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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

I w

HIGH-SPEED SATURATED TRANSISTOR-TRANSISTOR LOGIC CIRCUITS g S

FOR GENERAL-PURPOSE DIGITAL SYSTEM APPLICATIONS @ n

(ol ]
s
description TYPICAL DUAL FLIP-FLOP CIRCUIT BAR 2
Series 54/74 integrated circuits are designed and §

characterized for high-speed, general-purpose digital
applications where high d-c noise margin and
relatively low power dissipation are important system
considerations. This logic series includes the basic
gates, flip-flop elements, and compiex logic and
storage elements needed to perform all functions of
general-purpose digital systems. Series 54 and 74 are
completely compatible  with = Series 54H/74H,
B54L/74L, and 54S5/74S TTL logic families. Compati-
bility of these four TTL families permits improved
systems design as the logician is permitted the
flexibility of selecting component switching speed
or circuit power dissipation with respect to system
requirements. Series 54H/74H or 545/74S high-speed TTL circuits can be selectively used to perform those functions
‘requiring minimal propagation delay times. Series 54L/74L low-power TTL circuits can be used to reduce total power
requirements. All four TTL families are designed to operate at the same supply voltages and compatible logic levels. In
addition, high d-c noise margins characteristic of TTL circuits are maintained.

Definitive specifications are provided for operating characteristics over the full military temperature range of —55°C to
125°C for Series 54 circuits, and over the temperature range of 0°C to 70°C for Series 74 circuits.

features
LOW SYSTEM COST

® choice of packages — ceramic flat package
— economical dual-in-line plastic package
— ceramic dual-in-line package

® broad selection of SSI and MSI functions — reduces package count
OPTIMUM CIRCUIT PERFORMANCE

® high speed — typical gate propagation delay time of 10 ns

® high d-c noise margin — typically one volt

® low output impedance provides low a-c noise susceptibility

o diode-clamped inputs simplify system design

® low power dissipation — 10 mW per gate at 50% duty cycle

® full fan-out —10 Series 54/74L loads
— 40 Series 54L/74L loads
— 8 Series 54S/74S or 54H/74H loads

® compatible for use with other current-sinking logic families — DTL, other TTL

® all inputs are diode clamped to minimize transmission-line effects

TEXAS INSTRUMENTS 6-1
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

SERIES 54/74

FEATURING 10 ns SPEED AND 10 mW PER GATE PERFORMANCE

SMALL SCALE INTEGRATION (SSl1)

OPERATING TEMPERATURE PACKAGES*
FUNCTION RANGES Dual-tn-
—55°Ct0125°C  0°C to 70°C Line Flat SEC.-PAGE
NAND/NOR/AND/OR GATES AND BUFFERS

Quadruple 2-lnput Positive NAND Gates . . . . . .. .... .. SN5400 SN7400 J N W 65
Quadruple 2-1nput Positive NAND Gates

(with Open-Collector OQutput) . .. .. ... ....... SN5401 SN7401 J N w 6-6
Quadruple 2-Input Positive NOR Gates . . . . .. ... ..... SN5402 SN7402 N W 6-9
Quadruple 2-[nput Positive NAND Gates

{with Open-CollectorOutput) . . ... .......... SN5403 SN7403 J N 6-10
Hex Inverters . . . . . v v v v v v v o v v e m e i e e e e e SN5404 SN7404 J N W 6-11
Hex Inverters (with Open-Collector Qutput) . . . . .. .. ... SN5405 SN7405 J N W 6-12
Hex inverter Buffers/Drivers

{with Open-Collector High-Voltage Output) . . . ... .. SN5406 SN7406 J N W 6-13
Hex Buffers/Drivers

{with Open-Collector High-Voltage Output) . . . ... .. SN5407 SN7407 J N w 6-15
Quadruple 2-1nput Positve AND Gates . . . . .. ... ..... SN5408 SN7408 J N W 6-17
Quadruple 2-Input Positive AND Gates . . . . . . ... .. ... SNG409 SN7409 J N W 6-17
Triple 3-Input Positive NAND Gates . . . . ........... SN5410. SN7410 J N w 6-20
Triple 3-Input Positive NAND Gates

(with Open-Collector Output) . . ... .......... SN5412 SN7412 J N w 6-21
Dual NAND SchmittTriggers . . . . . . ... ... ....... SN5413 SN7413 J N W 6-22
Hex Inverter Buffers/Drivers

(with Open-Collector High-Voitage Output) . . ... ... SN5416 SN7416 J N w 6-13
Hex Buffers/Drivers

{with Open-Collector High-Voitage Output) . . . ... .. SN5417 SN7417 J N w 6-15
Dual 4Input Positive NAND Gates . . . . ... ......... SN5420 SN7420 J N W 6-26
Expandable Dual 4-Input Positive NOR Gates

(with Strobe) . . . .. e e e e e e e e e e e e e SN5423 SN7423 J N w 6-27
Dual 4-Input Positive NOR Gates . . . . . .. ... ....... SN5425 SN7425 J N w 6-27
Quadruple 2-Input High-Voltage Interface NAND Gates . . . . . SN5426 SN7426 J N 6-30
Triple 3-Input Positive NOR Gates . . . . .. .......... SN5427 SN7427 J N w 6-32
8&linput Positive NAND Gates . . . . . ... .......... SN5430 SN7430 J N w 6-34
Quadruple 2-Input Positive OR Gates . . . . . ... ...... SN5432 SN7432 J N W 6-35
Quadruple 2-Input Positive NAND Buffers . . . . ... ... .. SN5437 SN7437 J N W 6-37
Quadruple 2-Input Positive NAND Buffers

{with Open-Collector Output) . . . . . . .. ... .... SN5438 SN7438 J N W 6-37
Dual 4Input Positive NAND Buffers . . . . ... ........ SN5440 SN7440 J N W 6-39

SEE PAGES 9-1, 9-2, AND 9-3 FOR LISTING OF TTL MSI CIRCUITS

*For outline drawings of all packages, see Section 1.

—SEE ORDERING INSTRUCTIONS PAGE 1-1—
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

SERIES 54/74
FEATURING 13 ns SPEED AND 10 mW PER GATE PERFORMANCE
SMALL SCALE INTEGRATION (SSl)

OPERATING TEMPERATURE PACKAGES*
FUNCTION RANGES Duai-In-
~55°Ct0 125°C  0°C to 70°C Line Flat  SEC.-PAGE
AND-OR-INVERT GATES

Expandable Dual 2-Wide 2-1nput
AND-OR-INVERT Gates . . . . .. .. ... ....... SN5450 SN7450 J N W 6-40
Dual 2-Wide 2-Input AND-OR-INVERT Gates . . . . ... ... SN5451 SN7451 J N W 6-40
Expandable 4-Wide 2-nput AND-OR-INVERT Gates . . . .. . SN5453 SN7453 J N W 6-42
4Wide 2-Input AND-OR-INVERT Gates . . . .. .. ...... SN5454 SN7454 J N w 6-42
EXPANDERS
Dual 4-inputExpander . . . . . .. ... .. .. ... ..... SN5460 J N w 6-44
Dual 4lnputExpander . . . . . .. .. ... .......... SN7460 J N W 6-45
FLIP-FLOPS
Positive Edge-Triggered J-K Flip-Flops {AND Inputs) . . . ... SN5470 SN7470 J N W 6-46
J-K Master-Slave Flip-Flops (AND Inputs) . . . . ... ... .. SN5472 SN7472 J N w 6-49
Dual J-K Master-Slave Flip-Flops . . . . . .. ... ....... SN5473 SN7473 J N W 6-52
Dual D-Type Edge-Triggered Fiip-Flops . . . . ... ...... SN5474 SN7474 J N w 6-55
Dual-J-K Master-Slave Flip-Flops
with PresetandClear . . . . . . .. ... ......... SN5476 SN7476 J N w 6-58 m
Gated J-K Master-Slave Flip-FIops . . . . . . « .o . .. SN54104 SN74104 J N w 6-61
Gated J-K Master-Slave Flip-Flops . . . ... ... ....... SN54105 SN74105 J N w 6-61
Dual J-K Master-Slave Flip-Flops .
(Vee-14,Gnd-7) . .. ..o SN54107 SN74107 J N 6-52
Gated J-K Master-Slave Flip-Flops
with DataLlockout . . . . .. ... ... .....0.... SN54110 SN74110 J N w 6-66
Dual J-K Master-Slave Flip-Flops
with DataLockout . . . . . .. ... ... ... ... SN54111 SN74111 J N w 6-69
Monostable Multivibrators . . . . . . .. ..o SN54121 SN74121 J N W 6-72
Retriggerable Monostabie Multivibrators )
withClear . . . . . . . . .. i SN54122 SN74122 J4 N w 6-79
Dual Retriggerable Monostable Multivibrators
withClear . . . . . .. .. .. i SN54123 SN74123 J N w 6-79
SEE PAGES 9-1, 9-2, AND 9-3 FOR LISTING OF TTL MSI CIRCUITS
*For outline drawings of all packages, see Section 1.
—SEE ORDERING INSTRUCTIONS PAGE 1-1—
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply Voltage Ve (SeeNote 1) . . . .« . . . . . . . . . . . . oo TV
Input Voltage, Vin (SeeNote ) . . . . . . . . . . . . . . . .« . ... ... .... bbbV
Interemitter Voitage (SeeNote2) . . . . . . . . . . . . . . . . . . . . . .. ... .. bbbV
Resistor Node Voltage, SN54121, SN74121 (SeeNote 1} . . . . . . . . . . . . .. ... =5B5Vto7V
Operating Free-Air Temperature Range: Series54 Circuits . . . . . . . . . . . .. . .. .—=55Cto125°C

Series74Circuits . . . . . . ... .. .. ..... 0°Ct70°C
Storage Temperature Range . . . . . . . + « « « v v v s e e e e e v e .. .. . .—B5°Cto150°C

NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal,
2. This is the voltage between two emitters of a multiple-emitter transistor.

logic definition
Series 54/74 Io‘gic is defined in terms of standard POSITIVE LOGIC using the following definitions:
' HIGH VOLTAGE = LOGICAL 1
LOW VOLTAGE = LOGICAL O
input clamping diodes

Although not shown on all schematic diagrams, all of these SSI circuits incorporate input diodes. Each clamping diode
is capable of limiting negative excursions at the input to a maximum of 1.5 volts below ground, even if —12 mA of
current is drawn.

unused inputs of NAND/AND gates

For optimum switching times and minimum noise susceptibility, unused inputs should be maintained at a positive
voitage greater than 2.4 V but not exceed the absolute maximum rating of 5.5 V. This eliminates the distributed
capacitance associated with the floating input-transistor emitter, bond wire, and package lead, and ensures that no
degradation will occur in the propagation delay times. Some possible ways of handling input emitters are:
a. Connect unused inputs to an independent supply voltage. Preferably, this voltage should be between 2.4 V
and 3.5 V.
b. Connect unused inputs to a used input if maximum fan-out of the driving output will not be exceeded. Each
input presents a full load in the logical 1 state to the driving output.
c. Connect unused inputs to Vg through a 1-k§2 resistor so that if a transient which exceeds the 5.5-V
maximum rating shou!d occur, the impedance will be high encugh to protect the input. One to 25 unused
inputs may be connected to each 1-k{2 resistor.

input-current requirements

Input-current requirements reflect worst-case conditions over the specified recommended operating free-air temperature
and Vg ranges. Each input, of the multiple emitter input transistors which have a 4-k§2 base resistor, requires that no
more than —1.6 mA flow out of the input at a logical O voltage level; therefore, one load (N = 1) is —1.6 mA maximum.
Each input requires current into the input at a logical 1 voltage level. This current is 40 uA maximum for each emitter
of input transistors with the 4-kQ2 base resistor. Currents into the input terminals are specified as positive values.
Arrows on the d-c test circuits indicate the actual direction of current flow.

fan-out capability

Fan-out reflects the ability of an output to sink current from a number of loads (N) at a logical 0 voltage level and to
supply current at a logical 1 voltage level. Each standard output is capable of sinking current or supplying current to
10 loads (N = 10). The buffer gate is capable of sinking current or supplying current to 30 loads (N = 30). Load
currents (out of the output terminal) are specified as negative values. Arrows on the d-c test circuits indicate the actual
direction of current flow.

Series 54/74 circuits are well suited for driving Series 54H/74H and 545/74S high-speed TTL and Series 54L/74L
low-power TTL circuits. As examples, a Series 54/74 output, rated for a fan-out of ten (N=10), will drive eight
54H/74H loads or forty 54/74L loads.

TEXAS INSTRUMENTS
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CIRCUIT TYPES SN5400, SN7400
QUADRUPLE 2-INPUT POSITIVE NAND GATES

schematic (each gate) W FLAT PACKAGE
. (TOP VIEW)

J OR N DUAL-IN-LINE PACKAGE

(TOP VIEW)

GN 38 3A 3y

00000

®| 1
Le=
=

o

4y 48

i
1
®

1A 18 1A 4 Vee 2y 2A 28

1A 18 1Y 2A 2B 2Y GND

NOTE: Componeni values shown are nominal.

positive logic: Y = AB

recorhmended operating conditions
Supply Voltage Vcg:  SN5400 Circuits
SN7400 Circuits
Normalized Fan-Out From Each Output, N e e e e
Operating Free-Air Temperature Range, TA:  SN5400 Circuits
= SN7400 Circuits

MIN NOM MAX | UNIT
45 b 5.5 v
475 5 526} V
10
-85 25 125 | °C
0o 25 70 °c

electrical characteristics over recommended operating free-air temperature (unless otherwise noted)

~ TEST
PARAMETER TEST CONDITIONST MIN TYPT MAX|UNIT
FIGURE
Logical 1 input voltage required
Vin(1)  atboth input terminals to ensure 1 2 v
togical O level at output
Logical 0 input voltage required
Vin(o)  at either input terminal to ensure 2 08| Vv
logical 1 level at output
X Vee = MIN, Vin=0.8V,
Vout{1) Logical 1 output voitage 2 cc n 24 33 V.
licad = —400 uA
) Vee = MIN, Vin=2V,
Vout(0) Lodical O output voltage 1 cc n 022 041} Vv
Isink = 16 mA
: Logical O level input current {each
in(0) 3 Vee = MAX, Vin=04V —-1.6| mA
input) -
I Logical 1 level input current (each 2 Voo = MAX, Vin=24V 40 | uA
o Voo = MAX,  Vin=55V 1 | mA
\ g SN5400 -20 —55
Short-circuit output currents V.~ =MAX mA
os ort-circul tpu 5 cc SN7400 T T
Iccio) Logical O level supply current 6 Vee = MAX, Vin=5V 12 22 | mA
Icc(1)  Logical 1 level supply current 6 Vee = MAX, Vin = 8 | MA
switching characteristics, Vcc =5V, TA=25°C,N=10
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX; UNIT
FIGURE
tpd0 Propagation delay time to logical O level 65 Cp = 15pF, R =400 Q 7 15 ns
tpd1 Propagation delay time to logical 1 level 65 Cp =15pF, R =400 11 22 ns

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.
¥ Al typical valués are at Vo = 5V, Tp = 25°C.
§ Not more than one output should be shorted at a time.
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CIRCUIT TYPES SN5401, SN7401
QUADRUPLE 2-INPUT POSITIVE NAND GATES
(WITH OPEN-COLLECTOR OUTPUT]

INPUTS

6-6

NOTE: Component values shown are nominal.

schematic (each gate)

W FLAT PACKAGE
(TOP VIEW)

JOR N DUAL-IN-LINE PACKAGE
(TOP VIEW)

(34

cC

4B

4A GND 38 3A 3y

3B 3A

4y 8 4A 3y

o L.@ ETjiFJ

A OUTPUT Y

8
1 kQ f

GND

positive logic: Y = AS

recommended operating conditions

Supply Voltage Vcc:  SN5401 Circuits
SN7401 Circuits
Normalized Fan-Out From Each Output, N

Operating Free-Air Temperature Range, TA:

SN5401 Circuits
SN7401 Circuits

MIN NOM MAX | UNIT
45 5 5.5 %
475 5 5.25 Y,
10
-65 25 125 °c
0 25 70 °c

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

TEST
PARAMETER TE NDITIONST MIN TYP: MAX | UNIT
FIGURE ST COND ¥

Logical 1 input voltage required
Vin(1) at both input terminals to ensure 1 2 v

logical O (on) level at output

Logical 0 input voltage required
Vin{0) at either input terminal to ensure 7 0.8 v

logical 1 [off) level at output

Vce = MIN, Vin=08V

lout(1 Output reverse current 7 LU 250 HA
outl1) Vout{1) =55V

Logical 0 output voltage Voo = MIN, Vin=2V,
V, 1 0.4 v

outt0) (o evel) Isink = 16 mA
ical O level input current (each

ln) 2 input current { 3 | Veo=MAX, Vin=0.4V 16| mA

input)
" Logical 1 level input current (each a Vgoe = MAX, Vin=24V 40 uA
i ot Voo = MAX, Vin=55V T T maA
lcclo)  Logical O level supply current 6 Vee = MAX, Vip=5V 12 22 mA
Icc(1) Logical 1 level supply current 6 vee = MAX, Vin=0 4 8 mA

switching characteristics, Vcc =5V, TA = 25°C
PARAMETER TEST TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE

Propagation delay time to logical 0
tpd0 ay time to logica 65 | CL=15pF, RL = 400 2 8 15 | ns

level

Propagation delay time to logical 1
tpd1 — Y tog 65 | cL=15pF, RL = 4kQ 3B 45 | ns

1For conditions shown as MIN or MAX, use the appropriate value specified under
recommended operating conditions for the applicable device type.

Al typical values are at V. .= 5 V, T, = 25°C.

cc A




SERIES 54, 74
OPEN-COLLECTOR APPLICATION DATA

APPLICATION DATA

combined fan-out and wire-AND capabilities

The open-collector TTL gate, when supplied with a proper load resistor (R|), can be paralleled with other similar TTL
gates to perform the wire-AND function, and simultaneousty, will drive from one to nine Series 54 TTL loads. When no
other open-collector gates are paralleled, this gate can be used to drive ten TTL loads. For any of these conditions an
appropriate load resistor value must be determined for the desired circuit configuration. A maximum resistor value
must be determined which will ensure that sufficient load current {to TTL loads) and off current {through paralleled
outputs) will be available during a logical 1 level at output. A minimum resistor value must be determined which will
ensure that current through this resistor and sink current from the TTL loads will not cause the output voltage to rise
above the logical O level even if one of the paralleled outputs is sinking all the current.

In both conditions (logical 0 and logical 1) the value of R|_is determined by:
\")
R = VAL
IRL
where: VR is the voltage drop in volts, and IR|_is the current in amperes.
logical 1 (off level) circuit calculations (see figure F)

The allowable voltage drop across the load resistor (VRL) is the difference between VC( applied and the Vout(1) level
required at the load:

VRL = Vcec—Vout(1) required

The total current through the load resistor (IR is the sum of the load currents {ljn(1)) and off-level reverse currents
(lout(1) through each of the wire-AND connected outputs:

IRL = 7lout(1) + N+ljn(1) to TTL loads
Therefore, calculations for the maximum value of R|_ would be:
Vce—Vout(1) required
n*lout(1) + N*lin(1)
where: 1 = number of gates wire-AND connected, and N = number of TTL loads.

RL(max) =

TTL LOADS

Vinto)

Vin(O) Calcolation:
R () = VCC Voutl1) required
e n*lout(1) + N*lin(1)
Vinlo)
5-24 26
Ri{max) = - - 2210

0.001 +0.00012  0.00112
Vinto)

FIGURE F — LOGICAL 1 CIRCUIT CONDITIONS
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SERIES 54, 74
OPEN-COLLECTOR APPLICATION DATA

APPLICATION DATA
logical 0 (on level) circuit calculations {see figure G)

The current through the resistor must be limited to the maximum sink-current capability of one output transistor. Note
that if several output transistors are wire-AND connected, the current through R| may be shared by those paralleled
transistors. However, unless it can be absolutely guaranteed that more than one transistor will be on during logical 0
periods, the current must be limited to 16 mA, the maximum current which will ensure a logical 0 maximum of 0.4
volts.

Also, fan-out must be considered. Part of the 16 mA will be supplied from the inputs which are being driven. This
reduces the amount of current allowed through Ri .

Therefore, the equation used to determine the minimum value of R|_ is:

VcC—Vout(0) required

RL(min) =
{min) lsink capability—igink from TTL loads
Vee
R
< TTL LOADS
O PR
Vi T P15 D .
- -t Calculation: ired
' "in(O) P VCC - VN*M require
sink l: Lmin) ™) - capability — I_; ; from TTL loads
N i ! - 5—04 4.6
V. 1. = = =m0
in{0) in{0} Fumid = ToE—GoR ooz
Vin(0) linlO)
OFF 1) -
)
Vin(o) Nl =3"16mA
Y T i i igi ical 0.
MAXIMUM |Sink CAPABILITY Current into OFF outputs is negligible at logical 0.
OF ONE ON OUTPUT = 16 mA FIGURE G—LOGICAL 0 CIRCUIT CONDITIONS
driving TTL loads and combining outputs FAN-OUT WIRE-AND OUTPUTS
TOTTL
LOADS 107
Table | provides minimum and maximum resistor ; 319
values, calculated from equations shown above, for 2 1 359
driving one to ten TTL loads and wire-AND con- 3 210
necting two to seven parallel outputs. Each value a 479
shown for one wire-AND output is determined by the 5 575
fan-out plus the cutoff current of a single output 6 718
transistor. Extension beyond seven wire-AND con- 7 958
nections is permitted with fan-outs of seven or fewer 8 1437
if a valid minimum and maximum R is possible. 9 ] 2375§
When fanning-out to ten TTL loads, the calculation 10 . 'MWIND'
-for_ _the minimum value of R indicates that an TABLE 1—LOAD RESISTOR VALUE IN OHMS |
infinite resistance should be used (VR +0=o0);
however, the use of a 4 kS resistor in this case will if" }’a':‘:s shol:'_l"_ in th\el table ;r\e/ b\a,sed on: }
. . apr .. . O i H = . i = 2.
satisfy the logical 1 condition and limit the logical O gical | concirons: Vee out(1) required = 2.4 v

Logical O conditions: Vgc = 5 V, Voyt(0) required = 0.4 V
§ _ The theoretical value is co. See explanation in text.
X — Not recommended or not possible.

level to less than 0.43 V.



CIRCUIT TYPES SN5402, SN7402
QUADRUPLE 2-INPUT POSITIVE NOR GATES

schematic (each gate) W FLAT PACKAGE J OR N-DUAL-IN-LINE PACKAGE
(TOP VIEW) (TOP VIEW)

4A GND 38 3A 3Y

4y 4B v
. 0000800 &
ska s 3eka $1300 4-,:@ ) d .I
A }f j
[ N e ———— QUTPUT

c 4Y 4B 4A 3y 3B 3A

) j|

Y | 1 — & T

L ONONONONONORO

g1 ke 1A 1B 1Y Ve 2Y 2A 2B 1y 1A 1B 2Y 2A 2B GND
GND

NOTE: Component values shown are nominal. | positive logic: Y =A+B

recommended operating conditions

MIN NOM MAX|UNIT
Supply Voltage Vgg: SN5402Circuits . . . . . . . . . . . - . . . . . .. . {45 & 85| V
SN7402Circuits . . . . . « « +« « « 4« + 4 e . . . . . J4715 B 525 V
Normalized Fan-Out From Each Output, N . . . . . . . . . . . « « « o « « o .« 10
Operating Free-Air Temperature Range, TA:  SN5402 Circuits . . . . . . . . . . |-55 2% 15| °C
) SN7402 Circuits . . . . . . . . .. 40 25 70 | °C
electrical characteristics (over recommended operating free-air temperature range unless otherwise noted)
TEST
PARAMETER TEST CONDITIONS? MIN TYP: MAX]{UNIT u
FIGURE
Logical 1 input voitage required
Vin(1)  ateither input terminal to ensure 8 2 v
logical O level at output
Logical 0 input voltage required
Vin{0)  at both input terminals to ensure 9 0.8 v
logical 1 level at output
R Voo = MIN, Vin=08V,
Vout(1) Logical 1 output voltage 9 24 33 v
lload = —400 1A
Vee = MIN, Vin=2V,
Vout(0) Logical 0 output voltage 10 cc n 0.22 0.4 v
lsink = 16 mA
Logical O level input current (each
lin0) o Pt ourren 11 |Vec=MAX,  Vip=04v —16| mA
input)
N Logical 1 level input current (each 12 Ve = MAX, Vin=24V 40 | A
i o) Voo =MAX,  Vin=55V 1 | mA
. _ ' SN5402 | —20 —55
'05 Short-circuit output current§ 13 Vcc = MAX mA
SN7402 | —-18 —55
Icc(o)  Logical O level supply current 14 Vee = MAX, Vip = 5V 14 27 | mA
loctyy  Logical 1 level supply current 14 Voo = MAX, Vip=0 8 16 | mA
switching characteristics, Vog =5V, Tp = 26°C, N =10
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
FIGURE
tpd0 Propagation delay time to logical 0 level 65 CL=15pF, R =400 8 15 ns
tpd1 Propagation delay time to logical 1 level 65 CpL=15pF, R =400 Q 12 22 ns
1 For conditions shown as MIN or MAX, use the appropriate value specified under recomr ded operating diti for the ficabl

device type.
£ All typical valuesareat V. =5V, T, = 25°C.
§ Not more than one output shoutd be shorted at a time.



CIRCUIT TYPES SN5403, SN7403
QUADRUPLE 2-INPUT POSITIVE NAND GATES
(WITH OPEN-COLLECTOR OUTPUT)

schematic (each gate)

NPUTS

OuTPUT Y

GND

NOTE: Component values shown are nominal.

JOR N DUAL-IN-LINE PACKAGE
{TOP VIEW)

VCC 48 4A 4y 38 3A 3y

IHIHJHAHS 6 (17
A 18 1Y 2A 2

] 2Y GND

positive logic: Y = AB

ating conditions
recommended oper 9 MIN NOM MAX | UNIT
Supply Voltage Vgg:  SN5403 Circuits 45 5 5.5 v
SN7403 Circuits e e e e e e 4.75 5 5.25 v
Normalized Fan-Out From Each Output, N (and see pages 2-7 and 2-8) . 10
Operating Free-Air Temperature Range, Ta:  SN5403 Circuits -55 25 125 °c
SN7403 Circuits 0 25 70 DN
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TEST MIN TYP MAX | UNIT
FIGURE TEST CONDITIONSt i
Logical 1 input voltage required
Vin(1 at both input terminals to ensure 1 2 v
logical O {on)} level at output)
Logical 0 input voltage required
Vin(0)  at either input terminal to ensure 7 0.8 v
logical 1 (off) level at output
Ve = MIN, =
lout(1)  Outputreverse current . 7 cc N Vin=08V, 250 uA
Vout(1) =55V
Vee = MIN in=
Vout(0) Logical 0 output voltage (on level) 1 cc : Vin=2V, 0.4 v
Isink = 16 mA
Logical O level input current (each
T fnpu 3 Voe = MAX, Vin=04V 16 | ma
input)
N Logical 1 level input current {each a Voo = MAX, Vin=24V 40 A
M nput Voe = MAX, Vin= 5.5V 1 | mA
lcc(o) Logical O level supply current 6 Vee = MAX, Vin=5V 12 22 mA
Iceln Logical 1 level supply current 6 Vce = MAX, Vin=0 4 8 mA
switching characteristics, Vec =5V, TA = 25°C
PARAMETER Test ‘ P
FIGURE TEST CONDITIONS MIN  TY MAX | UNIT
P ation delay time to logical O
tpd0 |;°:ag fondelay @ logica 65 CpL=15pF, R = 400 8 15 ns
P - - "
tod1 'er:)::qatnon delay time to logical 1 65 CL = 15pF, RL = 4kQ 5 45 ns

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.

Al typical values are at Voo = 5 V, T = 25°C.
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CIRCUIT TYPES SN5404, SN7404

HEX INVERTERS

schematic (each inverter)

W FLAT PACKAGE JOR N DUAL-IN-LINE PACKAGE
{TOP VIEW) (TOP VIEW)
1y 6Y GND 5Y 5A ay

SA 5y 4A avy

Ve

Cc ©®A 8Y

0008

L i
LJ L] L) | J
OJORONONOXOXO,
NOTE: Component values shown are nominal. | 1A 2¥Y 2A Voo 3A 3y 4A 1A 1y 2A 2Y 3A 3Y GND

positive logic: Y = A

recommended operating conditions

Supply Voltage Vcc:  SN5404 Circuits . . . . . . . . . . . . .

