 to decimal decoder
Excess 3 gray to decimal decoder
B.C.D. to decimal decoder

{open collector 30 V rating)
Expandable dual 2 wide, 2 i/p A.O.1.
Dual 2 wide, 2 i/p A.O.I.
Expandable 4 wide, 2 i/p A.O.l.
4 wide, 2 i/p A.O.1.

Dual 4 i/p expander

D.C. clocked J-K flip-flop

J-K master-slave flip-flop

Dual J-K master-siave flip-flop
Dual D-type edge-triggered flip-flop
Quad bistable latch

Dual J-K master-slave flip-flop with
preset and clear

Gated full adder

16-bit full memory

2-bit full adder

4-bit full adder

16-bit memory

Quad 2 i/p exclusive—OR

Decade counter

8-bit shift register

Divide by 12 counter

4-bit binary counter

B5-bit shift register

4-bit shift register (reversible}
4-bit shift register

Gated J-K master-slave flip-flop
(see ITT9000)



GENERAL INFORMATION ITT 54/74 SERIES TTL FAMILY

TYPE DESCRIPTION Flip-flops
ITT74105 {Gate_d J-K ma}ster-slave flip-flop FUNCTION TYPE
see | TT9001
ITT74107 Dual J-K master-slave flip-flop kK e
ITT74118  Hex set/reset latch ITT7473
ITT74121 Monostable ITT7476
ITT74145 B.C.D. to decimal decoder ITT74104
(open-collector 15 V rating) ITT74105
ITT74150  16-bit data selector/multiplexer ITT74107
ITT74151  8-bit data selector/multiplexer B%yne I TT7474
ITT74154  4-line-to-16-line decoder/demultiplexer
Latch ITT7475
(see ITT9311) 1TT74118
ITT74155 Dual 2 to 4 line decoder/demultiplexer
ITT74156 Dual 2 to 4 line decoder/demultiplexer Counters
(o/c 5-5V rating) Decade ITT7490
ITT74161  Synchronous binary up counter Divide by 12 ITT7492
(see |TT9315] ITT74192
ITT74180 8-bit parity generator.’checker Divide by 16 ITT7493
ITT74192  Synchronous BCD-Up/Down counter ITT74161
ITT74193 Synchronous Binary 4-bit ITT74193
up/down counter
Shift registers
4 Bit ITT7494
ITT7495
FUNCTIONAL INDEX 5 Bit ITT7496
8 Bit ITT7491A
Gates :
FUNCTION TYPE Memories
NAND ITT7400 16 Bit RAM ITT7481
ITT7401* ITT7484
ITT7401A* Decoders/demultiplexers
ITT7403*
ITT7403A* B.C.D. to decimal ITT7441A%
ITT7410 ITT7442
ITT7412 ITT7445*
ITT7412A ITT74145*
ITT7420 Excess 3 to decimal ITT7443
ITT7426* Excess 3 gray to decimal ITT7444
ITT7430 4 Line to 16 line ITT74154
ITT7437 2 Line to 4 line ITT74155
ITT7438 ITT74156*
ITT7440 3
NOR ! (TT7405 Data selector/multiplexer
ITT7428 16 Bit ITT74150
Inverter ITT7404 8 Bit ITT74151
ITT7405*
ITT7405A+ | -Adders.
ITT7406 2 Bit ITT7482
ITT7416 4 Bit ITT7483
Non-Inverter ITT7407 1 Bit ITT7480
ITT7417
Schmitt Trigger ITT7413 Monostable ITT74121
And-Or-lnvert (A.0.1.) ITT7450
ITT7451 Parity gen/check
:Egjgi 8 Bit ITT74180
Expander ITT7460*
Exclusive OR ITT7486

*Devices with open collector outputs.

1=2



GENERAL INFORMATION ITT 54/74 SERIES TTL FAMILY

INTRODUCTION TO TTL

The TTL circuit configurations are designed so that
the uniform logic and noise margin levels apply to all
the standard devices in the families. Thus many para-
meters and their limits are common. In addition the
operating conditions are identified for each family.
Once these standard operating conditions are under-
stood it becomes possible for the designer to use the
family by simply referring to the logic and connec-
tion diagrams on each data sheet. All common infor-
mation is included in the remainder of this section.

For ease of reading, the data only refers to the
ITT7400 series family but it is equally applicable to
the ITT5400 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. This
is defined as follows.

Logical ‘0’ = Low voltage; typically 0.2 V but (0.8 V
Logical ‘1" = High voltage; typically 3.3 V but ) 2.0 V
Current flowing into a device terminal is defined as
positive.

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

D.C. tests are carried out under the specified condi-
tions. All inputs and outputs are tested for all possible
logic states. Worst state load currents and voltages
are applied and the test limits are applicable over the
full temperature range. '

Min. Max. Unit
Supply voltage, Ve
74 series 475 5.25 A
54 series 4.5 5.5 Vv
Operating temperature:
74 series 0 75 %
54 series -55 125 °%C

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

ABSOLUTE MAXIMUM RATINGS
(above which the useful life of the device may be

impaired)

Continuous supply voltage Ve (Note 1) . . . . 7V
Inplutvoltages: wmm ¢ ¢ sns = Biss 8 8 B8 5.5V
Voltage between inputs . . . . . ... ... 5b YV
Continuous input current . . . . . . . . . =10 mA
Standard output voltage . . . . . . . —-05t055V

Storage temperature

Note |
This rating is reduced to 5.5 V if unused inputs are
connected directly to V.

STANDARD CHARACTERISTICS (limits apply over the full range of operating temperature and for
standard totem pole output except where otherwise stated).

PARAMETER LIMIT (Note 8) CONDITIONS
Min. Typ. Max. Unit | Ve
i 2.0 v Min.  VoL{0.4V or Vo ) 2.4V (Note 1)
ViL 08 Vv Min. VgL {0.4V or Voy ) 2.4V (Note 2)
VoL (standard output) 022 04 V Min.  1QL=16 mA, V|q=2V or V| =0.8V (Note 3)
VoL (buffer output) Vg | 24 3.3 vV Min.  VL=0.8V or Vo=2.0V (Note 4)
Icex open collector only 260 MA | Min. V=08V, V=2V, VgyT=max.
o/p voltage rating
—IF 1.0 16 mA |Max. Vg=04V (Noteb)
IR 40  pA | Max. VR=2.4V,input loading-1 unit load (Note6)
IR 1.0 mA |Max. VR=b.5V irrespective of input loading
—Isc
54 series 20 55 mA [Max. VouTt=0V (Note 7)
74 series 18 55 mA  |Max. V|4=2.0V or V|_=0.8V; apply according
to logic function

Where characteristics for devices differ from the above table these are shown in the data sheets.



GENERAL INFORMATION ITT 54/74 SERIES TTL FAMILY

Note 1

Condition at outputs dependent on the truth table
of the device. For example, for gates and buffers,
Vor{0.4 V applies, and for flip-flops, shift registers,
counters, decoders, etc. either Vo ( 0.4 V or Vop
) 2.4 V applies at each output. Output conditions do
not apply for 7486, 7460, 7445, 74145, and 7441A.
This parameter does not apply for 7413 and 74121,
because of the Schmitt 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 apply for
devices with open collector output. This parameter
does not apply for 7413, 74121,

Note 3

Conditions V| and V|| depend on device truth
table. Limits for 7441A, 7445 and 74145 are shown
on the appropriate data sheets.

Note 4

This parameter for totem pole output devices only.
VL and V| apply according to the truth table.
loH=—400 pA for devices with Fan-out=10; IgH=
—800 WA for devices with Fan-out=20; Igy = —1.2
mA for devices with Fan-out=30, elc.

Note 5

Limits apply for an input loading of 1 unit load; for
other input loadings multiply limits by number of
unit loads. For flip-flops, see appropriate data for
test conditions,

Note 6
All other inputs at 0 V for 7472, 7473, 7476, 74107.
For 7470 all other inputs at 0 V except J and K
which are at 45 V. For 7474 consult data sheet.
Limits to be multiplied by the input loading of the
device.

Note 7

Maximum limit = 57 mA for devices with internal
feedback connections, (e.g. flip-flops and some com-
plex devices). For 7400 series simple NAND gates
not more than two outputs may be shorted at any
time. For all other devices and for all 5400 series
not more than one output to be shorted at any time.
Open collector devices: no parameter for -lgc.

Note 8
Typical limits are at ambient temperature, TA=25°C
and Vgc=b V.

A.C. TESTS

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 oscilloscope with high impedance probes
and having a bandwidth of at least 100 MHz is suit-
able for these measurements.

TYPICAL SWITCHING TEST LOAD CIRCUITS

For totem pole outputs:

- Voo

DEVICEO P

— Cy

QUTPUT

For open collector outputs:

QUTPUT

ORDERING CODE FOR TTL CIRCUITS

Operating Temperature Range
5400 series —55 to +125°C
7400 series 0 to +75°C

Package (add)
B for Flat Pack
J for Ceramic Dual In-Line
N for Plastic Dual In-Line

Example:
ITT7400J
is 0°C to + 75°C|Range in
Ceramic Dual In-Line Package

1-4



GENERAL INFORMATION ITT 54/74 SERIES TTL FAMILY

Notes

1. Diodes are type TN4148.

2. The values of C|_ and R are quoted in the data
sheets. Value of C|_ includes probe and jig capi-
tance.

3. The characteristics of the pulse generator used at
the input of the device are stated in the data
sheets. Typical characteristics are: Vou1=3.5V;
Rise time, tr, =Fall time, tf=less than 15 ns;
Zo = 50 £2; Pulse Repetition Frequency, P.R.F. =
1 MHz; Pulse width for gate, tp = 500 ns.

Waveforms

1. HIGH LOGIC STATE ‘1" (ON STATE)
The NAND gate has two stable operating states. These are illustrated in Figs. 1A and 1B.

’ g e fo < S5V
Fig. 1A. Typical ‘'ON’ conditions Rg Re < |
with all inputs Logic ‘1. 1K 1'“‘? &
MULTIPLE- %
EMITTER _ t
TRANSISTOR HOEY

(MET)

[ lgtlc+4lg
il o IR o7V
B [ ¥T2 i
INPUTS ”'Wbc Ik : =H
+33Vh B : 10 GATES
saavol | "
4 &1 * = IL =16 mAmax
=
<5V
Fig. 1B. Typical ‘'OFF"' conditions
with one input Logic ‘0",
431V
A
Q LOAD OF

10 GATES
33
lg43 1g

+02voRsg
+33v0
+33 yo—I>

e
+331v0

VT2

|||-



GENERAL INFORMATION ITT 54/74 SERIES TTL FAMILY

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 dioce
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 diode.

Fig. 2.

Simplified analogy of TTL gate.

+5V

When all the inputs are positive a logic ‘1" current
flows from the positive supply through Rq into the
base of VT1 which heavily conducts and turns VT2
‘ON’ into the saturated state. Since both VT1 and
VT2 are saturated, there is insufficient voltage across
the base emitter terminals of VT3 to render it con-
ducting. The output voltage is about +0.2 V, li.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 adverse 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.
gate (the leakage current of the reverse biassed input
diode) since the MET is biassed in the inverted mode
and the functions of emitter and collector are re-
versed. However, the MET is designed to have a very
low inverse gain and IR is kept to a minimum. IR
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. 1B is achieved if the
voltage of any number of inputs is reduced below a
threshold level of about + 1.5 volts. Fig. 1B shows
the conditions when input A is at +0.2 volts (a
typical output voltage of a previous gate). No base
current flows into VT1 since the collector of the
MET is at too low a potential, with respect to its
base.

Therefore, no current will flow through VT1 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 {10) under worst case conditions because of the
low output impedance of VT3.

3. CHANGEOVER BETWEEN STATES

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
and pulls the output terminal rapidly positive, charg-
ing any load capacitance. The diode D1 helps to
prevent VT2 and VT1 from conducting simultane-
ously and RL limits the current through VT3 to a
safe value during the switch over if the output
terminal is accidentally shorted.

Fig. 3. Propagation delay waveforms.

e M

INPUT 4
VOLTAGE! ~— sfe= el e
|

Tpdt

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 from this gate.

1-6



GENERAL INFORMATION ITT 54/74 SERIES TTL FAMILY

8 P iy H759C NOISE IMMUNITY
QUTPUT F36V »_ = N The noise immunity of the TTL gate is typically
VOLTAGE? |™ =lestmifme W wr greater than 1 volt and is guaranteed 0.4 V minimum
under worst case conditions for temperature and
Tome=15°C loading tolerances. The noise immunity is derived
el from the difference between extreme limits of input
v 1 Tamp—=0°C voltage and the voltage required to ensure the
Lowest logic ‘1 1 I ; fA T
lovel of avallable.  YOH #5<C -\ = change of a logic state. This is illustrated by the
output (and input) }.N \ \ [ transfer characteristic shown in Fig. 4.
1 v, |
voltage H € 8\ \
- Fig. 4. Typical transfer characteristic
E E showing noise margins.
z 32 5
] %
I \\‘_\ SPECIFIED  AS
o ~ “FORBIDDEN REGION
Z .
Highest logic 0" |
output =
(and available input) = VoL@ ~ ~ — - - | — - l INPUT
voltage 3 VOLTAGE
Yol | e )
— ® =
For input voltages t For input voltages
above this level the M below this level the
device will remain Viu Vy; device will remain
in the 'ON’ state in the ‘OFF' state Mate: MM =Maoise margin
Yec
NOR buffer AL
GATES DIFFERING FROM THE STANDARD (e.g. 7428) =
CIRCUIT ik

Typical variations from the standard NAND gate
circuit configuration are shown in the following
circuit diagrams. A O—9 A

v 3 00 4K
Open collector NAND buffer 33 % % NLJ S

(e.g. 7401) (e.g. 7440)
—a'E S Vee
::::' b i :j e OUTPUT ¥
2af
Lo ] i | oo

j— --}i Y pyT &
pase i e T
' fe

~ GNE 1t VOLTAGE OVERTER MBS L8 THGE MW= INLTRTE R
Z = AB.C.D. feg 400 fag T40OT}

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

NOR gate the Ve power line via a resistor of value 1 K

(e.g. 7402) ohm or greater. This is particularly important for
the 'preset’ and ‘clear’ asynchronous inputs.

2. Gates from the same package may be paralleled
where necessary for better driving capability.
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3. Interconnection lengths of 12 inches or less
(capacitance of about 50 pF) are unlikely to
give ringing problems; lengths up to 24 inches are
possible with good ground arrangements. Greater
length will probably require line driving pre-
cautions (see separate Application Note).

4. 'Wired-OR' can be performed at the output term-
inals of open-collector networks however a speed
penalty is incurred by the introduction of a
resistive pull-up.

5. Incalculating system speeds, due allowance should
be made for the maximum set-up and minimum
clock pulse width times on flip-flops, as well as
the propagation delays of the elements used.

6. If relays are driven from TTL circuitry, care must
be taken to ensure that the load connection wires
to the relay contacts do not introduce noise into
the logic system. This can be done by allowing
these wires only to enter the logic system en-
closure at a point close to the relay contacts, or
in extreme cases by also shielding the relay.

7. Similarly external inputs should be brought on to
the printed circuit connections at right angles to
the other wiring, the printed circuit itself being
laid out to ensure least coupling between inputs
and other connections.

8. If systemn speed is high, allowance should be
made when calculating power supply require-
ments for the increased network supply currents
due to current spiking and line driving. An allow-
ance at 10 MHz of 15% for spiking and up to 0.5
mA per each gate node for the line driving will be
adequate for this.

9. Decouple every 10 gates or their equivalent in
MSI functions with 0.01 uF to 0.1 uF capacitors
of R.F. rating.

In conclusion, a careful perusal of the data sheet to-
gether with the points mentioned above, will help in
achieving a trouble free logic design at the firs:
attempt.

DRIVING DTL LOGIC FROM TTL DEVICES

When driving ITT930 series DTL from 74/5400
series TTL the full fan-out of the TTL is available.

DRIVING TTL LOGIC FROM DTL DEVICES

Driving ITT7400 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 achieved with
standard DTL gates by using an additional pull-up
resistor,

SYMBOLS AND THEIR DEFINITIONS

El: Load capacitor in switching test circuit
{includes probe and jig capacitance).

Fan-out Number of unit loads an output can
drive.

fmax Maximum clock frequency.

lccH Supply current for highest dissipation
logic state.

leccL Supply current for lowest dissipation
logic state.

IF Input forward current.

IR Input reverse current.

Isc Output short circuit current.

lcEX Output leakage current,

loL Low state output current.

loH High state output current.

lce Supply current.

liN+ Input current at V4

liN- Input current at V1.

Pdyn Dynamic power dissipation.

R Load resistor in switching test circuit.

Ta, Ambient temperature.

th Input hold time.

tht Logical ‘1" hold time.

th. Logical ‘0’ hold time.

tep Clock pulse width.

tp Preset or clear pulse width.

tpo Output pulse width.

tod+ Propagation delay to logical ‘1" on
output.

tpd- Propagation delay to logical ‘0’ on
output,

ty State of output (or input) before the
active edge of the clock pulse.

th+1 State of output (or input) after the
active edge of the clock pulse.

tmin Minimum width trigger pulse.

tsp+ Logical 1" input set up time.

tsp- Logical ‘0" input set up time,

Vee Supply voltage.

VH Hysteresis voltage.

ViH Input high voltage to ensure Vg (or
VoH)*.

ViL Input low voltage to ensure Vgplor
Vorl*.

VoL Qutput low voltage.

VOoH Output high voltage.

VOH (M) Output breakdown voltage of open
collector device.

VIN Voltage at an input.

VouT Voltage at an output.

VT4 Positive edge threshold voltage.

VT Negative edge threshold voltage.

WIRED-OR The commoning of open collector out-
puts with a pull-up resistor to perform
the AND function.

*Qutput level dependent on device logic as found
from truth table.

1-8



ITT7400 through 1TT7440

ITT7400 Quad 2 input NAND gate

ITT7401 Quad 2 input NAND gate

ITT7401A with open collector output

ITT7402 Quad 2 input NOR gate

ITT7403 } Quad 2 input NAND gate

ITT7403A with open collector output

ITT7404 Hex inverter

ITT7405 Hex i

ITT7405A } ex inverter (open collector)

ITT7406 Hex inverter/buffer/driver (open col-
lector)

ITT7407 Hex buffer/driver (open collector)

ITT7410 Triple 3 input NAND gate

ITT7412 Triple 3 input NAND gate (open col-
lector)

ITT7412A  Triple 3 input NAND gate (open col-
lector)

ITT7416 Hex inverter/buffer/driver (open col-
lector)

ITT7417 Hex inverter/driver (open collector).

ITT7420 Dual 4 input NAND gate

ITT7426 Quad 2 input high voltage interface
NAND gate (open collector)

ITT7428 Quad 2 input NOR buffer

ITT7430 Single 8 input NAND gate

ITT7437 Quad 2 input NAND buffer

ITT7438 Quad 2 input NAND buffer (open col-
lector)

ITT7440 Dual 4 input NAND buffer

DESCRIPTION

ITT7400, ITT7410, ITT7420, ITT7430, 1TT7440
are standard totem pole output gate devices.

ITT7401(A),ITT7403(A),ITT7405(A), ITT7412(A),
ITT7438 are open collector output devices featuring:

Wired or capability
Qutput rating 5.5V - Suffix “A" denotes 15V

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

Output rating 30V (54/7406, 54/7407),
15V (54/7416, 54/7417)

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

ITT7426 is an open collector device featuring:

Wired or capability
Qutput rating 15V
Low ICEX

Suitable as MOS interface
device

ITT7437, 7438, 7440 is a NAND buffer featuring a
FAN OQUT OF 30.

ITT7402 is a NOR gate with standard totem pole
output.

ITT7428 isa NOR buffer featuring: FAN OUT OF 30.

The circuits of all these devices are the same as those

shown in the general information section, except
some have a different number of inputs.

TYPICAL CHARACTERISTICS

Power
dissipation
Propa- per package
gation {50% duty
delay cycle)
Device type ns mW
Quad 2 input 7400 9 40
NAND
Triple 3 input 7410 9 30
NAND
Dual 4 input 7420 9 20
NAND
Single 8 input 7430 9 10
NAND
Open collector
2 input NAND 7401,01A 22 40
7403,03A 22 40
7412,12A 22 40
Quad 2 input 7426 22 40
interface NAND
Hex inverter 7404 9 60
o (it 7405(A) 24 60
Hpe”, C0 e 7406,16 15 105
ex inverter 2407 17 14 145
Dual 4 input 7440 9 53
NAND buffer
Quad 2 input 7437 10 107
NAND buffer
Quad 2 input 7438 12 93
NAND buffer
(Open Collector)
Quad 2 input 7402 9 55
NOR gate
Quad 2 input 7428 9 100
NOR buffer

=9



ITT7400 through ITT7440

Input loading factor 1 unit load

Fan out (for totem pole outputs):
Standard gates
Buffer gates

7406,07,16,17

7406, 07, 16,17

Qutput voltage rating for

1 to 10 unit loads
,,,,,,,,, 1 to 30 unit loads
40 mA Sink Current
30 mA Sink Current

open collectoroutputs . . . . . . .. . .. 55V
Except those with suffix A
and 7426.7416.7417 . . . . . . 15.0V
Except 7406 7807, . v = o iomsuncani w5 30.0v
7404, 7405, 7405A,
7402, 7428 7406, 7416
=i
w[E]
o]
(s
azls
o
nunE

ﬂvh cifs 3"&:
(7] 4 o7 [i]ne
@ED ofl— DL
'__'!'“ o | ]n
RES o []wc
v]ae o Vwne
(1] ano[7] Ol

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

Pin configuration

(top view)
7400, 7403, 7403A,
7426, 7437, 7438 7401, 7401A
liE St 14 Ve
w1[7] o
Z!E a Ll
o wlze
nz[3] ]
22[i] 03

wof;

i Mlee
.E | A2
we[s a2
eiff] n|ne
o] w]c2
afs +]oz

ana[7] ()22

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

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit Vee
lecL

ITT7400,01,01A, 03,
03A, 26 12 22 mA Max. VN on all inputs=5.0V
7407,17 21 30 mA
7410, 12, 12A 9 16.5 mA
7406, 16 24 38 mA
7420 6 11 mA
7430 3 o} mA

s 7404, 05, 05A 18 33 mA
7440 17 27 mA
7402 14 27 mA
7428 35 56 mA
7437, 38 34 54 mA

1—-10



ITT7400 through ITT7440

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit Vee
lccH
7400,01,01A,03,
03A 4 8 mA Max. Vi on all inputs=0 V
7406, 16 30 42 mA
7407,17 29 4 mA
7410,12,12A 3 6 mA
20 2 4 mA
30 1 2 mA
26,40 4 8 mA
04, 05, 05A 6 12 mA
02 8 16 mA
28 12 24 mA
37 9 155 mA
38 5 85 mA
Exceptions to common characteristics:
PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit Vee
-Isc 7428 40 125 mA Max. *VouT=0V
-Isc 7440 18 70 mA Max. *VouT=vIN=0V
Isc 5440,54/7437 | 20 70 mA Max. *VouT=VIN=0V
VOH (M) 7426 15 Vv Min. ViL=08V, IgH=1mA
ICEX 7426 50 MA Min. V=08V, VouT=12V
VoL 7406/16 0.7V. Min. V=20V, lgL=40mA
VoL 5406/16 0.7V Min. Vi=2.0V, IgL=30mA
VoL 7407/17 0.7V Min, V|=0.8V. IgL=40mA
VoL 5407/17 0.7V Min. V=0.8V, IgL=30mA
VoL 54/7407/17 0.4V Min. V|=0.8V, IgL=16mA
10H 54/7406 250A Min. V=08V, VpH=30V
loH 54/7416 250A Min. V=08V, V=15V
loH 54/7407 250LUA Min, V|=2.0V, VgH=30V
loH 54/7417 250A Min. V=2.0V, Vou=15V

*Only one output to be short-circuited at any time.

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

whose output is connected to one input of the gate
under test (other inputs of gate under test taken to
ground).

Characteristics of pulse from generator at a device
input:
tr = 10 ns, tf = 4 ns, 1 = 500 ns, P.R.F. =1 MHz,
Zo = 50 £2, Amplitude = 3.5 V, except for 7428
where t; = t;{ 15 ns.

1-11



ITT7400 through 1TT7440

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit
tDCH‘
7400,10,20,30 10 22 ns See test circuits in introduction,
CL =15 pF, R|_=400 £2
7401,01A,03,03A,12,12A 35 45 ns RL=4 K §2,C_ =15 pF
7426 16 24 ns R =1K £, C =15pF
7404 10 22 ns R =400 {2, C| =15 pF
7405,05A 40 55 ns R =400 £, C| =15 pF
7406,16 10 15 ns RL=110 £, C =15 pF
7407 17 6 10 ns RL=110 £2,C =15 pF
7440 10 22 ns R =133 §2,C =15 pF
7402 10 22 ns R =400 £2, C =15 pF
7428 10 15 ns R_=133 £, C =15 pF
7437 13 22 ns R1 =133 £2,C| =45 pF
7438 14 22 ns R=133 £, C =45 pF
tpd- See test circuit:
7400,10,20,30 8 15 ns R =400 §2,C| =15 pF
28 1 17 ns RL=1 K §,C| =15 pF
7406,16 15 23 ns Ry =110 82, C| =15 pF
740717 20 30 ns RL=110£,C =15 pF
7401,01A,03,03A,12,12A 8 15 ns R|_=400 £, C| =15 pF
7404,05,05A 8 15 ns R|=400 £, C| =15 pF
7440 8 15 ns RL=133 £2,C =15 pF
7402 8 15 ns R|_=400 £2, C =15 pF
7428 8 15 ns RL=133 2, C| =15 pF
7437 8 15 ns R =133, C =45 pF
7438 11 18 ns R_=133 §2, C| =45 pF

TYPICAL CHARACTERISTICS OF STANDARD NAND GATES

T T

T Typical and 95% Limit Input Characteristics
[ (at 5 V and 0°C to 75°C)
S ||

|

Hn| —+— | _—=Z [
Tt / ‘
2  Max. -
-60-50 -40 -30 =20 -0 O 10 20 30 40 |(mA)

ViVolts)
o
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ITT7400 through ITT7440

Typical and 95% Limit Output Characteristics

(at 5 V and 0°C to 75°C)
&
N
3 I 1 \¥\\!‘ |r.||.|s.m
,;Z ‘?u, | x \_
£ et
= | AN

:

N u....\ 'I'"}q

o[ [ N

10 20 30 40 iMa)

=1
-60 -50 -40 -30 -20 10 O

APPLICATION NOTES

Wired-Or Function

The purpose of the 55 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, the number of commoned outputs,
power dissipation and speed. Limiting values of Ry
are given by the following inequalities.

Veelmax.) — Vg imax.)
Ry )
(10-N) Ig

Vee(min.) — Vonimin.)
Ry (
M.cgx + N.IR

Where M=Number of outputs commoned together in
the ‘Wired-OR’ function; N=Fan out required.

High Voltage Output

A typical use of the high voltage open collector
device:
Miniature relay drives — A protection diode is
required to prevent turn off transients damaging
the output transistor (as shown).

PROTECTION DIOCDE

=12V

OUTPUT 1.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 encountered in determining the value of base
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.

oQuUTPUT

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 2N2369A propagation delay
times from the gate inputs to output of 10ns can be
achieved.
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ITT7413

DUAL 4-INPUT POSITIVE NAND SCHMITT TRIGGER

Temperature compensated thresholds

Hysterisis 0.8 V

Fan out=10, low state

Fan out-20, high state

Operates from signal with slow rise and fall times
Pulse shaper

o ® ® o o @

TYPICAL CHARACTERISTICS

Pin configuration
(top view)

ITT7413
Circuit diagram of one gate
Resistance values in ohms

Propagationdelay ..... & o o o waw s 17 ns
Power dissipation (50% duty cycle) . . . . 85 mW
Input loading factor . . . . . ... .. . 1 unit load
| - La e L e 1 to 10 unit loads, low state
1 to 20 unit loads, high state ~ # 3 ¢
Positive threshold . . . . . . ... ... . . . 1.7V B it
Negative threshold . . . . . . . .. . . . .. ooV & o
L d
0o 4 |
a
D.C. CHARACTERISTICS
PARAMETER LIMIT CONDITIONS
Typ.at
Min. 25°C  Max. Units | Vee
VT4 positive edge threshold voltage | 1.5 1.7 % 5.0V VoL (0.4v
V1. negative edge threshold 09 1.1 \ 50V Vgy)24v
V| hysteresis 04 08 Y, 5.0v
—l|N+ input current at VT4 0.65 mA 5.0v VINEVT+
—l|N- input current at V. 0.85 mA 5.0v VIN=VT.
lccH 20 36 mA Max. VN on all inputs 5.0V
lccL 14 28 mA Max. VN on all inputs OV

Information 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.

SWITCHING CHARACTERISTICS V(c=5.0 V, Tanp=25°C

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit
tod+ 18 35 ns See test circuit
tpd- 15 30 ns See test circuit

1—14



ITT7413

Switching test circuit

PR

PULSE
GENERATOR

Cy includes probe and jig capacitance ;

‘Waveforms

Pulse Characteristics
tr=10ns

tp= 4 ns

fo =500 ns
P.R.F.=1 MHz
Zo=508
Amplitude - 3.5V

APPLICATION NOTES

Pulse Shaper

Any input signal with slowly changing voltages will
be unambiguously shaped by the ITT7413 due to its
schmitt input.

Multivibrator

The circuit shown will have operated as a self starting
multivibrator having frequency range of 1 Hz to 10
MHz. Typical values of C are 2,000 UF for 1 Hz and
200 pF for 10 MHz. Mark space ratio  1:3.

3300

VvV

F.O, == 1

1

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. Typical values of C for 1 Hz with
transistor current gain of 200 is 40 UF.

BC108c _l Vee
v
135K =
F.O.=1
5

330

Supply Switch on Reset Driver

It is often required that |.C. logic systems should be
reset to a known state on switch on of supply volt-
age. This function is automatically provided by the
circuit shown. The output pulsz is given approxi-
mately by the relation

4R x 103
04 —————=
R+4x10

This time constant should be designed to be longer
than the start up time of the Vo power supply.
The diode is provided to ensure fast discharge of C.

1N4148




ITT7441A

BCD TO DECIMAL DECODER/ DRIVER

@ For driving gas-filled cold cathode indicator tubes

TYPICAL CHARACTERISTICS

Power dissipation . . . . . ... .. ... 140 mW
Input loading factor . . . . . .. .. .. 1 unit load
Oltputidoad: Sl s Sl woE i e <7 mA

Output voltage

Pin configuration (top view)

Em
g -
3 -

Truth Table
DCBA O/P OVER RANGE
00O00O 0 T &1 0 2&8
0001 1 1 06t 3 3&9
0010 2 1100 4%8
0011 3 7 I PN 0 | 5&9
0 4000 4 (O S =) 6&9
Q1 01 5 Trefiete % 7&9
0110 6
0111 7
1000 8
10 01 9

Logic diagram

Jﬁ

DD
S

Db
%5
L"D%>4

?DD*

DESCRIPTION

The input circuitry of the ITT7441A consists of
eight inverters which are used to produce true and
complement logic levels of the input signals which
are suitable for internal use. The decoding from
BCD is achieved by four AND gates and ten NOR
gates. The output drivers are designed to drive gas-
filled indicator tubes. The circuitry of the output is
such that when it is in the off state it can always
withstand the unused cathode voltage and operate
with minimal current (thus keeping background glow
to a minimum). In addition due to special control of
the breakdown of the output transistors, there is no
tendency for the non conducting output transistors
to oscillate.

Circuit diagram of typical input and output circuits

Resistance values in ochms

b—OGND

Q INTERNAL A,B,Cor D

AB,CorD

OUTRUT

FROM DECODER

AND GATES or D GND

FROM Aor A
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ITT7441A

PARA- CONDI-
METER LIMIT TIONS
Typ.at

Min. 25°C Max. Units |Vcc
VoH(m) 70 85 4 Max. loHy=2 mA
ICEX 50 WA |Max. Vopy=55V
VoL 24 V Min. IgL=7 mA
Ice 21 42  mA [Max.

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

NUMERICAL INDICATOR TUBE DRIVING

The circuit illustrates typical connection of ITT-
7441 A to a numerical indicator tube.

Vee

[

u m
A 1 O
2 —0
B— 3 0 R
R 0 AAAAY
i ~ 5 —0
% 6 —O
7 -0
D — & 2T
9 -0

il

R and V are selected from tube manufacturers data.
The ground connection must be of low impedance.

The ITT7441A ensures that the prebias voltage does
not fall below 70 volts. A numerical indicator tube
must be chosen such that the prebias current does
not exceed 2 mA at a prebias voltage of 70 volts.

117

APPLICATION NOTE
Decoding

It is not generally realized that decoders designed as
BCD to decimal decoders can be used with non-
standard input and output connections. This allows
the user greater flexibility on board layout for BCD,
and ability to decode other codes.

The charts below show some possible input and out-
put connections for the following codes:

BCD, Excess three Gray, Gray, Biquinary and 2421.
Also shown is the truth table for each code. The box
represents the decoder with standard connections
marked. To the left of the box are shown the vari-
ations of input connections and to the right the vari-
ations of output connections.

BCD
Input Output D C B A Dec
a b a b ot
ol oo ooo0o0 0
1] T 1 B@d0h 1
AA |a 2 24 o010 2
%= 3] 36 ©0 Tt 3
B C B-géd 4 2 0100>4
S%s 68 07901 5
c B cé“ns 68 BATHE | B
g 77 o0aE 7
DD |D g| 88 10100 8
9/ 90 1001 9
Excess Three Gray
Input Output D C B A Dec
a b a b
o] 1 & @@ T 0
1l 88 B FET BT 4
DD |A 21 2.4 © 19 7 2
5 3| 75 01 01 3
AB (B Ey a| a2 o1oo>4
888/ 57 11005
BA|lceaa 6|l 32 1101 6
2 7l e6 1111 7
¢ elp gl 0@ T TD 8
9l 99 1010 9




ITT7441A

Gray

Dec

Output D C B A

Input

0000
oor o1

7
6

7
6

0 O = M N

M < 0O~

19podaqg
jeweqg/aog
[24] (8]

2421

Dec

DCBA

Qutput

Input

(o MECJ 90 (TS~ 2l (o A9 (= il -5
o — - 0O — O
(=M =] = {CY D = i
o e O — — — «—
(=l =) il o O
O ~ (e 0 RS (AN [ o (O o JINE )
O ~ D N O, i~
O e= M T O O N~
4apodaq

lewaq/aog

44} [&]

10 |0

|0 10

Biquinary

Dec

Qutput D C B A

Input

O 000" 0
0509 1

0
5

5

1
0
0f 0.0
0 01
1

0
0
1
1
1

7
1
6
3
8

©

7

™ ©

M < 0 O™~
J9podaq
jewag/gog

o0 Q

2] <
< fai]
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BCD TO DECIMAL DECODER—I1TT7442
EXCESS 3 TO DECIMAL DECODER—I1TT7443
EXCESS GRAY TO DECIMAL DECODER— ITT7444

@ 2421 Decoder

@®Biquinary Decoder

@3 line to 8 line decoder with strobe
® Recognition of invalid input codes

TYPICAL CHARACTERISTICS

Propagationdelay . . . . ... ... .. .. 25 ns
Power dissipation . . . . . . ... .... 140 mW
Input loading factor . . . . . ... ... 1 unit load

Fan out

- =)
o
o~
-
o o
of ~
of =
.

Logic Diagram

Connections are shown for the ITT7442. The matrix
connections are different for the 1TT7443 and the
ITT7444 and they can be determined from the truth
table.

Y

:

w

o

Ll

-

Y

-

w

o

-

o

AAAAA

)

Slelvle

i

ol

%

Truth Table

Excess 3 Excess 3
BCD Input Input Gray Input Decimal Qutput
Dec. D C B DCBEA DEBA 092345678 9
0 0000 0011 0% D" Tt 1 YT 1T 4
1 0 0 0 1 0100 0.1 4 9 1.0 4 1+ 3 4 441 4
2 0010 010 1 0:1 1 1 S A N R il R
3 00 1 1 6110 0101 O s T B S S R TR (|
4 0100 S T T | 0100 1% 4 ¢ 004 4 94§ 3
5 0101 1000 1100 £ F T 1 0 E T 1%
o S R 100 1 11 DA 1294 4 1 10 14 1
T I S T 1 O M .0 1192 7 199 ¢+ 144 10 3
8 1000 i A 1110 y ) O O I A A (R v O
9 4 0 041 a0 1 0:1 08 A%t T 4 9 491 0
Over Range Conditions
10 1 9:1 0 11 0 1 1011 T4 2 39 31T § 4
11 t 04 9 1110 1 001 Tt 4 A F g
12 1 7 00 171 11 1Tl T O T W Rt T4
13 11 0 1 090 00009 TT1T1t11TTE ¥ 9
14 111 0 00 o0 1 0001 F'E 1 3 4499 5 3
15 1 1714 0010 0 T | T 1 1% 1% 1T I 1



1TT7442, \TT7443, ITT7444

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

3 —ay 7 1 %

Vee 130
INTERNAL
T:‘UE . A,B,CorD rh}:‘?om-r : ;
129 INVERTERS &-———_ o

INTERNAL A,B,Cor D

SWITCHING CHARACTERISTICS Vc(=5.0 V, Tamg=25°C

PARAMETER LIMIT CONDITIONS
Typ.at
Min. 25°C Max. Units
tpg + through two logic levels 10 17 25 ns Use switching load circuit
tpd + through three logic levels 26 35 ns
tpd — through two logic levels 10 22 30 ns Use switching load circuit
tpd — through three logic levels 26 35 ns
Information on the absolute maximum ratings and are common to other integrated circuits in this series)
the other D.C. characteristics of these devices (which is stated in the general information section.
isv
Switching load circuit Y Ea
A
murirase [ 81 ooee pnom
GENERATOR, : TEST SRR 14148
— C; ircluder probe and jig capacieance —_—,
_______ \
INPUT A f 15 Y Truth Table
B
Waveforms  — —— — — |} __ T T 7™  Generator Characteristics

X ! :/‘ tr =10ns
INPUT B, Cor D | s
15 tf =4ns
) ol T 8 RF.=1MHz

R D Amplitude = 3.5 V

ANY OUTPUT ZO =50 Q
i Transitions on B, C, & D
must occur before trans-

ition on A,

ANY QUTPUT

bl

1-20



ITT7445
1TT74145

BCD TO DECIMAL DECODER/DRIVER

®80 mA Output Sink-Current

@ |TT7445 30 Volt Output

®1TT74145 15 Volt Output

@® Recognition of Invalid Codes

@Decoder Excess Three Gray, Gray, Biquinary and
@ Other Codes

TYPICAL CHARACTERISTICS

Propagationdelay . . . . ... ... ..... 35 ns
Power dissipation: « asv % v s s & o 215 mwW
Input loading factor . . . . . . .. ... 1 unit load
Qutput voltage rating
[T sod @ o pug ¥ 0LEE B P 8 E 3oV
ITT7AIAD . . o seie o v s o wr 2 e s 15V

OUTPUT 0 n
OUTPUT 1 ﬂ

outpuT2 [ 3} d- INPUT B
OUTPUT 3 o INPUT C
outpuT 4 [ 5 PIdx INPUT D
ouTPUTS [ 6 | E 111] outeuT9

OUTPUT &

TR

=]
ol

DESCRIPTION

These decoders consist of eight inverters and ten out-
put gates. Each pair of inverters are connected in
series to provide true and complement signals of the
four inputs. The ten output gates are of special design
to enable them to have the high voltage rating and
high current capability. These output gates each
have four inputs which are used to provide full de-
coding so that invalid input states give no output.

Truth Table

INPUTS OUTPUTS
DCBA 01 234586789
0 00O el s I T S IR I TR
0 00 1 1 & £ F 1 3 % 0
g0 140 1 k8l T F 3 371 )
O el 1LE S il i o M=) B e (T P R F |
0100 1 %% 69 a4 17 1
01 01 R R A [ [N - IR FR T
0110 1 2+ F 9 8O 9
0% 7 1 1. %% ¥ 3 9 72 0 9% 1
1000 12 T 4 9 a4 1T@ 3
10 0 1 .78 5 F 3 9 & 6 1.0

OVER RANGE CONDITIONS
T 0¥ R 1 5% ¢ 4 49 A %3
10 11 1% 8 1 3 4% %1
1 100 ([ ey N O O s (TR e | S
11 01 3 ST S A A I T e [
= T 0 3 I O A A - I | | -
1. =k o A 13 & 1 4 9T 1 3

Circuit diagram of typical input and output circuits

Resistance values in ohms

®Vee

LLs IK
INTERMAL

A B CorD

INTERMAL
o

O GHD
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ITT7445

1TT74145
PARAM- CONDI- QuUTPUT —0 Vee
FTER LIMIT TIONS I
Ak, S 320
Typ.at b
Min. 25°C Max. Units|Vee
lccH supply QUTPUT
current for
highest dissi- 2
pation state 3
74 series 43 70 mA |Max. Any valid 5 2K,
54 series 43 62 mA |Max. input code q
IccL supply 2i2K
current for ]
;v;zs; S::?; Information on the absolute maximum ratings and
; . : the other D.C. characteristics of this device (which
L. L g’: gg’ mﬁ max. ,Any 'm;’::'d are common to other integrated circuits in this
D4 serjes 4 axaInelLeRce series) is stated in the general information section.

SWITCHING CHARACTERISTICS Vcc=5.0 V, TaMp=26°C

PARAMETER LIMIT CONDITIONS
Typ.at
Min. 25°C Max. Units
todt propagation delay to logical "1' 50 ns Use switching load circuit
tpg- Propagation delay to logical ‘0’ 50 ns Use switching load circuit
Switching load circuit Waveforms
OUTPUT oy L N
INPUT 3 INPUT A 15V
~———OUTPUT O T ;ﬁfroo“ e R

- “_L__[ — 3 1
TRUTH B | DEVICE & — —— _J_ C = 15pF
TABLE [€ UNDER I N

GENERATOR[ |
o T TG | TEST OUTPUT §
p—e

= N
CL:inrcIaldas probe and
jig capocilance

Truth Table
Generator Characteristics
tr  =10ns Zo=50 82
tf =4ns Transition on B, C or D must
R.F.=1MHz occur before transition on A.

Amplitude - 3.5V

ANY QUTPUT

ANY OUTPUT

I
______ \1
INPUT B, C.or D 15V 1
b=
I
!
I
-

APPLICATION NOTE

Decoding

It is not generally realised that decoders designed as
BCD to decimal decoders can be used with non
standard input and output connections. This allows
the user greater flexibility on board layout for BCD,
and ability to decode other codes.

The following charts show some possible input and

1-22

output connections for the following codes: BCD,
Excess Three Gray, Gray, Biguinary and 2421. Also
shown is the truth table for each code. The box
represents the decoder with standard connections
marked. To the left of the box are shown the vari-
ations of input connections and to the right the vari-
ations of output connections.



Dec

1TT7445
ITT74145

D CBA
00O

2421
Output
7 7

M < 0 O — 0 o
L N M O — W O

Dec

0001

Qutput D C B A
5

Biquinary
5

Al =i ()
~— O O D
Qi O OIS
0 6 = e =
o= © M 00

© NN~ M ©

M T O O™~ 0O

13possQq
lewidsa/aog

o o [a]

M < WO~
19p033Qq
|lewd3@/adg

[a1] o

Input

Dec

000

1

BCD
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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 loading factor

9ns
29 mW (7450, 7451)
23 mW (7453, 7454)
1 unit load

Circuit diagram of one gate (ITT7450 and 1TT7451)

Resistance values in ochms

o Vee

Fan-outd.. . WIS, X T g 1 to 10 unit loads
Aoy
Pin configuration (top views) co 7r_‘—\__.
Do
p—y
a1 va "E Z
IFE E Bt AIE
wh B« O S 3 X
efe 3;‘ CIE i X X=AB.CD
il ol i 1 of ITT7460
s w2 288 F(COIFX) '
GNO) 3!2 nmE
The ITT7451 and ITT7454 do not
ITT7450 have the expanding inputs Xg and X¢
N
[ (4] vee o [1] ee 7
o[ =l* o[z e Circuit diagram of ITT7453 and ITT7454
E G o[ .
— v,
:[{] %x‘ "E [1]ne. %4& fak Sak fax 16kF X¢ fizo i
Al i b i [#]s =, L+___Er [ |
u% v] ucE Bm :o« T r S L &
smE 3: anE oEl © 7_§ i } Ko
: A
ITT7453 ITT7454 F | T || y
Make no external If expander is not H I S _[
‘r:‘;:r:‘;xf *® ]

connection to
pins 11 and 12

used leave pins
11 and 12 open

—oGND

Z=(A.B) +(C.D)+(E.F)+(G.H) +(X)
where X= A.B.C.D. of ITT7460

PARAMETER LIMIT CONDITIONS
Type at
Min. 25°C Max. Units Vee
lccH
ITT7450, ITT7451 7.4 14 ma Max. VN on all inputs
ITT7453, 1TT7454 5.1 95 mA Max. 50V
lceL 4,0 8.0 mA Max. VN on all inputs OV

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

Information on the absolute maximum ratings and
the other D.C. characteristics of these devices (which
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ITT7450, 1TT7451
ITT7453, 1TT7454

D.C. CHARACTERISTICS OF I1TT7450/3 EXPANDER INPUTS AT 0°C

PARAMETER LIMIT CONDITIONS
Min. Type Max. Unit|Vce
Iy expander current 3.1 mA [Min. Vcg=0.4V,IgL=16mA (Note 1)
Vgg base emitter voltage
of output transistor 10 V Min. IgL=16mA, Rcg=0, Ig=260UA (Note 1)
VoH output high voltage 24 33 Y Min,  1|gH=—400UuA IE—270A,|c—2701A (Note 1)
VL output low voltage 022 04 V Min. lgL=10mA,|Ig=430uA,Rceg=130 (Note 1)

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

PARAMETER

I expander current

VRE base emitter voltage
of output transistor

VoH output high voltage
VoL output low voltage

LIMIT
Min. Type Max. Unit
29 mA
100 W
24 33 v
022 04 V

CONDITIONS
vee
Min. Vgg=0.4V,IpL=16mA (Note 1)
Min. lgL=16mA Rcg=0,lg=410LA (Note 1)
Min. IpH=—400UA,Ig=150UA, Ic=—150UA (Note 1)
Min. g =16mA,Ig=300uA,Rce=138 (Note 1)

Note 1

VeEe. Ig. Ic and R refer to voltage, current and resistance on Xg and X terminals.

SWITCHING CHARACTERISTICS Vgg=5.0 Vv,

Tam B=25°C

PARA-

METER LIMIT

Min. Type Max.

10
8

22
15

tpd+
tpd-

CONDI-
TIONS
Units
ns See test circuits
ns See test circuits

Switching test circuit for ITT7453/4

PULSE J
GEMERATOR

: 045V
1
! Ry 400 ¢

4148

A

1—=25

Switching test circuit for ITT7450/1

2.4V

PULSE —
GENERATOR

Ira4148

Pulse Characteristics

t iy g Waveforms

tr =4 ns

tc = 500 ns 16V Semrniait b INPUT

P.R.F.=1MHz : H

ZO 50 Q : i i i

Amplitude = 3.5 V Lo 4.55 —————— -le iy
e [ e




ITT7450, 1TT7451
1TT7453, 1TT7454

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 X¢
and Xg expander points must be used to connect to
the X¢ and Xg 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 B.

A A B o/P
B

L
A
il () 1
B 1 0

The inverse of exclusive OR function can also be
obtained

A A B o/P
5 0 0 1
o/P 14 48] 0
B 0 1 0
A 1 3 1

1-26

ITT7450 and ITT7451 USED AS A COMPARATOR

Two binary numbers ABCD and WXYZ.

x wl Xle 3 » F| >

= n]l =<l o

N O Mo

When ABCD =WXYZ O/P =0
when ABCD ) or { WXYZ O/P = 1

ITT7453 and ITT7454 USED AS A COMPARATOR

Two binary numbers ABCD and WY XZ.

A
w

X w X =

—D—
—D—

}_O,p

<0 =ln

Mo oND

S

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



ITT7460
DUAL 4 INPUT EXPANDER

TYPICAL CHARACTERISTICS

The ITT7460 expander is intended for use with the
ITT7450 or 53 AND-OR-INVERT gates. Not more

Propagationdelay . . . . .. . ... ..... 13 ns
Power dissipation (50% duty cycle) . . . . . 8 mw than four e*pa”daggaéeéél\;ﬁv%a;l?gesl Sh?rl:ld;e
Input loading factor . . . . . . . . ... 1 unit load connected to. any Fetelia gate, 1he Ac
’ and Xg outputs of the expander should be connected
respectively to Xc and Xg expander inputs of the
AND-OR-INVERT gates. Inter-connecting leads
should be kept as short as possible.
Circuit diagram of one expander
Resistance values in chms | Pin configuration
Vee et
4K BIE Ej"“
Xg=AB.C.D aifz] 3]
Xg=A.B.C.D o 5] 2] %1
Ao 1 1] 1] xa
= e - oM
o8 W WY xE CIE Bxez
XEX X ano[7] Buz
PARAMETER LIMIT CONDITIONS
Type at
Min. 25°C Max. Units [Vce
VN on state voltage 04 VvV Min. VE=1V,V|H4=2.0V, Reyvee=1.1K,
Tamp=Min.
IoFF off-state output current—7460 270 MA Min. Vg=v.5V, V| =08V
5460 150  MA Ma  Rg/gND=1.2K, Tppg=Min.
IoN on-state output current—7460 | —300 MA [ Max. V|H=2.0V,Vg=1.0V
5460 | —430 MA TamB=Min.
—IF input forward current 1.0 1.6 mA [Max. VE=0.4V
IR input reverse current 40 PA Max. VR=2.4V
1.0 mA |Max. VR=5.5V
INPUT EXPANDER
PARAMETER LIMIT CONDITIONS
Min. Type Max. Units| Ve
IccH supply current for highest 2 4 mA | Max. VN onall inputs OV, VE=0.85V
dissipation (off state)
IccL supply current for lowest 1.2 25 mA | Max. VN onall inputs 5.0V, Vg=-85Y
dissipation (on state)

Information 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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1TT7460

PARAMETER LIMIT CONDITIONS

Min. Type Max. Units
tpd*propagation delay to logical '1° 1 5nscBlne s See test circuits
(through ITT7450 or ITT7453)

tpd - Propagation delay to logical "0’ 10 20 ns See test circuit
(through ITT7450 or ITT7453)

Switching test circuit

% MIC 74504 OR MIC 74531

o " o
| - : Pulse Characteristics
P bl | tf =10 ns
] - $ nmens y  =ans
P t =500 ns
cmp:t::en' [& uﬁJ U=l j P?R_F, =1 MHz
I Ci=15 pF Zs =502
Amplitude = 3.5V

INFUT  DEVICE UNDERTEST = OUTPUT 3 =

Cy Includes probe
and Jig capacitance.

1.6V i | INPUT
Waveforms E f
s L e



ITT7470

POSITIVE EDGE TRIGGERED J-K FLIP-FLOPS

TYPICAL CHARACTERISTICS

Maximum clock frequency. . . . . . . ..

Propagation delay
Power dissipation
Input loading factor

Clock and any J or K input

Presetandclear. . . . .. .. ...

Fan out
Clock pulse transition
time to logical ‘1’
Clock pulse width tep
Preset and clear pulse width tp

Pin configuration

1 unit load
2 unit loads
1 to 10 unit loads

5 ns to 150 ns

20 ns

Truth Table

SYNCHRONOUS ASYNCHRONOUS

t, tnt+1 Preset Clear Q Q
J K Q@ a g D 0 0
00 No change 1 0 0 1
1 0 1 0 0 1 1 0
o 1 4] 1 1 1 Mo control
11 Complement

Logic diagram

3 T 1 T
LoD S
K1 i
O
gser 1 T
E &

CLOCK

DESCRIPTION

This device features twin Jand K inputs, single J and
K inputs, asynchronous preset and clear inputs and
positive edge triggered clock input. At the threshold
voltage, on the positive transition of the clock, input
information is transferred to the outputs. Above or
below the threshold the J and K inputs are disabled.
The asynchronous inputs will operate the device only
with clock low. The truth table shows the modes of
operation.

