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National Semiconductor is an industry leader in the
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circuits. We have been the leading proponent of driv-
ing down |C defects and extending product lifetimes.
From raw material through product design, manufac-
turing and shipping, our quality and reliability is second
to none.

We are proud of our success . . . it sets a standard for
others to achieve. Yet, our quest for perfection is on-
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on National Semiconductor Corporation to produce
high quality products for your design systems.
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National Semiconductor Corporation ist fiihrend bei der Her-
stellung von integrierten Schaltungen hoher Qualitdt und
hoher Zuverldssigkeit. National Semiconductor war schon
immer Vorreiter, wenn es galt, die Zahl von IC Ausféllen zu
verringern und die Lebensdauern von Produkten zu verbes-
sern. Vom Rohmaterial Gber Entwurf und Herstellung bis zur
Auslieferung, die Qualitat und die Zuverldssigkeit der Pro-
dukte von National Semiconductor sind untibertroffen.

Wir sind stolz auf unseren Erfolg, der Standards setzt, die
fiir andere erstrebenswert sind. Auch ihre Anspriiche steig-
en sténdig. Sie als unser Kunde kdnnen sich auch weiterhin
auf National Semiconductor verlassen.

La Qualité et La Fiabilité:

Une Vocation Commune Chez National
Semiconductor Corporation

National Semiconductor Corporation est un des leaders in-
dustriels qui fabrique des circuits intégrés d’une trés grande
qualité et d’une fiabilité exceptionelle. National a été le pre-
mier & vouloir faire chuter le nombre de circuits intégrés
défectueux et a augmenter la durée de vie des produits.
Depuis les matiéres premiéres, en passant par la concep-
tion du produit sa fabrication et son expédition, partout la
qualité et la fiabilité chez National sont sans équivalents.

Nous sommes fiers de notre succés et le standard ainsi
défini devrait devenir I'objectif & atteindre par les autres so-
ciétés. Et nous continuons a vouloir faire progresser notre
recherche de la perfection; il en résulte que vous, qui étes
notre client, pouvez toujours faire confiance a National
Semiconductor Corporation, en produisant des systémes
d'une trés grande qualité standard.

Un Impegno Societario di Qualita e
Affidabilita

National Semiconductor Corporation & un’industria al ver-
tice nella costruzione di circuiti integrati di alta qualita ed
affidabilita. National & stata il principale promotore per I'ab-
battimento della difettosita dei circuiti integrati e per 'allun-
gamento della vita dei prodotti. Dal materiale grezzo attra-
verso tutte le fasi di progettazione, costruzione e spedi-
zione, la qualita e affidabilitd National non é seconda a nes-
suno.

Noi siamo orgogliosi del nostro successo che fissa per gli
altri un traguardo da raggiungere. I nostro desiderio di per-
fezione & d’altra parte illimitato e pertanto tu, nostro cliente,
puoi continuare ad affidarti a National Semiconductor Cor-
poration per la produzione dei tuoi sistemi con elevati livelli
di qualita.

Al

Charles E. Sporck

President, Chief Executive Officer
National Semiconductor Corporation
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Guide to Bipolar Logic
Device Families

Since the introduction of the first saturating logic bipolar in-
tegrated circuit family (DM54/DM74), there have been many
developments in the process and manufacturing technolo-
gies as well as circuit design techniques which have pro-
duced new generations (families) of bipolar logic devices.
Each generation had advantages and disadvantages over
the previous generations. Today National provides six bipo-
lar logic families.

TTL (DM54/DM74)
Low Power (DM54L/DM74L)
Low Power Schottky (DM541.S/DM74LS)
Advanced Low Power Schottky (DM54ALS/DM74ALS)
Schottky (DM54S/DM74S)
Advanced Schottky (DM54AS/DM74AS)

TTL LOGIC (DM54/DM74)

TTL logic was the first saturating logic integrated circuit fam-
ily introduced, thus setting the standard for all the future
families. It offers a combination of speed, power consump-
tion, output source and sink capabilities suitable for most
applications. This family offers the greatest variety of logic
functions. The basic gate (see Figure 1) features a multiple-
emitter input configuration for fast switching speeds, active
pull-up output to provide a low driving source impedance
which also improves noise margin and device speed. Typi-
cal device power dissipation is 10 mW per gate and the
typical propagation delay is 10 ns when driving a 15
pF/400Q load.

LOW POWER (DM54L/DM74L)

The low power family has essentially the same circuit con-
figuration as the TTL devices. The resistor values, however,
are increased by nearly tenfold, which results in tremendous
reduction of power dissipation to less than 1/, of the TTL
family. Because of this reduction of power, the device speed
is sacrificed. The propagation delays are increased three-
fold. These devices have a typical power dissipation of 1
mW per gate and typical propagation delay of 33 ns, making
this family ideal for applications where power consumption
and heat dissipation are the critical parameters.

INPUT A

INPUT B
OUTPUT

TL/F/5534-1
FIGURE 1. DM5400/DM7400

LOW POWER SCHOTTKY (DM54LS/DM74LS)

The low power Schottky family features a combined fivefold
reduction in current and power when compared to the TTL
family. Gold doping commonly used in the TTL devices re-
duces switching times at the expense of current gain. The
LS process overcomes this limitation by using a surface bar-
rier diode (Schottky diode) in the baker clamp configuration
between the base and collector junction of the transistor. In
this way, the transistor is never fully saturated and recovers
quickly when base drive is interrupted. Using shallower diffu-
sion and soft-saturating Schottky diode clamped transistors,
higher current gains and faster turn-on times are obtained.
The LS circuits do not use the multi-emitter inputs. They use
diode-transistor inputs which are faster and give increased
input breakdown voltage; the input threshold is ~ 0.1V low-
er than TTL. Another commonly used input is the vertical
substrate PNP transistor. In addition to fast switching, it ex-
hibits very high impedance at both the high and low input
states, and the transistor’s current gain (8) significantly re-
duces input loading and provides better output perform-
ance. The output structure is also modified with a Darlington
transistor pair to increase speed and improve drive capabili-
ty. An active pull-down transistor (Q3) is incorporated to
yield a symmetrical transfer characteristic (squaring net-
work). This family achieves circuit performance exceeding
the standard TTL family at fractions of its power consump-
tion. The typical device power dissipation is 2 mW per gate
and typical propagation delay is 10 ns while driving a 15 pF/
2 kQ load.

SCHOTTKY (DM54S/DM74S)

This family features the high switching speed of unsaturated
bipolar emitter-coupled logic, but consumes more power
than standard TTL devices. To achieve this high speed, the
Schottky barrier diode is incorporated as a clamp to divert
the excess base current and to prevent the transistor from
reaching deep saturation. The Schottky gate input and inter-

Vee
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INPUT B

OUTPUT

TL/F/5534-2
FIGURE 2. DM54L00/DM74L00
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Guide to Bipolar Logic Device Families

nal circuitry resemble the standard TTL gate except the re-
sistor values are about one-half the TTL value. The output
section has a Darlington transistor pair for pull-up and an
active pull-down squaring network. This family has power
dissipation of 20 mW per gate and propagation delays three
times as fast as TTL devices with the average time of 3 ns
while driving 15 pF/280( load.

ADVANCED LOW POWER SCHOTTKY
(DM54ALS/DM74ALS)

The advanced low power Schottky family is one of the most
advanced TTL families. It delivers twice the data handling
efficiency and still provides up to 50% reduction in power
consumption compared to the LS family. This is possible
because of a new fabrication process where components
are isolated by a selectively grown thick-oxide rather than
the P-N junction used in conventional processes. This re-
fined process, coupled with improved circuit design tech-
niques, yields smaller component geometries, shallower dif-
fusions, and lower junction capacitances. This enables the
devices to have increased ft in excess of 5 GHz and im-
proved switching speeds by a factor of two, while offering
much lower operating currents.

In addition to the pin-to-pin compatibility of the ALS family, a
large number of MSI and LS| functions are introduced in the
high density 24-pin 300 mil DIP. These devices offer the
designers greater cost effectiveness with the advantages of
reduced component count, reduced circuit board real-es-
tate, increased functional capabilities per device and im-
proved speed-power perfomance.

The basic ALS gate schematic is quite similar to the LS
gate. It consists of either the PNP transistor or the diode
inputs, Darlington transistor pair pull-up and active pull-
down (squaring network) at the output. Since the shallower
diffusions and thinner oxides will cause ALS devices to be
more susceptible to damage from electro-static discharge,
additional protection via a base-emitter shorted transistor is
included at the input for rapid discharge of high voltage stat-
ic electricity. Furthermore, the inputs and outputs are

Vee

INPUT A

INPUT B

FIGURE 3. DM54LS00/DM74LS00

clamped by Schottky diodes to prevent them from swinging
excessively below ground level. A buried N+ guard ring
around all input and output structures prevents crosstalk.
The ALS family has a typical power dissipation of 1 mW per
gate and typical propagation delay time of 4 ns into a 50
pF/2 kQ load.

ADVANCED SCHOTTKY (DM54AS/DM74AS)

This family of devices is designed to meet the needs of the
system designers who require the ultimate in speed. Utiliz-
ing Schottky barrier diode clamped transistors with shallow-
er diffusions and advanced oxide-isolation fabrication tech-
niques, the AS family achieves the fastest propagation de-
lay that bipolar technology can offer. The AS family has
virtually the same circuit configuration as the ALS family. It
has PNP transistor or diode inputs with electrostatic protec-
tion base-emitter shorted transistors. The output totem-pole
consists of a Darlington pair transistor pull-up and an active
pull-down squaring network. The inputs and outputs are
Schottky clamped to attenuate critical transmission line re-
flections. In addition, the circuit contains the “Miller Killer”
network at the output section to improve output rise time
and reduce power consumption during switching at high
repetition rates. The AS family yields typical power dissipa-
tion of 7 mW per gate and propagation delay time of 1.5 ns
when driving a 50 pF/2 k2 load.

SELECTING A FAMILY

Two factors shoud be considered when choosing a logic
family for application, speed and power consumption. New
logic families were created to improve the speed or lower
the power consumption of the previous families. The follow-
ing tables rate each family.

Speed Power Consumption

Fastest AS Low L
S ALS

ALS LS

'l' LS 1 AS
TTL TTL

Slowest L High S

Vee
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TL/F/5534-4
FIGURE 4. DM54S00/DM74S00
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Bipolar Logic Family Electrical Characteristics Over Operating Temperatures

T LT | s | ALs s AS Units
DM5400/DM7400
2-Input NAND tpLH® 1 35 8 4 3 25 ns
tpHL® 7 31 8 4 3 1.5 ns
t* 12 66 13 10 6 5 ns
t* 5 30 3 6 3 3 ns
loH —400 —200 —400 —400 —1000 —2000 RA
Mil/Com loL 16 2/3.6 478 4/8 20 20 mA
" 40 10 20 20 50 20 pA
i -1.6 —-0.18 —0.36 —-0.20 -2 —0.50 mA
Min los -20 -3 -20 —-30 —40 -30 mA
Max los —100 -15 —100 —-112 -100 -112 mA
lccH 8 08 16 0.85 16 3.2 mA
lecL 22 2.04 44 30 36 16.1 mA
Mil VoH 24 2.4 2.5 Vec—2 25 Vec—2 \
Com Vou 2.4 2.4 27 Vcc—2 27 Voc—2 \
Mil VoL 0.4 0.3 0.4 0.4 0.5 05 v
Com VoL 0.4 0.4 0.5 0.5 0.5 0.5 \
ViH 2 2 2 2 2 2 \
Mil ViL 0.8 0.7 0.7 08 0.8 08 v
Com ViL 0.8 0.7 0.8 0.8 08 0.8 v
" -15 N/A -15 -1.5 -1.2 -1.2 \
Mil NM-H 400 400 500 500 500 500 mV
Com NM-H 400 400 700 700 700 700 mV
Mil NM-L 400 400 300 400 400 300 mV
Com NM-L 400 300 300 300 300 300 mV
Gate Power x 100 20 20 4 60 30 pi
Delay Product
DM5474/DM7474
D Flip-Flop tpLn* 14 50 17 5 8 6 ns
(CLKto Q) tPHL* 20 60 22 8 9 6 ns
(PS or tpLH* 14 40 17 7 6 45 ns
CLR1t0Q) toHL* 20 60 22 10 12 6 ns
(CLK HI) tw ' 30 75 25 12 8 4 ns
(PS or tw 30 75 20 15 9 4 ns
CLRLOW)
tsET-UP 20 50 25 15 3 3/2 ns
tHoLD 5 15 0 0 2 2/1 ns
t 13 64 9 17 4 5 ns
t 6 19 6 9 3 3 ns
fmax® 25 11 33 34 95 125 MHz
IoH ~400 -200 —400 | —400 -1000 | —2000 | pA
Mil/Com loL 16 2/36 4/8 4/8 20 20 mA
(CLK/D) IH 80/40 20/10 20 20 100/50 20 pA
(PS/CLR) I} 40/120 20/30 40 40 100/150 40 pA
(CLK/D) L —-3.2/-16 —0.36/—-0.18 —-0.4 —-0.2 —4/-2 —-0.5 mA
(PS/CLR) L -1.6/-3.2 —0.18/—-0.36 -0.8 —-0.4 —4/—6 —-1.0 mA




(2]

Bipolar Logic Family Electrical Characteristics Over Operating Temperatures (Continued) E_

. e | s [ as [ s [ as [ ums 5

DM5474/DM7474 (Continued) W

Min los —20/—18 -3 -20 ~30 —40 -30 mA |8

Max los —55 -15 -100 -112 -100 —112 mA )

lec 15 3 8 4 50 16 mA s

Mit VoH 2.4 2.4 2.5 Veg—2 25 Voo—2 v ‘-‘E,.

Com VoH 24 2.4 27 Vec—2 2.7 Veg—2 v o

Mil VoL 0.4 0.3 0.4 0.4 0.5 0.5 Y e

Com VoL 0.4 0.4 0.5 0.5 0.5 0.5 v g-

ViH 2 2 2 2 2 2 v -

Mil/Com ViL 0.8 0.7 0.7/0.8 0.8 0.8 0.8 v ‘a”

\ -1.5 N/A -1.5 -1.5 -1.2 -1.2 \% %ﬁ

Mil NM-H 400 400 500 500 500 500 mv @
Com NM-H 400 400 700 700 700 700 mv
Mil NM-L 400 400 400 400 300 300 mv
Com NM-L 400 300 300 300 300 300 mv

Note: Ses Test Waveforms in this section for loading conditions, t, and t; are measured from 10% to 90% of waveform.
Note: NM-H is noise margin high. NM-L is noise margin low.
*Typical values. Other values are limit values.

Bipolar Logic Famlly Output Source/Sink Capabllity: 54/74 Families

Output TTL L-TTL LS ALS S AS Units
Standard Mil loH —-0.4 ~0.2 —-0.4 -0.4 -1 -2 mA
Com —-04 —-0.2 -0.4 -0.4 -1 -2 mA
Mit loL 16 2 4 4 20 20 mA
Com 16 3.6 8 8 20 20 mA
Buffered Mil loH -0.8 -0.2 —0.4 -1 -1 -12 mA
Com -0.8 —-0.2 —0.4 —-26 -1 -15 mA
Mil loL 16 2 4 12 20 32 mA
Com 16 3.6 8 24 20 48 mA
Bus Driver Mil loH -2 N/A -1 -12 -2 —48 mA
Com —-5.2 N/A —-2.6 ~15 —6.5 —48 mA
Mil loL 32 N/A 12 12 20 40 mA
Com 32 N/A 24 24-48 20 48 mA

Fan-in and Fan-Out

TTL L-TTL LS ALS S AS Units
Input Load: high 1 0.25 0.5 0.5 1.25 0.5 U.L.
Low 1 0.1125 0.225 0.125 1.25 0.3125 U.L.
Output Drive: High 10 2.25 5 5 12.5 125 U.L.
Low 10 5 10 10 25 50 U.L.

Note: UNIT LOAD (U.L.) Standard is referenced with respect to standard TTL device loading. It is defined as:
1 U.L. = 40 pA (HIGH STATE)
1 UL = 1.6 mA (LOW STATE)
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IC Device Testing

IC Device Testing

Understanding the intent and practice of IC device testing is
vital to insuring both the quality and proper usage of inte-
grated circuits. All National Semiconductor data sheets list
the AC and DC parameters with min and/or max limits,
along with forcing functions. Understanding when a part
fails the limit, and which forcing functions are really tighter,
is critical when determining if an IC device is good or bad.

All of National's databook parameters are defined and guar-
anteed for ““worst-case testing.” Input loading currents (fan-
in) are tested at the input and Vg levels that most increase
that loading, while the output drive capability (fan-out) is
tested at the input and Vg levels that most decrease that
capability. Icc is tested with the input conditions and Vgg
level that yield the greatest I value, and Vo amp is tested
such that the negative voltage is maximized for the given
clamp current. The fan-in and fan-out specs are contained
in the liy, lon, L and lp values. To guarantee these fan-in
and fan-out limits at 10, the lpL must be at least 10 times
the L and the loq must be at least 10 times the Ij. Be
aware that the fan-in and fan-out specifications are valid
only within a given device family. The standard input loading
and output drives are shown in Table .

Notice that the Ig( is at least 10 times the |j_ and that the
loH is greater than 10 times the ljy. Also notice that these
are “standard” drive and load currents for single sink out-
puts and inputs. Certain devices may have multiple load in-
puts where the input line goes to several input structures
and has, say, 2 or 3 times the normal ;. and ljy loading.

Certain other devices will have “triple sink” outputs that can
drive 3 times the standard IpL and lgy currents. These de-
vices are generally bus drivers, or drivers intended to drive
highly capacitive loads. Finally, there are certain devices
that have PNP inputs that reduce the Iy loading to typically
—200 pA, thus allowing an increased DC fan-in of 20. One
must therefore be careful when interfacing many different
types of devices, even in the same family, and not simply go
the “fan-out of 10" rule.

When dealing with any kind of device specification, it is im-
portant to note that there exists a pair of test conditions that
define that test: the forcing function and the limit. Forcing
functions appear under the column labeled “Conditions”
and define the external operating constraints placed upon
the device tested. The actual test limit defines how well the
device responds to these constraints. For example, take the
parameter Vou(min) for the DM74LS00. It is tested at
Vec(min) = 4.75V commercial, using an loy = —400 pA. If
we required an lopy = —800 pA, this would be a “tighter”
test, as the output voltage drops with increased Ion. Hence,
a device that would pass the —800 pA loy would also pass
the —400 pA loH, but not necessarily the other way around.
Futhermore, Vou tracks with Vgg, which is why Vegmin) is
the worst-case testing, and not Vcg(max)- Finally, forcing in-
puts to threshold represents the most difficult testing be-
cause this puts those inputs as close as possible to the
actual switching point and guarantees that the device will
mest the Vip/V|L spec.

TABLE |. Fan-In/Fan-Out

Device Family Input Loading Output Drive
TTL L= —1.6mA loL = 16 mA

iy = 40 pA loH = — 400 pA
Low Power L = —400 pA loL = 4 mA (Mil)
Schottky loL = 8 mA (Com)

iH = 20 pA loH = —400 pA
Advanced Low i = —100 pA loL = 4 mA (Mil)
Power Schottky loL = 8 mA (Com)

I = 20 pA loy = —400 uA
Schottky L= —2mA loL = 20 mA

iy = 50 pA loH= —1mA
Advanced L = —500 pA loL = 20 mA
Schottky IIH = 20 pA loh=—2mA
Low Power i = —180 pA loL = 2 mA (Mil)

loL = 3.6 mA (Com)
Iy = 10 pA lon = —200 pA
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Tables Il and Il show the “direction” of the looser/tighter
testing for most common DC parameters. Notice that one
can tighten either the forcing function or the limit, or both.
Tightening either one is sufficient to insure a tighter test.
Also notice the difference between max and min limits. For
los (double-ended limits), even though —20 mA is more
positive than —100 mA, and is mathematically the max limit,

the magnitude of the number is the determining factor when
deciding which is the max limit. The negative sign simply
implies the direction that the current is going, with a nega-
tive current leaving the device, and a positive current enter-
ing the device. Table Il shows the direction of tighter forcing
functions, while Table Ill shows the direction of tighter limits.

TABLE II. Looser/Tighter Forcing Functions Example: DM74LS00

Condition Test Looser Nomina! Tighter Units
ik Vik -17 —-18 -19 mA
loH VoH —350 —400 —450 BA
loL VoL 3 4 5 mA
Vi I 6.5 7 7.5 \
VIH H 2.6 27 2.8 \
ViL he 0.5 0.4 0.3 \)
Vo los 0.1 0.0 -0.1 \
Vee Icc 5.0 5.5 6.0 \
TABLE lil. Looser/Tighter Test Limits Example: DM74LS00
Parameter Looser Nominal Tighter Units
ViH(min) 241 2.0 1.9 \
Vitmax) 0.7 0.8 0.9 v
ViK(max) —-1.6 -15 —-1.4 \
VoH(min) 2.6 2.7 2.8 \
VoLrmax) 0.6 0.5 0.4 \
li(min) 6.5 7.0 7.5 \
H(max) 50 40 30 BA
liL(max) —450 —400 —390 BA
los(max) -110 —-100 ~90 mA
los(min) -10 -20 —-30 mA
IcCH(max) 1.7 16 1.5 mA
lccL(max) 45 4.4 4.3 mA
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IC Device Testing

Following are the test set-ups that are used to test the DC
parametrics. In each case, the gate connection, equivalent
circuit schematic and resultant voltage/current plot are
shown.

The indicated graphs are typical of LS products and are
similiar to other bipolar logic families. The schematics
shown are for single inversion devices and represent gener-
alized circuits.

OUTPUT VOLTAGE LOW LEVEL (Vo)

Both inputs are connected to logic ““1” values (assuming an
inverting gate) and forced at the V) specs. Vgg minimum is
used, and Ig is forced on the output. The resulting Vo is

VoL vsloL
2 Typical LS Device Curve
L
16 ] loL VoL
Mil: 40mA  0.40V
Com 8.0 mA 0.50V
- 12
H
2 38
4 /
0
0 02 04 06 08 1.0 1.2 1.4
Vou (V)
TL/F/6731-1
Vec=MIN
Vin muu{
(a
- TLIF/6731-3
Vee =MIN
lou
—
Vin
HIGH

TL/F/6731-5

measured. For typical LS products, the military and com-
mercial test points are indicated on the Vg vs loL graph. In
each case, the device must not exceed the Vg spec when
the lop current is being forced.

OUTPUT VOLTAGE HIGH LEVEL (Von)

One input is tied high (any value above 2.0V) and the other
input is forced at the V)_ threshold (assuming a single inver-
sion gate). The minimum Vgg value is used. Each input is
tested independently and the Iy current is forced. The re-
sulting Vou is measured. The Vou vs loy graph shows the
military and commercia! Von/lon test points for standard
LS products.

VoH vs loH
0 Typical LS Device Curve

loH VoH
-100 Mil: —400 pA 2.5V
Com:  —400pA 2.7V
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=
= _300

—-400

-500
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[—Vcc =MIN
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>
S
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INPUT CURRENT HIGH LEVEL (Ij4)

Iy tests the input leakage in the high state. For MET, diode,
and PNP input, the test set-up consists of all inputs except
the one under test tied high (greater than V|y). The remain-
ing input has the V| value forced upon it, and the resultant
Ii4 is measured. This test checks for emitter-to-collector in-
verse transistor action for MET inputs, and reverse bias
leakage for diode and PNP inputs.

For MET inputs, there is also an additional set-up for Iy
testing that checks for emitter-to-emitter transistor action.
This is done with all the other inputs tied to ground.

MAXIMUM INPUT CURRENT (l})

I} or BV|y testing is the same as the emitter-to-collector
leakage test (Ijy) and guarantees that the input will not pass
more than the specified current at the stated specification
(100 pA at 7V for LS).

Iin vs VN (High State)
. Typical LS Device Curve

15 IH ViH
20 pA 2.7V

1.2 1.4 16 1.8 2.0 2.2 2.4 2.6 2.8
Vin (V)
TL/F/6731-7

Voo =MAX

Vi

TL/F/6731-9

TL/F/6731-11

INPUT CURRENT LOW LEVEL (l1)

One input at a time is tested with the other inputs tied to a
solid *“1” value. V¢ is set to the maximum value and the
Vi value is forced. | is then measured.

_ Vec—(ViL + Vaell

R i Standard Inputs
— (ViL + V.
I = e - Vi + Vsl FI1L1 st Diode Inputs
Vee — (Vik + 1V,
i, = Vee = (Vi + Veell R‘1 L 88 pnp inputs

I is intended to measure the value of the base pull-up re-
sistor on the input, and to guarantee the maximum input
load an IC presents.

lin v8 VN (Low State)
0 Typical LS Device Curve

~100 I/ L ViL
—400pA  0.40V
Lt
g-zoo ~
Z ~
=_300
—400
—500
0 02 04 06 08 10 1.2 1.4
viL (V)
TL/FI6731-8
Vg = MAX
OPEN
OR
LOGIC 1
Yin

TL/F/6731-10

Voo =MAX

TL/F/6731-12
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IC Device Testing

OUTPUT SHORT CIRCUIT CURRENT (lgs)

los is measured with Vog(max) and the 0V forced on the
output while it is in the high state. The resultant current is
measured. The purpose of this is to check the Igg resistor
that forms the Darlington’s collector pull-up. This parameter
is important as it reflects both the maximum current the de-
vice will draw and the maximum drive it will provide when it
is switching from low to high.

Caution must be taken when measuring TTL, LS and S out-
puts as the power dissipated on the die will be substantial.
lpog shorts should not be maintained in excess of one sec-
ond or damage to the device may result.

Vovslos
0 Typical LS Device Curve
-2 /| Min  Max
/’ los —-20 —100
z-4« .
v
<60
-80
-100
0 05 1.0 1.5 20 25 3.0 35
Vo (V)
TL/F/6731-13
Vo =MAX
LOGIC “0” Vour =0V
TL/F/6731-15
Voo =MAX

TL/F/6731-17

SUPPLY CURRENT HIGH LEVEL (Icc) AND SUPPLY
CURRENT LOW LEVEL (IccL)

Both IccH and IggL are tested using the Voo maximum val-
ue. The inputs are set to the values necessary to achieve
the output in the desired state. All outputs are left open,
neither sourcing nor sinking current. The goal of this test is
to guarantee the maximum quiescent operating power that
the device will draw.

lccLvs Vee
5 Typical LS Device Curve
2.0 Icc Volts
1.6 mA 5.25V
=15
g
8 /|
210 e
05
0.0 >
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S
‘b
IecL/
lech

TL/F/6731-18




INPUT CLAMP VOLTAGE (V;c OR Vik)

Verame(Vik) is measured with all but one input tied high and
the lk current forced on the remaining input. Vg is set to
the minimum and the Vk voltage is measured.

OUTPUT TRI-STATE CURRENT HIGH LEVEL (IozH) AND
OUTPUT TRI-STATE CURRENT LOW LEVEL (lozL)

TRI-STATE® Igink and Isource are measured with the out-
put control input tied to the appropriate threshold value
(usually Vy = 0.8V) and with Vog(max)- This is to insure that

VcLamp vs IcLamp
o Typical LS Device Curve
s / lcLamp  Vcramp
/ -18mA  —15V
T
H
S 12
S L
16
20
-16 -12 -08 -04 0
VoLawe (V)
TL/F/6731-19
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“"%o—
TL/F/6731-21

Vec=MIN

TL/F/6731~22

OUTPUT CONTROL

the output will have the greatest drive capability and the
TRI-STATE control can effectively “turn off”” the output un-
der these conditions.

TRI-STATE Ignk: Output is set in the high state and then
TRI-STATE mode. Vozi = 0.4V is then applied. The cur-
rent drawn out of the device is then measured.
TRI-STATE Isoyrck: Output is set in the low state and then
TRI-STATE mode. Vozy = 2.7V is then applied. The cur-
rent drawn into the device is then measured.

lozH v8 VozH
(TRI-STATE IsouRcE),s
lozL vs VozL
(TRI-STATE Ig|Nk)
Typlcal LS Device Curve
20 loz  Voz
lozL —20 pA 0.4V
_w lozH 20 A 27V
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3 lozL
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S
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S
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IC Device Testing

HIGH LEVEL OUTPUT CURRENT (OPEN-COLLECTOR
DEVICES ONLY)

Icex is tested with the output in the high state. Vg is set to
5.0V and the specified voltage (5.5V for LS) is applied to the
output. The inputs are at the threshold values (0.8V and
2.0V, depending upon the logic to put output in the high
state) and the resulting Icgy leakage current is measured.

Icex vs Vour
(Open-Collector Device)
. Typical LS Device Curve

200 Icex  Vour
250 pA 5.5V

Vour (V)
TL/F/6731-24
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Vour =MAX
Vin LOW {

IcEx

TL/F/6731-26

AC SWITCHING CHARACTERISTICS

The AC switching characteristics are generally measured in
units of time (commonly in nanoseconds), and define how
long it takes for the signal to propagate from the input to the
output. The definitions used in determining the pass/fail
status of each limit are not the same for AC as they are for
DC. The distinction lies in the fact that for DC operation
there exists one characteristic V-l curve on which the device
must operate. Devices are good if they operate on the cor-
rect side of the limit, and bad if they operate on the wrong
side of the limit. When dealing with certain AC parameters
(fMax: tSET-UP, tHOLD, tRELEASE, tPw), the device can, and
usually does, operate on both sides of the databook limit.
The limit really implies a boundary that all devices are guar-
anteed to exceed. Depending upon the parameter, the de-
vice will either operate at all values above and some below
the limit, or it will operate at all values below and some
above the limit. In each case, the device is only guaranteed
to operate for all values on one side of the limit. Although
the device will also operate beyond the limit, it is not guaran-
teed to. Furthermore, device operation beyond the limit is
not considered a failure. For instance, take the fpax param-
eter with a min limit of 256 MHz. All devices are guaranteed
to operate at all frequencies below 25 MHz and will operate
in excess of 25 MHz, although this is not guaranteed. Now,
take the example of tgeT.yp With a minimum fimit of 25 ns.
All of the devices are guaranteed to operate with a set-up
time of 25 ns and longer, and will operate with set-up times
below 25 ns, although this is not guaranteed either. Be
aware that both of these specifications are listed in the mini-
mum column in the databook, but the interpretation of what
is failing differs significantly.

Propagation delays (called prop delays and denoted by the
symbols tpy and tp ) are specified as maximum limits,
and guarantee the maximum time one must wait to insure
that the correct data has appeared at the device’s output.
Each propagation delay is specified from one input to one
output only. .

Input set-up and hold times (including treLEaSE) Specify
how long one input must be stable at a particular logic level
prior to an action occurring at another input. For example,
take the DM54/74LS74 positive-edge-triggered D flip-flop.
The “set-up 1" specification defines how long a logic *“1”
must be present and stable at the DATA input prior to the
positive edge of the CLOCK to insure that the device will
recognize that data as a “1”. There also exists a “hold 1”
specification which specifies how long a logic “1”” must be
held after the active edge of CLOCK for the device to recog-
nize that logic “1”. Both the set-up and hold times must
always be met or the device will not necessarily bring in the
proper data. Set-up times are generally positive, while hold




times may be either positive or negative, usually negative.
The meaning of a negative hold time is that the data may be
removed from the input prior to the active edge of CLOCK,
and the CLOCK will still bring in the desired data. Set-up
and hold times are specified as minimum values, since this
defines the minimum time data must be stable prior to any
change at the CLOCK input. Removing the data sooner than
the minimum time may cause improper action on the part of
the device.

tRELEASE is specified on devices where there is an input
that must be set inactive prior to the active edge of CLOCK.
Such inputs are usually overriding inputs like CLEAR and
PRESET. With CLEAR active, it will prevent the device from
switching on the CLOCK signal. treLeask is defined as the
time it takes for the CLEAR input to “'release” the device for
clocking action, and is specified as a minimum. This repre-
sents the maximum delay required between CLEAR going
inactive and the active edge of CLOCK to insure proper
device operation.

All devices that have a CLOCK input also have a specifica-
tion that defines the maximum speed that the CLOCK can
be driven, called fpax. This specification is defined as a
minimum specification and states that all of the devices will

be able to operate at frequencies up to 25 MHz. For the
DM54/74L.S74 with an fpax of 25 MHz, all of the devices
are guaranteed to operate at all clock frequencies, up to
and including 25 MHz. Although no devices are guaranteed
to operate above fpax (only below it), most devices will
operate beyond the maximum specification. The minimum
limit does not state that the device will not operate below
fmax or that any devices that do are bad, but rather that all
the devices will operate up to the limit.

Table IV shows the direction of the tighter testing for the
more common AC parameters. All prop dealys (those AC
parameters that have the symbols tp 4 or tpH) have simple
min/max limits. The device is guaranteed to operate within
the bounds of the min/max limits, and any operation outside
these limits denotes a device failure. tsgT.up, tHOLD, fMAX,
and tgeLEase parameters have limits that denote guaran-
teed operation boundaries (i.e., the device is guaranteed to
operate up to the boundary) but no guarantee is made con-
cerning the device operation (or lack of it) beyond the
boundary.

For detailed information on the AC waveforms, please see
the test waveforms in this section.

TABLE IV, Looser/Tighter AC Test Limits Example: DM74L.574

Test From Looser Nominal Tighter Units
fmax(min) 24 25 26 MHz
tPLH(max) CLR, PRE, CLK 26 25 24 ns
tPHL(max) CLR, PRE, CLK 31 30 29 ns
twi(min) CLOCK HIGH 21 20 19 ns
tw(min) PRE, CLR LOW 26 25 24 ns
tSET-UP(min) DATA HIGH 21 20 19 ns
tSET-UP(min) DATA LOW 21 20 19 ns
tHOLD(min) All DATA 1 0 -1 ns
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Designing with TTL

54/74 series TTL has been used for more than a decade
with excellent results, and continues to be a standard
choice for design engineers because of the wide perform-
ance range and system optimization possible from the dif-
ferent families available. 54/74 logic comes in 7 different
speed/power families (standard TTL, LS, S, ALS, AS, and L)
that allow a design engineer to select device performance
to suit his needs. Understanding the differences and the
general limitations of all these families will go a long way
toward insuring that a system will operate as intended with
the minimum of corrections and redesigning.

FAMILY COMPATIBILITY: Intermixing Logic Types Iin
One Design

Family interchangeability is a beneficial characteristic of the
different TTL families and provides the designer with the
ability to customize specific areas of his design in order to
accomplish the task of achieving both high performance
and the lowest power consumption possible. However, in-
terchangeability is not simply a matter of replacing, say, an
S00 for an LS00 to improve the speed and replacing an
LS00 for an S00 for power savings. One must also look at
the DC and AC characteristics to insure that the replace-
ment device will be compatible with the existing circuit. The
DC problems include input loading and compatible output
drive capabilities. The AC problems include insuring that the
new device speeds will be acceptable to the rest of the
system. The different logic families also generate different
amounts of noise and have different noise immunity. Finally,
measure points for the AC parameters of the different fami-
lies, although very similar, do vary some, and this will require
attention.

SUPPLY RAILS: Why Not to Exceed the Specs

All bipolar logic (both junction and oxide isolated) is made
up of selectively located regions of differently doped materi-
als that form transistors, resistors, and diodes. Because of
this, certain overall requirements are necessary to insure
that the IC will be able to perform its task without interfer-
ence from its environment. The first characteristic of bipolar
devices is that the two power rails (Vcg and ground) repre-
sent the two voltage extremes that should be used in any
system. Certain exceptions exist, primarily inputs and open-
collector outputs that are pulled up to higher voltages than
Vcc. However, while it is occasionally permissible to exceed
the Vgc specification, it is never permissible to drive any
input or output more than 0.5V below the ground reference.
This limitation is due to the method used to electrically iso-
late the many circuit elements that are present on a bipolar
IC. Oxide isolated devices use an oxide layer surrounding
the various transistor and resistor tanks to provide an insu-
lating barrier, while the original junction isolated devices use
reverse biased PN junctions to provide that barrier. In both
cases, the circuit is built on a P-type substrate that uses
reverse biased PN junctions to separate the different circuit
elements. The ground pin is electrically connected to the
substrate and must be the most negative voltage on the
device. When an input or output pin is taken below ground,
the normally reverse biased isolation regions between the
elements become forward biased and electrically connect

National Semiconductor Corp.
Application Note 363
Walt Sirovy

these elements together, thus eliminating the integrity of the
circuit. This may or may not result in actual damage to the
device depending upon the magnitude of the violating signal
and the specifics of the device being violated. This holds
true for both junction and oxide isolated logic. Oxide isolat-
ed logic may provide more margin before failing (thereby
“working” in some marginal designs), but it is nevertheless
subject to the same kind of limitations as junction isolated
logic.

IMPROPER GROUNDING: Noise Immunity,
Floating Grounds

Bipolar logic uses the ground rail as the signal reference.
Consequently, any modulation on the ground line will be
directly added to the signal voltage. The logic “0” input
noise margin is guaranteed as the difference between the
VoL and V_ specification, and the logical “1” input noise
margin is guaranteed as the difference between the Von
and V| specification. This noise margin is intended to be
protection against a reasonable amount of noise present.
Insufficient grounding techniques can cause significant Ig
and I drops on the ground line between two ICs and result
in a “floating” ground line. This is due to the large currents
that are present on ground and Vgg during high speed
switching and means that the two devices are not using the
same reference point. Any voltage drop in the ground line is
added to the signal and ends up consuming some of the
noise margin. Eventually, the mismatch caused by the float-
ing ground will exceed the total noise margin and cause
erroneous data to propagate through the system. The solu-
tions to this problem are many and varied, but all of them
revolve around improving the system grounding and include
such ideas as providing separate signal and power grounds.

Vce NOISE AND DECOUPLING: Providing Clean Power

The Vg power rail is also susceptible to both Ig and I
voltage drops. The problems that arise from the V¢ line are
not the same as the problems that arise from the ground
line. Since the Vo level tracks the Vo almost exactly, any
voltage loss on the Vg line is directly transferred to the
VoH level. However, the noise margin for the logic high
state is typically 700 mV for commercial and 500 mV for
military product, versus 400 mV and 300 mV for commercial
and military product, respectively, for the logic low level. The
main consequences of a drooping Vcc line now become
loL/1on drive capability, and the AC performance in critical
applications. Although bipolar devices are only guaranteed
to operate over a given Vg range (5V + 10%), these de-
vices typically function to Vg values as low as 4V. Be
aware that if the device does indeed function down to 4V,
the AC and DC characteristics will be compromised, some
quite severely.

Designing in a good power distribution system will insure
that all the devices in the circuit will perform the same, re-
gardless of their physical location. Properly decoupling the
Vcc against both high and low frequency noise will help
eliminate any problems with individual device operation.
High frequency noise (100 MHz and above) comes primarily
from two sources, while low frequency noise (less than
25 MHz) resuits from primarily one source.




SOURCES OF HIGH FREQUENCY NOISE

ON THE V¢ LINE

1) High frequency noise results from the device rapidly
switching logic levels. The bulk of the switching current from
a low to high transitions shows up in Icc current surges,
while the bulk of the switching current from a high to low
transition shows up in ground current surges.

2) Noise is transmitted through the changing magnetic fields
that result from the changing electric fields in a switching
line and are picked up on adjacent signal paths.

Note that the frequency causing the noise is not the signal's
frequency, but the frequency of the signal’s slew rate. For
instance, in an SO0 that is switching OV to 3V at 1 MHz, the
slew rate of the output is typically about 1 ns/V, which is a
frequency of around 160 MHz. The faster the slew rate, the
higher the frequency, until one has an ideal square wave
with infinite frequency. it is this frequency component that
gives rise to the strong magnetic fields associated with
switching bipolar devices.

SOURCES OF LOW FREQUENCY NOISE
ON THE V¢ LINE

1) Low frequency noise results from the change in the Igg
current demand as devices change state. For instance,
gates, flip-flops, and registers will draw different Icc cur-
rents, depending upon the state of the outputs.

The most commonly used method for countering these
noise problems is to decouple the Vgg line. With this ap-
proach, capacitors are used to stabilize the Vg line and
filter out the unwanted frequency components. A small val-
ue capacitor (i.e., 0.1 uF) is used near the device to insure
that the transient currents arising from device switching and
magnetic coupling are minimized. A large value capacitor
(i.e., 50 uF to 100 uF) is used on the board in general to
accommodate the continually changing Icc requirements of
the total Vg bus line. The following table shows a rough
“rule of thumb" approach to determining how many capaci-
tors to use for a given number if ICs. Be aware that the table
is not a hard and fast rule, and that you must always evalu-
ate your particular application to insure that there is suffi-
cient Vg decoupling. When using these guidelines, be sure
that the devices are located near each other and near the
capacitor. If the capacitor is too far away, Iy and I drops
will diminish the capacitor’s effect. All capacitors (especially
the 0.01 uFs) must be high frequency RF capacitors. Disk
ceramics are acceptable for this application. Keep in mind
that, in synchronous systems, since a majority of the devic-
es will be switching at once, alter your power distribution
system accordingly.

Device Family Number of Capacitors
AS, S, ALS, LS, H 1 Cap per 1 device
TTL, L 1 Cap per 2 devices

TYING ALL UNUSED INPUTS TO A SOLID LOGIC LEVEL

Unused inputs on TTL devices float at threshold, anywhere
from 1.1V to 1.5V, depending upon the device and its family.
While this usually simulates a “high”, many application
problems can be traced to open inputs. Inputs floating at
threshold are very susceptible to induced noise (transmitted
from other lines) and can easily switch the state of the de-
vice. A good design rule is to tie unused inputs to a solid
logic level. Inputs are usually tied to Vg through a 1 kQ to
5 kQ resistor, since tying them to ground means supplying
the || current instead of the ||y current. I is several orders
of magnitude greater than I;4. The resistor is recommended

to protect the input against Vg voltage surges and to pro-
tect the system against the possibility of the input shorting
directly to ground. A single 1k resistor can handle up to 10
inputs.

TERMINATIONS: Why Terminate a Transmission Line?

Whenever signals change voltage levels, a wavefront is cre-
ated that propagates according to the characteristics of the
transmission line being used. If the overall length of the sig-
nal path is short compared with the signal's wavelength
(1/frequency), then none of the complications of transmis-
sion lines are present. However, if the length of the signal
path is long in comparison, then the wavefront will be signifi-
cantly affected by the geometry and composition of that
transmission line.

Fortunately, when dealing with a single board layout, the
distances are usually short enough that one need not worry
about the difficulties of terminating or impedance matching
the line. However, if one is driving between boards or over
long distances, he must be aware of the characteristics in-
volved. When dealing with transmission lines it is necessary
to know the impedance of the line. Every time the signal
wavefront encounters a discontinuity (a point where the im-
pedance changes, whether from a branch, junction or be-
cause of a change of environment), the opportunity for re-
flections and standing waves is present. These waves can
easily cause the loss of the signal's integrity, having the
ability to build voltages that are large enough to destroy an
IC. Proper line termination will insure that the signal propa-
gates down the line and is totally absorbed at the receiving
end, thus preventing these waves from occurring.

Listed below is a guideline to the types of transmission lines
to use when sending signals over various distances.

0" to 12” Single wire conductor OK. Use point-to-point rout-
ing and avoid parallel routing if possible. Ground
plane recommended, but not mandatory. Space
conductors as far apart as possible to reduce line
to line capacitance.

Dense ground plane required with wire routed as
closely as possible. Twisted-pair lines or coaxial
cable mandatory for clock lines and recommend-
ed for all sensitive control lines.

Use fully terminated transmission lines. Avoid the
use of radially distributed lines and avoid sharp
bends in the line. Be aware that transmission
lines have complex impedances and are not sim-
ply resistive in nature.

BUS DRIVERS: On Board vs Off Board

Many of the TRI-STATE® buffers and flip-flops are intended
to connect directly to the system bus and must be able to
drive heavily capacitive loads. Keeping this in mind, all of
National's LS TRI-STATE devices have “triple-sink” capa-
bility; that is, the Ig| and lpy drive currents have been tri-
pled. However, these devices are intended to drive single
board buses. Driving off the board with these devices can
easily lead to serious problems.

When using standard logic bus drivers on a single board, be
aware that many of the octal and bus oriented devices have
PNP inputs to reduce DC loading. PNP inputs on 54S/74S
devices tend to be more capacitive than the corresponding
diode or emitter inputs, and as such, compromise the AC
loading of the bus. Careful attention must be given to both
DC and AC loading when driving heavily loaded buses. PNP

12" to 6’

Over 6’
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inputs on LS/AS/ALS operate at significantly lower currents
and do not significantly increase capacitive load.

Itis strongly recommended that any time a bus line leaves a
board, interface bus drivers be used. These devices (see
National's 1986 Interface/Databook) are specifically de-
signed to impedance match different kinds of transmission
lines and have the necessary current drive to handle the
job. Using an ordinary logic device will usually yield poor
results. If one must drive a transmission line with a logic
device, there are some guidelines that should be followed to
minimize the problems that can result.

1) Take care to properly terminate the bus. Be aware that
every time a signal passes through a different impedancs,
an interface is created and that any impedance mismatch
will result in reflections.

2) Never drive off the board with a bistable element like a
flip-flop or a latch. This is because those devices are very
susceptible to reflected waves changing their state. By buff-
ering the output of the latch with another device, the reflect-
ed wave can affect the output of the buffer, but not the
latch. This means that when the wave finally dies out, the
latch wili still have the proper data and the buffer will “snap
back” to the proper output.

3) Be sure to carry an adequate ground plan with the signals
and to shield the bus. Carrying a good ground plan (use
multiple ground lines spaced around the connector if possi-
ble) will reduce the problem of floating ground, and the
shielding will help protect the signal lines for induced noise.
Using twisted-pair transmission lines for critical signals
helps to eliminate the capacitive coupling that can degrade
signals, or even cause false signals.

4) It is best to buffer any clock or control lines that depend
upon fast, clean switching. Buffering at both the sending
and receiving end will go a long way toward insuring that the
clock can accomplish its goals.

5) Use the devices with Schmitt inputs to add to the noise
margin of the receiving device. This will help increase the
noise rejection of the system. Decouple each receiver sepa-
rately, connecting the capacitor directly between ground
and Vgc. Make sure that the device ground is tied directly to
the bus ground.

6) If using open-collector devices to drive the bus, add a
pull-up resistor on the input to the receiving device if the lo|
current of the driving device can handle it. A resistance in
the 3000 range will significantly improve the signal’s rise
time.

AC LOADING: What Do AC Loads Look Like, and Why?

The standard AC load for all of the logic families, except
ALS and AS, is built around a diode chain to ground and a
pull-up resistor to Vg with added capacitance. This load is
designed to look like the standard logic circuit input struc-
ture, and to simulate the appearance of switching in an ac-
tual application. For ALS and AS, the load is built around a
resistor to ground and added capacitance. This is primarily
for the requirements of high speed device testing. There
also exists a set of standardized military AC loads that were

designed to approximate the input structure, while using no
switches for the TRI-STATE parameters. Please see wave-
forms in this section. In the final analysis of these loads, it
must be kept in mind that they represent a standard that can
be used to determine the quality of an IC. No load will be
able to predict exactly how a device will perform in a circuit
or the speeds that a device can achieve in a good test jig
with the spec load, as compared to the speeds that a device
will produce in an application.

OPEN-COLLECTOR DEVICES: What They Are,
How to Use Them

Open-collector devices are totem pole outputs where the
upper output (usually a Darlington transistor) is left out of
the circuit.‘As such, these devices have no active logic high
drive and cannot be used to drive a line high. The advan-
tage to open-collector devices is that a number of outputs
can be directly tied together. If one were to tie two complete
totem pole outputs together, then at some time one output
would be driving high while the other output was driving low.
The result is that one device will be dumping excessive cur-
rent directly into the other device. The resulting power dissi-
pation in both devices can easily degrade the lifetime of the
device. Since open-collector devices only have active drive
in one state, if two connected devices drive to opposite
states, the low state will always predominate and there will
be no degradation to either device. Open-collector specifi-
cations are obvious by the lack of a Vo specification. The
only Von/lon specification is the leakage limits, and these
are specified at Voy = 5.5V.

When dealing with open-collector devices, it must be noted
that each output requires a resistive pull-up, usually tied to
V. (By using high voltage outputs, one can tie the resistor
pull-up to a voltage higher than Vgc.) Designers often try to
get away with tying the output to an input and relying on the
I current to pull up the output. This unwise, as it is just like
leaving inputs floating: the input is very susceptible to noise
and can easily give false signals. Shown below are two
equations that can be used to determine the min/max range
of the pull-up resistor.