SN7404 Circuits . . . . . . . . . . . . .
Normalized Fan-Out From Each Output, N .
Operating Free-Air Temperature Range, TA:

SN5404 Circuits . . . . . .
SN7404 Circuits . . . . .
electrical characteristics over recommended operating free-air temperature range

MIN NOM MAX | UNIT
4.5 5 5.5 \Y
4.75 5 5.25 \"
10
—55 25 125 °c
0 25 70 °c

(unless otherwise noted)

TEST
PARAMETER TEST CONDITIONS? MIN TYPf MAX | UNIT
FIGURE
Logical 1 input voltage required
Vin(1) at input terminal to ensure 15 2 v
logical O level at output
Logical O input voltage required
Vin(0) at any input terminal to ensure 16 0.8 \"
logical 1 level at output
. Vee = MIN, Vin=0.8V
Vout{1) Logical 1 output voltage 16 ce in= 08V, 24 33 v
ljoad = —400 LA E
Vee = =
Vout{0) Logical O output voltage 15 cc=MIN, Vin=2V, 022 04 v
lsink = 16 mA
1in(0) Logical O level input current 18 Vee = MAX, Vin=0.4V —-1.6 mA
Vee = MAX, Vin=24V
lin(1) Logical 1 level input current 18 cc in 40 uA
Vce = MAX, Vin=55V 1 mA
-20 -55
' o 18 Vo = MAX SN5404 5 A
0s Short-circuit output current§ cC SN7404 18 55 m.
Iccio) Logical O level supply current 20 Vee = MAX, Vin=5V 18 33 mA
Ice(t) Logical 1 level supply current 20 Vee = MAX, Vin=0 6 12 mA
switching charactéristics, VCC =5V, TA=25°C, N =10
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
Propagation delay time to logical 0
tpd0 pagat! v fogh 65 | CL=15pF, R =400% g 15 | ns
level
Propagation delay time t ical 1
toat Iml:ag ion delay time to logical 65 CL=15pF, R =400 Q 12 22 ns

t For conditions shown as MIN or MAX, use the appropriate vatue specified under recommended operating conditions for the applicable

device type.

1 All typical values are at Vo = 5 V, T = 25°C.
§ Not more than one output should be shorted at a time.
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* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

CIRCUIT TYPES SN5405, SN7405
HEX INVERTERS (WITH OPEN-COLLECTOR OUTPUT)

schematic (each inverter) W FLAT PACKAGE

JOR N DUAL-IN-LINE PACKAGE

(TOP VIEW) (TOP VIEW)
1Y 6A 6Y GND 5Y 5A 4y Vee A 6Y 5A 5Y 4A 4Y
DNONOXOROXO;
o Vee 1 1 I
1L6ka -[><j LQ—
OUTPUT Y
INPUT _[>°-‘1
A
1kQ T ¥ T
o¥oXoxo
1A 2Y  2A V. 3A 3V 4A 1A 1Y 2A 2Y 3A 3Y GND
NOTE: Component values shown are nominal. . —
positive logic Y =A
recommended operating conditions
MIN  NOM MAX | UNIT
Supply Voitage Vgc:  SN5405 Circuits .. 4.5 5 5.5 Vv
SN7405 Circuits . . P R 4.75 5 5.25 v
Normalized Fan-Out From Each Output, N (and see pages 2-7 and 2-8) . 10
Operating Free-Air Temperature Range, Ta:  SN5405 Circuits 855 25 125 5
: SN7405 Circuits Iy 25 70 %

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

TEST .
PARAMETER TEST CONDITIONS T MIN TYP$ MAX [ UNIT
FIGURE
Logical 1 input voltage required
Vin(1) at input terminal to ensure 15 2 A\
logical O {on) level at output
Logical 0 input voltage required
Vin(0) at input terminal to ensure 17 0.8 v
logical 1 (off) level at output .
Vee = MIN, Vin=0.8V,
] Output reverse current 250 KA
out(1) 7 Vout(1)= 55V
. Vee = MIN, Vin=2V,
V, Logical 0 output vol (on level 0.4 v
outt0) Log utput voltage "1 | e =1ema
linlo) Logical 0 level input current 18 Vee = MAX, Vin=04V -1.6 | mA
\ Locical 1 level . Vee = MAX, Vin=24V 40 | uA
i ical 1 fevel input curren
in1) Log put cu 8 Vec= Max, Vin= 55V 1 | mA
I Logical O level supply current 20 | VecTMAX, Vin=8 V. 33 A
u| m
ccilo) 9 pply Tp = 25°C 18
Vee = MAX, Vin=0,
i fevel I rent A
Iccin Logical 1 level supply curren 20 Tp = 25°C 6 12 m,
switching characteristics, Vec =5V, TA = 25°C
TEST
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
FIGURE
Pro tion delay time to logical O
tpdo lm::aga:o v log 65 CL=15pF, Ry =400 Q 8 15 ns
Propagation delay time to logicai 1
tpd1 Imlq v o8 65 CL=15pF, RL = 4k 40 55 ns

device type.

tThese typical values are at Voo =5V, Ta = 25°C,
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CIRCUIT TYPES SN5406, SN5416, SN7406, SN7416
HEX INVERTER BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

FOR INTERFACING WITH HIGH-LEVEL CIRCUITS
OR FOR DRIVING HIGH-CURRENT LOADS

w JORN
. . FLAT PACKAGE DUAL-IN-LINE PACKAGE
schematic {each inverter) (YOP VIEW) (TOP VIEW]
‘ * ﬂvcc vee BA 8y SA 134 aa ay VCC BA &y ay
(d 0
ou'LUT ?@@@@ u,_L ;TT»
I o
INPUT il
: Do Dy L] |
e L0 P
L 1] ¥
oNONONORONORO] I ERINENINED
1A 1y 2a 2y 3A 3y GND 3A3Y an
positive logic: Y=A
& _ _ @ O GND
NOTE: Component values shown are nominal.
e Converts TTL voltage levels to MOS levels . Open-éoll’ectoi- driver for indicator

L. - lamps and relays
® High sink-current capability ‘ .
e Inputs fully compatible with most TTL and

e Input clamping diodes simplify system design DTL ciréuits
e Typical propagation delay time: 15 ns e Typical power dissipation: 105 mW m
description

These monolithic TTL hex inverter buffers/drivers feature high-voltage open-collector outputs for interfacing with
high-level circuits (such as MOS), or for driving high-current loads (such as lamps or reiays), and are also characterized
for use as inverter buffers for driving TTL inputs. For ificreased fan-out, several inverters in a single package may be
paralleled. The SN5406 and SN7406 have minimum breakdown voltages of 30 volts and the SN5416 and SN7416 have
minimum breakdown voltages of 15 volts. The maximum sink current is 30 milliamperes for the SN5406 and SN5416,
and 40 milliamperes for the SN7406 and SN7416.

These circuits are completely compatible with most TTL or DTL families. Inputs are diode-clamped to minimize
transmission-line effects which simplifies design. Typical power dissipation is 150 milliwatts and average propagation
delay time is 15 nanoseconds. The SN5406 and SN5416 are characterized for operation over the fuil mnhtary
temperature range of —55°C to 125°C; the SN7406 and SN7416 are characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage V¢ (see Note 1) R A
Input voltage (see Note 1) . . . . . . . . . . .o .. e e e e e e e 55V
Output voltage (see Notes 1 and 2): SN5406, SN7406 Circuits . . . . . . . . . . . . . . . . . . 30V
SN5416, SN7416 Circuits . . . . . . . . . . . . . . . ... 18V

Operating free-air temperature range: SN5406, SN5416 Circuits . . . . . . . . L —-55 Cto 125°C
SN7406, SN7416 Circuits . . . . . . . . . . . . .« . . 0°C to 70°C

Storage teMPerature range . . . . . . . . . . . e e e e e e e e —65°C to 150°C

NOTES: 1. Voltage values are with respect to network ground terminal.
2. This is the maximum voltage which should be applied to any output when it is in the off state.
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CIRCUIT TYPES SN5406, SN5416, SN7406, SN7416
HEX INVERTER BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

recommended operating conditions

SN5406, SN5416 SN7406, SN7416 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage Voo 4.5 5 55 | 475 5 525 \'2
Output voltage, Vou SN5406, SN7408 b 0 Y
SN5416, SN7416 15 15
Low-level output current, lg 30 40 | mA
Operating free-air temperature range, Ta —55 25 125 (V] 25 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

TEST
PARAMETER TEST CONDITIONS? MIN TYPI MAX | UNIT
FIGURE
ViH  High-level input voltage 74 2 A
ViL Low-level input voltage 75 0.8 A
| High-level output current 75 |/CCTMIN. V=08V, 250 | A
igh- ol rrel
OH el output curren VoH = MAX M
Vo =MIN, V=2V,
cC i 0.7
V, Low-level output voltage 74 loL = MAX v
oL Voo =MIN, V=2V, o
loL =16 mA )
| High-level input current 76 Ve =MAX, V=24V 40 | pA
M (each input) Voo = MAX, V| =55V 1 [ mA
Low-level input current
m evel input curren 77 |Voe=MAX, V=04V 16 | mA
(each input)
IccH Supply current, high-level output 78 Ve =MAX, V=0 30 42 mA
IccL  Supply current, low-level output 78 Vee =MAX, V=5V 27 38 mA
switching characteristics, Voc =5V, TA = 26°C
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
Propagation delay time,
1 79 C, =15pF, RL=110Q 10 15
PLH low-to-high-level output L P L ns
Propagation delay time,
1 79 C, =16pF, R_=110Q 15 23
PHL high-to-low-level output L P L ns

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.

T AN typical values are at Ve = 5 V, Tp = 25°C.
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CIRCUIT TYPES SN5407, SN5417, SN7407, SN7417
HEX BUFFERS/DRIVERS WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

FOR INTERFACING WITH HIGH-LEVEL CIRCUITS
OR FOR DRIVING HIGH-CURRENT LOADS

w JORN
schematic (each buffer/driver) FLAT PACKAGE DUAL-IN-LINE PACKAGE
(TOP VIEW) (TOP VIEW)
o Vee Vec BA  6Y  S5A  5Y  4A

@@@@@C})

ettt
ONONONORONONO; !

b7y ™ oA > vy ¥ ono AT 1Y 2A 2Y¥ 3A 3 GND

positive logic: Y = A

b 4 & & O GND
NOTE: Component values shown are nominal.

e Converts TTL voltage levels to MOS levels e Open-collector driver for indicator

I |
e High sink-current capability amps and relays

o Inputs fully compatible with most TTL and
DTL circuits

e Typical propagation delay time: 14 ns e Typical power dissipation: 145 mW m

description

e Input clamping diodes simplify system design

These monolithic TTL hex buffers/drivers feature high-voltage open-collector outputs for interfacing with high-level
circuits {such as MOS), or for driving high-current loads (such as lamps or relays), and are also characterized for use as
buffers for driving TTL inputs. For increased fan-out, several buffers in a single package may be paratleled. The SN5407
and SN7407 have minimum breakdown voltages of 30 volts and the SN5417 and SN7417 have minimum breakdown
voltages of 15 volts. The maximum sink current is 30 milliamperes for the SN5407 and SN5417, and 40 mitliamperes
for the SN7407 and SN7417.

These circuits are completely compatible with most TTL and DTL families. Inputs are diode-clamped to minimize
transmission-line effects which simplifies design. Typical power dissipation is 145 milliwatts and average propagation
delay time is 14 nanoseconds. The SN5407 and SN5417 are characterized for operation over the full military
temperature range of —55°C to 125°C; the SN7407 and SN7417 are characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vi (see Note 1) e e e e s s e s e e e 7V
Inputvoltage seeNote 1) . . . . . . . . . . « v « = « & « « « « e v i i ... BBV
Output voltage (see Notes 1 and 2): SN5407, SN7407 Circuits . . . . . . . . . . . . . . . . . .. 30V

SN5417,SN7417 Circuits . . . . . . . . . . « « « . « . . . . 18V
Operating free-air temperature range: SN5407, SN5417 Circuits . . . . . . . . . . . . . —55°Ct0125°C

SN7407,SN7417 Gircuits . . . . . . . . . .. ... . 0°Ct70°C
Storage temperature range . . . . . . . . . . . s e e e e e .. ..... =—85Cto150°C

NOTES: 1. Voltage values are with respect to network ground terminal.
2. This is the maximum voltage which should be applied to any output when it is in the off state.
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CIRCUIT TYPES SN5407, SN5417, SN7407, SN7417
HEX BUFFERS/DRIVERS WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

recommended operating conditions

SN5407, SN5417 SN7407, SN7417 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voitage Voo 4.5 5 55 | 4.75 5 525 | V
Output voltage, Vo SN5407, SN7407 30 30 v
SN5417, SN7417 15 15
Low-level output current, 1g_ 30 40 | mA
Operating free-air temperature range, Ta —55 25 125 0 25 70| °C

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

TEST
PARAMETER TEST CONDITIONST MIN  TYPf MAX | UNIT
. FIGURE
ViH High-level input voitage 80 2 \
ViL Low-level input voltage 81 0.8 \
Vec=MIN, V|=2V,
loH  High-level output current 80 Vgi — MAX ! 250 | pA

Vec=MIN, V=08V, 07
IoL = MAX )
Low-level output voltage 81 \Y

V
oL VeC=MIN, V=08V, e
loL = 16 mA ’
| High-level input current a2 Voo =MAX, V| =24V 40 uA
H o (each input) Voo =MAX, V=55V T mA
Low-level input t
he vievel input curren 83 | Voo =MAX, V=04V 16 | mA
(each input)
IccH Supply current, high-fevel output 84 Vee =MAX, V| =5V 29 41 mA
lccL  Supply current, low-level output 84 Voo =MAX, V| =0 21 30 mA
switching characteristics, Vcc =5V, Ta = 25°C
TEST
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX | UNIT

Propagation delay time, )
1 85 C =15pF, R_=110Q 6 10
PLH ow-to-high-level output LT e L ns

Propagation delay time,
1] 85 C, =16pF, RL=110Q 20 30 ns
PHL high-to-low-level output L P L

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device
type.
EAll typical values are at Ve = 5 V, Ta = 25°C.
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CIRCUIT TYPES SN5408, SN5409, SN7408, SN7409
QUADRUPLE 2-INPUT POSITIVE AND GATES

JORN w
DUAL-IN-LINE PACKAGE FLAT PACKAGE
(TOP VIEW) (TOP VIEW)

Choice of Totem-Pole Outputs (SN5408/SN7408)
or Open-Collector Outputs (SN5409/SN7409)

1A 1B 1Y 2A 2B 2Y GND L7 ST ~ A 2 2

positive logic: Y = AB

schematics (each gate)

SN5408, SN7408 SN5409, SN7409
V§c
4kQ :; E; 2k

A o—-—c»J \{

BO
S

r S
>

00
<

ps

Component values shown are nominal.

description

These Series 54/74 TTL gates provide the system designer with direct implementation of the positive AND or negative
OR functions.

The SN5408/SN7408, with totem-pole outputs, drives 10 normalized Series 54/74 loads at the low output level and 20
loads at the high output level. The SN5409/SN7409, with open-collector output, provides additional logic flexibility, as
the outputs may be wire-AND connected to extend the AND function. The SN5409/SN7409 will sink sufficient
current to drive 10 normalized Series 54/74 loads at the low output level.

The SN5408 and SN5409 are characterized for operation over the full military temperature range of —55°C to 125°C;
the SN7408 and SN7409 are characterized for operation from 0°C to 70°C.
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CIRCUIT TYPES SN5408, SN5409, SN7408, SN7409
QUADRUPLE 2-INPUT POSITIVE AND GATES

SN5408, SN7408
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vgc (seeNote 1) . . . . . . . . . . . . . .. ... ... ... TV
Inputvoltage {seeNote1) . . . . . . . . . . . . . . . . . ..+ ... .. BBV
Interemitter voltage {see Note 2) e - % Y
Operating free-air temperature range, TA: SN5408 Circuits . . . . . . . . . . . . . .. —55°Cto125°C

SN7408Circuits . . . . . . . .. ... ..... 0Cto70°C
Storage temperaturerange . . . . . . . . .« 4 . 4 4 e e e e e e e e e ... .. —B5Cto150°C

NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal.
2. This is the voltage between two emitters of a multiple-emitter transistor.

recommended operating conditions

SN5408 SN7408 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage Vcc 4.5 5 55 | 4.75 5 5.25 \
Normalized fan-out from each output, N 10 10
Operating free-air temperature range, Ta —55 25 125 o] 25 70 °c
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
TEST SN5408, SN7408
PARAMETER TEST CONDITIONS o UNIT
FIGURE MIN  TYPE MAX
n V4  High-level input voltage 86 2 \%
ViL Low-level input voltage 88 0.8 \'
] Vee = MIN, ViH=2V,
V High-level output volt: 2.4 A\
OH ig P age IoH = ~800 uA
Vce = MIN, ViL=08V,
VoL Low-level output voitage 88 cc i 04} V
loL = 16 mA
| High-ievel input current oo Vee = MAX, V=24V 40 | pA
M (each input) ° Veo-MAX, V=55V 1] mA
i Low-level input cusrent % Ve = MAX Vi=04V 16 A
'L (each input) cc ! = T m
SN5408 —20 —55
1 Short-circuit output current$ 91 Vee = MAX A
0s uteut cu ce SN7408 18 o5 | ™
IcCH Supply current, high-level output 92 Vee = MAX, Vi=5V 11 21 | mA
IccL  Supply current, low-level output 92 Vee = MAX, Vi=0 20 33 | mA
switching characteristics, Voc =5V, Tao =25°C,N =10
TEST SN5408, SN7408
PARAMETER TEST CONDITIONS
FIGURE MIN TYP MAX UNIT
Propagation delay time,
t 17.5 27
PLH  |ow-to-high-tevel output 03 CL = 15 pF, ns
Propagation delay time, R =400 2
tPHL . 12 19 ns
high-to-low-level output

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device
type.
LAl typical values at Voo = 5V, Ta = 25°C.

§Not more than one output should be shorted at a time.
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CIRCUIT TYPES SN5408, SN5409, SN7408, SN7409

QUADRUPLE 2-INPUT POSITIVE AND GATES

SN5409, SN7409

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

NOTES: 1.

Supply voltage V(G (see Note 1)
Input voltage {see Note 1)
Interemitter voltage (see Note 2)
Qutput voltage (see Notes 1 and 3)

Operating free-air temperature range: SN5409 C

ircuits

SN7409 Circuits

Storage temperature range . . . .

Voltage values, except interemitter voltage, are with respect to network ground terminal.

2. This is the voltage between two emitters of a multiple-emitter transistor.
3. This is the maximum voltage which should be apptlied to any output when it is in the off state.

recommended operating conditions

e 7V
.. ...... 55V
55V

.. ... 55V
—55°C to 125°C

. 0°C to 70°C
—65°C to 150°C

SN5409 SN7409 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage Vcg 45 5 55 | 4.75 5 6.25 \%

Normalized fan-out from each output, N

10

10

Operating free-air temperature range, T

—55 25 125

0 25 70 | °C

electrical characteristics over recommended operating free-air temperature range (uniess otherwise noted}

TEST SN5409, SN7409
M TEST CONDITIONST UNIT
PARAMETER FIGURE EST COl o MIN TYPI MAX
Vi4  High-level input voltage 87 2 \
ViL  Low-level input voltage 88 0.3 \4
Vee =MIN ViH=2V,
loH High-level output current 87 cc : IH 250 | pA
VOH =55V
Vee =MIN V). =08V
VoL Low-level cutput voltage 88 cc ! I ‘ 04| V
loL = 16 mA
| High-level input current 89 Vee = MAX, V=24V 40 | upA
H (each input) Voo -MAX, V=55V 1] mA
| Low-level input current 90 Vi = MAX V=04V 16| ma
'Y {each input) cc ! 1= i
IccH Supply current, high-level output 92 Voo = MAX, V=56V 11 21| mA
lccL  Supply current, low-level output 92 Vee = MAX, V=0 20 33| mA
switching characteristics, Vcc =5V, TA=25°C,N=10
TEST SN5409, SN7409
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN TYP MAX
Pro tion delay time,
PLH paga .|on ay time, 21 32 ns
fow-to-high-level output 03 CpL = 15pF,
Propagation delay time, RL =400
PHL . 16 24 ns
high-to-low-level output

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.

fan typlical values are at V =5V, Ta =25°C.
cc A
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CIRCUIT TYPES SN5410, SN7410
TRIPLE 3-INPUT POSITIVE NAND GATES

: W FLAT PACKAGE JOR N DUAL-IN-LINE PACKAGE
schematic (each gate) " (TOP VIEW) {TOP VIEW)
IC ¥ X GhNo B 34 X Vee 1€ 1Y 3¢ 3 33y
Ve @ @ @ @ @ wiinniinggwij9ls
' | - J I
]
° o OUTPUT ¥ " a
INPUTS or i i i 1
OJORONORONORO) e i DRIEE
b33

18 2A 28 2C 2Y GND

ositive logic: Y =
NOTE: Component values shown are nominal. P o9 Y = ABC

recommended operating conditions

Supply Voltage Vog:  SN5410 Circuits
SN7410 Circuits
Normalized Fan-Out From Each Output, N e e
Qperating Free-Air Temperature Range, TA:  SN5410 Circuits
SN7410 Circuits

MIN NOM MAX | UNIT
45 5 5.5 Vv
.[475 5 525 V
. 10
.{-66 25 125 | °C
0 25 70 °c

electrical characteristics (over recommended operating free-air temperature range unless otherwise noted)

TEST
PARAMETER TEST CONDITIONST MIN TYPI MAX|UNIT
FIGURE
Logical 1 input voitage required
Vin(1)  atall input terminals to ensure 1 2 \%
logical O level at output
Logical 0 input voltage required
Vin(0)  at any input terminal to ensure 2 0.8 v
logical 1 level at output
Ve = MIN, Vin=08V,
V, i ] 24 33 A
out(1) Logical 1 output voltage 2 Hoad = WA
) Vee = MIN, Vin=2V,
V, ical O output vol 1 022 04 v
out{0) Log tput voltage sink = 16 mA
Logical O level input current (each
lno) 2 P ( 3 |Vec=MAX,  Vip=04V —16] mA
input)
h Logical 1 tevel input current (each 4 Vee = MAX, Vin=24V 40 | uA
0 apu Voo = MAX,  Vin=55V 1 | mA
SN5410 -20 —55
! ircui - Van=5.5V
0s Short circuit output current§ 5 cc SN7410 T T mA
icc{o)  Logical O level supply current 6 Vee = MAX, Vin=56V 16,5 | mA
lcc(1)  Logical 1 level supply current 6 Ve = MAX, Vin=0 3 6 | mA
switching characteristics, Ve =5V, TA=25°C,N=10
PARAMETER TEST TEST CONDITIONS MIN TYP MAX|UNIT
FIGURE
tpd0 Propagation delay time to logical O level 65 CL=15pF, Ry =400 Q 7 15 ns
tpd1 Propagation delay time to logical 1 level 65 CL=16pF, R =400 11 22 ns

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.
§ Al typical values are at Voc = 5 V, T = 25°C.
§ Not more than one output should be shorted at a time.
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CIRCUIT TYPES SN5412, SN7412

TRIPLE 3-INPUT POSITIVE NAND GATES
(WITH OPEN-COLLECTOR OUTPUT)

schematic {(each gate)

OouTPUT Y

A
INPUTS

C
GND

NOTE: Component values shown are nominal.

recommended operating conditions

Supply Voltage Vcc:  SN5412 Circuits
SN7412 Circuits
Normalized Fan-Out From Each Qutput, N

Operating Free-Air Temperature Range, TA:

SN5412 Circuits

SN7412 Circuits
electrical characteristics (over recommended operating free-air temperature range unless otherwise noted)

J OR N DUAL-IN-LINE OR
W FLAT PACKAGES (TOP VIEW)

VCC i

1Yy’ 3 3B 3A 3y

/
9

positive logic: Y = ABC
MIN NOM MAX | UNIT
.1 45 6 5.5 \%
.|475 5 525| Vv
. 10
.|-86 25 125 | °C
0 25 70 °c

TEST
PARAMETER TEST CONDITIONS? MIN TYP}; MAX | UNIT
FIGURE
Logical 1 input volitage required
Vin(1)  at both input terminals to ensure 1 2 v
logical O (on) level at output
Logical 0 input voltage required
Vin(0)  at either input terminal to ensure 7 0.8 v
logical 1 (off) level at output
Vee =MIN, Vin(0) =08V,
lout(1 Qutput reverse current 7 250 BA
out(1) Vout(1) =55V
Logical O output voltage Vee = MIN, Vin=2V,
Vout(0) 1 ce™ n 04 | V
{on level) isink = 16 mA
ical O level input current (each
g T P 3 | vec=max, Vin=0.4V -16| mA
input)
i Logical 1 level input current (each 2 Vee = MAX, Vin=24V 40 KA
Moy Voc = MAX, Vin=55V 1 | mA
Icclo)  Logical O level supply current 6 Ve = MAX, Vip=5V 9 16.5 mA
Icc(1)  Logical 1 level supply current 6 vee = MAX, Vin=0 3 6 mA
switching characteristics, Vcc =5V, TA =25°C
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
Propagation delay time to logical 0
tpd0 v togica 65 CL=15pF, R =400 8 15 ns
level
Pi tion delay time to logical 1
tpd1 ':\:’I’aga ion delay time 1o logica 65 | c_=15pF, Ry =4kS s 45 | ns

tFor conditions shown as MIN or MAX, use the appropriate value specified under
recommended operating condionts for the applicable device type.

TAll typical values are at Vee=5V,Ta=25°C.
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CIRCUIT TYPES SN5413,SN7413
DUAL NAND SCHMITT TRIGGERS

J OR N DUAL-IN-LINE OR
W FLAT PACKAGES (TOP VIEW) T

Vee 2D 2C NC 2B 2A 2y

e Operation from Very Slow Edges

e Temperature-Compensated Threshold Levels I

e Temperature-Compensated Hysteresis, ST ‘D)—
Typically 0.8 V

e High Noise Immunity ST

T T

1
1A 1 1Y GND

positive logic: Y = ABCD

NC—No internal connection.
tPin assignments for these circuits are the same for all packages.

description

n The SN5413 and SN7413 dual Schmitt triggers consist of two identical Schmitt-trigger circuits in monolithic integrated
circuit form. Logically, each circuit functions as a four-input NAND gate, but because of the Schmitt action, the gate
has different input threshold levels for positive- and negative-going signals. The hysteresis, or backlash, which is the
difference between the two threshold levels, is typically 800 mV.

An important design feature is the built-in temperature compensation which ensures very high stability of the threshold
levels and the hysteresis over a very wide temperature range. Typically, the hysteresis changes by 3% over the
temperature range of —55°C to 125°C and the upper threshold changes by 1% over the same range. The
SN5413/SN7413 can be triggered from the slowest of input ramps and still give clean, jitter-free output signals. It can
also be triggered from straight d-c levels.

These circuits are fully compatible with most other TTL, DTL, or MSI circuits. The SN5413 is characterized for
operation over the full military temperature range of —55°C to 125°C; the SN7413 is characterized for operation from
0°C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage V¢ (see Note 1) Y AV
Inputvoltage {seeNote 1) . . . . . . . . . . . . . . . . .. ... ... 5BV
Interemitter voltage (sseNote2) ., . . . . . . .. .. ... ... .............055V
Operating free-air temperature range: SN5413Circuits . . . . . . . . . .. . . . . . . =556°Cto125°C

SN7413Circuits . . . . . . . . . . ... ...... 0°Cto70C
Storage temperaturerange . . . . . « .+ + + + + v e 4 e e e e e e e . . ... —B5°Cto150°C

NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal.
2. This is the voltage between two emitters of a multiple-emitter transistor.
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CIRCUIT TYPES SN5413,SN7413
DUAL NAND SCHMITT TRIGGERS

recommended operating conditions

SN5413 SN7413 UNIT
MIN NOM MAX | MIN NOM MAX

Supply voltage Vo 45 5 55 [4.75 5 525 | V

High logic level 20 20
Fan-out from each output, N Low logic level 170 70
Operating free-air temperature range, Ta -55 0 125 0 25 70 | °C
Maximum input rise and fall times No restriction No restriction

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
TEST
PARAMETER TEST CONDITIONS? MIN TYPE MAX |UNIT
FIGURE
VT4 Positive-going threshold voltage 94 Vee=5V 15 1.7 2|V
V1-— Negative-going threshold voitage 95 Vee=5V 0.6 09 1.1 \%
Vr+ —V1— Hysteresis 94&95|Vec=5V 0.4 0.8 \'/
V) Input clamp voltage 97 |Vec=MIN, Ij=—12mA -15| Vv
VoH High-level output voltage 95 :;":;1’;:0 A VISO8V. 1 s a3 v
Vee =MIN, V=2V,
VoL Low-level output voltage %4 022 04| V
loL =16 mA

IT+ Input current at positive-going threshold 94 Vec=5V, Vy=Vyy —0.65 mA
IT— Input current at negative-going threshold 95 Vec=5V, Vi=Vy_ —0.85 mA
Iy Input current at maximum input voltage 26 Vee=MAX, V=55V 1| mA
hH High-level input current 96 Vee =MAX, V=24V 40 | pA
[ITH Low-level input current 97 Vee=MAX, V=04V -1 =16 | mA
los Short-circuit output current§ 98 | Vge =MAX —18 —55 | mA
IccH Supply current, high-level output 29 Veec=MAX, V=0 14 23 | mA
IceL Supply current, low-level output 29 Vec=MAX, V| =45V 20 32 | mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device
type.