3
U

Ki .
23_ ? +
K2 n
X -
= 5 __

K o - Ay 07
lHj s Ln
PRESET CLEAR
120§ 16K K ik iK K ek 120

i
p
A LAAC
Qo N 0Q
F Y Y&
1K i3 ™ 1K
bt 0 GND

> CLOCK
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1TT7470

PARAMETER LIMIT CONDITIONS
Typ. at
Min, 25°C Max. Units Vee
—IF input forward current.
All J & K inputs and clock 1.0 1.6 mA Max. VEg=0.4V
Preset and clear 2.0 3.2 mA Max. Note 1
|R input reverse current.
All J & K inputs and clock 40 A Max. VR=2.4V
Preset and clear 80 HA Max. All other inputs at OV except
Jand K which areat 45V
IR All inputs 1 mA Max. VR=5.5V
All other inputs at OV except
Jand K which are at 4.5V
—Igc short circuit
output current
74 series 18 57 mA Max. Voyrt=0V
54 series (Note 2) 20 57 mA Max. Preset and clear=0V
Icc supply current 13 26 mA Max.
Note 1 ' ) Note 2
Test with all inputs at 4.5 V except J and K which Not more than one output to be shorted at any time.
are at OV. When testing J and K inputs all other in-
puts, to the appropriate input AND gate must be at
logical “1'.
Waveforms

Test circuit 1 i-.—-!-q—
OUTFUTS
NPT J.—T —o s :
T CLEAR bl
ﬁ‘. ) o " PPt lork
PULSE i
GENERATOR i Ll
T T ] a
= Pann_ﬁ %] L4 T QerQ
B L=: Comls pf [

i QorQ

C, neludes prode and jig capacstance

Pulse Characteristics

tr =10ns
tf =4ns

tep =20ns
R.F.=1MHz

Amplitude = 3.5 V
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Test circuit 2
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ITT7470

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

PARAMETER

CONDITIONS

fmax Maximum input clock frequency
tsp Minimum input set up time at Jand K

tp, minimum input hold time at J1, J2,
K1, K2

g,d*r propagation delay time to logical ‘1’
lear or preset to output
Clock to output

tpd- Propagation delay time to logical ‘0’
Clear or preset to output
Clock to output

LIMIT
Min. Typ. Max. Unit
20 35 MHz
10 20 ns
0 5 ns
50 ns
10 27 50 ns
50 ns
10 18 50 ns

Use test circuit 1. Jand K at OV
J1,K1,J2and K2at24V

Use test circuit 1. J or K at OV
J1,42, Kland K2at 24V

Use test circuit 1. Jand K at OV
K1and K2 or J1and J2at 2.4V

Clock at 0.8 V, Jand K at OV
Jand K at 2.4 V. Use test circlit 2.
Use test circuit 1. Jand K at OV,
Jand K as truth table

Clock at 0.8 V. Jand K at OV.
Jand K at 2.4 V. Use test circuit 2.
Use test circuit 1. J and K at OV,
Jand K as truth table

Waveforms
CLEAR
INPUT
15y I 15V
| e e e e e
f—t5 (CLEAR)—H
|
|
PRESET __|
INPUT |
| 15V 15V
| 1 el
| o Gl preseThoe
= fu— 1
QOUTPUT | | = tat -
| | | |
| 15V | 15V
| |
| |
| |
—+f tud — b=
| I |
| 1
! I

- 315V
G ouTPUT
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SINGLE J-K MASTER SLAVE FLIP-FLOP — ITT7472
DUAL J-K MASTER SLAVE FLIP-FLOP — ITT7473, ITT7476, ITT74107

TYPICAL CHARACTERISTICS AND RECOM-
MENDED OPERATING CONDITIONS

Maximum clock frequency . . .. . .. . 20 MHz
Propagationdelay ; . ... o oo i v v 20 ns
Power dissipation:

Sinpletyplii s o & onbl o wsed L v 50 mW

Dual=typesliase - b S ity L 100 mW
Input loading factor:

Jand K inputs 1= soasr 7 s sl & 6 1 unit load

Direct and clock inputs. . . . . . . 2 unit loads
Fan-oUt .. . oli oo el % e 1 to 10 unit loads
Clock pulse width tgg . . . . . . .. .. .. 20 ns
Preset and clear pulse width tp 25 ns
Input setup timeten .o = & sine p soaw s o tep
Inputhald timety o v i d ol Ons

ITT7473

ITT7472

CLOCcK 1

— 13| PRESET (CLEAR 1) Cof

12| cLock Ki
ui‘é‘l K3
CJ|U)

9| K1

Yee |
CLOCK 2
(CLEAR 2) Cp2

8lQ 2

Pin configurations

Truth Table

SYNCHRONOUS ASYNCHRONOUS

thi th+1 Preset Clear Qr a
el 2 Q- a [t g
g 0 No change 1 0 0 1
S ¢ 1 0 0 1 1 0
(3 RN 0 1 1 1 No control
1 1 Complement

Logic diagram

ITT7476

14| Vee

13| CLEAR 1

11{ cLock 1

1 K1
10| CLEAR 2

ﬂ cLock 2

8|2

Circuit diagram -1 Flip-Flop o ) 1 ¢ B
(Resistance values in ohms) e o 3ex
e oA — = ——f—— ——0 K]
e PR i B ]
i g Ry £ B
' 3 ! b
cLear x * F 3 = ﬁl F i +- x |®2 preser
- N bk o fettion bondh put eutber et e
ot ot + * ©
T b GND
120 1: »i Tk K o Fax ll’___ ¢+ 146K 3 120
|
Qo—d ! fﬁ“_+ 2
1
: J?E‘H{‘}g F-H- e &
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ITT7472, 1TT7473
ITT7476, 1TT74107

DESCRIPTION

These devices consist of gated Master and slave bis-
tables. The ITT7472 with preset, clear and triple J
and K inputs. The ITT7473 and ITT74107 with
clear and single J and K inputs. The ITT7476 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
bistable is isolated from the master, then information
is transferred from the J and K inputs to the master
bistable. On a negative going transition first the J and
K inputs are disabled then the information is trans-

ferred to the slave bistable. Operation will 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 Q 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 external inputs
goes to a logical ‘1’ at any time while the clock is
high the master bistable will change state and the Q
and Q outputs will follow on the negative transition
of the clock.

PARAMETER LIMIT CONDITIONS
Type at
Min. 25°C Max. Units Vee
—If input forward current
All Jand K inputs 1.0 1.6 mA Max. Vg=0.4V
Preset, clear and clock 2.0 3.2 mA Max. (Note 1)
lcc supply current
Single type 10 20 mA Max.
All dual types 20 40 mA

Note 1

Test with all other inputs at 45 V. Use preset or
clear to set device to appropriate logic state. Clock to
be tested for both logic states. When testing J or K
inputs all other inputs including internal inputs to
the appropriate input AND gate must be at logical "1'.

Information 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.

SWITCHING CHARACTERISTICS Vgg=5.0V, Taomg=25°C

PARAMETER LIMIT CONDITIONS
Min. Type Max. Units

fmax maximum input clock frequency 15 20 MHz Use test circuit 1
tpdt propagation delay time to logical ‘1’

Clear or preset to output 16 25 ns Use test circuit 2
Clock to output 10 16 25 ns Use test circuit 1
tpd- Propagation delay time to logical ‘0’

Clear or preset to output 25 40 ns Use test circuit 2
Clock to output 10 25 40 ns Use test circuit 1
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ITT7472, 1TT7473
ITT7476, 1TT74107

Test Circuit 1 Waveforms
OUTPUTS
5V CLOCK
15
Qe INPUT
1200 CLeAR f bl i to i
F==31 Q o1t -S—Di—Di-bi e |
PULSE DEVICE | t
o aen ik [ sy
y | [} S "
h_._i:) preser 2 8 St OUTPUT Qor@ r—_pd__.-l
T,_ _Jt- Cy=15pF —J_:

L | tat {Z—
£a OUTPUT TorQ | 15y

Cy includes probe and jig capacitance

|
Pulse Characteristics |
tr =10ns
tf =4ns
1 =20ns
cp
R.F.=1MHz
Amplitude =35V

Test circuit 2)

|
1.5Y¥

QUTPUTS
CLEAR INPUT
5Y
4V L
1 By 00
E:
—— CLEAR >
e il ¢ H—bi—3t
1 DEVICE o4t
P.UL;E CLOCK X 414
GENERATOR | - ooecer iniput — L v PR VI Y]
——= FRESET _L L @
cl’l _L:: Cyn 15 pF =
Cy includes probe and jig capacitance Waveforms
CLEAR
Pulse Characteristics INpUT
Same as Test Circuic 1, except t, -15 ns. 1.5V : 15V
I S N
pe—1p (CLEAR) —={
.
I
PRESET !
INPUT 1
1
I A PR
| e—1p (preser) —=
— Tpd- e I
aouteuT ! ' o P o
I | ! !
| 1BV I 15V,
| I
| |
| :]
—sf e+ b reell ifpast e
1
I
L}
|

e
I i
1 * 1.5V
@ outPut_|
1



ITT7474

POSITIVE EDGE TRIGGERED DUAL D-TYPE FLIP FLOP

TYPICAL CHARACTERISTICS AND OPERATING
CONDITIONS

Logic diagram

Maximum clock frequency . . . . . . .. Q
Propagationdelay . . . . . . ... ..... 17 ns
Power dissipation . . . . . ... .. ... 85 mwW
Input loading factor:
Presetiordata. = oo o oo g O o 1 unit load
Clearorclock . . ... ... ... 2 unit loads s
Faniout « o ccam s soass 5 @ o 1 to 10 unit loads o 2 o ) o
5 f: CLEAR CLOCK PRESET
Clock pulse width tep . . . . . . . . .. 30 ns min.
Preset or clear pulse width tp . . . . . . 30 ns min
Pin configuration Circuit diagram of one flip-flop
(top view) Resistance values in ohms
(cLearny ot ! 14 Vec
D1 n ;
cpP1) 3
(pReser 1) 0
[=1)
6‘ O CLEAR cl.éci( PRESET
GND | 7
DESCRIPTION
Truth Teble The ITT7474 is an edge triggered D type flip-flop in
SYNCHRONQUS ASYNCHRONOUS which the transfer of the D input data takes place
ts 1 PresetClear Q @ during the poaijrive transition of the clock input.
When the clock input is above or below the transfer
D Input a G 0 0 1 1 threshold the ‘D’ input is inhibited. The transfer
threshold is not directly related to the transition
0 0 1 1 0 0 1 5 e - i
time of the positive going edge. Preset and clear in-
1 T 0 o 1 10 puts operate irrespective of the logic state of the
1 1 No Control  clock or D input.
PARAMETER LIMIT CONDITIONS
Typ. at
Min. 25°C Max. Unit Vee
—IF Preset or D input 1.0 1.6 mA Max VE=0.4V
Clear or clock 20 3.2 mA Max VE=0.4V
I Dinput 40 MA Max VR=2.4V
Preset or clock 80 MA Max VR=2.4V
All inputs 1 mA Max VR-5.5V
Clear 120 LA Max VR=2.4V
Icc 17 30 mA Max All inputs high

Information 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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1TT7474

SWITCHING CHARACTERISTICS Ve=5.0V, TomB=25°C

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit
frmax maximum input clock frequency 15 25 MHz Use test circuit 1
tsp Minimum input set up time 15 20 ns Use test circuit 1
t, minimum input hold time 2 5 ns Use test circuit 1
tpd+ clear or preset to output 25 ns Use test circuit 2
tpd+ clock to output 10 14 25 ns Use test circuit 1
tpd- clear or preset to output 40 ns Use test circuit 2
tpd- clock to output 10 20 40 ns Use test circuit 1

Test Circuit 1

OUTPUTS

IMPUTS
Q L +av
4l 3
n 3 2 ALa00n
a i (VI VI
PULSE ™ Lal Lail Ll
= by DEVICE
GEMERATOR CLQ_‘O e
TEST
SHp
o= Cy:I5pF
g ]
Pulse Characteristics Cy includes probe and jig capacitance
tr =10ns
tf =4ns
tcp =30 ns

tp (D input) = 60 ns
R.F.clock =1 MHz

R.F D input = ¥ R.F clock
Amplitude = 3.5 V

Waveforms
cLock :? ‘e b
|
D INPUT I e 15¥
{PULSE A) F-l—'—-—-——h-i
e |
'z
B INPUT |
{PULSE B) ——c-l th |.q_ |
|
Qor@ tod LEY
| | |
tpd
TorQ 5y

Pulse A to Test t,, Pulse B to Test 1y,

Test Circuit 2

OUTPUTS
00
CLEAR INFUT
0 45V
_'_-_‘_'a > 2 RL=400N
2Avo—————0 a il o
. Il L B B
FULSI
INGI4E
EHERATOR| OBV o de,
Bl 1 [ W ]
PRESET -J- [ | LANE 2B ]
INPUT
J—Tl L e it

Pulse Characteristics
tr =4ns
tf =10ns
=25ns
R.F =1 MHz

Cy includes probe and jig capacitance

Amplitude = 3.5V

CLEAR INPUT Waveforms

5y

| 4 ———————
I"—— talelear) _.‘|

FRESET INPUT

15V
I ot [ LR
(SUR—

—

[
|
|

.
|
|
|

OUTPUT Q |

|

QUTPUT TG
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ITT7475
4-BIT BISTABLE LATCH

TYPICAL CHARACTERISTICS Logic diagram
Propagationdelay . . . . ... ... ... .. 12 ns
Power dissipation . . . . ......... 160 mw _"-’<I
Input loading factor
DEiRpEEEay s L L L P o aa b 2 unit loads )
Clockinput: iaow & v s v saEn 4 unit loads
Famout: oo @ Gt % 5 Ea G 1 to 10 unit loads

Pin configuration

Qi Q1
o ]
CLOCK ko) Q DATA
DESCRIPTION

These latches consist of two cross coupled AND-
OR-INVERT gates and one data inverter. When the
clock input goes to a logical ‘0’ state the Q output
remains in its last logic state, When the clock goes to
a logical "1’ state the Q output follows the logic state
of the D input.

|
| 0 Vee
1
|
1I 4K 4K
K
]
17 ]
< 0 GND
5 s
CLOCK DATA
PARAMETER LIMIT CONDITIONS
Typ. at
Min. 25°C Max. Units Vee
lccH supply current 34 mA Max. Clock at logical ‘0, Data at logical 1’
highest dissipation state
lccL supply current
lowest dissipation state
64/7475 28 53 mA Max. Clock and data inputs at logical ‘0"
5475 28 46 mA
Information on the absolute maximum ratings and are common to other integrated circuits in this series)
the other D.C. characteristics of this device (which is stated in the general information section.
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ITT7475

SWITCHING CHARACTERISTICS Ve=5.0V, Tamg=25°C

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit

tsp+ minimum logical 1" set up time ‘D’ input 7 20 ns Use test circuit
tsp+ Minimum logical ‘0’ set up time ‘D’ input 14 20 ns Use test circuit
th+ mMaximum logical ‘1" hold time at ‘D’ input 0 -15 ns Use test circuit
th. maximum logical ‘0’ hold time at ‘D’ input 0 -6 ns Use test circuit
tpd+ Propagation delay time to logical “1°
DtoQ 16 30 ns Use test circuit
DtoQ 24 40 ns Clock at logical 1’
Clock to Q or Q 16 30 ns Use test circuit
tpd+ Propagation delay time to logical ‘0’
DtoQ 14 25 ns Use test circuit
DtoQ 7 15 ns Clock at logical ‘1*
Clock to Q or O 7 15 ns Use test circuit

APPLICATION NOTES

Switching test circuit

OUTPUTS
5V o

T ‘i d EHL b ":::“

LGENEI"OR o @ & PP

PRI
gl

h 4

L [ Y Y
rGEHERﬂ'nR ‘ = _I_r;L e :xlbpf AR b
Fil A e oL
LtDCli l BaTA £ INCLUDES PROBE AND JI0 CAPACITANCE
INPUTS
Waveforms
e

O INPYT

] Ypds tha e e
8

et |

Tpa- | |
|t
ouTPuT & | I = L8V

1. Short Term Memory

In counting applications it is usual to display the
final count for a period of time, while the counter is
counting new information. This requirement is read-
ily fulfilled by using the ITT7445 between the

counter and the display unit, as shown,
RESET

ITT74%0
oo »

CLOCK
R

NEW COUNT

SR TR T
= -

CLOCK

RESET |

2. Gating

The transfer of signals through a 2 input NAND gate
is prevented by applying a logical ‘0" to the control
input. This causes the output always to be high when
the gate is closed. It is sometimes required that the
output remains in the logic state that is present the
instant the inhibit signal is applied. This function is
readily achieved by utilizing the ITT7475,

= =ni ot OUTPUT
Qp—a

|-—h'—-l sighaL o——— I
The pulse generators have the following characteristics W ————— el F
4
Amplitude = 3.5 V R.F data =% clock R.F “ '
tr =10ns 1p1 =108
tf =4ns 192 =500 ns SIGNAL (0) w

R.F clock =1 MHz

Phase relation between clock and data signals can be
varied to test tgp and th.

INHIBIT (CL) | ﬁ
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ITT7480

GATED FULL ADDERS

The ITT54/7480J is a single-bit, high-speed, binary full adder with gated
complementary inputs, complementary sum (X and ) outputs and
inverted carry output, designed for medium- and high-speed, multiple-
bit, parrallel-add/serial-carry applications. The circuit (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 carry outputs. The circuit is entirely compatible with both DTL and
TTL logic families. A single-inversion, high-speed, Darlington-connected
serial-carry circuit is added to minimize the amount of ““look-ahead" and

carry cascading circuitry required.

ABSOLUTE MAXIMUM RATINGS

DIMENSIONS

] 30 TYP.

-200,
MAX
350 TYR I
T e
F T
il i
e 3
q T
< BE]
7¢ T8
! 280
MAX,

CHARACTERISTICS UNITS
Supply Voltage Vcc (See Note d4) . ............ Volts
Input Voltage, V;, (See Notes4and5) ... .. .. .. Volts
Operating Case Temperature Range:

ITT5480J Circuits . .............. —~5510 125 | °C
Operating Free-Air Temperature Range:

ITT5480J, ITT5480J Circuits —55t0125 | °C

ITT7480J Circuits ... ......... °C
Storage Temperature Range —65t0 150 | °C

RECOMMENDED OPERATING CONDITIONS

BT

a
=

et

E]

FITEIE

Supply Voltage Vee:  1TT5480J Circuits
ITT7480J Circuits ... . .. ..

Fan-Out: O N LI ek s
% i ol 1 T S —
AHAEBRY, N b i ey
NOTES: 1. A=A"Ac, B=B"B: where A*=A, A;, B* =B, B..

must be connected to GND.

must be open or used to perform Dot-OR logic.
The voltages are with respect to ground terminal.

os o ®

terminal.

1-39

5 Volts =+ 10%
5 Volts == 10%

When A* or B* are used as inputs, A, and A: or B. and B respectively

When A, and A: or B, and B; are used as inputs, A* or B respectively

Input signals must be zero or positive with respect to network ground

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

G B | A | Gul| Z| 2
ol o]el]l A | 1o
(1 [ T s ) I 5
(I O e T [
el dl v ey e
I O O Y
1ol 1| @] 10
o o I R e
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ITT7480

ELECTRICAL CHARACTERISTICS (over operating temperature range unless otherwise noted)

SYMBOL PARAMETER o L MIN | TYPf | MAX | UNITS | TEST CONDITIONS}
Vietn Logical 1 input voltage 1and 2 2 v Vee=MIN
Vim Logical 0 input voltage 1and 2 0.8 v Vee=MIN
Veann Logical 1 output voltage 2 24 35 v Vee=MIN
Voate) Logical 0 output voltage 1 0.22 0.4 v Vee=MIN
Logical 0 level input
Dintoy current at A, A;, B, 3 -16 mA Vee=MAX, V.=04V
B:, A. or B.
\ Logical 0 level input current i =
Hite ey 4 =26 | mA | Vec=MAX, V=04V
by LEdioal.0 hveloputouren 4 -8 | mA | Vee=MAX, V=04V
I Logical 1 level input current 5 15 pA Vee=MAX, V.=24V
o atA, A;, By, By, AcorB. 1 mA Vee=MAX, V.=55V
I Logical 1 level input current 6 200 A Vee=MAX, V=24V
=0 atG, 1 mA Vee=MAX, Vi.=55V
Short-circuit output —20 | —57 mA & ITT5480J
los current at = or 2§ Y 18 | =57| ma | VMAX rrrssa
Short-circuit output =20 =70 mA = ITT5480J
los current at C,.\§ A -18 | -70 | mA Voe=MAX'  irr74800
21 3 mA ITT5480J
B Vee=MAX
lec Supply current P 35 B ce ITT7480J
1 For conditions shown as MIN or MAX, use the approp value speciflied under
p ing ditl for the lcable device type.
- All typical values are at V. =5V, T,=25°C,
§ Not mare than one output should be shorted at a time,
SWITCHING CHARACTERISTICS, V..=5V, T,=25°C
FROM TO FIGURE 9
PARAMETERY INPUT OUTPUT TEST NO. MIN TYP MAX | UNITS TEST CONDITIONS
o - & 1 13 17 ns C.=15 pF, R.=780 0
T ; & 2 8 12 ns C.=15pF,R.=780 0
£ & = 3 18 25 ns C.=15pF, R.=7800
e 5 X 4 38 55 ns C.=15pF, R.=780 0
tat n 5 5 52 70 ns C.=15 pF, R.=400 0
e 2 6 62 80 ns C.=15 pF, R.=400 0
tai B o 7 a8 55 ns C.=15pF, R.=4000
tn \ ) 56 75 ns C.=15 pF, R.=400 0
toar _ & v 9 48 65 ns C.=15pF
tn y 10 17 25 ns C.=15 pF
o B B* 11 48 B5 ns C.=15 pF
toan ; 12 17 25 ns C.=15pF

q 1., is propagation delay time to logical 1 level. L. is propagation delay time to logical 0 level.
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ITT7480

TYPICAL APPLICATIONS

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

The ITT7480J is designed specifically for N-bit adder or sub-
tractor operations without external gates or inverters. In both
applications, the sum or difference functions are generated in
parallel while the carry functions are obtained serially. 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 employs a high-speed Darlington output, and
the logic gating has only one inversion between the C. input and
the C.., output. This logic configuration results in an inverted
carry output, and consequently- an inverted carry input to the
succeeding stage. To counteract this inverted input without
sacrificing propagation time through the carry, gates are provided
within the circuit to invert the A and B inputs and the resulting

sum or difference output. This interconnection 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, enabling the use
of noninverted 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 control func-
tions for the subtrahend (memory or register B) are effectively
inverted.

The input control is used to disable the A and B inputs when
memory or register information is being shifted. A logical 0
applied to this line will bring each sum or difference output to a
logical 0 condition and maintain this level regardless of the state
of the input information into each bit. For the adder (Figure A),
input control is applied to A; and B, of odd-numbered bits and
to Ac and Bc of even numbered bits. For the subtractor (Figure
A), input control is applied to A: and Bc of the odd-numbered bits
and to Ac and B; of the even-numbered bits. These alternating
patterns are necessary to complement the varying input se-
quence which they control.

E QuTPUT

MEMORY OR
REGISTER A

TON
STAGE

oy e S A g v e o B A S
L[ Cn 7460 ¥ |Ne
= NC nc

A 3
L] £ |ne
B Cntl
8 2
NC| B 8" [nc
INPUT
conTRoL
e e e i e
H BITI
L

MNOTE: Functions noted as NC are open.

FIGURE A — N-BIT BINARY ADDER

Z OUTPUT
N,

v,
cc
T480
5 a
ne|ag
ll n
Az E

INPUT

7480 ,

Cn

Ay -

A | £

s = ;?A’:ES
] Catl

CONTROL

s
I
I -

MNOTE: Functions noted as NC are open.

FIGURE B — N-BIT BINARY SUBTRACTOR
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ITT7480

TYPICAL APPLICATIONS

n-bit binary adder with register selection (see figure C)

This application fully utilizes the flexibility of the input gating
available with the ITT7480J. Two “A" registers and two “B”
registers drive a single adder for each bit required. Register
selection is performed internally for registers A, and B, and
externally by a type ITT7405) TTL gate for registers A; and B..
Dot-OR logic is performed at the A* and B* nodes within the
adder when the register selection is made.

Operation is as follows: To add the confents 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 lines at a logical 0. Four
register combinations may be used. Even-numbered input ibts
from each register must be inverted since the A* and B* inputs
are being used to perform Dot-OR logic. This is not a configura-
tion restriction for flip-flop type registers and memories, but may
require additional logic elements if other storage configurations
are used as inputs,

The input control function is available as in the previous appli-
cation and is implemented by bringing all four register control
lines and the input control line to a logical 0 level. This con-
dition ensures a logical 0 at each = output regardless of “A” and
“B" register logic levels.

Up to four “A” registers and four “B" registers may be imple-
mented in a fashion analogous to that shown in Figure C. Inputs
from the register-control 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 connected
to a logical 1 and bit inputs from each register or memory used
as a subtrahend must consist of the complement of bit inputs
shown for the adder addend. Input control remains the same.

I OUTPUT

A5 CONTROL o

MEMORY OR
REGISTER A

TON
STAGES

BECONTROLO—|
INPUT
CO’?%’RULG—
i
I | BIT!
| o T ey o T
: _______
i
1
I——— -5
BoCONTROL ©
e
M OR | | ‘ —|
I |B|TI EEEGIg%R 8y BIT3 BIT4

MOTE: Functions noted as NC are open,

FIGURE C — N-BIT ADDER WITH REGISTER SELECTION

1-42



ITT7480

SCHEMATIC
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Component values shown are nominal.
Resistor values are in ohms,
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ITT7480

PARAMETER MEASUREMENT INFORMATION

SWITCHING CHARACTERISTICS

1,=0.5 48, PRR=1MHz, and Z,,, r. 50 0.

Inputs and outputs not otherwise specified are open.

C, includes probe and [ig capacitance.

. Load circuit 2 simulates output load of 5.

i B

All diodes are 1N3064,

TEST TABLE (See Note 5)

OUTPUT | APPLY | APPLY
TRBEN. s e e +2:4V 70| &ND 70 [oUTPUT LOADING TO

1 Cani None | C. None B, C.i (N=85)

T Coir None | C. None B, C..i (N=5)

3 E,. Be Mone C. Ay, B Ct (N=5)

4 Geti Be None | C. A,B; | T (N=B)

Z (N=10

5 b Ac None C. Ai, B Z (N=10

a1t (N=5)
= (N=10

] 4| Ac None C. A, By Z (N=10

C.oi (N=5)

7 T Be None C, B T (N=10)

8 Be None C. B =T (N=10)

9 A* None A, A None A* (C.=15pF)
10 A* None A Az None A* (C.=15pF)
11 B* None | B B; None B* (C.=15pF)
12 B* None | B B None B* (C.=15pF)

FIGURE 9 — SWITCHING TIMES
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p--- | SERIES —
—1 74 GATE [
-
A —
C
b5
Catl
8" —|
OPEN ©°A || LOAD CIRCUIT 2 [
S ——d '
- ! SAME AS LOAD CIRCUIT I 1
—of e e e e I
PULSE CLISpF== e —————— ;
?senzﬁ.(i? (See Note 6) —— 1 LOAD CIRCUIT 3 I
ee Note = | SAME AS LOAD CIRCUIT| |
| EXCEPT RL: 780 |
I I
NOTES: : (See Nate 7) I
1. Perorm test in accordance with testtable. <~ T T TT/TTTmTTTT
2. Each output is tested separately.
3. Voltage values are with rsapocl o nolwofk GND terminal,
4. The g has the f ing char fes: V=3V, t, =t 16 ns,

Eﬁszznmnl i
5
b | 90%  90%R
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ITT7481, 1TT7484
16 BIT RANDOM ACCESS MEMORY WITH SERIAL READ AND WRITE

ITT7481 DIRECT WRITE INPUT Logic diagram
ITT7484 STROBED WRITE INPUT

WRITE | WRITEO
A Bt A B+

TYPICAL CHARACTERISTICS Wl 0 M e R S “
Power dissipation . . . .. .. ... ... 275 mW “s |IFF Q Y
Read time o 'ehea' o somm & & dhalis B oneeio 8 s 20 ns X, v, X ¥, v
Faneitu et shive @ fnsy o % B 8 See D.C. tests - b
Eaftoit Lo, i L1 DS sy See D.C. tests ¥ jeng i 4
X ¥ X Ty ¥ 5
) q:’
LR T) o 1 1
X ¥, X ¥y (7 SENSE| SENSE O
% i a
Pin configurations (top view)
ITT7481 ITT7484
SENSE WRITE  SENSE WRITE
WRITE , SENSE  WRITE WRITE | sens ] WR'EE |
1 1 1 0
Xoo e U DG O A B 1 O0GNDB A Y

ITT7484 only
Circuit diagram showing one memory element and sense/write ‘0’ amplifier

SENSE-0 LINE TO 0 QUTPUT OF
- 15 FLIP-FLOPS
¥ +—0 V..

TO WRITE 1
AMD SEMSE 1

=
~
o
=

21k SENSE
0 OUTPUT

5a AMPLIFIERS
ADDRESS [ o
INPUTS X TO OTHER 15 FLIP-FLOPS (1 OUTPUT)
(TWO OF

)
AR, 1ak

TO OTHER 3 FLIF-FLOPS IN X1 AXIS
TO OTHER 3 FLIP.FLOPS IN Y1 AXIS

EIGHT
SHOWN)

Ty

Wa O GND
A" AN ra A, ra
i SENSE AMPLIFIER MEMORY FLIP-FLOP
Vo WRITE AMPLIFIER 5 e i
(W, AMPLIFIER |5 SaME) 12 AMPLIFIZR IS SAME) (OME CF 16 SHOWM) LB, RESISTOR VALUES IN OHMS

1The 1TT7484 is the same as the ITT7481, but with Note: Sense outputs, Sg and Sq, are open-collector
the addition of strobed write inputs (as shown above). outputs.
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ITT7481 1TT7484

DESCRIPTION

The ITT7481 and ITT7484 are 16-bit memory cir-
cuits organized in a 4x4 matrix. Each memory bit
can be addressed directly by 4 'X’ lines and 4 'Y’
lines. Information is contained within each memory
element by a bistable transistor circuit, with each
transistor having three emitters to provide the
necessary gating. The information contained 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 logical 1 to the common
write zero input and similarly, a ‘one’ is written in
by applying logical 1 to the common write “1’ input.
The read-out is non-destructive. Information within

each element is read-out by addressing each bit using
the appropriate address inputs Xq.4 and Y{_4. The
read output signal is obtained at the output of the
sense amplifiers as a logical 'O’ on the sense 1 or
sense 0 outputs depending upon whether there is a
logic *1' or ‘0’ stored in the bit.

The information in the memory is destroyed when
supply voltage is removed, i.e. it is volatile.

The store can be considered as 16 words of only one
bit. A larger scratch pad memory can be constructed
by using many of these devices with the appropriate
common address lines. Alternatively, the store can be
used as a single 16-bit memory with serial write-in
and read-out.

PARAMETER LIMIT CONDITIONS
Typ.at
Min. 286°C  Max. Unit| Ve
VIH input voltage at X or Y in- | 2.1 v Min. loL=20mA*, Ig =40mAt, VoL 0.4V
puts to ensure writing or sensing
V|H input voltage at Wgor W1 | 2 v Min. loL=20mA*, Ig =40mAT, Vo < 0.4V
to ensure writing
V|L input voltage at X or Y in- 08 Vv Min, IoL=20mA*, Ig =40mAT, Vo < 0.4V
puts to prevent writing
VL input voltage at X or Y in- 1 \ Min. —lgH=250UA, Vo=5.5V
puts to prevent sensing
VL input voltage at Wg or W 1 v Min. loL=20mA*, g =40mAt, Vo < 0.4V
to prevent writing
VoH logical 1 output voltage 5.5 V| Min,  —IgH=250uA
VoL logical 0 output voltage 04 Vv Min,  IgL=20mA*, IgL=40mAt
—IF logical 0 input current at 1.6 mA | Max, V| =04V
Wp or W1 inputs
PARAMETER LIMIT CONDITIONS
Typ.at
Min. 25°C Max. Unit| Voc  See Test Circuit
—IF logical 0 input current at 11 mA | Max, VL =04V
all X and Y inputs
IR logical 1 input current at 40  pA | Max. V|Hy-2.4V
W or W1 inputs 1 mA | Max. V|q-55V
IR logical 1 input current at 400 pA | Max. V|q-45V
all X and Y inputs 3 mA | Max. V|4=5.5V
Icc
5481-84 55 78 mA | Max.
7481-84 55 a1 mA | Max.

*|ITT5481, ITT5484 only.
TITT7481, ITT7484 only.

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

1-46



ITT7481

ITT7484

SWITCHING CHARACTERISTICS V=5V, Tamp=25°C

PARAMETER LIMIT CONDITIONS

Min.  Max. Unit

tpd- Propagation delay from Address each memory bit

address inputs 22 45 ns CL=15pF

To sense outputs 27 55 ns C =200pF

tpd+ Propagation delay from Address each memory bit

address inputs 15 25 ns C_=15pF

To sense outputs 20 35 ns C=200pF

tpd- Propagation delay from C=15pFY, locations only addressed.
address inputs to sense outputs 20 30 ns Address X1 to X4

tWR write recovery time 30 60 ns Address each memory bit C =15pF

Test circuit

SYNC

GENERATO

Ilsn Note 1}
Wy FUL 5E|

GENERATO

e Bine 1

Inv Ve 3V S5 OUTHUT ;
o - NOTES:
g —l EE@E’T’T. _] 1. The pulse generators have the following charac-
-!3$$|' e T ! teristics: VoUT=3V, tr=t{=10ns, tgetyp=0 to 10ns.
Eén_x'_. : 1! For the address pulse generator, t5=100ns and
gg,__x, . : Weg TS P.R.F.=2MHz. For the W and W1 pulse genera-
T e + 4! tors, 1p=26ns and P.R.F.=1MHz.
; 1_]_/::%::»6_5&& “-1::1 2. Cy includes probe and jig capacitance, )
T:r. | e U :_":"::‘:':‘_":-_1'] 3 g%rvrhe ITT7484, unused W and W1 inputs are

Waveforms

I-q_. s _.——4
oy
ADDRESS _'1 | t" : b { r=
PULSE A
(See Note 1)

Wo WRITE
PULSE B
(See Note 1)

W, WRITE
PULSE C
(See MNote 1)

S, OUTPUT E y
a s sy
g & | NV,

ADDRESS ™ ’ fetr e | Joe

PULSE F o o U -n ST Vour
(See Note 1) » 15\; 1.5y 15y

10%. E“set up 109, ov
WRITE plvrivells - Lol S s s e —— Mairr
PULSE G 0 i
(Wo ORwy  ISVHT 15y =< g PO T
(See Nol:e 2) 10% 1075 ! | oy

e I !

OUTPUT H I Yo
(So OR §)) 15Y 15V
A
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ITT7482
TWO BIT BINARY FULL ADDER

TYPICAL CHARACTERISTICS druth Toble

Carry propagationdelay : . .. v .. . o o0t 15 ns Input Output

Power dissipation . . . . ... ... ... 175 mW When Cjy=0 When Cjn=1

Input loading factor at
Zy ZpCout21 22CouT

A1BiCNyinputs . . . ... L. 4 unit loads

Z
&
&

P

]

Input loading factor at Ag Bo inputs . . 1 unit load
Maximum fan out Zq Zpoutput . . . . .. .. 10
Maximum fan out CoyT output . . .. .. .. B

o
o
o

Pin configuration
(top view)

e D D DO e O s O e O
SRR = B o R, o (e SR, (o T o T o
T = =l T e e I o o
—_ e S e e o = 00000 D00 00
o R R o (I O T e
ol = = T o - T o == - Y =
-~ 00 = =200 —=—-00==00 =
- - 2 D000 =000 = = = =0
B T = B e = == I = T o

O o T o [ e 0 o [ T SRR S G G SN S e

Logic Diagram
DESCRIPTION

The ITT7482 is a 2-bit binary full adder intended Al —g
for parallel addition circuits, 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 addition. The sum output provides 8,
full fan-out of 10 from its totem pole output but the
carry output is restricted to maximum fan-out of5.

Cin

PARAMETER LIMIT CONDITIONS

Min. Typ. Max. Units

Ay

IccH
7482 36 58 mA |Vge maximum +
5482 368 50 mA |Vcg maximum <

B;

Information 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,

The maximum limit of short circuit output current
at Coyt is —70mA.

4 Cour
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ITT7482

SWITCHING CHARACTERISTICS Vce=5V, Tamg=25°C

PARAMETER LIMITS CONDITIONS
From To Typ. at Test
input output Min. 25°C Max. Units Vee No.
tpet CIN 21 34 ns 5V * 1
tpd- CIN 24 40 ns 5V # 2
tod+ CiN 2o 38 ns 5V * 3
tpd- CIN Zo 42 ns 5V * 4
tpd+ Bo Zo 40 ns 5V . 5
tod- Bg Zo 35 ns 5V % 6
tpd+ CiN CouT 17 27 ns 5V i ¥
tpd- CiN CouT 12 19 ns 5V * 8
*As test circuit with C|_ =16 pF R =400
24V Vee =5 ¥ ouTPUT Vee
Switching test load circuit Ll.}j :_m E--h;:}:;a_u_ Zoge "E
— s & it P>t :
GENERATOR I iLe !
(see Note 1) o =I15PF :
= 2 =
B, Cour——N— | loaocmcurrs l
_____________ J
= BB
bl : St tacurs ]
e —bi“!':......__..v;..{., — EXCEPT R, 78010 |
e e

GNieRaT LAY
oR ;
OUTPUT v 15V

T

OUTPUT
WAYEFORM A

The generator has the followmg characteristics:

Vin(1) 2 24V, Vin(0) S04V, t, = 8 15 ns,
tf = 3 t0 5 ns, PRF = 1 MHz, tp = 200 ns, and
Zoyt ~250 £2.

1
I
B i 2. Perform test in accordance with test table.
tpd— M= [ 3
= gy b ! 3. Each output is tested separately.
S Lo | s 4. Voltage values are with respect to network
WAYEFORM B I : ground terminal.
—] tod- I.._ Vo 5. C| includes probe and jig capacitance.
; All diodes are IN4148,
Test Table
Apply pulse

Test Parameter Generator Output under  Apply Apply S1 S2 S3
No. Output to Test (S4) 2.4V to GND to

1 tpd+ CiN 24 Aq A2B1,Bp Closed Open Open

2 tpd- (Waveform A)

3 tedt c ol Ko B1 B Open  Closed Closed

i 5
4 tpd~ IN (Waveform A) 142 152 "
5 t z
pd+ B 2 None A1,B1,A2 Open Closed  Open

€ tpd- (Waveform B) and Cipy

7 tod+ c CouT

IN Al A B1.B Open (0] Closed

8 tpd- (Waveform B) L 152 P L
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1TT7483
4-BIT BINARY FULL ADDER

TYPICAL CHARACTERISTICS

Carry propagationdelay . . . . ... .. ... 29 ns
Powerdissigation .. wos wnes = aiae w0 s 390 mW
Input loading factor (inputs Aq, B,

Ag, BoiCENY. o s s w gime e 4 unit loads
Input loading factor (inputs Az, B,

AAUBAN, N v Gl i @ M 1 unit load
Maximum fan out Z1 X9 Zgand

T = w0 e e e % SR 10 unit loads
Maximum fan out Coyt . - - . - . . 5 unit loads
DESCRIPTION

The ITT7483 is a 4 bit binary full adder suitable for
parallel add applications. Although the circuit func
tions using a serial carry technique the overall carry
propagation delay is typically less than 30 ns. The
sum and carry outputs are the standard totem pole
output circuit but with a fan out of 5 on the carry
and the full fan out of 10 on each sum output.

Pin configuration (top view)

1-50

Logic diagram
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First Addition

Inputs Cin=0 Cip=1
Al By A2By Zy Zp Cx X Zp Cx
Second Addition
Inputs Cyx=0 Cy=1
A3 B3 A4 Bs 2Z3 Z4CouT 23 Z4Cout
0O 0 00O OO 0O 1 0 O
1 0 0 0 1 0 0 0 1 O
o 1 0 0 1 0 0O 0 1 0O
f &4 6 & 317 69099
o 0 1. o0 0O 1 0 1 1 O
f 8 2 o 1 % .0 plo T
0 1 1 0 1 1 06 0o © 1
f 4 1 @6 0 @ 1 1 0 9
0o 0 01 0 1 0 1 1 0
1 00 1 1 1 0 0 0 1
o 1 0 1 1 1 0 0 0 1
1 1.0 1. 0 0 1 1 0 1
o0 1 1 0 0 1 1 0 1
1.0 1 1 1 0 1 0 1 1
¢ 1 14 1 1 0o 1 0 1 1
I % 4 4 0. % 19N a

Truth Table

The truth table considers only half of the operation
of this full adder — the sum of two bits with the
carry input (Aq, Az with By, B2). Using the truth
table the sum of the first two bits with the carry in-
put (Cypy) can be determined giving the first two bits
of the sum output (%4 and Zp) and an internal carry
(Cx). This internal carry is added to the last two bits
of the binary input signal (Az, Ag with Bz, Bg) to
give the last two bits of the sum output (Zg and
Z4) and the carry output (CoyuT). By using the
truth table again for the second addition the outputs
can be determined for any condition of the inputs.

PARAM- CONDI-
ETER LIMITS TIONS
Typ.at
Min. 25°C Max, Units|Vee
lccH
7483 78 128 mA |Max. V|Ny=4.5V
5483 78 110 mA  |Max, Vy=4.5V

Information 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.

The maximum limit of short circuit output current
at Cout is =70 mA,

SWITCHING CHARACTERISTICS V=5V, Ta=25°C

PARAMETER LIMITS CONDITIONS
From To Test
input output | Min. Typ. Max. Unit No.

tod+. CIN 1 34 ns *C=15 pF, R|_=400 £ 1

tod- CiN 1 40 ns *C =15 pF, R_=400 Q 2
tod+ CiN 2 38 ns *C| =16 pF, R =400 2 3
tpd- CiN 2 42 ns *C =156 pF, R_=400 £2 4
tpd+ CIN 3 50 ns *CL=15 pF, R =400 §2 5

tpd- CIN 3 60 ns ACL=15 pF, R| =400 §2 6
tpd+ CiN 4 55 ns *CL=15 pF, R.=400 £ 7

tpd- CiN 4 55 ns *CL=15 pF, R =400 §2 8
tpd+ CiN CouT 35 48 ns *CL=15pF, R =780 £ 9
tpd- CIN Cout 22 32 ns *C| =16 pF, R =780 & 10
tpd+ Agor By 2 40 ns *CL=15 pF, R =400 §2 11,13
tpd- AgorBp 2 35 ns *CL=15 pF, R =400 §1 12,14
tod+ AgorBg 4 40 ns *C=15 pF, R|.=400 §) 16,17
tpd- AgorByg 4 35 ns *CL=15 pF, R =400 £2 16,18

*See switching test circuit and test table,

51
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Switching test circuit

QUTPUT

Vee
———e e e 1
i Ry 4002 I
1 1
S |
. i e .
PULSE I [e 1
GENERATOR |I 5 pF I
(See Mote 1) 1= =1
! I

LOAD CIRCUIT 2,3.4
SAME AS LOAD CIRCUIT1 _ |

I LOAD CIRCUIT §
SAME AS LOAD CIRCUIT 1

L—] exceprn, 7801

(b Ay Tl
Waveforms
L
) trle— —at
i) <t o SR O

1
PULSE 2y 2 |
GEMERATOR ' 15V 1 .5\:
OUTPUT 1y YRy
ip Vingy

I - pat =,
OUTPUT 1 : I ! 7
WAVEFORM A I | it I BR¥:
I A,
> tpd b= | o
=1 tpd-)- b= { —— e Yoy
)
OUTPUT |
WAVEFORM B I 150 : I 15 ¥
You
—y{ tpd._:.q—
Notes:
1. Pulse generator output characteristics: Vip(1) = 3. Each output is tested separately.
24V, Vinio) S04V, t,=81t015ns,t=3t0 4 Voltage values are with respect to network
5 ns, P.R.F. = 1 MHz, tp = 200 ns, and Zgyy ground terminal.
50 (L 5. C|_ includes probe and jig capacitance.
2. Perform test in accordance with test table. 6. All diodes are IN4148.
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Test Table
Apply
pulse
Para- generator Output under Apply Apply Test
meter output to test (S6) 2.4V to GND to S1 S2 S3 sS4 sSh No.
tod+ 21 B1. A, 1
CIN Al and By Closed Open Open Open Open
tpd- (Waveform A) 2
tpd+ Zo 3
CIN Aqand A Bjand Bp Open Closed Open Open Open
tpd- (Waveform A) 4
tpd+ 23 A1, Ag, B1q. By, 5
CIN and A3 and B3 Open Open Closed Open Open
tpd- (Waveform A) 6
tod+ Za Aq, A, Bq. By, 7
CIN Ag,and A4 Bg,and B4 Open Open Open Closed Open
tpd- (Waveform A) 8
tpd+ Cq Aq, Az, B1, Bp, 9
CIN Ag,and Ay Bz, and B4 Open Open Open Open Closed
tod- (Waveform A) 10
tpd+ 2o A1,Bq.B2. Aq Bq,Ba, 11
Ao None and Cypy Open Closed Open Open Open
tpd- (Waveform A) 12
tod+ Zo A1.Bq, 13
Bo None Ag,and Cjy Open Closed Open Open Open
tpd- {(Waveform B) 14
tod+ Za Ag, B3, and 15
Ag None By Open Open Open Closed Open
tpd- (Waveform B! 16
tpd+ 2:4 As3, B, and 17
By None Ag Open Open Open Closed Open
tpd- (Waveform B) 18

Inputs not specified are open
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QUAD 2 INPUT EXCLUSIVE OR GATE

TYPICAL CHARACTERISTICS

Propagation:Delay-. ¢ -2 & & e & e & 5 12 ns
FOWEBE-DISSIDAYION o o+ w5 w0 wass 150 mw
Input Loading Factor . . . . .. .. .. 1 unit load
Fan-out:
Lagical 0! - & & o 5 o o 1 to 10 unit loads
Logical il ey soaseeily wm 1 to 20 unit loads
DESCRIPTION

The 'Exclusive OR" function is correctly represented
in Boolean Expressions as Z = AB + AB but is often
abbreviated to Z = A @ B, The operation is also rep-
resented in the truth table shown above, a conven-

Pin Configuration

Truth Table
Al EV::
o 3] Ad Inputs Qutput
B, CE ET_:] “ A B z
A2 (11] 4 0 0 0
82 JTT_G]A;
ol I
aro 7] B]z3 1 0 1
1 1 0

Top view

ient memory aid is to consider the device as a One
Bit adder without carry. The fan-out of 20 provided
in the logical ‘1’ state is to facilitate the connection
of unused inputs to used inputs.

—eVce
120 Circuit diagram of one gate
Resistance values in ohms
z
Z:A®B
e GND
PARAMETER LIMIT CONDITIONS
Typ.at
Min. 25%¢C Max. Units Vee
lccH supply current
highest dissipation state
74 series 30 50 mA Max All inputs at logical '0’
54 series 30 43 mA Max
IccL supply current
lowest dissipation state
74 series 26 mA Max. One input at 0 and
54 series 26 mA Max. one at ‘1" on each gate

Information on the absolute maximum ratings and the other D.C. characteristics of this device (which are com-
mon to other integrated circuits in this series) is stated in the general information section.
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SWITCHING CHARACTERISTICS Vcc=5.0V, Tamp=25°C

PARAMETER LIMIT CONDITIONS
Min. Tvp. Max. Units
tpd+ Propagation delay time to logical (R 15 23 ns
other input low 15 23 ns Use switching load
other input high 18 30 ns circuit
tpd- Propagation delay time to logical ‘0’
other input low 11 17 ns Use switching load
other input high 13 22 ns circuit
Switching load circuit
izt Comparator

PULSE
GENERATOR

Pulse Characteristics
Amplitude =35V

tr =10 ns
=4
tFI,F = :"Ist Waveforms
tp = 500 ns A o VY —\n Y
" -:t i _‘: tpd 'JI
i ge e
ros /: vou é..,."":\'-“
ilpd o+ | L o
APPLICATION NOTE
Comparator

e NTETAS

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

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=A1, B=B1, c=C1, D=D!, E=E1, F=F1, G=
G! i H=H1, the output will be at logical ‘0",

o/p

MIC 7486 MIC 7430

20 MHz Phase Splitter

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

Vee

] >———————= COMPLEMENT OUTPUT

] >————— TRUEOUTPUT

MIC 7486
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ASYNCHRONOUS DECADE COUNTER

@ Divide by 2

@ Divide by 5

® Divide by 10

® BCD or Symmetrical Divide by 10 Count

TYPICAL CHARACTERISTICS
Propagation delay (rippledelay) . . . . . . . . 60ns

Max. clock frequency . . . . . ... ... 18 MHz
Power dissipation (over full count

SOqUEBRCEE. AL . b s e 135 mW
Input loading factor

Ro(1), Roi2). Ro(1). Ro(2) - . . . . 1 unit load

Clock Anput . .. « o o0 5 o & 2 unit loads

Clock BDinput v o wns i 5 4 unit loads
Fan-out from each output (Note 1) . . 10 unit loads
Clock pulse width . . . . . . . ... .. 50 ns min.
Resetpulsewidth . . . . . ... .. .. 50 ns min.

DESCRIPTION

The decade counter consists of four master slave
flip-flops. Flip-flop ‘A’ provides a divide-by-2 func-
tion. The remaining three flip-flops are internally
connected to provide a divide-by-5 counter. Count-
ing occurs on the negative edge of the clock.
Inputs Rp(1) and Rp(g) are gated to provide reset
to zero, and inputs Rg(1) and Rg(2) are gated to
provide reset to BCD count of nine. All inputs
have input clamping diodes and outputs are standard
7400 series configuration.

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

1. BCD mode is obtained by externally connecting

A output (pin 12) to clock BD input (pin 1).

2. A symmetrical divide by 10 count is obtained
by externally connecting D output (pin 11) to
clock A input (pin 14).

3. The device may be used as separate divide-by-2
and divide-by-5 counters but with common reset
lines.

The counters may be cascaded to provide any
number count,

Pin configuration

{top view)
INPUT BD | 1 14 | INPUT A
Roay | 2 "'3: 13 | NC
fsas| 3 =g 412 | ouTPUT A
o
Ne | 4 =8 = 11 | QUTPUT D
L=l
Vee | 5 == 10 | GND
Ryy | & ==l 9 |outpuT e
Roes | 7 8 [ OUTPUT.C

Note 1
For a divide by 10 count, with Pin 12, O/P A, con-
nected to pin 1, |/P BD, the full fan-out is still per-
missible from O/P A.

DECADE COUNTER

Logic Diagram

CUTMIT B

INFUT BD
o

Rany
Ragy
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Truth Table

BCD COUNT SEQUENCE RESET/COUNT
Count Outputs Reset Inputs Outputs

B & 8 N Roty Romy Rety Rey D C B A
0 0. B 60 1 1 0 X 0 0 0 0
1 i, Dt 1 1 X 0 0 0 0 0
2 L A ¢ TR R 0 X 1 1 1 6 O 9
3 g, 0 1 1 X 0 1 1 1 0 0 1
4 v 0 g TG 1 1 1 1 1 0 0 1*
5 g T ¢ 1 X 0 0 X Count
6 g T 1 0 0 X X 0 Count
7 g 1 1 1 0 X 0 X Count
8 1 0 0 0 X 0 X 0 Count
9 1 0 9 1

X indicates that logical '1' or logical ‘0" may be

present.

*When resuming the count mode Rp(1) or Rg(g)

must be switched to logical ‘0’ before Rg(q) or

Rg(2) are switched to logical 'O to ensure that the

counter remains at BCD count of 9.

PARAMETER LIMIT CONDITIONS
Typ. at
Min, 25°C Max. Units Vee
lccH All outputs at 0
Rp and'Rg at 0
7490 32 53 mA Max. VIN = 5.0V
5490 32 46 mA
lceL BCD count of 7
7490 21 35 mA Max. ViNn = 5.0V
5490 21 30 mA

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

SWITCHING CHARACTERISTICS Vg=5.0V, Tamp=25°C

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

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit
fmax 10 18 MHz Load circuit on each output
tod+ 60 100 ns Load circuit on each output
From input ‘A’ to output 'C’
60 100 ns Load circuit on each output

tpd-

From input ‘A’ to output ‘C’

=57
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Switching load circuit

+5V

QUTPUT

DEVICI
UNDER
TEST

IN148

Cy=I5pF
I €y INCLUDES PROBE

AND JIG CAPACITANCE

Waveforms

CP, INPUT PULSE CHARACTERISTICS
Amplitude 3-5 ¥
tr = 10ns tf = 4 ns

P.R.F. = 1 MHz duty cycle = 509

1 h
—f b ] f—
I Iz prs

5 8 9\1
v "
-V - | -'VlL

INPUT CF, | I
| g I
! L) sy
QUTPUTC 1 |
—] b e L
fpd + tpa-
QUTPUTD ﬂ

APPLICATION NOTES

1. Ripple Delay

In asynchronous counters ripple delay always occurs,
It is defined as the time interval between the clock
pulse edge at the first stage and the instant a
succeeding stage changes state. When decoding the
outputs of the counter false outputs can occur at
the transitions from an odd count state to an even
count state. The false output will always represent
a lower count than the true state. When using the
counter with decoding the possibility of such false
outputs can be prevented by inhibiting the decode
gate with the clock signal.

il

o/F

7490
onm>

clock O

2. Count Range, Less Than Ten

Typically when feeding back outputs signals from
the counter by direct connection from outputs to
reset inputs Rp(1) and Rg(2) the counter will reset
and start a new count sequence. Feedback can be
obtained in this manner from all count states except
7 which will require a three input NAND gate and
an inverter in the feedback loop. Under extreme
worst case conditions 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. lllegal 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. With any type of counter which
uses internal gating to restrict the count sequence,
the 7490 being no exception, the illegal states
(BCD 10 to 15), could be obtained. If this is the
case, application of clock pulses will enable the
counter to count out of this state, after which
normal operation will follow. If, however, it is
essential that such conditions are avoided arrange-
ments should be made to provide a reset signal
during initial application of supply voltage. A circuit
which will generally prove satisfactory is shown
below.