_ _(Vecminy — Von)

R
MAX™ INT e Ion + N2 @ bjy)
A = ecminy — Vou)
MINT oL - N2 i)
where: N1 = the number of open-collector devices tied
together,

N2 = the number of inputs being driven on the line.

If the maximum resistance is exceeded, then it is possible
for the total leakage currents from all of the inputs and out-
puts to pull the Von level below the spec value. Likewise, if
the Rpin value is exceeded, then the driving device may not
be able to pull down the signal line to a solid Vp. Either of
these two cases can easily resuit in false logic levels being
propagated through the system.




Designer’s Encyclopedia of
Bipolar One-Shots

INTRODUCTION

National Semiconductor manufacturers a broad variety of
industrial bipolar monostable multivibrators (one-shots) in
TTL and LS-TTL technologies to meet the stringent needs
of systems designers for applications in the areas of pulse
generation, pulse shaping, time delay, demodulation, and
edge detection of waveforms. Features of the various de-
vice types include single and dual monostable parts, retrig-
gerable and non-retriggerable devices, direct clearing input,
and DC or pulse-triggered inputs. Furthermore, to provide
the designer with complete flexibility in controlling the pulse
width, some devices also have Schmitt trigger input, and/or
contain internal timing components for added design conve-
nience.

DESCRIPTION

One-shots are versatile devices in digital circuit design.
They are actually quite easy to use and are best suited for
applications to generate or to modify short timings ranging
from several tens of nanoseconds to a few microseconds.
However, difficulties are constantly being experienced by
design and test engineers, and basically fall into the catego-
ries of either pulse width problems or triggering difficulties.
The purpose of this note is to present an overall view of
what one-shots are, how they work, and how to use them
properly. It is intended to give the reader comprehensive
information which will serve as a designer’s guide to bipolar
one-shots.

Nearly all malfunctions and failures on one-shots are
caused by misuse or misunderstanding of their fundamental
operating rules, characteristic design equations, param-

TTL AND LS-TTL ONE-SHOT FEATURES

National Semiconductor Corp.
Application Note 372
Kern Wong

eters, or more frequently by poor circuit layout, improper
bypassing, and improper triggering signal.

In the following sections all bipolar one-shots manufactured
by National Semiconductor are presented with features ta-
bles and design charts for comparisons. Operating rules are
outlined for devices in general and for specific device types.
Notes on unique differences per device and on special op-
erating considerations are detailed. Finally, truth tables and
connection diagrams are included for reference.

DEFINITION

A one-shot integrated circuit is a device that, when trig-
gered, produces an output pulse width that is independent
of the input pulse width, and can be programmed by an
external Resistor-Capacitor network. The output pulse width
will be a function of the RC time constant. There are various
one-shots manufactured by National Semiconductor that
have diverse features, although, all one-shots have the ba-
sic property of producing a programmable output pulse
width. All National one-shots have True and Complementary
outputs, and both positive and negative edge-triggered in-
puts.

OPERATING RULES

In all cases, R and C represented by the timing equations
are the external resistor and capacitor, called Rgxt and
CexT, respectively, in the data book. All the foregoing timing
equations use C in pF, R in K2, and yield ty in nanosec-
onds. For those one-shots that are not retriggerable, there
is a duty cycle specification associated with them that

#Per Capacitor Reslstor Timing Equation*®
Device Re-
Number IC trigger Reset Min Max Min Max for
Package 99 in uF inKO Cexr> 1000 pF

DM54121 One No No 0 1000 1.4 30 tw = KRCe(1 + 0.7/R)
DM74121 One No No 0 1000 1.4 40 K = 0.55
DM54L.8122 One Yes Yes None 5 180 tw = KRC
DM74LS122 One Yes Yes None 5 260 K = 0.45
DM54123 Two Yes Yes None 5 25 tw = KRCe(1 + 0.7/R)
DM74123 Two Yes Yes None 5 50 K = 0.34
DM54LS123 Two Yes Yes None 5 180 tw = KRC
DM74L8123 Two Yes Yes None 5 260 K = 0.45
DM54LS221 Two No Yes 0 1000 1.4 70 tw = KRC
DM74LS221 Two No Yes 0 1000 1.4 100 K= 0.7
DM8601 One Yes No None 5 25 tw = KRCe(1 + 0.7/R)
DM9601 One Yes No None 5 50 K = 0.32
DM8602 Two Yes Yes None 5 25 tw = KRCe(1 + 1/R)
DM9602 Two Yes Yes None 5 50 K =0.31

*The above timing equations hold for all combinations of Rext and Cgx for all cases of Cgxt > 1000 pF within specified limits on the Rext and Cexr.
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defines the maximum trigger frequency as a function of the
external resistor, RgxT-

In all cases, an external (or internal) timing resistor (RexT)
connects from Vg or another voltage source to the “Rext/
Cext” pin, and an external timing capacitor (Cgxy) con-
nects between the “Rext/Cext”, and “Cext” pins are re-
quired for proper operation. There are no other elements
needed to program the output pulse width, though the value
of the timing capacitor may vary from 0.0 to any necessary
value.

When connecting the Rext and Cex timing elements, care
must be taken to put these components absolutely as close
to the device pins as possible, electrically and physically.
Any distance between the timing components and the de-
vice will cause time-out errors in the resulting pulse width,
because the series impedance (both resistive and inductive)
will result in a voltage difference between the capacitor and
the one-shot. Since the one-shot is designed to discharge
the capacitor to a specific fixed voltage, the series voltage
will “fool” the one-shot into releasing the capacitor before
the capacitor is fully discharged. This will result in a pulse
width that appears much shorter than the programmed val-
ue. We have encountered users who have been frustrated
by pulse width problems and had difficulty to perform corre-
lations with commercial test equipment, The nature of such
problems are usually related to the improper layout of the
DUT adapter boards. (See Figure 6 for a PC layout of an AC
test adapter board.) It has been demonstrated that lead
length greater than 3 cm from the timing component to the
device pins can cause pulse width problems on some devic-
es.

For precise timing, precision resistors with good tempera-
ture coefficient should be used. Similarly, the timing capaci-
tor must have low leakage, good dielectric absorption char-
acteristics, and a low temperature coefficient for stability.
Please consult manufacturers to obtain the proper type of
component for the application.

For small time constants, high-grade mica glass, polysty-
rene, polypropylene, or polycarbonate capacitor may be
used. For large time constants, use a solid tantalum or spe-
cial aluminum capacitor.

In general, if a small timing capacitor is used that has leak-
age approaching 100 nA or if the stray capacitance from
either terminal to ground is greater than 50 pF, then the
timing equations or design curves which predict the pulse
width would not represent the programmed pulse width
which the device generates.

When an electrolytic capacitor is used for CgxT, a switching
diode is often suggested for standard TTL one-shots to pre-
vent high inverse leakage current (Figure 7). In general, this
switching diode is not required for LS-TTL devices; it is also
not recommended with retriggerable applications.

Rexr
Vee RxCx
hs '“—o Gx
Cext
TL/F/7508-1
FIGURE 1

It is never a good practice to leave any unused inputs of a
logic integrated circuit “floating”. This is particularly true for
one-shots. Floating uncommitted inputs or attempts to es-
tablish a logic HIGH leve! in this manner will result in mal-
function of some devices.

Operating one-shots with values of the Rgxt outside the
recommended limits is at the risk of the user. For some
devices it will lead to complete inoperation, while for other
devices it may result in either output pulse widths different
from those values predicted by design charts or equations,
or with modes of operation and performance quite different
from known standard characterizations.

To obtain variable pulse width by remote trimmiing, the fol-
lowing circuit is recommended (Figure 2). “RremoTte”
should be placed as close to the one-shot as possible.

Rext
*‘Rext/Cext
Cexr
RREMOTE
T
“Cext”’ Vee
TL/F/7508-2
FIGURE 2

Vce and ground wiring should conform to good high fre-
quency standards and practices so that switching transients
on the Vg and ground return leads do not cause interac-
tion between one-shots. A 0.001 uF to 0.1 uF bypass ca-
pacitor (disk or monolithic type) from the Vg pin to ground
is necessary on each device. Furthermore, the bypass ca-
pacitor shoud be located so as to provide as short an elec-
trical path as possible between the Vg and ground pins. In
severe cases of supply-line noise, decoupling in the form of
a local power supply voltage regulator is necessary.

For retriggerable devices the retrigger pulse width is calcu-
lated as follows for positive-edge triggering:

Vrnmcen__l | ’
g |

I
] —
e

TL/F/7508-3

| i lREY

FIGURE 3
treT = tw + teLn = Ko (Rexn)(Cext) + oL
(See tables for exact expressions for K and ty; K is unity on
most HCMOS devices.)

SPECIAL CONSIDERATIONS AND NOTES:

The 9601 is the single version of the dual 9602 one-shot.
With the exception of an internal timing resistor, RinT, the
'LS122 has performance characteristics virtually identical to
the 'LS123. The design and characteristic curves for equiva-
lent devices are not depicted individually, as they can be
referenced from their parent device.

National's TTL-"123 dual retriggerable one-shot features a
unique logic realization not implemented by other manufac-
turers. The “CLEAR" input does not trigger the device, a
design tailored for applications where it is desired only to
terminate or to reduce the timing pulse width.

1-20




The 'LS221, even though it has pin-outs identical to the
'LS123, is not functionally identical. it should be remem-
bered that the 'LS221 is a non-retriggerable one-shot, while
‘the 'LS123 is a retriggerable one. For the 'LS123 device, it
is sometimes recommended to externally ground its “Cgx1”
pin for improved system performance. The “Cgxt"” pin on
the 'LS221, however, is not an internal connection to the
device ground. Hence, grounding this pin on the 'LS221 de-
vice will render the device inoperative.

Furthermore, if a polarized timing capacitor is used on the
'LS221, the positive side of the capacitor should be con-
nected to the “Cgxt” pin. For the "LS123 part, it is the con-
trary, the negative terminal of the capacitor should be con-
nected to the “Cgxt"" pin of the device (Figure 4).

Veo Vee
Rx Rx
“Cexr 0—+—I — "CEXT"O% x
Cx Cx
“*Rext/Cext”’ "*Rext/Cext”
('Ls221) ('LS123)

TL/F/7508-4

FIGURE 4

18281£52

TL/F/7508-6
FIGURE 6a. AC Test Adapter

The 'LS221 trigger on “CLEAR": This mode of trigger re-
quires first the “B-Input” be set from a Low-to-High level
while the “CLEAR” input is maintained at logic Low level.
Then, with the “B” Input at logic High level, the “CLEAR"
input, whose positive transition from LOW-to-HIGH will trig-
ger an output pulse (“A input” is LOW).

I L

TL/F/7508-5
FIGURE 5

AC Test Adapter Board

The compact PC layout below is a universal one-shot test
adapter board. By wiring different jumpers, it can be config-
ured to accept all one-shots made by National Semiconduc-
tor. The configuration shown below is dedicated for the '123
device. It has been used successfully for functional and
pulse width testing on all the '123 families of one-shots on
the Teradyne AC test system.

BOTTOM VIEW

TL/F/7508-7
FIGURE 6b. AC Test Adapter
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TL/F/7508-8

FIGURE 7a. Timing Components and 1/0 connections to D.U.T.

Typical Output Pulse Width vs Timing Components

Timing equations listed in the features
tables hold all combinations of Rgxt

-‘and Cgxt for all cases of Cext >

1000 pF. For cases where the Cgxt <
1000 pF, use graphs shown below.

. DM74123

tw (ns)

10 100
Cex (pF)

1000

tw (ns)

tw (ns)

DM9602 ; sDM74121
Rl oo = ¥ Enam25C
FVcc=5.0V — FVec=5.0V
108 bt 10t R=50K
R=25K = R=25K
R=101 )
108 3 il
,HHSK
102 102 R=1.4K
e e
I S ik mmaii BN i 1| A A
10 100 1000 10 100 1000
Cexr (PF) Cexy (pF)
" DM74LS123 5DM74L5221
0 =zt e 2500 W et e
Vee=5.0V Veo=5.0V FHR=100K

100 1000 10 100 1000
Cext (pF) Cexr (pF)
TL/F/7508-9
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Typical Output Pulse Width Variation vs Ambient Temperature &S
~
N
The graphs shown below demonstrate DM74121 DM9602
the typical shift in the device output 10 O 10 T
pulse widths as a function of tempera- Cexr =100 pF Connm 1000 pF
ture. It should be noted that these 5 Vee=S0V 5 Veo=5.0V
graphs represent the temperature shift ] \\ W
of the device after being corrected for S 0 ] NG
any temperature shift in the timing ‘\‘ 5 g
components. Any shift in these com- 3 3 \
ponents will result in a corresponding -5 -5 P
shift in the pulse width, as well as any )
shift due to the device itself. —10 —0
-60~30 0 30 60 90 120 150 -60 -30 0 30 60 90 120 150
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
74LS221 DM74LS123 DM74123
LU o e | 1 T T T 10 L.
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TL/F/7508-10
Typical Output Pulse Width Variation vs Supply Voltage
The following graphs show the depen- 10 DM9602 0 DM74121
dence of the pulse width on V¢g. Rer=10K | Rexr=5K |
As with any IC applications, the device ; _?i’.l oD pF . ?i"; pribadd
should be properly bypassed so that w - B
large transient switching currents can g 2
be easily supplied by the bypass ca- 5 0 3 0
pacitor. Capacitor values of 0.001 pF % K '}
to 0.10 pF are generally used for the -5 _5
Vcc bypass capacitor.
~10 -10
4 as 5 5.5 6 4 45 5 5.5 ]
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TL/F/7508-11
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Typical “K” Coefficient Variation vs Timing Capacitance

For certain one-shots, the “K" coeffi-
cient is not a constant, but varies as a
function of the timing capacitor Cgxt.
The graphs below detail this charac-
teristic.

DM74123
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T Vee=5.0V
i

E 102
\
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0.1 1.0 10
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g |
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TL/F/7508-12

Typical Output Pulse Width vs Minimum Timing Resistance

The plots shown below demonstrate
typical pulse widths and limiting values
of the true output as a function of the
external timing resistor, RgxT. This in-
formation should evaporate those
years of mysterious notions and nu-
merous concerns about operating
one-shots with lower that recommend-
ed minimum RgxT values.

DM9602
0’

==sEi=1

1N}

Tam25°C T
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Cexy= 1000 pF
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2
i
]
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108

B s s

100 1800 10000
Rexr (1)
TL/F/7608-13
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Typical Output Pulse Width vs Minimum Timing Resistance (continued)

CLE-NV
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TL/F/7508-14
Function Tables Connection Diagrams
'121 One-Shots 54121 (J, W); 74121 (N)
Inputs Qutputs Rexr/
A1 A2 B Q a Vee NC NC Cext Cexr Rint NC
L X H L H Iu Ila |1z 11 10 9 la
X L H L H ‘v;vk‘f
X X L L H
H H X L H
H l H JL r =
l H H o g
{ d H Ji 1
L X T I r Q
X L T JL =g
1 lz Is |4 |? 3 [7
NC A1 A2 ] 0 GND
TL/F/7508-15
Top View
'122 Retriggerable One-Shots with Clear 54L.S122 (J, W); 74LS122 (N)
Inputs Outputs Rext/
— v C C R
Clear A1 A2 B1 B2 | Q a i I "I° i "|° 'I"’ !
1 13 12 |11 10 9 8
L X X X X L H o
X H H Xx X L H 0k
X X X L X L H T M
X X X X L L H
X L X H H L H Q
H L X T H JL r
H L X H T I g
H X L H H L H as 8
H X L 1 H | o r Y
H X L H T L r 1
H H l H H JL r
H d J H H{ L 1r 1 |2 3 4 5 3 |7
H l H H H JIL r
1 L % H H T 1r Al A2 81 B2 CLR i] GND
TL/F/7508-16
T X L H H JL ar Top Vlew
H = HIGH Level JL = One HIGH Level Pulse

L = LOW Level LI = One LOW Level Pulse

T = Transition from LOW-to-HIGH X = Don't Care
1 = Transition from HIGH-to-LOW
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Function Tables continued)

’123 Dual Retriggerable One-Shots with Clear

’123
Inputs Outputs
A A Clear Q Q
H X H L H
X L H L H
L T H JL i
X X L L H
'LS123
Inputs Outputs
Clear A B Q ]
L X X L H
X H X L H
X X L L H
H L 1 JL r
H l H I ar
1 L H I r
8602
Pin Numbers Operation
A B CLEAR
1 L H Trigger
H T H Trigger
X X L Reset
H = HIGH Level
L = LOW Leve!

1 = Transition from LOW-to-HIGH
1 = Transition from HIGH-to-LOW
JL = One HIGH Level Pulse
LI = One LOW Leve! Pulse
X = Don't Care

Connection Diagrams (continued)

Rext/ ~
Vee  Cexrt Cexr! Q1 G2 CLR2 B2 A2

|1s |15 Iu 13 12 1 10 ls

l

a LECLR

1

CLR

ry
o

| 1 | 2 Ia [ 7 |a
Al B1 CLR1 1 02 Cexr2  Rext/  GND
Cext2

TL/F/7508-17

Top View
54L.8123 (J, W); 74LS 123 (N)
Rext/ _
Vee Cext?  Cexrl o Q2 CLR2 B2 A2
16 15 14 13 12 " l 10 l 9

| 1 2 3 4 5 I 6 "|7 8
A1 Bl CLR1 Q1 02 Cexi2  Rext/  GND
Cexr2

TL/F/7508-18

Top View
9602 (J, W); 8602 (N)
Rext/ -
Voo Cegxp2 Cgg2  CLR2 B2 A2 02 02
|1e 15 14° 13 12 1 10 9

zle
=

TI———T

1* 2 l 3 4 5 6 7 8
Cext! Rexp/ CLRT  BY A1 o 01 GND
Cext?

TL/F/7508-19
Top View

*Pins for external timing.




Function Tables (continued)
'221 Dual One-Shots with Schmitt Trigger Inputs

Inputs Outputs
Clear A B Q Q

L X X L H

X H X L H

X X L L H

H L T JL r

H J H Ju r

1 L H I ur

8601
Inputs Outputs
A1 A2 B1 B2 Q Q
H H X X L H
X X L X L H
X X X L L H
L X H H L H
L X T H I r
L X H T JL r
X L H H L H
X L T H JL U
X L H T JL r
H J H H JL 1w
{ l H H I ir
J H H H I 1
H = HIGH Level
L = LOW Level

T = Transition from LOW-to-HIGH
1 = Transition from HIGH-to-LOW
JL = One HIGH Level Pulse
LI = One LOW Level Pulse
X = Don't Care

Applications

The following circuits are shown with generalized one-shot
connection diagram.

NOISE DISCRIMINATOR (Figure 8)

The time constant of the one-shot (O-S) can be adjusted so
that an input pulse width narrower than that determined by
the time constant will be rejected by the circuit. Output at Q,

Vee
o

Connection Diagrams (continued)

54LS221 (J, W); 7415221 (N)

Rext/ _
V¢ Cexr1 Cextt 02 CLR2 B2

a1 A2
IIG |15 IM lw 12 11 Iw Is

o

C

T FFFFFTT
A Bl CWR1 W 02 Ciy2 Rext/  GND
Cexr 2

TL/F/7508-20

Top View

9601 (J, W); 8601 (N)

l Cx I
i -+
I lel NC '

NC NC
Vee Cext Cexr| -
14 |13 Ilz 1 10 I 9 8

1 | 2 | 3 P
At A2 B1 B2
Top View

15 6 l 1
NC ] GND
TL/F/7508-21

will follow the desired input pulse, with the leading edge
delayed by the predetermined time constant. The output
pulse width is also reduced by the amount of the time con-
stant from Ry and Cy.

Rx

f

0

Vinp 0-§

D, 02 =~ Vour
ok

CLR

FIGURE 8. Noise Discriminator

TL/F/7508-22
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TL/F/7508-23

FIGURE 8. Noise Discriminator (Continued)

FREQUENCY DISCRIMINATOR (Figure 9)

The circuit shown in Figure 9 can be used as a frequency-
to-voltage converter. For a pulse train of varying frequency
applied to the input, the one-shot will produce a pulse con-

Vee
o
Rx S
o-| |-|
ViN Pt 0-s

R
a —'\MIDVnm
T

=

TL/F/7508-24

stant width for each triggering transition on its input. The
output pulse train is integrated by Ry and C4 to yield a wave-
form whose amplitude is proportional to the input frequency.
(Retriggerable device required.)

Vin

Vour /

Vo

s Vi

TL/F/7508-25

FIGURE 9. Frequency Discriminator

ENVELOPE DETECTOR (Figures 10a and 10b)

An envelope detector can be made by using the one-shot's
retrigger mode. The time constant of the device is selected
to be slightly longer than the period of each cycle within the
input pulse burst. Two distinct DC levels are present at the
output for the duration of the input pulse burst and for its

Vee

ReQ

ViN bl 0-s

TL/F/7508-26

L]

SN 1 |

absence (see Figure 10a). The same circuit can also be
employed for a specific frequency input as a Schmitt trigger
to obviate input trigger problems associated with hysteresis
and slow varying, noisy waveforms (see Figure 10b). (Re-
triggerable device required.)

° L

FIGURE 10b. Schmitt Trigger

TL/F/7508-27

L

Vour I

TL/F/7508-28

FIGURE 10a. Envelope Detector (Retriggerable Device Required)




PULSE GENERATOR (Figure 11)

Two one-shots can be connected together to form a pulse the frequency developed at output Qy. Rxa and Cyxa of
generator capable of variable frequency and independent 0O-S82 determine the output pulse width at Qa. (Retriggera-
duty cycle control. The Rxy and Cxq of O-S1 determine ble device required.)
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th:: i ﬂxz% o
+ |-| +— |—|
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0; KRx1 Cx1
TL/F/7508-30
FIGURE 11. Pulse Generator (Retriggerable Device Required)
Note: K is the multiplication factor dependent of the device. Arrow indicates edge-trigger mode.
DELAYED PULSE GENERATOR WITH OVERRIDE TO
TERMINATE OUTPUT PULSE (Figure 12)
An input pulse of a particular width can be delayed with the values of Rz and Cxp determine the output pulse width
circuit shown in Figure 12. Preselected values of Ryy and through O-S2. The override input can additionally serve to
Cx, determine the delay time via O-S1, while preselected modify the output pulse width.
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FIGURE 12. Delayed Pulse Generator with Override to Terminate Output Pulse
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MISSING PULSE DETECTOR (Figure 13)

By setting the time constant of O-S1 through Ry and Cx4 is missing in the incoming pulse train, which then triggers
to be the least one full period of the incoming pulse period, 0-82 and produces an indicating pulse at Q. (Retriggera-
the one-shot will be continuously retriggered as long as no ble device required.)

missing pulse occurs. Hence, Q; remains LOW until a pulse
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X1 ::.i:" i-I Rxz :, Cxe
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ViN p—rd 0-s1 __I— 0-82
[ G,
- TL/F/7508-33
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Vin : :
———— e——— i
——————
0
——
0z

TL/F/7508-34
FIGURE 13. Missing Pulse Detector (Retriggerable Device Required)

PULSE WIDTH DETECTOR (Figure 14)

The circuit of Figure 14 produces an output pulse at Voyr if
the pulse width at V| is wider than the predetermined pulse
width set by Rx and Cx.
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FIGURE 14. Pulse Width Detector
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TL/F/7508-36
FIGURE 14. Pulse Width Detector (Continued)
BAND PASS FILTER (Figure 15)

The band pass of the circuit is determined by the time con- (D-FF) clocks HIGH only when the cutoff frequency of O-S2
stants of the two low-pass filters represented by O-S1 and has been exceeded. The output at Qg is gated with the de-
0-S2. With the output at Q2 delayed by C, the D-flip flop layed input pulse train at Q4 to produce the desired output.
(Retriggerable device required.)
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FIGURE 15. Band Pass Fiiter (Retriggerable Device Required)
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FM DATA SEPARATOR (Figure 16)

The data separator shown in Figure 16 is a two-time con- With O-S1 and O-S2 inactive, +CLK WINDOW is active.
stant separator that can be used on tape and disc drive The first + READ DATA pulse will be gated through the
memory storage systems. The clock and data pulses must second AND gate, which becomes —SEP CLK for triggering
fall within prespecified time windows. Both the clock and of the R—S FF and the one-shots. With the D-FF off, O-S1
data windows are generated in this circuit. There are two will remain reset. The —SEP CLK pulse will trigger O-S2,
data windows; the short window is used when the previous whose output is sent to the OR gate, and its output be-
bit cell had a data pulse in it, while the long window is used comes -+DATA WINDOW to enable the first AND gate. The
when the previous bit cell had no data pulse. next pulse on + READ DATA wil be allowed through the first
if the data pulse initially falls into the data window, the AND gate to bacome —SEP DATA. This pulse sets the R-S
—SEP DATA output returns to the NAND gate that gener- FF, whpse HIGH output becomes the data to the D-FF. The
ates the data window, to assure that the full data is allowed D-FF is clocked on by O-S2 timing out and +CLK WIN-
through before the window times out. The clock windows DOW becoming active. Q4 will hold O-S2 reset and allow
will take up the remainder of the bit cell time. 0O-S1 to trigger on the next clock pulse.

Assume all one-shots and flip-flops are reset initially and the
+READ DATA has the data stream as indicated.

NRZ DATA

. 0 '

187
«a—BIT CELL —

s L]
sovwion [ L]

SHORT " — ;
—~DATA WINDOW : H : Vo I H
it d - a
~LONG ™ [————— r 1 p— [
DATA ! H HE H H I H
WINDOW bl e e | S )

—SEP DATA u

+ CLK WINDOW

1_T1
we T

i
ooy I I N N I I
o] nn

FIGURE 16. FM Data Separator
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The next clock pulse (the second bit cell) is ANDed with
+CLK WINDOW and becomes the next —SEP CLK, which
will reset the R-S FF and trigger O-S1. As O-S1 becomes
active, the + DATA WINDOW becomes active, enabling the
first AND gate. With no data bit in the second bit cell, the
R-S FF will remain reset, enabling the D-FF to be clocked
off when -+DATA WINDOW falls, When the D-FF is
clocked off, Q4 will hold O-S1 reset and allow O-S2 to be
triggered.

The third clock pulse (bit cell 3) is ANDed with + CLK WIN-
DOW and becomes —SEP CLK, which continues re-

setting the R-S FF and triggers O-S2. When O-S2 be-
comes active, +DATA WINDOW enables the first AND
gate, allowing the data pulse in bit cell 3 to become —SEP
DATA. This —SEP DATA will set the R-S FF, which en-
ables the D-FF to be clocked on when + DATA WINDOW
falls. When this happens, Q4 will hold O-S2 reset and allow
0O-81 to trigger. This procedure continues as long as there
is clock and data pulse stream present on the +READ
DATA line.

Yeo +READ DATA
A 4
i :: Rn :: Rxz
) Cxy 1 Cx2
< ! I__
~SHORT
ke DATA
WINDOW
0-§1 0-52 —LONG
. DATA WINDOW +SEPDATA
[ [
7 +SEPCLK
IV +CLK
1 WINDOW
s 03 D4 0 =
FE ok FF
< R »3 -u-‘

TL/F/7508-40

FIGURE 16. FM Data Separator (Continued)

PHASE-LOCKED LOOP VCO (Figure 17)

The circuit shown in Figure 17 represents the VCO in the
data separation part of a rotational memory storage system
which generates the bit rate synchronous clocks for write
data timing and for establishing the read data windows.

The op-amp that performs the phase-lock control operates
by having its inverting input be driven by two sources that
normally buck one another. One source is the one-shot, the
other source is the phase detector flip-flop. When set, the
one-shot, through an inverter, supplies a HIGH-leve! voltage
to the summing node of the op-amp and the phase detector
FF, also through an inverter, supplies a canceling LOW-lev-
el input.

It is only when the two sources are out of phase with each
other, that is one HIGH and the other LOW, that a positive-
or negative-going phase error will be applied to the op-amp
to effect a change in the VCO frequency. Figure 17 illus-
trates the process of phase-error detection and correction
when synchronizing to a data bit pattern. The rising edge of
each pulse at DATA+ PLO clocks the one-shot LOW and
the phase detector FF HIGH. Since both outputs are still
bucking each other, no change will be observed at the

phase-error summing node. When the one-shot times out, if
this occurs after the 2F clock has reset the phase detector
FF to a LOW output, a positive pulse will be seen at the
summing node until both the one-shot and the FF are reset.
Any positive pulse will be reflected by a negative change in
the op-amp output, which is integrated and reduces the pos-
itive control voltage at the VCO input in direct proportion to
the duration of the phase-error pulse. A negative phase-er-
ror pulse occurs when the phase detector FF remains set
longer than the one-shot.

Negative phase-error pulse causes the integrated control
voltage to swing positive in direct proportion to the duration
of the phase-error pulse. It is recommended that a clamping
circuit be connected to the output of the op-amp to prevent
the VCO control voltage from going negative or more posi-
tive than necessary. A back-to-back diode pair connected
between the op-amp and the VCO is highly recommended,
for it will present a high impedance to the VCO input during
locked mode. This way, stable and smooth operation of the
PLO circuit is assured.
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2F Bit Rate Synchronous Read/Write Clock
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FIGURE 17. Phase-Locked Loop Voltage Controlled Oscillator
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Functional Index/Selection Guide

*Several methods are used to represent typical values. For propagation delay typical values, the average of the typical values of the two delays are used.

teHLaYR) + tPLHTYR)

2

For power dissipation, the average of the typical values of current for all states the outputs can achieve is used (Iccy, IccH, lccz.) This current value is multiplied by
nominal supply voltage (5V), and in some cases divided by the number of gates, bits, etc. All other typical values are singular typicals.

Adders
Typ* Power Package
. *
Description Device Type Typ® Carry Typ® Add Diss./Bit Availability Page
Time (ns) Time (ns) W
(mW) Mil com
Single 4-Bit 54/741.5283 12 15 24 J N,M 2-208
Full Adders 54/745283 8.5 11 110 J N 3-114
54/74LS83A 12 15 24 J N,WM 2-57
Arithmetic Logic Units, Carry Look-Ahead Generators
» Typ*
(':I'yp " TA\;Pd Power Package
Description Device Type arry N Diss. Avallability Page
Time Time
(ns) (ns) Total
(mW) Mil Com
4-Bit ALU/ 54/74AS181B 5 5 370 J N T
Function 54/74S181 7 14 600 J N 3-74
Generators 54/74181 12.5 18 455 J N 4-177
54/74S381 10 12 525 J N 3-128
54/74AS881B 5 5 370 J N t
Carry 54/74AS182 5 N/A 115 J N t
Look-Ahead 54/74S182 9 N/A 345 J N 3-83
Generator 54/74AS264 6 N/A 140 J N T
54/74AS282 6 N/A 130 J N T
Buffers/Clock Drivers with Totem-Pole Outputs
Low- High- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Availability Page
Current Current Time /Gate
(mA) (mA) (ns) (mW) Mil Com
Dual 4-Input 54ALS40A 12 -1 4 3.5 J T
NAND Buffers 74ALS40A 24 —26 4 35 N,M T
54/74S40 60 -3 4 44 J N 3-27
54ALS1020A 12 -1 4 3.6 J T
74ALS1020A 24 —26 4 3.6 N,M T
Quad 2-Input 54ALS37A 12 -1 5 5 J T
NAND Buffers 74ALS37A 24 —-26 5 5 N,M T
541837 12 -1.2 10 4.3 J 2-39
741837 24 —-1.2 10 4.3 N,M 2-39
54/7437 48 -1.2 10.5 27 J N 4-53
54ALS1000A 12 -1 5 3.5 J T
74ALS1000A 24 —26 5 3.5 N,M T
54AS1000A 40 —40 2 8.5 J N T
74AS1000A 48 —48 2 8.5 J N T

T Please see the ALS/AS Databook for this datasheet.
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Functional Index/Selection Guide

Buffers/Clock Drivers with Totem-Pole Outputs (Continued)

Low- High- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Availability Page
Current Current Time /Gate
(mA) (mA) (ns) (mW) Mil Com
Quad 2-Input 54ALS28A 12 -1 3.7 4.5 J T
NOR Buffers 74ALS28A 24 -26 3.7 45 N,M T
54ALS1002A 12 -1 3.7 4.5 J T
74ALS1002A 24 —-26 3.7 45 N,M T
54AS1036A 40 —40 2 9.7 J T
74AS1036A 48 —48 2 9.7 N T
Quad 2-Input 54ALS1032A 12 -1 5.5 5.7 J T
OR 74ALS1032A 24 —-26 5.5 5.7 N,M T
54AS1032A 40 —40 25 14 J T
74AS1032A 48 —48 25 14 N T
Quad 2-Input 54ALS1008A 12 -1 5.6 4.7 J T
AND 74ALS1008A 24 —-26 5.6 4.7 N,M T
54AS1008A 40 —40 25 12 J T
74AS1008A 48 —48 25 12 N T
Triple 54ALS1010A 12 -1 4 3.6 J T
3-Input NAND 74ALS1010A 24 —-26 4 3.6 N,M T
Triple 54ALS1011A 12 -1 6.4 4.75 J T
3-Input AND 74ALS1011A 24 —-26 6.4 475 N,M T
Hex Buffers 54ALS1034 12 -12 4.5 4.6 J T
74ALS1034 24 -15 4.5 46 N,M T
54AS1034A 40 —40 25 11.9 J ¥
74AS1034A 48 —48 2.5 11.9 N T
Hex Inverter 54ALS1004 12 -12 26 3.3 J T
Buffers 74ALS1004 24 —-15 26 3.3 N,M T
54AS1004A 40 —40 1.7 8.5 J T
74AS1004A 48 —48 1.7 8.5 N ¥
Buffers/Clock Drivers with Open-Collector Outputs
High- Low- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Availability Page
Voltage Current Time /Gate
v (mA) (ns) (mWw) il Com
Quad 2-Input 54ALS38A 5.5 12 14.5 3.5 J T
NAND Buffers 74ALS38A 5.5 24 14.5 3.5 N,M T
541.838 5.5 12 15 4.3 J 2-41
74LS38 5.5 24 15 43 N,M 2-41
54/7438 5.5 48 125 24.4 J N,M 4-55
541526 15 4 16 2 J 2-31
741826 15 8 16 2 N,M 2-31
54/7426 15 16 13.5 10 J N 4-45
54ALS1003A 5.5 12 14.5 3.5 J i)
74ALS1003A 5.5 24 14.5 3.5 N,M T

T Please see the ALS/AS Databook for this datasheat.
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Buffers/Clock Drivers with Open-Collector Outputs (Continued)

High- Low- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Avallability Page
Voltage Current Time /Gate
v) (mA) (ns) (mW) il Com
Quad 2-Input 54ALS33A 5.5 12 13.5 45 J T
NOR Buffers 74ALS33A 5.5 24 13.5 4.5 N,M T
Hex Buffers/ 5407 30 30 13 21 J 4-28
Drivers 7407 30 40 13 21 NM 4-28
5417 15 30 13 21 J 4-41
7417 15 40 13 21 N 4-41
54ALS1035 5.5 12 125 4.6 J T
74ALS1035 5.5 24 12.5 4.6 N,M T
Hex Inverter 5406 30 30 12.5 26 J 4-26
Buffers/ 7406 30 40 12,5 26 N,M 4-26
Drivers 5416 15 30 12,5 26 J 4-39
7416 15 40 125 26 N 4-39
54ALS1005 5.5 12 125 3.3 J T
74ALS1005 5.5 24 12,5 3.3 N,M i
Buffer Gates with TRI-STATE® Totem-Pole Outputs
Max Max Typ* Typ®
Source Sink Prop. Power Package
Description Device Type Delay Diss. Availability Page
Current Current
Time /Gate
(mA) (mA)
(ns) (mW) Mil Com
Quad Buffers 54LS125A -1 12 10 14.4 J 2-92
74LS125A —26 24 10 14.4 N,M 2-92
54125 -2 16 11 40 J 4-114
74125 —-5.2 16 1 40 N 4-114
54L.S126A -1 12 10 14.4 J 2-95
74LS126A —-26 24 10 14.4 N,M 2-95
Hex Buffers 54LS365A -1 12 10 10.8 J 2-223
74LS365A —-26 24 10 10.8 N,.M 2-223
54365 -2 32 10.5 51.6 J 4-210
74365 -5.2 32 10.5 51.6 N 4-210
54L.S367A -1 12 10 10.8 J 2-229
74LS367A —-26 24 10 10.8 N,M 2-229
54367 -2 32 12 51.6 J 4-213
74367 -5.2 32 12 51.6 N 4-213
Hex Inverter 54L.S366A -1 12 10 10.8 J 2-226
Buffers 74LS366A —26 24 10 10.8 N,M 2-226
54LS368A -1 12 10 10.8 J 2-232
74LS368A —2.6 24 10 10.8 N,M 2-232
54368 -2 32 10.5 51.6 J 4-216
74368 —-5.2 32 10.5 51.6 N 4-216

1 Please see the ALS/AS Databook for this datasheet.
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Functional Index/Selection Guide

Buffer Gates with TRI-STATE® Totem-Pole Outputs (Continued)

Max Max Typ* Typ*
Source Sink Prop. Power Package
Description Device Type Delay Diss. Availability Page
Current Current )
Time /Gate
(mA) (mA)
(ns) (mW) Mil Com
Octal Buffers 54ALS465A -12 12 6.6 8.6 J T
74ALS465A —-15 24 6.6 8.6 N,M t
54L.S465 —2.6 12 14.5 10 J 2-247
74LS465 —-5.2 24 14.5 10 N,M 2-247
54ALS467A —-12 12 6.6 9.1 J T
74ALS467A -15 24 6.6 9.1 N,M T
5415467 —-26 12 14.5 10 J 2-247
7415467 —5.2 24 14.5 10 N,M 2-247
54ALS2541 -12 12 6 10.8 J T
74ALS2541 -15 24 6 10.8 N,M T
54ALS541 —-12 12 6 10.8 J T
74ALS541 -15 24 6 10.8 N,M T
Octal Inverter 54ALS466A —-12 12 4.8 7.5 J T
Buffers 74ALS466A -15 24 4.8 75 N,M T
5418466 —26 12 9.5 8 J 2-247
74L5466 —5.2 24 9.5 8 N,M 2-247
54ALS468A —-12 12 4.7 7.5 J T
74ALS468A -15 24 4.7 7.5 N,M T
5415468 —26 12 9.5 8 J 2-247
74L.S468 -5.2 24 9.5 8 N,M 2-247
54ALS540 —12 12 6.6 10.8 J T
74ALS540 -15 24 6.6 10.8 N,M T
54ALS5620 —-12 12 6.6 18.3 J +
74ALS5620 -15 24 6.6 18.3 N,M T
Quad Inverter 54ALS242A -12 12 5.6 16.3 J T
Transceivers 74ALS242A —-15 24 5.6 16.3 N.M T
54AS242 —-12 48 3.5 33.8 J T
74AS242 -15 64 35 33.8 N T
Quad 54ALS243A -12 12 6 23.3 J T
Transceivers 74ALS243A —-15 24 6 23.3 N,M T
54AS243 —-12 48 4 45.8 J T
74AS243 —-15 64 4 45.8 N T
5418243 —-15 12 12 34.5 J 2-182
741.5243 —-15 24 12 34.5 N,M 2-182
Octal Inverter 54AS231 -12 40 3.5 18.5 J T
Bus Buffers/ 74AS231 -15 48 3.5 18.5 N T
Drivers 54ALS240A -12 12 26 6.5 J T
74ALS240A —-15 24 2.6 6.5 N,WM T
54AS240 —12 48 3.5 19.2 J t
74AS240 —-15 64 3.5 19.2 N T
541.8240 -12 12 10 14.2 J 2-179
7418240 -15 24 10 14.2 N,WM 2-179
545240 —-12 48 5 56.3 J 3-95
745240 -15 64 5 56.3 N,WM 3-95
548940 —12 48 5 56.3 J 3-132
748940 —-15 64 5 56.3 N 3-132
54ALS1240A -12 8 9 5.9 J i)
74ALS1240A -15 16 9 5.9 N,WM T

T Please see the ALS/AS Databook for this datashest.




Buffer Gates with TRI-STATE® Totem-Pole Outputs (Continued)

Max Max Typ* Typ*
Source Sink Prop. Power Package
Description Device Type Delay Diss. Avallability Page
Current Current
Time /Gate
(mA) (mA)
(ns) (mW) Mil Com

Octal Bus 54ALS241A —-12 12 4.3 8.6 J T

Buffers/ 74ALS241A -15 24 4.3 8.6 N,WM t

Drivers 54AS241 —-12 48 4 24.6 J T
74AS241 -15 64 4 24.6 N T
5415241 -12 12 10 14.2 J 2-179
74L8241 —15 24 10 14.2 N,WM 2-179
548241 -12 48 5 67.2 J 3-95
748241 —-15 64 5 67.2 N 3-95
54ALS244A -12 12 4.3 8.5 J T
74ALS244A -15 24 4.3 8.5 N,WM T
54AS244 —-12 48 4 241 J T
74AS244 —15 64 4 241 N T
5415244 -12 12 10 24.6 J 2-185
7415244 —-15 24 10 246 N,WM 2-185
548244 -12 48 5 67.2 J 3-95
748244 -15 64 5 67.2 N 3-95
545941 -12 48 5 67.2 J 3-132
748941 —-15 64 5 67.2 N,WM 3-132
54ALS1241A -12 12 9 5.9 J T
74ALS1241A -15 24 9 5.9 N,WM T
54ALS1244A -12 12 9 5.9 J T
74ALS1244A —-15 24 9 5.9 N,WM T

Octal 54ALS245A -12 12 9 21.7 J T

Transceivers 7T4ALS245A —-15 24 9 21.7 N,WM T
54AS245 -12 32 55 49.1 J T
74AS245 -15 48 5.5 491 N T
5415245 -12 12 8 36.3 J 2-188
74LS245 —-15 24 8 36.3 N,WM 2-188
54ALS645A -12 12 5 21.7 J T
74ALS645A -15 24 5 21.7 N,WM T
54AS645 -12 48 55 49.2 J T
74AS645 -15 64 5.5 49.2 N T
54L.S645 -12 12 8 36 J 2-251
7415645 -15 24 8 36 N,WM 2-251
54ALS1243A —-12 8 7 19 J T
74ALS1243A -15 16 7 19 N,WM T
54ALS1245A -12 8 9 14 J N,WM T
74ALS1245A —-15 16 9 14 J N,WM T
54ALS1645A -12 8 75 14.4 J T
74ALS1645A -15 16 7.5 14.4 N,WM T

T Please see the ALS/AS Databook for this datasheet.
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Functional Index/Selection Guide

Buffer Gates with TRI-STATE® Totem-Pole Outputs (Continued)

Typ* Typ*
sz’:’;e sMI:)I: ' Prop. Power Package
Description Device Type Delay Diss. Availabllity Page
Current Current
Time /Gate
(mA) (mA)
(ns) (mW) Mil Com
Octal Inverter 54ALS620A —-12 12 8 14.6 J T
- Transceivers 74ALS620A -15 24 8 14.6 N,WM +
54AS620 -12 48 5.5 32.7 J T
74AS620 -15 64 5.5 32.7 N t
54ALS640A -12 12 5 15.4 J T
74ALS640A —-15 24 5 15.4 N,WM ¥
54AS640 -12 48 4 32.9 J i
74AS640 -15 64 4 32.9 N i
54ALS1242A -12 12 5 10.9 J T
74ALS1242A —-15 24 5 10.9 N,.WM T
Octal Trans- 54AS230 —-12 48 3.5 20.8 J ¥
ceivers with 74AS230 —-15 64 3.5 20.8 N +
True and
Inverting
Outputs
Octal Trans- 54AS646 -12 32 5 93.8 J T
ceivers with 74AS646 -15 48 5 03.8 N T
Register 54A8652 -12 32 5 93.8 J T
Storage 74AS652 -15 48 5 93.8 N i
Octal Inverter 54A5648 -12 32 6 81.3 J t
Transceivers 74A8648 —15 48 6 81.3 N T
with Register 54AS651 -12 32 6 81.3 J T
Storage 74AS651 -15 48 6 81.3 N T
Octal Inverting 54/74AS2620 -2 1 4.5 38.3 J N T
Tranceivers/
MOS Drivers
Octal Bus 54/74ALS2645A TBD TBD TBD TBD J N,WM t
Transceivers/ 54/74AS2645 -2 1 5.5 47 J N t
MOS Drivers
Code Converters
Typ* Prop. Typ* Power Package
Description Device Type Delay Time Diss. Total Avallability Page
(ns) (mW) Mil Com
6-Bit Binary to 6-Bit 54/74185A 25 280 J N 4-185
BCD Converters 8899 31 350 N 4-243
6-Bit BCD to 6-Bit Binary 54/74184 25 280 J N 4-185
or 4-Line to 4-Line BCD 8898 31 350 N 4-243
9's/BCD 10’s Converters

T Please see the ALS/AS Databook for this datasheet.
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g
Comparators 3
S
Typ* Typ* o
Prop. Power Package 3
Description Device Type Delay Diss. Availabllity Page jmny
Time Total g_
(ns) (mW) Mil Com ]
~
4-Bit Magnitude 54/74L.S85 20 52 J N,M 2-61 %
Comparator 54/7485 21 275 J N 4-83 §
6-Bit Magnitude 71/8131 20 250 J N 4-224 g
Comparators 71/8136 20 250 J N 4-227 3
71/8160 21 205 J N 4-230 g
8-Bit Identity 54/74ALS520 135 60 J N,M T §
Comparator 54/74A1.S521 13.5 60 J N,M T
8-Bit Identity 54/74ALS518 18.2 55 J N,M T
Comparator with 54/74ALS519 18 55 J N,M T
Open-Collector 54/74ALS522 19 45 J N,M T
Outputs 54/74ALS689 11 60 J N,M T
10-Bit Magnitude 71/8130 21 240 J N 4-222
Comparators
Counters, Asynchronous (Ripple Clock)/Negatlve-Edge-Triggered
Typ*
Count Power Package
Description Device Type Freq. Parallel Clear Diss. Avallabllity Page
(MHz) Load Total
(mW) MiI | Com
4-Bit Binary 54/74L.893 32 None High 39 J N,M 2-68
54/7493A 32 None High 160 J N 4-30
54/74L93 6 None High 20 J N 5-22
54/741.5293 32 None High 45 J N,M 2-216
Decade 54/74L.S90 32 Set-to-9 High 40 J N,M 2-68
| 54/7490A 32 Set-to-9 High 160 J N 4-90
54/741.5290 32 None High 45 J N,M 2-212
Dual 4-Bit Decade 54/74L.S390 25 None High 75 J N,M 2-240
Dual 4-Bit Binary 54/74L.8S393 25 None High 75 J N,M 2-244
T Please see the ALS/AS Databook for this datasheet.
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Counters, Synchronous/Positive-Edge-Triggered

Typ*
Count Power Package
Description Device Type Freq. Parallel Clear Diss. Avallability Page
(MHz) Load Total
(mW) Mil Com
4-Bit Binary 54/74ALS161B 25 Sync Async-L 60 J N,M T
54/74AS161 Sync Async-L 200 J N i)
54/74LS161A 25 Sync Async-L 93 J NM 2-123
54/74S161 40 Sync Async-L 475 J N 3-64
54/74161A 25 Sync Async-L 305 J N 4-148
54/74ALS163B 25 Sync Sync-L 60 J NM T
54/74AS163 Sync Syne-L 200 J N t
54/74LS163A 25 Sync Sync-L 93 J N,M 2-123
54/74S163 40 Sync Sync-L 475 J N 3-64
54/74163A 25 Sync Sync-L 93 J N 4-148
75/8556 25 Sync Sync-L 375 J N 4-232
93/8316 25 Sync Async-L 305 J N 4-279
4-Bit Binary 54/74ALS169B 25 Sync None 75 J N,M F
Up-Down 54/74AS169 Sync None 230 J N T
54/74LS169A 25 Async None 100 J N,M 2-141
54/74ALS191 25 Async None 60 J N.M T
54/74LS191 20 Async None 90 J N,M 2-155
54/74191 20 Async None 325 J N 4-193
54/74ALS193 25 Async Async-H 60 J N,M T
54/74LS193 25 Async Async-H 85 J N.M 2-161
54/74193 20 Async Async-H 325 J N 4-198
75/85L63 6 Async Async-H 40 J N 5-30
Decade 54/74ALS160B 25 Sync Async-L 60 J N,M T
54/74AS160 Sync Async-L 200 J N T
54/74ALS162B 25 Sync Sync-L 60 J N,M t
54/74AS162 Sync Sync-L 200 J N T
54/74162A 25 Sync Sync-L 305 J N 4-148
93/8310 25 Sync Async-L 305 J N 4-264
Decade 54/74ALS168B 25 Sync None 75 J NM T
Up/Down 54/74AS168 Sync None 230 J N T
54/74ALS190 20 Async None 110 J N,M T
54/74LS190 20 Async None 100 J N,M 2-155
54/74ALS192 20 Async Async-H 60 J NM T
75/85L60 6 Async Async-H 40 J N 5-30