$AN typical values are at Vec =5V, Ta=25°C.

§Not more than one output should be shorted at a time.

switching characteristics, Vcc =5V, TaA=25°C,N =10

TEST
PARAM TEST CONDITIONS MIN  TYP MAX |UNIT
AMETER FIGURE v
tPLH Propagation delay time, low-to-high-level output| 100 CpL=15pF, R =400 Q2 18 27 ns
tPHL Propagation delay time, high-to-low-level output 100 Cp =15pF, R =400 Q2 15 22 ns
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CIRCUIT TYPES SN5413,SN7413
DUAL NAND SCHMITT TRIGGERS

TYPICAL CHARACTERISTICS

POSITIVE-GOING THRESHOLD VOLTAGE NEGATIVE-GOING THRESHOLD VOLTAGE
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
. 1.70 T > 080 ——1— T
é 169 Ve =5V §u.ag—Vcc=5\’ T
£ 168 S o0ss ‘
S > i
he}
%, 1.67 2 0.87 —
£ 168 — % oss
13 £
[f 1.65 '; 0.85 = > —
2 £
5 164 o 084 =
) s
£ 183 2 o083
2 H
&T 1.62 z| 0.82
|
>; 1.61 - 0.81
180 0.8C
-75-50-26 0 26 50 75 100 125 —-75 -50 =25 0 26 50 75 100 125
T —Free-Air Temperatu re—°C T —Free-Air Temperature—°C
HYSTERESIS
vs DISTRIBUTION OF UNITS
FREE-AIR TEMPERATURE FOR HYSTERESIS
850 T T i
840 |—Vpe =5V . |
cC VCC 5V
E 830 _ TA =25°C ;
|
4 820
H P — 8
s 8w - P
T 800 o~
|
= 790
> u
] 5 99% ARE y
g 4 ABOVE /
> 770 735 mV
0 J
760 __U/ \
750 [~
75 50 —25 0 25 50 75 100 125 720 740 760 780 800 820 840 860 880
T a—Free-Air Temperature—°C VT+—VT_—Hvsleresis—mV
THRESHOLD VOLTAGES AND HYSTERESIS OUTPUT VOLTAGE
vs vs
SUPPLY VOLTAGE INPUT VOLTAGE
.0 4
2 TA =25°C - l VCC =5V
> 1.8 t p T, = 25°C
'é 16 Ll ’_41/ A
3 Positive-Going Threshold Voltage, V1., > 3
g r4— - b
z N N U A O ]
7 12 1 T 1 5
5 10 | Negative-Going Threshoid Voltage, VT—q S z
" 3
§ £ Y
S o8 Hysteresis, Vo, — Vo_ 3 :
2 06 o i
2 >
5 1
® 04
=
- 02 T
|
0 ol
45 4,75 5 5.25 5.5 0 04 0.8 1.2 16 2
Vcc—Supplv Voltage—V Vl—lnput Voltage—V
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CIRCUIT TYPES SN5413,SN7413
DUAL NAND SCHMITT TRIGGERS

TYPICAL APPLICATION DATA

|
| TTLSYSTEM

—— RTL ST})—

TTL SYSTEM INTERFACE
FOR SLOW INPUT WAVEFORMS

SINE-WAVE ST L
OSCILLATOR

OUTPUT

PULSE SHAPER

0.1 Hz to 10 MHz

330 2

AAA
VW

puT ST} }____

3

i

L\

1k

MULTIVIBRATOR

outeuT I T U

THRESHOLD DETECTOR

SN7401 or
SN7405
-—--7 INPUT
INPUT !- | A OUTPUT
L r ST -- I (R : !
| ,) | (I b I i
[ i 1 I
| b I ———-L—|— —_—— et o — — ] -4 __-VT+
l \| I POINT A if } | :
[ Lo R |
I ! I l
L-—44 ! L |
OUTPUT
PULSE STRETCHER
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CIRCUIT TYPES SN5420, SN7420
DUAL 4-INPUT POSITIVE NAND GATES

schematic (each gate)

W FLAT PACKAGE J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW) (TOP VIEW)
wC 18 GND  2Y 20 Ve X NG 2 2 2Y
e |W® OO OO
w : l ] !
OU‘I;PUT L
I — 1 11
S [OXONONONONOXO]
J1A. 1Y  NC Ve¢ NC 24 28 VA 1B NC IC 1D 1Y GND
Component values shown are nominal,
NC—No Internal Connection positive logic: Y = ABCD
recommended operating conditions
MIN NOM MAX | UNIT
Supply Voltage Vgc:  SN5420 Circuits . . . . . . . .45 5 55| V
SN7420 Circuits .|475 5 525| V
Normalized Fan-Out From Each Output, N e e e e . 10
Operating Free-Air Temperature Range, TA: SN5420 Circuits .|-85 25 125 | °C
SN7420 Circuits 0 25 70| °Cc
electrical characteristics {over recommended operating free-air temperature range unless otherwise noted)
TEST
PARAMETER TEST CONDITIONS? MIN TYPE MAX|UNIT
FIGURE
Logical 1 input volitage required
Vin{1)  atall input terminals to ensure 1 2 v
fogical O level at output
Logical O input voitage required
Vin(0)  at any input terminal to ensure 2 08 | Vv
logical 1 fevel at output
R Ve = MIN, Vin=038V,
V, al 1 output volt 2 24 33 \'
‘out(1) Logical 1 output voltage Hoad = —400 A
Vee = MIN, Vin=2V,
Vout(0) Logical 0 output voltage 1 cc n 022 04 V
lsink = 16 mA
Logical O level input current (each
hin(o) . 3 Vee = MAX, Vin=0.4V —1.6| mA
input)
b Logical 1 level input current (each a Vee = MAX, Vin=24V 40 | pA
i out) Ve =MAX,  Vin=55V 1 | mA
- SN5420 | -20 —55
1 Short-circuit output current 5 Vs = MAX
os ! ha s cc SN7420 | —18 s ™
Iccio) Logical O level supply current 6 Vee = MAX, Vin=5V 6 11 | mA
tcc(1)  Logical 1 level supply current 6 Vee = MAX, Vin=0 2 4 mA
switching characteristics, VcCc =5V, TA=25°C,N=10
PARAMETER TEST TEST CONDITIONS MIN TYP MAX|UNIT
FIGURE
tpd0 Propagation delay time to logical O level 65 Cp=15pF, R =400 2 15 ns
tpd1 Propagation delay time to logical 1 level 65 Cp =15pF, R =400 Q 12 22 ns
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* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.
T an typical values are st Voo =5 V, Ta = 25°C.
§ Not more than one output should be shorted at

a time.




CIRCUIT TYPES SN5423, SN5425, SN7423, SN7425
DUAL 4-INPUT NOR GATES WITH STROBE

schematic (each gate)

SN5423, SN7423
JOR N DUAL-IN-LINE OR
W FLAT PACKAGES (TOP VIEW)

STROBE
Vec X 20 2¢ 26 28 2a 2y

BBl jj2jjufiv]ls

L]

Tr2|f3f14]s[]|6f]7]]s

1x 1A 1B STROBE 1C 1D 1Y  GND
1G

positive logic:
1Y = 1IG(1A+1B+1C+1D)+X
2Y = 2G(2A+2B+2C+2D)
X = output of SN5460/SN7460

SN5425, SN7425
JOR N DUAL-IN-LINE OR
W FLAT PACKAGES (TOP VIEW)t

Vee
4k c 1.3 kQ
4 100 2
(A
il 7
y f
L
iV
OUTPUT
 INPUTS < c {‘\_{_‘ Y
ako
D
i Q
| Go——d
GATE 10F
SN5423/SN7423 { xo T
ONLY XOmmmmom oo
800
GND
m
NOTES: A. Component values shown are nominal.

B. Both expander inputs are used simultaneously for
expanding.

C. If expander is not used leave X and X open.

D. A total of four expander gates can be connected to
the expander inputs.

vacc bus

logic and functional block diagram (each gate)

TRUTH TABLE
INPUTS OUTPUT
A B C D G Y
H X X X H L
X H X X H L
X X H X H L
X X X H H L
L L L L X H
X X X X L H

Expander inputs are open.
H = high level, L = low level, X = irrelevant

1A

1B STROBE 1C 1D 1Y GND
1G

positive logic:
Y = G(A+B+C+D)

TPin assignments for

these circuits are the same for all packages.

A O—r
—
BO
[
QUTPUT
Y
C o
[ o \ |
[
DO (I
1
G <36}
X X

A~

GATE 10F
SN5423/SN7423.
ONLY
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CIRCUIT TYPES SN5423, SN5425, SN7423, SN7425
DUAL 4-INPUT NOR GATES WITH STROBE

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage V(G (see Note 1)

Input voltage (see Note 1) ..
Interemitter voltage (see Note 2) e
Operating free-air temperature range: SN542

Storage temperature range

3, SN5425 Circuits
SN7423, SN7425 Circuits

NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal.
2. This is the voltage between two emitters of a multiple-emitter transistor.

recommended operating conditions

7V
55V

.. ... 55V
—55°C to 125°C

. 0°C to 70°C
—65°C to 150°C

SN5423, SN5425

SN7423, SN7425

MIiN NOM MAX

UNIT
MIiN NOM MAX

Supply voltage Voo

4.5 5 5.5

4.75 5 525 3

Normalized fan-out from each output, N

High logic leve!

20

20.

Low logic level

10

10

Operating free-air temperature range, TA

-55 25 125

0 25 70 | °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYPI MAX [UNIT

Vi High-level input voltage 2 A\

ViL Low-level input voltage 08 | V

\7] Input clamp voltage Vee = MIN, lh==12mA -15| V
Ve = MIN, ViL=0.8V,

Vou High-level output voliage cc L 24 33 v
loH = —800 uA
Ve = MIN, VIH=2V,

VoL Lowlevel output voltage cc tH 022 04| v
oL =16 mA

Iy Input current at maximum input voltage Vce = MAX, V=55V 1] mA

! High-level i t t data inputs Vi MAX V=24V 40 A

igh-leve! input curren = . = 2.
1H P strobe inputs cc ' 160 “
) data inputs -1.6
Iy Low-level input current - Vee = MAX, V=04V mA
strobe inputs —6.4

los Short-circuit output current§ Vee = MAX —-20 =55 | mA

IccH Supply current, high-level output Ve = MAX, All inputsat 0 V 8 16 | mA

lccL Supply current, low-level output Vee = MAX, All inputsat 5V 10 12 | mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type. Expander inputs X and X are open.
tAll typical values are at Vg =5 V, Ta = 25°C.
§Not more than one output should be shorted at a time,




CIRCUIT TYPES SN5423, SN5425, SN7423, SN7425
DUAL 4-INPUT NOR GATES WITH STROBE

electrical characteristics (SN5423 circuits) using expander inputs, Vgcg =45V, Ta = —55°C

TEST
PARAMETER TEST CONDITIONS MIN TYPI MAX
FIGUREY UNIT
Ix Expander current 28 V1=04V, loL = 16 mA 2.9 mA
Base-emitter voltage of loL=16mA, 11 =041 mA,
A 29 1 v
BE(Q) output transistor {Q) R1=0
v High-level | g0 |'OHT400A 11=038mA, |, 55 v
OH igh-level output voltage 5= —0.15 mA . .
v Low-level output volt 29 |'OLT16mA. 11=03mA, 022 04 | V
- O ut voiia .. B
oL ow-level outp ge Rq=138 0
electrical characteristics (SN7423 circuits) using expander inputs, Vcc =475V, Ta = 0°C
PARAMETER TEST TEST CONDITIONS MIN TYPY MAX |uUNIT
FIGUREY
Ix Expander current 28 V1=04V, loL =16 mA 3.1 mA
Base-emitter voltage of loL =16 mA, i1 =0.62 mA,
VBE(Q) . 29 L 1 v
output transistor (Q) R{=0
| =—400 uA, 11 =270 LA,
VOH High-level output voltage 30 OH . 1 K 2.4 3.3 A
lg =270 uA
v Low-evel output volt 29 |lOLT18MA. 11=043mA, 022 04 |V
Oow-ievi utput volita . !
i oL wAevel output voltage Ry =130 2
iAll typical values areat Voo =5V, Tp = 25°C.
Y Referenced test figures appear on page 2-49 of TTL Integrated Circuits Catalog {CC201).
switching characteristics, Vgg =5 V, Ta = 25°C, N = 10, {see note 3)
PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
Propagation delay time,
Ly ogation delsy time CL=15pF,  RL =400 13 22 | ns
low-ta-high-level output
Propagation delay time,
tPHL CL = 15pF, Rp =400 Q 8 15 | ns

high-to-low-level output

NOTE 3: Switching characteristics of the SN5423 and SN7424 are tested with the expander pins open.
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CIRCUIT TYPES SN5426, SN7426
QUADRUPLE 2-INPUT HIGH-VOLTAGE INTERFACE NAND GATES

6-30

schematic (each gate)

INPUTS

description

FOR DRIVING LOW-THRESHOLD-VOLTAGE MOS INPUTS

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

Vec 48 4A 4y 38 3A 3Y

& OVCC |14||‘I3||12||11||10”9| 8
Sake 1.6k
<
A .
/—-——O OUTPUT Y
B
| I I
1 2 3 4 5 6 7
1k
1A 1B v 2A 2B 2Y GND
GND
Component values shown are nominal. positive logic: Y = AB

These open-collector NAND gates feature high output voltage ratings for interfacing with low-threshold-voltage MOS
logic circuits or other 12-volt systems. Although the output is rated to withstand 15 volts, the Voc terminal is
connected to the standard 5-volt source. The output transistor will sink 16 milliamperes while maintaining a low-level
output voltage of 0.4 volt maximum thus providing a high-fan-out driver with the nominal power dissipation of
standard Series 54/74 gates.

The SN5426 is characterized for operation over the fuil military temperature range of —55°C to 125°C; the SN7426 is
characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage VG (see Note 1) e e e e e e e e e e e e e e e e e e e e e e e e e e 7V
Input voltage (see Note 1) - 2
Output voltage (seeNotestand2) . . . . . . . . . . . . . . . . o v oo .. 15V
Operating free-air temperature range: SN5426 Circuits . . . . . . . . . . . . . . ... —b5°Cto125°C

SN7426 Circuits 0°C to 70°C

Storage temperature range —65°C to 150°C

NOTES: 1. Voltage values are with respect to network ground terminal.

2. This is the maximum voltage which should be applied to any output when it is in the off state.

recommended operating conditions

SN5426 SN7426 UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage 4.5 5 5.5 4.75 5 5.25 v
Output voltage, VoH 15 15 \
Low-level output current, Ig| 16 16 mA
Operating free-air temperature range, Ta —55 25 125 0 25 70 °c




CIRCUIT TYPES SN5426, SN7426
QUADRUPLE 2-INPUT HIGH-VOLTAGE INTERFACE NAND GATES

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

TEST
PARAMETER TEST CONDITIONST MIN  TYPE MAX | UNIT
FIGURE
VIH High-level input voitage 101 2 v
ViL Low-level input voltage 102 0.8 v
v High-level output volta j02 | VeCTMING VILZOBV. | g v
-level of vo|
OH gh-level outpu 9e loH = 1mA
Vec =MIN, Vi =08V,
High-level output t 102 50 A
loH igh-level output curren Vom = 12V m
Vec=MIN, V=2V,
Low-level output vol 101 . v
VoL ow-level output voltage loL = 16 mA 0.4
Voo =MAX, V=24V 40 A
WiH High-level input current {each input) 103 cc - ! i
Vee=MAX, V=55V 1 mA
he Low-level input current (each input} 104 Vee =MAX, V=04V —-1.6 mA
IccH  Supply current, high-level output 105 Veoe =MAX, V=0 4 8 mA
lccL  Supply current, low-level output 105 Voe =MAX, V=5V 12 22 mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.

$AIl typical values are at Voc =5 V, T = 256°C.

switching characteristics, Vcc =5V, TA =25°C

output

TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE

Propagation delay time, low-to-high-level
PLH pag v 9 106 CL=15pF, R =1k 16 24 ns

output

Pro tion delay time, high-to-low-level
tPHL pagati v 9 106 | CL=15pF, R_=1ka 1 17 | ns

6-31



CIRCUIT TYPES SN5427, SN7427
TRIPLE 3-INPUT POSITIVE-NOR GATES

schematic (each gate)

4k

vee
1.6k 1300
_ |
-
r 1k N
OUTPUT ¥
INPUTS 4 B [;
x aka N
¢ 4 1k
Q 2 LN
GND
4

Component values shown are nominal.

J OR N DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)T

2C 2Y GND

positive logic: Y=A+B+C

tPin assignments for these circuits are the same for all packages.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vc (see Note 1)

Inputvoltage . . . . . . . . . . ... ...

Operating free-air temperature range: SN5427 Circuits
SN7427 Circuits

Storage temperature range

NOTE 1: Voltage values are with respect to network ground terminal.

recommended operating conditions

rAY;

... .. 5BV
—55°C to 125°C

. 0°Cto 70°C
—65°C to 150°C

SN5427 SN7427
MIN NOM MAX |MIN NOM MAX UNIT
Supply voltage, Vce 4.5 5 55 [4.75 5 525| Vv
Normalized fan-out from each output, N High '09,“: fevel 2 20
Low logic level 10 10
Operating free-air temperature, T -56 25 125 0 25 70| °C
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CIRCUIT TYPES SN5427, SN7427
TRIPLE 3-INPUT POSITIVE-NOR GATES

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

PARAMETER ' TEST CONDITIONST MIN TYPI MAX |UNIT
ViH High-level input voltage 2 v
ViL Low-level input voltage 08| Vv
Vi Input clamp voltage Vce = MIN, l{j==12mA 15[ V
VoH High-level output voltage :;c:;ﬁ”;o'\'o JA ViL= 08V, 24 33 v
Ve = MIN, ViH=2V,
VoL Low-level output voltage loL = 16 mA 022 04| V
i Input current at maximum input voltage Vee = MAX, V=55V 1] mA
lig  High-level input current Vce = MAX, V=24V 40 | pA
liL  Low-level input current Ve = MAX, Vy=04V —-1.6 | mA
los  Short-circuit output current§ Vee = MAX SN5427 -20 =55 mA
SN7427 —-18 —55
lccH Supply current, high-level output Ve = MAX, See Note 2 10 16 | mA
fccL Supply current, low-level output Vee = MAX, See Note 3 16 26 | mA

tEor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.

All typical values are at = ,TaA= .
¥ ical val Vee=5V, Ta=25C

§Not more than one output should be shorted at a time.
NOTES: 2. IccH is measured with all inputs grounded, and outputs open.

3.

switching characteristics, Vcc =5V, TA = 25°C

IccL is measured with one input of each gate at 4.5 V, the remaining inputs grounded, and outputs open.

PARAMETER

TEST CONDITIONS

PHL

Propagation delay time,
high-to-low-ievel output

tPLH

Propagation delay time,
low-to-high-level output

Cp =15pF,

RL =400

MIN TYP MAX |UNIT
10 15 ns
7 1

ns
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CIRCUIT TYPES SN5430, SN7430
8-INPUT POSITIVE NAND GATES

schematic

W FLAT PACKAGE

J OR N DUAL-IN-LINE PACKAGE

INPUTS

Component values shown are nominal.
NC—No Internal Connection

recommended operating conditions

Supply Voltage Vgg:  SN5430 Circuits . . .
SN7430 Circuits . . . .

Normalized Fan-Out From Output, N

Operating Free-Air Temperature Range, TA:

(TOP VIEW) {TOP VIEW)
NC NC Y GND H G F VCC NC H G NC NC Y
@@@@@@ nininnininio
1 1 J
L [
==+
L F‘_,
1
DPOOOOOO 120345 1
Ne A 8 Vee ¢ ° € A B C D E GND
positive logic: Y = ABCDEFGH
MIN NOM MAX | UNIT
. 45 5 55| Vv
475 5 525| V
e e e e e e e e 10
SN5430 Circuits . . |-s8 25 128 | °C
SN7430 Circuits .. . 0 25 70| °C

electrical characteristics (over recommended operating free-air temperature range unless otherwise noted)

TEST
PARAMETER TEST CONDITIONST MIN TYPi MAX|UNIT
FIGURE
Logical 1 input voltage required
Vin{1) 2t all input terminals to ensure 1 2 v
logical O level at output
Logical O input voltage required
Vin(0)  at any input terminal to ensure 2 0.8 A
logical 1 level at output
. Ve = MIN, Vin =08V,
V, ical 1 output voitage 2 24 33 \
out(1) Log P a9 lioad = —400 uA
Voo = MIN, Vin=2V,
Vout(0) Logical O output voltage 1 cc in 022 04| Vv
lsink = 16 mA
Logical 0 level input current {each
A 3 Ve = MAX, Vin=04V —1.
i) o cc in 6 mA
" Logical 1 level input current {each 4 Ve = MAX, Vin=24V 40 nA
inM ou Voo = MAX,  Vin=55V 1| mA
| Short-circui § 5 v M SN5430 | -20 —55 A
-circuit output currents = m
os tp cc=MAX SN7430 | —18 -55
lcc(o)  Logical O level supply current 6 Vce = MAX, Vin=5V 3 6 | mA
Icc(1)  Logical 1 level supply current 6 Vee = MAX, Vin=0 1 2| mA
switching characteristics, Vog =5V, TA = 25°C,N =10
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
FIGURE
thdo Propagation delay time to logical O level 65 Cp = 15pF, R =400 Q 8 15 ns
tpd1 Propagation delay time to logical 1 level 65 Cy = 15pF, R =400 52 13 22 ns
¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating cond for the !

device type.
¥ Al typical values areat Ve = 5 V, Ta

= 25°C.

§ Not more than one output should be shorted at a time.




CIRCUIT TYPES SN5432, SN7432

QUADRUPLE 2-INPUT POSITIVE-OR GATES

schematic (each gate)

INPUTS

1.6k

OUTPUT Y

GND

J OR N DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)T

Vec 48 4A  aY 3B 3A  3Y

LRIRK wijw| s s
5016117

i
D

T[2]]3[|4

1A 1B 1Y 2A 2B

2Y GND

positive logic: Y=A +B

TPin assignments for these circuits are the same for all packages.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vg (see Note 1) .
Inputvoltage . ... . . . . . . . . . . . ..
Operating free-air temperature range: SN5432 Circuits

SN7432 Circuits

Storage temperature range

NVOTE: 1. Voltage values are with respect to network ground terminal.

recommended operating conditions

7V

.. ... BBV
—55°C 10 125°C
0°Cto 70°C
—65°C to 150°C

SN5432 SN7432 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 (4.75 5 525 V
i High logic level 20 20
Normalized fan-out from each output, N -
Low logic level 10 10
Operating free-air temperature, TA —b5 25 125 0 25 70| °C
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CIRCUIT TYPES SN5432, SN7432
QUADRUPLE 2-INPUT POSITIVE-OR GATES

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONSt MIN TYP{ MAX |UNIT
Viyq High-level input voltage 2 v
Vi  Low-level input voltage 08| V
Vi Input clamp voltage Vee = MAX, lj=—12mA -151 V
. Vee =MIN, Vig=2V,
VoH High-level output voltage 24 33 \Y
IoH = —800 pA
Vee = MIN, V=08V,
VoL Low-level output voltage 0.22 04} V
loL = 16 mA
Iy Input current at maximum input voltage Ve = MAX, Vy=565V 1| mA
ijH  High-level input current Vee = MAX. V=24V 40 | pA
ljL Low-level input current Vce = MAX, V=04V —16| mA
I Short-circuit output t§ Voo = MAX  |—a32 20 =31 A
ort-circuit output curren = m
0s P ce SN7432 —18 55
lccH Supply current, high-fevel output Vee = MAX, See Note 2 15 22 | mA
IccL  Supply current, low-level output Ve = MAX, See Note 3 23 38 | mA

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device
type.

tan typical values are at Ve =65V, Ta = 25°C.

§Not more than one output should be shorted at a time.

NOTES: 2. IggH is measured with one input of each gate at 4.5 V, the remaining inputs grounded, and outputs open.

switching characteristics, Vcc =5V, Ta=25°C,N =10

3. IgcL is measured with both inputs of all gates grounded, and outputs open.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Propagation delay time,
1 14 ns
PHL high-to-low-level output C, =15pF, Ry =400 Q 2
Propagation delay time, L7IORE L -
PLH 10 15 ns

low-to-high-level output
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CIRCUIT TYPES SN5437, SN5438, SN7437, SN7438
QUADRUPLE 2-INPUT POSITIVE NAND BUFFERS

schematics {each buffer)

INPUTS

INPUTS

SN5437, SN7437 (TOTEM-POLE OUTPUT)

9 oV,
~ 'ce
aka S 500 &2 100 2 & J OR N DUAL-IN-LINE OR -
1 91 W FLAT PACKAGE (TOP VIEW)t
Vee 48 4A 4y 3B 3A 3y
A Wiz fnpjwo)j9]s
OUTPUT
B O——r Y
b3
T 400 2 $ e g kl
€——O0 GND
SN5438, SN7438 (OPEN-COLLECTOR OUTPUT)
, —ove t{l213[]4|s1s6[]7
ake g 600 $2 1A 1B 1Y 2A 28 2Y GND
A0—4 —
s OUTPUT positive logic: Y = AB
© Y
T 400 tPin assignments for these circuits are the same for all
packages.
L ——0 GND

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage V¢ (see Note 1) 7V
Input voltage (see Note 1) 55V
Interemitter voltage {see Note 2) T . . 55V
Output voltage (see Notes 1 and 3): 'SN5438, SN7438 Circuits . . . . . . . . . . . .. . . . ... bbbV
Operating free-air temperature range: SN5437, SN5438 Circuits . . . . . . . . . . . . —55°C to 125°C

SN7437, SN7438 Circuits 0°C to 70°C

Storage temperaturerange . . . . . . . . 0 . . e e a0 a0 ... —65°C to 150°C

NOTES: 1. Voltage values, except interemitter voltage, are with respect tc network ground terminal.

