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A Corporate Dedication to
Quality and Reliability

National Semiconductor is an industry leader in the
manufacture of high quality, high reliability integrated
circuits. We have been the leading proponent of driv-
ing down IC 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-
going so that you, our customer, can continue to rely
on National Semiconductor Corporation to produce
high quality products for your design systems.
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Charles E. Sporck
President, Chief Executive Officer
National Semiconductor Corporation




Wir fiihlen uns zu Qualitat und
Zuverlassigkeit verpflichtet

National Semiconductor Corporation ist filhrend bei der Her-
stellung von integrierten Schaltungen hoher Qualitat 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 iiber Entwurf und Herstellung bis zur
Auslieferung, die Qualitdt und die Zuverldssigkeit der Pro-
dukte von National Semiconductor sind unibertroffen.

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 & vouloir faire progresser notre
recherche de la perfection; il en résulte que vous, qui étes
notre client, pouvez toujours faire confiance & 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 altd qualita ed
affidabilitd. National & stata il principale promotore per I'ab-
battimento della difettosita dei circuiti integrati e per I'allun-
gamento della vita dei prodotti. Dal materiale grezzo attra-
verso tutte le fasi di progettazione, costruzione e spedi-
zione, la qualita e affidabilita National non & seconda a nes-
suno.

Noi siamo orgogliosi del nostro successo che fissa per gli
altri un traguardo da raggiungere. Il 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.

A bl

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 seven
bipolar logic families.

TTL (DM54/DM74)
Low Power TTL (54L)
Low Power Schottky (DM54L.S/DM74LS)
Advanced Low Power Schottky (DM54ALS/DM74ALS)
Schottky (DM54S/DM74S)
Advanced Schottky (DM54AS/DM74AS)
FAST (54F/74F)

TTL LOGIC (DM54/DM74) and (54xx)

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 TTL (DM54L)

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
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FIGURE 1. DM5400/DM7400

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.

LOW POWER SCHOTTKY (DM54LS/DM74LS and 54LS)

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 National LS circuits and a majority of the former Fair-
child LS circuits do not use the multi-emitter inputs. They
use diode-transistor inputs which are faster and give in-
creased input breakdown voltage; the input threshold is
~0.1V lower than TTL. A few of the former Fairchild LS
circuits use the traditional emitter inputs and thus have input
breakdown ratings of 5.5V. These circuits are the open-col-
lector gate types 'LS03, 'LS05, 'LS22 and 'LS136; flip-flop
types 'LS74, 'LS109, 'LS112 and 'LS113; and the clock in-
puts of the 'LS490. Another commonly used input is the
vertical substrate PNP transistor. In addition to fast switch-
ing, it exhibits very high impedance at both the high and low
input states, and the transistor’s current gain (8) significant-
ly reduces 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
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Guide to Bipolar Logic Device Families

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-
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/2801 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 f1 in excess of 5 GHz and im-
proved switching speeds by a factor of two, while offering
much lower operating currents.
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FIGURE 3. DM54LS00/DM74LS00

In addition to the pin-to-pin compatibility of the ALS family, a
large number of MSI and LSI 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
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
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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 kQ load.

FAST® TECHNOLOGY

FAST (Fairchild Advanced Schottky TTL) circuits are made
with the advanced isoplanar Il process, which produces
transistors with very high, well-controlled switching speeds,
extremely small parasitic capacitances and ft in excess of
5 GHz. Isoplanar is an established National process, used
for years in the manufacture of bipolar memories. CMOS,
subnanosecond ECL and I3L™ (Isoplanar Integrated Injec-
tion Logic) LSI devices.

In the isoplanar process, components are isolated by a se-
lectively grown thick oxide rather than the pt isolation re-
gion used in the planar process. Since this oxide needs no
separation from the base-collector regions, component and
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chip sizes are substantially reduced. The base and emitter
ends terminate in the oxide wall; masks can thus overlap
the device area into the isolation oxide. This overlap feature
eliminates the extremely close tolerances normally required
for base and emitter masking, and the standard photolitho-
graphic processes can be used.

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 Low L
AS/F
ALS
. ALS . LS
LS AS
TTL L
Slowest L High S
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S
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FIGURE 5. DM54ALS00/DM74ALS00
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(]
Bipolar Logic Family Electrical Characteristics Over Operating Temperatures g_
m | s | as s as | rFasT [ umits |2
o
DM5400/DM7400 o
2-Input NAND tpLHe 11 8 5 3 3 3.7 ns 3
tpHLe 7 8 5 3 37 3.2 ns o
tpe 12 13 10 6 17 4 ns | -
. o
t 5 3 3 3 1 3 ns Q
IOH —400 —400 —~400 —1000 —2000 —1000 RA o
Mil/Com oL - 16 4/8 4/8 20 20 20 ma | 9
H 40 20 20 50 20 20 RA <,
he —-16 -0.36 -0.10 -2 —0.50 ~06 mA | 8
Min los —20 —20 —30 —40 —30 —60 mA | o
Max los —100 -100 -112 —-100 ~112 —-150 mA 3
IccH 8 1.6 0.85 16 3.2 2.8 mA 3
IccL 22 4.4 3.0 36 17.4 10.2 mA *
Mil Vou 2.4 25 Veo —2 25 Ve —2 25 v
Com Vor 2.4 2.7 Ve —2 2.7 Vee —2 2.5 \
Mil VoL 0.4 0.4 0.4 0.5 0.5 0.5 %
Com VoL 0.4 0.5 0.5 0.5 05 0.5 v
VIH 2 2 2 2 2 2 \
Mil viL 0.8 0.7 0.7 0.8 .08 0.8 v
Com ViL 0.8 0.8 0.8 0.8 0.8 0.8 v
V| -15 —-15 -15 —1.2 -1.2 -1.2 v
Mil NM-H 400 500 500 500 500 500 mv
Com NM-H 400 700 500 700 700 500 mv
Mil NM-I 400 300 400 400 300 300 mv
Com NM-I 400 300 300 300 300 300 mV
Gate Power x 121 17.6 5.8 66 13.2 14.2 Pi
Delay Product
DM5474/DM7474
D Flip-Flop (CLKt0 Q) | tpn» 14 17 8 8 55 5.3 ns
tPHL* 20 22 14 9 6 6.2 ns
(PSorCLRto Q) tpLHe 14 17 6 6 45 46 ns
tpHL* 20 22 14 12 7.0 ns
(CLK HI) tw 30 25 14.5 8 4 4.0 ns
(PS or CLR LOW) tw 30 20 145 9 4 5.0 ns
tSET.UP 20 25 15 3 3/2 3/2 ns
tHoLD 5 0 0 2 2/1 1.0 ns
tr 13 9 9 4 5 4 ns
tye 6 6 4 3 3 3 ns
fMAX* 25 33 34 95 125 125 MHz
loH —400 —400 —400 —1000 —2000 —1000 RA
Mil/Com loL 16 4/8 4/8 20 20 20 mA
(CLK/D) IiH 80/40 20 20 100/50 20 20 RA
(PS/CLR) IH 40/120 40 40 100/150 40 20 RA
(CLK/D) he —32/-16 —0.4 -0.2 —4/-2 —-0.5 —-0.6 mA
(PS/CLR) I —1.6/-3.2 -0.8 —-0.4 —4/—6 -1.8 -1.8 mA
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Bipolar Logic Family Electrical Characteristics Over Operating Temperatures (Continued)

TTL LS L ALS I S L AS FAST Units
DM5474/DM7474 (Continued)
Min los —20/—18 —20 —-30 —40 —30 —60 mA
Max los —55 —100 -112 -100 -112 —150 mA
lcc 15 8 4 50 16 16 mA
Mil VoH 2.4 25 Ve —2 25 Vee —2 2.5 \
Com VoH 24 2.7 Vec —2 2.7 Voo —2 25 v
Mil VoL 0.4 0.4 0.4 0.5 0.5 0.5 \'
Com VoL 0.4 0.5 0.5 0.5 0.5 - 0.5 \
VIH 2 2 2 2 2 2 \
Mil/Com ViL 0.8 0.7/0.8 0.8 0.8 0.8 0.8 \'
\ -15 -1.5 -1.5 -1.2 -1.2 —1.2 v
Mil NM-H 400 500 500 500 500 500 mV
Com NM-H 400 700 500 700 500 500 mV
Mil NM-L 400 400 400 300 300 300 mV
Com NM-L 400 300 300 300 300 300 mV
Note: See 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 Family Output Source/Sink Capability: 54/74 Families
Output TTL LS ALS S AS FAST Units
Standard Mil loH —0.4 -0.4 —-0.4 -1 -2 -1 mA
Com —0.4 .—0.4 —0.4 -1 -2 —1 mA
Mil loL 16 4 4 20 20 20 mA
Com 16 8 8 20 20 20 mA
Buffered Mil loH —-0.8 —-0.4 -1 -1 —48 —12 mA
Com -0.8 —-0.4 —26 -1 —48 —12 mA
Mil loL 16 4 12 20 48 48 mA
Com 16 8 24 20 48 64 mA
Bus Driver Mil loH -2 -1 -12 -2 15 —12 mA
Com —5.2 —-2.6 —15 —6.5 15 —-12 mA
Mil loL 32 12 12 20 64 48 mA
Com 32 24 24-48 20 64 64 mA
Fan-In and Fan-Out
TTL LS ALS S AS FAST Units
Input Load High 1 0.5 0.5 1.25 0.5 0.5 U.L.
Low 1 0.225 0.0625 1.25 0.3125 0.375 U.L.
Output Drive High 10 10 10 25 50 25 U.L.
Low 10 5 5 12.5 125 125 U.L.

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




ALS/AS 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 V¢ 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. Igc is tested with the input conditions and Vg
level that yield the greatest ¢ 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 Iy, lon, liL and g values. To guarantee these fan-in
and fan-out limits at 10, the Ig_ must be at least 10 times
the I and the lpy must be at least 10 times the lj. 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 I.

Notice that the Ig_ is at least 10 times the Ij|_ and that the
loy is greater than 10 times the Ij. 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 I and ||y loading.

Certain other devices will have “triple sink” outputs that can
drive 3 times the standard lg| and Ipy 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 I)|_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 Vopminy for the DM74LS00. it is tested at
Vec(min) = 4.75V commercial, using anlpy = —400 pA. If
we required an loy = —800 uA, this would be a “tighter”
test, as the output voltage drops with increased lpn. Hence,
a device that would pass the —800 A lgy would also pass
the —400 pA lpon, but not necessarily the other way around.
Futhermore, Vo tracks with Vcg, which is why Veg(min) is
the worst-case testing, and not Vog(max)- Finally, forcing in-
puts to threshold represents the most difficuit testing be-
cause this puts those inputs as close as possible to the
actual switching point and guarantees that the device will
meet the V|/V|L spec.

TABLE I. Fan-In/Fan-Out

Device Family Input Loading Output Drive
TTL = —16mA loL =16 mA
iy = 40 nA loq = — 400 pA
Low Power L = —400 pA loL = 4mA
Schottky loL = 8mA
Il = 20 pA loq = —400 pA
Advanced Low i, = —100 mA loL=4mA
Powered Schottky lon = 8 MA
iy = 20 pA loy = —400 pA
Schottky L= —2mA loL = 20mA
Iy = 50 A loy= —1mA
Advanced ljL = —500 pA loL = 20mA
Schottky I = 20 nA loH = —2mA
Low Power i = —180 pA loL = 2mA
loL = 3.6 MA
iy = 10 nA loy = —200 pA
FAST li. = —600 pA loL = 20 mA
iy = 20 A loH= —1mA
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ALS/AS IC Device Testing

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 lIf shows the direction of tighter limits.

TABLE ll. Looser/Tighter Forcing Functions Example: DM74ALS00

Condition Test Looser Nominal Tighter Units
ik Vik -17 —-18 -19 mA
lon VoH —350 —400 —450 pA
loL VoL 7 8 9 mA
\] Iy 6.5 7 75 \2
ViH lin 2.6 2.7 2.8 \
ViL I 0.5 0.4 0.3 \
Vo los 3 2.25 2 \'
Vee lcc 5.0 5.5 6.0 A
TABLE lll. Looser/Tighter Test Limits Example: DM74ALS00
Parameter Looser Nominal Tighter Units
ViH(min) 2.1 2.0 1.9 \'s
ViL{max) 0.7 0.8 0.9 \
ViK(max) ~1.6 —-1.5 -14 \'
VoH(min) 2.6 2.7 2.8 '
VoL (max) 0.6 0.5 0.4 \
l(min) 125 100 75 pA
liH(max) 25 20 15 nA
L (max) —125 —100 —75 pA
los(max) —120 —-112 —100 mA
los(min) —25 —30 —35 mA
IcCH(max) 1.0 0.85 0.7 mA
IccL(max) 35 3 2.5 mA




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|4 specs. Vgg minimum is
used, and lgL is forced on the output. The resulting Vo is

Vo|_ vs IOL
Typical ALS Device Curve
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measured. For typical LS products, the military and com-
mercial test points are indicated on the Vo vs oL graph. in
each case, the device must not exceed the Vg spec when
the gL current is being forced.

OUTPUT VOLTAGE HIGH LEVEL (Vop)

One input is tied high (any value above 2.0V) and the other
input is forced at the Vj_ threshold (assuming a single inver-
sion gate). The minimum Vg value is used. Each input is
tested independently and the Igy current is forced. The re-
sulting Von is measured. The Von vs loy graph shows the
military and commercial Von/lpH test points for standard
LS products.
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ALS/AS IC Device Testing

INPUT CURRENT HIGH LEVEL (Ijy)

li4 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). The remain-
ing input has the V| value forced upon it, and the resultant
liy 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 Ijy
testing that checks for emitter-to-emitter transistor action.
This is done with all the other inputs tied to ground.

MAXIMUM INPUT CURRENT (1))

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

Iin v8 V| (High State)
Typical ALS Device Curve
20 [T} Vin
20 pA 27V
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]
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INPUT CURRENT LOW LEVEL (ly)

One input at a time is tested with the other inputs tied to a
solid ‘1 value. Vg is set to the maximum value and the
Vi value is forced. Ij_ is then measured.

_ Veo—(viL + Vge)l

e "1 Standard Inputs
— (Vi +

e = [19‘.3_(\:__"1-1_&”)]- Diode Inputs
— (Vi +

W = Nee — M + Vel R(:"; 5 Vel onp inputs

liL 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.

Iin vs VN (Low State)
Typical ALS Device Curve
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OUTPUT SHORT CIRCUIT CURRENT (lgs)

los is measured with Vcgomax) 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 log 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.
log shorts should not be maintained in excess of one sec-
ond or damage to the device may resuit.

los vs Vo
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SUPPLY CURRENT HIGH LEVEL (Iccy) AND SUPPLY
CURRENT LOW LEVEL (lccy)

Both Igcy and Iggy are tested using the Voc 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 goa!l of this test is
to guarantee the maximum quiescent operating power that
the device will draw.

lccLvs Vee
Typical ALS Device Curve
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ALS/AS IC Device Testing

INPUT CLAMP VOLTAGE (V;c OR Vi)

Veoramp(Vik) is measured with all but one input tied high and
the ||k current forced on the remaining input. Vg is set to
the minimum and the V| voltage is measured.

OUTPUT TRI-STATE CURRENT HIGH LEVEL (lozH) AND
OUTPUT TRI-STATE CURRENT LOW LEVEL (lpz.)

TRI-STATE® Ignk and Ispurce are measured with the out-
put control input tied to the appropriate threshold value
(usually Vi = 0.8V) and with Veg(max)- This is to insure that

Vik vs lik
Typical ALS Device Curve
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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 Igink: Output is set in the high state and then
TRI-STATE mode. Voz = 0.4V is then applied. The cur-
rent drawn out of the device is then measured.
TRI-STATE Isourck: Output is set in the low state and then
TRI-STATE mode. Vozyq = 2.7V is then applied. The cur-
rent drawn into the device is then measured.

lozvs Voz
Typical ALS Device Curve
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HIGH LEVEL OUTPUT CURRENT (OPEN-COLLECTOR
DEVICES ONLY)

Icex is tested with the output in the high state. V¢ 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 lcgx leakage current is measured.

Icex vs Vout
(Open-Collector Device)
Typical ALS Device Curve
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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-1 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. 1sET-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 tggT.yp with @ minimum limit 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, aithough 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 1) 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 DM54/741.S74 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
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ALS/AS IC Device Testing

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. treLeasE 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 fyyax. 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
DM54/74L874 with an fpax of 26 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 fyax (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 tpy( ) 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. tset.up, tHoLp, fMAX,
and tRgLEAsE 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: DM74ALS74A

Test From Looser Nominal Tighter Units
fmax(min) 33 34 35 MHz
tPLH(max) CLK 17 16 15 ns

) PRE, CLR 14 13 12 ns
tPLH(min) CLK 4 5 6 ns
PRE, CLR 2 3 4 ns

tPHL (max) CLK 19 18 17 ns
PRE, CLR 16 15 14 ns

tPHL(min) CLK 4 5 6 ns
PRE, CLR 4 5 6 ns

tw(min) CLK-HI 155 14.5 135 ns
CLK-LO 15.5 14.5 135 ns

PRE, CLR-LO 15.5 14.5 13.5 ns

tSU(min) DATA 16 15 14 ns
PRE, CLR-INA 11 10 9 ns

tHOLD(min) DATA 1 0 -1 ns




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 8 different
speed/power families (standard TTL, LS, S, ALS, AS, L, and
F) that allow a design engineer to select device perform-
ance 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 in
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 SO0 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 (Voc 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 Vgg 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
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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 diiference between the Vpn
and V)4 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.

Vcc 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 Vg level tracks the Vgg almost exactly, any
voltage loss on the Vgg line is directly transferred to the
Von 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 Vg line now become
loL/loH 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 Vgg 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
Vce 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) results from primarily one source.
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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 Igg 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 Vg LINE

1) Low frequency noise results from the change in the Igc
current demand as devices change state. For instance,
gates, flip-flops, and registers will draw different Igc 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 Vgg line and
filter out the unwanted frequency components. A small val-
ue capacitor (i.e., 0.1 pF) 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 pF to 100 uF) is used on the board in general to
accommodate the continually changing Igc 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 Ve 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 pFs) 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 k2 to
5 kQ resistor, since tying them to ground means supplying
the |j. current instead of the Iy current. |y_is several orders
of magnitude greater than Ijy. 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

12" to 6’
closely as possible. Twisted-pair lines or coaxial
cable mandatory for clock lines and recommend-
ed for all sensitive control lines.

Over 6’ 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 lpoy 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




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 impedance,
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 will 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) Itis 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 Ig_
current of the driving device can handle it. A resistance in
the 3009 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 Ve 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 Vou specification. The
only Von/loH 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
Vee. (By using high voltage outputs, one can tie the resistor
pull-up to a voltage higher than Vc.) Designers often try to
get away with tying the output to an input and relying on the
ljL current to pull up the output. This is 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.

(Vecving — Vor)
(N1elpgy + N2el)

AMIN = Mecminy — Vou)
(loL — N2ely)
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 Vou level below the spec value. Likewise, if
the Ry value is exceeded, then the driving device may not
be able to pull down the signal line to a solid Vg . Either of
these two cases can easily result in false logic levels being
propagated through the system.

Rmax =
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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. 1t is intended to give the reader comprehensive
information which will serve as a designer’s guide to bipolar
one-shots.

Nearly ail 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
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 K, 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 Resistor Timing Equation*
Device Re- X .
Number [+ trigaer Reset Min Max Min Max for
Package 99 in uF inKQ Cext> 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
DM54LS122 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
DM74LS123 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=07
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 Rgxt and Cexr for ali cases of Cgxy > 1000 pF within specified limits on the Rext and CexT-
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defines the maximum trigger frequency as a function of the
external resistor, RexT.

In all cases, an external (or internal) timing resistor (RgxT)
connects from V¢ or another voltage source to the “Rgx7/
Cext” pin, and an external timing capacitor (Cgxt) con-
nects between the “Rgx1/Cgxt”, and “Cgxy” 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 Rgx and CexT 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 correl-
ations 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.

Rext
Vee RxCx
s '__0 6y
Cext
TL/F/7508-1
FIGURE 1

1t 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 level 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). “RremoTe”
should be placed as close to the one-shot as possible.

Rexr

*“Rext/Cext”’ O-I—W\r—-lL

Cexr
RReMOTE @
T
“Cext” Vee
TL/F/7508-2

FIGURE 2

Ve 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 V¢ 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:

VIRIGGER I
1

Jj
L

fe—— ther ——|

TL/F/7508-3

FIGURE 3
tReT = tw T tpLH = Ko (RexT)(CexT) + tPrL

(See tables for exact expressions for K and ty; Kis 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, RjyT, 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.
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The 'LS221, even though it has pin-outs identical to the
’LS123, is not functionally identical. it should be remem-
bered that the 'LLS221 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 “Cgxt”
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).

Vee Vee
Rx Rx
“Cexr” 0—+-| = "CEXT”O—_) a
Cx Cx
“Rext/Cexr” **Rext/Cext’
('Ls221) ('LS123)

TL/F/7508-4

FIGURE 4

18281852

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

The ’L.S221 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).

o
CLR | I
0 R —

ety —

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 MCT AC test system.

BOTTOM VIEW

TL/F/7508-7
FIGURE 6b. AC Test Adapter
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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 Cgxt >
1000 pF. For cases where the Cgxt <
1000 pF, use graphs shown below.

DM74123
o5
F Ta=25°C
Vee=5.0V
10
o S 5 i i =
= R=50K1UIJ, LT | LAT
£ 19 5
z s==Sa2s
| i e T i e e
R=10K 1
ST
10 [ T 11T [T
10 100 1000
Cexr (pF)

5DM9602
TRy ===z
Voo =5.0V H A
10t R=50K
= R=25K{—
£ (g3 [R=10
3"
E =%
=
102
==
I 117
o 1T
10
Cexr (pF)
DM74LS123
Ta=25°C "ot = 250K
Voo =8.0V - H— 2 Lo
104 =
z [
=R
z ~=R=10K
102 SR =50K
R= 100
10
10 100 1000
Cext (pF)

TL/F/7508-8
FIGURE 7a. Timing Components and 1/0 connections to D.U.T.

DM74121
10° ¢
E Tam25°C
FVec=5.0V
104 - R=50K
= R=25K
g 0
s
10? R=1.4K==
St m il
10 11
10 100 1000
Cexy (pF)
5DM74L8221
0 Ta=25°C T

tw (ns)

Vee=5.0V 3

10 100
Cex (PF)

1000

TL/F/7508-9
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Typical Output Pulse Width Variation vs Ambient Temperature

The graphs shown below demonstrate
the typical shift in the device output
pulse widths as a function of tempera-
ture. It should be noted that these
graphs represent the temperature shift
of the device after being corrected for
any temperature shift in the timing
components. Any shift in these com-
ponents will result in a corresponding
shift in the pulse width, as well as any
shift due to the device itself.

7415221
10 1T
Rext=10K
Cexr=1000 pF
5 |- Vec=5.0V
w
z
E 0
2
Z
-5
-10

-60 -30 0 30 60 90 120 150
AMBIENT TEMPERATURE (°C}

tw % CHANGE

tw % CHANGE

DM74121
1 Rext=5K
Cext=1000 pF
Vee=5.0V
5
\\
0
—td
-5
-10

60 -30 0 30 60 90 120 150
AMBIENT TEMPERATURE (°C)

DM74LS123
T 1 T
Rexr = 10K
Cexr = 1000 pF
5 | Vec=5.0v
0
1 [~
-5
-10
-60-30 0 30 60 90 120 150

AMBIENT TEMPERATURE (°C)

tw% CHANGE

tw % CHANGE

Typical Output Pulse Width Variation vs Supply Voltage

The following graphs show the depen-
dence of the pulse width on Vgc.

As with any IC applications, the device
should be properly bypassed so that
large transient switching currents can
be easily supplied by the bypass ca-
pacitor. Capacitor values of 0.001 pF
to 0.10 pF are generally used for the
Vcc bypass capacitor.

DM74123
1 .
Rexr = 10K
Cexr = 1000 pF
5 |=Ta=25°C

tw% CHANGE
o

-5

-10

Vee (V)

tw% CHANGE

tw% CHANGE

DM9602
10 T
Rexr=10K
Cexr = 1000 pF
5 | Ta=25°C
0
-5
-10
4 4.5 5 5.5 6
Vee (V)
DM74LS123
10 r
Rer=10K |
Cexr=1000 pF
5 | Ta=25°C
0
-5
-10
4 4.5 5 5.5 6
Vee (V)

tw% CHANGE

tw% CHANGE

DM9602
10 T T T
Rext=10K
Cexr = 1000 pF
5 Vee=5.0v. —
0
-5 <]
-10
—60 —30 0 30 60 90 120 150
AMBIENT TEMPERATURE (°C)
DM74123
10 TT T
Rexy=10K
Cexr=1000 pF
5 \ Vee=5.0V 4
0
I~
-5 \"
-10
—-60-30 0 30 60 S0 120 150
AMBIENT TEMPERATURE (°C)
TL/F/7508-10
DM74121
0 T
Rexr =5K |
Cext=1000 pF
5 | Ta=25°C
0
-5
-10
4 4.5 § 5.5 6
Vee (V)

DM74LS221
1

Rext=5K
Cexy = 1000 pF
Ta=25°C

4 45 § 5.5 6

Vee (V)

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
o t Ta=25°CH
 } Vee=5.0V
{
g
& 10l
& \
10
0.1 1.0 10

*K'" COEFFICIENT

DM9602
108
Ta=25°C]]
Vee=5.0V
]
s
T 102
3
<
10 k
0.1 1.0 10

"K' COEFFICIENT

DM74LS123
103

Ht t
Ta=25°C
Vee=5.0¢
ey
T ow
1
5
&
10
0.1 1.0 10

“'K'* COEFFICIENT

DM74121
[
TA=25°C
Vee=5.0V
g
w0
<}
(%]
10
0.1 1.0 10
*K COEFFICIENT
DM74LS221
10: T 1—
Ta=25°C 11
Vee=5.0V
g
=10
1
&'
0 \

0.1 1.0 10
‘K" COEFFICIENT

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 Rgxr values.

DM9602
10°

Famzset i
104 | Vec=5.0V

[T

J .

E Cexr = 1000 pF =
T
1

T
T

tw (ns)

10000

tw (ns)

DM74121
10% —

Fra=25c 11
L Vcc=5.ﬂvu_
E Cexy= 1000 p!

 —
1T

-
=]
-

10000

TL/F/7508-13
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Typical Output Pulse Width vs Minimum Timing Resistance (continued)

DM74123 DM74LS123 DM74L.5221
108 — 108 105 =
Ta=25°C HH— T v:czs.nv — il
104 | Cexr=1000 pF %gg;z
= 7 i 1 H
£ 10’ < 0
- = z
102 == 102 —
10 10
100 1000 10000 100 1000 10000
Rexv () Rexr (@)
TL/F/7508-14
Function Tables Connection Diagrams
’121 One-Shots 54121 (J, W); 74121 (N)
Inputs Outputs Rext/ . .
— v c
A1 A2 B Q a cc NC NC EXT EXT INT NC
L X H L H Iu I13 |1z 1 Im 9 Ia
X L H L H szAvk‘v
X X L L H
H H X L H
H 1 H N o = _|
i H H I r l
i 3 H I r d
L X 1T I r .. B 0
X L T I 1 —l
1 Iz Is |4 Is 6 I1
NE A1 A2 B Q GND
TL/F/7508-15
Top View

’122 Retriggerable One-Shots with Clear

Inputs Outputs

Clear At 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
X L X H H L H
H L X T H igH r
H L X H T I r
H X L H H L H
H X L T H I ey
H X L H T [Ju
H H J H H I r
H 1 1 H H| L
H 3 H H H | U o
T L X H H I r
T X L H H JL u

H = HIGH Level L = One HIGH Level Pulse
L = LOW Level LI~ = One LOW Level Pulse
X

1 = Transition from LOW-to-HIGH
1 = Transition from HIGH-to-LOW

Don't Care

54LS122 (J, W); 74LS122 (N)

Rext/
Veo Cexr NC Cexy NC Rint Q
| 14 13 |12 I 11 Im | 9 8
Rint
10 k
AA
Q
CLR ]
[0]
b
1 2 3 I 4 5 3 |1
Al A2 81 B2 CLR GND
i TL/F/7508-16
Top View
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Function Tables (continued) Connection Diagrams (continued) EN
N
Rext/ _ N
*123 Dual Retriggerable One-Shots with Clear Veo  Cert Cextrl @ @2 cLA2 B2 A2
123 IIG I15 Iu 13 12 1 10 |9
Inputs Outputs
A A Clear Q Q
H X H L H 0 {5 8
X L H L H
L T H now i
! H H o o @ —10
X X L L H
|1 |2 |3 4 5 Is |7 Ia
At 81 CLR1 1 02 Cext2 Rext/  GND
Cexr2
TL/F/7508-17
Top View
54L.S123 (J, W); 74LS123 (N)
’LS123 Rext/ -
Vee Cext? Cexrt m Q2 CLR2 B2 A2
Inputs Outpuls TR CEE (TR O PO O T
Clear A B Q Q
L X X L H 2
X H X L H ~TR
X X L L H ] o —
H L T JL o
H l H Ju r - 1.
T L H JL r CLR
(]
|1 2 3 4 5 Is |7 [s

] Bl CLR1 0 02 Cext2  Rext/  GND
Cext2

TL/F/7508-18

Top View
9602 (J, W); 8602 (N)
8602 Rext/ -
Vo Cen? Cpq2 CLR2 B2 A2 Q2 @2
Pin Numbers Operation TI (  CO TO O T

B CLEAR

L H Trigger l

T H Trigger [

X L Reset 2 )
H = HIGH Level

L = LOW Level 1 < ]

1 = Transition from LOW-to-HIGH

1 = Transition from HIGH-to-LOW T IR

X Ie|>

JL. = One HIGH Level Pulse
LI = One LOW Leve! Pulse

X = Don’t Care 1" 2 |3 4 5 6 7 ]a
Cext! Rex/  CLRT  B1 A1 o 01 GND
Cexrl

TL/F/7508-19
Top View
*Pins for external timing.
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Function Tables (continued)
’221 Dua! 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 l H Ju r
T L H JL r
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 JL r
L X H T I o
X L H H L H
X L T H JL r
X L H T JL r
H l H H JL r
{ l H H J r
d H H H JL r
H = HIGH Level
L = LOW Level

T = Transition from LOW-to-HIGH
1 = Transition from HIGH-to-LOW
T = 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 Qg

Vee

Connection Diagrams (continued)

5415221 (J, W); 74LS221 (N)

Rext/ _
Vee  Cexr1 Cexr1 @ 02 CLR2

|1s |15 Iu In 12 lu

B2 A2
I1l] IQ

o

C n

|._d
1 Iz Ia 4 Is IE I7 Is

Al B1 CLR1 [ 02  Cixr2  Rexp/  GND
Cext 2
Top View TL/F/7508-20

9601 (J, W); 8601 (N)

I Cx I
Har—{ -+

| Rexy/ I NC I

NC NC Q
Vee Cexr Cext
14 I 13 I 12 " 10 I 9 8
o —
1 | 2 | 3 l4 I 5 6 I 7
Al A2 B1 B2 NC [} GND
Top View 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 Rx and Cy.

ViND 0-S

D2 02 = Vour
ok

CLR

9 L

TL/F/7508-22

FIGURE 8. Noise Discriminator
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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

ViN =t 0-S

Ry
[} —'\N\Ibvouv
T"

TL/F/7508-24

stant width for each triggering transition on its input. The
output pulse train is integrated by R1 and C; to yield a wave-
form whose amplitude is proportional to the input frequency.
(Retriggerable device required.)

Vin

Vou

Vour /
| ST

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

VIN =i 0-§

TL/F/7508-26

- TNL_MA

Vour I

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

0 1

TL/F/7508-28

FIGURE 10a. Envelope Detector (Retriggerable Device Required)
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PULSE GENERATOR (Figure 11)

Two one-shots can be connected together to form a pulse
generator capable of variable frequency and independent
duty cycle control. The Rx1 and Cxq of O-S1 determine

the frequency developed at output Qy. Rx2 and Cxo of
0-82 determine the output pulse width at Q. (Retriggera-
ble device required.)

Vee
<)
<
>
Pt octn
‘ h
! -
0-51
CLR !

1H =

TL/F/7508-29

bl L I pUTY OYCLE = Dxe O
————— L] Rx1Cx1
FREQ = ————

0 KRx1 Cxq

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
circuit shown in Figure 12. Preselected values of Rxy and
Cx1 determine the delay time via O-S1, while preselected

Vee

<
R O
g Cxy

\ [}
0-81 0-52

CLR
CLEAN. D o I
OVERRIDE

values of Rxp and Cyo determine the output pulse width
through O-S2. The override input can additionally serve to
modify the output pulse width.

—
: 1

TL/F/7508-32

TL/F/7508-31
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 Cxq is missing in the incoming pulse train, which then triggers
to be the least one full period of the incoming pulse period, 0O-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, Qq remains LOW until a pulse

Vee
R
MS o Rxz Cxz
T 0 1 0z —>
ViN p—vg 0-$1 0-S2
6] "j-- ﬁz
- TL/F/7508~33
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P

———————— r———— L

——————————
0

: 1

FIGURE 13. Missing Pulse Detector (Retriggerable Device Required)

TL/F/7508-34

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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v
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D
_L CLR

TL/F/7508-35
FIGURE 14. Pulse Width Detector
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Vin

Q

Vx

Vour

FIGURE 14. Pulse Width Detector (Continued)

BAND PASS FILTER (Figure 15)

The band pass of the circuit is determined by the time con-
stants of the two low-pass filters represented by O-S1 and
0-S2. With the output at Qp delayed by C, the D-flip flop

(Retriggerable device required.)

TL/F/7508-36

(D-FF) clocks HIGH only when the cutoff frequency of O-S2
has been exceeded. The output at Qg is gated with the de-
layed input pulse train at Q4 to produce the desired output.
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FIGURE 15. Band Pass Filter (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-St 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, 0-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 become —SEP DATA. This pulse sets the R-S
—SEP DATA output returns to the NAND gate that gener- FF, whose 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. 0-81 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.
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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
O-S1 to trigger. This procedure continues as long as there
is clock and data pulse stream present on the +READ
DATA line.

Voo +READ DATA
o M
1% 3w
< <
Cxt Cxz
+ +—
—SHORT
DATA
~SEP
WINDOW
0-51 0-52 —LONG 11 . +SEP DATA
_ DATA WINDOW
0 |
T —
CiK
FDW +SEP CLK
+CLK
I WINDOW
S 03 Da 04
FF oax FF
— [—P 0

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-level 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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FIGURE 17. Phase-Locked Loop Voltage Controlled Oscillator
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Guide to ALS and AS

INTRODUCTION

Since the introduction of the first bipolar Transistor-Transis-
tor Logic (TTL) family (DM54/74), system designers have
wanted more speed, less power consumption, or a combi-
nation of the two attributes. These requirements have
spawned other logic families such as the DM54/74L (low
power), DM54/74LS (low power Schottky), DM54/74S
(Schottky), etc., in order to give the system designers some
choice.

The most common way of comparing logic families is by
using their speed-power products. Figure 1 displays a
graphical representation of the logic families now available.
The addition of the Advanced logic families broadens the
spectrum of speed/power characteristics. This will allow the
system designer to optimize his system’s speed/power
product by using performance budgeting. Performance bud-
geting is the intermixing of logic families to achieve the best
speed/power product for a design. This is possible since
bipolar logic families are designed to be fully compatible
with each other. When the designer uses performance bud-
geting he is trading power consumption for speed. The de-
signer identifies the speed critical paths and uses the fast-
est products to optimize the system’s speed. For all other
non-critical speed paths, the logic family with the best
speed/power product should be used to optimize his sys-
tem’'s power consumption. Since no other family offers the
speed capability of AS and the low power of ALS, these
families are the best choice when performance budgeting.
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TL/F/9158-1
FIGURE 1. Speed Power Product Comparison

Each of the logic families is a compromise between speed
and power consumption. Since the speed/power product is
approximately a constant, a decrease in the power con-
sumption must be traded off in a slowing down of the device
and vice versa. The power consumption of a device is the
easiest to control. By simply increasing the resistive values
in the circuit the power consumption can be decreased.

The device speed can be handled in a similar manner. The
speed of a device is limited by the charge stored in the
transistors of the circuits. The time to remove this charge is
proportional to the capacitance of the transistor and the cur-
rent supplied. In the early speed improvements, the current
aspect of this relationship was involved. A simple decrease
in the resistive values in the circuits was done. This did help
the speed but it greatly increased the power consumption.
The advent of the Schottky transistor helped increase the

National Semiconductor
Application Note 476
Walt Sirovy

device speed. The Schottky transistor adds a Schottky
clamp diode between the base and collector of the transis-
tor. The Schottky clamp diode has a lower forward voltage
(about 0.4V) than the base-collector junction diode (about
0.5V). When the transistor is turned on the base current
drives the transistor toward saturation and the collector volt-
age drops. This causes the Schottky clamp diode to con-
duct and divert some of the base current from the base-col-
lector junction of the transistor. This clamp diode prevents
the transistor from going into deep saturation. This allows
the transistor to recover quickly by decreasing the transistor
storage time. The Schottky logic families (DM54/74S,
DMS54/74LS) used the Schottky transistor and low values of
resistors to achieve their high speeds.

Now NSC has introduced the Advanced Low Power
Schottky (ALS) and the Advanced Schottky (AS) logic fami-
lies. These families use a reduced transistor size, advanced
process technology, and innovative design techniques to
achieve the improved device speeds. This article will dis-
cuss various aspects of the Advanced logic families includ-
ing design goals, application goals, circuit design enhance-
ments, family features, and some helpful application tips.

ADVANCED LOGIC FAMILIES DESIGN GOALS

For the Advanced logic families our main design goal was to
reduce the power consumption while improving the speed
of the parts. We also set the requirement that the Advanced
logic parts be pin for pin compatible with existing logic fami-
lies to allow ease of system upgrading and interfacing with
existing products.

The design goals for ALS family were to produce a com-
plete logic family which would achieve one half the propaga-
tion delays of DM54/74LS at one half the power dissipation
of DM54/74LS and improve the capability of the outputs to
drive 50 to 1009 lines.

For the AS family the design goal was to produce a com-
plete logic family which would achieve one half the propaga-
tion delays of DM54/74S at one third the power dissipation
of DM54/74S.

We set some goals for both Advanced logic families that
were more application related because of our experience
with other logic families. These goals were to improve the
input characteristics and line driving capability, reduce inter-
nally generated supply current spikes, eliminate parasitic
failure modes and decoding glitches, and provide better
electro-static discharge protection.

AN OVERVIEW OF THE ADVANCED LOGIC FAMILIES

The Advanced logic families (ALS & AS) have included most
of the functions now present in the DM54/74LS and
DM54/74S families. Some additions have been made to the
Advanced families over the DM54/74LS and S families in
order to make the families more complete. Both of the Ad-
vanced families have added a better (more complete) selec-
tion of octal bus transceivers, transparent latches and D-
type flip-flops. A series of logic gate drivers (800 series)
have been added to the ALS family. These devices have
increased logic high and low current capabilities which allow
the driving of high capacitive lines. These drivers have also
been added to the AS family but have been designated the
1000 series. The ALS family has also added a series of gate
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buffers (1000 series) which increase the fanout of these
devices by increasing the logic low and high driving capabili-
ties (but not as much as the 800 series).

The datasheets for the Advanced Logic devices have been
improved in order to more accurately reflect application re-
quirements and to reduce the need for special testing. The
supply voltage range for the commercial products has been
defined as 10% (4.5V to 5.5V) instead of 5% as all other
bipolar logic have done in the past. The high level output
voltage specification has been changed to Vog—2 to allow
easier interfacing with CMOS parts which have Vgg sensi-
tive thresholds and to better reflect the actual operation of
the parts. The output drive current (lp) is measured at a
forcing voltage of 2.25V instead of OV used by other logic
families. This demonstrates that the Advanced logic families
have sourcing capability through the threshold level of the
next gate. The low level input current (||.) specification has
been reduced from —400 pA used for DM54/74LS to —100
uA for ALS. This indicates that ALS devices’ I current is
less of a dominant factor in the limiting of device fanout.
Current sinking capability (ig)) for the AS family of
TRI-STATE devices has been substantially increased (20 to
48 mA) over the DM54/748S family to allow the connection
of these parts to a heavily loaded bus. The dynamic charac-
teristics (propagation delays, etc.) have been specified over
the supply voltage and temperature range. Also the output
load used to test the dynamic characteristics has been sim-
plified to allow easier construction of hardware for automat-
ic test equipment and still reflect in-circuit operation. These
items should give the designer a higher confidence level of
the product used in his systems. Table 1 shows a compari-
son between ALS/AS and LS/S product. Appendix A in-
cludes generic datasheets for ALS and AS family of prod-
ucts.

TABLE 1. Family Comparison

. Typical ical

Lose | ooy | power | ek | Man

(ms) | (mw) | ma) | (ma)

LS STD 8 2 8 —-04

LSTS 8 6 24 —0.4
HC 8 - 4 —0.001

ALS STD 4 1.3 8 —0.1

ALS BUFFER 4 3 24 —0.1

548 3 20 20 —-2.0

AS 1.5 7.6 20 -05

AS BUFFER 2 8 48 —0.5

Veg = 5V, CL = 15 pF

CIRCUIT DESIGN ENHANCEMENTS

One of the design enhancements of the Advanced logic
families is the improvement of the input threshold voltage.
Figures 4 (ALS schematic) and 5 (AS schematic) are used
for reference for the following discussion. The input thresh-
old is determined by the following equation.

Vihreshold = VBE(Q2) + VBE(Q3) + VBE(Q4) — VBE@Q1)
The typical VBE of these transistors is 0.7V. Therefore the
typical threshold voltage is 1.4V. This optimizes the thresh-
old point between the high and low level input voltages. This
provides maximum noise immunity. Figure 2 demonstrates
the threshold enhancement.

Another of the design enhancements is the use of a PNP
transistor in the input circuitry. The use of the PNP transistor
reduces the typical I)_ of these circuits (—10 pA for ALS
and —50 pA for AS). When using a PNP transistor the
equation for I becomes:

W= Vee — Vee@any — Vi
R(hrgory + 1)

>
T 4p
]
5 s
g
5
E sl
o LS\ ALS\ \As
[ S
g if
1 L L 1 1 L

|
02 04 06 08 10 12 14 16

Vi = INPUT VOLTAGE -V
TL/F/9158-2
FIGURE 2. V|\ vs Voyt

Past logic families which used diodes or NPN transistors at
the inputs had higher Ij_ since they lacked the gain (hgg) of
the PNP transistor. The PNP transistor of the Advanced
families effectively eliminates the I current from being a
dominant limiting factor in device fanout. The fanout con-
straints are now primarily associated with AC loading.

The input clamping and electrostatic discharge protection
methods have also been improved. Past circuits have used
diodes to do the negative voltage clamping action. The Ad-
vanced logic circuits use a Schottky transistor with the base
and the emitter shorted to ground. The forward resistance
of the base-collector is less than the diodes used in previ-
ous logic families. This lower resistance allows higher cur-
rents to be absorbed. This has improved the electrostatic
discharge resistance from less than 1000V to 4000V. This
gives the Advanced logic families a non-sensitive rating for
the MIL-M-38510 people.

The lower output characteristic has been improved by the
addition of the transistor (Q9) for the AS parts and the diode
(D3) for the ALS. These elements provide additional base
drive for the lower output transistor (Q5) when the output
transitions from a high to low state. Thus the transistor pair
Q3 and Q5 acts as a darlington pair. The AS parts use a
transistor instead of the diode because of the higher drive
requirements. Figure 3 shows the Advance families output

I0L = OUTPUT LOW CURRENT = mA

Vo = OUTPUT VOLTAGE (V)
TL/F/9158-3
FIGURE 3. Low Logic Level Voyt Vs louT
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TL/F/9158-5
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TL/F/9158-4

FIGURE 5. AS00 Schematic -

characteristic compared to the old Schottky families. Note
that the current sink capability of the AS family takes off at
1.5V while the DM54/74S family remains flat. The ALS
graph shows a similar characteristic but the break point is
1.8V.

The Advanced logic families include the output shaping cir-
cuit used in most modern bipolar logic families. This circuit
consisting of transistor Q4, resistor R7 and resistor R8
helps to turn off the low output transistor Q5 during the low
to high output transition. The diode D7 is used to help turn
off the upper output transistor (Q7).

The AS circuits incorporate additiona! circuitry to reduce
current supply spikes. During a low to high transition a sup-
ply current spike can be produced because the lower output
transistor (Q5) remains temporarily on. This can increase
the power consumed by the circuit especially at high fre-
quencies. The lower output transistor remains on because
of charge being coupled by this transistor’s base-collector
capacitance. The circuitry used to eliminate this problem is
the addition of a transistor (Q9), two diodes (D8 & D11), and
two resistors (R9 & R10). This circuit has been named the
Miller killer. The diode (D8) is used as a capacitor to couple
charge into the base of the transistor, Q9, during a low to
high transition of the output. Thus Q9 turns on providing a
means of turning off the lower output transistor (Q5). This
circuitry is not required for most ALS devices due to the
lower frequency of operation and smaller output structures.

APPLICATION RELATED DESIGN IMPROVEMENTS

A major consideration in the layout of the Advanced logic
families was their response to negative transients. The Ad-
vanced logic families have high transition rates which can
generate large reflections (—2.5 volts) when terminated into
a high impedance. A method of limiting reflections is to use
a clamp diode. All the Advanced logic devices include
Schottky clamp diodes on both the inputs and outputs.
These clamp diodes may have to handle peak currents of
30 to 60 mA. At these currents substrate junctions will be-
come forward biased.

Figure 6 shows a cross sectional view of the area of an
Advanced logic device where a negative transient may be a
problem. A negative transient on an input or output tank (the
structure in the center) will forward bias the substrate to N
epi junction. This will form a parasitic NPN transistor be-
tween adjacent structures. If the adjacent structure is an
input or output the only impact will be an increase in the
leakage current. Since most of the devices have an active
totem pole output design a logic state change does not hap-
pen. If the adjacent structure is a collector of an internal
transistor the increase in the leakage current may cause a
logic state change from a high logic state to a low logic
state. This state change in a combinational logic part can
propagate to the output and cause a glitch which can affect
the system performance. If the adjacent transistor is part of
a flip-flop a change in the logic state can happen. This can
cause a sequential error in the system.

INTERNAL NEGATIVE CURRENT ADJACENT
TRANSISTER TRANSIENT (INPUT INPUT OR
COLLECTOR OR OUTPUT) OUTPUT

nEpl OXIDE nEpl OXIDE nEpi
ISOLATION ISOLATION

n# I pt I nt+ I pt I n+
? Q o

] P
p SUBSTRATE
TL/F/9158-6

FIGURE 6. Parasitic Failures Modes
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FIGURE 7. Solution to Parasitic Failures Modes

Figure 7 demonstrates the method we use to minimize this
problem. A grounded N+ guard ring around all input and
output transistors is included. The guard ring increases the
spacing between the two structures thus reducing the effi-
ciency of the parasitic transistor. The grounded guard ring
also acts as an energy well which collects the majority of
the electrons injected by the parasitic transistor. An exam-
ple of the amount of protection achieved can be demon-
strated by looking at the ALS74. Without the guard ring this
device will change state with only —5 mA input current. With
a guard ring the device can withstand in excess of —35 mA
input current with no change in logic state and only a few
tenths of a volt degradation of the high state logic level.

Another problem associated with older logic families is de-
coding glitches. The old method of decoding is demonstrat-
ed in Figure 8. A decoding glitch occurs when the A and B
inputs are at a high logic level and the select input tran-
sitions from a low to high logic level. The propagation delay
from a high to a low logic level is faster for the inverting gate
than the propagation delay from a low to high logic level is
for the non-inverting gate. This causes both the SEL and the
SEL’ lines to be at a low logic level for a short time. If both
these lines are at a low logic level at the same time the Y
output will transition to a low logic level even if the A and B
inputs are at a high logic level. With the circuit used for the
Advanced logic families (Figure 9) the SEL’ line cannot go
to a low logic level until the SEL line goes to a high logic
level since the SELECT and SEL lines are logically connect-
ed with a NAND gate.

TL/F/9158-8
FIGURE 8. Oid Method of Decoding

SEL’

SELECT Y

SEL

TL/F/9158-9
FIGURE 9. New Method of Decoding

PROCESS DESCRIPTION

A major factor which allowed us to meet our design goals is
the Advanced Schottky process. The Advanced Schottky
process uses oxide isolation and ion implantation. This al-
lows the physical size of the transistors to be reduced.

Figure 10 shows the size comparison between a junction
isolated and oxide isolated transistors. The oxide isolated
transistor is more than half the size of the junction isolated
transistor. This reduction in size provides higher packing
density and, most important, smaller active junction areas
(2.5p emitter width). The oxide isolated structure has much
smaller capacitance due to the reduced geometries thus
improving the speed/power performance (5 GHz FT).
Figure 11 shows a cross sectional view comparison be-
tween the junction and oxide isolation processes. In the ox-
ide isolated process the emitter of the transistor contacts
the oxide isolation directly (walled emitter). This greatly re-
duces the side wall capacitance since the capacitance is
inversely proportional to the dielectric constant and dielec-
tric constant between silicon/oxide is much smaller than the
dielectric constant between two sections of silicon.

lon implantation is a technique of introducing impurities by
bombarding the host material with a beam of ions. This
technique is superior to the deposition method used in pre-
vious processes because it is easier to control the amount
of impurities introduced into the silicon. The deposition
method relies on control of diffusion time, diffusion tempera-
ture, gasflow rate and surface cleaniness. lon implantation
relies on the control of only current and voltage of the ma-
chine.

Figure 12 is a lengthwise cross sectional view of the oxide
isolated transistor. From this figure it can be seen that the
limiting factor of the size of the transistor is the metal inter-
connects and the spacing between the metal.
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NOISE CONSIDERATIONS

When a digital system is being designed, the designer works
with a perfect mathematical system. Once the designer
starts to layout his design he enters the real world where
everything is not perfect. There are pitfalls in the laying out
circuits that will make a perfectly good logic circuit work
incorrectly and unpredictably. One of the major considera-
tions in the layout of a circuit is noise. Noise is extraneous
currents and voltages introduced into or produced by the
circuit. When slower circuits are used consideration of noise
is not as important as it is for fast circuits such as the Ad-
vanced Logic families. This is true because the slower cir-
cuits take longer to respond to noise and characteristically
noise is pulses of short duration. The Advanced Logic fami-
lies have addressed noise produced by the device itself, as
mentioned previously, so it will not be addressed here.
Noise can be introduced by several methods: external to the
system, cross talk between lines, power supply spikes and
line reflections. Each of these problems will be examined
and solutions presented.

NOISE MARGIN

Each logic family has a certain amount of noise margin.
Noise margin is the voltage amplitude of an extraneous sig-
nal that can be added to the input level of a logic circuit
before change in the output logic voltage level could occur.
Worst case noise margin is defined as the difference be-
tween the minimum high voltage [Von (2.5V)] minus the
maximum input high voltage [Vi4 (2V)] or the maximum in-
put low voltage [V)_ (0.8V)] minus the maximum output low
voltage [Vo (0.5V)] whichever is smaller. For the ALS and
AS families these numbers turn out to be 0.5 and 0.3 volts
respectively.

POWER SUPPLY SPIKES

Power supply spikes can be introduced to the system exter-
nally or generated internally. As gates switch from one logic
state to another, their current drain on the supply will
change. The more gates that switch at the same time the
greater the current drain on the supply will be. The speed of
the changes is also a factor as will be demonstrated. These
current changes produce voltage variations because of sup-
ply line resistance and inductance.

In most designs the supply lead inductance is the dominant
factor. For a current change di in time dt with a lead induc-
tance of L, the resuiting noise voltage is defined as V =
L[di/dt]. For a octal ALS buffer the current change can be
10 mA, the transition time can be 3 ns, and for a 15 cm line
on a printed circuit board the inductance can be 0.1 pH.
This will give a noise pulse of 333 mV. With several circuits
switching at the same time this could produce a problem.