T Please see the ALS/AS Databook for this datasheet.
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Data Selectors/Multiplexers

Typ* Prop. Delay Typ*
Time (ns) yp
Type Data Power Package
Description Device Type of Inver. Data Diss. Avallability Page
Output Output to From Total
Out Enable | @W) "y | com
Quad2to 1 54/74ALS157 Standard N/A 43 6.3 39 J N,M T
Line 54/74AS157 Standard N/A 3.5 5.5 95 J N T
54/74LS157 Standard N/A 9 14 49 J N,M 2-119
54/748157 Standard N/A 5 8 250 J N 3-59
54/74157 Standard N/A 9 14 150 J N 4-145
54/74AL.S257A TRI-STATE N/A 4.2 6 33 J N,M T
54/74AS257 TRI-STATE N/A 3.5 4 83 J N t
54/74L.52578B TRI-STATE N/A 12 12 50 J N,M 2-197
54/74S257 TRI-STATE N/A 5 41 320 J N 3-105
93/8322 Standard N/A 9 14 150 J N 4-290
71/8123 TRI-STATE N/A 9.5 N/A 200 J N 4-219
Quad 2to 1 54/74ALS158 Standard 4.2 N/A 6.1 115 J N,M T
Line 54/74AS158 Standard 25 N/A 4 78 J N t
(Inverting) 54/741.8158 Standard 7 N/A 12 24 J N,.M 2-119
54/745158 Standard 4 N/A 7 195 J N 3-59
54/74ALS258A TRI-STATE 4.2 N/A 6 29.2 J N,M T
54/73AS258 TRI-STATE 3 N/A 45 58.5 J N T
54/741.5258B TRI-STATE 12 N/A 12 35 J N,M 2-197
54/745258 TRI-STATE 4 N/A 14 280 J N 3-105
Dual4to 1 54/74ALS153 Standard N/A 16.5 14.5 375 J N,M T
Line 54/74LS153 Standard N/A 14 22 31 J N,M 2-109
54/745153 Standard N/A 6 9.5 225 J N 3-56
54/74153 Standard N/A 10.5 20 170 J N 4-136
54/74ALS253 TRI-STATE N/A 8 4.5 35 J N,M T
54/74L.5253 TRI-STATE N/A 15 25 38 J N,M 2-194
54/745253 TRI-STATE N/A 6 12 275 J N 3-102
93/8309 Standard 12 20 20 135 J N 4-261
Dual 4 to 1 54/74A1.8352 Standard 6 4.5 32.5 J N,M i
Line (Inverting) 54/74L5352 Standard 15 N/A 18 31 J N,M 2-220
54/74ALS353 TRI-STATE 6 N/A 45 37.5 J N,M T
8to 1 Line 54/74ALS151 Standard 9.3 7.8 11 375 J N,M +
54/74AS151 Standard 2.8 3.5 5 130 J N T
54/74S8151 Standard 4.5 8 9 225 J N 3-52
54/74151A Standard 8 16 22 145 J N 4-130
54/74ALS251 TRI-STATE 9.4 7.6 7 47 J N.M T
54/74LS251 TRI-STATE 17 21 21 35 J N,M 2-191
54/748251 TRI-STATE 4.5 8 14 275 J N 3-98
93/8312 Standard 9 16 17 135 J N 4-275
16 to 1 Line 54/74150 Standard 1 N/A 18 200 J N 4-130

1 Please see the ALS/AS Databook for this datashest.
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Functional Index/Selection Guide

Decoders/Demultiplexers

Typ*
* *
Type Typ Typ Power Package
Select Enable
Description Device Type of Diss. Availability Page
Time Time
Output Total
(ns) (ns)
™W) | mi | com
Dual 2 to 4 Line 54/74L.S139 Totem 22 19 34 J N,M 2-101
54/745139 Totem 7.5 6 300 J N 3-46
54/74LS155 Totem 18 15 30 J N,M 2-115
54/74155 Totem 21 16 250 J N 4-142
54/741.S156 Open-Collector 33 26 31 J N,M 2-115
3to8Line 54/74ALS138 Totem 8.5 9 25 J N,M T
54/741.S138 Totem 22 21 31 J N,M 2-101
54/745138 Totem 8 7 225 J N 3-46
3 to 8 Line Decoder 54/74ALS131 Totem 8.5 10 25 J N,M T
with Address Register
3 to 8 Line Decoder 54/74ALS137 Totem 11 10 25 J N.M +
with Address Latch
4t010 Line 54/74LS42 Totem 17 N/A 35 J N,M 2-43
BCD to 54/7442 Totem 17 N/A 140 J N 4-60
Decimal 93/8301 Totem 20 N/A 125 J N 4-258
4to 16 Line 54/74L.5154 Totem 23 19 45 J N,WM 2-112
54/74154 Totem 19.5 17.5 170 J N 4-139
93/8311 Totem 19.5 17.5 170 J N 4-271
1 of 10 Decoder 93/8301 Totem 19.5 N/A 125 J N 4-258
Decoder/Drivers, Display
Output off- Typ
Sink State Power Package
Description Device Type Current Output Diss. Blanking Availability Page
Voltage Total
(mA)
V) (mW) Mi | Com
BCD to 54/7446A 40 30 320 Ripple J N 4-66
7-Segment 54/7447A 40 15 320 Ripple J N 4-66
Decoder/Drivers
BCD to 54/7442 16 5.5 140 Invalid J N 4-60
Decimal 54/7445 80 30 215 Invalid J N 4-63
Decoder/ 54/74141 7 60 80 Invalid J N 4-120
Driver 54/74145 80 15 215 Invalid J N 4-123
Nixie Driver 54/7441A 7 70 105 None J N 4-57
Flip-Flops, Gated
*
Typ* Data Data Typ Package
Device Type Clear Preset fmax Setup Hold Power Avallability Page
(MHz) Time Time Diss.
(ns) (ns) /FF (mW) Mil Com
54/74L72 Yes Yes 20 0 0 3.8 J N 5-13

t Please see the ALS/AS Databook for this datasheet.
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Flip-Flops, Single and Dual J-K Edge Triggered

Typ* Data Data Typ* Package
Device Type Clear Preset fmMAX Setup Hold Power Avallability Page
(MHz) Time Time Diss.
(ns) (ns) /FF (mW) Mil Com
54/74LS73A Yes No 45 25 5 10 J N,M 2-48
54/74L.S107A Yes No 45 20 0 10 J N,M 2-75
54/7T4AS109A Yes Yes 50 15 0 6 J N.M T
54/74AS109 Yes Yes 125 3 1 28.8 J N T
54/74LS109A Yes Yes 33 25 0 10 J N,M 2-78
54/74109 Yes Yes 33 10 6 45 J N 4-103
54/74AS112 Yes Yes 200 95 J N T
54/74LS112A Yes Yes 45 20 0 10 J N,M 2-81
54/748112 Yes Yes 125 6 0 75 J N 3-38
54/748113 No Yes 125 6 0 75 J N 3-41
90/8024 Yes Yes 40 15 10 45 J N 4-251
Flip-Flops, Dual D Edge Triggered with Preset and Clear
Typ* Data Data Typ* Package
Device Type fmax Setup Hold Power Avalilability Page
(MHz) Time Time Diss.
(ns) (ns) /FF (mW) Mil Com
54/74ALST74A 30 15 o] 6 J N.M T
54/74AS74 125 2 1 26.3 J N T
54/74LS74A 33 20 0 10 J N,M 2-51
54/74S74 110 3 2 75 J N 3-33
54/7474 25 20 5 43 J N,M 4-74
54/74L74 6 50 15 4 J N 5-19
Flip-Flop, Octal D Edge Triggered with TRI-STATE Outputs
»
™' | gup | Mol | power ackage
Device Type (fn'n“lﬁ) Time Time Diss. varadiy Page
(ns) (ns) /FF (mW) Mil Com
54/74ALS374 50 10 4 10.8 J N,WM T
54/74AS374 200 3 3 50.3 J N T
54/74L8374 50 20 0 15.9 J N,WM 2-235
54/74S8374 100 5 2 60.9 J N 3-123
54/74ALS534 50 10 0 10.4 J N,WM T
54/74AS534 200 3 2 50.3 J N t
54/74ALS564 50 15 4 8.5 J N,WwM T
54/74ALS574A 50 15 4 8.5 J N,WM t
54/74AS574 200 3 3 50.4 J N T
54/74AS575 160 3 3 53 J N T
54/74ALS576A 50 15 4 8.5 J N,WM T
54/74AS576 160 3 3 52.5 J N T
54/74AS577 160 3 3 50.4 J N T
54/74ALS874A 50 15 4 10.8 J N,WM T
54/74AS874 160 25 1 62.5 J N T
54/74ALS876A 50 15 4 10.8 J N,.WM T
54/74AS876 160 2.5 1 58 J N T
54/74AS878 160 3 3 62.5 J N T
54/74AS879 160 3 3 59 J N T

t Please see the ALS/AS Databook for this datasheet.
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Functional Index/Selection Guide

Flip-Flops, Single and Dual, Pulse Triggered

Tvp* Data Data Typ* Package
. yp Setup Hold Power N g Page
Device Type Clear Preset fmax ) . Availability
(MH2) Time Time Diss.
(ns) (ns) /FF (mW) Mil Com
54/7473 No Yes 35 0 0 50.0 J N 4-71
54/74L73 No Yes 11 0 0 3.8 J N 5-16
54/7476 Yes Yes 20 0 0 50.0 J N 4-80
54/74107 No Yes 20 0 0 50.0 J N 4-100
Gates, AND with Totem-Pole Outputs
* *
l;r::p P.E::I’er Package
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Dual 4-Input 54/74ALS21 9 2.2 J N,M T
54/74AS21 3.3 12.5 J N t
54/74LS21 7.8 45 J N,M 2-29
Triple 3-Input 54/74ALS11A 9 21 J N,M T
54/74AS11 33 12.9 J N T
54/74LS11 7.8 43 J N.M 2-20
54/74S11 4.8 31 J N 3-19
Quad 2-Input 54/74ALS08 6.5 22 J N,M T
54/74AS08 3.3 12.9 J N T
54/74LS08 7.8 43 J NM 2-14
54/74S08 48 31 J N 3-13
54/7408 15 19 J N 4-30
Gates, AND with Open-Collector Outputs
* *
} Prop. power Package
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Triple 3-Input 54/74ALS15 17 1.5 J N,M T
Quad 2-Input 54/74ALS09 17 2.2 J N,M T
54/74LS09 19 4.3 J N,M 2-16
54/74S09 6.5 31 J N 3-15
54/7409 18.5 19.4 J N 4-32
Gates, AND-OR-INVERT with Totem-Pole Outputs
* *
prop power Package
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Dual 2-Wide 54/74LS51 7.5 2.75 J N,M 2-46
2-Input 54/74S51 3.5 28 J N 3-29
4-Wide 4-2-3-2 54/74S64 3.5 29 J N 3-31
Input

T Please see the ALS/AS Databook for this datasheet.
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Gates, NAND and Inverters with Open-Collector Outputs

Typ* Ty Package
Prop. Power
Description Device Type Delay Diss. Avallability Page
Time (ns) /Gate (mW) Mil Com
Dual 4-Input 54/74ALS22B 19 1.3 J N,M T
NAND Gates
Triple 3-Input 54/74ALS12A 18 1.3 J N,M T
NAND Gates 54/74LS12 21 2 J N,M 2-22
Quad 2-Input 54/74ALS01 17 1.3 J N,M +
NAND Gates 54/7401 32 10 J N 4-16
54/74ALS03B 17 1.3 J N.M T
54/74LS03 22 2 J NM 2-8
54/74S03 7 17.5 J N 3-7
54/7403 10 22 J N 4-20
Hex Inverters 54/74ALS05A 18 1.5 J N.M t
54/74LS05 21 2 J N,M 2412
54/74S05 7 17.56 J NM 3-11
54/7405 22 10 J N 4-24
Gates, NAND and Inverters with Totem-Pole Outputs
Typ* Typ* Package
Prop. Power
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Dual 4-Input 54/74ALS20A 6.5 1.3 J NM T
NAND Gates 54/74AS20 2 8.7 J N T
54/741.520 8 2 J NM 2-27
54/74S520 4.5 19 J N 3-21
54/7420 10 10 J N 4-43
54/74L20 33 1 J N 5-11
Triple 3-Input 54/74ALS10A 7 1.3 J NM T
NAND Gates 54/74AS10 2 14 J N T
54/74LS10 8 2 J NM 2-18
54/74810 4.5 19 J N 3-17
54/7410 10 10 J N 4-34
54/74L10 33 1 J N 5-9
Quad 2-Input 54/74ALS00A 3.5 1.25 J NM T
NAND Gates 54/74AS00 2 8 J N T
54/74LS00 8 2 J NM 2-4
54/74S00 4.5 19 J NM 3-3
54/7400 10 10 J N 4-14
54/74L00 33 1 J N 5-3
9002C 10 11 J N 4-249

T Please see the ALS/AS Databook for this datasheet.
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Functional index/Selection Guide

Gates, NAND and Inverters with Totem-Pole Outputs (Continued)

Typ* Typ* Package
Prop. Power "
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Hex Inverters 54/74ALS04A 3.5 1.5 J N,M T
54/74AS04 2 71 J N T
54/74L.504 8 2 J N,M 2-10
54/74S04 45 19 J N.M 39
54/7404 10 10 J N,M 4-22
54/74L04 33 1 J N 5-7
54/74ALS14 8 10 J N,M T
8-Input NAND 54/74ALS30A 6.5 1.9 J N,M T
Gates 54/74AS30 2 9.8 J N T
54/74L.S30 10 2.4 J N,M 2-35
54/74S30 4.5 19 J N 3-23
54/7420 10 10 J N 4-43
13-Input NAND 54/74ALS133 7 2 J N,.M T
Gate 54/745133 6 19 J N,M 3-44
Hex Non-Inverter 54/74AS34 4.5 12 J N T
Gates, Exclusive NOR, OR with Open-Collector Outputs |
Typ* Typ* Package
Prop. Power
Description Device Type Delay Diss. Avalilability Page
Time (ns) /Gate (mW) Mil Com
Quad 2-Input 54/74ALS811 9.1 J N,M ¥
Exclusive NOR Gates 54/74AS811 J N 1]
Quad 2-Input 54/74ALS136 J N.M ¥
Exclusive OR Gates 54/74AS136 J N i
Gates, Exclusive NOR with Totem-Pole Outputs ‘
Typ” Typ® Package
Prop. Power oo
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Quad 2-Input 54/74ALS810 N/A N/A J N,M T
Exclusive NOR Gates 54/74AS810 N/A N/A J N T
Gates, NOR with Totem-Pole Outputs
* *
;::p P.le’er Package
Description Device Type Delay Diss. Avalilablility Page
Time (ns) /Gate (mW) Mil Com
Triple 3-Input 54/74ALS27 55- 2.5 J N,M T
NOR Gates 54/74A827 2 12.2 J N T
54/74L827 10 45 J N,M 2-33
54/7427 8.5 22 J N 4-47
Quad 2-Input 54/74ALS02 5 1.9 J N.M T
NOR Gates 54/74A802 2 10.1 J N T
54/74L.502 10 2.75 J N,M 2-6
54/74502 5 29 J N 35
54/7402 10 14 J N 4-18
54/74L02 33 1.5 J N 5-5

T Please see the ALS/AS Databook for this datasheet.
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Gates, OR with Totem-Pole Outputs

L .
Prop Package
Description Device Type Delay Diss. Avallability Page
Time (ns) /Gate (mW) Mil Com
Quad 2-Input 54/74ALS32 5.5 2.8 J NM ki
OR Gates 54/74AS32 3.5 14.9 J N T
54/74LS32 10 5 J NM 2-37
54/74832 5 35 J N 3-25
54/7432 12 24 J N 4-51
Quad 2-Input 54/74A1.S86 7 3.756 J NM T
Exclusive 54/74AS86 J N T
OR Gates 54/74L.S86 10 7.5 J NM 2-65
54/74S86 9 62.5 J N 3-36
54/7486 14 4 J N 4-87
Latches
Typ.* Typ*
No. Prop. Power Package
Description Device Type of Clear Outputs Delay Diss. Avalilability Page
Bits Time Total
(ns) @W) | M1 | com
Addressable 54/741.8259 8 Low Q 17 110 J N,WM 2-202
Latches 54/74259 8 Low Q 21 150 J N 4-207
93/8334 8 Low Q 21 280 J N 4-293
DG (Clocked) 54/74LS75 4 None QQ 11 32 J N,M 2-54
Latches 54/7475 4 None QQ 15 160 J N 4-77
S,R Latches 54/74L.8279 4 None Q 12 19 J N,M 2-205
Dual 4-Bit 54/74ALS8B0A 4 None Q 9 88.3 J N,M t
Latches 54/74AS880 4 None Q 6 391.5 J N T
Octal Latch 54/74ALS273 8 Low Q 12 50 J N,M T
TRI-STATE 54/74ALS373 8 None Q 10 70 J N,WM t
Octal 54/74AS373 8 None Q 6 300 J N t
Latches 54/741.8373 8 None Q 17 120 J N,WM 2-235
54/74S373 8 None Q 12 525 J N,WM 3-123
54/74ALS573A 8 None Q 9 68.3 J N,WM T
54/74AS573 8 None Q 4.5 293 J N T
TRI-STATE 54/74A1.8533 8 None Q 10 75.8 J N,.WM T
Inverting 54/74AS533 8 None Q 5 328 J N t
Octal 54/74ALS563 8 None Q 13 68.3 J N,WM T
Latches 54/74ALS580A 8 None Q 9 68.3 J N,WM T
54/74AS580 8 None Q 4.5 330 J N T
Dual 4-Bit 54/74ALSB73A 4 Low Q 10 68.3 J N,WM t
TRI-STATE 54/74AS873 4 Low Q 4.5 330 J N )
Latches

t Please see the ALS/AS Databock for this datasheet.
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. Functional Index/Selection Guide

Line Drivers
Low- High- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Avalilability Page
Current Current Time /Gate
(mA) (mA) (ns) (mW) Mil Com
Dual 4-Input NAND 54/74S140 60 —40 4 43.8 J N 3-50
Hex 2-Input 54ALS804 12 -1 27 3.3 J t
NAND 74ALS804 24 —26 27 3.3 N,M T
54AS804B 40 —40 2 7.7 J T
74AS804B 48 —48 2 7.7 N +
54AS1804 40 —40 2 7.7 J T
74AS1804 48 —48 2 7.7 N il
Hex 2-Input 54ALS805 12 -12 3 4.1 J T
NOR 74ALS805 24 -15 3 4.1 N,M T
54AS805B 40 —40 1.6 9.6 J +
74AS805B 48 —48 1.6 9.6 N T
54AS1805 40 —40 1.6 9.6 J T
74AS1805 48 —48 1.6 9.6 N 1)
Hex 2-Input 54ALS808 12 —-12 43 4.6 J i)
AND 74ALS808 24 -15 4.3 4.6 N,M T
54AS808B 40 —40 3 10.6 J +
74AS808B 48 —48 3 10.6 N T
54AS1808 40 —40 3 10.6 J T
74AS1808 48 —48 3 10.6 N T
Hex 2-Input 54ALS832 12 —12 4 5.6 J T
OR 74ALS832 24 -15 4 5.6 N,M T
54AS832B 40 —40 25 12.9 J T
74AS832B 48 —48 25 12.9 N T
54AS51832 40 —40 25 129 J T
74AS1832 48 —48 25 12.9 N T
Multipliers
Device Package Avalilability
Description Page
Type Mil Com
4-Bit by 4-Bit Parallel 78/8875A J N 4-238
Binary Multipliers 78/8875B J N 4-238

t Please see the ALS/AS Databook for this datasheet.
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-n
One Shots, Retriggerable §
—
Typ' 6.
No. of Dir. Output Total Package 3
Description Device Type Inputs . Pulse Power Avallability Page o
Clear 3
Range (ns) Diss. a
Pos Neg (mW) Mil Com g
Single 54/74L5122 2 2 Yes 45 ns-inf. 30 J N,M 2-84 %
96/8601 2 2 Yes 50 ns—inf. 90 J N 4-297 §
Dual 54/74L.S123 1 1 Yes 90 ns-inf. 60 J N,M 2-88 "5"
54/74123 1 1 Yes 45 ns—inf. 230 J N 4-110 3
96/8602 1 1 Yes 72 ns—inf. 195 J N 4-301 g
One Shots with Schmitt-Trigger Inputs 2
Typ*
No. of Dir. Output Total Package
Description Device Type Inputs : Pulse Power Avallability Page
Clear
Range (ns) Diss.
Pos Neg (mW) Mil Com
Single 54/74121 1 2 Yes 40 ns-28s 90 J N 4-106
Dual 5418221 1 1 Yes 20 ns-49s 65 J 2-174
74L8221 1 1 20 ns-49s 23 N,M 2-174
Parity Generators/Checkers
Typ* Tvp* Package
. Prop. Power
Description Device Type Delay Diss. Avallability Page
Time (ns) Total (mW) Mil Com
8-Bit Odd/Even Parity 54/74180 35 170 J N 4174
Generators/Checkers
9-Bit Odd/Even Parity 54/745280 13 335 J N,M 3-110
Generators/Checkers 54/74AS280 7.3 135 J N T
9-Bit Parity 54/74AS286 9.3 160 J N T
Generator/Checker
with Bus Driver
Parity 170 Port
Priority Encoders
Typ* Typ* Package
Prop. Power
Description Device Type Delay Diss. Avalilability Page
Time (ns) © Total (mW) Mil Com
Cascadable Octal 54/74148 12 190 J N 4-126 |
Priority Encoders 93/8318 12 190 J N 4-286
Register Files
Typ* Typ*
*
A::p s Read ll')‘atat Power Package
Description Device Type dress Enable pu Diss. Avalilability Page
Time Rate
(ns) Time (MHz) Total
(ns) (mW) Mil Com
4 Words of 4 Bits 54/74L.8670 24 19 20 135 J N,M 2-254
with TRI-STATE Outputs
T Please see the ALS/AS Databook for this datasheet.

1-51



Functional Index/Selection Guide

Registers, Other

Typ* Typ* Package
Description Device Type Clock Asyn. Power Avallabﬁily Page
Freq. Clear Diss.
(MHz) Total (mW) il Com
Quad Bus 54/74LS173A 40 High 85 J N,M 2-146
Buffer Registers 54/74173 30 High 250 J N 4-165
Quad D-Type 54/74ALS175 60 Low 47.5 J N,M il
Registers 54/74AS175 160 Low 395 J N T
54/74L8175 40 Low 55 J N,M 2-150
54/748175 90 Low 300 J N 3-70
54/74175 40 Low 150 J N 4-169
Quad Multi- 54/74198 15 None 30 J N 5-28
plexers with Storage
Hex D-Type 54/74ALS174 60 Low 50 J N,M T
Registers 54/74AS174 160 Low 395 J N i
54/74LS174 40 Low 80 J N,M 2-150
54/748174 90 Low 450 J N 3-70
54/74174 40 Low 225 Jd N 4-169
8-Bit Universal 54/74S299 60 Low 700 J N 3-118
Shift/Storage
Registers
Octal D-Type 54/74ALS374 50 None 86 J N,WM T
Registers 54/74A8374 200 None 402 J N T
54/74L8374 50 None 128 J N.WM 2-235
54/748374 100 None 487 J N,WM 3-123
54/74ALS534 50 None 83 J N,.WM ¥
54/74AS534 200 None 328 J N ¥
54/74ALS574A 40 None 68 J N,WM T
54/74AS574 160 None 403 J N T
54/74AS575 160 None 383 J N T
54/74ALS576A 50 None 68 J N,WM T
54/74AS576 160 None 420 J N T
54/74AS577 160 None 420 J N T
54/74ALS874A 50 Low 87 J N,WM T
54/74AS874 160 Low 500 J N T
54/74ALS876A 50 None 87 J N,.WM T
54/74AS876 160 None 500 J N T
54/74AS878 160 Low 500 J N T
54/74AS879 160 Low 500 J N T
8-Bit Dual Rank 54/74L.8952 -3 None 305 J N.M 2258
Shift Register 54/74L8962 36 None 305 J N,M 2-264
Successive 2502C 21 None 325 J . N 4-4
Approximation 2503C 21 None 300 J N 4-4
Registers 2504C 21 None 450 J N 4-4
Octal Bus 54/74ALS646 40 None 255 J N,WM T
Transceivers 54/74ALS648 40 None 260 J N,WM T
And 8-Bit 54/74ALS652 40 None 255 J N,WM T
Storage Register

T Please see the ALS/AS Databook for this datasheet.




Ly
Registers, Shift 3
Typ* 2-
yp o
Typ* Package 3
No. Shift Ser. Asyn. Modes Power Avallabili o
Description | Device Type of Data Diss. vallabllity  page | —
Freq. Clear 3
Bits (MHz) Input Total o
S-R | S-L | Load | Hold | (MW) | Mil | Com g
Parallel-In 54/74L.S194A 4 25 D Low X X X X 75 J NM | 2-166 g,’
Parallel-Out 54/745194 4 90 D Low X X X 450 J N 3-87 )
(Bidirectional) | 54/74194 4 36 D Low X X X X 195 J N 4-203 2—
o
Parallel-In 54/7495 4 36 D None X X X X 195 J N 4-97 3
Parallel- 54/74L95 4 14 D None | x [ x X x 24 J N |525 g’
Out 54/74LS195A 4 39 J-K Low X X 70 J NM | 2170 | &
54/745195 4 920 J-K Low X X 375 J N 3-91 @
93/8300 4 39 J-K Low X X X 356 J N 4-254
Parallel-In 76/86L90 8 14 D None | x X X 30 J N 5-37
Serial-Out 54/741.5165 8 30 D None X X X 125 J | NWM [ 2-133
54/74ALS165 8 60 D None X X X 80 J | NWM | F
54/74LS166 8 35 D Low X X X 110 J | NWM | 2-137
54/74166 8 35 D Low X X X 360 J N 4-161
54/74ALS166 8 60 D Low X X X 80 J | NWM | ¥
Serial-In 54/74LS164 8 36 Gated | Low X 80 J NM | 2-130
Parallel- D
Out 54/74164 8 36 Gated | Low X 175 J N 4-158
D
Schmitt-Triggers with Totem-Pole Outputs
*
;:’: Typ.* Package
Description Device Type DeI:; Hysteresis Availability Page
v)
Time (ns) Mil Com
Dual 4-Input 54/74ALS13 0.8 J N,M T
NAND Schmitt
Triggers
Quad 2-Input 54/74L.5132 15 0.8 J N.M 2-98
NAND Schmitt 54/74132 15 0.8 J N 4117
Triggers 54/74ALS132 0.8 J N,M T
Hex Schmitt 54/74LS14 15 0.8 J N.M 2-24
Trigger 54/7414 15 0.8 J N 4-36
Inverters 54/74ALS14 0.8 J N,M T
1 Please see the ALS/AS Databook for this datasheet.
|
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Glossary of Terms

Glossary of Terms

DC Operating Conditions and Characteristics

GENERAL DEFINITIONS

I: Current is the flow of electric charge from one potential to
another through a conductor. The unit of measure is the
Ampere, or Amp, abbreviated A. One Amp is equal to the
current flowing through one ohm of resistance when one
volt is applied across that resistance. Common units found
in the semiconductor industry are the milliampere, abbrevi-
ated mA, equal to 0.001A and the microampere, abbreviat-
ed pA, equal to 0.000001A. Negative current is defined as
current flowing out of a device terminal and positive current
is defined as current flowing into a device terminal.

V: Voltage, or the electromotive force which causes current
to flow through a conductor. One Ampere of current flowing
through one ohm of resistance develops a potential differ-
ence of one volt across that resistance. The unit of measure
is the Volt, abbreviated V, and a common unit is the millivolt,
abbreviated mV, equal to 0.001V.

INPUT CURRENT PARAMETERS

I} Maximum High Level Input Current: Current flowing into
an input when that input has the maximum voltage specified
for the family applied to it. This test is used to guarantee the
minimum reverse breakdown voltage of the input structure.

li High Level Input Current: The current flowing into an
input when that input has a high level voltage equal to the
minimum high level output voltage specified for the family.
This test is used to check the emitter-to-emitter leakage and
the inverse transistor action of a multi-emitter transistor in-
put, the input leakage of a diode, PNP transistor, or C-B
short type of input, and to guarantee the fan-in specified for
the family.

lix Input Clamp Current: The current flowing out of an in-
put when that input is pulled below ground. This test is used
to guarantee the integrity of the input clamp diode. The input
clamp diode is used to limit the voltage swings on the input
by clamping the negative excursions to a level equal to one
diode drop below ground. This serves to reduce ringing on
an incoming signal. Pulling the input below ground for an
extended length of time can cause parasitic transistor action
to occur between adjacent tanks on the die which can
cause erroneous data to occur on the outputs of the device.
To prevent this, voltages on the inputs during operation
(other than high speed ringing) should be limited to no more
than 0.5V below ground at all times.

IiL Low Level Input Current: The current flowing out of an
input when a low level voltage equal to the maximum low
level output voltage specified for the family is applied to the
input. This test is used to check the input pullup resistor on
an MET or a diode input and to guarantee the specified fan-
in of the family.

I++ Current at Positive-Going Threshold Point: The cur-
rent flowing out of a transition-operated (Schmitt trigger) in-
put when a voltage equal to the positive going threshold
voltage is applied to the input.

Ir— Current at Negative-Going Threshold Point: The
current flowing out of a transition-operated (Schmitt trigger)
input when a voltage equal to the negative going threshold
voltage is applied to the input.

OUTPUT CURRENT PARAMETERS

Icex Output Leakage Current: The current flowing into an
open collector output when input conditions have been ap-
plied that, according to the product specification, will cause
the output to be in the logic high state. This test checks the
reverse breakdown of the output transistor.

Io(off) Off-State Output Current: The current flowing into

an output with input conditions applied that, according to the

product specification, will cause the output switching ele-
ment to be in the off state.

NOTE: This parameter is usually specified for open collector outputs intend-
ed to drive devices other than logic circuits, such as displays. Any
leakage current applied to a display may cuase the display to be
activated.

lon High Level Output Current: The current flowing out of
an output with input conditions applied that, according to the
product specification, will establish a logic high level at the
output. This test guarantees the current sourcing (drive) ca-
pability of the output and the fan-out specified for the family.
loL Low Level Output Current: The current flowing into an
output with input conditions applied that, according to the
product specification, will establish a logic low level at the
output. This test guarantees the current sinking capability of
the output and the fan-out specified for the family.

los Output Short-Circuit Current: The current out of an
output when that output is shorted to ground, or another
specified potential, with input conditions applied that, ac-
cording to the product specification, will establish a logic
high level at the output.

loz High-Impedance State Output Current: These tests
guarantee that the device will not excessively load a bus
line when the device output is put into the TRI-STATE®
mode.

loz (or Isink): The current flowing into an output with input
conditions applied to the output control pin such that the
output is in the high impedance state and input conditions
applied to the other inputs that, according to the product
specification, will establish a logic low level at the output.

lozL(or Isource): The current flowing out of an output with
input conditions applied to the output control pin such that
the output is in the high impedance state and input condi-
tions applied to the other inputs that, according to the prod-
uct specification, will establish a logic high level at the out-
put.

SUPPLY CURRENT PARAMETERS

lccn Supply Current (outputs in the high state): The cur-
rent flowing into the Vgg terminal of a device with input
conditions applied that, according to the product specifica-
tion, will establish a logic high level at the output(s).

IccL Supply Current (outputs in the low state): The cur-
rent flowing into the Voo terminal of a device with input
conditions applied that, according to the product specifica-
tion, will establish a logic low level at the output(s).
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DC Operating Conditions and Characteristics (continued)

lccz Supply Current (outputs in the high-impedance
state): The current flowing into the V¢ terminal of a device
with input conditions applied that, according to the product
specification, will establish a high impedance state at the
output.

INPUT VOLTAGE PARAMETERS

BV|n Input Breakdown Voltage: The maximum voltage
that the device is guaranteed to be able to withstand without
exceeding the maximum input current specification.

Vg Input Forward Voltage: The voltage applied to the input
of a device that causes the input structure to becoms for-
ward biased; usually equal to the maximum output low volt-
age specified for the family.

ViH High Level Input Voltage: The minimum positive volt-
age level that can be applied to an input terminal of a device
and be recognized as a logic high level.

Vik Input Clamp Voltage: The input clamp voltage specifi-
cation checks the quality of the input diode whose purpose
is to damp out ringing. This is not intended to be an operat-
ing condition and if this voltage is allowed to persist for any
length of time, parasitic transistor action will occur between
adjacent geometry tanks and circuit performance will be de-
graded, in some cases to the point of failure.

ViL Low Level Input Voltage: The maximum positive volt-
age level that can be applied to an input terminal of a device
and be recognized as a logic low level.

VR Input Reverse Voltage: The voltage applied to an input
of a device that causes the input structure to become re-
verse biased; usually equal to the minimum high level output
voltage specified for the family.

Vr1+ Positive-Going Threshold Voltage: The voltage lev-
el at a transition-operated (Schmitt trigger) input that causes
operation of the logic element according to specification as
the input voltage rises from a level below the negative-going
threshold voltage, V1—.

V¢ — Negative-Golng Threshold Voltage: The voltage lev-
el at a transition-operated (Schmitt trigger) input that causes
operation of the logic element according to specification as
the input voltage falls from a level above the positive-going
threshold voltage, V1+.

OUTPUT VOLTAGE PARAMETERS

Vou High Level Output Voltage: The voltage at an output
terminal with input conditions applied that, according to the
product specification, will establish a high level at the out-
put.

VoL Low Level Output Voltage: The voltage at an output
terminal with input conditions applied that, according to the
product specification, will establish a low level at the output.

Vo(off) Off-State Output Voltage: The voltage at an out-

put terminal with input conditions applied that, according to

the product specification, will cause the output switching el-
ement to be in the off state.

NOTE: This characteristic is usually specified only for outputs without inter-
nal pull-up elements intended for driving devices other than logic
cireuits.

Vo(on) On-State Output Voltage: The voltage at an output

terminal with input conditions applied that, according to the

product specification, will cause the output switching ele-
ment to be in the on state.

NOTE: This characteristic is usually specified only for outputs without inter-
nal pull-up elements intended for driving devices other than logic
circuits.

1-55

suua] jo Alesson




Glossary of Terms

AC Operating Conditions and Characteristics

INPUT PARAMETERS

fmax Maximum Clock Frequency: The highest rate at

which the clock input of a bistable circuit can be driven

through its required sequence while maintaining stable tran-

sitions of logic levels at the output with input conditions es-

tablished that should cause changes of output logic level in

accordance with the specification. Unless otherwise speci-

fied, this test is performed with no restrictions on input rise

and fall times or duty cycle.

NOTE: A minimum value is specified that is the highest frequency at which
all devices are guaranteed to function correctly.

ty Hold Time; The interval during which a signal must be

maintained at a given data input after an active transition at

another given input.

NOTE: A minimum value is specified that is the smallest time interval above
which all devices are guaranteed to function correctly.

tw Pulse Width: The time interval between specified volt-

age reference points on the leading and trailing edges of a

pulse waveform.

NOTE: A minimum value is specified that is the smallest time interval at
which correct operation of the logic element is guaranteed.

trec Recovery Time: The time interval needed to switch a

memory-type device from a write mode to a read mode and

to obtain valid data signals at the output.

NOTE: A minimum value is specified that is the smallest time interval at
which correct operation of the device is guaranteed.

treL Release Time: The time interval between one control

input going inactive and another input going active after

which the inactive input no longer has any influence on the

device operation.

NOTE: A minimum value is specified that is the smallest time interval at
which correct operation of the logic element is guaranteed.

ts Set-Up Time: The time interval during which a stable

signal must be maintained at a specified input terminal be-

fore an active transition at another specified input terminal.

NOTE: A minimum value is specified that is the smallest time interval at
which correct operation of the logic element is guaranteed.

tr Rise Time: The time interval between a specified low-

level voltage and a specified high-level voltage on a wave-

form that is changing from a defined low level to a defined

high level. Common defined levels are from 10% of the sig-

nal amplitude to 90% of the signal amplitude.

tg Fall Time: The time interval between a specified high-lev-
el voltage and a specified low-level voltage on a waveform
that is changing from a defined high level to a defined low
level. Common defined levels are from 90% of the signal
amplitude to 10% of the signal amplitude.

OUTPUT PARAMETERS

tpzy Output Enable Time to a High Logic Level: The
propagation delay time between the specified voltage refer-
ence points on the input and output waveforms with a TRI-
STATE output changing from a high impedance (off) state to
the defined high state.

tpzt Output Enable Time to a Low Logilc Level: The prop-
agation delay time between the specified voltage reference
points on the input and output waveforms with a TRI-STATE
output changing from a high impedance (off) state to the
defined low state.

tpHz Output Disable Time from a High Logic Level: The
propagation delay time between the specified voltage refer-
ence points on the input and output waveforms with a TRI-
STATE output changing from the defined high state to the
high impedance (off) state .

tpLz Output Disable Time from a Low Logic Level: The
propagation delay time between the specified voltage refer-
ence points on the input and output waveforms with a TRI-
STATE output changing from the defined low state to the
high impedance (off) state .

twout Output Pulse Width: The time interval between
specified voltage reference points on the leading and trail-
ing edges of an output waveform.

NOTE: This is usually only specified for monostable elements.

tpLH Propagation Time, Low to High: The time between
the specified voltage reference points on the input and out-
put waveforms with the output changing from a low logic
level to a high logic level.

tpHL Propagation Delay, High to Low: The time between
the specified voltage reference points on the input and out-
put waveforms with the output changing from a high logic
level to a low logic level.

tTLH, tr Transition Time, or Rise Time: The time interval
between a specified low-level voltage and a specified high-
level voltage on a waveform that is changing from a defined
low level to a defined high level. Common defined levels are
from 10% of the signal amplitude to 90% of the signal am-
plitude, or from 0.6V to 2.6V.

tTHL, t¢ Transition Time, or Fall Time: The time interval
between a specified high-level voltage and a specified low-
level voltage on a waveform that is changing from a defined
high level to a defined low level. Common defined levels are
from 90% of the signal amplitude to 10% of the signal am-
plitude, or from 2.6V to 0.6V.

EXPLANATION OF DEVICE FUNCTIONS
Circuit Complexity

SSI: Small Scale Integration; the lowest level of complexity
in integrated circuits.

MSI: Medium Scale Integration; small subsystems integrat-
ed into a single microcircuit.

LSI: Large Scale Integration; large subsystems or small sys-
tems integrated into a single microcircuit.

FUNCTIONAL DESCRIPTIONS

Buffer: A logic gate with high output drive capability, or fan-
out. Buffers are used where a single circuit must drive a
large number of loads.

Comparator: A logic circuit that will compare two separate
input signals and produce an output based on that compari-
son. A simple comparator is the Exclusive-NOR gate, which
produces a high level output only when its two inputs are
identical.

Counter: A logic circuit that counts the number of input
pulses it receives. Counters can be used for frequency divi-
sion, counting, and sequencing digital operations. Common
counter configurations are Binary, where the device counts
from 0 to 15 and Decade, where the device counts from 0
to 9.




AC Operating Conditions and Characteristics (continueq)

Data Selector/Multiplexer: A logic circuit that will select
one of several input signals and feed that signal onto a com-
mon bus line. It can be thought of as a multipole, multiposi-
tion switch with each switch pole representing one output
and each switch position representing one input.
Decoder/Demultiplexer: A logic circuit that is the comple-
ment of the Data Selector/Multiplexer; that is, this circuit
takes an input signal and feeds it to any one of several
output lines depending on the information placed on its
steering, or control, inputs.

Driver: Same as Buffer, above.

Flip-Flop: A logic circuit that is used to store information. A
flip-flop is called “bistable” since it has two stable states.

Gate: The basic building block of all logic circuits; an ele-
ment whose output is a Boolean function of its inputs. The
basic functions are the AND, OR, and NOT. By combining
these functions, NAND, NOR, and Exclusive-OR and Exclu-
sive-NOR gates are built.

Latch: A bistable element that latches, or holds, data which
is present at its input at the time the Enable input goes to its
inactive state. When the Enable input is active, the data,
present at the input, is passed directly to the output, similar
to the operation of a gate.

One-Shot: Monostable multivibrator; a flip-flop that only has
one stable state. When triggered by an input transient, it
flips to its unstable state for a time period determined by an
external R-C network connected to its timing inputs, and
then returns to its stable state.

Shift Register: A series of flip-flops in which the data signal
is shifted out of one flip-flop and into the succeeding flip-flop
during an active transition on the clock input.

Transcelver: A logic circuit that can transmit data onto a
bus line and receive data off of the bus line using the same
terminal as an input and output. The direction of signal flow
is determined by logic levels present at a Direction Control
input.

OTHER TERMS

Asynchronous: A mode of operation that does not require
any specific timing relationship between different control in-
puts.

Open Collector: Output configuration that has no internal
pullup. This configuration enables outputs that are connect-
ed together (wired-OR) to assume opposite states without
incurring damage.

Schmitt Trigger: An input configuration that has a different
threshold point depending on whether the input signal is
rising or falling. This is especially useful in electrically noisy
environments.

Synchronous: A mode of operation where specific timing
requirements must be met between control inputs before an
indicated action can occur.

Totem Pole: An output configuration that contains an inter-
nal pullup structure, usually a transistor pullup allowing high-
er output drive capability than is available with open collec-
tor outputs.

TRI-STATE: A registered trademark for a circuit configura-
tion in which the device can be switched ‘off’ during which
time the output presents a very high impedancse to the bus it
is connected to. This allows multiple outputs to be connect-
ed to a bus line while only one output drives the line, the
other outputs being switched into their high impedance
states.

EXPLANATION OF FUNCTION TABLES

The following symbols are used in the function tables found
in NSC data sheets:

H = high logic level (steady state)

L = low logic level (steady state)

T = transition from low to high logic level

l = transition from high to low logic level

X = irrelevant (any level, including transitions)

z = off (high impedance) state of a TRI-STATE output

a...h = the level of steady state inputs at inputs A
through H respectively

Qo = the level of Q before the indicated steady state
input conditions were established

Qo = complement of Qg or level of Q before the indi-
cated steady state input conditons were estab-
lished

Qn = level of Q before the most recent active transition

indicated by T or |

JL = one high level pulse
I = one low level pulse
toggle = each output changes to the complement of its

previous level on each active transition indicated
by T or l
If, in the input columns, a row contains only the symbols H,
L, and/or X, this means the indicated output is valid when-
ever the input configuration is achieved regardless of the
sequence in which it is achieved. The output persists so
long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X to-
gether with T and/or |, this means the output is valid
whenever the input configuration is achieved but the tran-
sition(s) must occur following the achievement of the steady
state levels. If the output is shown as a level (H, L, Qg, or
Q), it persists so long as the steady state input levels and
the levels that terminate indicated transitions are main-
tained. Unless otherwise indicated, input transitions in the
opposite direction to those shown have no effect on the
output. If the output is shown as a pulse, JL or I, the
pulse follows the indicated input transition and persists for
an interval dependent on the circuit.

Among the most complex function tables in this book are
those of the shift registers. These embody most of the sym-
bols used in any of the function tables, plus more. As an
example, Figure 1 is the function table for a 4-bit bidirection-
al universal shift register, similar to the DM54LS194,

The first line of the table represents ‘“‘asynchronous” clear-
ing of the register and indicates that if CLEAR is low, all four
outputs will be reset low regardless of the states of the oth-
er inputs. In the succeeding lines, CLEAR is inactive (high)
and consequently has no effect.
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AC Operating Conditions and Characteristics continued)

The second line indicates that so long as the CLOCK input
remains low (while CLEAR is high), no other input has any
effect and the outputs maintain the levels they assumed
before the steady-state combination of CLEAR high and
CLOCK low was established. Since on all the other lines of
the table only the rising edge of the CLOCK is shown to be
active, the second line implicitly shows that no further
change in the outputs will occur while the CLOCK remains
high or on the high-to-low transition of the CLOCK.

The third line of the table represents *“synchronous” parallel
loading of the register and indicates that if S1 and SO are
both high, then regardless of the levels at the SERIAL in-
puts, the data present at A will transfer to QA, the data
present at B will transfer to QB, and so forth, following a
low-to-high transition on CLOCK.

The fourth and fifth lines represent the *“‘synchronous” load-
ing of high and low level data, respectively, from the SHIFT
RIGHT SERIAL input and the shifting one bit to the right of
previously entered data; data previously at QA is now at QB,
data previously at QB and QC is now at QC and QD respec-

tively, and the data previously at QD has been shifted out of
the register. This entry of data and shifting takes place on
the low-to-high level transition of CLOCK when S1 is low
and S0 is high and as shown, the levels at the PARALLEL
inputs, A through D, have no effect.

The sixth and seventh lines represent the “‘synchronous”
loading of high and low level data respectively, from the
SHIFT LEFT SERIAL input and the shifting one bit to the left
of previously entered data; data previously at QD is now at
QC, data previously at QC and QB is now at QB and QA
respectively, and the data previously at QA has been shifted
out of the register. This entry of serial data and shifting to
the left takes place on the low-to-high level transition of
CLOCK when S1 is high and SO is low and as seen, the
levels at the PARALLEL inputs, A through D, have no effect.
The last line indicates that so long as both MODE inputs are
low, no other input has any effect and, as in the second line,
the outputs maintain the levels they assumed before the
steady state combination of CLEAR high and both MODE
inputs low was established.

Mode Inputs Outputs
Clear Clock Serial Parallel

S1 SO Left Right A B (o] D Qa Qp Q¢ Qp
L X X X X X X X X X L L L L
H X X L X X X X X X Qao Qgo Qco Qpo
H H H T X X a b c d a b c d
H L H T X H X X X X H Qan Qgn Qcn
H L H 0 X L X X X X L Qan Qgn Qcn
H H L T H X X X X X Qpn Qcn Qpn H
H H L T L X X X X X Qgn Qcn Qpn L
H L L X X X X X X X Qao Qgo Qco Qpo

FIGURE 1. Function Table
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DM54/74, 54S/74S Test Waveforms

Parameter Measurement Information

SULIOJOARM 1S9

Load Circuit for Bi-State Load Circuit for Load Circuit for TRI-STATE® Outputs
Totem-Pole Outputs Open-Collector Outputs
TEST oo vee TEST vce
POINT POINT
o
RL RL RL
FROM OUTPUT FROM OUTPUT TEST
UNDER TEST (See Note B) UNDER TEST POINT Y s1
FROM OUTPUT __ | (See Note B)

H

CL UNDER TEST
(See Note A)
CL A

CL
(See Note A) I
- = (See Note A)

TL/X/0005-1 TL/X/0005-2

sz

TL/X/0005-3

11—
|

Note A: C|_includes probe and jig capacitance.
Note B: All diodes are 1N316 or 1N3064.