Vee RESET O/P

3.9K I 400uF

ITT7413

For further details see ITT7413
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8 BIT SHIFT REGISTER

@ Gated Serial Input
@ True and Complement Serial Output

TYPICAL CHARACTERISTICS

Maximum clock frequency . . . . . . . . 18 MHz
Propagationdelay . . . . . . . . .. .. ... 26 ns
Power dissipation . . . . . ... ... 175 mW
Input loading factor . . . . . . . . ... 1 unit load
Ean-oit, oCaies 5 & o 5 wn 1 to 10 unit loads
Clock pulsewidth tep . . . . - - .« - . 25 ns min.
Serial input setup timetgp . . . . . . . 25 ns min.
Serial input hold timety. . . . . . .. . ... Ons

Pin configuration
(top view)

DESCRIPTION

The ITT7491A consists of eight master slave flip-
flops connected ta form an 8 bit shift register. The
last stage has standard TTL outputs for both Q and
Q. Gated serial input function is provided by a 2 in-
put NAND gate and an inverter. The common clock
input has an inverting buffer to maintain a fan-in of
unity. Information in the register is shifted on the
positive edge of the clock. All inputs are provided
with input clamping diodes. These registers may be
cascaded to form any length of shift register.

Switching load circuit

QUTPUT oY,
| 9 |cLock R:40001
QuUTPUT H
DEVICE @
S % C:15pF 1N4148
= oL INCLUDES PROBE =
AND JIG CAPACITANCE
PARAM- CONDI-
ETER LIMIT TIONS Wevatoring
Typ.at el vsv
Min. .256°C Max. Units|Vee |
lcc | >
74914 3 58 mA [Max. Allinputs cuock 71.__;('”_
e
5491A] 35 50 mA at logical ‘0’ k |
CUTFUT QorQ 5‘ 15y !

Information 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.

/1

1

|

t
—"I“w +l—

QUTAUT Qer@

SWITCHING CHARACTERISTICS, Ve = 5.0V, Tamg = 25°C

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit
frnax 10 18 MHz  Use switching load circuit on each output
1 24 40 n
P+ v Clock to output
tpd- 27 40 ns
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ASYNCHRONOUS DIVIDE BY TWELVE COUNTER

Divide by 2 Divide by 3@ Divide by 6 ®Divide by 12

TYPICAL CHARACTERISTICS

Propagation delay (rippledelay) . . . . . . . . 60 ns
Maximum clock frequency . . . . . . . . 18 MHz
Power dissipation (over full count

saquUEncal  sioa o awns b v B § e 124 mW
Input loading factor:

Rot:Bol2yll = = e 5 &2 « . . . 1unit load

Clock: AiINPUL = . oo & 5w 4 s 2 unit loads

Clock BCinput . .. ....... 4 unit loads
Fan-out from each output (Note 1) < 10 unit loads
Clock pulsewldthi 5 o o v b e 50 ns min,
Resetpulsewidth . .. ... . . .o v e 50 ns min.

Pin configuration (top view)

CLOCK BC| 1 14 | CLOCK A
5=
NC| 2 M= =| |13|NC
NC| 3 . =21 12| A ouTPUT
ne | 4 =—¢ 111] 8 outpuT
Yec | S r :IQ: 10 | GND
Rous | 6 9 |c ouTPUT
=
Rom | 7 = ol 8 | DOUTPUT
Note 1

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

DESCRIPTION

The divide-by-twelve counter consists of four master
slave flip-flops. Flip-flop ‘A’ provides a divide-by-2
function. The remaining three flip-flops are internally
connected to provide a divide-by-6 count. Counting
occurs on the negative edge of the clock input.
Inputs Rp(1) and Rg(p) are gated to provide
reset to zero. All inputs have input clamping diodes
and outputs are standard 74 series configuration.

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

1. Divide-by-twelve mode is obtained by externally
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 divide-by-2
and divide-by-6 counters but with common reset
lines. Outputs C and D give simultaneous division
by 3 and 6 respectively.

The counters may be cascaded to provide any
number count.

Logic diagram
QUTPUT A OUTPUT B OUTPUT C OUTPUT D
J A 4 bl hg s T
INPFUT A
[ cp rgcep cP
i s K @ K
T T |
INPUT EC .
(o
Res
Truth Table
COUNT SEQUENCE
Count Outputs
DT e B A
0 00 107 -0
1 01 A0 n0i " 4
2 0 0 1 0
3 0 0 1 1
4 g gsdg P
5 Ol S (16 g
6 1 0 0 0
7 7S B et A
8 S =
9 AR e
10 1 1 0 0
1 e A T |
RESET/COUNT
To Count:

Either Rp(1) or Rg(2) or both reset inputs must
be at logical ‘0.

To Reset:
Both Rp(1) and Rp(2) must be at'logical ‘1".
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PARAMETER LIMIT CONDITIONS
Typ. at
Min. 25°C Max. Units Vee
IccH All inputs at 0, Rgat 0
7492 31 51 mA Max. ViN=5.0V
5492 31 44 mA
lccL Count of 9 or 11
7492 20 mA Max. ViN=5.0V
5492 20 mA

Information 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.

SWITCHING CHARACTERISTICS Vg=5.0V, TanB=25°C

PARAMETER LIMIT CONDITIONS
Min Typ. Max. Unit
frmax 10 18 MHz Load circuit on each output
tod+ : 60 100 ns Load circuit on each output
From input ‘A’ to output ‘D’
60 100 ns Load circuit on each output
From input ‘A’ to output ‘D’

Switching load circuit

+5V
QUTPUT
T R, 24000
QUTRUT
BGS 1T
UTEST I C_=15pF 1N4148

T INCLUDES PROEE
AND JIG CAPACITANCE

g Waveforms

= b
I, 1

1 6

CPa INPUT PULSE CHARACTERISTICS
Amplitude =35V

tr =10ns
tf =4ns
P.R.F.=1MHz

duty cycle = 0%

JAPR e \e

INPUT CPy

J

tpd-l-

OUTPUT D

i

tpd —

I
I
I
—



1TT7492

APPLICATION NOTES

1. Ripple Delay

In asynchronous counters ripple delay always occurs.
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 from an odd count state to an even
count state. The false output will always represent
a lower count than the true state. When using the
counter with decoding the possibility of such false
outputs can be prevented by inhibiting the decode
gate with the clock signal.

i

N

o/P

7492
one>

cLock O

2. Count Range, Less Than Twelve

Typically when feeding back output signals from

. the counter by direct connection from outputs to
reset inputs Rp(1) and Rp(2) the counter will
reset and start a new count sequence. Feedback
can be obtained in this manner from all count
states except 9 and 11 which will require a three
input NAND gate and an inverter as the feedback
loop. Under extreme worst case conditions 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 will be
on the outputs for the time it takes for resetting
to occur.

3. lllegal Start-up States

On application of supply wvoltage 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. With any type of
counter, which uses internal gating to restrict the
count sequence, the 7492 being no exception,
the illegal states (12 to 15), could be obtained.
If this is the case, application of clock pulses will
enable the counter to count off this state, after
which normal operation will follow. If, however, it
is essential that such conditions are avoided arrange-
ments should be made to provide a reset signal
during initial applications of supply voltage. A circuit
which will generally prove satisfactory is shown
below.

Vee

39K

RESET O/P
1N4148

b ITT7413

“I 400 yF

For further details see | TT7413 data sheet.
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ASYNCHRONOUS 4 BIT BINARY COUNTER

Divide by 2 ®@Divide by 4 @Divide by 8 ®Divide by 16

TYPICAL CHARACTERISTICS

Propagation delay (rippledelay) . . . . . . . . 75 ns
Maximum clock frequency. . . . . . .. .. 18 MHz
Power dissipation (over full count

sequencel. . . .. L. ... .. . 120 mwW
Input loading factor:

Rop)eRoi2) -5 o e 4 v om s o s 1 unit load

Clock AandBinputs. . . . . . . . 2 unit loads

Fan-out from each output (Note 1} . . 10 unit loads

Clock pulsewidth . . . . ... ..... 50 ns min,
Reset pulsewidth . . . . . . ... ... 50 ns min
Pin configuration (top view)

CLOCK B | 1 }— 14 | CLOCK A

Raiiy,| 2 =% |13|nNc

Roas | 3 37| Y2 | A cureur

NC | 4 11| D QUTPUT
—#=

Vee | 5 = 10 | GND

NC | & = 9 | B OUTPUT
o o

NC | 7 8 | C OUTPUT

Note 1

For a divide by 16 count, with pin 12, O/P A, con-
nected to pin 1, |/P B, the full fan-out of 10 is still
permissible from O/P A.

DESCRIPTION

The 4 bit binary counter consists of four master
slave flip-flops. Flip-flop ‘A’ provides a divide-by-2
function. The remaining three flip-flops are internally
connected by provide adivide-by-8 counter. Counting
occurs on the negative edge of the clock input, Inputs
Ro(1) and Rp(2) are gated to provide reset to
zero. All inputs have input clamping diodes and
outputs are standard 74 series configurations.
Because O/P ‘A’ is not internally connected to the
succeeding flip-flops, there are two count modes
available:

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

2. The device may be used as separate divide-by-2
and divide-by-8 counters but with common reset

lines.
Logic Diagram
OUTPUT D
QUTPUT B QUTPUT €
QUTPUT A
! A ! 8 1 e I p
INPUT A
o—qgcr —gce cp cp
K K K K
INPUT 8 - N
o_.__
Royny
Ropy
Truth Table
COUNT SEQUENCE
Count Outputs Count Outputs
DCBA DCBA
0 0000 8 T 0 60
1 0 0 01 9 Tt 001
2 0010 10 T 9 1 0
3 00 1 1 1 19 1 1
4 0100 12 1 T R
5 0101 13 T ¥ 8 3
6 0110 14 1 31 @
7 0 1 13 15 ¢ PO [
RESET/COUNT
To Count:

Either Rp(1) or Rg(2) or both reset inputs must
be at logical ‘0",

. To Reset:

Both Rp(1) and Rg(2) must be at logical ‘1.
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PARAMETER LIMIT CONDITIONS
Typ. at
Min. 25°¢C Max. Units Vee
lccH All outputs at 0, Rgat O
7493 31 51 mA Max. VN = 50V
5493 31 44 mA
lccL Count of 15
7493 16 25 mA Max. ViN - 5.0V
5493 16 22 mA

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

SWITCHING CHARACTERISTICS Vgc=5.0V, Tang=25°C

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit
frmax 10 18 MHz Load circuit on each output
tod+ 75 135 ns LLoad circuit on each output

From input ‘A’ to output ‘D’
tpd- 75 135 ns Load circuit on each output
From input ‘A’ to output ‘D’

Switching load circuit Waveforms

CPp INPUT PULSE CHARACTERISTICS
Amplitude =35 V

tr =10ns

AUTRPUT =4ns

i
DEVICE B P.R.F.=1 MHz
HOER I €. 150F 1NA148 duty cycle = 50%

Cy INCLUDES PROBE == § ]
AND JIG CAPACITANCE i e

1zl

INPUT CB, A

*L

|.....

QUTPUT
R 24000

CUTPUTD

i

'ae
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APPLICATION NOTES

1. Ripple Delay

In asynchronous counters ripple delay always occurs.
It is defined as the time interval between the clock
pulse edge at the first stage and the instant a
succeeding stage changes state. When decoding the
outputs of the counter false outputs can occur
at the transition 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
counter with decoding the possibility of such false
outputs can be prevented by inhibiting the decode
gate with the clock signal.

=3

—l

o/P

7493
On®m>

cLock O

2. Count Range, Less Than Sixteen

Typically when feeding back output signals from
the counter by direct connection from outputs
to reset inputs Rp(1) and Rp(2) the counters will
reset and start a new count sequence. Feedback
can be obtained in this manner from all count
states which have codes with only one or two
logic ‘1’ states. Others will require a three or four
input NAND gate and an inverter as the feedback
loop. Under extreme worst case conditions 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.

1

3. lllegal 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 conditions give zero count,
arrangements should be made to provide a reset
signal during initial application of supply voltage.
A circuit which will generally prove satisfactory is
shown below.

RESET O/P
1N4148 q o

b
T 400 pF

For further details see 1TT7413 data sheet,

ITT7413
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ITT7494
4 BIT SHIFT 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

TYPICAL CHARACTERISTICS

Logic diagram

1A 24 1B 28 IC 2C 10 20

51, P |

FRESET 2

.

PRESET 1

Propagationdelay . . . . . . . ..« 0« .. 25ns
Powerdissipation’ & « = & 3 s . s 175 mW S abk—ls " Bl—g lok=s: pouu
Input loading factor,
all inputs except: preset 1 or 2 SHEAT 2l ! o
AR CID sy o o was o dity i e 1 unit load R AR BHR CrmR
preset 1 and 2 (common inputs) . . 4 unit loads CLOCK.D o] (o]
FAndout & S 5 o s 5 oW 1 to 10 unit loads 3 e i T
Clock pulsewidth tep . . . . . . o . .. 35 ns, min. o
Clear pulse width tg (clear) . . . . . .. 30 ns, min
Preset pulse width ty (preset} . . .. .. 30 ns, min DESCRIPTION
Serial input set up time:
|1 s Sl S s R 35 ns, min. The 1TT7494 consists of four R-S master slave
Tome, & wlalsd &\s ks @ Ba s S 25 ns, min, flip-flops connected to form a four bit shift register.
Serial input hold timety, . . .. .. .. ... Ons The clock, clear and serial inputs are buffered by
four inverters. The two sets of preset inputs 1A to
1D and 2A to 2D are selected by a logical ‘1’
Pin configuration (top view) voltage applied to preset 1 and preset 2 inputs
respectively, using four AND-OR-INVERT gates.
A logical "1’ voltage on the preset inputs (1A to 1D
a3 Tel9A or 2A to 2D) will set the flip-flops to a logical
‘1" state, when selected by the preset 1 or 2 inputs,
18 |2 HET 5 7 all 15| 2 irrespective of the logic state of the clock, clear and
PRESETS [ [EsE 2 9% PRESETS serial inputs. Application of a logical ‘1" voltage
1c|s PETI L L to the clear input will set all four stages to logical ‘0"
1ipfa L 13| 2¢ state irrespective of the logic state of the clock and
serial inputs. Serial shift occurs on the positive
Ve | 5 -’ & Balgll12| GND edge of the clock, the preset 1 and 2 and clear
preseT 16 =55 11] 2D PRESET inputs must all be at logical ‘0’ voltage and the
glg: serial input data must be present_ pno_r to the
SERIAL IN | 7 (b= = Uri10 CLEAR clock edge. All inputs have clam;::cmg diodes and
== outputs are standard 74 series configuration.
SLEcK | B4 %] OUTRVT The registers may be cascaded to provide any
length register or any number of bits parallel to
serial converter.
PARAMETER LIMIT CONDITIONS
Typ. at
Min. 25°C Max. Unit Vee
lccH
7494 35 58 ma, Max Preset and clear inputs at logical ‘0’
5494 35 50 ma, clock and serial inputs at logical 1’
lccL
7494 30 50 ma Max All inputs at logical '0’
5494 30 43 mA
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SWITCHING CHARACTERISTICS Vc=5.0V, Tamp=25°C

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit
frmax 10 MHz Use switching load circuit
tpd+ Propagation delay
to logical ‘1":
from clock 26 40 ns Use switching load circuit
from preset 35 ns
1pd- Propagation delay
to logical ‘0":
from clock 25 40 ns Use switching load circuit
from preset 40 ns

Information 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.

Waveforms

CLEAR \

Switching load circuit

QUTPUT

DEVICE
UNDER

TEST I C_=15pF

- Cy INCLUDES PROBE e
AND JIG CAPACITANCE

IN4148

P

1

1 _T

90%
CLOCK : L5V

SERIAL I
INPUT ' ! I

CUTPUT I I [ | I ]
L
ket "'P—{ [

tep+

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
parallel input type such as the ITT7495,

The inputs of the preset types are taken to the
flip-flop preset inputs via appropriate gating. The
application of a logical ‘1" voltage to the input
will set the flip-flop to logical ‘1’ state, but the
application of a logical ‘0" voltage will then have
no effect. To set flip-flop to logical ‘0O’ state the
clear input must be used.

The inputs of the clocked type are taken to the

L]

| |
|
| I

15V
1

fth —fl—
'pﬂ-} 'Pd

~ b

R S flip-flop inputs via appropriate gating. The
application of a logical ‘1’ voltage at the input
prior to clocking will set the flip-flop to a logical
‘1" state similarly the application of a logical ‘0"
voltage at the input will set the flip-flop to a logical
‘0’ state.

The clocked parallel input register is, therefore,
most suitable for applications where the parallel
data is applied for a predetermined time as is the
case for the accumulator of a multiplier. The preset
parallel input register is more suitable 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 digital conversion systems.
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4 BIT SHIFT RIGHT, SHIFT LEFT

REGISTER

@ Clocked Parallel Entry

e Parallel to Serial Converter

@ Serial to Parallel Converter

@ Mode Control with Single or Dual Clock

TYPICAL CHARACTERISTICS

Maximum clock frequency. . . . . . . . . 31 MHz
Propagationdelay . . . .. ... .. .. .. 25 ns
Power dissipation . . . . . ... ... .. 200 mw
Input loading factor:

{not modecontrol). . . ... .... 1 unit load

{(modecontrol) . . . ........ 2 unit loads
Fan-out from each output . . . . . . . 10 unit loads
Clock pulse width tep:

Tadiserias: s s e >15 ns (nominal 10 ns)

B4series . ... ... > 20 ns (nominal 10 ns)
Set up time at data

inputstgp . . . ... 2 20 ns (nominal 10 ns)

Hold time at data inputs t, . .0 ns (nominal—10 ns)
Set up time at mode control

with respect to Clock 1

Logic diagram

SERIAL

INPUT A INPUT BINPUT CINPUT CINPUT

CONTROL

0K 1
R-SHIFT
e

VY et
e =

DMHII'J,

nmmrl coutPut &

DESCRIPTION

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 AND-OR-
INVERT gates and six INVERTERS. The two
clock inputs are selected by the mode control
via an AND-OR gate. When the mode control is
at logical 'O’ it enables AND gates 1 and inhibits
AND gate 2, thus permitting clock 1 on a negative
edge to produce right shift. When mode control
is at logical '1', AND gates 2 are enabled and AND
gates 1 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, Information should be present at the
R.S. inputs of the flip-flop before clocking occurs.

*For left shift make the following connections:
Output D to Input C, Qutput C to Input B,
Qutput B to Input A, and D input becomes the
serial input.

gt ¢ vove v v e e >10ns
15p. ................. > 20 ns
Set up time at mode control with respect
to Clock 2
"sp+ .................. > 20ns
fsp- ................. 210 ns
Pin configuration
(top view)
SERIAL
INPUT Yee
INPUT A OUTPUT A
INPUT B QOUTPUT B
INPUT C =6 ]-— 11| OUTPUT C
INPUT D '—I L. 10| OUTPUT D
MODE =
CONTROL A = 9 | cLOCK 1
‘ i\ A R-SHIFT
GND 8 | cLOCK 2
P L-SHIFT

PARA- CONDI-
METER LIMITS TIONS
Typ.at

Min. 25°C Max. Units|Vee
Icc
7495 40 66 mA |Max.
5495 40 58 mA
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SWITCHING CHARACTERISTICS Vg=5.0V, Tanp=25°C

PARAMETER LIMIT CONDITIONS
Typ. at
Min. 25°C Max. Unit
frax 20 3 MHz | Switching load circuit on each output
tpd- Propagation delay to 26 35 ns Switching load circuit on each output
logical 1" from either clock
tpd- Propagation delay to 24 35 ns Switching load circuit on each output
logical ‘0’ from either clock

Information 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,

Switching load circuit

QUTPUT

ONDER
Clock Pulse Characteristics TEST I C = 15pF IN4148
t, =10 ns; t; = 4 ns; R.F =1 MHz; Z, =50 {; : S —
= i ” =
Amplitude - 3.5 V AND JIG CAPACITANCE
APPLICATION NOTE
Parallel Input Operation
There are basically two forms of parallel input Waveforms
shift registers. The preset parallel input type such
as the ITT7494 and ITT7496 and the clocked g i |
parallel input type such as the ITT7495. SERIAL INPUT

The inputs of the preset type are connected to
the flip-flop preset inputs via appropriate gating.
The application of a logical ‘1’ voltage to the input
sets the flip-flop to logical ‘1" state, but the appli-
cation of a logical ‘0" voltage then has no effect.
To set flip-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 appropriate gating.
The application of a logical ‘1’ voltage at the input
prior to clocking sets the flip-flops to a logical
‘1" state similarly the application of a logical ‘0’
voltage at the input sets the flip-flops to a logical
‘0’ state.

The clocked parallel input register is, therefore,
most suitable for applications where the parallel
data is applied for a predetermined time as is the
case for the accumulator of a multiplier. The preset
parallel input register is more suitable 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 digital conversion systems.

OR A INPUT

il
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5 BIT SHIFT REGISTER

@ Preset Parallel Input

@ Parallel or Serial Input

@ Parallel and Serial Output

®Buffered Clear, Clock and Serial Inputs

@ Serial to Parallel/Parallel to Serial Converter

TYPICAL CHARACTERISTICS AND RECOM-
MENDED OPERATING CONDITIONS

Logic Diagram

QUTRUT A o
0

OUTPUT R
'

ouTruTC
Q

rlmr o

PRESET €
o

PREIET
ENASLE

Propagationdelay . . . . . . . . .. .. .. 26 ns
Power dissipation . . . . . o0 0w ae s 215 mw
Input loading factor: L
All inputs except preset . . . . . . . 1 unit load -
Preset (DI85 L o s e 5 unit loads cocx
Farvout JMBR. L . Lo o amaih 1 to 10 unit loads cua
Clock pulse width tep .. . . . . . . .. 35 ns, min
Clear pulse width tp (clear) . . ... .. 30 ns, min
Preset pulse width tp (preset) . . . . . . 30 ns, min DESCRIPTION
Serial input set time Topic w oot v & o 30 ns, min.
Serial input hold time t, . . . . .. ... .. Ons  The ITT7496 consists of five R-S master slave
flip-flops connected to form a five bit shift register.
Pin configuration (top view) The clock, clear and serial inputs are buffered by
four inverters. The preset inputs A to E are connected
to the flip-flop preset inputs via five two-input
CLOCK | 1 [ 16| CLEAR NAND gates. The second input of each gate is
connected to the common preset input, which
PRESET A | 2 ; ; 3
z 5 -|_ 124 ouTRUL when at logical ‘1’ enables all preset inputs. A
PRESET B| 3 h - J-H B OUTPUT logical ‘1" on these inputs sets the flip-flops to the
i logical ‘1’ state. A logical ‘1’ on the clear input
PRESEEC (M 1 jf” QU sets all flip-flops to the logical ‘0" state simul-
Yee |5 : _J' 12| GND taneously. Right shift in the register occurs on the
[; i positive edge of the clock pulse. The serial input
FRESET D) 6 J 11 D OUTPUT data must be present prior to the clock edge. All
PRESETE[ 7 C 10| E QUTPUT inputs have clamping diodes and outputs are standard
ﬁ. J- 74 series configuration.
PRESET ENABLE | 8 i Y 9 |SERIAL INPUT The registers may be cascaded to provide any
=== length of register.
PARAMETER LIMIT CONDITIONS
Typ. at
Min. 25°C Max. Units Vee
lccH Clock and clear at logical "1’
7496 43 79 mA Max. Serial and preset input at logical ‘0’
5496 43 68 mA
lccL
7496 42 78 mA Max, Allat0
5496 42 67 mA

Information on the absolute maximum ratings and
the other D.C. characteristics of this device (which
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SWITCHING CHARACTERISTICS Vgc=5.0V, Tapmp=25°C

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit
frmax 10 MHz Use switching load circuit
on each output
tpd.q.
Clock to output 25 40 ns Use switching load circuit
Preset to output 35 ns on each output
tpd-
Clock to output 25 40 ns Use switching load circuit
Clear to output 55 ns on each output

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
parallel input type such as the |TT7495.

The inputs of the preset type are connected to the
flip-flop preset inputs via appropriate gating. The
application of a logical ‘1’ voltage to the input
sets the flip-flop to logical ‘1’ state but the applica-
tion of a logical ‘0" voltage then has no effect. To set
flip-flops to logical ‘0’ state the clear input must be
used.

The inputs of the clocked type are connected to
the R-S flip-flop inputs via appropriate gating.
The application of a logical ‘1’ voltage at the input
prior to clocking sets the flip-flops to a logical
‘1" state. Similarly the application of a logical
‘0’ voltage at the input sets the flip-flops to a
logical ‘0’ state. Hence the clocked parallel register
is most suitable for applications where the parallel
data is applied for a predetermined time as is the
case for the accumulator of a multiplier. The preset
parallel input register is more suitable 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 digital conversion systems.

1-7
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ITT74118
HEX SET-RESET LATCH

TYPICAL CHARACTERISTICS

Power dissipation . . . . . ... .. ... 150 mW
Input loading factor:
Set il e 4 BlaGes B s w 1 unit load
ResEt=r Y e o o e AL 5 unit loads

Pin configuration
(top view)

Maximum fan-out . . 20 unit loads (high logic level) Vee
10 unit loads (low logic level)
Meanset time . .= & i i 5w sies 5 somes o 14 ns 56
Q6
DESCRIPTION Qs
The ITT74118 consists of six cross coupled NAND s5
gates each forming a simple bistable circuit. A reset
line is common to all six latches. Information is Q4
stored within a latch when both the set line and the 4
common reset line are held at logical ‘1'. The state of
each bistable can be changed by taking either the set Reset
or reset to logical ‘0" as shown in the truth table.
Truth Table
S Reset Q
0 X 1
1 0 0
1 1 Store
1. X Indicates input may be logical ‘1’ or '0".
2. Reset is common to all latches.
D.C. CHARACTERISTICS
PARAMETER LIMITS CONDITIONS
Typ. at
Min, 25°C Max. Units Vee
lcc supply current 30 60 mA 50% duty cycle

Information 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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SWITCHING CHARACTERISTICS V=5V, Tamp=25°C

PROPAGATION LIMIT CONDITIONS
DELAY TIME
Min. Typ. Max. Unit
tpd+ to logical *1” level
from set 18 29 ns Fan out = 10
tpd- to logical ‘0" level Standard load circuit
from set 10 17 ns CpL-15pF
Ipd- 1o logical "0’ level R =400 Q
from reset 18 29 ns

Circuit diagram

To other
Latches
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ITT74121
'MONOSTABLE MULTIVIBRATOR

Pulse Width 30 ns to 40 s e Schmitt Trigger Input Pin Configuration (top view)
TYPICAL CHARACTERISTICS
Propagationdelay . . . .. .......... 45 ns OUTPUT Q - n Vee SUPPLY
Power dissipation (50% duty cycle) . . . . . 90 mW
Input loading factor: NC
Inputs Ajand Ao . . . . ... ... 1 unit load
Input B 1, s ‘2 ,,,,,,,,,, 2 unit loads INPUT A1 n n NC
Maximum fan-out . . . .. ..., .. 10 unit loads
B input transition time . . . . . . . . . 1 V/s max. INPUT A2 n
A1, Ag input transition time . . . . . 1 V/s max., TIMING
Input pulsewidth . . . .. ....... 50 ns, min. INPUT B [ 5 | CONNECTIONS
External timing resistance Ry . . . . . 1.4 K S min.
AR G N 1 RN 40K Qmax.  outeut Q] 6 |
54 series 30 K 2 max.
Timing capacitor C1. . . . . . . .. 1,000 KF max. GROUND 8 |NC
Duty cycle:
RESTEI . . o o o pwon sy 5 mirn s 67%
Br=max.value « :isoe o svms @ wied v s 90%
Output pulse width . . . . . .. ... 0.695 CTRT
DESCRIPTION {a) External timing capacitor may be connected be-

tween pin 10 (positive) and pin 11. With no ex-

" >
MENIE ELige S Bty nrapiite ternal capacitance an output pulse width of

A1 and A2 are negative edge trigger inputs and will typically 30 ns is obtained.

trigger the monostable when either or both go {b) To use the internal timing resistor (normally 2
low with B high. B is a positive edge Schmitt K £2) connect pin @ to pin 14.

trigger input for slow edges or level detection and (c) To obtain variable pulse width connect external
will trigger the monostable when B goes high with A1 variable resistor between pins 9 and 14,

or A2 low, Once fired further transitions on the (d) For accurate repeatable pulse widths connect an
inputs will have no effect on the outputs until the external resistor between pin 11 and pin 14
time period is completed. The time period may (value between 1.4 K £ and maximum value).
be varied with components as follows: Leave pin 9 open-circuit.

D.C. CHARACTERISTICS

PARAMETER LIMIT CONDITIONS
Typ. at
Min. 25°C Max. Unit Vee
VT+ positive edge threshold voltage
At input A 1.4 2 A Min. Note 1
At input B 1:55 2 v Min.
V1. negative edge threshold voltage
At input A 08 1.4 A Min. MNote 1
Atinput B 08 1.35 v Min.
Icc supply current
Quiescent state 13 25 mA Max. Note 3
Fired state 23 40 mA Max.
Notes
1. Use external C = 1,000 pF, R = 10 K £ measure Igc on Q leave Pin 10 and 11 open.
2. To measure Igc on Q ground all inputs Pin 11 3. Use external C = 1,000 pF; Ground Aq, Ag;
and Pin 10. Pin 10 must be grounded last. To Pulse B according to truth table.
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SWITCHING CHARACTERISTICS Vee=5.0V, Tapmg=25°C

PARAMETER LIMIT CONDITIONS
Min Typ. Max. Unit
tpd+
FromAqorAstoQ 25 45 70 ns Use test circuit (1)
FromB to Q 15 35 55 ns
tod-
From Aq or Ay to Q 30 50 80 ns Use test circuit (1)
From B to Q 20 40 65 ns
tpp output pulse width
RT = internal
Cr=0 20 30 50 ns Use test circuit (2)
RT = internal
Ct =80pF 70 110 150 ns
RT=10K§2
CT=100pF 600 700 800 ns
RT=10KCy=1uF 6 7 8 ms
tmin Min. width trigger pulse B input 30 50 ns Use test circuit {2)

Test circuit (1)

24V

?1 INPUT

PULSE
GEMNERATOR
(See Mote 1)

Note 1:

TABLE

.
TEST
TRUTH

The pulse generator has the following characteristics:
VouT = 35V, tf =5 ns, t = 10 ns, tp = 50 ns,
PRF =1 MHz, and ZgyT = 50 £
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INFUTPUESE ' e e T o
(BINPUT.UNVERT S Fem oo o0 e
Waveforms FOR A1/A2 INPUTS) A1~ ———— =" e
| ;F—ﬂ I
e M — ke
! I"pd It;
|
VOH

L

Test circuit (2)
OUTPUT v ¢

""""""" =1
I
|
PULSE |
GENERATOR ] |
(See Note 2) | e IN4148 = |
Q L= __toAocweurs
TP e (I S N e e e TN
e ™™ Loap circuit 2 .‘I
o n SEREND )
Waveforms INPUT 1—'-\.'_ Vour
o7, ‘m o7y
0
' Tmin 1
- Yoy
OUTPUT Q 71 _____ S‘ 15V
lr—"l Vo
tho |

YOLTAGE WAVEFORMS

Note 2:

The pulse generator has the following characteristics:
VouT = 35 V, tf = 5 ns, t, =10 ns, tp = 50 ns,
PRF =1 MHz and ZgyT = 50 £



ONE OF SIXTEEN DATA SELECTOR/MULTIPLEXER — ITT74150
ONE OF EIGHT DATA SELECTOR/MULTIPLEXER — ITT74151

TYPICAL CHARACTERISTICS

Propagation delay from

data inputs to the output . . . . . . . .. 10 ns
Power dissipation:

ITTAATED, - o woe i 5 s 6 % eoaom & 200 mw

ITERAIET = & s = wisa 5 & 85 5 5 145 mW
Input loading factor . . . . . . ... .. 1 unit load

Maximum fan-out . . 20 unit loads (high logic level)

10 unit loads (low logic level)

Pin configurations
(top views)

ITT74150

DATA INPUTS DATA SELECT
A

{
Vee 8 9 10 11 12 13 14 15 A B

EIO 3 EII

E;x Ejy Epe

E: E

7 & 5 4 3 2 1 0 s W D GND
p > /
DATA INPUTS
STROBE DATA
SELECT
OQUTPUT.
ITT74151

DATA INPUT DATA SELECT
i 1

,LB 2 1 0

GND

T T
DATA INPUT  QUTPUT STROBE

Logic diagram, ITT74150

STROBE o>
(ENABLEY T =

[ S :
—THES

pata J
INPUTST &

s
=r'E
Bmg
ey
<4

DESCRIPTION

Both circuits convert parallel binary information
to a serial form by means of a select signal.
The iTT74150 can select one line of sixteen and
route this information to the output in the inverted
form. Each line is selected by a binary coded
number presented to four data select lines. All
the information on the data inputs can be inhibited
from the output by a common strobe line when
this is at a logical '1’. The output circuit is a
standard TTL totem pole configuration but having
twice the fan out capability in the logical "1' state.
The ITT74151 is a one line of eight selector. It
is identical in operation to the ITT74150 (apart
from handling less bits) but has an additiondl
output which provides non inversion of the input
data.
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ITT74150

Inputs Qutput
Ex E3 E4 Es

Truth Table, ITT74150

D €& B A

w

Es E7 Es Es9 Ejo E11 E12 E13 E14 Egs

Eo Eq

Strobe

Tr O T O O rOrOrOrOrOrOrOr-OrOrCOrOrOrO

R S e S S S e
XEKAXAKKHEAK KKK AKX AHARK KK AKX KN SO XX
HEXAXAXKKHAXHAKXKRX AKX XAKK KK HE KKK KO XX XX
FEDEHOI N M MK XIDERIK M NI KK WK K WO XXX K
G Gt o b G0 S 40 60 i ) D G b B b O G o b b =T B S € o G b
SR SO KRR R R XK R KKK O3 336 WD IEWTN,
KK KRR RO HIIHN N R KA H O - R K NN R
HHTX KUK KA A HHMNAUKHOT K H KM A HHRM MM NNR
MMM KHXEXEXK AKX RO K IEK KRN KR HIEH M NN
WD XM IO MK MOy B KRG KK N KK M K
3K M MDD X MDD OB MK X KR KX I I N D
P GG e B G =l G A e S 5 B G Gy o S b o b G
PG b o = E e G 0 e G b B i G e g O O S o sl
R I O N N S ol R N i S S S S S e e s
KUXOT X URX KKK KKXXHRX AKX KAX KX AXXXAXX

KO KKK XXXXKKKKKK AN AXXKKKXARX KKK HKAX

o000 0000000000C000OD0O00O0O0OOoOCO0

KOO OO OO OO0~ OO OO0 ~OO0 OO0~
HOOOOr rr OO OOr OO0 00 -~ rrOC000 v rvr
HOOOoOOOOOOr rmrrm rrrrO00000000 ™rr ™r ™

XOOODOOOO OO O OO OO OO T rr

Logical “1” or Logical ‘0

When used to indicate an input condition, X

Truth Table, ITT74151
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ITT74150 1TT74151

D.C. CHARACTERISTICS

PARAMETER LIMITS CONDITIONS
Typ. at
Min, 256°C Max. Units Vee

lccH ITT74150 40 68 mA Max. Vstrobe =0V, VIN =45V

ITT74151 29 48 mA Max. (All data inputs logical ‘1')
lccL 1TT741860 5 60 mA Max. Ving=0

ITT74151 22 38 mA Max. (All data inputs logical ‘0')
Information on the absolute maximum ratings and are common to other integrated circuits in this series)
the other D.C. characteristics of these devices (which is stated in the general information section.

SWITCHING CHARACTERISTICS Vge=5V, Tamg=25°C, FOR THE ITT74150

PARAMETER LIMITS CONDITIONS
From To Min. Typ. Max. Units
tod+ A.B,C,orD W 23 35 ns Ve = 5V See test circuit
thd- A,B,CorD W 22 33 ns Ve =5V See test circuit
tpg+  Strobe w 15.5 24 ns Vee = 5V See test circuit
tpd- Strobe w 21 30 ns Ve = BV See test circuit
tpd+ EQtoEqs w 13 20 ns Vee =5V See test circuit
Ipd- EgtoEqs W 85 14 ns Ve = 5V See test circuit

Test circuit for ITT74150 and ITT74151

QUTPUTS
M Vee=s v
W QY °
STROBE INPUT 0 5, |
f R =400 2
DATA INPUT 0——————E, or D, ! i
Ejor D; | 1
E;orD; r—.—“—*—*”-ﬂ——‘
EyorD; | L
Er or D, A C--15 pF I
gorD;y || & +
EsorDg T v Vee—=5Y =
Yy E; or Dy
Eq w
g Ry <400 2
g IN 4148
Epz
Eiy
Ei4
.E.lf C
SELECT [
INPUT AB D
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ITT74150 1TT74151

SWITCHING CHARACTERISTICS Vec=5V, Tame=25°C, FOR THE I1TT74151

PARAMETER LIMITS CONDITIONS
From To Min. Typ. Max. Units
tpd+ A, BorC Y 35 52 ns Vce=b.0V See test circuit
tpd- A,BorC Y 20 30 ns Vec=5.0V See test circuit
tod+  Strobe Y 35 52 ns Vee=5.0V See test circuit
tod- Strobe X 19 30 ns Vee=b.0V See test circuit
tpd+ DotoDy Y 19 29 ns Vee=5.0V See test circuit
tpd- Dg to Dy o 16 24 ns Ve=5.0V See test circuit

Waveforms for ITT74150 and ITT74151

Ea OR Do INPUT
(See Notes 2 and 4)

STROBE INPUT
(See Notes 1 and 4)

W OUTPUT

Y OUTPUT

DATA INPUT-TO-OUTPUT VOLTAGE WAVEFORMS

1. When measuring strobe to output times select in-
put is at a logical O, Eg or Dg is at a logical 1,
V=45V,

2. When measuring data input to output times
strobe and select inputs are at a logical 0, and
V=45V,

3. When measuring select input to output times
strobe input is at a logical O, data input is at a
logical 1,and V1 =0.

4. The input pulse has the following characteristics:
Vin(1) = 3 V. Vin(o) = 0 V.tr = tf = 10 ns,

_’_i tF pae -] tr - Notes:
|
|
I

SELECT INPUT
(See Notes 3 and 4)

W QUTPUT

Y OUTPUT PRF = 1 MHz, duty cycle = 50%, and generator
Zout =582
5. C| includes probe and jig capacitance
SELECT INPUT-TO-OUTPUT VOLTAGE WAVEFORMS 6. All diodes are TN4148
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ITT74154

4-LINE-TO-16-LINE DECODER/DEMULTIPLEXER

@4-Line-to-16-Line Decoder
®Demultiplexing Capability

TYPICAL CHARACTERISTICS
Propagation delay (through 3

IBBIsORIogIc) -« » smes w wags 2 ow pesis s 23ns
Power dissipation . . . .. ... ... .. 170 mW
Input loading factor . . . . .. ... .. 1 unit load

10 unit loads (low state)

Maximum fan-outy. . . . .
} 20 unit loads (high state)

Pin configurations

(top view)
INPUTS o OUTPUTS
Yee / W \
2o lUe ez Y1s s 14 |13
A7B C D G2 Gi 15 14 13 12
DATA INPUTS ;
0 11

DATA QUTPUTS . _
1 2 3 4 5 [3 7 8 9 0

;T - 3 3 4 5 6 7 g l9 12

QUTPUTS

DESCRIPTION

The ITT74154 can be used as a 4-line-to-16-line
decoder or a 1-line-to-16-line demultiplexer.

In use as a decoder, one of the 16 output NAND
gates assumes its low state when enabled by the
strobe inputs G1, G2, and the appropriate binary
combination from the four binary-coded inputs
A, B, C and D.

The output gates are inhibited by a high strobe
input. Therefore to demultiplex, data is entered
on a strobe input with the other strobe input low
and the four other inputs addressing the appropriate
data output line.

The most significant input, D, produces a useful
inhibit function when the ITT74154 is used as a
1-line-to-8-line demultiplexer 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.

ahe Buffers are incorporated on the inputs to reduce
input loading.
Truth Table
INPUTS OUTPUTS
Gi1G2D C B A 012 3 4567 8 9 10111213 1415
E L LL L L LHHHHHHHHHHHHHHMH
LLLLLH HLHHHHHHHHHHHMHHMH
Le e ik H L HHLHHHHHHHHHHMHHMH
LLLLHH HHHLHHHHHHHHHMHMHMH
Lk E tHLE L HHHHLHHHHHHHHMHMHMH
L: L ik aHSE H HHHHHLHHHHHHHHMHMH
LLLHHL HHHHHHLHHHHHHHMHMH
LLLHHMH HHHHHHHLHHHHHHMHMH
L L H:E E L HHHHHHHHLHHHHHMHMH
LLHLLMH HHHHHHHHHL HHHHHH
L: L H Ol HL HHHHHHHHHHLHHHHMH
LLHL HH HHHHHHHHHHHLHHMHMH
L L HHLL HHHHHHHHHHHHLHHH
LLHHLMH HHHHHHHHHHHHHLHMH
L L H.H:H L HHHHHHHHHHHHHHLH
LLHHHH HHHHHHHHHHHHHHMHL
LHXXXX HHHHHHHHHHHHHHMHMH
HL X X X X HHHHHHHHHHHHHHHH
HHXXXX HHHHHHHHHHHHHHMHMH

H=high, L=low, X=irrelevant
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ITT74154

Logic diagram

TO OuTPUT
GATES 015

0@ >

Nw >0

% 0
| OUTPUT GATES

!1 14 NOT SHOWN
(B

OUTPUT

ouTPUT
15

PARAM- CONDI-
ETER LIMIT TIONS
Typ.at
Min. 25°C Max. Unit|Vce
Icc
74154 34 56 mA | Max.
54154 34 49 mA | Max.

For —Igc maximum limit = 57 mA, for 74154

Information 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.

SWITCHING CHARACTERISTICS V=5V, Tap=25°C

PARAMETER LIMIT CONDITIONS
Min Typ. Max. Unit
tod+ from A, B, C, or D inputs
through 3 levels of logic 24 36 ns SEE
. TEST
tpd- from A, B, C, or D inputs CIRCUIT
through 3 levels of logic 22 33 ns
tpd+ from either strobe input 20 30 ns
tpd- from either strobe input 18 27 ns
Test circuit Vcc"-s v OUT:’UT
STROBE W
1
Wis 4 ]
6% 3 1
wiEys 2 Ry =:400 0
255 SRE =SS R
& Z o 4 g
It} g‘»ﬂi _l(Sec Note C), S~
SYNC INPUT 8l—o ¢
(L1 P T G pes® (See Note D)
B0 < A 10 p?,
g g 8 11&
TEz - 11§ _//‘
Z o -
2 &3 & 14 C,-—15 pF
(o 15 (See Note B)

.|'__.

I




ITT74154

Waveforms

tr T
S10ns=p = —l-l fe=<10ns

1 b= — Y

INPUT A 0%, 50%
10 A1SY © 15V
2 ov
] |
EVEN tpd+:-t- Spdoe L Veu
NUMBERED 5 ;
ouTPUTS | ey : i
g l Vol.

-Jtpd -r— - tpd“i'r‘-

ODD-NUMEERED 15V
QUTPUTS

2210 ,,,-utcrh— —pjtrft— 10 ns

11
0% K| 1 fF50% s
S;‘:‘SJB‘I‘E" 5V 10% 109 15V
= B eep—pa——— T
| P
1 1
—Pytpd —e— =P tod +be—

| I You
OUTPUT * 15y F 15V
— = Vo

Notes:
A. The truth table generator and the pulse generator

have the following characteristics: P.R.F.=1 MHz,

Zout=50 §2, tp=100 ns.

B. Ci includes probe and jig capacitance.

C. When measuring select input to output times the
strobe inputs are grounded. When measuring
strobe input to output times, the untested strobe
input is grounded. Select inputs determining out-
put under test through truth table generator.

D. All diodes are 1N4149.

APPLICATION NOTE

STROBE
GND BCD INPUT
A B €D
ITT741564 1,16 DECODER

7 8 9 101112 13 14 15

TTTTTTTTTT

Output Selection

TTTTTT

BCD Code
Decimal Excess
Digit 8421 5421 3 Gray
0 0 0 3 0
1 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 1 1 12
9 9 12 12 13

DECODE ANY BCD CODE

Decode any BCD code using a 74154 element. Any
4 bit BCD code may be decoded by selecting 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 . . . . . .. .. ... . 125 mW
Typical propagationdelay . . . . .. .. ... 16 ns
Input loading factor . . . . . ... .. 1 unit load
Maximum fan-out 74155/56 . . 10 unit loads
Maximum fan-out 74155 only . . . . . 20 unit loads

(high logic state)

STROBE

SELECT OQUTPUTS

Pin configuration INPUT.

DATA

i 1 |
(both devices) Vec 2C 2G A 2Y3 2Y2 2Y1 2Y0
16}f15] f14]]13f12|]11]]10}] 2
(top view) P FE | Lok
|DATA K A 2Y32Y2 2Y1
i 2C sTROBE2G
B —DATAIC 2Y0
STROBE
1G B 1Y3 1Y2 1Y1 1Y0
S [ s T A

TIL2)13]14(]5]|e|]l7]]®8

DATA S SELECT1Y31Y2 1Y1 1Y0 GND
ic INPUT

sTROBE B
1G

OUTPUTS

DESCRIPTION

Both ITT74155 and ITT74156 have the same logic
function. They can either be connected as a 2-line-
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 the data select inputs
when either the strobe and/or data inputs go
from logical '1" to '0'. In which case the appropriate
output will change from logical ‘1" to ‘0",

If the data is applied to strobe/data inputs, the
select inputs address the data to the appropriate
output. Both devices form either a dual 1-line-to-
4-line demultiplexer with common address input or
a 1-line-to-8-line demultiplexer.

When using this 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, while the
ITT74156 has standard open collector outputs,
so that several circuits can be easily ‘Wired-ORed’
for demultiplexing from more lines.

See truth tables for more detailed operation of
these devices.

PARAM- CONDI-
ETER LIMIT TIONS
Typ.at
Min. 25°C Max. Unit|Vce
Icc
74155 25 40 mA |Max.
74156 25 35 mA |Max.

Maximum limit for — Igc parameter is —57 mA for
ITT74155. No —Igc parameter for ITT74156.

Information on the absolute maximum ratings 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.

Logic diagram
STROBE OUTPUT
1G 1Y0
DATA & )OUTPUT
ic 1Y1
&— OUTPUT
1v2
o o>
SELECT
B
ST OUTPUT
1Y3
OUTPUT
270
—
Q—D&<L—{>—<b
SELECT ouTPUT
A 2Y1
L
STROBE QUTPUT
2G 2Y2
e
DATA
OUTPUT
2= 2v3
q
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ITT74155, 1TT74156

SWITCHING CHARACTERISTICS Vge=5V, Ta=25°C

PARAMETER LIMIT CONDITIONS
To
From out- Typ. at
input put Min. 25°C Max. Unit
tpd+ A,B,2C
74155 1G or Y 13 20 ns
74156 2G 15 23 ns
tpd- A, B, 2C
74155 1G or Y 18 27 ns
74156 2G 20 30 ns
tod+
74155 AorB Y 21 32 ns INPUTS
74156 23 34 ns AS PER
tod- TRUTH
74155 AorB Y 21 32 ns TABLE
74156 23 34 ns
tpd+
74155 1C Y 16 24 ns
74156 18 27 ns
tpd.
74155 1C N 20 30 ns
74156 22 33 ns
Truth Tables
(X = Don't Care, H = Logical 1 State, L = Logical 0 State)
(A) 2-4 Line Decoder or 1-4 Line Demultiplexer
2G=X,2C=X 1G=X,1C=X
INPUTS OUTPUTS INPUTS OUTPUTS
Select Strobe Data Select Strobe Data
5 S - 1C 1Y0 1Y1 1¥Y2 1Y¥Y3 B A 2G 2C Y0 2¥1 X2 N3
X X H X H H H H X X H X H H H H
SR S E. H L H H H E Lk L L L H H H
L H L H H L H H | Tdain AL I H I H H
H L L H H H L H H L L L H H B 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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ITT74155, ITT74156

(B) 3-8 Line Decoder or 1-8 Line Demultiplexer

INPUTS OUTPUTS
Strobe
Select or Data (0) (1) (2) (3) (4) (5) (6) (7)
c* B A Gt 2Y0 2Y1 2Y2 2Y3 1Y0 1Y1 Y2 1Y3
X X X H H H H H H H H H
|5 E |5 L 15 H H H H H H H
L L H L H L H H H H H H
L. H L E H H L. H H H H H
| H H E H H H L H H H H
H L L L H H H H E H H H
H L H L H H H H H B H H
H H L L H H H H H H L H
H H H L H H H H H H H L
*Connect inputs 1C and 2C together.
tConnect inputs 1G and 2G together.
Test Circuit
INPUT Ve OUTRPUT
s o] o
TO INPUT =
UUNDER TEST
e =i = S 6 = s 1 |
170 I Ry 4000 l R, 4001 ‘
l—qg1c  1rijo— (See Note ©) | |
—ic 1Y2j0—0 : ; | !
TRUTH | l
TABLE [———18& 1YI0O-O bt 1
csemﬂwron A 1v0l0-0 | == Cu-15 pF | I C, 15 pF |
ee Mote A ee Note ee MNote 8y
( ) AR 1S |$(s Mote B) L Tts Note 8 i
=gi6; K | LOAD CIRCUIT FOR | LOAD CIRCUIT FOR I
23 1 MICT74155 MIC74156 .
- ol e, W SR Tiis s o T i
Waveforms
)
1
| | Vou
NOTES: NON-INVERTING I-I— tpd 4~

A. The truth table generator has the following char- SYTPUTS

acteristics: PRF = 1 MHz, Zq 1 & 50 £, tp =
100 ns.
B. CL includes probe and jig capacitance.

C. All diodes are IN4149, INVERTING
QUTPUTS



ITT74180

8 BIT ODD/EVEN PARITY GENERATOR AND CHECKER

TYPICAL CHARACTERISTICS
Propagation delay (depending

upon input states) . o . o wmie w ere 36 ns
Power dissipation . . . ... ... .... 170 mw
Input loading factor:

Datainputs: .. v 5 voe s ow s w6 1 unit load

Odd or even inputs 2 unit loads
Maximurn fan-out . . 20 unit loads (high logic state)
10 unit loads (low logic state)

Pin configuration
(top view)

— INPUTS ——

6 7 I T
INPUTS even |z-Even| oND
INPUT | OUTPUT
opb  roDD

INPUT  ouTPUT

Truth Table
INPUTS OUTPUTS
ZOF 1'g AT z z
0OTHRU7 RNEN R EVEN ODD
EVEN 1 0 1 0
0oDD 11 0 0 1
EVEN 0 1 0 1
oDD 0 1 1 0
X 1 1 0 0
X 0 0 1 1
X ='Don’t care’
DESCRIPTION

This device is specifically designed for error checking
systems. The ITT74180 sums the 8 bits of binary
information at the data inputs and gives outputs de-
pending upon whether the sum is even or odd. Addi-
tional inputs ‘even’ and ‘odd’ can reverse the sense of
the summing and also enables the ITT74180 to be
cascaded 1o increase the word length of the data.

Logic diagram

W

[

-

ooD

SEVEN
QUTPUT

Looo
|_ OUTPUT

INPUT
EVEN

INPUT
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ITT74180

PARAMETER LIMIT CONDITIONS

Typ. at
Min. 25°C Max. Unit Vee

Icc supply current

74 series 34 56 mA Max. Data input open with
54 series 34 49 mA Max. even and odd inputs
both zero or both 2.4V
Information on the absolute maximum ratings and are common to other integrated circuits in this series)

the other D.C. characteristics of this device (which is stated in the general information section.