2. This is the voltage between two emitters of a multiple-emitter transistor.
3. This is the maximum voltage which should be applied to any output when it is in the off state.

recommended operating conditions

SN5437, SN5438 SN7437, SN7438 UNIT
MIN TYP MAX MIN TYP MAX
Supply voltage Vce 4.5 5 5.5 4.75 5 5.25 A"
Normalized fan-out from each output, N 30 30
Operating free-air temperature range, TA —55 25 125 0 25 70 °C
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CIRCUIT TYPES SN5437, SN5438, SN7437, SN7438
QUADRUPLE 2-INPUT POSITIVE NAND BUFFERS

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN5437, SN7437
PARAMETER TEST CONDITIONST : UNIT
A MIN TYPE MAX

ViH4 High-level input voltage 2 A\
ViL Low-level input voltage 0.8 A"
Vi Input clamp voltage Vce = MIN, I} =—12mA -1.5 \"

Vee = MIN, ViL=08YV,
VoH High-level output voltage Ioc:= —12mA L 24 v

Vee = MIN, ViH=2V,

I 0.22 04| V

VoL Low-level output voltage loL =48 mA
I Input current at maximum input voltage Vec=MAX, V=55V 1| mA
Iy High-level input current Veceo=MAX, V=24V 40| pA
Ii  Lowlevel input current Vee=MAX, V=04V —-1.6{ mA
log  Short-circuit output current$§ Vec=MAX, V=0 -20 —70| mA
lccH Supply current, high-level output Vee=MAX, Allinputsat0V 9 155| mA
tccL Supply current, low-level output Vog = MAX, Aiiinputsat5 V 34 54| mA

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONST SN5438, SN7438 UNIT
MIN TYP§ MAX
ViH High-level input voltage 2 v
ViL Lowlevel input voltage 08| V
A input clamp voltage Ve =MIN, Ij=—12mA —-15 v
loH High-level output current Vee =MIN, ViL=08V, VoH=55V 250 | uA
VoL Low-level output voltage Vee = MIN, VigH=2V, loL =48 mA 0.22 04| Vv
1y Input current at maximum input voltage Vee = MAX, V=55V 1| mA
fin  High-level input current Vec=MAX, V=24V 40| uA
liL  Lowlevel input current Vec=MAX, V=04V —16| MA
iccH Supply current, high-level output Vce =MAX, Allinputsat0V 5 85| mA
IccL Supply current, low-level output Veec=MAX, AllinputsatbV 34 54| mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.

ian typical values are at Voo =5V, Ta = 25°C,
Not more than one output should be shorted at a time, and duration of the short-circuit test should not exceed one second.

switching characteristics, Vog =5V, TA = 26°C, N = 30

PARAMETER TEST SN5437, SN7437 SN5438, SN7438 UNIT
CONDITIONS MIN TYP MAX |MIN TYP MAX
Propagation delay time,
13 22 14 22

tPLH low-to-high-level output Cy =45pF, ns
Pro tion delay time, RL=133Q

tPHL r pagat a L 8 15 1 18 ns
high-to-low-level output
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CIRCUIT TYPES SN5440, SN7440
DUAL 4-INPUT POSITIVE NAND BUFFERS

schematic (each gate) ‘W FLAT PACKAGE JOR N DUAL-IN-LINE PACKAGE
(TOP VIEW) (TOP VIEW)
VCC 1D 1C 18 GND 2Y 2D 2C VCC 2D 2C NC 28 2A 2y
4k 600N 100023
- W®®OWOWOO®| [wmwwwwE]
- ] _'
OUTPUT 1
x axQ v
INPUTSq B
[+ 40002 1\’ )
D 3 x x X *
L.ano I T t T 1 I
ONONONOROXOXOA e rni i EN i E
1A 1Y NC Vee NC 2A 28
Component values shown are nominal. A 1B NCIC iD Y GND

NC—No Internal Connection

positive logic: Y = ABCD

recommended operating conditions MIN NOM MAX | UNIT
Supply Voltage Vgc: SN5440 Circuits C e 45 5 55| V
SN7440 Circuits . . 475 5 526| V
Normalized Fan-Out FromQutput, N . . . . . . . . . . . . . . . . . . . 30
Operating Free-Air Temperature Range, TA: SN5440 Circuits . . . . . . -85 25 125 | °C
SN7440 Circuits . . . . . . 0 25 70 | °C
electrical characteristics (over recommended free-air temperature range unless otherwise noted)
TEST
PARAMETER il MIN TYP{ MAX jUNIT
FIGURE TEST CONDITIONS b Ui
Logical 1 input voltage required
Vin{1) atall input terminals to ensure 1 2 v
logical O level at output
Logical O input voltage required
Vin(0) &t any input terminal to ensure 2 . 0.8 \"
logical 1 level at output
. Vee = MIN, Vin=0.8V,
V, 11 t vol 2 . 24 33 v
out(1) Logical 1 output voltage load = —1.2 mA
. Vee = MIN, Vin=2V,
V, L 10 t vol 1 0.28 04 \"
out{0) Logical O output voltage ik = 48 mA
i level i h
lingy  3ical 0 tevelinput current (eac 3 |vec=MAX, Vijp=04V 16| mA
input)
N Logical 1 level input current {each 4 Vee = MAX, Vin=24V 40 | pA
L B — Vo= MAX,  Vip=55V 1 | mA
R _ SN5440 —20 —70 | mMA
los Short-circuit output current § 5 Ve = MAX SN7420 —8 0 | ma
Icc(o)  Logical O level supply current 6 VCC = MAX, Vin 5V 17 27 | mA
cC(1)  Logical 1 level supply current 6 Vee = MAX, Vin = 4 8 | mA
switching characteristics, Vcc =5V, TA =25°C, N = 30
PARAMETER TEST TEST CONDITIONS MIN TYP MAX |UNIT
FIGURE
tpd0 Propagation delay time to logical O level 65 CpL=15pF, RL=133Q 8 15 ns
tpd1 Propagation delay time to logical 1 level 65 CL=15pF, RL_=133Q 13 22 ns

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type. °
tAIll typical values are at VCC =5V, TA =25 C.

§Not more than one output should be shorted at a time.

6-39



CIRCUIT TYPES SN5450, SN5451, SN7450, SN7451
EXPANDABLE DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES

W FLAT PACKAGE

JOR N DUAL-IN-LINE PACKAGE

schematic (each gate) (TOP VIEW) (TOP VIEW)
1D 1C Y  GND  2Y i 2C iSee Note 4)
S EONONORONORO;
axs 16 k82 axQ 1300 } ! ! !
ay L
a ) "
mours{ B8 w'uvs{é DU:'UT r i X ¥
i ) 1 1
k3 Q
ot ONONONONOROXO)
GATE 1 OF X X 1A Vee 8 2A 28 1 2 4 5 ] 1
e GND (See Note & A 2A ?2C 2 2Y GND
positive logic: Y = {AB) + (CD) + {X)
X = Output of SN5460/SN7460
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NOTES: 1.

Component values shown are hominal.

2. Both expander inputs are used simultaneously for

expanding.

bW

SN5451 and SN7451.

. |If expander is not used leave X and X pins open.
. Make no external connection to X and X pins of the

5. A total of four expander gates can be connected to the

expander inputs.

recommended operating conditions

Supply Voltage Voc: SN5450, SN5451 Circuits . . . .

SN7450, SN7451 Circuits

Normalized Fan-Out From Each Output, N

Operating Free-Air Temperature Range, TA:

SNB450, SN5451 Circuits
SN7450, SN7451 Circuits

MIN NOM MAX | UNIT

45 5 55| V

475 5 525( V
10

-85 25 125 | °C

0 25 70| °C

electrical characteristics (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEsT TEST CONDITIONS? MIN TYP} MAX [UNIT
FIGURE
Logical 1 input voltage required
Vin(1)  at both input terminals of either AND 21 2 A
section to ensure logical O at output
Logical 0 input voltage required
Vin(0) atone input terminal of each AND 22 0.8 v
section to ensure logical 1 at output
Vout(1) Logical 1 output voltage 22 ::::;;“ﬁ':;b A Vin=08YV, 24 33 v
. Vee = MIN, Vin=2V,
Vout(g) Logical 0 output voltage 21 link = 16 mA 0.22 04 v
lin(0) 'Loglcal 0 level input current {each 23 Vee = MAX, Vin=0.4V 16| ma
input)
lin() Logical 1 level input current {each 24 Vee = MAX, Vin=24V 40 | pA
input) Voo = MAX, Vin=55V 1 mA
. SN5450, SN5451 | -20 —55
los Short-circuit output current$ 25 Vee = MAX SN7450, SN7451 |—18 —55 mA
Icc(o)  Logical O level supply current 26 |Vcc =MAX, Vin=5V 74 14 | mA
Icc(1)  Logical 1 level supply current 27 Vee = MAX, Vin=0 4 8 mA

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type. Expander inputs X and X are open.

Ian typical valuesareat Vg =5V, Ta = 25°C.

§ Not more than one output should be shorted at a time.




CIRCUIT TYPES SN5450, SN5451, SN7450, SN7451
EXPANDABLE DUAL 2-WIDE 2-INPUT AND-OR-INVERT GATES

electrical characteristics (SN5450 circuits) using expander inputs, Vcc =4.5V, Ta = -565°C

TEST
PARAMETER TEST CONDITIONS MIN TYPE MAX UNIT
FIGURE
Ix Expander current 28 Vi=04V, lsink = 16 mA 2.9 mA
Base-emitter voltage lsink = 16 mA,  11=0.41 mA,
V 1 A\
BE(Q) of output transistor (Q) B R1=0
] lload = —400 kA, 11 =0.15 mA,
Voutl{1} Logical 1 output voltage 30 I = —0.16 mA 24 3.3 \%
v Logical 0 output volta 29 lsink = 16 mA, 11,203 mA, 022 04 v
ogic utput v . E
out(0) g P ge Ry=138Q
electrical characteristics (SN7450 circuits) using expander inputs, Voc =4.75 V, Tp = 0°C
TEST
PARAMETER TEST CONDITIONS MIN TYPE MAX UNIT
FIGURE
Ix Expander current 28 V1=04YV, lsink = 16 mA 3.1 mA
Base-emitter volta isink = 16 mA, 11 =062 mA,
VBE(Q) X ge 29 sink 1 1 v
of output transistor (Q) R1=0
| = —400 uA, 11 =270 A,
Vout(1) Logical 1 output voltage 30 |I2°Zd__270 uA“ ! u 24 3.3 \%
. ] Isink = 16 MA, 11 =043 mA,
V Logical 0 output volta 29 0.22 0.4 \
out(0) ogical 0 output voltage Ry=1309
switching characteristics, Voc =5V, Tp = 25°C,N=10
TEST *
PARAMETER TEST CONDITIONST MIN TYP MAX UNIT
FIGURE
Propagation delay time to
t 65 CL = 15pF, RL=400Q 8 15
pd0 logical O level L P L ns
Pro tion delay time to
tod1 ropaga v 65 CL=15pF,  R_=400Q 13 22 ns

logical 1 level

t Expander pins X and X are open.

o
Al typical values are at VCC =5V, Tp= 25 C.
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CIRCUIT TYPES SN5453, SN5454, SN7453, SN7454
EXPANDABLE 4-WIDE 2-INPUT AND-OR-INVERT GATES

schematic W FLAT PACKAGE JOR N DUAL-IN-LINE PACKAGE
(TOP VIEW) (TOP VIEW)
H G Y GND NC F E v s (See tote 4) W oe v
cc X X
« ®
4x0 t8kn -u:énnn @ @ @ GID @ . 1" 1l 12 i 10 L] 8
: ) Lt .
E
mmrsﬂ“\“'_"‘?_ E'_ﬂm
L [+
smssm’l.vr" — ¥y l
(Ses Now 4} ic +——o OUTPUT N
4k 4axn A I i i i i
T Y, [ 00000 ©0 —
8 3 X X A Vee B C D 1 2 3 4 H 6 7
o (See Note 4) A C © E F NC GND
v GND
) positive logic: Y = (AB) + (CD) + (EF) + (GH) + (X)

NOTES:

X = Output of SN5460/SN7460

. Component values shown are nominal

1

2,
expanding. _

3. If expander is not used leave X and X

4

SN5454 and SN7454.

5.
expander inputs.

6. NC—No Internal Connection

pins open.

. Both expander inputs are used simultaneously for

. Make no extemal connection to X and X pins of the

A total of four expander gates can be connected to the

recommended operating conditions MIN NOM MAX [ UNIT
Supply Voltage Vcg:  SN5453, SN5454 Circuits . 45 5 55| Vv
SN7453, SN7454 Circuits . . . . . . 475 5 525 v
Normalized Fan-Out From Output, N e e e e e e . . RN 10 -
Operating Free-Air Temperature Range, TA:  SN5453, SN5454 Circuits . -85 25 125 | °C
SN7453, SN7454 Circuits 0 25 70 | °C
electrical characteristics (over recommended operating free-air temperature range unless otherwise noted)
TEST
PARAMETER TEST CONDITIONS? MIN TYPI MAX|UNIT
FIGURE
Logical 1 input voltage required at
Vin(1)  Dboth input terminals of one AND 7 2 v
section to ensure logical O level at output
Logical 0 input voltage required at
Vin(g)  ©ne input terminal of each AND .22 0.8 v
section to ensure logical 1 level at output
. Vee = MIN, Vin=0.8V,
V, Logical 1 output vol 22 24 33 A"
'out(1) Logical 1 output voltage Hood = —400 uA ¢
] Vce = MIN, Vin=2V,
Vout(0) Logical 0 output voltage 21 simk = 16 mA n 022 04 v
Logical O level input current (each
linld . 9 P 23 | Vge = MAX, Vin=04V ~16| mA
input)
b Logical 1 level input current {each 2 Vcg = MAX, Vin=24V 40 | wA
il ot Vec=MAX,  Vin=55V 1 | mA
SN5453, SN5454 | —20 —55 .
1 Short-circuit out § Vgc=55V * A
0os circuit output current 25 cc=5 SN7453,SN7454 | —18 = m,
Icc{o) Logical O level supply current ' 26 Vee = MAX, Vin=5V 5.1 95| mA
Icc(1)  Logical 1 level supply current 27 | Vce = MAX, Vin=0 4 8| mA

T For conditions shown as MIN or MAZ, use the appropriate value specified under recomm

device t

ype. Expander inputs X and X are open.

1 All typical values are at Voo = 5 V, Tp = 25°C.
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§ Not more than one output should be shorted at a time.

ended operating conditions for the applicable




CIRCUIT TYPES SN5453, SN5454, SN7453, SN7454
EXPANDABLE 4-WIDE 2-INPUT AND-OR-INVERT GATES

electrical characteristics (SN5453 circuits) using expander inputs, Vo =4.5V, Ty = -565°C

TEST
PARAMETER TEST CONDITIONS MIN TYPi MA
FIGURE * X | uNIT
Ix Expander current 28 V=04V, lsink = 16 mA 29 mA
Base-emitter voltage Isink = 16 mA 11 =041 mA,
\ 29
BE(Q) of output transistor {Q) R1=0 ! v
i lioad = =400 kA, 11 =0.16mA,
Y Logical 1 output volta 30 2.4 33
out(1) g put voltage Ig= ~0.15 mA v
) : lsink = 16 MA, 11 =0.3mA,
Vv Logical O output volta 29 X 4
out(0) 9 P ge R1~1380 022 0 v
electrical characteristics (SN7453 circuits) using expander inputs, Voo =4.75V, T A =0°C
TEST
PARAMETER TEST CONDITIONS MIN TYP: MAX UNIT
FIGURE
Ix Expander current X 28 Vi=04V, lsink = 16 mA 34 mA
Base-emitter voitage ‘ l. . =16 mA, I, =062 mA,
VBE(Q) . Lo sink ! 1 v
of output transistor (Q) Ry=0
I =—400 yA, 1, =270 uA,
Vout(1) Logical 1 output voltage foad 1 24 33 v
12 =270 uA |
1., =16 mA I, =0.43 mA
. . Kk , 1 ,
v Logical 0 output voltage ; 29 sin 0.22 0.4 \
out(0) | | Ry=130@ |
switching characteristics, Vcc =5V, TA=25°C, N=10
TEST
PARAMETER TEST CONDITIONST MIN - TYP MAX UNIT
FIGURE
. Propagation delay time to 65 c 15 oF R 400 8 15
= = n
pd0 logical O level L= - :
Propagation delay time to
tpd1 } 65 CL = 15pF, Ry = 400 9 13 22 ns
logical 1 tevel

+ Expander inputs X and X are open.
°
1 Ail typical values are at Vee = 5V, Tp= 25 C,
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CIRCUIT TYPE SN5460
DUAL 4-INPUT EXPANDER

schematic (each expander)

W FLAT PACKAGE

JOR N DUAL-IN-LINE PACKAGE

{TOP VIEW) (TOP VIEW)
*Vee 2x 2X 20 GND 2C Vee 1D 1X  1x 2X 2% 2D
4kQ
O) @ @ @ ® 00
OUTPUT X L 'FJ
A (See Note 2) i
B 3
INPUT: 3 ;
S92 OUTPUT X - g Ln
D (See Note 1) I ¥ T
D1 e ' O @ ®® i ef{s]e]sf]sl?
NOTES: 1. Connect to X input of SN5450 v 1c - .
or SNS453 circuit. X IX 1A Ve 18 1B 1A 18 IC 2a 2B 3¢ GND
2. Connect to X input of SN5450
or SN5453 circuit. positive logic: X=ABCD
3. Componeént values shown are when connected to X and X pins of SN 5450 or SN5453 circuit.
nominal.
recommended operating conditions
Supply Voltage Vcg - .. 45Vtob5V
Maximum number of expanders that may be fanned -in to one SN5450 or one SN5453 circuit . . . .. ... 4
electrical characteristics (unless otherwise noted Ta = —55°C to 125°C)
TEST
PARAMETER TEST CONDITIONS MIN TYPE MAX | UNIT
FIGURE
Lagical 1 input voltage required
Vin(1) at all input termihals to ensure i} 2 A\
output is in the on state
Logical 0 input voltage required
Vinl0) at any input terminal to ensure 32 0.8 Vv
output is in the off state
Veg =45V, Vip=2V,
Von On-state output voltage 31 V=1V, R=1.1kQ, 0.4 \'
Tp = -55°C
Vec =45V, Via=08V,
loff Off.state output current 32 Vi=45V, R=12kg, 180 | wA
Ta=—55°C
. , Vcc =45V, Vin=2V,
lon. On-'state output current 33 Vi1V, Tp = —55°C -0.3 mA
Hin(0) Lodgical O level input current {each input) 32 Vee =55V, Vip=04V -18 mA
V =55V, Vip=24V 40 A
lin(1) Logical 1 level input current (each input) 34 Vgg S5V ': Y 7 :\A
, Vee =55V, Vip=5V,
IcClon) On-state supply curren 35 V4085V 1.2 25 mA
Vec =55V, Vin=0,
] . ‘ 2 4 A
CCloff) Off-state supply current 35 Vq=085V m
switching characteristics, Vcc =5V, TA= 25°C, N = 10
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
Propagation delay time to logical O level
t 66 CL=15pF, R =400 10 20
PA0  (through SNS450 or SNS453 circuit) L=tee L e
Propagation delay time to logical 1 fevel
t CpL=15p0F, R =400% 15 s
pd1 {through SN5450 or SN5453 circuit) 66 L L 30 "

fAll typicalvalues are at V.

cc=5V,TA

°
=25 C.




CIRCUIT TYPE SN7460
DUAL 4-INPUT EXPANDER

schematic (each expander) W FLAT PACKAGE J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW) ‘ {TOP VIEW)
2x 2X 2D GND 2_c Vee 1P 1X 1x 2xX 2X 2D
T
Vee 11 1
axn : i
1 -
oUTPUTX -
{See Note 2) ) .-
; —
T ||
INPUTS < B !
z ourrutx [ (D @ ® @© ©
SeeNote 1)} 1 1% 1A Vv . 1B 1C
D 1A 1B 1C 2A 2B 2C GND

positive logic: X=ABCD
when connected to X and X pins of SN7450 or SN7453 circuit.

NOTES: 1. Connect to X input of SN7450 or SN7463 circuit.
2. Connect to X input of SN7450 or SN7453 circuit.
3. Component values shown are nominal.

recommended operating conditions

Supply Voltage Vcc L. .. . . 475V1t0525V
Maximum number of expanders that may be fanned in to one SN7450 or one SN7453 Clrcun FE

electrical characteristics (unless otherwise noted T = 0°C to 70°C)

TEST +
MIN TYP™ MAX| UNIT|
PARAMETER FIGURE TEST CONDITIONS
Vini1) Logu?al 1 |_np.ut voltage required at all input 21 2 v
terminals is in the on state
. Logical 0 input voltage required at any input 8 v
Vin{0}  terminal is in the off state 32 0.
Veog =475V, Vip=2V, v
Von On-state output voltage 31 Viz1v, R=1.1K, Ta= o°c 0.4
Vec =475V, Vin=08V,
loff Off-state output current 32 V1245V, ng 1.2k0 Ta=0°C 270 | uA
lon On-state output current 33 |Vpeg=475V, Vip=2V, vy=1v |-043 mA
linfo)  Logical O level input current {each input) 32 |Vgg:525V, Vip=04V -1.6] mA
X . . . Vec =525V, Vip=24V 40 | pA
lin(1)  Logical 1 level input current (each input) 34 Voo =525V, Vin=55V 7 Y
Icclon) On-state supply current 35 Vee=525V, Vin=5\ V{=085V 1.2 25| mA
locloff) Off-state supply current 35 i Ve =525V, Vin=0, V=085V 2 4 mA
§ Al typical valuesare at Voo =5V, Ty = 25°C,
switching characteristics, Vo =5V, T4 =25°C, N =10
PARAMETER TEST TEST CONDITIONS MIN TYP MAX|UNIT
FIGURE
Propagation delay time to logical 0 level
= F Rp= 10 2 n
a0 (through SN7450 or SN7453) 86 CL=150F, L=4000 0 | s
Propagation delay time to logical 1 level _ _
Pl (through SN7450 or SN7453) 66 |CL=T15PF RL-4000 5 N0
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CIRCUIT TYPES SN5470, SN7470

EDG

E-TRIGGERED J-K FLIP-FLOPS

logic WFLAT PACKAGE JOR N DUAL-IN-LINE PACKAGE
{TOP VIEW) {TOP VIEW)
TRUTH TABLE K2 ke Q@ oN0 & g 32 VCCPRESETCLOCK K2 KI K* Q@
th tnt1 @ ® @ O @® ENEIENENE
T ® ®
| | 1 1 [ [
0 0 Qq X
* %7
o 1 0 Praset  Cier Pm%
0 1 K Clock
! — Clock
1 1 Q, L > Q
' N /i Clear
Tt 1 =
NOTES: 1. J=J1.42. 0% _ (:)@(:) ® (:)@ 1 H2H3HsHsHes
2. K=K1.K2. K" CLOCK PRESET Vge CLEAR NC  JI 7 1% & omb
3. tp, = Bit time before clock pulse. K1 < NC CLEaR 1 Jz )
4. tn+q = Bit time after clock pulse.
5. If inputs J* or K* are not used . ) X
they must be grounded. positive logic: Low input to preset sets Q to logical 1
6. NC - No internal Connection L.ow input to ciear sets Q to iogicai O
Preset or clear function can occur only
when clock input is low.
description

These monolithic, edge-triggered J-K flip-flops feature gated inputs, direct clear and preset inputs, and complementary
Qand Q outputs. Input information is transferred to the outputs on the positive edge of the clock pulse.

Direct-coupled clock triggering occurs at a specific voltage level of the clock pulse, and after the clock input threshold

voltage has been passed, the gated inputs are locked out.

These flip-flops are ideally suited for medium- to high-speed applications and can result in a significant saving in system

power dissipation and package count where input gating is required.

recommended operating conditions

Supply Voltage Vce:  SN5470 Circuits
SN7470 Circuits e e e
Operating Free-Air Temperature Range, TA: SN5470 Circuits
SN7470 Circuits
Normalized Fan-Out From Each Output, N

Clock Pulse Transition Time to Logical 1 Level, t1(clock) (See Figure 68) .

Width of Clock Pulse, tp(clock) (See Figure 68) e
Width of Preset Pulse, tp(preset) (See Figure 67)
Width of Clear Pulse, tp(clear) (See Figure 67)

MIN NOM MAX|UNIT
45 5 5.5 \'
475 5 525 Vv
~55 25 125 | °C
0 25 70 °c
10
5 150 | ns
20 ns
25 ns
25 ns




CIRCUIT TYPES SN5470, SN7470
EDGE-TRIGGERED J-K FLIP-FLOPS

electrical characteristics (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST TEST CONDITIONST MIN TYPi MAX |UNIT
FIGURE
Input voltage required to 36
Vin(1)  ensure logical 1atany and 2 v
input terminal 37
input voltage required to 36
Vin(g)  ensure logical O at any and 08 | V
input terminal 37
Vout{1) Logical 1 output voltage 36 Ve = MIN, lload = —400 pA 24 35 v
Vout(0) Logical 0 output voltage 37 Vce = MIN, Isink = 16 mA 022 04 \
b Logical O level input current at J1, _ o
in(0) 12, J* K1, K2, K*, or clock Vce = MAX, Vin=04V —1.6| mA
tin(0) :::::::(::: Input curyent at Vge = MAX, Vin=04V —3.2| mA
I Logical 1 fevel input current at J1, 19 Vee = MAX, Vip=24V 40 | pA
in(1 4o g* K1, K2, K*, or clock Voc =-MAX,  Vin=55V 1 | mA
. Logicat 1 level input current Vge = MAX, Vin=24V 80 | uA
lin(1) 4 preset or clear B Nee=MAX, Vip=55V T | mA
SN5470| —20 —57
los Short-circuit output current 40 Vce = MAX, Vin=0 SN7470| —18 57 mA
Icc Supply current 39 Vce = MAX, Vin=56V 13 26 | mA
T For conditions shown as MIN or MA X, use the appropriate value specified under recommended opgrating conditions for the applicable
id:;‘:t:/g‘?agl‘values areat Vo =5V, T, =25°C.
§ Not more than one output should be shorted at a time.
switching characteristics, Veg =5V, TA = 25°C, N =10
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
FIGURE
frmax Maximum clock frequency 68 CL=15pF, R =400 Q 20 35 MHz
tsetup Minimum input setup time 68 Cy =15 pF, Ry =400 10 20 ns
thold Minimum input hold time 68 C|.=15pF, Ry =400 Q 0 5 ns
Propagation delay time to logical 1
tpd1 level from clear or preset to 67 CL=15pF, R =400 50 ns
output
Propagation delay time to logical O
tpdo level from clear or preset to 67 |Cp=15pF, R, =400Q 50 | ns
output
Propagation delay tim logical
tpd1 lwel:af?'om clock :o ou:pt:t e CL=15pF, RL =400 9 10 2 s
tpd0 Propagation delay time to logical 0 Cy = 15 pF, RL =400 & 10 18 s

level from clock to output
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CIRCUIT TYPES SN5470, SN7470
EDGE-TRIGGERED J-K FLIP-FLOPS

schematic

Vee
3k 1.6kQ 130 Q
[ p—--—0Q
1k§2 %lkﬂ
& GND
4k 4kQ 4k 4kQ 4kQ 4kQ
K,_,—MJ» & i -
K1 oo e J 1
o | “a i Sy

CLOCK

7

NOTE: Component values shown are nominal.

2 2.5kQ
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CIRCUIT TYPES SN5472, SN7472
J-K MASTER-SLAVE FLIP-FLOPS

‘ W FLAT PACKAGE gTOP VIEW) J OR N DUAL-IN-LINE PACKAGE (TOP VIEW)

|°glc Q GND VCC PRESETCLOCK K3 K2
.@U@O@O 14u13 12 [musus
Le=& .
TRUTH TABLE e el
K _CLOCK )
th th+1
J K Q
0o | o I
0 1 Q
o | 1 ® @ e @ ® @ © 7
1 1 o K1 CLOCK PRESET Vee CLEAR NC CLEAR J1  J2 13 @ GND
positive logic:  Low input to preset sets Q to logical 1
NOTES: 1. J=Jd1+J2.J3 Low input to clear sets Q to logical 0
2, K=K1.K2.K3 Preset and clear are independent of clock
3. tp = Bit time before clock puise.
4. tp41 = Bit time after ciock pulse.
5,

. NC = No Internal Connection.

description

These J-K flip-flops are based on the master-slave
principle and each has AND gate inputs for entry into
the master section which are controlled by the clock
pulse. The clock pulse also regulates the state of the
coupling transistors which connect the master and

HIGH

slave sections. The sequence of operation is as Low
follows: CLOCK WAVEFORM
1. Isolate slave from master
2. Enter information from AND gate inputs
to master
3. Disable AND gate inputs
4, Transfer information from master to slave.
recommended operating conditions
MIN NOM MAX | UNIT
Supply Voltage Vgog: SN5472Circuits . . . . . . . . . . . .. ... 4.5 5 5.5 v
SN7472Circuits . . . . . . . . . . . . ..o 4.75 5 5.25 N
Operating Free-Air Temperature Range, Tpo:  SN5472 Circuits . . . . . . . —55 25 125 °c
SN7472 Circuits . . . . . . . 0 25 70 °c
Normalized Fan-Out From Each Output, N . . . . . . . . . . . . . ... . 10
Width of Clock Pulse, tp(clock) (See figure69) . . . . . . . . . . . . .. 20 ns
Width of Preset Pulse, tp(preset) (See figure70) . . . . . . . . . . . . .. 25 ns
Width of Clear Pulse, tp(clear) (See figure70) . . . . . . . . . .. .. .. 25 ns
Input Setup Time, tseryp (See figure69) . . . . . . . . . . . .. .. .. [Zfpdock
Input Hold Time, thold - - - - - « « « & & o o v v v v e e e e 0
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CIRCUIT TYPES SN5472, SN7472
J-K MASTER-SLAVE FLIP-FLOPS

electrical characteristics (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST TEST CONDITIONST MIN TYPi MAX|UNIT
FIGURE
Input voltage required to 41
Vin(1)  ensure logical 1 at any and 2 \
input terminal 42
Input voltage required to 41
Vin(0)  ensure logical O at any and 08 | V
input terminal 42
Vout(1) Logical 1 output voltage 41 Vee =MIN, lioad = —400 A 24 35 \4
Vout(0) Logical O output voltage 42 Vce = MiN, Isink = 16 mA 022 04 \
lin(o} ::‘l"‘ca_: : :ZVBIK':":;‘:;:':': 43 |VeC=MAX, Vi, =04V 16| ma
linlQ) Logical OFMI input current 43 Ve = MAX, Vin=04V —3.2| mA
i at preset, clear, or clock
. Logical 1 level input current Vee = MAX, Vihn=24V 40 | pA
i1 4 01,02, 43, K9, K2, or K3 Y NeC=MAX,  Vin=55V 1 | mA
I Logical 1 level input current Vee = MAX, Vin=24V 80 | uA
i1} gt preset, clear, or clock  Nec=MAx, V=55V 1| mA
los Short<ircuit output current§ 45 [Veo=MAX, V=0 ::;’:;; j‘; =2 oA
lcc Supply current 44 Vee = MAX, Vin=5V 10 20 | mA

type.

§ All typical valuesareat Vog =5V, T4 = 25°C.