Input Waveform
54/74t, <7ns;t; <7ns

v p—— 545/74St < 25ns, 1< 25ns
M Generator: Zoyt = 500
| !
ov —T0%A | } R10% PRR < 1 MHz

TL/X/0005-4

Voltage Waveforms Voltage Waveforms
Setup and Hold Times Pulse Widths
3V HIGH-LEVEL
TIMING -
INPUT | 15V PULSE {15V 15V h
A | |
f- ov l—tw —
:"-'selup —t=—thold —
| ety ———

\ - }— —_————3V | !
DATA LOW-LEVEL
INPUT ﬂ PULSE 1.5V 1.5V
ov

TL/X/0005-5 TL/X/0005-6
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Test Waveforms

DM54/74, 54S/74S Test Waveforms (continued)

Parameter Measurement Information (Continued)

Voltage Waveforms Propagation Delay Times

—— e = —a Y

INPUT

IN-PHASE
OUTPUT

OUT-OF-PHASE
ouTPUT
(See Note E)

/= = = = VOL
TL/X/0005~7

Voltage Waveforms Enable and Disable Times, TRI-STATE Outputs

ouTPUT 3v
CONTROL
{LOW-LEVEL R v ﬂ/‘j v
ENABLING) | G Y 1
:«— tpzL ——{ }-—tm.z—>|
WAVEFORM 1 + 1...._ —_—= 45V | | S1AND
I s I | S2CLOSED
Es R N e
I | - - VOL
| |
p—tpzn————o’l retPHZ—! 5oy 05V
| & ::::- = == VoH
WAVEFORM 2 S10PEN 1.5V ~ 1.5V
(See Note C) S2 CLOSED S1AND .
—————=0V §2 CLOSED

TL/X/0005-8
Note C: Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2 is for an output
with internal conditions such that the output is high except when disabled by the output control.
Note D: In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.
Note E: When measuring propagation delay times of TRI-STATE outputs, switches S1 and S2 are closed.
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DM54L/74L, 54LS/74LS Test Waveforms

Parameter Measurement Information

Load Circuit for Bl-State Load Circuit for Open- TRI-STATE Outputs
Totem-Pole Outputs Collector Outputs
TEST y, vce TEST vee
poINT 'S¢ POINT
RL RL 7 RL
FROM OUTPUT e FROM OUTPUT TEST
UNDER TEST (See Note 9)} UNDER TEST POINT o st
1 FROM OUTPUT __|
L CL (See Note B)
cL c1 # (Sae Nota A) UNDER TEST
(See Note A)I (See Note C)1 i
= = = = (See Note A)

TL/X/0005-9

Note A: C_ includes probe and jig capacitance.
Note B: All diodes are 1N916 or 1N3064.
Note C: C1 (30 pF) is used for testing Series 54L/74L devices only.

TL/X/0005-10

TL/X/0005-11

Input Waveform

3v
90% d h 90%
9, | |
ov 10% ! : I h 10%

) |
e tr i tg

TL/X/0005-12

54LS/74LS:t, < 6ns, ty < 6ns
54L/74L gates and inverters: t, < 60 ns, t; < 60 ns
54L/74L flip-flops and MSI: t; < 25 ns, t; < 25 ns
Generator: Zoyt = 500

PRR < 1 MHz

Voltage Waveforms
Setup and Hold Times

v
TIMING
INPUT ' 13v
—r—————-——--OVr

|
re-tsatup =i thold —~{
}

|
—————— Y
DATA ! r
INPUT 13V 13v
ov:

TL/X/0005-13

Voltage Waveforms

Pulse Widths
HIGH-LEVEL
PULSE 13v 13V
|
le——tw————»{
1-4-—— tw ————l
LOW-LEVEL | |
PULSE 13V 13V

TL/X/0005-14

SWJOjOABM 1591
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Test Waveforms

DM54L/74L, 54L.S/74LS Test Waveforms (Continued)

Parameter Measurement Information (Continued)

Voltage Waveforms Propagation Delay Times

OUT-OF-PHASE
ouTPUT

(See Note F)
TL/X/0005-15

Voltage Waveforms Enable and Disable Times, TRI-STATE Outputs

OUTPUT 3v
CONTROL
(LOW-LEVEL —\3 v /43 v
ENABLING) I Lfmmmmmmcee ey
— Pll.—b{ r—'PLZ-—»: -
$ o 45V |
WAVEFORM 1 | S$1 CLOSED | | | $2 CLOSED
{See Note D) | $2 OPEN 13V | )I[L_ ~ 15V
: : —=g-——va
r-—-nuu———»l p—tmz——ll 05V 05V
: 1 :‘Y:: ————VOoH
WAVEFORM 2 S1 OPEN 1.3V N————— = 15V
(See Note D) S2 CLOSED $1AND
—————=0V S2 CLOSED

TL/X/0005-16

Note D: Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2 is for an output

with internal conditions such that the output is high except when disabled by the output control.
Note E: In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.
Note F: When measuring propagation delay times of TRI-STATE outputs, switches S1 and S2 are closed.
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Test Waveforms DM54ALS/74ALS, 54AS/74AS

Load Circuit for Bi-State Totem-Pole Outputs
FROM QUTPUT . o JEST Vee

UNDER TEST POINT
I R
5';;' :EuLsuon y
| 1 FROM OUTPUT TEST
] UNDER TEST POINT
= c

TL/X/0005-17 |

Voltage Waveforms Propagation Delay Times

35V
INPUT
0.3v
Vou
IN PHASE
UTPUT
voL
out
OF PHASE 1.3 13
ouTPUT eeemeemeee VL

TL/X/0005-18

Voltage Waveforms Setup and Hold Times

WITH RESPECT T0
POSITIVE TRANSITION

REFERENCE
INPUT

e —— } 1
WITH RESPECT TO v
NEGATIVE TRANSITION :
03

- SETUP 1 —=|=— tHOLD t ——l
—_—— e Vg

f 13V |.3v\
Vor

INPUT l-— LSETUP 0 —|e— luptDo —

| Vo
\l.sv |.3v/
Vou

TL/X/0005-19

Voltage Waveforms Pulse Widths

_———as
HIGH-LEVEL
PULSE 1.3 13v
|

—ty —

| 'w asv
LOW-LEVEL 13V 13v '
PULSE
— — — — u.:W
TL/X/0005-22

Note: All input pulses are supplied by generators having the following characteristics: frequency = 1 MHz, Zoyt = 508, t, = t; = 2ns.

Load Circuit for Open-Collector Outputs

TL/X/0005-33
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Test Waveforms

Test Waveforms DM54ALS/74ALS, 54AS/74AS (Continued)

Voltage Waveforms
Setup and Hold Times

35
WITH RESPECT T0 Lo
POSITIVE TRANSITION :
————— - ——03

REFERENCE
INPUT

e — e ——— - 35
WITH RESPECT T0 av
NEGATIVE TRANSITION -
03

«— USETUP | —=|=— !HOLD | —~|

—— gy
fl.zv |.3v\
VoL
INPUT l

e— ISETUP 0 —[=— 'HOLOO —
Vor
\l.av I.JV/
—-——=n

TL/X/0005-19

Voltage Waveforms
Propagation Delay Times

INPUT

IN PHASE
ouTPUT

out
OF PHASE 13v v
0uTPUT

TL/X/0005-21

Parameter S1 Switch Position
TpLH OPEN
TPHL OPEN
TeHz OPEN
TpzH OPEN
TpLz CLOSED
TpzL CLOSED

Load Circuit for
TRI-STATE Outputs

"

FROM OUTPUT
UNDER TEST

3 3
S00F ,[ nz::sumx

TL/X/0005-20

Voltage Waveforms
Pulse Widths

_—— e — 35V
HIGH-LEVEL
PULSE 13V 13V
| 0.3V

—ty ——

— lyy ——

35V
LOW-LEVEL Kl (kY
PULSE
———— o

TL/X/0005-22

Voltage Waveforms
Enable and Disable Times, TRI-STATE Outputs
LOW-LEVEL 3
ENABLING 1.3V 1
} ———— -
HIGH-LEVEL
ENABLING 13V 1.3V
0.3V
oUTP
CONTROL tea — --\ —| [—trz
~35¢
13v o
| ===_y
1p2H _—._.l _.| I‘_'P"Z

TL/X/0005-23

NOTE: All input pulses are supplied by generators having the following characteristics: frequency = 1 MHz, Zoyt = 500, t = tf= 2 ns.
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Group 4 Test Waveforms DM54ALS/74ALS, 54AS/74AS
54ALS74, 109, 112, 113, 114, 131, 137, 160, 161, 162, 163, 168, 169, 174, 175, 273
54AS74, 109, 112, 113, 114, 160, 161, 162, 163, 168, 169, 174, 175, 273

Load Circuit for Bi-State Totem-Pole Outputs
FROM OUTPUT °

UNDER TEST I
>
CL <
SOBE _[ ::RLSGDK)

TEST
~Opoinr

TL/X/0005-27

Voltage Waveforms
Pulse Widths

—_———— a5y
HIGH-LEVEL
PULSE 13V 1.3v
| 0.3V

—y —

—y —

I 35V
LOW-LEVEL 13 13V,
PULSE
—_———

TL/X/0005-29

Voltage Waveforms Setup and Hold Times

‘ 5

WITH RESPECT T0 \av
POSITIVE TRANSITION ’ .
—_——————— 3
REFERENCE
INPUT
————————— 35
WITH RESPECT T0 Lav
NEGATIVE TRANSITION -
03

~— USETUP § —=|=— lHOLD 1 ~|

—— —VoH
;‘l.av |.3v\
VoL
INPUT ‘

<— !SETUP 0 —=(+— lHoLDO —=

VoH
\I.JV st/

—— '—'vﬂl.

TL/X/0005~28

Voltage Waveforms
Propagation Delay Times

IN PHASE
UTPUT

out
OF PHASE
OUTPUT

TL/X/0005-30

NOTE: All input pulses are supplied by generators having the following characteristics: frequency = 1 MHz, Zoyt = 50Q,t, = t; = 2ns.
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Test Waveforms

Group 5 Test Waveforms DM54ALS/74ALS, 54AS/74AS
54ALS01, 03, 05, 09, 12, 15, 22, 33, 38, 518, 519, 522, 689; 1003, 1005, 1035

Load Circuit for
Open-Collector Outputs

Vee

RL (See Nate B)

FROM
QUTFUT
UNDER TEST TEST POINT

T

TL/X/0005-31
NOTES: A Cy includes probe and jig capaci-
tance
B. R = 2 k1 for standard outputs
R = 6670 for buffered outputs

Voltage Waveforms
Propagation Delay Times
35V
INPUT _/uw 1.3V
03v
*IPLH‘I |~ tpHL~=]
< [ ¥
IN PHASE o
ouTPUT
vou
out
OF PHASE
outrlY O N VoL

TL/X/0005-32
Note: All input pulses are supplied by generators having the following characteristics: frequency = 1 MHz, Zoyr = 500, t, = ty = 2 ns.
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DM54LS00/DM74LS00

National
Semiconductor
Corporation

DM54LS00/DM74L.S00 Quad 2-Input NAND Gates

General Description

This device contains four independent gates each of which
performs the logic NAND function.

Connection Diagram

Dual-In-Line Package
Vee B4 A4 va 83 A3 Y3

|l4 13 12 n 10 9 8

=

1 Iz 3 4 5 6 7
8

Al 1 Y1 A2 B2 Y2 GND

TL/F/6439-1
Order Number DM54LS00J, DM74LS00M or DM74LS00N
See NS Package Number J14A, M14A or N14A

Function Table

Y =AB

Inputs Output

A
L
L
H

IrIr|®
~IIT

H

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings (ote)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliabllity electrical test specifications document.

Supply Voltage 7w
Input Voltage N
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions"” table will define
the conditions for actual device operation.

Symbol Parameter DM541.500 DM741.500 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \%
VIH High Level Input Voltage 2 2 v
ViL Low Level Input Voltage 0.7 0.8 v
loH High Leve! Output Current —-0.4 —-0.4 mA
loL Low Leve! Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\ Input Clamp Voltage Veg = Min, [} = —18 mA -1.5 \"
VoH High Level Output Vee = Min, oy = Max, DM54 25 3.4 v
Voltage ViL = Max DM74 | 27 3.4
VoL Low Level Qutput Vee = Min, lgL = Max, DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 05 v
loL = 4 mA, Vg = Min DM74 0.25 04
Iy Input Current @ Max Vec = Max, V| = 7V 0.1 mA
Input Voltage
IH High Level Input Current Ve = Max, V) = 2.7V 20 pA
L Low Level Input Current Vee = Max, V| = 0.4V —0.36 mA
los Short Circuit Vec = Max DM54 —-20 —100 mA
Output Current (Note 2) DM74 _20 —100
lccH (S)L:I;t);l]);sC;:';m with Vee = Max 08 16 mA
lcoL Supply Current with Veo = Max 24 44 mA
Outputs Low

Switching Characteristics at Voo = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50pF Units
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output 8 10 4 15 ns
tPHL Propagation Delay Time
High to Low Level Output 8 10 4 15 ns

Note 1: All typicals are at Vg = 5V, Ty = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS02/DM74LS02

National
Semiconductor
Corporation -

DM54L.S02/DM74LS02 Quad 2-Input NOR Gates

General Description

This device contains four independent gates each of which
performs the logic NOR function.

Connection Diagram

Dual-In-Line Package
Voo Y4 B4 As Y3 83 A3

1 E] 12 " Iln Is 8

Il Iz la ] 5 ) |7
Y1 Al B1 Y2 A2 B2 GND
TL/F/6441-1
Order Number DM54LS02J, DM74LS02M or DM74LS02N

See NS Package Number J14A, M14A or N14A

Function Table
Y=A+B
Inputs Output

A B Y
L L H
L H L
H L L
H H L

H = High Logic Level

L = Low Logic Level
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Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated
rellability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +160°C

DM74LS

Note: The “Absolute Maximum Ratings" are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Storage Temperature Range

Recommended Operating Conditions

Symbol Parameter DM54L.502 DM74LS02 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \Y
VIH High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 Vv
loH High Level Output Current —-0.4 —-04 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
] Input Clamp Voltage Vee = Min, || = —18 mA -1.5 v
VoH High Level Output Vce = Min, oy = Max, DM54 25 3.4 v
Voltage VL = Max DM74 27 3.4
VoL Low Leve! Output Vee = Min, lo = Max, DM54 0.25 0.4
Voltage Vi = Min DM74 035 0.5 v
loL = 4 mA, Vgc = Min DM74 0.25 0.4
Iy Input Current @ Max Vee = Max, V| = 7V 0.1 mA
Input Voltage
[IT™ High Level Input Current Veg = Max, V| = 2.7V 20 pA
L Low Level Input Current Vec = Max, V| = 0.4V —0.36 mA
los Short Circuit Vee = Max DM54 -20 -100 mA
Output Current (Note 2) DM74 —20 —100
lccH Supply Current with Vee = Max 16 3.2 mA
Outputs High
lcoL Supply Current with Vece = Max
Outputs Low 28 5.4 mA

SWitChing Characteristics atvec = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tLH Propagation Delay Time
Low to High Level Output 8 18 4 18 ns
tPHL Propagation Delay Time
High to Low Level Output 8 10 4 15 ns

Note 1: All typicals are at Vo = 5V, Ta = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54L.503/DM74LS03

National
Semiconductor
Corporation

DM54LS03/DM74LS03 Quad 2-Input NAND Gates
with Open-Collector Outputs

General Description Pull-Up Resistor Equations
This device contains four independent gates each of which Ve (Min) — Vou

performs the logic NAND function. The open-collector out-  RmAx = N1 (lor) + No () (om + N2 ()
puts require external pull-up resistors for proper logical op- 1ToH 2 {lH
eration. A = Ve (Max) — VoL
loL = N3 (D)
Where: N1 (Ion) = total maximum output high current for all
outputs tied to pull-up resistor
No (Ij4) = total maximum input high current for all
inputs tied to pull-up resistor
N3 () = total maximum input low current for all
inputs tied to pull-up resistor

Connection Diagram

Dual-In-Line Package

1

2 Iz 4 5 3 7

Al 1 Y1 Az 82 Y2 GND

Order Number DM54LS03J, DM74LS03M or DM74LS03N
See NS Package Number J14A, M14A or N14A

TL/F/6344-1

Function Table

Y = AB
Inputs Output

A B Y
L L H
L H H
H L H
H H L
High Logic Level

H=
L

-

ow Logic Leve!




Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Output Voltage 7v

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Operating Free Air Temperature Range

DM54LS
DM74LS

Storage Temperature Range

—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS4LS03 DM74LS03 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \"
VoH High Level Qutput Voltage 5.5 5.5 \
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Typ

Symbol Parameter Conditions Min (Note 1) Max Units
\ Input Clamp Voltage Vee = Min, [} = ~18 mA -15 v
Icex High Level Output Vee = Min, Vg = 5.5V,

Current VL = Max 100 KA
VoL Low Level Output Vee = Min, IgL = Max, DM54 0.25 0.4

Voltage ViH = Min DM74 0.35 05 v

loL = 4 mA, Vg = Min DM74 0.25 0.4

Iy Input Current @ Max Voe = Max, V| =7V 0.1 mA

Input Voltage
i High Level Input Current Vee = Max, V) = 27V 20 RA
I Low Level Input Current Vee = Max, V| = 0.4V —-0.36 mA
lccH Supply Current with Veo = Max

Outputs High 08 16 mA
lcoL Supply Current with Vee = Max 24 44 mA

Outputs Low

Switching Characteristics atvgg = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

€0S1P2INA/€0STYSNG

RL = 2kQ
Symbol Parameter CL = 15pF C_ = 50pF Unlts
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 6 20 20 % ns
tpHL Propagation Delay Time
High to Low Level Output 8 15 4 20 ns

Note 1: All typicals are at Voo = 5V, Ta = 25°C.
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DM54LS04/DM74LS04

National
Semiconductor
Corporation

DM54LS04/DM74LS04 Hex Inverting Gates

General Description
This device contains six independent gates each of which
performs the logic INVERT function.

Connection Diagram

Dual-In-Line Package
v AB Y6 A5 Y5 A4 va

cc
|14 |13 I|z |n |1n |9 |s

ll |z |3 la |5 l(i |7

Al Y1 A2 Y2 A3 Y3 GND

Order Number DM54L.S04J, DM74L.S04M or DM74LS04N
See NS Package Number J14A, M14A or N14A

Function Table

Y=A
Input Output
A Y
L H
H L

H = High Logic Level
L = Low Logic Level

TL/F/6345-1

2-10




Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated
rellability electrical test specifications document.
Supply Voltage

Input Voltage

Operating Free Air Temperature Range

v
v

Note: The “Absolute Maximum Ratings" are those valuss
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions"” table will define
the conditions for actual device operation.

DM54LS
DM74LS

Storage Temperature Range

—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS541 504 DM74L.504 Units
Min Nom Max Min - Nom Max

Vee Supply Voltage 45 5 5.5 4,75 5 5.25 \"
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current -04 —-0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless atherwise noted)

Symbol Parameter Conditions Min (N?t’: 1) Max Units
\ Input Clamp Voltage Vce = Min, | = —18 mA —-1.5 \
VoH High Level Output Vce = Min, loy = Max, DM54 2.5 3.4 v
Voltage ViL = Max DM74 27 3.4
VoL Low Level Output Vec = Min, lgL = Max, DM54 0.25 0.4
Voltage Vin = Min DM74 0.35 0.5 v
loL = 4 mA, Vg = Min DM74 0.25 0.4
1 Input Current @ Max Veo = Max, V| = 7V 04 mA
Input Voltage
118} High Level Input Current Vee = Max, V) = 2.7V 20 pA
IiL Low Level Input Current Veo = Max, V| = 0.4V —0.36 mA
los Short Circuit Vee = Max DM54 —-20 —100 mA
Output Current (Note 2) DM74 —_20 ~100
lccH gtljj[t:gll]); ::ir;nt with Vce = Max 1.2 24 mA
leoL Supply Current with Ve = Max 36 6.6 mA
Outputs Low

Switching Characteristics at Voo = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

Ry = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output 3 10 4 15 ns
tPHL Propagation Delay Time
High to Low Level Output 8 10 4 1 ns

Note 1: All typicals are at Vec = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS05/DM74LS05

National
Semiconductor
Corporation

DM54LS05/DM74LS05 Hex Inverters

with Open-Collector Outputs

General Description

This device contains six independent gates each of which
performs the logic INVERT function. The open-collector out-
puts require external pull-up resistors for proper logical op-
eration.

Pull-Up Resistor Equations
Vee (Min) — Vou

R e e ———————ee
MAX ™ N1 (1or) + Nz (1)

_ Voc Max) — Vo
loL — N3 (h)

Where: N1 (Ion) = total maximum output high current for all
outputs tied to pull-up resistor
Nz (ig) = total maximum input high current for all
inputs tied to pull-up resistor
N3 (lj) = total maximum input low current for all
inputs tied to pull-up resistor

RmiN

Connection Diagram

Dual-In-Line Package

Vee AB Y6 AS Y5 A4 Y4
Im |13 12 In |m |9 |a
|1 |z ,3 I 4 |5 Is l 7
Al Y1 A2 y2 Al Y3 GND
TL/F/6346-1
Order Number DM54LS05J, DM74LS05M or DM74LS05N

See NS Package Number J14A, M14A or N14A

Function Table

Y=A
Input Output
A Y
L H
H L

H = High Logic Level
L = Low Logic Level




Absolute Maximum Ratings (Note)
Speclfications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Output Voltage N

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics"”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions" table will define
the conditions for actual device operation.

Operating Free Air Temperature Range

DM54LS
DM74LS

Storage Temperature Range

—-55°Cto +125°C

0°Cto +70°C

—65°C to +150°C

Recommended Operating Conditions

Symbol Parameter DMS54LS05 DM74L.505 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \"
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
VoH High Level Output Voltage 5.5 5.5 \
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Voc = Min, || = —18 mA —-1.5 \
lcex High Level Output Vce = Min, Vo = 5.5V
Current VL = Max 100 KA
VoL Low Level Output Ve = Min, g = Max DM54 0.25 0.4
Voltage Vin = Min DM74 035 05 v
loL = 4 mA, Vcc = Min DM74 0.25 0.4
I Input Current @ Vee = Max, V| = 7V 0.1 mA
Max Input Voltage ’
1 High Level Input Current Ve = Max, V| = 2.7V 20 rA
M Low Level Input Current Ve = Max, V| = 0.4V —0.36 mA
lccH Supply Cu.rrent with Vee = Max 1.2 24 mA
Outputs High .
lecL Supply Current with Vcc = Max a6 6.6 mA
Outputs Low

Switching Characteristics atvcc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter Cp = 15pF CpL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 6 20 20 48 ns
tPHL Propagation Delay Time
High to Low Level Output 8 15 4 20 ns

Note 1: All typicals are at Voo = 5V, Ta = 25°C.
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DM54L.S08/DM74LS08

National
Semiconductor
Corporation

DM54LS08/DM74LS08 Quad 2-Input AND Gates

General Description

This device contains four independent gates each of which
performs the logic AND function.

Connection Diagram

Dual-In-Line Package
Vee B4 A4 va 83 A3 Y3

14 13 12 n 10 9 8

©

1 Iz IJ la 5 6 [7
At B1 i A2 B2 2 GND

Order Number DM54LS08J, DM74LS08M or DM74LS08N
See NS Package Number J14A, M14A or N14A

Function Table

Y=AB
Inputs Output
A B Y
L L L
L H L
H L L
H H H

H = High Logic Level
L = Low Logic Level

TL/F/6347-1
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Absolute Maximum Ratings (ote)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54LS -55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics"”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Recommended Operating Conditions
Symbol Parameter DMS4L508 DM74LS08 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4,75 5 5.25 v
VIH High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 \)
loH High Level Output Current —0.4 -0.4 mA
loL Low Level Qutput Current 4 8 mA
Ta Free Air Operating Temperature —-55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min (Nz: 1) Max Units
\ Input Clamp Voltage Ve = Min, || = —18 mA -1.5 \
VoH High Level Output Vec = Min, oy = Max, DM54 2.5 3.4 v
Voltage ViH = Min DM74 | 27 34
VoL Low Level Output Vece = Min, oy = Max, DM54 0.25 0.4
Voltage ViL = Max DM74 0.35 05 v
loL = 4 mA, Voo = Min DM74 0.25 0.4
I Input Current @ Max Vee = Max, V) = 7V 0.1 mA
Input Voltage
4 High Level Input Current Vee = Max, V| = 2.7V 20 pA
M Low Level Input Current Vcg = Max, V| = 0.4V —0.36 mA
los Short Circuit Vee = Max DM54 —-20 -100 mA
Output Current (Note 2) DM74 —20 —100
lccH gtfgz sclf:ir;nt with Vee = Max 24 48 mA
lecL Supply Current with Vecc = Max 44 8.8 mA
Outputs Low

Switching Characteristics atvce = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

R = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 4 8 6 18 ns
tPHL Propagation Delay Time
High to Low Level Output 8 " 5 18 ns

Note 1: All typicals are at Vcg = 5V, T = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS09/DM74LS09

National
Semiconductor
Corporation

DM54LS09/DM74LS09 Quad 2-Input AND Gates
with Open-Collector Outputs

General Description Pull-Up Resistor Equations

This device contains four independent gates each of which _ Veoe (Min) — Vou

performs the logic AND function. The open-collector out- Rmax = N1 (lor) + Na ()

puts require external pull-up resistors for proper logical op-

eration. R _ Vge (Max) — Voo,
M loL = Na ()

Where: N1 (Ion) = total maximum output high current for all
outputs tied to pull-up resistor
N2 (i) = total maximum input high current for all
inputs tied to pull-up resistor
N3 (lj) = total maximum input low current for all
inputs tied to pull-up resistor

Connection Diagram

Dual-In-Line Package

Vee B4 A4 va B3 A3 V3
14 13 12 1 10 9 8
1 l 2 |3 4 5 6 I7
Al 81 Y1 A2 B2 Y2 GND

TL/F/6348-1
Order Number DM54LS09J, DM74LS09M or DM74LS09N
See NS Package Number J14A, M14A or N14A

Function Table

Y = AB
Inputs Output

A B Y
L L L
L H L
H L L
H H H
High Logic Level

H=
L = Low Logic Level
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Absolute Maximum Ratings Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

60S7vZING/60ST¥SWA

Supply Voltage 7v parametric values defined in the “Electrical Chfaracten’s{ics"
Input Voltage v table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
Output Voltage v the conditions for actual device operation.
Operating Free Air Temperature Range
DM54LS —-55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DM54L.509 DM74L.509 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \'
ViH High Level Input Voltage 2 2 \
Vi Low Level Input Voltage 0.7 0.8 \'
VoH High Level Output Voltage 55 5.5 \'
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Tvp Max Units
(Note 1)
] Input Clamp Voltage Ve = Min, || = —18 mA —-1.5 \
lcEX High Level Output Vce = Min, Vg = 5.5V
Current ViH = Min 100 BA
VoL Low Level Output Vce = Min, gL = Max DM54 0.25 0.4
Voltage ViL = Max DM74 0.35 05 v
loL = 4 mA, Vog = Min DM74 0.25 0.4
Iy Input Current @Max Vec = Max, V| = 7V 04 mA
Input Voltage
H High Level Input Current Voo = Max, V) = 2.7V 20 rA
L Low Level Input Current Vce = Max, V| = 0.4V —0.36 mA
lccH Supply Current With Vce = Max 24 48 mA
Outputs High
lccL Supply Current With Veoe = Max 44 8.8 mA
Outputs Low

Switching Characteristics atvee = 5vand To = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter Cp = 15pF CL = 50pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Leve! Output 5 2 8 30 ns
tPHL Propagation Delay Time
High to Low Level Output 4 15 6 27 ns

Note 1: All typicals are at Voo = 5V, Ta = 25°C.




DM54LS10/DM74LS10

National
Semiconductor
Corporation

DM54LS10/DM74LS10 Triple 3-Input NAND Gates

General Description

This device contains three independent gates each of which
performs the logic NAND function.

Connection Diagram

Dual-In-Line Package
Vee (] Y1 c3 83 A3 Y3

l|4 13 'IZ 1 10 Is Ia

—>

1 2 3 4 5 6 |7
A1 B1 A2 B2 c2 v2 GND

Order Number DM54LS10J, DM74LS10M or DM74LS10N
See NS Package Number J14A, M14A or N14A

Function Table

Y = AB
Inputs Output
A B C Y
X X L H
X L X H
L X X H
H H H L

H = High Logic Level
L = Low Logic Level
= Either Low or High Logic Level

TL/F/6349-1
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Absolute Maximum Ratings (note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliablility electrical test specifications document.

Supply Voltage N
Input Voltage ra'
Operating Free Air Temperature Range

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions" table will define
the conditions for actual device operation.

DM54LS
DM74LS

Storage Temperature Range

—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS54LS10 DM74LS10 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4,75 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —04 —-0.4 mA
loL Low Level Output Current 4 8 mA
TaA Free Air Operating Temperature —-55 125 0 70 °C
Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vec = Min, I = —18 mA -1.5 \
VoH High Level Output Vee = Min, loy = Max, DM54 2.5 34 v
Voltage ViL = Max DM74 | 27 3.4
VoL Low Level Output Vce = Min, lgL. = Max, DM54 0.25 0.4
Voltage Vi = Min DM74 0.35 05 v
loL = 4 mA, Vg = Min DM74 0.25 0.4
Iy Input Current @ Max Vece = Max, V| = 7V 0. mA
Input Voltage
4 High Level Input Current Vce = Max, V| = 2.7V 20 RA
IR Low Level Input Current Ve = Max, V) = 0.4V —0.36 mA
los Short Circuit Ve = Max DM54 —-20 —100 mA
Output Current (Note 2) DM74 —20 100
lccH gl:l;t)sllj); SC::';:nt with Ve = Max 06 12 mA
lecL gl:lr:;?{ SCE:"’evznt with Vece = Max 18 33 mA

Switching Characteristics atvs = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter CL = 15pF CL = 50pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output s 10 4 1’ ns
tPHL Propagation Delay Time
High to Low Level Output 3 10 4 % ns

Note 1: All typicals are at Vcg = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS11/DM74LS11

National
Semiconductor
Corporation

DM54LS11/DM74LS11 Triple 3-Input AND Gates

General Description

This device contains three independent gates each of which
performs the logic AND function.

Connection Diagram
Dual-In-Line Package

Vee c1 Y1 c3 83 A3 Y3

|g 13 12 1 10 ls la

1 2 3 4 5 6 |1
A 81 a2 B2 c2 v2 GND

Order Number DM54LS11J, DM74LS11M or DM74LS11N
See NS Package Number J14A, M14A or N14A

TL/F/6350-1

Function Table

Y = ABC
Inputs Output
A B Cc Y
X X L L
X L X L
L X X L
H H H H

= High Logic Level
= Low Logic Level
X = Either Low or High Logic Level

H
L
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Absolute Maximum Ratings ote)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Note: The “Absolute Maximum Ratings" are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

LESTYZING/LESTYSING

Supply Voltage v parametric values defined in the “Electrical Ch.arac!eris{ics”
Input Voltage 2v table are not guaranteed at the absolute maximum ratings.
. . The “Recommended Operating Conditions table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DM54LS —55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Symbol Parameter DMS4LS11 DM74LS11 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 475 5 5.25 \'
ViH High Level! Input Voltage 2 2 \"
ViL Low Level Input Voltage 0.7 0.8 \"
loH High Level Output Current —0.4 —-0.4 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (N.cl;:’g 1) Max Units
\ Input Clamp Voltage Veec = Min, Ij = —18 mA -1.5 \')
VoH High Level Output Vce = Min, loq = Max DM54 2.5 3.4 v
Voltage ViH = Min DM74 | 27 3.4
VoL Low Level Output Vee = Min, lg). = Max DM54 0.25 0.4
Voitage ViL = Max DM74 0.35 0.5 v
loL = 4 mA, Voc = Min DM74 0.25 0.4
I Input Current @ Max Voo = Max, V| = 7V 0.1 mA
Input Voltage
H High Level Input Current Voo = Max, V| = 2.7V 20 HA
I Low Level Input Current Ve = Max, V| = 0.4V —0.36 mA
los Short Circuit Vce = Max DM54 —-20 —-100 mA
Output Current (Note 2) DM74 —20 —100
IcoH Supply Current with Vee = Max
Outputs High 18 36 mA
lcoL Supply Current with Vee = Max 33 6.6 mA
Outputs Low

Switching Characteristics at Voo = 5V and Ty = 25°C (See Section 1 for Test Waveforms and Output Load)

RL =2k
Symbol Parameter CL = 15pF CpL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 4 13 6 18 ns
tPHL Propagation Delay Time
High to Low Level Output 8 " 5 18 ns

Note 1: All typicals are at Vgc = 5V, T = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS12/DM74LS12

National
@ Semiconductor
Corporation

DM54LS12/DM74LS12 Triple 3-Input NAND Gates

with Open-Collector Outputs

General Description

This device contains three independent gates each of which
performs the logic NAND function. The open-collector out-
puts require external pull-up resistors for proper logical op-
eration.

Pull-Up Resistor Equations
Ruay = —Loc (Min) — Vou
MAXT Ny (tor) + Na (1)

_ Voo (Max) — Vou

lo — Na ()
Where: N1 (IloH) = total maximum output high current for all
outputs tied to pull-up resistor
Nz () = total maximum input high current for all
inputs tied to pull-up resistor

Nz (I}) = total maximum input low current for all
inputs tied to pull-up resistor

RMIN

Connection Diagram

Dual-In-Line Package
Vee c1 v 3 83 A3 v3

1 13 |12 n 10 Is |s

)

1 2 3 ] 5 6 |7

At 81 A2 B2 c2 v2 GND
TL/F/6351-1
Order Number DM54LS12J, DM74LS12M or DM74LS12N

See NS Package Number J14A, M14A or N14A

Function Table

Y = AB
Inputs Output
A B Cc Y
X X L H
X L X H
L X X H
H H H L

H = High Logic Level
L = Low Logic Level
X = Either Low or High Logic Level
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Absolute Maximum Ratings (Note)
Speclfications for Military/Aerospace products are not
contalned In this datasheet. Refer to the assoclated
reliabllity electrical test speclfications document.

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

Supply Voltage 7v parametric values defined in the “Electrical Characteristics”
Input Voltage v table are not guaranteed at the absolute maximum ratings.
The “Recommendsd Operating Conditions” table will define
Output Voltage v the conditions for actual device operation.
Operating Free Air Temperature Range
DM54LS —-55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS54LS12 DM74L512 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
VoH High Level Output Voltage 55 5.5 Y
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
" Input Clamp Voltage Vec = Min, [ = =18 mA -1.5 \
lcex High Level Output Ve = Min,Vo = 5.6
Current ViL = Max 100 KA
VoL Low Level Output Vee = Min, lgL = Max DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 0.5 Y
loL = 4 mA, Ve = Min DM74 0.25 0.4
I Input Current @ Max Vee = Max, V) = 7V 0.1 mA
Input Voltage
I High Level Input Current Voo = Max, vV, = 2.7V 20 MA
[ Low Level Input Current Vce = Max, V| = 0.4V —0.36 mA
lccH Supply Current with Vee = Max
Outputs High 0.7 14 mA
lecL Supply Current with Vce = Max 18 3.3 mA
Outputs Low

Switching Characteristics at Vee = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50pF Units
Min Max Min Max
teLH Propagation Delay Time
Low to High Level Output 6 20 20 45 ns
tPHL Propagation Delay Time
High to Low Level Output 8 15 4 20 ns

Note 1: All typicals are at Voo = 5V, Tp = 25°C.
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DM54LS14/DM74LS14

National
Semiconductor
Corporation

DM54LS14/DM74LS14 Hex Inverters

with Schmitt Trigger Inputs

General Description

This device contains six independent gates each of which
performs the logic INVERT function. Each input has hyster-
esis which increases the noise immunity and transforms a
slowly changing input signal to a fast changing, jitter free

output.

Connection Diagram

Function Table

Dual-In-Line Package
Veo A6 Y6 A5 Y5 A4 Ya

[SESES
il

1 |2 Ia 4 |5 's 7
AI vz uuo

Order Number DM54LS14J, DM74LS14M or DM74LS14N
See NS Package Number J14A, M14A or N14A

Y=A
Input Output
A Y
L H
H L

H = High Logic Level
L = Low Logic Level

TL/F/6353-1
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Absolute Maximum Ratings (ote)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Note: The “Absolute Maximum Ratings’’ are those values
beyond which the safely of the device cannot be guaran-
teed. The device should not be operated at these limits. The

PISTPZNA/YISTYSNG

Supply Voltage v parametric values defined in the “Electrical Chfaracterist/‘cs "
Input Voltage v table are not guaranteed at the absolule maximum ratings.
. i The “Recommended Operating Conditions" table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DM54LS —55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS4LS14 DM74LS14 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \"
V14 Positive-Going Input

Threshold Voltage (Note 1) 14 16 19 14 16 19 v
V- Negative-Going Input

Threshold Voltage (Note 1) 05 08 1 05 08 ! v
HYS Input Hysteresis (Note 1) 0.4 0.8 0.4 0.8 \
loH High Leve! Output Current —0.4 —0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Typ .

Symbol Parameter Conditions Min (Note 2) Max Units
' Input Clamp Voltage Ve = Min, || = —18 mA —-1.5 \'
VoH High Level Output Vce = Min, lpq = Max DM54 25 3.4 v

Voltage ViL = Max DM74 | 27 3.4
VoL Low Level Output Vce = Min, oL = Max DM54 0.25 0.4

Voltage Vik = Min DM74 0.35 05 v

Vee = Min, loL = 4 mA DM74 0.25 0.4

T+ Input Current at Voo = 5V, V| = V14 _

Positive-Going Threshold 0.14 mA
- Input Current at Voo =5V, V| = Vq_ _

Negative-Going Threshold 0.18 mA
I Input Current @ Max Voo = Max, V) = 7V 04 mA

Input Voltage
H High Level Input Current Vce = Max, V| = 2.7V 20 pA
L Low Level Input Current Voo = Max, V| = 0.4V —0.4 mA
los Short Circuit Vce = Max DM54 —-20 —-100

Output Current (Note 3) mA

p DM74 | —20 -100

lccH Supply Current with Vee = Max

Outputs High 8.6 16 mA
lcoL Supply Current with Vee = Max 12 21 mA

Outputs Low

Note 1: Voo = 5V.
Note 2: All typicals are at Vg = 5V, Tp = 25°C.
Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS14/DM74LS14

Switching Characteristics atvec = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CpL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 5 22 8 2 ns
tpHL Propagation Delay Time
High to Low Level Output S 22 10 3 ns
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DM54LS20/DM74LS20 Dual 4-Input NAND Gates

General Description

This device contains two independent gates each of which
performs the logic NAND function.

Connection Diagram

Dual-In-Line Package
vr D2 c2 NC B2 A2 v2

L] 13 12 n 10 Ie la

1 2 3 4 5 6 7

Al B1 NC c1 D1 Y1 GND

Order Number DM54LS20J, DM74LS20M or DM74LS20N
See NS Package Number J14A, M14A or N14A

TL/F/6355-1

Function Table

Y = ABCD
Inputs Output
A B [+ D Y
X X X L H
X X L X H
X L X X H
L X X X H
H H H H L

H = High Logic Level
L = Low Logic Level
X = Either Low or High Logic Level
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DM54LS20/DM74LS20

Absolute Maximum Ratings (ote)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54LS -55°Gto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Recommended Operating Conditions
Symbol Parameter DMS541.520 DM741.520 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.75 5 5.25 \"
ViH High Level Input Voltage 2 2 \"
ViL Low Level Input Voltage 0.7 0.8 \
lIoH High Level Output Current —-04 —-0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\ Input Clamp Voltage Vece = Min, lj = —18 mA —1.5 \'/
Vor High Level Output Vece = Min, loy = Max, DM54 2.5 3.4 v
Voltage ViL = Max pM74 | 27 3.4
VoL Low Level Output Vee = Min, lgp = Max, DM54 0.25 0.4
Voltage Viy = Min DM74 0.35 0.5 v
loL = 4 mA, Voc = Min DM74 0.25 0.4
I Input Current @ Max Vcc = Max, V| =7V 0.1 mA
Input Voltage
K High Level Input Current Voo = Max, V) = 2.7V 20 pA
L Low Level Input Current Veoe = Max, V| = 0.4V —0.36 mA
los Short Circuit Voo = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 ~100
lccH Supply Current with Vee = Max
Outputs High 0.4 0.8 mA
lcoL Supply Current with Vce = Max 12 2.0 mA
Outputs Low

Switching Characteristics atvcc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 3 10 4 15 ns
tPHL Propagation Delay Time
High to Low Level Output 3 10 4 15 ns

Note 1: All typicals are at Vo = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS21/DM74LS21 Dual 4-Input AND Gates

General Description

This device contains two independent gates each of which
performs the logic AND function.

Connection Diagram

Dual-In-Line Package
vIC 02 c2 NC 82 A2 y2

14 13 12 Ill 10 |9 |8

1 2 |J 4 5 6 |7
Al B1 NC c1 D1 Y1 GND
TL/F/6356-1
Order Number DM54LS21J, DM74LS21M or DM74LS21N
See NS Package Number J14A, M14A or N14A

Function Table
Y = ABCD
Inputs Output
A B c D Y
X X X L L
X X L X L
X L X X L
L X X X L
H H H H H

H = High Logic Level
L = Low Logic Level
X = Either Low or High Logic Level
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DM54LS21/DM74LS21

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated
rellabllity electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Note: The "Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The dsvice should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter DMS4LS21 DM74L.521 Units
Min Nom Max Min Nom Max
Ve Supply Voltage 45 5 5.5 4.75 5 5.25 \Y
ViH High Level Input Voltage 2 2 \"
viL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —0.4 —-0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature rangs (unless otherwise noted)
Symbol Parameter Conditions Min (N?I,: 1 Max Units
\ input Clamp Voltage Vee = Min, |y = —18 mA —-1.5 \
Vo High Level Output Voo = Min, Ioy = Max, DM54 2.5 3.4 v
Voltage ViH = Min DM74 | 27 34
Voo Low Level Output Vee = Min, oL = Max, DM54 0.25 0.4
Voltage ViL = Max DM74 0.35 0.5 v
loL = 4 mA, Vog = Min DM74 0.25 0.4
Iy Input Current @ Max Veo = Max, Vi = 7V 04 mA
Input Voltage
i1 High Level Input Current Ve = Max, V; = 2.7V 20 pA
I Low Level Input Current Voo = Max, V) = 0.4V —0.36 mA
los Short Circuit Vee = Max DM54 —-20 —100 mA
Output Current (Note 2) DM74 —20 —100
lccH gt:];t:;lz :::ir;?‘nt with Vece = Max 12 24 mA
lcoL Supply Current with Ve = Max 22 44 mA
Outputs Low

Switching Characteristics atvec = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Unlts
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 4 13 6 18 ns
tPHL Propagation Delay Time
High to Low Level Output 8 B 5 18 ns

Note 1: All typicals are at Vgg = 5V, T4 = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS26/DM74LS26 Quad 2-Input NAND Gates
with High Voltage Open-Collector Outputs

General Description

This device contains four independent gates each of which
performs the logic NAND function. The open-collector out-
puts require external pull-up resistors for proper logical op-
eration.

These gates feature high-voltage output ratings (up to 15V)
for interfacing with 12V systems. Although the outputs are
rated for 15V, the device supply is still rated for 5V.

Pull-Up Resistor Equations

R _ _Vo (Min) ~ Von
MAX = N7 (lor) + Na (1)
R = Yo Max) — Vo,

MN = "loL = Na (10

Where: Ny (o) = total maximum output high current for all
outputs tied to pull-up resistor
N2 (4) = total maximum input high current for all
inputs tied to pull-up resistor
N3 (i) = total maximum input low current for all
inputs tied to pull-up resistor

Connection Diagram

Dual-In-Line Package

Vee B4 Ad 7} 83 A3 3
|1a 1 ” " 10 9 8

1 2 |3 4 5 6 |7
At 81 Y1 A2 B2 v2 GND

TL/F/6358-1

Order Number DM54LS26J, DM74LS26M or DM74LS26N
See NS Package Number J14A, M14A or N14A

Function Table
Y =

Inputs

Output

Y

IITrr|>»
IrIr|m

rIIXT

H = High Logic Level
L = Low Logic Level
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DM54L.526/DM74LS26

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage N
Input Voltage v
Output Voltage 15V
Operating Free Air Temperature Range
DM54LS —55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions’ table will define
the conditions for actual device operation.

Symbol Parameter DM54L526 DM74LS26 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \"
VIH High Level Input Voltage 2 2 \
VviL Low Level Input Voltage 0.7 0.8 \
VoH High Level Output Voltage 15 15 \
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (N:‘t’: 1) Max Units
V| Input Clamp Voltage Vec = Min, || = —18 mA —-1.5 \
lcex High Level Output Vece = Min Vo = 15V 1000 A
Current VL = Max Vo = 12V 50
Vou Low Level Output Vee = Min, Ig, = Max DM54 0.25 0.4
Voltage Vi = Min DM74 0.35 0.5 v
loL = 4 mA, Ve = Min DM74 0.25 0.4
I Input Current @ Max Vee = Max, V) = 7V 0.4 mA
Input Voltage
IIH High Level Input Current Vee = Max, V| = 2.7V 20 pA
IiL Low Level Input Current Vee = Max, V| = 0.4V —0.36 mA
IccH gt?gz SC:ir;:m with Vecc = Max 0.8 16 mA
lcoL Supply Current with Voo = Max 24 44 mA
Outputs Low

SWltChlng Characteristics atvcg = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter Conditions CL = 15pF Units
Min Max
tPLH Propagation Delay Time 32 ns
Low to High Level Output
tpHL Propagation Delay Time 28 ns
High to Low Level Output

Note 1: All typicals are at Vog = 5V, Tp = 25°C.
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DM54LS27/DM74LS27 Triple 3-Input NOR Gates

General Description

This device contains three independent gates each of which
performs the logic NOR function.

Connection Diagram

Dual-In-Line Package
Vee 1 V1 3 83 A3 v3

" Iw 12 1 10 |s Is

1 2 3 4 § 6 7

At 81 A2 B2 c2 Y2 GND

Order Number DM54LS27J, DM74LS27M or DM74LS27N
See NS Package Number J14A, M14A or N14A

TL/F/6359-1

Function Table

Y=A+B
Inputs Output

A B Y
L L H
L H L
H L L
H H L
High Logic Level

H=
L = Low Logic Level
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DM54LS27/DM74LS27

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define

Operating Free Air Temperature Range
DM54LS
DM74LS

Storage Temperature Range

—55°Cto +125°C
0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

the conditions for actual device operation.

Symbol Parameter DMs4LS27 DM74LS27 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4,75 5 5.25 v
VIH High Level Input Voltage 2 2 \'
ViL Low Level Input Voltage 0.7 0.8 v
loH High Level Output Current —04 —-0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range {unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\] Input Clamp Voltage Vce = Min, || = —18 mA -1.5 \
VoH High Level Output Vee = Min, Ioy = Max, DM54 2.5 3.4 v
Voltage ViL = Max DM74_| 27 3.4
VoL Low Level Output Vce = Min, Igy. = Max, DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 0.5 \
loL = 4 mA, Vog = Min DM74 0.25 0.4
Iy Input Current @ Max Voc = Max, V) = 7V 0.1 mA
Input Voltage
liH High Level Input Current Vce = Max, V| = 2.7V 20 pA
I Low Level Input Current Vge = Max, V, = 0.4V —0.36 mA
los Short Circuit Vee = Max DM54 —-20 —100 mA
Output Current (Note 2) DM74 —20 —100
lccH Supply Current with Vgoe = Max
Outputs High 2 4 mA
lcoL Supply Current with Ve = Max 34 6.8 mA
Outputs Low

Switching Characteristics atvec = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output 8 8 5 18 ns
tPHL Propagation Delay Time
High to Low Level Output 3 10 4 15 ns

Note 1: All typicals are at Vgg = 5V, Ty = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS30/DM74LS30 8-Input NAND Gate

General Description

This device contains a single gate which performs the logic
NAND function.

Connection Diagram

Dual-In-Line Package
Vee NC H G NC NC

Y
Im ||3 12 n Ill] |9 Is

L

1 2 3 4 5 6 I7

A B c 0 E F GND

Order Number DM54LS30J, DM74LS30M or DM74LS30N
See NS Package Number J14A, M14A or N14A

Function Table
Y = ABCDEFGH
Inputs Output
AthruH Y
All Inputs H L
One or More H
Input L

H = High Logic Level
L = Low Logic Level

TL/F/6360-1
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DM54LS30/DM74LS30

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage 7v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions”’ table will define
the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter DMS4L.S30 DM74L530 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 6.5 4.75 5 5.25 \

VIH High Level Input Voltage 2 2 v

ViL Low Level Input Voltage 0.7 0.8 \"

loH High Level Output Current —-0.4 -04 mA

oL Low Level Output Current 4 8 mA

Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

" . Typ "
Symbol Parameter Conditions Min (Note 1) Max Units
Vi Input Clamp Voltage Voc = Min, || = —18 mA -1.5 \"
VoH High Level Output Vce = Min, loy = Max DM54 25 3.4 v
Voltage ViL = Max DM74 | 27 3.4
VoL Low Level! Output Vce = Min, loL. = Max DM54 0.25 0.4
Voltage Vin = Min DM74 0.35 0.5 v
loL = 4 mA, Ve = Min DM74 0.25 0.4
I Input Current @ Max Vee = Max, V; = 7V 0.1 mA
Input Voltage
] High Level Input Current Vce = Max, V) = 2.7V 20 nA
e Low Level Input Current Vec = Max, V| = 0.4V —-0.4 mA
los Short Circuit Vee = Max DM54 —20 -100 A
Output Current (Note 2) m
DM74 —20 —100
lccH Supply Current with Veoc = Max 035 05 mA
Outputs High
lcoL Supply Current with Voo = Max 06 14 mA
Outputs Low

Switching Characteristics at Ve = 5Vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter C_L=15pF CL = 50pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 4 12 5 18 ns
tPHL Propagation Delay Time
High to Low Level Output 4 15 5 20 ns

Note 1: All typicals are at Voo = 5V, Ta = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS32/DM74LS32 Quad 2-Input OR Gates

General Description

This device contains four independent gates each of which
performs the logic OR function.