The solution to the problem is to include several decoupling
capacitors evenly distributed around the board. Ceramic
disc capacitors of 0.01 uF are often used. If a 0.01 uF ca-
pacitor is used in the above example the noise pulse would
be greatly reduced. For a capacitor C and a current change
di in the time dt the voltage change is represented by V =
[(di) (dt)]/C. This gives a noise pulse of 3 mV. Usually one
capacitor for every five ICs is sufficient. If more high power
ICs (buffers and line drivers) are used a one to one ratio of
capacitor to ICs might be required. Since the transition time
of AS devices is so fast, each IC should have a bypass
capacitor. These capacitors are inexpensive and will greatly
increase the reliability of your design.

LINE REFLECTIONS

Line reflection is another source of noise. Line reflection is
caused by a difference in the impedance of the transmission
line and the resistance of the line load. Each transmission
line has a characteristic impedance which is the initial resist-
ance seen by a signal entering the line.

Lets consider a simple circuit which includes a voltage
source, a switch, a transmission line and a resistive load.
The characteristic impedance of the transmission line is Zg
and the resistive load is R. The resistive load, R, can be
referred to as the terminating resistance. When the switch is
closed the initial current flowing into the line will be | =
V/Zy. A current step of magnitude | and voltage step of V
flows down the transmission line. The current required by
the load at the end of the transmission line is V/R. If the
characteristics impedance of the transmission line does not
equal the load resistance a partial reflection of the signal will
occur.

One can define a reflection coefficient (Rho) as the reflect-
ed voltage amplitude divided by the incident voltage ampli-
tude. It can be mathematically shown that the Rho = [R —
Zol/[R + Zpl. If R equals 0 (short circuit) the Rho equals
—1. If R equals infinity (open circuit) the Rho equals 1. If R
= Zp the Rho equals 0 which indicates that there will be no
reflection. The magnitude of the voltage at the load resist-
ance is initially V(1 + Rho). If a reflection initially occurs,
further reflections will occur until | = V/R. Possible wave-
forms are shown in Figure 13.

-

R>Z,

R<Z
TL/F/9158-13
FIGURE 13. Waveforms for Improperly
Terminated Transmission Lines

It can be shown that the duration of each reflection is equal
to twice the time it takes for the signal to propagate down
the transmission line. Generally, gates do not respond to a
signal that is shorter than the propagation delay of device
itself. A good rule of thumb to use to determine if a transmis-
sion line requires termination is if the time required for the
signal to propagate down the transmission line is greater
than one quarter of the propagation delay of the device the
line should be terminated.

Lets calculated the maximum line length for some Ad-
vanced Logic family devices. Lets assume that the signal
travels down the line at the speed of light (3 X 10 to the
eight m/s). The maximum line length is the speed of light
times one quarter the propagation delay of the device. The
propagation delay of an ALS gate is about 4 ns. This would
give a safe maximum length of the line of 0.3m (about 1 ft).
The propagation delay of an AS gate is about 2 ns. This
would give a safe maximum length of the line of 0.15m
(about 0.5 ft).

Another method of termination of a transmission line is a
series termination. It can be shown that the initial step re-
ceived at an open circuit termination is twice the input step.
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If we have a series resistor at the transmitter that is equal to
the characteristic impedance of the line the reflection would
be absorbed by the series resistance. This method requires
a high impedance receiver but uses less power than the
previous method.

CROSS TALK

Cross talk is the coupling of a signal from one line to an
adjacent line. It is caused by the mutual inductance and
capacitance between signal lines. Long parallel lines are the
most susceptible to this problem. To minimize the effects of
cross talk, proper shielding, grounding and decoupling
should be done. On lines which may be particularly sensitive
to cross talk, the distance between these lines should be
increased.

Use flat cable with alternate signal/ground wires, coaxial
cable, signal lines (PCB track) above ground plane with the
minimum distance between lines equal to the distance be-
tween ground plane and signal plane, or twisted pairs to
minimize cross talk.

Unused Inputs

Unused inputs which are left open circuited can be a source
of noise. An open circuited input settles at the threshold
voltage of that node. It can act as an antenna and accept a
signal. To avoid this problem any unused input should be
tied to a potential that will not cause a logic error. For exam-
ple, unused inputs of AND gates, NAND gates, and active
low presets and clears of flip-flops should be tied to a high
potential. Unused inputs of NOR gates should be tied to
ground. Unused inputs that are tied to a high potential can
be connected directly to the supply voltage as long as the
5.5V maximum is not exceeded. A better method is to con-
nect unused inputs to a high potential through a resistor
(1 kQ or greater) to the supply voltage. This will give some
protection in case this input is shorted to ground. Several
inputs can be connected to this resistor.

Open-Collector Outputs

All open collector outputs, whether used alone or in a wired-
OR configuration, requires an external pull-up resistor. The
resistor value is dependent upon the fanout of the OR tie
and the number of devices in the OR tie. R(min) is deter-
mined so that if only one output is LOW the maximum allow-
able OR tie fanout is not surpassed. The R(max) value is
calculated with all the OR tied outputs HIGH to sustain the
necessary Vop.

N = # of wired-OR outputs

R = Yocmax — VoL
(min) loL — MxIy

R = ~CO(min) — VYou
(max) =

Nxloy + MxIy

M = # of inputs being driven

li. = LOW level input current

iy = HIGH level input current
VoL = output LOW voltage (0.5V)
VoH = output HIGH voltage (2.5)
loL = LOW level fanout current
loH = Icex = output HIGH current

Example: Two ALSO03 gate outputs driving three LS gates.
5.25V — 0.5V
8 mA — 3x0.4 mA
4.75V — 2.5V
2x0.1 mA + 3x0.02mA

R(min) = = 6980

R(max) = =16k

The R range for the pull-up is between 698 and 16 k2. The
lower resistor values will provide faster speeds while the
higher resistances give lower power dissipation.
SUMMARY

* Pin compatible with other 5V bipolar families

Faster propagation delays

Lower power consumption

Better selection of octal bus transceivers, transparent
latches, and D-type flip-flops

Addition of series of line drivers
Addition of series of buffers

Dynamic characteristics specified over supply voltage
and temperature range

Improved input threshold voltage
Improved ESD protection

Better pin-to-pin isolation
Elimination of decoding glitches
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APPENDIX g
Recommended Operating Conditions Advanced Low Power Schottky @
Standard Buffer Bus Driver
Symbol Parameter Output Output Output Units
Min Max Min Max Min Max
Vee Supply Voltage 54/74ALS 4.5 55 4.5 5.5 45 5.5 \)
VIH High Level Input Voltage 54/74ALS 2 2 2 \"
ViL Low Level Output Voltage 54/74ALS 0.8 0.8 0.8 \"
loH High Level Output Current 54ALS -0.4 -1 -12 mA
74ALS —0.4 —26 —15
Von(" High Level Output Voltage 54/74ALS 55 5.5 5.5 \Y
loL Low Level Output Current 54/74ALS 4 12 12
(Note 2) 74ALS 8 24 24 | mA
74ALS —1 48
Ta Operating Free-Air Temperature 54ALS —55 125 —55 125 —55 125 oc
Ta Temperature 74ALS 0 70 0 70 o | 70

Note 1: For open-collector outputs.
Note 2: The extended limits (—1) apply only if Vg is maintained between 4.75 and 5.25V. These parts are offered as a commercial version only.

Electrical Characteristics advanced Low Power Schottky

Symbol Parameter Conditions Standard Output Buffer Output Bus Driver Output Units
Min [Typ(1)| Max | Min |Typ(1)| Max | Min |Typ(1)| Max
Vik Input Clamp Vec = 4.5V _ _ _
Voltage = — 18 mA 15 15 151V
VoH High Level Vee = 4.5V
Output Voltage loy = Max 24 8.2 2 3.2
Voo = 4.5V
lon = —3mA 24 3.2 \"
Vcc = 4.5Vto 5.5V _ _ _
loy = —0.4 mA Vec—2 Vee—2 Veo—2
loH High Level Voo = 4.5V
Output Current Von = 5.5V 0.1 01 01 | mA
VoL  |LowLevel Output |Voc = 4.5V|54/74ALS 0.25 | 0.4 0.25 | 0.4 025 04|
Voltage loL = Max
74ALS 035 | 05 035 | 0.5 0.35 | 0.5
I Input Current at Vec = 5.5V
Maximum Input [V} =7V 0.1 0.1 0.1 [ mA
Voltage
(] High Level Input |V = 5.5V
Current V) =27V 20 20 20 | pA
T Low LevelInput  |Vgc = 5.5V _ _ _ _ _ _
Current V) = 0.4V 0.02{ —0.1 0.05| —-0.1 0.05( —0.1| mA
lo Output Drive Vce = 5.5V _ _ _ _ _ _
Current Vo = 2.25V 30 112 —30 112) —30 112] mA
lozy |Off-State Output |Vgg = 5.5V
Current, High Level|Vg = 2.7V 20 20 | pA
Voltage Applied
lozL  |Off-State Output (Voo = 5.5V|[I/0 Ports 0.1 0.1 | mA
Current, Low Level |Vg = 0.4V / _ —20| wA
Voltage Applied Non /0 20 20| p
lcc Supply Current Voo = 5.5V mA

1-43



AN-476

Recommended Operating Conditions advanced Schottky

Standard Buffer Bus Driver
Symbol Parameter Output Output Output Units
Min Max Min Max Min Max
Vee Supply Voltage 54/74AS 4.5 5.5 45 5.5 4.5 5.5 \
ViH High Level Input Voltage 54/74AS 2 2 2 \
ViL Low Level Output Voltage 54/74AS 0.8 0.8 0.8 \'
loH High Level Output Current 54AS -2 —12 —40 mA
74AS -2 —-15 —48
Vou(" High Level Output Voltage 54/74AS 55 5.5 5.5 \%
loL Low Leve! Output Current 54/74AS 20 32 40 mA
74AS 20 48 48
Ta Operating Free-Air Temperature 54AS —55 125 —55 125 —55 126 c
74AS 0 70 0 70 0 70
Note 1: For open-collector parts.
Electrical Characteristics Advanced Schottky
Symbol Parameter Conditions Standard Output Buffer Output Bus Driver Output Units
Min [Typ(1)l Max|{ Min |Typ(1), Max| Min [Typ(1)| Max
Vik Input Clamp Ve = 4.5V _ _ _
Voltage I = —18mA 12 12 121V
Vou High Level Voo = 4.5V
Output Voltage lon = Max 24 3.2 2 3.2 v
Voc = 4.5V to 5.5V Veg—2 Vee—2 Voo —2|
loH = —2mA
loH High Level Output [Voc = 4.5V
Current VoH = 5.5V 0.1 0.1 0.1 | mA
VoL Low Level Qutput [Vog = 4.5V 0.35 | 0.5 035 | 05 035 | 05| Vv
Voltage loL = Max ’ ’ : ’ ’ )
Iy Input Currentat  |Vgg = 5.5V
Maximum Input |V} = 7V 0.1 0.1 0.1 | mA
Voltage
i High Level Input [V = 5.5V
Current V| = 2.7V 20 20 20 | pA
i Low Level Input Voo = 5.5V _ _ _
Current V) = 0.4V 05 05 0.5 mA
lo Qutput Drive Vee = 5.5V _ _ _ _ _ _
Current Vo = 2.25V 30 112 —30 112 —30 112 mA
lozq |Off-State Output |Vgg = 5.5V
Current, High LevellVg = 2.7V 50 50 | pA
Voltage Applied
lozL  |Off-State Output (Voo = 5.5V {I/0 Ports| —0.5 —0.5| mA
Current, Low Level [Vp = 0.4V | —50 —50] nA
Voltage Applied Non /0 80| m
Icc Supply Current Vo = 5.5V mA
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ALS/AS Functional Index/Selection Guide

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

teuirve) + tPLHmP;]
2

For power dissipation, the average of the typical values of current for all states the outputs can achieve is used (IccL, 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.

Arithmetic Logic Units, Carry Look-Ahead Generators

Typ*
g yp* sz(; Power Package N
Description Device Type arry Diss. Availability Ny
Time Time of Pins
(ns) (ns) Total
(mW) Com
4-Bit ALU/ 74AS181B 5 5 370 N 24
Function 74AS881B 5 5 370 N 24
Generators
Carry 74A5182 5 N/A 115 N 16
Look-Ahead 74AS264 6 N/A 140 N 16
Generators 74AS282 6 N/A 130 N,M 16
Buffers/Clock Drivers with Totem-Pole Outputs
Low- High- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Availability N°_'
Current Current Time /Gate of Pins
(mA) (mA) (ns) (mW) Com
Dual 4-Input 74ALS40A 24 —26 4 3.5 N,M 14
NAND Buffers 74ALS1020A 24 ~-26 4 3.6 N,M 14
Quad 2-Input 74ALS37A 24 —2.6 5 5 N,M 14
NAND Buffers 74ALS1000A 24 —26 5 3.5 N,M 14
74AS1000A 48 —48 2 8.5 N 14
Quad 2-Input 74ALS28A 24 —26 3.7 4.5 N.M 14
NOR Buffers 74ALS1002A 24 —26 3.7 45 N,M 14
74AS1036A 48 —48 2 9.7 N 14
Quad 2-Input 74ALS1032A 24 —26 5.5 57 N,M 14
OR 74AS1032A 48 —48 2.5 14 N 14
Quad 2-Input 74ALS1008A 24 —26 5.6 4.7 N,M 14
AND 74AS1008A 48 —48 25 12 N 14
Triple 74ALS1010A 24 —-26 4 3.6 N,M 14
3-Input NAND
Triple 74ALS1011A 24 —26 6.4 4.75 N.M 14
3-Input AND
Hex Buffers 74ALS1034 24 -15 4.5 4.6 N,M 14
74AS1034A 48 —48 25 11.9 N 14
Hex Inverter 74ALS1004 24 —15 26 3.3 N.M 14
Buffers 74AS1004A 48 —48 1.7 8.5 N 14
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ALS/AS Functional Index/Selection Guide

Buffers/Clock Drivers with Open-Collector Outputs

High- Low- Typ* Typ*
' Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Availability No-.
Voltage Current Time /Gate of Pins
v (mA) (ns) (mW) Mil Com
Quad 2-Input 54ALS38A 5.5 12 14.5 3.5 EJW 14
NAND Buffers 74ALS38A 55 24 145 3.5 N,M 14
74ALS1003A 5.5 24 14.5 3.5 N,M 14
Quad 2-Input 74ALS33A 55 24 135 45 N,M 14
NOR Buffers
Hex Buffers/ 74ALS1035 5.5 24 125 4.6 N.M 14
Drivers
Hex Inverter 74ALS1005 55 24 12.5 3.3 N,M 14
Buffers/
Drivers
Buffer Gates with TRI-STATE® Totem-Pole Outputs
Max Max Typ” Tye”
Source Sink Prop. Power Package No
Description Device Type Delay Diss. Availability 5
Current Current ) of Pins
Time /Gate
(mA) (mA)
(ns) (mW) Mil Com
Octal Buffers 74ALS465A -15 24 6.6 8.6 N,M 20
74ALS467A —-15 24 6.6 9.1 N,M 20
74ALS2541 -15 24 6 10.8 N,M 20
74ALS541 —15 24 6 10.8 N,M 20
Octal Inverter 74ALS466A -15 24 4.8 75 N,M 20
Buffers 74ALS468A —15 24 4.7 7.5 N,M 20
74ALS540A —15 24 6.6 10.8 N,M 20
Qctal Inverter 74A8231 —15 48 3.5 185 N 20
Bus Buffers/ 54ALS240A —12 12 2.6 6.5 E,JW 20
Drivers 74ALS240A -15 24 2.6 6.5 N,WM 20
74AS8240 —15 64 3.5 19.2 N,WM 20
74ALS1240A —15 16 9 5.9 N,WM 20
Octal Bus 74ALS241A —-15 24 4.3 8.6 N,WM 20
Buffers/ 74AS241 —-15 64 4 24.6 N,WM 20
Drivers 54ALS244A —-12 12 4.3 8.5 EJ W’ 20
T4ALS244A —15 24 4.3 8.5 N,WM 20
74AS244 —15 64 4 241 N,WM 20
74ALS1241A —-15 24 9 5.9 N,WM 20
74ALS1244A —-15 24 9 5.9 N,WM 20
Octal 54ALS245A —-12 12 9 21.7 EJ W 20
Transceivers 74ALS245A —15 24 9 21.7 N,WM 20
74AS245 -15 48 55 491 N,WM 20
74ALS645A —15 24 5 217 N,WM 20
74AS645 —-15 64 55 49.2 N,WM 20
74ALS1243A —15 16 7 19 N,WM 14
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Comparators 5
~
Typ* Typ* >
[72]
Prop. Power Package -n
Description Device Type Delay Diss. Availability No. g
Time Total of Pins Q
(ns) (mW) Mil Com S
8-Bit Identity 74ALS520 135 60 N,M 20 E
Comparators 54/74ALS521 13.5 60 EJW N,M 20 g_
8-Bit Identity 74ALS518 18.2 55 N,M 20 Y]
Comparators with 74ALS519 18 55 N,M 20 a
Open-Collector 74ALS522 19 45 N.M 20 %
Outputs 74ALS689 1 60 N,M 20 o
Counters, Synchronous/Positive-Edge-Triggered S
. o
Typ =5
Count Power Package %
Description Device Type Freq. Parallel Clear Diss. Availability No.
(MHz) Load Total of Pins
(mW) Mil Com
4-Bit Binary 54/74ALS161B 25 Sync Async-L 60 EJW N,M 16
74AS161 Sync Async-L 200 N,M 16
54/74ALS163B 25 Sync Sync-L 60 E,JW N,M 16
54/74AS163 Sync Sync-L 200 EJ W N,M 16
4-Bit Binary 54/74ALS169B 25 Sync None 75 EJ W N,M 16
Up-Down 74AS169A Sync None 230 N,M 16
Decade 74ALS160B 25 Sync Async-L 60 N,M 16
74AS160 Sync Async-L 200 N 16
74ALS162B 25 Sync Sync-L 60 N.M 16
74AS162 Sync Sync-L 200 N 16
Decade 74ALS168B 25 Sync None 75 N,M 16
Up/Down 74AS168A Sync None 230 N 16
Decoders/Encoders
* N Typ*
Type Typ Typ Power Package
o Select Enable A o No.
Description Device Type of Time Time Diss. Availability
Output Total of Pins
(ns) (ns) W
(mW) Mil Com
3to8Line 54/74ALS138 Totem 8.5 9 25 EJ W N,M 16
3 to 8 Line Decoders 74ALS131 Totem 8.5 10 25 N,M 16
with Address Register
3 to 8 Line Decoders 74ALS137 Totem 11 10 25 N,M 16
with Address Latch
Flip-Flops, Single and Dual J-K Edge Triggered
*
Typ* Data Data Typ Package
. Setup Hold Power oo No.
Device Type Clear Preset fmMax ) " . Availability !
(MHz) Time Time Diss. of Pins
(ns) (ns) /FF (mW) Com
74ALS109A Yes Yes 50 15 0 6 N,M 16
74AS109 Yes Yes 125 3 1 28.8 N 16
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Flip-Flops, Dual D Edge Triggered with Preset and Clear

Typ* Data Data Typ Package
. Setup Hold Power A No.
Device Type fmax R} Availability !
Time Time Diss. of Pins
(MHz)
(ns) (ns) /FF (mW) il Com
54/74ALS74A 30 15 0 6 EJW N,M 14
74AS74 125 2 1 26.3 N,M 14
Flip-Flops, Quad and Hex-D with Clear
Typ* Typ*
Description Device Type Clock Asyn. Power A::?I::ﬁ; No.
P P Freq. Clear Diss. ¥ of Pins
(MH2) Total (mW) Mil Com
Quad D-Type 54/74ALS175 60 Low 47.5 E,J,W N,M 16
Registers 74AS175 160 Low 395 N 16
Hex D-Type 54/74ALS174 60 Low 50 EJW N,M 16
Registers 74AS174 160 Low 395 N 16
Flip-Flops, Octal D Edge Triggered with TRI-STATE Outputs
Typ* Data Data Typ* Package
. Setup Hold Power Availabilit No.
Device Type fhlllwﬁx Time Time Diss. Y of Pins
(WMHz) (ns) (ns) IFF (mW) Mil Com
54/74AL.S374 50 10 4 10.8 EJW N,WM 20
74AS374 200 3 3 50.3 N,WM 20
74ALS534 50 10 0 10.4 N,WM 20
74AS534 200 3 2 50.3 N,WM 20
74ALS564A 50 15 4 8.5 N,.WM 20
54/74ALS574A 50 15 4 85 EJW N,WM 20
74AS574 200 3 3 50.4 N,WM 20
74AS575 160 3 3 53 N 20
54/74ALS576A 50 15 4 8.5 EJW N,WM 20
74AS576 160 3 3 52.5 N 20
74AS577 160 3 3 50.4 N 20
74ALS874B 50 15 4 10.8 N,WM 24
74AS874 160 2.5 1 62.5 N,WM 24
74ALS876A 50 15 4 10.8 N,WM 24
74AS876 160 25 1 58 N 24
74AS878 160 3 3 62.5 N 24
74AS879 160 3 3 59 N 24
Gates, AND with Totem-Pole Outputs
Typ” Ty Package
- " Prop. Power o No.
Description Device Type Delay Diss. Availability of Pins
Time (ns) /Gate (mW) Mil Com
Dual 4-Input 54/74ALS21A 9 2.2 EJW N,M 14
74AS21 3.3 12.5 N,M 14
Triple 3-Input 54/74ALS11A 9 21 E,J,W N,M 14
. 74AS11 3.3 12.9 N,M 14
Quad 2-Input 54/74ALS08 6.5 2.2 EJW N,M 14
74AS08 3.3 129 N,M 14
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Gates, AND with Open-Collector Outputs

l.:':':p P.lt‘:yvl:l’er Package N
s . " ) o.
Description Device Type Delay Diss. Availability of Pins
Time (ns) /Gate (mW) Com
Triple 3-Input 74ALS15A 17 1.5 N,M 14
Quad 2-Input 74ALS09 17 22 N,M 14
Gates, NAND and Inverters with Open-Collector Outputs
prop power "
_— " . . o.
Description Device Type Delay Diss. Availability of Pins
Time (ns) /Gate (mW) Com
Dual 4-Input 74ALS22B 19 1.3 N,M 14
NAND Gates
Triple 3-Input 74ALS12A 18 1.3 N,M 14
NAND Gates
Quad 2-Input 74ALS01 17 1.3 N,M 14
NAND Gates 74ALS03B 17 1.3 N,M 14
Hex Inverters 74ALS05A 18 1.5 N,M 14
Gates, NAND and Inverters with Totem-Pole Outputs
* *
;-ly:p P.I::l‘v)er Package N
PR . . o . 0.
Description Device Type Delay Diss. Availability of Pins
Time (ns) /Gate (mW) Mil Com
Dual 4-Input 54/74ALS20A 6.5 1.3 EJ W N,M 14
NAND Gates 74AS20 2 8.7 NM 14
Triple 3-Input 54/74ALS10A 7 1.3 EJW N.M 14
NAND Gates 74AS10 2 14 NM 14
Quad 2-Input 54/74ALS00A 3.5 1.25 EJW NM 14
NAND Gates 74AS00 2 8 N,M 14
Hex Inverters 54ALS04A 3.5 1.5 EJW 14
74ALS04B 3.5 1.5 NM 14
74AS04 2 71 N,M 14
74ALS14 8 10 N.M 14
8-Input NAND 54/74ALS30A 6.5 1.9 E,J,W N,M 14
Gates 74AS30 2 9.8 N,M 14
13-Input NAND 74ALS133 7 2 N,.M 16
Gate
Hex Non-Inverter 74AS34 4.5 12 N 14
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Gates, Exclusive NOR, OR with Open-Collector Outputs

* *
:z:)p P.It-:yv‘l)er Package No.
Description Device Type Delay Diss. Availability of Pins
Time (ns) /Gate (mW) Com
Quad 2-Input 74ALS811 9.1 N,M 14
Exclusive NOR Gates 74AS811 N 14
Quad 2-Input 74ALS136 N,M 14
Exclusive OR Gates 74AS136 N 14
Gates, Exclusive NOR with Totem-Pole Outputs
prop power Package "
_— . . y o.
Description Device Type Delay Diss. Availability of Pins
Time (ns) /Gate (mW) Com
Quad 2-Input 74ALS810 N/A N/A N,M 14
Exclusive NOR Gates 74AS810 N/A N/A N 14
Gates, NOR with Totem-Pole Outputs
* *
:::p P.I;‘::er Package No.
Description Device Type Delay Diss. Availability of Pins
Time (ns) /Gate (mW) Mil Com
Triple 3-Input 54/74ALS27 55 25 E,JW N,M 14
NOR Gates 74AS27 12.2 N,M 14
Quad 2-Input 54/74ALS02 5 1.9 EJW N,M 14
NOR Gates 74AS02 2 10.1 N,M 14
Gates, OR with Totem-Pole Outputs
* *
:r:p P?v':er Package No.
Description Device Type Delay Diss. Availability of Pins
Time (ns) /Gate (mW) Mil Com
Quad 2-Input 54/74ALS32 55 2.8 EJW NM 14
OR Gates 74A832 3.5 14,9 ’ NM 14
Quad 2-Input 74ALS86 7 3.75 N,M 14
Exclusive 74AS86 N.M 14
OR Gates
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l:g
Latches w
<
Typ.” Typ* 5
No. Prop. Power Package -n
Description Device Type of Clear Outputs Delay Diss. Availability N°_‘ §
Bits Time | Total ofPins | g
(ns) | (mW) Mil Com )
Dual 4-Bit 74ALSB80A 4 None Q 9 88.3 N,M 24 %
Latches 74AS880 4 None Q 6 3915 N 24 g_
Octal Latch 54/74ALS273 8 Low Q 12 50 EJW N,M 20 2
~
TRI-STATE 54/74ALS373 8 None Q 10 70 EJW N,WM 20 g’
Octal 74AS373 8 None Q 6 300 N.WM 20 o
Latches 74ALS573B 8 None Q 9 68.3 NWM 20 2
74AS573 8 None Q 4.5 293 N,wWwM 20 g
TRI-STATE 74ALS533 8 None Q 10 75.8 N,WM 20 (o]
Inverting 74AS533 8 None Q 5 328 N,WM 20 s
Octal 74ALS563A 8 None Q 13 68.3 N,WM 20 ®
Latches 74ALS580A 8 None Q 9 68.3 N,WM 20
74AS580 8 None Q 45 330 N,WM 20
Dual 4-Bit 74ALS873B 4 Low Q 10 68.3 N,WM 24
TRI-STATE 74AS873 4 Low Q 45 330 N,WM 24
Latches
Line Drivers
Low- High- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Availability ch‘
Current Current Time /Gate of Pins
(mA) (mA) (ns) (mW) Mil Com
Hex 2-Input 54ALS804A 12 -1 27 3.3 E,JW 20
NAND 74ALSB04A 24 -26 2.7 3.3 N,M 20
74AS804B 48 —48 2 7.7 N 20
74AS1804 48 —48 2 7.7 N 20
Hex 2-Input 74ALSB05A 24 —15 3 4.1 N,M 20
NOR 74AS805B 48 —48 1.6 9.6 N 20
74AS1805 48 —48 1.6 9.6 N 20
Hex 2-Input 74ALSB08A 24 —15 4.3 4.6 NM 20
AND 74AS808B 48 —48 3 10.6 N 20
74AS1808 48 —48 3 10.6 N 20
Hex 2-Input 74ALS832A 24 —-15 4 5.6 N,M 20
OR 74AS832B 48 —48 2.5 12.9 N 20
74AS1832 48 —48 2.5 12.9 N 20
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Multiplexers/Demultiplexers

Typ* Prop. Delay Typ*
Type Data Time (ns) Power Package No
Description Device Type of Inver. Data Diss. Availability of Pins
Output Output to EF"°:|‘ Total
Out e W) T T com
Quad2to 1 74ALS157 Standard N/A 43 6.3 39 N,M 16
Line 74AS157 Standard N/A 35 5.5 95 N 16
74ALS257 TRI-STATE N/A 4.2 6 33 N,M 16
74AS257 TRI-STATE N/A 3.5 4 83 N 16
Quad 2t0 1 74ALS158 Standard 4.2 " N/A 6.1 115 N,M 16
Line 74AS158 Standard 25 N/A 4 78 N 16
(Inverting) 74ALS258 TRI-STATE 4.2 N/A 6 29.2 N,M 16
74AS258 TRI-STATE 3 N/A 4.5 58.5 N 16
Dual 4 to 1 54/74A1.S153 Standard N/A 16.5 14.5 37.5 E,JW N,M 16
Line 54/74ALS253 | TRI-STATE N/A 8 45 35 EJW N,M 16
Dual4to 1 74ALS352 Standard 6 45 32.5 N,M 16
Line (Inverting) | 74ALS353 TRI-STATE 6 N/A 45 37.5 N.M 16
8to 1 Line 54/74ALS151 Standard 9.3 7.8 11 37.5 EJW N,M 16
54/74ALS251 TRI-STATE 9.4 7.6 7 47 EJW N,M 16
Parity Generators/Checkers
* *
A N T
Description Device Type Delay Diss. Availability of Pins
Time (ns) Total (mW) Com
9-Bit Odd/Even Parity 74AS280 7.3 135 N,M 14
Generator/Checker
9-Bit Parity 74AS286 9.3 160 N,M 14
Generator/Checker
with Bus Driver
Parity 1/0 Port
Registers, Shift -
Typ*
Typ* Package
- No- | shite | S | Asyn. Modes Power | valiabiny | No-
Description | Device Type | of Data Diss. vailability !
. Freq. Clear of Pins
Bits Input Total
(MHz)
S-R | S-L | Load | Hold | (mW) Com
Parallel-In 74ALS165 8 60 D None X 80 N,WM 16
Serial-Out 74ALS166 8 60 D Low X X 80 N,WM 16
Schmitt-Triggers with Totem-Pole Outputs
Typ.” Package
Description Device Type Hysteresis Availability Ncr.
W) of Pins
Com
Dual 4-Input 74ALS13 0.8 N,M 14
NAND Schmitt Triggers
Quad 2-Input 74ALS132 0.8 N,M 14
NAND Schmitt Triggers
Hex Schmitt Trigger 74ALS14 0.8 N,M 14
Inverters
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Transcelvers

Max Max Typ Typ
Source Sink Prop. Power Package
Description Device Type Delay Diss. Availability No.
Current Current of Pins
Time /Gate
(mA) (mA)
(ns) (mW) Com
Quad Inverter 74ALS242C -15 24 5.6 16.3 N,M 14
Transceivers 74AS242 —-15 64 3.5 33.8 N 14
Quad 74ALS243A -15 24 6 23.3 N,M 14
Transceivers 74AS243 —-15 64 4 458 N 14
Octal Inverter 74ALS620A —-15 24 8 14.6 NwM 20
Transceivers 74AS620 —-15 64 5.5 32.7 N,WM 20
74ALS640A —-15 24 5 154 N,WM 20
74AS640 —15 64 4 329 N,WM 20
74ALS1242 —-15 24 5 10.9 N,WM 14
Octal Transceiver 74AS230 —15 64 3.5 20.8 N,WM 20
with True and
Inverting Outputs
Octal Transceivers 74AS646 -15 48 5 93.8 N,WM 24
with Register 74AS652 —-15 48 5 93.8 N,WM 24
Storage
Octal Inverter 74AS648 —15 48 6 81.3 N,WM 24
Transceivers 74AS651 —-15 48 6 81.3 N,WM 24
with Register
Storage
Octal Inverting 74AS2620 -2 1 4.5 38.3 N 20
Tranceiver/ :
MOS Driver
Octal Bus 74AS2645 -2 1 5.5 47 N 20
Transceiver/
MOS Driver
glf::k Asyn. P-Ixf?er Package' N
N ) 0.
Description Device Type Freq. Clear Diss. Availability of Pins
(MHz2) Total (mW) Com
Octal Bus 74ALS646 40 None 255 N,WM 24
Transceivers 74ALS648 40 None 260 N,WM 24
and 8-Bit 74ALS652 40 None 255 N,WM 24
Storage Register 74ALS651 40 None 235 N,WM 24
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Glossary of Terms

Glossary of Terms

DC Operating Conditions and Characteristics

GENERAL DEFINITIONS

1: 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.

iy 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. :

Ik 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.

Ir+ 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.

It— 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.

lox 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 1source): 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

Icch Supply Current (outputs in the high state): The cur-
rent flowing into the Vg 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 Vgc 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)

Iccz 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.

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

Viy 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.

V)L 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.

Vg 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.

Vr+ 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—.

Vr— Negative-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 falls from a level above the positive-going
threshold voltage, V1+.

OUTPUT VOLTAGE PARAMETERS

Von 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
circuits.

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.
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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 interva! 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.

tg 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.

tpzL Output Enable Time to a Low Logic 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 .

twouTt 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.

tpLy 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.

tpyL 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.

trLH, 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.

Note A: All AC Specifications are for one output switching at a time.

EXPLANATION OF DEVICE FUNCTIONS
Circuit Complexity

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

MS!: 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.
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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.

Transceiver: 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 impedance 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:

= high logic level (steady state)

= low logic level (steady state)

transition from low to high logic level

transition from high to low logic level

= irrelevant (any level, including transitions) ,
= off (high impedance) state of a TRI-STATE output

..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

LI~ = one low level pulse

toggle = each output changes to the complement of its
previous level on each active transition indicated
by Torld
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 LT, 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 DM54L.S194.

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.

DN X 5T
I
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Glossary of Terms

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 SO 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 S0 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 S0 Left Right A B C 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 ¢ d a b c d
H L H 0 X H X X X X H Qa Qsn  Qcn
H L H T X L X X X X L Qan Qgn Qcn
H H L 1 H X X X X X | OGsn Qcn  Qon 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 Qo Qco Qpo

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

Parameter Measurement Information

Load Circuit for
Open-Collector Outputs

Load Circuit for Bi-State
Totem-Pole Outputs

TEST

vce
poiNT 'CC
RL RL
FROM OUTPUT FROM OUTPUT TEST
UNDER TEST (See Note 8) UNDER TEST POINT

CL .
CL (See Note A)
(See Note A) I ]:

TL/X/0003-1 TL/X/0003-2

Note A: C, includes probe and jig capacitance.
Note B: All diodes are 1N816 or 1N3064.

Load Circuit for TRI-STATE® Outputs

TEST vce
POINT
? RL

S1
(See Note B)

FROM OUTPUT
UNDER TEST

71

CL 5

(See Note A)
Yo

TL/X/0003-3

Input Waveform
54/74t, <7ns;t, < 7ns
av 54S/74St, < 2.5ns,t; < 25ns
90% A _I0% Generator: ZoyT = 509
| |
ov —10%A : : iw% PRR < 1 MHz
|
i ty f—t— 1y
TL/X/0003-4
Voltage Waveforms Voltage Waveforms
Setup and Hold Times Pulse Widths
3v HIGH-LEVEL
TIMING -
INPUT 15V PULSE sy 15V
| | |
i e ov .
:‘-'satup _—lﬂ—thold - v
! - ‘r ————3V i w |
DATA ! . | |
INPUT ﬂ :3:.”5;“5" 15V 15V
ov

TL/X/0003-5

TL/X/0003-6

SWIOJaARM 1S3,
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Test Waveforms

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

Parameter Measurement Information (Continued)

Voltage Waveforms Propagation Delay Times

S X ']
i G
| ov
F—m——l

Ck== = von
1.5V

IN-PHASE

e
E
1

] |
OUT-OF-PHASE ' ! Yo
15V
ouTPUT 18V
(Ses Note E) A

TL/X/0003-7

Voltage Waveforms Enable and Disable Times, TRI-STATE Outputs

OUTPUT

CONTROL

S ws v %5 v

ENABLING) G T et L T Y 1Y)

v

:«-——WZL———‘I }"m"i
WAVEFORM 1 + T__--z 45V | | S1AND
I $2 CLOSED
Geetotae) | SaGuosen \,\
|
|

;
1

ezl o 05V
L

R,

. | N
WAVEFORM 2 $10PEN 1.5V L ~15V

(See Note C) $2 CLOSED $1AND

—————=0V S2 CLOSED

TL/X/0003-8

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 disabied 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/DM54LS/74LS Test Waveforms

Parameter Measurement Information

SWI0JOARM 1S9

Load Circuit for Bi-State Load Circuit for Open- TRI-STATE Outputs
Totem-Pole Outputs Collector Outputs
TEST yee vce TEST vece
POINT POINT
RL . RL 't RL
FROM OUTPUT ——— —e FROM OUTPUT TEST
UNDER TEST (Ses Note a)} UNDER TEST POINT Y s1
1 FROM OUTPUT
c (See Note B)
cL ci:k ( s'-“ Notea)  UNDERTEST
{Sea Note A)I (See Note C)1 o=
= = = = (See Note A)
TL/X/0003-9 TL/X/0003-10
O
s

TL/X/0003-11

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.

Input Waveform
3v 54LS/74LS:t, < 6ns,t; < 6ns
90% 90% .
; : 541 gates and inverters: t; < 60 ns, t; < 60 ns
ov —10%A ! [ 54L flip-flops and MSI: t; < 25 ns, t; < 25 ns
1 | |
s ty la—et—ty Generator: Zoyt = 500
TL/X/0003-12 PRR < 1 MHz
Voltage Waveforms Voltage Waveforms
Setup and Hold Times Pulse Widths
v HIGH-LEVEL
lpiey 1av PULSE #1av 13vY
—;—.———-———-—ov- | |
' = thold—y ” |
re-tsetup |
! - i— ————3 Y ( tw 1
DATA ! LOW-LEVEL ! !
INPUT 13v 1.3v PULSE 13v 13v
ov:
TL/X/0003-13 TL/X/0003-14
v

CLEAR 1.3V
- =-- OV
trac

TIMING —cwee 3V
INPUT

TL/X/0003-15
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Test Waveforms

DM54L/DM54LS/74LS Test Waveforms (Continued)

Parameter Measurement Information (Continued)

Voltage Waveforms Propagation Delay Times

—— == 3V

INPUT

IN-PHASE
OuUTPUT

OUT-OF-PHASE
OyTPUT

(See Note F)
TL/X/0003-16

Voltage Waveforms Enable and Disable Times, TRI-STATE Outputs

ouTeuT av
CONTROL 7
(LOW-LEVEL N ' Y ‘

I —*-————--———-——uov

ENABLING)
1
: fPZL——-J |<-'PLZ->|
WAVEFORM 1 : T—---:msv ! | o
| S1CLOSED | 2 CLOSED
(See Note D) : S2 OPEN \1-3V | )lfT-—. ~ 15V
i .
- —— -V,
| | T oL
fe———thzH——) tPHz—> 55y 05V

| Lt von

| -~
WAVEFORM 2 S1OPEN 1.3v P =~ 15V

(See Note D) $2 CLOSED S1AND
—————=0V $2 CLOSED

TL/X/0003-17
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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ALS/AS Test Waveforms

SuliojaABM 1591 SY/STV

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

Veo

R, (See Note B)

FROM OUTPUT

UNDER TEST TEST

POINT

50 pFI

TL/F/10625-1

Note A: C_ includes probe and jig capacitance
Note B: R| = 2 kQ for standard outputs, R = 6670 for buffered outputs

Voltage Waveforms
Propagation Delay Times

INPUT

IN PHASE
QUTPUT

OUT OF PHASE
QUTPUT

TL/F/10625-2

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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ALS/AS Test Waveforms

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

Voltage Waveforms
Setup and Hold Times
WITH RESPECT TO h 3.5V
POSITIVE TRANSITION A 05V
REFERENCE INPUT

----------------- 35V

WITH RESPECT TO X 1.3V
NEGATIVE TRANSITION 0.3v

tseTue 1 thoLo 1 |
A1 T3V 3L _____ Yon
¢ A VoL
INPUT I'— tserupo HOLDO | v

1.3 13v 7( v°“
------ oL

TL/F/10625-3

Voltage Waveforms
Propagation Delay Times

INPUT 7

IN PHASE
OUTPUT ]

L_\_;L_
OUT OF PHASE ™"
OUTPUT 13 73 Vou

TL/F/10625-5

Parameter S1 Switch Position
TPLH OPEN
TpHL OPEN
TPHz OPEN
TpzH OPEN
Tprz CLOSED
TpzL CLOSED

Load Circuit for
TRI-STATE Outputs

st
R1
5000
FROM OUTPUT TEST
UNDER TEST | © paint
o > R2

. b3
50 pF ’[ < 5000

TL/F/10625-4

Voltage Waveforms
Pulse Widths

|._
LOW-LEVEL _\—7{_ l3v 35¥
PULSE ARt 0.3v

TL/F/10625~-6

HIGH=LEVEL
PULSE

Voltage Waveforms
Enable and Disable Times, TRI-STATE Outputs

LOW=-LEVEL \

ENABLING
HIGH=LEVEL

ENABLING 7

OUTPUT
CONTROL

3.5

1.3v

TL/F/10625-7

Note: All input pulses are supplied by generators having the following characteristics: frequency = 1 MHz, Zoyt = 509, t = t— 2 ns.
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Test Waveforms DM54ALS/74ALS, 54AS/74AS (continued)

Load Circuit for Bi-State Totem-Pole Outputs Load Circuit for Open-Collector Outputs
FROM OUTPUT o TEST Y
UNDER TEST POINT &
o SR R

50 pF < 5000
FROM OUTPUT TEST
UNDER TEST POINT
o Y G I

TL/F/10625-8

TL/F/10625-9

Volitage Waveforms Propagation Delay Times

INPUT

IN PHASE
OUTPUT

OUT OF PHASE
OUTPUT

TL/F/10625-10

Voltage Waveforms Setup and Hold Times

WITH RESPECT TO / 35V
POSITIVE TRANSITION B A 03V
REFERENCE INPUT
------------------ 35V
WITH RESPECT TO X1V
NEGATIV TRANSITION 0.3V
i Asetup 1 tHoLo 1 i _____ v
7‘ 1.3V 1.3V \ V°“
oL
INPUT i tserupo thoLoo i v
1.3v 1.3v v°“
""" oL

TL/F/10625-11

HIGH=LEVEL 1.3v

PULSE 0.3V
LOW=LEVEL _5| Y
PULSE - _' ______ 0.3V

Note: All input pulses are supplied by generators having the following characteristics: frequency = 1 MHz, Zoyt = 509, t;, = t; = 2ns.

TL/F/10625-12

SuLIojaABM 1891 SV/STV
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ALS/AS Test Waveforms

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 o TEST
UNDER TEST POINT
oL :: R
50pF T < 5000
TL/F/10625-13
Voltage Waveforms
Pulse Widths
HIGH=LEVEL = f—- == - - - 3.5V
1.3v
PULSE 03V

|__
LOW-LEVEL U 35v
PULSE APt 0.3v

TL/F/10625-15

Voltage Waveforms Setup and Hold Times

WITH RESPECT TO 7 35V
POSITIVE TRANSITION b A A 0.3V
REFERENCE INPUT
------------------ 35V
WITH RESPECT TO 13
NEGATV TRANSITION 0.3V
tserup 1 tHoLp 1 i v
""" oH
1.3v 1.3v
7 Y
INPUT |"— Yserupo tHowbo | v
— X\ 1.3v A V°"
''''' oL
TL/F/10625-14
Voltage Waveforms

Propagation Delay Times

INPUT y

IN PHASE
OUTPUT

= tpHL ——1
OUT OF PHASE ™™ 13V
OUTPUT

TL/F/10625-16

Note: All input pulses are supplied by generators having the following characteristics: frequency = 1 MHz, Zoyt = 500, t; = t = 2 ns.
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Section 2—Advanced Low Power Schottky
Advanced Low Power Schottky—Commercial Products

DM74ALS00A Quad 2-Input NAND Gate ........ccovviiiiiiiiiiiiiiieienientennenns 2-7
DM74ALS01 Quad 2-Input NAND Gate with Open-CollectorOutputs ...................... 2-9
DM74ALS02 Quad 2-Input NOR Gate .. ...ttt i ie e iaaninneeennnans 2-11
DM74ALS03B Quad 2-Input NAND Gate with Open-Collector Outputs .. ................... 2-13
DM74ALS04B HexX INVEIEr . .. oot e e ittt e 2-15
DM74ALS05A Hex Inverter with Open-Collector Outputs ............covvveei i, 2-17
DM74ALS08 Quad 2-INput AND Gate ... ..oiiet it et 2-19
DM74ALS09 Quad 2-input AND Gate with Open-Collector Outputs ...............coouen. 2-21
DM74ALS10A Triple 3-Input NAND Gate .........coviiiiiiiiiiii it iiii it eiens 2-23
DM74ALST1A Triple -INpUut AND Gate. ..ot i ittt iiaenteeenananees 2-25
DM74ALS12A Triple 3-Input NAND Gate with Open-Collector Outputs..................... 2-27
DM74ALS13 Dual 4-Input NAND Gate with Schmitt TriggerInputs .............. ... ... .. 2-29
DM74ALS14 Hex Inverter with Schmitt Triggerinputs ................. ... ... N 2-31
DM74ALS15A Triple 3-Input AND Gate with Open-Collector Outputs ...................... 2-34
DM74ALS20A Dual 4-Input NAND Gate . ...ttt ieii it ieees 2-36
DM74ALS21A Dual 4-Input AND Gate. ... ..o e e 2-38
DM74ALS22B Dual 4-Input NAND Gate with Open-Collector Qutputs ..................... 2-40
DM74ALS27 Triple 3-INput NOR Gate . .. ..o ottt ettt it eet i i ens 2-42
DM74ALS28A Quad 2-Input NOR BUffer. . .....oiviiiii it ie e e 2-44
DM74ALS30A 8-Input NAND Gate . . .. ..ot eeaeee e 2-46
DM74ALS32 Quad 2-Input OR Gate ... vovrvereriiei e e iiiae e iainaeeeens 2-48
DM74ALS33A Quad 2-Input NOR Buffer with Open-Collector Outputs .. ................... 2-50
DM74ALS37A Quad 2-Input NAND Buffer .......cooneriiiiiiiii e 2-52
DM74ALS38A Quad 2-Input NAND Buffer with Open-Collector Outputs.. . .................. 2-54
DM74ALS40A Dual 4-Input NAND Buffer . .....coon e i 2-56
DM74ALS74A Dual D Positive-Edge-Triggered Flip-Flop with PresetandClear ............. 2-58
DM74ALS86 Quad 2-Input Exclusive-ORGate ............ooiiiiiiiiiiiiii i, 2-61
DM74ALS109A Dual Positive-Edge-Triggered J-K Flip-Flop with Preset and Clear. .......... 2-63
DM74ALS125A Quad TRI-SSTATEBUSfer ..ottt iiiiiiiiiiiiiiniiannes 2-66
DM74ALS131 3-to-8 Line Decoder/Demultiplexer with Address Register .................. 2-67
DM74ALS132 Quad 2-Input NAND Gate with Schmitt Trigger Inputs ...................... 2-70
DM74ALS133 13-Input NAND Gate . .. ... ovvii ittt e i e 2-72
DM74ALS136 Quad 2-Input Exclusive-OR Gate with Open-Collector Outputs............... 2-74
DM74ALS137 3-to-8 Line Decoder/Demultiplexer with Address Latches................... 2-77
DM74ALS138 3-t0-8 Line Decoder/Demultiplexer ........coiiiiiiiiiiiiiiiiiiiniinnnn, 2-80
DM74ALS151 1-0f-8 Line Data Selector/Multiplexer ............ oo o... 2-83
DM74ALS153 Dual 1-of-4 Line Data Selector/Demultiplexer ..........cc.ovviiiiniiein., 2-87
DM74ALS157 Quad 1-of-2 Line Data Selector/Multiplexer . ..., 2-90
DM74ALS158 Quad 1-of-2 Line Inverting Data Selector/Multiplexer................... ... 2-90
DM74ALS160B Synchronous 4-Bit Decade Counter with Asynchronous Clear .............. 2-91
DM74ALS161B Synchronous 4-Bit Binary Counter with Asynchronous Clear ............... 2-91
DM74ALS162B Synchronous 4-Bit Decade Counter with SynchronousClear ............... 2-91
DM74ALS163B Synchronous 4-Bit Binary Counter with SynchronousClear ................ 2-91
DM74ALS165 8-Bit Parallel In/Serial Out ShiftRegister ........... ... 2-101
DM74ALS166 8-Bit Parallel Load ShiftRegister ............oooiiiiiiiiiiiiiiiii i, 2-106




Section 2—Advanced Low Power Schottky (continued)
Advanced Low Power Schottky—Commercial Products (Continued)

DM74ALS168B Synchronous 4-Bit Up/Down Decade Counter ..............cooiiiinnnn, 2-107
DM74ALS169B Synchronous 4-Bit Up/Down Binary Counter..............c.ccoviiiiinnnn. 2-107
DM74ALS174 Hex D Flip-FlopwithClear ... 2-112
DM74ALS175 Quad D Flip-Flop with Clear and ComplementaryOutputs .. ................. 2-112
DM74ALS240A Octal TRI-STATE Inverting Buffer/Line Driver/Line Receiver .............. 2-116
DM74ALS241A Octal TRI-STATE Buffer/Line Driver/Line Receiver.................oovut 2-116
DM74ALS242C Quad TRI-STATE Inverting Bus Transceiver ...........coovviiiiiiinn., 2-120
DM74ALS243A Quad TRI-STATE Bus TranSCeiver .....c.vuvviiviiiiniiiieenneenivnnnns 2-120
DM74ALS244A Octal TRI-STATE BUS DIVEr . . .o o oe ettt ettt e 2-124
DM74ALS245A Octal TRI-STATE Bus Transceiver .........oceevviiiiiiiinniiiinninnnn. 2-127
DM74ALS251 TRI-STATE 1-0f-8 Line Data Selector/Multiplexer................. ... .. 2-130
DM74ALS253 TRI-STATE Dual 1-of-4 Line Data Selector/Multiplexer ..................... 2-134
DM74ALS257 Quad TRI-STATE 1-of-2 Line Data Selector/Multiplexer .................... 2-137
DM74ALS258 Quad TRI-STATE 1-of-2 Line Inverting Data Selector/Multiplexer ............ 2-137
DM74ALS273 Octal D-Type Positive-Edge-Triggered Flip-Flop withClear .................. 2-141
DM74ALS299 8-Bit Universal Shift/Storage Register with Common Parallel /O Pins .. ...... 2-145
DM74ALS352 Dual 1-of-4 Line Inverting Data Selector/Multiplexer ............... ... ... 2-146
DM74ALS353 Dual 1-of-4 Line Inverting Data Selector/Muitiplexer with TRI-STATE Qutputs . 2-149
DM74ALS373 Octal D-Type TRI-STATE TransparentLatch ................coviiiinnss. 2-152
DM74ALS374 Octal D-Type TRI-STATE Positive-Edge-Triggered Flip-Flop ................ 2-156
DM74ALS465A Octal TRI-STATE Bidirectional Buffer/BusDriver.................. ... ... 2-160
DM74ALS466A Octal TRI-STATE Bidirectional Inverting Buffer/Bus Driver................. 2-160
DM74ALS467A Octal TRI-STATE Bidirectional Buffer/BusDriver ......................... 2-160
DM74ALS468A Octal TRI-STATE Bidirectional Inverting Buffer/Bus Driver................. 2-160
DM74ALS518 8-Bit Identity Comparator with Open-Collector Outputs ..................... 2-164
DM74ALS519 8-Bit Identity Comparator with Open-Collector Qutputs ..................... 2-164
DM74ALS520 8-Bit Identity Comparator . ... ... i e 2-164
DM74AL.S521 8-Bit Identity Comparator . .....ooviiiiiiiir it 2-164
DM74ALS522 8-Bit Identity Comparator with Open-Collector Outputs ..................... 2-164
DM74ALS533 Octal D-Type Transparent Latch with TRI-STATE Qutputs .................. 2-168
DM74ALS534 Octal D-Type Edge-Triggered Flip-Flop with TRI-STATE Outputs ............ 2-172
DM74ALS540A Octal Inverting Buffer/Line Driver with TRI-STATE Outputs ................ 2-176
DM74ALS541A Octal Buffer/Line Driver with TRI-STATEQutputs ..............ooovvnn. 2-179
DM74ALS563A Octal D-Type Transparent Latch with TRI-STATEQutputs . ................ 2-182
DM74ALS564A Octal D-Type Edge-Triggered Flip-Flop with TRI-STATE Outputs ........... 2-186
DM74ALS573B Octal D-Type Transparent Latch with TRI-STATEOutputs ................. 2-190
DM74ALS574A Octal D-Type Edge-Triggered Flip-Flop with TRI-STATE Outputs ........... 2-194
DM74ALS576A Octal D-Type Edge-Triggered Flip-Flop with TRI-STATE Outputs ........... 2-198
DM74ALS580A Octal D-Type Transparent Latch with TRI-STATE Outputs ................. 2-202
DM74ALS620A Octal TRI-STATE Bus TranSCeIVEr .. ......oiuner et 2-206
DM74ALS640A Inverting Octal Bus Transceiver . .......covviiiiiiiiii i, 2-209
DM74ALS645A Octal TRI-STATE Bus Transceiver ..........oviiiiiiiinininnennn 2-212
DM74ALS646 Octal TRI-STATE Bus Transceiverand Register . .......................... 2-215
DM74ALS648 Octal TRI-STATE InvertingBus Transceiver. ........covvieiiiieinnnnns 2-219
DM74ALS651 Octal TRI-STATE Bus Transceiverand Register . .......................... 2-223
DM74ALS652 Octal TRI-STATE Bus Transceiverand Register . ..............ooovoot. 2-227
DM74ALS689 8-Bit CoOmMParator . .....courtit ittt it ittt it 2-231
DM74ALS804A Hex 2-Input NAND DIver. . . ..ot vttt iiiiei it ieiiiiiii s 2-234
DM74ALS805A Hex 2-Input NOR Driver . . ..o v vttt e e ceeiiiieen e 2-236
DM74ALS808A Hex 2-Input AND Driver . ...cviien i i et e e inennneneas 2-238
DM74ALS810 Quad 2-Input Exclusive-NORGate . ..ot 2-240
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Section 2—Advanced Low Power Schottky (continued)
Advanced Low Power Schottky—Commercial Products (Continued)