§ Not more than one output should be shorted at a time.

switching characteristics, VCc =5V, TA=25°C,N=10

1t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

PARAMETER TEST TEST CONDITIONS MIN TYP MAX|UNIT
FIGURE
frnax Maximum clock frequency 69 CL =15pF, R =400 15 20 MHz
‘Propagation delay time to logical 1
tpd1 level from clear or preset to 70 CL=15pF, R =400 Q 16 25 ns
output
Propagation delay time to logical 0
tpd0 level from clear or preset 70 CL=15pF, R =400 Q 25 40 ns
10 output
Propagation delay time to logical 1
tpd1 level from clock to output 69 CL=150F, R =400% 10 16 % ns
tpd0 m:;:r:::::tmm 0 69 [CL=15pF,  RL=400Q 10 25 40 | ns
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CIRCUIT TYPES SN5472, SN7472
J-K MASTER-SLAVE FLIP-FLOPS

functional block diagram

C IL 13
Qo Q
4
CLEAR o .. ¢l —oPRESET
n L | oK1
J2 o— — oK2
Bod [ | _]_1__4D K3
CLOCK
schematic
- °VCC
; 13023 1.6k § 4k 4k :E 1.6k 130
Q
Q o——J . E <8
1k0 4 4 S1kQ
k2 k2
< ;
CLEAR O O PRESET
32 3 s | 38 81 ¢ $ 4
2 4kQ3 6ka3 ke 30| 36k 34ka Qe ,
J1 } K1
2 O N K2
53 4 K3 -
[ L .
2ka$ % 2 k2
. . .- © GND

Component values shown are nominal.
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CIRCUIT TYPES SN5473, SN54107, SN7473, SN74107

DUAL J-K MASTER-SLAVE FLIPS-FLOPS

SN5473, SN7473 SN5473, SN7473
W FLAT PACKAGE J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW) (TOP VIEW)

SN54107, SN74107
J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW)

GND

Vee CLEAR CLOCK

K CLEAR CLOCK J

vge CLOCK CL;AR 1 CLOCKCLEAR K  Vgc CLOCKCLEAR )

positive logic:

Low input to clear sets Q to logical 0.
Clear is independent of clock.

description

These J-K flip-flops are based on the master-slave
principle. Inputs to the master section are controlled
. by the clock pulse. The clock pulse also regulates the
n state of the coupling transistors which connect the

master and slave sections. The sequence of operation
i is as follows: (See waveform on page 2-26)

1. Isolate slave from master

2. Enter information from J and K inputs to
master

3. Disable J and K inputs

4. Transfer information from master to slave,

recommended operating conditions

logic

TRUTH TABLE
(Each Flip-Fiop)

th tnt1

-|=lo|lo]«
- lO|=|O]|X
Q

NOTES: 1. t, = Bit time before clock pulse.
2. th4+9 = Bit time after clock pulse.

SN5473 SN7473
SN§4107 SN74107 UNIT
MIN NOM MAX MIN NOM MAX

Supply voltage Vo 4.5 5 5.5 4.7% 5 5.25 Vv
Normalized fan-out from each output, N - 10 10
Width of clock pulse, tp(clock) (See Figure 69) 20 20 ns
Width of clear pulse, tp(clear) (See Figure 70) 25 25 ns
Input setup time, tsetyp (See Figure 69) 2 tp(clock) 2 tp(clock)
tnput hold time, thold o 0
Operating free-air temperature range, TA —55 25 125 0 25 70 °C
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CIRCUIT TYPES SN5473, SN54107, SN7473, SN74107
DUAL J-K MASTER-SLAVE FLIP-FLOPS

electrical characteristics (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST TEST CONDITIONST MIN TYP: MAX | UNIT
FIGURE
Input voltage required to 46
Vin(1)  ensure logical 1 atany and 2 v
input terminal 47
Input voltage required to 46
Vin{0)  ensure logical 0 at any and 0.8 v
input terminal 47
Vout(1) Logical 1 output voltage 46 Vee =MiN, lioad = —400 pA 24 35 v
Vout(g) Logical O output voltage 47 Vce = MIN, Isink =16 mA 022 04| V
lin(0) la.:j;l:l; level input current 48 Ve = MAX, Vi =04V 16| ma
lin(0) ::::: ::Z:'c;"pm current 48 |Veo=MAX,  Vip=04V 32| mA
Logical 1 level input current Vee = MAX, Vin=24V 40 | upA
il ok Voo =MAX,  Vip=55V T
] Logical 1 level input current Voo = MAX, Vin=24V 80 | wA
lin(1) at clear or clock Vee = MAX, Vin=55V 1 mA
I Vee = MAX, vi.=0 | SN5473, SN54107| —20 -57 )
10s Short-circuit output current§ 50 cc in SN773, SN7ATO7] 18 - mA
lce Supply current 49 Vee = MAX ) 20 40| mA
T For conditions shown as MIN or MA X, use the appropriate value specified under recommended operating for tpe PP [

device type.

1AH typical values are at Vec =5 v, Ta™ 25°C.

§ Not more than one output should be shorted at a time.

switching characteristics, VCC =5V, Ta=25°C,N =10

TEST ’
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
FIGURE

frnax Maximum clock frequency 69 CL =15pF, Ry =400 Q 15 20 MHz
Propagation delay time to logical 1

1, CL =15 pF, R =400 2 1 25 ns

pdl level from clear to output 70 L i L 6

Propagation delay time to logical 0

1pd0 70 C = 15pF, RL =400 2 25 40 ns
level from clear to output
P " " -

todt ropagation delay time to logical 1 CL = 15 pF, RL = a 10 16 % ns
level from clock to output
P i i ical 0

tod0 ropagation delay time to logical CL=15pF, AL = Q 10 2% 40 s
level from clock to output
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CIRCUIT TYPES SN5473,SN54107,SN7473,5N74107
DUAL J-K MASTER-SLAVE FLIP-FLOPS

functional block diagram (each flip-flop)

aoe ol === Y i s
I

CLEAR © D\&D}B{
_.?__4
.

schematic (each flip-flop)

2 4 9 © VCC
130023 162 2 4kQ 4k 3 1.6k 3 130
] ) Q TO OTHER
FLIP-FLOP
Q o—4 / : - Q
3 4 3
1k o . I 1kQ
p:
CLEAR O
L|:;z 4kQ 6k s 9 6k $4kQ 4
i 8k 3 k&

B at e el

N
: TO OTHER
2k : 2k FLIP-FLOP
: 2 2 . o GND
o

CLOCK

NOTE: Component values shown are nominal.
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CIRCUIT TYPES SN5474, SN7474
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS

Iogic W FLAT PACKAGE JOR N DUAL-IN-LINE PACKAGE
(TOP VIEW) (TOP VIEW)
PRESET 1Q GND 28 20 PRESET Ve cLéar 0 cLbek eréseT20 7@
. @ @ @ . @ . 14113112 ;11 |10
TRUTH TABLE (Each Flip-Flop) L ] [ T
tn tn+1 ._LH ‘q I'J l'_J » PRESET
: CLEAR cLock @
INPUT OUTPUT OUT_PUT PRESEELEA“ ’CLE Foreser "‘I— o L“
D Q Q D CLOCK cLock D b o Q
1 j 1 T | jcLock g CLEAR
0 0 1 ! | Q
f_T ‘ Iﬁ | PRESET
1 1 0 |
® @ @ O @ @ @ |
NOTES: 4. tp, = bit time before clock pulse. cLbex cubar Vo cikan eube ctan "® cidex satser 1@
2. tp41q = bit time after clock pulse.
positive logic: Low input to preset sets Q to logical 1
Low input to clear sets Q 1o logical 0
Preset and clear are independent of clock
description

These monolithic, dual, D-type, edge-triggered flip-flops feature direct clear and preset inputs and complementary Q
and Q outputs. Input information is transferrred to the outputs on the positive edge of the clock pulse.

Clock triggering occurs at a voltage level of the clock puise and is not directly related to the transition time of the _
positive going pulse. After the clock input threshold voltage has been passed, the data input (D) is locked out.

These dual flip-flops have the same clocking characteristics as the SN5470/SN7470 gated (edge-triggered) flip-flop
circuits, and both are ideally suited for medium- to-high-speed applications. They can result in a significant saving in
system power dissipation and package count in applications where input gating is not required.

recommended operating conditions

SN5474 SN7474 UNIT

MIN NOM MAX MIN NOM MAX
Supply voltage V¢ 45 5 5.5 4.75 5 5.256 \
Normalized fan-out from each output, N 10 10
Width of clock pulse, tp(clock) (See Figure 71) 30 30 ns
Width of preset pulse, tp(preset) (See Figure 67) 30 30 ns
Width of clear pulse, tp(clear) (See Figure 67) 30 30 ns
Operating free-air temperature range, T . —55 25 1256 0 25 70 °C
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CIRCUIT TYPES SN5474, SN7474
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS

electrical characteristics (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST TEST CONDITIONST MIN TYPE MAX | UNIT
FIGURE ’
input voltage required to 52
Vin(1)  ensure logical 1 at any and 2 v
input terminal 53
input voltage required to 62
Vin(O) ensure logical O at any and 0.8 \"
. input terminal 53
Vout(1) Logical 1 output voltage 52 Vge = MIN, ljoad = —400 uA 24 35 \'/
Vout{Q) Logical 0 output voltage 53 Ve =MiIN, lsink = 16 mA 022 04 \
fin(0) 'c‘::'::: :t':‘::::‘::tn Vee=MAX,  Vin=04V -16| ma
lin(0) :’j:: ;'::'d'("p‘" eurrent Ve =MAX,  Vijp=04V -32| mA
Logicai 1 ievei input current Vee = MAX, Vin =24V 40 | uA
lin() i p % NoooWAX, Vin =55V T | mA
. Logical 1 level input current Vee = MAX, Vin=24V 80 kA
lint1) 4 oreset or clock %  Nec=MAX,  Vip=55V 1| mA
. Logical 1 level input current Vee = MAX, Vin=24V 120 | uA
(1 ot clear % [Vec=MAX,  Vin=55V 1T | mA
| o 5 Ve =0 SN5474 | —20 —57 A -
0s Short-circuit output current 56 Vce = MAX, in SN7a74 | —18 o7
Ice Supply current 55 (Ve =MAX 17 30 | mA
1t For conditlons shown as MIN or MAX, use the appropriate value specifled under recommended operating conditions for the
applicable device type.
1 All typical values areat V.. =5 V, T, = 25°C,
§ Not more than one output should be shorted at a time.
switching characteristics, Vcc =5V, TA =25°C, N =10
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
frax Maximum clock frequency n CL =15pF, R =400 Q 15 25 MH2z
tsetup __ Minimum input setup time 71 CL =15 pF, R =400 Q 15 20 ns
thold Minimum input hold time Al Ci =15 pF, R =400 @ 2 5 ns
Propagation delay time to logical 1
tpd1 level from clear or preset to 67 |[CL=15pF, Ry =400 0 25 ns
output
Propagation delay time to logical O
tpd0 level from clear or preset to 67 |CL=15pF, R =400 Q 40 | ns
output
tod1 ;‘;"’af‘r’::]°:'::f:°t;'::;'°g'°a’ ! 71 |CL=15pF,  R_-400% 10 14 2 | ns
el I 0 ® @l
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CIRCUIT TYPES SN5474, SN7474
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS

functional block diagram (each flip-flop)

CLEAR

) %—Q
>

=D
CLOCK

schematic (each flip-flop)

Vee
4kQ$ 4k 1.6k 130 Q
3 ¢ TO OTHER
PRESET o FLIP-FLOP
i i PO
p
41kQ
1kQ
CLEAR { ‘ '
4k 4kQ%  1.6ke$ 130
1 2
CLOCK :
Q
4kQ
D Omm— 1k TO OTHER
FLIP-FLOP
> GND

NOTE: Component values shown are nominal.
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CIRCUIT TYPES SN5476, SN7476
DUAL J-K MASTER-SLAVE FLIP-FLOPS
WITH PRESET AND CLEAR

logic
TRUTH TABLE (Each Flip-Flop)
1 Tat
J K Q
0 0 Q,
1] 0
1 0 1
1 1 Q,
NOTES: 1. = Bit time before clock puise.
2. 1™ Bit time after clock pulse.
description

The SN7476 J-K flip-flop is based on the master-slave
principle. Inputs to the master section are controlled
by the clock pulse. The clock pulse also regulates the
state of the coupling transistors which connect the
master and slave sections, The sequence of operation
is as follows:

1. lisolate slave from master

2. Enter information from J and K inputs to
master

3. Disable J and K inputs

4, Transfer information from master to slave.

LOW
CLOCK WAVEFORM
recommended operating conditions
MIN NOM MAX UNIT

Supply Voltage Voe:  SN5476 Circuits . . 4.5 5 5.5 \'

SN7476 Circuits . . . . . . . . . 4.75 5 5.25 \
Operating Free-Air Temperature Range, Ta:  SN5476 Circuits . . —55 25 125 °c

SN7476 Circuits . . . . 0 25 70 °c

Normalized Fan-Out From Each Output, N . . . 10
Width of Clock Pulse, ty(clock) (See figure 69) . . 20 ns
Width of Preset Pulse, tp(preset) (See figure 70) . 25 ns
Width of Clear Pulse, ty(cjear) (See figure 70) 25 ns
Input Setup Time, tgoyp(See figure 69) . . . . Z1ty(clock)
Input Hold Time, thgig - - - - - - o

J OR N DUAL-IN-LINE OR
W FLAT PACKAGES (TOP VIEW)t

GND 2k 20 20 2

B[ juajjujur{jnjfwifs

1K 10 1a

| <

Q Q a a
CLEAR PRESET[Oq| | OPRESET CLEAR[-
J CLOCK K K CLOCK J
o t— IO 1
1 2 3 4 5 b ) 8
1 1 1 W Vg 2 2 2

C
CLOCK PRESET CLEAR CLOCK PRESET CLEAR

positive logic:  Low input to preset sets Q to logical 1
Low input to clear sets Q to logical 0

Clear and preset are independent of clock

tpPin assignments for these circuits are the same
for all packages.

HIGH




CIRCUIT TYPES SN5476, SN7476
DUAL J-K MASTER-SLAVE FLIP-FLOPS
WITH PRESET AND CLEAR

electrical characteristics, TA = 0°C to 70°C (unless otherwise noted)

PARAMETER TEST TEST CONDITIONST MIN TYP: MAX | UNIT
FIGURE
Input voltage required to 46
Vin{1) ensure logical 1 at any and 2 \
input terminal 47
Input voltage required to 46
Vin(0) ensure logical 0 at any and 08 \
input terminal 47
Vout(1) Logical 1 output voltage 46 Vcc = MIN ligad = —400 uA 2.4 3.5 v
Vout(0) Logical 0 output voltage 47 VCC = MIN lsink = 16 mA 0.22 0.4 v
I Logical O level input current Vee = MAX. Vi =04V 16 i
in(0) atdorK 48 cc s in = 0. E mA
. Logical 1 level input current Vee = MAX, Vin=24V 40 uA
lin) ok 49 Voo = MAX, Vin=55V 1 mA
. Logical 1 level input current Vee = MAX, V=24V 80 KA
tin(1) at clear, preset, or clock 49 Vee = MAX, V=55V 1 mA
- _ SN5476 | —20 —57
los Short-circuit output current § 51 Ve = MAX, Vi,=0 SN7a7e] 18 e mA
Icc Supply current (each flip-flop) 49 Voe = MAX 20 40 mA
switching characteristics, Vec =5V, TaA=25°C,N=10
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
frmax Maximum clock frequency 69 CL=15pF Ry =4000Q 15 20 MHz
Propagation delay time to logical 0
thd1 level from clear or preset to 70 CL=15pF R, =400Q 16 25 ns
output
Propagation delay time to logical 1
tpd0 level from clear or preset to 70 CL=15pF, RL =400 Q 25 40 ns
output
B ot pem ek ot |8 | CL=189E 7 ~4000 I B
P i i ical 0
o (et iid0 | nwon @ m w0 |

1For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the
applicable device type.

fAIll typical values are at V,

cc

o
=5V,TA—25C.

§Not more than one output should be shorted at a time.
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CIRCUIT TYPES SN5476, SN7476
DUAL J-K MASTER-SLAVE FLIP-FLOPS

WITH PRESET AND CLEAR

functional block diagram (each flip-flop)

1

—
QO d s

C—
g—l_/

¥\

CLEAR O L&

o =]

p— S

-O PRESET

LOE o

“ schematic (each flip-flop)

°Vee

TO OTHER
FLIP-FLOP

o]

130 23 1.6kQ $ 4kQ 4kQ3 16Kkes 3130
9 Q
Q o—4 B
. - 1 f C
1kQ ;kn% 4 e 1k
; «Q
3 : |
CLEAR®
L 4 P > ‘8 > > ‘.4
2ka| 4k 3 6kaz | g ko $6kQ $ 4ka 2ke
kQ SJ
J D M H

—O PRESET

TO OTHER
FLIP-FLOP

—

NOTE: Component values shown are nominai.
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CIRCUIT TYPES SN54104, SN54105, SN74104, SN74105
GATED J-K MASTER-SLAVE FLIP-FLOPS

featuring
@ Ruffered Clock Input @ Direct Preset and Clear ® Common JK Gate Input
w JORN
logic FLAT PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW)
TRUTH TABLE SN54104/SN74104 SN54104/SN74104

INPUTS AT t, OUTPUTS AT tn41 vee  CLEAR 1 K3 K2 CLOCK s

Vee CLEAR  J3 K3 K2 CLOCK

T a
:_ﬁ j: :1 g,, g,, @ @ @ @ Ml 13 112 wijwij9aps

H L L Qp, [ | I !
H L H L H i [ B J
H H L H L [
H H H Ty, Qg
* SN54104/SN74104: 0= J1 ' J2 * J3, } »
K=K1*K2" K3
SN54105/SN74106: J = 41 * 12 * J3,
K=K1-K2°K3 " l
1 These low levels must be maintained ¥
whiie the clock is low
oo JB[E
= bitti £ lock pulse.
A. 1, = bit time before clock puise. o emzeer 1 " 2 P o

B. ty,1 = bit time after clock pulise.
C. H = nigh, L = low, X = irreievant.

description

SN54105/SN74105

These J-K master-slave flip-flops
feature a buffered clock input,
direct preset and clear, gated J
and K inputs, and a common JK
input. The clock buffer offers
typical TTL high noise immu-
nity, low clock-line loading, and,
in most cases, eliminates the
need for stringent control of
system-clock rise and fall times.

+ T ¥
When activated, the direct preset @ @ @ @ @

and clear inputs control the state LAt U S SO K preser ki B0 o0
of both the master and slave asynchronous inputs: Low input to preset sets_Q to the high lavel.
flip-flops independent . of the Low input to clear sets O to the high lavel.

Preset and clear are independant of clock.

clock and synchronous-input
states. Gated inputs may be used
to perform a wide variety of control functions without the need for external gates, and the common JK input simplifies
hardware design for applications utilizing a single gate-control source.

Due to the internal clock buffer, the JK input gates accept data when the clock line is low, and transfer of data from the
master to the siave occurs during the clock-line transition from the low state to the high state. When the clock line is high, the
data inputs are inhibited.

The SN54104/SN74104 includes internal capacitive loading on the J and K input gates and, as the input setup and hold times
are lengthened, this circuit displays improved performance in systems where appreciable clock skew is anticipated.

The SN54105/SN74105 offers an inverting data input to each of the J and K input gates for additional control flexibility. As
the input setup and hold times are not lengthened, this circuit permits operation at higher toggle rates than the
SN54104/SN74104.

These TTL circuits feature one-volt typical d-c noise margins and are compatible for use with most TTL and DTL families.
Full fan-out to 10 normalized Series 54/74 loads is available from the outputs. The SN54104 and SN54105 circuits are
characterized for operation over the full military temperature range of —55°C to 125°C, and the SN74104 and SN74105
circuits are characterized for operation from 0°C to 70°C.
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CIRCUIT TYPES SN54104, SN54105, SN74104, SN74105
GATED J-K MASTER-SLAVE FLIP-FLOPS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vg {See Note 1)
Input voltage (See Note 1)
Voltage applied to any output (See Note 2)

Operating free-air temperature range: SN54104, SN54105 Circuits .
SN74104, SN74105 Circuits

Storage temperature range

recommended operating conditions

.. .8V
-1.5Vtob5sV
-0.5 V to V¢

—-55°C to0 125°C
. 0°C o 70°C

—65°C to 150°C

MIN NOM MAX | UNIT

Supply voltage Ve (See Note 1) SN54104, SN54105 4.5 5 5.5 v

SN74104, SN74105 | 4.75 5 5.25
Operating free-air temperature range SN54104, SNS4105 —58 e 125 °c

SN74104, SN74105 0 25 70
Width of low-level clock pulse, tyy(clock) (See Figure 112) 15t ns
Width of preset and clear pulse, tyy(preset) and ty(clear) 20t ns
Input release time for low-level data, trejease(L) SN54104, SN74104 101 ns
(See Note 3 and Figure 113) SN54105, SN74105 1t
Input setup time for high-level data, tsetup(H) SN54104, SN74104 35t ns
(See Note 4 and Figure 113) SNG54105, SN74105 0t

NOTES: 1. Voltage values are with respect to network ground terminal.

2. This rating applied at the Q output with preset held low and at the O output with clear held low.

3. Release time for low-level data is an interval between the release of low-levef data and the positive-going edge of the clock pulse;

this interval being sufficiently short to ensure recognition of the low-level data.

4. Setup time for high-level data is an interval between the arrival of the high-level data and the positive-going edge of the cfock
pulse; this interval being sufficiently long to ensure recognition of the high-level data.

tThese conditions are recommended for use at Vec=5V,Ta= 25°C.




CIRCUIT TYPES SN54104, SN54105, SN74104, SN74105
GATED J-K MASTER-SLAVE FLIP-FLOPS

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST TEST CONDITIONSt MIN TYPi MAX | UNIT
FIGURE
TaA=MIN 2
107
Vi  High-level input voltage and Ta =25°C 1.7 \%
108
Ta = MAX 14
Ta=MIN 08
107
ViL  Low-ievel input voltage and Ta =25°C .9 v
108
Ta =MAX 0.8
VoH High-level output voltage 107 Vec=MIN, gy =—-1mA. 24 27 \
Voo =MAX, lgL=17.7mA 0.2 0.4
VoL Low-level output voltage 108 A\
Vcc=MIN, lppL = 16 mA 0.2 0.4
High-level i t i = 25°
cgh‘ level input current into Ve = MAX, Ta =25°C 2 40
[T any input except JK, preset, 109 V=45V uA
or clear : U Ta =MAX 40
= O,
High-level input current into Ve = MAX, Ta=257C 4 80
UL ™ 109 V) =45V A
U Ta = MAX 80
- O
0 High-level input current into 109 Vee = MAX, Ta=25C 8 120 A
H preset or clear V=45V Ta = MAX 120 #
Low-level input current into Voo =MAX, V=04V i —1.1 ~1.6
[T any input except JK, preset, 110 t mA
or clear Vec=MIN, V=04V | —09 -1.45
e Low-level input current into 110 Vee =MAX, V=04V -22  -32 mA
K Vee=MIN, V| =04V 18 -29
Low-level input current into Vee =MAX, V=04V -3 475
e preset or clear 110 mA
Vee=MIN, V=04V —25 -39
SN54104, SN74104 ' 15 24
Icc Supply current 111 Vee=5V mA
SN54105, SN74105 17 28
switching characteristics, Vgg = 5 V, Ta = 25°C
TEST !
PARAMETER EIGURE TEST CONDITIONS MIN TYP MAX UNIT
Propagation delay time, low-to- 112
=15 pF = 9 15 ns
PLH high-level output, from clock CL=15pF, R =400 &
Propagation delay time, high-to-
= = ns
PHL iow-level output, from clock 12 Cp=15pF, Ry =400 2 16 »

fFor conditions shown as MIN or MAX, use the appropriate vaiue specified under recommended operating conditions for the applicable device
type.

LAl typical values are at Vg = 5 V, Tp = 25°C.
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CIRCUIT TYPES SN54104, SN54105, SN74104, SN74105
GATED J-K MASTER-SLAVE FLIP-FLOPS

functional block diagram
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=
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CIRCUIT TYPES SN54104, SN54105, SN74104, SN74105
GATED J-K MASTER-SLAVE FLIP-FLOPS

schematic

ol
00

. . . o Vee
6k23 15kR3 4 kDS 150j 80 Q 80 Q t:m $2k2 315ke 36k %

$ 125 ka2 1] Pﬁ ~ 125 Kk
T
Y " i
CLEAR

R G e
! *Jyﬁ‘ .
. e SRy, . BN

- TTN

PRESET

4 kQ S 2 kQ

s £ lamehd C A bl T 5
N54104,
| sn74104 | I SN7atos [° "FI ho o Srarod | | i sweero |
ey |l Leav | 2ke 2k Ll | L oy |
= . L ] 2
» 5

—— — — —— L —— e

4 kQ
4 kQ 6 kQ2

K2
SN54105/
SN74105

only 1253

[——————

Component values shown are nominal.
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CIRCUIT TYPES SN54110, SN74110
GATED J-K MASTER-SLAVE FLIP-FLOPS WITH DATA LOCKOUT

J OR N DUAL-IN-LINE OR W FLAT

PACKAGE (TOP VIEW) '
e Data Lockout Solves Clock-Skew Problems

VCe PRESETCLOCK K3 K2 K1 Q-

e Improved Immunity to Noise

e Input-Clamping Diodes Simplify System Design

e High-Fan-Out, Low-Impedance, Totem-Pole Outputs
e Fully Compatible with Most TTL, DTL.,, and MSI Circuits
e Typical Maximum Input Clock Frequency .. .25 MHz

description NC CLEAR 41 & 43 G GND

. 5 positive logic:
The SN54110 and SN74110 are d-c coupled, variable-skew, J-K flip-flops Low input to preset sets Q to high level

which utilize TTL circuitry to obtain 25-MHz performance typically. They Low input to clear resets Q to low level
are termed “variable-skew’* because they ailow the maximum ciock skew in Preset and ciear are independent of ciock
a system to be a direct function of the clock pulse width. The J and K
inputs are enabled only during a short period (20 nanoseconds maximum
setup time plus 5 nanoseconds maximum hold time) on the rising edge of
the clock pulse as shown in the timing diagram, Figure 1. After this, inputs
may be changed while the clock is at the high level without affecting the TRUTH TABLE

state of the master. On the threshold level of the falling edge of the clock INPUTS AT t,, | OUTPUT AT tn1q

n pulse, the data stored in the master during the rising edge will be transferred 9t Ki Q

TPin assignments for these circuits are the same
for all packages.
NC—No internal connection.

to the output. The effective allowable clock skew then is minimum
propagation delay time minus hold time, plus clock pulse width. This means
that the system designer can set the maximum allowable clock skew needed
by varying the clock pulse width. Thus system design is made easier and the
requirements for sophisticated clock distribution systems are minimized or,
in some cases, entirely eliminated. These flip-flops have an additional H = high level, L = low level
feature—the synchronous input has reduced sensitivity to data change while NOTES: A. t, = bit time before
the clock is high because the data need be present for only a short period of 5 :'°°k Z"':i: e aftor
time and the system’s susceptability to noise is thereby effectively reduced. ’ C:'::k pulse.
fo=91-92-43

The SN54110/SN74110 has the same functional advantage as the K=K1+*K2+K3
SNB5472/SN7472 in that three-input AND logic is provided for both the J

and K data functions. Preset and clear inputs, which are completely

independent of the state of the clock, are also provided. The SN54110 is

characterized for operation over the full military temperature range of

—55°C to 125°C; the SN74110 is characterized for operation from 0°C to

70°C.

IITrr
IrITr

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vg (seeNote 1) . . . . . . . . O AV
Input voltage (seeNote 1) . . . . . . . . . . . . . . . . . . . . .. ... ....5bYV
Interemitter voltage (see Note 2} e e e e e e e e e e e e e e e e e s e e 55V
Operating free-air temperature range: SN54110Circuits . . . . . . . . . . . . . . . . -55°Ct0125°C

SN74110Circuits . . . . . . . . « . « . . . . ... 0°Cto70°C
Storage temperaturerange . . . . . . . . + 4 4 . v« e e e e e i e e .... —B5Cto150°C

NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal.
2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to the J input with
respect to clear and clock, and to the K input with respect to preset and clock.
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CIRCUIT TYPES SN54110, SN74110
GATED J-K MASTER-SLAVE FLIP-FLOPS WITH DATA LOCKOUT

recommended operating conditions

SN54110 SN74110
MIN NOM MAX | MIN NOM MAX URNIT
Supply voltage Vco 4.5 5 55 |[4.75 5 525 \"
Normalized fan-out from each output, N High IOQ-IC level 20 20
Low logic level 10 10
Clock frequency, fojock 0 20t 0 201 | MHz
Width of clock pulse, ty(clock) 251 251 ns
Width of preset pulse, tw(preset) 251 25t ns
Width of clear pulse, ty(clear) 251 251 ns
Input setup time, high-level or low-level data, tsetup (see Note 3and Figure 114) 20t 20t ns
Input hold time, high-level or low-level data, thg|d (see Note 4) 51 51 ns
Operating free-air temperature, Ta —55 25 125 o] 25 70 °c

NOTES: 3. Setup time is the interval immediately preceding the positive-going edge of the clock pulse during which interval the data to be
recognized must be maintained at the input to ensure its recognition.
4. Hold time is the interval immediately following the positive-going edge of the clock pulse during which interval the data to be
recognized must be maintained at the input to insure its recognition.
tThese conditions are recommended for use at Veg = 5V, Tp = 25°C.