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

PROPAGATION

DELAY TIME LIMIT CONDITIONS
From To
(input) (output) Min. Typ. Max. Unit
tpd+ Data 2 Even 40 60 ns
tod- Data Z Even 25 38 ns
tod+ Data 2 0dd 32 48 ns
tpd- Data 2 Odd 45 68 ns Fan-out = 10
tpd+ Data Z Even 32 48 ns | Standard load circuit
tpd- Data Z Even 45 68 ns | CL=15pF, RL=
tpd+ Data 2 Odd 40 60 ns | 400 £2and see test
tpd- Data 2 Odd 25 38 ns | table
tod+ Even or Odd Z Even or & Odd 13 20 ns
tpd- Even or Odd Z Even or Z Qdd 7 10 ns
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ITT74180

B 7 vic QUTPUT
L__fq:00D :'
— . 1 Switching load circuit
b1: = &£ 1
PULSE TEST Iooeven H
GENERATOR 'I'f:;s 3 N :
Sea Note 1 4 3
fhstie 1) nores:|__J.- ‘ool I
¢ L
17 even r LOAD CIRCUIT -:
s
I S l I ..., SR ]
) TEST CIRCUIT
Waveforms
NOTES: -] le—

1

The pulse generator has the following character- | _i- .
i i, Y s

istics: VouT = 3V, ty = tf = 10 ns, tp = 500 ns, 50%

PRF =1 MHz, and ZoyT 50 S INPUT e, ks I

Inputs not specified are open. s s L) I 109

CL includes probe and jig capacitance. -l o 0

2,
> |
— ey Ao i
NONINYERTING
FUNCTIONS | 15V ; \wi
l ..-.* tod— jt Vou
OUTPUTS = o toi p— |
1 — tpd | b —Vou
1
INVERTING I 15y | 15y
FUNCTIONS
— AR
VYOLTAGE WAVEFORMS
Test Table
INPUT CONDITIONS OUTPUT  INPUT CONDITIONS OUTPUT
PULSE GND TESTED PULSE GND TESTED
0 oDD ZEVEN 2 oDD 2 0DD
1 oDD ZEVEN 3 (e]5]5} 2Z0DD
2 oDD ZEVEN 4 oDD Z0DD
3 oDD ZEVEN 5 oDD 2Z0DD
4 oDD ZEVEN 6 0oDD Z0oDD
5 0oDD ZEVEN 7 oDD Z0DD
6 0oDD ZEVEN EVEN NONE ZEVEN
7 oDD ZEVEN oDD 0 ZEVEN
0 oDD 2Z0DD EVEN ) 20DD
1 oDD 2 0DD oDD NONE Z0DD
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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 loads over the full temperature range
and supply voltage ranges.

@ High capacitive drive capability.
@ Individual Preset to Each Flip Flop.
o Typical power dissipation of 3256 mW

e The input/output characteristics provide easy interfacing with DTL930,
TTLY000, TTL7400 and MSI families.

@ Input clamp diodes limit high speed line termination effects
@ Fully Independent Clear Input
e Typical Maximum Input Count Frequency . . .. 25 MHz

The MSI ITT54/74192 is a synchronous up/down decade counter with separate
up/down clocks, parallel load (asynchronous) facility, two terminal count outputs
for multi-decade operation, and an asynchronous overriding master reset.

The MSI ITT54/74192 is a synchronous up/down 4-bit binary counter with separate
up/down clocks, parallel load (asynchronous) facility, terminal 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 (CPp). The direc-
tion of counting is determined by which clock input 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) input is low, the information present on the
parallel data inputs {PA, PB, PC, PD,] will be loaded into the counter and appear on
the outputs independent of the conditions of the clock 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 appropriate 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 (ﬁui and terminal count-down lT_CDI' 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-down output to the count-down input
of the following counter.
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DUAL IN-LINE (Top View)

e[l 3
2
om.lr»..:ngC =) INPUTS
] @}
]
wuurs{ 5 }ou';purs
CUTF‘UTﬁgE j
[7] 0] ¢ puTs
[Efovo )
LOGIC: LOW INPUT TO LDAD SETS Qe 4,
05:8, 0 C, Cp:D
0
230
DIMENSIONS T
it

ROTES! AR demensons in inches.
LLeods are intended for insertion in hole mws on
300" centers. They ore purposely shipped with
“positive” misalignment 1o focilitate inserticn.




ITT54/74192
ITT54/74193

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

CHARACTERISTICS UNITS
Storage Temperature . ............. —65°Cto+150 | °C
Temperature (Ambient) Under Bias). . . . . . -55°C to +126 (!
Vec Pin Potential to Ground Pin. . . . .. .. —0.5Vto+7 | Volts
Voltage Applied to Outputs for

highoutputstate . . . ............ —0.5V to Ve value
Input Voltage (D.C.) . .......... ... —05V1w+55 | Volts

RECOMMENDED OPERATING CONDITIONS

ITT64192, ITT54193

ITT74192, ITT74193

UNIT
MIN NOM MAX MIN NOM MAX

Supply voltage Ve 4.5 6 55 4.75 5 5.25 \
Normalized fan-out from each output, N 10 10
Input count frequency, feount 0 25 "] 25 MHz
Width of any input pulse, 1,y 20 20 ns
Data setup time, tseryp (see Figure 7 and Note 2) 20 20 ns
Data hold time, tho|d (see Note 3] 0 1] ns
Operating free-air temperature range, T -55 25 125 0 25 70 °C

NOTES: 2.

recognized must be maintained at the input to ensure its recognition,

3. Hold time is the interval immediately following the positive-going edge of the load pulse during which interval the data to be
recognized must be maintained at the input to ensure its recognition,

Setup time is the interval immediately preceding the positive-going edge of the load pulse during which interval the data to be

ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE (unless otherwise noted)

TEST ITTS54192, ITT54193| ITT74192, ITT74193
¥ CHARA d ’ u
SYMBOL, CTERISTICS FIGURE MmN TYPF max | min TvPt max | UNITS CONDITIONS
ViH | High-level input voltage 1and 2 2 2 v
ViL Low-level input voltage 1and 2 0.8 0.8 v
. Vec=MIN, V=2V
v High-level output voltage 1 2.4 2.4 v cc e¥1H
o L a2 ViL =08V, Igy = -400 A
Vee=MIN, Vig=2V,
v Low-level output voltage 2 04 d A cc L :
oL put voltag 04 ViL=08V,IgL=18mA
IH High-level input current 3 20 2 HA YEo=MAX, Vi=24 ¥
1 1 mA Voo = MAX, V=565V
hiL Low-level input current 4 -1.6 -1.6 mA Voo =MAX, V=04V
los Short-circuit output currentﬂ 5 -20 -65 -18 -65 mA Vee = MAX
Icc | Supply current | s 65 89 65 102 mA | Vgg=MAX

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
ot more than one output should be shorted at a time.

device type. *an typical values areat Vo =5V, T =

26°C.

SWITCHING CHARACTERISTICS, Voo =5V, Ta = 25°C, N = 10

FROM TO

H\FIAMETEFI§

TEST

MIN TYP MAX UNITS |
INPUT QUTPUT FIGURE CONDITIONS
fmax 25 32 MHz
tsetup 7 14 20 ns
tPLH 17 26
C :
PHL SRR Carry & 16 24 ns
1
t:_‘:: Count-down Borrow 8 :g §: ns Cp =15 pF,
R =400
:PLH Either Count Q 8 =5 &8 ns -
PHL 31 47
tPLH 27 40
Load
tPLH a 7 29 40 n
PHL Clear Q 7 22 35 ns

Stmax = maximem clock frequancy

TPLH = Propagation delay time, lov-to-high-level output
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ITT54/74192
ITT54/74193

ITT54-74192 DECADE COUNTERS

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES
1. Clear outputs to zero.
2. Load (preset) to BCD seven,
3. Count up to eight, nine, carry, zero, ong, and two.
4, Count down to one, zero, borrow, nine, eight, and seven,

CLEAR M
1
LoRo '}l 25—

. 1 R AL N W ) 4 L L e,
e e e s s
T B R L8 U SR e e i T A NG U R R

0ATA { lilee A Sy=anont SeosiNaine ok Sl e T B TSR N e i
c-|:: |!_ ________________

Lo RIS Entae s el L S SRS T S B T

COUNT = !
up 1 e L o g £ 3 1 L T
couwr — L1 U1 | !
DOWN HE = e 5 e 51 4 54
= | TR T TR | i |
c'.m:_!lllilllI]Il'il]llr
| 1 1 1 [}
%:7: : lll Fy I:
I ]
©Zt Ml L o= =
il L ey I
= L [
1 1] 1 1
} d:al ] 1

BORROW

1 (I} u
SEQUENCE lel 171 8 9 o0 1 2 o :mn 7
ILLUSTRATED |-—m-ru9—4 N—-I
Clean eel

f—% ) BORROW QUTPUT

—————\.  “CARRY QUTPUT
L

DATA INPUT &
[
o= ol
COUNT DOWN D [ﬁu T OUTPUT Gy
Qa y—
UP COUNT D D !Y 6;
CL!
DATA INFUT B —J
L i
-4 Sy QUTPUT, oe
E H > T
1 [ bﬂ
0ATA NPUTC
e 1 b
== oUTPUT o
- — =S
i QERR
DATA INPUT D = :
o)
CLEAR
=]
LOAD D

1TT54-74193 BINARY COUNTERS

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES
1. Clear outputs to zero.
2. Load (preset) to BVD thirteen,
‘3. Countup to fourteen, fifteen, carry, zero, one, and two,
4. Count down to one, zero, borrow, fifteen, fourteen, and thirteen,

SEQUENCE

I LI
]| " B o 1 2 I 0 1B 413
U |-=—coum
ILLUSTRATED o e COUN

NOTES: A. Clear overrides load, data, and count inputs.
B. When counting up, count-down input must be high; when counting down, count-up input must be high.
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DATA INPUT &

BORROW OUTPUT
CARRY QUTPUT
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"
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e
o
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ITT54/74192
ITT54/74193

PARAMETER MEASUREMENT INFORMATION

D-C TEST CIRCUITS "

4.5V

{hee 7vee
UP  BORROW —YF  BORROW b
oown DOWN
CARY D_M CARRY D—
Vil SEE Vi e & e SEE —da
8 Oyl ‘\In;, — B U —
- ol o :' c | PoeEN
NOTE MOTE o B NOTES Qg
ML viL —* 5 % —e
L —
om %€ _/ = L loer %
ww % _L l .
= = = - =
FIGURE 1 = Vi, VL. VoH FIGURE 2 — Vi, V. VoL FIGURE 3 — Iy
Each cutput is tested seporately. Each output is tested separately, NOTES: A. Each input is tested separataly.

B. Apply V| 10 input under test, and ground other inputs
excapt when testing data inputs, spply 4.5 V 1o clear
and load inputs.

i W, [
\-ccT ::T vee j ee
WP poRROWp UP  BORROW Y®  soqmow
DOWN DOWN DOWN
CARRAY p— CARRY
see & a5y i asy " ‘“t
" 8 [ 7Y S— B G0 a a,
OPEN - P o o ; OFEN
T | MotES £ g = s l' = g
] F el o a
CLERR i cear cLear  C
Loa0 %o — F waw 9 Em 9|
= = Sy——
= = £ a = = =
FIGURE 4 — Ij FIGURES - Ipg FIGURE & —
NOTES: A, Each input is tested separately. Each output is tested soparately in the high-level state,
B. Apply V| to input under test and ground other inpus.
*® Arrows indicate actual direction of currant flow. Current into a terminal is a positive value,
OUTPUTS
oo
il it ————————
SWITCHING CHARACTERISTICS oaTa puLSE b enkmomIpEEn | I
GENERATOR oW [ e ! R 408 0 I
(SenNotwa) l"_'_ BORE ERRAE ! " :
&
1
DATA BULSE 8 Sn e i :
GENERATOR c oyl H J_w |9':r“ Moot Ly
e o 9 i (Sen NoreB) H
DaTA PULSE CLEAR ) $ = =0
GENERATOR Loag
B ks L Loap cimcurT | '
-+ J; r
== —————— -2
TEST CIRCUIT |  LDADCIRCUIT 3 i
' (Some osloodCirount) !
i | [ Sl —————wd
e . o - g
: o s cmcr a

L [Fama as Load Creait 1)

VOLTAGE WAVEFORMS

NOTES: A. The pulse g have the followi istics: Zgyy =50 £ for the data pulse generator,
PRR = 500 kHz, duty cycle = 50%; far the load pulse genatalur PRRA = 1 MHz, duty cycle = 50%,
B. C| includes probe and jig capacitance.
C. Al diodes are 1NI0E4.
FIGURE 7 — CLEAR, SETUP, AND LOAD TIMES
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ITT54/74193

PARAMETER MEASUREMENT INFORMATION

SWITCHING CHARACTERISTICS

PULSE
GENERATOR
1See Note 4]

TEST CIRCUIT

e i
Sea Motels]) oo PL e
H
QUTPUT Cp ; 5
tSae NotaE | [EAY
FRY
QUTPLT

o :
(e g i
':'P"LF = ' ~4'ﬂu:-‘-
QuTPUT i ! Ll Var
uT Og \ ] ! ! v
(Sas Note £ 2 i { %
= i L
L Pl e
HORROW ; Liayv
OUTPUT L8V z '_S_\ e
VOLTAGE WAVEFORMS
MNOTES: A, The pulse has the ing istics: PRR = 1 MHz, 2o =50 £2, duty cycle = 50%,

B. €| includes probe and jib capacitance.

C. All diodes are 1N3064,

D. Count-up and count-gown pulses shown are for the SNEA4193/5N74193 binary counters, Count cycle for
SN54192 decade counter is 1 through 10

. Waveforms for cutputs Qa, Qg, and Qg are omitted 10 simplify the drawing.

m

FIGURE 8 — PROPAGATION DELAY TIMES
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ITT54/74192
ITT54/74193

TYPICAL APPLICATION DATA

MODULO-N DIVIDER

The ITT54193/ITT74193 can be used to divide an incoming count
frequency by any integral number (N) from one to 16. This is done
by modifying the count frequency occurring at the carry output by
presetting the data inputs to 16 minus N. By connecting the carry

output to the load input, the counter will count to the maximum
state {15) and the data inputs will then be enabled on the succeeding
clock pulse. The counter outputs are then preset to the levels applied
at the data inputs and the count sequence is repeated.

DATA INPUTS

e

S N I

L

INPUT A B c o CUTPUT
TR e cannr gl N B
54193,

5V Veg 74193

[O—— oren

OUTPUTS

The ITTS54192/ITT74192 may be used in the same manner to perform division by any number from 1 to 10.

LOAD ' 3
DATA INPUTS DATA INPUTS
wap A B8 c o LoaD A a i )
UP CLOCK up s4192, CaRRY D———uP 54192, CARRY [O—— To
54193, 54193, NEXT
Ta192 or 74192 or STAGE
DOWN 74193 T4193
CLOCK DOWN BORROW[D——— own BoRROW [O——
OLEAR A B c D CLEAR A =] c [+]
QUTPUTS QUTPUTS
CLEAR
-
Circuitry is provided internally for cascading th counte
CASCADING Ky 5P ¥ g Thase et Thie

mode of cascading shown below is ripple borrow/carry . No external
components are required.
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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 requiring
minimum propagation delays. They form a TTL
family (Transistor-Transistor Logic) guaranteed to
operate over the following ambient temperature
ranges:

54H Series

74H Series

—55°C to 125°C
0°C to 75°C

All devices operate over a frequency range between
D.C. and typically 30 and 50 MHz, and are fully
compatible 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 aopen-circuit collector
connection.

All functions are available in ceramic dual-in-line
or plastic dual-in-line packages.

FEATURES

High speed — typical propagation delay (gate) of 6 ns.

@ C_=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 military range, replace 74H in the type
nurmber 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-line
package.

TYPE DESCRIPTION
74H00 Quad 2 ifp NAND
74HO01  Quad 2 i/p NAND
(open-collector 5-5 V rating)
74H04  Hex inverter
74H05  Hex inverter (open-collector 5-5 V rating)

TYPE

74H10
74H20
74H30
74H40
74H50
74H51
74H53
74H54
74H60
74H72
74H73
74474
74H76

DESCRIPTION

Triple 3 i/p NAND

Dual 4 i/p NAND

8 i/p NAND

Quad 2 i/p NAND buffer
Expandable dual 2 wide, 2 i/p A.O.1.
Dual 2 wide, 2 i/p A.O.1.
Expandable 4 wide, 2 i/p A.O.l.

4 wide, 2 i/p A.O.l.

Dual 4.i/p expander

J-K master-slave flip-flop

Dual J-K master-slave flip-flop

Dual D-type edge-triggered flip-flop
Dual J-K master-slave flip-flop

with preset and clear

FUNCTIONAL INDEX

FUNCTION
NAND

Gates

Inverter

And-Or-Invert (A.0.1.)

Expander
Flip-flops

D-type

TYPE
74H00

74H01*
74H10
74H20
74H30
74H40
74H04
74H05*
74H50
74H51
74H53
74H54
74H60*
74H72
74H73
74H76
74H74



GENERAL INFORMATION ITT 54H/74H SERIES TTL FAMILY

INTRODUCTION TO TTL

The TTL circuit configurations are designed so that
the uniform logic and noise margin levels apply to all
the standard devices in the families. Thus many para-
meters and their limits are common. In addition the
operating conditions are identified for each family.
Once these standard operating conditions are under-
stood it becomes possible for the designer to use the
family by simply referring to the logic and connec-
tion diagrams on each data sheet. All 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. This
is defined as follows.

Logical ‘0" = Low voltage; typically 0.2 V but {0.8 V
Logical 1" = High voltage; typically 3.3 V but ) 2.0 V

Current flowing into a device terminal is defined as
positive.

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

D.C. tests are carried out under the specified condi-
tions. All inputsand outputs are tested for all possible
logic states. Worst state load currents and voltages
are applied and the test limits are applicable over the
full temperature range.

Min. Max. Unit
Supply voltage, Ve
74H series 475 5.25 \"4
54H series 45 5.5 v
Operating temperature:
74H series 0 75 %C
54H series —55 125 HE

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

ABSCLUTE MAXIMUM RATINGS
(above which the useful life of the device may be

impaired)

Continuous supply voltage Vcc (Note 1) . . . . 7V
INPUTVOMEEE. o o v = o sowrs & 5 s W 3 55V
Voltage between inputs . . . . . . .. . .. 55\
Continuous input current . . . . . . . . . —-10 mA
Standard outputvoltage . . . . ... —05t0565V
Storage temperature . . . . . . . . —65°C to 150°C

Note |
This rating is reduced to 5.5 V if unused inputs are
connected directly to V.

STANDARD CHARACTERISTICS

{limits apply over the full range of operating temper-
ature and for standard totem pole output except
where otherwise stated).

Where characteristics for devices differ from the
table these are shown in the data sheets.

PARAMETER LIMIT (Note 8) CONDITIONS
Min. Typ. Max. Unit| Vce
ViH 2.0 V[ Min. Vo004V or Vou ) 2.4V (Note 1)
VIL 08 V Min. Vg 0.4V or Vo ) 2.4V (Note 2)
VoL (standard output) 022 04 V Min. loL=20mA, V|H=2V or V| =0.8V (Note 3)
VoL (buffer output) Voul24 3.3 v Min. V| =0.8V or Vgi=2.0V (Note 4)
IcEx open collector only 250 WA | Min. V| =08V, V|y=2V, VgyT=max.
o/p voltage rating
—Ig 2.0 mA |Max. Vg=0.4V (Note5)
IR 50 WA | Max. VR=2.4V,input loading-1 unit load (Note6)
IR 1.0 mA [Max. VR=55V irrespective of input loading
=lsc
54H series 40 100 mA |[Max. VouT=0V (Note 7)




GENERAL INFORMATION ITT 54H/74H SERIES TTL FAMILY

Note 1

Condition at outputs dependent on the truth table
of the device. For example, for gates and buffers,
VoL £ 0.4 V applies, and for flip-flops, either Vg
< 04V or Vg 2 2.4 V applies at each output.
Output conditions do not apply for 74HB60.

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 apply for
devices with open collector output. This parameter
does not apply for 7413, 74121.

Note 3
Conditions V| and V| depend on device truth
table.

Note 4

This parameter for totem pole output devices only.
ViL and V|4 apply according to the truth table.
lop4 = —500 UA for devices with Fan-out = 10;
IgH = —1.0 mA for 54H/74H74; IgH = —1.5 mA
for 54H/74H40.

Note 5

Limits apply for an input loading of 1 unit load; for
other input loadings multiply limits by number of
unit loads. For flip-flops, see appropriate data for
test conditions.

Note 6

All other inputs at 0 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 —Igc.

Note 8
Typical limits are at ambient temperature, Ta=25°C
and V=5 V.

A.C. TESTS

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 oscilloscope with high impedance probes
and having a bandwidth of at least 100 MHz is suit-
able for these measurements.

TYPICAL SWITCHING TEST LOAD CIRCUITS
For totem pole outputs:

Yem

DEVICEO P

SUTPUT

For open collector outputs:

DEVICEO P

QUTPUT

Diodes are type 1N4148 or equiv.

The values of C|_ and R_are quoted in the data
sheets. Value of C includes probe and jig capi-
tance.

The characteristics of the pulse generator used at
the input of the device are stated in the data
sheets. Typical characteristics are: VoyTt=3 V:
Rise time, tr, =Fall time, tf=less than 7 ns;
Zo =50 ; Pulse Repetition Frequency, P.R.F. =
1 MHz; Pulse width for gate, tp= 500 ns.

Waveforms
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GENERAL INFORMATION ITT 54H4/74H SERIES TTL FAMILY

CIRCUIT DIAGRAM OF MIC74H00 GATE

Vee
rexn 37800 san
ouTRUT
-~ Y
.._,_.; 4100 annl
INPUTS GND

COMPONENT VALUES ARE NOMINAI

The d.c. operation of this circuit is more readily
understood if the multiemitter transistor (MET) con-
necting the inputs is considered eguivalent 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 diede.

Fig. 2. Simplified analogy of TTL gate.

S R

e SRy

P v

¥7m

na

When all the inputs are positive a logic "1’ current
flows from the positive supply through Rg into the
base of VT1 which heavily conducts and turns VT2
‘ON’ into the saturated state. Since both VT1 and
VT2 are saturated, there 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 adverse 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.
gate (the leakage current of the reverse biassed input
diode) since the MET is biassed in the inverted mode
and the functions of emitter and collector are re-
versed, However, the MET is designed to have a very
low inverse gain and IR is kept to a minimum, IR
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. 1B is achieved if the
voltage of any number of inputs is reduced below a
threshold level of about + 1.5 volts, Fig. 18 shows
the conditions when input A is at +0.2 volts (a
typical output voltage of a previous gate). No base
current flows into VT1 since the collector of the
MET is at too low a potential, with respect to its
base.

Therefore, no current will flow through VT1 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 (10) under worst case conditions because of the
low output impedance of VT3.

3. CHANGEOVER BETWEEN STATES

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
and pulls the output terminal rapidly positive, charg-
ing any load capacitance. The diode D1 helps to
prevent VT2 and VT1 from conducting simultane-
ously and RL limits the current through VT3 to a
safe value during the switch over if the output
terminal is accidentally shorted.

Fig. 3. Propagation delay waveforms.

INPUT
VOLTAGE — —fh= — — — — — -
1

hlﬂlei
I |
QUTPUT —T\ i ! Vou
VOLTAGE — —— N _ -—--——-:n———Jl-a——-
e /1 415y
You | } | |
I | | !
| 1 | :
i
"Ji Ypdm [ | % |
| 1

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 OF F 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 fram this gate.
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4

OUTPUT L
VOLTAGE R34y

Lowest logic ‘1"
level of available
output (and input) §
voltage Vi ¢

Tamp= +75°C

NOISE IMMUNITY

The noise immunity of the TTL gate is typically

greater than 1 volt and is guaranteed 0.4 V minimum
Tomp=25°C under worst case conditions for temperature and
loading tolerances. The noise immunity is derived
from the difference between extreme limits of input
voltage and the voltage required to ensure the
I change of a logic state. This is illustrated by the
transfer characteristic shown in Fig. 4.

%

Vo

s,
2
o,
pd

\\\ SPECIFIED AS

FORBIDDEN REGION

NOID3d N3Jai8d
SY Q3HID3ds

Highest logic ‘0"

output
{and available input)—p= VoL - - - - - = — =t - INPUT
voltage : S ' VOLTAGE
5 VoL
;o
NM |
Yie v
For input voltages H
below this level the For input voltages
device will remain above this level the
in the "OFF' state device will remain
in the "ON’ state Mote: NM=Moise margin

Fig. 4. Typical transfer characteristic showing noise margins

GATES DIFFERING FROM THE STANDARD
CIRCUIT

Typical variations from the standard NAND gate
circuit configuration are shown in the following
circuit diagrams.

Open collector NAND buffer
(e.g. 74H01) (e.g. 74H40)

[ Veeo S Wee
"‘5-‘-“% sl m%ano;. Eum

| ) ‘
T 1 ST O

i
A
k
T;L
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ITT74H00 through ITT74H40

ITT74H00 Quad 2 input NAND gate

ITT74HO1 Quad 2 input NAND gate

ITT74H04 Hex inverter

ITT74H05 Hex inverter (open collector)
ITT74H10 Triple 3 input NAND gate
ITT74H20 Dual 4 input NAND gate

ITT74H30 Single 8 input NAND gate
ITT74H40 Dual 4 input NAND buffer
DESCRIPTION

ITT74H400, 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 QUT
OF 30.

The circuits of all these devices are the same as those

TYPICAL CHARACTERISTICS

Power
dissipation
Propa-  per package
gation (50% duty
delay cycle)
Device type ns mW
Quad 2 input 74H00 6 .90
NAND
Triple 3input  74H10 6 67.5
NAND
Dual 4 input 74H20 6.5 45
NAND
Single 8 input  74H30 8 225
NAND
Open collector  74H01 9 82
2 input NAND
Hex inverter 74H04 6.5 140
Open collector 74HO05 9 140
Hex inverter
Dual 4 input 74H40 75 85
NAND buffer §
Input loading factor 7 (4l n cadta inad & 1 unit load

Fan out (for totem pole outputs):
Standard gates . . . . . . . .
Buffer gates

Output voltage rating for

1 to 10 unit loads
1 to 30 unit loads

shown in the general information section, open collector outputs . . . . . . .. ... 55V

ME o E"’c: B1E S E\i’cc

ME@ @Eu C‘ET“ At

21[3] 2] 84 a2[3] 1] 21

74H400, 74H01  Az[4] 1) 24 74H10 g2 [7] 1] a3

B2[s] E[as c2[3] w83

: T N T

ano[7] v]za onp[7] 1] 23
“E o E‘fu Cigl./—avu A1E§\/_ EV::
B1[z] 3] a2 o1fz 1] ne zu[3] Eﬂaﬁ
nef3] 2] a2 et[3] 12] 61 AzEﬁ 2] z6
cifs [i1]ne F1[3] At z2[4] {EE a5
o3 ] e a1E—r—|| | o] e A3 ET 1] 25
z1[¢ 702 mE——’—‘ l [3]nc 23[+] @3:\4
ano[7] 722 ano[7] 1]zt n 1]24

74H20, 74H40 74H30 74H04, 74H05
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ITT74H00 through 1TT74H40

D.C. CHARACTERISTICS
Information on the absolute maximum ratings 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.

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit Vee

lccL
74H00, 01 26 40 mA Max. VN on all inputs=5.0V
74H10 19.5 30 mA
74H20 13 20 mA
74H30 6.5 10 mA
74H04, 05 40 58 mA
74H40 25 40 mA

IccH
74H00, 01 10 16.8 mA Max. VN on all inputs=0 V
74H01 6.8 10 mA
74H10 7.6 12.6 mA
74H20 5 8.4 mA
74H30 25 4.2 mA
74H40 10.4 16 mA
74H04, 05 16 26 mA

E xceptions to common

characteristics:

_lsc {BU"&I‘S] 54/74H40 40 125 mA Max. 'VOUT = V]N '= Qv

SWITCHING CHARACTERISTICS

Switching test circuits as shown in the general infor-

mation section,

Characteristics of pulse from generator at a device

input:
tr=7ns, t4= 7 ns, tp = 500 ns, P.R.F. = 1 MHz,
Zo = 50, Amplitude = 3.0 V

Note
Other inputs of the gate under test taken to 2.4 V,
Parameter Min. Typ. Max. Units Conditions
Ipd+
74H00, 10 59 10 ns See test circuits in introduction, C_= 25 pF,
R =280

74H20 6 10 ns

74H30 68 10 ns

74H01 10 15 ns R =280 ,Cp=25pF
74H04 6 10 ns R_=280 ,C =26pF
74HO05, 06A 10 16 ns R =280 ,C_=25pF
74H40 85 12 ns RL= 93 ,CL=15pF

tpd— See test circuit:

74H00, 10 6.3 10 ns RL=280 ,C  =26pF
74H01 15012 ns R_=280 ,C=25pF
74H04 65 10 ns RL=280 ,Cp=25pF
74H05 16 12 ns R_L=280 ,C_=25pF
74H20 7 10 ns R_=280 ,Cp=25pF
74H30 89 142 ns R_=280 ,C_=25pF
74H40 65 12 ns R_ =280 ,C_=25pF

*Only one output to be short-circuited at any time,
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ITT74H00 through ITT74H40

TYPICAL CHARACTERISTICS OF STANDARD
NAND GATES

Typical and 95% Limit Input Characteristics
{at 5 V and 0°C to 75°C)

2
-
E:
20 t
% |
ol S B P n
! Min, //;
Trp: //
2 4

-60-50 ~40 -30 -20-10 O 10 20 30 40 I{mA)

Typical and 95% Limit Output Characteristics
{2t 5 V and 0°C to 75°C)

4 N [
» i ol I \\ i High Stace
AN
Trp. \
3 i i,
O VA
> | Max, ‘::21\_ ‘__\ \m'_\ o
Law 5!,::% \ \ \

g S |
o NN

-80 -50 -40 =30 =20 ~I0 O 10 20 30 40 I(Ma)

APPLICATION NOTES

Wired-Or Function

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'Vge. The
choice of resistor value is a compromise between fan
out requirements, the number of commoned outputs,
power dissipation and speed. Limiting values of Ry
are given by the following inequalities.

Veglimax.) — Voo (max,)
Ry )
(10-N) IE

Vegimin.) — Vgp(min,)
Rx
M.icgx + N.Ig

Where M=Number of outputs commoned together in
the "Wired-OR’ function; N=Fan out required.

High Voltage Output

A typical use of the high voltage open collector
device:
Miniature relay drives — A protection diode is
required to prevent turn off transients damaging
the output transistor (as shown),

PROTECTION DIODE

+12V

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 encountered in determining the value of base
resistor to be used, to ensure maximum base drive
without risk of overdissipating 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.

OUTPUT

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 10ns can be
achieved,
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DUAL 2 WIDE 2-INPUT AND/OR INVERT GATES — ITT74H50, 51

SINGLE 4 WIDE 2-INPUT AND/OR INVERT GATES — ITT74H53, 54
THE MIC74H50 AND THE MIC74HS3 ARE EXPANDABLE

TYPICAL CHARACTERISTICS Circuit diagram of one gate (ITT74H50 and ITT74H51)
Propagationdelay . . . . . .. ... .. ... 6.5 ns
Power dissipation . . . . . 58 mW (74H50, 74H51) e
(50% duty cycle) . . . . 42 mW (74H53, 74H54) e I o
Input loading factor ... ... wesbein s 1 unit load fey
FANOUE it o & oty 5 e i =05 1 to 10 unit loads )
oA e
Pin configuration (top views) el fm
GATE 1 OF o
SQHED.?;:!LQ' x.—J AT00 ann GHD

[SEE NOTE 4)

NOTES:LComponent voluss ore naminol,
2 For eapoeding, Bath npuls one used logether,
A ond ¥ ping cow lafl opan when not waing .
4 inputs Xond X are functional on S4HS0 ond T4HEO cwcwls only.

W s o v S

SinddhuWmewmnqmmﬂ.d
o the Expander inguts.

Circuit diagram of ITT74H53 and ITT74H54

Vee
28k TEON 280 580
|
|H?\.|T': ]-1.: _7
]
s [y L4 + | i Joureut
(s:sunoému 4 + 28K l:‘?:—"s kG
1W|"SS—"_7TLL_ t 1
B NPT
A H b
ITT74H53 ITT74H54 w700 N oo
Make no external If expander is not TS o e ONR ST Red
connection to used leave pins 2 for mposclc ol e ittt et
Dins 11and 12 11and 12 open 4 Inguts X 0nd R e funchicngl on S4HSL/ T453 orcuits only.
5 Aol of four SAHE0/ T4H60 expander goles may be conneched
3¢ the sxpander inputs.
PARAMETER LIMIT CONDITIONS
Type at
Min. 25°C Max. Units Vee
lccH _
ITT74HS0, ITT74H51 15.2 24 mA Max. VN on all inputs
ITT74H53, ITT74H54 19.4 14 mA Max. 50V
lcoL 4.0 8.0 mA Max. Vin on all inputs O\
ITT74H50, ITT74H51 8.2 12.8
ITT74H53, ITT74H54 747 1

Information on the absolute maximum ratings 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.
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ITT74H50, ITT74H51
ITT74H53, ITT74H54

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

PARAMETER LIMIT CONDITIONS
Min. Type Max. Unit |Vee
I expander current 585 mA | Min. Vx =14V
VBE basg emitter voltage
of output transistor 1.0 V Min. loL=20mA,Rcg =0,lg =700 zA (Note 1)
VOH output high voltage |2.4 3.3 Y Min. 1oy =—500 wA, |g = 320 #A, Ig=—320 pA (Note 1)

VoL output low voltage 022 04 V Min. IgL =20 mA, Ig = 470 pA , Rcg =68 (Note 1)

D. C. CHARACTERISTICS OF ITT74H50/3 EXPANDER INPUTS AT 0°C

PARAMETER LIMIT CONDITIONS
Min. Type Max. Unit |Vee
Ix expander current 6.3 mA [Min. V=14V
VBE base emitter voltage
of output transistor 10 V Min. IgL =20 mA, Rcg = O, Ig = 1.1 mA (Note 1)
VoH output high voltage [2.4 3.3 Y] Min. Igy = —500 uA, Ig =570 uA, Ig=-570 pA (Note 1)
VoL output low voltage 022 04 V [Min lgL=20mA, Ig =600 4A, Rcg =63 (Note 1)
Note 1

VcE. Ig. Ic and RGE refer to voltage, current and resistance on Xg and X¢ terminals,

SWITCHING CHARACTERISTICS (Ve = 5.0V, Tamg = 25°C)

PARAMETER LIMIT CONDITIONS
Min. Type Max. Unit
tod+ 7 11 ns See test circuits , expander pins open
tpd— 62 11 ns See test circuits - @xpander pins open
tpdt+ 7.4 ns See test circuits, Cy = 15 pF
thd— 11.4 ns See test circuits . CX = 15 pF
Switching test circuit for ITT74H50/1
5V
24V LAFER
Switching test circuit for ITT74H53/4 —J -
PULSE =
24w R ___“—_r_.‘}sy GENERATOR [ INd148
T " i : — wi b - o;vTc.__lg,r
PULSE ; .
SEREAATOR i _ N1 Pulse Characteristics e
ki 1 tf= =7ns

tr e A ol i i nPuT

te = 500 ns ' !
P.R.F. =1MHz I :

Zo ) =50 L SR -Louteur
Amplitude =3V j 1 '
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ITT74H50, ITT74H51
ITT74HS3, ITT74H54

USE IOF EX?ANDER ITT7450 and ITT7461 USED AS A COMPARATOR

The expander points are provided so that the input
of the ITT74H50 or the ITT74H53 can be increased Two binary numbers ABCD and WXYZ.

by a maximum of four 4-input NAND gates. Both

X¢ and Xg expander points must be used to connect A
to the Xg and Xg outputs of the ITT74HE0 o
expander. by
w
B
X
USE AS AN EXCLUSIVE OR GATE )
The connections as an exclusive OR gate are shown %
below with inpuis A and B. c
¥
A T
B Y
O/F o
A 3
= o
B z
A__B o When ABCD = WXYZ O/P = 0
when ABCD ) or { WXYZ O/P = 1
0 0 0
1 0 1
0 1 1
1 1 0

ITT7453 and ITT7454 USED AS A COMPARATOR
Two binary numbers ABCD and WY XZ.

A
The inverse of exclusive OR function can also be 5:13—_
obtained X
w
A 8
"?3' x
0
o y T et 3
a [+
. s
€
Y
A B o/P S
z
0 0 1 5
1hg | Y T
0 1 0
1 1 1 When ABCD -WXYZ O/P =0

when ABCD ) or {(WXYZ O/P =1
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ITT74H60
DUAL 4 INPUT EXPANDER

TYPICAL CHARACTERISTICS

Output capacitance,

Ve and Gnd terminal open 1.3 pF
Power dissipation (50% duty cycle) . . . 12.6 mW

The ITT74H60 expander is intended for use with the
ITT74H50 or ITT74H53 AND-OR-INVERT gates.
Not more than four expander gates (two packages)
should be connected to any AND-OR-INVERT gate.
The X¢ and Xg outputs of the expander should be

Input loading factor . . . . . .. .. .. 1 unit load connected respectively to X¢ and Xg expander in-
puts of the AND-OR-INVERT gates. Inter-connecting
Circuit diagram of one expander leads should be kept as short as possible.
Resistance values in ohms Pin configuration
Vec =/
aK 2 ] e
Xc=AB.CD o o]
Xg=A.B.C.D G ]
BO—— “E 3’&‘
Bo Xec 52 5] 0] 2
Cco czfs 9 | %2
o Bl Xe [] ]
FYT Y cm|7] [t]oz
PARAMETER LIMIT CONDITIONS
Type at
Min. 25°C  Max. Units|Vce
VN on state voltage 04 v Min VE=1V,V|H=20V
74H60 lon = 7.4 mA
TamB = 0°C
54HB0 04 v | Min IoN = 5.85 mA
Tamp=-55C
VN on state voltage 0.4 v Max VE=06V,Vigy=20V
74H60 lon =7.4mA
TamB = +70%
54H60 04 V | Max IoN = 7.85 mA
Tame = +125°C
loFF off-state output current— 570 umA | Min. Ve=v.5V, V| =08V
74HGB0O
54H60 320 RE/GND =575
IoN on-state output current— Tamg = Min.
74H60 —600 LA Max. VIH=2.0V, Vg=1.0V
54H60 —470 LA TamB=Min.
—Ig input forward current 20 mA | Max. VE=0.4v
IR input reverse current 50 mA | Max. VR=5.5V
INPUT EXPANDER
PARAMETER LIMIT CONDITIONS
Min. Type Max. Units| Vee
IccH supply current for highest 3 45 MA [Max. Vi onallinputs OV, VE=0.85V
dissipation (off state)
lccL supply current for lowest 1.9 35 mA |Max, V|yonallinputs 5.0V, Vg=-85V
dissipation (on state)

Information 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 SLAVE FLIP-FLOP — ITT74H72
DUAL J-K MASTER SLAVE FLIP-FLOP — ITT74H73, ITT74H76

TYPICAL CHARACTERISTICS AND RECOM-
MENDED OPERATING CONDITIONS

Maximum clock frequency . . . . . . . . 25 MHz
Propagationdelay . . . .. ... ... ... 18 ns
Power dissipation:
Singletype . ... o » 2o s a = e s e 80 mW
DUBIYPe. | Ziires e wsriemislie o i & w0 s 160 mW
Input loading factor:
Jand K clock inputs . . . . . .. . . 1 unit load
Direct and clock inputs. . . . . . . 2 unit loads
Fan-auts ..., Sl i i 1 to 10 unit loads
Clock pulsewidthtepg - . .« v - o v o o o - 12 ns
Clear pulse width to - - + - - 12 ns, 74H72, 74H73
tep, 74H76
Preset pulse width t, 16 ns. 74H72, 74H76
Inputsetuptimetgp . . . . . . . o oo tep
Input hold timeth:. -« & wooie w0 = e v s ¥, Ons

Pin configurations

1TT7472

cLock i1 k‘i' K1

"

PRESET 1

CLEAR 1 [_31 141 Qi
n :_:! S | ;E GHD

vic [ 53 el 11: K1

clock2 [6 E" Q1

PRESET2 | 7 ;ﬂ] a

CLEAR 2 [4;; (9]

Truth Table
SYNCHRONOQUS ASYNCHRONQUS
tn th+1 PresetClear Q Q
D Input alka 0 (o} 1 1
0 0 1 1 0 0 1
1 1 0 0 1 1 0
1 1 No Control
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Logic diagram
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Circuit diagram 74H72

1 e
s80 37600 32640 uaan% 7600 s80 <
—
Qo akn ] ﬁ» —ol
3
410-3% r 70
l e
| e 1._,"5’“
A-[ 2 80 Z]que.m u-n.ji"lj““i 2

‘ — _,‘_F)Ci:_i .

| ] |

LR

BE .
EiE !
COMPONENT VALLIES ARE NOMINAL [—QO—‘
CLOCK
Logic diagram
>

g

ICLEAR

K o
ICI.CICK

Circuit diagram 1TT74H73
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ITT74H72, ITT74H73, ITT74H76

Logic diagram
o B 0 3
O —0
PRESET u_.!ﬁR

R
BLOCK DIAGRAM [each flip-Tiop] CLD’CKI - Tﬁm
Circuit diagram 74H76
wr.& 60N %z 8 2 am% T®ONZ SA02 I s
TO OTHER
— FLIP-FLOP

PRESET CLEAR

r ar00 & 700 T
T

= 1 1

SDE 32 BNl seml  ZEROS 2a v2 Bai)
1] ‘

T e

COMPONENT WALUIES ARE NOMINAL

ncK

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 going transition first the J and
K inputs are disabled then the information is trans-
ferred to the slave bistable. Operation will 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 Q outputs to the J and K input AND gates one
or other of the gates will have a logical ‘0’ 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 external inputs
goes to a logical ‘1" at any time while the clock is
high the master bistable will change state and the Q
and Q outputs will follow on the negative transition
of the clock.

EULMALL Leath by M 10 GTHER FLIP-FLEPS
PARAMETER LIMIT CONDITIONS
Type at
Min. 25%C Max., Units Vee
—IF input forward current
All J and K inputs and clock 2.0 mA Max. VE=0.4V
Pregat, clear 4.0 mA Max. (Note 1)
IR
J and K inputs and clock 50 wA Max. VR=24V
Preset, and clear 100 pA Max. VR=24V
Ice supply current 16 25 mA Max.
Single type 32 50 mA
All dual types
Note 1

Test with all other inputs at 4.5 V. Use preset or
clear to set device to 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 AND gate must be at logical ‘1",

Information 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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ITT74H72, 1TT74H73, ITT74H76

SWITCHING CHARACTERISTICS Vge=5.0V, Taomp=25°C

PARAMETER LIMIT CONDITIONS

Min. Typ. Max. Unit
fmax Maximum input clock frequency 25 30 MHz Use test circuit 1.

tpd* propagation delay time to logical ‘1°
Clear or preset to output 6 13 ns Use test circuit 2.
Clock to output 6 14 21 ns Use test circuit 1.

é)d propagation delay time to logical ‘0’
lea

r or preset to output 12 24 ns Use test circuit 2.
Clackstooipay 10 22 97 lng Use test circuit 1.
Test Circuit 1 Waveforms
ki Y cLock
el INPUT | 15V
INPUT P4V Rezs0a - ; |
o CLEAR o
E—=——1 9 - Bl Bl B }-—l——-———-—h—l |
™ L A ]

& Q
PULSE DEVICE

» UNDER,
GENERATOR TEST

I
|
T
|
|
i e
Pty i.L--g P4 OUTPUT QorQ B
LIt~ e i
= o = ]
OUTPUT GorQ | 15V

CL includes probe and jig capacitance

H

Pulse Characteristics

tr =7ns
tf =7 ns
tep =20ns
R.F. =1MHz
Amplitude = 3V
& Waveforms
Test circuit 2) CLEAR
R INPUT
: i 1.5V 1.5v
CLEAR INPUIT [ h i
g 5V
I [ 1 R PSR S R i
PR
| ] | a0 p [CLEAR] —=]
- I
|| : : : | CLEAR 5 E |r= & :_: =l| B |
PULSE Tints it e PRESET |
GENERATOR i J TEST y 1 T i INPUT 1
= =254 ereser q_ l L R | AV 1.5V
== = ! I b
| Fe—Tp {preset) —=
== = == Tpd= e
a ouTPuT ! a9 tods

Cy includes probe and jig capacitance

Pulse Characteristics

Same as Test Circuit 1, except tp = 16 ns.

l 5V
doureur |

1-110

TN [ O
)
I
T
i



ITT74H74

TYPICAL CHARACTERISTICS AND OPERATING

CONDITIONS PRESET
Maximum clock frequency , . . ... .. 35 MHz
Propagationdelay . . . . ..., ... .... 11 ns cLEaR
Powerdisgipation. . . . % « v g5 ¢ v vy 150 mW
Input loading factor: "
Presoterdata ., oo woarens o ovs 1 unit load el
Clearorclock . .. .. b S03) 2 unit loads
5 7 YT R N i M S 1 to 10 unit loads [ Wi swemen
Clock pulsewidthtep . . . . .. .. .. 15 ns min. BLOCK DIAGRAM (EACH FLIP-FLOP)
Preset 0.' clear pulse widthtg . . . . ., 25 ns min, Circuit di m of one flip-flop
Pin configuration i ml Logfﬁm
“QD view) oRESET o B
. 1 g
4, Veo 0 OUTPUT
1 y—0C
<ol (CLEAR 3) f BT
11|02 CCEAR ﬂﬂ
1len i i {"" L
_: 280 :
S B (PRESET 2) cLoen I"K. |28} TEOQN, 58N
Q o -{ -
1% b 2om0 awng ML IRT
700} . 10 OTHER
o [Fp-mce
°°'£ ci Too
SCHEMATIC - EADH FLIP-FLOP »
Componest volees am Aomingl
Truth Table DESCRIPTION
SYNCHRONOUS ASYNCHRON The ITT74H74 is an edde triggered D type flip-flop
P P , 0 QOUS_ in which the transfer of the D input data takes place
'n n resetClaar Q during the positive transition of the clock input.
DIn a When the clock input is above ar below the transfer
Pt ¢ N e 9 ! ! threshold the.’'D' input is inhibited. The transfer
0 0o 1 10 0o 1 threshold is not directly related to the transition
1 1 0 0 1 1 0 time of the positive going edge. Preset and clear
inputs operate irrespective of the logic state of the
! ! Do Contral clock or D input.
PARAMETER LIMIT CONDITIONS
Typ. at
| Min 25°C Max. Unit Vee
~IF Preset or © input 2.0 mA Max. VE=0.4V
Clear or clock 4.0 mA Max, Vg=0.4V
Ig Dinput 50 HA Max. VR=2.4V
Preset or clock 100 HA Max. VR=2.4V
All inputs 1 mA Max, VR-5.5V
Clear 150 HA Max, VR=2.4V
lcc 54H74 30 42 mA Max. All inputs high
74H74 30 50 mA

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



ITT74H74

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

PARAMETER LIMIT CONDITIONS
Min. Typ. Max. Unit
fmax mMaximum input clock frequency | 35 43 MHz Use test circuit 1
tsp Minimum input set up time 10 ns Use test circuit 1 (*Low" Datal
15 ns Use test circuit 1 {“High’" Data)
tp, minimum input hold time 0 ns Use test circuit 1
tpg+ Clear or preset to output 20 ns Use test circuit 2
tpd+ clock to output 8.5 15 ns Use test circuit 1
tpd- clear or preset to output 30 ns Use test c:i_rpuit 2
tpd- clock to output 13 20 ns Use test circuit 1

Test Circuit 1

Test Circuit 2

CUTPUTS
OJThLTS
INPUTS o CLEAR iHPUT T T ‘i Eor
Pt i
T it LR L \ o -
o 33 Ruawun . i
PULSE g 4 bt !| | Edvo—————FJ ;}_‘ T T 14 Ll
5 L DEVICE i | PuLSE ' | INAIGE
GENERATOR CLOTK DA [sEMER&TOR gy o————diC, :
e | PRESET L Q —H- l l .l .I
(s} e o — B —- | WRUT |
Al o= €t I5pF ol
g = :
= ) Pulse Characteristics €, includer probe and jig eapacitance
Pulse Characteristics C_ includes probe and jig capacitance t= Fins
tr=7ns tf=7ns
tf=7ns 15, =26ns
tep=20ns .F.= 1 MHz

tp (D input) = 60 ns

R.F. clock =1 MHz

R.F D input = % R.F clock
Amplitude=3V

Waveforms
cLocK o
A on
|
D INPUT 4 ! % e 5V
(PULSE A) e |
—] e
| ! I
D INPUT |
(PULSE B) g [ f—
Qerd 1 ted - I 15Y
| |l
tod
TorQ 15V
' 1
Pulse A to Test i, Pulse B to Test t,

Amplitude = 3V

CLEAR INPUT

Waveforms

15V

PRESET INFUT
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Series ITT9000-1, ITT9000-5°
HIGH SPEED TTL

HIGH SPEED SATURATED

-310
DUAL IN-LINE ]' e

TRANSISTOR-TRANSISTOR e

e Tl
LOGIC CIRCUITS e T

g2

q >
Lt g
q >
e Single power supply requirements: 5 volts optimum, 4.5 to 5.5 7= < i
volts range 5 3 _F
® High speed: typical gate propagation delay time of 7 ns = qr ap
gate propag y =
e High DC noise margin: typically one volt s Lz
o Addei énpu! diodes an% I!r.nﬂr output impedance provides mini- prob Ry donl Rl it
mum noise susceptibility 30
DUAL IN-LINE 22077
e Fan Out: 10TTL loads 16 LEAD
® Power dissipation: 1imw per NAND gate at a 50% duty cycle 200 ALY —\-&',.;
e Compatible with ITT DTL family and other DTL and TTL circuits .5?.?-‘ F ‘ L]
@ NAND gate pin configurations are compatible with DTL e il qﬂ?—[
t— g ]
110
The ITT MICS000 Series of TTL circuits is designed to be used in any digital system o g >
where good noise immunity, high speed, medium power and high fan-out performance ( g s
is required. The line is characterized by a broad number of functions available in a b 4 o
variety of packages. The basic elements of the family are active low level output ;3_ — < B
AND gates commonly known as NAND gates. MR QE 48 9p
= L O35 o L‘ 24071

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 typically 11 mW per gate function at a 50%
duty cycle, and the average propagation delay is 7 nanoseconds per gate function. DIMENSIONS — FLAT PACK
A single 5 V =10 per cent power supply is used with the circuits.

TO-86

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. == U b p—
The output impedance in the low state is about 10 ohms and in the high state, about p— 0w 260
20 ohms. To further enhance noise immunity, all inputs of all devices incorporate e T | =
diode clamps which considerably reduces the ringing which can result from long gf‘;_-a—m—:_—’l_r—'ﬁ- :
lines and impedance mismatches. The binary elements are of a JK, DC master slave ] 0 pes
design and will toggle at 40 MHz, except for the 9000 element. The 9000 has capaci- s b e——— | ®0,
tors purposely incorporated in the design to increase its set-up time and provide it = ;;ﬁg = b

with considerable 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/enable. The input to the clock on each element
is buffered to reduce the clock input loading.

11

The Vec and ground terminals of all devices are located on diagonal corners of the
package which allows two degrees of freedom in routing of power and ground leads
on the PC boards. Special care has been taken in establishing pin-outs for the
flip-flop so as to minimize cross-overs when laying out common dynamic functions

--25

1
o

e e
£ 1
1

L i

:_.,_______]_ et P
with these elements. Simple loading rules are incorporated so that the fan-in and —n-
fan-out capability of each device will be quickly established.

k|

16 LEAD—chack factory for availability
The MIC9000 series TTL is compatible with DTL and MSI devices as well as the e P e I
more complex functions which will be available in the future.
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Serles ITT9000-1,

ITT9000-5

9016

MIC9000 SERIES TTL INTEGRATED CIRCUITS
NAND GATES

it

BUFFER

9009
]—-—
z_%D—'—_—E
]
s o]
v
10 —
12 —%:)Vmo
13—

9003

o
=D
13—

D

=

9004

il
==
=
13—

[ for—
9 —
‘_ﬁ 6
5 —}

N —
==
qgees]
Aol
10 — e
1 —
12—
13—

9007

AND-OR-INVERT GATES AND EXTENDER

9005
I
13 —=
—B

9 — - 1L EMIT
10— —— l2coLL
2 —
33—

i Yot— 6
]
§ —

2006

13 —4
| —4
P

-

MEMIT,

L
=
B T0EMIT.