Connection Diagram

Dual-In-Line Package
Vcc B4 A4 Y4 B3 A3 Y3
[14 |13 2 Ji fo s s

1 2 |a 4 5 |6 | 7
A1 B1 Y1 A2 B2 Y2 GND
TL/F/6361-1
Order Number DM54LS32J, DM74LS32M or DM74LS32N
See NS Package Number J14A, M14A or N14A

Function Table

Y=A+B
Inputs Output

A B Y
L L L
L H H
H L H
H H H
High Logic Level

H=
L = Low Logic Level
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DM54LS32/DM74LS32

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliabllity electrical test specifications document.

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

Supply Voltage 7v parametric values defined in the “Electrical Chfaracteristics”
Inout Voltage 7v table are not guaranteed at the absolute maximum ratings.
P A g . The “Recommended Operating Conditions" table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DM54LS —55°Cto +125°C
DM74LS 0°Cto +70°C
Storage Temperature Range —65°C to +150°C
Recommended Operating Conditions
Symbol Parameter DMS4LS32 DM74LS32 Units
Min Nom Max Min Nom Max
Vec Supply Voltage 4.5 5 5.5 4.75 5 5.25
ViH High Level Input Voltage 2 2
ViL Low Level Input Voltage 0.7 0.8 \"
loH High Level Output Current —-04 —-0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical CharacteristiCs over recommended operating free air temperature range (unless otherwise noted)
Typ
Symbol Parameter Conditions Min (Note 1) Max Units
\ Input Clamp Voltage Vec = Min, || = —18mA —-1.5 \'/
VoH High Level Output Vcc = Min, loy = Max DM54 2.5 3.4 v
Voltage ViH = Min DM74 27 3.4
VoL Low Level Output Vece = Min, Ig = Max DM54 0.25 0.4
Voltage ViL = Max DM74 0.35 0.5 v
loL = 4 mA, Vog = Min DM74 0.25 0.4
1 Input Current @ Max Vce = Max, V| = 7V 041 mA
Input Voltage
4 High Level Input Current Veo = Max, V| = 2.7V 20 pA
i Low Level Input Current Vee = Max, V| = 0.4V —0.36 mA
los Short Circuit Vee = Max DM54 —-20 —-100 mA
Output Current (Note 2) DM74 —20 —100
lccH Supply Current with Vee = Max
Outputs High 3.1 6.2 mA
lecL Supply Current with Vce = Max 49 08 mA
Outputs Low

Switching Characteristics at v = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 8 B 4 15 ns
tPHL Propagation Delay Time
High to Low Level Output 8 B 4 15 ns

Note 1: All typicals are at Voo = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS37/DM74LS37 Quad 2-Input NAND Buffers

General Description

This device contains four independent buffer gates each of
which performs the logic NAND function.

Connection Diagram

Dual-In-Line Package
Vee B4 A4 va4 83 A3 Y3

14 13 12 1 10 9 8

1 lz |3 4 5 6 7
B

At 1 Y1 A2 B2 Y2

Order Number DM54LS37J, DM74LS37M or DM74LS37N
See NS Package Number J14A, M14A or N14A

TL/F/6362-1

Function Table

Inputs Output
Y

IrIr|w
rIITIT

A
L
L
H
H

High Logic Level

H=
L = Low Logic Levsl
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DM54LS37/DM74LS37

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage w
Operating Free Air Temperature Range
DM54LS —55°CGto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS4LS37 DM74L.S37 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 45 5 5.5 4.75 5 5.25 "
ViH High Level Input Voltage 2 2 \"
ViL Low Level Input Voltage 0.7 0.8 Vv
lon High Level Qutput Current -1.2 -1.2 mA
loL Low Level Output Current 12 24 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

. " Typ
Symbol Parameter Conditions Min (Note 1) Max Units
\7 Input Clamp Voltage Ve = Min, || = —18 mA -15 \
VoH High Level Output Vee = Min, lpy = Max DM54 2.5 3.4 v
Voltage ViL = Max pMra | 27 24
VoL Low Level Output Vee = Min, lg. = Max DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 05 v
loL = 12 mA, Vgg = Min DM74 0.25 0.4
I Input Current @ Max Vce = Max, V| = 7V
Input Voltage 0 mA
H High Level Input Current Vec = Max, V| = 2.7V 20 pA
IiL Low Level Input Vce = Max, V| = 0.4V —~0.36 mA
Current
los Short Circuit Ve = Max DM54 -20 —-100 mA
Output Current (Note 2) DM74 —20 —100
lccH Supply Current with Voo = Max
Outputs High 0.9 2 mA
lecL Supply Current with Voo = Max 6 12 mA
Outputs Low

SWitChing Characteristics atvec = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 667Q
Symbol Parameter CL = 45pF CpL = 150 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 3 15 4 18 ns
tPHL Propagation Delay Time
High to Low Level Output 3 15 4 2 ns

Note 1: All typicals are at Voo = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54L.S38/DM74LS38 Quad 2-Input NAND Buffers
with Open-Collector Outputs

8€STv2ZING/8ESTYSING

General Description Pull-Up Resistor Equations
This device contains four independent gates, each of which _ Vec (Min) — Vou
performs the logic NAND function. The open-collector out-  FMAX = N7 (lor) + Na ()
puts require external pull-up resistors for proper logical op-
eration. R Vee (Max) — VoL
MIN = ————————
loL — N3 ()
Where: N1 (IoH) = total maximum output high current for all
outputs tied to pull-up resistor
N2 () = total maximum input high current for all
inputs tied to pull-up resistor
N3 () = total maximum input low current for all
inputs tied to pull-up resistor

Connection Diagram

Dual-In-Line Package
Vee 84 A4 v4 83 A3 Y3

1 |2 IJ 4 5 6 I7
a1l 81 i A2 82 V2 GND

Order Number DM54L.S38J, DM74L.S38M or DM74LS38N
See NS Package Number J14A, M14A or N14A

TL/F/6363-1

Function Table

Y =AB
Inputs Output
A B Y
L L H
L H H
H L H
H H L
High Logic Level

H=
L = Low Logic Level
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DM54LS38/DM74LS38

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Output Voltage v

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Operating Free Air Temperature Range

DM54LS
DM74LS

Storage Temperature Range

—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS54L.538 DM74LS38 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.75 5 5.25 \
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
VoH High Level Output Voltage 55 5.5 \
loL Low Level Output Current 12 24 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Paraineter Conditions Min Typ Max Units
(Note 1)
\ Input Clamp Voltage Vec = Min, I = —18 mA -15 \
Icex High Level Output Vge = Min, Vg = 5.5V
Current VL = Max 250 KA
VoL Low Level Output Vce = Min, lg = Max DM54 0.25 0.4
Voltage ViH = Min DM74 0.35 0.5 v
loL = 12 mA, Vg = Min DM74 0.25 0.4
h Input Current @ Max Voo = Max, V) =7V 0.1 mA
Input Voltage
I High Level Input Current Voe = Max, V| = 2.7V 20 pA
L Low Level Input Current Vce = Max, V| = 0.4V —0.36 mA
lccH Supply Current with Vo = Max
Outputs High 09 2 mA
lccL Supply Current with Ve = Max 6 12 mA
Outputs Low

SWitChing Characteristics at Ve = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 6670
Symbol Parameter CL = 45pF CL = 150 pF Units
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output 22 48 ns
tPHL Propagation Delay Time
High to Low Level Output 22 2 ns

Note 1: All typicals are at Vg = 5V, Ty = 25°C.
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DM54LS42/DM74LS42 BCD/Decimal Decoders

General Description

These BCD-to-decimal decoders consist of eight inverters
and ten, four-input NAND gates. The inverters are connect-
ed in pairs to make BCD input data available for decoding
by the NAND gates. Full decoding of input logic ensures
that all outputs remain off for all invalid (10-15) input condi-
tions.

Features

m Diode clamped inputs

B Also for applications as 4-line-to-16-line decoders; 3-
line-to-8-line decoders

| All outputs are high for invalid input conditions

Connection Diagram

Function Table

Duakin-Line Package BCD Inputs Decimal Outputs
INPUTS ouTPUTS No.
~ CBA|0O 1 2 3 456 7 8 9
vee A B Cc [} 9 8 7
[15 5 |1e Jia ez o [0 o O L L L LILHHHHHHHHH
1L L LHHLHHHMHHMHKUMHMH
2|LLHLHHLHHHMHUHMHMH
3|ILLHHHHHLHHMHMHHMH
4|LHLLIHHHHLHHMHUHMH
5s|LHLHHHHHMHLMHMHMHMH
6 |LHHLIHHHHMHHLMHHH
7|LHHHHHHHHMHMHLMHH
T | T T 8|/HLLL|HHHHHUHUHUHTLH
9/HLLHHHHHUHMHMHMHHL
RO ERE ERE
o vz s e s oo W{H L HLIHHHHHHHHHH
OUTPUTS v HLHHHHHMHHHUHHHH
TL/F/6365-1 HHLLHHHHHMHHUHUHMH
Order Number DM54LS42AJ, ’C HHLHHHHHHHMHMHMHH
DM74LS42M or DM74LS42AN

HHHLIHHHHHMHHMHMHH
See NS Package Number J16A, M16A or N16A I:l) HHHHIHHHHHHHHIHH

H = High Level

. . L = Low Level

Logic Diagram
(15 i _Ejo(-‘louwuro
INPUT A ) [
(2)
A +— OUTPUT 1

.| (3)
= F_)o— OUTPUT 2

{ ()
0_7=1_)o— ouTPuUT 3

14 8
INPUT n—(—)-Dc '

(5)
_l__)o- OUTPUT 4

2

ol

(13)

(6)
_l_)o- OUTPUT 5

INPUT C

(7)
| OUTPUT &

(12)

1 (9)
| )o-—ourwu'r 7

INPUT D

(10)
3= )o—outrute

.

(11)
d_)o—ouwu‘r 9

TL/F/6365-2
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DM54LS42/DM74LS42

Absolute Maximum Ratings (Note)

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

Note: The "Absolute Maximum Ratings” are those values
beyond which the safely of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

DM5B4LS
DM74LS

Storage Temperature Range

—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS4LS42 DM74LS42 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 55 4.75 5 5.25

ViH High Level Input Voltage 2 2 Y

ViL Low Level Input Voltage 0.7 0.8

10H High Level Output Current —-0.4 -04 mA

loL Low Level Output Current 4 8 mA

Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NI‘{: 1) Max Units
\ Input Clamp Voltage Ve = Min, |} = —18 mA -15 \
VoH High Level Output Vce = Min, Ipy = Max DM54 25 34

Voltage ViL = Max, Vi = Min oM74 27 aa v
VoL Low Level Output Ve = Min, lg. = Max DM54 0.25 0.4

Voltage ViL = Max, Vi = Min DM74 0.35 05 v

loL = 4 mA, Vg = Min DM74 0.25 0.4

Iy Input Current @ Max Vee = Max, V) = 7V 01 mA

Input Voltage
IIH High Level Input Current Vce = Max, V| = 2.7V 20 pA
M Low Level Input Current Vee = Max, V| = 0.4V —0.4 mA
los Short Circuit Vce = Max DM54 —-20 —100

Output Current (Note 2) DM74 20 —100 mA
lcc Supply Current Vec = Max (Note 3) 7 13 mA

Note 1: All typicals are at Voo = 5V, Ty = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open and all inputs grounded.

244




Switching Characteristics atVvce = 5vand T, = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
From (Input) _ _
Symbol Parameter To (Output) CL = 15pF CL = 50 pF Units
Min Max Min Max

tPHL Propagation Delay Time A,B,C,orD (2 Levels 25 30 ns
High to Low Level Output of Logic) to Output

tPHL Propagation Delay Time A,B,C,orD (3 Levels 30 35 ns
High to Low Level Output of Logic) to Output

tPLH Propagation Delay Time A,B,C, orD (2 Levels 25 30 ns
Low to High Level Output of Logic) to Output

tpLH Propagation Delay Time A, B,C,orD (3 Levels 30 a5 ns
Low to High Level Output of Logic) to Output
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DM54LS51/DM74LS51

National
Semiconductor
Corporation

DM54LS51/DM74LS51 Dual 2-Wide 2-Input,
2-Wide 3-Input AND-OR-INVERT Gates

General Description

This device contains two independent combinations of
gates each of which performs the logic AND-OR-INVERT
function. Each package contains one 2-wide 2-input and
one 2-wide 3-input AND-OR-INVERT gates.

Connection Diagram

Dual-In-Line Package
Vee (4] B1 F1 E1 o1 Y

13 13 12 1 10 9 8

1 2 3 4 5 [} |7

Al A2 B2 c2 02 Y2 GND

Order Number DM54LS51J, DM74LS51M or DM74LS51N
See NS Package Number J14A, M14A or N14A

Function Table

Y1 = (A7) (B1) (C1) + (D7) (E1) (F1)

Inputs Output
Al B1 c1 D1 E1 F1 Y1
H H H X X X L
X X X H H H L
Other Combinations H
Y2 = ((A2) (B2) + (C2) (D2))

Inputs Output

A2 B2 c2 D2 Y2

H H X X L

X X H H L

Other combinations H

H = High Logic Level
L = Low Logic Level
X = Either Low or High Logic Level

TL/F/6369-1
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Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contalned in this datasheet. Refer to the assoclated
rellability electrical test specifications document.

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

Supply Voltage v parametric values defined in the “Electrical Characteristics”
Input Voltage v table are not guaranteed at the absolute maximum ratings.
P . 9 . The “Recommended Operating Conditions’’ table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions
Symbol Parameter DMS541.551 DM74LS51 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 v
VIH High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 \"
loH High Level Output Current —-04 —0.4 mA
loL Low Leve! Output Current 4 8 mA
Ta Free Air Operating Temperature ~55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vee = Min, || = —18 mA -1.5 \
VoH High Level Output Vee = Min, oy = Max, DM54 2.5 3.4 v
Voltage ViL = Max DM74 2.7 3.4
VoL Low Level Qutput Vee = Min, IoL = Max, DM54 0.25 0.4
Voltage Vin = Min DM74 0.35 0.5 v
loL = 4 mA, Voc = Min DM74 0.25 0.4
I Input Current @ Max Vee = Max, V| = 7V
Input Voltage 01 mA
IH High Level Input Current Vece = Max, V| = 2.7V 20 pA
M Low Level Input Current Vee = Max, Vi = 0.4V —0.36 mA
los Short Circuit Vce = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 —100
lecH Supply Current with Vee = Max
Outputs High 08 16 mA
lccoL Supply Current with Vee = Max
Outputs Low 14 28 mA

Switching Characteristics atvcc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF Cp = 50pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 8 13 4 18 ns
tPHL Propagation Delay Time
High to Low Level Output 2 12 8 15 ns

Note 1: All typicals are at Voo = 5V, Ty = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54LS73A/DM74LS73A

National
Semiconductor
Corporation

DM54LS73A/DM74LS73A Dual Negative-Edge-Triggered
Master-Slave J-K Flip-Flops with Clear

and Complementary Outputs

General Description

This device contains two independent negative-edge-trig-
gered J-K flip-flops with complementary outputs. The J and
K data is processed by the flip-flops on the falling edge of
the clock pulse. The clock triggering occurs at a voltage
level and is not directly related to the transition time of the
negative going edge of the clock pulse. The data on the J

and K inputs is allowed to change while the clock is high or
low without affecting the outputs as long as setup and hold
times are not violated. A low logic level on the clear input
will reset the outputs regardless of the levels of the other
inputs.

Connection Diagram

Dual-In-Line Package

J1 a1 Qa1 GND K2 Q2 Q2.
14 13 12 |11 |1o 9 8

[ :

Q Q Q Q

CLR CLR

g CK g CLK 4
1 2 la 4 5 6 7
CLk1 CLR1 K1 Vec CLK2 CLR2 J2

TL/F/6372-1

Order Number DM54LS73AJ, DM74LS73AM or DM74LS73AN
See NS Package Number J14A, M14A or N14A

Function Table
Inputs
CLR CLK J
L X X
H J L
H J H
H 1 L
H J H
H H X

Outputs

K Q Q

X L H

L Qo Qo
L H L

H L H

H Toggle

X Qo Qo

H = High Logic Level
L = Low Logic Level
X = Either Low or High Logic Level
1 = Negative going edge of pulse.

Qp = The output logic level before the indicated input conditions were es-

tablished.

Toggle = Each output changes to the complement of its previous level on

each falling edge of the clock pulse.
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Absolute Maximum Ratings (Note)
Speclifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage A"
Input Voltage N
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings’’ are those values
beyond which the safely of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics’
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions" table will define
the conditions for actual device operation.

Symbol Parameter DMS4LS73A DM74LS73A Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 v
loH High Level Output Current -0.4 —0.4 mA
loL Low Level Output Current 4 8 mA
foLk Clock Frequency (Note 2) 30 0 30 MHz
foLk Clock Frequency (Note 3) 0 25 0 25 MHz
tw Pulse Width Clock High 20 20

(Note 2) Preset Low 25 25 ns

Clear Low 25 25

tw Pulse Width Clock High 25 25

(Note 3) Preset Low 30 30 ns

Clear Low 30 30

tsu Setup Time (Notes 1 and 2) 20 20 ns
tsu Setup Time (Notes 1 and 3) 25 25 ns
tH Hold Time (Notes 1 and 2) ol ol ns
tH Hold Time (Notes 1 and 3) 5] 5] ns
Ta Free Air Operating Temperature —55 125 0 70 °C

Note 1: The symbol () indicates the falling edge of the clock pulss is used for reference.

Note 2: C| = 15 pF, R, = 2k, Tp = 25°C and Vg = 5V.
Note 3: C = 50 pF, R, = 2kQ), Ta = 25°C and Vg = 5V.
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DM54LS73A/DM74LS73A

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NR: 1) Max Units
\/ Input Clamp Voltage Vec = Min, || = —18mA -1.5 \
VoH High Level Output Vee = Min, lIoy = Max DM54 25 34 v
Voltage ViL = Max, Vig = Min DM74 2.7 3.4
VoL Low Level Output Vee = Min, lgp. = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 0.5 kY,
loL = 4 mA, Ve = Min DM74 0.25 0.4
I Input Current @ Max Vce = Max J, K 0.1
Input Voltage Vi=7v Clear 0.3 mA
‘ Clock 0.4
ltH High Level Input Vee = Max J, K 20
Current Vi=27v Clear 60 A
Clock 80
e Low Level Input Vce = Max J, K -0.4
Current V) = 0.4V Clear —08 mA
Clock -0.8
los Short Circuit Ve = Max DM54 —-20 —100 mA
Output Current (Note 2) DM74 —20 —100
lcc Supply Current Vce = Max (Note 3) 4 6 mA

Switching Characteristics atves = 5vand T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
From (Input)
Symbol Parameter To (Output) CL = 15pF Cp = 50 pF Units
Min Max Min Max
fMAX Maximum Clock 30 25 MHz
Frequency
tPHL Propagation Delay Time Clear
High to Low Level Output toQ 20 2 ns
tpLH Propagation Delay Time Clear
Low to High Level Output toQ 20 24 ns
tPLH Propagation Delay Time Clock to 20 24 ns
Low to High Level Output QorQ
tPHL Propagation Delay Time Clock to 20 28 ns
High to Low Level Output QorQ

Note 1: All typicals are at Voo = 5V, Ta = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second. For devices, with feedback from the outputs, where
shorting the outputs to ground may cause the outputs to change logic state, an equivalent test may be performed where Vg = 2.25V and 2.125V for DM54 and
DM74 series, respectively, with the and maximum limits reduced by one half from their stated values. This is very useful when using automatic test
equipment.

Note 3: With all outputs open, Icc is measured with the Q and Q outputs high in turn. At the time of measurement, the clock is grounded.
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DM54LS74A/DM74LS74A Dual Positive-
Edge-Triggered D Flip-Flops with Preset,
Clear and Complementary Outputs

General Description

This device contains two independent positive-edge-trig-
gered D flip-flops with complementary outputs. The informa-
tion on the D input is accepted by the flip-flops on the posi-
tive going edge of the clock pulse. The triggering occurs at a
voltage level and is not directly related to the transition time
of the rising edge of the clock. The data on the D input may

be changed while the clock is low or high without affecting
the outputs as long as the data setup and hold times are not
violated. A low logic level on the preset or clear inputs will
set or reset the outputs regardless of the logic levels of the
other inputs.

Connection Diagram

Dual-In-Line Package

Vee  CLR2 D2 CLK2 PR2 a2 a2
14 13 12 1 10 9 8
D>
D
? T
1 2 3 q 5 6 , 7
CLR1 D1 CLK1  PR1 o a1 GND

TL/F/6373-1

Order Number DM54LS74AJ, DM74LS74AM or DM74LS74AN
See NS Package Number J14A, M14A or N14A

Function Table

Inputs Outputs
PR CLR CLK D Q Q
L H X X H L
H L X X L H
L L X X H* H*
H H T H H L
H H T L L H
H H L X Qo Qo

H = High Logic Level
X = Either Low or High Logic Level
= Low Logic Level
T = Positive-going Transition
* = This configuration is nonstable; that

is, it will not persist when either the preset

and/or clear inputs return to their inactive (high) level.
Qo = The output logic level of Q before the indicated input conditions were established.
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DM54LS74A/DM74LS74A

Absolute Maximum Ratings (ote)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54LS —55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —-65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS54LS74A DM74LS74A Units
Min Nom Max Min Nom Max
Veo Supply Voltage 4.5 5 55 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \"
loH High Level Output Current —-0.4 —0.4 mA
loL Low Level Output Current 4 8 mA
folk Clock Frequency (Note 2) 25 25 MHz
folk Clock Frequency (Note 3) 20 20 MHz
tw Pulse Width Clock High 18 18
(Note 2) Preset Low 15 15 ns
Clear Low 15 15
tw Pulse Width Clock High 25 25
(Note 3) Preset Low 20 20 ns
Clear Low 20 20
tsu Setup Time (Notes 1 and 2) 201 21T ns
tsu Setup Time (Notes 1 and 3) 257 257 ns
th Hold Time (Note 1 and 4) o1 ot ns
Ta Free Air Operating Temperature —-55 125 0 70 °C

Note 1: The symbol ( T) indicates the rising edge of the clock pulse is used for reference.

Note 2: G| = 15 pF, R, = 2kQ, Tao = 25°C, and Vcg = V.
Note 3: C = 50 pF, R, = 2kQ, Tp = 25°C, and Vg = §V.
Note 4: T = 25°C and Vgg = 5V.
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Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vec = Min, I = —18 mA -1.5 \
VoH High Level Output Vee = Min, loy = Max DM54 25 3.4
Voltage ViL = Max, Vjy = Min v
9 L ' VIH DM74 2.7 3.4
VoL Low Level QOutput Vee = Min, lg. = Max DM54 0.25 0.4
Voltage VijL = Max, Vi = Min DM74 0.35 05 v
loL = 4mA, Ve = Min DM74 0.25 0.4
I Input Current @Max Ve = Max Data 0.1
Input Voltage V=17 Clock 0.1
mA
Preset 0.2
Clear 0.2
i1 High Level Input Vee = Max Data 20
Current V) =27V Clock 20
rA
Clear 40
Preset 40
IR Low Level Input Voo = Max Data —0.4
Current V| = 0.4V Clock —04
mA
Preset -0.8
Clear -0.8
los Short Circuit Vcc = Max DM54 -20 —100
Output Current (Note 2) mA
P DM74 -20 —100
Icc Supply Current Vcc = Max (Note 3) 4 8 mA

Note 1: All typicals are at Vgc = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second. For devices, with feedback from the outputs, where
shorting the outputs to ground may cause the outputs to change logic state an equivalent test may be performed where Vo = 2.25V and 2.125V for DM54 and
DM74 series, respectively, with the minimum and maximum limits reduced by one half from their stated values. This is very useful when using automatic test

equipment.

Note 3: With all outputs open, Igg is measured with CLOCK grounded after setting the Q and Q outputs high in turn.

Switching Characteristics at Vce = 5Vand Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
From (Input)
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units
Min Max Min Max
fMAX Maximum Clock Frequency 25 20 MHz
tPLH Propagation Delay Time Clock to 25 a5 ns
Low to High Level Output QorQ
tPHL Propagation Delay Time Clock to 30 a5 ns
High to Low Level Output QorQ
tPLH Propagat'lon Delay Time Preset 25 a5 ns
Low to High Level Output toQ
tPHL Propagation Delay Time Preset
High to Low Levei Output toQ 8 3 ns
tpLH Propagation Delay Time Clear
Low to High Level Output toQ 2 3 ns
tPHL Propagation Delay Time Clear
High to Low Level Output toQ 80 3 ns

2-53

ViLSTPLNG/VHLSTPSING




DM54LS75/DM74LS75

National
Semiconductor
Corporation

DM54LS75/DM74LS75 Quad

General Description

These latches are ideally suited for use as temporary stor-
age for binary information between processing units and in-
put/output or indicator units. Information present at a data
(D) input is transferred to the Q output when the enable is
high, and the Q output will follow the data input as long as
the enable remains high. When the enable goes low,

Latches

the information (that was present at the data input at the
time the transition occured) is retained at the Q output until
the enable is permitted to go high.

These latches feature complementary Q and Q outputs
from a 4-bit latch, and are available in 16-pin packages.

Connection Diagram

Dual-In-Line Package

ENABLE -

Q1 Q2 1-2 a3 Q3 Q4

16 15 14 13 |12 11 10 9
[ D Q QD I—-n Q
ia Gl—l ¢ @ [ LG a

1 2 3 4 5 6 7 8

Qt D1 D3 D4 - Q4

D2 ENABLE Vge
3-4

,

TL/F/6374-1
Order Number DM54LS75J,
DM74LS75M or DM74LS75N
See NS Package Number J16A, M16A or N16A

Logic Diagram (gach Latch)

DATA

TO
OTHER
LATCH

Function Table (each Latch)

Inputs Outputs
D Enable Q Q
L H L H
H H H L
X L Qo Qo
H = High Level, L = Low Level, X = Don’t Care

Qp = The Level of Q Before the High-to-Low Transition of ENABLE

Ol

ENABLE

TL/F/6374-2
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Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contalned In this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

”

Supply Voltage v parametric values defined in the “Electrical Characteristics
Input Voltage v table are not guaranteed at the absolute maximum ratings.
. . The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DM54LS ~55°Cto +125°C

§/S1vZNA/S.STYSWA

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

Symbol Parameter DM54L.575 DM74LS75 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \Y
V4 High Level Input Voltage 2 2 \'
ViL Low Level Input Voltage 0.7 0.8 \Y
loH High Level Qutput Current —-0.4 —0.4 mA
loL Low Level Output Current 4 8 mA
tw Enable Pulse Width (Note 4) 20 20 ns
tsu Setup Time (Note 4) 20 20 ns
tH Hold Time (Note 4) 0 0 ns
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NI’{Z 1) Max Units

Vi Input Clamp Voltage Vec = Min, |j = =18 mA —1.5 \

Vo High Level Output Vce = Min, loy = Max DM54 2.5 3.5 v
Voltage ViL = Max, Vig = Min DM74 27 35

VoL Low Level Output Ve = Min, Ig, = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 0.5 v

loL. = 4 mA, Vg = Min DM74 0.25 0.4

) Input Current @ Max Vee = Max, v, = 7V D 0.1 mA
Input Voltage Enable 0.4

IH High Level Input Vge = Max, V| = 2.7V D 20 A
Current Enable 80

L Low Level Input Vee = Max, Vj = 0.4V D —-0.4 mA
Current Enable —-1.6

los Short Circuit Vgc = Max DM54 —-20 —100 mA
Output Current (Note 2) DM74 —20 —100

lcc Supply Current Vcc = Max (Note 3) 6.3 12 mA

Note 1: All typicals are at Vgc = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: icc is measured with all outputs open and all inputs grounded.

Note 4: Tp = 25°C and Vgg = 5V.
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DM54LS75/DM74LS75

Switching Characteristics atVvcc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
From (Input)
Symbol Parameter To (Output) C_L = 15pF CL = 50pF Units
Min Max Min Max

tPLH Propagation Delay Time Dto

Low to High Level Output Q 2 30 ns
tPHL Propagation Delay Time Dto

High to Low Level Output Q i 25 ns
tPLH Propagation Delay Time Dto

Low to High Level Output Q 20 25 ns
tPHL Propagation Delay Time Dto

High to Low Level Output Q 15 20 ns
tPLH Propagation Delay Time Enable to

Low to High Level Output Q 27 30 ns
tPHL Propagation Delay Time Enable to

High to Low Level Output Q 25 30 ns
tPLH Propagation Delay Time Enable to

Low to High Level Output Q 30 30 ns
tPHL Propagation Delay Time Enable to 15 20 ns

High to Low Level Output Q
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DM54LS83A/DM74LS83A 4-Bit
Binary Adders with Fast Carry

veESSTIPLNA/VESSTHSING

General Description Features

These full adders perform the addition of two 4-bit binary W Full-carry look-ahead across the four bits
numbers. The sum (2) outputs are provided for eachbitand  m Systems achieve partial look-ahead performance with

the resultant carry (C4) is obtained from the fourth bit. the economy of ripple carry

These adders feature full internal look ahead across all four  m Typical add times

bits. This provides the system designer with partial look- Two 8-bit words 25 ns

ahead performance at the economy and reduced package Two 16-bit words 45 ns

count of a ripple-carry implementation. m Typical power dissipation per 4-bit adder 95 mwW

The adder logic, including the carry, is implemented in its
true form meaning that the end-around carry can be accom-
plished without the need for logic or leve! inversion.

Connection Diagram

Dual-In-Line Package
B4 L4 C4 CO GND B1 A1 1

16 15 14 13 12 " 10 9

£4 C4 CO B1 A1l
— B4 1 p
— A4 A2 I~
L3 A3 B3 £2 B2

1 2 3 4 5 6 7 8

A4 I3 A3 B3 Vgc L2 B2 A2
TL/F/6378-1
Order Number DM54LS83AJ, DM74LS83AWM or DM74LS83AN
See NS Package Number J16A, M16B or N16A
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DM54LS83A/DM74LS83A

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54LS —55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings"” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions’’ table will define
the conditions for actual device operation.

Symbol Parameter DMS4LS83A DM74LS83A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.75 5 5.25 Vv
Vi High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —-0.4 —0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Veo = Min, || = —18 mA —-1.5 Vv
VoH High Level Output Vee = Min, oy = Max DM54 25 3.4
. v
Voltage ViL = Max, Vi = Min DM74 27 3.4
VoL Low Level Output Vce = Min, lgL = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 05 v,
loL = 4 mA, Voc = Min DM74 0.25 0.4
N Input Current @ Max Vee = Max AorB 0.2
mA
Input Voltage V=7V co 0.1
liH High Level Input Vee = Max AorB 40 A
Current V) =27V co 20 b
IR Low Level Input Vece = Max AorB —-08
mA
Current Vi = 0.4V co —04
los Short Circuit Vee = Max DM54 —-20 -100
Output Current (Note 2) DM74 20 —100 mA
lcet Supply Current Vece = Max (Note 3) 19 34 mA
lcc2 Supply Current Vec = Max (Note 4) 22 39 mA

Note 1: All typicals are at Vgg = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Iccq is measured with all outputs open, all B inputs low and all other inputs at 4.5V, or all inputs at 4.5V.

Note 4: Igco is measured with all outputs open and all inputs grounded.
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SW|tch|ng Characteristics at Vs = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load) o
R = 2kQ P
From (Input) _ _ =3
Symbol Parameter To (Output) CL = 15pF C_ = 50 pF Units g
Min Max Min Max a
tPLH Propagation Delay Time COto =
Low to High Level Output S1orz2 24 28 ns PN
tPHL Propagation Delay Time Co to 24 30 ns 5
High to Low Level Output 31or32 3
tpLH Propagation Delay Time Co0 to 24 28 ns >
Low to High Level Output =3
tPHL Propagation Delay Time COto
High to Low Level Output =3 24 30 ns
tPLH Propagation Delay Time COto
Low to High Level Output 34 24 28 ns
tPHL Propagation Delay Time CO to
High to Low Level Output 4 24 30 ns
tPLH Propagation Delay Time A B
Low to High Level Output to 3 24 28 ns
tPHL Propagation Delay Time A;, B
High to Low Level Output to 3 24 30 ns
tpLH Propagation Delay Time COto
Low to High Level Output c4 7 24 ns
tPHL Propagation Delay Time COto 17 25 ns
High to Low Level Output C4
tpLH Propagation Delay Time A, Bj 17 24 ns
Low to High Level Output to C4
tPHL Propagation Delay Time Aj, Bj
High to Low Level Output to C4 7 26 ns
Truth Table
Outputs
Inputs WhenCO = L WhenCO = H
WhenC2 =1L WhenC2 = H
A1l B1 A2 B2 21 z2 c2 21 32 c2
A3 B3 A4 B4 z3 34 Cc4 33 34 Cc4
L L L L L L L H L L
H L L L H L L L H L
L H L L H L L L H L
H H L L L H L H H L
L L H L L H L H H L
H L H L H H L L L H
L H H L H H L L L H
H H H L L L H H L H
L L L H L H L H H L
H L L H H H L L L H
L H L H H H L L L H
H H L H L L H H L H
L L H H L L H H L H
H L H H H L H L H H
L H H H H L H L H H
H H H H L H H H H H
H = High Level, L = Low Level TL/F/6378-3
Note: Input conditions at A1, B1, A2, B2, and CO are used to determine outputs 31 and £2 and the value of the internal carry C2. The values at C2, A3, B3, A4, and
B4 are then used to determine outputs =3, 24, and C4.
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DM54LS83A/DM74LS83A

Logic Diagram
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DM54LS85/DM74LS85 4-Bit M

General Description

These 4-bit magnitude comparators perform comparison of
straight binary or BCD codes. Three fully-decoded decisions
about two, 4-bit words (A, B) are made and are externally
available at three outputs. These devices are fully expand-
able to any number of bits without external gates. Words of
greater length may be compared by connecting compara-
torsin cascade. The A > B, A < B, and A = B outputs of a
stage handling less-significant bits are connected to the cor-
responding inputs of the next stage handling more-signif-

agnitude Comparators

icant bits. The stage handling the least-significant bits must
have a high-level voltage applied to the A = B input. The
cascading path is implemented with only a two-gate-level
delay to reduce overall comparison times for long words.

Features
m Typical power dissipation 52 mW
| Typical delay (4-bit words) 24 ns

Connection Diagram
Dual-In-Line Package

DATA INPUTS

Vee A3 B2 A2 Al B1 A0 BO

|1e 15 14 13 12 1 10 9
Order Number DM54LS85J,
DM74LS85M or DM74LS85N

See NS Package Number
J14A, M14A or N14A
1 2 3 4 5 6 7 Is
B3 A<B A=B A>B A>B A=B A<B GND
DATA
INPUT  CASCADING INPUTS OUTPUTS
TL/F/6379-1
Function Table
Comparing Cascading
Inputs Inputs Outputs
A3,B3 A2,B2 A1,B1 A0, BO A>B A<B A=B A>B A<B A=B

A3 > B3 X X X X X X H L L
A3 < B3 X X X X X X L H L
A3 = B3 A2 > B2 X X X X X H L L
A3 = B3 A2 < B2 X X X X X L H L
A3 = B3 A2 = B2 A1 > B1 X X X X H L L
A3 = B3 A2 = B2 A1 < B1 X X X X L H L
A3 = B3 A2 = B2 Al = B1 A0 > BO X X X H L L
A3 = B3 A2 = B2 A1 = B1 A0 < BO X X X L H L
A3 = B3 A2 = B2 Al = B1 A0 = BO H L L H L L
A3 = B3 A2 = B2 A1 = B1 A0 = BO L H L L H L
A3 = B3 A2 = B2 A1 =B1 A0 = BO L L H L L H
A3 = B3 A2 = B2 A1 = B1 A0 = B0 X X H L L H
A3 = B3 A2 = B2 Al =B1 A0 = BO H H L L L L
A3 = B3 A2 = B2 A1 =B1 A0 = B0 L L L H H L

H = High Level, L = Low Level, X = Don't Care
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DM54L.S85/DM74L.S85

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

DM74LS 0°Cto +70°C

Storage Temperature Range

—65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter DMS4LS85 DM74LS85 Units
Min Nom Max Min Nom Max
Ve Supply Voltage 45 5 5.5 4.75 5 5.25 \"

* VIH High Level Input Voltage 2 2 v
ViL Low Level Input Voltage 0.7 0.8 \"
loH High Level Output Current -0.4 -04 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units

(Note 1)
\ Input Clamp Voltage Veec = Min, || = ~18 mA -15 \
VoH High Level Output Ve = Min, lpy = Max DM54 25 3.4
] \"
Voltage ViL = Max, Vi = Min DM74 27 3.4
VoL Low Level Output Vce = Min, lgL = Max DM54 0.25 04
Voltage VL = Max, Vi = Min DM74 0.35 05 v
loL = 4 mA, Ve = Min DM74 0.25 0.4
Iy Input Current @ Max Vce = Max A<B 0.1
Input Voltage V=7V A>B 0.1 mA
Others 0.3
IH High Level input Vee = Max A<B 20
Current V=27V A>B 20 pA
Others 60
m Low Level Input Vece = Max A<B -0.4
Current Vi = 0.4V A>B —0.4 mA
Others -1.2
los Short Circuit Vee = Max DM54 —20 —-100
mA
Output Current (Note 2) DM74 —20 —100
Icc Supply Current Vcc = Max (Note 3) 10 20 mA

Note 1: All typicals are at Vg = 5V, Ta = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 3: Icc is measured with all outputs open, A = B grounded and all other inputs at 4.5V.
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SWitChlng Characteristics atVcc = 5vand T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

From To Number of R = 2k0
Symbol Parameter Input Output | Gate Levels CL = 15pF C, = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time Any AorB A<B, 3 a6 42
Low-to-High Level Output | Data Input A>B ns
A=B 4 40 40
tPHL Propagation Delay Time AnyAorB | A<B, 3 30 40
High-to-Low Level Output { Data Input A>B ns
A=B 4 30 40
tPLH Propagation Delay Time A<B >
Low-to-High Level Output orA=B A>B ! 22 26 ns
tpHL Propagation Delay Time A<B >
High-to-Low Level Output orA=B A>B 1 17 26 ns
tPLH Propagation Delay Time _ -
Low-to-High Level Output A=B A=8B 2 20 2% ns
tPHL Propagation Delay Time _ _
High-to-Low Level Output A=8B A=B 2 7 2% ns
tPLH Propagation Delay Time A>B
<
Low-to-High Level Output orA=B A<B 1 22 26 ns
tPHL Propagation Delay Time A>B
< 17
High-to-Low Level Output orA=B A<B 1 2 ns
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DM54LS85/DM74LS85

Logic Diagram
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DM54LS86/DM74LS86 Quad 2-Input Exclusive-OR Gates

General Description

This device contains four independent gates each of which
performs the logic exclusive-OR function:

Connection Diagram

Dual-In-Line Package
Vec B4 A4 v4 B3 A3 Y3
[1a |13 |12 J1n Jro Jo |

ES
) [

1 |2 |3 4 |s |s |7
A1 BT Y1 A2 B2 Y2 GND

TL;F/6380-1
Order Number DM54LS86J, DM741L.S86M or DM74LS86N
See NS Package Number J14A, M14A or N14A

Function Table
Y=AoB=AB+AB

Inputs Output
A B Y
L L L
L H H
H L H
H H L
High Logic Level

H=
L = Low Logic Level
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DM54LS86/DM74LS86

Absolute Maximum Ratings (ote)

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
reliabllity electrical test specifications document.

Supply Voltage v
Input Voltage YA

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define

Operating Free Air Temperature Range

DMS54Ls
DM74LS

Storage Temperature Range

the conditions for actual device operation.
—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS54LS86 DM74LS86 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 45 5 55 4.75 5 5.25 \
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 v
loH High Level Output Current -0.4 -0.4 mA
loL Low Level Ouiput Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NR: 1 Max Units
\ Input Clamp Voltage Vo = Min, I} = —18 mA —-1.5 \')
VoH High Level Output Vce = Min, lop = Max, DM54 2.5 3.4 v
Voltage ViL = Max, Vi = Min DM74 27 3.4
VoL - Low Level Output Vce = Min, lgL = Max, DM54 0.25 0.4
Voltage VL = Max, Vjy = Min DM74 0.35 05 v
loL = 4 mA, Vgc = Min DM74 0.25 0.4
I Input Current @ Max Vco = Max, V| = 7V 02 mA
Input Voltage
I High Level Input Current Voo = Max, Vy = 2.7V 40 pA
IiL Low Level input Current Vce = Max, V, = 0.4V -0.6 mA
los Short Circuit Vce = Max DM54 -20 —100 mA
‘ Output Current (Note 2) DM74 —20 —100
oon | e | e o | 0 | m
B Y o [ | m

Note 1: All typicals are at Vg = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: IccH is measured with all outputs open, one input at each gate at 4.5V, and the other inputs grounded.

Note 4: Icc is measured with all outputs open and all inputs grounded.
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Switching Characteristics atvcc = 5vand T4 = 25°C (Seo Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter Conditions CL = 15pF C_ = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output Other 18 23 ns
Input
tPHL Propagation Delay Time Low 17 21 ns
High to Low Level Output
tPLH Propagation Delay Time
Low to High Level Output Other 10 15 ns
Input
tPHL Pfopagatlon Delay Time High 12 15 ns
High to Low Level Output
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DM54LS90/DM74LS90/DM54L.S93/DM74LS93
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DM54LS90/DM74LS90, DM54LS93/DM74LS93

Decade and Binary Counters

General Description

Each of these monolithic counters contains four master-
slave flip-flops and additional gating to provide a divide-by-
two counter and a three-stage binary counter for which the
count cycle length is divide-by-five for the LS90 and divide-
by-eight for the LS93.

All of these counters have a gated zero reset and the LS90
also has gated set-to-nine inputs for use in BCD nine’s com-
plement applications.

To use their maximum count length (decade or four bit bina-
ry), the B input is connected to the Qp output. The input

count pulses are applied to input A and the outputs are as
described in the appropriate truth table. A symmetrical di-
vide-by-ten count can be obtained from the LSS0 counters
by connecting the Qp output to the A input and applying the
input count to the B input which gives a divide-by-ten square
wave at output Qa.

Features
m Typical power dissipation 45 mW
m Count frequency 42 MHz

Connection Diagrams (ual-In-Line Packages)

INPUT
A NC Qa Qp GND Qg Q¢
O REO 11 I 10 9 8
Ld> ]
S -
1 2 3 I 4 5 6 7
INPUT  RO(1) RO(2) NC  Voc  R9(1) R9(2)
B

TL/F/6381-1
Order Number DM54LS90J, DM74L.S90M or DM74LS90N
See NS Package Number J14A, M14A or N14A

INPUT

A NC Qa Qp GND Qg Qc

14 I13 12 1" 10 9 8

—0p

1 2 3 |4 ]5 6 I7
INPUT  RO(1) RO(2) NC  Vee  NC NC
B8

TL/F/6381-2
Order Number DM54L.593J, DM74LS93M or DM74LS93N
See NS Package Number J14A, M14A or N14A
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o
Absolute Maximum Ratings note) =
Specifications for Military/Aerospace products are not Note: The “Absolute Maximum Ratings" are those values '43
contained In this datasheet. Refer to the associated beyond which the safety of the device cannot be guaran- [/))
reliability electrical test specifications document. teed. The device should not be operated at these limits. The 8
Supply Voltage v parametric values defined in the “Electrical Characteristics” -~
Input Voltage (Reset) 7v table are not guaranteed at the absolute maximum ratings. g
P g The “Recommended Operating Conditions” table will define ~
Input Voltage (A or B) 5.5v the conditions for actual device operation. 2
Operating Free Air Temperature Range 1/;)
DM54LS —55°Cto +125°C 3
DM74LS 0°Cto +70°C B
Storage Temperature Range —65°Cto +150°C =
[T
. . N
Recommended Operating Conditions P
©
Symbol Parameter DMS4LS90 DM74L.$90 Units | &L
Min Nom Max Min Nom Max g
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \ z
VIH High Level Input Voltage 2 2 \ 5
Vi Low Level Input Voltage 0.7 0.8 \Y 8
loH High Level Output Current —0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
foLk Clock Frequency AtoQp 0 32 0 32
(Note 1) MHz
BtoQp 0 16 0 16
foLk Clock Frequency AtoQp 0 20 0 20
(Note 2) MHz
BtoQp 0 10 0 10
tw Pulse Width A 15 15
(Note 1) B 30 30 ns
Reset 15 15
tw Pulse Width A 25 25
(Note 2) B 50 50 ns
Reset 25 25
tREL Reset Release Time (Note 1) 25 25 ns
tREL Reset Release Time (Note 2) 35 35 ns
Ta Free Air Operating Temperature —55 125 0 70 °C
Note 1: C_ = 15 pF, R = 2kQ2, Ty = 25°C and Vg = 5V.
Note 2: C|_ = 50 pF, R = 2k}, T = 25°C and Vgg = 5V.
’LS90 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Typ
Symbol Parameter Conditions Min (Note 1) Max Units
Vi Input Clamp Voltage Vce = Min, || = —18 mA -1.5 Vv
VoH High Level Output Ve = Min, Ioy = Max DM54 2.5 3.4 Y
Voltage ViL = Max, Vig = Min DM74 27 3.4
VoL Low Level Output Vge = Min, Ig = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min
(Note 4) DM74 0.35 0.5 \"
loL = 4 mA, Ve = Min DM74 0.25 0.4
I Input Current @ Max Voo = Max, V| = 7V Reset 0.1
Input Voltage Veo = Max A 0.2 mA
V| = 5.5V ) 0.4
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DM54LS90/DM74LS90/DM54L.S93/DM74LS93

’LS90 Electrical Characteristics

over recommended operating free air temperature range (unless otherwise noted) (Continued)

Typ

Symbol Parameter Conditions Min (Note 1) Max Units
H High Levs! Input Vee = Max, V| = 2.7V Reset 20
Current A 40 A
B 80
IR Low Level Input Vce = Max, V| = 0.4V Reset —-04
Current A —24 mA
B -3.2
los Short Circuit Vcc = Max (Note 2) DM54 -20 —100 mA
Output Current DM74 —20 —100
lcc Supply Current Vce = Max (Note 3) 9 15 mA

Note 1: All typicals are at Vgc = 5V, Ta = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 3: Icc is measured with all outputs open, both RO inputs grounded following momentary connection to 4.5V and all other inputs grounded.
Note 4: Qa outputs are tested at Io. = Max plus the limit value of I)_for the B input. This permits driving the B input while maintaining full fan-out capability.