DM74ALS811 Quad 2-Input Exclusive-NOR Gate with Open-Collector Outputs ............. 2-243
DM74ALS832A HeX 2-INpUt OR DIVEL ..o\t ittt e ettt eceiiiananananens 2-246
DM74ALS873B Dual 4-Bit D-Type Transparent Latch with TRI-STATE Outputs ............. 2-248
DM74ALS874B Dual 4-Bit D-Type Edge-Triggered Flip-Flop with TRI-STATE Outputs ....... 2-252
DM74ALS876A Dual 4-Bit D-Type Edge-Triggered Flip-Flop with TRI-STATE Outputs ....... 2-256
DM74ALS880A Dual 4-Bit D-Type Transparent Latch with TRI-STATE Qutputs ............. 2-260
DM74ALS1000A Quad 2-Input NAND BUffer . .ovviiiiiiiie e eeeeieeeniannenanens 2-264
DM74ALS1002A Quad 2-Input Positive NORBuffer.............. ..ot 2-266
DM74ALS1003A Quad 2-Input NAND Buffer with Open-Collector Outputs ................. 2-268
DM74ALS1004 Hex Inverting Driver. . . .. ..ottt e e e 2-270
DM74ALS1005 Hex Inverting Driver with Open-CollectorOutputs . ............... ... ...t 2-272
DM74ALS1008A Quad 2-Input AND Buffer ..., 2-274
DM74ALS1010A Triple 3-Input NAND Buffer ... 2-276
DM74ALS1011A Triple 3-Input AND Buffer ... et 2-278
DM74ALS1020A Dual 4-Input NAND Buffer ..o e 2-280
DM74ALS1032A Quad 2-Input OR BUffer. .. oo vttt e i i eeieniieianens 2-282
DM74ALS1034 Hex Non-Inverting Driver ...t 2-284
DM74ALS1035 Hex Non-Inverting Driver with Open-Collector Outputs. .................... 2-286
DM74ALS1240A Octal TRI-STATE Inverting Bus Driver/Receiver ...................o.... 2-288
DM74ALS1241A Octal TRI-STATE Bus Driver/Receiver. ..........coovviiiiiiiiineenns, 2-288
DM74ALS1242A Quad TRI-STATE InvertingBus Driver .......... ... i, 2-292
DM74ALS1243A Quad TRI-STATEBuUSDriver .......coiniii e 2-292
DM74ALS1244A Octal TRI-STATEBUS DIVEr. . . ..ottt 2-296
DM74ALS2541 Octal Buffer and MOS Line Driver with TRI-STATE Outputs ................ 2-299
DM74ALS5245 Octal TRI-STATE Transceiver. ... .oovevit i iiiiiiiiiannns 2-302
Advanced Low Power Schottky—MIL/Aero Products ’

DM54ALS00A Quad 2-INPUt NAND Gate . .ovveririiieet it i e ienenennnnaannns 2-7
DM54ALS02 Quad 2-Input NOR Gate . .. .o oo i e 2-11
DMB54ALS04A HeX INVEIET . . ..ottt ettt e ettt e 2-15
DM54ALS08 Quad 2-Input AND Gate . .....ooviniiii i e e e 2-19
DM54ALS10A Triple 3-Input NAND Gate .......covvviiiniiiiii it 2-23
DM54ALS11A Triple 3-Input AND Gate. . .......oetiii ittt e e 2-25
DM54ALS20A Dual 4-Input NAND Gate .. .....oeiiii i i 2-36
DM54ALS21A Dual 4-Input AND Gate. .......ooiii it e 2-38
DM54ALS27 Triple 3-Input NOR Gate . ..o e 2-42
DMBS4ALS30A 8-Input NAND Gate. ..o it it it it as 2-46
DM54ALS32 Quad 2-InpUt OR Gate ... ..vviivei ettt e e i 2-48
DM54ALS38A Quad 2-Input NAND Buffer with Open-Collector Outputs. ................... 2-54
DMS54ALS74A Dual D Positive-Edge-Triggered Flip-Flop with PresetandClear ............. 2-58
DM54ALS138 3-t0-8 Line Decoder/Demultiplexer .........coviriiniiiiiiiiinereeinnnns 2-80
DMB54ALS151 1-0f-8 Line Data Selector/Multiplexer .......... ...l 2-83
DM54ALS153 Dual 1-of-4 Line Data Selector/Demultiplexer ...........ccovveeeiat. 2-87
DM54ALS161B Synchronous 4-Bit Binary Counter with AsynchronousClear ............... 2-91
DM54ALS163B Synchronous 4-Bit Binary Counter with SynchronousClear ................ 2-91
DM54ALS165 8-Bit Parallel In/Serial Out Shift Register .................. ... oot 2-101
DM54ALS166 8-Bit Parallel Load Shift Register ....................c0u0 e 2-106
DM54ALS169B Synchronous 4-Bit Up/Down BinaryCounter. ...........cooviiiiiiiienan, 2-107
DM54ALS174 Hex D Flip-Flopwith Clear .......oovree e i e 2-112
DM54ALS175 Quad D Flip-Flopwith Clear. . ....... ..o 2-112
DM54ALS240A Octal TRI-STATE Inverting Buffer/Line Driver/Line Receiver .............. 2-116
DM54ALS244A Octal TRI-SSTATEBUS Driver. ... e i ie s 2-124
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Section 2—Advanced Low Power Schottky (continued)
Advanced Low Power Schottky—MIL/Aero Products (Continued)

DM54ALS245A Octal TRI-STATE Bus TranSCeIVEr ......ovvnnniiiiiiiiiiiiiiieianann, 2-127
DM54ALS251 TRI-STATE 1-of-8 Line Data Selector/Multiplexer. .................oooiue. 2-130
DM54ALS253 TRI-STATE Dual 1-of-4 Line Data Selector/Multiplexer ..................... 2-134
DM54ALS273 Octal D-Type Positive-Edge-Triggered Flip-Flop withClear .................. 2-141
DM54ALS373 Octal D-Type TRI-STATE TransparentLatch .............. ..ot 2-152
DM54ALS374 Octal D-Type TRI-STATE Positive-Edge-Triggered Flip-Flop ................ 2-156
DM54ALS521 8-Bit Identity Comparator . ........coviiiiii e 2-164
DM54ALS804A Hex 2-Input NAND Driver. .. ...t 2-234
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DM54ALS00A/DM74ALS00A
Quad 2-Input NAND Gate
m Advanced oxide-isolated, ion-implanted Schottky TTL

General Description process
This device contains four independent gates, each of which B Functionally and pin for pin compatible with Schottky

performs the logic NAND function. and low power Schottky TTL counterpart
m Improved AC performance over Schottky and low pow-
Features er Schottky counterparts

m Switching specifications at 50 pF
’ Switching specifications guaranteed over full tempera-
ture and Vg range

Connection Diagram

Dual-In-Line Package
Vcc 48 4A 4y 3B  3A  3Y
I 14 |13 [12 |11 |10 | 9 8

Do

1 2 Ia 4 |7
1Y

1A 1B 2A 2B 2Y GND

TL/F/6270-1
Order Number DM54ALS00AJ, DM74ALS00AM, DM74ALS00AN or DM74ALS00ASJ
See NS Package Number J14A, M14A, M14D or N14A

Function Table

IrIr-|m
mrIIT

A
L
L
H
H

H = High Logic Level
L = Low Logic Level




00A

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 6,34
N Package 86.5°C/W
M Package 116.0°C/W

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 condiitions for actual device operation.

Symbol parameter DMS54ALS00A DM74ALS00A Units
Min Nom Max Min Nom Max
Veo Supply Voltage 4.5 5 5.5 4.5 5 55 \
VIH High Level Input Voltage 2 2 v
ViL Low Level Input Voltage 0.7 0.8 Vv
IoH 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. All typical values are measured at Voo = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
ViK Input Clamp Voltage Voo = 4.5V, i = —18mA -1.5 \
v
VoL Low Level Output Voo = 4.5V 54/74ALS 0.5 0.4 v
Voltage loL = 4mA
s oss | o5 | v
Iy Input Current at Max Voo = 55V, Vi =7V 0. mA
Input Voltage
liH High Level Input Current Vce = 6.5V, Vi = 2.7V 20 nA
TR Low Level Input Current Vee = 5.5V, V)L = 0.4V -0.1 mA
lo Output Drive Current Vge = 5.5V Vo = 2.25V -30 ~-112 mA
Icc Supply Current Vee = 5.5V Outputs High 0.43 0.85 mA
Outputs Low 1.62 3 mA
Switching Characteristics over recommended operating free air temperature range (Note 1)
Symbol Parameter Conditions DMS4ALS00A DM74ALS00A Units
Min Max Min Max
tPLH Propagation Delay Time Voo = 4.5Vt0 5.5V 3 15 3 11 ns
Low to High Level Output R = 5000
tPHL Propagation Delay Time G = 50pF s 9 » 8 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS01 Quad 2-Input

NAND Gate with 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.

Pull-Up Resistor Equations
Rwax = Vec (Min) — Vou
N1 (lon) + Na (i)

_ Vec (Max) — Vou

lor — N3 ()
Ny (fon) = total maximum output high current for
all outputs tied to pull-up resistor
Nz (Ij) = 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

Rmin

Where:

Features

m Switching specifications at 50 pF

B Switching specifications guaranteed over full tempera-
ture and V¢ range

W Advanced oxide-isolated, ion-implanted Schottky TTL
process

B Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package
Vcc 4Y 4B 4A  3Y 3B 3A
Jia J13 Jaz |11 J1o o s

I |

2 |3
I 1A 1B

4 |s |s T?

2Y 2A 2B GND

TL/F/6174-1

Order Number DM74ALS01M or DM74ALSO1N
See NS Package Number M14A or N14A

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 Level

10
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
High Level Output Voltage v
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 44

N Package 86.5°C/W

M Package 116.0°C/W

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.

DM74ALS01
Symbol Parameter Units
Min Nom Max
Vf;c Supply Voltage 45 5 55 v
ViH High Level Input Voltage 2 Vv
ViL Low Level Input Voltage 0.8 \
VoH High Level Output Voltage 5.5 \
loL Low Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vgc = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, | = —18 mA -1.5 \
loH High Level Output Current Vce = 4.5V, Vo = 6.5V 100 pA
VoL Low Level Output Ve = 4.5V loL =4 mA 0.25 0.4 \
Voltage loL = 8mA 0.35 05 v
Iy Input Current @ Max. Ve = 5.5V, Vi = 7V 0.4 mA
Input Voltage
i1 High Level Input Current Vee = 5.5V, Vig = 2.7V 20 pA
[ Low Level Input Current Voo = 5.5V, V)L = 0.4V -0.1 mA
Icc Supply Current Vee = 5.5V Outputs High 043 | 085 mA
Outputs Low 1.62 3 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
. DM74ALS01
Symbol Parameter Conditions Units
Min Max
tPLH Propagation Delay Time Voo = 4.5Vto 5.5V 23 54 ns
Low to High Level Output RL = 2kQ
tPHL Propagation Delay Time CL = 50pF 4 28 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.




National
Semiconductor

DM54ALS02/DM74ALS02
Quad 2-Input NOR Gate

General Description

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

Features
B Switching specifications at 50 pF

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

@ Improved AC performance over Schottky and low pow-
er Schottky counterparts

| Switching specifications guaranteed over full tempera-

ture and Vg range

Connection Diagram

Dual-In-Line Package

A4
1

v3
|10

83 A3
o e

Vee Y4 B4
1w Jia |2
1 |2 B
Y1 a1 81

4 5 6 T’l

Y2 A2 B2 GND
TL/F/6175-1

Order Number DMS4ALS02J, DM74ALS02M, DM74ALS02N or DM74ALS02SJ
See NS Package Number J14A, M14A, M14D or N14A

Function Table
Y=AFB
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

2-11
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage 7v
Operating Free Air Temperature Range
DMS54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 64
N Package 86.5°C/W
M Package 116.0°C/W

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 rafings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS4ALS02 DM74ALS02 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 45 5 55 v
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 range. All typical values are measured at Vog = 5V, T = 25°C.
Symbol Parameter Conditions Min Typ Max Units
ViK Input Clamp Voltage - Voo = 4.5V, = —18 mA —-15 v
VoH High Level Output loqH = —0.4mA _
Voltage Voo = 4.5V 10 5.5V Voc - 2 v
VoL Low Level Output Voo = 4.5V 54/74ALS 0.25 0.4 v
Voltage lop = 4 mA
74ALS
oL — 8 mA 0.35 05 v
Iy Input Current @ Max. Voo = 5.5V, Vi =7V 0
.1 mA
Input Voltage
I High Level Input Current Ve = 5.5V, Vi = 2.7V 20 pA
iy Low Level Input Current Vce = 5.5V, V)L = 0.4V —-0.1 mA
lo Output Drive Current Veo = 5.5V Vo = 2.25V —30 —-112 mA
Icc Supply Current Veg = 5.5V Outputs High 0.85 2.2 mA
Outputs Low 2.16 4 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions . DMS54ALS02 DM74ALS02 Units
Min Max Min Max
tPLH Propagation Delay Time Vee = 4.5Vto 5.5V 1 16 3 12 ns
Low to High Level Output RL = 5000
. . CL = 50 pF
tPHL Propagation Delay Time 1 75 3 10 ns
High to Low Level Output ’

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS03B Quad 2-Input

NAND Gate with 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.

Pull-Up Resistor Equations
Ve (Min) — Vo

R =
MAX TN (lon) + Nz (i)

_ Vec (Max) — VoL

loL. — Na ()
N1 (lon) = 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 () = total maximum input low current for all
inputs tied to pull-up resistor

Rmin

Where:

Features

B Switching specifications at 50 pF

® Switching specifications guaranteed over full tempera-
ture and Vcg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

W Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package

Vcc B4 A4 Y4 B3 A3 Y3
e J1z Ji2 11 Jio o e
1 2 s fa s 6 |z
At BI Y1 A2 B2 V2 GND

TL/F/6176-1

Order Number DM74ALS03BM or DM74ALS03BN
See NS Package Number M14A or N14A

Function Table

Output

Y

IIrr|>»
IrIxr|w

rIXIT

High Logic Level

H=
L = Low Logic Level

2-13
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
High Level Output Voltage v
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°CGto +150°C
Typical 64

N Package 86.5°C/W

M Package 116.0°C/W

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.

DM74ALS03B
Symbol Parameter Units
Min Nom Max
Vee Supply Voltage 4.5 5 55 \
Vi . " High Level Input Voltage 2 \"
ViL Low Level Input Voltage 0.8 \"
VoH High Level Output Voltage 55 \
loL Low Level Output Current 8 mA
TA Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vgc = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, )= —18 mA —-1.5 \
loH High Level Output Current Ve = 4.5V, Voy = 5.5V 100 nA
VoL Low Level Output Voo = 4.5V loL =4 mA 0.25 0.4 \
Voltage loL = 8mA 0.35 05 v
I Input Current @ Max. Voo = 6.5V, Vi =7V
0.1 mA
Input Voltage
ik High Level input Current Ve = 5.8V, Vg = 2.7V 20 nA
L Low Level Input Current Veo = 5.5V, VL = 0.4V —-0.1 mA
lcc Supply Current Vce = 5.5V Outputs High 0.43 0.85 mA
Outputs Low 1.62 3 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
DM74ALS03B
Symbol Parameter Conditions Units
Min Max
tPLH Propagation Delay Time Veo = 4.5Vt0 5.5V 20 50 ns
Low to High Level Output RL =2k
tPHL Propagation Delay Time G = 50pF 3 13 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.




National
Semiconductor

DM54ALS04A/DM74ALS04B Hex Inverter

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

Features

m Switching specifications at 50 pF

B Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts ‘

Connection Diagram

Dual-In-Line Package

vee A6 Yé

L I

AS Y5 A4
1 10 9

Do

e
o

2 |s

4
At Y1 A2

4 5 6
Y2 A3 Y3

|7

GND
TL/F/6177-1

Order Number DM54ALS04AJ, DM74ALS04BM, DM74ALS04BN or DM74ALS04BSJ
See NS Package Number J14A, M14A, M14D or N14A

Function Table

Y=A
Input Output
A Y
L H
H L

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage 7v
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

DM54ALS —55°C to +125°C

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 64a

N Package 88.0°C/W

M Package 118.5°C/W

Recommended Operating Conditions

the conditions for actual device operation.

Symbol Parameter DM54ALS04A DM74ALS04B Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High Level Input Voltage 2 2 %
ViL 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
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vgg = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, = —18 mA -1.2 Vv
VoH High Level Output loH = —0.4mA _
Voltage Vg = 4.5V 10 5.5V Vec — 2 v
VoL Low Level Output Voo = 4.5V 54/74ALS
Voltage loL =4mA 0.25 0.4 v
74ALS
oL = 8 mA 0.35 0.5 v
Iy Input Current @ Max. Ve = 55V, Vg =7V
Input Voltage 0. mA
lin High Level Input Current Vce = 5.5V, V| = 27V 20 pA
I Low Level input Current Vce = 5.5V, V)L = 0.4V -0.1 mA
lo Output Drive Current Vg = 5.5V Vo = 2.25V —30 —112 mA
Icc Supply Current Vee = 5.5V Outputs High 0.65 141 mA
Outputs Low 24 4.2 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions DM54ALS04A DM74ALS04B Units
. Min Max Min Max
tPLH Propagation Delay Time Vce = 4.5Vi05.5V 3 13 3 11 ns
Low to High Level Output RL = 5000
N CL = 50pF
tPHL Propagation Delay Time 2 9 2 8 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.

2-16




VS0

National
Semiconductor

DM74ALS05A Hex Inverter
with Open Collector Outputs

General Description Features

This device contains six independent gates, each of which B Switching specifications at 50 pF
performs the logic INVERT function. The open-collector out- @ Switching specifications guaranteed over full tempera-

puts require external pull-up resistors for proper logical op- ture and Vg range
eration. m Advanced oxide-isolated, ion-implanted Schottky TTL
. . process
Pull-Up Resistor Equations ® Functionally and pin for pin compatible with Schottky
Vce (Min) — Vou and low power Schottky TTL counterpart
Rmax = m B |Improved AC performance over Schottky and low pow-

er Schottky counterparts
_ Voc (Max) — Vo,
foL — Na ()
Where: Ny (loy) = 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 (i) = total maximum input low current for all
inputs tied to pull-up resistor

Rmin

Connection Diagram
Dual-In-Line Package

Vcc A6 Y6 A5 Y5 A4 Y4

14 |13 |12 |11 |10 |9 [8
|1 2 |3 Ja [s e |7
A1 Y1 A2 Y2 A3 Y3 GND

TL/F/6178-1
Order Number DM74ALS05AM or DM74ALS05AN
See NS Package Number M14A or N14A

Function Table

Y=A
Input Output
A Y
L H
H L

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
High Leve! Output Voltage v
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 6 4a

N Package 88.0°C/W

M Package 118.5°C/W

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 DM74ALSOSA Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \"
ViH High Level Input Voltage 2 v
ViL Low Level Input Voltage 0.8 \'
VoH High Level Output Voltage 55 \
loL Low Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Voo = 5V, T = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vo = 4.5V, = —18 mA ' -1.5 v
10H High Level Output Current Vee = 4.5V, Vpy = 6.5V 100 pA
Vou Low Level Output Vee = 4.5V lop =4 mA 0.25 0.4 \
Voltage loL = 8mA 0.35 05 v
Iy Input Current @ Max Ve = 5.5V, Vi = 7V 01 mA
Input Voltage
liH High Level input Current Vee = 5.8V, Vg = 2.7V 20 pA
e Low Level Input Current Vee = 5.5V, VL = 0.4V —0.1 mA
Icc ~ Supply Current Vce = 5.5V Outputs High 0.65 1.1 mA
Outputs Low 24 4.2 mA
Switching Characteristics over recommended operating free air temperature range (Note 1)
Symbol Parameter Conditions DM74ALS05A Units
Min Max
tLH Propagation Delay Time Ve = 4.5V to 5.5V 23 54 ns
Low to High Level Output RL = 2kQ,C| = 50 pF
tPHL Propagation Delay Time 4 14 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM54ALS08/DM74ALS08
Quad 2-Input AND Gate
® Advanced oxide-isolated, ion-implanted Schottky TTL

General Description
) ] . X . process
This device contains four independent gates, each of which Functionally and pin for pin compatible with Schottky

performs the logic AND function. and low power Schottky TTL counterpart
m Improved AC performance over Schottky and low pow-
Features er Schottky counterparts

B Switching specifications at 50 pF
®m Switching specifications guaranteed over full tempera-
ture and V¢ range

Connection Diagram

Dual-In-Line Package

Vec B4 A4 Y4 B3 A3 Y3
Jra f13 f12 11 j1o o |s

1o ]2 [ Ja s Je |7

Al B1 Y1 A2 B2 Y2 GND
TL/F/6271-1

Order Number DM54ALS08J, DM74ALS08M, DM74ALS08N or DM74ALS08SJ
See NS Package Number J14A, M14A, M14D or N14A

Function Table

Y=AB

Inputs Output

IrIr|m

A
L
L
H
H

Irrr

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

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 7v table are not guaranteed at the absolute maximum ratings.
s . g X The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DMS54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 6,5
N Package 86.5°C/W
M Package 116.0°C/W
Recommended Operating Conditions
Symbol Parameter DMS54ALS08 DM74ALS08 Units
Min Nom Max Min Nom Max
Vco Supply Voltage 45 5 55 45 5 5.5 \%
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 range. All typical values are measured at Vgg = 5V, Tpo = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Ve = 4.5V, | = —18 mA -1.5 \
VoH High Level Output lon = —0.4mA _
Voltage Ve = 4.5V105.5V Vee -2 v
VoL Low Level Output Vo = 4.5V 54/74ALS , 0.95 04 v
Voltage loL = 4 mA
74ALS
oL = 8 mA 0.35 0.5 \
h Input Current @ Max. Vec = 5.5V, Vi = 7V
0.1 mA
Input Voltage
lin High Level Input Current Vee = 5.5V, Vi = 2.7V 20 nA
T8 Low Level Input Current Vce = 5.5V, VL = 0.4V -0.1 mA
lo Output Drive Current Ve = 5.5V Vo = 2.25V —30 -112 mA
Icc Supply Current Vee = 5.5V Outputs High 1.3 24 mA
Outputs Low 2.2 4 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions DMS4ALS08 DM74ALS08 Units
Min Max Min Max
tpLH Propagation Delay Time Vee = 4.5Vt0 5.5V
Low to High Level Output Rp = 5000 4 14 4 14 ns
N N CL = 50pF
tPHL Propagation Delay Time 3 125 3 10 ns
High to Low Level Output )

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS09 Quad 2-Input AND Gate

with Open Collector Outputs

General Description

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

Pull-Up Resistor Equations
Ruax = Ve (Min) — Vou
N1 (lon) + N2 (IiH)

_ Vec (Max) ~ Vo

loL — N3 ()
Nj (lon) = 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 (I)) = total maximum input low current for all
inputs tied to pull-up resistor

RMmIN
Where:

Features

m Switching specifications at 50 pF

.m Switching specifications guaranteed over full tempera-
ture and V¢c range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

B Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package

Vcc B4 A4 Y4 B3 A3 V3
114 13 12 |11 | 10 9 8

1 2 |3 [|&a s |e |7
A1 BT Y1 A2 B2 Y2 GND

TL/F/6179-1

Order Number DM74ALS09M or DM74ALS09N
See NS Package Number M14A or N14A

Function Table v

AB

Inputs

Output

IrIr|@o

A
L
L
H
H

rIrrr

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings

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.

Supply Voltage - v
Input Voltage v
High Level Output Voltage A"
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 0a

N Package 86.5°C/W

M Package 116.0°C/W

Recommended Operating Conditions

Symbol Parameter DM74ALS09 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \
VIH High Level Input Voltage 2 Vv
ViL Low Level Input Voltage 0.8 \
VoH High Level Output Voltage 5.5 v
loL Low Level Output Current 8 mA
TA Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voe = 45V, lj = —18 mA —-15 \
loH High Level Output Current Vcc = 4.5V, Vo = 5.5V 100 pA
VoL Low Level Output Vcc = 4.5V loL =4 mA 0.25 0.4 \
Voltage loL = 8 mA 0.35 05 v
I Input Current @ Max Veg = 565V, Vg =7V 01 mA
Input Voltage
IiH High Level Input Current Voe = 5.5V, V| = 27V 20 pA
liL Low Level Input Current Ve = 5.5V, VL = 0.4V -0.1 mA
Icc Supply Current Vcg = 5.5V Outputs High 1.3 2.4 mA
Outputs Low 2.2 4 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions DM74ALS09 Units
Min Max
tPLH Propagation Delay Time Vec = 4.5V105.5V 23 54 ns
Low to High Level Output RL = 2k, C_ = 50 pF
tPHL Propagation Delay Time 5 15 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM54ALS10A/DM74ALS10A
Triple 3-input NAND Gate

General Description m Advanced oxide-isolated, ion-implanted Schottky TTL

This devi tains th ind dent gat h of process
IS device conlains three independent gales, each Of g pynctionally and pin for pin compatible with Schottky
which performs the logic NAND function. and low power Schottky TTL counterpart
| Improved AC performance over Schottky and low pow-
Features er Schottky counterparts

® Switching specifications at 50 pF
m Switching specifications guaranteed over full tempera-
ture and Vg range

Connection Diagram

Dual-In-Line Package
Vee Ct Y1 C3 B3 A3 Y3
114 13 J 12 {11 10 |e | 8

SN

1 2 |3 a |s |s |7

Al B1 A2 B2 c2 ¥2 GND

TL/F/6180-1
Order Number DM54ALS10AJ, DM74ALS10AM, DM74ALS10AN or DM74ALS10ASJ
See NS Package Number J14A, M14A, M14D or N14A

Function Table

Y = ABC
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
X = Either Low or High Logic Level
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 84
N Package 86.5°C/W
M Package 116.0°C/W

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 DM54ALS10A DM74ALS10A Units
‘Min Nom Max Min Nom Max
Veo Supply Voltage 4.5 5 5.5 4.5 5 5.5 \
Vi High Level Input Voitage 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 range. All typical values are measured at Voo = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vee = 45V, 1= —18 mA ' -1.5 v
] Vo v
VoL Low Level Output Voe = 4.5V 54/74ALS 0.25 04 v
Voltage loL = 4 mA
Efiss A 0.35 0.5 v
I Input Current @ Max Voe = 5.5V, V| = 7V 01 mA
Input Voltage
i High Level Input Current Vo = 5.5V, Vg = 2.7V 20 HA
IR Low Level Input Current Ve = 5.5V, VL = 0.4V -0.1 mA
lo Output Drive Current Voo = 5.5V Vo = 2.25V —30 —-112 mA
lcc Supply Current Vece = 5.5V Outputs High 0.32 0.6 mA
Outputs Low 1.2 22 mA
SW|tch|ng Characteristics over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions DMS4ALS10A DM74ALS10A Units
Min Max Min Max
tPLH Propagation Delay Time Vee = 4.5Vto 5.5V 2 12 2 1 ns
Low to High Level Output RL = 5000
tpHL Propagation Delay Time CL = 50pF 2 12 5 10 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.

2-24




National
Semiconductor

DM54ALS11A/DM74ALS11A
Triple 3-Input AND Gate

General Description m Advanced oxide-isolated, ion-implanted Schottky TTL

This devi tains thi ind dent gat h of process
IS device contains ihree independent gates, each of g pynetionally and pin for pin compatible with Schottky
which performs the logic AND function. and low power Schottky TTL coumperp art
m Improved AC performance over Schottky and low pow-
Features er Schottky counterparts

m Switching specifications at 50 pF
m Switching specifications guaranteed over full tempera-
ture and Vg range

Connection Diagram

Dual-In-Line Package
Vec¢ €1 Y1 C3 B3 A3 Y3
[ta 13 |12 |11 o 9 |8

1 ]2 [ s [s Je |7

A1l B1 A2 B2 c2 Y2 GND
TL/F/6181-1

Order Number DM54ALS11AJ, DM74ALS11AM or DM74ALS11AN
See NS Package Number J14A, M14A or N14A

Function Table

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

= High Logic Level
= Low Logic Levet

H
L
X = Either Low or High Logic Level
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

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.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DMS54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 64 .
N Package 86.5°C/W
M Package 116.0°C/W

Recommended Operating Conditions

Symbol Parameter DM54ALS11A DM74ALS11A Units
Min Nom Max Min Nom Max
Ve Supply Voltage 4.5 5 5.5 4.5 5 55 \
Vi High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 v
loH High Level Output Current —0.4 —-04 mA
loL Low Level Output Current 4 8 mA
TaA Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vcg = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vog = 4.5V, = —18 mA -15 v
Vo High Level Output loy = —0.4mA _
Voltage Vce = 4.5V t0 5.5V Vee -2 v
VoL Low Level Output Voe = 4.5V 54/74ALS 0.95 0.4 v
Voltage loL = 4mA
74ALS
oL = 8 mA 0.35 0.5 \
Iy Input Current @ Max Veg = 55V,Vgp=7V 0.1 mA
Input Voltage
hH High Level Input Current Vo = 5.5V, V|g = 2.7V 20 nA
Iie Low Level Input Current Voe = 6.5V, V)L = 0.4V -0.1 mA
lo Output Drive Current Vce = 6.5V Vp = 2.25V —30 —112 mA
lcc Supply Current Vog = 5.5V Outputs High 1 1.8 mA
Outputs Low 1.6 3 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions DMS4ALS11A DM74ALS11A Units
Min Max Min Max
tpLH Propagation Delay Time Vce = 4.5Vto 5.5V
Low to High Level Output RL = 500Q 2 4 2 13 ns
tPHL Propagation Delay Time Cu = 50pF 5 125 2 10 ns
High to Low Level Output ’

Note 1: See Section 1 for test waveforms and output load.
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DM74ALS12A
Triple 3-Input NAND Gate with Open Collector Outputs

General Description Features

This device contains three independent gates, each of M Switching specifications at 50 pF
which performs the logic NAND function. The open-collec- m Switching specifications guaranteed over full tempera-

tor outputs require external pull-up resistors for proper logi- ture and Vg range
cal operation. W Advanced oxide-isolated, ion-implanted Schottky TTL
. . process
PuII-Up Resistor Equatlons m Functionally and pin for pin compatible with Schottky
Ve (Min) — Vo and low power Schottky TTL counterpart
Rumax = N1 (loR) + Na () = Improved AC performance over Schottky and low pow-

er Schottky counterparts
_ Vec (Max) — VoL
loL — N3 (h)
Where: Nj (loq) = 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 () = total maximum input low current for all
inputs tied to pull-up resistor

RMmIN

Connection Diagram
Dual-In-Line Package

Vecc €1 Yt €3 B3 A3 Y3
|14 13 12 1 Jo |e |s

QY

1 |2 s Ja |s s 17
A1 BT A2 B2 C2 Y2 GND

TLIF/6182-1
Order Number DM74ALS12AM or DM74ALS12AN
See NS Package Number M14A or N14A

Function Table

Y = ABC
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 = tow Logic Leve!
X = Either Low or High Logic Level
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
High Level Output Voltage v
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 044

N Package 86.5°C/W

M Package 116.0°C/W

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.

DM74ALS12A
Symbol Parameter Units
Min Nom Max
Vee Supply Voltage 4.5 5 55 \
VIH "High Level Input Voltage 2 Vv
ViL Low Level Input Voltage 0.8 \
VoH High Level Output Voltage 55 \"
loL Low Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics _
over recommended operating free air temperature range. All typical values are measured at Vcg = 5V, Tao = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Ve = 4.5V, = —18mA ‘ -1.5 \'
lon High Level Output Current Vce = 4.5V, Voq = 5.5V 100 nA
VoL Low Level Output Vo = 4.5V loL =4mA 0.25 0.4 \'
Voltage loL = 8 mA 0.35 05 v
I Input Current @ Max Ve =55V, Vg =7V 01 mA
Input Voltage
IiH High Level Input Current Voo = 5.5V, Vg = 2.7V 20 rA
i Low Level Input Current Ve = 5.5V, V)L = 0.4V -0.1 mA
lcc Supply Current Voe = 5.5V Outputs High 0.32 0.6 mA
Outputs Low - 1.2 2.2 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
DM74ALS12A
Symbol Parameter Conditions Units
Min Max
tPLH Propagation Delay Time Vce = 45Vto 5.5V 23 54 ns
Low to High Level Output RL = 2k, C = 50 pF :
tPHL Pfopagatlon Delay Time 5 18 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS13 Dual 4-Input
NAND Gate with Schmitt Trigger Inputs

General Description
This device contains two independent gates, each of which B Switching specifications guaranteed over full tempera-

performs the logic NAND function. Each input has hystere- ture and V¢ range

sis which increases the noise immunity and transforms a  ® Advanced oxide-isolated, ion-implanted Schottky TTL

slowly changing input signal to a fast changing, jitter-free process

output. m Functionally and pin-for-pin compatible with Schottky
and Low Power Schottky TTL counterparts

Features u Improved AC performance over low power Schottky

m Switching specification at 50 pF counterpart

Connection Diagram

vee D2 c2 NC B2 A2 Y2
|14 13 12 1 10 | 9 | 8
A\
1
1\
1 2 3 4 5 6 |7
At B NC ¢t D1 N GND

TL/F/8772-1
Order Number DM74ALS13M or DM74ALS13N
See NS Package Number M14A or N14A

Function Table
Y = ABED

Inputs Output
Y

A
X
X
X
L
H

IXrXX|m
IXXrEX|[O
I XX Xr|o
—IIII

H = High Logic Level
L = Low Logic Level
X = Either Low or High Logic Level
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Absolute Maximum Ratings
Supply Voltage

Input Voltage

Storage Temperature Range

Operating Free Air Temperature Range

A
v
—65°Cto +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device can not 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.

DM74ALS 0°Cto +70°C The “Recommended Operating Condiitions” table will define
Typical 64a the conditions for actual device operation.
N Package 78.5°C/W
M Package 109.0°C/W
Recommended Operating Conditions
Symbol Parameter DM74ALS13 Units
Min Nom Max
Veo Supply Voltage 45 5 5.5 \
Vry Positive-Going Input Vec = Min to Max 14 2
\%
Threshold Voltage Voo = 5V 1.55 1.85
Vr- Negative-Going Input Vce = Min to Max 0.75 1.2
Threshold Voltage v
g Ve = 5V 0.85 1.1
HYS Input Hysteresis Ve = Min to Max 0.5 v
Vee = 5V 0.6
loH High Level Output Current —0.4 mA
loL Low Level Output Current 8 mA
Ta Operating Free Air Temperature Range 0 70 °C
Electrical Characteristics over recommended free air temperature range (unless otherwise noted)
Symbol Parameter Test Conditions Min Typ Max Units
Vic Input Clamp Voltage Vee = Min, |y = —18 mA -1.5 \
VoH High Level Output Voltage Vee = 4.5Vt0 5.5V, gy = Max Veo—2 Vv
VoL Low Level Output Voltage - Vee = Min loL = 4mA 0.25 0.4
‘ v
loL = 8mA 0.35 0.5
T+ Input Current at Positive-Going Vee =5V, V) = V14 20 A
Threshold Voltage ®
IT— Input Current at Negative-Going Vee = 5V, V| = V1- 100 A
Threshold Voltage s
Iy Input Current at Maximum Input Voltage | Vcg = Max, V) = 7V 100 pA
IiH High Level Input Current Ve = Max, V) = 2.7V 20 pA
L Low Level Input Current Voo = Max, V) = 0.4V -100 RA
lo Qutput Drive Current Vee = Max, Vo = 2.25V —30 —-112 mA
lccH Supply Current with Outputs High Vce = Max 4 mA
lccL Supply Current with Outputs Low Vce = Max 4 mA
i i isti over recommended operating free air temperature range
Switching Characteristics ded f
Symbol Parameter Conditions (Note 1) DM74ALS13 Units
Min Max
tPLH Propagation Delay Time Vee = 4.5Vto 5.5V 2 12
Low to High Level Output RL = 5000, CL = 50 pF
ns
tpHL Propagation Delay Time 2 12
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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DM74ALS14
Hex Inverter with Schmitt Trigger Inputs

General Description Features
This device contains six independent gates, each of which W Switching specification at 50 pF
performs the logic INVERT function. Each input has hyster-  ® Switching specifications guaranteed over full tempera-

esis which increases the noise immunity and transforms a ture and Vg range
slowly changing input signal 1o a fast changing, jitter-free  m Advanced oxide-isolated, ion-implanted Schottky TTL
output. process

® Functionally and pin-for-pin compatible with Schottky
and Low Power Schottky TTL counterparts

W Improved AC performance over low power Schottky
counterpart

Connection Diagram
vce A6 Y6 AS Y5 A4 Y4
I 14 13 12 1

et
B>

N N N
At Y1 A2 Y2 A3 Y3 GND

Order Number DM74ALS14M, DM74ALS 14N or DM74ALS14SJ
See NS Package Number M14A, M14D or N14A

TL/F/8773-1

Function Table

Y=A
Input " Output
A Y
L H
H L

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
Storage Temperature Range ~65°Cto +150°C
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Typical 85

N Package 78.5°C/W

M Package 109.0°C/W

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 Condiitions” table will define
the. conditions for actual device operation.

Symbol Parameter Min Nom Max Units
Vo Supply Voltage 45 5 55 v
VT4 Positive-Going Input Vee = Min to Max 1.4 2
Threshold Voltage Voo = 5V 1.55 1.85 v
Vr- Negative-Going Input Voo = Minto Max 0.75 1.2
' Threshold Voltage Ve = 5V 0.85 11 v
HYS Input Hysteresis Ve = Min to Max 0.5 y
Vee = 5V 0.6
loH High Level Output Current -04 mA
loL Low Level Output Current 8 mA
Ta Operating Free Air Temperature Range 0 70 °C
Electrical Characteristics overrecommended free air temperature range (unless otherwise noted)
Symbol Parameter Test Conditions Min Typ Max Units
Vic Input Clamp Voltage Voe = Min, || = —18 mA -15 \"
VoH High Level Output Voltage Vee = 4.5V10 5.5V, oy = Max Ve — 2 \"
VoL Low Level Output Voltage Vce = Min loL = 4 mA 0.25 0.4 \
loL = 8 mA 0.35 0.5 v
IT+ lnp}Jt Current at Positive- Vo = 5V, Vi = V14 20 BA
Going Threshold Voltage
IT— lnp.ut Current at Negative- Vee = 5V, Vy = Vy —100 LA
Going Threshold Voltage
I Input Current at Maximum Vee = Max, V= 7V 100 pA
Input Voltage
1 High Level Input Current Vce = Max, V) = 2.7V 20 pA
e Low Level Input Current Voc = Max, V) = 0.4V -100 nA
lo Output Drive Current Voc = Max, Vg = 2.25V —30 —-112 mA
lccH (S)t[t)sllzsc:'r;nt with Voo = Max 12 mA
lcoL Supply Current with Vee = Max 12 mA
Outputs Low

2-32




128

Switc hlng Characteristics over recommended operating free air temperature range

DM74ALS14
Symbol Parameter Conditions (Note 1) Units
Min Max
tPLH Propagation Delay Time Vcc = 4.5V to 5.5V 2 12 ns
Low to High Level Output RL = 5009, C_ = 50 pF
tPHL Propagation Delay Time 2 10 ns
High to Low Level Qutput

Note 1: See Section 1 for test waveforms and output load.
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DM74ALS15A Triple 3-Input

AND Gate with Open Collector Outputs

General Description

This device contains three independent gates, each of
which performs the logic AND function. The open-collector
outputs require external pull-up resistors for proper logical
operation.

Pull-Up Resistor Equations
Vce (Min) — Voy
N1 (loH) + Nz (Iiy)

- Vec Max) — Vo

loL — N3 (In)
Ny (lon) = total maximum output high current for
all outputs tied to pull-up resistor
N2 (Ijy) = total maximum input high current for all
inputs tied to pull-up resistor
N3 (Ij) = total maximum input low current for all
inputs tied to pull-up resistor

Rmax =

RMmIN

Where:

Features

m Switching specifications guaranteed over full tempera-
ture and Vg range

W Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package

Vee €1 w1 c3 B3 A3 V3
[1e [13 |12 |11 fo |9 s
1 2 3 a 5 6 |7
Al B! A2 B2 C2 Y2 GND
TL/F/6183-1
Order Number DM74ALS15AM or DM74ALS15AN
See NS Package Number M14A or N14A
Function Table
Y = ABC
Inputs Output
A B [+
X X L L
X L X L
L X X L
H H H H

H = High Logic Level
L = Low Logic Level

X = Either Low or High Logic Level
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Absolute Maximum Ratings

Supply Voltage 7w Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7v beyond which the safety of the device cannot be guaran-
High Level Output Voltage v teed. The device should not be operated at these limits. The

parametric values defined in the “Electrical Characteristics”

Operating Free Air Temperature Range table are not guaranteed at the absolute maximum ratings.
DM74ALS 0°Cto +70°C The “Recommended Operating Conditions” table will define
Storage Temperature Range —-65°Cto +150°C the conditions for actual device operation.
Typical 05
N Package 86.5°C/W
M Package 116.0°C/W

Recommended Operating Conditions

Symbol Parameter DM74ALS15A Units
Min Nom Max
Vce Supply Voltage - 45 5 5.5 \
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 v
VOH High Level Output Voltage 5.5 \"
loL Low Level Output Current 8 mA
TA Free Air Operating Temperature 0 70 °C

Electrical Characteristics

over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Tp = 25°C.

Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vec = 4.5V, = —18mA -1.5 \
10H High Level Output Current Ve = 4.5V, Vo = 5.5V 100 rA
VoL Low Level Output Vo = 4.5V loL =4 mA 0.25 0.4 \"
Voltage loL = 8 mA 0.35 05 v
I Input Current @ Max Vcc = 5.5V, Vg = 7V 0.1 mA
Input Voltage
i High Level Input Current Vg = 5.5V, Vg = 2.7V 20 BA
I Low Level Input Current Vee = 5.5V, VL = 0.4V —0.1 mA
lcc Supply Current Voo = 5.5V Outputs High 1.0 1.8 mA
Outputs Low 1.66 3 mA

Switching Characteristics

over recommended operating free air temperature range (Note 1).

DM74ALS15A :
Symbol Parameter Conditions Units
Min Max
tPLH Propagation Delay Time Vee = 4.5Vi0 5.5V 20 45 ns
Low to High Level Output Ry = 2kQ,C_ = 50
tPHL Pfopagatlon Delay Time pF 5 20 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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DM54ALS20A/DM74ALS20A
Dual 4-Input NAND Gate

General Description

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

Features

m Switching specifications at 50 pF
W Switching specifications guaranteed over full tempera-

ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Function Table

Dual-In-Li

ne Package

Vec D2 C2 NC B2 A2 Y2

14 13 12

In 10 |9 |8

1 2 3
A1 B1 NC

a | 5 6 7
C1 D1 Y1 GND
TL/F/6184-1

Order Number DM54ALS20AJ, DM74ALS20AM or DM74ALS20AN
See NS Package Number J14A, M14A or N14A

Y = ABCD
Inputs Output
A B C 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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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage 7V
Operating Free Air Temperature Range
DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 64a
N Package 86.5°C/W
M Package 116.0°C/W

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 DMS54ALS20A DM74ALS20A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High Level Input Voltage 2 2 A
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
TaA Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Ty = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, = —18 mA —-1.5 \
VoH High Level Output loy = —0.4 mA _
Voltage Veg = 4.5V 10 5.5V Vee — 2 v
VoL Low Level Output Voo = 4.5V 54/74ALS 0.25 04 Vv
Voltage loL=4mA
74ALS
oL — 8 mA 0.35 0.5 v
Iy Input Current @ Max Ve = 5.5V, Vi = 7V 04 mA
Input Voltage
i1 High Level Input Current Vg = 5.5V, Vg = 2.7V 20 pA
IR Low Level Input Current Ve = 5.5V, V) = 0.4V —-0.1 mA
lo Output Drive Current Vee = 5.5V Vo = 2.25V -30 —-112 mA
Icc Supply Current Vcg = 5.5V Outputs High 0.22 0.4 mA
Outputs Low 0.81 15 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions DMS4ALS20A DM74ALS20A Units
Min Max Min Max
tPLH Propagat'lon Delay Time Vee = 4.5V 10 5.5V 1 125 3 11 ns
Low to High Level Output RL = 5000
tpHL Propagation Delay Time CL = 50pF ; 110 3 10 ns
High to Low Level Output :

Note 1: See Section 1 for test waveforms and output load.
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DM54ALS21A/DM74ALS21A
Dual 4-Input AND Gate

General Description m Advanced oxide-isolated, ion-implanted Schottky TTL
process
m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart
m Improved AC performance over Schottky and low pow-
Features er Schottky counterparts
m Switching specifications at 50 pF
m Switching specifications guaranteed over full tempera-
ture and Vgc range

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

Connection Diagram

Dual-In-Line Package
Vecc D2 C2 NC B2 A2 Y2

14 |13 |2 |11 10 | 8
T ———— |

1 ]2 Ja Ja 15 s |7

A1 BT NC C1 D1 Y1 GND

TL/F/6185-1
Order Number DM54ALS21AJ, DM74ALS21AM or DM74ALS21AN
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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Absolute Maximum Ratings >
If Military/Aerospace specified devices are required, Note: The "Absolute Maximum Ratings” are those values
please contact the National Semiconductor Sales beyond which the safely of the device cannot be guaran-
Office/Distributors for availability and specifications. teed. The device should not be operated at these limits. The
Supply Voltage v parametric values defined in the “Electrical Characteristics”
Input Voltage 7v table are not guaranteed at the absolute maximum ratings.
putvoltage The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DMS54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 044
N Package 86.5°C/W
M Package 116.0°C/W
Recommended Operating Conditions
Symbol Parameter DM54ALS21A DM74ALS21A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.5 5 5.5 \
VIH High Level Input Voltage 2 2 v
ViL Low Level Input Voltage 0.8 0.8 \Y
lon 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. All typical values are measured at Vgg = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Ciamp Voltage Voc = 4.5V, = —18 mA -15 \
VoH High Level Output loH = —~0.4mA _
Voltage Voo = 4.5V 10 5.5V Veg -2 v
VoL Low Level Output Vee = 4.5V 54/74ALS 0.25 0.4 v
Voltage loL = 4mA
74ALS
loL = 8 mA 0.35 0.5 \
h Input Current @ Max Vee = 5.5V, Viy =7V 04 mA
Input Voltage
IH High Level Input Current Veo = 5.5V, V| =27V 20 nA
L Low Level Input Current Vee = 5.5V, VL = 0.4V ) —0.1 mA
lo Output Drive Current Vee = 5.5V Vo = 2.25V -30 —-112 mA
lcc Supply Current Vce = 5.5V Outputs High 0.85 1.4 mA
Outputs Low 14 2.3 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1)
Symbol Parameter Conditions DMS4ALS21A DM74ALS21A Units
Min Max Min Max
tpLH Propagat'lon Delay Time Vee = 4.5Vt0 5.5V 4 15 4 15 ns
Low to High Level Output RL = 5000
tpHL Propagation Delay Time CL = 50pF 3 12 5 10 ns
High to Low Level Output
Note 1: See Section 1 for test waveforms and output load.
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Semiconductor

DM74ALS22B

Dual 4-Input NAND Gate with Open Collector Outputs

General Description

This device contains two 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

Auax = Vcc (Min) — Vo
N1 (lor) + Na (i)
RN = Vee (Max) — Vor
loL — Na ()

Where: Nj (Ilon) = total maximum output high current for

all outputs tied to pull-up resistor

N2 ()y) = 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

Features

m Switching specifications at 50 pF.