(extender for use with 9005 & 9008}

9008

13—
=y
ALl
i)
—&
2] F— NEMIT
4D —— l2coLL
4 —
5 —13
e

Voo = Pin 14
Gnd = Pin 7

9020

DUAL FLIP-FLOPS

9022

o1

7

I

H « o= | n—x X of—s — o 1
4 12—k X of—7 K of—s
cf # / ‘Tﬂ ] ¥ ‘/J a 12—k &
. : [ |
2 Ve =Pin 16 ] 15
Gnd = Pin 8
SPECIAL ORDERING CODE SINGLE FLIP-FLOPS
Temperature Range:
—55°C 10 +125°C, add —1 to 9001 9000
MIC number. 2 -
0°C to +75°C, add —5 to MIC l 1
number.
Case Si'vie: P ; ey :; i ;-— :: \ e
250" x .250" Flat Pack, add "B" 12— 4y ’ L et T 4 =
following last digit. —L —L% /
Ceramic Dual In-line, add “D" fall-
owing last digir. 2 1 2 Y
Example: ; :" N\ ‘! * aY
MIC 9002-1D is —55° to +125°C. e x ofb—: |} X ofl——¢
T i — K 0 ——%;
Temperature range in Ceramic Dual- W P j % s i j &
In-Line package.
Flat-pack and Dual-ln-line packages T
have same pin configuration, i ¥ee = Pin 14 "
Gnd == Pin 7
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Serles

ITT9000-1, ITT9000-5

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

Storage Temperature —65°C to +150°C

Temperature (Ambient) Under Bias

(MIC8000-1) —55°C to +125°C
Temperature (Ambient) Under Bias

(MIC8000-5) 0°C to +75°C
Vee Pin Potential to Ground (See Ngte 1) —=0.5V to +8.0V
Input Voltage (D.C.) (See Note 2) —0.5V to +5.5V

—30 mA to +5.0 mA
0V to +Vcc value
50 mA
100 mA

Input Current (See Note 2)

OQutput Voltage, Output Normally High
Current Into Output Terminal, Output Low (except 9009)
Current Into Output Terminal, Output Low 9009

NOTE 1

The maximum Ve value of B.0 volts is not the primary factor in determining the maximum
Vee which may be applied to a number of interconnected devices. The voltage at 3
high output is approximalely 2 Vu's below the Vcc voltage, so the primary limit on tha
Vec is thal the voliage at any input may not go above 5.5 V unless the current is limitec,
so this effectively limits the system Vo to approximately 7.0 volts,

MNOTE 2

Because of the Input clamp diodes, excess current can be drawn out of the inputs If the
D.C. input voltage is more negative than —0.5 V. The diode is designed to clamp off
large negative A.C. swings i with fast fall times and long lines, This maximum
rating s intended only to limit the steady state input voltage 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.

INPUTS 0UTPUTS
A/B -—L XY
- - - -
___J rosic evement [

Where A=high logic level input load factor
B=low logic level input load factor
X=high logic level output drive factor

Y =low logic level output drive factor

When checking for loading violations it is only necessary to insure
that the sum of the high logic level input load factors at any ncde
does not exceed the high logic level output drive factor at that
node. The same is true for the low level load and drive 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 pA maximum at the
high logic level.

In the case where unused inputs of an AND gate are shorted to a
driven input, the high logic 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 logic 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. Substantial degradation 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 Vec through a resistor. This resistor should be
chosen to keep the input current within absolute maximum
ratings for any possible extreme of the Vec 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.

NAND GATES — 9002, 9003, 9004 AND 9007
HEX INVERTER — 9016

The 8002, 9003, 9004 and 9007 are active low level output AND
gates commonly known as NAND 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 SYMEOL AND PIN CONFIGURATIONS

9016 9002

9003

9004 9007

=
2 —
1»—
3 —

& —

4 —]
s
9 ] 5 —
10 —] =
10—
12—

e 1

il
ot

e

11—
—12 2 —
3 —
4 —
10—
N'=—
12 —
13—

N
R
=
=
-
10—

+—8
15—

Vec = PIN 14, GND =PIN 7
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Series ITT9000-1, ITT9000-5

Figure 2 — BASIC GATE CIRCUIT

I Vee

Figure 3 — LOADING FACTORS

s
Ry
—K oy ) —
INPUT # Ve
. i '_Ko-l 1;1 Y i 20yyp for -5
Nominal Resistor Values l.fT F——?—_]
Ri= Rs = 4.0 ki ;r. ouTPUT i ooyt 11 for
R:= 1.5 k2 H
R = 150 0 —K o
Rew= 800 $ .
Re = 1.25 ka2 T T
= el el = L
*Number of inputs depends on the gate.
ELECTRICAL CHARACTERISTICS 9002, 9003, 9004, 9007 AND 3016 (T. = —55°C to 125°C, Ve = 5.0V = 10%)
LIMITS
SYMBOL | CHARACTERISTIC —-55°C 25°C 125°C UNITS CONDITIONS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Vou Output High Voitage 2.4 2.4 2.7 2.4 Volts Vee= 45V leu=-—1.32 mA
Inputs at V. (see below)
Ve Output Low Voltage 0.4 0.21 0.4 0.4 |Volts Vee=55 V la=17.6 mA
V=565 V
[ Vee=45V lo=13.6 mA
Inputs at Viu (see below)
Vin Input High Voltage 2.0 1.7 1.4 Volts | Guaranteed input high
threshold for all inputs
Vi Input Low Voltage 0.8 09 0.8 |Volts Guaranteed input low
threshold for all inputs
le Input Load Current - 1.6 =-1.1 —-1.6 —-1.6 mA Vee=55V | Ve=04 V
—=1.24 —0.87 -—1.24 —-1.24 Vee=4.5 V | 55 V on other
inputs
T Input Leakage Current 10 60 60 |uA Vee=55V V=45V
GND on other inputs
™ Ve Current, Gate On 5.5 3.5 5.5 5.5 Inputs high
(each gate) = Vee=5.0 V
Vee Current, Gate Off 1.6 1.07 1.6 1.6 e Inputs at gnd
(each gate)
i Swhching Speed 3.0 10 ns Vee=5.0 V, See 1,4 test circuit
[ Switching Speed 3.0 12 ns C.=15 pF
ELECTRICAL CHARACTERISTICS 9002, 9003, 9004, 9007 AND 9016 (T.=0°C to 75°C, Vec=5.0V = 5%)
LIMITS
SYMBOL | CHARACTERISTIC 0°cC 25°C 75°C UNITS CONDITIONS
MIN.  MAX. |[MIN. TYP. MAX. |MIN. MAX,
Ven Output High Voltage 24 24 29 24 Volts | Vec=4.75V  lown=-—1.2 mA
Inputs at Vi (see below)
Vo Output Low Voltage 0.45 0.21 0.45 0.45 | Volts Vee=5.25 V lee=16.0 mA
Viun=5.25 V
Vee=475 V lo=14.1 mA
Inputs at Vin (see below)
Vin Input High Voltage 1.9 1.8 1.6 Volts Guaranteed input high
threshold for all inputs
Vi Input Low Voltage 0.85 0.85 0.85 | Volts Guaranteed input low
threshold for all inputs
Ir Input Load Current =16 =10 —16 —1.6 WA Vee=5.25 V[ Vi=0.45 V
—-1.41 —-091 -141 -1.41 Vec=4.75 V| 5.25 V on other
inputs
In Input Leakage Current 10 60 60 | pA Vee=5.25 V Vi=45V
GND on other inputs
[ Vec Current, Gate On 6.1 3.6 6.1 6.1 Inputs high
¥ (each gate) A e Vim0V
Vee Current, Gate Off 17 1.07 17 1.7 Inputs atgnd| =
(each gate) 35
Toar Switching Speed 3.0 13 i ns Vee=5.0'V; See 1., test circuit
o Switching Speedﬁ =) 3.0 15 ns | Ci=15 pF, .
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ITT9000-1, ITT9000-5

Vgur ~OUTPUT VOLTAGE - VOLTS

POWER DISSIPATION=- mW

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 9002, 9003, 9004, 9007 AND 9016
OUTPUT CURRENT VERSUS

OUTPUT CURRENT VERSUS

OUTPUT VOLTAGE VERSUS INPUT CURRENT VERSUS OUTPUT VOLTAGE

OUTPUT VOLTAGE

i INPUT VOLTAGE g INPUT VOLTAGE (OUTPUT HIGH) (OUTPUT LOW)
F ] Vep'80V veersov [ [ 1 A inaane | iy | PO —
r‘.:u:.-n * el | L 'ufgms AT GHD. f/ - suTs -\:mu l lf—: 1
[ [ " T s < of— . T a0 — A =
- . i I SR . S | |
™, | é =0 1 = = = 25 % /| [ s 1|
b4 w 4 25 (S AS S0 T B 6 60
0 RIS EE A 11 & / s A
| . I | 5 T
T80C = ! ! . H | |
! \(ﬂt%” 2 % 60 = - - ? ® |§::EI | 3 = “J | it |
1.0 = —t — —— = = |
! ] U I | _: il [ 2w Cosee ) | |
I 1T | B il ) [~ / | | =
0 I - ol M1 1 [ e . | | |
o 1.0 20 30 2.0 1] 2.0 4.0 &0 L] =10 1.0 ¥ 5.0 o [] [:%] 1] 15 0
Wi~ INPUT VOLTAGE - VOLTS Vi = INPUT VOLTAGE = YOLTS i'ou['ﬂI“NT WOLTAGE - vOLTS Vour =QUTPUT VOLTAGE =VOLTS
POWER DISSIPATION, LOGIC LEVELS AND NOISE IMMUNITY
WORST CASE LOGIC LEVELS WORST CASE HIGH LEVEL WORST CASE LOW LEVEL
POWER DISSIPATION VERSUS VERSUS NOISE IMMUNITY VERSUS NOISE IMMUNITY VERSUS
SUPPLY VOLTAGE AMBIENT TEMPERATURE AMBIENT TEMPERATURE AMBIENT TEMPERATURE
W 10 . 24 ; 12 :
-SSIC!T, SIH‘IC | | Vou AT ¥ee 'Iﬁ.U\_fr_ il Iouil:fz__»_'j:l___ = | VsF0.522 4 1T L A5V 155V
3 - — i | | = g .8 | |
| ‘_L‘-'Ill\ i 3 [Von ¥ Vg A5V | Tgpri2ma__ § e i) ) T
zs% o 20|k ! £ % 5 __'__g_q,\.-.________:l_
0 + g el iV | H H L F013 et ]
M—"’fﬁ'— PR --T"“"-—-.____ " w 06 i :
15 2 | T e 2 -l b
1 1 " T g 2
I | | g : i o i B S
1 S P P R g e B E gY =t ’
|sME S = i i g o R B AL =t
50—_1'-1'5__L’-‘_‘Eﬁ—_-——'—‘i: 05— P VoL - 3 04 E 02 {
| e 41— A SVIVGLESEVL el . o % =t o (S ) S i +
ol ! | I ol | | | 4 | [ ! ! o L |
a5 55 -85 s -5 128 -85 25 128

. 2 23
Ve~ SUPPLY VOLTAGE -VOLTS Ty -AMBIENT TEMPERATURE -*C Ta-AMBIENT TEMPERATURE -*C

TEMPERATURE {*C)

SWITCHING CHARACTERISTICS tpd TEST CIRCUIT

Yo
2048

PULSE t 23

INFUT - x = Vour
:;.: LO:‘;I; 1 Gt = VouT

mp == 4.

Width = 200 ns 150F% (S Vi 1
t,=1<10ns Z:

*Includes all arobe and jig capacitance

SWITCHING WAVEFORM

WORST CASE TURN OFF DELAY
VERSUS
AMBIENT TEMPERATURE®

WORST CASE TURN ON DELAY
VERSUS

AMBIENT TEMPERATURE®
T T

™
Vegr50v _|

VeerS0V | ] i
. 25 | b T % I [
$ et 7 ! Jonh
R = s .
g B ' = L]
g1 LN ]I B
-4 Mgy A
S F = Tdre |
T 0 L L lsr T
2 2 —
50 60 ]I T
L MM AT Gy s 15gF
A [ =D

128

55 25
*See 1.« test circuit Ta-AMBIENT TEMPERATURE-'C

Ty~ AMBIENT TEMPERATURE -*C

50 BN
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Series ITT9000-1, ITT9000~5

NAND BUFFER — 9009 CIRCUIT DIAGRAM

The 9009 is a power gate capable of sinking and sourcing large Figure 6 (One Gate)
currents for high fanout applications. Logically it is the same as
. the 9004, Vee
LOGIC DIAGRAM AND PIN CONFIGURATION T
Figure 5 Nominal Resistor Values
) Ri=20k Re=m500 3w " #y
| — Ri= 5600 Rs==4.0k0 Ry
2 = . Ry== 1500 Ry==5000Q
Figure 4 LOADING FACTORS y ; N o 1 0
Oy 7 ———4 %
22 | S ouTPUT
b s -Srsofor=5 10 - *
213 6633 for-1 12 —
g 13— 4 95
VecmPIN16  GND=PINT I
ELECTRICAL CHARACTERISTICS 9009
LIMITS j
SYMBOL | CHARACTERISTIC —~5§55°C 25°C 125°C UNITS CONDITIONS
MIN. MAX, | MIN, TYP. MAX. |MIN. MAX,
Vou Output ‘High Voltage 24 24 2.7 24 Volts | Vee=45V low= —3.96 mA
Inputs at V. (see below)
Vo Output Low Voltage J 0.4 0.21 0.4 0.4 | Volts | Vee=5.5V le.=52,8 mA
; ; V=55V
Vee=4.5V lo.=40.8 mA
Inputs at Vi« (see below)
Vi Input High Voltage 2.0 1.7 1.4 Volls | Guaranteed input high
threshold for all inputs
Vi Input’ Low Voltage 0.8 0.9 0.8 | Volts | Guaranteed input low
threshold for all inputs
Ie Input Load Current 3.2 2.15 3.2 3.2 [ mA Vee=5.8V | Vi=04V
—2.48 =174 —248 —2.48 Vee=4.5V | 55V onother
inputs
Iz Input Leakage Current 20 120 120 | uA Vee=55V Vi=45V
GND on other inputs
lro Ver Current, Gate On 12.9 8.6 129 12.9 Inputs high
{eogh_gata) | NV
Vce Current, Gate Off 32 215 a2 3.2 Sy Inputs grounded
(each gate)
=T Swilching Speed 1 4.0 15 ns Vee=5.0 V, See t test circuit
T Switching Speed | 3.0 10 ns C.=15pF
LIMITS
SYMBOL | CHARACTERISTIC o°c 25°C 75°C UNITS CONDITIONS
MiN. MAX.| MIN. TYP. MAX.|MIN. MAX,
Vou Output High Voltage 24 2.4 29 24 Volts | Vece=475 V lou=—36 mA
Inputs at Vi (see below)
Ve Output Low Vollage 0.45 0.21 0.45 0.45 | Volts Vee=5.25 V loo=48.0 mA
V=525 V
Vee=475 V lee=423 mA
Inputs at Vi (see below)
Viu Input High Voltag 1.9 1.8 1.6 Volts Guaranteed input high
thresho!d for all inpuls
Vi Input Low Voltage 0.85 0.85 0.85 | Volts Guaranteed input low
threshold for all inputs
Is Input Lead Current -3.2 =2.0 -3.2 -3.2 = Vee=5.25 V| V=045 V
—2.82 -182 -—282 —~2.82 Vec=4.75 V| 5.25 V on other
il inputs
Ie Input Leakage Current 20 120 120 | wA Vee=525V Va=d45 V
GND on other inputs
Tro Vee Current, Gale On 14.6 8.6 14.6 14.6 Inputs high
(each_gate) mA Vee=5.0 V
Vee Current, Gate Off 3.4 2.15 3.4 3.4 Inputs at gnd ;
(each gate)
by Switching Speed 3.0 17 ns Vee=5.0 V, See {., test circuit
[ Switching Speed 2.0 13 | ns C.=15 pF
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Series ITT9000—1, ! ITTQOOO-—S

TYPICAL INPUT AND OUTPUT CHARACTERISTICS 9009 )
OUTPUT CURRENT VERSUS

OUTPUT VOLTAGE VERSUS INPUT CURRENT VERSUS QUTPUT CURRENT VERSUS OUTPUT VOLTAGE
4 INPUT VOLTAGE INPUT VOLTAGE OUTPUT VOLTAGE (OUTPUT LOW)
= I Yegr80v T ] b PR .. [veesov WS T |
FO.433 128 INPUTS AT GND. INPUTS MIGH 1
» S ot n% " ol H L] ; s g e i e )
gw B o “sac ' it ) SR £ W
& = 20 ] 1280¢ -1 = |
ba [T, 1, : TS
5 25t 5 ’g g & - 35
5 Taare Z w0 3w 3
T 1280,
2 " & %0 ¥ —so e Bu
2% |
L 1 o | |
o 16 100 i = ]
0 10 20 30 -0 W0 W W o 0 0 10 20 30 40 50 60 10 (] 05 10 15 2.0
Vi = INPUT VOLTAGE -vOLTS Vo ~INPUT VOLTAGE - VOLTS Vou ~OUTPUT YOLTAGE - VOLTS Vour ~OUTPUT VOLTAGE - VaLTS
POWER DISSIPATION, LOGIC LEVELS AND NOISE IMMUNITY
WORST CASE LOGIC LEVELS WORST CASE HIGH LEVEL LEVEL
POWER DISSIPATION VERSUS VERSUS NOISE IMMUNITY VERSUS HDISi MHUN VERSUS
SUPPLY VOLTAGE AMBIENT TEMPERATURE AMBIENT 1EMPEIIATI.IRE AMBIENT TEMPERATURE
R prrrom [ ] E T TV v TV Toq: Sk W )£ LEVEL T uu! 68 e asvavgaai | [ T
il 28 ] ! o e Bl £ 20 2 ! |
; 80 ‘1/ | Vou AT ¥eot a3V 1oyt -196ma | ; - — - ‘ !“ .__,.-r"/ ."‘ t_ '{ji-i J e T
5 o] 2 20t § el W § ool 1
5 el —— = i o 2 ""{-‘...._:L H s M . g =1 m.\ls ke
g B ) o1 : B R MM T . 1
s © _,5!!5""“"'-:-_ § o g __/.-;,...r:‘ [ '_ﬁ e -7 S - £0.33 | | -
E |— [ | £ ] T ___::._‘m - g o —— L L g os
" | ] 1 | = T D ] B B e (] 1 S =1 SR LS S A ST s T
< 20 Er'z oF "f' S Y SO T L0 T AT L e O E a4 //-j_ & oe : 1=
: — m et : B a3V Ve a sV T Lo |>__, ol | (A (1 | e}
= | | 0 | | | obl 0 L |
43 50 53 -85 2 2 B 2 128 En 25 128
Vee ~COLLECTOR SUPPLY VOLTAGE - VOLTS Ty~ AMBIENT TEMPERATURE-'C Ty ~AMBIENT TEMPERATURE ¢ Ty=AMBIENT TEMPERATURE-'C
SWITCHING CHARACTERISTICS tpd TEST CIRCUIT SWITCHING WAVEFORM
Vee
l?.ﬁ (1 Vi
t“ TR I 15v
s Lm --DT——?%UT o= P L Pt
= 1.0 MHz J o + RO o 15¥
Amp ~ 4.0V - I
Width ~ 200 ns 1 Vi !
t, = 1,=<10ns I
= = » INCLUDES ALL PROBE AND JIG CAPACITANCE
9009~ 1
WORST CASE TURN OFF DELAY WORST CASE TURN ON DELAY 9009°5 .
VERSUS VERSUS WORST CASE TURN OFF DELAY WORST CASE TURN ON DELAY
AMBIENT TEMPERATURE* AMBIENT TEMPERATURE VERSUS AMBIENT TEMPERATURE® VERSUS AMBIENT TEMPERA' ¥
= Ve B0V B R i Vegesov | = =y * Vg 150V L g", 1 ¥ RO |1
sl 1 ot ;' S | i ® o | ST B ] Yeed0v ||
s VN S it L P I i : 11 z 221 B, e 72 BT
é o S (R Al I T — A ; a0l } ! + é . == é - w_-—-q...._.__m nrlcu 150pF
g o | | S g —t—1 1 1 | F ST & (4 L4 sl 165
g w0 F oot / 5 yof +—t t 5 s '_"‘_'“ L -2"""""' : " il ]
2l S o | | b =R e | 1
',5 m_,,.',"_"‘.!-:t““#—/ % = [, A AT :L-a-lw,r__ g i =] I~ 2 i [~ J"uu.arcl- 55
2 ,_.'f.l_‘-‘s:—' T H 2 A AT lcll'ﬁn'r'_ B 2 ] | E E l
1] Min AT 158F 4 1] &0 i B0
s e ) I e L - [ L0 Y O | |||u n:._-mr .
9 ' ' 0 S e e " o el ] oLl LT 1 |
N ) 24 e 28 T2 ' = h 4
T. =AMBIEMT TEMPERATURE - Ta-AMBIENT TEMPERATURE - r._m:'" "mﬂﬂ'uﬁ("ﬁ “_.mm T:mm'u:

» See b, test circuit.
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Series ITT9000-1, ITT9000-5

EXTENDABLE AND-OR-INVERT GATES — 9005, 9008
EXTENDER — 9006

LOGIC DIAGRAMS AND LOADING FACTORS

The numbers by each input and output give the input loading and
output drive capability. For complete explanation see Page 2and 3.

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 to the gate section.

9005 9008 9006
15015 ! 13 1
15015 —2 g M/ ferd ST :.:n.s
20/10 for - 8 15415 515 IH]
| it ¥ ::i‘,, coLL.
1515 —2 2__, o AT ’ A U ewr
1571 2/ der .
EXTENDABLE GATE dig Rl
§ IN71s a2 1 G
" 15015 12 ] 4
n —3 Bt 4 o 1518 s
§ __ 30/10 ter- 5 15715 i coLL
L. 15/15 ::j:i "
T Ve w Pin 14 13113 Vecw Pin 14| EMIT.
Gnd = Pin 7 Gnd = Pin 7 :
*Four Extenders (3006) may be *Four Extenders (3006) may be Gnd = Pin 7
tied to these terminals tied to these terminals
CIRCUIT DIAGRAMS
9008

¥ .
]
Vee = Pin 14
A Gnd = Pin 7
= = 50—
S5 L 60— Typical Resistor Values
EXTENDABLE GATE g Ry o= R e Ry e R = 2.6 kO
= Ry == 800 01
R=1500
Rr=8010
R == 4.0 kQ
Ry == 665
2 9006
3
Vee
_ﬁu,u 6
R0 034 R=2.6 k2 Typical
; Py
]
5 n
= = NON-EXTENDABLE GATE iz halillly
Gnd = Pin 7
Typical Resistor Values Two in a package
Ri = Ry=2.6 k1 Rs == Rs = Rio == Riy = 4.0 ki}
R: =B00Q Rr=6650
Ri=Ru=15010 Ry = 1.5kQ1 Vo = Pin 14
Rs == Riz == B0 1 Rys == 1.25 k1 ol o 7 - Gnd = Pin 7
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Serles ITT9000-1,

ITT9000-5

ELECTRICAL CHARACTERISTICS 9005, 9006 AND 9008 (T.= —55°C to 125°C, Vecc=5.0V = 10%)

LIMITS
SYMBOL | CHARACTERISTIC -55°C 25°C 125°C UNITS CONDITIONS & COMMENTS
MIN. MAX. [MIN. TYP. MAX. |MIN. MAX.
Vou Output High Voltage 2.4 24 27 24 Volts Vec=45V low= —1.32 mA
Vi =value indicated below
- on this table
Ve Output Low Voltage 0.4 0.2 0.4 0.4 | Volts Vee=55V la=17.6 mA
Vu=55V
Vee=4.5V lo=13.6 mA
Viu= (see below)
Vi Tnput 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
oy T threshold for all inputs
le Input Load Current —-1.6 -1 —1.6 —1.6| mA Vee=55V
9005 Non-Extendable Gatel —1.24 —-0.87 —1.24 —1.24 Vec=4.5V Ve=0.4V,
Input Load Current —24 -15 -24 —24| pA Vec=5.5V gii:r‘?" f
Extendable Gate and —1.86 —-1.31 -—1.86 —1.86 Vee=45V i
Extender | =
T Input Leakage Current 5.0 60 60| mA Vee=5.5V Gnd on all
9005 Non-Extendable Gatel Vi=45V other inputs
Input Leakage Current 7.5 80 20
Extendable Gate and
Extender D heprecr b Lt e A [ | 4
[ Vee Current, Gate "ON" mA
9005 Non-Extendable Gate 6. 4.5 6.5 6. Vee=5.0V All inputs
xtendable Gate 1.2 7.6 11.3 11, Loy open
J29l - 93 g6l . 12
Vee Current, Gate “OFF" mA
005 Non-Ex 3.1 21 3.1 a9 " All inputs
9005 Extendable Gate 4.7 3.3 4.7 4.7 Vee=5.0V except extender
T — B B gy v TR S berinbiiond, |
Al Extra Current Drain 1.61 1.08 1.61 1.61 | mA Vec=5.0 V All inputs high
from one 9006 Extender 9006 attached to a 9005
Gate "ON" e
Extra Current Drain 235 1.65 235 2.35| mA Vee=5.0 V All inputs grounded
fGrom cBeF'S:OOB Extender 9006 attached to a 9005
ate "OFF"

Note: Output characteristics apply to a 9005 (both gates) or a 9008.

Input characteristics apply to a 9005 (both gates) or a 9008 using either the internal gates or an external 9006 extender.

9005, 9006, 9008
TYPICAL INPUT-OUTPUT CHARACTERISTICS

(EXTENDABLE GATES®)

OUTPUT CURRENT VERSUS

OUTPUT VOLTAGE VERSUS OUTPUT VOLTAGE

INPUT CURRENT VERSUS

OUTPUT CURRENT VERSUS
OUTPUT VOLTAGE

INPUT VOLTAGE INPUT VOLTAGE (OUTPUT HIGH) (OUTPUT LOW)
) o T D T O 5 y 20 : 200 r
— | Ve 50Y )’ 4 Vee 150V Vg *50% [
. Fren PuTS AT ok [ _A " IRPUTS 0PEN [ase
I | | - 30 orcd q w0 - 18 E
d B : ] e : Ak
2 58t ——— E° .
z oc | & | g -20 | — 125t e g 120 = i
£ 2 i I . 5
5 1
g L)1 i’-,z:‘: | 5 11— E-a £ w0 : ||'
5 | g, 2 s / 3 y -ssec
Lo — = g e T 5 T |
11 - =
2] | \I | _ B0 = Sub—f
| e - SL
° I | 10 ] -80 || ° / ]
L] 0 .0 L =20 0 20 40 &0 a0 -1.0 18 w0 50 0 [] 0.4 1] 1.2 (3 0
~INPUT VOLTAGE - VOLTS

Vi Yin- INPUT VOLTAGE = VOLTS Voyt - QUTPUT VOLTAGE-VOLTS

*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, Vec=5.0V =% 5%)

LIMITS
SYMBOL | CHARACTERISTIC o0°c 25°C 75°C UNITS CONDITIONS
MIN. MAX. |[MIN. TYP. MAX.|[MIN. MAX.

Veou Output High Voltage 2.4 2.4 2.9 2.4 Volts Vee=4.75V, lov=—1.2mA
Vi =value indicated below
on this table

Voo Output Low Voltage 0.45 0.2 0.45 0.45 |Volts Vee=5.25V, la=16.0mA
Vee=4.75V, la=14.1 mA

Vin Input High Voltage 1.9 1.8 1.6 Volts Guaranteed input high
threshold for all inputs

Vi Input Low Voltage 0.85 0.85 0.85 |Volts Guaranteed input low
threshold for all inputs

e Input Load Current A —1.8 =104 -186 —16 |mA Vec=5.25V

9005 Non-Extendable Gate —1.41 -079 —-141 =141 Vee=4.75V Ve=0.45V
Input Load Current —24 —1.566  —2.4 —24 |mA Vec=525V| 5.25Von
9005 Extendable Gates —212 —-119 -2.12 —2.12 Vec=4.75V | otherinputs
3 and Extender
In Input Leakage Current 5.0 60 80 | uA
9005 Non-Extendable Gate Vi=45V
Input Leakage Current 7.5 a0 a0 Vec=4.75V
%xtendable Gates and Gnd on all other inputs
Extender
leo Vee Current, Gate "ON" mA Vee=5.0V
9005 Non-Extendable Gate T 4.5 .7 T All inputs open
9005 Extendable Gate 13.6 76 13.6 13.6
9008 17.7 9.3 2 ot 1.7
Vee Current, Gate "'OFF" mA Vee=5.0V
9005 Non-Extendable 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
Al Extra Current Drain 2.05 1.08 2.05 2.05 |mA Vee=5.0V
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 Vee=5.0V
when one 8006 Extender All inputs grounded
is attached to a
9005 Gate "OFF"

Note: Output characteristics above apply to a 9005 (both gates) or a 9008.
Input characteristics above apply to a 9005 (both gates) or a 8008 using either the internal gates or an external 9006 extender.

AC CHARACTERISTICS tpd TEST CIRCUIT

9005 NON-EXTENDABLE GATE 9005 OR 9008 EXTENDABLE GATE
Y Vin
Fig. 7 Flg. Yee Vi 9008 ONLY
20ha £
| | 3005/ 3008
Vour
=10 MHz
1=10 MH "
AP =40y 5509 WoTHR00m PULIE 19009 =
WIDTH= 200 ns Cln 18 9= Tt 1y 50ms o = - . .
1o 1g510ns _-L 1 L CLIISQF_“_ 1 Cy* §.ﬂpil jj"lMpF:'LCLle
*Includes all probe and/or jig capacitance. *Includes all probe and/or jig capacitance.
9006 EXTENDER
e )'13 SWITCHING WAVEFORM
Fig. 9 = ] Vin
2040° P e ik
I’di---—ll He —-{ :—--1“-
[} |
——————— 15V
Vour:
PULSE 5009 NOTES:
INPUT With switch in position (1) measure 1pd
r.:-u pFF of 3005, With switch in position (2) meas-
ure tpd (3005) - Atpd (9006). Cepaci-

*Includes all probe and/or jig capacitance. tances include probe and Jig capacitances.
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Serles ITT9000-1,ITT9000-5

AC CHARACTERISTICS (T.=

25°C) 9005-1, 9006-1, AND 90081

LIMITS
SYMBOL MIN. MAX, UNITS CONDITIONS & COMMENTS

tods 3.0 15 ns Vee=5.0V, C.=15 pF

| 3.0 15 9005 Nonextendable gate only,
See Fig. 7

toas 3.0 18 ns Vee=5.0V, C.=15 pF, Cu=5.0 pF

toa- 3.0 13 8005 Extendable gate and 9008,
See Fig. 8

Al v —3.0 5.0 ns 90086 only

At - 3.0 5.0 The 9008 is lesled by measuring its

Symbols are Idafined in the test circuit.

propagation time through the 9005.
The t.: readings shall not exceed
the 9005 readin gs by the specified
amount. See Fig. 9.

AC CHARACTERISTICS (T.=25°C) 9005-5, 9006-5, AND 9008 -5

LIMITS
SYMBOL MIN. MAX, UNITS CONDITIONS & COMMENTS

teai 3.0 12 ns Vee=5.0V, C.=15 pF

A 3.0 14 9005 Nonextendable gate only,
See Fig. 7

teas 3.0 15 ns Vee=5.0V, C.=15 pF, C.=5.0 pF

toa- 3.0 12 9005 Extendable gate and 9008,
See Fig. 8

Atpa s =2.0 4.0 ns 9006 only

Atpa -2.0 4.0 The 9006 is tested by measuring its
propagation time through the $005.
The t., readings shall not exceed
the 9005 readings by the specified

Symbols are cllafined in the test circuit.

amount. See Fig. 9.

9005-1, 9006—1 AND 9008-1

WORST CASE TURN OFF DELAY WORST CASE TURN ON DELAY WORST CASE TURN OFF DELAY WORST CASE TURN ON DELAY
OF NONEXTENDABLE GATE OF NONEXTENDABLE GATE OF EXTENDABLE GATE VERSUS OF EXTENDABLE GATE VERSUS
“\‘ERSUS AMBIENT TEMPERATURE “\‘ERSUS AMBIENT TEMPERA‘IIIRE - AMBIENT TEMI'EIUATI.IRE - AMBIENT TEMPERATURE
[“veersov | \\ Vegt 5.0 | vgesonl || T \ T T ¥eersov
| SEE FiG.7 sﬁ FIG.7 SEERGE | | E1] ) T SEE FIG 8
40 .40 | W e
L LT i BN 1 5 5 g A |
zn 5 32 . ]
g £ = lAX AT (2
g2 TS ey P &8 J-'.‘.‘i_“_'_ﬁ_;o_i:
£ . kT = s | g o =i
T . = — LAx . ]
L " _lj_i ‘1..Tf bl --T-.‘.Lﬂi_wf,_;_ L gEE | A AT 61y
i ] P A P ™ e 8 B . =
L 1 | um sispr—— -
} ,_--——“"‘_,lr_-r T : - : nlr CLLIW ] , | MM AT € u,;‘
-85 25 123 —53 25 125 - -84 23 125
T,— AMSIENT TEMPERATLRE —*C Ty—AMBIENT TEMPEATURE —*C Ty~ AMBIENT TEMPERATURE — *C Ty~ AMBIENT TEMPERATURE - *C
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Serles |TT9000-1,

ITT900V-5

J-K FLIP-FLOPS — 9000, 2001,

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 am RS flip-flop. These additional
“don’t care” conditions will, in most cases, reduce the amount
of gating elements required to implement the input function.

The master-slave design offers the advantage of a DC threshold
on the clock input initiating the transition of the outputs, so that
careful cohtrol 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 "ZERO" 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 signal
with an external gate in many applications. This not only reduces
package count, but also reduces the possibility of clock skew
problems, since with 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 clock 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 flip-flop is
clocked, the low output may momentarily spike high synchronous
with a positive transition 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 solution is to common the joint JK inputs with the
synchronous set or reset signal.

LOGIC DIAGRAMS AND LOADING FACTORS

9000 > 9020
K 2727 092 g =
:‘f1 s  S— J'l 0.1
e 5p & 20, Iy o]
" 7 5 ] 1|——2%o ! A 19 25y
5K
h: 9 ‘:| T . it : FFI
2;29—1—1— JK 1 5 9 20,
Wje——tar———n K} 8 20 ) X F———=2Mp
u: A | e 1 [ I » I o4 ‘o
et = - Ui & 2/27,013 2727 ,_1T
9001 g 014
1 4 27 27
If1 : - o /21 o9z 27
ho————— ., Sp 6 1y o—2 S0
I 12 i J 1200 I x 200 J 1pe 20n0
L FF1 t—{uk FF2
1y - B T 2 o= T T
s A D i I3 ) T ;
1 3 K of—o20s K o2,
h 3 L} e, 0 L8520/, 1 oe—4 dk Cp 1 K tp L
n 0 il :2 u & T r
s n —i43 2127013 s i !-712_7"-—?,5
Veg w14 GND = 7 ST Vect16  GND:B
FUNCTIONAL LOGIC DIAGRAMS
9000/9001 9020/9022
Sp 9022 ONLY Sp 5022 ONLY
[ [
e .
9000 K :
Ygobe>— : e %
-3 1
Wi ) $000 75 J : + J
1
To—>o—1 | A
SLAVE 1 o >0
= MASTER :' sTER SLAVE
K
1 1
2000, 0 go20 ||| L 9020
X H : Ko ONLY || L Ko ALY |
tyo | I Tom003%
= Kzo—[)o—- “zw—bcr—
Cp %
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Series ITT9000-1, ITT9000-5

SYNCHRONOUS OPERATION

ASYNCHRONOUS OPERATION

TRUTH TABLES BEFORE CLOCK °R;$é';s INPUTS OUTPUTS
OUTPUTS INPUTS CLOCK So Co ONE ZERO
ONE ZERO

ONE ZERO J K L s H H
L H L* X L H L H H s
L H H* X | H L i L L H
H L X L*| H L s

ynchronous

H L X H | L H H H Inputs Control

SYNCHRONOUS OPERATION

The truth table defines the next state of the flip-flop after a low-to-
high transition of the clock pulse. The next state is a function of
the present state and the J and K inputs as shown in the table.

The J and K inputs in the table refer to the basic flip-flop J and K
inputs as indicated on the legic diagrams. These internal inputs
are for 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 for 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.

The H* symbaol 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 symbel indicates that the condition 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 asynchronous should be tied high for maximum
operating speed. Use one of the methods recommended on Page 3.

ELECTRICAL CHARACTERISTICS 9000, 9001, 9020 AND 9022 (T.= —55°C to 125°C, Vec=5.0V = 10%)

LIMITS
SYMBOL | CHARACTERISTIC =~55°C 25°C 125°C UNITS | CONDITIONS & COMMENTS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Vou QOutput High Voltage 2.4 2.4 2.7 2.4 Volts Vee=4.5V, lou=—1.2mA
Vo Output Low Voltage 0.4 0.21 0.4 0.4 | Volts Vee=4.5V, lo.=12.4 mA
Vee=55V, lo.=16.0 mA
Viu Input 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 for all inputs
Iz Input Leakage
All J, K inputs 5.0 60 60 | wA Vee=55V Va=45V
T inputs 9000, 2001 Gnd. on other inputs.
JK inputs 9000, 9001 10 120 120
T inputs 8020, 9022
JK inputs 9020, 9022 20 240 240
S5, Co (all flip-flops) 14 160 160
[P Input Current
All J, Kinputs -1.60 =11 =160 —-1.60 | mA Vec=55V Ve=04V
T inputs 8000, 9001 5.5V Gnd on
JK inputs 9000, 9001 —3.20 —-22 =320 —3.20 other inputs
T inputs 9020, 9022
JK inputs 8020, 9022 —6.40 —4.4 —6.40 —6.40
So, Co (all flip-flops) —4.32 =297 —4.32 —4.32
[ Input Current
All J, K inputs —1.24 -087 =124 —1.24 | mA Vee=45V
T inputs 9000, 9001
JK inputs 8000, 9001 —2.48 =174 =248 —2.48
T inputs 8020, 9022
JK inputs 8020, 9022 —4.96 —348 -—4.96 —4.96
Ss, Co (all flip-flops) —3.35 —~235 -—375 —3.35
Ino Vee Current
9000 24 13 24 24 | mA Sp at gnd Vee=56.0V
9001 28 14 28 28 So atgnd
9020, 9022 27 14 27 27 Coi, Ces at gnd
each flip-flop
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Series I1TT9000~1, I(TT9000~5
ELECTRICAL CHARACTERISTICS 9000, 9001, 8020 AND 8022 (T,=0°C to 75°C, Vcc=5.0V + 5%)
: LIMITS | .
SYMBOL ONRMQTGHIS‘I'IC [ 28°C 75°C UNITS | CONDITIONS & COMMENTS
MIN.  MAX.| MIN. TYP. MAX.|MIN. MAX. ;
Von Output High Voltage 24 24 30 24 | Volts | Vec=4.75V, lon= =12 mA
Ve Output Low Voitage 0.45 0.21 0.45 0.45 | Volts Vee=4.75V, lo.=14.1 mA
Vee=5.25V, le. =16 mA
Viu Input High Voitage 1.9 1.8 186 Volts Guarantéed input high
threshold for all inputs
Vi Input Low Voltage 0.85 0.85 0.85 | Volits Guaranteed input low
threshold for all inputs
Ik Input Ledkage uA VCC=5.25V, Vi=4.5V
All J, K inputs 5.0 60 60 . Gnd. on other inputs.
T inputs 9000, 9001
JK inputs 9000 9001 10 120 120
T inputs 9020, 9022
JK inputs 9020, 9022 20 240 240
S, Co (all ﬂip-flnps) 14 160 160
Is input Current ; mA Vee=5.25V | V:=0.45V
All J, K inputs -1.60 -10 =180 ~1.60 5.25 V oh other
T fnputs 00, 9001 inputs
JK inputs 9000, 9001 «3.20 20 =320 ~3.20
T inputs 8020, 9022 ¢ ;
" JKinputs 9'020 9022 - 6.40 ~40 =640 ~6.40
So, Cu (all fiipiﬂgpel =432 =27 =432 ~4.82 | ,
I Input Current . mA Vec =475V
All J, K inputs. =141 4094 =141 = 1.41 :
T inputs 9000 8001 : :
JK inputs 9000, 800 ~3.82 ~1.88  ~2.82 =282
T inputs 9020, 9022 :
JK inputs 020, 9022 =564 -3.76 =564 -5.64
Sp, Co (all f||p~flopJ =3.78 ~254 =378 -3.78
Iro Vee Current % mA Vee=50V
9000 28 28 28 S at gnd
33 33 23 Sy at gnd
9020 2022 30 30 40 Cpi, Gy at gnd
each flip-flop
TYPICAL INPUT AND OUTPUT CHARACTERISTICS 9000, 9001, 9020 AND 9022
QUTPUT VOLTAGE S INPUT CLOCK OUTPUT VOLTAGE INPUT CURRENT VERSUS INPUY CURRENT VERSUS
wmiemucm INPUTS VERSUS INPUT VOLTAGE INPUT VOLTAGE 9004 INPUT VOLTAGE 9009
A0 ppiagiy 0 " w0 r . oy
i Apa Veg+50v Vi hov ¢ _\fﬂ;‘wl e 5] !ct-sev 2] ||
= 125%¢ 125 |
2 2 T8k . o=t O pae =" —
g 10 et i Rt | ; R |
§ - 520 e 520 5%
= a’“n:é 5 - 840C - i -}
£ 20 Eac g 20 gt ER S
L 5 T . | =
SRS hunnnl Muaniiz ann
T w10 = | =
3 3 80 = Y
® 0 : . N | L]
1K 20 o 1w 20 10 20 m ap (1] LI 20 20 40 &0 LI
Wiy = INPUT VOLTASE -vOLTS Wi = THPUT WOLTAGE -vOLTS Vigg ~INPUT VOLTAGE - VOLTS Vyy ~INPUT VOLTAGE - vOLTS
INPUT CURRENT VERSUS INPUT CURRENT VERSUS INPUT CURRENT VERSUS INPUT QUTPUT CURRENT VERSUS
INPUT VOLTAGE INPUT VOLTAGE VOLTAGE ASYNCHRONOUS OUTPUT VOLTAGE
JK INPUT 9000, 9001 JK INPUT 9020, 9022 INI'Il'fS-»ALI. FLIP-FLOPS (OUTPUT LOW)
u..':l:'i»:" | il vgerson || a.o [ vecrs.0v 5 E J] = Veg 180V E‘i:_:___,_._.
L. " tl 1L e i e il [ wPuts peew T T
i Hal aste o 7 Wi i AL B 0SS e P, ZEN
L by . I ﬁ @ 244g é i 1254 o' § k: / T
b e E ap By 2 F—fﬁ scap
& Fro ] - 5 £t g 4 -
; 60 T ?!-m — /‘E.E E o0 %%E; 4 3 e
i £ M ; 2 it B
00 00 et I” °| -89 Tk = '
10 -10 I 16 ol
20 2.0 4.0 60 2.0 20 [] 0 a0 &0 a0 -0 [] 0 0 &0 -] 20

iy = INPUT WOLTAGE = vOLTS

Vi ~MPUT VOLTAGE=VOLTS

Vyug = IHPUT VOLTAGE - VOLTS
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Series

ITT9000-1,

ITT9000-5

SWITCHING CHARACTERISTICS (T.=25°C, Vcc=5.0V, C.=C,=15 pF of all flip-flops unless otherwise noted)

CHARACTERISTICS MIN. TYP. MAX. UNITS FIGURES
tod Clock-to-Output 12 20 ns 10, 11,12
So or Ce-to-Otuput 12 20 ns 10, 11,12
[ Clock-to-Output 20 30 ns 10,11, 12
Sp or Ce-to-Output 25 35 ns 10, 11,712
| PP J, Kor JK | 9000 Only 30 35 22 ns 10, 12
Data Entry 10° 12 8.0 ns 10, 11,12
J or K Data Entry 17 12 ns 10, 11,12
tiateme J,Kor JK [ 9000 Only 18 12 ns 10, 12
Data Entry 7.0 1.0 ns 10, 11,12
J or KData Entry 11 4.0 ns 10, 11,12
Pulse Clock | 9000 | Positive 20 ns 10, 12
Widths Only | Negative 25 ns 10, 12
Positive 8.0 ns 10, 11,12
Negative 10 ns 10, 11,12
Sp or Co Negative 25 ns 10, 11,12
Toggle Frequency 9000 Only 20 MHz 10, 12
50 MHz 10, 11,12
* For —1 types
MAX. AND MIN. PROPAGATION
MAX. AND MIN. PROPAGATION DELAYS VERSUS 9001-9020-9022
DELAYS VERSUS AMBIENT TEMPERATURE INCREASE IN ASYNCHRONOUS SET-UP/RELEASE TIME AND
AMBIENT TEMPERATURE ASYNCHRONOUS INPUTS OR CLOCK INPUT NEGATIVE CLOCK PULSE WIDTH
T TO OUTPUT TO OUTPUTS DUE TO OUTPUT CAPACITANCE VERSUS AMBIENT TEMPERATURE
*Pese T T s T T T AN ENE
PRS- oo S S ? IO O
z 2 =
4 5 &
£ £ % z
S g | ; 3 z
H - = |3
£ £ g | -
E % Ml tog. "t T | P ~ 4
2k pd - LOw) E‘
M tpde | T HIGH)| = g
e B 28 L ~55 25 25
Ty-AMBIENT TEMPERATURE-*C T~ AMBIENT TEMPERATURE-'C 1080 u?m'i:u_;:: BoTH ‘zr’u‘:w To-AMBIENT TEMPERATURE-"C
9000
NEGM’gEUE}gEfE:éIELSTEMHEIDTH SWITCHING TEST CIRCUITS
SET-I
VERSUS AMBIENT TEMPERATURE ~ 9000/9001 Vec vee=soy: S920/4022 Voo Vec=5.0V
52 T T Fig. 10 4 R= 2.0k Fig.11 . R=20k0
} T Cp=Cp =15 pF
uk i | s = S S | F‘ ' FL L2 pF ik including
L MIN. NEGATIVE = probe and jig prabe and jig
N [ cLoex i 3 T 3 e '——‘1 IE capacitance
» —2 1 i i - H
, S=== == =
- TN SET-uP TE | =t . 3000 i ‘%c, 1 B Vour
M [ ! | s wof— o0t Var = e d8)
2 T I Vep L 6 Nf—
+-1 4 : N Yo & a— = [
- ] Al A REII.ElSF TINE (- Vour iq 10 Vourt
e e D s e i B 30
-lo_” 1 | | zls | o ;:r,l T-Tcl_ ::cl = cl’ —=|‘|-C|_ ::CL :-.r.L
Tl-.lIIBIEN'I TEMPERATURE-"C - l ¥
MY — -
WAVEFORMS “°*' i
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Series ITT9000-1, ITT9000-5

SWITCHING TEST NOTES

toas and toa-
1. Vi should be kept at the high logic level when performing 1)
tpa tests.
2. Drive the clock pulse input with a suitable pulse source. t..
and t... delays are as defined in the waveforms. 2.
tur.@

1. tui.e 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 V¢ and Ve inputs to the t.... minimum value.
A device that passes the test will have the output waveform
shown. The output of a device that does not pass the t..
test will remain at a static logic level (no switching will occur).

Lreteae

t.e 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.

The test for t...... is performed by adjusting the timing relation-
ship between Ve and Vi to the teiew. 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-flop in each of its
two possible states, i.e., set and clear, This can be accom-
plished by making use of the appropriate direct inputs 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

PULSE ADJUSTABLE DTL9932 gates with Idjl._lslabla capacitors
GENERATOR T DELAY TFL “ connected from extender inputs to ground
NETWORK make suitable delay elements.
FREQUENCY = 2MH2 o
DUTY -CTCLE > 50% GND. TO INHIBIT

FOR 1pg TESTS

ADJUSTABLE |
DELAY o
NETWORK

P

9000 SCHEMATIC DIAGRAM
For resistor values see page 16

Vee

3lol

Yee = Pin 14
Gnd =Pin7

¥ec = Pin 14
Gnd = Pin 7
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9001 SCHEMATIC DIAGRAM

For resistor values,see page 16




Series ITT9000-1, ITT9000-5

9020 SCHEMATIC DIAGRAM

16
Vee

Vec=Pin 16
Gnd=Pin 8

NOMINAL COMPONENT VALUES (ALL FLIP-FLOPS)

R Ry, Rs, Ri, Ris, Risy, Ripy, Ry Rz, Ry, R, Rug, Ru=4.0 k2
Ra Ry Re, Ry=2.0 k2

Ry, Ru, Rz, Ry=86.0ka

Ri, Ru=1.5kn

Ru, Rn=150 ¢

Ru Re=80%0

Ris, Ra, Ras, R, Rie=1.25 k2

R::=1.0 ki

C,, C:=10pF
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Series ITT9000-1, ITT9000-5

9022 SCHEMATIC DIAGRAM
For resistor values, see table on page

Vcc=Pi'n 14
Gnd=Pin 7
APPLICATIONS
DIVIDE BY TEN COUNTER
L Voo
/5
4 1
T T
1 L8 i
(3
& f
a1 az 4 o8 .
Two TTL 9020 Dual Flip-Flops require no additional gating
Two TTL 9020 Dual Flip-Flops require no additional gating elements to produce divide by ten circuit with a square wave
to produce a fully synchronous 8421 code BECD Counter. divide by ten output and a divide by five output.

BINARY COUNTER WITH ASYNCHRONOUS PARALLEL LOAD AND CLEAR

——— PARALLEL INPUT —=

ONES TRANSFER ENABLE ;|
Vg soozcj Vg 9002
.

COUNT ENABLE

Binary counter using synchronous 2
bit stages with trickle down between
stages illustrates method of utilizing
dual JK flip-flops having common
clocks in counter applications.

COUNT INPUT — e l___ -
MASTER CLEAR

2
—— PARALLEL OUTPUT ——
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ITT 9024°
DUAL JK (OR D) FLIP-FLOP

DUAL JK (OR D) NS TTSTIER
FLIP-FLOP A

® Dual Rank Type Circuit B T
® Separate Clocks o

® Separate Asynchronous Set and Clear Inputs

® Low Power Dissipation X

® Compatible with ITT DTL and Other TTL Families i

® Input Diode Clampin
p p g Leads are intended for insertion in hole rows on

W 300 cenlers. They are purposely shipped with

® 25 MHz Operatlon “positive” (375 misalignment ta facilitate insertion.

The MIC9024 consists of two high-speed, completely independent
transition clocked JK flip-flops. The clocking operation is independent

of rise and fall times of the clock waveform. The JK design allows DIMENSIONS. — RLATRAGK

operation as a D flip-flop by simply connecting the J and K pins N PP e T |
together. e ==
=== ==
—— 1 409
ABSOLUTE MAXIMUM RATINGS e —
oz0 —— ——3
CHARACTERISTICS |UNITS p/— = \
Ze—— 0
Storage Temperature N, —65t0 +150 | °C "lmocd -1om view ...550_i
Temperature (Ambient) Under Bias —551t0 +125 | °C Gk P
Vee Pin Potential to Ground Pin (See Note 1) —0510 +8 | Volls K NN B
Voltage applied to output when output is high : 0Vio +Vee | value O;!;DL_:lf.Em
Input Voltage (DC) (See Note 2) .. . .... =D5to+55 | Volts 0038 283 1
Input Current (DC) (See Note 2) ..... A Er —301to +5 mA
Current into output when output is low bk +30 mA

Notes 1 and 2 following page

LOGIC DIAGRAM
%0 ¥ o)

7 —1
51 0j——c5
m o |
13—k ¢
b O 0l

——10

tio— 19

el
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*ELECTRICAL CHARACTERISTICS (T.=0°C to 75°C, Vcc=5V +5%) (Note 3)

LIMITS
CONDITIONS AND
SYMBOL | CHARACTERISTIC 0°c 25°C 75°C UNITS
WMIN. MAX. | MIN. TYP. MAX. | MIN. MAX. CRNENIS
Vou Output High Voltage i 2.4 2.4 3.0 2.4 Volts VMee=475V, lou= —1.2mA
Vou Output Low Voltage 0.45 0.21 0.45 0.45 | Volts Vee=475V, lo.=14.1 mA
T Vee=5.25V, lo.=16 mA
Viu Input High Voltage 1.9 1.8 1.6 Volts Guaranteed input high
threshold for all inputs.
: —— (To Sink lo,) i N
Vi Input Low Voltage 0.85 0.85 0.85 | Volts Guaranteed input low
threshold for all inputs.
- _£I_=9_1_-_ Veu Output)
I J, K Leakage Current 5.0 60 60 | uA Vee=5.25V,Va=4.5V
21, Clock Input, Ss 10 120 120 Gnd. on other inputs
41 Co 20 240 240
I J, K Input Current —1.8 -10 -16 | —1.6 | mA Vece=5.25V V=045V
21 Clock Input, S —-3.2 —20 —32 -3.2 4.5V on other
3l _C: (Note 4) —4.8 —3.0 -—48 —4.8 = inputs
Ie J, K Input Current —1.41 —-084 -141 —1.41 | mA Vee=4.75V
2 Clock Input, Sp —2.82 —1.88 -—282 —2.82
3 Cs (Note 4) —4.23 —2.82 —4.23 —-4.23
Iro Current Drain 9.0 14 mA Per Flip Flop in Worst
Logic State
lsc Output Current 3 —865 mA Logic 1 Output Short Circult

*Pulse tested.