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP§ MAX | UNIT
ViH High-level input voltage 2 v
ViL Low-level input voltage 0.8 A"
Vi Input clamp voltage Vge =MIN, I =—=12mA -1.5 A\
Ve =MIN, Vig=2V, v

v High-level o t volta 24
OH High-level output voltage 10H = —800 A
Vee = MIN, ViL=08V,

VoL Low-level output voltage

IoL = 16 mA
1 Input current at maximum input voltage Vee = MAX, V=55V 1 mA
ljy  High-level input current :;:s;:ro:::::rlin:::t Vee = MAX, V=24V 1:2 uA
NL  Lowevel input current J K orclockinput |\ _MAX, V=04V 181 A
preset or clear input -3.2
log  Short-circuit output current Vee = MAX —-20 —57 | mA
Icc Supply current Vcec=MAX, SeeNoteb 20 34| mA

NOTE 5: With J and K inputs grounded, the clock input at 4.5 V, and the outputs open, Igc is tested first with clear at 4.5 V and preset

grounded, then with clear grounded and preset at 4.5 V.
fFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type. o
§an typical values are at Vg =5V, Ta =25 C.
9 Not more than one output should be shorted at a time.

switching characteristics, Vgcc =5V, TA=25°C,N =10

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
frax Maximum clock frequency 20 25 MHz
P i lay time, low-to-high-level output
ropagation delay time, low-to-high-level outpu ) 12 20 ns

1
PLH from clear or preset

Propagation delay time, high-to-low-level output

CpL =15pF, R =400 &, 18 25 ns

1
PHL from clear or preset .
. - - See Figure 114
" Propagation delay time, low-to-high-level output 10 20 30 ns
PLH from clock
¢ Propagation delay time, high-to-low-level output 6 13 20 ns
PHL from clock
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CIRCUIT TYPES SN54110, SN74110
GATED J-K MASTER-SLAVE FLIP-FLOPS WITH DATA LOCKOUT

functional b‘lock diagram
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CIRCUIT TYPES SN54111, SN741
DUAL J-K MASTER-SLAVE FLIP-FLOPS WITH DATA LOCKOUT

Data Lockout Solves Clock-Skew Problems

[

e improved immunity to Noise

. Input-Clamping Diodes Simplify System Design

] High-Fan-Out, Low-Impedance, Totem-PZ)Ie Outputs

e Fully Compatible with Most TTL, DTL, and MSI Circuits

e Typical Maximum Input Clock Frequency . . . 25 MHz
description

The SN54111 and SN74111 are d coupled, variable-skew, J-K flip-flops
which utilize TTL circuitry to obtain 25-MHz performance typically. They
are termed “variable-skew’” because they allow the maximum clock skew in
a svstem to be a direct function of the clock pulse width. The J and K
inputs are enabled to accept data only during a short period (30
nahoseconds maximum hold time) starting with, . and immediately
g,-the rising edge of the clock pulse as shown in the timing diagram,
After this, inputs may be changed while the clock is at the high
level withgut affecting the state of the master. At the threshold level of the
falling edge -of  the clock pulse, the data stored in the master will be
transferred to the output, The effective allowable clock skew then is
mifimunt propagatlon delay time minus hold time, plus clock pulse width.
This meanis that the system designer can set the maximum allowable clock
skew r)eeded by varying the clock pulse width. Thus system design is made
easier and the requirements for sophisticated clock distribution systems are
minimized or, in some cases, entirely eliminated. These flip-flops have an
additional feature—the synchronous input has reduced sensitivity to data
change while the clock is high because the data need be present for only a
short. period of time and the system’s susceptibility to noise is thereby
effectively reduced.

The SN54111 is characterized for operation over the full military
temperature range of —55°C to 125°C; the SN74111 is characterized for
operation from 0°C to 70°C.

JOR N DUAL-IN-LINE OR W FLAT
PACKAGE (TOP VIEW)T

2 2 2
Vee 2K PRESETCLEAR 20 CLOCK 28 20

1T(l2]]3([14¢]5

1 1 W 1
PRESET CLEAR CLOCK

positive logic:
Low input to preset sets Q to high level
Low input to clear resets Q to low level
Preset and clear are independent of clock

tpin assignments for these circuits are the same
for all packages.

TRUTH TABLE

INPUTS AT t,, |OUTPUT AT tq4q
J K Q
L L Q,
L H L
H L H
H H Q,

H = high level, L = low level
NOTES: A. t, = bit time before
clock pulse.
B. th+1 = bit time after
clock pulse.

absolute maximlm ratings over operating free-air temperature range (unless otherwise noted)

NOTES:

Supply voltage, VoG (see Note 1)

Input voltage (see Note 1)

Interemitter voltage (see Note 2)

Operatmg free-air temperature range: SN5411 1 Curcults
SN74111 Circuits

Storage temperature range

7V
55V

... .. BBV
—55°C to 125°C

. 0°C to 70°C
—65°C to 150°C

1. Voltage values, except interemitter voltage, are with respect to network ground terminal.

2. This is the voltage between two emitters of a multiple-emitter transistor. For this circuit, this rating applies to the J input with

respect to clear and clock, and to the K input with respect to preset and clock.
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CIRCUIT TYPES SN54111, SN74111

DUAL J-K MASTER-SLAVE FLIP-FLOPS WITH DATA LOCKOUT

recommended operating conditions

SN54111 SN74111 ONIT

MIN NOM MAX | MIN NOM MAX

Supply voltage, Ve 45 5 55 | 4.75 5 525 \4
. High logic level ’ 20 20
Normalized fan-out from each output, N -
Low logic level 10 10

Clock frequency, fojoek 0 20 0 20 | MHz
Width of clock pulse, ty{clock) 25, 25 ns
Width of preset pulse, tyw(preset) 25 25 ns
Width of clear pulse, tyy(clear) 25 25 ns
Input setup time, high-level or low-level data, tsetup (see Figure 115) 0 0 ns
Input hold time, high-level or low-level data, theld (see Figure 115) 30 30 ns
Operating free-air temperature, T -55 25 125 0 25 70 °c

electrical characteristics over recommended operating free-air temperature range {(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYPY MAX |UNIT
Viy4 High-level input voltage 2 A"
ViL Low-level input voltage 0.8 A
V) Input clamp voltage Vee = MIN, I =—-12mA -1.5 v
VoH High-level output voltage Voe = MIN, ViH=2V. 24 v
loH = —800 pA
VoL Low-level output voltage Vee = MIN, ViL=08V, 04 | V
loL = 16 mA
Iy Input current at maximum input voltage Vee = MAX, V=55V 1| mA
J or K input 40
Ii4  High-level input current Clear or Preset input Vce = MAX, V=24V 80 | uwA
Clock input 120
Jor Kinput -1.6
Ij  Low-level input current Clear or Preset input Vee = MAX, V=04V —3.2 | mA
Clock input —4.8
tos Short-circuit output current § Ve = MAX SNsaTT i 57 mA
SN74111 —18 —57
icc  Supply current Voo =MAX,  See Note 3 28 41 | mA

NOTE 3: With J and K inputs grounded, the clock input at 4.5 V, and the outputs open, lcc is tested first with clear at 4.5 V and preset

grounded, then with clear grounded and preset at 4.5 V.

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device

type.
fan typical values are at Voo =5V, Ta = 25°C.
§Not more than one output shouid be shorted at a time.

switching characteristics, Vcg =5V, TA =25°C, N =10

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
fmax Maximum clock frequency 2 % MHz
tPLH Propagation delay time, low-to-high-level output 12 18 ns
from clear or preset

tPHL Propagation delay time, high-to-tow-level output CL = 15pF, RL =400 Q, 21 30 ns
from clear or preset See Figure 115

tPLH Propagation delay time, low-to-high-level output 6 12 17 ns
from clock

tPHL Propaagtion delay time, high-to-low-level output 10 20 30 ns
from clock




CIRCUIT TYPES SN54111, SN74111
DUAL J-K MASTER-SLAVE FLIP-FLOPS WITH DATA LOCKOUT

functional blbck diagram (each flip-flop)
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CIRCUIT TYPES SN54121, SN74121
MONOSTABLE MULTIVIBRATORS

logic

W FLAT PACKAGE
{TOP VIEW)
(See Notes 6 thru 9)

J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW)

TRUTH TABLE (See Notes 1 thru 3) (See Notes 6 thru 9)

NOTES: 1. 1t
n

description

6-72

t, INPUT 41 INPUT ouTPUT Vee ne ne JIMING PINS o Vee ne ne TIMING PINS e
P\
atlaz] e | a1laz]e ONONORONONONO;
T 110 11111 Inhibit L 1 11— J
0| x| 0o X0 Inhibit ! _]
x|ojf1 Xx|lojo Inhibit a
0| x|o] o] x|1]| Oneshot TD )
Xx|o|lo]|] x| o ]|1]| OneShot
11| X | 0 | 1| OneShot Q
T 111§ 0 X1 OneShot |"' = "l
xlolo| x|1]o0 Inhibit ] ¥ L]
o|x|ol 1| x|0o]| inhibi @ @ @ @
X 1o 1 1 1) inhibit & NC Al A2 B Q GND @ NC Al AZ B Q GND
0 X |1 1 1 1 Inhibit
1{1]lo] x}o]jo Inhibit
1 110 0 xlo Inhibit positive logic: see truth table and notes 5 and 6
=V, >
'=Viny =2V 5. A1 and A2 are negative-edge-triggered % External timing capacitor may be

0=Viiio <08V

= time before Input

logic inputs, and will trigger the one
shot when either or both go to logical 0
with B at logical 1,

. B is a positive Schmitt-trigger input for

connected between pin @ (posi-
tive) and pin @ With no external
capacitance, an output pulse width
of typically 30 ns is obtained.

transition, slow edges or level detection, and will 8, To use the internal timing resistor
2. 0 1" time after input trigger the one shot when B goes to (2 k2 nominal), connect P|“®t°
transition, logical 1 with either A1 or A2 at Plﬂ@-

. X indicates that either a

logical 0. {See Truth Table)

To obtain variable pulse width con-

nect external variable resistance be-

tween pin@and pin @. No exter-

nal current limiting is needed.

For accurate repeatable pulse widths

connect an external resistor between

pin @ and pin @ with pin @

open-circuit.

logicat O or 1 may be
present,
4. NC = No Internal Connection.

This monolithic TTL monostable multivibrator features d-c
triggering from positive or gated negative-going inputs with
inhibit facility. Both positive and negative-going output
puises are provided with full fan-out to 10 normalized
loads.

Pulse triggering occurs at a particular voltage level and is

not directly related to the transition time of the input pulse. Schmitt-trigger input circuitry (TTL compatible and
_featuring temperature-independent backiash, See Figure L) for the B input allows jitter-free triggering from inputs with

transition times as slow as 1 volt/second, providing the circuit with an excellent noise immunity of typically 1.2 volts.

A high immunity to VCC noise of typically 1.5 volts is also provided by internal latching circuitry.

Once fired, the outputs are independent of further transitions on the inputs and are a function only of the timing
components. Input pulses may be of any duration relative to the output pulse. Qutput pulse lengths may be varied
from 40 nanoseconds to 40 seconds by choosing appropriate timing components. With no external timing components
(i.e., pin@connected to pin @, pins open) an output pulse of typically 30 nanoseconds is achieved which
may be used as a d-c triggered reset signal. OQutput rise and fall times are TTL compatible and independent of pulse
length.

Pulse width is achieved through internal compensation and is virtually independent of VCC and temperature. In most
applications, pulse stability will only be limited by the accuracy of external timing components.



CIRCUIT TYPES SN54121, SN74121
MONOSTABLE MULTIVIBRATORS

description (continued)

Jitter-free operation is maintained over the full temperature and VCC range for more than six decades of timing
capacitance (10 pF to 10 uF) and more than one decade of timing resistance (2 k{2 to 40 k§2). Throughout these
ranges, pulse width is defined by the relationship tp(out) CT R Ioge

Circuit performance is achieved with a nominal power dissipation of 90 milliwatts at 5 volts (50% duty cycle) and a
quiescent dissipation of typically 65 milliwatts.

Duty cycles as high as 90% are achieved when using RT = 40 k§2: Higher duty cycles are achievable if a certain amount
of pulse-width jitter is allowed.

recommended operating conditions

MIN NOM MAX UNIT

Supply Voltage Vae:  SN54121 Circuits . . . . . . . . . . .. 4.5 5 5.5 v
SN74121 Circuits . . . . . . . . . . . . 4.75 5 5.25 N

Normalized Fan-Out From EachQutput, N . ., , . . . . . . . . . 10

Input Pulse Rise/Fall Time: Schmittlnput(8) ., . . . . . . . . . 1 Vis

Logic Inputs (A1,A2) . . . . . . . ., . 1 V/ps

Input Pulse Width . . . e e e 50 ns

External Timing Resistance Between Pms@and @(Pm@open) e e e e 1.4 kQ

External Timing Resistance: SN54121 . . . . e e e 30 k2

SN74121............. 40 k2
Timing Capacitance . . . . . . . . . .+« . .+ . . e 044 0 1000 HE

OutputPulseWidth.................... 40 s
Duty Cycle: RT—ZkQ e e .. 67%
Ry = 30 k2 (SN54121) or RT - 40k8 (SN74121) 90%
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CIRCUIT TYPES SN54121, SN74121
MONOSTABLE MULTIVIBRATORS

electrical characteristics over operating free-air temperature range

TEST

PARAMETER FIGURE TEST CONDITIONST MIN TYPI MAX | UNITS

V. Positive-going threshold voltage at A input 57 Ve = MIN 1.4 2 \Y
VT_Negative-going threshold voltage at A input| 57 VCC =MIN 0.8 1.4 A\
VT+ Positive-going threshoid voltage at B input 57 VCC = MIN 155 2 V)
V1_Negative-going threshold voltage at B input 57 Ve = MIN 08 1.35 v
Vout(0) Logical 0 output voltage 57 Vee =MIN,  lgipk = 16 mA 022 04 A
Vout(1) Logical 1 output voltage 57 Ve = MIN, -~ ljgaq = —400 A 24 33 v

i Logical O level input _ o _ _
into) current at Al or A2 58 Vee = MAX, Vip=04V 1 1.6 mA
1in{0) Logical O level input current at B 59 Vce = MAX, Vip=04V -2 =32 mA
N Logical 1 level input c0  |YCC=WMAX, Vi =24V 2 20 | wA

i1 currentat At or A2 Ve = MAX, Vip=55V 0.06 1 mA
I Logical 1 level input 61 Vge=MAX, Vip=24V 4 80 - BA

N cymrentatB Vee = MAX, Vip=55V 0.05 1 mA

ircui 62 SN54121| —20 -25 _55
Short circuit output

1 - d Vee = MAX

0s current at Q or Q8 2?3 cc SN74121| —18 —-26 -55 mA

Power supply current in B

lcc quiescent (unfired) state 64 Vee = MAX 13 5 mA
Icc Power supply current in fired state 64 Vee = MAX 23 40 mA

“ tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the appiicable

device type.
1Al typical values are at Voo = 5 V, Tp = 25°C.
§ Not more than one output should be shorted at a time,

switching characteristics, Vee=5V.T A=25°C

PARAMETER TEST TEST CONDITIONS MIN TYP MAX | UNITS
FIGURE
N Propagation delay time to logical 1 15 35 55 ns
pd1 level from B input to Q output 72 B . Co =80 oF
. Propagation delay time to logical 1 CL = 15pF, T P 25 45 70 ns
pd1 level from A1/A2 inputs to Q output
t 40 Propagation delay tim_s to logical 0 20 40 65 ns
pd level from B input to Q output 72 _ " Co=
. Propagation delay time to logical O CL=15pF, T = 80pF 0 50 20 ns
pd0 level from A1/A2 inputs to Q output
t fout) Pulse width obtained using 73 Cp =15pF, Ct =80pF, 70 110 150 ns
P internal timing resistor R = Open, Pin @ 1oV
. - N - F =
tolour) Pulse width obtained with 7 Cp = 15pF, CT 0, 20 30 50 ns
zero timing capacitance RT = Open, Pin @ to Vee
CL =15pF, Ct =100 pF,
. 700
: Pulse width obtained using 53 LRI=10ka, Pin @ Open 600 800 | ns
plout) oy ternal timing resistor CL = 15pF, Ct = 1uF, 6 7 8 ms
: RT = 10k, Pin ® Open
. ] ] CL = 15 pF, Ct = 80 pF,
thold Minimum duration of trigger pulse 73 R7 = Open, Pin @ to Vee 30 50 ns
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CIRCUIT TYPES SN54121, SN74121
MONOSTABLE MULTIVIBRATORS

DISTRIBUTION OF UNITS
for
OUTPUT PULSE WIDTH

TYPICAL CHARACTERISTICS§

VARIATION IN INTERNAL TIMING RESISTOR VALUE
vs
FREE-AIR TEMPERATURE

T g +30%
Vee s sov 3
T,=25C =
A f £ +20%
8 lcy=101pF 4
5 <
£ R =10ke 2 A
S {External) N, € +10%
S] of £
5 k] k
> - 2 /
2 o & +5%
3 o'_ &) E /
g 5 ] ) £
) L =
r g g ¥ s o0
2 c -] s k] I ey
& 8 2 5 -2 -
© k] ] § ‘>“
« s 4 | 5%
e |
L 99% of Units [ L J-— SN74121—>
L T _10% L I 1
<
691 694 697 700 703 706 -75 -50 —25 0 25 50 75 100 125
. . o
to(out)~Output Pulse Width—ns T, —Free-Air Temperature— C
FIGURE H FIGURE |
VARIATION IN OUTPUT PULSE WIDTH VARIATION IN OUTPUT PULSE WIDTH
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
+1.0 1.0%
5 L
£ s
= )
2 2
3 +05 8 +0.5%
=1 —
< e SN74121—— <
g 2
2 g
o 3
£ 0 T o
c t =420ns e
t c -
K . plou )_ 5 to(out) = 420 s
k- @Vee=5V — & A @T, = 25°
5 " 2 A= 25°C
>
|
505 [-Cr = 60 pF L _05%
L R = 10 kQ (External) 3
s T o <
< [ Tpo=25C b
K e— SN74121—
-1.0 -1.0% 1 ]
45 4.75 5.0 5.25 55 -75 -850 -25 0 25 50 75 100 125
Vcc—SuppIy Voltage—V T A-—Free-Air Temperature—oc
FIGURE J FIGURE K

§ Uniless otherwise noted data is applicable for SN54121 and SN74121.
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CIRCUIT TYPES SN54121, SN74121
MONOSTABLE MULTIVIBRATORS

TYPICAL CHARACTERISTICS §

SCHMITT TRIGGER THRESHOLD VOLTAGE

FREE-AIR TEMPERATURE

Vs

18

\

e

Backlash = (Vo) — (V) _|

|

>
4
g
£ 16
>
)
o \
%15 N
H Positive-Going Threshold VT
= +
5
B4
=
£ -
E 1.3 Vee =5V \\
:};l’ i Negative-Going Threshold V.
- ‘2 foa—sN74121 —m | |
-75 -50 =25 0 25 50 75 100 125

T A—Free-Air Temperature~°C

PROPAGATION DELAY TIME TO LOGICAL 1 LEVEL

{B INPUT TO Q OUTPUT)

vs
FREE-AIR TEMPERATURE

FIGURE L

PROPAGATION DELAY TIME TO LOGICAL 0 LEVEL

(B INPUT TO Q OUTPUT)

vs

FREE-AIR TEMPERATURE

» 80
& 2
! 1
E g 70
- ) L= 1005k
- 2 el
8 &8¢ =1 ] C o]
% L% P @ L™5%0pr TSN L
3 2 50 |-c ]
e 50 CL=5OPF \ ; L"spF -
o | E
E NS E
2 CL =15 pF \\ %
® i 2 30
p H g —SN74121—
s | Vee=sV :
=
% c_‘_ =80 pF - g VCC ey
g 10 RT = Internal 5_|- 10 CT ~80pF ]
[ o -
2 = SN74121 - B . RTI = Intelrnal
375 50 26 0 25 S0 75 100 125 75 —50 —25 0 25 50 75 100 125
—Free-Ai o
T o—Free-Air Temperature—C T o—Free-Air Temperature—°C
FIGUREM FIGURE N

§ Unless otherwise noted data is applicable for SN54121 and SN74121.



CIRCUIT TYPES SN54121, SN74121
MONOSTABLE MULTIVIBRATORS

TYPICAL CHARACTERISTICS §

OUTPUT PULSE WIDTH
vs
TIMING RESISTOR VALUE

10ms T
1
1L
\3
¥
0‘4‘\/,
1ms / - ,2/
\4
migpd Wi
-
/‘
100 us / ¢ Il/
Lo ,
£ -Ox
3
3 T
g 10 ~ % P
g " Fod : =
I;_ (%9
3
O
B T
— 7
1us b P 4\009? ,/
Gx
—
P
// ‘ ’\09"/
100 ns G o~
]
7 Vec =5V ;
Tp =25°C |
SN54121 A
10 ns 1 1.1 P R N}
1 2 4 7 10 20 40 70 100

RT——Timing Resistor Value—kQ

FIGURE O

§ Unless otherwise noted data is applicable for SN54121 and SN74121.
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CIRCUIT TYPES SN54121, SN74121
MONOSTABLE MULTIVIBRATORS

TYPICAL CHARACTERISTICS §

OUTPUT PULSE WIDTH
vs
EXTERNAL CAPACITANCE

10ms . s o o m : -
Tt — . HA
— Voo =5V
[ T,=25% y4
— 4
p. /!
/f // /
1ms b— =
A
2
oo‘\/ V. .
,\ui‘i\ e L/ /
Al A4
100 us \19". - -
E4
=Py
£ 7/ ”~
2 ,‘u-g'/
g e </
/ A 4
2 10pus v a
g -
(ID y 4
.g, 4 4
-2 / //V
Y/
f
1us /

q

100 ns ?’

on ll

10 pF 100 pF 1000 pF 0.01 uF 0.1 uF 1uF 10 uF
CT—Timing Capacitance
FIGURE P

§ Unless otherwise noted data is applicable for SN54121 and SN741 21,
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CIRCUIT TYPES SN54122, SN54123, SN74122, SN74123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEAR

e Retriggerable for Very Long Output

Pulses, Up to 100% Duty Cycle

e Overriding Clear Terminates Output Pulse

e Diode-Clamped Inputs
logic

SN54122, SN74122
TRUTH TABLE
(See Note A}

INPUTS OUTPUTS

>
-

A2 B1

w
N

Q

T

« « I X X Xrrr X XT©T
I« «rrr X X XXX

I I IIT->TITIT->IXTIX
I I T->IIXIT->TIrFr XX

DoppbhbrpbDrFeErF

2decczddzzzo

SN54123, SN74123
TRUTH TABLE
{See Note A)

INPUTS | OUTPUTS

A B Q

)
L H
L H
o
I u

« X I

X
L
t
H

NOTES: A. H = high level (steady state), L = low level (steady state), 1 = transition from low to high level, | = transition from high to low

D-C Triggered from High- or Low-Level

Gated Logic Inputs
Compatible for Use with TTL or DTL

Typical Average Propagation Delay to
OutputQ...21ns

SN54122, SN74122
J OR N'DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)T
(SEE NOTES B THRU D)

Rext/C,
Vee extCext Cext NC Ry Q

Al A2 B1 B2 CLEAR Q@ GND

DATA INPUTS

positive logic:
Low input to clear resets Q to low
level and inhibits data inputs

SN54123, SN74123
JOR N DUAL-IN-LINE OR
W FLAT PACKAGE (TOP VIEW)t
(SEE NOTE D)

TR/ 1 _ 2
VeC Cext Cext 10 23 CLEAR 28 2A

1A B 1 W 20 2 2R,,/GND
Cext

ext

positive logic:
Low input to clear resets Q to low
level and inhibits data inputs

tPin assignments for these circuits are the same for all packages.

level, J_ = one high-level pulse, U~ = one low-level pulse, X = irrelevant (any input, including transitions).

. NC = No internal connection.

(2]

. To use the internal timing resistor of SN54122/SN74122 (10 k§2 nominal), connect Rjnt to V-

D. An external timing capacitor may be connected between Cgyt and Rext/Cext (positive).
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CIRCUIT TYPES SN54122, SN54123, SN74122, SN74123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEAR

description

NOTE:

These monolithic TTL retriggerable monostable multivibrators feature d-c triggering from gated low-level-active (A) and
high-level-active {B) inputs, and also provide overriding direct clear inputs. Complementary outputs are provided. A full
fan-out to 10 normalized Series 54/74 loads is available from each of the outputs at the low logic level, and in the
high-level state, a fan-out of 20 is available. The retrigger capability simplifies the generation of output pulses of
extremely long duration. By triggering the input before the output pulse is terminated, the output pulse may be
extended. The overriding clear capability permits any output pulse to be terminated at a predetermined time
independently of the timing components R and C.

Figure A below illustrates triggering the one-shot with the high-level-active (B) inputs.

RETRIGGER PULSE

(See Note)
B INPUT
- - ]
l . tw + tPLH i
|
1
OUTPUT Q L
¢ —_——— e ———
w ¥ QUTPUT WITHOUT RETRIGGER
OUTPUT PULSE CONTROL USING RETRIGGER PULSE
B INPUT
CLEAR

QUTPUT WITHOUT CLEAR

—————— =
OCUTPUT Q I
|

OUTPUT PULSE CONTROL USING CLEAR INPUT

FIGURE A—TYPICAL INPUT/OUTPUT PULSES

Retrigger pulse must not start before 0.22 Cgyy {in picofarads) nanoseconds after previous trigger pulse.




CIRCUIT TYPES SN54122, SN54123, SN74122, SN74123

RETRIGGERABLE MONOSTABLE MULTIVIBRATO

RS WITH CLEAR

description (continued)

These monostables are designed to provide the system designer with complete flexibility in controlling the pulse width,
either to lengthen the pulse by retriggering, or to shorten by clearing. SN54122/SN74122 has an internal timing
resistor which allows the circuit to be operated with only an external capacitor, if so desired. Applications requiring
more precise pulse widths and not requiring the clear feature can best be satisfied with SN54121/SN74121.

The output pulse is primarily a function of the external capacitor and resistor. For Cext > 1000 pF, the output pulse
width (tyy) is defined as:

where

0.7
ty = 0.32 RTCext Q + E‘)

RT is in k€2 (either internal or external timing resistor)
Cext is in pF
Ty is in ns

For pulse widths when Cgyxt << 1000 pF, see Figure 3.

These circuits are fully compatible with most TTL or DTL families. Inputs are diode-clamped to minimize reflections
due to transmission-line effects, which simplifies design. Typical power dissipation per one shot is 115 milliwatts;
typical average propagation delay time to the Q output is 21 nanoseconds. The SN54122 and SN54123 are
characterized for operation over the full military temperature range of —55°C to 125°C; the SN74122 and SN74123
are characterized for operation from 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage V¢ (see Note 1)

Input voltage (seeNote 1) . . . . . . . . . . . . . . ..
Interemitter voltage, SN54122, SN74122 Circuits only (see Note 2)

Operating free-air temperature range: SN54122, SN54123 Circuits . . . . .

SN74122, SN74123 Circuits

Storage temperature range

recommended operating conditions

7V

55V

... .. 55V
—65°C to 125°C
0°C to 70°C
—65°C to 160°C

SN54122, SN54123 SN74122, SN74123 UNIT
MiIN NOM MAX MIN NOM MAX

Supply voltage, Vce 45 5 5.5 4.75 5 5.25 \
Normalized fan-out from each output, N High k)g,lc level 20 2

Low logic level 10 10
Input data setup time, tsetyp (see Note 3 and Figure 116) 40t 40t ns
Input data hold time, thg|q (see Note 4 and Figure 116) 40t 40t ns
Width of clear pulse, ty(clear) 40t 40t ns
External timing resistance 5 25 5 50 k2
External capacitance No restriction No restriction
Wiring capacitance at Rgyt/Cext terminal 50 50 pF
Operating free-air temperature, T —55 25 125 o] 25 70 °C

TThese conditions are recommended for use at Vee=5V, Ta=26°C.

NOTES:

1.
2,

3.

Voltage vaiues, except interemitter voltage, are with respect to network ground terminal.

This is the voltage between two emitters of a multiple-emitter transistor. For the SN54122/SN 74122 circuit, this rating applies to

each A input with respect to the other and to each B input with respect to the other.

Setup time for a dynamic input is the interval immediately preceding the transition which constitutes the dynamic input, during
which interval a steady-state logic level must be maintained at the input to ensure recognition of the transition.