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated,
process

®m Functionally and pin for pin compatible with Schoﬁky
and low power Schottky TTL counterpart

a Improved AC performance over Schottky and low pow-
er Schottky counterparts

ion-implanted Schottky TTL

Connection Diagram

Dual-in-Line

c2 NC
12 1

Vec D2

|14 13

Package

82
1 10

A2
'9

Y2
la

1 2
A1 B1

[s s

NC ct

[7
D1 Y1 GND

TL/F/6186-1

Order Number DM74ALS22BM or DM74ALS22BN

See NS Package Number M14A or N14A
Function Table
Y = ABCD
Inputs Output

A B [ D

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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Absolute Maximum Ratings @
Supply Voltage v Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7V beyond which the safety of the device cannot be guaran-
. teed. The device should not be operated at these limits. The -
High Lével Output. Voltage [Ad parametric values defined in the “Electrical Characteristics”
Operating Free Air Temperature Range ! R table are not guaranteed at the absolute maximum ratings.
DM74ALS 0°Cto +70°C The “Recommended Operating Conditions" table will define
Storage Temperature Range —65°Cto +150°C the conditions for actual device operation.
Typical 05
N Package 86.5°C/W
M Package 116.0°C/W
Recommended Operating Conditions
DM74ALS22B .
Symbol Parameter Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 v
VoH High Level Output Voltage 55 "
loL Low Level Output Current 8 mA
TA Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Voo = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, || = —18 mA ) —-1.5 \"
loH High Level Output Current Ve = 4.5V, Vpoq = 5.5V 100 HA
VoL Low Level Output Voo = 4.5V lo, =4mA 0.25 0.4 \
Voltage loL = 8 mA 0.35 0.5 v
I Input Current @ Max Vgo = 5.5V, Vi =7V 0.1 mA
Input Voltage
I High Level Input Current Vog = 5.5V, Vi = 2.7V 20 nA
L Low Level Input Current Vg = 5.5V, V) = 0.4V —0.41 mA
lcc Supply Current Voo = 5.5V Outputs High 0.22 0.4 mA
Outputs Low 0.80 1.5 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
- DM74ALS22B .
Symbol Parameter Conditions Units
Min Max
tpLH Propagation Delay Time Vce = 4.5Vto 6.5V 23 45 ns
Low to High Level Output RL = 2kQ
tPHL Propagation Delay Time CL = 50pF 4 18 ns
High to Low Level Output
Note 1: See Section 1 for test waveforms and output load.
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Semiconductor

DM54ALS27/DM74ALS27
Triple 3-input NOR Gate
® Advanced oxide-isolated, ion-implanted Schottky TTL

General Description brocoss
This device contains three independent gates, each of m Functionally and pin for pin compatible with Schottky

which performs the logic NOR function. and low power Schottky TTL counterpart
u Improved AC performance over Schottky and low pow-
Features er Schottky counterparts

m Switching specifications at 50 pF
a Switching specifications guaranteed over full tempera-
ture and Vg range

Connection Diagram

Dual-In-Line Package

Vee¢ €1 Y1 c3 B3 A3 Y3
[ta Jia 12 J11 o Jo e

1 ]2 3 a 5 s |7
A1 B1 A2 B2 C2 Y2 GND

TL/F/6187-1
Order Number DM54ALS27J, DM74ALS27M or DM74ALS27N
See NS Package Number J14A, M14A or N14A

Function Table
Y=A+B+C
Inputs Output

A B (o

H X X L
X H X L
X X H L
L L L H

H = High Logic Level
L = Low Logic Level
X = Either Low or High Logic Level
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| Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 045
N Package 86.5°C/W
M Package 116.0°C/W

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 DMS4ALS27 DM74ALS27 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.5 5 55 \
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
TA Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, = —18 mA -1.5 \"
VoH High Level Output loH = —0.4mA _ .
Voltage Voe = 4.5V t0 5.5V Vee -2 v
VoL Low Level Output Vee = 4.5V 54/74ALS 0.5 04 v
Voltage loL = 4mA
74ALS
oL = 8 mA 0.35 0.5 \"
h Input Current @ Max Ve = 5.5V, Vi =7V 01 mA
Input Voltage
119} High Level Input Current Ve = 5.5V, Vg = 2.7V 20 nA
I Low Level Input Current Vce = 5.5V, VL = 0.4V ~0.1 mA
lo Output Drive Current Vce = 5.5V Vo = 2.25V ~30 —112 mA
lec Supply Current Vee = 5.5V Outputs High 0.97 1.8 mA
Outputs Low 2 4 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions DM54ALS27 DM74ALS27 Units
Min Max Min Max
tpLH Propagation Delay Time Vee = 4.5Vto 5.5V 4 16 4 15 ns
Low to High Level Output R = 5000
tpHL Propagation Delay Time Co = 50pF ; 8 3 9 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS28A

Quadruple 2-Input NOR Buffer

General Description

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

Features

| Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced, oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with LS TTL
counterpart

B Improved AC performance over LS28

m Improved line receiving characteristics

Connection Diagram

Dual-In-Line Package

v Y4 B4 A4 v3 B3 M
14 fc 1) 12 " 10f g 8

1 2 3 4 5 ] 1

N Al 81 2 a2 B2 GND

TL/F/6188-1

Order Number DM74ALS28AM or DM74ALS28AN
See NS Package Number 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
High Logic Level

H=
L=

Low Logic Level
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Absolute Maximum Ratings

Supply Voltage v Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7V beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

Operating Fres Air Temperature Range parametric values defined in the “Electrical Characteristics”

DMB54ALS28A —-55°Cto +125°C ; :
DM74ALS28A 0°C to +70°C table are not guaranteed at the absolute maximum ratings.
. 8 The “Recommended Operating Conditions” table will define
Storage Temperature Range —65°Cto +150°C the conditions for actual device operation.
Typical 645
N Package 83.0°C/W
M Package 114.0°C/W
Recommended Operating Conditions
DM74ALS28A .
Symbol Parameter Units
Min Nom © Max
Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 \"
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current —2.6 mA
loL Low Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C

Electrical Characteristics

over recommended operating free air temperature range. All typical values are measured at Vog = 5V, To = 25°C.

Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vee = 4.5V, || = —18 mA —-1.5 Vv
VoH High Level Output Voo = 4.5V lop = —2.6 mA 24 33 v
Voltage ViL = Vi Max : ’
loy = —400 pA Vec— 2 A
VoL Low Level Output Voo = 4.5V loL = 12 mA 0.25 0.4 \
Voltage Viy = 2V loL = 24 mA 0.35 05 v
N Input Current at Max Voo = 5.5V, Vi = 7V 0.4 mA
Input Voltage
I High Level Input Current Voo = 5.5V, Vi = 2.7V 20 nA
(T Low Level Input Current Voo = 6.5V, V)L = 0.4V —0.1 mA
lo Output Drive Current Vee = 5.5V L Vo = 2.25V —30 —112 mA
lccH Supply Current with Vcec = 5.6V, V= 0V 1.7 28 mA
Outputs High
locL Supply Current with Voo = 5.5V, V) = 4.5V 4.8 9 mA
Outputs Low

Switchi ng Characteristics over recommended operating free air temperature range (Note 1)

DM74ALS28A .
Symbol Parameter Conditions Units
Min Max
tpLH Propagation Delay Time Vee = 4.5V to 5.5V 5 8 ns
Low to High Level Output R = 5000
tpyL * Propagation Delay Time Cu = 50pF 2 . ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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DM54ALS30A/DM74ALS30A
8-Input NAND Gate

General Description

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

Features

m Switching specifications at 50 pF

® Switching specifications guaranteed over full tempera-
ture and V¢g range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package

V¢ NC H G NC NC Y
14 13 fr2 |11 o |o s
1 2 3 a s Je ]

A B c D

E F GND
TL/F/6189-1

Order Number DM54ALS30AJ, DM74ALS30AM, DM74ALS30AN or DM74ALS30ASJ
See NS Package Number J14A, M14A, M14D 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
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage N
Input Voltage 7v
Operating Free Air Temperature Range
DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°C to +150°C
Typical 6
N Package 86.5°C/W
M Package 116.0°C/W

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 Condiitions’’ table will define
the conditions for actual device operation.

Symbol Parameter DM54ALS30A DM74ALS30A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.5 5 5.5 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 —-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. All typical values are measured at Vg = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, I = -18 mA -1.5 \
VoH High Level Output loH = —0.4mA _
Voltage Vce = 4.5V to 5.5V Vec -2 v
VoL Low Level Output Vce = 4.5V 54/74ALS 025 0.4 v
Voltage loL=4mA
74ALS
.35 0.5 \
loL = 8mA 03
Iy Input Current at Max Ve = 5.5V, Vi =7V 0.1 mA
Input Voltage
liH High Level Input Current Voo = 5.5V, Vg = 2.7V 20 HA
i Low Level Input Current Voo = 5.5V, VL = 0.4V —-0.1 mA
lo Output Drive Current Ve = 5.5V Vo = 2.25V -30 —112 mA
lcc Supply Current Vee = 5.5V Outputs High 0.22 0.36 mA
Outputs Low 0.54 0.90 mA
Switching Characteristics over recommended operating free air temperature range (Note 1)
LS30A
Symbol Parameter Conditions DMS4ALS30A DM74ALS30 Units
Min Max Min Max
tpLH Propagat.:on Delay Time Ve = 4.5Vt0 6.5V 3 1 3 10 ns
Low to High Level Output Ry = 5000
tpHL Propagation Delay Time CL=50pF 3 14 3 12 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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DM54ALS32/DM74ALS32
Quad 2-Input OR Gate

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

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and V¢g range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

= Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package

Vcc B4 A4 Y4 B3 A3 Y3
fra J13 12 | Jio s |8
v 2 Js e Js Je 17
A1 BI Y1 A2 B2 Y2 GND

TL/F/6190-1

Order Number DM54ALS32J, DM74ALS32M, DM74ALS32N or DM74ALS32SJ

See NS Package Number J

Function Table

14A, M14A, M14D or N14A

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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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage 7V
Operating Free Air Temperature Range
DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 6a
N Package 86.5°C/W
M Package 116.0°C/W

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 DMS4ALS32 DM74ALS32 Units
Min Nom Max Min Nom Max
Vece Supply Voltage 4.5 5 55 4.5 5 5.5 v
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. All typical values are measured at Voo = 5V, Tao = 25°C.
Symbol Parameter Conditions Min Typ Max Units
ViK Input Clamp Voltage Vec = 4.5V, = —18 mA -1.5 \
VoH High Level Output loH= —0.4 mA _
Voltage Vce = 45V to 5.5V Vec 2 v
VoL Low Level Output Vce = 4.5V 54/74ALS 0.95 0.4 v
Voltage loL = 4 mA
74ALS
lo, = 8 mA 0.35 0.5 \
I Input Current @ Max. Voe = 5.5V, Viy = 7V 01 mA
Input Voltage
hH High Level Input Current Voo = 5.5V, Vg = 2.7V 20 HA
i Low Level Input Current Ve = 5.5V, VL = 0.4V -0.1 mA
lo Output Drive Current Vee = 5.5V Vo = 2.25V —30 —-112 mA
lcc Supply Current Ve = 5.5V Outputs High 1.9 4 mA
Outputs Low 2.6 4.9 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions DMS4ALS32 DM74ALS32 Units
Min Max Min Max
tpLH Propagation Delay Time Vec = 4.5V to 5.5V
Low to High Level Output | R, = 5000 3 135 8 14 ns
tPHL Propagation Delay Time CL = 50pF 3 13.0 3 12 ns
High to Low Level Output ’

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS33A Quadruple 2-Input
NOR Buffer with Open-Collector Outputs

General Description

This device contains four independent gates, each of which
performs the logic NOR function. The open-collector out-
puts require external pull-up resistors for proper logical op-
eration.

Pull-Up Resistor Equations

R _ Voc (Min) — Vou
MAX ™ Ny (on) + N2 ()~

_ Voo (Max) — Vo

loL — Na ()
N; (lon) = 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 (i) = total maximum input low current for all
inputs tied to pull-up resistor

RmIN
Where:

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process .

® Functionally and pin for pin compatible with LS TTL
counterpart

®m |Improved AC performance over LS33

B Improved line receiving characteristics

Connection Diagram

Dual-In-Line Package

v ay 8 " 3y 38 3

ur: 1) 12) 1 | | 8
] p] 3 4 5] [ 7]
i 1 18 2 2 28 6ND

TL/F/6191-1

Order Number DM74ALS33AM or DM74ALS33AN
See NS Package Number M14A or N14A

Function Table

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

H = High Logic Leve!
L = Low Logic Level
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Absolute Maximum Ratings

Supply Voltage v Note: The “Absolute Maximum Ratings” are those values
Input Voltage v beyond which the safety of the device cannot be guaran-
High Level Output Voltage 7v teed. The device should not be operated at these limits. The

parametric values defined in the “Electrical Characteristics”

Operating Free Air Temperature Range table are not guaranteed at the absolute maximum ratings.

DM74ALS 0°Cto +70°C The ““Recommended Operating Conditions” table will define
Storage Temperature Range —65°Cto +150°C the conditions for actual device operation.
Typical 845

N Package 83.0°C/W

M Package 114.0°C/W

Recommended Operating Conditions

Symbol Parameter DM74ALS33A Units
Min Nom Max

Vee Supply Voltage 4.5 5 5.5 \"
VIH High Level Input Voltage 2 v
Vi Low Level Input Voltage 0.8 \
VoH High Level Output Voltage 5.5 \
loL Low Level Output Current 24 mA
TA Free Air Operating Temperature 0 70 °C

Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Tp = 25°C.

Symbol Parameter Conditions Min Typ Max Units

Vik Input Clamp Voltage Ve = 4.5V, = —18 mA —-1.5 \'

loH High Level Output Current Vo = 4.5V, Vo = 5.5V 100 HA

VoL Low Level Output Vee = 4.5V, loL = 12mA . 0.25 0.4 '
Voltage Vin =2V loL = 24 mA 0.35 05 v

I Input Current @ Max. Voe = 5.5V, Vi = 7V 0.1 mA
Input Voltage

I High Level Input Current Vee = 5.5V, V=27V 20 RA

L Low Level Input Current Voe = 5.5V, V)L = 0.4V —0.1 mA

IccH Supply Cu'rrent with Vec = 5.5V, V)= 0V 17 28 mA
Outputs High

lccL Supply Current with Ve = 5.5V, V| = 4.5V 48 9 mA
Outputs Low

Switching Characteristics over recommended operating free air temperature range (Note 1)

DM74ALS33A .
Symbol Parameter Conditions Units
Min Max
tpLH Propagation Delay Time Vce = 4.5Vto 5.5V, 10 33 ns
- Low to High Level Output R_ = 6809,
tpHL Propagation Delay Time CL = 50pF 2 12 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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Semiconductor

DM74ALS37A
Quadruple 2-Input NAND Buffer

General Description W Advanced oxide-isolated, ion-implanted Schottky TTL

process

This device contains four independent gates, each of which ® Functionally and pin for pin compatible with LS TTL

performs the logic NAND function. counterpart

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vcc range

m Improved AC performance over LS37
8 Improved line receiving characteristics

Connection Diagram

Dual-In-Line Package

Vcc B4 A4 Y4 B3 A3 Y3
]14 |13 |12 |11 |10 e 8

v 12 Js la s Je |7
A1 Bl Y1 A2 B2 Y2 GND

Order Number DM74ALS37AM or DM74ALS37AN

See NS Package Number M14A or N14A

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 Level

TL/F/6192-1

2-52




(%)
~
Absolute Maximum Ratings >
Supply Voltage v Note: The “Absolute Maximum Ratings"” are those values
Input Voltage 7V beyond which the safety of the device cannot be guaran-
. . teed. The device should not be operated at these limits. The
Operating Free Air Temperature Range o " parametric values defined in the “Electrical Characteristics”
DM74ALS 0°Cto +70°C : .
. . table are not guaranteed at the absolute maximum ratings.
Storage Temperature Range —65°Cto +150°C The “Recommended Operating Conditions” table will define
Typical 044 the conditions for actual device operation.
N Package 83.0°C/W
M Package 114.0°C/W
Recommended Operating Conditions
Symbol Parameter DM74ALS37A Units
Min Nom Max
Vce Supply Voltage 4.5 5 5.5 Vv
ViH High Level Input Voltage 2
ViL Low Level Input Voltage 0.8 "
loH High Level Output Current —26 mA
loL Low Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Ve = 4.5V, = —18mA —-15 \
VoH High Level Output Voo = 4.5V lop = —2.6 mA
2.4 33 \
Voltage ViL = Max
loy = —400 nA Vec — 2 \
VoL Low Level Output Voo = 4.5V loL = 12mA 0.25 0.4 \
Voltage Vin = 2V loL = 24 mA 0.35 05 v
Iy Input Current @ Max. Vog = 5.5V, Vi = 7V 0.1 mA
Input Voltage
iy High Level Input Current Vee = 5.5V, Vg = 2.7V 20 MA
I Low Level Input Current Vce = 5.5V, VL = 0.4V —0.1 mA
lo Output Drive Current Voe = 5.5V Vo = 2.25V -30 -112 mA
lccH Supply Curren! with Vee = 5.5V,V| = 0V 0.86 16 mA
Outputs High
lecL Supply Current with Voo = 5.5V, V| = 4.5V 40 78 mA
Outputs Low
Switchin g Characteristics over recommended operating free air temperature range (Note 1)
Symbol Parameter Conditions DM74ALS37A Units
Min Max
tpLH Propagation Delay Time Voo = 4.5Vto 5.5V 2 8 ns
Low to High Level Output RL = 50002
tPHL Propagation Delay Time CL = 50pF 2 7 ns
High to Low Level Output
Note 1: See Section 1 for test waveforms and output load.
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National |
Semiconductor

DM54ALS38A/DM74ALS38A Quadruple 2-Input
NAND Buffer with 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.

Pull-Up Resistor Equations

Rmax = Vec (Min) — VoH
Ny (lon) + Nz (In)

_ Voc (Max) — Vo

loL — N3 ()
N1 (lon) = 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 (lj) = total maximum input low current for all
inputs tied to pull-up resistor

Rmin

Where:

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

®m Functionally and pin for pin compatible with LS TTL
counterpart

® Improved AC performance over LS38

m Improved line receiving characteristics

Connection Diagram

Dual-In-Line Package

Vcc B4 A4 Y4 B3I A3 Y3
19 13 J1z |11 jio |s |s
[+ J2 [ [4 [s [e |7

Al Bl Y1 A2 B2 Y2 GND

TL/F/6193-1

Order Number DM54ALS38AJ, DM74ALS38AM or DM74ALS38AN
See NS Package Number J14A, M14A or N14A

Function Table

IrIr|®m

A
L
L
H
H
H = Hi
L = Low Logic Level

igh Logic Level
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

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

v8e

Supply Voltage 7V parametric values defined in the “Electrical Characteristics”
Input Voltage 7v table are not guaranteed at the absolute maximum ratings.
K The “Recommended Operating Conditions” table will define
High Level Output Voltage v the conditions for actual device operation.
Operating Free Air Temperature Range
DM54ALS —55°C to +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 04a
N Package 83.0°C/W
M Package 114.0°C/W

Recommended Operating Conditions

Symbol Parameter DMS54ALS38A DM74ALS38A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.5 5 5.5 %
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 Qutput Current 12 24 mA
Ta Free Air Operating Temperature —55 125 0 70 °C

Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Voo = 5V, T = 25°C.

Symbol Parameter Conditions Min Typ Max Units
ViK Input Clamp Voltage Voo = 4.5V, 1= —18 mA —-15 \Y
loH High Level Output Current Veo = 4.5V, Vo = 5.5V 100 pA
VoL Low Level Output Veo = 4.5V 54/74ALS
. 4
Voltage Vi = 2V loL = 12mA 0.2 0 v
74ALS
loL = 24 mA 0.35 0.5 \
I Input Current at Max Ve = 5.5V, Vi = 7V 01 mA
Input Voltage
H High Level Input Current Vgce = 5.5V, Vi = 2.7V 20 pA
M Low Level Input Current Vee = 5.5V, V| = 0.4V —0.1 mA
lccH Supply Currentwnh Vee = 5.5V, Vi = 0V 0.86 16 mA
Outputs High
lccL Supply Current with Vce = 5.5V, V) = 4.5V 40 78 mA
Outputs Low
Switching Characteristics over recommended operating free air temperature range (Note 1)
Symbol Parameter Conditions DMS4ALS38A DM74ALS38A Units
Min Max Min Max
tpLH Propagation Delay Time Vee = 4.5V t0 5.5V
Low to High Level Output | Ry = 5000 10 5 10 33 ns
tPHL Propagation Delay Time Ci. = 50pF ) 20 5 12 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS40A
Dual 4-Input NAND Buffer

General Description

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

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vgg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with LS TTL
counterpart

m Improved AC performance over LS40

® Improved line receiving characteristics

Connection Diagram

Dual-In-Line Package

vee D2 c2
l“ 13 12

NC B2
Ju o

A2 v2
o e

-]

1 2
A1 Bt

5

a 5 6 |7

c1 D1 Y1 GND
TL/F/6194-1

Order Number DM74ALS40AM or DM74ALS40AN
See NS Package Number M14A or N14A

Function Table

Y = ABCD
Inputs Output
A B C 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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Absolute Maximum Ratings

Supply Voltage ™ Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7v beyond which the safely of the device cannot be guaran-

. . teed. The device should not be operated at these limits. The
O%I{/?;TXLZ% Air Temperature Range 0°Cto +70°C parametric values defined in the “Electrical Characteristics”

table are not guaranteed at the absolute maximum ratings.

Storage Temperature Range —65°Cto +150°C The “Recommended Operating Conditions” table will define
Typical 85 the conditions for actual device operation.

N Package 83.0°C/W

M Package 114.0°C/W

{114

Recommended Operating Conditions

Symbol Parameter DM74ALS40A Units
Min Nom Max

Vce Supply Voltage 4.5 5 55 "

ViH High Level Input Voltage 2

ViL Low Level Input Voltage 0.8 v

loH High Level Output Curren —-26 mA

loL Low Level Output Current 24 mA

Ta Free Air Operating Temperature ] 70 °C

Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vo = 5V, Tp = 25°C.

Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vee = 4.5V, || = —18mA -1.5 \"
VoH High Level Output Voo = 4.5V lop = —2.6mA 24 a3 v
Voltage ViL = Max
loy = —400 pA Vec — 2 Vv
VoL Low Level Output Voe = 4.5V lo. = 12mA 0.25 0.4 \
Voltage Vin = 2V loL = 24 mA 0.35 05 v
Iy Input Current @ Max. Voo = 5.8V, Vi = 7V 0.1 mA
Input Voltage
[ High Level Input Current Voo = 5.5V, iy = 27V 20 MA
IiL Low Level Input Current Vee = 5.5V, Vi = 0.4V -0.1 mA
lo Output Drive Current Voo = 5.5V Vo = 2.25V —-30 —-112 mA
lccH Supply Current with Vee = 5.5V, V| = 0V 0.43 08 mA
Outputs High
lecL Supply Current with Voo = 5.5V, V) = 4.5V 24 a9 mA
Outputs Low
Switching Characteristics .
over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions DM74ALS40A Units
Min Max
tPLH Propagation Delay Time Vecc = 4.5Vto 5.5V 2 s ns
Low to High Level Output Ry = 5009, C = 50 pF
tPHL Propagation Delay Time 2 7 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM54ALS74A/DM74ALS74A Dual D Positive-
Edge-Triggered Flip-Flop with Preset and Clear

General Description

The 'ALS74A contains two independent positive edge-trig-
gered flip-flops. Each flip-flop has individual D, clock, clear
and preset inputs, and also complementary Q and Q out-
puts.

Information at input D is transferred to the Q output on the
positive going edge of the clock pulse. Clock triggering oc-
curs at a volitage level of the clock pulse and is not directly
related to the transition time of the positive going pulse.
When the clock input is at either the high or low level, the D
input signal has no effect.

Asynchronous preset and clear inputs will set or clear Q
output respectively upon the application of low level signal.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process .

m Functionally and pin-for-pin compatible with Schottky
and LS TTL counterpart

m Improved AC performance over LS74 at approximately
half the power

Connection Diagram

Dual-In-Line Package

vcc CLR2 D2

CcLk2 PR2

Q2 Q2

|14 13 |2 |11 10 |9 Ie
= 1
CLR _ PR
b ok @ D Q
DLk
L cn @
1 2 3 [a 5 6 ]7

CLRt D1

CLK1 PR1 Q1 a1

GND
TL/F/6109-1

Order Number DM54ALS74AJ, DM74ALS74AM, DM74ALS74AN or DM74ALS74ASJ
See NS Package Number J14A, M14A, M14D 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

L = Low State, H = High State, X = Don't Care

T = Positive Edge Transition
Qp = Previous Condition of Q

* = This condition is nohstable; it will not persist when preset and clear
inputs return to their inactive (high) level. The output levels in this condition
are not guaranteed to meet the Vgp specification.
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage
Input Voltage
Operating Free Air Temperature Range

DMS54ALS
DM74ALS

Storage Temperature Range

Typical 05

N Package
M Package

v
v

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

87.0°C/W
117.0°C/W

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 DM54ALS74A DM74ALS74A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.5 5 5.5 v
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 0 30 0 34 MHz
tw(CLK) Width of Clock Pulse High 17.5 14.5 ns
Low 17.5 14.5 ns
tw Pulse Width Low
Preset & Clear 15 145 ns
tsu Data Setup Time Data 16T 151
PRE or CLR ’ ns
Inactive 1T 17
ty Data Hold Time 27T oT ns
Ta Free Air Operating Temperature -55 125 0 70 °C
The (T) arrow indicates the positive edge of the Clock is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Tpo = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, 1| = —18 mA -15 \
VoH High Level Output loH = ~0.4 mA _
Voltage Vg = 4.5V 10 5.5V Vee -2 v
VoL Low Level Output Vg = 4.5V 54/74ALS
Voltage Vip = 2V loL = 4 mA 0.25 04 v
74ALS
oL = 8 mA 0.35 0.5 v
I Input Current @ Vce = 5.5V, Clock, D 0.1 mA
Max Input Voltage ViR=7V Preset, Clear 0.2
I High Level Ve = 5.5V, Clock, D 20 A
Input Current Vig = 2.7V Preset, Clear 40 s
e Low Level Ve = 5.5V, Clock, D —-0.2 mA
Input Current ViL = 0.4V Preset, Clear Z04
lo Output Drive Current Vee = 5.5V, Vo = 2.25V —30 —-112 mA
lcc Supply Current Vee = 5.5V (Note 1) 2.4 4 mA

Note 1: Icc is measured with D, CLK and PRESET grounded, then with D, CLK and CLEAR grounded.
Note 2: | PRE and CLR pins not guaranteed to meet specifications with both PRE and CLK low.
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Switching Characteristics

over recommended operating free air temperature range (Note 1).

DM54ALS74A DM74ALS74A
Parameter Conditions From To 4ALS Units
Min Max Min Max
fmax Vce = 4.5V t0 5.5V 30 34 MHz
tPLH 2'— = :80‘; Preset QorQ 3 135 3 13 ns
L = S0P

tonL or Clear 5 17 5 15 ns
tPLH Clock QorQ > 7 5 16 ns
tPHL 5 18 5 18 ns

Note 1: See Section 1 for test waveforms and output load.

Logic Diagram

TL/F/6109-2
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Semiconductor

DM74ALS86
Quad 2-Input Exclusive-OR Gate

General Description m Advanced oxide-isolated, ion-implanted Schottky TTL

. ] - ) . process
This device contgms four‘mdependent‘ gates, each of which ® Functionally and pin for pin compatible with Schottky
performs the logic exclusive-OR function. and low power Schottky TTL counterpart
m Improved AC performance over Schottky and low pow-
Features er Schottky counterparts

m Switching specifications at 50 pF
m Switching specifications guaranteed over full tempera-
ture and Vgg range

Connection Diagram

Dual-In-Line Package
Vce B4 A4 Y4 83 A3 Y3

J1a J1a 2 |11 Jio o |8

ES
D

1 2 Ia 4 5 ]6 T7
A1 B1 Y1 A2 B2 Y2 GND

Order Number DM74ALS86M or DM74ALS86N
See NS Package Number M14A or N14A

TL/F/6195-1

Function Table

Y=AoB=AB+ AB

Inputs Output
A B Y
L L L
L H H
H L H
H H L

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings

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

DM74ALS 0°Cto +70°C

Storage Temperature Range —65°C to +150°C
Typical 8ja
N Package 87.0°C/W
M Package 117.2°C/W

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
paramelyric 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 DM74ALS86 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \'4
ViH High Level Input Voltage 2 \2
ViL Low Level Input Voltage 0.8 \']
loH High Level Output Current —0.4 mA
loL Low Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, = ~18mA —-1.5 \
VoH High Level Output loH = —0.4mA _
Voltage Voo = 4.5V10 5.5V Vee — 2 v
VoL Low Level Output Vco = 4.5V lop = 4mA 0.25 0.4 \4
Voltage loL = 8 mA 0.35 0.5 \
I Input Current @ Max. Voo = 5.5V, Vi = 7V 04 mA
Input Voltage
IH High Level Input Current Vec = 5.5V, Vig = 2.7V 20 pA
L Low Level Input Current Voe = 5.5V, V) = 0.4V —0.1 mA
lo Output Drive Current Ve = 5.5V Vg = 2.25V —30 —112 mA
lcoL Supply Current with Vec = Max, All Inputs at 4.5V 39 5.9 mA
Outputs Low
lccH Supply Current with Vce = Max, A Inputs at 0.0V 3.8 45 mA
Outputs High B Inputs at 4.5V ' i
Switching Characteristics over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions DM74ALS86 Units
Min Max
tPLH Propagation Delay Time (Note 2) AorBtoY 3 17 hs
Low to High Level Output Other Input Low
tPHL Propagation Delay Time 5 12 ns
High to Low Level Output
tpLH Propagation Delay Time AorBtoY 2 17 ns
Low to High Level Output Other Input High
tpHL Propagation Delay Time 2 10 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
Note 2: Vgc = 4.5V to 5.5V, R = 500, C_ = 50 pF.
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National
Semiconductor

DM74ALS109A Dual J-K Positive-
Edge-Triggered Flip-Flop with Preset and Clear

General Description

The DM54ALS109A is a dual edge-triggered flip-flop. Each
flip-flop has individual J, K, clock, clear and preset inputs,
and also complementary Q and Q outputs.

Information at input J or K is transferred to the Q output on
the positive going edge of the clock pulse. Clock triggering
occurs at a voltage level of the clock pulse and is not direct-
ly related to the transition time of the positive going pulse.
When the clock input is at either the high or low level, the J,
K input signal has no effect.

Asynchronous preset and clear inputs will set or clear Q
output respectively upon the application of low level signal.
The J-E design allows operation as a D flip-flop by tying the
J and K inputs together.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Ve range

® Advanced oxide-isolated, ion-implanted Schottky TTL
process

@ Functionally and pin for pin compatible with Schottky
and LS TTL counterpart

| Improved AC performance over LS109 at approximately
half the power

Connection Ciagram

Dual-In-Line Package

Ve CLR2 J2 K2
116 15 |14

Q2 Q@2
|1o 9

CLK2 PR2
12 l11

CLR1 J1 K1 CK1

l PR J
J Q
e ——— )
_ CLR_ D CLK
K Q K =
> CLK CLR
Hy Q L-___R
PR —l__—_
T
1 2 3 4 5 6 7 8

PR1 Q1 Q1  GND

TL/F/6196-1

Order Number DM74ALS109AM or DM74ALS109AN
See NS Package Number M16A or N16A

Function Table

Inputs

PR CLR CK
L H X
H L X
L L X
H H T
H H T
H H T
H H T
H H L

Outputs
J K Q Q
X X H L
X X L H
X X H* H*
L L L H
H L TOGGLE
L H Qo Qo
H H H L
X X Qo Qo

L = Low State, H = High State, X = Don't Care
T = Positive Edge Transition, Qg = Previous Condition of Q

*This condition is nonstable; it will not persist when present and clear inputs
return to their inactive (high) level. The output levels in this condition are not
guaranteed to meet the Vop specification.
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Absolute Maximum Ratings

Supply Voltage A%
Input Voltage v
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 44

N Package 82.5°C/W

M Package 111.5°C/W

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 DM74ALS109A Units
Min Nom Max

Vee Supply Voltage 4.5 5 5.5 \

Vin High Level Input Voltage 2 \

ViL Low Level Input Voltage 0.8 \

loH High Level Output Current —-04 mA

loL Low Level Output Current 8 mA
folk Clock Frequency 0 34 MHz
tw(cLK) Pulse Width Clock High 14.5 ns
Clock Low 14.5 ns
tw Pulse Width Preset and Clear 15 ns
tsy Data Setup Time JorK 15T s
PRE or CLR inactive 101

H Data Hold Time ot ns

Ta Free Air Operating Temperature 0 70 °C
The (T) arrow indicates the positive edge of the Clock is used for reference.

Electrical Characteristics
over recommended operating free-air temperature range. All typical values are measured at Voc = 5V, Ta = 25°C.

Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voc = 4.5V, = —18 mA -1.5 \'
v
VoL I\_;c),\:tvaLgeevel Output xlcl;-'o: 24’;}5V IE::L/ 7=4/:L§A 0.95 04 v

ET‘;SB mA 0.35 05 v
I Input Current at Max Voo = 5.5V, Clock, J, K 0.1 mA
Input Voltage ViH=7V Preset, Clear 0.2
Iy High Level Vee = 5.5V, Clock, J, K 20
Input Current Vig = 2.7V Preset, Clear 40 KA
I Low Level Voo = 5.5V, Clock, J, K -0.2 mA
Input Current ViL = 0.4V Proset, Clear —0.4
lo (Note 2) Output Drive Current Vce = 5.5V, Vp = 2.25V —30 —-112 mA
lcc Supply Current Ve = 5.5V (Note 1) 2.4 4 mA

Note 1: Igc is measured with J, K, CLK and PRESET grounded, then with J, K, CLK and CLEAR grounded.
Note 2: The output conditions have been chosen to produce a current that closely approximates one half of the true short circuit output current, lgs.
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SWItChlng Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter Conditions From To DM74ALS109A Units
’ Min Max

fMAX Maximum Clock Frequency Voo = 4.5Vto 5.5V 34 MHz

tpLH Propagation Delay Time R i 5000 Preset QorQ 3 13 ns
Low to High Level Output Cu = 50pF or Clear

tPHL Propagation Delay Time Preset QorQ 5 15 ns
High to Low Level Output or Clear

tpLH Propagation Delay Time Clock QorQ 5 16 ns
Low to High Level Qutput

tpHL Propagation Delay Time Clock QorQ 5 18 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.

Logic Diagram

PRESET

CLEAR

CLK

ol

TL/F/6196-2
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National
Semiconductor

DM54ALS125/DM74ALS125
Quad TRI-STATE® Buffer

General Description

This device contains four independent gates each of which
performs a non-inverting buffer function. The outputs have
the TRI-STATE feature. The TRI-STATE circuitry contains a
feature that maintains the buffer outputs in TRI-STATE (high
impedance state) during power supply ramp-up or ramp-
down. This eliminates bus glitching problems that arise dur-
ing power-up and power-down.

ADVANCE INFORMATION

Features

| Advanced low power
Schottky TTL process

m Functional and pin compatible with the DM54/74LS
counterpart .

W Switching response specified into 500§ and 50 pF load

®m Switching response specifications guaranteed over full
temperature and Vgg supply range

= PNP input design reduces input loading

m Low level drive current:
54ALS = 12 mA, 74ALS = 24 mA

oxide-isolated ion-implanted

Connection Diagram

Dual-In-Line Package
Vee C4 A4 Y4 c3 A3 Y3
fa 3 iz fi1 Jio o s

1 2 |s 4 s js |7
C1 A1 YL C2 A2 Y2 GND
TL/F/10620-1

Functional Table
Y=A
Input Output
A (o] 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)

This document contains information on a product under development. National Semiconductor Corporation reserves the right to change or discontinue this

product without notice.
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National
Semiconductor

DM74ALS131

3 to 8 Line Decoder/Demultiplexer

with Address Register

General Description

The ALS131 is a three-line to eight-line decoder/demulti-
plexer with registers on the three address inputs. When the
clock transitions from low to high, the address present at
the select inputs (A, B, and C) is stored in the latches. The
output enable controls, G1 and G2, control the state of the
outputs independently of the select or clock inputs. All of
the outputs are high unless G1 is high and G2 is low. The
ALS131 is ideally suited for implementing glitch-free decod-
ers in strobed (stored-address) applications in bus-oriented
systems.

Features .

m Combines decoder and 3-bit address register L‘-\

m Incorporates 2 enable inputs to simplify cascading

m Switching specifications guaranteed over full tempera-
ture and Vg range

@ Advanced oxide-isolated, ion-implanted Schottky TTL
process

Connection Diagram

Dual-In-Line Package

SN
s N\
Vic Y0 1 Y2 K] \Z] Y5 Y6
16 | 15 14 13 12 11 10 ] |
Q Iy
Y0 1T v2 ¥3 Y4 Y5
A Y6
(] [ CLK [ [l v7
1 2 3 4 5 § 7 Fr

A ] c CLOCK 62 4] A GND
[ — OUTPUT

SELECT ENABLE

’ TL/F/6200-1
Order Number DM74ALS131M or DM74ALS131N
See NS Package Number M16A or N16A

Function Table

Inputs Outputs
Select

CLK G1 G2|C B A|Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7
X X HIXXX{H HH HHHHH
X L X|XXXHHHHHHHH
T H L|LLLIL HHHHHHH
T H L{LLH/H L HHHHHH
T H LILHL/HH L HHHHH
T H LILHHIH HH L HHHMH
T H LIHLLIHHHHLHHH
T H LIHLH/HHHMHMHL HH
T H LIHHLIHHHHHHLMH
T H LIHHH(H H HHHHH L
L H L [X X X]Outputcorresponding to stored
H H Lj{X XX address, L; all others, H.

H = High Logic Level, L = Low Logic Level, X = Don’t Care
T = Transition from Low to High Level
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage ™
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°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 —65°Cto +150°C
Typical 35
N Package 75.5°C/W
M Package 104.0°C/W

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
lon High Level Output Current —0.4 mA
loL Low Level Output Current 8 mA
fcLock Clock Frequency 0 50 MHz
twoLk Width of Enabling Pulse, (High or Low) 10 ns
tsy Setup Time A, B,C 101 ns
tH Hold Time A,B,C oT ns
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vo = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 45V, = —18mA ~1.5 \
VoH High Level Output Voltage loy = —0.4mA, Vg = 4.5Vto 5.5V Veoc—2 \
VoL Low Level Output Veo = 4.5V loL = 4mA 0.25 0.4 Vv
Voitage loL = 8mA 0.35 0.5 \4
] Input Current @ Max. Voo = 55V, Vjy =7V 01 mA
Input Voltage
iy High Level! Input Current Vee = 6.5V, Vg = 2.7V 20 pA
he Low Level Input Current Vee = 6.5V, V)L = 0.4V -0.1 mA
o Output Drive Current Voo = 5.5V Vo = 2.25V —30 —112 mA
Icc Supply Current Voo = 5.5V 5 11 mA
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SW|tch|ng Characteristics overrecommended operating free air temperature range (Note 1). -
Symbol Parameter Conditions From (Input) Min Max Units
to (Output)
fMAX Maximum Clock Frequency Vee = 45Vto0 5.5V 50 MHz
tpLH Propagation Delay Time AL - 5000 G2 5 15 ns
Low to High Level Output CL = 50 pF toY
tPHL Propagation Delay Time G2 5 15 ns
High to Low Level Output toY
tpLH Propagation Delay Time G1 7 20 ns
Low to High Level Output toY
tPHL Propagation Delay Time G1 6 17 ns
High to Low Level Output toY
tpLH Propagation Delay Time . Clock 8 25 ns
Low to High Level Output toY
tpHL Propagation Delay Time Clock 7 20 ns
High to Low Level Output toY
Note 1: See Section 1 for test waveforms and output load.
Logic Diagram
5
| —
A |0 0
14
’——0> cLK :)0— v
T
%y
. —
iR I
12
L——°> oLk :)°—" 3
a DATA
7 ¢ OUTPUTS
1"
B
-
0 [] 0 1
~ 10
r——c? CLK Y5
4 -
0
—
cLocK —‘;Do—
7
[ v
ENABLE | t i
INPUTS 6
61
TL/F/6200-2
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DM74ALS132 Quad 2-Input NAND Gate 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.

Features

m Switching specification at 50 pF

B Switching specifications guaranteed over full tempera-
ture and Vg range

B Advanced oxide-isolated, ion-implanted Schottky TTL
process

W Functionally and pin-for-pin compatible with Schottky
and Low Power Schottky TTL counterparts

m Improved AC performance over low power Schottky

counterpart
Connection Diagram
vce B4 A4 Y4 B3 A3 Y3
|14 13 12 11 10 9 8
e e
:
1 |2 | 3 4 |5 l 8 | 7
Al B1 Y1 A2 B2 Y2 GND

TL/F/8771-1

Order Number DM74ALS132M or DM74ALS 132N
See NS Package Number M14A or N14A

Function Table
Y

= AB

Inputs

Output

Y

I ITrr |>
IrTr

rIIXT

H = High Logi

ic Level

L = Low Logic Level

2-70




cel

Absolute Maximum Ratings

Supply Voltage v Storage Temperature Range —65°Cto +150°C
Input Voltage v Note: The “Absolute Maximum Ratings” are those values
Operating Free Air Temperature Range beyond which the safety of the device can not be guaran-
DM74ALS 0°Cto +70°C teed. The device should not be operated at these limits. The
Typical 64 paramelric values defined in the “Electrical Characteristics"”
N Package 78.5°C/W table are not guaranteed at {he abso{uie maximum rat/'ngs.
M Package 109.0°C/W The “Recommended Operating Conditions” table will define

the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units

Vce Supply Voltage 4.5 5 55 \]

VT4 Positive-Going Input Vec = Min to Max 1.4 2 v
Threshold Voltage Vog = 5V 1.55 1.85

V- Negative-Going Input Vce = Min to Max 0.75 1.2 v
Threshold Voltage Voo = 5V 0.85 11

HYS Input Hysteresis Vce = Min to Max 0.5 v

Veg = 5V 0.6

loH High Level Output Current —-0.4 mA

loL Low Level Output Current 8 mA

Ta Operating Free Air Temperature Range 0 70 °C

Electrical Characteristics over recommended free air temperature range

Symbol Parameter Test Conditions Min Typ | Max | Units
Vic Input Clamp Voltage Vec = Min, || = —18 mA -1.5 A
VoH High Level Output Voltage Voo = 4.5V105.5V, gy = Max Vee—2 \
VoL Low Level Output Voltage Vce = Min loL = 4mA 0.25 0.4 v
loL = 8 mA 0.35 0.5
I+ Input Current at Positive-Going Vee = 5V, V| = V14 20 A
Threshold Voltage
Ir- Input Current at Negative-Going Voo = 5V, V)= V1o ~100 LA
Threshold Voltage
I Input Current at Maximum Input Voltage | Voo = Max, Vy = 7V 100 RA
IH High Level Input Current Ve = Max, V) = 2.7V 20 HA
I Low Level Input Current Vce = Max, V| = 0.4V -100 HA
lo Output Drive Current Vce = Max, Vg = 2.25V —30 —-112 | mA
lccH Supply Current with Outputs High Voo = Max 8 mA
lcoL Supply Current with Outputs Low Voo = Max 8 mA
SW|tch|ng Characteristics overrecommended operating free air temperature range
Symbol Parameter Conditions (Note 1) Min Max Units
tpLH Propaga{ion Delay Time Vce = 4.5Vto 5.5V 2 12
Low to High Level Output RL = 5000, CL = 50 pF
tPHL Pfopagation Delay Time 2 11 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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DM74ALS133
13-Input NAND Gate

W Advanced oxide-isolated, ion-implanted Schottky TTL

General Description Drocess
This device F:ontainsasingle gate, which performs the logic m Functionally and pin for pin compatible with Schottky
NAND function. and low power Schottky TTL counterpart

® Improved AC performance over Schottky and low pow-
Features er Schottky counterparts

m Switching specifications at 50 pF
m Switching specifications guaranteed over full tempera-
ture and V¢ range

Connection Diagram

Dual-In-Line Package
Vee M L K J [} H Y
[t6 s |14 13 }12 J11 Jio e

I

1 2 3 4 5 IG |7 I8

A B c D E F G GND
TL/F/6201-1

Order Number DM74ALS133M or DM74ALS133N
See NS Package Number M16A or N16A

Function Table
Y = ABCDEFGHIJKLM
Inputs Output
AthruM Y
All Inputs H L
One or More H
Input L

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings

Supply Voltage v Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7v beyond which the safety of the device cannot be guaran-
. . teed. The device should not be operated at these limits. The
OF:;::;TELZSG Air Temperature Range 0°Cto +70°C parametric values defined in the “Electrical Characteristics”
. . table are not guaranteed at the absolute maximum ratings.
Storage Temperature Range —65°Cto +150°C The “Recommended Operating Conditions” table will define
Typical 6,4 the conditions for actual device operation.
N Package 85.0°C/W
M Package 111.0°C/W
Recommended Operating Conditions
Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.5 5 55 v
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current -0.4 mA
loL Low Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C

Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vg = 5V, Tp = 25°C.

Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, = —18 mA -15 \
oo -2 v
VoL Low Level Output Ve = 4.5V loL = 4mA 0.25 0.4
Voltage loL = 8 mA 0.35 0.5 v
Iy Input Current @ Max Vec = 5.5V, Vip =7V 01 mA
Input Voltage
IH High Level Input Current Ve = 5.5V, Vi = 2.7V 20 RA
L Low Level Input Current Voo = 5.5V, V)L = 0.4V —-0.1 mA
lo Output Drive Current Ve = 5.5V Vo = 2.25V —30 —-112 mA
lcc Supply Current Vece = 5.5V Outputs High 0.24 0.34 mA
Outputs Low 0.56 0.8 mA

Switching Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter Conditions Min Max Units

tPLH Propagation Delay Time Vce = 4.5Vto 5.5V 3 1 ns
Low to High Level Output Ry = 5000

tPHL Propagation Delay Time CL = 50pF 5 25 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.

2-73



136

National
Semiconductor

DM74ALS136 Quad 2-Input Exclusive-OR Gate

with Open-Collector Outputs

General Description

This devicé contains four independent gates, each of which
performs the logic exclusive-OR function. The open-collec-
tor outputs require external pull-up resistors for proper logi-
cal operation.

Pull-Up Resistor Equations

AmAX = Ve (Min) — Vou
Ny (lon) + Nz (i)

_ Voc (Max) — Vo,

loL — Na ()
N1 (lon) = total maximum output high current for
all outputs tied to pull-up resistor
N2 ()1} = total maximum input high current for all
inputs tied to pull-up resistor

N3 (Ij) = total maximum input low current for all
inputs tied to pull-up resistor

Rmin
Where:

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

B Functionally and pin for pin compatible with LS TTL
counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package

Vcc B4 A4
1 | |2

va

B3 A3

Y3
11 Jio |o- |s

EX

Kl

B

1 |z ls
a1 B1 Vi

A2

4 s s |7
B2 Y2 GND
TL/F/9161-1

Order Number DM74ALS136M or DM74ALS136N
See NS Package Number M14A or N14A

Function Table

Y=Ao©B

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

H=
L = Low Logic Levet
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage YA
High Level Qutput Voltage v

Operating Free Air Temperature Range

DM74ALS
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.

Typical 64a
N Package 87.0°C/W
M Package 117.2°C/W
Recommended Operating Conditions
Symbol Parameter DM74ALS136 Units
Min Nom Max
Vee Supply Voltage 4.5 5 55 v
Vin High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \"
VoOH High Leve! Output Voltage 55 \
loL Low Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics over recommended operating free air temperature (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max’ Units
. (Note 1)
Vi Input Clamp Voltage Vec = Min, | = —18 mA B —-1.5 v
Icex High Level Output Vce = Min, Vo = 5.5V 100 A
Current ViL = Max, Vjy = Min ®
VoL Low Level Output Vce = Min, VgL = Max, loL.=4mA 0.25 0.4 \
Voltage ViL = Max, Vi = Min loL = 8 mA 0.35 05
Iy Input Current at Max Vece = Max, V| = 7V 01 mA
Input Voltage
liH High Level Input Current Vce = Max, V) = 2.7V 20 RA
he Low Level Input Current Ve = Max, V) = 0.4V —-0.1 mA
lccL Supply Current with Ve = Max, (Note 2) 39 5.9 mA
Outputs Low
lccH Supply Cu'rrent with Vcc = Max, (Note 3) a8 47 mA
Qutputs High

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

Note 2: Icc) is measured with all inputs at 4.5V and the outputs open.
Note 3: Igcy is measured with A inputs at ground and B inputs at 4.5V and all outputs open.
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Switching Characteristics over recommended operating free air temperature range

DM74ALS136

Symbol Parameter Conditions Units
Min Max
tPLH Propagation Delay Time Ve = 4.5V t0 5.5V 20 50 ns
Low to High Level Output RL =2k
" ! C_ = 50 pF
tPHL Propagation Delay Time 3 15 ns
High to Low Level Output Other Input Low
tpLH Propagation Delay Time Voo = 4.5Vt0 5.5V 20 50 ns
Low to High Level Output RL = 2kQ
i N CL = 50 pF
tPHL Propagation Delay Time L ,
High to Low Level Output Other input High 8 12 ns
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DM74ALS137 3 to 8 Line

Decoder/Demultiplexer with Address Latches

General Description

The ALS137 is a three line to eight line decoder/demulti-
plexer with latches on the three address inputs. When the
latch-enable input (GL) is low, the ALS137 acts as a decod-
er/demultiplexer. When GL goes from low to high, the ad-
dress present at the select inputs (A, B, and C) is stored in
the latches. Further address changes are ignored as long as
GL remains high. The output enable controls, G1 and G2,
control the state of the outputs independently of the select
or latch-enable inputs. All of the outputs are high unless G1
is high and G2 is low. The ALS137 is ideally suited for imple-
menting glitch-free decoders in strobed (stored-address)
applications in bus-oriented systems.

Features

m Combines decoder and 3-bit address latch

m Incorporates 3 enable inputs to simplify cascading

m Low power dissipation .................... 28 mW typ

m Switching specifications guaranteed over full tempera-
ture and Vg range

B Advanced oxide-isolated, ion-implanted Schottky TTL
process

Connection Diagram

Dual-In-Line Package

DATA OUTPUTS
A
T\
Vee 10 1 12 £ Y4 Y5 16
) Iﬁl 15 14 13 120 - n 10 9|
Y0 [ Y2 [ 4 Y5
A Y6
] ] [ 1] 1] Y7
)
1 | 2 3 4 5 6 7 8
A B 4 I (34 4] Y7
\ iy N v , OUTPUT
SELECT ENABLE

TL/F/6202-1
Order Number DM74ALS137M or DM74ALS137N
See NS Package Number M16A or N16A

Function Table

Inputs Outputs
Enable Select
GL G1 G2(C B A|Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7
X X H|[XXX{H HHHHHHH
X L X}{XXX{H HHHHH H H
L H LtfLLLIL HHHHHHH
L H LJLLHH L HHHHHH
Lt H LJLHLIH H L HHHHH
L H LILHH/H H H L HH H H
L H L{HLL/HHHMH L HHH
L H LIHLHIH H HHH L HH
L H LIHHL(H H HHHH L H
L H LIHHHH HHHHHH L
., | Output corresponding to stored

HoHOLIX XX address, L; all others, H

L = Low State, H = High State, X = Don’t Care
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C

Storage Temperature Range —-65°Cto +150°C
Typical 85
N Package 75.5°C/W
M Package 104.0°C/W

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 Min Nom Max Units
Vee Supply Voltage 45 5 55 \"
Viy High Level Input Voltage 2 "
ViL Low Level Input Voltage 0.8 v
loH High Level Output Current —0.4 mA
loL Low Level Output Current 8 mA
tw Width of Enabling Pulse GL Low 10 ©ns
tsu Setup Time A,B,C 107 ns
tH Hold Time AB,C 5T ns
Ta Free Air Operating Temperature 0 70 °C
The arrow (1) indicates the positive edge of the GL input pulse is used for reference.
- Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voc = 4.5V, || = —18 mA —1.5 \
VoH High Level Output Voltage loy = —0.4 mA _
Vo = 4.5V 10 5.5V Vec — 2 v
VoL Low Level Output Vg = 4.5V loL = 4mA 0.25 0.4 v
Voltage loL = 8mA 0.35 05
h Input Current @ Vee = 5.5V Enable : 0.1
mA
Max. Input Voltage ViH=7V AB.C 0.1
H High Level Input Current Vee = 6.5V Enable 20
MA
Vi = 2.7V A.B,C 20
IiL Low Level Input Current Vee = 6.5V Enable —0.1
mA
ViL = 0.4V AB,GC —041
lo Output Drive Current Vee = 6.5V, Vp = 2.25V —30 —112 mA
lcc Supply Current Veg = 5.5V 5 11 mA

2-78




L€1

Switching Characteristics

over recommended operating free air temperature range (Note 1).

From (Input)
Symbol Parameter Conditions To (Qutput) Min Max Units
tPLH Propagation Delay Time Vce = 4.5Vto 5.5V A, B,C 5 20 ns
Low to High Level Output RL = 5000 toY
tPHL Propagation Delay Time CL = 50pF A,B,C 6 20 ns
High to Low Level Output toY
tpLH Propagation Delay Time G2 4 12 ns
Low to High Level Output toY
tPHL Propagation Delay Time G2 5 15 ns
High to Low Level Output toY
tPLH Propagation Delay Time G1 5 17 ns
Low to High Level Output toY
tPHL Propagation Delay Time G1 5 15 ns
High to Low Level Output toY
tpLH Propagation Delay Time GL 7 22 ns
Low to High Level Output toY
tpHL Propagation Delay Time GL 7 20 ns
High to Low Level Output toY
Note 1: See Section 1 for test waveforms and output load.
Logic Diagram
LI
Al B
L
*—

SELECT
IRPUTS BiT—oD— —

. DATA
> ’ f QUTPUTS

ENABLE !
INPUTS | 7, 5 Do— v

TL/F/6202-2
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DM54ALS138/DM74ALS138

3 to 8 Line Decoder/Demultiplexer

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 ALS138 decodes one-of-eight lines, based upon the
conditions 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
expanding. A 24-line decoder can be implemented with no
external inverters, and 32-line decoder requires only one
inverter. An enable input can be used as a data input for
demultiplexing applications.