*ELECTRICAL CHARACTERISTICS (T.= —55°C to 125°C, Vee=5V =#=10%) (Note 3)

LIMITS
SYMBOL | CHARACTERISTIC —55°C 25°C 125°C___| UNITS oo L T
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Veu Ouiput High Voltage 2.4 2.4 2.7 2.4 Volts Vee=4.5V, lou=—1.2 mA
Voo Output Low Voltage 0.4 0.2 0.4 0.4 | Volts Vee=4.5V, loo=12.4 mA
0.4 025 0.4 04 Volts |Vec=55V,lo=16mA
Vin Input High Voltage 2.0 7 1.4 Volts Guaranteed input high
1 threshold for all inputs.
(To Sink lo)
Vi Input Low Voltage 0.8 0.9 0.8 | Volits Guaranteed input low
threshold for all inputs.
(For Vou Output)
I J, K Leakage Current 5.0 60 60 | uA Vee=55V, Ve=45V
2l Clock Input, S¢ 10 120 120 Gnd. on other inputs
41 Co 20 240 240
le J, K Input Current =16 -11 ~-16 =16 | mA Vee=55V V=04V
21 Clock Input, So -3.2 -22 =32 -3.2 4.5 V on other
31 Co (Note 4) —-4.8 -33 -—48 —4.8 inputs
I J, K Input Current —1.24 =091 -1.24 =124 mA Vece=4.5V
21k Clock Input, So —2.48 —-1.82 -—248 —2.48
31l Co (Note 4) —3.72 =273 =372 —3.72
Teo Current Drain 9.0 T4 mA Per Flip Flop in Worst
Logic State )
lse Output Current —65 mA Logic 1 Output Short Circuit
*Pulse tested. T

NOTES:

(1) The maximum V.. value of 8.0 volis is not the primary factor in determining inputs it the D.C. input voltage is more negative than —0.5 V. The diode
the maximum V.. which may be applied to a number of i d Is designed to clamp off large negative A.C. swings associated with fast fall
devices. The voltage at a high output is approximately 1 V. below the V.. times and long lines. This il rating is intended only to limit the
voltage, so the primary limit on the V.. is that the vollage at any input may steady state Input voltage and currant,

not go above 5.5 V unless the current is limited, so this effectively limits
the system V.. to approximately 7.0 volts.

(3) Positive current is into device and negative current is out of device.
(4) Denotes maximum current under normal operation. These currents may

{2) Because of the input clamp diodes, excess current can be drawn out of the increase up to 4 I, if J, K=Llogic 1 and S;= Logic 0.
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SYNCHRONOUS ENTRY
J-K MODE OPERATION

TRUTH TABLES

SYNCHRONOUS ENTRY

D MODE OPERATION

ASYNCHRONOUS ENTRY INDEPENDENT
OF CLOCK & SYNCHRONOUS INPUTS

INPUTS AT t. OUTPUTS AT t. INPUTS AT t. | OUTPUTS AT t.. INPUTS OUTPUTS
J K Q Q D Q Q S, Co Q Q
L H NG.CHafigs L L H 5(11) 1(15) 6(10) 7(9)
L L L H R H L L L H H
H H H L L H H L
H L Toggles - H L L H
L=Low Logic Level, H=High Logic Level H H Mo Change
LOADING RULES
INPUT LOADING FAN OUT
= OUTPUTS
Jand K 1 UL High State | Low State
C.and S 2UL,
o - Q 20 10
Cs" (Note 4) 3 UL, a 20 10
1 U.L.=1 TTL Unit Load as defined by the entries 1, and |  tables.
TYPICAL INPUT AND OUTPUT CHARACTERISTICS
EQUIVALENT INPUT CIRCUIT OUTPUT HIGH OUTPUT LOW

HOY
seLecten © /) © SELECTED

= ~0.3V

T

INPUT CURRENT VERSUS
INPUT VOLTAGE

Z0T e ot wiECiin]

*
=

113, 1NPUT CURRENT - m.

4.0

2.0 0 .0 a0 6.0 L X
Vi = INPUT VOLTAGE - vOLTS

EQUIVALENT CIRCUIT

—

+—0 Ve
1.5k0 % 65101

4k

—O 0UT

OUTPUT CURRENT VERSUS

OUTPUT VOLTAGE
(OUTPUT HIGH)

= OUtET CURRENT - mA

Yo

Wiy = OUTPUT VORTFAGE - VIRTS

1133

EQUIVALENT CIRCUIT

out

OUTPUT CURRENT VERSUS
OUTPUT VOLTAGE
(OUTPUT LOW)

bl I "{-'?!rr

Lo L% .0
¥y = OUTPUT VOLTAGE = VOLTS.




ITT 9024

SWITCHING CHARACTERISTICS (T,=25°C, Vcc=5.0 V, C. =15 pF)

LIMITS
SYMBOL CHARACTERISTIC 25°C UNITS COMMENTS
MIN. TYP. MAX.
toas J K, D 25 ns Each Flip-Flop
toa- J,K,D 20 ns
totensa 2.0 ns
tistum 15 ns
teas SetoQ 10 ns
tra- SctoQ 25 ns
Toggle Frequency 25 MHz
SWITCHING TEST CIRCUIT
_____75
%)
. 0 —0
0 0—1———0
K
—l—_o 'ty CLI =t
IS ) i
INPUT PULSE i
5002 Sp
e o
= Cp
ke
—-_EO Cp BLI ==L
il o S
C, includes probe and jig capacitance
WAVEFORMS

SPECIAL ORDERING CODE

Temperature Range:

Gpr: = . 1= —56° to +125°C
P 1'5'.' 5= 0°to +75°C

_-.-I {“'l- |<_

—--I lﬂ_ i--—

Package:
B=_250" X .250" Flat Pack

oUTPUT F4
0 0R 0

D=Dual In-Line, 16 leads
1.5V
Exampie:

MICB8024 - 1B means operating tem-
perature range of —355° lo
+125°C, supplied in a Flat Pack
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ITT5033
16-BIT MEMORY CELL

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 epitaxial integrated 16-bit, bit-oriented,
non-destructive readout memory cell, compatible with ITT MIC 930
DTL and ITT MIC 9000 TTL digital integrated circuits. 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 flip-flops arranged in an address-
able four-by-four matrix. The desired bit location is selected by
raising the coincident X-Y address lines to a logic 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 information. 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 (S;) will be in a
high state. Both W, and W, must be at logic "0" during reading.

Writing is accomplished by activating one of the write amplifiers. To
write a 1", the desired bit location is addressed and the input of the
“write one” (W,) amplifier is raised to a logic “1". To write a "0", the
input of the “write zero™" (W,) 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 Vcc to pull-up
the wire “OR"ed outputs.
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ITT5033

ELECTRICAL CHARACTERISTICS

Ratings
LIMITS
YMBOL CHARACTERISTIC UNITS
i MIN. | TYP. | MAX.
Vee Supply Voltage 7.0 Volis SPECIAL ORDERING CODE
Ve Operating Supply Voltage 4.5 5.0 5.5 Volls = o Rarkisi
Input Voltage 55 Volts 5 =0°C to 75°C
Output Voltage 5.5 Vaolts Case Styl
Ta Amblent Temperature 0 +75 | °C C““";m,f;ﬂg'"l:"';'!a.;‘l‘t leeds, add
s Storage Temperature —65 +150 | °C Pa—
[ Thermal Resistance, Junction-to-Ambient: 40 mA Fanouf pnrr numbers:
MAIC5033-5D1 or MIC9033-5D1
(1) Free Air 120 °C/Watt 20 mA Fanoul part numbers:
(2) 200 Ft./Min. Air Flow 85 oG/ Watt MIC5033-502 or MIC9033-502
(3) 400 Ft./Min. Air Flow 55 °C/Watt
[ Thermal Resistance, Junction-to-Case 30 °C/Watt
B Power Dissipation 0.25 Watts
D. C. Characteristics (Vcc=5.0V, T,=0°C to +75°C)
TEST CHARACTERISTIC LTS UNITS CONDITIONS
MIN. MAX.
lea Address Input Low Current 11 mA Vea=0V
laa Address Input High Current 0.4 mA Vin=4.5V
Tew Write Input Low Current 1.5 mA Viw=0V
T Wiite Input High Current 0.1 mA Ve a5V
Vie Tnput Low Voltage 1.0 Volts
Vi Input High Voltage 2.1 Volls
Vol Output Low Voltage 9033/5033-XX1 0.45 Volls R.=120010 Ve
9033/5033-XX2 0.45 Volts R.=240 0 to Ve
low Output Leakage Current 0.1 mA Veu=Vec
[ Power Drain 65 mA Vee=5.25V
o e - il o 1 il Inputs Grounded
Switching Time Tests (Vcc=5.0V, T,=0°C to +75°C)
LIMITS
CHARACTERISTIC UNITS CONDITIONS
T88F CUpF) | MIN. | MAX.
twe Write Pulse Width 25 ns One X-Y location high, all others low,

Wo low when checking Wi, W, low

when checking Wo.
twe Write Recovery Time 30 a5 ns One X-Y location high, all others low,

1" previously stored when testing

So, “0" previously stored when

checking Si.

One X-Y location switched, all others
ten Read Recovery Time 30 20 ns low, 1" previously stored when test-
tea Read Access Time 200 30 ns ing Si, "0" previously stored when

testing Sec.
tan Read Access Time 30 22 ns Four X-Y locations switched, all

others low, '"1"s previously stored
when testing S, “0"s previously
stored when testing Se.
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SWITCHING TEST WAVEFORMS

SWITCHING TEST OUTPUT LOAD

Vee
R1 R2
5033/9033~5D1 [120 | 330
5033 /9033-502 [240| 560] 3 ®1
PULSE 7 gy 1 Aay |
GND
gs,o...l—”— T0 OUTPYT =——
CL Rz
QUTPUT .
1AV LY L5V 3
GND T 1 T
Al Y2 Y3 Ya
45K
CIRCUIT DIAGRAM
. i
. ik 4
% | L | l l
ﬁ o é‘ é‘ il iﬁ
Xz | | | l L
o (I L [ 1
Xy | L 1 !

RESISTOR VALUES ARE TYPICAL
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APPLICATIONS

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-B decoders. Each
output of the 1-out-of-8 decoders controls a driving transistor.
These driving transistors provide the current necessary to drive
eight X and eight Y address lines. Each transistor drives 18
MtCﬁUSS! 9033 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 MIG5033/9033'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 combinations
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
ad%ressing 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. Obviously many address decoding
schemes may be utilized depending on memory size, driver
fan-out, decoder fan-out, wiring, heat dissipation, etc.

L1

iy
wi=i=l
imimjw!

i

i
i
b

MEMORY 1 OF 8 DECODE

ADDRESS

e el

|
el
DRIVERS
—> 1
—p>
YoED ; 3033 3lo
DECODE == |
ot b-
£+
pe !
b s[03[3 5/03 ]
Ibv Iy
= =
I (
l |
| [\
| i
BiT 1
WRITE | 9 Q | \
ENABLE [ S At J
OUT WRITE WRITE QUT
J. o1 0
el

£ &

W

wo

LOGIC DIAGRAM

BIT 9

R

S N e eS|

READ AND WRITE

DATA (DOUBLE RAIL)
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Retriggerable Monostable Multivibrator TTL

RETRIGGERABLE MONOSTABLE oon. e raccs

TO-116

MULTIVIBRATOR TTL oy

e Complementary Outputs and Complementary DC level sensitive
inputs — insensitive to input pulse transition time.

e “Leading edge” or “trailing edge” triggering.

e High speed operation — maximum input repetlition rate greaier
than 10 MHz.

e High noise immunity — 400 mV worst case.

e High fanout — up to 8 TTL loads.
e Accurate timing — determined by external R and C —
50 nsec. to « output pulse width range.

e Choice of operating mode — inputs can normally allow
retriggering, but can also be.lorfked out. ez

e Input diode clamps prevent ringing. MAX.

e Logic levels are compatible with ITT DTL 930, ITT TTL 9000,
MSI and other DTL and TTL families.

e Pulse width compensated for Vcc and temperature variations. DIMENSIONS — FLAT PACK
L 320 MIN. 1875

. - , [
The retriggerable monostable multivibrator or one-shot provides an e | | pp—
output pulse with high accuracy and a very wide duration range ] | -
(50 nsec to ). It has four pC level-sensitive ipputs, two are active- 300§ | ::
level High and two are active-level Low. Designed for high speed — | —
operation, the MIC9601 will respond to trigger inputs even when already —LIE | e
in its active timing state, and will time itself out from the last input ﬁg—é L 1
pulse received. _['064 e [O8s MAX.
The unique design of the MIC9601 ’makes it very useful in applications = TR ':1.—
such as in square-wave and variable delay pulse generators, long 265 MAX.

delay timers, pulse absence detectors, digital low-pass filters, and
even FM demodulators.

NOTES:
(1) The maximum V.- value of 8.0 volts is not the
ABSOLUTE MAXIMUM RAT|NGS primary factor Incﬁeterminlng the maximum V..
which may be applied to a number of intercon-
CHARACTERISTICS UN'TS nected devices. The voltage at a high output
is approximately 1 V. below the V.. voltage,
so the primary limit on the V.. is that th
Storage Temperature —65to +150 °c voltage at any input may not gf:c al:cve 5.5 \e«f
Temperature (Ambient) Under Bias —55t0 + 125 QC unless the current is limited, so this effectively
! g limits the system V.. to approximately 7.0

Ve Pin Potential to Ground (See Note 1) —0.5to +8.0 Volts volts.
Input Voltage (D.C.) (See Note 2) —0.5t0 +5.5 Volts (2} Bocause of the Input clamp diodes, excess
current can be drawn out of the inputs if the
Input Current (See Note 2) —30to +5.0 mA D.C. input voltage is more negative than
- =0.5 V. The diode is designed to clamp off
VOItage Applled to OU‘F_)Ut large negative A.C. swings associated with fast
When Output is High 0Vito +Vee value fall times and long lines. This maximum rating
& Is Intended only to limit the steady state input
Current Into Output When Output is Low 50 mA et o S e

1139



ITT9601

FUNCTIONAL DESCRIPTION

The 9601 monostable multivibrator 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 independent of input tran-
sition times.

Each time the input conditions for triggering are met, the external
capacitor is discharged in a short time and a new cycle is begun.
Successive inputs with a period shorter than the delay time
retrigger the 9601 and result in a continuous true output. Re-
triggering may be inhibited by tying the negation (Q) output back
to an active level high input.

Active pullups are provided for good drive capability into
capacitive loads.

OPERATION RULES

1. An external resistor Rx and an external capacitor Cx are
required as shown in the logic diagram. The values of Ry
may vary from 5.0 ka2 to 50 k& for 0 to +75°C operation, and
5.0 k& to 25 ko for —55 to +125°C operation. Cx may vary
from 0 to any value necessary and obtainable.

2. If a fixed value of Ry is used, the following values are recom-
mended: Ry = 30 k@ for 0 to +75°C operation; Rx =10 k0
for —55 to +125°C operation.

3. The output pulse width T is defined as follows:

T = 0.32 RCx [1 + %z 1 (For Cx greater than 10’ pF)
Ed

Where Ry is in ki, Cy is in pF, T is in ns

For Cx < 10° pF, see Fig. 14
4. If electrolytic type capacitors are to be used, the following
two arrangements are recommended:

This circuit also amplifies Cx allewing
for longer output pulse width.

R < 0.6 Rx {Max)

D:: any silicon L} R Ry
type diode, such R < R (0.7) (heeQi)
as FD700 | Rx (min) < Rx < Rx (max) ()
“Tox =" Qi Any NPN silicon device with =ty
sufficient hre at low currents, I
P10 PE13 such as 2N2511

Both circuits prevent reverse voltage across Cx. The pulse width
T for the circuits is defined as follows:

T ~ 0.36 RCx [1 +[LR7]

Where R is in k@, Cx is in pF, T is in ns

5. To obtain variable pulse width, by remote trimming, the
following circuit is recommended:

Ry 5 Ry [MIN]

el G e
Y45 cLoSE AS PoSSIBLE TR i

AT 10 DEVICE R M Ry
e e

Yoo

6. Under any operating condition, Cx and Ry (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 Pin 1 (2)

Pins2, (1),3&4=1
ti, te == Setup time > 40 ns
t2, ts == Release time > 40 ns

et [ -

25V - 25v
;e—skﬁ\' b '
o by

Bgut fl -y l‘“’;' :
r—iﬂ-‘ 1.5¢
—-l'uﬂl—-—

[
—-J‘nng--—

Input to Pin 3 (4)
Pind(3)=1. Pinslor2z=0

8. The retrigger pulse width is calculated as shown below:

tw = tow 4 tpde = 0.32 RuCx (1 + L) 4 tpd

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.

NOTE: Retriggering will not occur if the retrigger pulse comes within .32 R,C, {FII_T] ns after the initial trigger pulse.
e

LOGIC DIAGRAM

Voo -PINI4 L

L X
GND = PIN 7 Ry
¥
1 ) tC
—=1#

jD)

2

9601
3 0/s
4

SPECIAL ORDERING CODE

Temperature Range:
1=—55" +125°C
5= 0% 10 +75C

Package:

B=.250" X .250" Flat Pack
D =Duval In-Line 14 leads

Example:
MICP501- 1B means operating tem-
perature range of —55" 1o
+125°C, supplied in a Flat Pack
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ELECTRICAL CHARACTERISTICS (T.= —55°C to 125°C, Vec =5V =10%)

LIMITS
SYMBOL | CHARACTERISTIC —55°C +25°C +125°C UNITS CONDITIONS
MIN. MAX. [MIN. TYP. MAX. [MIN. MAX (Note 1)
T = |
Vou Output High Voltage 2.4 24 3.3 2.4 Volts | V=45V, low=—072mA
- A (Mote 2)
Vou Qutput Low Voltage 0.4 0.2 0.4 04 [Volts  Vec=4.5V, loe=10mA
(Note 2)
Vin Input High Voltage 2.0 1T 1.4 Volts  Vec=4.5V (Note 3)
Vi Input Low Voltage 0.85 0.90 0.85 |Volts | Vec=5.5V (Note 3)
Is Input Load Current -1.6 -11 —16 —1.6 [mA Vee=55V
Vi= 34 v
le Input Leakage Current _ 15 60 60 [uA | Vec=5.5V,Va=45V
lse Short Circuit Current -10 —40 mA | Vee=5.0V, Vour=0V
(Note 2)
lga Quiescent Power Supply Drain 25 25 \ 25 |mA | Vee=5.5V
s Negative Trigger Input 25 40 ns Vee=5.0V
to True Output Rx=5.0 kQ
Cy=0,C.,=15pF
taa Negative Trigger Input 25 40 ns "Vee=5.0V
to Complement Output R«=5.0 k2
== C}:=a,cl=15pF
tomtming Minimum True Qutput 45 65 ns Vee=5.0V
Pulse Width Rx=5.0 ko
Cx=0,C.=15pF
Atow Pulse Width Variation 3.08 342 376 usec | Vee=5.0V, Re=10ka,
_ | G«=1000 pF
Csnar Maximum Allowable 50 50 50 |pF Pin 13 to Ground
Wiring Cap. (Pin 13)
Rx Timing Resistor 5.0 25 5.0 25 | 5.0 25 [k
TABLE |1 — ELECTRICAL CHARACTERISTICS (TA=0°Cto 75°C, Vce=5V 5%
LTS S
SYMBOL | CHARACTERISTIC [ OREE +25°C +75°C UNITS CONDITIONS
MIN. MAX. | MIN. TYP. MAX. |MIN. MAX, (Note 1)
VéH Output High Voltage 2.4 2.4 34 2.4 |Volts Vc.;“: 475V, low= —0.96 mA
— — ) | ote 2)
Ve Qutput Low Voltage 0.45 0.2 045 0.45 | Volts | Vee=4.75V, =128 mA
. - (Note 2)
Vin Input High Vaoltage 19 1.8 1.6 Volts | Vec=4.75V (Note 3)
Vi Input Low Voltage .85 0.85 0.85 | Volts | Vec= 5,_%5_ V (Note 3)
I Input Load Current -1.6 -10 -18 =16 [ mA Vee=5.25V
— ~ | V=045V
Is Input Leakage Current 15 60 60  pA Vec=5.25V, Vi=4.5V
ls« | ShortCircuit Current -10 —40 [mA T Vec=50 V, Vour=0V
= ~ | [Note 2)
lpa Quiescent Power Supply Drain 25 25 25 mA Vee=5.25V
Ground Pins 1 and 2
L A Negative Trigger Input 25 40 ns Vee=5.0V
to True Output R«=5.0 ki
) C«=0,C.=15pF
{ S Megative Trigger Input 25 40 ns Vee=5.0V
to Complement Output Rx=5.0 ki
) Cx=0,C.=15 pF
toutmini Minimum True Qutput 45 65 ns Vee=50V
Pulse Width R:=5.0 k2
D, Cx=__0.CL=15 pF
Atgw Pulse Width Variation 3.08 342 376 usec Vee=5.0V, Re=10 k22,
B «=1000 pF
Coaar Maximum Allowable 50 50 50 | pF Pin 13 to Ground
Wiring Cap. (Pin 13)
Ry« Timing Resistor 5.0 50 5.0 50 | 5.0 50 | ko

NOTES: (1) Unless otherwise noted, 10 k resistor placed belween Pin 13 and V., for all tests. (Ry)
(2) Ground Pin 11 for Vg, Pin B or Vo, Pin 8 or | Pin 8. Open Pin 11 for Vg, Pin 8 or Vo Pin 6 or I Pin 6.
(3) Pulse Test to determine V,, and V, (Min PW 40 ns).
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TYPICAL ELECTRICAL CHARACTERISTICS

INPUT LOAD CURRENT
VERSUS INPUT VOLTAGE

T
93l e - wov ! | I
u i W BT AT
| Tar Bt H
s i
= 0| et Ty e
g k' '
LT
S I |
Z [ ia-a¢ |
é . ] . 4 <
=
A .
M 1a-me
|
| |
L |
i a5 0 08 1.8 73
INPUT VORTAGE - wOLTS

OUTPUT CURRENT VERSUS
OUTPUT VOLTAGE (HIGH STATE)

1 |, |
| Veeesov | |
OuTEul HIGH - -
50 ! |
€ i @
o]
= |
£ B |
g5 LT i
E i
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OUTPUT PULSE WIDTH VERSUS TIMING RESISTANCE AND CAPACITANCE

For Cyx <~ 10* pF (For Cx = 10°pF, t..=0.32 R:Cx (1+0.7)

104

Ri

QUTPUT PULSE WIDTH - ns

10 102 10’

Cy - TIMING CAPACITANCE - pF

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

450 Voo

S0k 1

8 jo—+—@ Your
T 15pF _
60— Vour
T 15pF
_.,gdﬂns‘i_,_
10v 15V ViN
g s
— X 15¢v
- tgw ! Your
A 4 Your
Y —| =

NOTE: Capacitance includes
Jig and Probe

LOADING RULES
TTuL INPUT LOAD AND DRIVE FACTORS

—55°C to +125°C 0°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

0°C to 75°C

INPUT LEVEL | LOAD FACTOR INPUT LEVEL | LOAD FACTOR
High 12 High 12
Low 10 Low 10.5
QOUTPUT STATE | DRIVE FACTOR OUTPUT STATE |DRIVE FACTOR
High 144 High 192
Low 62 Low 85
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INPYT B

APPLICATIONS

weor (LT

1

1our -
gout =

FREQUENCY DIVISION

This configuration makes the 9601 non-retriggerable and
capable of frequency division.

N

e

ol —Ta—]

DELAYED PULSE GENERATION
The first 9601 determines the time T, before the initiation of the

output pulse.

The second 9601

determines T, the output

pulse width.

INFUT

MALFUNCTION INDICATOR

The output of the retriggerable single shot will only 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 malfunction is indicated when the flip
flop frequency drops and retriggering operation of single shot
ceases.

3
=
=1
g
=
a8

=

FREQUENCY

DISCRIMINATOR

The 9601 can be used to produce a voltage output proportional
to input frequency. For a fixed TC of Ry and Cs, the duty cycle
of the oulput will vary with frequency. This is integrated by R
C: producing a voltage proportional to frequency.
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ASTABLE MULTIVIBRATOR

Frequency of operation is dependent upon value of R« and Cu.



Packages: 14-lLead Ceramic DIP, Plastic DIP and Flat Pack

ITT9602®

DUAL RETRIGGERABLE RESETTABLE MONOSTABLE MULTIVIBRATOR

The TTL/Monostable 9602 is a dual retriggerable,
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 Vge 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 0 to 100% Duty Cycle

*TTL Input Gating - Leading or Trailing Edge
Triggering

« Complementary TTL Outputs

« Optional Retrigger Lock-Out Capability

* Pulse Width Compensated for Vg and Temperature
Variations

* Resettable

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

Storage Temperature —65°C to +150°C
Temperature {Ambient) Under Bias

—565°C to +125°C
Vg 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
Voltage Applied to Output When Qutput is High

—0.5 V to +V g value

Current Into Output When Qutput is Low 50 mA

NOTES:

1. The maximum V¢ value of 8.0 volts is not the
primary factor in determining the maximum Vee
which may *be applied to a number of inter-
connected devices. The voltage at a high output is
approximately 1 Vgg below the V¢ voltage, so
the primary limit on the Vg is that the voltage
at any input may not go above 5.5 V unless the
current is limited. This effectively limits the
system Ve 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
voltage 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
limit the steady state input voltage and current.

CONNECTION DIAGRAM
(TOP VIEW)

GND %

*Pins for external timing

mininininlninin

-

o

i

LH_JI_JI_II_JI_JL_!

Cx Ax
9] B f vee
: ® 'J‘b‘) |5| 1
opo—17
[ Q 10
i D =
3 afo——>
o
LOGIC SYMBOL T

13

FUNCTIONAL DESCRIPTION

The 9602 dual resettable, retriggerable monostable
multivibrator has two inputs per function, one active
high and one active low. This allows leading edge or
trailing edge triggering. 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 allowed 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. Active pullups are provided on the outputs for
good drive capability into the capacitive loads.
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OPERATION RULES

1. An external resistor (Ry) and external cap-
acitor (Cx) are required as shown in the
Logic Diagram.

2. The value of Ry may vary from 5.0 to
50 k2 for 0 to 75°C operation. The value of
Ry may vary from 5.0 to 25 k{2 for —55 to
+125°C operation.

3. The valueof Cy may vary from O to any
necessary value available. If, however, the
capacitor has leakages approaching 3.0 [A or
if stray capacitance from either terminal to
ground is more than 50 pF, the timing equa-
tions may not represent the pulse width
obtained.

4,  The output pulse with (t) is defined as

follows: 1
t=0.31 RxCx |:1 + Rx :I

Where Ry isin k§2
Cy isin pF
tisinns

for Cx <10 pF, see Fig. 17.

5. If electrolytic type capacitors are to be used,
the following three configurations are recom-
mended:

A. Use with low
capacitors.
The normal RC configuration can be
used predictably only if the forward
capacitor leakage at 5.0 volts is less than
3 MA, and the inverse capacitor leakage
at 1.0 volt is less than 5 UA over the
operational temperature range and Rule
3 above is satisfied.

leakage electrolytic

vee PiM 2014)

R
x Cx

—o rin 1115)
L

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 capacitor. The use of this con-
figuration is not recommended with
retriggerable operation.

R 0.6 Ay iMAX) FD727
vee PIN 2014}
R
Cx
—o Pity 115

C. Use to obtain extended pulse widths:
t=0.3 RCx

This configuration can be used to obtain

extended pulse widths, because of the

larger timing resistor allowed by beta

multiplication. Electrolytics with high

inverse leakage currents can be used.
Ve AAA
Ry

Q

PIN 2(14)

‘_‘H_——O PIN 1{15)

R< Ry (0.7) thpg Qq) or <2.5 M whichever
Ry (min) <Ry <Ry (max) g el
Q1: NPN silicon transistor with hgg requirements of
above equations, such as 2N5961 or 2N5962
t=0.3 RCyx
This configuration is not recommended
with retriggerable operation.

6. To obtain variable pulse width by remote
trimming, the following circuit is recom-
mended'

PIN 2 [14) O._I_.,.M,._ =
AS CLOSE AS POSSIBLE
AN 1 135 ] 10 DEVICE

Yoo o0— ==

R It: Max Rx

7. Under any operating condition, Cyx and Ry
{min) must be kept as close to the circuit
as possible to minimize stray capacitance
and reduce noise pickup.

8. Input Trigger Pulse Rules. See Triggering
Truth Table, page 5.

Input to Pin 5 (11)

Pin 4 (12) = Low
Fin 3 (13) = High

ty, t3 = Min. Positive Input
Pulse Width >40 ns
t2, T4 = Min. Negative Input
Pulse Width >40 ns

l-- L] _-l |+ 17 =

NPUT 2.5V .5v |
INPU = el
oy 1 oV

|-_ tpd+ —=— tpd+

Fisv Fis

@ oUTPUT

Input to Pin 4 (12)
Pin 5 (11} = High Pin 3 (13} = High

e ) e YR

INPUT 2.5V i 2.5v U
D e - S

- - tpd+ tpds —=t =

QOuTPUT £ 15¢
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9.

The retriggerable pulse width is calculated
as shown below:

1
tw = tpw + thge = 0.31 Ry Cy (1 4 R—;! * tpd+t

INPUT —I_l I_I

QUTPUT —l ;

| —— ey —————=

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 initial trigger pulse.
(i.e. during the discharge cycle).

10.

weor] ]

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 will not produce spikes in
the output when the reset is held low.

I [ ] [

RESET

PULSE
WIDTH

I ==
I_l QOouUTPUT

| I l i QOUTPUT

iy 1

Vee and Ground wiring should conform
to good high frequency standards so that
switching transients on Vge and Ground
leads do not cause interaction between
one-shots.

ELECTRICAL CHARACTERISTICS (Tp = —55°C to 125°C, Voo =5 V + 10%)

Symbol Limits Units Conditions
-55°C +25°C +125°C (Note 1)
Min. Max. | Min. Typ. Max. |Min. Max
VoH 2.4 2.4 33 2.4 Volts | Vcc = 4.5V, lgH =—0.96 mA (Note 2)
VoL 0.4 0.2 04 0.4 | Volts | Vge=45V, gL = 9.62 mA (Note 2)
Ve =565V, gL = 12.8 mA
ViH 2.0 1.7 1.5 Volts | Guaranteed input high
ViL 0.85 0.90 0.85 | Volts | Guaranteed input low
TR -1.6 -1.1-16 —1.6| mA Vec=55V,ViN=04V
-1.24 -0.97-1.24 —1.24| mA |Vec=45V,V|Ny=04V
1H 10 60 60 |[MA |Vcc=55V,ViN=45V
Isc —25 mA Vee =55V, VouT =1.0 V (Note 2)
lpp 45 39 45 45 | mA Veg=50V
tpd+ 25 35 ns |Vec=5.0V, Ry =50k
Cx =0,CL=15pF
tpd- 29 43 ns Ve =50V Ry =5.0kf2
Cx =0,CL=15pF
tomtani 72 90 ns Ve =5.0V Ry =5.0kS2
78 100 ns Cx =0,C_=15pF
thw 3.08 3.42 3.76 Ms Vee =5.0 V, Rx =10 k&2, Cy = 1000 pF
CSTRAY: 50 50 50 |pF  |Pins 2 and 14 to Ground
Ry 50 25 5.0 25 50 25 |KkQ
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ELECTRICAL CHARACTERISTICS (T p = 0°C to 75°C, Vg =5 V + 5%)

Symbol Limits Units Conditions
—0°C +25°C +75°C (Note 1)
Min. Max. |[Min. Typ. Max. Min. Max

VOH 2.4 2.4 34 2.4 Volts | Vog =4.75 V, IgH =—0.96 mA (Note 2)

VoL 0.45 0.2 045 0.45 [Volts [ Vg =475V, Ig = 11.3 mA (Note 2)
Veg =525V, IgL = 12.8 mA

ViH 1.9 1.8 1.65 Volts | Guaranteed input high

ViL 0.85 0.85 0.85 |Volts | Guaranteed input low

L -1.6 -1.0-16 -16 |[mA | Vec=56.25V,V y=0.45V

—1.41 —1.41 —1.41|mA | Vgg =475V, V|y=0.45V

IH 10 60 60 |MA | Vec=5.25V,V|N= 45V

Isc -35 mA | Vgg=5.25V, VouT = 1.0 V (Note 2)

lpD 52 39 50 52 |mA Ve = 5.0V, Ground, Pins 1 and 2

tod+ 25 40 ns Vgc=5.0V, Ry =5.0kf2
Cx =0,CL=15pF

tpd— 29 48 ns Vee =50V Ry =5.0kf
Cx=0,CL=15pF

tow(min) 72 100 ns Vee=5.0V Ry =5.0kQ2

78 110 ns Cx=0,C_=15pF

Tow 3.08 3.42 3.76 us Vee = 5.0 V, Rx =10 k§2, Cx = 1000 pF

CsTRAY 50 50 50 |pF Pins 2 and 14 to Ground

Rx 5.0 50 5.0 50 50 50 |k§2

1. INPUT LOAD CURRENT - mA

1. Unless otherwise noted, 10 k{2 resistor placed between Pin 2 (14) and Vg, for all tests. (Ry)

2. Ground Pin 1 (15) for Vg|_on Pin 7 (9), or for Vo on Pin 6 (10), or for Igc on Pin 6 (10); also, apply
momentary ground to Pin 4 (12). Open Pin 1 (15) for Vg on Pin 6 (10), or for Vg on Pin 7 (9), or
for Igc on Pin 7 (9).

TYPICAL ELECTRICAL CHARACTERISTICS
INPUT LOAD CURRENT

VERSUS INPUT VOLTAGE

0.5

INPUT LEAKAGE CURRENT
VERSUS INPUT VOLTAGE

OUTPUT CURRENT VERSUS
OUTPUT VOLTAGE (LOW STATE)

T
Veg *5.0v

=
n

T

1,\-|?',-tz
Ta '35 C—

7

=
.

'1a-‘55C‘Pé

Tar -5

i

b

%L

+
|

l

i
St

INPUT LEAKAGE CLRRENT - A

L o

| ! T T
Vep 50| [
i e |

T

o CoouTPul oW | 2 1

5 -T
| = l [
Vep 20V

+— 0 f——

Ui Pul CurRts!
|

o

1.5 0.5

o

INPUT VDLTAGE - vin TS

0.5

20 &40
INPUT VOLTAGE
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- mA

outPUT CUFEwI

OUTPUT CURRENT VERSUS
OUTPUT VOLTAGE (HIGH STATE)

MINIMUM PULSE WIDTH TO

TRIGGER VERSUS
AMBIENT TEMPERATURE

(POSITIVE EDGE TRIGGER INPUT)

MINIMUM PULSE WIDTH TO
TRIGGER VERSUS
AMBIENT TEMPERATURE

(NEGATIVE EDGE TRIGGER INPUT)

OUTPUT VOLTAGE - VOLTS

MINIMUM TIME DELAY,

RESET TO OUTPUT VERSUS

AMBIENT TEMPERATURE

Ty = AMBIENT TEMPERATURE -

NORMALIZED OUTPUT PULSE
| WIDTH VERSUS SUPPLY VOLTAGE

y T
| | Vg * 5.0V [ o .
Wem 25,0V - B _vtcli,ﬂ. i
L [ Y
OUTPUT “"HIGH" ” 100 | q; hr .
£ - 10 l T at EALE 19
<] =l |l | T i
= = .
] ramil 7
& g / = /
N = 7 £ A
< v P ! /’//
= l % & / = ¥ ey -
— USITIVE oppes
WAz | 2 Tosm i PUISE // | > ‘--.___(_:__.;_A_c______.-?
AN - - I3 . ES ER e
f/ “| 2 o[ e RS | : o) 1
R
1 = )
I ] i L :
| | P
2.0 [ 20 4.0 B 0 B 1 1% 15 R is 1%

Ty = AMBIENT TEMPERATURE - 't

PULSE WIDTH VERSUS
TIMING RESISTOR

TIME DELAY, RESET 10 QUTPUT = ns

POWER 0551 PATION - mi

Ty = AMBIENT TEMPERATURE - °C

POWER DISSIPATION VERSUS
AMBIENT TEMPERATURE

1y AMEIENT TEMPLRATURE - €

NORMALIZED OUTPUT
PULSE WIDTH VERSUS
SUPPLY VOLTAGE

T T : 1 |
Vg * 5.0 I | | [ ll Veg s5.0v | ¥ee * 5.0V J
_Ci =15 pf + - t Ryt 100 4 Oy " 10°F | . /
Ry - 10kD = | |
Ry z ¢, 100 f
€y + 10 S Lo |—N : 4 1 — Vd
[ = \ | q T 4
| g N .;.. | |
3 = .__'. el P
EIEEEET T 1y \" = |
= L i & L0 Ay
i £ P~ & /
T T s = L I —
- 3-6-.19-8 11 10 Bl 5 T
Z | 8 A
E
s | H
2 |
/ | I
L | il
-5 =0 ] 75 2% 0 o) ] 15 10 20 .1} 40 50

Ry = EXTERNAL TIMING RESISIOR -

MINIMUM OUTPUT PULSE
WIDTH VERSUS
AMBIENT TEMPERATURE

T, = AMBIENT TEMPLRATURL - C

Vg~ SUPPLY VOLTAGE -VOLTS
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T = AMBIENT TEMPERATURE - C
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11" Finz . | g o !
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NEGATIVE TRIGGER DELAY OUTPUT PULSE WIDTH VERSUS TIMING
LU RESISTANCE AND CAPACITANCE FOR C, < 103 pF
® | l : For Cy > 103 pF, tpyy = 0.31 Ry Cy (1 +——}R‘
£ i | : 7 104
£ gl = | —
E — I tpd - COMPLEMENTARY
E _w_a-’l_n'ﬁi' unnll.lrll | ! DT]P”]'
g i 1
E ottt 1
£ jol_vee sov | s 10° ,/
L R 5k | | __‘_.’-1 7
= Cx L} | =,
ARt B /,
| | | 1 =
15 % 0 5 s 12 = __..-—"‘",
Ty ~AMBIENT TEMPERATURE —*C ; /
o
e =Tl
SO —/
=
- 80
FINT
40
20
10
1 2 4 6 810 102 108
C, — TIMING CAPACITANCE — pF
LOADING RULES
TTeL INPUT LOAD AND DRIVE FACTORS TRIGGERING TRUTH TABLE
LOAD PIN NO'S. .
INPUTS 5(11) 4(12) 33 | Operstion
HIGH LOW
H—L L H Trigger
3,4,5,11.12,13 1 L. 1 5 B 1 H L—=H H Trigger
X X Al Reset
DRIVE FACTOR
OUTPUTS
HIGH LOwW H = HIGH Voltage Level
L = LOW Voltage Level
6,7,9,10 16U.L. | 8U.L. N Db
H-—L = HIGH to LOW Voltage Level transition
1U.L.=1TTL Gate Input Load L—=H = LOW to HIGH Voltage Level transition
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SWITCHING CIRCUITS AND WAVEFORMS INPUT PULSE
f= 100 kHz
’-—‘GMAI Amp =~ 3.0 V
* *x Width = 40 ns

e 1.5¢ =1 <10ns
INPUT
Yin
PULSE asil e :
tpds”

[T -——‘
Q Yo
iy c,_i | 15¢
rD A Yo -
51a
a OTT Vg va [~—=1tps. |
CD c|.
e L L Vee =Pin 16 oy
E GND=Pin 8
APPLICATIONS
Nee Yoo
Cxt Rxy Cxz Rx2
Ax1 Ax? [{}-’—%—O\'cc r]ﬂ—y&-— vee
€x1 \’-‘xai—
\r{ 2 u.r{ 1"
-—6--"—'-— —m-— out OUTPUT
'] 12 85
N 602 9002 3602 D 8502
oS 053
® 0t ) 5 0s? .
= o o
&— -
T T ? i OVERRIDING
) ENASLE

3 13

s e B
our —'j ....m__l

PULSE GENERATOR

The first one-shot determines the time t1 before the The output frequency produced with the abovg con-

initiation of the output pulse. The second one-shot figuration is determined by Cx1q and Rx1, while the

determines tg the output pulse width. pulse width is determined by Cx2 and Rxp. O/S 1
forms an astable multivibrator with an output pulse
width of approximately 25 ns, while O/S 2 extends
the pulse width to the required value.
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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-parallel, parallel-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

e J, K inputs to first stage

® Asynchronous common reset

® 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
@ Input diode clamping

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

CHARACTERISTICS UNITS

—65°Cto +150 | °C
. —55°Cto +125 | °C
—0.5Vto +7 | Volis

Storage Temperature . .. .. .. )
Temperature (Ambient) Under Bias
Vee Pin Potential to Ground Pin .
Voltage Applied to Outputs for

high output state -
Input Voltage (D.C.)

— 0.5V to +Vee | value
—0.5V to +5.5 | Volts
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PHYSICAL DIMENSIONS

- |-onnm

HOTES.
1 Lnags are infanded Jox miariian oo Posk ews o
300 comiers Th
pevhne | 3781
) Bu em.n..

Figure 1

LOGIC SYMBOL

sl o] 5| o 7
JPE Pp P P2 P3
Cp 9300 SR 03

KMR Qg @ Q2 Q3 1
1T 15| 14| 131 lzl

Vec = PIN 16
GND = PIN 8

el

Figure 2

SPECIAL ORDERING CODE

Temperature Range:
—55°C to +125°C, add -1 to
MIC number.
0°C to +75°C, add -5 to MIC
number.

Case Style:
va" x 36" Flat Pack, add "B"
following last digit.
Ceramic Dual In-Line, 16 leads, add
D following last digit.

Example:
MIC9300-1D is —55°C to +125°C.
Temperature range in Ceramic Dual-
In-Ling, 16 lead package.
Flat-pack and Dual-In-line packages
have same pin configuration.
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FUNCTIONAL DESCRIPTION 5. The active high output is provided for all four stages and an

The logic symbol of Figure 2 provides an indication of the
functional characteristics of the MIC8300 four bit shift register.
Several special logical 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 flop in the register. This
type of input is the same as the more common JK input
except that the low voltage level activates the K input. This
provides the greater power of the JK type input for more
general applications and at the same time the simple D type
input that is most appropriate for a shift register can be
easily obtained by simply tying the two inputs together.

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.

w

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 common clocked D flip flops. When the Parallel
Enable is high, or not connected, the shift register performs
a one bit shift for each clock input. In both cases the next
state of the flip flop occurs after the low to high transition
of the clock input.

4. An internal clock buffer provides both reduced clock input
loading, and the ability to gate the clock with only a single
NAND gate.

active low 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 | — TRUTH TABLE
FOR SERIAL ENTRY

(PE = HIGH, MR = HIGH, {n + 1) indicates
state after next clock)

] K | | Q,att,,

Lot L

L H Qg att, (no change)
HoL Qg att, (toggles)

H H H

TABLE Il — LOADING RULES (1 U.L. = 1 TTL Gate Input Load)

INPUTS LOADING
1K MR, P, P, P, &P, 1U.L.
PE 23U.L
Cs 4UL
OUTPUTS FANOUT
0,00, 0,&Q, 6UL

ELECTRICAL CHARACTERISTICS (MIC9300-1X) (T,=—55°C to +125°C, Vcc=5.0V +=10%)

LIMITS
SYMBOL | CHARACTERISTICS =55°C +25°C +125°C UNITS | CONDITIONS & COMMENTS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Veu Qutput High Voltage 2.2 2.4 2.7 2.4 Volts Vee=4.5V, lon= —0.36 mA
Ve Output Low Voltage 0.4 0.2 0.4 0.4 | Volts Vee=5.5V, loo=9.6 mA
Vcr_ =45 V. |o|_=?.44 mA
Vi Input High Voltage 2.0 1.7 1.4 Volts Guaranteed input high
threshold for all inputs
Vie Input Low Voltage 0.8 0.9 0.8 | Volts Guaranteed input low
threshold for all inputs
Ir Input Load Current® -1.6 =110 —16 —-1.6 | mA Vee=5.5V
J, K, MR, P;, P,, P: & Py —1.24 —0.97 —1.24 —1.24 ma Vee=4.5V, Vi=04V
Is Input Leakage Current® 15 60 60 | uA Vee=55V, Va=45V
J, K, MR, Po, P., P: & P

ELECTRICAL CHARACTERISTICS (MIC9300-5X) (T.=0°C to +75°C, Vcc=5.0V *=5%)

LIMITS
SYMBOL | CHARACTERISTICS 0°C +25°C +75°C UNITS CONDITIONS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Veu OQutput High Voltage 24 2.4 3.0 2.4 Volts Vee=4.75V, lon= —0.36 mA
Vo Output Low Voltage 0.45 0.2 0.45 0.45 | Volts Vee=5.25V, lo.=9.6 mA
Vin Input High Voltage 1.9 1.8 1.6 Volts Vee=4.75V, lo.=8.5 mA
Guaranteed input high
threshold for all inputs
Vi Input Low Voltage 0.85 0.85 0.85 | Voits Guaranteed input low
threshold for all inputs
Ir Input Load Current® -1.6 -1.0 =16 —16 | mA Vee=5.25V
J,K, MR, P, P, P: & P; -1.41 =09 —1.41 —1.41 mA Vee=475V, Vi=0.45V
In Input Leakage Current” 15 60 60 | wA Vee=5.25V, Vy=45V
J,K, MR, P;, P, P & P,

*For CP and PE input currents, use load factors in Table 1I
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TYPICAL INPUT AND OUTPUT CHARACTERISTICS

Vee

INPUTS EQUIVALENT CIRCUIT
INPUT CURRENT VERSUS INPUT VOLTAGE
MR, ), K, P, P, P, &P, FE P
b [ r M T P ) e
- ::': A ;‘:c e :?»E g
o 10 L0
i — E | //j == ¥ == /‘ T
x et ] — R X 3
z0 H H |
g < 1 S0 S /
£ hiEzmmaEn S e o
= e Pt //
= j ] = {_ = e ey e == = -
I[ i jij 1= s
; 11
S [] [F] ) b7 [] Lo 20 30 "?n.e! [] ] EX ] 10
Van * INPUT VOLEAGE - VLTS, Vi~ INPUT VOLIAGE 40U ¥yy~ INPUT VOUTAGE = YOUTS.
Vee
OUTPUTS P
b3
EQUIVALENT CIRCUIT
OUTPUT CURRENT VERSUS OUTPUT VOLTAGE
{Qs, Qi, @z, Qs AND @)
LOW STATE HIGH STATE
® T (] T
e HE ]| e [
5 4
+ A 3 A
o / lm
Sl /
5 / ——1— s 1%
e i,
2 3 /
1 L] i EE
] [ ElEED E I
L] 0 [ X} LX) [} ) e [E 3 R L] L .0 e e 3.0

g~ GUTPUT VBRTAGL - VOLTS
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SWITCHING CHARACTERISTICS (T.=25°C)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS & COMMENTS
toas Turn Off Delay 20 35 ns Vee=5.0V, C.=15pF
tou- Turn On Delay 25 45 ns (See Fig. 5 & Ba)
fir Shift Right 15 25 MHz Vee=5.0V, C.=15 pF
Frequency (See Fig. 5 & 6c)
CP.. Clock Pulse Width 35 15 ns
t. Set-up Time 35 17 ns Vee=5.0V
t. Release Time 16 0 ns C.=15pF
1.(PE) Set-up Time for PE 45 26 ns (See Figs. 6a & 6b)
t,(ﬁ} Release Time for PE 25 10 ns
t._(MR) Reset Time for MR 35 ns
t...(MR) Recovery Time for MR 20 ns
MR;.. Min Reset Pulse Width 15 ns
SET-UP TIME: t, is defined as the minimum time required for the logic level to be present at the logic input prior lo the clock transition from low to high
in order for the flip-flop(s) to respond.
RELEASE TIME: t. Is defined as the maximum time allowed for the logic level to be present al the logic input prior to the clock transilion from Jow to high

in order lor the {lip-tlop(s) not te respond.
RECOVERY TIME FOR MR: L.-(MR) is defined as the minimum lime required between the end of the resel pulse and the clock transition fram low 1o high
in order for the flip-flopis} to respond lo the clock.

Figure 3 Figure 4
PROPAGATION DELAY — PROPAGATION DELAY —
CLOCK T0 0, OR @, CLOCK TO Q, OR Q,
OUTPUT VS TEMPERATURE QUTPUT VS TEMPERATURE
] See Fig, 5and 82 A “3 See flg. b and b2 . 2 l
‘ . /
: {/ E /
- 4 g 2
-] """—-._.-‘? 2 | . ] "& i
5 u e
g R = A
% » £ n o ¥
. . iy
i 7 S HEEHHEEPHS
b == TeLch a T
B B ) 1
S5 -0 -l S B & BB S 18 4B 5 BB 8BS
TEMPLRATURE “C TEMPERATURL *C
ce= 5V

2k

Iij) aaac

J PEPg Py Pp P3

PULSE 4 %Q...Icp 9300 SR

GEN _ED"_ —<{®_mnr Qo Qi 9z Ysal
5

15 14 |13 12 |8
TT.L 9002

Pulse Genarator Output _] J_.

1. Switching Time (tpes & tpa-) Tests 7
Rise Time < 15 ns L—* €1 includes
Fall Time < 15 ns % probe and jig
Amplitude = 4 V I e iancn
Frag. = 2 MHz < 58 st 508 duty cycle i

. Shift Right Fraquency Test o

Vour

Rise Time < 15 ns W,
Fall Time < 15 ns Youy 2 vt
Amplitude = 4V
Freg. = 15 MHz with pulse width
adjustment so that Vix has
duty cycle of approx. 50%.

el
w

ra

W
i
o1

??

Figure 5 — SWITCHING TIME & SHIFT RIGHT FREQUENCY TEST CIRCUIT
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Fig. 6a Fig. 6b

- i - i | e i e g [ ———

¥ SERLLL = - — 14v
PARBLLEL o P i EPo 'l?ltal e e e . R

43

13y

15V

i e mtie o =
Vour

Vour Frequency = % X Vin Frequency
Figure 6 — SWITCHING TIME & SHIFT RIGHT FREQUENCY WAVEFORMS

APPLICATIONS — The MIC9300 has been designed to be useful
in a wide variety of applications. The multifunctional capability
of the MIC9300 is illustrated by the applications shown below.
below.

L5/RS SELECT

RS DATA IN ’]— |—[i LS DATA IN
ﬁ_

J PE Pg P P2 P3 J1PE Pp P Pp P3
—lecp 9300 SR s cp 9300 SR b
Kmucoﬁloz%a Nmn090102033
| | | RS DATA OUT
LS DATA QUT
CLOCK
MASTER RESET
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 this input is
high, Right Shift occurs and if low, Left Shift occurs.
/——— 7 PARALLEL DATA INPUTS R
GND
INPUT READ
1 I REQUEST
Vee L PE-=Py "Fi ‘P2 Py J PE Pg Py P2 P3
—Jce 9300 SR o i —cp 9300 SR 3
vee KMR Qo @ Q2 03 KMR Qo @1 Q2 Q3 SERIAL
T T
veo Vee | L OUTPUT
CLOCK
’Dson?

Figure 8 — SEVEN BIT PARALLEL TO SERIAL CONVERTER

This parallel to serial converter uses a marker bit, to count the
data bits shifted out, so that a parallel load enable is generated
to load the next parallel word for conversion at the correct time.
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SELECTOR SWITCH SHOWN IN N=15 POSITION ‘1-,—'

123455?39101112131415 |
’—u PE Pp Py P2 P3

INPUT ———— | Cp 9300 SR

KMR Qo U Q2 Q3
[T
1
59003

MASTER
RESET . b OUTPUT
fin+N

Q3

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 parallel data
lines from an external source.