’LS90 Switching Characteristics
at Vog = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
From (Input)
Symbol Parameter To (Output) C_ = 15pF CL = 50 pF Units
Min Max Min Max

fMAX Maximum Clock AtoQp 32 20 MHz

Frequency BtoQg 16 10
tPLH Propagation Delay Time

Low to High Level Output AtoQp 16 20 ns
tPHL Propagation Delay Time

High to Low Level Output AtoQa 18 24 ns
tPLH Propagation Delay Time

Low to High Level Output AtoQp 48 52 ns
tPHL Propagation Delay Time

High to Low Level Output AtoQp 50 60 ns
tPLH Propagation Delay Time

Low to High Leve! Output BloQg 16 2 ns
tPHL Propagation Delay Time

High to Low Level Output BtoQsg 21 30 ns
tPLH Propagation Delay Time

Low to High Level Output BtoQc 32 37 ns
tPHL Propagation Delay Time

High to Low Level Output BtoQc 35 44 ns
tPLH Propagation Delay Time

Low to High Level Output BtoQp 32 36 ns
tPHL Propagation Delay Time

High to Low Level Output BtoQp 35 44 ns
tPLH Propagation Delay Time SET-9 to 30 a5 ns

Low to High Level Output Qa, Qp
tPHL Propagation Delay Time SET-9to 40 48 ns

High to Low Level Output Qg, Qc
tPHL Propagation Delay Time SET-0to 40 52 ns

High to Low Level Output Any Q
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Recommended Operating Conditions @
-
Symbol Parameter DMS54LS93 DM74LS93 Units 8
Min Nom Max Min Nom Max e
Ve Supply Voltage 45 5 5.5 475 5 5.25 v 2
VIH High Level Input Voltage 2 2 v 3‘
-
ViL Low Level Input Voltage 0.7 0.8 \ g
loH High Level Output Current -0.4 -0.4 mA g
loL Low Level Output Current 4 8 mA =
o
foLk Clock Frequency AtoQa 0 32 0 32 '-E
(Note 1) BtoQg 0 16 0 16 wiz | B
[
foLk Clock Frequency AtoQa 0 20 0 20 =~
(Note 2) (o]
BtoQg 0 10 0 10 5
tw Pulse Width A 15 15 e
(Note 1) B 30 30 ns 8
W
Reset 15 15
tw Pulse Width A 25 25
(Note 2) B 50 50 ns
Reset 25 25
tREL Reset Release Time (Note 1) 25 25 ns
tReL Reset Release Time (Note 2) 35 35 ns
TA Free Air Operating Temperature —55 125 0 70 °C
Note 1: C| = 15 pF, R = 2k, Tp = 25°C and Vg = 5V.
Note 2: C| = 50 pF, R = 2kQ, Tp = 25°C and Vg = 5V.
’LS93 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
' Input Clamp Voltage Vee = Min, || = —18 mA -1.5 v
VOoH High Level Output Vog = Min, gy = Max DM54 25 3.4
Voltage ViL = Max, Vi = Min v
IL » VIH DM74 27 3.4
VoL Low Level Output Vo = Min, Ig, = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74
(Note 4) 0.35 0.5 \
loL = 4 mA, Vg = Min DM74 0.25 0.4
I Input Current @Max Vee = Max, V| = 7V Reset 0.1
Input Voltage Voo = Max A 0.2 mA
V| = 5.5V B 0.4
IH High Level Input Ve = Max Reset 20
Current V=27V A 40 Y
B 80
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DM54LS90/DM741L.S90/DM54LS93/DM74LS93

’LS93 Electrical Characteristics

over recommended operating free air temperature range (unless otherwise noted) (Continued)

" Typ .
Symbol Parameter Conditions Min (Note 1) Max Units
I Low Level Input Ve = Max, V) = 0.4V Reset -0.4
Current A —o4 mA
B —1.6
los Short Circuit Vee = Max (Note 2) DM54 —20 —100
Output Current mA
P DM74 —20 —100
lcc Supply Current Vce = Max (Note 3) 9 15 mA

Note 1: All typicals are at Vo = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 3: Icc is measured with all outputs open, both RO inputs grounded following momentary connection to 4.5V and all other inputs grounded.
Note 4: Qp outputs are tested at o, = max plus the limit value of Ij_ for the B input. This permits driving the B input while maintaining full fan-out capability.

’LS93 Switching Characteristics
at Voo = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
From (Input)
Symbol Parameter To (Output) CL = 15pF Cp = 50 pF Units
Min Max Min Max
fmax Maximum Clock AtoQa 32 20
MHz

Frequency BtoQg 16 10
tpLH Propagation Delay Time

Low to High Level Output AtoQa 16 20 ns
tPHL Propagation Delay Time

High to Low Level Output AtoQa 18 24 ns
tPLH Propagation Delay Time

Low to High Level Output AtoQp 70 8 ns
tPHL Propagation Delay Time

High to Low Level Output AtoCp 0 %0 ns
tPLH Propagation Delay Time

Low to High Level Output BloQg 16 2 ns
tPHL Propagation Delay Time

High to Low Level Output BloQg 2 30 ns
tpLH Propagation Delay Time

Low to High Level Output BloQc 32 87 ns
tPHL Propagation Delay Time

High to Low Level Output BloQc 3 a4 ns
tPLH Propagation Delay Time

Low to High Level Output BtoQp 51 60 ns
teHL Propagation Delay Time

High to Low Level Output BloGp 51 70 ns
tPHL Propagation Delay Time SET-0to 40 52 ns

High to Low Level Output Any Q
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o
Function Tables g
-
LS90 LS90 @
BCD Count Sequence Bi-Quinary (5-2) g
(See Note A) (See Note B) o
Count Output Count Output §
Qp Qc Qs Qa Qp Qp Qc Qp "
0 L L L L 0 L L L L 3
1 L L L H 1 L L L H o
2 L L H L 2 L L H L =
3 L L H H 3 L L H H b4
4 L H L L 4 L H L L n
5 L H L H 5 H L L L 8
6 L H H L 6 H L L H ~
7 L H H H 7 H L H L =
8 H L L L 8 H L H H 31
9 H L L H 9 H H L L r
wn
a
LS93 LS90
Count Sequence Reset/Count Truth Table
(See Note C) Reset Inputs Output
Output
Count RO(1) RO(2) R9(1) R9(2) [Qp Qc Q Qa
O Qc Qs Ga H H L X L L L L
0 L L L L H H X L L L L L
1 L L L H X X H H H L L H
2 L L H L X L X L COUNT
3 L L H H L X L X COUNT
4 L H L L L X X L COUNT
5 L H L H X L L X COUNT
6 L H H L
7 L H H H
8 H L L L LS93
9 H L L H Reset/Count Truth Table
1? : t : II-i Reset Inputs Output
12 H H L L RO(1) RO(2) Qp Q¢ Qg Qa
14 H H H L L X COUNT
15 H H H H X L COUNT
Note A: Output Q4 is connected to input B for BCD count.
Note B: Output Qp is connected to input A for bi-quinary count.
Note C: Output Qp is connected to input B.
Note D: H = High Level, L = Low Level, X = Don't Care.
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DM54LS90/DM74LS90/DM54LS93/DM74L.593

Logic Diagrams

LS90 LS93
(3
R9(1) _(—)——'DO_< J 0 12) an
R9(2) 14]
@ l weuta S dciock
J a (2) aa K
(14)
INPUT A -Cp CLOCK
) |
©
J a Qg
1
INPUTB(l-———O CLOCK
I . o (9) on
(1)
INPUT B

Op CLOCK
K [

K
| ®
J Q Qc
b cLock
K

(2

J o (8) ac lp—j
——Cp CLOCK
)
K J  af——ap
P CLOCK
K
2
RO(2)
3
ol " TL/F/6381-4
J Q { )OD
-CpCLOCK
—{ K Q

-

)
RO(2)

(©)]

TL/F/6381-3
The J and K inputs shown without connection are for reference only and are functionally at a high level.
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Semiconductor
Corporation

DM54LS107A/DM74LS107A Dual Negative-Edge-
Triggered Master-Slave J-K Flip-Flops with
Clear, and Complementary Outputs

General Description

This device contains two independent negative-edge-trig-
gered J-K flip-flops with complementary outputs. The J and
K data is processed by the flip-flops on the falling edge of
the clock pulse. The clock triggering occurs at a voltage
level and is not directly related to the transition time of the
negative going edge of the clock pulse. The data on the J

and K inputs may change while the clock is high or low
without affecting the outputs as long as setup and hold
times are not violated. A low logic level on the clear input
will reset the outputs regardless of the logic levels of the
other inputs.

Connection Diagram

Dual-In-Line Package

Vee CLR1 CLK 1 K2 CLR2 cLK2 f7)

14 13 12 1 10 9 8
v

1 2 3 4 5 ] |7

N a1 o K1 2 02 GND

TL/F/6367-1

Order Number DM54LS107AJ, DM74LS107AM or DM74LS107AN
See NS Package Number J14A, M14A or N14A

Function Table

Outputs

Inputs
CLR CLK J
L X X
H l L
H l H
H l L
H 1 H
H H X

9]
o
T x|ol

XIITrrx|X
I

H = High Logic Level

X = Either Low or High Logic Level

L = Low Logic Leve!

1 = Negative going edge of pulse.

Qo = The output logic level before the indicated input conditions were established.
Toggle = Each output changes to the complement of its previous level on each falling edge of the clock pulse.
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DM54LS107A/DM74LS107A

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliability electrical test specifications document.

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.

The “Recommended Operating Conditions” table will define

Supply Voltage N
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

DM74LS

Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

the conditions for actual device operation.

Symbol parameter DM54LS107A DM74LS107A Units
Min Nom Max Min Nom Max
Vece Supply Voltage 45 5 - 55 4.75 5 5.25 \"
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current -0.4 ~0.4 mA
loL Low Level Output Current 4 8 mA
foLk Clock Frequency (Note 2) 0 30 30 MHz
foLk Clock Frequency (Note 3) 0 25 25 MHz
tw Pulse Width Clock High 20 20
Note 2) ns

( Clear Low 25 25

tw Pulse Width Clock High 25 25
Note 3) ns

( Clear Low 30 30
tsu Setup Time (Notes 1 & 2) 200) 20 ns
tsu Setup Time (Notes 1 & 3) 250 25) ns
ty Hold Time (Notes 1 & 2) ol ol ns
tn Hold Time (Notes 1 & 3) 5] 5] ns
TA Free Air Operating Temperature —55 125 0 70 °C
Note 1: The symbol { | ) indicates the falling edge of the clock pulse is used for reference.
Note 2: C| = 15 pF, R = 2kf2, T = 25°C and Vgg = 5V.
Note 3: C|_ = 50 pF, R_ = 2kQ, Tp = 25°C and Vg = 5V.

| “

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Voo = Min, | = —18 mA -1.5 \"
VoH High Level Output Vee = Min, loy = Max DM54 25 3.4 v
Voltage V|L = Max, Vi = Min
IL » YIH DM74 27 3.4
VoL Low Level Output Vee = Min, loL = Max DM54 0.25 0.4
Voltage VL = Max, Vjy = Min DM74 0.35 0.5 vV
loL = 4mA, Vg =Min DM74 0.25 0.4
] Input Current @ Max Voo = Max, V= 7V J, K 0.1
Input Voltage Clear 0.3 mA
Clock 0.4
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Electrical Characteristics

over recommended operating free air temperature range (unless otherwise noted) (Continued)

Symbol Parameter Conditions Min (NZ‘{: 1) Max Units
i1 High Level Input Vee = Max J,K 20
Current V=27V Clear 60 A
Clock 80
L Low Level Input Vee = Max J, K -04
Current V| = 0.4V Clear —08 mA
Clock -0.8
los ghon Circuit Vg = Max DM54 —-20 -100 mA
utput Current (Note 2) DM74 —20 —100
Icc Supply Current Vce = Max (Note 3) 4 [ mA

Switching Characteristics atvcc = 5vand Ty = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
From (Input)
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units
Min Max Min Max

fmax Maximum Clock 30 25 MHz

Frequency
tPLH Propagation Delay Time Preset

Low to High Level Output toQ 20 24 ns
tPHL Propagation Delay Time Preset

High to Low Level Output toQ 20 28 ns
tpLH Propagation Delay Time Clear

Low to High Level Output toQ 20 24 ns
tPHL Propagation Delay Time Clear

High to Low Level Output toQ 20 28 ns
tPLH Propagation Delay Time Clock to 20 24 ns

Low to High Level Output QorQ
tPHL Propagation Delay Time Clock to 20 28 ns

High to Low Level Output QorQ

Note 1: All typicals are at Voo = 5V, Ty = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second. For devices, with feedback from the outputs, where
shorting the outputs to ground may cause the outputs to change logic state an equivalent test may be performed where Vg = 2.25V and 2.125V for DM54 and
DM74 series, respectively, with the minimum and maximum limits reduced by one half from their stated values. This is very useful when using automatic test

equipment.

Note 3: With all inputs open, lgg is measured with the Q and Q outputs high in turn. At the time of measurement the clock is grounded.
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DM54LS109A/DM74LS109A

National
Semiconductor
Corporation

DM54LS109A/DM74LS109A Dual Positive-Edge-

Triggered J-K Flip-Flops with
and Complementary Outputs

General Description

This device contains two independent positive-edge-trig-
gered J-K flip-flops with complementary outputs. The J and
K data is accepted by the flip-flop on the rising edge of the
clock pulse. The triggering occurs at a voltage level and is
not directly related to the transition time of the rising edge of

Preset, Clear,

the clock. The data on the J and K inputs may be changed
while the clock is high or low as long as setup and hold
times are not violated. A low logic level on the preset or
clear inputs will set or reset the outputs regardless of the
logic levels of the other inputs.

Connection Diagram

Dual-In-Line Package

Vee CLR2 22 K2  CLK2 PR2 0z @2
16 15 13 |13 12 I 1 lw 9
E—— )

—>
1 2 3 4 5 6 7 [a
CLR1 n I3 CLK1 PRI a a GND

TL/F/6368-1

Order Number DM54LS109AJ, DM74LS109AM or DM74LS109AN
See NS Package Number J16A, M16A or N16A

Function Table

Inputs Outputs
PR CLR CLK J K Q Q
L H X X X H L
H L X X X L H
L L X X X H* H*
H H T L L L H
H H T H L Toggle
H H N L H Qo Qo
H H T H H H L
H H L X X Qo Qo

H = High Logic Level

L = Low Logic Level

X = Either Low or High Logic Level
T = Rising Edge of Pulse

* = This configuration is nonstable; that is, it will not persist when preset and/or
clear inputs return to their inactive (high) state.

Qp = The output logic level of Q before the indicated input conditions were

established.

Toggle = Each output changes to the
active transition of the clock pulse.

complement of its previous level on each
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Absolute Maximum Ratings (vote)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

Note: The "Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol parameter DMS54LS109A DM74LS109A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \"
loH High Level Output Current —-0.4 —-04 mA
loL Low Level Output Current 4 8 mA
foLk Clock Frequency (Note 2) 0 25 0 25 MHz
foLk Clock Frequency (Note 3) 0 20 0 20 MHz
tw Pulse Width Clock High 18 18
(Note 2) Preset Low 15 15 ns
Clear Low 15 15
tw Pulse Width Clock High 25 25
(Note 3) Preset Low 20 20 ns
Clear Low 20 20
tsu Setup Time Data High 30T 30T ns
(Notes 1 &2) Data Low 207 271
tsy Setup Time Data High 357 357
(Notes 1 &3) Data Low 257 25T e
ty Hold Time (Note 4) oT ot ns
TA Free Air Operating Temperature —55 125 0 70 °C

Note 1: The symbol ( T) indicates the rising edge of the clock pulse is used for reference.

Note 2: C| = 15 pF, R, = 2k, Tpo = 25°C and Vg = 5V.
Note 3: C, = 50 pF, RL = 2k, Ta = 25°C and Vg = 5V.
Note 4: Ty = 25°C and Vg = 5V.
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DM54LS109A/DM74LS109A

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
V) Input Clamp Voltage Vec = Min, | = —18 mA -15 \'
VoH High Level Output Vee = Min, oy = Max DM54 2.5 3.4 v
Voltage ViL = Max, Vi4 = Min DM74 27 3.4
VoL Low Level Output Vee = Min, lgL = Max DM54 0.25 0.4
Voltage V|L = Max, Vig = Min DM74 0.35 05 v
loL = 4 mA, Vgc = Min DM74 0.25 0.4
h Input Current @ Max Vee = Max J,K 0.1
Input Voltage V=7V Clock 0.1
- mA
Preset 0.2 :
Clear 0.2
M High Level Input Vce = Max JK 20
Current V=27V Clock 20
rA
Preset 40
Clear 40
m Low Level Input Vce = Max J, K —0.4
Current V) = 0.4V Clock —04
mA
Preset —0.8
Clear —0.8
los Short Circuit Ve = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 —100
lcc Supply Current Vcc = Max (Note 3) 4 8 mA

Switching Characteristics atvcc = 5vand Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
From (Input)
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units
Min Max Min Max
fMAX Maximum Clock 25 20 MHz
Frequency
tPLH Propagation Delay Time Clock to 25 35 ns
Low to High Level Output QorQ
tpHL Propagation Delay Time Clock to 30 a5 ns
High to Low Level Output QorQ
tPLH Propagation Delay Time Clear
Low to High Level Output toQ 2 35 ns
tPHL Propagation Delay Time Clear
High to Low Level Output toQ 30 35 ns
tPLH Propagation Delay Time Preset
Low to High Level Output toQ 25 35 ns
tPHL Propagation Delay Time Preset
High to Low Level Qutput toQ 30 85 ns

Note 1: All typicals are at Vcg = 5V, Ty = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second. For devices, with feedback from the outputs, where
shorting the outputs to ground may cause the outputs to change logic state an equivalent test may be performed where Vg = 2.25V and 2.125V for DM54 and
DM74 series, respectively, with the minimum and maximum limits reduced by one half from their stated values. This is very useful when using automatic test

equipment.

Note 3: Icc is measured with all outputs open, with CLOCK grounded after setting the Q and Q outputs high in turn.
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Corporation

DM54LS112A/DM74LS112A

Dual Negative-Edge-Triggered Master-Slave
J-K Flip-Flops with Preset, Clear,

and Complementary Outputs

General Description

This device contains two independent negative-edge-trig-
gered J-K flip-flops with complementary outputs. The J and
K data is processed by the flip-flop on the falling edge of the
clock puise. The clock triggering occurs at a voltage level
and is not directly related to the transition time of the falling
edge of the clock pulse. Data on the J and K inputs

may be changed while the clock is high or low without af-
fecting the outputs as long as the setup and hold times are
not violated. A low logic level on the preset or clear inputs
will set or reset the outputs regardless of the logic levels of
the other inputs.

Connection Diagram

Dual-In-Line Package

Function Table

Inputs Outputs
Vee CLR1 CLR2 CLK2 K2 J2 PR2 a2 PR CLR CLK J K Q a
16 15 14 13 12 " 10 9 L H X X X H L
H L X X X L H
LB r L L X X X H* H*
H H l L L Qo Qo
[: H H 1 H L H L
L H H d L | H L H
> H H l H | H Toggle
H H H X X Qo Qo
I L] O H = High Logic Level
L = Low Logic Level
X = Either Low or High Lagic Level
: 7 3 " : . . ’ 1 = Negative Going Edge of Pulse
l * = This configuration is nonstable; that is, it will not persist when preset
CLK1 K1 n PR1 m a1 a2 GND and/or clear inputs return to their inactive (high) level.

TL/F/6382-1
Order Number DM54LS112AJ, DM74LS112AM or
DM74LS112AN
See NS Package Number J16A, M16A or N16A

Qp = The output logic leve! before the indicated input conditions were es-
tablished.

Toggle = Each output changes to the complement of its previous leve! on
each falling edge of the clock pulse.

2-81

VCLISTPZNA/VCLLISTYSING




DM54LS112A/DM74LS112A

Absolute Maximum Ratings (vote)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54LS —55°Cto +125°C
DM74LS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DN5ELST12A DM74LS112A Units
Min Nom Max Min Nom Max

Vece Supply Voltage 4.5 5 5.5 4.75 5 5.25 \"
ViH High Level Input Voltage 2 2 \"
ViL Low Level Input Voltage 0.7 0.8 \"
loH High Level Output Current -04 -04 mA
loL Low Level Output Current 4 8 mA
foLk Clock Frequency (Note 2) 0 30 0 30 MHz
foLk Clock Frequency (Note 3) 0 25 0 25 MHz
tw Pulse Width Clock High 20 20

(Note 2) Preset Low 25 25 ns

Clear Low 25 25

tw Pulse Width Clock High 25 25

(Note 3) Preset Low 30 30 ns

Clear Low 30 30

tsu Setup Time (Notes 1 and 2) 20) 20] ns
tsy Setup Time (Notes 1 and 3) i 25]) 25 ns
ty Hold Time (Notes 1 and 2) 0l 0l ns
tH Hold Time (Notes 1 and 3) 5] 51 ns
TA Free Air Operating Temperature —~55 125 0 70 °C

Note 1: The symbol ( ]) indicates the falling edge of the clock pulse is used for reference.

Note 2: C{ = 15 pF, R, = 2 k2, Tq = 25°C and Vg = 5V.
Note 3: C| = 50 pF, R = 2 k@2, To = 25°C and Vg = 5V.

Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NIQ 1) Max Units
Vi Input Clamp Voltage Vee = Min, || = —18 mA —-1.5 \
VoH High Level Output Vece = Min, lpq = Max DM54 25 3.4 Y
Voltage ViL = Max, Vi = Min DM74 27 3.4
VoL Low Level Output Ve = Min, lg. = Max DM54 0.25 0.4
Voltage ViL = Max, Vg = Min DM74 0.35 05 v
loL = 4 mA, Voo = Min DM74 0.25 0.4
I Input Current @ Max Voo = Max, V) = 7V J, K 0.1
Input Voltage Clear 0.3 A
m
Preset 0.3
Clock 04
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o
- . a: =
Electrical Characteristics o
over recommended operating free air temperature range (unless otherwise noted) (Continued) #
(7]
Symbol Parameter Conditions Min Tvp Max Units oy
(Note 1) g
hH High Level Input Current Vec = Max, V| = 2.7V J, K 20 a
Clear 60
Preset 60 uA §
rese -
Clock 80 «
hL Low Level Input Current Vco = Max, V| = 0.4V J, K —0.4 o
_ >
Clear 0.8 mA
Preset —-0.8
Clock —-0.8
los Short Circuit Vece = Max DM54 -20 -100 mA
Output Current (Note 2) DM74 —~20 —100
lcc Supply Current Vce = Max (Note 3) 4 6 mA

Switching Characteristics atvoc = 5V and T = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
From (Input) = =
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units
Kin Max Min Max

fmax Maximum Clock Frequency 30 25 MHz
tPLH Propagation Delay Time Preset 20 24 ns

Low to High Level Output toQ
tPHL Propagation Delay Time Preset 20 28 ns

High to Low Level Output toQ
tPLH Propagation Delay Time Clear

Low to High Level Output toQ 20 24 ns
tpHL Propagation Delay Time Clear

High to Low Level Output toQ 20 28 ns
tPLH Propagation Delay Time Clock to

Low to High Level Output QorQ 20 24 ns
tPHL Propagation Delay Time Clock to 20 28 ns

High to Low Level Output QorQ

Note 1: All typicals are at Vog = 5V, T = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second. For devices, with feedback from the outputs, where
shorting the outputs to ground may cause the outputs to change logic state an equivalent test may be performed where Vo = 2.25V and 2,125V for DM54 and
DM74 series, respectively, with the minimum and maximum limits reduced by one half from their stated values. This is very useful when using automatic test
equipment.

Note 3: With all outputs open, Icc is measured with the Q and Q outputs high in turn. At the time of measurement the clock is grounded.

2-83



DM54LS122/DM74LS122

National
Semiconductor
Corporation

DM54LS122/DM74LS122 Retriggerable One-Shot with
Clear and Complementary Outputs

General Description

The DM54/74L.S122 is a retriggerable monostable multivi-
brator featuring both positive and negative edge triggering
with complementary outputs. An internal 10 k€2 timing resis-
tor is provided for design convenience minimizing compo-
nent count and layout problems. This device can be used
with a single external capacitor. The 'LS122 has two active-
low transition triggering inputs (A), two active-high transition
triggering inputs (B), and a CLEAR input that terminates the
output pulse width at a predetermined time independent of
the timing components. The clear (CLR) input also serves
as a trigger input when it is pulsed with a low level pulse
transition (LI"). To obtain optimum and trouble free opera-
tion please read operating rules and NSC one-shot applica-
tion notes carefully and observe recommendations.

Features
m DC triggered from active-high transition or active-low
transition inputs

m Retriggerable to 100% duty cycle

m Over-riding clear terminates output pulse

m Internal 10 kQ timing resistor

m TTL, DTL compatible

m Compensated for Vg and temperature variations
| Input clamp diodes

Functional Description

The basic output pulse width is determined by selection of
the internal resistor Ryt or an external resistor (Rx) and
capacitor (Cx). Once triggered, the output pulse width may
be extended by retriggering the gated active-low (A) tran-
sition inputs or the active-high transition (B) inputs or the
CLEAR input. The output pulse width can be reduced or
terminated by overriding it with the active-low CLEAR input.

Connection Diagram

Dual-In-Line Package

RexTt/

vec CEXT NC CeEXT NC RNT aQ
|14 13 l1z J11 |0 Jo 8

RINT

I‘VAV

Q

ctR Q
1 |z 3 | 5 6 |7
A1 A2 B1 B2 CLR @ GND

TL/F/6385-1
Order Number DM54LS122J, DM74LS122M or
DM74LS122N

See NS Package Number J14A, M14A or N14A

Function Table
Inputs Outputs
CLEAR A1l A2 B1 B2 Q Q
L X X X X L H
X H H X X L H
X X X L X L H
X X X X L L H
H L X T H JL r
H L X H T JLu r
H X L T H JL r
H X L H T JL r
H H J H H JL ar
H l J, H H JL r
H l H H H JL r
T L X H H JL r
1T X L H H I r

H = High Logic Level

L = Low Logic Level

X = Can Be Either Low or High
T = Positive Going Transition
1 = Negative Going Transition
JL = A Positive Pulse

I = A Negative Pulse
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Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

”

Supply Voltage 7V parametric values defined in the “Electrical Characteristics
Input Voltage 7v table are not guaranteed at the absolute maximum ratings.
. i The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DM54LS —55°Cto +125°C
DM74LS 0°Cto +70°C
Storage Temperature —65°Cto +150°C

¢eISIvZNa/eeSTPSNG

Recommended Operating Conditions

Symbol Parameters DM541.5122 DM74LS122 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 55 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current -0.4 —-04 mA
loL Low Level Output Current 4 8 mA
tw Pulse Width A or B High 40 40

(Note 6) AorBLow 40 40 ns

Clear Low 40 40

Rext External Timing Resistor 5 180 5 260 kQ
CexT External Timing Capacitance No Restriction No Restriction nF
Rl e o E
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vee = Min, I = —18 mA -1.5 \
VoH High Level Output Vee = Min, Ioy = Max DM54 25 3.4
Voltage ViL = Max, Vi = Min v
L » VIH DM74 2.7 3.4
VoL Low Level Output Vee = Min, lg. = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 0.5 v
loL = 4 mA, Vcc = Min DM74 0.25 0.4
Iy Input Current @ Max Vee = Max, V| = 7V 0.1 mA
Input Voltage
IIH High Level Input Current Veec = Max, V) = 2.7V 20 HA
IiL Low Level Input Current Vee = Max, V) = 0.4V —-0.4 mA
los Short Circuit Vce = Max DM54 —20 —100
Output Current (Note 2) mA
DM74 -20 —100
lcc Supply Current Vee = Max (Notes 3, 4 and 5) 6 11 mA
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DM54LS122/DM74LS122

Switching Characteristics at Ve = 5vand Ta = 25°C (Seo Section 1 for Test Waveforms and Output Load)

RL = 2kQ
From (Input) Ci =15 =
L = 15pF CL = 15pF
Symbol Parameter To (Output) Cexr = 0 pF, Rexr = 5k0 | Cexr = 1000 pF, Rext = 10kQ Units
Min Max Min Max

tPLH Propagation Delay Time AtoQ a3 ns
Low to High Level Output

tpLH Propagation Delay Time BtoQ 44 ns
Low to High Level Output

tPHL Propagation Delay Time AtoQ 45 ns
High to Low Level Output

tPHL Propagation Delay Time BtoQ 56 ns
High to Low Level Output

tpLH Propagation Delay Time CleartoQ 45 ns
Low to High Level Output

tPHL Propagation Delay Time Clearto Q 27 ns
High to Low Level Output

twamin) | Minimum Width of Pulse AorBtoQ 200 ns
at Output Q

twiout) Output Pulse Width AorBtoQ 4 5 ps

Note 1: All typicals are at Voc = 5V, Ta = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Quiescent Icg is measured (after clearing) with 2.4V applied to all clear and A inputs, B inputs grounded, all outputs open, Cext = 0.02 pF, and Regxt =

25 k2.

Note 4: Icc is measured in the triggered state with 2.4V applied to all clear and B inputs, A inputs grounded, all outputs open, Cext = 0.02 uF, and Rext = 25 k{2,
Note 5: With all outputs open and 4.5V applied to all data and clear inputs, Icc is measured after a momentary ground, then 4.5V is applied to the clock.

Note 6: To = 25°C and Vce = 5V.

Operating Rules

1. To use the internal 10 kQ timing resistor, connect the
RiNT pin to Vge.

2. An external resistor (Ry) or the internal resistor (10 kQ)
and an external capacitor (Cx) are required for proper
operation. The value of Cx may vary from 0 to any neces-
sary value. For small time constants use high-quality
mica, glass, polypropylene, polycarbonate, or polystyrene
capacitors. For large time constants use solid tantalum or
special aluminum capacitors. If the timing capacitors
have leakages approaching 100 nA or if stray capaci-
tance from either terminal to ground is greater than 50 pF
the timing equations may not represent the pulse width
the device generates.

. The pulse width is essentially determined by external tim-
ing components Ry and Cx. For Cx < 1000 pF see Fig-
ure 1; design curves on Ty as function of timing compo-
nents value. For Cx > > 1000 pF the output is defined as:

Tw = KRxCx

where [Ry is in k2]

[Cx is in pF]

[Tw is in ns]

K = 0.37

108 -
Ta=25°C "t = 250K
Vee=5.0V
10
== e ]
- L ri i/ pune|
=
Z 0 Z—R=10K
102 =R=50K
tR=100
b Tt
10 L |BRHIENEEE
10 100 1000
Cexr (pF)
TL/F/6385-2
FIGURE 1
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Operating Rules (continued)

The K factor is not a constant, but, varies with Cx. See
Figure 2.

100 uF T
TAm25°C
104F |- T Vgp=5.0

1 uF

0.1 4F
S 104pF
103 pF \
102 pF N
10pF

N
\~~~

0 .2 4 6 .8 10121416
*'K'' COEFFICIENT
TL/F/6385-3
FIGURE 2

4. The switching diode required for most TTL one-shots
when using an electrolytic timing capacitor is not needed
for the 'LS122 and should not be used.

5. To obtain variable pulse width by remote trimming, the
following circuit is recommended:

1

Cx Rremote 4
PIN (11) -j- Vee

TL/F/6385-4
Note: “Rremote”” should be as close to the device pins as possible.
FIGURE 3

6. The retriggerable pulse width is calculated as shown be-

low:

T=Tw + tpry = 0.50 X Rx X Cx + TpLH
The retriggered pulse width is equal to the pulse width
plus a delay time period (Figure 4).

M L

T

QuTPUT '
S—

TL/F/6385-5

Rx
PIN (13)

&

INPUT

FIGURE 4

7. Output pulse width variation versus Vgc and operation
temperatures: Figure 5 depicts the relationship between
pulse width variation versus Vgg; and Figure 6 depicts
pulse width variation versus temperatures.

Rexr = 10K
Cexr = 1000 pF
| Tam25°C

tw% CHANGE
o

4 45 5 5.5 6
Vee (V)
TL/F/6385-6
FIGURE 5

| S —
Rexr=10K
Cexr = 1000 pF
5 - Vee=5.0V

- ~

tw % CHANGE
o

-10
-60-30 0 30 60 90 120 150
AMBIENT TEMPERATURE (°C)

TL/F/6385-7
FIGURE 6

8. Under any operating condition Cx and Rx must be kept
as close to the one-shot device pins as possible to mini-
mize stray capacitance, to reduce noise pick-up, and to
reduce I-R and Ldi/dt voltage developed along their con-
necting paths. If the lead length from Cy to pins (13) and
(11) is greater than 3 cm, for example, the output pulse
width might be quite different from values predicted from
the appropriate equations. A non-inductive and low ca-
pacitive path is necessary to ensure complete discharge
of Cx in each cycle of its operation so that the output
pulse width will be accurate.

9. Ve and ground wiring should conform to good high-fre-
quency standards and practices so that switching tran-
sients on the Vg and ground return leads do not cause
interaction between one-shots. A 0.01 uF to 0.10 pF by-
pass capacitor (disk ceramic or monolithic type) from Vg
to ground is necessary on each device. Furthermore, the
bypass capacitor should be located as close to the Vgg
pin as space permits.

*For further detailed device characteristics and output performance
please refer to the NSC one-shot application note AN-366.
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DM54LS123/DM74LS123

National
Semiconductor
Corporation

DM54LS123/DM74LS123 Dual Retriggerable
One-Shot with Clear and Complementary Outputs

General Description

The DM54/74LS123 is a dual retriggerable monostable mul-
tivibrator capable of generating output pulses from a few
nano-seconds to extremely long duration up to 100% duty
cycle. Each device has three inputs permitting the choice of
either leading edge or trailing edge triggering. Pin (A) is an
active-low transition trigger input and pin (B) is an active-
high transition trigger input. The clear (CLR) input termi-
nates the output pulse at a predetermined time independent
of the timing components. The clear input also serves as a
trigger input when it is pulsed with a low level pulse tran-
sition (LI"). To obtain the best trouble free operation from
this device please read the operating rules as well as the
NSC one-shot application notes carefully and observe rec-
ommendations.

Features

m DC triggered from active-high transition or active-low
transition inputs

m Retriggerable to 100% duty cycle

m Compensated for Vgc and temperature variations
m Triggerable from CLEAR input

m DTL, TTL compatible

B Input clamp diodes

Functional Description

The basic output pulse width is determined by selection of
an external resistor (Ry) and capacitor (Cx). Once triggered,
the basic pulse width may be extended by retriggering the
gated active-low transition or active-high transition inputs or
be reduced by use of the active-low or CLEAR input. Retrig-
gering to 100% duty cycle is possible by application of an
input pulse train whose cycle time is shorter than the output
cycle time such that a continuous “HIGH” logic state is
maintained at the ““Q” output.

Connection Diagram

Dual-In-Line Package

Rext/
CexT CEXT _
vee 1 1 Q1 QG2 CLR2 B2 A2
|16 |15 |14 13 12 1 |10 9
o] = CLR
=]
"d—.
CLR —1 Q
1 2 3 a |s ls |7 la

Al Bt CLR Q@1 Q2 Cgxt Rext/ GND
1 2 Cgxrt
2

TL/F/6386-1
Order Number DM54LS123J,
DM74LS123M or DM74LS123N
See NS Package Number J16A, M16A or N16A

Function Table

Inputs Outputs
CLEAR A B Q Q
L X X L H
X H X L H
X X L L H
H L T I r
H 1 H JL r
T L H I r

H = High Logic Level

L = Low Logic Level

X = Can Be Either Low or High
T = Positive Going Transition

1 = Negative Going Transition
JL = A Positive Pulse

I~ = A Negative Pulse
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Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliability electrical test specifications document.

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

Supply Voltage 7v parametric values defined in the “Electrical Characteristics”
Input Voltage 7v table are not guaranteed at the absolute maximum ratings.
X . The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DM54LS ~55°C to +125°C
DM74LS 0°Cto +70°C
Storage Temperature ~65°Cto +150°C

€21STPLINA/ETLSTYSING

Recommended Operating Conditions

Symbol Parameter DMS4LS123 DM74L$123 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current -04 —-0.4 mA
loL Low Level Output Current 4 8 mA
tw Pulse Width A or B High 40 40

(Note 6) AorB Low 40 40 ns

Clear Low 40 40

RexT External Timing Resistor 5 180 5 260 kQ
Cext External Timing Capacitance No Restriction No Restriction nF
O | s e 0 o |
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (ND{E 1) Max Units
\ Input Clamp Voltage Vcec = Min, |} = —18 mA —1.5 \"
VoH High Level Qutput Vce = Min, loq = Max DM54 25 3.4 Vv
Voltage VL = Max, Vi = Min DM74 2.7 3.4
VoL Low Level Output Vee = Min, gL = Max DM54 0.25 0.4
Voltage VIL = Max, Vi = Min DM74 0.35 0.5 v
loL = 4 mA, Voo = Min DM74 0.25 0.4
I Input Current @ Max Veco = Max, V| = 7V
Input Voltage 0.1 mA
H High Level Input Current Vce = Max, V| = 2.7V 20 pA
I Low Level Input Current Vce = Max, V) = 0.4V —0.4 mA
los Short Circuit Vge = Max DM54 -20 —100 mA
Output Current (Note 2) DM74 20 —100
lec Supply Current Vec = Max (Notes 3,4 and 5) 12 20 mA

Note 1: All typicals are at Voo = 5V, T = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 3: Quiescent Icc is measured (after clearing) with 2.4V applied to all clear and A inputs, B inputs grounded, all outputs open, Cext = 0.02 pF, and Rgxt = 25
k.

Note 4: Icc is measured in the triggered state with 2.4V applied to all clear and B inputs, A inputs grounded, all outputs open, Cgxt = 0.02 uF, and Rgxt = 25 k2.
Note 5: With all cutputs open and 4.5V applied to all data and clear inputs, Icc is measured after a momentary ground, then 4.5V is applied to the clock.
Note 6: To = 25°C and Vgc = 5V.
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DM54LS123/DM74LS123

Switching Characteristics atvec = 5vand Ta = 25°C

Ry = 2k
From (Input) CL = 15pF CL = 15pF
Symbal Parameters To (Output) | Cex = 0pF, Rex = 5kQ_| Cexr = 1000 pF, Rexy = 1ok | I8
Min Max Min Max

tPLH Propagation Delay Time

Low to High Level Output AtoQ 33 ns
tPLH Propagation Delay Time

Low to High Level Output BroQ 44 ns
tPHL Propagation Delay Time -

High to Low Level Output AtoQ 48 ns
tPHL Propagation Delay Time =

High to Low Level Output BloQ 56 ns
tpLH Propagation Delay Time —

Low to High Level Output CleartoQ 45 ns
tPHL Propagation Delay Time

High to Low Level Output | C'627 0@ 27 ns
twaMiny | Minimum Width of Pulse AorBioQ 200 ns

at Output Q
twi(out) Output Pulse Width AorBtoQ 4 5 ns

Operating Rules

1. An external resistor (Rx) and an external capacitor (Cx)
are required for proper operation. The value of Cx may
vary from 0 to any necessary value. For small time con-
stants high-grade mica, glass, polypropylene, polycarbon-
ate, or polystyrene material capacitors may be used. For
large time constants use tantalum or special aluminum
capacitors. If the timing capacitors have leakages ap-
proaching 100 nA or if stray capacitance from either ter-
minal to ground is greater than 50 pF the timing equations
may not represent the pulse width the device generates.

2. When an electrolytic capacitor is used for Cy a switching
diode is often required for standard TTL one-shots to pre-
vent high inverse leakage current. This switching diode is
not needed for the 'LS123 one-shot and should not be
used. In general the use of the switching diode is not
recommended with retriggerable operation.

3. For Cx >> 1000 pF the output pulse width (Ty) is de-
fined as follows:

Tw = KRx Cx
where [Ry is in k]
[Cx is in pF]
[Tw is in ns]
K = 0.37

4. The multiplicative factor K is plotted as a function of Cx
below for design considerations:

100 uF
10 uF

TTTTT
Ta=25°C |
Vee=5.0V

1uF
. 0.1 uF
&
S 104pF

103 pF \
102pF N

\\~

-
0 .2 4 6 .8 10121416
*'K"* COEFFICIENT

10 pF

TL/F/6386-2
FIGURE 1
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Operating Rules (continued)

5. For Cx < 1000 pF see Figure 2 for Ty vs Cx family
curves with Ry as a parameter:

10% - m
TA=25°C it a 250K 3
Vee=5.0v AL

104 =]

| — 2 anier it
4 | "t (i T P !
< 0 5
z = ST R 10K
T 11 e 1T T
%7 II 11 1
102 m 50K gg, Hii
=A== 100K E mmaaisl
111 1 | 100
1 [l LI
10 100 1000
Cexr (pF)
TL/F/6386-3
FIGURE 2

6. To obtain variable pulse widths by remote trimming, the
following circuit is recommended:

PIN Rx
(7) OR (15) I’W\'——' _‘L
Cx Rremots S ¢
PIN
(6) OR (18) -:I_

Vee

TL/F/6386-4
FIGURE 3
Note: “Rremote” Should be as close to the device pin as possible.
7. The retriggerable pulse width is calculated as shown be-
low:

T=Tw + tprt = K X Rx X Cx + tpLH

The retriggered pulse width is equal to the pulse width
plus a delay time period (Figure 4).

INPUT I_—l ._I

e ]

outPuT I |

TL/F/6386-5

FIGURE 4

8. Output pulse width variation versus Vgg and tempera-
tures: Figure 5 depicts the relationship between pulse
width variation versus Vcg, and Figure 6 depicts pulse
width variation versus temperatures.

10 T
Rexy = 10K
Cext=1000 pF
5 |- Ta=25°C
=]
=
=
S 0
2
=
-5
-10
4 45 S 55 6
Vee (V)
TL/F/6386-6
FIGURE 5

10 T T T
Rexr = 10K
Cexr = 1000 pF
§ |~ Vee=5.0V
=]
=z
=
3 0
32 // _—
= —
-5
-10

-60-30 0 30 60 90 120 150
AMBIENT TEMPERATURE (°C)
TL/F/6386-7
FIGURE 6

9. Under any operating condition Cx and Ry must be kept
as close to the one-shot device pins as possible to mini-
mize stray capacitance, to reduce noise pick-up, and to
reduce |-R and Ldi/dt voltage developed along their
connecting paths. If the lead length from Cyx to pins (6)
and (7) or pins (14) and (15) is greater than 3 cm, for
example, the output pulse width might be quite different
from values predicted from the appropriate equations. A
non-inductive and low capacitive path is necessary to
ensure complete discharge of Cx in each cycle of its
operation so that the output pulse width will be accurate.

10. The CgxT pins of this device are internally connected to
the internal ground. For optimum system performance
they should be hard wired to the system’s return ground
plane.

11. Ve and ground wiring should conform to good high-fre-
quency standards and practices so that switching tran-
sients on the V¢ and ground return leads do not cause
interaction between one-shots. A 0.01 pF to 0.10 pF
bypass capacitor (disk ceramic or monolithic type) from
Ve to ground is necessary on each device. Further-
more, the bypass capacitor should be located as close
to the Vgc-pin as space permits.

For further detalled device characteristics and output performance
please refer to the NSC one-shot application note AN-336.
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DM54LS125A/DM74LS125A

National
Semiconductor
Corporation

DM54LS125A/DM74LS125A Quad TRI-STATE® Buffers

General Description

This device contains four independent gates each of which
performs a non-inverting buffer function. The outputs have
the TRI-STATE feature. When enabled, the outputs exhibit
the low impedance characteristics of a standard LS output
with additional drive capability to permit the driving of bus
lines without external resistors. When disabled, both the

output transistors are turned off presenting a high-imped-
ance state to the bus line. Thus the output will act neither as
a significant load nor as a driver. To minimize the possibility
that two outputs will attempt to take a common bus to oppo-
site logic levels, the disable time is shorter than the enable
time of the outputs.

Connection Diagram

Dual-In-Line Package

Vee C4 A4
ra |13 |12

Y4 Cc3 A3 Y3

1 Jwo o |e

1 2 3
Cc1 A1 Y1

c2 A2 Y2

4 s s |7

GND
TL/F/6387-1

Order Number DM54LS125AJ, DM74LS125AM or DM74LS125AN
See NS Package Number J14A, M14A or N14A

Function Table

Y=A
Inputs Output
A c Y
L L L
H L H
X H Hi-Z

H = High Logic Level
L = Low Logic Level

X = Either Low or High Logic Level
Hi-Z = TRI-STATE (Outputs are disabled)
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Absolute Maximum Ratings (Note)

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage N
Operating Free Air Temperature Range

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
paramelric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

DM54LS
DM74LS

Storage Temperature Range

Recommended Operating Conditions

—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

Symbol Parameter DMS4LS125A DM74LS125A Units
Min Nom Max Min Nom Max

Vee Supply Voltage 45 5 55 4,75 5 5.25 v
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 v
loH High Leve! Output Current -1 —26 mA
loL Low Level Output Current 12 24 mA
TA Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Typ

Symbol Parameter Conditions Min (Note 1) Max Units

\] Input Clamp Voltage Vee = Min, I} = =18 mA -1.5 v

VoH High Level Output Ve = Min, Ioy = Max 2.4 3.4 Y
Voltage ViL = Max, Vi = Min } :

VoL Low Level Output Vce = Min, IgL = Max DM54 0.25 0.4
Voltage ViL = Max DM74 0.35 0.5 Y

loL = 12mA, Vgc = Min DM74 0.25 0.4

I Input Current @ Max Vee = Max, V| = 7V 0.1 mA
Input Voltage

H High Level Input Ve = Max, V) = 2.7V 20 pA
Current

IiL Low Level Input Voo = Max, V| = 0.4V —04 mA
Current

lozH Off-State Output Current Vce = Max, Vg = 2.4V
with High Level Output ViH = Min, V| = Max 20 pA
Voltage Applied

lozL Off-State Output Current Vce = Max, Vg = 0.4V
with Low Level Output Vi = Min, Vi = Max —-20 pA
Voltage Applied

los Short Circuit Vce = Max DM54 —-20 —100 mA
Output Current (Note 2) DM74 —20 —100

Icc Supply Current Vce = Max (Note 3) " 20 mA

Note 1: All typicals are at Vgc = 5V, Ty = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with the data control (C) inputs at 4.5V and the data inputs grounded.

2-93

vselsbiNa/vseLSTvSiNG




DM54LS125A/DM74LS125A

Switching Characteristics at Ve = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 667Q
Symbol Parameter CL = 50 pF Cr = 150 pF Units
Min Max Min Max

tPLH Propagation Delay Time Low

to High Level Output 15 21 ns
tPHL Propagation Delay Time High

to Low Level Output 18 22 ns
tpzH Output Enable Time to

High Level Output 25 35 ns
tpzL Output Enable Time to

Low Level Output 25 40 ns
tpHZ Output Disable Time from 20 ns

High Level Output (Note 1)
teLz Output Disable Time from 20 ns

Low Level Output (Note 1)

Note 1: C| = 5pF.
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National
Semiconductor
Corporation

DM54LS126A/DM74LS126A Quad TRI-STATE® Buffers

General Description

This device contains four independent gates each of which
performs a non-inverting buffer function. The outputs have
the TRI-STATE feature. When enabled, the outputs exhibit
the low impedance characteristics of a standard LS output
with additional drive capability to permit the driving of bus
lines without external resistors. When disabled, both the

output transistors are turned off presenting a high-imped-
ance state to the bus line. Thus the output will act neither as
a significant load nor as a driver. To minimize the possibility
that two outputs will attempt to take a common bus to oppo-
site logic levels, the disable time is shorter than the enable
time of the outputs.

Connection Diagram

Dual-In-Line Package

Vee c4 A4

14 13 I'IZ

Y4 c3 Al Y3

In 10 |9 Ia

c1 Al Y1

a Is Is lr

c2 A2 Y2 GND

TL/F/6388-1

Order Number DM54LS126AJ, DM74L.S126AM or DM74L.S126AN
See NS Package Number J14A, M14A or N14A

Function Table

Y=A
Inputs Output
A C Y
L H L
H H H
X L Hi-Z

H = High Logic Level
L = Low Logic Level

X = Either Low or High Logic Level
Hi-Z = TRI-STATE (Outputs are disabled)
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DM54LS126A/DM74LS126A

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54LS —-55°Cto +125°C

DM74LS 0°Cto +70°C

—-65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Storage Temperature Range

Recommended Operating Conditions

Symbol Parameter DM54LS126A DM74LS126A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 v
loH High Level Output Current -1 —-26 mA
loL Low Level Output Current 12 24 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

" Typ
Symbol Parameter Conditions Min (Note 1) Max Units
Vi Input Clamp Voltage Voc = Min, || = —18 mA -1.5 \
VoH High Level Output Vee = Min, loy = Max 24 3.4 v
Voltage Vig = Min
VoL Low Level Output Vee = Min, Ig. = Max DM54 0.25 0.4
Voltage V|L = Max, Vig = Min DM74 0.35 0.5 v
loL = 12mA, Vgc = Min DM74 0.25 0.4
I Input Current @ Max Vg = Max, V| = 7V 0.4 mA
Input Voltage .
IH High Level Input Current Vee = Max, V) = 2.7V 20 pA
I Low Level Input Ve = Max, V| = 0.4V —04 mA
Current
lozH Off-State Output Current Vee = Max, Vg = 2.4V
with High Level Output ViH = Min, V| = Max 20 HA
Voltage Applied
lozL Off-State Output Current Vec = Max, Vo = 0.4V
with Low Level Output Vig = Min, V| = Max -20 pA
Voltage Applied
los Short Circuit Veo = Max DM54 -20 —-100 mA
Output Current (Note 2) DM74 —20 —100
lec Supply Current Vcc = Max (Note 3) 12 22 mA

Note 1: All typicals are at Voo = 5V, T = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with both the output control and data inputs grounded.
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Switching Characteristics atvcc = 5vand T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 6670
Symbol Parameter CL = 50 pF CL = 150 pF Units
Min Max Min Max

tpLH Propagation Delay Time Low

to High Level Output 15 21 ns
tPHL Propagation Delay Time High

to Low Level Output 18 22 ns
tpzH Output Enable Time to

High Level Output 30 36 ns
tpzL Output Enable Time to

Low Level Output 30 42 ns
tpHZ Output Disable Time from 25 ns

High Level Output (Note 1)
tpLz Output Disable Time from 25 ns

Low Level Output (Note 1)

Note 1: C| = 5pF.
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DM54LS132/DM74LS132

National
Semiconductor
Corporation

DM54LS132/DM74LS132 Quad 2-Input
NAND Gates with Schmitt Trigger Inputs

General Description

This device contains four independent gates each of which
performs the logic NAND function. Each input has hystere-
sis which increases the noise immunity and transforms a
slowly changing input signal to a fast changing, jitter free
output.