This decoder/demultiplexer features 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
B Designed specifically for high speed:
Memory decoders
Data transmission systems
m 3- to 8-line decoder incorporates 3 enable inputs to
simplify cascading and/or data reception
W Low power dissipation ... 23 mW typ
m Switching specifications guaranteed over full tempera-
ture and Vg range
B Advanced oxide-isolated, ion-implanted Schottky TTL
process

Connection Diagram

Dual-In-Line Package

DATA QUTPUTS

A \
vee Yo i Y2 3 4 Y5 Y6
16 15 14 ln 12 1 10 |9
ll ? 3 —la 5 [ 7 jn
A c G2A (72 61 17 GND
7 oUTPUT

SELECT

ENABLE
TL/F/6111-1

Order Number DM54ALS138J, DM74ALS138M, DM74ALS138N or DM74ALS138SJ
See NS Package Number J16A, M16A, M16D or N16A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

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.
. . The “Recommended Operating Conditions’ table will define

Operating Free Air Temperature Range - the conditions for actual device operation.

DMS54ALS —55°Cto +125°C

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 634

N Package 75.5°C/W

M Package 104.0°C/W

Recommended Operating Conditions

Symbol Parameter DMS4ALS138 DM74ALS138 Units
Min Nom Max Min Nom Max
Ve Supply Voltage 45 5 5.5 4.5 5 55 \
VIH High Level Input Voltage 2 2 "
Vi 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. All typical values are measured at Vcc = 5V, Ty = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vee = 4.5V, = —18mA —-1.5 \
VoH High Level Output loH = —0.4mA _
Voltage Veg = 4.5V 10 5.5V Voc ~ 2 v
Vou Low Level Output Voe = 4.5V 54/74ALS 0.25 04 v
Voltage loL = 4 mA
74ALS
loL = 8mA 0.35 0.5 \
Iy Input Current @ Max. Voo = 65V, Vi =7V
0.1 mA
Input Voltage
™ High Level Input Current Vee = 5.5V, Vjy = 2.7V 20 HA
e Low Level input Current Voo = 6.5V, V)L = 0.4V —-0.1 mA
lo Output Drive Current Vce = 5.5V Vo = 2.25V -30 -112 mA
lcc Supply Current Vee = 5.5V 5 10 mA
Switching Characteristics
over recommended operating free air temperature range (Note 1).
Symbol Parameter Conditions From (Input) DMS4ALS138 DM74ALS138 Units
To (Output) Min Max Min Max
tPLH Propagation Delay Time Vce = 4.5Vt0 5.5V A, B,C 2 24 6 22 ns
Low to High Level Output | R = 5000 toY
tPHL Propagation Delay Time Cu = 50pF AB,C 6 19 s 18 ns
High to Low Level Output toY
tPLH Propagation Delay Time Enable
Low to High Level Output toY 2 20 4 17 ns
tPHL Propagation Delay Time Enable
High to Low Level Output toY 4 19 5 7 ns

Note 1: See Section 1 for test waveforms and output load.
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Function Table
Enable Select
Inputs Inputs Outputs
Gl G2*|C B A|Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7
X H|X X XIH H H H H H H H
L XX X X|H H H H H H H H
H L |t L L|L H H H H H H H
H LjL L HfIH L H H H H H H
H L L HLIH H L H H H H H
H LiLHHH H H L H H H H
H L|HLL|/H H H H L H H H
H LIHLHH H H H H L H H
H L{HHLI{H H H H H H L H
H LJHHH/H H H H H H H L
“G2 = G2A + G28
Logic Diagram
15'0
—
14
]
1»—1
ol 3
ENABLE J =, 4 Y2
wpuTs § 62
[FrRd
. "3
[ =

SELECT <

Y

INPUTS B

T

}DHA
OUTPUTS

TL/F/6111-2
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DM54ALS151/DM74ALS151 1 of 8 Line

Data Selector/Multiplexer

General Description

This Data Selector/Multiplexer contains full on-chip decod-
ing to select one-of-eight data sources as a result of a
unique three-bit binary code at the Select inputs. Two com-
plementary outputs provide both inverting and non-inverting
buffer operation. A Strobe input is provided which, when at
the high level, disables all data inputs and forces the Y out-
put to the low state and the W output to the high state. The
Select input buffers incorporate internal overlap features to
ensure that select input changes do not cause invalid output
transients.

Features

W Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Switching performance is guaranteed over full tempera-
ture and V¢c supply range

® Pin and functional compatible with LS family counter-
part

B Improved output transient handling capability

Connection Diagram

Dual-In-Line Package
’n: ' LI
P 15 m‘
WhTs
o 3 4 s
Wit
Lw 4 13 08
ourpuT Y2 12 g
s
T
outPuT WL A U serecra
8}
stone s—{——> s 10 seuects
T
ono= c 19 _sececrc
TL/F/6203-1
Order Number DM54ALS151J, DM74ALS151M
or DM74ALS151N

See NS Package Number J16A, M16A or N16A

Function Table
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 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 thru D7 = the level of the respective D input
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

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 “Recommended Operating Conditions” table will define

Operating Free Air Temperature Range the conditions for actual device operation.

DM54ALS —55°Cto +125°C

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 034 )

N Package 78.0°C/W

M Package 107.0°C/W

Recommended Operating Conditions

Symbol Parameter DMS54ALS 151 DM74ALS151 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.5 5 5.5
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
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. All typical values are measured at Vo = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, N = —18mA -15 Vv
VoH High Level Output Voo = 4.5V, loyq = Max 2.4 3.2 \
Voltage lon = —400 pA, Vog = 4.5V t0 5.5V Voo - 2 v
VoL Low Level Output Ve = 4.5V 54/74ALS 0.25 04 v
Voltage loL = 12mA
r;:\isz 4 mA 0.35 0.5 \
Iy Input Current at Vec = 5.5V, VN =7V 0.1 mA
Max Input Voltage
liH High Level Input Current | Vgg = 5.5V, VN = 2.7V 20 pA
IR Low Level Input Current | Vg = 5.5V, ViN = 0.4V -0.1 mA
lo Output Drive Current Vee = 5.5V, Vourt = 2.25V —-30 -112 mA
Icc Supply Current x:l;(l;npu 1535.—\_/ v 75 12 mA
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Switching Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter Conditions From | To DMS4ALS151 DM74ALS151 Units
Min Max Min Max
P | Comtorign Loveloupt | O - sopr | Sdeet [ Y | 4 | tes | 4 | i8] s
i ; RL = 5002
| Vignio LowLovel ouput soct | Y | 8 | @ | 8 | 20 | ns
| LowtotighLove Ouput seoct |w | 7 | s | 7 | 20 | ns
| Highia Low Lovel ot swect [w | 7 | 2 | 7 | 2 | ms
P | LowtatignLove oupet pa [y | s | w83 | 10 | oms
| Lighis Lo Lovel Outp paa [v | s | a2 | s | 15 | o
| Cowiarign Love oup owa [w | s | s | s | w5 | o
| Hianto LowLove Oupt paa |w | 4 |1s0 | 4 | 15 | s
P | Lo bign Lovel uiput swvo | v | a4 |18 | 4 | 48 | e
P | Vighio Low Love ouput swobs | v [ 4 | 2t | 4 | 19 | oms
o Eg:fff :ﬁ: E;'Zg:?pit Strobe | W 5 22 5 19 ns
o E::E?gfxli%:{g:?pit Strobe | W 5 25 5 23 ns

Note 1: See Section 1 for test waveforms and output load.
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Logic Diagram
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DM54ALS153/DM74ALS153 Dual 1 of 4 Line

Data Selector/Multiplexer

General Description

This Data Selector/Multiplexer contains full on-chip decod-
ing to select one-of-four data sources as a result of a unique
two-bit binary code at the Select inputs. Each of the two
Data Selector/Multiplexer circuits have their own separate
Data and Strobe inputs and a non-inverting output buffer.
The Select inputs A and B are common to both sections.
The Strobe inputs, when at the high level, disable their as-
sociated data inputs and force the corresponding output to
the low state. The Select input buffers incorporate internal
overlap features to ensure that select input changes do not
cause invalid output transients.

Features

W Advanced oxide-isolated, ion-implanted Schottky TTL
process

W Switching performance is guaranteed over full tempera-
ture and Vg supply range

W Pin and functional compatible with LS family counter-
part

® Improved output transient handling capability

Connection Diagram

Dual-In-Line Package

$TR0BE 61 ——] >0 L

seweer 84 S_ sraoet 62

1033 h— D4 seuecta

|
p—

BATA P,
meyTs

icr

™ 7
L

oureut 11} 10 269

:nn-'L —[D—Luumu v

TL/F/6204-1
Order Number DM54ALS153J, DM74ALS153M,
DM74ALS153N or DM74ALS153SJ
See NS Package Number J16A, M16A, M16D or N16A

2
) -u'—'L
P

g

Function Table

Select Data Inputs Strobe | Output
Inputs

B A Co |C1] 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
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

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.
X i The “Recommended Operating Conditions” table will define

Operating Free Air Temperature Range the conditions for actual device operation.

DM54ALS —-55°Cto +125°C

DM74ALS 0°Gto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 85

N Package 78.0°C/W

M Package 107.0°C/W

Recommended Operating Conditions

Symbol parameter DM54ALS153 DM74ALS153 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.5 5 55 \'
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
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. All typical values are measured at Voo = 5V, Tpo = 25°C.
Symbol Parameter Conditions Min Typ | Max | Units
Vik Input Clamp Voltage Voo = 4.5V, Iy = —18mA -1.5 \"
Vou High Level Output Vee = 4.5V, loy = Max 2.4 3.2 \"
Voltage loH = —400 pA, Voe = 4.5V to 5.5V Voo — 2 v
VoL \L/(;\::a Lgeevel Output Vee = 4.5V |504L/ 7=4;:|ésmA 025 | 04 v
r;fis% mA 035( 0.5 \
h Input Current at Ve =55V, VN =7V 01 mA
Max Input Voltage
I High Level Input Current | Voc = 5.5V, VN = 2.7V 20 pA
L Low Level Input Current | Voo = 5.5V, Vi = 0.4V -0.1 mA
lo Output Drive Current Vce = 5.5V, Vout = 2.25V —-30 —112 | mA
lcc Supply Current XI(I;(I;nPUtSS.S: Ay 75 14 mA
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Switching Characteristics
over recommended operating free air temperature range (Note 1).

Symbol Parameter Conditions From | To DMS4ALS153 DM74ALS153 Units
Min Max Min Max
P | CowtorighLovalouput | Ov - sopr |t | Y | s |2t | s | & | ne
: - Ry = 5000
| Fighto tow Love Outpt e N R O T
P | LowtaignLove Oupt paa | v [ s | 2 | s | 10 | ns
i ﬁ?gﬁ?gaffﬁ I?:/':Iyg:r:ut Data | Y 4 18 4 15 | ns
P | Lowtatign Lovel Ouput swbe | Y | s | 18 | 5 | 1 | s
| ighio ow LavelOutpt swve |V | 3 | 2 | 5 | 1w | s

Note 1: See Section 1 for test waveforms and output load.

Logic Diagram
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National ADVANCE INFORMATION
Semiconductor

DM74ALS157/DM74ALS158 Quad 1 of 2 Line
Data Selector/Multiplexer

General Description ® Advanced oxide-isolated, ion-implanted Schottky TTL
process
® Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart
m Improved AC performance over Schottky and low pow-
er Schottky counterparts
B Expand any data input point

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 ALS157 presents true data whereas the
ALS158 presents inverted data to minimize propagation de-

lay time. B Multiplex dual data buses )
m General four functions of two variables (one variable is
Features common)

® Switching specifications at 50 pF
m Switching specifications guaranteed over full tempera-
ture and Vg range

Connection Diagram

Dual-In-Line Package

INPUTS OUTPUT INPUTS OUTPUT
p—— r——
Vcc STROBE 4A 4B 4Y 3A 3B 3y

| 16 |15 14 |13 12 1" 10 9

:

G 4a 4B 4Y 3A 3B

S 3y

1A 1B 1y 2A 28 2y

1234557F

SELECT 1A 1B 1A 2A 28 2Y GND
R e e’

INPUTS OUTPUT INPUTS OUTPUT

TL/F/6205-1

Function Table

’ Inputs Output Y
Strobe Select A B ALS157 ALS158
H X X X L H
L L L X L H
L L H X H L
L H X L L H
L H X H H L

H = High Level, L = Low Level, X = Don't Care

This document contains information on a product under development. NSC reserves the right to change or discontinue this product without notice.
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DM54ALS/DM74ALS160B, 161B, 162B, 163B
Synchronous Four-Bit Counter

General Description

These synchronous presettable counters feature an internal
carry look ahead for application in high speed counting de-
signs. The ALS160B and ALS162B are four-bit decade
counters, while the ALS161B and ALS163B are four-bit bi-
nary counters. The ALS160B and ALS161B clear asynchro-
nously, while the ALS162B and ALS163B clear synchro-
nously. The carry output is decoded to prevent spikes during
normal counting mode of operation. Synchronous operation
is provided by having all flip-flops clocked simultaneously so
that outputs change coincident with each other when so
instructed by 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 set up data after the
next clock pulse regardless of the levels of enable input.
Low to high transitions at the load input are perfectly ac-
ceptable regardless of the logic levels on the clock or en-
able inputs.

The ALS160B and ALS161B clear function is asynchronous.
A low level at the clear input sets al! four of the flip-flop
outputs low regardless of the levels of clock, load or enable
inputs. These two counters are provided with a clear on
power-up feature. The ALS162B and ALS163B clear func-
tion is synchronous; and a low level at the clear input sets
all four of the flip-flop outputs low after the next clock pulse,
regardless of the levels of enable inputs. This synchronous
clear allows the count length to be modified easily, as de-
coding the maximum 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. Low to high transitions at the clear input of the
ALS162B and ALS163B are also permissible regardless of
the levels of logic on the clock, enable or load inputs.

The carry look ahead circuitry provides for cascading coun-
ters for n bit synchronous application without additional gat-
ing. Instrumental in accomplishing this function are two
count enable inputs (P and T) and a ripple carry output. Both
count enable inputs must be high to count. The T input is
fed forward to enable the ripple carry output. The ripple car-
ry output thus enabled will produce a high level output pulse
with a duration approximately equal to the high level portion
of QA output. This high level overflow ripple carry pulse can
be used to enable successive cascaded stages. High to low
level transitions at the enable P or T inputs of the ALS160B
through ALS163B may occur regardless of the logic level on
the clock.

The ALS160B through ALS163B feature a fully independent
clock circuit. changes made to control inputs (enable P or T,
or load) that will modify the operating mode will have no
effect until clocking occurs. The function of the counter
(whether enabled, disabled, loading or counting) wil! be dic-
tated solely by the conditions meeting the stable set-up and
hold times.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vgc range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

® Functionally and pin-for-pin compatible with Schottky

and low power Schottky TTL counterpart

Improved AC performance over Schottky and low pow-

er Schottky counterparts

Synchronously programmable

Internal look ahead for fast counting

Carry output for n-bit cascading

Synchronous counting

Load control line

ESD inputs

Connection Diagram
Dual-In-Line Package

RIPPLE OUTPUTS
CARRY -/ ENABLE

VecOUTPUT QA QG Qc Op T LOAD
16 15 14 13 |12 11 J10 9

APPLEQ;, Op Q¢ Qp ENABLE

CARRY T

OUTPUT

CLEAR LOAD
ENABLE

K 4 B ¢ D P

1234567'8

CLEAR CLOCK A B Cc D ENAPBLE GND
a— —
DATA INPUTS
TL/F/6206-1
Order Number DM54ALS161BJ, 163BJ,
DM74ALS160BM, 161BM, 162BM, 163BM
or DM74ALS160BN, 161BN, 162BN, 163BN
See NS Package Number J16A, M16A or N16A
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160B » 161B ® 162B * 163B

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availablility and specifications.

Supply Voltage N
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
Typical 0JA
N Package 78.1°C/W
M Package 106.8°G/W

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.

DMS54ALS DM74ALS
Symbol Parameter 161B, 163B 160B, 161B, 162B, 163B | Units
Min Nom Max Min Nom Max
Vce Supply Voltage 4.5 5 5.5 4.5 5 5.5 v
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Volitage 0.7 0.8 \
loH High Level Output Current —-0.4 —04 [ mA
loL Low Level Output Current 4 8 mA
foLk Clock Frequency 0 22 0 40 MHz
tseTup | Setup Time Data; A, B, C, D 201 157 ns
EnP,EnT ALS160B/161B| 257 15T ns
ALS162B/163B| 20T 15T ns
Load 201 151 ) ns
Clear (Only for | Low 207 157 ns
1628 and 1638) [ yn 101 101 s
1Sg:)qu a1ng)1né); fBo)r Clear Inactive 10 4 10 4 ns
tHop | Hold Time Data; A, B,C,D ot -3 ot —3 ns
EnP,EnT ot -3 ot -3 ns
Load oT -4 oT —4 ns
Clear (Only for 162B and 163B ot -7 oT -7 ns
el 1E o [ =
tw Width of Clock CLK High or Low 20 125 ns
or Clear Pulse ALS1608/1618 CLR Low 20 15 ns
Width of Load Pulse 20 15 ns
Ta Operating Free Air Temperature —55 125, 0 70 °C

Note 1: The symbol ( T) indicates that the rising edge of the clock is used as a reference.
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D
Electrical Characteristics o
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Tp = 25°C. 'Y
—t
Symbol Parameter Conditions Min Typ Max Units 2
Vik Input Clamp Voltage Vo = 4.5V, )| = —18mA -1.5 \" T
VoH High Level Output lon = —0.4mA _ b=
Voltage Ve = 4.5V t0 5.5V Vee -2 v g
VoL Low Level Output Vee = 4.5V 54/74ALS 025 04 v °
Voltage loL = 4mA >
131
74ALS W
loL = 8mA 0.35 0.5 \
I Input Current at Max Vee = 5.5V, Vg = 7V 01 mA
Input Voltage
1 High Level Input Current Vee = 6.5V, Vg = 2.7V 20 MA
L Low Level Input Current Vece = 5.5V, V)L = 0.4V - -0.2 mA
lo Output Drive Current Vge = 5.5V, Vg = 2.25V -30 -112 mA
lcc Supply Current Vce = 5.5V 12 21 mA

Switching Characteristics over recommended operating free air temperature range (Note 1)

DM54ALS DM74ALS
Symbol Parameter Conditions From To 161B 160B, 161B Units
Min Max Min Max
fMAX Max. Clock Freq. Vece = 4.5V 25 40 MHz
. N to 5.5V ;
tPLH Propagation Delay Time -~ Clock Ripple
Low to High Level Output R = 5000 Carry 5 24 5 20 ns
CL = 50 pF
tPHL Propagation Delay Time Clock Ripple
High to Low Level Output Carry s 20 5 20 ns
tPLH Propagation Delay Time Clock Any Q
4
Low to High Level Output 4 15 15 ns
tpHL Propagation Delay Time Clock AnyQ
High to Low Level Output 6 20 6 20 ns
tpLH Propagation Delay Time EnT Ripple
1 3
Low to High Level Output Carry 3 3 13 ns
tPHL Propagation Delay Time EnT Ripple
High to Low Level Output Carry 8 13 8 3 ns
tPHL Propagation Delay Time Clear Any Q 8 24 8 24 ns
High to Low Level Output :
Clear | Ripple | 1\ | 05 | 14 23 ns
Carry

Note 1: See Section 1 for test waveforms and output foad.
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’ALS162B, 'ALS163B Switching Characteristics

over recommended operating free air temperature range (Note 1)

. DMS54ALS DM74ALS
Symbol Parameter Conditions From To 163B 162B, 163B Units
Min Max Min Max
fmMAx Max. Clock Freq. Vce = 4.5V 35 40 MHz
i " to 5.5V .
tpLH Propagation Delay Time Clock Ripple :
Low to High Level Output g'— = ggog Carry 5 3 5 20 ns
- L=9°0p N
tPHL Propagatlon Delay Time Ta = Min Clock Ripple 5 26 5 20 ns
High to Low Level Output to Max Carry
tpLH Propagation Delay Time Clock Any Q
Low to High Level Output : 4 21 4 5 ns
tPHL Propagation Delay Time Clock Any Q .
High to Low Level Output 6 2 6 20 ns
tPLH Propagation Delay Time EnT Ripple
Low to High Level Output : Carry 8 20 8 18 ns
tPHL Propagation Delay Time EnT Ripple
High to Low Level Output Carry 8 16 8 18 ns

Note 1: See Section 1 for test waveforms and output load.
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Logic Diagrams

ALS160B

1 -

Ny
1 )
i/
[
oATa gL

CLEAR )

8N
\/

N
Vv
mcxz—DA
5

DATAC

1

S

U

i

15_RIPPLE
CARRY

TL/F/6206-2

2-97

€9l e 9291 ¢ 9191 « 8091




160B » 161B » 162B * 163B

LOgiC Diagrams (Continued)
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Logic Diagrams (continued)
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Logic Diagrams (continued)
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DM54ALS165/DM74ALS165

PRELIMINARY

8-Bit Parallel In/Serial Out Shift Register

General Description

The DM54/74ALS165 is an 8-bit serial register that, when
clocked, shifts the data toward serial output, Qn. Parallel-in
access to each stage is provided by eight individual direct
data inputs that are enabled by a low level at the SH/LD
input. The DM54/74ALS165 also features a clock inhibit
function and a complemented serial output, Q.

Clocking is accomplished by a low-to-high transition of the
CLK input while SH/LD is held high and CLK INH is held
low. The functions of the CLK and CLK INH (clock inhibit)
inputs are interchangeable. Since a low CLK input and a
low-to-high transition of CLK INH will also accomplish

clocking, CLK INH should be changed to the high level only
while the CLK input is high. Paralle! loading is inhibited when
SH/LD is held high. The parallel inputs to the register are
enabled while SH/LD is low independently of the levels of
CLK, CLK INH, or SER inputs.

Features

m Complementary outputs

m Direct overriding load (data) inputs
| Gated clock inputs

m Parallel-to-serial data conversion

Connection Diagram

Dual-In-Line Package

CLOCK

PARALLEL INPUTS

SERIAL OUTPUT
B A INPUT L]

12 " 10 ls

Ve INHBIT 7D C
Iiﬁ [E3 AT £
(o]
1 2 3 1
SHIFT/ ClOCck _E F
[0AD

PARALLEL INPUTS

B 6 7jx

G H_, OUTPUT GND
HK

TL/F/6712-1

Order Number DM54ALS165J, DM74ALS165M or DM74ALS165N
See NS Package Number J16A, M16A or N16A

Function Table

Inputs Internal
shift/ | Clock | Parallel ] Outputs | Output
Load | Inhibit | €10°% | Serial O
A.H | Qs Qg
L X X X a..h a b h
H L L X X Qao QBo| Qo
H L T H X | H Qanl Qan
H L T L X L  Qan| Qan
H T L H X H Qan| Qan
H 0 L L X L Qan| Qan
H H X X X Qao Qeo| Qno

H = High Leve! (steady-state), L = Low Level (steady-state)
X = Don't Care (any input, including transitions)

1 = Transition from low-to-high level

a..h = The level of steady-state input at inputs A through H, respectively
Qa0 Qgo. Quo = The level of Qa, Qg, or Qn, 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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Absolute Maximum Ratings

. If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

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.

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range
DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —-65°Cto +150°C
Typical 65 ‘
N Package 74.0°C/W
M Package 104.0°C/W

Recommended Operating Conditions

Symbol Parameter DM54ALS165 DM74ALS165 Units
Min Typ | Max Min Typ | Max

Vee Supply Voltage 45 5 55 45 5 55 v

Vi 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 Output Current 4 8 mA

fcLock | Clock Frequency : . 35 45 MHz

tw Pulse Duration CLK High 14 11

' CLK Low 14 11 ns
Load 15 12

tsy Setup Time SH/LD 15 10 ns
Data 1 10

Tsu Setup Time CLKINH | before CLK 15 11 ns
Serial before CLK 11 10

tH Hold Time 4 4 ns

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

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

. DM54ALS165
Symbol Parameter Conditions Min Typ ‘Max Units
(Note 1)
ViK Input Clamp Voltage Voo = 45V, = —18mA —-1.5 v
VoH High Level Output lo = —0.4mA - _
Voltage Voo = 4.5V t0 5.5V Voo — 2 v
VoL Low Level Output Voo = 4.5V 54/74ALS
- 0.25 0.4
Voltage loL = 4mA v
74ALS
loL = 8mA 0.35 0.5
I Input Current at Max Veec = 5.5V, V| =7V 04 mA
Input Voltage
IIH High Level Input Current Voo = 5.5V, V) = 2.7V 20 pA
M Low Level Input Current Voo = 5.5V, V) = 04V . —0.1 mA
Io (Note 2) Output Drive Current Vg = 5.5V, Vg = 2.25V -30 —-112 mA
lcc Supply Current Vee = 5.5V (Note 3) 16 24 mA
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Switching Characteristics

over recommended free air temperature range (Note 4). All typical values are measured at Voo = 5V, Tp = 25°C.

Symbol Parameter Input | Output Conditions DMS4ALS165 DM74ALS165 Units
Min | Typ | Max | Min | Typ | Max
fMAX Maximum Frequency Vcec = 45Vto5.5V, | 35 50 45 | 60 MHz
. . CL = 50 pF,

tpLH Propagation Delay Time Load Qn L '

Low to High Level Output orQy R = 5900 4 18| 23 411l

P ion Delay Ti Load Q Ta = Min "
tPHL ropagation Delay Time oa H to Max

High to Low Level Output orQy 4 141 23 4 14 22
tPLH Propagation Delay Time CLK Qn

Low to High Level Output orQn 8 7 14 3 7 s ns
tPHL Propagation Delay Time CLK Qy

High to Low Level Output orQy 3 s 15 8 ° 14
tPLH Propagation Delay Time H Qy

Low to High Level Output 8 7 4 8 7 13 ns
tPHL Propagation Delay Time H Qy

High to Low Level Output 8 9 18 3 9 16
tpLH Propagation Delay Time H Qu

Low to High Level Output 2 8 7 2 8 15 ns
tpHL Propagation Delay Time H Qy

High to Low Level Output 8 9 i 8 s 16

Note 1: All typical values are at Ve = 5V, T = 25°C.
Note 2: The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los.

Note 3: With the outputs open, CLK INH and CLK at 4.5V, and a clock pulse applied to the SH/LD input, Igg is measured first with the paraliel inputs at 4.5V, then
with the parallel inputs grounded.

Note 4: See Section 1 for test waveforms and output load.
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Timing Diagram
Typical Shift, Load, and Inhibit Sequences
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DM54ALS166/DM74ALS 166
8-Bit Parallel Load Shift Registers

General Description

These parallel-in or serial-in, serial-out shift registers feature  able or clock inhibit function. Holding either of the clock
gated clock inputs and an overriding clear input. All inputs  inputs high inhibits clocking; holding either low enables the
are buffered to lower the drive requirements to one normal-  other clock input. This allows the system clock to be free-
ized load, and input clamping diodes minimize switching  running, and the register can be stopped on command with
transients to simplify system design. The load mode is es-  the other clock input. The clock- inhibit input should be
tablished by the shift/load input. When high, this input en-  changed to the high level only while the clock input is high.
ables the serial data input and couples the eight flip-flops for A buffered, direct clear input overrides all other inputs, in-
serial shifting with each clock pulse. When low, the parallel  cluding the clock, and sets all flip-flops to zero.

(broadside) data inputs are enabled and synchronous load-

ing occurs on the next clock pulse. During parallel loading, Features

serial data flow is inhibited. Clocking is accomplished onthe  m Synchronous load

low-to-high level edge of the clock pulse through a 2-input g pirect overriding clear

NOR gate, permitting one input to be used as a clock en- m Parallel-to-serial conversion

Connection Diagram

PARALLEL
SHIFT/ INPuT  OUTPUT __ PARALLELINPUTS

. Vec  LoAD H y G F E CLEAR
16 15 1 13 12 1 10 l}
1 2 3 4 5 6 7 8
SERIAL A ] D, CLOCK CLOCK  GOND
INPUT PARALLEL INPUTS INHIBIT TL/F/6713-1
Top View
Function Table
inputs Internal
i Outputs | Output
Clear ih'f:l/ ICI:'E'i(t Clock | Serial Parallel QH
oad } Inhl A.H |Qx G

X L L L

X Qa0 Qgo| QHo

a..h a b h
X H Qan| Qan
X L Qan| Qan
X |Qa0 Qso| 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 Qa, Qp, or Qu, respectively, before the indicated steady-
state input conditions were established.

Qan, Qgn = the level of Qa or Qg, respectively, before the most recent 1 transition of
the clock.

ITTrIxr
XTI ITr XX
Irrrer X
S X
X I XXX
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DM74ALS168B, DM54ALS/DM74ALS169B
Synchronous Four-Bit Up/Down Counters

General Description

These synchronous presettable counters feature an internal
carry look ahead for cascading in high speed counting appli-
cations. The ALS168B is a four-bit decade up/down counter
and the ALS169B is a four-bit binary up/down counter. The
carry output is decoded to prevent spikes during normal
mode of counting operation. Synchronous operation is pro-
vided so that outputs change coincident with each other
when so instructed by count enable inputs and internal gat-
ing. 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 clock
input waveform.

These counters are fully programmable; that is, the outputs
may each be preset either high or low. The load input circuit-
ry allows loading with 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

pulse can be used to enable successively cascaded stages.
Transitions at the enable P or T inputs are allowed regard-
less of the level of the clock input.

The control functions for these counters are fully synchro-
nous. 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 sole-
ly by the conditions meeting the stable setup and hold
times.

Features

m Switching specifications at 50 pF

|8 Switching specifications guaranteed over full tempera-
ture and Vg range '

B Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin-for-pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

@ Synchronously programmable

m Internal look ahead for fast counting

m Carry output for n-bit cascading

m Synchronous counting

produce a low level output pulse with a duration approxi- m ESD inputs
mately equal to the high portion of the Qa output when
counting up, and approximately equal to the low portion of
the Qa when counting down. This low level overflow carry
Connection Diagram
Dual-In-Line Package
RIPPLE OUTPUTS

Vo OUTPUT Qp Qg
16 Jis J1a s

Qc Gp T LOAD
12 | |1o |9

]

I

RIPPLE Qp Og
CARRY
OUTPUT
UP/DOWN

CK

Qc  Qp ENABLE
T

LOAD

ENABLE
c D P

i

==
N
w
&

5 6 |7 la
C D ENABLE GND

N — j——— P
DATA INPUTS

TL/F/6207-1

Order Number DM54ALS169BJ, DM74ALS168BM, 168BN, 169BM or 169BN
See NS Package Number J16A, M16A or N16A
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168B*169B

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for availabllity and specifications.

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.
P ) g X 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
Typical 44
N Package 78.1°C/W
M Package 106.8°C/W
Recommended Operating Conditions
Symbol Parameter DM54ALS169B DM74ALS168B, 1698 Units
Min Nom Max Min Nom Max
Ve Supply Voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High Level Input Voltage 2 S 2 \"
ViL 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
folk Clock Frequency 0 22 0 40 MHz
tsy Setup Time Data;
AB.C.D 201 6 151 6 ns
EnP,EnT 257 8 151 8 ns
Load 201 8 151 8 ns
u/D 281 10 151 10 ns
tH Hold Time Data; _ _
AB.C.D o7 3 o1 3 ns
EnP,EnT ot -3 ot -3 ns
Load of -4 0T -4 ns
) u/D oT -4 ot —4 ns
tw Width of Clock Pulse 15 13 ns
Note 1: The symbol ( T) indicates that the rising edge of the clock is used as reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Tp = 25°C
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 45V, = —18 mA -15 v
VoH High Leve! Output loy = —0.4mA _
Voltage Voo = 45V 10 5.5V Vee -2 v
VoL Low Level Output Vec = 4.5V 54/74ALS
Voltage loL=4mA 025 0.4 v
74ALS
loL = 8 mA 0.35 0.5 v
I Input Current @ Max Veec = 5.8V, Viy =7V
0.1 mA
Input Voltage
IH High Level Input Current Vcg = 5.5V, Vi = 2.7V 20 pA
o Low Level Input Current Vee = 5.5V, V)L = 04V -0.2 mA
lo Output Drive Current Ve = 5.5V, Vg = 2.25V —30 —-112 mA
lcc Supply Current Vee = 5.5V 15 25 mA
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SWitChlng Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter Conditions | From To DMS4ALS1698 DM74ALS1688, 1698 Units
Min Max Min Max

fMAX Max. Clock Freq. 25 40 MHz
tpLH Propagation Delay Time { Vcc = 4.5V | Clock | Ripple

Low to High Level Output | to 5.5V Carry 8 20 3 20 ns
tpHL Propagation Delay Time | AL - 5002 | ciock | Ripple 6 21 6 20 ns

High to Low Level Output CL = 50pF Carry
tPLH Propagation Delay Time Clock | AnyQ

Low to High Level Output 2 15 2 15 ns
tPHL Propagation Delay Time Clock | AnyQ

High to Low Level Output 5 20 5 20 ns
tPLH Propagation Delay Time EnT | Ripple

Low to High Level Output Carry 2 14 2 13 ns
tPHL Propagation Delay Time EnT | Ripple

High to Low Level Output Carry 3 24 8 16 ns
tpLH Propagation Delay Time U/D | Ripple 5 21 5 19 ns

Low to High Level Output (Note 2) [ Carry
teHL Propagation Detay Time U/D | Ripple

High to Low Level Output (Note 2) | Carry 5 22 5 19 ns

Note 1: See Section 1 for test waveforms and output load.
Note 2: Propagation delay time 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 foliow. If the count is minimum (0), the ripple carry output transition will be in phase. If the count is maximum
(9 for ALS168B or 15 for ALS169B), the ripple carry output will be out of phase.
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Logic Diagrams
» o DM54ALS/DM74ALS168B
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Logic Diagrams (continued)

DM54ALS/DM74ALS169B
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DM54ALS174/DM54ALS175/DM74ALS174/DM74ALS175
Hex/Quad D Flip-Flop with Clear

General Description

These positive-edge-triggered flip-flops utilize TTL circuitry
to implement D-type flip-flop logic. Both have an asynchro-
nous clear input, and the quad (175) version features com-
plementary outputs from each flip-flop.

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 low level, the D input signal has no effect
at the output.

Features

m Advanced oxide-isolated ion-implanted Schottky TTL
process

B Pin and functional compatible with LS family counter-
part

m Typical clock frequency maximum is 80 MHz

~ m Switching performance guaranteed over full tempera-

ture and Vgg supply range

m 54ALS174 contains six flip-flops with separate D inputs
and Q outputs

m 54ALS175 contains f_o_ur flip-flops with separate D in-
puts and both Q and Q outputs

Connection Diagrams

Function Table

Dual-In-Line Package Inputs Outputs
Vec 06 D6 D5 Q5 D4 Q4 CLOCK Clear Clock D| Q@ @
l 16 15 14 13 |12 1 10 l 9 L X X L H
H T H H L
Q [} D Q D a
cK cK cK H T L L H
CLEAR CLEAR CLEAR H L X| Q Q
l l (T, H = High Level (steady state)
SLEAR CLEAR CLEAR L = Low Level (steady state)
ck o cK b cx X = Don't Care
Q D Q 0 Q
T = Transition from Low to High Level
Qg = the level of Q before the indicated steady-
l 1 2 3 4 s 6 7 ' 8 state input conditions were established
CLEAR Q1 D1 D2 Q2 D3 Q3  GND TL/F/6112-1 *applies to 54ALS175/74ALS175 only

Order Number DM54ALS174J, DM74ALS174M,

DM74ALS174N or DM74ALS174SJ

See NS Package Number J16A, M16A, M16D or N16A

Dual-In-Line Package

vee 0 7] 04 [ L] [H] CLOCK
lsl 151 ul 12 nl wl 9
[] [J 0 [] Y
CLR 0 ) CLR o—
j Order Number DM54ALS175J,
) ) DM74ALS175M, DM74ALS175N or
N > DM74ALS175SJ
cun 0 0 anp— See NS Package Number J16A,
4 ¢ u J g M16A, M16D or N16A
/
1 zl JI 4 sl 1] nl
CLEAR L [l o1 02 2 02 GND

TL/F/6112-2
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage
Input Voltage

Operating Free Air Temperature Range

DMS4ALS
DM74ALS

Storage Temperature Range

Typical 6,4

N Package
M Package

N
A

—55°Cto +125°C

0°Cto +70°C

—65°Cto +150°C

77.9°C/W
107.3°C/W

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 DM54ALS174,175 DM74ALS 174,175 Units
Min Nom Max Min Nom Max
Vce Supply Voltage 4.5 5 5.5 4.5 5 55 \'
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voitage 0.7 0.8 \
loH High Level Output Current —-0.4 —-0.4 mA
loL Low Level Output Current 4 8 mA
tw Pulse Width ﬁ:gﬁkor Low 125 10 .
Clear Low 15 10
tsETUP Setup Time (Note 1) | Data Input 1517 107
ns
lcr;\lae:trive State 81 61
tHoLD Data Hold Time (Note 1) o7 oT ns
foLock Clock Frequency 0 40 0 50 MHz
Ta Free Air Operating Temperature —55 125 0 70 °C
Note 1: The symbol T indicates that the rising edge of the clock is used as reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vgg = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vee = 45V, Iy = —18mA —15 \"
Yor 332;2”' oupt {?;C = 4.45(\)/0tg 2.5v Vec—2 | Voo =16 v
Vor Low Level Output Voo = 4.5V DM54/74 0.25 0.4
Voltage loL = 4mA v
:?JTZ 8mA 0.35 0.5
Iy Input Current at Veg = 5.5V, VN =7V 0.1 mA
Max Input Voltage
i High Level Input Current Voe = 5.5V, Vi = 2.7V 20 pA
L Low Level Input Current Ve = 5.5V, Viy = 0.4V —0.1 mA
lo Qutput Drive Current Vce = 5.5V, Vo = 2.25V —30 -112 mA
lcc Supply Current Vce = 5.5V ALS174 1 19
Clock = 4.5V
Clear = GND ALS175 mA
D input = GND 8 14
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Switching CharacteristiCs over recommended operating free air temperature range (Note 1)

Symbol Parameter Conditions DM54ALS174,175 DM74ALS174,175 Units
. Min Max Min Max

fMAX Maximum Clock Frequency Rp = 5009 40 50 MHz

teLH Propagation Delay Time G =_5° pF
Low to High Level Vec = 45V10 5.5V 5 20 5 18 ns
Output From Clear (175 Only)

tPHL Propagation Delay Time
High to Low Level 8 30 8 23 ns
Qutput From Clear

tpLH Propagation Delay Time
Low to High Level 3 20 3 15 ns
Output From Clock .

tPHL Propagation Delay Time
High to Low Level 5 24 5 17 ns
Qutput From Clock

Note 1: See Section 1 for test waveforms and output load.
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DM54ALS240A/DM74ALS240A/DM74ALS241A

Octal TRI-STATE® Bus Driver

General Description

These octal TRI-STATE bus drivers are designed to provide
the designer with flexibility in implementing a bus interface
with memory, microprocessor, or communication systems.
The output TRI-STATE gating control is organized into two
separate groups of four buffers. The ALS240A control in-
puts symmetrically enable the respective outputs when set
logic low, while the ALS241A has complementary enable
gating. The TRI-STATE circuitry contains a feature that
maintains the buffer outputs in TRI-STATE (high impedance
state) during power supply ramp-up or ramp-down. This
eliminates bus glitching problems that arise during power-up
and power-down.

Features

m Advanced low power
Schottky TTL process

m Functional and pin compatible with the DM54/74LS
counterpart

m Improved switching performance with less power dissi-
pation compared with the DM54/74LS counterpart

| Switching response specified into 5000 and 50 pF load

m Switching response specifications guaranteed over full
temperature and Vg supply range

B PNP input design reduces input loading

m Low level drive current:
54ALS = 12 mA, 74ALS = 24 mA

oxide-isolated ion-implanted

Connection Diagram

Dual-In-Line Package

Vee 26
|20 |1o

1Y1 244 1Y2 2A3 Y3 2A2 1Y4 2A1
18 |1z e |15 | iz Ja2 fie

C ol
NINIS|A

Jv ]2 Ja Je Js Je |7 Jo |0 |
1G JA1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND
TL/F/6210-1

Top View

Order Number DM54ALS240AJ, DM74ALS240AWM,
DM74ALS240AN or DM74ALS240ASJ
See NS Package Number J20A, M20B, M20D or N20A

Dual-In-Line Package

11 244 1v2 243 1Y3 2A2 1v4 241
18 J7 e |15 [1a 13 2 |1

NANAN
Ol
NS A

EE 3 Ja s Je |7 |8 Jo |
16 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND
TL/F/6210-2

Vee 2G
20 |1e

Top View

Order Number DM74ALS241AWM or DM74ALS241AN
See NS Package Number M20B or N20A

Function Tables

"ALS240A
Input Output
G A Y
L L H
L H L
H X z
"ALS241A "ALS241A
Input Output Input Output
2G | 2A Y 16 1A Y
H L L L L L
H H H L H H
L X z H X z

H = High Level Logic State
L = Low Level Logic State

X = Don’t Care (Either Low or High
Level Logic State)

Z = High Impedance (Off) State
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage, Vcc ra'%
Input Voltage v
Voltage Applied to Disabled Output 5.5V

Operating Free Air Temperature Range
DM54ALS
DM74ALS

Storage Temperature Range

—55°Cto +125°C
0°Cto +70°C

—65°Cto +150°C

Recommended Operating Conditions

Typical 0
N Package 60.5°C/W
M Package 79.8°C/W

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.

DM54ALS240A, 241A DM74ALS240A, 241A "
Symbol Parameter Units
Min Typ Max Min Typ Max
Vee Supply Voltage 4.5 5 5.5 4.5 5 5.5 \2
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —-12 -15 mA
loL Low Level Output Current 12 24 mA
TA Operating Free Air Temperature —55 125 0 70 °C
Electrical Characteristics
over recommended operating free-air temperature range (unless otherwise specified)
Symbol Parameter Conditions DMS4ALS240A DM74ALS240A, 241A Units
Min Typ | Max Min Typ | Max
Vik Input Clamp Voltage Vee = 4.5V, )= —18mA —-1.2 —1.5 \'
VoH High Leve! Output Vec = 4.5Vt05.5V | loy= ~04mA | Veg — 2 Veg — 2 Vv
Voltage Vo = 4.5V lon = —3mA 24 24 v
loH = Max 2 2 \
VoL Low Level Qutput Veog = 4.5V
Voltage o = S4ALS (Max) 025| 04 0.25| 0.4 v
loL = 74ALS (Max) — — 0.35( 0.5 \'/
I Input CurrentatMax | Voo = 5.5V, V| = 7V 04 0.1 mA
Input Voltage
Ik High Level Input Vee = 5.5V, V| = 2.7V 20 20 JA
Current
i Low Level Input Vce = 5.5V, V)L = 0.4V —0.1 —01| ma
Current
lo Output Drive Voo = 6.5V, Vg = 2.25V _30 —112| -30 —112! ma
Current
lozH High Level TRI-STATE | Voo = 5.5V, Vo = 2.7V 20 20 LA
Output Current
lozL Low Level TRI-STATE | Vcc = 5.5V, Vg = 0.4V —20 —20| paA
Output Current
Icc Supply Current Voo = 5.§V, ALS240A 4 11 4 10 mA
Outputs High
Outputs Low 13 23 13 23 mA
Outputs TRI-STATE 14 25 14 25 mA
Vce = 5.5V, ALS241A
Outputs High o 7 9 15 mA
Outputs Low 15 28 15 26 mA
Outputs TRI-STATE 17 32 17 30 mA
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’ALS240A SWItChlng Characteristics over recommended operating free air temperature range

From To DM54ALS240A DM74ALS240A
Symbol Parameter Conditions Units
(Input) | (Output) | pmin Max Min Max
tpLH Propagation Delay Time | Vcc = 4.5Vt05.5V, 2 12 2 9 ns
Low to High Level Output | C_ = 50 pF,
tPHL Propagation Delay Time | P! - 50041, A v 2 0 2 9 ns
High to Low Level Output R2 = 5909'
o E— Ta = Min to Max
tpzH utput Enable Time
to High Level Output 5 v 4 15 8 18 ns
tpz Output Enable Time
to Low Level Output 5 18 8 18 ns
tpHZ Output Disable Time
from High Level Output 5 v ! 10 2 10 ns
tpLz Output Disable Time .
from Low Level Output 8 15 8 12 ns
’ALS241A Switching Characteristics over recommended operating free air temperature range
r DM74ALS241A
Symbol Parameter Conditions From To Units
(Input) (Output) Min Max
tLH Propagation Delay Time Voo = 4.5Vto 5.5V, 3 1 ns
Low to High Level Output CL = 50 pF,
. , R1 =.5000, A Y
tPHL Propagation Delay Time B 3 10 ns
High to Low Level Output | F2 = 500©,
Ta = Min to Max
tpzH Output Enable Time
to High Level Output _ 8 2 ns
4 " Output Enable Ti 16 Y
PZL utput Enable Time
to High Level Output 3 2 ns
tpHZ Output Disable Time
to High Level Output 15 v 2 10 ns
tpLz Output Disable Time
to Low Level Output 8 18 ns
tpzH Output Enable Time ‘
to High Level Output 2G y 7 2 ns
tpzL Output Enable Time
to Low Level Output 7 21 ne
tPHZ Output Disable Time
from High Level Output oG v 2 10 ns
tpLz Output Disable Time
from Low Level Output 8 15 ns
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Logic Diagrams
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National
Semiconductor

DM74ALS242C/DM74ALS243A
Quad TRI-STATE® Bidirectional Bus Driver

General Description

These octal TRI-STATE® bus drivers are designed to pro-
vide the designer with flexibility in implementing a bus inter-
face with memory, microprocessor, or communication sys-
tems. The ALS242C has inverting buffers, while the
ALS243A has non-inverting buffers. The direction enable
gating is configured with separate control over either buffer
direction and the two control buffers are complementary.
Connecting these control inputs to one common line imple-
ments single line direction control, while individual control
can put both buffer directions into TRI-STATE simulta-
neously (disabled state) or put both buffer directions into the
active state (data latch state). The TRI-STATE circuitry con-
tains a feature that maintains the buffer outputs in TRI-
STATE (high impedance state) during power supply ramp-
up or ramp-down. This eliminates bus glitching problems
that arise during power-up and power-down.

Features

B Advanced low power oxide-isolated
Schottky TTL process

m Functional and pin compatible with the 74LS
counterpart

| Improved switching performance with less power dissi-
pation compared with the 74LS counterpart

®m Switching response specified into 5009 and 50 pF load

m Switching response specifications guaranteed over full
temperature and Vgg supply range

m PNP input design reduces input loading

m Low level drive current: 74ALS = 24 mA

ion-implanted

Connection Diagram

Dual-In-Line Package

GAB—q1 U 14 —vce
NC—2 13 }—GBA
A1—{3 12 an

A2t 4 11 —81

A3—{5 10 =82

A —{6 9 }—83
GND— 7 8 r-u

TL/F/6211-1
Top View

Order Number DM74ALS242CM, DM74ALS242CN, DM74ALS243AM or DM74ALS243AN
See NS Package Number M14A or N14A

Function Table
___Inputs 'ALS242C 'ALS243A
GAB GBA
L AtoB AtoB
H BtoA BtoA
H L Isolation Isolation
L H LatchAand B LatchAandB
(A=B) (A = B)
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Absolute Maximum Ratings

Supply Voitage, Vco v Note: The “Absolute Maximum Ratings” are those values

Input Voltage beyond which the safety of the device cannot be guaran-

Dedicated inputs 7V teed. The device should not be operated at these limits. The

1/0 Ports 5.5V parametric values defined in the “Electrical Characteristics”

. . table are not guaranteed at the absolute maximum ratings.
Operating Free Air Temperature Range P . e . >

DM74ALS Oto +70°C The “Recommended Operating Conditions" table will define

—65°Cto +150°C

the conditions for actual device operation.

VEYZed2The

Storage Temperature Range

Typical 6
N Package 78.0°C/W
M Package 111.5°C/W

Recommended Operating Conditions

Symbol Parameter DM74ALS242C, 2437 Units
Min Typ Max

Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 \
Vi Low Level Input Voltage 0.8 Vv
lon High Level Output Current —-15 mA
loL Low Level Qutput Current 24 mA
TA Operating Free-Air Temperature 0 70 °C

Electrical Characteristics overrecommended operating free-air temperature (unless otherwise specified)

DM74ALS242C, 243A
Symbol Parameter Conditions Units
Min Typ Max
Vik Input Clamp Voitage Vcg = 4.5V, lj = —18 mA -1.2 \
VoH High Level Output Vce = 4.5Vt0 5.5V lon = —0.4mA Vee — 2 \
Vee = 4.5V low = —3mA 2.4 v
loH = Max 2 \
VoL Low Level Output Voo = 4.5V
Voltage loL = 54ALS (Max) 025 | 04 v
loL = 74ALS (Max) 0.35 0.5 \
Iy Input Current at Max Vee = 5.5V, V| =7V 01 mA
Input Voltage (5.5V for 1/0 Ports) a
hH High Level Input Vce = 5.5V, V| = 2.7V (Note 1) 20 A
Current
IR Low Level Input Vcg = 5.5V, V| = 0.4V (Note 1)
-0.1 mA
Current
lo Output Drive Vcge = 5.5V, Vo = 2.25V _30 112 mA
Current
Icc Supply Current Vcc = 5.5V, ALS242C
Active Outputs High 10 16 mA
Active Outputs Low 14 21 mA
Outputs TRI-STATE 12 19 mA
Vce = 5.5V, ALS243A "
Active Outputs High 15 25 mA
Active Outputs Low 20 30 mA
Outputs TRI-STATE 21 32 mA

Note 1: For the I/0 ports, the parameters Iy and I include the TRI-STATE output currents (lozy and lozy)-
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’ALS242C Switching Characteristics over recommended operating free-air temperature range (Note 1)

74ALS242C
Symbol Parameter Conditions From To Units
(Input) (Output) Min Max
tLH Propagation Delay Time Voe = 4.5Vto 5.5V, 2 1 ns
Low to High Level Output CL = 50 pF,
A1 = 5000 AorB BorA
tpHL Propagation Delay Time _ ' 2 10 ns
High to Low Level Output Re = 5909’
Ta = Min to Max
tezH Output Enable Time
to High Level Output 4 18 ns
9 P GAB B
tpzL QOutput Enable Time
to Low Level Output 7 21 ns
e | bt e e e | | -
3 P GAB B
tpz Output Disable Time
to Low Level Output 2 5 ns
v | Qe IR
L. P GBA A
tpzL Output Enable Time
to Low Level Output 7 2 ns
2| ombigh tevel Ouput 2 | 1 |
9 4 GBA A
tpLz Output Disable Time
from Low Level Output 2 15 ns

’ALS243A Switching Characteristics over recommended operating free-air temperature range (Note 1)

74ALS243A
Symbol Parameter Conditions From To Units
] (Input) (Output) Min Max
tpLH Propagation Delay Time Vee = 4.5Vto 5.5V, 4 1 ns
Low to High Level Output CL = 50 pF,
R1 = 5000 AorB BorA
tPHL Propagation Delay Time _ ' 4 11 ns
High to Low Level Output [ 12 = 5000,
) o Erablo T Ta = Min to Max
PZH utput Enable Time
to High Level Output ~ L ns
- GAB B
tpzL Output Enable Time
to Low Level Output 7 20 ns
tPHZ Output Disable Time
to High Leve! Output 2 “ ns
GAB B
tpLz Output Disable Time
to Low Level Output 8 22 ns
tpzH ~Output Enable Time
to High Level Output 7 20 ns
GBA A
tpzL Output Enable Time
to Low Level Output 7 20 ns
tpHz Output Disable Time
from High Level Output 2 14 ns
GBA A
tpLz Output Disable Time
from Low Level Output 8 22 ns

Note 1: See Section 1 for test waveforms and output loads.
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Logic Diagrams
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Semiconductor

DM54ALS244A/DM74ALS24

4A

Octal TRI-STATE® Bus Driver

General Description

This octal TRI-STATE bus driver is designed to provide the
designer with flexibility in implementing a bus interface with
memory, microprocessor, or communication systems. The
output TRI-STATE gating control is organized into two sepa-
rate groups of four buffers, and both control inputs enable
the respective outputs when set logic low. The TRI-STATE
circuitry contains a feature that maintains the buffer outputs
in TRI-STATE (high impedance state) during power supply
ramp-up or ramp-down. This eliminates bus glitching prob-
lems that arise during power-up and power-down.