LsD MSD
= TOR = | SELECTOR
| e ] skl

t 1 2 3 4 5 6 7 8 9 o L 2 3 & Bl 6 ¥ ‘g la 2
—J 1 | P LT | - 1 |
J PE Pgp Pp P2 P3 J PE Pp Pp P2 P3
49002= les 9300 SR 5 %9002 lc, 9300 SR >
1 K MR Qp Q1 Q2 Q3 : LdK MR Qo Q Q2 Q3 >
i Yo

-&LQOIGE %guoa

+ D 9007
INPUT
COUNT SEQUENCE (:::Trlh.:T
9 00

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 swiltches.
As an example the switches are showing 56, therefore the circuit
will divide by 57 with this setting.
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MS| ONE-OF-TEN DECODER

MSI ONE-OF-TEN DECODER

The MIC9301 is a multipurpose decoder designed to accept four inputs
and provide 10 mutually exclusive outputs. The circuit uses TTL for
high speed and high fan out capability, and is compatible with DTL,
and TTL digital integrated circuits.

e Multi-function capability
@ Mutually exclusive outputs

@ Guaranteed fanout of 10 TTL loads over the full temperature
range and supply voltage ranges

e High capacitive drive capability
e Demultiplexing capability
e Typical power dissipation of 145 mW

e The input/output characteristics provide easy interfacing with
DTL930, TTL9000, TTL7400 and MSI families

e All ceramic HERMETIC 16-pin Dual In-Line package

e Input clamp diodes limit high speed line termination effects

ABSOLUTE MAXIMUM RATINGS

(above which the useful life may be impaired)

PHYSICAL DIMENSIONS

Lol &8 5 A A

Red el el vl i s
I-—-;g——l

NOTES:

| Leads are intanded for snsertion an hole rows o0
300" centers. They a1t perperely shipoed with
Tpovitee’” 1. 374) m: gnment 1o FaCiLate ingertion

2 Boara driing dimeniians should equal yosr
practice for & canventionsl 020 lisch dismetes iead

Fig. 1

CHARACTERISTICS UNITS
Storage Temperature ... ........... —65°Cto +150 | °C
Temperature (Ambient) Under Bias —55°Cto +125 | °C
V- Pin Potential to Ground Pin ... ; —0.5Yto +7 | Volts
Voitage Applied to Outputs for

high output state .. . .. ... ...... —05Vto +Vec | value
Input Voltage (D.C.) ... ... .. .. —0.5Vto +5.5 | Volts

1-158

LOGIC SYMBOL
15 14 I 2

|||

AO A] Az A3
1/10 DECODER

930l
0123456789

[ITTTTTTT

1312111093 456 7

Vec=PIN16 GND=PINB

Fig. 2
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ELECTRICAL CHARACTERISTICS (MIC9301-1X) (T.=—55°C to +125°C, Vec=5.0V +=10%)

LIMITS
SYMBOL| CHARACTERISTICS —-55°C +25°C +125°C UNITS CONDITIONS
MIN. MAX. | MIN. TYP. MAX.| MIN, MAX.
Ven Output High Voltage 2.4 2.4 2.7 2.4 Volts | Vee=4.5V, lon=—0.6 mA
Veu Output Low Voltage 0.4 0.2 0.4 0.4 | Volts | Vec=45V, la.=12.4 mA
Vee=5.5V, lee=16.0 mA
Vin Input High Voltage 2.0 1.7 1.4 Volts | Guaranteed input high
threshold for all inputs
Vi Input Low Voltage 0.8 .09 0.8 | Volts | Guaranteed input low
threshold for all inputs
=16 =110 —-186 =16 | mA Vee=5.5V
! Input Load Current Ve=04V
i P —=1.24 —0.97 —1.24 —1.24 mA Vee=45V
Ir Input Leakage Current 15 60 60 | wA Vee=5.5V, Ve=4.5V
iy Turn Off Delay Input to Output 23 35 ns Vee=5.0V
- Turn On Delay Input to Output 20 30 ns C.=15 pF
See Fig. 8
SPECIAL ORDERING CODE
FUNCTIONAL DESCRIPTION
Temperature Range:
The MIC9301 Decoder accepts four active high BCD inputs and —55°C to +125°C, add -1 to
provides ten mutually exclusive active low outputs, as shown by MIC number. |
Figure 2. The active low outputs facilitate memory addressing 0 Cb“’ +75°C, add -5 to MIC
when inverting drivers are used between decoder and memory it
elements such as the MIC9033. Case Style: I
The logic design of the MIC9301 ensures that all oulputs are ;”‘*”U‘?: l:":'d:"‘i':k‘ add "B
high when binary codes greater than nine are applied to the czra:icgnual In-EI’.ir;e T8 e,
inputs. “D" following last digit.
The most significant A; input produces a useful inhibit function Example:
when the MIC9301 is used as a 1 out of 8 decoder. This is MIC9301-10 is —55°C to +125°C.
illustrated in the 1 out of 32 decoder shown in Figure 9. Temperature range in Ceramic Dual-
: y In-Line, 16 lead package.
The Truth Table and Loading Rules for the MIC3301 are shown Flat-pack and Duaklnline packages
in Table | and Table II. have same pin configuration.
TABLE | — TRUTH TABLE
A A A A 01234567859
AL TABLE Il —
Lebayks L LHHHHWHEHRMN LOADING RULES (1U.L.=TTL Gate Input Load)
HLLL HLHHHHHHHEH
LHLL HHLHHHHHHH
HHLL HHHLHHHHHEH
LLHL HHHHLHHHHEH INPUTS LOADING
HLHL HHHHHLHHEH LA EA
LHHL HHHHHHELHEHEH ki bl
HHHL HHHHHHHLHH
LLLH HHHHHHHHLH
H L LH HHHHHHHHHL
L H-L H HHHHHHHHHAH
HHLH HHHHHHHEHEHH QUTPUTS FANOUT
bbsltall, 1| B WA CHOHSREECH s 0.1,23,4,56,7.8 &9 10 UL
{2 Bl | L] HHHHHHHHMHAHA
L HHH HHHHHHHHHEH
HHHH HHHHHHHEHEH

= High Voltage Level
L = Low Voltage Level
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ELECTRICAL CHARACTERISTICS (MIC9301-5X) (T.=0°C to +75°C, Vee=5.0V +5%)

LIMITS
SYMBOL | CHARACTERISTICS o°c +25°C +75°C UNITS CONDITIONS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Vou Output High Voltage 2.4 2.4 3.0 2.4 Volts | Vee=4.75V, lon= —0.6 mA
Veu Output Low Voltage 0.45 0.2 0.45 0.45 | Volts | Vee=4.75V, loo=14.1 mA
Vee=5.25V, le.=16.0 mA
Vin Input High Voltage 1.9 1.8 1.6 Volts | Guaranteed input high
threshold for all inputs
Vit Input Low Voltage 0.85 0.85 0.85 | Volts | Guaranteed input low
threshold for all inputs
~1i6: —-1.0 —16 —1.6 mA Vee=5.25V
I Input Load Current V=045V
¢ i —1.41 —09 —1.41 ~1.41 | mA_| Vec=475V] '
Ix Input Leakage Current 15 60 60 | A Vee=5.25V, Va=45V
tods Turn Off Delay Input to Qutput 23 35 ns Vee=5.0V
toa- Turn On Delay 20 30 ns C.=15pF
See Fig. 8
TYPICAL INPUT AND OUTPUT CHARACTERISTICS SWITCHING PERFORMANCE
Fig. 3 Fig. 6 Fig. 7
INPUTS '"P"I'Nggﬂgg‘ﬁ“"‘ TYPICAL TURN ON DELAY TYPICAL TURN OFF DELAY
T e ] o . VERSUS TEMPERATURE VERSUS ‘I‘EMPE!!M‘IJRli
Veo o LBt B S
- o
<3 - - ot
H o P P
b s : EENB=aEN
i £ = i IEEER
= L Low
= 2 } =
1 Smfigs | | | T £ o
i oy
= = ."‘-m L] 18 0 10 w 4 M -% s o5 2 ; IH wos . BB 3N ¢ B s
¥+ INPUT VOLTACE - YOUTS Ty, * AMBIENT TEMPERATURE - € By - AMBIINT TOMMEATLR - ¢
-t o s
OUTPUTS i OUTPUT LOW
EQUIVALENT CIRCUIT _‘1‘:: 'If.”:’ Vch 5Y
OUTPUT LOW i
i i S2kn
= b
; n
! 8
e § » !"; PULSE J—-
% GEN 3
i / 2
¥ 1
= A2 A3
i = .'?u/ a3 [] a3 ] [ HIG0RC.
'our“""""“'*“\;:“ PULSE GEN CHARACTERISTICS LQ1l23456789
OUTPUT CURRENT VERSUS
Fig. 5 OUTPUT VOLTAGE FREQ = 1 MHz TT TTT T TT VouTt
OUTPUT HIGH PULSE WIDTH ~ 100ns BI211109 | 4567
QUTPUT HIGH L] T / [ T tr=1f % I5ns
Vee T . AMPLITUDE = 4V ¢
N o PIN16=5V Tt
§ /| # INCLUDES ALL PROBE AND JIG CAPACITANCE PIN 8 =GND =
< S |
< . | v
: 1/ | |l T 15
B tpd+fe— tpd—=—»
= I vt — oy
/ ] ] Vour — e
40 8 18 18 30 18 w
- Yo AT YOLLACE - VOUIS 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

]2°|2'122|23|24

Ay A

1710 DECODER
9301

0123456789

i TTTTTTT

other applications. The general purpose nature of the MIC9301
is indicated by its use in the following applications.

]—I I_| |T——— STROBE

Ap Ay Az A3z Ap Ay Az As Ao Ay Az A3 Ap A1 Az Aj

1/10 DECODER 1/10 DECODER 1/10 DECODER 1/10 DECODER
9301 9301 9301 9301
3456789 0123456789 0123456789 0123456789

TTITTH

34567

TTTTTTTT%J

8 9101112131415

i

TTTTTTT

18 20 22

TTTTTTTT

16 24 26 28 30

Fig. 9 — ONE-OUT-OF-THIRTY-TWO DECODING

BCD CODE
X X Bp g X5
OUTPUT SELECTION
BCD CODE
| DE;LT:L 8421 5421 EXCSESS 4221
Ao A1 A2 A3 Ao A1 Az A3 0 018 | 018 | 3 0,18
1710 DECODER 1710 DECODER 1 L1 | L1e | 4 1,19
930l 930! 2 2 | 2 5 2
0123456789 0123456789 : 2y | ’ 2
4 4 4 7 6
5 5 8,10 8,10 9,11
6 6 31 9,11 14
7 7 12 12 15
8 8,10 13 13 16
0123456789 10111213141516171819 g 68 | L
OUTPUTS

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.10 — DECODE ANY BCD CODE
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ADDRESS DATA

: ADDRESS |ouTPUT
»i\ E|l (|: A B C | LINE

0 0D 0]
Ap Ay Az Az | 00 |
/10 DECODER o0 0 >
9301 W ) 3
0123456789 000 4
TTTTT 11T | el B
XolX2 | X4|Xs| X0 G Al 6
X1 X3 X5 X7 X &b Al 7

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 0 and 1 are available at outputs 8 and 9
respectively.

Fig. 11 — DIGITAL DEMULTIPLEXER

INPUT
e R AT T T TR
A B C D

Ap Aq Az Az
9301 1o DECODER

6 788 Each output of the MIC8301 may be considered a minterm of the
Tj Py input code. Several sums of minterms may be generated eco-
(J

O

- —

nomically using discrete IC gates and one MIC9301 decoder.

B s
chiEaRen S L anfEaa =T
CD +ABCD [

outeur p[ LI 1 I35 T L
o T | R S

o @

Fig. 12 — MINTERM GENERATOR

1-162



ITT9304°
MSI DUAL FULL ADDER

MS|
DUAL FULL
ADDER

e Muiti-function capability
e 8ns carry propagation delay
e Complementary inputs and outputs available

e Typical power dissipation of 150mW
e The input/output characteristics provide easy interfacing with
DTL930, TTL9000, TTL7400 and MSI families Fig. 1
e All ceramic HERMETIC 16-pin Dual In-Line package
LOGIC SYMBOL
e Input clamp diodes limit high speed termination effects
2 5
—A Copp—
9304
2 sl
4 FA'1l 6
The MIC9304 consists of two independent, high speed, binary full i ]

adders. The adders are useful in a wide variety of applications
including multiple bit parallel add/serial carry addition, 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 circuits.

PHYSICAL DIMENSIONS

34—
heemy

(11
005

e 200 Max
meu-J

L

—-1’ b oisn

NOTES.

10

Vee = PIN 16
GND = PIN 8

Fig. 2

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

CHARACTERISTICS

UNITS

Storage Temperature ... ... ...
Temperature (Ambient) Under Bias

Vee Pin Potential to Ground Pin —0.5Vto +7
Voltage Applied to Outputs for

high output state: . .. ..... .v.wunn —0.5Vto +Vee
Input Voltage (D.C.) .. —0.5Vto +5.5
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TABLE | — TRUTH TABLES

TABLE Il —
ADDER 1 LOADING RULES (1 U.L. = TTL Gate Input Unit Load)
INPUTS QUTPUTS
INPUTS LOADING
SN it B & FAl AB&C 4UL
TG T T T o
v 1 om e e FA2 A, B,&C AUL
s Rk H L H A, &B, 1UL
L H H e ol
IR S T OUTPUTS FANOUT
Wb L3 L -
FAl () L
U=t Il TR R |
H H H fr—i o 3 9uL.
s 10UL
FA2 Co TUL
ADDER 2 LB . 9
INPUTS oUTPUTS L ol
O L R s 10UL

FUNCTIONAL DESCRIPTION

The MICB304 logic block consists of two separate high speed
carry dependent sum full adders. This design allows a minimum
carry propagation time when the adders are used in ripple carry
applications. The adders are identical except that adder 2 has
provision for either active high or active low inputs at the A
and B terminals. The adders produce a low carry and both low
and high sum with active high inputs, a high carry and both high
and low sum when active low inputs are used. This principle
of duality is shown in Figure 12, where the adders are drawn
as functional blocks.

The Truth Table and Loading Rules for the MIC9304 are shown
in Table | and Table II.

SPECIAL ORDERING CODE

Temperature Range:
—55°C to +125°C, add -1 1o
MIC number.
0°C to +75°C, add -5 10 MIC
number.

Case Style:
%" x 3" Flat Pack, add "B"
following last digit.
Ceramic Dual In-Line, 16 leads, add
“D" following last digit.

Example:
MIC9304-1D is —55°C to +125°C.
Temperature range in Ceramic Dual-
In-Line, 16 lead package.
Flat-pack and Dual-In-line packages
= High Yoltage Level have same pin configuration,
= Low Voltage Level

= i i i =it = i =i i il s e = e = e S el N el et et pt] el el e o ol e i ] i o
ErrTITTITIXIICrrrCOFEPECCCcfERT RS T =T ECFEPEECEee
= - S - O o e o - O - - A o i - R - - R o e ] o - - - Sl i L
= - B0 o ot O R i S0 e i S T e e I e o e S pi i i
= S i~ S - 0 i~ i~ o Y b 1 e ] - ] e R - i - S o et R e -
= =gk <3 E- T el - < i -G Rl - S - R i ot ik i - - - ~S- - R TR~ - o L K -
Lot ol o ot ) i 0 - - S el e g e 8 ol 18- - - S - S i - ol ol - - I o -
rrrx-~TX-~TX-~~CFTXITTTFC~C-TCCCCTCICTTCCFC-X X

1-164



ITT9304

ELECTRICAL CHARACTERISTICS (MIC9304-1X) (T,=—55°Cto +125°C, Vec=

50V +=10%)

LIMITS
SYMBOL| CHARACTERISTICS =55°C +25°C +125°C | UNITS CONDITIONS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Vor Output High Voltage |2.2 2.4 2.7 2.4 Volts 2mA (Pins7T&9)
08 mA (Pins 6 & 10)
.84 mA (Pins 5 & 11)
Vou Output Low Voltage 0.4 0.21 0.4 0.4 | Voits , lee=16 mA (Pins 7 & 9)
1 14.4 mA (Pins 6 & 10)
I 11.2 mA (Pins 5 & 11)
lee=12.4 mA (Pins 7 & 9)
lee=11.2 mA (Pins 6 & 10)
lo.=8.7 mA (Pins 5 & 11)
Vin Input 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 for all inputs
le Input Load Current —-1.86 -11 =186 -1.6 =
4 1; | Input Load Current —6.4 —44 —64 —6i4| MA | Vee=55V | y,= i
le Input Load Current —1.24 —0.97 —1.24 —1.24 ther inputs
41, | Input Load Current —4.96 —3.88 —4.96 Sigm] MAG | Yeeisagw | SRMTIR
In Input Leakage Current 15 60 60 A Vee=56.5V,Vi=45V
4 Ik Input Leakage Current| 60 240 240 | ¥ Ground on other inputs
tods C toCo 8 13 ns
- C toC 8 13 ns Vee=5.0V
b = C.=15pF
tods Aito S 28 40 ns See Fig. 11
L= Aito S 25 a5 ns

ELECTRICAL CHARACTERISTICS (MIC9304-5X) (T.=0°C to +75°C, Vcc=5.0V £5%)

LIMITS
SYMBOL | CHARACTERISTICS o°c +25°C +75°C UNITS CONDITIONS
MIN.  MAX. | MIN. TYP. MAX | MIN. MAX.
Von Qutput High Voltage |2.4 2.4 3.0 2.4 Volts | Vec=4.75 V, lou= —1.2 mA [Pins 7 & 9}
Vee=4.75 V, low= —1.08 mA (Pins 6 & 10)
Vee=4.75 V, lon=—0.84 mA (Pins 5 & 11)
Ve Output Low Voltage 0.45 0.21 045 0.45 | Volts | Vee=5.25V, lee=16 mA {Pins 7 & 9)
lo.=14.4 mA (Pins 6 & 10)
lee=11.2 mA (Pins 5 & 11)
Vee=4.75V, lo.=14.1 mA (Pins 7 & 9)
lev=12.7 mA (Pins 6 & 10)
loe=9.85 mA (Pins 5 & 11)
Viu Input High Voltage |1.9 1.8 1.6 Volts | Guaranteed input high
threshold for all inputs
Vi Input Low Voltage 0.85 0.85 0.85 | Volts | Guaranteed input low
threshold for all inputs
I Input Load Current —-1.6 -1.0 -1.6 -1.6 mA Vee=525V, Vi=045V
4 I Input Load Current —6.4 —40 —B4 —6.4 V. =5.25 V on other inputs
3 Input Load Current, —1.41 -0.9 —1.41 =141 Vee=4.75V, V=045V
4 e Input Load Current —5.64 —-3.6 —5.64 —5.64 V:=5.25V on other inputs
Is Input Leakage Current 15 60 60 A Vee=525V, Vi=45V
4 |z | Input Leakage Current 60 240 240 Ground on other inputs
toas C toCo 8.0 15 ns
e, |G @ 0 15 Vee=5.0V
d o Co 8 ns C.=15 pF
toas AitoS 28 45 ns See Fig. 11
ta- Aito S 25 40 ns
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INPUTS

EQUIVALENT CIRCUIT

Vee

INPUT CURRENT VS INPUT VOLTAGE

QUTPUTS
LOW STATE

HIGH STATE
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TYPICAL CARRY TURN ON
DELAY TIME
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FIG. 5 FIG. 6
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e YouT1
2.0 kQ
VIN
%TTuL9002
PULSE -]
GEN. 4
*15 pF GND = PIN 8
Vout2
FREQUENCY = 2.0 MHz

PULSE WIDTH = 250 ns
RISE TIME < 15 ns
FALL TIME <15 ns
AMPLITUDE=4.0 V

"INCLUDES PROBE AND JIG

CAPACITANCE Vee
VIN 5y 15V
—’lpd']‘i —ﬁlpd..‘_
Vouti  ASV 15V

Ml sy

T

Vourz 5y 15

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 of applications such as addition,
parity generation and checking, code conversion, majority gating
and other applications for which this combination of logic gates
may be useful. The multifunctional capabilities of the MIC9304
dual adder can be seen from reference to the applications shown.

c A cC B A BB A C B A
9304 FA 1 9304 FA 2 —0R- 9304 FA 1 9304 FA 2
§ 5"ty S S Cg S8 g S S Cg
[#] [o]
Fig. 12 — FUNCTIONAL BLOCK REPRESENTATION
The principle of duality allows 2 ways of representing each adder.
The circuit is the same in both cases but the logic diagrams
differ. The dual diagrams facilitate logic design and allow a
greater understanding of the capabilities of the device.
Cin X3 Yy X2 Y2 X3 Y3
C G 8 A G 8 K 2R
9304 FA 1 9304 FA 2 9304 FA 1
S § Cp S § Cp 5 § Cp
] T e
55 s; §; 53 53

Fig. 13 — RIPPLE CARRY PARALLEL ADDITION

Shown above is a high speed ripple carry parallel addition
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 PROPAGATION DELAY AND
is the number of bits in the word. A similar scheme will work Pﬁ%ﬁggg ggg{ﬂl%LNﬂ
if the negation input ed, the desi 1 -

4§18 nRgation Inpuis @re Used, And the design ects g& &.sub RIPPLE CARRY ADDITION

tractor when the complement of one variable is provided.

INTOD 30V W d

PROPAGATION DILAY = ng.

NUMBER OF BITS

Fig. 14
The curve shows propagation delay of 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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Ay By Cx Dy By iFg
T B A C B A
9304 FA 1 9304 FA 1
5 5 Cp § 15 Cy
A S
GND.
t,
FROM 1
STAGE C B A
x-1 9304 FA 2 @
-3 & C kg
Cp = TO STAGE
? [ Cp * +1
C: 2
B ok
T BN
9304 FA 2
5§ fo
Sy c|,(

TO PARALLEL ADDER

Fig. 15 — ADDITION OF SiIX VARIABLES

The above design shows how the MIC9304 can be used in carry
save arithmetic. Six input variable are reduced to two where
fhey can be added in a parallel 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 mulliplication, division, and various other
arithmetic operations.

Ap A1 Az Az Ay Ag Ag Az .\‘3
GND.
C B A C B A C B A
9304 FA L 9304 FA 1 9304 FA 2
§ S Cg S 5 Cg 5 5 ¢g
[ R T e Tl
GND
GND.
|
c :]
C B A 9304 FA 1
9304 FA 2 $ § Cp
= Iy
00D PARITY TE\'EN PARITY Bp By By B3
Fig. 16 — BYTE PARITY GENERATION OR CHECKING Fig. 17 — 4 BIT PARALLEL GRAY TO BINARY CONVERSION
The MIC8304 can be used for parity checking or generating. The A 4 bit parallel binary to gray conversion is shown. The adders
above design uses 2 MIC9304's to generate parity for an B bit can also be used for other cyclic code manipulations.

byte or check parity over 9 bits. The delay from input to odd
parity is typically 35 ns. Additional 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 checking.
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MSI DUAL FOUR-BIT LATCH

MS! DUAL FOUR-BIT LATCH

® Active Level Low Enable Gate Inputs
® Overriding Master Reset
e 25 ns Through Delay

® The Input/Output Characteristics Provide Direct Interfacing With
Fairchild DTuL, LPDTuL, TTul, 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 applications in high speed digital systems. The MIC9308 uses
TTul technology and is CCSL compatible. All inputs incorporate diode
clamps to ground to reduce negative line transients. All outputs have
active pull-up circuitry 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 useful life may be impaired)
CONDITIONS UNITS

—65to0 +150 S
—55t0 +125 °C
—0.5t0 +7 Volts

Storage Temperature

Temperature (Ambient) Under Bias
Vece Pin Potential to Ground Pin
Input Voltage (D.C.) (See Note 1) —05to0 +5.5 | Volts
Input Current (D.C.) (See Note 1) —30to +5 | mA
Voltage Applied to Outputs (Output High) —0.5to +Vec | value
QOutput Current (D.C.) (Output Low) 430 | mA

NOTE 1: Either Input Voltage limit or Input Current limit is sulficient to protect the inputs,

Description of Latch Operation—Data can be entered into the latch
when both of the enable inputs are low. As long as this logic condition
exists, the output of the latch will follow the input. If either of the
enable inputs goes high, the data present in the latch at that time is
held in the latch and is no longer affected by the data input.

The master reset overrides all other input conditions and forces the
outputs of all the latches low when a low signal is applied to the master
reset input.
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PHYSICAL DIMENSIONS

-

LOGIC DIAGRAM

23 4 6 8 1014151618 20 22

£ B o 0 05) [€ 050 By
9308 4 81 LATCH 1 | | 93084 BT LaTCH 2
WR O 0 o5 05) Iwe 0y 0 0y 0y
1

Vee = Pin 24

5 7 911 1317 19 21 23
Gnd = Pin 12

SPECIAL ORDERING CODE

Temperature Range:
—55°C to +125°C, add -1 to
MIC number.
0°C to +75°C, add -5 to MIC
number,

Case Style:
Ceramic Dual In-Line, 24 leads,
add "'D" following last digit.

Example:
MIC8301-1D is —55°C to
+125°C.
Temperature range in Ceramic
Dual-In-Line, 24 lead package.
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ELECTRICAL CHARACTERISTICS (T,

—55°C to +125°C, Vec = 5.0V £=10%, See Note 1)

LIMITS
SYMBOL | CHARACTERISTICS —55°C - +25°C +125°C UNITS CONDITIONS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Vo Qutput High Voltage 2.4 2.4 2.8 24 Volts Vee=45V, lou=—0.8mA
Inputs at threshold voltages
(Vi or Vi) (See Note 2)
Ver Output Low Voltage 0.4 0.21 0.4 0.4 | Volts Vee=55V, loo=14.4 mA
Vee=4.5V, lo.=11.2 mA
Inputs at threshold voltages
(Vi or Vin) (See Note 2)
Viu Input 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 for all inputs
le Input Load Current —-16 =11 =18 -1.6 | mA Vee=55V " Ve=04V
Es, E: and MR Inputs FL. IS
1.51¢ Input Load Current D Inputs -27 —1.8 27 =27 Ve=0.0V
(See Note 3)
Ie Input Leakage Current 10 60 60 | pA Vee=55V, Ve=45V
Es, E: and MR Inputs
151 | Input Leakage Current 15 20 90
D Inputs
lro Power Supply Current 90 65 80 90 | mA Vee=5.0V all outputs low
inputs disabled

ELECTRICAL CHARACTERISTICS (T, =0°C to +75°C, Vec = 5.0V -=5%, See Note 1)

LIMITS
SYMBOL| CHARACTERISTICS o°C +25°C +75°C UNITS CONDITIONS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Ven Output High Voltage 2.4 2.4 341 2.4 Volts Vec =475V, lov:=—0.6 mA
Inputs at threshold voltages
(Vi or Vin) (See Note 2)
Ve Output Low Voltage 0.45 0.21 0.45 0.45 | Volts | Vee=5.25V, loy=14.4 mA
Vee=4.75V, lour=12.7 mA
Inputs at threshold voltages
(Vi or Viu) (See Note 2)
Vin Input High Voltage 1.9 1.8 1.6 Velts Guaranteed input high
threshold for all inputs
Vi Input Low Voltage 0.85 0.85 0.85 | Volts Guaranteed input low*
threshold for all inputs
le Input Load Current —-1.6 -1.0 -—16 —-1.6 | mA Vee=525V | Vi=045V
E;, E, and MR Inputs =
151 Input Load Current =27 =18 -28 =R Ve=0.0V
D Inputs (See Note 3)
I Input Leakage Current 10 60 60 | pA Vee=525V,V: =45V
E:, E: and MR Inputs :
1.5k Input Leakage Current 15 a0 :11]
D Inputs
lro Power Supply Current 117 65 117 117 | mA Vee=5.0V all outputs low
; inputs disabled

NOTE 1: Unils are pulse tested.
NOTE 2: Output Voltages are guaranteed for either the Input enabled or input disabled case.

NOTE 3; This current is measured at V,,

that the
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= 0.0V to insure that no curren! is being absorbed by the device internally. The maximum value given
current that can flow out of the input at Vi, = 0.4 V is 2.4 mA.
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A.C. CHARACTERISTICS

9308 SWITCHING WAVEFORMS

STORING A ONE

E,=GND LIMIT: (See Note 4)
ly — B TIME | DEFINITION #
fe—13 | MIN. | TYP. [MAX. [uNITS
Eg v
A5 . t Min. time that data X |minus| — ns
t must be present before 4
—>| t |-c— _....l 4 i‘— enable to not increase t.
1.5V 1.5V t Delay from enable to —_ 22 X ns
] output turning off
» ty t; Min. enable pulse X 15 — ns
width to store a ONE
1.5V t Min. time that data X 5 —_ ns
Q must remain constant
after removal of enable
STORING A ZERO ts Min. time that data X 0 = ns
E;=GND must be present before
I.,._t ?._,._i enable to not increase t
b Delay from enable — 15 X ns
Eo L3V 1.5v to output turning on
t Min. enable pulse X 15 —_ ns
= L“"‘_ "'| ‘s |- width to store a ZERO
D oo 1.5V t Min. time that data X 2 - ns
1.5v must remain constant
after removal of enable
NOTE 4: Limits indicated by X will be shown on final data sheets.

|
Q * 1.5V

All delays are measured with V.. = 5.0V applied to Pin 24 and Pin 12 grounded. The active input is driven by a 8002 Trﬂl. gate with the output

loaded with 15 pF. All outputs are loaded with 15 pF.

PIN LOADING
INPUTS Do, Oy, D2,03 15
LOADING RULES MR, Eq €1 10
QUTPUTS 00, QI, 02, Qz 9.0
A STROBE
B 1/2 9005
APPLICATIONS
ATA
[
D
E Dg D Dp D3

AND-OR ENABLE SHOWING ACTIVE LEVEL
LOW ENABLE GATE UTILITY

1-1T1

9308 4 BIT LATCH 1

MR Qp Q

Q2 Q3

[
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CLOCK
2018
S e INPUT BUSSES
fo & Ay Ay E Oy D O, Oy
e DaLls e ity SINGLE MASTER/MULTIPLE SLAVE FLIP-FLOP
D1 234567869 wr% 9 92 9
TR T
[T AT
R B e
{EO O e L |
EG O 0z 03
5208 4 BIT LATCH2 | REGSTER
i
| I
TR b o e (= B
_—
E Dg O Dz 03
9308 4 81T LATCH 1 |REGISTER
% & 9 93
7 7 s
—cexPE Fo P P2 Py epPE Po P Fp Py L
————{Ce 930 LP DECADE COUNTER TC| T 93i0 UP DECADE COUNTER  TC
cLbek Cp 9 & 9 a5 o MR O 9 9 O
s ¥
j S S
HOLD.
MIC9308 AS A HOLDING REGISTER |__
C 1 DISPLAY
IN COUNTING & APPLICATION TR T e
9308 4 BITLATCH | G308 4 BITLATCHZ
ur_9o O G2 Oy i Og O G2 03
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=il T

Roh A
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&3 LT Fal
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MSI DUAL FOUR-INPUT MULTIPLEXER

ITT9309

MSI DUAL
FOUR-INPUT
MULTIPLEXER

e Multifunction Capability

® 25 ns Through Delay

@ On-Chip Select Logic Decoding

© Fully Buffered Complementary Outpuis

® The Input/Qutput Characteristics Provide Easy Interfacing with
DTL930, TTL9000, TTL7400 and MSI Families

@ Input Clamp Diodes Limit High Speed Termination Effects

The MIC9309 is a monolithic, 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 levels so that any number of lines can be
multiplexed onto a single output buss. The circuit uses TTL for high
speed, high fanout operation and is compatible with all DTL, and TTL
digital integrated circuits.

ABSOLUTE MAXIMUM RATINGS

(above which the useful life may be impaired)

CHARACTERISTICS UNITS

Storage Temperature ... —B65°Cto +150 °C
Temperature (Ambient) Under Bias —55°C to +125 °C

Vce Pin Potential to Ground Pin ..  —05Vto +7 Volts
Voltage Applied to Output when

output is high 0.Vto +Vee value
Input Voltage (DC) (See Note 1) ~05Vto +565 Volts

Input Current (DC) (See Note 1)
Current into Output when output

—30mAto +5 mA

is low e R S +30 mA
Note 1: Either Input Voltage limit or Input Current limit is sufficient to protect
the inputs.
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DUAL IN-LINE PACKAGE
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LOGIC DIAGRAM
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Fig. 4

do

TYec 9309
Dual four input multiplexer

Logic disgram

TYPICAL INPUT AND OUTPUT CHARACTERISTICS

Fig. 5 INPUT CURRENT VERSUS
INPUT VOLTAGE

20

T T E o —
Ligersov_ || 2e
5 L
= ' e
e

i
%'?.ﬂ
g
Euan
g
£
Py

8.0

W

-4 L 0 a“w 0 8.0

¥y INPUT VOLTAGE - VOUTS
Yeo

ouUTPUT
EQUIVALENT

CIRCUIT
{Qutput High)

Fig. 6 OUTPUT CURRENT VERSUS
OUTPUT VOLTAGE

Yoo

INPUT
EQUIVALENT
CIRCLIT

ouTPUT

EQUIVALENT —
CIRCUIT

(Output Low)

Fig. 7 OUTPUT CURRENT VERSUS
OUTPUT VOLTAGE

FUNCTIONAL DESCRIPTION

The MIC9309 dual four input multiplexer is a member of the
ITT family of compatible Medium Scale Integrated (MSI) digital
building blocks. It provides this family with the ability to select
two bits of either data or control from up to four sources, in
one package.

The MIC9309 dual four input multiplexer is the logical imple-
mentation of a two-pole four-position switch, with the position
of the switch being set by the logic levels supplied to the two
select inputs. Both assertion and negation outputs are provided
for both multiplexers. The logic equations for the outputs are
shown below:

Z,=ly * gl - S_o'i'll. X §_| = Sn'l'[h « 8 §_o+|]- * 8 * 5
Zi=lw » 5 » Sotlie = 5 *» Sotlw = 8 » Sotle = 5+ 5

A common use of the MIC9309 would be the moving of data
from a group of registers to a common output buss. The
particular register from which the data came would be deter-
mined by the state of the select inputs. A less obvious use is
as a function generator. The MIC9309 can generate any two
functions of three variables. This is useful for implementing
random gating functions.

TRUTH TABLE

SELECT INFUTS INPUTS OUTPUTS
sﬂ sl Iﬂa | Ia I?a I]u 2« io
L L LR ik Ll
L L H X X X H L
H L R A R LY H
H L X H X X H L
L H L [ ga) W
L H X X H X H L
H H e S L B R LS
H H s HoL
Sy 3, L L L
L L e s L—"H
L L HILARRE S el o W2
H L Xk kX L LH
H L L RS R i L
L H Xt B S0 | =y
L H G e L ER ¢ HooL
H H AR cxT L H
H H (I G O fe L

L=low voltage level
H=high voltage level
X=egither high or low logic level

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

{OUTPUT HIGH) (OUTPUT LOW) INPUTS LOADING
PR 7 il o [ F i B 1UL.
; - L [ | 0 gl 1 U
. s | y . // e Sa: sno 20 13
T | vi—gTat | | ! ¥ gl o} !
: : e - 7T FANOUT AT LOGIC LEVEL
B - i a" [ o OUTPUTS HIGH LOW
H £ f” Tiid 20UL. 10UL
BB £ e Tz 18UL. UL
SR EA B =
T L F]
B3 A
-‘q:.a 1.0 10 5.0 70 ? L] [-A] 1.0 0.5 0

Vigyp ~ CUTPUT WOLTAGE - YOLIS

Vogyrr ~ OUTPUT VOLTAGE - VOLTS

1-174




ITT9309

ELECTRICAL CHARACTERISTICS* (MIC9309-1X) (T.=—55°Cto +125°C, Vec=5.0V +=10%)

LIMITS
SYMBOL CHARACTERISTICS —55°C +25°C +125°C UNITS CONDITIONS
MIN. MAX. | MIN. TYP. MAX.|MIN. MAX.
Von Output High Voltage 2.4 2.4 27 2.4 Volts | Vee=4.5V low=—1.2 mA (Pins 1 & 15)
Vee=4.5V lew= —1.08 mA (Pins 2 & 14)
Inputs at threshold voltages (Vi or Vi)
as per truth table
Vou Output Low Voltage 0.4 0.21 0.4 0.4 |Volts | Vee=5.5V lo=16.0 mA (Pins 1 & 15)
lov=14.4 mA (Pins 2 & 14)
Vee=4.5V loc=12.4 mA (Pins 1 & 15)
lee=11.2 mA (Pins 2 & 14)
Inputs at threshold voltages (Vi or Vi)
as per truth table
Vim Input High Voltage 2.0 1.7 1.4 Volts | Guaranteed input high threshold
for all inputs .
Vi Input Low Voltage 0.8 0.8 0.8 | Volts | Guaranteed input low threshold
for all inputs
I+ (all inputs)| Input Load Current -1.6 -11 =18 —1.6 |[mA Vee=5.5V Ve=04V
—-1.24 —.85 —1.24 —1.24 | mA Vec=4.5V Input selected
I: {all inputs)| Input Leakage Current 15 60 60 | pA Vee=5.5V Vi=45V
Input not selected
Irom Vee Current 40 30 40 40 | mA Vee=5.0V All inputs high
+(Sato Z, itching Spee 24 32 ns "
T S S Wichng Spasd Vec=5.0V, G, =15 pF, See Figure 8
tes_(Ss to Z.) | Switching Speed 24 32 ns
*Pulse tested

ELECTRICAL CHARACTERISTICS* (MIC9309-5X) (T,=0°Cto +75°C, Vcc=5.0V +=5%)

LIMITS
SYMBOL CHARACTERISTICS o°c +25°C +75°C UNITS CONDITIONS
MIN. MAX. |MIN. TYP. MAX.|MIN. MAX.
Ve QOutput High Voltage 2.4 2.4 3.0 2.4 Volts |Vec=4.75V low=—1.2 mA (Pins 1 & 15)
Vee=4.75V low= —1.08 mA (Pins 2 & 14)
Inputs at threshold voitages (V.. or Vi)
as per truth table
Vo Output Low Voltage 0.45 0.21 045 0.45 |Volts | Vcc=5.25V lee=16.0 mA (Pins 1 & 15)
loo=14.4 mA (Pins 2 & 14)
Vee=4.75V lee=14.1 mA (Pins 1 & 15)
lee=12.7 mA (Pins 2 & 14)
Inputs at threshold voltages (V.. or Vi)
as per truth table
Vin Input High Voltage 1.9 1.8 1.6 Volts | Guaranteed input high threshold
for all inputs
Vi Input Low Voltage 0.85 0.85 0.85 | Volts | Guaranteed input low threshold
for all inputs
Ie {all inputs)| Input Load Current -1.6 =10 =16 =1.6 | mA cc=5.25V Ve=0.45V
—1.41 —.91 -1.41 —1.41 | mA Vee=4.75V Input selected
Iz {all inputs)| Input Leakage Current 15 60 60 | A Vee=5.25V Ve=45V
Input not selected
lon Vee Current 43 30 43 43 | mA Vee=5.0V All inputs high
tea: (Sa to Z.) | Swilching Speed 24 36 ns
Vee=5. = % i
L. (S: to Z,) | Switching Speed 24 % = ce=5.0V, C.=15 pF, See Figure 8

*Pulse tested
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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 capacitance
(referred to as Ci) and only with capacitance.

toai So to Z, tsi S to Z, tou: Lo to Z,

CONDITIONS CONDITIONS CONDITIONS
Pins 3, 12 = GND. Pins 3, 12 = GND. Pins 3, 13 = GND.
Pin11 = V.. Pin11 =V
L 15 Vusy ' 15 Yolg 13A ]
1PN 131 Tl =R P T g e —ilpe- TN g e wlipg =
Voyrd Vourd 2
Vourd ﬂ [P 14 U 1IN 14] _\,\m—m./_
P 18]
Fig. 8 Fig. 9 Fig. 10

SWITCHING CHARACTERISTICS

TURN OFF DELAY TIME VERSUS
AMBIENT TEMPERATURE

TURN OFF DELAY TIME VERSUS

TURN ON DELAY TIME VERSUS
AMBIENT TEMPERATURE TEMPERATURE

TURN ON DELAY TIME VERSUS
AMBIENT TEMPERATURE

TURN OFF DELAY TIME VERSUS
AMBIENT TEMPERATURE

. (Seto Z) (SstoZ) (lutoZ)
| weesov | Voo * 30V | A ! Ve 30V | |
= Lo / o L ise ] ~s 2 Lt Ispf ]
Te Tom 3 V08 et
x A . .%" N H| ,/
= = - =
= / e o >
T = | {1
E i —lre =3 E 3 ] ] E s [ B ]
= = ! 7 |t !
e ] e = 5
= ] ~ — o I — vl W 02 =
i o 3
oo ‘gt 0 —Tmh— =
I
[ | |
n_“ k-] (-] n-!d -] (. ﬂ-» =] =]
Ty = AMEIENT TEMPERATURE - "C Ty, - AMEIINT PEMARATURE - °C T = AMBIERT TEMPERATURE - *C
Fig. 11 Fig. 12 Fig. 13
g

TURN ON DELAY TIME VERSUS
AMBIENT TEMPERATURE

(lutoZ) (Set0Z,) (S:t0Z)
i | Ve »50¥ o Ve P50V - R T ] T
: - Cpm g 2 % OB s o CELA | |
2 H — H —
Ia e )
g N g | A i A
&8 1 A o IR ol
E® B i A T £
l? m \"-.._ Ii_ . e = |~La' " Ty LT
; g ¢ = A =
= H — E T
ol s Tuo —= — S0 = =
[} | o 1 0 |
£l 3 13 8 3 12 55 = [E:3

Ty, - AMBIENT TEMPERATURE - "C 15, * AMBIENT TEMPIRATURE - °C 1, * AMBIENT TEMPERATURE - '€

Fig. 14 Fig, 15 Fig. 16
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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 oné 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 S, S, S: and S; inputs. As an
example: if twelve bit words are to be transferred to a twelve
bit buss, the above diagram would be repeated six times. Notice
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 selecting address is held in four TTL flip flops (two
dual packages) enough load capability is available to select
between sixteen, sixteen bit words.

e e e Lo

BT Con e

I

[R

ettt 1

i -

e g

OPERATION CODE LIST

51 5, INSTRUCTION
0 0 SHIFT LEFT
1 o ADD

O 1 SHIFT RIGHT
1 1 COMPLEMENT
U R R

st W

Fig. 13 — GENERAL PURPOSE ACCUMULATOR

A fast, general purpose accumulator for computer applications
is capable of : 1) shift left; 2) add; 3) shift right and 4) comple-
ment operations. Only three packages are required to construct
two stages of the general purpose accumulator shown above.

The D input capability of the MIC9022 is utilized here to allow
each flip flop of the accumulator to accept the data as presented
by the MIC9309 multiplexer.

Under the operation code instructions the multiplexer provides
an input to the MIC9022 from: 1) adjacent stage to the right
for a shift left operation; 2) adjacent stage to the left for a shift
right operation; 3) output of adders for add operation and 4)
Q outputs of MIC8022 for the complement operation. The
operation code at the right of Figure 13 shows the instruction
codes to perform the various operations. The accumulator
should be capable of 20-25MHz operation.

1-177



ITT9309

Yee

%

|ttt T i
' é MY
1 :.."éi."ég.:m:mt"' :"’ :,...'.7'.‘.".'.“'...'.'.::]"1

]|
BEE
L LT R T
9300 8 40T e AL
R [

[

Fig. 14 — 16-BIT PATTERN GENERATOR

This application illustrates the use of MIC9309 and MIC9020 in
the design of one channel of a 16 bit patiern generator. Each
channel requires % MIC9020, Y= MICB002 and 2% MIC9309.
Each channel consists of a switch serializer/pattern generator
and resynchronizer sections with a modulo 16 binary counter
common to all channels.

The two least significant bits and two most significant bits of
the counter control the first and second stages of multiplexing
respectively. In this manner four bits are multiplexed on each
of the four lines from the first stage to the second stage. Every
four clock times a new input line containing four multiplexed
bits is selected by the second stage of the serializer thus
serializing the 16 input bits from the switches,

The resynchronizer flip flop is used to eliminate decoding spikes.

SPECIAL ORDERING CODE

Temperature Range:
—55°C to +125°C, add -1 to
MIC number.
0°C to +75°C, add -5 to MIC
number.

Case Style:
Va" x 38" Flat Pack, add “B”
following last digit.
Ceramic Dual In-Line, 16 leads, add
“D" following last digit.

Example:
MIC9309-1D is —55°C to +125°C.
Temperature range in Ceramic Dual-
In-Line, 16 lead package.
Flat-pack and Dual-In-Line packages
have same pin configuration.

S T e

swige

Tt

TINE

Aty
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CRE

7

LIl
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0 L B ORI T

comtin o

-

L3

I,: .Fa""‘ Rl 3 A

% £E | |

" L

% =i | |

f A2 | Vv

1 ,-‘g‘?_

I’ - | |

': 5 .:' 007 ]
T R i |

MULTIVIBAAT 035
hoh
501
RETRIGCIRABLL ONE-5HOTS

Fig. 15 — NON-LINEAR COUNTER

The rate of the non-linear counter depends on the multivibrator
clock frequency selected under control of the three most signifi-
cant bits of the counter. This makes the count rate a function
of both the count value of counter and frequency of clock
multivibrator selected.

Clock muiltiplexing is accomplished by a MIC9309 dual 4-input
multiplexer and one MIC8002 quad gate. Eight line segments
representing clock rates of the multivibrators may be adjusted
in slope to approximate a non-linear function.
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MSI ONE-OF-SIXTEEN DECODEF

MSI ONE-OF-SIXTEEN DECODER

e 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

e @ @ o

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 . .
Vce Pin Potential to Ground Pin . .

Voltage Applied to Outputs for
high output state .

Input Voltage (D.C.) ..

| UNITS
—65to +150 | °C
—55t0 +125 | °C
—0.5t0 +7 | Volts

—0.5Vto +Vee | value
—0.5t0 +5.5 | 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 inverting drivers are used between decoder
and memory elements such as the 9033.

The most significant A, input produces a useful inhibit function when
the 9311 is used as a 1 out of 8 decoder.
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h— B0 NOM —]
o

on
009
200 &2 750 MAX
100 jl—>{
P = -v- -
e ]: W .| 2> 038
c < | 403{1 B
- R
C % l! I g 20 5T
c G | g Errno
C = | 1 1 :,P-;J_
= p= | TP
[= o | '.:‘Slf)a
= 1230 02
b= = gl L
= 3 T
="} <] E
=3 | g 5
S ' ;NW
| It {E D g
L - | | L\:—Z =3

ey
—ag— !
MNOTES. All dimensions are ininches
Leads are ntended for mserhon in hole rows on 600 centers
They are purposely shipped with pasitee misaligment fa
foci & nsertion. Boord dnliing dimensions should equal your
prechice for 020 nch dumeter lsod  Leads ore gold -ploted
Kovor Fockoge weight 1565 groms

FLAT PACKAGE

050
L
= 1 e——
——; H——
—_——1 L
—a Hf———
=y tl 0.
—_—6 RI===
1J=-=l 7 I %
oy ———¢& iR ==
g1s b f—=
P e=—————i10 Ly —————— ]
e — LA
et nBf—
Lz | [
250 250 o5
050
— e
006 L_ f
420
iod 370

LOGIC SYMBOL
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ELECTRICAL CHARACTERISTICS (T,= —55°C to +125°C, Vec=5.0V ==10%) See Note 1

LIMITS
SYMBOL CHARACTERISTICS —55°C +25°C +125°C UNITS CONDITIONS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Vou Output High Voltage 2.4 2.4 2.7 2.4 Volts | Vec=4.5V, lon=—0.6 mA
Voo Output Low Voltage 0.4 0.2 0.4 04| Volts | Vec=4.5V,lo.=12.4 mA
Vee=5.5V, loo=16.0 mA
Vin Input 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 for all inputs
I Input Load Current =18 —-110 -—1.6 —1.6| mA Vee=5.5V V=04V
—1.24 =097 —1.24 —1.24| mA Vee=45V r
In Input Leakage Current 15 60 60| wA Vee=55V, Vi=45V
lso Vee Current 35 55 mA Vee=5.0V
| Turn Off Delay A Input to Output 23 35 ns
.. | Turn On Delay A Input to Output 20 30 ns gcc_ jggl‘g’
toas Turn Off Delay E Input to Output 17 26 ns 3;9 test circuit
| Turn On Delay E Input to Qutput 16 21 ns
Note 1: Units are pulse tested.
TRUTH TABLE
TTL INPUT LOAD AND
Eo El Ay A A, A 01 2 3 45 6 7 8 910111213 1415 DRIVE FACTORS
HHXX XX HHMHHHU HAH U HHHHHHUHH
WL X X% X HHHHHHHHHHHEHHHHH INPUTS LOADING
L-H XX X X HHHHHHHHHHHHHHHH All Inputs 1UL.
L. Bk Bk LHHHHHHHHHHHH HAHH
LB AR HLHHHHHHHUHMHMHUHIHIHIH OUTPUTS DRIVE FACTOR
Lo Lk M2k L HHLHHHHHBHHHHHHHH
L LW AEL HHHLHHHHHHHHHHEHLEH Al Outpua Lok
OO T i HHHHLHHEHHHHGHHHEHH UL =TT Gl npitLoed)
L L HLHL HHHHHLHHHHHHBHMHHH
L. EGL H B L HHHHHHLHHMHHUHHHIBHMH
LLHHHL HHHHHHRLHHHKHHHHRAN INPUT LOAD AND DRIVE FACTORS
L: Lk L L:L W HHHHHHHHLUHHBHAHHHAH
L.k K E: L H HHHHHHHAHHLHH HHHH GRADE  INPUTS LOADING
LLLHLGH HHHHHMHHHHABALHGAHAHAHAH 59 All Inputs _ i2/11
L- Lk H H:E H HHHHHHHU HHA HUBHBLMHHAHH 51 All Inputs 12/10
L: E L & °H H HHHHHHHHHAHUHIHLAHHMH
LLHLHH H HHHHHHHHHIHIHIHLIHEH GRADE OUTPUTS DRIVE FACTOR
| e b e [ HHHHHHHHHHHMHHMHALH 59 All Qutputs 120/94
LLHHHH HHHHHHHHHHIHUHHHEHL 51 All Outputs 120/78

= High Voltage Level
L = Low Voltage Level
X = Level Does Not Affect Output
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ELECTRICAL CHARACTERISTICS (T.=

0°C to +75°C, Vec=

5.0V +5%) See Note 1

LIMITS
SYMBOL CHARACTERISTICS o°c +25°C +75°C UNITS CONDITIONS
MIN.  MAX. | MIN. TYP. MAX. | MIN. MAX.
Vou Output High Voltage 24 2.4 3.0 24 Volts | Vee=4.75V, lon= —0.6 mA
Ver Output Low Voltage 0.45 0.2 045 0.45| Volts | Vec=4.75V, le=14.1mA
Vee=5.25 V, lo.=16.0 mA
Vin Input High Voltage 1.9 1.8 1.6 Volts | Guaranteed input high
threshold for all inputs
Vi Input Low Voltage 0.85 0.85 0.85( Volts | Guaranteed input low
threshold for all inputs
I Input Load Current -1.6 =10 —16 —1.6| mA Vee=528V | v —p45v
-1.41 -09 —-141 —1.41| mA Vee=4.75V g
In Input Leakage Current 15 60 60| »A Vee=5.25V, Vi =45V
leo Vee Current 35 60 mA Vee=50V
tas Turn Off Delay A Input to Output 10 23 40 ns
t.a. | Turn On Delay A Input to Output 7.0 20 as ns gw_jg-ﬂg
| Turn Off Delay E Input to Output 10 17 31 ns S;e_ tesfcircult
toa- Turn On Delay E Input to Qutput 7.0 17 26 ns
Mote 1: Units are pulse tested.

TYPICAL INPUT AND OUTPUT CHARACTERISTICS

INPUT CURRENT VERSUS INPUT VOLTAGE

QUTPUT VOLTAGE OUWBT Low

OUTPUT CURRENT VERSUS OUTPUT CURRENT VERSUS

OUTPUT VOLTAGE OUTPUT HIGH

[ 5]

£

\I.'c( ns[w | “'CE 4. JW | _I | L] ::C ;Ew
------ - - - | 4.0
I % 15y =
3 05 I J. : = =i B8 J/ ______ ; 10 ) 7
i = T e g ® £ s
= 5 S
Sy . ol ! % =1 - : z
a8 | . ! N £
= IRl [ L e [ B B o e 1 55
ol 31 - el i + -+ ! £
} | _Jt e } b
f T | ! ’
sl R T 05 e 1 BT 30 0 1.0 9.0
Vi * INFUT VOLIAGE - VOLTS Vi~ CUTPIE VOLTARE “Veicrs Vigut * DUTRUT VOLTAGE - vOUTS
¥
Vo cc
EQUIVALENT ___!___
v il EQUIVALENT CIRCUIT
Outputs OUTPUT LOW OUTPUT HIGH
) Vel soez L_-_
- T o
e
l I
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
PULSE GEN CHARACTERISTICS a b i s
Freq. = 1 MHz ]
Pulse Width ~ 100 ns IR ‘ ==, WRIPE R oo = T
=t = 1 lmm {H L
km;{litu(}eslstﬂf [RE) l:||lg|||nuun s o e |»—l..- — P-—'--—-I =
*Includes all probe and Jig capacitance ?;T? Tﬁ I S “I . :r“Tr I " e Lo o
Pin 24 = Ve
Pin 12 = Gnd
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EROOLE OUTPUT SELECTION
GND ADDRESS BCD CODE
DECIMAL EXCESS
‘ DIGIT 8421 5421 3 GRAY
E As A
Folly 42 83 0 0 0 3 0
MIC1911 1/16 DECODER 1 1 1 4 1
2 2 2 5 3
0123456 789I10112B1KI5 3 3 3 & 2
BRI T L o T = 7S
5 5 8 8 7
6 6 9 9 5
DECODE ANY BCD CODE 7 7 10 10 P
Decode any BCD code using a 9311 element. Any 4 bit BCD 8 B 11 11 12
code may be decoded by selecting outputs, examples are shown
in the table, 9 El 12 12 13
PROPAGATION DELAY ENABLE INPUT
TO OUTPUT VERSUS TEMPERATURE
173 ‘“‘I' ] |
cLocK ADDRESS wf ot i -
GND SWITCHING &
PERFORMANCE % o
E Ag A Ay Ay ; z
MICS311 1/16 DECODER z -
0123456789101 2B | § i
I TTTTTTTTTTTT K s g i iﬂiﬂlﬂ_:&mltn.
- LLE s Cp Ml{ﬁéag'l%:lﬂ REGISTER O M-” | EE = : m = i =
| —dk mr B9 L 93 93— Ty, = AMBIENT TEMPERATURE - °C J

— PP RPs | e

TP MCI306 UPDOWN o]

z DECADE COUNTER

QDCE Q Q 03 03
[TT1

LI

—ep FEFD P PPy
MICI306 Up
—{Cer BINARY COUNTER

Cp iz Q09 G A

CLOCK DEMULTIPLEXING

The 9311 can be used as a clock demultiplexer. The binary
address designates to which register or counter the clock is sent.
Up to 5 register counter stages can be driven by one decoder
output allowing word lengths of 20 bits to be controlled. Any
sequential circuit in the 9300 MSI family can be used in this
configuration.