Hold time for 2 dynamic input is the interval immediately following the transition which constitutes the dynamic input, during
which interval a steady-state logic level must be maintained at the input to ensure continued recognition of the transition.
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CIRCUIT TYPES SN54122, SN54123, SN74122, SN74123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEAR

6-82

electrical characteristics over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPI MAX|UNIT
ViH High-tevel input voltage 2 \%
ViL Low-level input voltage 08| V
\7] Input clamp voltage Vce =MIN, I =—12mA -15| V
i Vee = MIN, IoH = —800 pA,
\ High-level output volta 2.4 A
OH gh P 9 See Note 5
Vee = MIN, loL =16 mA,
V Low-level output volta 0.22 04 V
oL ow pu 9° See Note 5
h Input current at maximum input voltage Vee = MAX, V=55V 1] mA
' High-level input t data inputs| ¢ = MAX vi=24V 400 4
- nput curren = . =2.
H tgh-level input cur clear input cec ! 80 s
data inputs —-1.6
1 Low-level input current Ve = MAX, Vi=04V mA
IL owrlevel input curren clear input cc ! -3.2
los Short-circuit output current§ Ve = MAX, See Note 5 —-10 —40 | mA
| Supl © (qui t or tri d) Vee = MAX, SN54122, SN74122 23 28 A
current (quiescent or triggere m
cc SRl B 99 See Notes 6 and 7| SN54123, SN74123 46 66

1 Eor conditions shown as MIN or MAX, use the value specified under recommended operating conditions for the applicable device type.
1Al typical values are at Vg =5 V, Ta = 25°C.
§ Not more than one output should be shorted at a time.

NOTES: 5.
6.

Ground Cpx¢ to measure Vo at Q, Vo) at Q, or 1gg at Q. Ceyxy is Open to measure Vop at Q, VoL at Q, or Igg at a.
Quiescent lgg is measured (after clearing) with 2.4 V applied to all clear and A inputs, B inputs grounded, all outputs open,
Cext = 0.02 uF, and Rey; = 25 k2. Rjpt of SN54122/SN74122 is open.
Icc is measured in the triggered state with 2.4 V applied to all clear and B inputs, A inputs grounded, all outputs open,
Cext = 0.02 uF, and Rext = 25 k2. Rjpy of SN54122/SN74122 is open.

switching characteristic:, Vcc =5V, TA=25°C,N =10

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
Propagation delay time, low-to-high-level Q output,
tPLH . . 22 33 ns
from either A input
. Propagation delay time, low-to-high-level Q output, 19 28
n
PLH from either B input s
Propagation delay time, high-to-low-level Q output,
1 Cext =0, Rext =5 k2, 30 40
PHL from either A input ext ext n
- . . Cy =15 pF, Ry =400 Q,
t Propagation delay time, high-to-low-level Q output, See Fi 116 27 36
ee
PHL from either B input fgure m
Propagation delay time, high-to-low-level Q output,
PHL . 18 27| ns
from clear input
Pro tion delay time, low-to-high-level Q output,
tPLH paga . v 9 30 40| ns
from clear input
tw(min} Minimum width of Q output pulse’ 45 65| ns
Cext = 1000 pF, Rgxt = 10 k2,
t, Width of Q output pulse 3.08 342 3.76
w of ™ output puls Cp = 15 pF, RL = 400 £ ks




CIRCUIT TYPES SN54122, SN54123, SN74122, SN74123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEAR

TYPICAL CHARACTERISTICS

OUTPUT PULSE WIDTH
vs
EXTERNAL TIMING CAPACITANCE

10 000
Vee=5V
7000 f CC”° >
Ta=25C A
4 000 7
vy
2000 ' AL
e & A ,/ @y
0 A A N
_é 1000 29 d\ — 4 A
§ 700 .?‘(/(50\‘ Z TThese values of resistance exceed the maximums recom-
2 4200 14 (X(/,LQV-Q‘I // 7 mended for use over the full temperature range of the
8 o e SNB4122 and SN54123.
S =<ty Q¥ )2
% 200 =] * :
E LT oS A !
<3 6\5@'/ i
5 100 Ll _‘-“‘(4 24 i L
? 7 e
N : ! 11
20 =
i il y;
10 HIEH Ll
100 200 400 1000

7 2 4 10 20 40
Cext—External Timing Capacitance—pF FIGURE B

TYPICAL APPLICATION DATA

Rext < 0.6 Rgyt max.

RT
(See recommended operating
conditions for Ryt max.)
c c Any silicon switching diode
ext ext such as 1N3064, etc.
To Cext To Rext/Cext To Cext To Rext/Cext
terminal terminal terminal terminal
TIMING COMPONENT CONNECTIONS WHEN Cgy¢ < 1000 pF TIMING COMPONENT CONNECTIONS WHEN
Cext > 1000 pF AND CLEAR IS USED
FIGURE C FIGURE D

To prevent reverse voltage across Ceyt, it is recommended that the method shown in Figure D be employed when using
electrolytic capacitors and in applications utilizing the clear function. In all applications using the diode, the pulse

width is:
tw = 0.28 RextCext <1 +°J)
Rext
where Rext is in k&2
Cext is in pF
ty is in ns

6-83



SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

6-84

d-c test circuits§

PARAMETER MEASUREMENT INFORMATION

1. Each gate is tested separately.

FIGURE 5

“S—— |
apniiny sink - |
Vi, © \ - load
-
Vln wl
Voutio)
| Vout (1)
1. All inputs are tested simultaneously. 1. Each input is tested separately,
FIGURE 1 FIGURE 2
ch gcc
V.
in
OPEN OPEN
v
in
1. Each input is tested separately. 1. Each input is tested separateiy.
FIGURE 3 FIGURE 4
Vee Vcc
$ 'cc
\
" OPEN

1. Logical 0 and logical 1 conditions are tested.
2. All gates are tested simultaneously.

FIGURE 6

§ Arrows indicate actual direction of current flow.




SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

d-c test circuits§ (continued)

lout(1)
o

1. Eoch input is fested separately.

FIGURE 7

Vout (1}
VA

Vee

Vinl1)

Vin(0)

1. Each input is fested separately.

1. Each input is tested separately.
FIGURE 11

FIGURE 8
Vee Vee
Vinio) O—4 Vin()
lload < lsink
Vout(1) Vout(0)
1. Both inputs are tested simuitaneously. 1. Each input is tested separafely.
FIGURE 9 FIGURE 10
45v Vee Vee
lin(1)
Vinl1)
OPEN OPEN
Vinto)

[ Se—
linto}

1. Each input is tested separately.
FIGURE 12

§Arrows indicate oactual direction of current Flow,
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

d-c test circuits§ (continued)

1. Each gate is tested separately.

\%

cc
l'cc

OPEN

1. Logical 0 and logical 1 conditions are tested.
2. All gates are tested simultaneously.

Vee
[—D%Tlios

1. Each inverter is tested separately.

FIGURE 19

FIGURE 13 FIGURE 14
v
cc
Vee
v Nload
v ik in
ino— ‘\ sin|
v Vout(1)
“ CI(O) i
FIGURE 15 FIGURE 16
Vee Vee
Youtt1) into)
V. - L —
" Vout(1) ino—s OPEN
lin(1)
FIGURE 17 FIGURE 18
Vee
{ 'ccy
v
Vin OPEN

1. All inverters are tested simultaneously.

FIGURE 20

¢ Arrows indicate actual direction of current flow
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SERIES 54, 74

TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION
d-c test circuits § (continued)

1. Each gate is tested separately.

FIGURE 25

4.5V
<
V.
in
1. Each AND section is tested separately.
1. Each pair of inpufs is tested separately.
FIGURE 21 FIGURE 22
4.5V
1 -
orend 7y i)
i . | Fq
—._7 ) Ve - ! Vee
: 1
]
1
1
| 1
1
H 1
OPEN OPEN
]
1
Il 1
in(1} i
|
- '
Vin »--T \LJ =
-/
1. Each input is tested separctely. = N
FIGURE 23 1. Each inpul is tested separately.
FIGURE 24
Ty
-—__/ .: VCC
i i
i
OPEN

1. All gates are tested simultaneously.

FIGURE 26

§Arrows indicate actual diraction of current flow.
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

d-c test circuits § {continued)

FIGURE 31

1. All inputs are tested simultaneously.

- _—
: 4 s Y 1 Ty, v
- V
=/ ‘cc - 1 Yee
i [ -
I ! l I | i
cC i |
] 4 :
I
1 i |
>—'OPEN o  sink
] .
| [}
: . v
1 1 2
' ]
-_—— i
""f N4 = TN
b=
- »--L s,
1. All gates are tested simultaneously. =
FIGURE 27 FIGURE 28
-_f A\ - -
-l Ve 9SC -{l- by ocC
-t _-}
1 1
1
I
sink !
I .
,l \
*— Vour(o) 1
=" !
AYIY oY
4 = t-t—-
FIGURE 29 FIGURE 30
Vee 4.5V Yee Ve
>
1 R l loﬂ
Veon
V.
n O

1. Each input is tested separately.

FIGURE 32

§ Arrows indicate actual direction of current flow.




SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

d-c test circuits§ (continued)

1. Each output is tested separately.

FIGURE 37

Vee Vee
OPEN lint)
V. —_—
n  o—m——— OPEN
V.
n
‘ ‘on
Vl =
1. Each input is tested separately.
FIGURE 33 FIGURE 34
Jee [ _——_l ¥cc
|
l cc OPEN j; \ Sreset
TEST
v PER D Clock
in 7 TRUTH oc
v, v
" o- ' TABLE KN,
» /| Clear
L J
1. Each output is tested separately.
1. ’On" and “off*’ conditions are tested separately. 2. Preset and clear are tested with Vjp(ciock) = 0-
2. All gates are tested simultaneously.
FIGURE 35 FIGURE 36
i 7 Yec
1N "\ | Preset
J
J2 Q
TEST "°|>"_/ Usink
Vio o— PER Clock '\
TRUTH
TABLE K1 \ |
K2 a Vout(0)
Now
*—C&— Clear

§ Arrows indicate actual direction of current fiow,
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TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION
d-c test circuits § (continued)

45V
- - TEST TABLE
Vee Apply V. Apply Moment
? PPYY Yin pply Momentary
5 (Test Iy | APPIY 45V | Ground | GNp then 45V
J \\| Preset 12 n T* Cloar
J2 ’ Qp N 2 Ik " Clear
bin(o) SEE ‘4>‘ / Ik None None None
Vi, O———p TEST Clock OPEN K2 K1 KX Preset
TABLE T Ki K2 Kk Preset
— Kk None Nosne None
—E_ K2 K ar Clock None None None
b D Cloeor Preset K1 and K2 KX None
| _=L Clear J1 and J2 I None
1. Each output is tested separately. FIGURE 38
Vee
l lce TEST TABLE
Apply Vi, Ground Apply
r 7 (Test Ly roun 45V
(L J2 J1 and Clear >k
fint) n \\ | Preset n J2 and Clear Ik
V., O———pd J2 J al- Ix None None
.@- J K2 KT and Preset K&
SEE Clock OPEN Ki K2 and Preset Kk
TEST o Kk None None
TABLE K1
- Clock None None
_.E Kz K Qr Preset K1 and K2 Kk
= _% / Clear Clear J1 and J2 Ik
[ 1

1. Each inpui is tested separaiely.
2. ICC is measured with clear at GND, then with preset at GND.

FIGURE 39

I— T Preset
OPEN { J
] J2 Q |
—4}— os
Clock
=
OPEN { =
K2 Qr—
K
»—c{&— Clear

1

1. Each output is tested separately. FIGURE 40

§ Arrows indicate octual direction of current flow.
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PARAMETER MEASUREMENT INFORMATION
d-c test circuits § (continued)

- - Vee - - Vee
b
n PRESET Ti PRESES
)2 J2
J —
33 ’ @ 13 i @
TEST Vioad TesT Lok
Yin O :EEITH { ——qcLocx ) Va0 :;ZYH —%ﬂqocx N
TABLE ~ TABLE N\
K1 = K1 = |
K2 K Q Vourtls K2 i< Q Vour 0
"3_/ CLEAR K3 CLEAR {
. § . ;
L 1 1 4 L + + 4
1. Each outpui is lested separately. 1. Each output is fested separately,
FIGURE 41 FIGURE 42
TEST TABLE
43V — - Vee Apply Vi, | Apply Momentary]  Apply
b ? {Test Iinfo)) GND, then 4.5V 45V
T PRESET Clock Preset J1, J2, J?, K1, K2, ond K3
12 Clock Clear 31, 12,13, K1, K2, end K3
J QF—
J3 J Preset None 11,12, 13, K1, K2, and K3
I nt0)f SEE Clear None 11, 12,13, K1, K2, cnd K3 m
-— .
VinO—=y TEST CLOCK OPEN n Clear Clock, J2, and J3
TABLE ——
12 Clear Clock, J1, and J3
1 —
E? K QpF—— J3 Clear Clock, J1, and J2
K3 CLEAR K1 Preset Clock, K2, and K3
j l K2 Preset Clock, K1, and K3
L _J e K3 Preset Clock, K1, and K2
1. Each input is tested separately.
FIGURE 43
Vee
lec
- N ——
EST TABLI
L PRESET T E
T 2 J o APP’); Vin Ground
Vin 05 3 | (Test ]
Clock Preset, Clear, 11, ]2, 13, K1, K2, ond K3
SEE -
TEST CLOCK OPEN Preset Clock, K1, K2, and K3
TABLE M~ Clear | Clock, J1, J2, and 13
Clock, Clear, J2, and J3
K1 K ah— J1 oc ear
:g / 2 Clock, Clear, J1, and J3
— C'i;AR 33 Clock, Clear, J1, and J2
_L K1 Clock, Preset, K2, and K3
- - = K2 Clock, Preset, K1, and K3
K3 Clock, Preset, K1, and K2
1. Each input is tested separately. EIGURE 44

2. I is measured with clear at GND, then with presel at GND.

§Arrows indicate aclual direction of current flow.
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d-c test circuits§ {continued)

PARAMETER MEASUREMENT INFORMATION

Vin
e e e o e e o o o los
Q  Vee ¢
45V l
° T
J1 PRESET
12 J a
J3
¢ CLOCK
|-
K1 K -
K2 a
K3 CLEAR
1. Each output is tested se-parately.
FIGURE 46
- - Vee - . Vee
o0 S|
H ' T
1
& T o
PRESET PRESET
J Q J
TEST —wlload 1';EESRT
Vi, O—e PER L _dcLock Vin O—» —g CLOCK
n TRUTH n TRUTH
TABLE T TABLE
K a v K
—|CLEAR °“i‘£’ T lCLEAR
1. Each flip-flop is tested separately. 1. Each flip-flop is tested separately.
2. Each output is tested separately. 2. Each output is tested separately.
FIGURE 46 FIGURE 47
45V . L Vee TEST TABLE
1‘5 Apply V. Apply Momentary
PRESET (Test 1)) GND Apply 4.5 V
ot
J Clock Clear (See Note 2} Jand K
lin(O} SEE Clear None Clock and J
.| TEST L dcLock OPEN
“*+—| TABLE Preset None {See Note 5) Clock and K
V. 0___.
n J Q (See Note 3) Clock and Clear
K o K T (See Note 3) Clock and Clear
CLEAR .
1. Each flip-flop is tested separately.
2. Apply momentary ground, then 4.5 V. _
L 3 After application of momentary ground, Q and Q are left floating.
—_E_— - — 4, Ground all inputs of the unused flip-flop.
- - 5. Preset is applicable for SN5476/SN7476 circuits only.
FIGURE 48

§ Acrows indicate actual direction of current How

6-92




SERIES 54, 74
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PARAMETER MEASUREMENT INFORMATION

d-c test circuits§ (continued)

o - v TEST TABLE
| f Apply V; Apply Mol t
? ‘ cc Py Yin Ground PPy Momentary
(Test lin(1)) GND, then 4.5 v
PRESET Clock Clear, J, and K None
—tJ Q Clear Clock and J None
Vintn) Preset (See Note 1) | Clock and K None
—
V. O Lol cLock OPEN J {See Note 1) Clock and Clear Preset
" SEE K (See Note 1) Clock and Preset Clear
TEST
TABLE K a 1. Preset is applicable for SN5476/SN7476 circuits only.
2. ICC is measured (simultaneously for both flip-flops) for the following conditions:
CLEAR a.J =K = Clock = Clear = GND. For SN5476/SN7476: Preset = 4.5 V.
b. For SN5473/SN7473: J = Clear = 4.5 V, K = GND, and apply momentary
i 4.5 V, then GND to Clock.
L J For SN5476/SN7476 4 = K = Clock = Preset = GND, and Clear = 4.5 v.

3. Each flip-flop is tested separately for I n(1)"

FIGURE 49
2.4V Vee
e 6 |
( See Note 2) PRESET
CLOCK y a
K fe) ‘Ios CLOCK l Ios
|
CLEAR | K a
T _]_ [ CLEAR ‘
1. Each flip-tiop is tested separately. ‘l- =

2. Test circuit shows setup for festing Q. When testing Q, apply 2.4 V to Clear,

ground Q, and limit duration of test to 100 ms. 1. Each flip-flop is tested separately.

FIGURE 50 FIGURE 51
r - Vee r m Vee
{
PRESET PRESET
——D Q l—— D Q
lioad sink
TEST TEST
V o-el FPER Voo PER
L TRUTH _ in TRUTH _
TABLE [——{CLOCK Q Vout(1) TABLE CLoCck @ Voutl0)
CLEAR J_ CLEAR ‘L
- - - - - - - = - -

1. Each flip-flop Is tested separately.
2. Each output is tesied separately.
FIGURE 52

1. Each flip-flop is tested separately.
2. Each outpul is tested separately.

FIGURE 53

§Arrows indicate actual direction of current flow.
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PARAMETER MEASUREMENT INFORMATION
d-c test circuits§ {continued)

4,5V
- TEST TABLE
APPLY Vin APPLY 45V APPLY GND
(TEST lin(g)!
Lin(0) S Clock Clear Presetand D
" EE
V.0 ‘—‘-. TEST OPEN Preset Clear Clock and D
TABLE Clear Clock, D, and Preset! None
D Clear and Clock Preset
— 1. Each flip-flop is tested separately.
l L = _L 2. Each input is tested separately.
FIGURE 54
TEST TABLE
APPLY V;,
(TEST &g APPLY 45V APPLY GND
l lcc (See Note 4) in{1)
r Clock Clear and D Preset
Ciock Preset and D Clear
Ln ) Proset Cloar and b Clock
—_— re lear an
m Y o_.‘ SEE oo
in
TEST OPEN Clear Preset Clock, D, and Q
TABLE D and Clock
Ci Preset
ear e (See Note B)
D Preset and Clock |Clear
= 1. Each flip-flop is tested separately.

2. Each input is tested separately.
3. GND is momentarily applied to clock, then 4.5 V.
4. lcc is measured with D, clock, and preset ot GND, then with D, clock, and clear ot GND.

FIGURE 55

T e

1. Each output is tested separately.
FIGURE 56

§Arrows indicate actual direction of current flow.
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TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION
d-¢ test circuits§ (continued)

10ka
Vee

0.1 uF

"*I OREN
Vin(1)o—» 11 10 9
a
v B
in{0) o—— |

FIGURE 57

45V 0.1 uF OPEN

P’-' —Vec
110 9
B
OPEN

L
1. Each input is tested separately. Input not being tested isat 4.5 V. =

Ol

FIGURE &8

0.1 uF OPEN

h[[ovee

11109

O——— OPEN
B

Qr——— (momentary GND, then OPEN)

+

FIGURE 59

0.1 uF OPEN

lin(1) Pl—] v
Vi SEE [0 [ ce

NOTE -D 11109
o}
B

OPEN

i

1. Each input is tested separately., Input not being tested is at ground.

FIGURE 60

H

§ Arrows indicate actual direction of current flow.
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dec test circuits § (continued) ~ PARAMETER MEASUREMENT INFORMATION

0.1 uF OPEN
7

|

L Q [ 11 109
[ ) [
. B
Vin© > 1 OPEN
Yin(1) al—
FIGURE 61
0.1 uF| v
cc
, L2} l
[ a ST
] 11109
9 q Qf— OPEN
B

L %"’5
“ 1. Pin 10 is grounded after a!l other

indicated grounds are made. =
FIGURE 62

OPEN
0.1 BF  yeo

P

1k

2]
é
m
2

[l
1l

FIGURE 63

0.1 uF H
-‘ r 1 10 9 +'CC
SEE“ Q 9
Vi TRUTH = B

TABLE _J

-

1. Quiescent and fired conditions are tested.

FIGURE 64

|
-

§ Arrows indicate actual direction of current flow,
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TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

switching characteristics
17
24V cC T
INPUT o o ouTPU
)t
1
!
]
PULSE J GaTEOR
GENERATOR 1 InvERTER
(See Note 1) UNDER
g TEST

NOTES:

(See Note 5)

TEST CIRCUIT FOR SN5400, SN5402, SN5404, SN5410, SN5420, SN5430, SN5440, SN5450, SN5451, SN5453, SN5454,
SN7400, SN7402, SN7404, SN7410, SN7420, SN7430, SN7440, SN7450, SN7451, SN7453, AND SN7454

INPUT 24V OUTPUT Vo =5V
<; RL
PULSE 3
GENERATOR <
(Ses Note 1) GATE OR L=< 15pF
INVERTER |
= UNDER =

TEST

TEST CIRCUIT FOR SN5401, SN5403, SN5405, SN7401, SN7403, SN7405

Lo vl v
| - - — - gen
| 27V 27v |
NPUT
INPU 14 1sv 15v X |
0.7 VAo t ol 0.7V
fe P
| 0
|
I |
[
— a0 "__ —] I
| I vout(ﬂ
| |
15V 15V
OUTPUT
- - - - — Vout(O)
VOLTAGE WAVEFORMS

1. The generator has the following charactertistic: vgsn =35V, t,=5ns, t = 10 ns,tp =0.5 us, PRR = 1 MHz, Zout ~50 .

2. All diodes are 1N3064.

4. CL includes probe and jig capacitance.
5. When testing the SN5400/SN7400 through SN5440/SN7440 (except SN5402/SN7402) connect all unused inputs
10 2.4 V. When testing the SN5402/SN7402 or SN5450/SN7450 through SN5454/SN7454. apply the input pulse to

one input of one AND section and 2.4 V to all unused inputs of that AND section. All inputs ot unused AND
sactions are grounded.

FIGURE 65-GATE PROPAGATION DELAY TIMES
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PARAMETER MEASUREMENT INFORMATION

switching characteristics {continued)

INPUT Vee =5V OUTPUT
-]
:" """"""""""" i
I '
3 > R
! S | gL
1 1 ) s
r 1 ]
PULSE i : !
1
GENERATOR h , bt
{See Note 1) ! ! '
.E. — i
-:_l 3 L i
=1 ’ | R
[l S -3 CL
= e i |
24V i = =
EXPANDER UNDER -
TEST -
TEST CIRCUIT
t
—l Y e —f tg fe—
I
1 |
| | vt ) Vgen
| 27V 27V |
1415V 15V |
0.7v " I tp — ol 0.7V
INPUT | | o
| |
I
— a0 fe— — gt e
OUTPUT [ ! Vout(1)
| !
- - - - - — vout(O)
VOLTAGE WAVEFORMS
NOTES: 1. The generator has the following characteristics: vgen =3.5V, to =5 ns, t1 =10 ns, tp = 0.5 us, PRR = 1 MHz,
zZ  ~50Q.
out
2, All diodes are TN3064.
tde + tpd1
3.t =
pd 2
4, CL includes probe and jig capacitance.
FIGURE 66—EXPANDER PROPAGATION DELAY TIMES
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TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

Vg =5V 0=
08V
0
e
!
c |
LT | J142 K1K2
CLEAR ! J CLOCK K
INPUT ©O- ] ﬂCLEAR’ PRESETI
| T 2
TEST ,
outpuT &

——

‘D
3L
T
PRESET
INPUT

TEST
I_ OUTPUT

SN5470/SN7470 TEST CIRCUIT

{SEE NOTE 2)
CLEAR D CLOCK
INPUT —-cLEAR PRESETP
Q Q
TEST
OUTPUT °—‘—_L

NOTES: 1.
2. Clear and preset inputs of the SN5474/SN7474 dominate regardless of the state of clock or D inputs.

3. All diodes are 1N3064.
4, CL includes probe and jig capacitance.

SN5474/SN7474 TEST CIRCUIT

PRESET
INPUT

l TEST
OUTPUT

Preset or clear function of the SN5470/SN7470 can occur only when clock input is low. Gated inputs are inhibited.

FIGURE 67—SN5470/SN7470 AND SN5474/SN7474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 1 OF 2)
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PARAMETER MEASUREMENT INFORMATION

switching characteristics {continued)

_.i tg ja—
| \
27V | gen
CLEAR INPUT I | 1657Vv ! 15V
PULSE GENERATOR .
| - e — 0
e (elaar) |
L pl ) 1 —] |
t 'to | Voen
! 27V ! 15V
PRESET INPUT | s 15V
PULSE GENERATOR : ! 07V ] 0
—» Todo e f——"plpreset) —l
| tar ' v
| ] 1 Teut | out{1)
QouTPUT | 15V { 15V
} —_— e Vout(0)
1 gy e —! fpao k-
: : ] '_: —————————— Vout(1)
QOUTPUT i 15V : 1.5V
|
! Vout(0)
VOLTAGE WAVEFORMS

NOTE 6: Clear or preset input pulse characteristics: V an = 35V, to =86 ns, t_ =25 ns for the SN6470/SN7470, and
tp = 30 ns for SN5474/SN7474. g e

FIGURE 67—-SN5470/SN7470 AND SN5474/SN7474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 2 OF 2)

6-100



SERIES 54, 74
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switching characteristics (continued)

Vee = 5V 0
CLOCK PULSE ©
SEE TEST SEE TEST
TABLE TABLE
11
J CLOCK K
CLEAR PRESET
| Q Q
TEST o I I TEST
ouTPUT = | _ ouTPUT
TEST CIRCUIT
t
cLocK e iy~ — — Vgen
PULSE | 27V
GENERAT
TEST TABLE (?l:v ' ! 15V |
TEST INPUT [INPUT | APPLY . L ol
t 0
no. | TET A B 24v | NP | ° i
1 tene | gk Ineme 17102 | ke = Csorop o=
at Jk " k1, k2 ot ——:' ——————————— Vgen
f Ik
2 hold | None [11,J2 | K1, K2 INPUT A 1% 15v!
at 1, )2 and KX PULSE | 0.7
1 ), 2, GENERATOR |
3 setup
akx | KK [Neme |\ Ths | X -l to ke
Hhotd 1% i
4 at K1, K2 None |KI1,K2 | J1,)2 and Kk |
NOTES:1. Clock pulse (see note 3), input A, and input B are INPUT B 'I
PULSE
used to measure totup andt o GENERATOR |
2. Clock frequency, tpd1' and t (from clock to output) |
are measured in the toggle mode, Hold J = K = !
Logical 1 per truth table and apply clock pulse QOR a i - out(1)
(see note 3). OUTPUT | 1.5V
3. Clock pulse characteristics: Vgen =35V, t1 = | | v
10 ns, t = 20 ns, and PRR = 1 MHz, When testing [+ *odo—l out{0)
fmax. vary PRR. l-—— todt —> V out(l}
4. Input pulse characteristics: Vgen = 3,6 V, 1:0 = | | ov
§ ns. QORQ | 1.5V
5. All diodes are 1N3064. OuUTPUT I v
6. C,_ includes probe and jig capacitance. VOLTAGE WAVEFORMS out(0)
FIGURE 68—SN5470/SN7470 FLIP-FLOP SWITCHING TIMES
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switching characteristics (continued)

Vee = 3V o

CLOCK PULSE

TEST TEST
OUTPUT OUTPUT
Vv
n CLOCK aen
INPUT PULSE
(SEE NOTES 1 AND 2)
)
|
MINIMUM |
tsetup : I
|
_— e — — — Yout(1)
|
QOR Q OUTPUT L 1.5V
f*—'pdo—] v
I | out(0)
I A\
| fodt __J out(1)
_ [ | .
QOR QOUTPUT | LSV
______ Vout(0)

VOLTAGE WAVEFORMS

NOTES: 1, Clock, J, and K input pulse characteristics: Vgen =3.5V,tp=10ns, t, = 10 ns, tp =20 ns, and PRR = 1 MHz, When test-
ing f\,y, vary PRR.
2. For the SN5472/SN7472, J = J1 * J2 ° J3;nnd K =K1 * K2 * K3,

Gated inputs (shown with dotted lines) are for the SN5472/SN7472 only. The SN5473/SN7473, SN54107/SN74107 and

SN5476/SN7476. Dual Flip-Flops have direct J and K inputs, and preset is not available on the SN5473/SN7473 and
SN54107/SN74107.

4. All diodes are 1N3064.
5. CL includes probe and jig capacitance.

FIGURE 69—-SN5472/SN7472, SN5473/SN7473, SN5476/SN7476, SN54107/SN74107 FLIP-FLOP SWITCHING TIMES
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switching characteristics (continued)

VCC=5V(}

24V

1. Clear or preset inputs dominate regardless of the state of clock or J-K inputs.

2. Clear or preset input pulse characteristics: V c= 35V,

re: c to=5ns,t1=10ns,
and Z ~50 Q.
out

olclear) ~ Tolpreset) 25 ns, PRR = 1 MHz,
. Gates inputs (shown with dotted lines) are for the SN5472/SN7472 only. The SN5473/SN7473, SN5476/SN7476, and

SN54107/SN74107 Dual Flip-Flops have direct J and K inputs, and preset is not available on the SN5473/SN7473 or
SN54107/SN74107.