Features

W Advanced low power
Schottky TTL process

m Functional and pin compatible with the DM54/74LS
counterpart

m Improved switching performance with less power dissi-
pation compared with the DM54/74LS counterpart

m Switching response specified into 500} and 50 pF load

m Switching response specifications guaranteed over full
temperature and Vg supply range

B PNP input design reduces input loading

u Low level drive current:
54ALS = 12 mA, 74ALS = 24 mA

oxide-isolated ion-implanted

Connection Diagram

Dual-In-Line Package

vee 26
J20 1o

11 244
18 |17

1v2 2a3
1 |1s

1¥3 242
14 |13

1va 2a1
12 1

e d

DA

A

]1[2 a Ja Js s |7 e o [
16 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND
TL/F/6212-1
Top View

Order Number DM54ALS244AJ, DM74ALS244AWM, DM74ALS244AN or DM74ALS244ASJ
See NS Package Number J20A, M20B, M20D or N20A

Function Table

H=
L=

Input Output
G A A\
L L L
L H H
H X Z
High Level Logic State

Low Level Logic State

X = Don’t Care (Either Low or High Level Logic State)
Z = High Impedance (Off) State
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage, Vo 7w
Input Voltage v
Voltage Applied to Disabled Output 5.5V

Operating Free Air Temperature Range

DM54ALS ~55°Cto +125°C

DM74ALS 0to +70°C
Storage Temperature Range —65°Cto +150°C
Typical 8a

N Package 60.5°C/W

M Package 79.8°C/W

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 DM54ALS244A DM74ALS244A Units
Min Typ Max Min Typ Max
Vee Supply Voltage 4.5 5 5.5 4.5 5 55 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 Vv
loH High Level Output Current —12 —15 mA
loL Low Level Output Current 12 24 mA
TA Operating Free-Air Temperature —55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature (unless otherwise specified)
Symbol Parameter Conditions DM54ALS244A DM74ALS244A Units
Min Typ | Max Min Typ | Max
Vik Input Clamp Voltage Voo = 45V, || = —18 mA —-1.5 —-1.5 \
VoH High Level Output Vec = 45Vt05.5V | loy = —0.4mA | Voo — 2 Vece — 2 \
Voltage Voo = 4.5V loH=—3mA | 24 24 v
lon = Max 2 2 \)
VoL Low Level Output Vee = 4.5V
Voltage loL = 54ALS (Max) 0.25) 04 v
loL = 74ALS (Max) — — 0.35| 05 \"
h Input Current at Max Vee = 6.5V, V= 7V 01 04 mA
Input Voltage
IiH High Level Input Ve = 5.5V, V= 2.7V 20 20 A
Current
e Low Level Input Vce = 5.5V, Vi = 0.4V —04 04| mA
Current
lo Output Drive Voo = 6.5V,Vp = 2.25V —30 —112 —30 —112] ma
Current
lozH High Level TRI-STATE | Vgg = 5.5V, Vg = 2.7V 20 20 pA
Output Current
lozL Low Level TRI-STATE | Vg = 5.5V, Vg = 0.4V _ _
Output Current 20 20 | pA
Icc Supply Current Ve = 5.5V
Qutputs High 9 15 9 15 mA
Cutputs Low 15 24 15 24 mA
Outputs TRI-STATE 17 27 17 27 mA
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Switching Characteristics over recommended operating free-air temperature range (Note 1)

Symbol Parameter From To Conditions 54ALS244A TAALS244A | nits
: (Input) | (Output) Min | -Max Min | Max
tpLH Propagation Delay Time A Y Ve = 4.5Vt0 5.5V, 1 16 3 ' 10 ns
Low to High Level Output Cp = 50 pF,
. s R1 = 5000
tPHL Propagation Delay Time A Y B '
High to Low Level Output R2 = 5000, 8 12 3.3 10} ns
0 — Ta = Minto Max
tpzH utput Enable Time G Y
to High Level Output 1 26 3 20 ns
tpzL Output Enable Time G Y
to Low Level Output 1 24 8 20 ns
tpHz Output Disable Time G Y
from High Level Output 2 10 2 10 ns
tpLz Output Disable Time G Y
from Low Level Output 1 21 ! 18 ns

Note 1: See Section 1 for test waveforms and output load.

Logic Diagram
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DM54ALS245A/DM74ALS245A
Octal TRI-STATE® Bus Transceiver

General Description

This advanced low power Schottky device contains 8 pairs
of TRI-STATE logic elements configured as octal bus trans-
ceivers. These circuits are designed for use in memory, mi-
croprocessor systems and in asynchronous bidirectional
data buses. Two way communication between buses is con-
trolled by the (DIR) input. Data transmits either from the A
bus to the B bus or from the B bus to the A bus. Both the
driver and receiver outputs can be disabled via the (G) en-
able input which causes outputs to enter the high imped-
ance mode so that the buses are effectively isolated.

Features

W Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Non-inverting logic output

m Glitch free bus during power up and down

m TRI-STATE outputs independently controfled on A and
B buses

m Low output impedance to drive terminated transmission
lines to 133Q

@ Switching response specified into 5000/50 pF

m Specified to interface with CMOS at Vo4 = Voo — 2V

® PNP inputs to reduce input loading

m Switching specifications guaranteed over full tempera-
ture and V¢g range

Connection Diagram

Dual-In-Line Package

Vee &

Bl B2
fzo 19 |18 |7

83
| ETI ST ETYN SFO P AN I

B4 BS B6 B7 B8

ANABERENANNA
.IAIAIA AIA
U vIvIvIv vIv

[ I T 11T 1]

N

.IA
vI
N

oz s

DIR 1A 2A

14 s
A

Is J7 8 s [
5 6A TA BA GND
TL/F/6213-1

Order Number DM54ALS245AJ, DM74ALS245AWM, DM74ALS245AWN or DM74ALS245ASJ
See NS Package Number J20A, M20B, M20D or N20A

Function Table

Control
inputs

DIR

Operation

L

X

B Data to A Bus
A Data to B Bus
Hi-Z

G
L
L H
H
H = Hi
L = Low Logic Level

igh Logic Level

X = Either High or Low Logic Level
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

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
paramelric values defined in the “‘Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define

Supply Voltage v
Input Voltage
Control Inputs wn
1/0 Ports 5.5V

Operating Free Air Temperature Range

the conditions for actual device operation.

DMS54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°C to +150°C
Typical 64
N Package 53.0°C/W
M Package 72.0°C/W
Recommended Operating Conditions
Symbol Parameter DM54ALS245A DM74ALS245A Units
Min Typ Max Min Typ Max
Vce Supply Voltage 4.5 5 5.5 4.5 5 5.5 Vv
ViH High Level Input Voltage 2 2 \'/
ViL Low Level Input Voltage 0.7 0.8 \'
loH High Level Output Current —12 —15 mA
loL Low Level Output Current 12 24 mA
Ta Operating Free Air _55 125 0 70 c
Temperature
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vo = 5V, T4 = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, IIn= —18mA -1.5 \)
VoH High Level Output Voltage Vocc = 4.5V, oy = —3mA 2.4 3.2 v
Vee = 4.5V, Ioq = Max 2 2.3 \
loq = —0.4mA, Voo = 4.5Vto 5.5V Ve — 2 \'
VoL Low Level Output Voltage Vo = 4.5V 54/7_4ALS 0.25 04 v
loL = 12mA
|7:,_Aisz 4 mA 0.35 0.5 \"
Iy Input Current at Max Vg =55V | ViNn=7V Control Inputs 0.1 mA
Input Voltage Vin =55V | AorB Ports 0.1
liH High Level Input Current Vog = 5.5V, V| = 2.7V 20 LA
TR Low Level Input Current Vee = 5.5V, Vi = 0.4V -0.1 mA
lo Output Drive Current Vee = 5.5V, Vout = 2.25V —30 —-112 mA
lcc 54ALS245A Supply Current | Voc = 5.5V | Outputs High 30 48 mA
Outputs Low 38 60 mA
TRI-STATE 38 63 mA
lec 74ALS245A Supply Current | Vcc = 5.5V | Outputs High 30 45 mA
Outputs Low 36 55 mA
TRI-STATE 38 58 mA
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SW|tch|ng Characteristics overrecommended operating free air temperature range (Notes 1 and 2)

Symbol Parameter Circuit DM54ALS245A DM74ALS245A Units
4 Configuration
Min Max Min Max
tPLH Propagation Delay Time
High-to-Low Level Output ! 19 8 10 ns
N ) AORB 8 OR A 1
tPHL Propagation Delay Time W o ] 14 3 10 ns
High-to-Low Level Output
tpzL Output Enable Time P 29 5 20 ns
to Low Level
tpzH Output Enable Time =
to High Level ws 2 30 5 20 ns
I - ACRE
tpLz Output Disable Time out
from Low Level 2 3 4 15 ns
tpHz Output Disable Time P 14 2 10 ns
from High Level

Note 1: See Section 1 for test waveforms and output load.
Note 2: Switching characteristic conditions are Vgc = 4.5V to 5.5V, R = 5000, C_ = 50 pF.
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National
Semiconductor

DM54ALS251/DM74ALS251 TRI-STATE®
1 of 8 Line Data Selector/Multiplexer

General Description

This Data Selector/Multiplexer contains full on-chip decod-
ing to select one-of-eight data sources as a result of a
unique three-bit binary code at the Select inputs. Two com-
plementary outputs provide both inverting and non-inverting
buffer operation. An Output Control input is provided which,
when at the high level, places both outputs in the high im-
pedance Off state. In order to prevent bus access conflicts,
output disable times are shorter than output enable times.

Features

M Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Switching performance is guaranteed over full tempera-
ture and Vg supply range

® Pin and functional compatible with LS family counter-
part

m Improved output transient handling capability

m Output control circuit incorporates ower-u
The Select input buffers incorporate internal overlap fea- THI?STATE feature Y P P P
tures to ensure that select input changes do not cause in-
valid output transients.
Connection Diagram Function Table
Dual-In-Line Package Inputs Outputs
Select Strobe
(oot is .o [ B A S w
X X X H 4 z
o2 15 00 ) L L L L DO DO
i< oo X o o
L H L L D2 D2
3| 14
w-t B L H H L D3 b3
. > e H L L L D4 D4
© 06 H L H L D5 D5
h H H L L D6 D6
SUTPUT Y= H H H L D7 D7
H = High Level, L = Low Level, X = Don’t Care
QUTPUT W= Z = High Impedance (Off)
DO thru D7 = The Level of the Respective D Input
DUTAUT 7 P l
CONTROL =
EH
suu—"

TL/F/6214-1
Order Number DM54ALS251J or DM74ALS251M, N
~ See NS Package Number J16A, M16A or N16A
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Absolute Maximum Ratings -
It Military/Aerospace specified devices are required, Note: The “Absolute Maximum Ratings” are those values
please contact the National Semiconductor Sales beyond which the safety of the device cannot be guaran-
Office/Distributors for availability and specifications. teed. The device should not be operated at these limits. The
Supply Voltage, Vcc v parametric values defined in the “Electrical Characteristics”
Input Voltage 7v table are not guaranteed at the absolute maximum ratings.
9 i . The “Recommended Operating Conditions” table will define
Voltage Applied to Disabled Output 5.5V the conditions for actual device operation.
Operating Free Air Temperature Range
DM54ALS251 —55°Cto +125°C
DM74ALS251 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 84
N Package 78.0°C/W
M Package 107.0°C/W
Recommended Operating Conditions
Symbol parameter DM54ALS251 DM74ALS251 Units
Min Nom Max Min Nom Max
Veo Supply Voltage 4.5 5 5.5 4.5 5 5.5 \
VIH High Level Input Voltage 2 2 v
ViL Low Level Input Voltage 0.7 0.8 \
IoH High Level Output Current -1 —2.6 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. All typical values are measured at Voo = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vee = 4.5V, Iy = —18 mA -1.5 \'
VoH High Level Output Vee = 4.5V, loy = Max 2.4 3.2 \
Voltage lon = —400 pA, Ve = 4.5V 10 5.5V Voo - 2 v
VoL Low Level Output Voo = 4.5V 54/74ALS 0.25 04 v
Voltage loL = 12mA
74ALS
loL = 24 mA 0.35 0.5 \
I Input Current at Vee = 5.5V, Vg =7V 01 mA
Max Input Voltage
i High Level Input Current | Voo = 5.5V, Vi = 2.7V 20 nA
e Low Level Input Current Ve = 5.5V, V|y = 0.4V —0.1 mA
lo Output Drive Current Vce = 5.5V, Vourt = 2.25V —-30 —112 mA
lozn Off-State Output Vee = 6.5V, Voyt = 2.7V 20 A
Current, High Bias a
lozL Off-State Output Vee = 5.5V, Vout = 0.4V
. —20 nA
Current, Low Bias
lcc Supply Current Vce = 5.5V, Inputs = GND Enabled 7 10 mA
Inputs = 4.5V, Vo = 5.5V Disabled 9.4 14
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SWItChing Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter From To Conditions DM54ALS251 DM74ALS251 Units
Min Max Min Max
tpLH Propagation Delay Time Select Voo = 4.5V 1 19 5 18 ns
Low to High Level Output v to 5.5V
. " CL = 50pF
tpHL Propagation Delay Time Select L
High to Low Level Output RL = 5000 8 82 8 24 ns
tpLH Propagat.lon Delay Time Select 8 305 8 24 ns
Low to High Level Output W
tPHL Propagation Delay Time Select
High to Low Level Output 7 235 7 2 ns
tpLH Propagation Delay Time Data
Low to High Level Output v 2 " 2 10 ns
tPHL Propagation Delay Time Data
High to Low Level Output 8 2 8 15 ns
tPLH Propagat.lon Delay Time Data 3 205 3 15 ns
Low to High Level Output W
tPHL Propagation Delay Time Data ’
High to Low Level Output 8 16 8. 15 ns
tpzH OutPut Enable Time Output 3 15 3 15 ns
to High Level Control v
tpzL Output Enable Time Output
to Low Level Control 8 18 8 5 ns
tpzH Out;.Jut Enable Time Output 3 15 3 15 ns
to High Level Control W
tpzL Output Enable Time Output
to Low Level Control 8 7 8 1 ns
tPHZ Output'Dlsable Time Output 2 10 2 10 ns
from High Level Control v
tpLz Output Disable Time Output
from Low Level Control 1 18 1 10 ns
teHz Output'DlsabIe Time Output 2 10 2 10 ns
from High Level Controf W
tpLz Output Disable Time Output 1 13 1 10 ns
from Low Level  Control

Note 1: See Section 1 for test waveforms and output load.
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PRELIMINARY

DM54ALS253/DM74ALS253 TRI-STATE® Dual 1 of 4 Line

Data Selector/Multiplexer

General Description

This Data Selector/Multiplexer contains full on-chib decod-

ing to select one-of-four data sources as a result of a unique |

two-bit binary code at the Select Inputs. Each of the two
Data Selector/Multiplexer circuits have their own separate
Data and Output Control inputs and a non-inverting TRI-
STATE output buffer. The Output Control inputs, when at
the high level, place the corresponding output in the high
impedance Off state. In order to prevent bus access con-

flicts, output disable times are shorter than output enable’

times. The Select input buffers incorporate internal overlap
features to ensure that select input changes do not cause
invalid output transients.

Features

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Switching performance is guaranteed over full tempera-
ture and Vg supply range

| Pin and functional compatible with LS family counter-
part

m Improved output transient handling capability

| Output contro! circuitry incorporates power-up TRI-
STATE feature

Connection Diagram

Dual-In-Line Package

uTRUT IL
conThL —H——>o— v
ki ce
P
stLect 8 -2} —g —o<}— E-lg;t%l.
[ 1ea2 h——l‘—sumn
2t — 13 0 Y
DATA
WPUTS 3 b L
10 K " 2.0z
" . oATA
i 13 * INPUTS
100 L
ouTRUT Y1 L— 200

END BUTPUT Y2

TLIF/6215-1
Order Number DM54ALS253J,
DM74ALS253M or DM74ALS253N
See NS Package Number J16A, M16A or N16A

Function Table

ﬁﬁ;::; Data Inputs gt;jl:fruc:l Output
B A|[C0O C1 C2 C3 G Y
X X X X X X H z
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

Address inputs A and B are common to both sections
H = High Level, L = Low Level, X = Don’t Care, Z = High Impedance
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Absolute Maximum Ratings @
If Military/Aerospace specified devices are required, Note: The “Absolute Maximum Ratings” are those values
please contact the National Semiconductor Sales beyond which the safety of the device cannot be guaran-
Office/Distributors for availability and specifications. teed. The device should not be operated at these limits. The
Supply Voltage, Vcg v parametric values defined in the “Electrical Characteristics”
Input Voltage 7v table are not guaranteed at the absolute maximum ratings.
P 9° i The “Recommended Operating Conditions” table will define
Voltage Applied to Disabled Output 5.5v the conditions for actual device operation.
Operating Free Air Temperature Range
DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 04
N Package 78.0°C/W
M Package 107.0°C/W
Recommended Operating Conditions
Symbol Parameter DM54ALS253 DM74ALS253 Units
Min Nom Max Min Nom Max
Voo Supply Voltage 4.5 5 55 4.5 5 5.5 \
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
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. All typical values are measured at Vog = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ | Max | Units
Vik Input Clamp Voltage Voo = 4.5V, N = —18 mA -1.5 Vv
VoH High Level Output Vee = 4.5V, Iopy = Max 2.4 3.2 \
Voltage lon = 400 pA, Voo = 4.5V to 5.5V Voo — 2 v
VoL Low Level Output Ve = 4.5V 54/74ALS 0.25 0.4 v
Voltage loL = 12mA
74ALS
loL = 24 mA 0.35 0.5 \
I Input Current at Voo = 5.5V, Viy = 7V 01 mA
Max Input Voltage
IIH High Level Input Current | Voo = 5.5V, V|y = 2.7V 20 RA
L Low Level Input Current | Vgc = 5.5V, Vi = 0.4V —0.1 mA
lo Output Drive Current Vece = 5.5V, Vout = 2.25V —30 —112 | mA
lozn Off-State Output Vee = 8.5V, Voyt = 27V 20 A
Current, High Bias F
lozL Off-State Output Ve = 5.5V, Voyrt = 0.4V
. : —20 pA
Current, Low Bias
lcc Supply Current Vee = 5.5V Output High 6.5 12
Output Low 6.5 12 mA
Output Disabled 7.5 14 ‘
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Switching Characteristics
over recommended operating free air temperature range (Note 1). All typical values are measured at Voo = 5V, Ta = 25°C.

Symbol Parameter f.’;onc\,(l:lputt) Conditions DM54ALS253 DM74ALS253 Units
© (Output) Mn | Max | Min | Max
tPLH Propagation Delay Time Selectto Y Vcec = 4.5Vto 5.5V 5 22 5 21 ns
Low to High Level Output CL = 50 pF
; RL = 5000
tPHL Propagation Delay Time Selectto Y 5 27 5 21 ns
High to Low Level Output
tPLH Propagation Delay Time DatatoY
Low to High Level Output 2 12 2 10 ng
tPHL Propagation Delay Time DatatoY
1 3 4
High to Low Level Output 8 8 ! ns
tpzH Output Enable Time Output Control
to High Level Output toY 8 16 8 1 ns
tpzL Output Enable Time Output Control
to Low Level Output toY 2 18 4 16 ns
tpHZ Output Disable Time Output Control
from High Level Output toY 2 10 2 10 ns
tpLz Output Disable Time Output Control
14 4
from Low Level Output toY 2 2 ! ns
Note 1: See Saction 1 for test waveforms and output load.
Logic Diagram
uTPLT
CONTROL T‘b
(e 8 L/
1618 1
1_output
DATA j Yl
12 4
3 )
_cs 1/
8 L—P>o—d—o>—t
SELECT
18
A—DH —4}
L
—_/
w —f
ik 24 9 quteur
20012 ; v2
i —\
w o
e/
15
conmo, 5—ob>
TL/F/6215-2
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DM74ALS257/DM74ALS258 TRI-STATE®
Quad 1-of-2-Line Data Selector/Multiplexer

General Description

These data selectors/multiplexers contain inverters and
drivers to supply full on-chip data selection to the four TRI-
STATE outputs that can interface directly with data lines of
bus-organized systems. A 4-bit word selected from one of
two sources is routed to the four outputs. The ALS257 pre-
sents true data whereas the ALS258 presents inverted data
to minimize propagation delay time.

This TRI-STATE output feature means that n-bit (paralleled)
data selectors with up to 258 sources can be implemented
for data buses. It also permits the use of standard TTL reg-
isters for data retention throughout the system.

Features

® Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

u Improved AC performance over Schottky and low pow-
er Schottky counterparts

m TRI-STATE buffer-type outputs drive bus lines directly

B Expand any data input point

® Multiplex dual data buses

m General four functions of two variables (one variable is
common)

B Source programmable counters

Connection Diagram

Dual-In-Line Package
outpur INPUTS oyrpyr INPUTS oyrpyr

VCCCONTROL4A 4B 4Y 3A 3B ay
16 [15 f1a i3 J2 J11 fo e
G 4A 4B 4y 3A 38
s ay
1A 1B 1Y 2a 28 2y
1 |2 Js fe s e |7 le
SELECT 1A 1B 1Y 2A 28 2Y GND
npUTS OUTPUT “ypiyg OUTPUT

TL/F/6227~1

Order Number DM74ALS257M,
DM74ALS258M, DM74ALS257N, DM74ALS258N
See NS Package Number M16A or N16A

Function Table

Inputs Output Y

Output '
Control Select | A B | ALS257 | ALS258

H X X X z Z

L L L X L H

L L H X H L

L H X L L H

L H X H H L

H = High Level, L = Low Level, X = Don’t Care

Z = High Impedance (off)
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
Voltage Applied to Disabled Output 5.5V

Operating Free Air Temperature Range
DM74ALS

Storage Temperature Range
Typical 0,a

N Package
M Package

0°Cto +70°C
—65°Cto +150°C

102.0°C/W

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
parameltric 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 DM74ALS257, 258 Units
Min Nom Max
Veeo Supply Voltage 4.5 5 5.5 A
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 v
loH High Level Output Current —26 mA
loL Low Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
- Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Voc = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vee = 45V, I = —18 mA -15 v
VoH High Level Output Ve = 4.5V loy = —2.6 mA 2.4 3.3 )
Voltage IoH = —0.4 mA Voo — 2 v
VoL Low Level Output Vce = 4.5V loL = 12mA 0.25 0.4 \
Voltage loL = 24 mA 035 | 05 v
l Input Current at Max Vecc = 5.5V, Vi =7V 0.4 mA
Input Voltage
IIH High Level Input Current Veg = 5.5V, Vi = 2.7V 20 HA
e Low Level Input Current Voe = 5.5V, V)L = 0.4V -0.1 mA
lo Output Drive Current Vee = 5.5V, Vp = 2.25V —30 -112 mA
lozH Off-State Output Voo = 5.5V,
Current, High Level Vo = 2.7V 20 pA
Voltage Applied
lozL Off-State Output Ve = 5.5V,
Current, Low Level Vo = 0.4V -20 pA
Voltage Applied
lccH Supply ALS257 Veg = 5.5V Outputs High 3 6 mA
Current ALS258 Outputs Open 25 mA
lcoL Supply ALS257 Outputs Low 8 12 mA
Current ALS258 7 11 mA
lccz Supply ALS257 Outputs Disabled 9 14 mA
Current ALS258 8 13 mA
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’ALS257 Switching Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter Conditions From To DM74ALS257 Units
Min Max

tpLH Propagation Delay Time Vce = 4.5Vto 5.5V Data Any 2 10 ns
Low to High Level Cutput CL = 50pF Y

tPHL Propagation Delay Time Ry = 5000 Data Any 2 12 ns
High to Low Level Output Y

tpLH Propagation Delay Time Select Any 4 18 ns
Low to High Level Output Y

tPHL Propagation Delay Time Select Any 5 22 ns
High to Low Level Output Y

tzH Output Enable Time Output Any 4 16 ns
to High Level Control Y

tz Output Enable Time Output Any 5 18 ns
to Low Level Control Y )

thz Output Disable Time Output Any 2 10 ns
from High Level Control Y

tz Output Disable Time Output Any 3 15 ns
from Low Level Control Y

’ALS258 Switching Characteristics over recommended op

erating free air temperature range (Note 1)

DM74ALS258

Symbol Parameter Conditions From To Units
Min Max

tPLH Propagation Delay Time Vce = 4.5Vto 5.5V Data Any 2 8 ns
Low to High Level Output CL = 50pF Y

tPHL Propagation Delay Time RL = 5000 Data Any 2 7 ns
High to Low Level Output Y

teLH Propagation Delay Time Select Any a 20 ns
Low to High Level Output Y

tPHL Propagation Delay Time Select Any 5 25 ns
High to Low Level Output Y

tzH Output Enable Time Output Any 5 18 ns
to High Level Control Y

tzL Output Enable Time Output Any 5 18 ns
to Low Level Control Y

thz Output Disable Time Output Any 2 10 ns
from High Level Control Y

tz Output Disable Time Output Any 3 18 ns
from Low Level Control Y

Note 1: See Section 1 for test waveforms and output load.
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Logic Diagrams

ALS257

ouTPYT _15 °D
CONTROL™,
N

il
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By 13

ALS258

UTPUT 15
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TL/F/6227-2

TL/F/6227-3
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DM54ALS273/DM74ALS273

Octal D-Type Edge-Triggered Flip-Flop with Clear

General Description

These monolithic, positive-edge-triggered flip-flops utilize
TTL circuitry to implement D-type flip-flop logic with a direct
clear input.

Information at the D inputs meeting the setup requirements
is transferred to the Q outputs on the positive-going edge of
the clock pulse. Clock triggering occurs at a particular volt-
age 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 low level, the D input signal has no effect at the
output.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Buffer-type outputs and improved AC offer significant
advantage over 'LS273.

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

B Functionally and pin-for-pin compatible with 'LS273.

Connection Diagram

Dual-In-Line Package

Vee Q8 07 Q7 Q6 6 D5 ] CLOCK
20| 19 ] 18| 17| 6] 15| 14| 13 12| |
— 1 L— [ L]
oK <p—ae——PcK K p——ap—dP> cx
CLEAR CLEAR CLEAR CLEAR
T L®) L*] L® I
tl £ 0 L
CLEAR CLEAR CLEAR CLEAR
K <p——P CK K< cK
— —] [® FJ [—]
1 2| 3] 4 5 6 7] 8 9 10]
CLEAR a 0t 02 Q2 Q3 D3 D4 Q4 GND

TL/F/6216-1

Order Number DM54ALS273J, DM74ALS273WM, DM74ALS273N or DM74ALS273SJ
See NS Package Number J20A, M20, M20D or N20A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage 7v
Input Voltage v
Operating Free Air Temperature Range
DMS54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 8,)a
N Package '+ 57.0°C/W
M Package 76.0°C/W

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 DM54ALS273 DM74ALS273 Units
Min Nom Max Min Nom Max
Ve Supply Voltage 4.5 5 5.5 4.5 5 55 -V
Vi High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
lon High Level Output Current —1 —2.6 mA
loL Low Level Output Current 12 24 mA
fok Clock Frequency 0 30 0 35 MHz
tw(cLK) Width of Clock Pulse High 16.5 14 ns
Low 16.5 14 ns
tw Width of Clear Pulse Low 10 10 ns
tsy Data Setup Time 107 10T ns
Clear Inactive 151 157
ty Data Hold Time oT of ns
Ta Free Air Operating Temperature —55 125 0 70 °C
The (T) arrow indicates the positive edge of the Clock is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
ViK Input Clamp Voltage Vee = 4.5V, I = —18 mA —-1.5 \'J
Vou High Level Output Voo = 4.5V 54ALS 24 3.0 Y
Voltage loH = —1mA
'7::]':8 —26mA 24 3.3 \
loq = —400 A 54/74ALS Voo — 2 \'
VoL Low Level Output Vce = 4.5V 54/74ALS 0.25 04 y
Voltage loL = 12mA
'735\52 4 mA 0.35 0.5 v
l) Input Current @ Max. Ve = 8.5V, V| = 7V 04 mA
Input Voltage
[[1%] High Level Input Current Vce = 55V, Vg = 2.7V 20 pA
o Low Level Input Current Vee = 5.5V, V)L = 04V -0.2 mA
o Output Drive Current Vgg = 5.5V Vo = 2.25V -30 -112 mA
lcc Supply Current Vee = 5.5V Outputs High 11 20 mA
Outputs Open Outputs Low 19 29 mA
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Switching Characteristics over recommended operating free air temperature range (Note 1).

Symbol Parameter Conditions From To DMS4ALS273 DM74ALS273 Units
Min Max Min Max
fmax Maximum Clock Frequency | Vgc = 4.5V to 5.5V 30 35 MHz
. ) R = 500Q
tpHL Propagation Delay Time L
- 21, 1

High to Low Level Output CL = 50pF Clear | AnyQ 4 15 4 8 ns
teLH Propagation Delay Time

Low to High Level Output Clock | AnyQ 2 16.5 2 12 ns
tPHL Propagation Delay Time

High to Low Level Output Clock | AnyQ 3 16.5 3 15 ns

Note 1: See Section 1 for test waveforms and output load.

Function Table (gach Fiip-Flop)

Inputs Output
Clear Clock D Q
L X X L
H T H H
H T L L
H L X Qo

L = Low State, H = High State, X = Don't Care
T = Positive Edge Transition, Qy = Previous Condition of Q
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Logic Diagram
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DM74ALS299

ADVANCE INFORMATION

TRI-STATE® 8-Bit Universal Shift/Storage Register

Description

This eight-bit universal register features multiplexed inputs/
outputs to achieve full eight bit data handling in a single 20-
pin package. Two function-select inputs and two output-
control inputs can be used to choose the modes of opera-
tion listed in the function table.

Synchronous parallel loading is accomplished by taking
both function-select lines, SO and S1, high. This places the
TRI-STATE outputs in a high-impedance state, which per-
mits data that is applied on the input/output lines to be
clocked into the register. Reading out of the register can be
accomplished while the outputs are enabled in any mode. A
direct overriding input is provided to clear the register
whether the outputs are enabled or off.

Features
m Multiplexed inputs/outputs provide improved bit
density
| Four modes of operation:
Hold (Store) Shift Left
Shift Right Load Data
| TRI-STATE outputs drive bus lines directly
m Can be cascaded for N-bit word lengths
m Operates with outputs enabled or at high Z

Connection Diagram

Dual-In-Line Package

SHIFT
LEFT
vee st

J20 J1o Y18 ]17 16

SHIFT
RIGHT

sL Qw H/Q4F/QFD/QpB/QBCLOCK SR

15 J1a |13 |i2 f1e

S0

S1 SL Qy H/QF/Qf D/Qp B/Qg cK

G  G/QgE/Qg C/Qc A/Qp Qa'CLEAR

SR

B ENERE
so @7
[ p—
OUTPUT
CONTROLS

6 |7 s Jo |10

G2 G/Qg E/Q C/Qc A/QAQa’ CLEAR GND

TL/F/10622-1
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DM74ALS352
Dual 1 of 4 Line Data Selector/Multiplexer

General Description Features

This Data Selector/Muitiplexer contains full on-chip decod- B Advanced oxide-isolated, ion-implanted Schottky TTL
ing to select one-of-four data sources as a result of a unique process

two-bit binary code at the Select inputs. Each of the two  m Switching performance is guaranteed over full tempera-
Data Selector/Multiplexer circuits have their own separate ture and Vg supply range

Data and Strobe inputs and an inverting output buffer. The  m Pin and functional compatible with the LS family coun-
Strobe inputs, when at the high level, disable their associat- terpart

ed data inputs and force the corresponding output to the g Improved output transient handling capability
high state. The Select input buffers incorporate internal :

overlap features to ensure that select input changes do not

cause invalid output transients.

Connection Diagram

Dual-In-Line Package

STROBE A DATA INPUTS ouTPUT
vece G2 SELECT e tmm————  2Y

IIG 15 |14 13 12 11 10 9

2C3 2C2 2C1 2c0 2y
2G

BBA A

16 BBARA
13 1C2  1C1  1C0 1Y

1|2 3 [a [s e 713

Gt SELECT DATA INPUTS 1y
TL/F/6218-1

Order Number DM74ALS352M or DM74ALS352N
See NS Package Number M16A or NT6A

Function Table

Isn(:::z:st Data Inputs Strobe | Output
B A{CO Ct C2 C3 G Y
X X X X X X H H
L L L X X X L H
L L H X X X L L
L H X L X X L H
L H X H X X L L
H L X X L X L H
H L X X H X L L
H H X X X L L H
H H X X X H L L

Select inputs A and B are common to both sections
H = High Level, L = Low Level, X = Don’t Care
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage A%
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C

Storage Temperature Range —65°Cto +150°C
Typical 05
N Package 78.0°C
M Package 107.0°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.

ese

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current —26 mA
loL Low Level Output Current 24 mA
TaA Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ | Max | Units
Vik Input Clamp Voltage Vo = 4.5V, IIn = —18mA -1.5 v
VoH High Level Output Vee = 4.5V, lIpy = Max 24 3.2 \"
Voltage loH = —400 pA, Voo = 4.5V to 5.5V Voo — 2 v
VoL Low Level Output Vee = 4.5V loL = 12mA 0.25 0.4 \
Voltage loL = 24 mA 035 | 05 v
] Input Current at Vec = 5.5V, VN = 7V 01 mA
Max Input Voltage
IH High Level Input Current | Vgc = 5.5V, V|y = 2.7V 20 pA
e Low Level Input Current | Voo = 5.5V, Vjy = 0.4V -0.1 mA
lo Output Drive Current Vee = 5.5V, Voyt = 2.25V -30 —112 | mA
lcc Supply Current Ve = 5.5V (Note 1) 6.5 10 mA

Note 1: Icc is measured with data and select inputs at 4.5V, G inputs grounded and outputs open.
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Switching Characteristics over recommended operating free air temperature range (Note 1)

From (Input) i :
Symbol Parameter To (Output) Conditions Min Max Units
tpLH Propagation Delay Time Select Vee = 4.5V 10 5.5V 5 24 ns
Low to High Level Output toY CL = 50 pF
tPHL Propagation Delay Time Select RL = 5000 5 21 ns
High to Low Level Output toY
tpLH Propagation Delay Time Data 3 18 ns
Low to High Level Output toY
tPHL Propagation Delay Time - Data 2 13 ns
High to Low Level Output toY
tpLH Propagation Delay Time Strobe 4 18 ns
Low to High Level Output toY
tPHL Propagation Delay Time Strobe 4 20 ns
High to Low Level Output toY
Note 1: See Section 1 for test waveforms and output load.
Logic Diagram
1
STROBE B! o> —
r 160 L}_——
5 ]
11 t
7 output
- Yl
DATA |4 4
4 1
1c2 }
e
8 .Z__DO_AL_»_q
SELECT
14
A _Doj—¢
260 2 4 :
w M
DATA 2< 8 QUTPUT
12 v
202 4
1
q
13
kZI:S :

sTROBE G2 ——o>-

TL/F/6218-2
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DM74ALS353
TRI-STATE® Dual 1 of 4 Line

General Description

This Data Selector/Multiplexer contains full on-chip decod-
ing to select one-of-four data sources as a result of a unique
two-bit binary code at the Select inputs. Each of the two
Data Selector/Multiplexer circuits have their own separate
Data and Output Control inputs and an inverting TRI-STATE
output buffer. The Output Control inputs, when at the high
level, place the corresponding output in the high impedance
Off state. In order to prevent bus access conflicts, output
disable times are shorter than output enable times. The Se-
lect input buffers incorporate internal overlap features to en-
sure that select input changes do not cause invalid output
transients.

Data Selector/Multiplexer

Features

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Switching performance is guaranteed over full tempera-
ture and Vg supply range

m Pin and functional compatible with LS family counter-
part

m Improved output transient handling capability

m Output control circuitry incorporates power-up TRI-
STATE feature

Connection Diagram

Dual-In-Line Package

ouTPUT
CONTROL A
Vee G2 SELECT

OUTPUT
2y

DATA INPUTS

1® |15 l“ 13 12 |11 fo |e
2C3 2C2 2C1 2C0  2Y
26 BBAA J
16 BBAR
1C3 1C2  1C1 1C0 1Y
1 2 |3 Ja s e {7 la
OUTPUT B OUTPUT GND
CONTROL SELECT  DATA INPUTS 1
G
! TL/F/6219-1
Order Number DM74ALS353M or DM74ALS353N
See NS Package Number M16A or N16A
Function Table
Select Output
Inputs Data Inputs Control Output
B A|C0O Ci C2 C3 G Y
X X X X X X H z
L L L X X X L H
L L H X X X L L
L H X L X X L H
L H X H X X L L
H L X X L X L H
H L X X H X L L
H H X X X L L H
H H X X X H L L

Address inputs A and B are common to both sections

H = High Level, L = Low Level, X =
Z = High Impedance State

Don't Care
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
Voltage Applied to Disabled Output 5.5V
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 8a

N Package 78.0°C/W

M Package 107.0°C/W

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 Min Nom Max Units
Vee Supply Voltage 4.5 5 55 \
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
loH High Level Qutput Current —2.6 mA
loL Low Level Output Current 24 mA
TA Free Air Operating Temperature 0 70 °C

Electrical Characteristics

over recommended operating free air temperature range. All typical values are measured at Vo = 5V, Tp = 25°C.

Symbol Parameter Conditions Min Typ Max Units

Vik Input Clamp Voltage Vce = 4.5V, Iy = —18mA -1.5 v

VoH High Level Output Vco = 4.5V, loy = Max 24 3.2 v
Voitage loH = —400 pA, Voo = 4.5V to 5.5V Voo - 2 v

VoL Low Level Output Veec = 4.5V loL = 12mA 0.25 0.4 Vv
Voltage loL = 24 mA 035 | 05 v

Iy Input Current at Voo = 55V, VN =7V 01 mA
Max Input Voltage

IIH High Level Input Current Vge = 5.5V, Vjy = 2.7V 20 pA

i Low Level Input Gurrent Veoe = 5.5V, V)y = 0.4V —0.1 mA

lo Output Drive Current Vee = 5.5V, Vout = 2.25V —-30 —-112 mA

lozH Off-State Qutplft Vee = 5.5V, Vout = 2.7V 20 A
Current, High Bias

lozn Off-State Outplllt Vece = 5.5V, Voyt = 0.4V _20 LA
Current, Low Bias

lcc Supply Current Vee = 5.5V All Inputs at 4.5V 8 13 mA

All Inputs at GND 12
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SW|tch|ng Characteristics over recommended operating free air temperature range (Note 1) et
Symbol Parameter From To Conditions Min Max Units
tpLH Propagation Delay Time Vce = 4.5Vto 5.5V
. 5 24 ns
Low to High Level Output Select CL = 50 pF
tPHL Propagation Delay Time RL = 5000 5 21 ns
High to Low Level Output
P Loueto igh Love o i N
9 P Data
tPHL Propagation Delay Time 3 13 ns
High to Low Level Output v
tpzn Qutput Enable Time
to High Level Output 8 18 ns
tpzL Output Enable Time 2 16 ns
to Low Level Output Output
tPHZ Output Disable Time Control 5 10 ns
from High Level Output
tpLz Output Disable Time
from Low Level Output 2 14 ns
Note 1: See Section 1 for test waveforms and output load.
Logic Diagram
0 |
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4 7 output
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CONTROL ?“‘b
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National
Semiconductor

DM54ALS373/DM74ALS373

Octal D-Type TRI-STATE® Transparent Latch

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The eight latches of the ALS373 are transparent D-type
latches. While the enable (G) is high the Q outputs will fol-
low the data (D) inputs. When the enable is taken low the
output will be latched at the level of the data that was set
up.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic
levels) or a high-impedance state. In the high-impedance

state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the internal operation of
the latches. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features

m Switching specifications at 50 pF

B Switching specifications guaranteed over full tempera-
ture and Vgg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with LS TTL
counterpart

m Improved AC performance over LS373 at approximately
half the power

m TRI-STATE buffer-type outputs drive bus lines directly

Connection Diagram

Dual-In-Line Package

: ENABLE .
Vee 8a 8D () 7Q 6Q 6D sD 5Q G
Izo |19 18 17 16 15 14 Im 12 11
l--Io D ] [ D Q J Qa D :l l:Io Q J : ;
G p—e—4aG G o—v—c G
oc oc oc oc
)y T -\ —1
Q@ Dp b a a o b a
G G Gp qG
oc oc oc oc
p | Py )| 1
. - d C — S
1 2 3 4 Is 6 |7 8 9 10
ouTPUT 1Q 10 20 20 3Q 3D 4D 4Q GND

CONTROL

TL/F/6220-1

Order Number DM54ALS373J, DM74ALS373WM, DM74ALS373N or DM74ALS373SJ
See NS Package Number J20A, M20B, M20D or N20A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

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.
p g X . The “Recommended Operating Conditions” table will define
Voltage Applied to Disabled Output 5.5V the conditions for actual device operation.
Operating Free Air Temperature Range
DMB54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 65
N Package 57.0°C/W
M Package 76.0°C/W
Recommended Operating Conditions
Symbol Parameter DM54ALS373 DM74ALS373 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 4.5 5 5.5 Vv
ViH High Level Input Voltage 2 2 Vv
ViL Low Level Input Voltage 0.7 0.8 Vv
loH High Level Output Current —1 —26 mA
loL Low Level Output Current 12 24 mA
tw Width of Enable Pulse, High or Low 10 10 ns
tsu Data Setup Time 10] 10] ns
th Data Hold Time 71 71 ns
Ta Free Air Operating Temperature —55 125 0 70 °C
The (1) arrow indicates the negative edge of the enable is used for reference.
Electrical Characteristics _
over recommended operating free air temperature range. All typical values are measured at Voo = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vee = 4.5V, = —18 mA —1.5 \'4
VoH High Level Output Vgg = 4.5V 54ALS 2.4 a5 v
Voltage loH=—1mA
74ALS
IoH = —2.6mA 2.4 3.3 \
Voo = 4.5V1t05.5V | 54/74ALS _
loH = —400 pA Vec — 2 M
VoL Low Level Output Ve = 4.5V 54/7_4ALS 0.25 0.4 v
Voltage loL = 12mA
74ALS
loL = 24 mA 0.35 0.5 \
Iy Input Current at Max Ve = 6.5V, Vi = 7V
0.1 mA
Input Voltage
1%} High Level Input Current Vge = 5.5V, Vg = 2.7V 20 pA
TN Low Level Input Current Vcg = 5.5V, V)L = 0.4V —0.1 mA
lo Output Drive Current Vee = 6.5V 54/74ALS _ _
Vo = 2.25V 30 112 | mA
lozH Off-State Output Current Vee = 5.5V 20 A
High Level Voltage Applied Vo =27V s
lozL Off-State Output Current Veg = 5.5V —20 A
Low Level Voltage Applied Vo = 0.4V M
Icc Supply Current Vo = 5.5V Outputs High 9 16 mA
Outputs Open Outputs Low 16 25 mA
QOutputs Disabled 17 27 mA
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373

Switching Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter Conditions From To DMS4ALS373 DM74ALS373 Units
Min Max Min Max

teLH Propagation Delay Time Vecc = 4.5Vt0 5.5V | Data AnyQ 2 14 2 12 ns -

Low to High Level Output | R = 5000
tPHL Propagation Delay Time | CL = 50 PF Data | AnyQ ; 7 4 16 ns

High to Low Level Output
tPLH Propagation Delay Time Enable | AnyQ

Low to High Level Output 6 2 6 22 ns
tPHL Propagation Delay Time Enable | AnyQ

High to Low Level Output ! 3 7 2 ns
tpzH Output Enable Time Output | AnyQ

to High Level Output Control 3 185 6 18 ns
tpzL Output Enable Time Output | AnyQ

to Low Level Output Control 8 205 5 20 ns
tPHZ Output Disable Time Output | AnyQ

from High Level Output Control 2 135 2 10 ns
teLz Output Disable Time Output { AnyQ

from Low Level Output Control 2 18 2 12 ns

Note 1: See Section 1 for test waveforms and output load.

Function Table
Output Enable D Output
Control G Q
L H H H
L H L L
L L X Qo
H X X V4

L = Low State, H = High State, X = Don’t Care

Z = High Impedance State
Qp = Previous Condition of Q
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Semiconductor

DM54ALS374/DM74ALS374

Octal TRI-STATE® D-Type Edge-Triggered Flip-Flop

General Description |

These 8-bit registers feature totem-pole TRI-STATE outputs -

designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The eight flip-flops of the ALS374 are edge-triggered D-type
flip-flops. On the positive transition of the clock, the Q out-
puts will be set to the logic states that were set up at the D
inputs.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic
levels) or a high-impedance state. In the high-impedance
state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the internal operation of
the flip-flops. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

B Functionally and pin-for-pin compatible with LS TTL
counterpart

B Improved AC performance over LS374 at approximately
half the power

m TRI-STATE buffer-type outputs drive bus lines directly

Connection Diagram

Dual-In-Line Package

vee 8a 8D 7 7Q 6Q 6D 5D 50 CLOCK
|2o |19 18 17 16 15 14 |13 12 1
t Q o ] D Q ] I: a o ] )
CK D CK Eiqo—< cK
oc oc oc oc
Py 1 |
) = B (e G Q D~ D Q
CK b TK oK P K
oc oc oc oc
I I .|
L - -l L —
1 2 3 4 5 6 7 8 9 Fo
OUTPUT 1Q 1D 20 20 3Q 3D 4D 4Q GND
CONTROL

TL/F/6113-1

Order Number DM54ALS374J, DM74ALS374WM, DM74ALS374N or DM74ALS374SJ
See NS Package Number J20A, M20B, M20D or N20A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage

Input Voltage

Voltage Applied to Disabled Output
Operating Free Air Temperature Range

N
N
5.5V

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.

DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 84a
N Package 57.0°C/W
M Package 76.0°C/W
Recommended Operating Conditions
Symbol Parameter DMS4ALS374 DM74AL$374 Units
Min Nom Max Min Nom Max
Ve Supply Voltage 4.5 5 5.5 4.5 5 5.5 \'
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
loL Low Level Output Current 12 24 mA
foLock Clock Frequency 0 30 0 35 MHz
tw Width of Clock Pulse High 16.5 14 ns
Low 16.5 14 ns
tsu Data Setup Time 107 07 ns
t4 Data Hold Time 41 or ns
TA Free Air Operating Temperature —55 125 0 70 °C
The (T) arrow indicates the positive edge of the Clock is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vg = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
ViK Input Clamp Voltage Vo = 4.5V, || = —18mA -1.5 \
VoH High Level Output Veg = 4.5V lon = Max 24 3.2 \
Voltage |Voé_|c== ;.é(\)/otgg.sv 54/74ALS Vog — 2 v
VoL \l;g\ﬁ/alézvel Output Voo = 4.5V |5c;tL/ Zi/:léSmA 0.25 0.4 v
ELAEZ A 035 | 05 v
I Input Current @ Max. Veg = 5.5V, Vi =7V 0.1 mA
Input Voltage
[T} High Level Input Current Voo = 5.5V, Vi = 2.7V 20 pA
e Low Level Input Current Veog = 5.5V, VL = 0.4V -0.2 mA
lo OQutput Drive Current Vce = 5.5V 32/7:2285 v 30 —112 mA
lozn Ojf-State Output Curreng, Vec = 5.5V, Vg = 2.7V 20 A
High Level Voltage Applied
lozL Oft-State Output Current, Vee = 5.5V, Vo = 0.4V _20 pA
Low Level Voltage Applied
Icc Supply Current Vg = 5.5V Outputs High " 19 mA
Outputs Open Outputs Low 19 28 mA
Outputs Disabled 20 31 mA
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374

SWItChlng Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter Conditions From To DMS4ALS374 DM74ALS374 Units
Min Max Min Max
fMAX Maximum Clock Frequency | Voo = 4.5V to 5.5V 30 35 MHz
tPLH Propagation Delay Time AL B 5000 Clock | AnyQ 3 14 3 12 ns
Low to High Level Output CL = 50pF
tPHL Propagation Delay Time Clock Any Q
6
High to Low Level Output 5 i 5 1 ns
tpzH Output Enable Time Output | AnyQ
to High Level Output Control s 8 S i ns
tpzL Output Enable Time Output | AnyQ
to Low Level Output Contro! 6 21 7 18 ns
tpHZ Output Disable Time Output | AnyQ
0
from High Level Output Control 2 B 2 ! ns
tpLz Output Disable Time Output | AnyQ
9
from Low Level Output Control 8 1 8 18 ns

Note 1: See Section 1 for test waveforms and output load.

Function Table
Output Output
Control Clock b Q
L T H H
L T L L
L L X Qo
H X X z

L = Low State, H = High State, X = Don't Care

T = Positive Edge Transition
Z = High Impedance State
Qg = Previous Condition of Q
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Logic Diagram
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465A*466A*467A*468A

National
Semiconductor

DM74ALS465A/466A/467A/468A
Octal TRI-STATE® Bidirectional Bus Driver

General Description

These octal TRI-STATE bus drivers are designed to provide
the designer with flexibility in implementing a bus interface
with memory, microprocessor, or communication systems.
The output TRI-STATE gating control is organized into two
separate groups of four buffers on the ALS467A and
ALS468A, and one common gating control for all eight buff-
ers on the ALS465A and ALS466A. All control inputs are
active low enabling. The buffers on the ALS465A and
ALS467A are non-inverting and the buffers on the ALS466A
and ALS468A are inverting. The TRI-STATE circuitry con-
tains a feature that maintains the buffer outputs in
TRI-STATE (high impedance state) during power supply
ramp-up or ramp-down. This eliminates bus glitching prob-
lems that arise during power-up and power-down.

Features

B Advanced low power
Schottky TTL process

N Functional and pin compatible with the DM54/74LS
counterpart and the DM71/81LS95, 96, 97, 98

m Improved switching performance with less power dissi-
pation compared with the DM54/74LS counterpart

® Switching response specified into 5000 and 50 pF load

m Switching response specifications guaranteed over full
temperature and Vgg supply range

® PNP input design reduces input loading

oxide-isolated ion-implanted

Connection Diagrams

Dual-In-Line Package

t1—1 U 20 r—-Vcc
A11 2 19p—52
y1—{3 18}—ns
a2 —{4 . 178
Y2—i5 16— a7
A6 15p=—Y7
Y3—{7 14— AB
A —8 13— Y6
va—{9 12— A5
GND—] 10 11— Y5
TL/F/6221~1
Top View

Order DM74ALS465AWM, DM74ALS466AWM,
DM74ALS465AN or DM74ALS466AN
See NS Package Number M20B or N20A

Dual-In-Line Package

15 =1 U 20— vcc
1a1—q2 19f—28
11 =—3 18— 204
142 —4 4 17— 2va
1vz—7 5 16}—2a3
143 —{6 15— 2v3
1¥3 =47 14— 282
114 —]8 13}—2v2
14 —{9 12}—2a1
GND —{ 10 1f—2n

TL/F/6221-2
Top View

Order Number DM74ALS467AWM, DM74ALS468AWM,
DM74ALS467AN or DM74ALS468AN
See NS Package Number M20B or N20A
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Absolute Maximum Ratings

Supply Voltage, Vco A"
Input Voltage A"
Output Voltage (Disabled) 5.5V
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 05

N Package 60.5°C/W

M Package 79.8°C/W

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
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.