COUNTER 15
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PROPAGATION DELAY DATA INPUT
TO OUTPUT VERSUS TEMPERATURE

el

z
2
2
-]
g
=
=
=
P |
T s S | 'a;a-'ﬁmﬁ!’.(..!l‘_'!---
m-as L} b= 5 135

Ty = AMBIENE TEMPERATUR - °C

SPECIAL ORDERING CODE

Temperature Range:

i
—55%C to +125°C, add -1 to
MIC number.
0°C to +75°C, add -5 to MIC
number.

Case St

yla:
¥2" x %" Flat Pack, add "“B"
following last digit.

Ceramic Dual In-Line, 24 leads, add
“D" fellewing last digit,

Example:

MIC9311-1D is —55°C to +125°C.
Temperature range in Ceramic Dual-
In-Line, 24 lead package.

Flat-pack and Dual-In-Line packages
have same pin configuration.
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MSI EIGHT-INPUT MULTIPLEXER

MS' LOGIC SYMBOL
W) 1| 2] 3] 4| S| 6] 7| 9
4]
EIGHT-INPUT %s‘,: ] !I |'a !a |'4 I's l'e |i:
—1% 9312 B MPUT MULTIPLEXER

—s, 7 1

MULTIPLEXER 7

GhD = PIN 8
® Multifunction Capability =
e 25 ns Through Delay
® On-Chip Select Logic Decoding DUAL IN-LINE PACKAGE
@ Fully Buffered Complementary Outputs -
@ The Input/Output Characteristics Provide Easy Interfacing with ' j

DTL930, TTL9000, TTL7400 and MSI Families s

T ]

® Input Clamp Diodes Limit High Speed Termination Effects

] B2

The MIC9312 is a monolithic, high speed, eight input digital multiplexer 1 e
circuit. It provides in one package the ability to select one bit of data L 2 ;T
from up to eight sources. The MIC9312 can be used as a universal 4 P
function generator to generate any logic function of four variables. i g g i
Both assertion and negation outputs are provided. TTL circuitry with B q
active pullups on the outputs provides high speed, high fanout i il o= min‘
operation and is compatible with all DTL and TTL digital integrated Sser i
circuits. L v (¢ i A
ABSOLUTE MAXIMUM RATINGS Fig. 2
(above which the useful life may be impaired)
CHARACTERISTICS UNITS FLAT PACKAGE
Storage Temperature . .......... —65°Cto +150 | °C — == |
Temperature (Ambient) Under Bias —55°C to +125 °C = é = |
Vee Pin Potential to Ground Pin ...  —0.5Vto +7 | Volts — — L
Voltage applied to Output when o R ==
outputishigh ... ... ... .. ... 0Vto +Vec | value B === i
Input Voltage (DC) (See Note 1) .. —0.5Vto +5.5 | Volts Tl "T !
Input Current (DC) (See Note 1) .. —30mAto +5 | mA PR ok e %
Current into Output when output = | —
IS MWt iooire ey, i i S +30 | mA - m_ |

Note 1: Either Input Voltage limit or Input Current limit is sufficient to protect
the inputs. Fig. 3
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LOADING RULES

INPUTS LOADING OUTPUTS FAN-OUT
All Inputs 1U.L High State Low State
z 18 9
1 UL, =1 TTul Unit Load 7 20 10

1 U.L. Is defined by the entries
Iz and Iz in the table on page 5.

Fig. 4

FUNCTIONAL DESCRIPTION — The MIC9312 is a logical im-
plementation of a single pole - 8 position switch with the switch
position controlled by the state of three select inputs, S;, S, 8.
Both assertion and negation outputs are provided. The enable
input (E) is active low. When it is not activated the negation
output is high and the assertion output is low regardless of all
other inputs. The logic function provided at the output is:
Z=E+(lo*S5+5 +5:4+1 +8+85 *5i+hL-5+85 *5i+l+S+
S - 5|+|¢ o Sn = EI o« Sr'f'i-\ ) So ot sl . S;+|a Ly 5,; v Sy e Sz+f: L
Sn i SI 'Sr}.

The MIC8312 provides the ability, in one package, to select from
eight sources of data or control information. 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 elements used to generate unusual truth tables can be
replaced by one MIC9312.

TRUTH TABLE

TYPICAL INPUT AND OUTPUT CHARACTERISTICS

OUTPUT HIGH

EQUIVALENT INPUT CIRCUIT

EQUIVALENT CIRCUIT
4 7 O Voo
&K 15K $1500 800
L]
NOT
SELECTED { O SELECTED
= ~0.3v I 1
I o

OUTPUT CURRENT VERSUS

INPUT CURRENT VERSUS OUTPUT VOLTAGE
INPUT VOLTAGE (OUTPUT HIGH)
S T | 2 Vir J,_w ! [ /
BT i bt asen | _‘f
L gye L] il 5T,
] e . T
S =
H | E ol P4
H 3 we
s '; |5 5
40 T e
e w a0 e ] 0 5.0 1.0

Vi = INPUT VOLTACE - VLIS

Fig. 6
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Viguyp ~ DUTPUT VOUTAGE - VLTS
Fig. 7

EQUIVALENT CIRCUIT

ot

OUTPUT CURRENT VERSUS
OUTPUT VOLTAGE

(OUTPUT LOW)
" T Lo [Yec 30V
e = S e
) 15 c% iL_c 1
' e
§ f————t—T
b [ 7 il |
£ =l 2L
My 2= j
R I 4 =I5
o 7
’ 4 ——
. 11
] [T L0 L5

Vgyr = QUTPUT WOLTACE - WOLTS

Fig. 8

A o L A R P T e |l 2
H X X XX X X XXX Xpx [[HrL
Lo ke B L e X 0 X e el HSl
B Lo b Lo M XX X0 XX 0 X (L8
Lok L Bl X g X X || (Hi L
LoLe b B X GH 2 X X e Xl L
L L HE X oI 8C %@t XXt H: L
L LHLXXHXIXXIXIXI|LH
E G- HE WX XX Lo X 9 X X |l e AL
L L R OH X X % H X X %% [hLH
L H L L X XX XL X X XJnL
L HLLEX XX X HX X X|LH
LR LH X XX X XX x| oL
EH L H XX X X X H X X||LH
E M OH L XXX X 06X sLaatall il
L H H L X X % XX X HX|ILH
L H s G0 X XamXafXeiy X0 X Ly | HE <L
COHDHUH: DG 2% X0 X % H |k M
H = High woltage level
L = Low voltage level
X = Leval does not affect output
Fig. 5
OUTPUT LOW
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ELECTRICAL CHARACTERISTICS* (MIC9312-1X) (T,=—55°C to +125°C, Vcc=5.0V +=10%)

LIMITS
SYMBOL | CHARACTERISTICS -55°C +25°C +125°C UNITS CONDITIONS
MIN. MAX.|MIN. TYP. MAX.|MIN. MAX.
Veu Output High Voltage | 2.4 2.4 27 2.4 Volts | Vee=4.5V loy= —1.2 mA (Pin 15)
Vee=4.5V lou= —1.08 mA (Pin 14)
Inputs at threshold voltages (Vi or Vi)
as per truth table
Voo Output Low Voltage 0.4 0.21 0.4 .04 | Volts | Vee=5.5V lee=16.0 mA (Pin 15)
lo=14.4 mA (Pin 14)
Vcc =45V io; =12.4 mA (P!r‘l 15]
loe=11.2 mA (Pin 14)
Inputs at threshold voltages (V.. or Vin)
as per truth table
Viu Input High Voltage 2.0 : 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
for all inputs
Ie (all inputs)| Input Load Current -1.6 -11 =18 =16 | mA Vee=55V Ve=04V
—-1.24 —0.85 —1.24 —1.24 | mA Vec=45V Input Selected
Iz (all inputs)| Input Leakage Current 15 60 60 | wA Vee=55V Ve=45V
Input not selected
Isom Vee Current 40 27 40 40 | mA Vee=5.0V
teas (Soto Z) | Switching Speed 23 34 ns Vece=5.0V, See Page 4
tea- (Soto Z) | Switching Speed 25 36 ns Ci=15pF
*Pulse tested
ELECTRICAL CHARACTERISTICS* (MIC9312-5X) (T,=0°Cto +75°C, Vec=5.0V +5%)
LIMITS
SYMBOL | CHARACTERISTICS o0°c +25°C +75°C UNITS CONDITIONS
MIN.  MAX,MIN., TYP. MAX.|MIN. MAX.
Vou Output High Voltage 2.4 2.4 3.0 2.4 Volts | Vec=4.75V low= —1.2 mA (Pin 15)
Vee=4.75V lcs= —1.08 mA (Pin 14)
Inputs at threshold voltages (Vi or Viu)
as per truth table
Vou Output Low Voltage 0.45 0.21 045 0.45 | Volts | Vec=5.25V lo.=16.0 mA (Pin 15)
loc=14.4 mA (Pin 14)
Vee=4.75V lo.=14.1 mA (Pin 15)
lev=12.7 mA (Pin 14)
Inputs at threshold voltages (V.. or Vin)
as per truth table
Viy Input High Voltage 1.9 1.8 1.6 Volts | Guaranteed input high threshold
for all inputs
Vi Input Low Voltage 0.85 0.85 0.85 | Volts | Guaranteed input low threshold
for all inputs
Iz (all inputs) | Input Load Current -16 -10 -1.6 —-16 | mA Vee=5.25V V=045V
—1.41 =0.91 —1.41 —1.41 | mA Vee=4.75V Input Selected
Is (all inputs)| Input Leakage Current 15 60 60 | wA Vee=5.25V Vi=45V
Input not selected
lpon Vee Current 43 27 43 43 | mA Vee=5.0V
tas (Sato Z) | Switching Speed 23 34 ns Vee=5.0 V, See Page 4
tra- (S to Z) | Switching Speed 25 36 ns C.=15pF

*Pulse tested
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Pin 2 = Vcc through 1.0 k2 Pin 1 = Vec through 2.0 ki?
Pin 16 = Vec Pin 16 = Vec
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A.C. CHARACTERISTICS

A.C. CHARACTERISTICS

All measurements are made with Vec=5.0 V applied to pin 16
and with pin 8 grounded. The active input is driven by a
MIC9002 TTL gate with the output loaded with 15 pF. Both
outputs of the MIC9312 are loaded with 15 pF.

tyS,taZ
L — —— —10
INPUT [PIN 11] __-I i I__ -‘.{ T ]~_
15y — 1N
OUTPUT [FIN 15|

Other Conditions: Pins 1, 8, 10, 12, 13 = Gnd
Pin 2 = Vec through 1.0 k0
Pin 16 = Vcc

TURN OFF DELAY VERSUS TURN ON DELAY VERSUS

i o to Z

15— — 18

e —

— TN

IHPUT [PIM 1 |

OUTFUT [PIN 14

15

Other Conditions: Pins 8, 10, 11, 12, 13 = Gnd
Pin 16 = ¥cc

TURN OFF DELAY VERSUS TURN ON DELAY VERSUS

Ty, = AMBIENT TEMPERATURE - °C T~ AMSTENT EEMPERATUR - 'C

Fig. 13 Fig. 14
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APPLICATIONS

A MULTI-PORT MEMORY MODULE

The four bit by eight word multi-port memory module shown
in the diagram below uses only thirteen MS| packages; four
MIC9308 24 pin dual four bit latches, eight MIC9312 eight input
multiplexers, and one MIC9301 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 larger Y. As an

bit by sixty-four word memory would require 1hirt3.r -two of the
modules shown below.,

By connecting 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 to -utilize the speed of the
memory the instructions would also have to be contained in
fast semiconductor memory.

SPECIAL ORDERING CODE

Temperature Range:
—55°C to +125°C, add -1 to
MIC number.
0°C 1o +75°C, add -5 to MIC
number.

Case Style:
V4" x %" Flat Pack, add “B"
following last digit.
Ceramic Dual Inline, 16 leads, add
“D" following last digit.

Example:
MIC9312-1D is —55°C 1o +125°C.
Temperature range in Ceramic Dual-
In-Line, 16 lead package.
Flat-pack and Dual-In-line packages
have same pin configuration.

WAITE WRITE MODULE  WRITE ADDRESS A MODULE ENABLE ADDRESS B MODULE ENABLE
DaTA ADDRESS EMABLE  STROBE .
[ - |
PR > —
200 1 19 pocmo L1 —|~£
£ e WORD -1 WORD_4 — -+ WORD B
rY STORAGE —"! Jaiaaa " —:!
o7 p .r-!.. [T _ri-. BT 3
) -4 —- =
& = —_] =z
; ¥ & &
1= L
=
— &
a
&2
il B — ¥y —
T
li- e =
el | —I*: _:g
—=E_L — -5 1
—ed li s =lat
rg —ri-. BT 2 —-"E—O ar 2
3 — -2 —] -z
o H g
.E' —_—r= — R
-a,JsiloT Fx o # < ]
T [ [
-
(g |
§ <
J'i-
= [ Il:v— —= ™ s
= I il
— 3 — _,.E -
&8 —-E —e Bl
:‘_. — _r! » B
r - — mT —--"i‘- mr
o0 B gb— = o
T 2 =1 i
A— T
£ 2
=00 LI | oy
= k = W —lr
5 % 3-.
a— g —rE
r = - —| =k .
x 8gp— - v —]=F
— ° ~f. BT 0 -—-‘-'!- 8T o
e P - —tir
s -2 *All Muitiplexer connections _ | . 2
e o e are similar to M, and M, e
- ¥ with inpuls to M, and M, LA
L o | a ]
—a:j_P_— | | being the Q, outpuls of the ==
* | latches, M, and M, inputs

Fig. 17
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APPLICATIONS

3 BIT COMPARATOR
Three bits of data to be compared are supplied to the address
and select inputs of the MIC9301 and MIC9312 respectively.
If As, A, A;, and Be, By, B; compare, the mutually exclusive active
low output of the MIC9301 1/10 decoder and the selected input

3 BIT COMPARATOR of the MIC9312 multiplexer will be coincidental and COMPARE
OUT will be high. . The COMPARE ENABLE must be low to
g — permit compare operation.

:.:_[— INTERCONNECTION DIAGRAM
o FOR 9 BITS
s 1] SR S Sy e i S T
== T o ATEATETTESSe o (T T
JBT o 387 Col It
I e

Fig. 18

IMPLEMENTING ANY FOUR-VARIABLE BOOLEAN FUNCTION
The MIC9312 eight input multiplexer can (in addition to perform-
ing its nominal function) produce any Boolean function of four
variables without any additional 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 implementing a four-variable function, along
with an example, is shown in the attached diagram. First, con-
sider the function in terms of a Karnaugh map. If the Qi Q. and
Q. 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 function each input
of the MIC9312 is connected to one of the following four signals: . %
ground, Vee, the assertion, or negation of the fourth variable.

=[=[=T=[=[=[=]=1e]le|eclc|ec|ec]|c|=|f
—T-1=1=Tel=elele]-]-1-[-]=lel=]=] 2]
~=lelel=]=lele|=]=|c|e|=|-|o|c]|f

Zlal=lel=le]l=]e|-|ec|-|e]|-|=]|-|=]|L
oo—o_-—-oo———o-no|_"‘]

The contents of the two squares associated with an input, on - oL q INPUT ComiECTN

the Karnaugh map, determine which connection is made to 1g+GKD - 1y 2GHD
that input. If both squares contain a zero, ground should be a o o2
connected to the input; if both squares contain a one, the input
should be connected to Vec. If the two squares contain a one
and a zero then either the assertion or negation of the fourth
variable will be required to implement the function. If the single e, i ap e
one is located in the square associated with the assertion of the % ot 7 =
fourth variable then the assertion of the assertion of the fourth R " 2 s
variable is connected to that input, and vice versa. 0 s ] *

Shown in the illustration below is a MIC9312 decoding the 2 %
condition of a MIC3300, producing a one output whenever the Qg = o |

e Io=ay i 1303
register contains two or more transitions. The truth table, o o] |
Karnaugh map and the connection to the MIC9312 for this % 4G
function are also shown in the illustration. o Ly lr|le|lof— [ | 5

—=lele
BEREE

1
1
B G
0

al=-|—=|@

b

In many applications, using the MIC9312 to implement general 1| s La
logic functions of four variables will result in a sizeable reduc-
tion in package count. In many cases use of the MIC9312 with WATIFLEER i
additional gates to produce functions of more than four variables WWPUT AP FOR By B ol
will also reduce the package count. funfot B E 8i0e T e 3

The concept of using the MIC9312 eight input-multiplexer as a 25 . 5

general logic function- generator is described by S. 8. Yau and FROM THE KARNAUGH MAP OF THE DESIRED FUNCTION
C. K. Tang of Northwestern University in a paper presented at =1y CONNECTIONS CAN BE DETERMINED.

the 1968 Spring Joint Computer Conference in Atlantic City, New Fia. 19
Jersey. g.

Ic = [T] az

[T % lgtvee 133vee
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MSI 4-BIT BINARY COUNTER

M51 4-BIT BINARY COUNTER

The MIC9316 is a high speed synchronous 4-bit binary decade counter.
It is a synchronously presettable, multifunctional MSI building block
useful in a large number of counting, digital integration, and conversion DUAL IN-LINE PACKAGE
applications. Several stages of synchronous operation are obtainable
with no external gating packages required through an internal carry 310
look-ahead counting technique.
Y
e Synchronous Counting and Parallel Entry - i S
@ Decoded Terminal Count "
i e
@ Built-In Carry Circuitry i 4 5:7
e Typical Power Dissipation of 300 mW g g 1
b,
® The Input/Output Characteristics Provide Easy Interfacing with i ﬂ ﬂ
DTL930, TTL9000, TTL7400 and MSI Families 2 i ds_sp
015 Wil 0
e All Ceramic Hermetic 16 Pin Dual In-Line Package and Flat e
Package I.u{::l'l are iwiended for ingertion s hole rows on
e Input Diode Clamps Limit High Speed Line Termination Effects. e i e i
ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)
FLAT PACKAGE
CHARACTERISTICS UNITS
Storage Temperature . ... ... —65°Cto +150 e
Temperature (Ambient) Under Bias —55°C to +125 "G —— “‘EI:
Vee Pin Potential to Ground Pin ... =05V to +7 Volts — —:"
Voltage Applied to Outputs for =] — &
high output state v .. —05VtoVee value y— — 7
Input Voltage (D.C.) . .. . —05Vto +55 | Volts T = —
.l_l:! sr——
LOGIC DIAGRAM 93 4 578 e bpd e gl %
L ey B
T—Jegp?t g Py Py Py i'—ﬁ;—‘l
10 Cer o thH— 15
By smNa]
1 141312 11
Vee = Pin 16
Gnd = Pin 8
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FUNCTIONAL DESCRIPTION — A clock buffer and inverter
drives the four clocked RS master-slave flip flops in parallel, so
that synchronous operation is obtained. When the clock input
(CP) is low, the slave is steady, but data can enter the master
via the R and the S inputs. During the low to high transition
of CP, first the data inputs (R and S) are inhibited, so that 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 at the outputs. When the
transfer is completed both the master and the slave are steady
as long as the clock input remains high, and regardless of the
logic state at any other input to the device. During the high to
low transition of the clock input, first the transfer path from
master to slave are inhibited, leaving the slave sleady in its
present state, secondly, the data inputs (R and S) are enabled
so that new data can enter the master. As a result of this
synchronous operation higher clock freguency is possible and
much less external logic is required in most applications. Some
restrictions are placed on the manner of selection. 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
times specified under “Switching Characteristics.” The asyn-
chronous MR clears the counter independent of any other input.

Note: CE (count enable}=CEP + CET
TC=CET - Q.+ Q, * @; - @

SPECIAL ORDERING CODE

Temperature Range:
—55°C to +125°C, ald -1 to
MIC number.
0°C to +75°C, add -5 to MIC
number.

Case Style:
1a" x 38" Flat Pack, add "“B”
following last digit.
Ceramic Dual In-Line, 16 leads, add
“D" following last digit.

Example:
MIC9316-1D is —55°C to +125°C.
Temperature range in Ceramic Dual-
In-line, 16 lead package.
Flat-pack and Dual-In-line packages
have same pin configuration.

LOADING RULES

CCSL LOAD AND DRIVE FACTORS

24720 /81
3 34 56

AR

12/10 7 —cgprt #y 0 P Py
10—y % A3
A U s S [ e S

TEi N

1 1413 120
.Iz“u\-—v—-—-'
72/80

24/20 15 72/60

TTL LOAD AND DRIVE FACTORS

2 2/32/32/31/3

{44

1—:”K Py LT T
e L34 Er ] w6
Ga O h o

i 14 13| 1| nl

1 6 6 B

ELECTRICAL CHARACTERISTICS (MIC9316-1X) (T,= —55°C to +125°C, Vec=5.0V ==10%)

LIMITS
SYMBOL | CHARACTERISTICS =55°C +25°C +125°C UNITS CONDITIONS & COMMENTS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Ven Output High Voltage 24 2.4 2.7 2.4 Volts Vee=4.5V, lon= —0.36 mA
Vol Output Low Voltage 0.4 0.2 0.4 0.4 | Volts Vee=5.5V, lo. =9.6 mA
Vee=4.5V, loe =7.44 mA
Vin Input 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 for all inputs
le Input Load Current -16 =10 -16 —-1.6 | mA
MR, CEP
21 Input Load Current —3.2 —-20 —-32 =32 mA Vee=65V
CP, PE, CET Vi=0.4V
% le Input Load Current -1.07 -0.7 —1.07 —1.07 | mA
Po, Pi, P2, Py
Is Input Leakage Current 60 10 60 60 | wA
. GEP
21y Input Leakage Current 120 20 120 120 | wA Vee=55V
CP, PE, CET V=45V
251 Input Leakage Current 40 7.0 40 40 | wA
o Pi, P2y Py
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ELECTRICAL CHARACTERISTICS (MIC9316-5X) (T,=0°C to +75°C, Vec=5.0V +5%)

LIMITS
SYMBOL | CHARACTERISTICS 0°C +25°C +75°C UNITS CONDITIONS & COMMENTS
MIN. MAX. | MIN. TYP. MAX. | MIN. MAX.
Von Output High Voltage 2.4 2.4 3.0 2.4 Voits Vee=4.75V, lon= —0.36 mA
Voo Output Low Voltage 0.45 02 045 0.45 | Volts Vee=5.25V, lo.=9.6 mA
Vcc=4.?5 V, loo=8.5 mA
Viu Input High Voltage 1.9 1.8 1.6 Volts Guaranteed input high
threshold for all inputs
Vi Input Low Voltage 0.85 0.85 0.85 | Voits Guaranteed input low
threshold for all inputs
e Input Load Current -18 -1.0 -18 —-1.6 | mA
R C
21 Input Load Current -3.2 —20 —32 —-3.2 | mA Vee=5.25V
CP, PE, CET Ve=0.4V
25 1 Input Load Current —1.07 -0.7 —1.07 —=1.07 | mA
pl‘h Pl. Ph P)
Iz Input Leakage Current 60 10 &80 60 | A
MR, CEP
20k Input Leakage Current 120 20 120 120 | wA Vec=5.25V
CP, PE, CET Vi=4.5V
25 I Input Leakage Current 40 7.0 40 40 | gA
PD, Pl. Ph PI
SWITCHING CHARACTERISTICS (T,=25°C)
SYMBOL CHARACTERISTICS MIN. TYP. MAX, UNITS CONDITIONS & COMMENTS
teas (Q) Turn-Off Delay 20 ns
ta- (Q) Turn-On Delay 15 ns \éfl::?ggl\;
teas (TC) Turn-Off Delay for TC 35 ns (Fig. 1)
ta- (TC) Turn-On Delay for TC 20 ns
t.(CE) Set-Up Time for CE 14 ns Vee=5.0V
t- (CE) Release Time for CE i2 ns C.=15 pF (Fig. 2)
L Set-Up Time for Data 18 ns
t: Release Time for Data 17 ns ECC_ jgog
t, (PE) Set-Up Time for PE 30 ns (Fig. 3"
t- (PE) Release Time for PE 28 ns
toa- (MR) Turn-On Delay for MR 33 ns Vee=5.0V, C.=15 pF (Fig. 4)
et Propagation Delay for CET to TC 14 ns Vee=5.0V, C.=15 pF (Fig. 5)
SET-UP TIME: 4 is defined as the time required for the logic level to be present at the logic inpul prier to the clock transition from low to high in

order for the flip-flop(s) to respond.

RELEASE TIME:

& is

as the time

in order for the flip-flop(s) not to respond.
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SWITCHING TIME WAVEFORMS
Fig. 2
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APPLICATIONS

’ | 10 MORE
Cer i T SIGNIFICANT
& | STAGES

SYNCHRONOUS COUNTING SCHEME
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QUAD TWO-INPUT MULTIPLEXER

MSI QUAD TWO-INPUT
MULTIPLEXER =

o

i

.,_
é
£
i

iz
'

@ Multifunction Capability

@ 20 ns Through Delay

@ On-Chip Select Logic Decoding

@ Fully Buffered OQutputs

e The Input/Qutput Characteristics Provide Easy Interfacing with ITT DTL 930,
ITT TTL9000, MSI and other DTL and TTL Families. o -

- ¥ " MNOTE :

e Input Clamp Diedes Limit High Speed Termination Effects. Leads avs imtended for insertion an helk faws o
300 centery Trey dre purposely shapped wilh
“povitive {3751 misabigament to Tacistate snsertion

\ra
§

Ee+ 851
rzbﬁt,\;ﬁa ﬂfk{
]

&

The ITT9322 is a monolithic, high speed, quad two-input digital multiplexer

circuit, constructed with the ITT epitaxial process. It consists of four multiplexing FIAT DA
circuits with common select and enable logic, each circuit contains two inputs and —i» e =
one output. The circuit uses TTL for high speed, high fanout operation and is —
compatible with all other members of the DTL and TTL family of digital — |
integrated circuits. s — i
a0 — |
ars — - |
v+_l: L] 9
T A il r—— ot
ABSOLUTE MAXIMUM RATINGS  (above which the useful life may be impaired) — e foevew L—;‘Q-J ar
o - fam — iy
CHARACTERISTICS | unITs —_{ =1
Storage Temperature . . . . . . . . .. . .. =85Cto+150 pe b -
Ternperature (Ambient) Under Bias . . . . . . . -55°Cto+125 %
Ve Pin Potential to Ground Pin . . . , , ., .. 05Vto+7.0 v
Voitage Applied to Output when output is high , , . 0V to+Vee value SPECIAL ORDERING CODE
Input Voltage (DC) (See Note1) . . . . . . . . —05Vto+55 v Temperature Range:
Input Current {DC) (SeeNote 1) . . ., . . . . . -30mAto+5 mA 1 = —55%41285%
Current into Output when outputislow. . . . . . . . . . .+30 mA 5 = 0° to +75C
Note 1 — either Input Voltage limit or Input Current limit is sufficient to protect the inputs, Package:
B = Flat Pack
D = Dual In-Line, 16 leads
LOGIC DIAGRAM D0 006 ® 060 006 Example:
l1d Tlod e Tloc iy §lon 12 T0a MIC9322 - 1B means operating
s—P> temperature range of —55° 1o
L¢ I | +125°C, supplied in a Flat Pack
" [0
= i = LOGIC SYMBOL
15 23 5 6 1413 110
- | I A I

£l loelis loelic o't
I—]S 9322 QUAD 2 INPUT MULTIPLEXER

2, fie 0% 2
[T
Ic It 1a 4 1 1 2
Vec=PN16: GND=PING 8 © ® Vee=PIN16  GND =PiN8
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ELECTRICAL CHARACTERISTICS* (T = -55°C to +125°C, Ve = 5.0 V + 10%)

LIMITS
SYMBOL | CHARACTERISTICS| -55°C +25°C +125°C  [UNITS CONDITIONS
MIN. MAX.|MIN. TYP. MAX.|MiN. MAX.
Von Output High Voltage 24 24 2.7 24 Volts Vee=45V lgy=—1.2mA

Inputs at threshold voltages (V;_ or V)
as per truth table

VoL Output Low Voltage 0.4 021 04 04 |Volts | Veec=55V Ig.=16.0mA

Vec =45V g =124 mA

Inputs at threshold voltages (V) or V)
as per truth table

Vin Input High Voltage 20 17 1.4 Voits | Guaranteed input high threshold for all inputs
ViL Input Low Voltage 0.8 0.9 0.8 [Volts | Guaranteed input low threshold for all inputs
Ig (all inputs) | Input Load Current -1.6 =11 -186 =1.6 |mA Vee =565V | V=04V

—1.24 -0.85 —1.24 —1.24 | mA Vee =45V | Inputselected
1 (all inputs)|Input Leakage Current 8.0 60 60 |MA Vee =558V Vp=45V
TpoH Ve Current 43 30 43 43 [mA Vee=5.0V  All inputs high
tpa+ (5 to Z,){Switching Speed 17 25 ns

Vee =5.0 V, € = 15 pF, See Figure (A)

tha— (8 to Z;)|Switching Speed 20 27 ns
*Pulse Tested

ELECTRICAL CHARACTERISTICS* (Tp = 0°C 10 +75°C, Ve = 5.0 V + 5%)

LIMITS
SYMBOL | CHARACTERISTICS 0°c +25°C +125°C | UNITS CONDITIONS
MIN. MAX.[MIN. TYP., MAX.|MIN. MAX,
Vo Output High Voltage |24 2.4 3.0 2.4 Volts | Vee =475V gy =—1.2mA

Inputs at threshold voltages l\.l"] Lor Vim)
as per truth table

VoL Output Low Voltage 0.45 0.21 045 0.45| Volts | Ve =525V Ig_=16.0 mA

Ve =475V  IgL =141 mA

Inputs at threshold voltages (V_ or V)
as per truth table

Vin Input High Voltage 1.9 1.8 1.6 Volts | Guaranteed input high threshold for all inputs
Vi Input Low Voitage 0.85 0.85 0.85| Volts | Guaranteed input low threshold for all inputs
I {all inputs) | Input Load Current -1.6 -1.0 -1.6 ~1.6 [ mA Ve =525V | Vg=045V
—-1.41 =091 —1.41 —1.41 mA Vee =4.75 V | Input selected
I g (all inputs}| Input Leakage Current 8.0 60 60 | MA Vee =525V Vp=45V
lpon Ve Current 45 30 45 45 | mA Vee =560V All inputs high
tpa+ (S to Z;)| Switching Speed 17 30 ns
toe— (S to Z,)| Switching Speed 20 ki ns Vee =50V, C = 15pF, See Figure (A)
*Pulse Tested
FUNCTIONAL DESCRIPTION — The MIC3322 quad two input multi- equations for the outputs are shown below:
plexer is a member of the ITT family of compatible Medium Scale 2:=E-{lj3-5+1p558) Zp=E-lljp S+ lgp* )
Integrated {MS1) digital building blocks. It provides this family with the Ze=E(ljg+S+lge+5) Zg=E (g S+lgg-S)
ability to select four bits of either data or control from two sources, in A common use of the MIC8322 would be the moving of data from a
one package. The enable input (E) is active low. When not activated all group of registers to four common output busses. The particular
outputs (Z) are low regardless of all other inputs. register from which the data came would be determined by the state of
The MIC9322 quad two input multiplexer is the logical implementation the select input. A less obvious use is a function generator, The MIC9322
of a four-pole two-position switch, with the position of the switch being can generate four functions of two variables with one variable common.
set by the logic levels supplied to the one select input. The logic This is useful for implementing gating functions.
; T“fUT;* TABLE LOADING RULES
Identical for Each Multiplexer {1 U.L. = 1 TTL gate input load)
SELECT
ENABLE INPUT INPUTS OQUTPUT INPUTS LOADING
-3 loa: 1a: oo ibs TU.L
E S | I F4
ox LS La’ loe e loa: lid
H X X X (i S, E
L H X L L 3
FANOUT AT LOGIC LEVEL
L H X H H OUTPUTS
L = low voltage level L L L X L HIGH Low
H = high voltage level
20 U.L. 10 U.L.
X = either high or low logic level k L H X H ZaiZb.ZciZd Y
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TYPICAL INPUT AND OUTPUT CHARACTERISTICS

INPUT CURRENT VERSUS

OUTPUT CURRENT VERSUS

INPUT EQUIVALENT CIRCUIT

OUTPUT CURRENT VERSUS

INPUT VOLTAGE OUTPUT VOLTAGE (OUTPUT HIGH) OUTPUT VOLTAGE (OUTPUT LOW)
b T | 1, B0 B ey | | [ P v rav | | [
5 | & o L | B o
| Ty 48 | " L] 1 1, °15°C OUTPUT
1 1
3 > RN 1] e : EhER | P ! "/ 1, e — zlu:l;l‘:?l'LENT
A ~ 1y | 5 s o 4576 ( “4_‘3{ E / | |
g-u R i ] " =] %@ 1 1.5 ] (Output High)
§ § o ,; § gl | Ty %
= : | ;
a0 3. Ex T - Fa— 1,05 —
e :-m l - ;:f:;-: —]L 0 OUTPUT EQUIVALENT
L L e e | CIRCUIT (Output Low) ™"
W ¥ W W 1 w ) (TR T T R " =
Wi ™ NPT VOLTACE - VOLTS Viouy = OUTPUY VOLIAGE - VOUTS Vg * OUTRUT VOLTAGL - VLTS i L
SWITCHING WAVEFORMS — All inputs are outputs of TTL 9000
A. C. CHARACTERISTICS series gates loaded with 15 pF. All outputs are loaded with the same
: capacitance (referred to as Cy ) and only with capacitance,
tpd: Sto 2, B
CONDITIONS — Pins 2, 15 = GND toai E10 2, tpai loa 10 Z5
in3= CONDITIONS—Pins 1, 15 = GND.
Pin3=Vcc CONDITIONS — All Other Inputs High
in Sg I“. o rlw}‘ s‘ls\r Vi 'o ;lm I:sv
o1l | o |- ~ tos- |- puy, =/ I PHB ol ~|to-—
i | toa- ~f toas - _/—\_
W W Yout ! 1 15 15w
"ﬂ‘l"‘; L 19 1 ‘;gu't"l
(A) (8) (C)

SWITCHING CHARACTERISTICS

TURN OFF DELAY TIME VERSUS
AMBIENT TEMPERATURE (S toZ))

_l_
[

Ve %oV
[T -us
» 1

| - - .

B s P, —t—1

g 158 20 )= TURN OFF DELAY THME - o

10 | 51 GRADE gy
1 |

o ||
k1 ¢ B n .3
Ty = AMBIINT TEMPERATURE - °C

TURN ON DELAY TIME VERSUS
AMBIENT TEMPERATURE (Eto Z,)

L)

T
.
G
-

2

41 10 24 ~TuRN ON BELAY 1IN - 1
¥
™
]
H

4—!.
_.EL|>’__‘>§
i .

Ty = AMBIINT TEMPERATUSE - C

TURN ON DELAY TIME VERSUS
AMBIENT TEMPERATURE (S to Z,)

Veg" SV =
Geng +——t—t—t——

by = 580 Zu 1= TURK ON DELAY TIME =y

mae
51 GRADE MIN.
L

—
9 GRADE Wi,

i [_1 |
- s B n =

1y, < AMBIENT FEMPLRATUN - C
TURN OFF DELAY TIME VERSUS
AMBIENT TEMPERATURE (1,,t02,)

ol &

u T
ey
1 i .
, : o
u——v—]—‘.,q(l-'“;,(_ﬂw

\I""' 10 Za ) = TURN OFF DELAY TIME -ny

ol
-

53 CRADLMIN ——
5 T 51 GRAGL WIN .

|
“ o = n

Ty = AMBIENT TEMPLRATURL - C
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TURN OFF DELAY TIME VERSUS
AMBIENT TEMPERATURE (Eto Z,)

Vg S0V

o
; “
=
a »

== e
5, P TR =5
E b1 GRADE MAX. ‘._/,
3w
ﬁ TP, |
=
-'l.e—stc-m(w =

- 9 CRADE MIN, —

¢ ;|

-» L] n ]

Ty - AMBIENT TEMMRATURL - °C

TURN ON DELAY TIME VERSUS
AMBIENT TEMPERATURE (I, to Z,)

T T l 1
e preseel L L L .
b BT I |
oS
! i |
= — +—t+—1
3= t I
E 1 1 .
g e
0 L momAdtwAx |
; " ...* .......... 1 I
ST CRADE mAx 1
= _.'.n.r % —
}u bt 38 CHADY MIN ]
- g 31 GRADL Many + $ 4
2 1 ] il DO |
£ ) [ 13

Ty = AMELENT TEMPLRATURY - *C
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APPLICATIONS
DUAL 10 INPUT MULTIPLEXER

| MULTIPLEXER 2

Wi

MULTIPLEXER 1
[ ] 18 |ﬂ ] 19
g 38 8 i S5
= Eowahy 'mlis Tocie lou'ie
5. F372 QUAD 7 INPUT MULTIFLERER
T D T,

= ]

1
I

g

145 234587
BC 0 ADORESS L1 Jafuipilute]
2 . E ol igy £ gty tz i3t s 107
o 2 92 ® 912
! sy BINPUT MULTIPLEXER 5p B NPT MULTRLEXER
2 : 5
™ 5 %
|
|
MULTIPLERER | QUTPUT MULTIPLERER 2 UTRUT
|

SHIFT LEFT, SHIFT RIGHT, PARALLEL LOAD REGISTER

DATA IPUTS.
oy 43 0z 0y
o
OATA I
[ | SHFT LEFT
£ lnahia Yoot Toclte 'nahie

A — § 9327 QUAD 2 INPUT MULTIPLEXER
GPERATCH CONTROL LINES 7 1, 2, £

: i

e |
o
DATA [N EHIFT RIGHT i 0Py !?i)
? m’:c[?: sTER
M| 1}
* un 0001020 B
cLoek
¥ | DATA QUT

OPERATION CODE LIST SHIFT RiGHT
A B Operation
L L Parallel Load | ¢, our siirr sy
H L Shift Left
B H Shift Right
H H Shift Right

This register will shift left, shift right, and load 4 bits of parallel
data according to the operation code applied to A and B,

countte a1
S1111 o111 counte 2
[ riror faey PGP PPy
—Ktr suous P aiidue
—I ry fe| 40yt DlCani  (Cp——a=— 10 fOLEWING STAELS
s Chintia U nitn L1111 L1
e 0n0:0;%) i 0490201
PPy PRy L PPy Pafy
g —t
ki  anoue P anour
=% opicapr T =t ofcant Tof——e=—  TOrccLOWE STACES
e : s COUNTER CountLE
VA Uy 00y 3y un 5000503
. T T
xs
Eofafia lwie fochic lmalis Eofate 'eelts 'tiie 'oelie
1% %320 2 Pyl v LB Lar R ] % 17 QuaD 7 INPLT MULTIPLLAER
X5k 1 T 7 7 7 ks
COUNTES SaLEC
il TE TG mIET SRR
APPLICATIONS
REGISTER SELECTION
£ ooy Dp0y [ 192
138 100
AmTateR AWt ATERT
w009 sl
LAWP PEST
T 1o FonLaming STacts
Fag PRIVIOUS STACES
& The 9322 can be used to select parallel
TS by bpdylT 2B

9317 7 SECM{NT DLCODEN 17 T SECMENT QLCOOIN

TR S |

RBI4 B3 ¢ |
LAST SOerCanT STAGL 10 IEPLAT
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data from two multiple bit sources, Illus-
trated above is a counting and display
system where the 9322 selects the con-
tent of one of the counters for display.
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MSI DUAL 8-BIT SHIFT REGISTER

MSI DUAL 8-BIT SHIFT REGISTER

e 20 MHz Shift Frequency
e Two Input Multiplexer Provided at Data Input of Each Register
® Gated Clock Input Circuitry

e Both True and Complementary Outputs Provided from Last Bit
of Each Register

e Asynchronous Master Reset Common to Both Registers
e Typical Power Dissipation of 300 mW

e Compatible with TTL and DTL families

e Input Diode Clamping

The ITT9328 is a high speed serial storage element providing sixteen bits of storage
in the form of two eight bit registers that will shift at greater than 20 MHz rates. The
multi-functional capability of this device is provided by several features: 1)
Additional gating is provided at the input to both shift registers so that the input is
easily multiplexed between two sources. 2) The clock of each register may be
provided separately or together. 3) Both the true and complementary outputs are
provided from each eight bit register, and both registers may be master cleared from
acommon input.

ABSOLUTE MAXIMUM RATINGS labove which the useful life may be impaired)

CHARACTERISTICS |UNITS
Storage Temperature . . . . .. ........... —65°Cto+150 | 9¢
Temperature (Ambient) Under Bias . . ... ... .- 55°Cto+125 | °C
Vce Pin Potential to Ground Pin . . . . ... ... . .—0.5Vto+7 v
Voltage Applied to Outputs for high output state , —0.5V to + Vee value

Input Voltage (D.C.) . ... ............ .—0.5Vto+55 v

Temperature Range:
1 = —55°+125°C
5§ = 0%t +75C
SPECIAL ORDERING CODE Package:

B = FlatPack
D = Dual In-Line, 16 leads
Example:

ITT9328 - 1B means operating
temperature range of -55° 1o
+125°C, supplied in a Flat Pack
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Leads are intended for insertion in hote rows on
300" centers. They ore purpasely shipped wilh
"pesttive” misalignment fa focilitate irsertion,
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FUNCTIONAL DESCRIPTION — The two 8 bit shift registers have a
common clock input (pin 9) and separate clock inputs (pins 10 & 7).
The clocking of each register is controlled by the OR function 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 clock inputs of the flip-flop in parallel.
When the two clock 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. During the first low to high transition of
gither, or both simultaneously, of the two clock inputs, the data inputs
{R and S) are inhibited so that a later change in input data will not

inputs can be used as clock inhibit inputs by applying 2 logic high
signal, Each 8 bit shift register has a two input multiplexer in front of
the serial data input. The two data inputs Do and D1 are controlled by
the data select input Ds following the Boolean expression:

Serial data in: SD - DSDO + DSDI
An asynchronous master reset is provided which, when activated by a

low logic level, will clear all sixteen stages independently of any other
input signal.

; = = INPUT FAN IN
affect the master; then the now trapped information in the master is MR, Do'Di 1 Uinit Load
transferred to the slave. When the transfer is complete, both the master LOADING RULES Sap;!rate CP (pins & & 10) 1.5 Unit Loads
and the slave are steady as long as either or both clock inputs remain (1 UL =TTL D P 2'Unit Loads
high. During the high to low transition of the last remaining high clock o s Ci  CP (pin ©) AUnit Loads
input, the transfer path from master to slave is inhibited first, leaving input gate:loa Qe pin
the slave steady in its present state; second the data inputs (R and S} QUTPUT EAN OUT
are enabled so that new data can enter the master. Either of the clock Q7 Q7 6 Unit Loads
ELECTRICAL CHARACTERISTICS (T = —550C to + 1250C, Vce= 5.0V * 10%)

LIMITS
—-55°C +25°C +125°C
SYMBOL | CHARACTERISTICS MIN, MAX.|MIN. TYP. MAX.MIN. MAX.UNITS | TEST CONDITIONS
VoH Output High Voltage 2.4 24 27 2.4 Volts Vee=4.5V,lor=—0.36mA
VoL QOutput Low Voltage 0.4 02 04 0.4 |Volts Vee=5.5V,lpL=9.6mA
Vee=4.5V,loL=7.44mA
VH Input High Voltage 2.0 1.7 1.4 Volts Guaranteed input high
threshold for all inputs
A\ Input Low Voltage 0.8 0.8 0.8 |Volts Guaranteed input low
threshold for all inputs
1= Input Load Current (MR, Do'D ) -1.6 —-1.0 —1.6 —1.6 |mA
1.5lF Input Load Current —2.4 -1.5 —-24 —2.4 |mA
(separate CP pins 7 & 10 Vec=5.5V
21F Input Load Current (Ds} -3.2 -2.0 -3.2 —-3.2 |mA VE=0.4V
31IF Input Load Current (common CP pin 9) —4.8 -3.0 —4.38 —4.8 [mA
Ip Input Leakage Current (MR, Do'D1) 60 10 60 60 |pA
1.51p Input Leakage Current 90 15 a0 a0 A
(separate CP pins 7 & 10) Vee=5.5V
21p Input Leakage Current (Ds) 120 20 120 | 120 |HA VR=4.5V
3lp Input L Current (common CP pin 9) 1801 30 180 180 |MA
Ipp Power Dissipation 365 300 365 365 |mwW Vee=5.0V

SWITCHING WAVEFORMS

CPom G- Clow
| | |

"o

= 15¥

il = tparl07l _..i |4_|,,,~|n;|
—_——————_— - — - — e --———-—_-js‘-——— 15v

- =103 ke ]..__ - 1071
S e = Ll = s T — - — 159

MNote: Qg isconnected to Dy. Other clock is grounded.

Fig.

1
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ELECTRICAL CHARACTERISTICS (T = 0°C to + 759C, Ve = 5.0V 5%)

LIMITS
0°¢ +25°C +78°C
SYMBOL | CHARACTERISTICS MIN. MAX.[MIN. TYP. MAX. MIN. MAX.|UNITS | TEST CONDITIONS
__ Von Qutput High Voltage 2.4 24 3.0 2.4 Volts Vee=4.75V, lon=—0.36mA
VoL Qutput Low Voltage 0.45 0.2 0.456 0.45 |Volts Vece=5.25V, lgL=9.6mA
Veeo=4.75V, logL=8.6mA
ViH Input High Voltage 1.9 1.8 1.6 Vaolts 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
IF Input Load Current (MR,Do'Dy) =1.6 -1.0 —-1.6 —1.6 |mA
1.51F Input Load Current —2.4 —15 -24 —2.4 |mA
|separate CP pins 7 & 10} Vee=5.25V
21F Input Load Current (Ds) —3.2 -2.0 -3.2 —3.2 [mA VE=0.4V
3IF Input Load Current —-4.8 —3.0 —-48 —-4.8 |\mA
{common CP pin 9]
Ir Input Leakage Current (MR,Do'D1) 60 10 60 60 A
151r | Input Leakage Current 20 15 90 90 |MA
(separate CP pins 7 & 10} Vee=5.25V
2lm Input Leakage Current (Ds) 120 20 120 120 |HA Vr=4.5V
3R Input Leakage Current 180 30 180 180 |pA
{commen CP pin 9}
lro Power Dissipation 365 300 365 365 |mW | Vcc=5.0V
SWITCHING CHARACTERISTICS (Ta= 250C)
SYMBOL CHARACTERISTICS MIN. TYP. MAX. |UNITS TEST CONDITIONS
tpd—(Q7& Q7| Turn-Off Delay (clock to output) 13 ns Vee=5.0V, C =15pF Fig.1
Tpd—(a‘;&a‘;l Turn-On Delay (clock to output) 22 ns
tpd—(MR) Turn-On Delay (Master reset to output) 35 ns Wee=B.0V, C =15pF Fig.2&3
CPpw Min. Clock Pulse Width 14 ns Vee=5.0V, C=16 pF  Fig. 1
MRy (CPH) Min. Master Reset pulse width with clock high 15 ns Veeh.0V, CL=16 pF  Fig. 2
MR,y (CPL) Min. Master Reset pulse width with clock low 28 ns Vee=5.0V, C =16pF  Fig. 3
= _\_/_\_/_\_/_\_/_\_/—\_/_\_/_\_/_\_/-\_/_
—=] f—— MRy (CPH|
MR ———)”‘—-—--—-———————————— ------ ———\f—— 15V
. |-—— tgg=IMR|
O = —F\——— —_—— e ———— /L_'\r —- 15Y

Note: DS. D!.: Do. are high. Other clock input is grounded,

Fig. 2
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RN AR RS TR R TR LW e W

__..l I.. — MRy, [CPL]
MR e ,‘_f_ ——————————————————— e U _— - 15V

MNote: Dg Dj Dgare high. Other clock input is grounded,

Fig. 3
APPLICATION:
DATA INPUTS
e & N
CLOCK = T
RESET o - -
—0 —2 __T o [l r:>umu
WRITE LINE .
O = 1 \
DATA OUTPUTS

N-BIT BY 8 WORD HIGH-SPEED MEMORY
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PRODUCTS EXCLUSIVELY ITT'S

T OF ADDITIONAL

Data Sheets are being prepared on products listed

below. Write for your copies.

54124/74124 - UNIVERSAL PULSE GENERATOR

2

=]

Specially designed for clock and delayed pulse
generation

2 cascaded multivibrators for delayed pulse
Gated feedback for high stability controlled
oscillation

No jitter self-start

Positive Schmitt trigger input

54130/74130, 54131/74131 - QUAD 2 I/P AND

POWER DRIVERS
54130/74130 30 V open collector rating
54131/74131 15 V open collector rating
Pin compatible with 54/7408
VoL at 100 mA = 0.4 V max

54/74130-13I

54135/74135, 54137/74137 - QUAD/HEX NAND
SCHMITT TRIGGERS

e High input impedance - compatible with 54/74L,

MOS, HLL and high voltage 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

e 54137/74137 pin compatible with 54/7404 and
54/7414

54/74135 54/74137

54138/74138, 54139/74139 - QUAD 2 I/P OR
POWER DRIVERS

100 mA lgink

54138/74138 30 V open collector rating

54139/74139 15 V open collector rating

Pin compatible with 54/7432

VoL at 100 mA = 0.4 V max

e o o ® @

54/74138-139
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ADDITIONAL PRODUCTS EXCLUSIVELY ITT'S

SAH 161, SAH 171, SAH 181 - DIGITAL VOLT- UAA 126, UAA 136 - PHASE SYNCHRONIZED

METER KIT MULTICHANNEL OSCILLATOR KIT
e Kit consists of 3 MOS-LSI Circuits for use in e For use as frequency synthesizer in mobile
Digital Voltmeters and similar analog to Digital transmitters/receivers
Convertors ¢ 410 channels spaced 25 KHz from 9.25 to 19.5
e SAH 161 is the clock generator and driver circuit MHz
e SAH 171 is the counter and memory circuit e UAA 126 is a programmable divider
e SAH 181 is the scanner and display driver ¢« UAA 136 is a fixed divider, phase discriminator
e The use of these three circuits together with a e Can be used for other frequency ranges by using
minimum of external components results in a suitable pre-scalers or mixers
low cost high performance digital voltmeter
J_ FEREN
= ,;Es«:ﬁ.l.:r:}(k
Integrator Comparator T
—il— B MHz
w2} —w— kP s
""‘;\_@ . __T‘?" =1 L owben DISCRMTATOR WGGET;E?LE i oo
" - e — + i £ 2
I.H_?_.t? a1 0y | P UAA 136 | [ UAA 16—
| | T & T _i_ [ ﬂ o B ! JI ! : 1 ouTPUT
T i e . |
- 1= peAe = cart WA e B = Bl e O
! bt j - ! L — :
l | DRIVER - -—J_ | e e 23 el ] s e |
J.G'L SAH 161 ; _‘ = "l X i
— —‘__L e " INTEGRATOR vee [
h;@_ = = ol BCD - Gesimel = = 1. |
| B SAHITI [TTL Decoote aglay | DI ‘{—"j__ i .
- S ] ? &
Generator SAH lBl | - —

SAJ 220 - FAMILY OF QUARTZ WATCH AND
CLOCK CIRCUITS

UAA 110 - STILL CAMERA CIRCUIT ¢ Low power/low voltage bipolar technology

¢ Monolithic integrated circuit for use in stiil ~ * Family offers circuits for use in watches and
ca