4. All diodes are 1N3064.
5, CL includes probe and jig capacitance.

FIGURE 70—SN5472/SN7472, SN5473/SN7473, SN5476/SN7476, SN54107/SN74107 PRESET/CLEAﬁ PROPAGATION DELAY TIMES

r 1
| |
' |
CLEAR I J CLOCK K | PRESET
I —_——
INPUT CLEAR PRESET[C— i INPUT
| Q Q 1
TEST ] [ J TEST
ouTPUT® L 7 OUTPUT )
TEST CIRCUIT
—’} ol 4 :‘— Vgen
27vX | I Aazv
15v X! | £1s5v
CLEAR INPUT R 07V 07v A
| - e —_——— — = — — — — 0
jo———— plclear) ———= —'I % l‘— —l t v
. [ gen
| 27v% | 27V
PRESET INPUT | 15v XI | f15v
(SN5472/SN7472, | 07V 07vH|
SN5476/SN7476) | | ———o
t t
—= ‘pd0 fe— |'t———|4 plpreset) ——* Vout()
l —| pdl re— out
I \ P!
QOUTPUT | 15V | 1.5V
| — — — - — — Voutl0}
1 — 540 |‘_
1
_’}pd"" |l — — — — — — Voutn
| |
T OUTPUT I 15V bd0
VOLTAGE WAVEFORMS Vout(0)
NOTES:

6-103



SERIES 54, 74
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switching characteristics (continued)

Veg =5V o-
<
RL R
D INPUT CLOCK
r CL (See Note 2} PULSE CL T
D CLOCK
O CLEAR PRESET ]
Q e}
T
TEST ! I 6o TEST
OUTPUT OUTPUT
TEST CIRCUIT

\'/
gen

(4]

_________ v
D INPUT (PULSE A) 1 gen

(SEE NOTE 2} 15V | 15V |
i J\!
0 —'p —*\ 07V
-.: Pt ] I °
) —h{ hold - t v
~ ] et}
D INPUT {PULSE B) 2-|7 VN AR gen
(SEE NOTE 2) R N SV F
! 0,7V 0.7V |
Fy T -0
: arilhe ity b
— —— = e — Vouy)
|
QouTPuT [ 1.5V
le t |
r PdO —"
I | | VOUt(O)
le tod1 _; Vout(1)
I
Q OQUTPUT | 1.5V
|
- vout(O)
VOLTAGE WAVEFORMS
NOTES: 1. Clock input pulse has the following characteristics: an =3.6V, tp=10ns, t1 =10ns, tp =30 ns, and PRR = 1 MHz,
When testing fiax, vary PRR.

2, D input (puise A) has the following characteristics: Vgl‘m =3.5V,t9=10ns, t, =10 ns, 'setup =20 ns, tp =60 ns, and
PRR is 50% of the clock PRR. D input {pulse B) has the following characteristics: Vgen =35V, tg=10ns, t1 =10ns,
thold =5ns, tp = 60 ns, and PRR is 50% of the clock PRR.

3. All diodes are 1TN3064.

4, CL includes probe and jig capacitance.

FIGURE 71-SN5474/SN7474 FLIP-FLOP SWITCHING TIMES
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switching characteristics (continued)

24V
INPUT Vee
10 9
PULSE
GENERATOR a
(See Note 1)
LOAD CIRCUIT 2 :
{SAME AS 1) |
__________________ Fl
INPUT PULSE

B INPUT;INVERT
FOR A1/A2 INPUTS

OUTPUT Q

OUTPUT T

VOLTAGE WAVEFORMS

1. The pulse generator has the foilowing characteristics: V =35V, to =5 ns,
=10 ns, t_>>50 ns, PRR = 1 MHz, and Z,,, 50 Q.
2. Al diodes are 1N3064,

3. CL includes probe and jig capacitance.

FIGURE 72—-SN54121/SN74121 SWITCHING TIMES
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TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

switching characteristics (continued)

cc
OUTPUT
Ry Vee
NPUT
I CT
" A1 h r
‘E; A2 . 1 109
PULSE - a
GENERATOR}-# 8
(See Note 1)
Q |
L
= i LOAD CIRCUIT 2
TEST CIRCUIT | {SAME AS 1)

INPUT

OUTPUT Q

OUTPUT @
----------- 15V

- - Vout(o)
VOLTAGE WAVEFORMS

1. The pulse generator has the following characteristics: V. " 35V, to =56 ns,
t, =10ns, t_=50hs, PRR = 1 MHz, and Z . 50 %
2. Al diodes ara TN3064.

3. CL includes probe and jig capacitance.

FIGURE 73—t ) {internal/minimum), Y0ld

plout
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d-c test circuits§

Vee Vee
I lon
4\01- -—
ViH V“_ VoH
VoL L
FIGURE 74—V, Vo, FIGURE 75 -V, lgy
Vee Vee
7 OPEN 7 OPEN
—p ——
iH e
FIGURE 76 I, ' FIGURE 771,
Vee
'cen l l‘cm.
\{ OPEN

All inverters are tested simultaneously.
FIGURE 78—ICCH, feeL

§ Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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SERIES 54, 74

TRANSISTOR-TRANSISTOR LOGIC

switching characteristics

PARAMETER MEASUREMENT INFORMATION

INPUT

Ve =5V

S:RL= 110 Q

PULSE
GENERATOR ’ O OUTPUT
(See Note A)
;:I-\' €, =15pF
J_ _L {See Note B}
TEST CIRCUIT
— l-.-—- <10ns —al le—<10ns
| b
! L —— 35V
90% 90% 1
INPUT 15V 15V l
[ ! '
1% 1 . I ov
1 w -
| |
—— PHL je— —l tPLH fo—
! i
| | v
| | OH
! |
OuUTPUT 15V 1.5V
———————— VoL

NOTES: A. The generator has the following characteristics: ty,

VOLTAGE WAVEFORMS

B. C) includes probe and jig capacitance.

0.5 ps, PRR = 1 MHz, Z,,: = 50 Q.

FIGURE 79-PROPAGATION DELAY TIMES
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

d-c test circuits$

)
1|je— <'2<
el

FIGURE 81-V, v VoL

FIGURE 80-V,,.. 15y

Vee

o
Vy >——— QPEN v OPEN
UH I
FIGURE 821, FIGURE 831,
Vee
feew l l'cm.

OPEN

All buffers/drivers are tested simultaneously.
FIGURE M"CCH' 'CCL

6-109
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

switching characteristics

INPUT Vee =5V

3 =
‘: RL 110 Q

. <
PULSE I\\
GENERATOR
P

< -O OUTPUT
(See Note A) J
- C, = 15pF
__L {See Note B}
TEST CIRCUIT
ﬂ{ le— < 10 ns
|
[ |
L 35v
90% i
|
15V 1
I\!
| 10%
o — ov
|
————I tPHL |4—-—-—
'
! |
| |- VoH
| 1
QUTPUT 15V 15V
VoL
VOLTAGE WAVEFORMS

NOTES: A. The generator has the following characteristics: t,,, = 0.5 us, PRR = 1 MHz, Z,; ~ 50 Q,
B. Cy includes probe and jig capacitance.

FIGURE 85-PROPAGATION DELAY TIMES
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

d-c test circuits{
Vee Vee
| lon
OH v D e
Vin 0—{ \ HO "{ VoH
vr
Both inputs are tested simultaneously. Each input is tested separately.
FIGURE 86 _VIH' VOH FIGURE 87_VIH’ lOH FIGURE 83——V|L, VOL

Vee Vee
"H
—p ;
v, o—— 45V 0—— 6
OPEN OPEN »al
Vi 0—
«—
he
Each input is tested separately. Each input is tested separately.
FIGUER 89—-I”_l FIGURE 90—|"_
Vee Vee
fecL ‘ ‘ICCH

l'os

A. High-level and low-level conditions

are tested.
B. All gates are tested simultaneously.

Each gate is tested separately.
FIGURE SZ—ZCGH, ‘oo

FIGURE 91—Ios

Y Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

switching characteristic”

INPUT 24V VCC OUTPUT

B R R

RL=400S1

(See Note C)

PULSE 2 d
GENERATOR
(See Note A)

4

NP, |

LOAD CIRCUIT FOR
SN5408 AND SN7408 _I

L -

TEST CIRCUIT

—b{ je— <10ns

(See Note B) '

' LOAD CIRCUIT FOR |
I_SN5409 AND SN7409J

A

————— 35V

OUTPUT

ov

VOLTAGE WAVEFORMS

NOTES: A. The generator has the following characteristics: t,, = 0.5 us, PRR = 1 MHz, Z5;y 50 €.
B. C| includes probe and jig capacitance.
C. All diodes are 1N3064.

FIGURE 93 —-PROPAGATION DELAY TIMES

VoL
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

d-c test circuits$
45V Vee

O\'OL
V., 0—4 ST
T+ O
i
T+ Vo O
VoL =7 — Vo L
LTI I T
FIGURE 84-V__ I Vo, FIGURE 95—V 1. Vo,
Vee 45V Vee
o o
i
IH
e ST OPEN

VI [0 S —————
ST))— OPEN
Vl o.__'}

)

Each input is tested separately.

||Hl|
1|jo—

i}

FIGURE 97—V|, IIL

Each input is tested separately.
FIGURE 96—I|H
VCC cC
'CCHl l'ccn_
ST vio—& ST OPEN
b l'os
= = — =
Each gate is tested separately
FIGURE 98-—I0s FIGURE gg_lCCH' Ich

8§ Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

INPUT 2.4V Vee  ouTtpuT
0 o o

switching characteristics

ST
PULSE ) (See Note C)
GENERATOR ® AT~C_=15pF
(See Note A) (See Note B}
TEST CIRCUIT

ov

OH

n OUTPUT 1.5V
VOLTAGE WAVEFORMS

NOTES: A. The pulise gene stor has the following characteristics: t,, = 0.5 us, PRR = 1 MHz, Zg,¢ 50 Q.
B. C includes preoe and jig capacitance.

C. All diodes are 1N'3064.
FIGURE 100-PROPAGATION DELAY TIMES

PARAMETER MEASUREMENT INFORMATION
d-c test circuits§

Vee

=}
-
<
=)
I
=

<
Q
2

Vin
0_: OPEN
v SEE
it o— l
| t NOTE 8 4—6‘5: > OH ]
v,

1|le—
=il
||}——%
1=l
1]

A. Each input is tested separately.
B. loy istested at Vy, = 12V and

Both inputs are tested simultaneously. VOH is tested at | OH~ 1 mA. Each input is tested separately.
FIGURE 101 —VIH' FIGURE 102—V"_, VOH' |0H FIGURE 103_|IH

VoL

§ Arrows indicate actual direction of current flow. Current into a terminal is a positive value.

6-114



SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

} PARAMETER MEASUREMENT INFORMATION
d-c test circuits§ {continued)

Vee
ICCHl l'cm

45V0o—
OPEN - Vi OPEN
Vi O0——r . .
P — .

||}-4»-

Each input is tested separately. f:ligh-level and iow-level output conditions are tested.
FIGURE 104—I"_ . v FIGURE 1(}5—Icc”, ICCL
8§ Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
. . risti .
switching characteristics INPUT 24V oUTPUT Vee=5V
. o °
SR =1ka
L
PULSE i : }
GENERATOR e
(See Note A) .
1 T €L = 15pF
} (See Note B}
TEST CIRCUIT
—.: %4-— <5ns
1 |
—— e ———— e — —— — 35V
27V _I
|
INPUT 15V ]
AN
i X YA oV
|
|
|
—=l %y I"—
I Vou
S |
OUTPUT 1.5V 1.5V
——————— Vou

VOLTAGE WAVEFORMS

NOTES: A. The generator has the following characteristics: ty, = 0.5 us, PRR = 1 MHz, 25, 50 Q.
B. C| includes probe and jig capacitance. .

FIGURE 106—PROPAGATION DELAY TIMES
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst

_— - Vee
.
_:—L_.' = PRESET
~ —
Vi oV —d _>—— 2w J Q
TEST s \
PER OH
TRUTH g CLOCK
TABLE 1—\
N — a _]
M il K Vou
ViL 0¥ —a > Kuxz / =
L | K3 CLEAR T
'] |
NOTES: A. Each output is tested separately.
B. VOH is also tested using clear and preset inputs,
FIGURE 107 ~ Vy. Vi, Vou
— - ZV H Vfc
TL——J 3 PRESET
~ —
Vig O¥ q D>t J2/12 3 - a

TEST —
PER 1
TRUTH CLOCK oL
TABLE
[ — ]

™~ K1 K
VL O® —q _>——] KzK2

YouL
rd —
v gL CLEAR l I-

ol

b

NOTE: Each output is tested separately.
FIGURE 108 — V|, V. VoL

Vin =

B 7 Vee
TL— 13 PRESET
ad > 32192 :
L- 2 J a}— oreN
| I U p—
Mol osee
Vio— NOTE cLock
[k
K1 K al—
™ N Lk OPEN
= _qv P K3 CLEAR
[ v | T L
L -

NOTE: VI is applied and IIH is measured separately for each input. All other inputs are grounded.
FIGURE 109 — IIH

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

d-c test circuitst (continued)

45V
— — Vee
p T TEST TABLE
~ L= PRESET APPLY V, CONDITIONS ON OTHER INPUTS
_dl«) J22 3 af—oPEN | TEST Iy APPLY 0.4 V APPLY GND
Wl ose T T CLOCK NONE NONE
Y o= _TrEAiTLE CLOCK PRESET CLEAR CLOCK
o—» _—l__ JK . _ CLEAR PRESET CLOCK
04V [ K1 AR Qp—OPEN [~ T2 (OR 4.5 V TO J2) CLOCK, CLEAR
L - Pl clean J2(OR J2) | NONE CLOCK, CLEAR
A n —
SRl T I J3 J2 (OR 4.5V TO J2) CLOCK, CLEAR
= JK J2,K2{OR 45V TO J2,K2) | CLOCK, CLEAR
= - K 732,KZ (OR 4.5V TO J2,K2) | CLOCK, PRESET
K1 K2 (OR 4.5V TO K2) CLOCK, PRESET
NOTES: A. Each input is tested separately. K2 (OR K2)| NONE CLOCK, PRESET
B. Vi is applied and I} is measured K3 K2 (OR 4.5V 7O K2) CLOCK, PRESET
separately for each input. .
C. Ali unspecified inputs are at 4.5 V. _
FIGURE 110— Iy
i
45V 45V Vee
Q 0

45V
?’—L__—_ K1
~ P K1 Q
~ K1 K Q OPEN
Idp/)—-—--—-—-——_‘——— K2/K2

K3 CLEAR

|

' 4

I Mo o————_L_TI% PRESET
| —__Edl, ,> :ﬁ/Jz J Q OPEN
I K

| 1

|

i T CLOCK

| =

|

|

|

|

|

|

FIGURE 111- ¢

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value.
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

switching characteristics

2.4V Vee
[}
INPUT
(SEE NOTE A) ) h
[ o— i3 PRESET OuUTPUT SR
—d _> 32192 J
v —qn Q|
PULSE | g B1S TCL Vee 1
GENERATOR cLock L =
(SEE NOTE B) =
— K
~ o— «i
—a > K2/K2
,'
+ ) B CLEAR
TEST CIRCUIT
INPUT
QORQ OUTPUT 15V 1.5 V
VoL

VOLTAGE WAVEFORMS

NOTES: A. Test circuit shown is for the SN54105/SN74105. When testing SN54104/SN 74104, the J2 and
K2 inputs are connected in parallel with the other J and K inputs.
B. The pulse generator has the following characteristics: twiclock) = 250 ns, PRR = 1 MHz, Z 4 ~50 Q2.
C. C| includes probe and jig capacitance.
D. All diodes are 1N3064.

FIGURE 112— PROPAGATION DELAY TIMES
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

switching characteristics {continued)

Vee
24V 9
Q 9
(SEE NOTE A) ouTPUT
[ 3 PRESET
4 > T2 3
v J1
— K
JINPUT
cLoCK
INPUT cLock
LK
[N -
Lo “>—Kkake f¥
v K3 CLEAR o
CLEAR T
INPUT
= = =
TEST CIRCUIT
< 10ns —.l
av
cLock
INPUT
—————— [ — 1
trelease(L) OR tsetuptH) (SEE NOTES C AND D)
av
JINPUT 15V |
Je— < 100 —b}c— ‘wictear) — | 0 —— e e —— ov
|
| |
I ! av
|
| I
CLEAR
INPUT i 1BV 15V
—— oV
e o e e e e ———— = Vg
OUTPUT A
{See Note C}
VoL
— — — —— = VO
OUTPUT B
(See Note D)
VoL

VOLTAGE WAVEFORMS

NOTES: A. Test circuit shown is for the SN54105/SN74105. When testing SN54104/SN74104, the J2 input is connected in parallel with the
other J inputs and K2 is grounded.

. The input pulses have the following characteristics: PRR = 1 MHz, ty(clock) = 100 ns, and ty(cjear) = 100 ns. For duration of
the J-input pulse, see Notes C and D.

. Output A is valid for: SN54104/SN74104, trgjease(L) S 10 ns; SN54105/SN74105, tyelease(L) <1 ns.

. Output B is valid for: SN54104/SN74104, tseryp(H) = 35 ns; SN54105/SN74105, tseryp(H) 2 10 ns.

. € includes probe and jig capacitance.

. All diodes are TN3064.

mmg 0

FIGURE 113 — INPUT SETUP/RELEASE TIMES
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

outpur Vee

FROM
OUTPUT
UNDER
TEST CL See Note C
j:: (See Note B) =

LOAD FOR OUTPUT UNDER TEST

-—'{<10 nsi'— —-I<10 ns!ﬁ—
]
[ : i i
—_——————— —— ——— 35V
| 90% 90% I
cLocK ! |
INPUT i #isv 15V |
I | | 1
10% I | 10%
S »l oV
| w(clock) |
1 |
— thold  le— i
1
“ _JI twtup — : :
i —— e ————— - 35V
JINPUT 1 |
1
|
| i |
|
| | |
: : 1 ov
| INPUTS 1 :
M —enaBLED ™1 i
— PLH :'—
l | VOH
QOR Q OUTPUT | |
: 15V
|
L —————————— e v
] oL
|
i
— PHL j—
|
ImmTm T VoH
]
- 15V
QOR Q OUTPUT
VoL

VOLTAGE WAVEFORMS

NOTES: A, Both input pulses are supplied by generators with the following characteristics: PRR = 1 MHz, Zg,¢ = 50 Q. Clock duty
cycle = 50%.
B. Cy includes probe and jig capacitance.
C. All diodes are 1N3064.
FIGURE 114
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

outeur  Yee
FROM
OUTPUT
UNDER
TEST T Cl_ See Note C
= (See Note B) =

LOAD FOR OUTPUT UNDER TEST

~—e]<10 nsja— —{<10 ns|¢_
| ! ]
| ! e
] 90% 90% | 35V
| i
CLOCK 1
5V 5V
INPUT | l ! ! B :
10% | I 10%
) l‘_—' tw(clock) > ov
:-o—thold-—-'
{
tserup—.' fe— |
| ~—t—————t e 35V
| i
JINPUT 1.5V 1.5V

oV

i VoH

QOR Q OUTPUT

———— e e ———— VO

1

—=f tpHL be—

| T ————— Vou

Q OR QOUTPUT

VoL

VOLTAGE WAVEFORMS

NOTES: A. Both input pulses are supplied by generators with the following characteristics: PRR =1 MHz, Zout ~ 50 2, clock duty
cycle = 50%.
B. Ci includes probe and jig capacitance.

C. All di g
£ iodes are 1N3064. FIGURE 115
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

PARAMETER MEASUREMENT INFORMATION

switching characteristics

A INPUT OVee=5V
(See Note B)
PULSE —AAN-
GENERATOR R e — —
(See Note A) Cext ext _‘
| _= |
| Cext  Rgyt/C Y
24V O i ex ext’ “ext cC i I
B INPUT Q 1 |
' ) (See Note C)
PULSE | | I TC'- =15 pF |
GENERATOR ® i = (See Note D) —
N
(See Note A) | | L _ _ tomocweur: |
| I —— = = == ==
' =Ly r LOAD CIRCUIT 2 Bl
CLEAR INPUT _| Q -1L_ {Same as Load Circuit 1) 1
N CLEAR - - — -
PULSE l| |
GENERATOR Py ? -:‘__-
{See Note A} L o e e e e — — —— — _I
TEST CIRCUIT
g ——_———— — — — — — T T T T T T35V
A INPUT 15V +15V
1 | L
b tsetup =} ov
|
|
B INPUT I
|
I
jot,
CLEAR | ‘1";'\9,3')4
INPUT | I :
| | - - - -
| |
o |°‘P|_H'1 |
ouTPUT | o o) 15V
] [PHL
a i b tprp =l
| 15V 15V
ouTPUT
b tPHL
VOLTAGE WAVEFORMS

NOTES: A. The pulse generators have the following characteristics: t, < 10 ns (10% to 90% level), ty € 10 ns, PRR < 1 MHz, duty cycle

< 50%, Zgyy ~ 50 Q.
B. See Test Conditions, switching characteristics table, page 3, for values of Rext and Cext-
C. All diodes are 1N3064.
D. Cy includes probe and jig capacitance.

FIGURE 116-SWITCHING TIMES
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SERIES 54, 74
TRANSISTOR-TRANSISTOR LOGIC

TYPICAL CHARACTERISTICS §

PROPAGATION DELAY TIME TO LOGICAL O LEVEL
vs
FREE-AIR TEMPERATURE

Ta — Free-Air Temperature — °C

PROPAGATION DELAY TIME
vs
FREE-AIR TEMPERATURE

g 2 45

4
P T N |
- | . 1 Ve =8V
[ i i Vect sV 3 40 et
s N =10 K u
S 35 . { . See Figure 65 =35 See Figure 65
8 I g C L= 150 pf

i ‘ % 30

e | : L
2 i | o i
2 [ 2 25 ;
I T e C,_ =50 pF
= 20 | | | £ 20 { LI :
> >
k) '\l\ el I k) - ’
8 s ‘ ~t - 190, ; S s CL=150F
§ '\,\ C.= 5 . s
?3. 0 = M~ ! E 10 i
g | C = : ©
& s DY S £ -
I —> | Series74 4— | | ol T*| Series74 [
o 0 i L 1 i i
2 s a5 s s 25 45 es 85 105 125 F 5535 <15 5. 25 45 65 85 105 125

PROPAGATION DELAY TIME TO LOGICAL t LEVEL
vs
FREE-AIR TEMPERATURE

T, — Free-Air Temperature — °C

OUTPUT VOLTAGE
v

INPUT VOLTAGE

45 T 4.5 T T T
40 ‘ Vec ' 5V 4.0 — Vee =5V ]
. I N=1 -
B i 0 > T, = 125°C No=10 |
{35 i See Figure 65 | | 3.5 | See Figures | and 2
. ! ! gure
L i ® 50 -
= 30— 1 7 L
L. | c | 3 . T, = 25°C
e —_ 150 pg 3 2.5 \
22 { — = 3 2.0
D Pe—t— L =50 pF | \
§~ 15 P ——— )
& — C . e —— 3 i \ \
P — 15 — >
[ ——r \ 1.0
2 !T\.\ \
5 t+— 0.5 ! \ ‘
-+ { Series 74 — : |
0 fl ! 0 I
55 35 15 5 25 45 65 85 105 125 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
T. — Free-Air Temperature — *C Vin — Input Voltage — V
tOGICAL 0 OUTPUT VOLTAGE LOGICAL 1 OUTPUT VOLTAGE
“ -
SINK CURRENT LOAD CURRENT
0.6 I ! T ] T 4.5 ‘ ‘ T T
>| Vee = 5V Ta = -55°C > .0 } L Vec=SV
© 0.5 |- Vin = 2.4V | FT, = 125°C |V, =04V
g . 8 ‘ i
;; See Figure 1 % 3.5 \ f1, - ' 25°C See Figure 2
= 0.4 || 2 30 !
5 0. T 5
5 o H ?
3 Ta = 125°%C 5 25 f
© 03 A 2 '\\\ | !
3 =/ Z 20 — |
) // 2 T, = 55 c\ !
S 0.2 |4 &8s "
| d | N\
g - Lo
300 ps } - 3 \\
ANSBRRE # 0t BN
0 | L4 o
C 5 10 15 20 25 30 35 40 45 0 5 oS 0 25 30

lgink — Sink Current — mA

— Load Current —mA

loaa

§ Unless otherwise noted, data as shown is applicable for:SN5400, SN5402, SN5404, SN5410, SN5420, SN5430, SN5450, SN5451,
SN5453, SN5454, SN7400, SN7402, SN7404, SN7410, SN7420, SN7430, SN7450,
SN7451, SN7453, SN7454,

PRINTED IN U.S.A.
T cannot ossume any responsibility for any circuits shown

or represent thot they are free from patent infringement.
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CIRCUIT TYPES SN54184, SN54185A, SN74184, SN74185A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

SN54184 and SN74184 BCD-to-binary converters {continued)

6-BIT CONVERTER

MSD Lsp

B A D C B A

D C B A
SN54184 OR SN74184

Y5 Y4 Y3 Y2 Y1

4
25 24 23 22 ¢ 20

6BIT BINARY OUTPUT

TRUTH TABLE
BCD-TO-BINARY

CONVERTER

o INPUTS OUTPUTS

WORDS (See Note A) (See Note B}
E D C B A[G|Y5 Y4 Y3 Y2 V1
o1 L L L L L tjL L L L L
23 L L L L H{L|L L L L H
45 L L L H L|L]L L L H L
87 L L L H HILIL L L HH
D089 L L H L L|t{L L H t L]
101 JL H L L LjLiL L H L H
Q1213 L H L L H[LIL L oH H L
P 1415 L M L H L|LIL L H H Hj
P1617 L H L oH O H|LJL O H L oL oLy
{1819 |[L M H L L|L|L H L L H
2021 |H L L L L|L|L H L H L
2223 {H L L L H|L|L H L H H
2425 |H L L H LlL|L H H L L
2627 {H L L H H{L|L H H L H
2829 |H L H L L|L|L H H H L
3031 |H H L L L|L|L H H A H
3233 H H L L HIL|H L L UL L
3435 |H H L H LfL|/H L L L H
3637 |H H L H H|LIH L L H L
3839 |H H H L L|L|H L L H H
ANY [X X X X X|H|H H H H H

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

NOTES: A. Input conditions other than those shown produce

highs at outputs Y1 through YS5.

B. Outputs Y6, Y7, and Y8 are not used for BCD-to-

binary conversion.

In addition to BCD-to-binary conversion,

SN54184 and SN74184 are programmed to generate
BCD 9's complement or BCD 10’s complement.
Again, in each case, one bit of the complement code
is logically equal to one of the BCD bits; therefore,
these complements can be produced on three lines.
As outputs Y6, Y7, and Y8 are not required in the
BCD-to-binary conversion, they are utilized to
provide these complement codes as specified in the
truth table (above, right) when the devices are

connected as shown above the truth table.

BCD 9'S BCD 10°'S
COMPLEMENT CONVERTER COMPLEMENT CONVERTER
sco 8D
—t—— —N—
D c 8 a sV D C B A
< l 1
G T o c & A ‘
SN54184 OR SN74184 . SN54184 OR SN7418a !
v8 Y7 Y6 Y8 ¥7 Y6 I
{
l [

Np N¢ Ng Na ™o Tc Te Ta

BCD 9'S COMPLEMENT BCD 10'S COMPLEMENT

TRUTH TABLE
BCD 9'S OR BCD 10'S
COMPLEMENT CONVERTER

Bep INPUTS OUTPUTS
WORD (See Note C) (See Note D)
Et b ¢ B AlGg|Ys Y7 v6

o t L L L L|L|H L H

1 L L L L H|{L|H L L

2 L L L H L|LiL H H
Co3 L L L H H|lL|L H L
Y SO S B SO O I O L B
5 L L H L HlL]L ® L]

6 L L H H L|LlL L H

7 L L H H HiLIL L L

8 L H L L L{LIL L H

9 L H L L H{iL|L L L

0 H L L L L|{L{L b L

1 H L L L H|LjH L L

2 H L L H L|L|H L L

3 H L L H HlLIL H H

4 H L H L L{iL L H H

5 H L H L H{L|]L H L

6 H L H H L[LlL H L

7 H L H H HiL{L L H

8 H H L L L|iL{L L H

9 H H L L H|L{L L L
ANY [ X X X X X|HIH H H

H = high level, L = low level, X = irrelevant
NOTES: C. Input conditions other than those shown produce
highs at outputs Y6, Y7, and Y8,
D. Outputs Y1 through Y5 are not used for BCD 9's or
BCD 10’s complement conversion.
tWhen these devices are used as compiement converters, input E is
used as a mode control. With this input low, the BCD 9%
complement is generated; when it is high, the BCD 10’s comple-
ment is generated.

71
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