Symbol Parameter Min Typ Max Units
Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 \"
ViL Low Level Input Voltage 0.8 \"
lon High Level Output Current —-15 mA
loL Low Level Output Current 24 mA
Ta Operating Free Air Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range (unless otherwise specified)
Symbol Parameter Conditions Min Typ Max Units
VK Input Clamp Voltage Ve = 4.5V, | = —18mA -1.5 \"
VoH High Level Output Ve = 4.5V 10 5.5V lon = —0.4mA Veg — 2 \
Voltage Voo = 4.5V lon = —3mA 2.4 v
loH = Max 2 \"
VoL Low Level Output loL = Max 0.35 0.5 \
I Input Current at Max Vce = 5.5V, Vp = 7V 01 mA
Input Voltage
IH High Level Input Vee = 5.5V, V| = 2.7V 20 pA
Current
e Low Level Input Vee = 5.5V, VL = 0.4V —o1 mA
Current
lo Output Drive Ve = 5.5V, Vo = 2.25V ~30 —112 mA
Current
lozH High Level TRI-STATE Vg = 5.5V, Vo = 2.7V 20 A
Output Current B
lozL Low Level TRI-STATE Vce = 5.5V, Vg = 0.4V _20 A
Output Current “
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465A*466A*467A*468A

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

Symbol Parameter Conditions Min Typ Max Units
lcc Supply Current Ve = 5.5V, ALS465A
Outputs High 11 16 mA
Outputs Low 19 28
Outputs TRI-STATE 23 33
Ve = 5.5V, ALS466A
Outputs High 7 10 mA
Outputs Low 16 24
Outputs TRI-STATE 19 27
Vce = 5.5V, ALS467A
Outputs High 11 16 mA
Outputs Low 19 28
Outputs TRI-STATE 23 33
Voo = 5.5V, ALS468A
Outputs High 7 10 mA
Outputs Low 16 24
Outputs TRI-STATE 19 27
’ALS465A and ’ALS467A Switching Characteristics
over recommended operating free air temperature range (Note 1)
From To
Parameter Conditions (Input) (Output) Min Max Units
tPLH Veg = 4.5Vt0 5.5V, 2 13 ns
Gy = 50 pF A Y 4 12 ns
t ’
PHL R1 = 5000,
tpzH R2 = 5000, G Any Y 4 23 =
tpzL Ta = Min to Max 5 25 ns
tpHZ s AnyY 2 10 ns
tpLz 3 18 ns
’ALS466A and ’ALS468A Switching Characteristics
over recommended operating free air temperature range (Note 1)
From To
Parameter Conditions (Input) (Output) ‘ Min Max Units
tPLH Ve = 4.5Vt0 5.5V, A v 3 12 ns
CL = 50 pF,
t L ’ 2 9 ns
PHL R1 = 5000,
tpzH R2 = 5000, 1 AnyY 4 16 ns
tpzL Ta = Minto Max 7 23 ns
tpHz T AnyY 2 10 ns
tpLz 2 17 ns

Note 1: See Section 1 for test waveforms and output loads.
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Logic Diagrams
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National
Semiconductor

DM54/74ALS518/519/520/521/522

8-Bit Comparator

General Description

These comparators perform an “equal to” comparison of
two eight-bit words with provision for expansion or external
enabling. The matching of the two 8-bit input plus a logic
LOW on the EN input produces the output A = B on the
ALS518 and 519 and the output A = B on the ALS520, 521
and 522. The ALS520 and 521 have totem pole outputs,
while the ALS518, 519 and 522 have open collector outputs
for wire AND cascading. Additionally, the ALS518, 520 and
522 are provided with B input pull up termination resistors
for analog or switch data.

Features

® Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with LS family
counterpart

| Improved output transient handling capability

Connection Diagrams

Dual-In-Line Package

VecA=B By Ay B Ag Bs As By A,
Y Iy T o o |
20 19 18 17 16 15 14 13 12 11

D

5 6 7 8 9 10

| ULUNL
1 By Ay B, Ag By GND

pus 3
-~

1
1
EN

P Y
©

o

> -

TL/F/6114-1
Order Number DM74ALS518WM, DM74ALS519WM,
DM74ALS518N or DM74ALS519N
See NS Package Number M20B or N20A

Dual-In-Line Package

VecA=B By A; By Ag By Ag By A,
1N T T T Iy I I |
20 19 18 17 16 15 14 13 12 11

5 6 7 8 9 10

LU

By Ay B, Az B3 GND
TL/F/6114-2

Order Number DM74ALS520WM, DM74ALS521WM,

DM74ALS522WM, DM74ALS520N, DM54ALS521J,
DM74ALS521N or DM74ALS522N
See NS Package Number J20A, M20B or N20A

Function Tables

ALS518,519
Inputs Output
EN Data A=B
L A=8B H
L A+#B L
H X L

H = High Logic Level; L = Low Logic Level; X = Don't Care

ALS520, 521, 522
Inputs Output
EN Data A=B
L A=8B L
L A+#8B H
H X H

H = High Logic Level; L = Low Logic Level; X = Don't Care
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b
Absolute Maximum Ratings %
If Military/Aerospace specified devices are required, Note: The “Absolute Maximum Ratings” are those values a
please contact the National Semiconductor Sales beyond which the safety of the device cannot be guaran- “.’
Office/Distributors for availability and specifications. teed. The device should not be operated at these limits. The %
Supply Voltage 7v parametric values defined in the “Electrical Characteristics” (=3
Input Voltage 7v table are not guaranteed at the absolute maximum ratings. 8‘
. . The “Recommended Operating Conditions” table will define e
Operating Free Air Temperature Range the conditions for actual device operation. °
DM54ALS —55°Cto +125°C [3)]
DM74ALS 0°Cto +70°C N
Storage Temperature Range —65°C to +150°C
Typical 65
N Package 62.0°C/W
M Package 82.0°C/W
Recommended Operating Conditions
DM54ALS DM74ALS
Symbol Parameter 521 518, 519, 520, 521, 522 Units
Min Nom Max Min Nom Max
Vce Supply Voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage ' 0.7 0.8 \
VoH High Level Output Voltage
(ALS518, 519, 522) 55 5.5 v
loH High Level Output Current _ _
(ALS520, 521) ! 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. All typical values are measured at Vo = 5V, Tp = 25°C.
Symbol Parameter ' Conditions Min Typ Max Units
Vik Input Clamp Voltage Ve = 4.5V, = —18mA —-15 \
VoH High Level Output Voo = 4.5Vto5.5V | ALS520, 521 Ven — 2 Y
Voltage loH = —400 pA cc
Vog = 4.5V 24 3.2 v
lon = Max
loH High Level Output Vce = 5.5V ALS518, 0.1 mA
Current VoH = 5.5V 519, 522 .
VoL Low Level Output Vce = 4.5V 54/74ALS 0.25 0.4 v
Voltage loL = 12mA
74ALS
loL = 24 mA 0.35 0.5 \
I Max High Input Vee = 5.5V ViH = 5.5V
Current B Input ALS518, 520, 522 0.1 mA
ViH = 7V, All Others
i High Level Input Vee = 5.5V, All Others 20 A
Current Vin = 27V B Input ALS518, 520, 522 —200
i Low Level Input Vee = 5.5V, B Input ALS518, 520, 522 ~-0.6 mA
Current ViL = 0.4 All Others —01 | mA
lo Output Drive Vece = 5.5V Vo = 2.25V _ _
Current : ALS520, 521 30 T2 | mA
Icc Supply Current Vee = 5.5V ALS518, 519, 522 1 17 mA
(Note 1) ALS520, 521 12 19 mA
Note 1: Icc is measured with EN grounded, A and B inputs at 4.5V and outputs open.
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SWItChIng Characteristics over recommended operating free air temperature range (Note 1)

From To DM74ALS
Symbol Parameter Conditions 518,519 Units
Input Output
Min Max
tpLH Propagation Delay Time Vee = 4.5V t0 5.5V AorB A=B 15 a3 ns
Low to High Level Output CL = 50 pF Data
tPHL Propagation Delay Time R = 6800 AorB A=B 3 15 ns
High to Low Level Output Data
tpLH Propagation Delay Time =_ _
Low to High Level Output EN A=B 15 33 ns
tPHL Propagation Delay Time J— _
High to Low Level Output EN A=B 8 15 ns
Switching Characteristics over recommended operating free air temperature range (Note 1)
DM54ALS DM74ALS
Symbol Parameter Condition From To 521 520,521 Units
v s Input Output .
Min Max Min Max
tPLH Propagation Delay Time Veoe = 4.5V to 5.5V AorB 5
Low to High Level Output CL = 50 pF Data A=B 3 18 3 12 ns
tPHL Propagation Delay Time R = 5000 AorB | s—g 5 25 5 20 ns
High to Low Level Output Data
tPLH Propagation Delay Time = =5
Low to High Level Output BN | A=B | 3 | 151 2 | 12 ns
tpHL Propagation Delay Time = el
High to Low Level Output EN A=8 5 25 5 22 ns
Switching Characteristics over recommended operating free air temperature range (Note 1)
From To DM74ALS
Symbol Parameter Conditions 522 Units
Input Output
Min Max
tPLH Propagation Delay Time Ve = 4.5V to 5.5V AorB —=
Low to High Level Output Cp = 50 pF Data A=B 10 25 ns
tpHL Propagation Delay Time RL = 6800 AorB =B 5 03 ns
High to Low Level Output Data
tpLH Propagation Delay Time = =5
Low to High Level Output EN A=B 8 25 ns
tPHL Propagation Delay Time =_— =5
High to Low Level Output EN A=8 8 23 ns

Note 1: See Section 1 for test waveforms and output load.
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533

National
Semiconductor

DM74ALS533

Octal D-Type Transparent Latch

with TRI-STATE® Outputs

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The eight inverting latches of the ALS533 are transparent
D-type latches. While the enable (G) is high the Q outputs
will follow the complement of the data (D) inputs. When the
enable is taken low the output will be latched at the comple-
ment of the level of the data that was set up.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic

levels) or a high-impedance state. in the high-impedance
state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the internal operation of
the latches. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features

® Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m TRI-STATE buffer-type outputs drive bus lines directly

Connection Diagram

Dual-In-Line Package
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Order Number DM74ALS533WM or DM74ALS533N
See NS Package Number M20B or N20A

2-168




£es

Absolute Maximum Ratings

Supply Voltage v Note: The "“Absolute Maximum Ratings” are those values
Input Voltage 7V bey;n;ih w/;/’ch thehsa//c;ty of brhe deviced can,r:ot b/e guar7a_:-
; . teed. The device should not be operated at these limits. The

Voltage'a Applied t‘_) Disabled Output 58V parametric values defined in the “Electrical Characteristics”
Operating Free Air Temperature Range table are not guaranteed at the absolute maximum ratings.

DM74ALS 0°Cto +70°C The “Recommended Operating Conditions’ table will define
Storage Temperature Range —-65°C to +150°C the conditions for actual device operation.
Typical 044

N Package 57.0°C/W

M Package 76.0°C/W

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.5 5 5.5 \"
VIH High Level Input Voltage 2 \"
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current —-26 mA
loL Low Level Output Current 24 mA
tw Width of Enable Pulse, High or Low 15 ns
tsy Data Setup Time 15] ns
th Data Hold Time 71 ns
TA Free Air Operating Temperature 0 70 °C

The (1) arrow indicates the negative edge of the enable is used for reference.

Electrical Characteristics

over recommended operating free air temperature range. All typical values are measured at Vgg = 5V, Ty = 25°C.

Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vec = 4.5V, || = —18mA —-1.5 \"
Vo High Level Output Voo = 4.5V loH = —2.6mA 2.4 3.3 \
Voltage Voo = 45V1055V | loy= —400 pA | Voo — 2 v
VoL Low Level Output Vee = 4.5V loL = 12mA 0.25 0.4 \
Voltage loL = 24 mA 0.35 0.5 \
I Input Current @ Max. Veoe = 5.5V, Vi =7V 01 mA
Input Voltage
Iy High Level Input Current Veg = 5.5V, Vi = 2.7V 20 pA
e Low Level Input Current Vee = 5.5V, VL = 04V —0.1 mA
) lo Output Drive Current Vee = 5.5V Vo = 2.25V —30 —-112 mA
lozH O'ff-State Output Currenf Vee = 5.5V 20 pA
High Level Voltage Applied Vo = 2.7V
lozL Off-State Output Curren.t Vge = 6.5V —20 BA
Low Level Voltage Applied Vo = 0.4V
Icc Supply Current Ve = 5.5V Qutputs High 10 17 mA
Outputs Open Outputs Low 17 26 mA
Outputs Disabled 18.5 28 mA
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Switching Characteristics over recommended operating free air temperature range (Nots 1).

Symbol Parameter Conditions From To Min Max Units
tPLH Propagation Delay Time Vee = 4.5V {0 5.5V Data AnyQ 2 19 ns
Low to High Level Output R = 5000
tPHL Propagation Delay Time CL = 50pF Data AnyQ 4 13 ns
High to Low Level Output
tpLH Propagation Delay Time Enable AnyQ 5 25 ns
Low to High Level Output
tPHL Propagation Delay Time Enable AnyQ 4 18 ns
High to Low Level Output
tpzH Output Enable Time Output AnyQ 4 17 ns
to High Level Output Control .
tpzL Output Enable Time Output AnyQ 4 18 ns
to Low Level Output Control
tpHz Output Disable Time Output AnyQ 2 10 ns
from High Level Output Control
tpLz Output Disable Time Output AnyQ 3 16 ns
from Low Level Output Control
Note 1: See Section 1 for tast wavéforms and output load.
Function Table
Output Enable D Output
Control G Q
L H H L
L H L H
L L X Qo
H X X 4

L = Low State, H = High State, X = Don’t Care

Z = High impedance State
Qp = Previous Condition of @
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National
Semiconductor

DM74ALS534 Octal D-Type

Edge-Triggered Flip-Flop with TRI-STATE® Outputs

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 170 ports, bidirectional
bus drivers, and working registers.

The eight flip-flops of the ALS534 are edge-triggered invert-
ing D-type flip-flops. On the positive transition of the clock,
the Q outputs will be set to the complement of the logic
states that were set up at the D inputs.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic
levels) or a high-impedance state. In the high-impedance
state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the internal operation of
the flip-flops. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features

M Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

W Advanced oxide-isolated, ion-implanted Schottky TTL
process

m TRI-STATE buffer-type outputs drive bus lines directly

Connection Diagram

Dual-In-Line Package
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Order Number DM74ALS534WM or DM74ALS534N
See NS Package Number M20B or N20A
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Absolute Maximum Ratings

pes

Supply Voltage N Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7V beyond which the safety of the device cannot be guaran-
. . teed. The device should not be operated at these limits. The
Voltage. Applied to. Disabled Output 5.5v parametric values defined in the “Electrical Characteristics™
Operating Free Air Temperature Range i | table are not guaranteed at the absolute maximum ratings.
DM74ALS 0°Cto +70°C The “Recommended Operating Conditions” table will define
Storage Temperature Range —-65°Cto +150°C the conditions for actual device operation.
Typical 64
N Package 57.0°C
M Package 76.0°C
Recommended Operating Conditions
Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.5 5 5.5 v
ViH High Level Input Voltage 2 v
ViL Low Level input Voltage 0.8 \"
loH High Level Output Current —2.6 mA
loL Low Level Output Current 24 mA
foLock Clock Frequency 0 35 MHz
tw Width of Clock Pulse High 14 ns
Low 14 ns
tsy Data Setup Time 10T : ns
th Data Hold Time oT ns
Ta Free Air Operating Temperature 0 70 °C
The (1) arrow indicates the positive edge of the Clock is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vg = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vee = 4.5V, = —18 mA —1.5 \
VoH High Level Output Voo = 4.5V loy = Max 2.4 3.2 \
Voltage -
Vcc = 4.5Vto 6.5V Voo — 2 v
loy = —400 pA
VoL Low Level Output Vco = 4.5V loL = 12mA 0.25 0.4 v
Voltage loL = 24 mA 0.35 0.5 \
Iy Input Current at Max Vo = 5.5V, Vi =7V
0.1 mA
Input Voltage
IH High Level Input Current Vee = 5.5V, Vg = 2.7V 20 rA
iL Low Level Input Current Vee = 5.5V, VL = 0.4V All Others —0.2 mA
CLK, OC —-0.1
lo Output Drive Current Vce = 5.5V Vo = 2.25V —30 —112 mA
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Electrical Characteristics

(Continued)

over recommended operating free air temperature range. All typical values are measured at Vg = 5V, Ta = 25°C.

Symbol Parameter Conditions Min Typ Max Units
lozH Off-State Output Current Vg = 5.5V 20 A
High Level Voltage Applied | Vo = 2.7V P
lozL Off-State Output Current Vce = 5.5V 20 A
Low Level Volitage Applied Vo = 0.4V B
Icc Supply Current Ve = 6.5V Outputs High 11 19 mA
Outputs Open Outputs Low 19 28 mA
Outputs Disabled 20 31 mA
Switching Characteristics over recommended operating free air temperature range (Note 1
Symbol Parameter Conditions From To Min Max Units
fMAX Maximum Clock Frequency Vce = 4.5Vto 5.5V 35 MHz
toLH Propagation Delay Time Ry j 50082 Clock AnyQ 3 12 ns
Low to High Leve! Output CL = 50pF
tPHL Propagation Delay Time Clock AnyQ 5 16 ns
High to Low Level Output
tpzH Output Enable Time Output AnyQ 5 17 ns
to High Level Output Control
tpzL Output Enable Time Output AnyQ 7 18 ns
to Low Level Output Control
tpHz Output Disable Time Output AnyQ 2 10 ns
from High Level Output Control
tpLz Output Disable Time Output AnyQ 2 14 ns
from Low Level Output Control

Note 1: See Section 1 for test waveforms and output load.

Function Table
Output Output
Control Clock D Q
L T H L
L T L H
L L X Qo
H X X z

L = Low State, H = High State, X = Don’t Care

T = Positive Edge Transition
Z = High impedance State
Qo = Previous Condition of &
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Logic Diagram
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540A

National
Semiconductor

DM74ALS540A Octal Inverting Buffer
and Line Driver with TRI-STATE® Outputs

General Description

This octal buffer and line driver is designed to have the
performance of the 'ALS240 series and, at the same time,
offer a pinout with inputs and outputs on opposite sides of
the package. This arrangement greatly enhances printed
circuit board layout. The TRI-STATE control gate is a 2-input
NOR such that if either G1 or G2 is high, all eight outputs
are in the high impedance state.

Features

B Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Switching performance is guaranteed over full tempera-
ture and Vg supply range

m Data flow-thru pinout (All inputs on opposite side from
outputs)

m P-N-P inputs reduce DC loading

Connection Diagram

vce 62 Y1 Y2 Y3 Y4 YS Y6 Y7 Y8
|20 19 18 17 16 15 14 13 12 11
IK I2 I3 l4 Is ls 17 I's lo lio

&1 Al A2 A3 Ad A5 A6 A7 A8 GND

TL/F/9170-1

Order Number DM74ALS540AWM or DM74ALS540AN
See NS Package Number M20B or N20A

Function Table
Inputs Output

Gt | @ | A M
H X X Hi-Z
X H X Hi-Z
L L L H
L L H L

H = High Logic Level, L = Low Logic Level

X = Don't Care (Either High or Low Logic Level)
Hi-Z = High Impedance (Off) State
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Absolute Maximum Ratings

Supply Voltage v Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7v beyond which the safety of the device cannot be guaran-
Voltage Applied toa teed. The device should not be operated at these limits. The

Disabled TRI-STATE Output 5.5V parametric values defined in the “Electrical Characteristics”

Operating Free-Air Temperature Range

table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define

Yovs

DM74ALS 0°Cto +70°C the conditions for actual device operation.
Storage Temperature Range —65°Cto +150°C
Typical 05

N Package 58.5°C/W

M Package 77.5°C/W

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.5 5 5.5 v
Vik High Level Input Voltage 2 \%
ViL Low Level Input Voltage 0.7 Vv
loH High Level Output Current —-15 mA
loL Low Level Output Current 24 mA
TA Free Air Operating Temperature 0 70 °C
Electrical Characteristics over recommended free air temperature range
Symbol Parameter Test Conditions Min Typ Max Units
Vik Input Clamp Voltage Ve = Min, || = ~18 mA —-1.5 \
VoH High Level Output Vce = 4.5Vt0 5.5V lo = —0.4mA Ve — 2
Voltage Voe = Min lo = —3mA 24 3.2 v
loy = Max 2
VoL Low Level Output Vee = Min loL = 12mA 0.25 0.4 mA
Voltage loL = 24 mA 035 | 05
I Input Current @ Max Vee = Max, V) = 7V 100 A
Input Voltage
lin High Level Input Current Vee = Max, V| = 2.7V 20 pA
m Low Level Input Current Ve = Max, V) = 0.4V —100 pA
lozH High Level TRI-STATE Vce = Max, Vo = 2.7V 20 LA
Output Current
lozL Low Level TRI-STATE Voc = Max, Vg = 0.4V _20 BA
Output Current
lo Output Drive Current Vee = Max, Vg = 2.25V —30 -112 mA
lcc Supply Current Vce = Max Outputs High 5 10
Qutputs Low 13 22 mA
Outputs Disabled 11 19
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Switching Characteristics over recommended free air operating temperature range

From (input)

Symbol Parameter Conditions To (Output) Min Max Units
tpLH Propagation Delay Time Vce = 4.5Vto 5.5V, AorB 2 12 ns
Low to High Level Output Rq = Rg = 5000, toY
tpHL Propagation Delay Time Gy = 50 pF AorB » 0 ns
High to Low Level Output (Note 1) toY
tpzH Output Enable Time —=
to High Level Output GtoY 5 15 ns
tezL Output Enable Time
to Low Level Output Gtoy 8 20 ns
tPHZ Output Disable Time =
from High Level Output GloY 1 10 ns
tprz QOutput DisableTime GioY > 12 ns

from Low Level Output

Note 1: See Section 1 for output load and test waveforms.
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Semiconductor

DM74ALS541

Octal Buffer and Line Driver with TRI-STATE® Outputs

General Description

This octal buffer and line driver is designed to have the
performance of the 'ALS240 series and, at the same time,
offer a pinout with inputs and outputs on opposite sides of
the package. This arrangement greatly enhances circuit
board layout. The TRI-STATE control gate is a 2-input NOR
such that if either G1 or G2 is high, all eight outputs are in
the high impedance state. '

Features

B Advanced oxide-isolated ion-implanted Schottky TTL
process

W Switching performance is guaranteed over full tempera-
ture and Vgg supply range

m Data flow-thru pinout (all inputs on opposite side from
outputs)

m P-N-P Inputs reduce DC loading

Connection Diagram

vee G2 1 .2 Y3
120 19 18 17 16

o111

1 2 I3 1B
] A A2 A3 A4

ls 7 I8 lo 10
A5 A8 GND

IIE

TL/F/9171-1

Order Number DM74ALS541WM or DM74ALS541N
See NS Package Number M20B or N20A

Function Table
Input Output
a1 G2 A Y
H X X Hi-Z
X H X Hi-Z
L L L L
L L H H

H = High Logic Level, L = Low Logic Level
X = Don't Care (Either Low or High Logic Level)
Hi-Z = High Impedance (Off) State
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Absolute Maximum Ratings
Supply Voltage
Input Voltage: Control Inputs

Voltage Applied to a Disabled
TRI-STATE Output

Operating Free-Air Temperature Range

DM74ALS
Storage Temperature Range

Typical 64

N Package
M Package

v
v

5.5V

0°Cto +70°C
—65°Cto +150°C

58.5°C/W
77.5°C/W

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 DM74ALSS41 Units
Min Nom Max
Vee Supply Voltage 4.5 5 55 v
Vi High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current -15 mA
loL Low Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics overrecommended free air temperature range’
Symbol Parameter Test Conditions Min Typ Max Units
Vik Input Clamp Voltage Voe = Min, | = —18 mA -1.2 v
VoH High Level Output Vg = 4.5V1t05.5V loH = —0.4 mA Vee - 2
Voltage Vee = Min lon = —3 mA 24 3.2 v
lon = Max 2
Vo|_‘ Low Level! Output Vce = Min loL = 12mA 0.25 04 mA
Voltage loL = 24 mA 035 | 05
Iy Input Current at Max Vee = Max, V| = 7V 100 pA
Input Voltage
IH High Level Input Current Vce = Max, V) = 2.7V 20 MA
e Low Level Input Current Vce = Max, V) = 0.4V -100 pA
lozH High Level TRI-STATE Vce = Max, Vo = 2.7V 20 LA
Output Current
loz Low Level TRI-STATE Vee = Max, Vp = 0.4V ~20 LA
Output Current
lo Output Drive Current Vce = Max, Vo = 2.25V —30 -112 mA
Icc Supply Current Vce = Max Outputs High 6 14
Outputs Low 15 25 mA
Outputs Disabled 13.5 22
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Switching Characteristics over recommended operating free air temperature range

Symbol Parameter Conditions ?:%ﬂ::‘:t)) ;:74ALS:::X Units
e | W rent | ey | 4 | w | w
: : CL = 50pF
| ot ot T, | o oy |2 |0 |
R ser | s | m | ow
| Qe e e soy | 8 | @ | ow
e | Cuavemetne sov | 1+ [0 [ m
s | pumaeree sy | 2| w | m

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS563A Octal D-Type

Transparent Latch with TRI-STATE® Output

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The eight inverting latches of the ALS563A are transparent
D-type latches. While the enable (G) is high the Q outputs
will follow the data (D) inputs. When the enable is taken low
the output will be latched at the complement of the level of
the data that was set up.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic
levels) or a high-impedance state. In the high-impedance
state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the internal operation of
the latches. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features

B Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process .

m TRI-STATE buffer-type outputs drive bus lines directly

Connection Diagram

Dual-In-Line Package

vee 0 T Q Qq % ] ) o ENABLE
a| 19 18 17 16 15 14 13 12 |
[ 3 [ [ [ [ [ 0C
0§ 0T [ 0§ [ 0T 0 ¥ 0 G
) B 3 4 5 5 7 8 9 o]
UTPUT 1] il K| @ ) 60 ] 80 ]
CONTROL

TL/F/9162-1

Order Number DM74ALS563AWM or DM74ALS563AN
See NS Package Number M20B or N20A

Function Table

Output Enable o Output
Control G Q

L H H L

L H L H

L L X Qo

H X X Z

L = Low State, H = High State, X = Don’t Care
Z = High Impedance State
Qg = Previous Condition of Q
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
Voltage Applied to Disabled Output 5.5V

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.

DM74ALS 0°Cto +70°C The “Recommended Operating Conditions” table will define
Storage Temperature Range —65°Cto +150°C the conditions for actual device operation.
Typical 645
N Package 56.0°C/W
M Package 75.0°C/W
Recommended Operating Conditions
Symbol Parameter DM74ALSS63A Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \')
Viy High Level Input Voltage 2 \
ViL Low Leve! Input Voltage 0.8 \']
loH High Level Output Current —2.6 mA
lot Low Level Output Current 24 mA
tw Width of Enable Pulse, High or Low 15 ) ns
tsy Data Setup Time 10] ns
tH Data Hold Time 10] ns
TA Free Air Operating Temperature 0 70 °C
The (1) arrow indicates the negative edge of the enable is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vg = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
ViK Input Clamp Voltage Voe = 4.5V, = —18mA —-1.2 \'
Vo High Level Output Ve = 4.5V loq = Max 24 a0 v
Voltage ViL = V) Max
Vcc = 4.5V to 5.5V loq = —400 pA Voo — 2 \"
VoL Low Level Output Ve = 4.5V loL = 12mA 0.25 0.4 Vv
Voltage Vi = 2V loL = 24 mA 035 | 05 v
Iy Input Current @ Max. Vcc = 5.5V, V| =7V 0.1 mA
Input Voltage
i1 High Level Input Current Voo = 5.5V, Vg = 2.7V 20 HA
i Low Level Input Current Voo = 5.5V, VL = 0.4V —0.1 mA
lo Output Drive Current Voo = 5.5V, Vg = 2.25V —30 —112 mA
lozH O_ff-State Output Curren? Vece = 5.5V, Vjy = 2V 20 A
High Level Voltage Applied | Vg = 2.7V
lozL Off-State Output Curren_t Vee = 5.5V, Vi =2V —50 A
Low Level Voltage Applied Vo = 0.4V
lcc Supply Current Vee = 5.5V Outputs High 10 17 mA
Outputs Open Outputs Low 16 26 mA
Outputs Disabled 17 29 mA
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Switching Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter Conditions From To DM74ALSS63A Units
Min Max

tPLH Propagation Delay Time Vcc = 4.5V10 5.5V Data AnyQ 3 18 ns
Low to High Level Output RL = 5000 :

tpHL Propagation Delay Time CL = 50pF Data AnyQ 3 14 ns
High to Low Level Output

tPLH Propagation Delay Time Enable AnyQ 8 22 ns
Low to High Level Output

tpHL Propagation Delay Time Enable AnyQ 8 21 ns
High to Low Level Output

tpzH Output Enable Time Output AnyQ 4 18 ns
to High Level Output Control

tpzL Output Enable Time Output AnyQ 4 18 ns
to Low Level Output Control

tpHz Output Disable Time Output AnyQ 2 10 ns
from High Level Output Control

tprz Output Disable Time Output AnyQ 3 15 ns
from Low Level Output Control

Note 1: See Section 1 for test waveforms and output load.
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Logic Diagram
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564A

National
Semiconductor

DM74ALS564A Octal D-Type

Edge-Triggered Flip-Flop with TRI-STATE® Outputs

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The eight flip-flops of the ALS564A are edge-triggered in-
verting D-type flip-flops. On the positive transition of the
clock, the Q outputs will be set to the complement of the
logic states that were set up at the D inputs.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic

levels) or a high-impedance state. In the high-impedance
state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the internal operation of
the flip-flops. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features

m Switching specifications at 50 pF

® Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m TRI-STATE buffer-type outputs drive bus lines directly

Connection Diagram

Dual-In-Line Package

Vec 10 2Q 3Q 4Q 50 6Q 7Q 83 CLOCK
20| 19 18 17 16 15 14 13 12 11
oc Q oca oc @ oc Q oca | Joca ocQ oc Q

CLK . CLK CLK CLK CLK CLK CLK CLK
oK Dt}\K oK oK pCIK D‘}L\ oK ol
1 2 3 4 5 6 7 8 9 10]
OUTPUT 1D 20 ‘3D 4D 5D 6D 7 8D GND
CONTROL .

TL/F/6225-1

Order Number DM74ALS564AWM or DM74ALS564AN
See NS Package Number M20B or N20A

Function Table

Output
Control Clock
L T
L T
L L
H X

Output
D a
H L
L H
X Qo
X z

L = Low State, H = High State, X = Don’t Care
T = Positive Edge Transition

Z = High Impedance State

Qp = Previous Condition of Q
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D
Absolute Maximum Ratings S
Supply Voltage v Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7v beyond which the safety of the device cannot be guaran-
. . teed. The device should not be operated at these limits. The
Voltag? Applied t? Disabled Output S5V parametric values defined in the “Electrical Characteristics”
Operating Free Air Temperature Range N ; table are not guaranteed at the absolute maximum ratings.
DM74ALS 0°Cto +70°C The “Recommended Operating Conditions” table will define
Storage Temperature Range —65°Cto +150°C the conditions for actual device operation.
Typical 635
N Package 56.0°C/W
M Package 75.00C/W
Recommended Operating Conditions
Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.5 5 5.5 \"
ViH High Level Input Voltage 2 v
ViL Low Level Input Voltage 08 \"
loH High Level Output Current —26 mA
loL Low Level Output Current 24 mA
fcLock Clock Frequency 0 30 MHz
tw Width of Clock Pulse High 14 ns
Low 14 ns
tsu Data Setup Time 157 ns
th Data Hold Time ot ns
Ta Free Air Operating Temperature 0 70 °C
The ( T) arrow indicates the positive edge of the Clock is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vgc = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vocc = 4.5V, = —18 mA —-1.2 Vv
VoH High Level Output Veo = 4.5V loy = Max 24 3.0 v
Voltage ViL = VL Max : ’
Vce = 4.5Vt0 6.5V loH = —400 pA Ve — 2 A
VoL Low Level Output Ve = 4.5V loL = 12mA 0.25 0.4 \
Voltage Vi =2V loL = 24 mA 035 | 05 v
I Input Current @ Max Veg = 5.5V, Vi =7V
0.1 mA
Input Voltage
IH High Level Input Current Vog = 5.5V, Vg = 27V 20 HA
I Low Level Input Current Vee = 5.5V, V)L = 0.4V —0.2 mA
lo Output Drive Current Vee = 5.5V, Vg = 2.25V —30 —112 mA
lozH Off-State Output Current Vee = 5.5V, Viy =2V 20 A
High Level Voltage Applied Vo = 2.7V B
lozL Off-State Output Current Ve = 5.5V, Vi = 2V _op A
Low Level Voltage Applied Vo = 0.4V w
Icc Supply Current Vee = 5.5V Outputs High 10 18 mA
Outputs Open Outputs Low 15 24 mA
Outputs Disabled 16 30 mA
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564A

Switching Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter ' Conditions From To Min Max Units

fmAx Maximum Clock Frequency Vce = 4.5Vto 5.5V 30 MHz

tpLH Propagation Delay Time R = 5009 Clock AnyQ 4 14 ns
Low to High Level Output Cu = 50pF :

tPHL Propagation Delay Time Clock AnyQ 4 14 ns
High to Low Level Output

tpzH Output Enable Time Output AnyQ 4 18 ns
to High Level Output Control

tpzL Output Enable Time Output AnyQ 4 18 ns
to Low Level Output Control

tpHZ Output Disable Time Output AnyQ 2 10 ns
from High Level Output Control

trz Output Disable Time Output AnyQ 3 15 ns
from Low Level Output Control

Note 1: See Section 1 for test waveforms and output {oad.
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573B

National
Semiconductor

DM74ALS573B Octal D-Type Transparent
Latch with TRI-STATE® Outputs

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The eight latches of the ALS573B are transparent D-type
latches. While the enable (G) is high the Q outputs will fol-
low the data (D) inputs. When the enable is taken low the

output will be latched at the level of the data that was set .

up.
A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic
levels) or a high-impedance state. In the high-impedance

state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the internal operation of

‘the latches. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and V¢c range

B Advanced oxide-isolated, ion-implanted Schottky TTL
process

" @ Functionally equivalent with LS373

m Improved AC performance over LS373 at approximately
half the power
m TRI-STATE buffer-type outputs drive bus lines directly

Connection Diagram

Dual-In-Line Package

Vee 10 20 3 4 5Q 6Q 7 8Q  ENABLE
zo| 19 18 17 16 15 14 13 12 n[
oc Q oc Q oc Q oc Q oc Q oc Q oc q oc Q
DG D& DG D& D& DG DG D&
| | l Ji J| ) l
1 2 3 4 5 6] 7 3 9 o]
OUTPUT 1D 20 3D 4D sD 6D 70 8D GND
CONTROL

TL/F/8226-1

Order Number DM74ALS573BWM, DM74ALS573BN or DM74ALS573BSJ
See NS Package Number M20B, M20D or N20A

Function Table

Output
Q

Output Enable
Control G

L H

L H

L L

H X

H

L
Qo

z

XXrI| O

L = Low State, H = High State, X = Don’t Care

Z = High Impedance State
Qq = Previous Condition of Q
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Absolute Maximum Ratings : &
Supply Voltage N Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7v beyond which the safety of the device cannot be guaran-
: f teed. The device should not be operated at these limits. The
Voltage. Applied t? Disabled Output 5.5V parametric values defined in the “Electrical Characteristics”
Operating Free Air Temperature Range ; . table are not guaranteed at the absolute maximum ratings.
DM74ALS 0°Cto +70°C The “Recommended Operating Conditions” table will define
Storage Temperature Range —65°Cto +150°C the conditions for actual device operation.
Typical 64
N Package 56.0°C/W
M Package 75.0°C/W
Recommended Operating Conditions
Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.5 5 55 Vv
ViH High Level Input Voltage 2 \%
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current —2.6 mA
loL Low Level Output Current 24 mA
tw Width of Enable Pulse, High 10 ns
tsy Data Setup Time 100 ns
th Data Hold Time 71 ns
TA Free Air Operating Temperature 0 70 °C
The (1) arrow indicates the negative edge of the enable is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vg = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Ve = 4.5V, 1| = —18 mA —-1.2 \
VoH High Level Output Ve = 4.5V loH = Max 24 a0 v
Voltage ViL = Vi Max
Vce = 4.5Vto 5.5V loy = —400 pA Vee — 2 v
VoL Low Level Output Ve = 4.5V loL = 12mA 0.25 0.4 \
Voltage Vin = 2V loL = 24 mA 035 | 05 v
I Input Current @ Max Voo = 5.5V, Vi =7V 0.4 mA
Input Voltage
4 High Level Input Current Veg = 5.5V, Vi = 2.7V 20 pA
i Low Level Input Current Vce = 5.5V, V| = 0.4V —0.1 mA
lo Output Drive Current Vge = 5.5V, Vo = 2.25V —30 —-112 mA
lozn Off-State Output Current Voo = 5.5V, Viy = 2V 20 A
High Level Voltage Applied | Vo = 2.7V “
lozL Off-State Output Current Vo = 5.5V, V| = 2V _20 A
Low Level Voltage Applied Vo = 0.4V ”
lcc Supply Current Veg = 5.5V Outputs High 10 17 mA
Outputs Open Outputs Low 15 24 mA
Outputs Disabled 15.5 27 mA

2-191




573B

SWitChing Characteristics over recommended operating free air temperature range (Note 1).

Symbol Parameter Conditions From To Min Max Units

tpLH Propagation Delay Time Vcc = 4.5Vt 5.5V Data Any Q 2 14 ns
Low to High Level Output Ry = 5000

tPHL Propagation Delay Time CL = 50pF Data Any Q 2 14 ns
High to Low Level Output :

tPLH Propagation Delay Time Enable Any Q 8 20 ns
Low to High Level Output

tPHL Propagation Delay Time Enable AnyQ 8 19 ns
High to Low Level Output

tezH Output Enable Time Output Any Q 4 18 ns
to High Level Output Control

trzL Output Enable Time Output AnyQ 4 18 ns
to Low Level Output Contro!

tpHz Output Disable Time Output Any Q 2 10 ns
from High Level Output Control

trrz Output Disable Time Output Any Q 3 15 ns
from Low Level Output Control

Note 1: See Section 1 for test waveforms and output load.
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574A

National
Semiconductor

DM54ALS574A/DM74ALS574A Octal D-Type
Edge-Triggered Flip-Flop with TRI-STATE® Outputs

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The eight flip-flops of the ALS574A are edge-triggered
D-type flip-flops. On the positive transition of the clock, the
Q outputs will be set to the logic states that were set up at
the D inputs. ‘

A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic
levels) or a high-impedance state. In the high-impedance
state the outputs neither load nor drive the bus lines signifi-
cantly. :

The output control does not affect the internal operation of
the flip-flops. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and V¢c range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally equivalent with LS374

® Improved AC performance over LS374 at approximately
half the power

® TRI-STATE buffer-type outputs drive bus lines directly

Connection Diagram

Dual-In-Line Package

Vee 1 20 30 40

50 60 70 80 CLOCK
20| 19 18 17 16 15 14 13 12 |
0c Q ocQ oc Q oc ocQ 0C Q 0C Q oc Q
4} o oK o o o o o o0
AR NN SN NS B SN N b
1 2 3 4 5 6 7 8 9 10]
OUTPUT 1D 20 3D 4D 5D 6D 70 8D GND

CONTROL

TL/F/6110-1

Order Number DM54ALS574AJ, DM74ALS574AWM, DM74ALS574AN or DM74ALS574ASJ
See NS Package Number J20A, M20B, M20D or N20A

Function Table

Output Output
Control Clock D Q

L T H H

L T L L

L L X Qo

H X X z

L = Low State, H = High State, X = Don't Care
T = Positive Edge Transition

Z = High Impedance State

Qp = Previous Condition of Q
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Absolute Maximum Ratings S
If Military/Aerospace specified devices are required, Note: The “Absolute Maximum Ratings” are those values
please contact the Natiopal Semiconductor Sales beyond which the safety of the device cannot be guaran-
Office/Distributors for availability and specifications. 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.
i X The “Recommended Operating Conditions” table will define
Voltage Applied to Disabled Output 5.5V  the conditions for actual device operation.
Operating Free Air Temperature Range
DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 64
N Package 56.0°C/W
M Package 75.0°C/W
Recommended Operating Conditions
Symbol Parameter DM54ALS574A DM74ALS574A Units
Min Nom Max Min Nom Max
Vece Supply Voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \Y
loH High Level Output Current —1 —2.6 mA
loL Low Level Output Current 12 24 mA
foLock Clock Frequency 0 28 0 35 MHz
tw Width of Clock Pulse High 16.5 14 ns
Low 16.5 14 ns
tsu Data Setup Time 15T 15T ns
th Data Hold Time 41 ot ns
TA Free Air Operating Temperature —55 125 0 70 °C
The (T) arrow indicates the positive edge of the Clock is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vgg = 5V, T = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voc = 4.5V, I = —18mA —-1.2 \
VoH High Level Output Vcc_= 4.5V lon = Max 24 3.2 v
Voltage ViL = Vi Max
Veoe = 4.5Vto 5.5V loH = —400 pA Vec — 2 \'/
VoL Low Level Output Vce = 4.5V 54/74ALS
Voltage Vi = 2V loL = 12 mA 0.25 | 04 v
74ALS
loL = 24 mA 0.35 0.5 \
Iy Input Current at Max Ve = 5.5V, Vg =7V
0.1 mA
Input Voltage
i1 High Level Input Current Vee = 5.5V, Vi = 2.7V 20 pA
I Low Level Input Current Voo = 5.5V, V)L = 04V —0.2 mA
lo Output Drive Current Vee = 5.5V, Vg = 2.25V —30 —112 mA
lozH Off-State Output Current Veg = 5.5V, Vi = 2V 20 A
High Level Voltage Applied | Vo = 2.7V B
lozL Off-State Output Current Ve = 5.5V, V| = 2V —20 A
Low Leve! Voltage Applied | Vg = 0.4V W
Icc Supply Current Voo = 5.5V Outputs High 11 18 mA
Outputs Open Outputs Low 17 27 mA
Outputs Disabled 17 28 mA
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Switching Characteristics overrecommended operating free air temperature range (Note 1)

Symbol Parameter Conditions From To DMS4ALSS74A DM74ALS574A Units
- Min Max Min Max

fMAX Maximum Clock Frequency | Voo = 4.5Vt0 5.5V 28 35 MHz
tpLH Propagation Delay Time R f 5009 Clock AnyQ 4 22 4 14 ns

Low to High Level Output | OL = 50PF
tPHL Propagation Delay Time Clock | AnyQ

High to Low Leve! Output 4 17 4 1 ns
tpzH Output Enable Time Output | AnyQ

to High Level Output Control 4 21 4 18 ns
tpzL Output Enable Time Output | AnyQ

1

to Low Level Output Control 4 26 4 8 ns
tpHZ Output Disable Time Output | AnyQ

from High Leve! Output Control 2 16 2 10 ns
tpLz Output Disable Time Output | AnyQ

from Low Level Output Control 2 2 2 12 ns

Note 1: See Section 1 for test waveforms and output load.
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576A

National
Semiconductor

DM54ALS576A/DM74ALS576A Octal D-Type
Edge-Triggered Flip-Flop with TRI-STATE® Outputs

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The eight flip-flops of the ALS576A are edge-triggered in-
verting D-type flip-flops. On the positive transition of the
clock, the Q outputs will be set to the complement of the
logic states that were set up at the D inputs.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic

levels) or a high-impedance state. In the high-impedance
state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the internal operation of
the flip-flops. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features .

W Switching specifications at 50 pF

B Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m TRI-STATE buffer-type outputs drive bus lines directly

Connection Diagram

Dual-In-Line Package

Vee 12 2 30 Q 50 60 70 80 CLOcK
2] 19 18 17 1 15 14 13 12 1|
oc Q oc @ oc @ oc oc @ oc oc @ oc @

CLK CIK CLK CLK CLK CLK CLK CLK
;; A D(}\K A "3\ A DA LN A
1 2 3 4 5 3 7 8 9 10]
OUTPUT 1D Py 3 ) 5D &0 7 8 oND
CONTROL

TL/F/6228-1

Order Number DM54ALS576AJ, DM74ALS576 AWM or DM74ALS576AN
See NS Package Number J20A, M20B or N20A

Function Table

Output Output
Control Clock D Q

L T H L

L T L H

L L X Qo

H X X 4

= Low State, H = High State, X = Don’t Care
T = Positive Edge Transition

= High Impedance State
Qp = Previous Condition of Q@
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N
Absolute Maximum Ratings <
If Military/Aerospace specified devices are required, Note: The “Absolute Maximum Ratings” are those values
please contact the National Semiconductor Sales beyond which the safety of the device cannot be guaran-
Office/Distributors for availability and specifications. 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.
, . The “Recommended Operating Conditions” table will define
Voltage Applied to Disabled Output 5.5V the conditions for actual device operation.
Operating Free Air Temperature Range
DM54ALS —55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 64
N Package 56.0°C/W
M Package 75.0°C/W
Recommended Operating Conditions
Symbol Parameter DM54ALS576A DM74ALS576A Units
Min Nom Max Min Nom Max
Vco Supply Voltage 4.5 5 5.5 4.5 5 5.5 \
ViH High Level Input Voltage 2 2 \
Vi Low Level Input Voltage 0.7 0.8 \'
loH High Level Output Current -1 —2.6 mA
loL Low Level Output Current 12 24 mA
foLock Clock Frequency 0 25 0 30 MHz
tw Width of Clock Pulse High 20 16.5 ns
Low 20 16.5 ns
tsu Data Setup Time 157 157 ns
tH Data Hold Time 47T oT ns
Ta Free Air Operating Temperature —55 125 0 70 °C
The (1) arrow indicates the positive edge of the Clock is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Voo = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, = —18 mA -1.2 \
VoH High Level Output Voo = 4.5V loy = Max 2.4 3.2 v
Voltage V)L = V)L Max i i
Vee = 4.5Vto 5.5V loH = —400 pA Ve — 2 \'/
VoL Low Level Output Vee = 4.5V 54/74ALS
Voltage Vi = 2V loL = 12mA 025 | 04 v
74ALS
oL = 24 mA 0.35 0.5 v
I Input Current @ Max Vog = 5.5V, Viy =7V 0.1 mA
Input Voltage
i1 High Level Input Current Vce = 5.5V, Vi = 2.7V 20 pA
e Low Level Input Current Vee = 5.5V, V)L = 0.4V —-0.2 mA
lo Output Drive Current Voo = 5.5V, Vo = 2.25V —30 —112 mA
lozn Off-State Output Current Voc = 5.5V, Vi = 2V 20 A
High Level Voltage Applied Vo = 2.7V »
lozL Off-State Output Current Vee = 5.5V, Vg = 2V —50 A
Low Level Voltage Applied | Vg = 0.4v l
Icc Supply Current Vce = 5.5V Outputs High 10 18 mA
Outputs Open Outputs Low 15 24 mA
Outputs Disabled 16 30 mA
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Switching Characteristics over recommended operating free air temperature range (Note 1).

Symbol Parameter Conditions From To DMSMLSWSA DM74ALSS76A Units
Min Max Min Max

fMAX Maximum Clock Frequency | Voo = 4.5V to 5.5V 25 30 MHz
tpLH Propagation Delay Time R f 5000 Clock | AnyQ " 15 4 14 ns

Low to High Level Output | CL = SOPF
tPHL Propagation Delay Time Clock | AnyQ

High to Low Level Output 4 5 4 “ ns
tpzH Output Enable Time Output | AnyQ

to High Level Output Control 4 2z 4 8 ns
tpzL Output Enable Time Output | AnyQ

to Low Level Output Control 4 21 4 18 ns
tPhz Output Disable Time Output | AnyQ

from High Level Output . Control 2 12 2 10 ns
tpLz Output Disable Time Output | AnyQ

from Low Level Output Control 2 7 3 5 ns

Note 1: See Section 1 for test waveforms and output load.
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580A

National
Semiconductor

DM74ALS580A Octal D-Type Transparent Latch

with TRI-STATE® Outputs

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving highly-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The eight inverting latches of the ALS580A are transparent
D-type latches. While the enable (G) is high the Q outputs
will follow the complement of the data (D) inputs. When the
enable is taken low the output will be latched at the comple-
ment of the level of the data that was set up.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic

levels) or a high-impedance state. In the high-impedance
state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the internal operation of
the latches. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-

_"ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

B TRI-STATE buffer-type outputs drive bus lines directly

Connection Diagram

Dual-In-Line Package
Veo 1 22 ko] 4 5Q ] 70 8Q  ENABLE
2| 19 18 It} 16 15 14 13 12 1"
oc oc @ oc @ oc @ oc @ oc Q oc @ oc Q S?
4; DG DG DG DG DG D& DG DG
l | \ | I T I I
1 2 3 4 5 6 7 8 9 10}
OUTPUT 1D 20 30 4D 5D 6D 70 8D GND
CONTROL

TL/F/6229-1

Order Number DM74ALS580AWM or DM74ALS580AN
See NS Package Number M20B or N20A

Function Table
Output Enable D Output
Control G Q
L H H L
L H L H
L L X Qo
H X X z

L = Low State, H = High State, X = Don't Care

Z = High Impedance State

Qp = Previous Condition of @
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage 1A%
Voltage Applied to Disabled Qutput 5.5V
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.

DM74ALS 0°Cto +70°C The “Recommended Operating Conditions” table will define
Storage Temperature Range —65°Cto +150°C the conditions for actual device operation.
Typical 845
N Package 56.0°C/W
M Package 75.0°C/W
Recommended Operating Conditions
Symbol Parameter DM74ALS580A Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 Vv
loH High Level Output Current —-26 mA
loL " Low Level Output Current 24 mA
tw Width of Enable Pulse, High or Low 15 ns
tsy Data Setup Time 10] ns
ty Data Hold Time 100 ns
TA Free Air Operating Temperature 0 70 °C
The (1) arrow indicates the negative edge of the enable is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vog = 5V, Ty = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voo = 4.5V, ]| = —18 mA -1.2 Vv
Vou High Level Output Voe = 4.5V loH = Max 24 3 v
Voltage ViL = V|L Max
Vce = 4.5V to 5.5V lon = —400 pA Ve - 2 \'
VoL Low Level Output Vce = 4.5V loL = 12mA 0.25 0.4 \
Voltage ViH = 2V loL = 24 mA 035 | 05 v
Iy Input Current @ Max Veg = 5.5V, Vg = 7V 01 mA
Input Voltage
Y] High Level Input Current Vee = 5.5V, Vi = 2.7V 20 RA
IR Low Level Input Current Ve = 5.5V, VL = 0.4V -0.1 mA
lo Output Drive Current Vee = 5.5V, Vg = 2.25V —30 -112 mA
lozH Off-State Output Current Vo = 5.5V, Vi = 2V 20 A
High Level Voltage Applied | Vo = 2.7V s
lozL Off-State Output Current Vee = 5.5V, V| = 2V —-20 A
Low Level Voltage Applied Vo = 0.4V »
lcc Supply Current Vee = 5.5V Outputs High 10 17 mA
Outputs Open Outputs Low 16 26 mA
Outputs Disabled 17 29 mA
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580A

SWitChing Characteristics over recommended operating free air temperature range (Note 1)

DM74ALS580A

Symbol Parameter Conditions From To Units
Min Max

tPLH Propagation Delay Time Ve = 4.5Vto 5.5V Data AnyQ 3 18 ns
Low to High Level Output RL = 5000

tpHL Propagation Delay Time CL = 50pF Data AnyQ 3 14 ns
High to Low Level Output

tPLH Propagation Delay Time Enable AnyQ 8 20 ns
Low to High Level Output

tPHL Propagation Delay Time Enable AnyQ 8 21 ns
High to Low Level Output

tpzH Output Enable Time Output AnyQ 4 18 ns
to High Level Output Control

tpzL Output Enable Time Output Any Q 4 18 ns
to Low Level Output Control

tpHz Output Disable Time Output AnyQ 2 10 ns
from High Level Output Control .

tpLz Output Disable Time Output Any Q 3 15 ns
from Low Level Output Control

Note 1: See Section 1 for test waveforms and output load.
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Logic Diagram
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National
Semiconductor

DM74ALS620A

Octal TRI-STATE® Bus Transceiver

General Description

This advanced low power Schottky device contains 8 pairs
of TRI-STATE logic elements configured as an octal bus
transceiver. It is designed for use in memory, microproces-
sor systems and in asynchronous bidirectional data buses.
Data transmission from the A bus to the B bus or from the B
bus to the A bus is selectively controlled by (GBA and GAB)
the enable inputs. These inputs are also used to disable the
devices so that the buses are effectively isolated.