Connection Diagram

Dual-In-Line Package
Vee B4 B3 A3 Y3

a8 va
Iu 13 ||2 |n 10 |s Il

>~ [

1 2 I 3 ) I 5 | 6 I 1
Al B1 Y1 A2 82 Y2 GND

Order Number DM54LS132J, DM74LS132M or DM74LS132N
See NS Package Number J14A, M14A or N14A

TL/F/6389-1

Function Table

Y=AB
Inputs Output
A B Y
L L H
L H H
H L H
H H L

H = High Logic Level
L = Low Logic Leve!
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Absolute Maximum Ratings (Note)
Speclfications for Military/Aerospace products are not
contained in this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage A%
Input Voltage v
Operating Free Air Temperature Range

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The dsvice should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

DM54LS
DM74LS

Storage Temperature Range

—55°Cto +125°C

0°Gto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS4L5132 DM741.5132 Unlts
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
VT+ Positive-Going Input

Threshold Voltage (Note 1) 14 1.6 19 4 16 1.9 v
V- Negative-Going Input

Threshold Voltage (Note 1) 05 08 1 05 0.8 ! v
HYS Input Hysteresis (Note 1) 0.4 0.8 0.4 0.8 \
loH High Level Output Current -0.4 —-04 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Typ
Symbol Parameter Conditions Min (Note 2) Max Units
Vi Input Clamp Voltage Vec = Min, || = —18 mA -1.5 \)
VoH High Level Output Vce = Min, loy = Max, DM54 25 3.4
Voltage V| = V- Min v
9 1= Vr- DM74 2.7 3.4
VoL Low Level Output Ve = Min, lgL = Max, DM54 0.25 0.4
Voltage V| = V14 Max DM74 0.35 0.5 v
loL = 4 mA, Vg = Min DM74 0.25 0.4
174+ Input Current at Veg =5V, V)= V14 _
Positive-Going Threshold 0-14 mA
IT- Input Current at Ve = 5V, V) = V1= _
Negative-Going Threshold 0.18 mA
I Input Current @ Max Ve = Max, V| =7V 04 mA
Input Voltage
v High Level Input Current Vee = Max, V| = 2.7V 20 pA
IiL Low Level Input Current Veoe = Max, V| = 04V —-0.4 mA
los Short Circuit Veo = Max DM54 —-20 —-100
Output Current (Note 3) mA
P DM74 | -20 -100
lecH Supply Current with Vce = Max
Outputs High 59 " mA
lcoL Supply Current with Ve = Max 8.2 14 mA
Outputs Low

Note 1: Voo = 5V
Note 2: All typicals are at Voo = 5V, Tp = 25°C.
Note 3: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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DM54L.S132/DM74LS132

Switching Characteristics atvcc = 5vand T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50pF Units
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output 5 22 8 2 ns
tPHL Propagation Delay Time
High to Low Level Qutput 5 22 10 3 ns
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DM54LS138/DM74LS138, DM54LS139/DM74LS139

Decoders/Demultiplexers

General Description

These Schottky-clamped circuits are designed to be used in
high-performance memory-decoding or data-routing appli-
cations, requiring very short propagation delay times. In
high-performance memory systems these decoders can be
used to minimize the effects of system decoding. When
used with high-speed memories, the delay times of these
decoders are usually less than the typical access time of the
memory. This means that the effective system delay intro-
duced by the decoder is negligible.

The LS138 decodes one-of-sight lines, based upon the con-
ditions at the three binary select inputs and the three enable
inputs. Two active-low and one active-high enable inputs
reduce the need for external gates or inverters when ex-
panding. A 24-line decoder can be implemented with no ex-
ternal inverters, and a 32-line decoder requires only one
inverter. An enable input can be used as a data input for
demultiplexing applications.

All of these decoders/demultiplexers feature fully buffered
inputs, presenting only one normalized load to its driving
circuit. All inputs are clamped with high-performance
Schottky diodes to suppress line-ringing and simplify system
design.

Features
m Designed specifically for high speed:
Memory decoders
Data transmission systems
m LS138 3-to-8-line decoders incorporates 3 enable in-
puts to simplify cascading and/or data reception
m LS139 contains two fully independent 2-to-4-line decod-
ers/demultiplexers
m Schottky clamped for high performance
m Typical propagation delay (3 levels of logic)
LS138 21 ns

The LS139 comprises two separate two-line-to-four-line de- LS139 21 ns
coders in a single package. The active-low enable input can m Typical power dissipation
be used as a data line in demultiplexing applications. LS138 32 mW
LS139 34 mwW
Connection Diagrams
Dual-in-Line Package
Dual-in-Line Package SELECT DATA OUTPUTS

DATA OUTPUTS

r n

Ve YO Y1 Y2 Y3 Y4 Y5 Y6
|1s |15 |14 |13 l12 |11 |1o |9

HEREE
(L]

1 2 a|4 |56|7 [a

A B [ G2A G2B Gt Y7 GND
~ o v’ OUTPUT
SELECT ENABLE

TL/F/8391-1
Order Number DM54LS138J,
DM74LS138M or DM74LS138N
See NS Package Number J16A, M16A or N16A

ENABLE ——A—— N
Vee G2 A2 B2 2Y0 2Y1 2Y2 2v3

|16 |15 14 |13 |12 f11 1o |9

s 4 4

1 7 7
[« Is s 7

1 2 3 la
ENABLE A1 B1  1Y0 1Y1 1Y2 1Y3 GND
Gl ——— g
SELECT DATA OUTPUTS
TL/F/6391-2

Order Number DM54LS139J,
DM74LS139M or DM74LS139N
See NS Package Number J16A, M16A or N16A
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DM54LS138/DM74LS138/DM54LS139/DM74LS139

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Supply Voltage A%
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions" table will define
the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter DM54LS138 DM74LS138 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
VIH High Level Input Voltage 2 2 A
Vi Low Level Input Voltage 0.7 0.8 \"
lon High Level Output Current —0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
TaA Free Air Operating Temperature —55 125 0 70 °C
’LS138 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbo! Parameter Conditions Min Tvp Max Units
(Note 1)
Vi Input Clamp Voltage Voo = Min, ) = —18 mA -1.5 \
VoH High Level Output Vge = Min, loy = Max, DM54 2.5 3.4 v
Voltage ViL = Max, Vi = Min DM74 27 3.4
VoL Low Level Output Vee = Min, oL = Max, DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 05 v
loL = 4 mA, Ve = Min DM74 0.25 0.4
i Input Current @ Max Voo = Max, V| = 7V 01 mA
Input Voltage
IH High Level Input Current Veg = Max, V| = 2.7V 20 pA
I Low Level Input Current Vco = Max, V| = 0.4V —0.36 mA
los Short Circuit Vce = Max DM54 —20 -100 A
Output Current (Note 2) m
P DM74 —-20 —-100
lcc Supply Current Vce = Max (Note 3) 6.3 10 mA

Note 1: All typicals are at Voo = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a tims, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs enabled and open.
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o
. . . =
’LS138 Switching Characteristics o
at Vogc = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load) #
(7]
= -t
From (Input) Levels R = 2ko g
Symbol Parameter To (Output) of Delay CL = 15pF Cp = 50 pF Units a
Min Max Min Max 5
tpLH Propagation Delay Time Select to 2 18 27 ns =
Low to High Level Output Output «
. . @
tPHL Propagation Delay Time Selectto ®
7
High to Low Level Output Output 2 2 40 ns E
tpLH Propagation Delay Time Select to 3 18 27 ns E
Low to High Level Output Output #
tPHL Propagation Delay Time Select to 3 27 40 ns (_12
High to Low Level Output Output §
tPLH Propagation Delay Time Enable to o
Low to High Level Output Output 2 18 2z ns E
™
tPHL Propagation Delay Time Enable to 2 24 40 ns 5
High to Low Level Output Output -
W
tPLH Propagation Delay Time Enable to ©
Low to High Level Output Output 3 8 a7 ns
tPHL Propagation Delay Time Enable to
High to Low Level Output Output 8 28 40 ns

Recommended Operating Conditions

Symbol Parameter DM54LS139 DM74LS139 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 45 5 5.5 4.75 5 5.25 Vv
Vi High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —-0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
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DM54L5138/DM74LS138/DM54L.S139/DM74LS139

’LS139 Electrical Characteristics

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

Typ
Symbol Parameter Conditions Min (Note 1) Max Units
Vi Input Clamp Voltage Ve = Min, || = —18 mA -15 \
VoH High Level Output Ve = Min, loy = Max, DM54 25 3.4 Vv
Voltage ViL = Max, V|y = Min DM74 27 3.4
VoL Low Level Output Vee = Min, lg = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 0.5 v
loL = 4 mA, Vg = Min DM74 0.25 0.4
Iy Input Current @ Max Vee = Max, V| =7V 0.1 mA
Input Voltage
IH High Level Input Current Vecc = Max, V| = 2.7V 20 pA
M Low Level Input Current Vee = Max, V| = 0.4V —0.36 mA
los Short Circuit Vec = Max DM54 —-20 —-100 mA
Output Current (Note 2) DM74 —20 ~100
lcc Supply Current Vcc = Max (Note 3) 6.8 11 mA
Note 1: All typicals are at Voo = 5V, Ta = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs enabled and open.
’LS139 Switching Characteristics
at Voo = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)
From (Input) R = 2k0
Symbol Parameter To (Output) CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time Select to 18 27 ns
Low to High Level Output Output
tPHL Propagation Delay Time Select to 27 40 ns
High to Low Level Output Output
tPLH Propagation Delay Time Enable to 18 27 ns
Low to High Level Output Output
tPHL Propagation Delay Time Enable to 24 40 ns
High to Low Level Output Output
Function Tables
LS138 LS139
Inputs Outputs Inputs Outputs
Enable | Select Enable Select
G1|G2*|C|(B|A[{YO|Y1|Y2|Y3|[Y4|Y5|Y6]Y7 G B A YO0 Y1 Y2 Y3
X| H[X[X|X|]H{H|[H|[H|[H]|H|H]|H H X X H H H H
L| X [X[{X|X|H|H|[H|[H|[H]H|H]|H L L L L H H H
H{ L |LJL|JL|L]JH|H|H|H]|H|H|H L L H H L H H
H|{ L |LILIH[H]JL|H|H|H]|H|H|H L H L H H L H
H{ L |L/H/L|H]JH|L|H{H]|H]|H|H L H H H H H L
H L LIH|H| H H H L H H H H H = High Level, L = Low Leve!, X = Don’t Care
H| L |HIL|]L|H]JH|H|H|L|H|H|H
H{ L |HI[LIH{H|{H|[H|H]JH|L|[H|H
H{ L [HIHIL|H]JH|H|H|[H]|JH]|L|H
H{ L |[HIHHIH{H|H|H|H|[H|H|H|L

* G2 = G2A + G2B
H = High Level, L = Low Level, X = Don’t Care
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Logic Diagrams

ENABLE
INPUTS

SELECT
INPUTS

LS138
—1 )o—”s’ vo)
4
, T ot
o1 & ) g ) (13)
cz2a il — v
c28 & —] 12) vy
{ < DATA
OUTPUTS
[
( T (10)
A (1) Dc :D 1 Y5
@ [>o > j_)o-ig—’vs
’ [
m——DO_‘-4>—-—-< — = v
c J
\
TL/F/6391-3
LS139
@ wo1
ENABLEG1ﬂc1\ﬁ Do(_S)ﬂ“
(2)
A1 b
SELECT @ 7 ya
INPUTS B'—DO__' q> >_:E)o—-
DATA
(12) OUTPUTS
_______| >o—2vo
15
ENABLE G2 uc{} i (11) 2v1
[ (10)
4 | 2v2
A2 4)—4
SELECT 3 © ,va
INPUTS | g, 113 Do o CD ,_-:DO— )
TL/F/6391-4
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DM54LS151/DM74LS151

National

Semiconductor

Corporation

DM54LS151/DM74LS 151 Data Selector/Multiplexer

General Description Features

This data selector/multiplexer contains full on-chip decod- B Select one-of-eight data lines

ing to select the desired data source. The LS151 selects ® Performs parallel-to-serial conversion
one-of-eight data sources. The LS151 has a strobe input  m Permits multiplexing from N lines to one line
which must be at a low logic level to enable these devices.  m Also for use as Boolean function generator

A high level at the strobe forces the W output high, and the

Y output low.

m Typical average propagation delay time data input to W
output 12.5 ns

The LS151 features complementary W and Y outputs. | Typical power dissipation 30 mW

Connection Diagram

Truth Table

Dual-In-Line Package
DATA INPUTS DATA SELECT

-~

vee Da D5 D6 D7 A B

C
16 15 14 13 12 1 10 |9

||

1 2 3 4 5 I 6 l 7 1 8
DI D2 Dt DO Y W STROBE GND

. )

DATA INPUTS OUTPUTS

TL/F/6382-1
Order Number DM54LS151J, DM74LS151M or DM74LS151N
See NS Package Number J16A, M16A or N16A

Inputs Outputs

Select Strobe Y w
c B A $
X X X H L H
L L L L DO Do
L L H L D1 ]}
L H L L D2 D2
L H H L D3 D3
H L L L D4 D4
H L H L D5 D5
H H L L D6 D6
H H H L D7 D7

H = High Level, L = Low Level, X = Don't Care
DO, D1...D7 = the level of the respective D input
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Absolute Maximum Ratings (Note)

Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
reliabllity electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

Note: The “Absolute Maximum Ratings" are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions" table will define
the conditions for actual device operation.

DM54LS
DM74LS

Storage Temperature Range

—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Symbol Parameter DMS4LS151 DM74LS151 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \"
loH High Level Output Current —-0.4 —-04 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature ~55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\ Input Clamp Voltage Vce = Min, I = —18 mA -1.5 \
VoH High Level Output Vce = Min, loy = Max DM54 25 3.4
Voltage ViL = Max, Vig = Min v
oltag It »VIH DM74 2.7 3.4
VoL Low Level Output Vee = Min, lgp. = Max DM54 0.25 0.4
Voltage VL = Max, Vi = Min DM74 0.35 0.5 v
loL = 4 mA, Vg = Min DM74 0.25 0.4
1 Input Current @ Max Vcc = Max, V| = 7V 01 mA
Input Voltage
IiH High Level Input Current Vce = Max, V| = 2.7V 20 RA
L Low Level Input Current Vee = Max, V| = 0.4V —-04 mA
los Short Circuit Vce = Max DM54 —-20 —100 A
Output Current (Note 2) m
utp DM74 —20 —-100
lcc Supply Current Vec = Max (Note 3) 6 10 mA

Note 1: All typicals are at Voo = 5V, Ta = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open, strobe and data select inputs at 4.5V, and all other inputs open.
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DM54LS151/DM74LS151

Switching Characteristics at Voo = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
From (Input)
Symbol Parameter To (output) CpL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time Select 43 46 ns
Low to High Level Output (4 Levels)to Y
tPHL Propagation Delay Time Select a0 36 ns
High to Low Level Output (4 Levels)to Y
tPLH Propagation Delay Time Select 23 25 ns
Low to High Level Output (3 Levels) to W
teHL Propagation Delay Time Select 32 40 ns
High to Low Level Qutput (3 Levels) to W .
tPLH Propagation Delay Time Strobe
Low to High Level Output toY 42 44 ns
tPHL Propagation Delay Time Strobe
High to Low Level Output toY 32 40 ns
teLH Propagation Delay Time Strobe
Low to High Level Output toW 24 27 ns
tPHL Propagation Delay Time Strobe
High to Low Level Output toW 30 36 ns
tPLH Propagation Delay Time DO thru D7 32 a5 ns
Low to High Level Output toY
tPHL Propagation Delay Time DO thru D7 26 33 ns
High to Low Level Output toY
tpLH Propagation Delay Time DO thru D7 21 25 ns
Low to High Level Output toW
tPHL Propagation Delay Time DO thru D7 20 27 ns
High to Low Level Output toW
Logic Diagram
LS151
sTrose (7)
(ENABLE) —‘°| >_
(4)
(Do
0 @ 1
1 Address Buffers for 54LS151/74LS151
@ [ AABBCC
D2 -
a1
m 1 A
bATA 03 | 8 output ¥
INPUTS [ 6) seceer | 822
od 18 OUTPUT W (BINARY)
= c @
(14) o1
D5 TL/F/6392-3
(13) [=
D6
(12) 1
o7
——
AABBCC

—_———

See Address Buffers to the Right

TL/F/6392-2
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DM54LS153/DM74LS153 Dual 4-Line to 1-Line

Data Selectors/Multiplexers

General Description

Each of these data selectors/multiplexers contains invert-
ers and drivers to supply fully complementary, on-chip, bina-
ry decoding data selection to the AND-OR-invert gates.
Separate strobe inputs are provided for each of the two
four-line sections.

Features
® Permits multiplexing from N lines to 1 line
B Performs at parallel-to-serial conversion

® Strobe (enable) line provided for cascading (N lines to
n lines)
= High fan-out, low impedance, totem pole outputs
m Typical average propagation delay times
— From data 14 ns
— From strobe 19 ns
— From select 22 ns
m Typical power dissipation 31 mW

Connection Diagram

Dual-In-Line Package

STROBE A DATA INPUTS OUTPUT
VEC 26 SELECT e 2Y

I 16 15 |14 13 12 1 10 9

2C3 2C€2 2Ct1 2C0 2VI

2G BBARA
1G BBARA
1C3 1c2 1C1 1co 1Y
1 2 3 4 5 6 7 le
STROBE B OUTPUT GND
1G SELECT DATA INPUTS 1

TL/F/6393~1
Order Number DM54LS153J, DM74LS153M or
DM74LS153N
See NS Package Number J16A, M16A or N16A

Logic Diagram

Function Table

Select Data Inputs Strobe | Output
Inputs

B|A|CO|Cl1]|C2]|C3 G Y
X | X X X X X H L
L| L L X X X L L
L|L H X X X L H
L|H X L X X L L
L|H X H X X L H
H|L X X L X L L
H| L X X H X L H
H | H X X X L L L
H|H X X X H L H

Select inputs A and B are common to both sections.
H = High Level, L = Low Level, X = Don’t Care

(1) D
STROBE G1
(6)

—t
1co ':'
5
101 2 1 (7) outpuT
DATA 1 @ L v
1c2 ==|
3 |
1ca
{2)
:]
SELECT
A(14)
(10)
2C0 {
{11)
2¢1
DATA 2 = )
"2 [ ouTPUT
2C2 . v2
. r
213 )
(15) —
STROBE G2 —c{ > 1

TL/F/6393-2
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DM54LS153/DM74LS153

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contalned In this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage N
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—-65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter DM54L.S153 DM74L$153 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 \'
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —-0.4 —-04 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vee = Min, || = —18 mA -15 \"
VoH High Leve! Output Vce = Min, loy = Max DM54 25 3.4
Voltage ViL = Max, Vi = Min v
oltag L s VIH DM74 2.7 3.4
VoL Low Level Output Voo = Min, gL = Max DM54 0.25 0.4
Voltage ViL = Max, Viy = Min DM74 0.35 05 v
loL = 4 mA, Ve = Min DM74 0.25 0.4
I Input Current @ Max Vec = Max, V| = 7V 01 mA
Input Voltage
M High Level Input Current Ve = Max, Vp = 2.7V 20 pA
o Low Level Input Current Vce = Max, V| = 0.4V -0.36 mA
los Short Circuit Veo = Max DM54 -20 —100 mA
Output Current (Note 2) DM74 —20 —100
lcc Supply Current Voe = Max (Note 3) 6.2 10 mA

Note 1: All typicals are at Vog = 5V, Ta = 25° C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open and all other inputs grounded.
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Switching Characteristics atvcs = 5vand T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
From (input)
Symbo! Parameter to (Output) CL = 15pF CL = 50pF Units
Min Max Min Max

tPLH Propagation Delay Time

Low to High Level Output Datato¥ 5 20 ns
tPHL Propagation Delay Time

High to Low Level Output Datato’Y 2 35 ns
tpLH Propagation Delay Time

Low to High Leve! Output Selectto Y 2 35 ns
tPHL Propagation Delay Time

High to Low Level Output Selectto'Y 38 45 ns
tPLH Propagation Delay Time

Low to High Level Output Strobe to'Y 24 30 ns
tPHL Propagation Delay Time

High to Low Level Output Strobeto ¥ 82 40 ns
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DM54LS154/DM74LS154 4-Line to 16-Line

Decoders/Demultiplexers

General Description

Each of these 4-line-to-16-line decoders utilizes TTL circuit-
ry to decode four binary-coded inputs into one of sixteen
mutually exclusive outputs when both the strobe inputs, G1
and G2, are low. The demultiplexing function is performed
by using the 4 input lines to address the output line, passing
data from one of the strobe inputs with the other strobe
input low. When either strobe input is high, all outputs are
high. These demultiplexers are ideally suited for implement-
ing high-performance memory decoders. All inputs are buff-
ered and input clamping diodes are provided to minimize
transmission-line effects and thereby simplify system de-
sign.

Features

m Decodes 4 binary-coded inputs into one of 16 mutually
exclusive outputs

m Performs the demultiplexing function by distributing data
from one input line to any one of 16 outputs

| Input clamping diodes simplify system design

m High fan-out, low-impedance, totem-pole outputs

= Typical propagation delay
3 levels of logic 23 ns
Strobe 19 ns

B Typical power dissipation 45 mW

Connection and Logic Diagrams

Dual-In-Line Package

INPUTS OUTPUTS
V¢ A B C D G2 G1 15 14 13 12 11
22 |21 |20 |19 |1a |17 I16 |15 |14 |13

L

-

HERRRRARN

|1 |2 |a |4 Is ls |7 |a |9 |1o |11 |12
0 1 2 3 4 5 6 7 8 9 10 GND
OUTPUTS

INPUTS

.

TL/F/6394-1
Order Number DM54LS 1544,
DM74LS154WM or DM74LS154N
See NS Package Number J24A, M24B or N24A
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Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliability electrical test specifications document.

Note: The "Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

Supply Voltage v parametric values defined in the “Electrical Characteristics”
Input Voltage v table are not guaranteed at the absolute maximum ratings.
. . The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Gto +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

vSESTPZING/YSISTPSING

Symbol Parameter DM54L.5154 DM74LS154 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 55 4.75 5 5.25 v
VIH High Level Input Voltage 2 2 -V
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —-0.4 —0.4 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (Nm;n Max | Units
Vi Input Clamp Voltage Veo = Min, || = —18 mA -1.5 \
VoH High Level Output Vee = Min, loy = Max DM54 25 3.4 v
Voltage VL = Max, Vi = Min DM74 27 34
VoL Low Level Output Vce = Min, I = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 0.5 v
loL = 4 mA, Vgc = Min DM74 0.25 0.4
Iy Ilgg:z Sg:'{aeg; @ Max Ve = Max, V| = 7V 0. mA
IH High Level Input Current Vee = Max, V| = 2.7V 20 nA
I Low Level Input Current Vcc = Max, V) = 0.4V —-04 mA
los Short Circuit Vee = Max DM54 -20 —-100 mA
Output Current (Note 2) DM74 20 ~100
lcc Supply Current Ve = Max (Note 3) 9 14 mA

Note 1: All typicals are at Vog = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open and all inputs grounded.

Switching Characteristics atvcc = 5vand T4 = 25°C (See Section 1 for Test Waveforms and Output Load)

From (Input) R = 2k
Symbol Parameter To (Output) CL = 15pF Cy = 50 pF Units
Min Max Min Max

tpLH Propagation Delay Time Data to 30 35 ns
Low to High Level Output Qutput

tpHL Propagation Delay Time Data to 30 35 ns
High to Low Level Output Output

tPLH Propagation Delay Time Strobe to 20 25 ns
Low to High Level Output Output

tPHL Propagation Delay Time Strobe to 25 35 ns
High to Low Level Output Output
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Function Table

H = High Level, L = Low Level, X = Don't Care

ySISTPLNG/YSESTYSING

2-114



National
Semiconductor
Corporation

DM54LS155/DM74LS155, DM54LS156/DM74LS 156
Dual 2-Line to 4-Line Decoders/Demultiplexers

General Description

These TTL circuits feature dual 1-line-to-4-line demultiplex-
ers with individual strobes and common binary-address in-
puts in a single 16-pin package. When both sections are
enabled by the strobes, the common address inputs se-
quentially select and route associated input data to the ap-
propriate output of each section. The individual strobes per-
mit activating or inhibiting each of the 4-bit sections as de-
sired. Data applied to input C1 is inverted at its outputs and
data applied at C2 is true through its outputs. The inverter
following the C1 data input permits use as a 3-to-8-line de-
coder, or 1-to-8-line demultiplexer, without external gating.
Input clamping diodes are provided on these circuits to mini-
mize transmission-line effects and simplify system design.

Features
=’ Applications:
Dual 2-to-4-line decoder
Dual 1-to-4-line demultiplexer
3-to-8-line decoder
1-to-8-line demultiplexer
m Individual strobes simplify cascading for decoding or
demultiplexing larger words
1 Input clamping diodes simplify system design
m Choice of outputs:
Totem-pole (LS155)
Open-collector (LS156)

Connection Diagram and Function Tables

2-Line-to-4-Line Decoder or
1-Line-to-4-Line Demultiplexer

Dual-In-Line Package
SELECT OUTPUTS
DATA STROBE INPUT ,— \
vee Cc2 G2 A 2Y3 2Y2 2v1 2Y0
16 15 14 |13 12 1 10 | 9

Q

o

Im c1 J
1 2 3 |4 I 5 I 6 | 7 8
DATA STROBE SELECT 1Y3  1¥2 Y1 Y0 GND
c1 G1  INPUT ~
B OUTPUTS
TL/F/6395-1

Order Number DM54LS155J, DM74LS155M,
DM74LS155N, DM54LS 156,
DM74LS156M or DM74LS156N
See NS Package Number J16A, M16A or N16A

3-Line-to-8-Line Decoder or
1-Line-to-8-Line Demultiplexer

Outputs
0 (1) @ 3 @ ¢G) 6 @

Inputs

Strobe
Or Data

Select

Inputs Outputs
Select | Strobe | Data
B A G1 C1 1Y0 1¥Y1  1¥Y2 1Y3
X X H X H H H H
L L L H L H H H
L H L H H L H H
H L L H H H L H
H H L H H H H L
X X X L H H H H
Inputs Outputs
Select | Strobe | Data
B A G2 Cc2 2Y0 2Y1 2Y2 2Y3
X X H X H H H H
L L L L L H H H
L H L L H L H H
H L L L H H L H
H H L L H H H L
X X X H H H H H

tC = inputs C1 and C2 connected together
3G = inputs G1 and G2 connected together
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[+ ]
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[2)
++

2Y0 2Y1 2Y2 2Y3 1Y0 1Y1 1Y2 1Y3

by
>

ITIIrrrrXx
IIrcrIIrr
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H H H H H
L H H H H
H L H H H
H H L H H
H H H L H
H H H H L
H H H H H
H H H H H
H H H H H
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H

IrTIITIIIIX
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H = high level, L = low level, X = don't care
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DM54LS155/DM74LS155/DM54LS156/DM74LS 156

Absolute Maximum Ratings (ote)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions’ table will define
the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter DMS54LS155 DM74LS155 Units
Min Nom Max Min Nom Max
Vece Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
VIH High Level Input Voltage 2 2 \2
ViL Low Level Input Voltage 0.7 0.8 v
VoH High Level Output Current —-0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
’LS155 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\ Input Clamp Voltage Vec = Min, [ = —18 mA -1.5 \
VoH High Level Output Vee = Min, lopy = Max DM54 2.5 3.4
Voltage V|L = Max, Vi = Min v
g I - VIH DM74 2.7 3.4
VoL Low Leve! Output Ve = Min, oL = Max DM54 0.25 0.4
Voltage ViL = Max, Viy = Min DM74 0.35 05 v
loL = 4 mA, Voo = Min DM74 0.25 0.4
N Input Current @ Max Vee = Max, V| = 7V 0.1 mA
Input Voltage
IiH High Level Input Current Vec = Max, V) = 2.7V 20 pA
IiL Low Level Input Current Vee = Max, V) = 0.4V —0.36 mA
los Short Circuit Ve = Max DM54 —-20 —100
Output Current (Note 2) mA
DM74 -20 —100
lcc Supply Current Vo = Max (Note 3) 6.1 10 mA

Note 1: All typicals are at Vog = 5V, Ta = 25° C.
Note 2: Not more than one output should be shorted at a tims, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open, A,B, and C1 inputs at 4.5V, and C2, G1, and G2 inputs grounded.
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’LS155 Switching Characteristics

at Voo = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
From (Input)
Symbol Parameter To (Output) CL = 15pF C. = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time A, B,C2,G1 18 22 ns
Low to High Level Output orG2toY
tPHL Propagation Delay Time A, B, C2,G1 27 a5 ns
High to Low Level Output orG2toY
tPLH Propagation Delay Time AorB 18 24 ns
Low to High Level Output toY
tPHL Propagation Delay Time AorB
High to Low Level Output toY 2 35 ns
tPLH Propagation Delay Time C1
Low to High Level Output oY 20 24 ns
tPHL Propagation Delay Time 9}
High to Low Level Output oY 27 % ns
Recommended Operating Conditions
Symbol Parameter DMS4LS156 DM74LS156 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.75 5 5.25 Vv
ViH High Level input Voltage 2 2 \"
ViL Low Level Input Voltage 0.7 0.8 \"
VoH High Level Output Voltage 55 55 \"
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 126 0 70 °C
’LS156 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\] Input Clamp Voltage Vee = Min, || = —18 mA -15 \
lcEx High Level Output Vece = Min, Vo = 5.5V 100 A
Current VL = Max, Vig = Min s
VoL Low Level Output Vcc = Min, lop = Max DM54 0.25 0.4
Voltage ViL = Max, Viq = Min DM74 0.35 05 v
loL = 4 mA, Vgc = Min DM74 0.256 0.4
I Input Current @ Max Vec = Max, V) = 7V 0.1 mA
Input Voltage
1T High Level Input Current Vee = Max, V) = 2.7V 20 nA
o Low Level Input Current Vce = Max, V| = 0.4V —0.36 mA
fcc Supply Current Vce = Max (Note 2) 6.1 10 mA

Note 1: All typicals are at Voc = 5V, T4 = 25°C.
Note 2: Icc is measured with all outputs open, A, B, and C1 inputs at 4.5V, and C2, G1, and G2 grounded.
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DM54LS155/DM74LS155/DM54LS156/DM74LS 156

Switching Characteristics
at Voo = 5V and T = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
From (Input)
Symbol Parameter To (Output) CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time A, B, C2,G1 28 53 ns
Low to High Level Output orG2toY
tPHL Propagation Delay Time A, B,C2,G1 a3 43 ns
High to Low Level Output orG2toY
tPLH Propagation Delay Time AorB
Low to High Level Output toY 28 53 ns
tPHL Propagation Delay Time AorB
High to Low Level Output toY 33 43 ns
teLH Propagation Delay Time Cc1
Low to High Level Output toY 2 53 ns
tPHL Propagation Delay Time (03]
High to Low Level Output toY 34 43 ns
Logic Diagram
sTrose (2 {7) ouTPUT
61 ——-DD— 1vo
paTa (1) D}ﬂ ouTPUT
c1 1v1
Dﬂ ouTPUT
3) 1v2
SELECT D o :D
8 { (4) outPuT
1Y3
4—__-D°£) ouTPUT
SELECT (‘3)D o—=~ CD 2vo
A :Do@_) OUTPUT
2v1
pata (15) (1) outPUT
c2 o-D'}— 2v2
stroge {14) :Do('_z) ouTPUT
G2 2v3
TL/F/6395-2
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DM54LS157/DM74LS157, DM54L.S158/DM74LS158
Quad 2-Line to 1-Line Data Selectors/Multiplexers

General Description

These data selectors/multiplexers contain inverters and
drivers to supply full on-chip data selection to the four out-
put gates. A separate strobe input is provided. A 4-bit word
is selected from one of two sources and is routed to the four
outputs. The LS157 presents true data whereas the LS158
presents inverted data to minimize propagation delay time.

m Generate four functions of two variables (one variable
is common)
® Source programmable counters

Features
m Buffered inputs and outputs
| Typical Propagation Time

LS157 9ns

Applications LS158 7ns
m Expand any data input point n Ié‘:'g;‘ P:;IGI’V\IIDISSIPMIOH

- m
m Multiplex dual data buses LS158 24 mW
Connection Diagrams

Dual-In-Line Package Dual-In-Line Package
strose ,_NPUTS  ourpur _INPUTS stroe _"NPUTS  ourpur _'NPUTS ourpuT

OUTPUT
vee G A4 B4 Y4 ‘A3 B3 Y3
|1s |15 14 a3 12 |11 o |9

Vec G A4 B4 Y4 ‘A3
|1s |15 14 |13 |1z 11 |10 |9

l

HEE

T

|1 2 3 4 5 6 7 8
eSor AL vi A2 Y2  GND
SELECT ™ \NpUTs  OUTRU mpurs ouTPUT

TL/F/6396-1
Order Number DM54LS157J, DM74LS157M
or DM74LS157N
See NS Package Number J16A, M16A or N16A

1 2 3 la 5 6 ]7 F;
GND

S A2 B2 Y2
SELECT OUTPUT \——————’ QUTPUT

h__b
INPUTS INPUTS

TL/F/6396-2
Order Number DM54LS158J, DM74LS158M
or DM74LS158N
See NS Package Number J16A, M16A or N16A

Function Table
Inputs
Strobe Select A
H X X
L L L
L L H
L H X
L H X

Output Y
B LS157 LS158
X L H
X L H
X H L
L L H
H H L

H = High Level, L = Low Level, X = Don’t Care

2-119

851STvZINQA/8SESTPSING/LS1STYZINA/LSESTHSING




DM54LS157/DM74LS157/DM54LS158/DM74LS158

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage %
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Note: The "Absolute Maximum Ratings” are those values
beyond which the safely of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define

the conditions for actual device operation.

Recommended Operating Conditions
Symbol Parameter DM54LS157 DM74L8157 Units
Min Nom Max Min Nom Max
Veo Supply Voltage 45 5 5.5 4.75 5 5.25 \
VIH High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 \']
loH High Level Output Current —-0.4 -04 mA
loL Low Level Qutput Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
’LS157 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Tvp Max Units
(Note 1)
V| Input Clamp Voltage | Vg = Min, || = —18 mA -15 Y
VoH High Level Output Vee = Min, loy = Max DM54 25 3.4
Voltage ViL = Max, Vi = Min v
g I ' VIH DM74 2.7 3.4
VoL Low Level Output Ve = Min, lgL = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 05 v
loL = 4mA, Vg = Min DM74 0.25 0.4
I Input Current @ Max Vce = Max SorG 0.2
Input Voltage V=7V mA
P g | AorB 0.1
m High Level Input Vce = Max SorG 40 pA
Current V) =27V AorB 20
m Low Level Input Vee = Max SorG —-0.8
Current V| = 0.4V mA
1= AorB -0.4
los Short Circuit Vco = Max DM54 —20 —-100
Output Current (Note 2) mA
P DM74 -20 -100
lcc Supply Current Vcc = Max (Note 3) 9.7 16 mA

Note 1: All typicals are at Voc = 5V, Tp = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 3: Icc is measured with 4.5V applied to all inputs and all outputs open.
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’LS157 Switching Characteristics o
at Vcc = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load) #
(7]
=1 —
From (Input) AL = 2ka ﬂ
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units E
Min Max Min Max E
tPLH Propagation Delay Time Data 14 18 ns #
Low to High Level Output toY 7,
—
tPHL Propagation Delay Time Data [
High to Low Level Output toY 1 2 ns s
teLH Propagation Delay Time Strobe 20 24 ns =
Low to High Level Output toY o
tPHL Propagation Delay Time Strobe 21 30 ns (l;
High to Low Level Output toY Ty
[<J
teLH Propagation Delay Time Select 23 28 ns B
Low to High Level Output toY =
tPHL Propagation Delay Time Select ;‘
N 27 32 ns -
High to Low Level Output toY o
—r
s
Recommended Operating Conditions
Symbol Parameter DMS4LS158 DM74L5158 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \%
VIH High Leve! Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —-0.4 —-04 mA
loL Low Level Qutput Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C
’LS158 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vee = Min, || = =18 mA : -1.5 \
VoH High Level Output Vee = Min, Ipn = Max DM54 2.5 3.4 Y
Voltage ViL = Max, Vi = Min DM74 27 3.4
VoL Low Level Output Vee = Min, loL = Max DM54 0.25 0.4
Voltage ViL = Max, V| = Min DM74 0.35 0.5 v
loL = 4 mA, Vge = Min DM74 0.25 0.4
I Input Current @ Max Vce = Max SorG 0.2 mA
Input Voltage Vi=7v AorB 0.1
IIH High Level Input Vee = Max SorG 40 pA
Current V=27V AorB 20
i Low Level Input Vee = Max SorG -0.8 mA
Current V) = 0.4V AorB —04
los Short Circuit Vee = Max DM54 —-20 —100 mA
Output Current (Note 2) DM74 —20 —100
lcc Supply Current Vcc = Max (Note 3) 4.8 8 mA
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DM54LS157/DM74LS157/DM54LS158/DM74LS158

’LS 158 Switching Characteristics

at Voo = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

From (Input) R =2k0
Symbol Parameter To (Output) CL=15pF CL = 50pF Units
Min Max Min Max
tPLH Propagation Delay Time Data 12 18 ns
Low to High Level Output toY
tPHL Propagation Delay Time Data 12 o1 ns
High to Low Level Output toY
tpLH Propagation Delay Time Strobe 17 23 ns
Low to High Level Output toY
tPHL Propagation Delay Time Strobe 18 28 ns
High to Low Level Output toY
tPLH Propagatilon Delay Time Select 20 24 ns
Low to High Level Output toY
tPHL Propagatlon Delay Time Select 24 36 ns
High to Low Level Output toY
Note 1: All typicals are at Voo = 5V, T4 = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with 4.5V applied to all inputs and all outputs open.
Logic Diagrams
LS157 LS158
a2 a2
4
a1 vy g @y
-1
a2'9 : 22
(7) (&)
v2 Y2
g2 ® . 528
aztiy Azt
1 |
[ [
(9) (9)
v3 v3
g3 19 . a3 19
L [
as 19 f PPRiL)
9 12 L (12)
54(‘3) (2 Y4 34“3) Y4
. |
4
SELECT (lDO_“_OD_ SELECT ‘LDO_,_OD_
STROBE “i’_cb_ STROBE (——c{>——15'
TL/F/6396-3 TL/F/6396-4
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DM54LS161A/DM74LS161A, DM54LS163A/DM74LS163A
Synchronous 4-Bit Binary Counters

General Description

These synchronous, presettable counters feature an inter-
nal carry look-ahead for application in high-speed counting
designs. The LS161A and LS163A are 4-bit binary counters.
The carry output is decoded by means of a NOR gate, thus
preventing spikes during the normal counting mode of oper-
ation. Synchronous operation is provided by having all flip-
flops clocked simultaneously so that the outputs change co-
incident with each other when so instructed by the count-
enable inputs and internal gating. This mode of operation
eliminates the output counting spikes which are normally
associated with asynchronous (ripple clock) counters. A
buffered clock input triggers the four flip-flops on the rising
(positive-going) edge of the clock input waveform.

These counters are fully programmable; that is, the outputs
may be preset to either level. As presetting is synchronous,
setting up a low level at the load input disables the counter
and causes the outputs to agree with the setup data after
the next clock pulse, regardless of the levels of the enable
input. Low-to-high transitions at the load input are perfectly
acceptable, regardless of the logic levels on the clock or
enable inputs. The clear function for the LS161A is asyn-
chronous; and a low level at the clear input sets all four of
the flip-flop outputs low, regardless of the levels of clock,
load, or enable inputs. The clear function for the LS163A is
synchronous; and a low level at the clear inputs sets all four
of the flip-flop outputs low after the next clock pulse, regard-
less of the levels of the enable inputs. This synchronous
clear allows the count length to be modified easily, as de-
coding the maximurmn count desired can be accomplished
with one external NAND gate. The gate output is connected
to the clear input to synchronously clear the counter to all
low outputs.

The carry look-ahead circuitry provides for cascading coun-
ters for n-bit synchronous applications without additional
gating. Instrumental in accomplishing this function are two
count-enable inputs and a ripple carry output.

Both count-enable inputs (P and T) must be high to count,
and input T is fed forward to enable the ripple carry output.
The ripple carry output thus enabled will produce a high-lev-
el output pulse with a duration approximately equal to the
high-level portion of the Q4 output. This high-level overflow
ripple carry pulse can be used to enable successive cascad-
ed stages. High-to-low level transitions at the enable P or T
inputs may occur, regardless of the logic level of the clock.
These counters feature a fully independent clock circuit.
Changes made to control inputs (enable P or T or load) that
will modify the operating mode have no effect until clocking
occurs. The function of the counter (whether enabled, dis-
abled, loading, or counting) will be dictated solely by the
conditions meeting the stable set-up and hold times.

Features

B Synchronously programmable

m Internal look-ahead for fast counting

m Carry output for n-bit cascading

m Synchronous counting

u Load control line

m Diode-clamped inputs

m Typical propagation time, clock to Q output 14 ns
m Typical clock frequency 32 MHz

W Typical power dissipation 93 mW

Connection Diagram

Dual-In-Line Package

RIPPLE ouTPUTS
CARRY ENABLE
VGG OUTPUT Qa Qg Q¢ Qp T LOAD
‘16 s e s |2 1 o ‘9
A
1 2 3 4 5 6 7 8

CLEAR CLOCK A B

C D ENABLE GND

DATA INPUTS

TL/F/6397-1

Order Numbers DM54LS161AJ, DM54LS163AJ, DM74LS161AM,
DM74LS163AM, DM74LS161AN or DM74LS163AN
See NS Package Number J16A, M16A or N16A
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DM54LS161A/DM74LS161A/DM54LS163A/DM74LS163A

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Supply Voltage : v
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS4LS161A DM74LS161A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.75 5 5.25 Vv
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current -04 —-0.4 mA
oL Low Level Output Current 4 8 mA
foLk Clock Frequency (Note 1) 25 0 25 MHz
Clock Frequency (Note 2) 20 0 20 MHz
tw Pulse Width Clock 20 20 6 ns
(Note 1) Clear 20 9 20 9
Pulse Width Clock 25 25 ns
(Note 2) Clear 25 25
tsu Setup Time Data 20 8 20 8
(Note 1) Enable P 25 17 25 17 ns
Load 25 15 25 15
Setup Time Data 20 20
(Note 2) Enable P 30 30 ns
Load 30 30
tH Hold Time Data -3 -3 ns
(Note 1) Others -3 -3
Hold Time Data ns
(Note 2) Others
tReEL Clear Release Time (Note 1) 20 20 ns
Clear Release Time (Note 2) 25 25 ns
TA Free Air Operating Temperature —55 125 0 70 °C

Note 1: C = 15 pF, R, = 2k, TA = 25°C and Vgg = 5.5V.
Note 2: C = 50 pF, R = 2k}, To = 25°C and Vg = 5.5V.
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'LS161 Electrical Characteristics

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

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\7 Input Clamp Voltage Vec = Min, )| = —18 mA -1.5 \
VoH High Level Output Vce = Min, loy = Max DM54 2.5 3.4 v
Voltage V|L = Max, Vi4 = Min DM74 27 3.4
VoL Low Level Output Vcc = Min, loL = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 05 v
loL = 4 mA, Vcc = Min DM74 0.25 0.4
I Input Current @ Max Vee = Max Enable T 0.2
Input Voltage V=7V Clock 0.2
mA
Load 0.2
Others 0.1
I High Level Input Ve = Max Enable T 40
Current V=27V Clock 40
pA
Load 40
Others 20
I Low Level Input Ve = Max Enable T —-0.8
Current V| = 04V Clock —08
mA
Load -0.8 -
Others —-0.4
los Short Circuit Vee = Max DM54 —-20 —100
mA
Output Current (Note 2) DM74 —20 ~100
lccH Supply Current with Veco = Max 18 31 mA
Outputs High (Note 3)
lcoL Supply Current with Vee = Max
Outputs Low (Note 4) 19 32 mA
Note 1: All typicals are at Vcg = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: IccH is measured with the load high, then again with the load low, with all other inputs high and all outputs open.
Note 4: Icc) is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open.
’LS161 Switching Characteristics
at Voo = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load)
RL = 2k
From (input) —
Symbol Parameter To (Output) CL = 15pF C.. = 50pF Units
Min Max Min Max
fmAX Maximum Clock Frequency 25 20 MHz
tPLH Propagation Delay Time Clock to 24 30 ns
Low to High Level Output Ripple Carry
tPHL Propagation Delay Time Clock to 30 a8 ns
High to Low Level Output Ripple Carry
tPLH Propagation Delay Time Clock to Any Q 22 27 ns
Low to High Level Output (Load High)
tPHL Propagation Delay Time Clock to Any Q 27 a8 ns
High to Low Level Output (Load High)
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DM54LS161A/DM74LS161A/DM54LS163A/DM74LS163A

’LS161 Switching Characteristics
atVcc = 5V and T4 = 25°C (See Section 1 for Test Waveforms and Output Load) (Continued)

RL = 2k
From (Input)
Symbol Parameter To (Output) CpL = 15pF CL = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time Clock to Any Q 24 a0 ns
Low to High Level Output (Load Low)
tPHL Propagation Delay Time Clock to Any Q 29 ag ns
High to Low Level Output (Load Low)
tPLH Propagation Delay Time Enable T to 18 27 ns
Low to High Level Output Ripple Carry
tPHL Propagation Delay Time Enable T to 15 27 ns
High to Low Level Output Ripple Carry
tPHL Propagation Delay Time Clear to 35 45 ns
High to Low Level Output Any Q
Recommended Operating Conditions
Symbol Parameter DMSALS163A DM74LS163A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4,75 5 5.25 \
ViH High Level Input Voltage 2 2 \"
viL Low Level Input Voltage 0.7 0.8 \
loH High Level Qutput Current -0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
fok Clock Frequency (Note 1) 25 25 MHz
Clock Frequency (Note 2) 20 20 MHz
tw Pulse Width Clock 20 20 6 ns
(Note 1) Clear 20 20
Pulse Width Clock 25 25 ns
(Note 2) Clear 25 25
tsu Setup Time Data 20 8 20 8
(Note 1) Enable P 25 17 25 17 ns
Load 25 15 25 15
Setup Time Data 20 20
(Note 2) Enable P 30 30 ns
Load 30 30
tH Hold Time Data -3 -3 ns
(Note ) Others -3 -3
Hold Time Data ns
(Note 2) Others
tREL Clear Release Time (Note 1) 20 20 ns
Clear Release Time (Note 2) 25 25 ns
Ta Free Air Operating Temperature —55 125 0 70 °C

Note 1:: C = 15 pF, R_ = 2kQ, T4 = 25°C and Vg = 5V.
Note 2: C| = 50 pF, R = 2k}, Tp = 25°C and Vg = 5V.
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’LS163 Electrical Characteristics o
over recommended operating free air temperature range (unless otherwise noted) ,"3
w
Typ >
Symbol Parameter Conditlons Min Max Unlts o
(Note 1) ;
Vi Input Clamp Voltage Vee = Min, || = —18 mA -1.5 \ B
VoH High Level Output Vee = Min, Ipy = N!ax DM54 2.5 3.4 v E
Voltage ViL = Max, Vi = Min DM74 27 34 ﬁ
VoL Low Level Output Voo = Min, lgL = M.ax DM54 0.25 0.4 >
Voltage ViL = Max, Vjy = Min DM74 0.35 05 v E
loL = 4 mA, Vg = Min DM74 0.25 0.4 E
Iy Input Current @ Max Veg = Max Enable T 0.2 g
Input Voltage V= Clock, Clear 0.2 »
mA =
Load 0.2 §
Others 0.1 [
hH High Level Input Vee = Max Enable T 40 g
Current V=27V Load 40 g
MA P
Clock, Clear 40 9
Others 20 §
M Low Level Input Vce = Max Enable T -0.8
Current Vi= 04V Clock, Clear -0.8
mA
Load ~-0.8
Others -04
los Short Circuit Vee = Max DM54 -20 —100 mA
Output Current (Note 2) DM74 —20 ~100
lccH Supply Current with Ve = Max 18 31 mA
Outputs High (Note 3)
leoL Supply Current with Vece = Max
Outputs Low (Note 4) 18 82 mA

Note 1: All typicals are at Voo = 5V, T = 25°C.

Note 2: Not more than one output should be shorted at a tims, and the duration should not exceed one second.

Note 3: IccH is measured with the load high, then again with the load low, with all other inputs high and all outputs open.

Note 4: Icc, is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open.

’LS163 Switching Characteristics

at Vo = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
From (Input)
Symbol Parameter To (Output) CL = 15pF CL = 50 pF Units
Min Max Min Max

fmax Maximum Clock Frequency 25 20 MHz

tPLH Propagation Delay Time Clock to 24 30 ns
Low to High Level Output Ripple Carry

tPHL Propagation Delay Time Clock to 30 a8 ns
High to Low Level Output Ripple Carry

tPLH Propagation Delay Time Clock to Any Q 22 27 ns
Low to High Level Output (Load High)

tPHL Propagation Delay Time Clock to Any Q 27 g ns
High to Low Level Output (Load High)
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DM54LS161A/DM74LS161A/DM54LS163A/DM74LS163A

’LS163 Switching Characteristics

at Voo = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load) (Continued)

RL = 2k
From (Input)
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units
Min Max Min Max
tPLH Propagation Delay Time Clock to Any Q 24 30 ns
Low to High Level Output (Load Low)
tPHL Propagation Delay Time Clock to Any Q 29 as ns
High to Low Level Output (Load Low)
tPLH Propagation Delay Time Enable T to 18 27 ns
Low to High Level Output Ripple Carry
tPHL Propagation Delay Time Enable T to 15 27 ns
High to Low Level Output Ripple Carry
tPHL Propagation Delay Time Clearto Any Q a5 45 ns
High to Low Level Output (Note 1)
Note 1: The propagation delay clear to output is measured from the clock input transition.
Logic Diagram
LS163A
(2) “ g
Q Q,
cLock —{>o— <> cLock *
] (]
3) i B
DATA A
)]
CLEAR 1
K (13)
Q ag
@) p—cp> CLOCK
DATA B | =
® 1 3
LOAD -—D !
Y]
ENABLE P
1 ] -
ENABLE ‘r( 2 K (12)
Q Q¢
(5) P CLOCK
DATAC -
i Qr—
J
K (11
Q Qp
(6) —a> CLOCK
DATA D 1 -
1 QP
3

The LS161A is similar, however, the clear buffer is connected directly to the flip flops.

(15) RIPPLE
) CARRY

OUTPUT
TL/F/6397-2
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Parameter Measurement Information

Switching Time Waveforms

[~ twicLock)
cLocK sV / \
Vaee Vrer A Vaer N
INPUT
toLn ) ____J tone
(MEASURE AT .} |’ (MEASURE AT ty.}
Vou
OUTPUT
Q, _}v"nsr Veer / \
Voo RS
toue ] ] teun
(MEASURE AT ty.q) (MEASURE AT ty.2}
Vou
ouTPUT Vaer Vaee
Qg
Voo £
tont toLn
(MEASURE AT ty.g) ™| ™ (MEASURE AT ty.4)
outeur Vov v
o, REF
oL [y
(MEASURE AT ty,q0 —
OR tnerg) (NOTE B)
Vou
ouTPUT Voer
9 yo >
ton
(MEASURE AT ty,10
AppLE Vor OR tyerg) (NOTEB)
CARRY
QUTPUT Voo ey

TL/F/6397-3

Note A: The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zoyr = 500, t, < 10 ns, t; < 10 ns.
Vary PRR to measure fyax.

Note B: Outputs Qp and carry are tested at t, 4 15 where t, is the bit time when all outputs are low.
Note C: VRgr = 1.5V.

Switching Time Waveforms

v
CLOCK INPUT N /.
isigtA o \/nee f Veee

o twicLock!
CLEAR \ /
N Vaer 7 Vaer
INPUT o \
30 WicLEAR) tseTup
LOAD ™ s v {V
INPUT N'REF A~ VRer
’ o tseTup
3ov
DATA INPUTS {V \ v
A,B,C,ANDD REF \i“

ov tomy fe— e
Q OuTPUTS (-

LS161A _\\Vm
Vou
v

Vrer

ENABLEP OR

v
ENABLE T REF

VREF

ov

Vou
CARRY Vrer Vaer

Vo
IseTup

CLOCK INPUT 3.0V
LS163A _\_J! Vrer : Vrer {\;s;
v -/

v —etenL —e{to
aoutPuts oM
151634 Vaer VRer
v,

oL g

tsenur -

TL/F/6397-4

Note A: The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zoyt = 500, t; < 6 ns, t < 6 ns. Vary
PRR to measure fiax.

Note B: Enable P and enable T setup times are measured at t,o.
Note C: VRer = 1.3V.
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DM54LS164/DM74LS164

National
Semiconductor
Corporation

DM54LS164/DM74LS164 8-Bit
Serial In/Parallel Out Shift Registers

General Description

These 8-bit shift registers feature gated serial inputs and an
asynchronous clear. A low logic level at either input inhibits
entry of the new data, and resets the first flip-flop to the low
level at the next clock pulse, thus providing complete con-
trol over incoming data. A high logic level on either input
enables the other input, which will then determine the state
of the first flip-flop. Data at the serial inputs may be changed
while the clock is high or low, but only information meeting
the setup and hold time requirements will be entered. Clock-
ing occurs on the low-to-high level transition of the clock
input. All inputs are diode-clamped to minimize transmis-
sion-line effects.

Features

B Gated (enable/disable) serial inputs
B Fully buffered clock and serial inputs
B Asynchronous clear

m Typical clock frequency 36 MHz

m Typical power dissipation 80 mW

Connection Diagram

Dual-In-Line Package
OUTPUTS
Vee Oy Qg Qp Qg CLEAR CLOCK

o

I 14 13 12 1 10 I 9

4
| 1 2 3 4 5 6 7
A ] Qa Qg Qc Qp GND
SERIAL INPUTS OUTPUTS
TU/F/6398-1
Order Number DM54L.S164J, DM74LS164M or
DM74LS164N

See NS Package Number J14A, M14A or N14A

Logic Diagram

Function Table

Inputs Outputs
Clear | Clock | A B | Qa Qp Qy
L X X X L L L
H L X X | Qa Qgo QHo
H T H H H Qan Qgn
H T L X L Qan Qgn
H T X L L Qan Qan

H = High Level (steady state), L = Low Level (steady state)

X = Don't Care (any input, including transitions)}

T = Transition from low to high level

Qao, Qpo, QHo = The level of Qa, Qg, or Qy, respectively, before the
indicated steady-state input conditions were established.

Qan Qan = The leve! of Q4 or Qg before the most recent T transition of
the clock; indicates a one-bit shift.

CLEAR i oDc

{8)

SESEaE

CLocK
o Q 2 <
SERIAL [A _ CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR
mvu-rsBED R Qp R Qg R Oc R Qp R O R Gf R Qg R Qy
b cLock cLocK b cLock b cLock cLock b CLOCK cLoCcK cLocK
S Q s o s Q¢ s ap s o s of s Qg s oy
Q) (4 (5) (6 (10) (330] (12) (13)
Qa 0g Qc Qp Qg QF Qg O
ouTPUTS
TL/F/6398-2
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Absolute Maximum Ratings (Note)
Specificatlons for Military/Aerospace products are not
contained In this datasheet. Refer to the assoclated
reliabllity electrical test specifications document.

Supply Voltage A
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings"” are those values
beyond which the safely of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” tables will de-
fine the conditions for actual device operation.

Symbol Parameter DMS541L.S164 DM74LS164 Units
Min Nom Max Min Nom Max
Veo Supply Voltage 45 5 5.5 475 5 5.25 \'
VIH High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 \']
loH High Level Output Current —-0.4 —-0.4 mA
loL Low Level Output Current’ 4 8 mA
foLk Clock Frequency (Note 4) 0 25 0 25 MHz
tw Pulse Width Clock 20 20 ns
(Note 4) Clear 20 20

tsu Data Setup Time (Note 4) 15 15 ns
tH Data Hold Time (Note 4) 5 5 ns
tREL Clear Release Time (Note 4) 30 30 ns
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (N:¥: 1) Max Units
\' Input Clamp Voltage Ve = Min, || = —18 mA -1.5 v
VoH High Level Output Vcg = Min, Ioy = Max DM54 2.5 3.4 v
Voltage Vi = Max, Vi = Min oMr4 | 27 3.4
VoL Low Leve! Output Vee = Min, IgL = Max DM54 0.25 0.4
Voltage ViL = Max, Vi = Min DM74 0.35 0.5 v
loL = 4 mA, Vg = Min DM74 0.25 0.4
Iy Input Current @ Max Vee = Max, V) = 7V 0.1 mA
Input Voltage
liH High Level Input Current Vce = Max, V) = 2.7V 20 pA
iL Low Level Input Current Ve = Max, V) = 0.4V —0.4 mA
los Short Circuit Vee = Max DM54 —20 —100 mA
Output Current (Note 2) DM74 —20 —100
Icc Supply Current Voo = Max (Note 3) 16 27 mA

Note 1: All typicals are at Voo = 5V, T = 25°C.

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: Icc is measured with all outputs open, the SERIAL input grounded, the CLOCK input at 2.4V, and a momentary ground, then 4.5V, applied to the CLEAR

input.

Note 4: Ty = 25°C and Vg = 5V.
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DM54LS164/DM74LS164

Switching Characteristics atVvcc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

R = 2kQ
From (Input)
Symbol Parameter To (Output) Cr = 15pF CL = 50 pF Units
Min Max Min Max
fMAX Maximum Clock Frequency 25 MHz
tpLH Propagation Delay Time Clock to 27 30 ns
Low to High Level Output Output
tpHL Propagation Delay Time Clock to a2 40 ns
High to Low Level Output Output
tPHL Propagation Delay Time Clear to 36 45 ns
High to Low Level Output Output
Timing Diagram
CLEAR —‘ T J
A
SERIAL L I 1
INPUTS
PP S
cocx | LI LML LML
o171 L1
% "1 LI 1
===3
% ___1 | | S
ap_ "1
OUTPUTS T [ R N
Ce L [
o 11 1
%0 l] L
o 7] 1
| I
CLEAR CLEAR

TL/F/6398-3
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Corporation

DM54LS165/DM74LS165 8-Bit Parallel
In/Serial Output Shift Registers

General Description

This device is an 8-bit serial shift register which shifts data in
the direction of Qa toward Qy when clocked. Parallel-in ac-
cess is made available by eight individual direct data inputs,
which are enabled by a low level at the shift/load input.
These registers also feature gated clock inputs and comple-
mentary outputs from the eighth bit.

Clocking is accomplished through a 2-input NOR gats, per-
mitting one input to be used as a clock-inhibit function. Hold-
ing either of the clock inputs high inhibits clocking, and hold-
ing either clock input low with the load input high enables
the other clock input. The clock-inhibit input should be
changed to the high level only while the clock input is high.
Parallel loading is inhibited as long as the load input is high.

Data at the parallel inputs are loaded directly into the regis-
ter on a high-to-low transition of the shift/load input, regard-
less of the logic levels on the clock, clock inhibit, or serial
inputs.

Features

B Complementary outputs

m Direct overriding (data) inputs

m Gated clock inputs

® Parallel-to-serial data conversion
m Typical frequency 35 MHz

B Typical power dissipation 106 mW

Connection Diagram

Dual-In-Line Package
PARALLEL INPUTS

CLOCK

SERIAL OUTPUT

Vcc INHBIT "D C
|1s |15 1w |13

B A’ INPUT  Qy
12 11 |10 |9

1 2 3 4
SHIFT/ CLOCK  E F

LOAD

5 6 7 I 8
G H  OUTPUT GND
QH

PARALLEL INPUTS

TL/F/6399-1

Order Number DM54LS165J, DM74LS165WM or DM74LS165N
See NS Package Number J16A, M16B or N16A

Function Table

Inputs Internal
Outputs Output

&I‘;-hlft/ Clock Clock Serlal Parallel Q
oad Inhibit A.H Qa Qs H

L X X X a..h a b h
H L L X X Qao Qgo Qo
H L T H X H Qan Qgn
H L T L X L Qan Qan
H H X X X Qao Qgo QHo

H = High Level (steady state), L = Low Level (steady state)

X = Don't Care (any input, including transitions)

T = Transition from low-to-high level

a..h = The level of steady-state input at inputs A through H, respectively.

Qao, Qgo, QHo = The level of Q,, Qg, or Qy, respectively, before the indicated steady-state input conditions were established.
Qan, Qgn = The level of Qa or Qg, respectively, before the most recent T transition of the clock.
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DM54LS165/DM74LS165

Absolute Maximum Ratings (vote)

Specifications for Mllltary/Aerospace products are not
contained In this datasheet. Refer to the assoclated

reliabliity electrical test specifications document.
Supply Voltage

Input Voltage

Operating Free Air Temperature Range

DM54LS
DM74LS

Storage Temperature Range

s
v

—55°Cto +125°C
0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DM541.8165 DM74L.5165 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 475 5 5.25 \']
ViH High Leve! Input Voltage 2 2 \"
ViL Low Level Input Voltage 0.7 0.8 Y
loH High Level Output Current —0.4 —-0.4 mA
loL Low Level Output Current 4 8 mA
folk Clock Frequency (Note 1) 0 25 0 25 MHz
foLk Clock Frequency (Note 2) 0 20 0 20 MHz
tw Pulse Width Clock 25 25 ns
(Note 2) Load 15 15
tsu Setup Time Parallel 10 10
(Note 6) Serial 20 20 ns
Enable 30 30
Shift 45 45
tH Hold Time (Note 6) 0 0 ns
TA' Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NI¥§ 3) Max Units

\ Input Clamp Voltage Vo = Min, || = —18 mA —-1.5 Vv

VoH High Level Output Vee = Min, oy = Max DM54 2.5 3.4 v
Voltage ViL = Max, Vi = Min DM74 27 3.4

VoL Low Level Output Ve = Min, IgL = Max DM54 0.25 0.4
Voltage VL = Max, Vi = Min DM74 0.35 05 Y,

loL = 4 mA, Vg = Min DM74 0.25 0.4

I Input Current @ Max Voo = Max Shift/Load 0.3 mA
Input Voltage V=17V Others 0.1

K High Level Input Vee = Max Shift/Load 60 A
Current V=27V Others 20

M Low Level Input Ve = Max Shift/Load -1.2 mA
Current V| = 0.4V Others —0.4

los Short Circuit Vee = Max DM54 —-20 —100 mA
Output Current (Note 4) DM74 —20 —100

lcc Supply Current Voc = Max (Note 5) 21 36 mA

Note 1: C, = 15 pF, R = 2k, Tp = 25°C and Vg = 5V
Note 2: C|_ = 50 pF, R = 2k, Tp = 25°C and Vgg = 5V
Note 3: All typicals are at Vo = 5V, T = 26°C.

Note 4: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 5: With all outputs open, clock inhibit and shift/load at 4.5V, and a clock pulse applied to the CLOCK input, Icc is measured first with the parallel inputs at
4.5V, then again grounded.

Note 6: T = 25°C and Vgg = 5V.
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Switching Characteristics at Vec = 5V and T = 25°C (See Section 1 for Test Waveforms and Output Load) ';_._
RL = 2kQ _02
From (Input) &
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units a
Min Max Min Max 5
fMAX Maximum Clock Frequency 25 20 MHz ,'?.
tPLH Propagation Delay Time Load to 35 37 ns ‘_’2
Low to High Level Output Any Q 8
tPHL Propagation Delay Time Load to 35 42 ns
High to Low Level Output Any Q
tPLH Propagation Delay Time Clock to 40 42 ns
Low to High Level Output Any Q
tPHL Propagation Delay Time Clock to 40 47 ns
High to Low Level Output AnyQ
tPLH Propagation Delay Time H
Low to High Level Output to Qy 25 27 ns
tPHL Propagation Delay Time H
High to Low Level Output to Qy 30 37 ns
tPLH Propagation Delay Time H
Low to High Level Output to Qq 30 82 ns
tPHL Propagation Delay Time H
High to Low Level Output to Qn 25 82 ns
Timing Diagram
Typical Shift, Load, and Inhibit Sequences
CLOCKIllllllllll'llllllllllll
CLOCK INHIBIT
SERIAL INPUT L
SHIFT/LOAD | |
A [Th]
B L
c v
D L
DATA
e v
F L
G fw]
H vl
outPuTay ___ How e e e vl [A]
ouTPUTGY | YN Y|
l-—INHlBIT SERIAL SHIFT
LOAD
TL/F/6399-3
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PARALLEL INPUTS

21607

a

weube

A B c D E F G H
1) (12) (13) (14) 3) |(4) (5) (6)
‘PRESET PRESET| PRESET] PRESET PRESET PRESET PRESET PRESET| | (9
S Qa S Qg S Q¢ S Qp S Qg S Qf S Qg S Qy
OUTPUT Qy
~ cLock -CLOCK -CLOCK -CLOCK —ob CLOCK CLOCK -CLOCK CLOCK .
SERIAL (10) DG : R Qa R Qy R Qg R Qp R Qg R Qf R Qg R Oy o
INPUT CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR] | ouTPuT Gy
sHIFT/ (1)
LOAD ‘D 1
(2)
CLOCK
cLock (19) : )::

INHIBIT

TU/F/6399-2
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DM54LS166/DM74LS166 8-Bit

Parallel-In/Serial-Out Shift Registers

General Description

These parallel-in or serial-in, serial-out shift registers feature
gated clock inputs and an overriding clear input. All inputs
are buffered to lower the drive requirements to one normal-
ized load, and input clamping diodes minimize switching
transients to simplify system design. The load mode is es-
tablished by the shift/load input. When high, this input en-
ables the serial data input and couples the eight flip-flops for
serial shifting with each clock pulse. When low, the parallel
(broadside) data inputs are enabled and synchronous load-
ing occurs on the next clock pulse. During parallel loading,
serial data flow is inhibited. Clocking is accomplished on

the low-to-high-level edge of the clock pulse through a two-
input NOR gate, permitting one input to be used as a clock-
enable or clock-inhibit function. Holding either of the clock
inputs high inhibits clocking; holding either low enables the
other clock input. This allows the system clock to be free
running, and the register can be stopped on command with
the other clock input. The clock-inhibit input should be
changed to the high level only while the clock input is high.
A buffered, direct clear input overrides all other inputs, in-
cluding the clock, and sets all flip-flops to zero.

Connection Diagram

Dual-In-Line Package

PARALLEL PARALLEL INPUTS

SHIFT/ INPUT OUTPUT ——
Vcc LoAD  H o4 @ F E CLEAR
l1s 15 14 13 |12 11 10 9

L
[1 2 3 a4 5 6 7 la
SERIAL A B c D CLOCK CLOCK GND

INPUT — INHIBIT

PARALLEL INPUTS
Order Number DM54LS166J, DM

TL/F/6400-1
74LS166WM or DM74LS166N

See NS Package Number J16A, M16B or N16A
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DM54LS166/DM74LS166

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained in this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM54LS —55°Cto +125°C

0°Cto +70°C
—65°Cto +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS54L5166 DM74L5166 Units
Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 55 4,75 5 5.25 v

VIH High Level Input Voltage 2 2 "

ViL Low Level Input Voltage 0.7 0.8 v

loH High Level Output Current —0.4 —-0.4 mA

loL Low Level Output Current 4 8 mA

foLk Clock Frequency (Note 1) 25 0 25 MHz
Clock Frequency (Note 2) 20 0 20 MHz

tw Pulse Width Clock 20 20 ns
(Noto 6) Clear 20 20

tsu Setup Time Mode 30 30 ns
(Note 6) Data 20 20

tH Hold Time (Note 6) 0 0 ns

TA Free Air Operating Temperature —55 125 0 70 °C

Electrical CharacteristiCs over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NI¥:3) Max Units
Vi Input Clamp Voltage Vee = Min, |} = —18 mA -1.5 \'
VoH High Level Output Vce = Min, lopy = Max DM54 25 3.4 v
Voltage VL = Max, Viy = Min DM74 27 3.4
VoL Low Level Output Vec = Min, gL = Max DM54 0.25 0.4
Voltage VL = Max, Viy = Min DM74 0.35 0.5 v
loL = 4 mA, Ve = Min DM74 0.25 0.4
I Input Current @ Max Vce = Max, V| =7V 0.4 mA
Input Voltage :
i1 High Level Input Current Vce = Max, V) = 2.7V 20 pA
I Low Level! Input Current Ve = Max, V| = 0.4V -04 mA
los Short Circuit Ve = Max DM54 —-20 —-100 mA
Output Current (Note 4) DM74 —_20 —100
lcc Supply Current Vcc = Max (Note 5) 22 38 mA

Note 1: C = 15 pF, R = 2kQ, To = 25°C and Vg = 5V.
Note 2: C = 50 pF, R_ = 2 kf2, Tp = 25°C and V¢ = 5V.

Note 3: All typicals are at Vog = 5V, T = 25°C,

Note 4: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 5: With all outputs open, 4.5V applied to the serial input, all other inputs except the CLOCK grounded, Icc is measured after a momentary ground, then 4.5V is
applied to the CLOCK.

Note 6: Tp = 25°C and Vcc = &V.
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- . . =
Swntchlng Characteristics at Vs = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load) @
= -
From (Input) AL = 2k @«
Symbol Parameter To (Output) CL=15pF CpL = 50 pF Units g
Min Max Min Max a
fmax Maximum Clock =
Frequency 25 20 MHz 3.
tPLH Propagation Delay Time Clock to 8 a5 a8 ns 5
Low to High Level Output Output >
tPHL Propagation Delay Time Clock to 8 a5 41 ns @
High to Low Level Output Output
tPHL Propagation Delay Time Clear to
High to Low Level Output Qutput 6 30 36 ns

Parameter Measurement Information

Voltage Waveforms
tW(CLEAR)
3.0v
CLEAR
INPUT \'REF //Vngp tn+1 tn+1
[——1tSETUP— {Note D)
cLocK 3.0v - <t—
n. n
INPUT VREF VREF VREF ]r VREF \

tw(CLOCK|
I )—, tSETUP

ov
tHoLD  tSETUP tHOLD
DATA 3.0V [
INPUT VREF J, VREF VREF VREF
(SEE TEST TABLE) Qv

] tPHL ] tPLH ] tPHL
VoH (CLEAR-Q) (CLOCK-Q) (CLOCK-Q)
OUTPUT Q VREF VREF VREF
VoL

TL/F/8400-2

Test Table for Synchronous Inputs

Data Input Output Tested
for Test . (See Note C)
H ov QuatTy+1
Serial Input 4.5V QuatTn+s

Note A: The clock pulse has the following characteristics: tw(clock) 2 20 ns and PRR = 1 MHz. The clear pulse has the following characteristics: tw(clear) = 20 ns
and tHoLp = 0 ns. When testing fmax, vary the clock PRR.

Note B: A clear pulse is applied prior to each test.

Note C: Propagation delay times {tpiH and tpyy ) are measured at t 4 1. Proper shifting of data is verified at t,.+ g with a functional test.
Note D: t, = bit time before clocking transition

th+1 = bit time after one clocking transition

th+8 = bit time after eight clocking transitions

Note E: VRer = 1.3V.
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DM54LS166/DM74LS166

Function Table
Inputs Internal Output
Outputs
Clear | Mt/ Glocx | clock | seria | Paralel P [
A...H Qa Qp

L X X X X X L L L
H X L L X X Qao Qpo Quo
H L L 1 X a...h a b h
H H L 1 H X H Qan Qgn
H H L 1 L X L Qan Qgn
H X H T X X Qao Qgo QHo

H = High Level (steady state), L = Low Level (steady state)

X = Don't Care (any input, including transitions)
T = Transition from low to high level

a...h = The leve! of steady-state input at inputs A through H, respectively
Qao. Qeo, QHo = The level of Qa, Qg, QH, respectively, before the indicated steady-state input conditions were established
Qan» Qgn, = The leve! of Qa, Qg, respectively, before the most recent T transition of the clock

Logic Diagram

Qa

P QF
=4

3

@5 (1) ‘ﬂ& (21‘ (3) @) )
CLEAR SERIAL SHIFT/ [ -]

INPUT LOAD

(10} (n (12)
E LOCKCLOCK

INHIBIT

04| | (6)
H Cl

Timing Diagram

PARALLEL INPUTS
TL/F/6400-3

Typical Clear, Shift, Load, Inhibit and Shift Sequences

CLOCK INHIBIT | 1
cean . L
SERIAL INPUT M1
SHIFT/LOAD j
A et
[ L
c Wl
paRALLEL | ° L
weuts | mh
F L
G ATl
» et
oUTPUT QY 1 W oAl fh e frle]mn
I SERIAL SHIFT fl=nteir~] |- SERIAL SHIFT
CLEAR LOAD

TL/F/6400-4
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DM54LS169A/DM74LS169A Synchronous
4-Bit Up/Down Binary Counter

General Description

This synchronous presettable counter features an internal
carry look-ahead for cascading in high-speed counting ap-
plications. Synchronous operation is provided by having all
flip-flops clocked simultaneously, so that the outputs all
change at the same time when so instructed by the count-
enable inputs and internal gating. This mode of operation
helps eliminate the output counting spikes that are normally
associated with asynchronous (ripple clock) counters. A
buffered clock input triggers the four master-slave flip-flops
on the rising edge of the clock waveform.

This counter is fully programmable; that is, the outputs may
each be preset either high or low. The load input circuitry
allows loading with the carry-enable output of cascaded
counters. As loading is synchronous, setting up a low level
at the load input disables the counter and causes the out-
puts to agree with the data inputs after the next clock pulse.

The carry look-ahead circuitry permits cascading counters
for n-bit synchronous applications without additional gating.
Both count-enable inputs (P and T) must be low to count.
The direction of the count is determined by the level of the
up/down input. When the input is high, the counter counts
up; when low, it counts down. Input T is fed forward to en-
able the carry outputs. The carry output thus enabled

will produce a low-level output pulse with a duration approxi-
mately equal to the high portion of the Qa output when
counting up, and approximately equal to the low portion of
the Qa output when counting down. This low-level overflow
carry pulse can be used to enable successively cascaded
stages. Transitions at the enable P or T inputs are allowed
regardless of the level of the clock input. All inputs are diode
clamped to minimize transmission-line effects, thereby sim-
plifying system design.

This counter features a fully independent clock circuit.
Changes at control inputs (enable P, enable T, load, up/
down), which modify the operating mode, have no effect
until clocking occurs. The function of the counter (whether
enabled, disabled, loading, or counting) will be dictated
solely by the conditions mesting the stable setup and hold
times.

Features

m Fully synchronous operation for counting and program-
ming.

B Internal look-ahead for fast counting.

m Carry output for n-bit cascading.

m Fully independent clock circuit

Connection Diagram

Dual-In-Line Package

RIPPLE

OUTPUTS

CARRY
Vece OuTt Qa Qp

|1s |1s 14 |13

N ENABLE

Q¢ Qp T  LOAD

12 {1 |1o |9

|

l

1 2 3 4

u/d CLOCK A B

s s [7 e
c D ENABLE GND

L P
DATA INPUTS

TL/F/6401-1

Order Number DM54LS169AJ, DM74LS169AM or DM74LS169AN
See NS Package Number J16A, M16A or N16A
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DM54LS169A/DM74LS169A

Absolute Maximum Ratings (Note)
Specifications for Military/Aerospace products are not
contained Iin this datasheet. Refer to the assoclated
reliability electrical test specifications document.

Supply Voltage N
Input Voltage ra'
Operating Free Air Temperature Range

DM54LS —55°C to +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define

the conditions for actual device operation.

Symbol Parameter DM54LS169A DM74LS169A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \'
ViH High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —-0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
foLk Clock Frequency (Note 1) 0 25 0 25 MHz
Clock Frequency (Note 2) 0 20 0 20 MHz
tw Clock Pulse Width (Note 3) 25 25 ns
tsu Setup Time Data 20 20
(Note 3) ?;ar%e 20 20
ns
Load 25 25
u/D 30 30
tH Hold Time (Note 3) 0 0 ns
Ta Free Air Operating Temperature —~55 125 0 70 °C

Note 1: C| = 15 pF, R, = 2k}, Tp = 25°C and Vg = 5V.
Note 2: C| = 50 pF, R = 2k, Tp = 25°C and Vg = 5V.
Note 3: Tp = 25°C and Vg = 5V.

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NB: 4 Max Units

Vi Input Clamp Voltage Ve = Min, |y = —18 mA —1.5 \

VoH High Level Output Ve = Min, lopy = Max DM54 2.5 3.4 v
Voltage ViL = Max, Viy = Min DM74 27 3.4

VoL Low Level Output Vee = Min, lg = Max DM54 0.25 0.4
Voltage VL = Max, Viy = Min DM74 0.35 0.5 v

loL = 4 mA, Voo = Min DM74 0.25 0.4

) Input Current @ Max Veo = Max Enable T 0.2 mA
Input Voltage Vp=7V Others 0.1

W1 High Level Input Vee = Max Enable T 40 A
Current V=27V Others 20 »

In Low Level Input Ve = Max Enable T —-0.8 mA
Current V= 0.4V Others —0.4

los Short Circuit Voo = Max DM54 —20 —100 mA
Qutput Current (Note 5) DM74 —20 —-100

lcc Supply Current Ve = Max (Note 6) 20 34 mA

Note 4: All typicals are at Vcg = 5V and Tp = 25°C.

Note 5: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 6: Icc is measured after a momentary 4.5V, then ground, is applied to the CLOCK with all other inputs grounded and all the outputs open.
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=
Switchlng Characteristics atvcc = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load) 2
RL =2k g
Symbol Parameter From (Input) CL = 15pF CL = 50 pF units | S
To (Output) ~
Min Max Min Max [w]
- =
fmax Maximum Clock 25 20 MHz z
Frequency -
tpLH Propagation Delay Time Clock to a5 a9 ns (-,s’
Low to High Level Output Ripple Carry §
tPHL Propagation Delay Time Clock to a5 44 ns
High to Low Level Output Ripple Carry
tPLH Propagation Delay Time Clock to 20 24 ns
Low to High Level Output Any Q
tPHL Propagation Delay Time Clock to 23 32 ns
High to Low Level Output Any Q
tPLH Propagation Delay Time Enable T to 18 24 ns
Low to High Level Output Ripple Carry
tPHL Propagation Delay Time Enable T to 18 o8 ns
High to Low Level Output Ripple Carry
tPLH Propagation Delay Time Up/Down to 25 30 ns
Low to High Level Output Ripple Carry (Note 1)
tPHL Propagation Delay Time Up/Down to 29 a8 ns
High to Low Level Output Ripple Carry (Note 1)

Note 1: The propagation delay from UP/DOWN to RIPPLE CARRY must be measured with the counter at either a minimum or a maximum count. As the logic level
of the up/down input is changed, the ripple carry output will follow. If the count is minimum, the ripple carry output transition will be in phase. If the count is
maximum, the ripple carry output will be out of phase.
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DM54LS169A/DM74LS169A

Logic Diagram

DATA A .

LS169A Binary Counter

100k E o

4)
l‘)m

s
OATA C

23 g

ve Bwn >

1
l?loc

(8)
DATA D( )

\v4

11)
( ,OQ

il
18 ¢

TL/F/6401-2
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Timing Diagram

o
=
[4,4]
-y
LS169A Binary Counters »n
Typlcal Load, Count, and Inhibit Sequences ;
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LOAD | | S
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a_| e o e e e e e — — — ;
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DM54LS173A/DM74LS173A
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DM54LS173A/DM74LS173A

TRI-STATE® 4-Bit D-Type Register

General Description

This four-bit register contains D-type flip-flops with totem-
pole TRI-STATE® outputs, capable of driving highly capaci-
tive or low-impedance loads. The high-impedance state and

increased high-logic-level drive provide these flip-flops with ..

the capability of driving the bus lines in a bus-organized sys-
tem without need for interface or pull-up components.

Gated enable inputs are provided for controlling the entry of
data into the flip-flops. When both data-enable inputs are
low, data at the D inputs are loaded into their respective flip-
flops on the next positive transition of the buffered clock
input. Gate output control inputs are also provided. When
both are low, the normal logic states of the four outputs are
available for driving the loads or bus lines. The outputs are
disabled independently from the level of the clock by a high
logic level at either output control input. The outputs then

present a high impedance and neither load nor drive the bus ]

line. Detailed operation is given in the truth table.

To minimize the possibility that two outputs will attempt to

" take a common bus to opposite logic levels, the output con-

trol circuitry is designed so that the average output disable
times are shorter than the average output enable times.

Features
m TRI-STATE outputs interface directly with system bus
m Gated output control lines for enabling or disabling the
outputs
B Fully independent clock eliminates restrictions for oper-
ating in one of two modes:
Parallel load
Do nothing (hold)
= For application as bus buffer registers

Connection Diagram

Dual-In-Line Package

DATA ENABLE

DATA INPUTS INPUTS

Vcc CLEAR DI D2 D3 D4 G2 GI

|16 15 14 13 12 1 I10 |9
CLEAR 1D 2D 3D 4D DATA
ENABLE

QUTPUT cK
CONTROL 10 20 30 4Q

&

|1|234567I8

] N Q1 Q2 Q@3 Q4 CLOCK GND

OUTPUT CONTROL OUTPUTS
TL/F/6403-1
Order Number DM54LS173AJ, DM74LS173AM or
DM74LS173AN

See NS Package Number J16A, M16A or N16A

Function Table

Inputs
Data Output
Clear | Clock Enable Data Q
G G2 D

H X X X X L

L L X X X Qo

L 0 H X X Qo

L T X H X Qo

L T L L L L

L T L L H H
When either M or N (or both) is (are) high the output is
disabled to the high-impedance state; howsver,
sequential operation of the flip-flops is not affected.

H = High Level (Steady State)

L = Low Level (Steady State)

T = Low-to-High Level Transition

X = Don't Care (Any Input Including Transitions)

Qp = The Level of Q Before the Indicated Steady State Input Conditions
Were Established.
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Absolute Maximum Ratings note)
Speclfications for Military/Aerospace products are not
contained In this datasheet. Refer to the associated
rellabllity electrical test specifications document.

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

Supply Voltage 7v parametric values defined in the “Electrical Charactenistics”
Input Voltage 2v table are not guaranteed at the absolute maximum ratings.
) . The “Recommended Operating Conditions” table will define
Operating Free Ar Temperature Range the conditions for actual device operation.
DM54LS —55°Cto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°C to +150°C

VELISTPLNQ/VELLSTYSING

Recommended Operating Conditions

Symbol Parameter DM54LS173A DM74LS173A Units
Min Nom Max Min Nom Max

Vee Supply Voltage 45 5 5.5 4.75 5 5.25 v

VIH High Level Input Voltage 2 2 \

ViL Low Level Input Voltage 0.7 0.8 \

loH High Level Output Current -1 —-2.6 mA

oL Low Level Output Current 12 24 mA

foLk Clock Frequency (Note 1) 0 30 0 30 MHz
Clock Frequency (Note 2) 0 20 0 20 MHz

tw Pulse Width Clock 17 17 ns
(Note 3) Clear 17 17

tsu Setup Time Enable 17 17 ns
(Note 3) Data 10 10

tH Hold Time Enable 0 0 ns
(Note 3) Data 0 0

tREL Clear Release Time 10 10 ns

Ta Free Air Operating Temperature —~55 125 0 70 °C

Note 1: C_ = 45 pF, R = 6679, Ta = 25°C and Voo = 5V.
Note 2: C| = 150 pF, R, = 66711, Tp = 25°C and Vg = 5V.
Note 3: Tp = 25°C and Vg = 5V.

Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NHE 4) Max Units
\'/ Input Clamp Voltage Vec = Min, || = —18 mA —-1.5 Vv
VoH High Level Output Vce = Min, loy = Max 2.4 v
Voltage VL = Max, Vig = Min i
VoL Low Level Output Vee = Min, lg. = Max DM54 0.25 0.4
Voltage ViL = Max, Vg = Min DM74 0.35 0.5 Vv
loL = 4 mA, Ve = Min DM74 0.25 0.4
l Input Current @ Max Vco = Max, V| = 7V
Input Voltage 0.1 mA
I High Level input Current Vco = Max, V| = 2.7V 20 pA
i Low Level Input Current Vcc = Max, V) = 0.4V —-0.4 mA
lozH Off-State Output Current with High Vcc = Max, Vg = 2.7V 20 A
Level Output Voltage Applied Vi = Min, Vj = Max M
lozL Off-State Output Current with Low Vce = Max, Vg = 0.4V —20 A
Level Output Voltage Applied Vi = Min, V). = Max ®
los Short Circuit Vce = Max DM54 —20 —100 mA
Output Current (Note 5) DM74 | —20 —~100
lcc Supply Current Vcc = Max (Note 6) 17 30 mA
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DM54LS173A/DM74LS173A

Switching Characteristics at v = 5vand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

From (Input) Ry = 6670
Symbol Parameter To (Output) CL = 45pF CL = 150 pF Units
Min Max Min Max

fMAX Maximum Clock 30 20 ns
Frequency

tpLH Propagation Delay Time Clock to 25 34 ns
Low to High Level Output Output

tPHL Propagation Delay Time Clock to 30 40 ns
High to Low Level Output Output

tPHL Propagation Delay Time Clear to 30 40 ns
High to Low Level Output Output

tpzH Output Enable Time Output Control
to High Level Output (Mor N} to Any Q 7 21 s 34 ns

tpzL Output Enable Time Output Control
to Low Level Output (MorN)to Any Q 7 27 9 45 ns

tpHZ Output Disable Time from Output Control 3 17 ns
High Level Output (Note 7) (MorN)to AnyQ

tpLz Output Disable Time from Output Control 3 20 ns
Low Level Qutput (Note 7) (MorN)to AnyQ

Note 4: All typicals are at Voc = 5V, Tp = 25°C.
Note 5: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 6: Icc is measured with all outputs open: Clear grounded after a momentary 4.5V; N, G1, G2 and all data inputs grounded: and the CLOCK and M input at

4.5V.
Note 7: C| = 5 pF.
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Logic Diagram
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CLOCK LDC
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DATA (12)

Cp CLOCK

Q
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DATA _(11)

—

Cp CLOCK [
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P CLOCK
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B Q3

© Q4

TL/F/6403-2

2-149

VELISTHZNQ/VELLSTPSNG




- DM54LS174/DM74L.5174/DM54LS175/DM74LS175

National
Semiconductor
. Corporation

DM54LS174/DM74LS174, DM54LS175/DM74LS175
Hex/Quad D Flip-Flops with Clear

General Description

These positive-edge-triggered flip-flops utilize TTL circuitry
to implement D-type flip-flop logic. All have a direct clear
input, and the quad (175) versions feature complementary
outputs from each flip-fiop.

Information at the D inputs meeting the setup time require-
ments is transferred to the Q outputs on the positive-going
edge of the clock pulse. Clock triggering occurs at a particu-
lar voltage level and is not directly related to the transition
time of the positive-going pulse. When the clock input is at
either the high or tow level, the D input signal has no effect
at the output.

Features
W LS174 contains six flip-flops with single-rail outputs
B LS175 contains four flip-flops with double-rail outputs
m Buffered clock and direct clear inputs
m Individual data input to each flip-flop
| Applications include:
Buffer/storage registers
Shift registers
Pattern generators
m Typical clock frequency 40 MHz
| Typical power dissipation per flip-flop 14 mwW

Connection Diagrams

Dual-In-Line Package Dual-In-Line Package
vcc ae D6 D5 Q5 D4 Q4 CLOCK Vec a4 Q4 b4 D3 Q3 Q3 CLOCK
16 15 14 13 12 1 10 9 116 l1s |14 13 12 ln l 10 |9
0
<ovo> -op r 5 R
4 ! <
l 1 1
2 & & $
Joscb L<:i> o
I 1 2 3 a 5 6 7 I 8 | 1 I 2 I 3 4 5 I 6 | 7 I 8
CLEAR Q1 D1 D2 Q2 D3 Q3  GND CLEAR Q1 a1 Dt D2 @2 Q2 GND
TL/F/6404-1 TL/F/6404-2

Order Number DM54L.S174J,
DM74LS174M or DM74LS174N
See NS Package Number J16A, M16A or N16A

Function Table (each Fiip-Fiop)

Order Number DM54LS175J,
DM74LS175M or DM74LS175N
See NS Package Number J16A, M16A or N16A

Inputs
Clear Clock
L X
H T
H I
H L

Outputs
D Q Qf
X L H
H H L
L L H
X Qo Qo

H = High Level (steady state)
L = Low Leval (steady state)
X = Don't Care

T = Transition from low to high level

Qo = The level of Q before the indicated steady-state input conditions were established.

T = LS175 only
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o
Absolute Maximum Ratings (Note) g
Specifications for Military/Aerospace products are not Note: The “Absolute Maximum Ratings" are those values -
contained In this datasheet. Refer to the assoclated beyond which the safety of the device cannot be guaran- ‘_’2
reliability electrical test specifications document. teed. The device should not be operated at these limits. The E
Supply Voltage v parametric values defined in the “Electrical Characteristics” ~
Input Voltage v table are not guaranteed at the absolute maximum ratings. g
P X 9 The “Recommended Operating Conditions” table will define ~
Operating Free Air Temperature Range the conditions for actual device operation. &
DM54LS —55°Cto +125°C 5;
DM74LS 0°Cto +70°C :‘s
Storage Temperature Range —65°Cto +150°C Q
. ar o
Recommended Operating Conditions =
&
Symbol Parameter DMS54LS174 DM74LS174 Units ‘r;,
Min Nom Max Min Nom Max =
Vee Supply Voltage 4.5 5 5.5 475 5 5.25 v Q
Viu High Level Input Voltage 2 2 \% g
ViL Low Level Input Voltage 0.7 0.8 \'/ z
loH High Level Output Current —-0.4 —0.4 mA 5
loL Low Level Output Current 4 8 mA :“
foLk Clock Frequency (Note 1) 0 30 0 30 MHz o
foLk Clock Frequency (Note 2) 0 25 0 25 MHz
tw Pulse Width Clock 20 20 ns
(Note 6) Clear 20 20
tsu Data Setup Time (Note 6) 20 20 ns
th Data Hold Time (Note 6) 0 0 ns
tREL Clear Release Time (Note 6) 25 25 ns
Ta Fres Air Operating Temperature —55 125 0 70 °C
'LS174 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Typ
Symbol Parameter Conditions Min (Note 3) Max Units
V| Input Clamp Voltage Voo = Min, || = —18 mA —-1.5 \
VoH High Level Output Vcc = Min, log = Max DM54 2.5 3.4 \
Voltage ViL = Max, Vig = Min DM74 27 3.4
VoL Low Level Output Ve = Min, I = Max DM54 0.25 0.4
Voltage V|L = Max, V|H = Min DM74 0.35 0.5 Vv
loL = 4 mA, Vcc = Min DM74 0.25 0.4
Iy Input Current@Max Vo = Max, V| = 7V
0.1 mA
Input Voltage
I High Level Input Current Voo = Max, V) = 2.7V 20 pA
I Low Level Input Vce = Max Clock —-0.4
Current Vl = 0.4V Clear —0.4 mA
Data —0.36
los Short Circuit Vee = Max DM54 —20 —100 mA
Output Current (Note 4) DM74 —20 —100
Ilcc Supply Current Vce = Max (Note 5) 16 26 mA
Note 1: C_ = 15 pF, R = 2k, To = 25°C and Vgg = 5V.
Note 2: C| = 50 pF, R_ = 2k, TA = 25°C and Voo = 5V.
Note 3: All typicals are at Vg = 5V, Tp = 25°C.
Note 4: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 5: With all outputs open and 4.5V applied to all data and clear inputs, lcc is measured after a momentary ground, then 4.5V applied to the clock.
Note 6: To = 25°C and Vg = 5V.
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'LS174 Switching Characteristics

at Voc = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
From (Input)
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units
Min Max Min Max

fMAX Maximum Clock Frequency 30 25 MHz
tPLH Propagation Delay Time Clock to 30 32 ns

Low to High Level Output Output
tPHL Propagation Delay Time Clock to a0 36 ns

High to Low Level Output Output
tPHL Propagation Delay Time Clear to a5 42 ns

High to Low Level Output Output
Recommended Operating Conditions
Symbol Parameter DM541.8175 DM74L8175 Units

Min Nom Max Min Nom Max

Vee Supply Voltage 4.5 5 55 475 5 5.25 \
ViH High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 v
loH High Level Output Current -04 —0.4 mA
loL Low Level Output Current 4 8 mA
foLk Clock Frequency (Note 1) 30 30 MHz
foLk Clock Frequency (Note 2) 25 25 MHz
tw Pulse Width Clock 20 20

Note 3) ns

( Clear 20 20

tsu Data Setup Time (Note 3) 20 20 ns
tH Data Hold Time (Note 3) 0 0 ns
tREL Clear Release Time (Note 3) 25 25 ns
Ta Free Air Operating Temperature -55 125 0 70 °C

Note 1: G, = 15 pF, R = 2 kQ, T = 25°C and Vg = 5V.
Note 2: G| = 50 pF, R = 2 k@3, Ta = 25°C and Ve = 5V.
Note 3: Tp = 25°C and Vg = 5V.
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o
. e a: =
’LS175 Electrical Characteristics o
over recommended operating free air temperature range (unless otherwise noted) #
(7]
Typ ]
Symbol Parameter Conditions Min Max Units
(Note 1) =
v Input Clamp Voltage Ve = Min, I = —18 mA -15 v =
VoH High Level Output Vce = Min, loy = Max DM54 25 3.4 v I?;'_
Voltage V. = Max, Vi = Min DM74 27 3.4 2
VoL Low Level Output Ve = Min, lor, = Max DM54 0.25 0.4 ;
= — M ~
Voltage ViL = Max, Vi = Min DM74 0.35 05 v g
loL = 4 mA, Ve = Min DM74 0.25 0.4 gl
Iy Input Current@Max Vce = Max, V| = 7V 5
0.1 mA ot 4
Input Voltage ~
IiH High Level Input Current Vee = Max, V| = 2.7V 20 RA S
e Low Level Input Voo = Max Clock -0.4 E
Current V) = 04V Clear —0.4 mA 'e
Data —0.36 gl-.’
los Short Circuit Veo = Max DM54 -20 -100 o
Output Current (Note 2) mA
P DM74 -20 —100
lec Supply Current Vce = Max (Note 3) 11 18 mA
’LS175 Switching Characteristics
at Voo = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)
From (Input) R =2k
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units
Min Max Min Max
fmax Maximum Clock Frequency 30 25 MHz
teLH Propagation Delay Time Clock to 30 a2 ns
Low to High Level Qutput QorQ
teHL Propagation Delay Time Clock to 30 36 ns
High to Low Level Output QorQ
tpLH Propagation Delay Time Clear to
Low to High Level Output Q % 2 ns
tPHL Propagation Delay Time Clear to
High to Low Level Output Q 35 42 ns
Note 1: All typicals are at Voo = 5V, Ty = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: With all outputs open and 4.5V applied to all data and clear inputs, Icc is measured after a momentary ground, then 4.5V applied to the clock input.
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Logic Diagrams

LS174

(3) (2)
D1 O- D o pP—0O a1l

~—0> CLOCK

CLEAR
7

(4) (S)
D2 O D Q Q2

> cLock

CLEAR

4;.