The dual-enable configuration gives the ALS620A the capa-
bility to store data by simultaneous enabling of GBA and
GAB. Each output reinforces its input in this transceiver con-
figuration. Thus, when both control inputs are enabled and
all other data sources to the two sets of bus lines are at high
impedance, both sets of bus lines will remain at their last
logic states.

Features

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m TRI-STATE outputs on A and B buses

m Local bus-latch capability

m Switching specifications into 50002/50 pF

B Switching specifications guaranteed over full tempera-

ture and Vg range

Low output impedance to drive terminated transmission

lines to 1330

Connection Diagram

Dual-In-Line Package

-

cc GBA 1B 28 3B

_Lu 18 |1 |7

16

48 58 6 7B 8B

15 14

o

Eaieg e
LSS

PLLL

L

il
i

|1 2 Ia |4 |5 IG

GAB 1A 28 3n 4A
Order Number DM74ALS620AN or DM74ALS620AWM
See NS Package Number M20B or N20A

Function Table

-~

10

1]
I

S5A 6A TA BA GND TL/F/6230-1

Operation

Enable Inputs
GBA GAB
L L
H H
H L
L H

B Datato A Bus
A Data to B Bus
Hi-Z
B Datato A Bus
A Data to B Bus

H = High Logic Level, L = Low Logic Level

Hi-Z = High Impedance
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Absolute Maximum Ratings £
Supply Voltage v Note: The “Absolute Maximum Ratings” are those values
Input Voltage beyond which the safety of the device cannot be guaran-
Enable Inputs 7v teed. The device should not be operated at these limits. The
1/0 Ports 5.5V parametric values defined in the “Electrical Characteristics”
. . table are not guaranteed at the absolute maximum ratings.
O?ﬁ;TELFSree Air Temperature Range 0°C1o +70°C The “Recommended Operating Conditions" table will define
the conditions for actual device operation.
Storage Temperature Range —65°Cto +150°C
Typical 05
N Package 53.0°C/W
M Package 72.0°C/W
Recommended Operating Conditions
Symbol Parameter DM74ALS620A Units
Min Typ Max
Veo Supply Voltage 4.5 5 5.5
ViH High Level Input Voltage 2 . Vv
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current —15 mA
loL Low Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vg = 5V, Ty = 25°C.
Symbol Parameter Conditions DM74ALS620A Units
Min Typ Max
Vik Input Clamp Voltage Ve = 45V, N = —18 mA -15 \
VoH High Level Output Vee = 4.5V, loy = —3mA 24 3.2 \
Voltage Voo = 4.5V, loy = Max 2 v
loH = —0.4 mA, Voo — 2 v
VoL = 4.5Vto 5.5V
VoL Low Level Output Vee = 4.5V loL = 12mA 0.25 0.4 \"
Voltage loL = 24 mA 0.35 0.5 v
I Input Current at Voo = 5.5V, VN = 7V 01 mA
Max Input Voltage (ViN = 5.5V for A or B Ports) ’
I High Level Voo = 5.5V,
Input Current ViN = 27V 20 pA
(Note 1)
I Low Level Input Vce = 5.5V,
Current ViN = 0.4V -0 mA
(Note 1)
lo Output Drive Current Vce = 5.5V, Voyt = 2.25V —30 —112 mA
lcc Supply Current Vee = 5.5V Output High 11.3 34 mA
Output Low 23 44 mA
TRI-STATE 16.5 47 mA
Note 1: For I/O ports, the parameters ||y and Ij_ include the off-state current (lozn, lozy)-
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SWitChing Characteristics over recommended operating free air temperature range (Notes 1 and 2)

Circuit

DM74ALS620A

Symbol Parameter Units
Configuration Min Max
tpLH Propagation Delay Time, 1 10 ns
Low to High Level Output
. - IN ouT
tPHL Propagation Delay Time, ry B 1 10 ns
High to Low Level Output
tpLH Propagation Delay Time, 1 10 ns
Low to High Level Output 30_
tPHL Propagation Delay Time, ': OU; 1 10 ns
High to Low Level Output
tpzL Output Enable Time to Low Level Output IN 5 25 ns
tpzH Output Enable Time to High Level Output GBA 3 17 ns
tpLz Output Disable Time from Low Level Output ____DOQE'_I 3 18 ns
tpHZ Output Disable Time from High Level Output 1 12 ns
tpzL Output Enable Time to Low Level Output IN o> 5 25 ns
) A GAB
tpzH Output Enable Time to High Level Output 3 18 ns
tpLz Output Disable Time from Low Level Output ___D&; 3 18 ns
tPHz Output Disable Time from High Level Output 1 12 ns

Note 1: See Section 1 for test waveforms and output load.

Note 2: Switching characteristic conditions are Vog = 4.5V to 6.5V, Ry = Ry = 5000, C| = 50 pF.
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National
Semiconductor

DM74ALS640A
Inverting Octal Bus Transceiver

General Description Features

This inverting octal bus transceiver is designed for asyn- # Advanced Oxide-isolated lon-implanted Schottky TTL
chronous two-way communication between data busses. process

This device transmits data from the A bus to the B bus or  ® Switching performance is guaranteed over full tempera-
from the B bus to the A bus depending upon the level at the ture and Vg supply range

direction control (DIR) input. The enable input (G) can be  m Switching performance specified at 50 pF
used to disable the device so the busses are effectively g pNP input design reduces input loading
isolated.

Connection and Logic Diagrams

¥CC G Bt B2 B3 B4 B5 B6 B7 B8
120 419 118 (17 16 15 14 13 12 11

Ty 02 03 14 15 T 17 18 19 lio
DIR Al A2 A3 A4 A5 A6 A7 A8 GND
TL/F/8640~1

Order Number DM74ALS640AWM or DM74ALS640AN
See NS Package Number M20B or N20A

(7]}

D-
| o

v y
TO SEVEN OTHER TRANSCEIVERS

TL/F/8640-2

Function Table

Control
Inputs Operation
G DIR
L L B Datato ABus
I A Data to B Bus
H X Isolation

= Low Logic Leve!
H = High Logic Level
X = Either Low or High Logic Level
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Absolute Maximum Ratings (Note 1)

Note 1: 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 v
Input Voltage; Control Inputs v
170 ports 5.5V
Operating Free Air Temperature Range
DM74ALS 0°Cto +70°C
Storage Temperature Range —-65°Cto +150°C
Typical 05
N Package 53.0°C/W
M Package 72.0°C/W

the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter DM74ALS640A Units
Min Typ Max
Vee Supply Voitage 4.5 5 55 \
Vig High Level Input Voltage 2 V.
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current —15 mA
loL Low Level Output Current 24 mA
Ta Operating Free Air Temperature Range 0 70 °C
Electrical Characteristics over Recommended Free Air Temperature Range
Symbol Parameter Test Conditions DM74ALS640A Units
Min Typ Max
Vic Input Clamp Voltage Vee = Min, || = —18 mA —-1.5 v
Vou High Level Output Voltage | Vgc = 4.5t05.5V | loy = —0.4mA Vec— 2
Vee = Min loy= —3mA 2.4 2.9 \"
loy = Max 2
VoL Low Level Output Voltage Vee = Min loL = 12mA 0.25 0.4 v
loL = 24 MA 0.35 0.5
I Input Current at Vco = Max. 1/0 Ports, V| = 5.5V 100 A
Maximum Input Voltage ) Control Inputs, V| = 7V 100 :
™ High Level Input Current Vee = Max, Vi = 2.7V (Note 2) 20 nA
o Low Level Input Current Vee = Max, V| = 0.4V (Note 2) —-100 nA
lo Output Drive Current Vee = Max, Vg = 2.25V ~30 -112 mA
Icc Supply Current Vco = Max Outputs High ' 19 45
Outputs Low 23 55 mA
Outputs Disabled 17 50

Note 2: For 170 ports, Iy and Ij_ parameters include the TRI-STATE output current (lozL and lozn).
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Switching Characteristics over Recommended Operating Free Air Temperature Range

From To
Symbol Parameter (Input) (Output) Conditions Min Max Units
tPLH Propagation Delay Time Low to AorB BorA Vec = 45105.5V, 1 1 ns
High Level Output CL = 50 pF,
tPHL Propagation Delay Time High to AorB BorA R1 = R2 = 5000 1 10 ns
Low Level Output (Note 1)
tpzH Output Enable Time to High Level Output G AorB 21 ns
tpzL Output Enable Time to Low Level Output G AorB 24 ns
tpHz Output Disable Time from _ G AorB ' 1 10 ns
High Level Output
trLz Output Disable Time from G AorB 3 15 ns

Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS645A Octal Bus Transceivers

General Description

These octal bus transceivers are designed for asynchro-
nous two-way communication between data busses. These
devices transmit data from the A bus to the B bus or from
the B bus to the A bus depending upon the level at the
direction control (DIR) input. The enable input (G) can be
used to disable the device so the busses are effectively
isolated.

Features

®m Advanced Oxide-isolated lon-implanted Schottky TTL
process

m Switching performance is guaranteed over full tempera-
ture and V¢c supply range

® Switching performance specified at 50 pF

® PNP input design reduces input loading -

Connection and Logic Diagrams
vec G 81

B2 B3 B4 BS B6 B7 B8

20 19 18 17 116 ¢15 14 413 412 411

T2 13
DIR Al

14 15

T 17 18 T9 To

A2 A3 A4 AS A6 A7 A8 GND

TL/F/9304-1

Order Number DM74ALS645AWM or DM74ALS645AN
See NS Package Number M20B or N20A

’ALS645A

DIR ===t

fa

A —45—'
A

4

v

TO SEVEN OTHER TRANSCEIVERS

Function Table

TL/F/9304-2

Operation

B Data to A Bus

A Datato B Bus

Control
Inputs
G DIR
L L
L
H

Isolation

Low = Low Logic Level
High = High Logic Level
X = Either Low or High Logic Level
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Absolute Maximum Ratings note)

vsv9

Supply Voltage A" Note: The “Absolute Maximum Ratings” are those values
Input Voltage; Control Inputs v beyond which the safety of the device cannot be guaran-
1/0 ports 5.5V teed. The device should not be operated at these limits. The
Operating Free Air Temperature Range parametric values defined in the “Electrical Characteristics”
DM74ALS 0°Cto +70°C table are not guaranteed at the absolute maximum ratings.

The “Recommended Operating Conditions” table will define

Storage Temperature Range —65°Cto +150°C the conditions for actual device operation.
Typical @5

N Package 53.0°C/W

M Package 72.0°C/W

Recommended Operating Conditions

Symbol Parameter DM74ALS645A Units
} Min Typ Max
Vee Supply Voltage 4.5 5 5.5 \
VIH High Level Input Voltage 2 Y
ViL Low Level input Voltage 0.8
loH High Level Qutput Current —15 mA
oL Low Level Output Current 24 mA
Ta Operating Free Air Temperature Range 0 70 °C
Electrical Characteristics over Recommended Free Air Temperature Range
Symbol Parameter Test Conditions DM74ALSG45A Units
Min Typ Max
Vic Input Clamp Voltage Vo = Min, [j = —18 mA —-1.5 \
VoH High Level Output Voltage | Voo = 4.5t05.5V | lon = —0.4mA Veg — 2
Vce = Max loH = —3mA 24 3.2 \
loH = Max 2
VoL Low Level Output Voitage Vee = Min loL = 12mA 0.25 0.4 v
loL = 24 mA 0.35 0.5
h Input Current at Veeo = Max 1/0 Ports, V| = 5.5V 100 A
Maximum Input Voltage Control inputs, V| = 7V w00 |
i1 High Level Input Current Vee = Max, V) = 2.7V (Note 2) 20 pA
i Low Level Input Current Vee = Max, Vy = 0.4V (Note 2) -100 nA
lo Output Drive Current Vee = Max, Vg = 2.25V —30 —-112 mA
Icc Supply Current Vee = Max Outputs High 30 45
Outputs Low 36 55 mA
Outputs Disabled 38 58

Note 2: For I/0 ports, !4 and Ij_ parameters include the TRI-STATE® output current (Ioz,. and lozn).
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Switching Characteristics over Recommended Operating Free Air Temperature Range

From To . DM74ALS645A .
Symbol Parameter Conditions Units
(Input) (Output) Min Max
tpLH . Propagation Delay Time AorB BorA Vce = 4.5t05.5V, 3 10 ns
Low to High Level Output CL = 50pF,
tPHL Propagation Delay Time AorB BorA R1 = R2 = 5000 3 10 ns
High to Low Level Output (Note 1)
tpzH Output Enable Time to G AorB
High Level Output 5 20 ns
tpzL Output Enable Time to G AorB
Low Level Output - 5 20 ns
trHz Output Disable Time from G AorB » 10 e
High Level Output
tpLz Output Disable Time from G AorB
4 15 ns
Low Level Output

Note 1: See Section 1 for Test Waveforms and Output Load.
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Semiconductor

DM74ALS646

Octal TRI-STATE® Bus Transceiver and Register

General Description

This device incorporates an octal bus transceiver and an
octal D-type register configured to enable multiplexed trans-
mission of data from bus to bus or internal register to bus.

This bus transceiver features totem-pole TRI-STATE out-
puts designed specifically for driving highly-capacitive or rel-
atively low-impedance loads. The high-impedance state and
increased high-logic level drive provides this device with the
capability of being connected directly to and driving the bus
lines in a bus-organized system without the need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The registers in the ALS646 are edge-triggered D-type flip-
flops. On the positive transition of the clock (CAB or CBA),
the input bus data is stored into the appropriate register.
The CAB input controls the transfer of data into the A regis-
ter and the CBA input controls the B register.

The SAB and SBA control pins are provided to select
whether real-time data or stored data is transferred. A low
input level selects real-time data, and a high level selects
stored data. The select controls have a “make before

break” configuration to eliminate a glitch which would nor-
mally occur in a typical multiplexer during the transition be-
tween store and real-time data.

The enable G and direction control pins provide four modes
of operation: real-time data transfer from bus A to B, real-
time data transfer from bus B to A, real-time bus A and/or B
data transfer to internal storage, or internaily stored data
transfer to bus A or B.

When the enable G pin is low, the direction pin selects
which bus receives data. When the enable G pin is high,
both buses become disabled yet their input function is still
enabled.

Features

m Switching specifications at 50 pF

| Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL

process

TRI-STATE buffer outputs drive bus lines directly

Multiplexed real-time and stored data

Independent registers for A and B buses

Connection Diagram

caB—{1
sAB—2
DR—3
AM—4
A2~5
36
=7
A5 —18
a6 —{9
A1—10
A8 {11
GND —{ 12

24}-vee
23 |—-caa
22 }-sBA
21}-G

20 Bt

19}—82
18}~83
17}—84
16}—B5
15|—86
14}=B7
13}-88

TL/F/9172-1

Order Number DM74ALS646WM or DM74ALS646N
See NS Package Number M24B or N24A
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Absolute Maximum Ratings
Supply Voltage
Input Voltage

Control Inputs
170 Ports

Operating Free-Air Temperature Range

DM74ALS
Storage Temperature Range

Typical 64
N Package
M Package

A"

v
5.5V

0°Cto +70°C
—65°Cto +150°C

44.5°C/W
80.5°C/W

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 DM74ALS546 Units
Min Nom Max
Ve Supply Voltage 4.5 5 5.5 v
ViH High Level Input Voltage 2 v
ViL Low Level Input Voltage 0.8 \"
loH High Level Output Current -15 mA
loL Low Level Output Current 24 mA
foLk Clock Frequency 0 40 MHz
tw Pulse Duration, Clocks Low or High 125 ns
tsu Data Setup Time, A before CAB or B before CBA 10T ns
tH Data Hold Time, A after CAB or B after CBA ot ns
Ta Free Air Operating Temperature 0 70 °C
1T = With reference to the low to high transition of the respective clock.
Electrical Characteristics over recomménded free air temperature range
Symbol Parameter Test Conditions Min Typ Max Units
Vic Input Clamp Voltage Vee = Min, l; = —18 mA -1.2 \
VoH High Level Output Voo = 45V1055V | loy = —0.4mA Vee — 2
Voltage Vee = Min loy = —3mA 2.4 3.2 v
loq = Max 2
VoL Low Level Output Vee = Min loL = 12mA 0.25 0.4
Voltage ‘ loL = 24 mA 035 | 05 v
1 Input Current at Maximum | Vgg = Max 1/0 Ports, V) = 5.5V 100 A
Input Voltage Control Inputs, V| = 7V 100 #
IH High Level Input Current Vec = Max, V| = 2.7V (Note 1) 20 pA
e Low Level Input Vee = Max, Control Inputs —200 pA
Current V| = 0.4V, (Note 1) 170 Ports —~200 v
lo Output Drive Current Ve = Max, Vg = 2.25V —30 —-112 mA
lce Supply Current Vee = Max Outputs High . 47 76
Outputs Low 55 88 mA
Outputs Disabled 55 88

Note 1: For 170 ports the TRI-STATE output currents (lozy and Igz,) are included in the I)y and Ij_ parameters.
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SWltChlng Characteristics over recommended operating free air temperature range i
From (Input) DM74ALS646
Symbol Parameter Conditions To (Output) Wi Max Units
tpLH Propagation Delay Time Vce = 4.5V 10 5.5V, CBA or CAB 10 30 ns
Low to High Level Output Cp = 50 pF, toAorB
tpHL Propagation Delay Time Ry B Ry = 500Q, CBA or CAB 5 17 ns
High to Low Level Output zk} - '1";'" to Max toAorB
ote
tpLH Propagation Delay Time AorBto 5 20 ns
Low to High Level Output ) BorA
tPHL Propagation Delay Time AorBto 3 12 ns
High to Low Level Output BorA
tpLH Propagation Delay Time SBA or SAB
Low to High Level Output toAorB 12 35 ns
(with A or B Low) (Note 2)
tpHL Propagation Delay Time SBA or SAB
High to Low Level Output toAorB 5 20 ns
(with A or B Low) (Note 2)
tPLH Propagation Delay Time SBA or SAB
Low to High Level Output toAorB 6 25 ns
(with A or B High) (Note 2)
tPHL Propagation Delay Time SBA or SAB
High to Low Level Output toAorB 5 20 ns
(with A or B High) (Note 2)
tpzH Output Enable Time Gto 3 17 ns
to High Level Output ) AorB
tpzL Output Enable Time Gto 5 20 ns
to Low Level Output AorB
tpHZ Output Disable Time Gto 4 10 ns
from High Level Output AorB
tpLz Output Disable Time Gto 2 18 ns
from Low Level Output AorB
tpzH Output Enable Time DIR to 6 20 ns
to High Level Output AorB
tpzL Output Enable Time DIR to 5 25 ns
to Low Level Output AorB
tpHz Output Disable Time DIR to 1 10 ns
from High Level Output AorB
tpLz Output Disable Time DIR to 2 16 ns
from Low Level Output AorB
Note 1: See Section 1 for test waveforms and output load. '
Note 2: These parameters are measured with the internal output state of the storage register opposite to that of the bus input.
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Function Table
— Inputs Data |/0 (Note ) Operation or Function
G DIR | CAB CBA SAB SBA A1thru A8 B1 thru B8
X X T X X X Input Not Specified Store A, B Unspecified
X X X T X X Not Specified Input Store B, A Unspecified
H X T 1T X X Input Input Store A and B Data
H X H/L H/L X X Input Input Isolation, Hold Storage
L L X X X L Output Input Real-Time B Data to a Bus
L L X H/L X H Output Input Stored B Data to a Bus
L H X X L X Input Output Real-Time A Data to B Bus
L H H/L X H X Input Output Stored A Data to B Bus

Note 1: The data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled, i.e., data at
the bus pins will be stored on every low-to-high transition on the clock inputs.

H = High Logic Level, L = Low Logic Level, X = Don’t Care (Either Low or High Logic Levels including transitions), H/L = Either Low or High Logic Level

excluding transitions, T = Positive going edge of pulse.

Logic Diagram

G

DIR

SBA
CAB
SAB

At

Y

o>

Depd>-

CLK1

© MmO

B1

o

CLK1

[So—

2 X X/

N IrmzZzZ>» o0

TO SEVEN OTHER CHANNELS

TL/F/9172-2
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Semiconductor

DM74ALS648

Octal TRI-STATE® Inverting Bus Transceiver

General Description

This device incorporates an octal bus transceiver and an
octal D-type register configured to enable multiplexed trans-
mission of data from bus to bus or internal register to bus.

This bus transceiver features totem-pole TRI-STATE out-
puts designed specifically for driving highly-capacitive or rel-
atively low-impedance loads. The high-impedance state and
increased high-logic level drive provides this device with the
capability of being connected directly to and driving the bus
lines in a bus-organized system without the need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The registers in the ALS648 are edge-triggered D-type flip-
flops. On the positive transition of the clock (CAB or CBA),
the input bus data is stored into the appropriate register.
The CAB input controls the transfer of data into the A regis-
ter and the CBA input controls the B register.

The SAB and SBA control pins are provided to select
whether real-time data or stored data is transferred. A low
input level selects real-time data, and a high level selects
stored data. The select controls have a “make before
break” configuration to eliminate a glitch which would nor-

mally occur in a typical multiplexer during the transition be-
tween stored and real-time data.

The enable G and direction control pins provide four modes
of operation: real-time data transfer from bus A to B, real-
time data transfer from bus B to A, real-time bus A and/or B
data transfer to internal storage, or internally stored data
transfer to bus A or B.

When the enable G pin is low, the direction pin selects
which bus receives data. When the enable G pin is high,
both buses became disabled yet their input function-is still
enabled.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vgg range

W Advanced oxide-isolated, ion-implanted Schottky TTL
process

m TRI-STATE buffer outputs drive bus lines directly

m Multiplexed real-time and stored data

m Independent registers for A and B buses

Connection Diagram

CAB—{1
SAB—12
DR—13
Al—44
A2 =35
A3 —16
AM =7
A5 —48
A6 —19
A7 =110
A8 —111
GND =12

24|-ve
23|~ caa
22 —SBA

20 |I—B1
191—B2
1883
17—=B4
16}—B5
15486
14f—87
13188

TL/F/9173-1

Order Number DM74ALS648WM, N
See NS Package Number M24B or N24A
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648

Absolute Maximum Ratings

Supply Voltage v
Input Voltage

Control Inputs v

1/0 Ports 5.5V
Operating Free-Air Temperature Range

DM74ALS 0°Cto +70°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
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.

Storage Temperature Range ~65°Cto +150°C
Typical 64a
N Package 44.5°C/W
M Package 80.5°C/W

Recommended Operating Conditions

Symbol Parameter DM74ALS648 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \
Vik High Level Input Voltage 2 ' v
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current —-15 mA
loL Low Level Output Current 24 mA
 foLock Clock Frequency 0 40 MHz
tw Pulse Duration, Clocks Low or High 12.5 ns
tsu Data Setup Time, A before CAB or 101 ns
B before CBA
tH Data Hold Time, A after CAB or ot ns
B after CBA
' TaA Free Air Operating Temperature Range 0 70 °C
1 = With reference to the low to high transition of the respective clock.
Electrical Characteristics over recommended free air temperature range
Symbol Parameter Test Conditions Min Typ Max Units
Vik Input Clamp Voltage Ve = Min, || = —18 mA —1.2 v
VoH High Level Output Voc = 4.5V1t055V | lgy = —0.4mA Voo — 2
Voltage Ve = Min loH = —3mA 2.4 3.2 v
loy = Max 2
VoL Low Level Output Vee = Min loL = 12mA 0.25 0.4 v
Voltage loL = 24 mA 035 | 05
Iy Input Current at Vce = Max 170 Ports, V| = 5.5V 100 A
Maximum Input Voltage Control Inputs, V| = 7V w0 | F
i1 High Level Input Current | Vgc = Max, V) = 2.7V (Note 1) 20 nA
e Low Level Input Voo = Max, Control Inputs —200 pA
Current Vi = 0.4V (Note 1) 1/0 Ports —200
lo Output Drive Current Vce = Max, Vo = 2.25V —30 -112 mA
lcc Supply Current Vce = Max Outputs High 47 76
Outputs Low 57 88 mA
Outputs Disabled 57 88

Note 1: For 1/0 ports the TRI-STATE output currents (lozn and lozy) are included in the iy and I parameters.
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B
SW|tch|ng Characteristics over recommended operating free air temperature range @
Symbol Parameter Conditions From (Input) DM74ALS648 Units
To (Output) Min Max
tpLH Propagation Delay Time Voo = 4.5Vto 5.5V, CBA or CAB 8 33 ns
Low to High Level Output Cp = 50pF, toAorB
: ' Ry = Rp = 5000,
tPHL Pfopagatlon Delay Time s = Min to Max CBA or CAB 5 20 ns
High to Low Level Output (l\ll\ ©1) toAorB
ote
tpLH Propagation Delay Time AorBto 3 17 ns
Low to High Level Output BorA
tPHL Propagation Delay Time AorBto 2 10 ns
High to Low Level Output BorA
tpLH Propagation Delay Time SBA or SAB
Low to High Level Output toAorB 5 39 ns
(with A or B High)(Note 2)
tPHL Propagation Delay Time SBA or SAB
High to Low Level Output toAorB 4 22 ns
(with A or B High)(Note 2)
tpLH Propagation Delay Time SBA or SAB
Low to High Level Output toAorB 6 25 ns
(with A or B Low)(Note 2)
tPHL Propagation Delay Time SBA or SAB
High to Low Level Output toAorB 6 21 ns
(with A or B Low)(Note 2)
tpzH Output Enable Time ‘ Gto
to High Level Output AorB 4 22 ns
tpzL Output Enable Time Gto
to Low Level Qutput AorB 4 22 ns
tpHz Output Disable Time Gto 1 10 ns
from High Level Output AorB
tpLz Output Disable Time Gto 5 15 ns
from Low Level Output AorB
tpzH Output Enable Time DIR to 4 57 ns
to High Level Output . AorB
tpzL Output Enable Time DIR to 3 19 ns
to Low Level Output AorB
tpHZ Output Disable Time : DIR to 1 14 ns
from High Level Output AorB
tpLz Output Disable Time : DIR to 2 15 ns
from Low Level Output AorB
Note 1: See Section 1 for test waveforms and output load.
Note 2: These parameters are measured with the internal output state of the storage register opposite to that of the bus input.
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Function Table

Inputs

Data I/0 (Note 3)

— Operation or Function
G DIR CAB CBA SAB SBA A1 thru A8 B1 thru B8

X X T X X X Input Not Specified Store A, B Unspecified
X X X T X X Not Specified Input Store B, A Unspecified
H X T T X X Input Input Store A and B Data

H X H/L H/L X X Input Input Isolation, Hold Storage

L L X X X L Output Input Real-Time B Data to A Bus
L L X H/L X H Output Input Stored B Data to A Bus
L H X X L X Input Output Real-Time A Data to B Bus
L H H/L X H X Input Output Stored A Data to B Bus

Note 3: The data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled, i.e., data at
the bus pins will be stored on every low-to-high transition on the clock inputs.

H = High Logic Level, L = Low Logic Level, X = Don't Care (Either Low or High Logic Levels including transitions), H/L = Either Low or High Logic Level

excluding transitions, T = Positive-going edge of pulse.

Logic Diagram

4

DIR

CBA
SBA
CAB
SAB
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Dore>

CLK1
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CLK1
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B1

Vwrm=zZzZ>»xTO

TO SEVEN OTHER CHANNELS

TL/F/9173-2
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National
Semiconductor

DM74ALS651

Octal TRI-STATE® Bus Transceiver and Register

General Description

This device incorporates an octal transceiver and an octal
D-type register configured to enable transmission of data
from bus to bus or internal register to bus.

This bus transceiver features totem-pole TRI-STATE out-
puts designed specifically for driving highly-capacitive or rel-
atively low-impedance loads. The high-impedance state and
increased high level logic drive provide this device with the
capability of being connected directly to and driving the bus
lines in a bus organized system without need for interface or
pull-up components. They are particularly attractive for im-
plementing buffer registers, 1/0 ports, bidirectional bus driv-
ers, and working registers.

The registers in the AS651 are edge-triggered D-type flip-
flops. On the positive transition of the clock (CAB or CBA),
the input data is stored into the appropriate register. The
CAB input controls the transfer of data into the A register
and the CBA input controls the B register.

The SAB and SBA control pins are provided to select
whether real-time data or stored data is transferred. A low
input level selects real-time data and a high level selects

stored data. The select controls have a “make before
break” configuration to eliminate a glitch which would nor-
mally occur in a typical multiplexer during the transition be-
tween stored and real-time data.

The enable (GAB and GBA) control pins provide four modes
of operation: real-time data transfer from bus A to B, real-
time data transfer from bus B to A, real-time bus A and/or B
data transfer to internal storage, or internal stored data
transfer to bus A and/or B.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

W Advanced oxide-isolated, ion-implanted Schottky TTL
process

m TRI-STATE buffer-type outputs drive bus lines directly

® Independent registers and enables for A and B buses

® Multiplexed reai-time and stored data

Connection Diagram
Vec CBA SBA GBA B! B2

B3 B4 BS B6 B7 B8

J24 |23 |22 |21 J20 |19 |18 |17 |16 |15 14 |13

R EBENE
A2 A3 Ab A5 A6 A7 AB OND

CAB SAB GAB A1

[7 1s |l 1o {11 f12

TL/F/10233-1

Order Number DM74ALS651N or DM74ALS651WM
See NS Package Number M24B or N24A
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Absolute Maximum Ratings

Supply Voltage

Input Voltage
Control Inputs
1/0 Ports

v

v
5.5V

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 maximurn ratings.
The “Recommended Operating Conditions” table will define

Stz'h:ggﬁzrsn perature Range —Gs?gic:o:; ;g:g the conditions for actual device operation.
Typical 644
N Package 44.,5°C/W
M Package 80.5°C/W
Recommended Operating Conditions
Symbol . Parameter DM74ALSE51 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 v
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 v
loH High Level Output Current —-15 mA
loL Low Level Output Current 24 mA
foLk Clock Frequency 0 40 MHz
tw Pulse Duration, Clocks Low or High 125 ns
tsu g;::f:reeug;;me, A before CAB or 101 ns
tH Data Hold Time, A after CAB or ot ns
B after CBA
Ta Free Air Operating Temperature 0 - 70 °C
T = with reference to the low to high transition of the respective clock.
Electrical Characteristics over recommended free air temperature range
Symbol Parameter Test Conditions Min Typ Max Units
ViK Input Clamp Voltage Vce = Min, || = —18 mA -1.2 \
VoH High Level Output Voo = 4.5Vt05.5V | loy= —04mA Voo — 2
Voltage Veg = Min loH = —3mA 2.4 32 v
lon = Max ' 2
VoL Low Level Output Ve = Min loL = 12mA 0.25 0.4 v
Voltage loL = 24 mA 0.35 0.5
1 Input Current at Max Vee = Max 1/0 Ports, V| = 5.5V 100 A
Input Voltage Control Inputs, V| = 7V 100 #
I High Level Input Current | Voo = Max, V) = 2.7V, (Note 1) 20 pA
TR Low Level Input Voo = Max, Control Inputs —200 pA
Current V| = 0.4V (Note 1) 1/0 Ports —200
lo Output Drive Current Vee = Max, Vg = 2.25V —30 -112 mA
lcc Supply Current Ve = Max Outputs High 42 68
Qutputs Low 52 82 mA
~Outputs Disabled 52 82

Note 1: For 170 ports the TRI-STATE output currents (lozn and foz;) are included in the Iy and i, parameters.
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Switching Characteristics overrecommended operating free air temperature range

Symbol Parameter Conditions From (Input) DM74ALS651 Units
To (Output) Min Max

tPLH Propagation Delay Time Voe = 4.5Vto 5.5V, CBA or CAB 10 a2 ns
Low to High Level Output CL = 50 pF, toAorB

tPHL Propagation Delay Time Ry - Rz = 5000, CBA or CAB21 5 17 ns
High to Low Level Output I’\? t_ :’1)'" to Max toAorB

ote

tPLH Propagation Delay Time AorBto 4 18 ns
Low to High Level Output BorA

tPHL Propagation Delay Time AorBto 2 10 ns
High to Low Level Output BorA

tpLH Propagation Delay Time
Low to High Level Output SBA or SAB 8 a3 ns
(withAorB toAorB
Low) (Note 2)

tPHL Propagation Delay Time
High to Low Level Output SBA or SAB 7 21 ns
(withAorB toAorB
Low) (Note 2)

tPLH Propagation Delay Time
Low to High Level Output SBA or SAB 8 25 ns
(withAorB toAorB
High) (Note 2)

tpHL Propagation Delay Time
High to Low Level Output SBA or SAB 7 21 ns
(with AorB toAorB
High) (Note 2)

tpzH Output Enable Time GBAto
to High Level Output A 5 20 ns

tpzL Output Enable Time GBAto 5 18 ns
to Low Level Output A

tpHz Output Disable Time GBAto > o ns
from High Level Output A

tpLz Output Disable Time GBAto 3 12 ns
from Low Level Output A

tpzH Output Enable Time GAB to
to High Level Output B 5 20 ns

tpzL Output Enable Time GAB to 7 21 ns
to Low Level Output B

tpHZ Output Disable Time GABto 2 12 ns
from High Level Output B

tpLz Output Disable Time GAB to 2 14 ns
from Low Level Output B

Note 1: Ses Section 1 for test waveforms and output load.
Note 2: These parameters are measured with the internal output state of the storage register opposite to that of the bus input.
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651

Function Table
— Inputs Datg /0 (Note 3) Operation or Function
GAB | GBA | CAB | CBA SAB SBA A1thru A8 B1thruBs
X H 1 H/L X X Input Not Specified Store A, Hold B
L X H/L T X X Not Specified Input Store B, Hold A
L H T T X X Input Input Store A and B Data
L H H/L | H/L X X Input Input Isolation, Hold Storage
L L X X X L Output Input Real-Time B Data to A Bus
L L X H/L X H Output Input Stored B Data to A Bus
H H X X L X Input Output Real-Time A Data to B Bus
H H H/L X H X Input Output Stored A Data to B Bus
H H T T X (Note 4) X Input Output Store A in both Registers
L L 1T T X X (Note 4) Output Input Store B in both Registers
H L H/L | HIL H H Output Output an?itg:?eg galit)z:: t?) BAu;)us

Note 3: The data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled, i.e., data at
the bus pins will be stored on every low-to-high transition on the clock inputs.

Note 4: Select control = L; clocks can occur simultaneously

Select control = H; clocks must be staggered in order to load both registers.
H = High Logic Level, L = Low Logic Level, X = Don't Care (Either Low or High Logic Levels, including transitions), H/L = Either Low or High Logic Level

excluding transitions, T = Positive-going edge of pulse. .

Logic Diagram

coA , —Dc
CAB
10 - 0
- 8
B
I ¢
H
Al i p } A
CLK1 N
N
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L -
vYy \ A A A4 vy Js

TO SEVEN OTHER CHANNELS

TL/F/10233-2
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National
Semiconductor

DM74ALS652

Octal TRI-STATE® Bus Transceiver and Register

General Description

This device incorporates an octal transceiver and an octal
D-type register configured to enable transmission of data
from bus to bus or internal register to bus.

This bus transceiver features totem-pole TRI-STATE out-
puts designed specifically for driving highly-capacitive or rel-
atively low-impedance loads. The high-impedance state and
increased high level logic drive provide this device with the
capability of being connected directly to and driving the bus
lines in a bus organized system without need for interface or
pull-up components. They are particularly attractive for im-
plementing buffer registers, I/0 ports, bidirectional bus driv-
ers, and working registers.

The registers in the AS652 are edge-triggered D-type flip-
flops. On the positive transition of the clock (CAB or CBA),
the input data is stored into the appropriate register. The
CAB input controls the transfer of data into the A register
and the CBA input controls the B register.

The SAB and SBA control pins are provided to select
whether real-time data or stored data is transferred. A low
input level selects real-time data and a high level selects

stored data. The select controls have a “make before
break” configuration to eliminate a glitch which would nor-
mally occur in a typical multiplexer during the transition be-
tween stored and real-time data.

The enable (GAB and GBA) control pins provide four modes
of operation: real-time data transfer from bus A to B, real-
time data transfer from bus B to A, real-time bus A and/or B
data transfer to internal storage, or internal stored data
transfer to bus A and/or B.

Features

m Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m TRI-STATE buffer-type outputs drive bus lines directly

m Independent registers and enables for A and B buses

® Multiplexed real-time and stored data

Connection Diagram
Vec CBA SBA GBA B1 B2

|24 {23 J22 21 J20 [19 |8 |17 [ |15 |14 |13

B3> B4 B5 B6 B7 B8

[t 12 3 4 Is |6
A2 A3 A4 A5 A6 AT AB OND

CAB SAB GAB At

17 18 {9 [ro f11 |12

TL/F/9174-1

Order Number DM74ALS652N or DM74ALS652WM
See NS Package Number M24B or N24A
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Absolute Maximum Ratings

Supply Voltage

Input Voltage
Control Inputs
170 Ports

v

A%
5.5V

Operating Free-Air Temperature Range

DM74ALS
Storage Temperature Range

Typical 83p
N Package
M Package

0°Cto +70°C
—65°Cto +150°C

44.5°C/W
80.5°C/W

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 DM74ALS652 Units
Min Nom Max -
Vee Supply Voltage 4.5 5 5.5 \"
ViH High Level Input Voltage 2 \"
ViL Low Level Input Voltage 0.8 \"
loH High Level Output Current —15 mA
loL Low Level Output Current 24 mA
foLk Clock Frequency 0 40 MHz
tw Pulse Duration, Clocks Low or High 12.5 ns
tsu ga;:fg;tlgB'l;me, A before CAB or 101 ns
tH Data Hold Time, A after CAB or ot ; ns
B after CBA
TA Free Air Operating Temperature 0 70 °C
T = with reference to the low to high transition of the respective clock.
Electrical Characteristics over recommended free air temperature range
Symbol Parameter Test Conditions Min Typ Max Units
ViK Input Clamp Voltage Vce = Min, [ = —18mA -1.2 \Y
VoH High Level Output Vce = 4.5Vto5.5V | loy = —0.4 mA Vge — 2
Voltage Voo = Min loy = —3mA 2.4 3.2 v
loy = Max 2
VoL Low Level Output Vee = Min loL = 12mA 0.25 0.4
Voltage loL = 24 mA 035 | 05 v
Iy Input Current at Max Vce = Max 170 Ports, V| = 5.5V 100 A
Input Voltage Control Inputs, V; = 7V w0 | "
liH High Level Input Current | Vo = Max, V) = 2.7V, (Note 1) 20 HA
L Low Level Input Ve = Max, Control Inputs —200 LA
Current V| = 0.4V (Note 1) 1/0 Ports —200
lo Output Drive Current Vcec = Max, Vo = 2.25V —30 —-112 mA
Icc Supply Current Vec = Max Outputs High 47 76
Outputs Low 55 88 mA
Outputs Disabled 55 88

Note 1: For I/0 ports the TRI-STATE output currents (Iozn and lozt) are included in the Iy and I parameters.
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A
Swntchlng Characteristics over recommended operating ree air temperature range »
DM74ALS652
Symbol Parameter Conditions From (Input) Units
To (Output) Min Max
tPLH Propagation Defay Time Vee = 4.5Vt0 5.5V, CBA or CAB 10 30 ns
Low to High Level Output CL = 50 pF, toAorB
tPHL Propagation Delay Time Ry = H? = 50002, CBAor CAB 5 17 ns
High to Low Level Output ;I": :: '1“)'" to Max to AorB
ote
tpLH Propagation Delay Time AorBto 5 18 ns
Low to High Level Output BorA
tpHL Propagation Delay Time AorBto 3 12 ns
High to Low Level Output BorA
tpH Propagation Delay Time
Low to High Level Output SBA or SAB
(with A or B toAorB 12 35 ns
Low) (Note 2) :
tpHL Propagation Delay Time
High to Low Level Output SBA or SAB
6 0
(with A or B toAorB 2 ns
Low) (Note 2)
tpLH Propagation Delay Time
Lo'w to High Level Output SBA or SAB 6 25 ns
(withAorB toAorB
High) (Note 2)
tPHL Propagation Delay Time
High to Low Level Output SBA or SAB
(with A or B toAorB 5 20 ns
High) (Note 2)
tpzH Output Enable Time GBAto 3 17 ns
to High Level Output A
tpzy Output Enable Time GBAto 5 18 ns
to Low Level Qutput A
tpHz Output Disable Time GBAto 1 10 ns
from High Level Output A
tpLz Output Disable Time GBAto > 16 ns
from Low Level Output A
tpzH Out;?ut Enable Time GAB to 6 22 ns
to High Level Output B
tpzL Output Enable Time GAB to 6 18 ns
to Low Level Output B
tpHz Output Disabie Time GAB to 1 10 ns
from High Level Output B
tpLz Output Disable Time GAB to 2 16 ns
from Low Level Output  ~ B
Note 1: See Section 1 for test waveforms and output load.
Note 2: These parameters are measured with the internal output state of the storage register opposite to that of the bus input.
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Function Table

— Inputs Data l/O (Note 3) Operation or Function
GAB | GBA | CAB | CBA SAB SBA A1 thru A8 B1 thru B8

X H T H/L X X Input Not Specified Store A, Hold B
L X H/L T X X Not Specified Input Store B, Hold A
L H T T X X Input Input Store A and B Data
L H H/L | H/L X X Input Input Isolation, Hold Storage
L L X X X L Output Input Real-Time B Data to A Bus
L L X H/L X H Output Input Stored B Data to A Bus
H H X X L X Input Output Real-Time A Data to B Bus
H H T T X X Input Output Stored A Data to B Bus
H H T 1T X (Note 4) X Input Output Store A in both Registers
L L T T X X (Note 4) Output Input Store B in both Registers

Note 3: The data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled, i.e., data at
the bus pins will be stored on every low-to-high transition on the clock inputs.

Note 4: Select contro! = L; clocks can occur simultaneously

Select control = H; clocks must be staggered in order to load both registers.
H = High Logic Level, L = Low Logic Level, X = Don't Care (Either Low or High Logic Levels, including transitions), H/L = Either Low or High Logic Level

excluding transitions, T = Positive-going edge of pulse.
Logic Diagram
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National
Semiconductor

DM74ALS689 8-Bit Comparator

General Description

This comparator performs an “equal to” comparison of two
eight-bit words with provision for expansion or external en-
abling. The matching of the two 8-bit inputs plus a logic
LOW on the EN input produces the output A = B. The

Features

® Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and V¢ range

m Advanced oxide-isolated, ion-implanted Schottky TTL

ALS689 has an open collector output for wire AND cascad- process
ing. ® Functionally and pin for pin compatible with LS family
TTL counterpart
B Improved output transient handling capability

Connection Diagram

Dual-In-Line Package
Vec A=8 B A7 B Ag Bs A By Ay

Ll Ll L]

2 19 18 17 16 15 14 13 12 n

[ ]
2 3 4 5 6 7 8 9

T

!
3] Ay 8g Ay L] Az By Aj 83

I

Order Number DM74ALS689WM or DM74ALS689N
See NS Package Number M20B or N20A

TL/F/6238-1

Function Table

Inputs Output

EN Data A=8B
L A=B L
L A+#B H
H X H

H = High Level, L = Low Level, X = Don’t Care
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage 1A%
Off State Output Voltage v
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 8ja

N Package 62.0°C/W

M Package 82.0°C/W

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 Min Nom Max Units
Voo Supply Voltage 4.5 5 55 \"
ViH High Level Input Voltage 2 \4
ViL Low Level Input Voltage 08 . \"
VoH High Level Output Voltage 5.5 \
loL Low Level Output Current 24 mA
TA Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vo = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Ve = 4.5V, = —18mA —-15 \'
loH High Level Output Current Ve = 5.5V, Voy = 5.5V 0.1 mA
VoL Low Level Output Voo = 4.5V loL = 12mA 0.25 0.4 \
Voltage loL = 24 mA 0.35 05 v
I Max High Input Current Vec = 5.5V, Vijy =7V 0.1 mA
K High Level Input Current Veg = 5.5V, Viy = 2.7V 20 pA
i Low Level! Input Current Vee = 5.5V, V)L = 0.4V —-0.1 mA
lcc Supply Current Vg = 5.5V (Note 1) 12 " 19 mA

Note 1: Icc is measured with EN grounded, A and B inputs at 4.5V.
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Switching Characteristics over recommended operating free air temperature range (Note 1)

From To
Symbol Parameter Conditions (Input) (Output) Min Max Units
tPLH Propagat.non Delay Time Ve = 4.5V to 5.5V AorB =B 10 25 ns
Low to High Level Output CL = 50 pF Data
tPHL Propagation Delay Time Ri = 6800 AorB T=E 5 23 ns
High to Low Level Output Data
tPLH Propagation Delay Time = el
Low to High Level Output EN A=B 8 % ns
tPHL Propagation Delay Time = 5
High to Low Level Output EN A=B 8 2 ns

Note 1: See Section 1 for test waveforms and output load.

Logic Diagram
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*Output is open collector
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National

Semiconductor
DM54ALS804A/DM74ALS804A Hex 2-Input NAND Driver
General Description Features
These devices contain six independent 2-input drivers, each 8 Switching specifications at 50 pF
of which performs the logic NAND function. m Switching specifications guaranteed over full tempera-

ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

® Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package

vee 68 64 &Y 58 58 5y ® @ 4y
|20 19 Im " 16 '15 14 13 |12 Jn

[ |z | 3 4 |5 6 7 | 8 | 9 ]w
1A 1B 1Y 2 28 2Y 3A 38 3y GND

. TL/F/6239-1
Order Number DM54ALS804AJ, DM74ALS804AWM or DM74ALS804AN
See NS Package Number J20A, M20B or N20A

Function Table
Y =AB
Inputs Qutput
A B Y
L L H
L H H
H L H
H H L
High Logic Levsl

H=
L = Low Logic Leve!
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Absolute Maximum Ratings b
If Military/Aerospace specified devices are required, Note: The “Absolute Maximum Ratings” are those values
please contact the National Semiconductor Sales beyond which the safely of the device cannot be guaran-
Office/Distributors for availabllity and specifications. 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.
P . 9 . The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DM54ALS ~55°Cto +125°C
DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 84
N Package 58.0°C/W
M Package 78.0°C/W
Recommended Operating Conditions
Symbol Parameter DM54ALS804A DM74ALS804A Units
Min Nom Max Min Nom Max
Vee Supply Voitage 4.5 5 5.5 4.5 5 5.5 \
ViH High Level! Input Voltage 2 2 \"
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current -12 —-15 mA
loL Low Level Output Current 12 24 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
*Applies for the DM74ALS804-1 option only.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Vgc = 5V, Tp = 25°C.
Symbol Parameter Conditions ) Min Typ Max Units
Vik Input Clamp Voltage Ve = 4.5V, = —18mA -1.2 \"
VoH High Level Output lon = —0.4 mA, Voc = 4.5V to 5.5V Ve — 2 \"
Voltage lon = —3mA, Vo = 4.5V 24 v
loq = Max, Vg = 4.5V 2 \
VoL Low Level Output Vge = 4.5V 54/74ALS
Voltage loL = 12mA 0.25 04 v
74ALS
o, = 24 mA 0.35 0.5 v
l Input Current at Max Vece = 5.5V, Vi = 7V 0.1 mA
Input Voltage
IH High Level Input Current Vee = 5.5V, Viy = 2.7V 20 nA
e Low Level Input Current Vce = 5.5V, V) = 04V -0.1 mA
lo Output Drive Current Vce = 5.5V, Vg = 225V —-30 -112 mA
lcc Supply Current Vce = 5.5V V) =0V, Outputs High 0.9 2.5 mA
V| = 4.5V, Outputs Low 7 12 mA
Switching Characteristics over recommended operating free air temperature range (Note 1)
Symbol Parameter Conditions DMS54ALS804A DM74ALS804A Units
Min Max Min Max
tPLH Propagation Delay Time Vec = 4.5V to 5.5V 1 8 2 7 ns
Low to High Level Output Ry = 20000
tPHL Propagation Delay Time CL=15pF ] 8 2 8 ns
High to Low Level Output
Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS805A Hex 2-Input NOR Driver

General Description

Features

This device contains six independent 2-input drivers, each 8 Switching specifications at 50 pF

of which performs the logic NOR function.

m Switching specifications guaranteed over full tempera-
ture and V¢c range

W Advanced oxide-isolated, ion-implanted Schottky TTL
process

| Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

® Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package

vee 68 oA &Y 58 5A 5y 8 a ay
|20 1w b 17 8 s 14 no Je
o o
1 {2 |3 4 Is B 7 E |s ]
n 1B W 24 28 P n 38 3 &ND

TL/F/6240-1

Order Number DM74ALS805AWM or DM74ALS805AN
See NS Package Number M20B or N20A

Function Table

H=
L=

Y=A+B
Inputs Output

A B Y
L L H
L H L
H L L
H H L
High Logic Leve!

Low Logic Level
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Absolute Maximum Ratings o
Supply Voltage ! v Note: The “Absolute Maximum Ratings” are those values
Input Voltage v beyond which the safety of the device cannot be guaran-
; : teed. The device should not be operated at these limits. The
OF:;::;TELZGG Alr Temperature Range 0°Cto +70°C parametric values defined in the “Electrical Characteristics’
. . table are not guaranteed at the absolute maximum ratings.
Storage Temperature Range —65°Cto +150°C The “Recommended Operating Conditions" table will define
Typical 844 the conditions for actual device operation.
N Package 58.0°C/W
M Package 78.0°C/W
Recommended Operating Conditions
DM74ALS805A
Symbol Parameter Units
Min Nom Max
Vee Supply Voltage _ 4.5 5 55 \
VIH High Level Input Voltage 2 v
ViL Low Level Input Voltage ' 0.8 \"
loH High Level Output Current —-15 mA
loL Low Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
*Applies for the DM74ALS805-1 option only.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Voc = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Voe = 4.5V, = —18 mA -1.2 Vv
VOH High Level Output loH = —0.4mA, Ve = 4.5V to 5.5V Vec— 2 \
Voltage loh = —3mA, Voo = 4.5V 24 v
lo = Max, Ve = 4.5V 2 \
VoL Low Level Output Vee = 4.5V loL = 12mA 0.25 0.4 v
Voltage loL = 24 mA 035 | 05 v
Iy Input Current at Max Vce = 5.5V, Viy =7V 0.1 mA
Input Voltage
I High Level Input Current Voo = 5.5V, Vg = 2.7V 20 HA
i Low Level Input Current Vee = 5.5V, V)L = 0.4V —-0.1 mA
lo Output Drive Current Voo = 6.5V, Vg = 2.25V —-30 —-112 mA
lcc Supply Current Voo = 5.5V V) = 0V, Outputs High 4 mA
V| = 4.5V, Outputs Low 14 mA
Switching Characteristics over recommended operating free air temperature range (Note 1)
DM74ALS805A
Symbol Parameter Conditions Units
Min Max
tPLH Propagation Delay Time Vee = 4.5Vto 5.5V 2 7 ns
Low to High Level Output Ry = 5009
tPHL Propagation Delay Time CL = 50pF 5 8 ns
High to Low Level Output
Note 1: See Section 1 for test waveforms and output load.
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808A

National
Semiconductor

DM74ALS808A Hex 2-Input AND Driver

General Description Features
These devices contain six independent 2-input drivers, each B Switching specifications at 50 pF

of which performs the logic AND function.

m Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

=® Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Function Table

Dual-In-Line Package

we 6 6 o 5 54 5¥ ® m a
|20 1w s " 6 s 1 (I LI 1
1 |2 B [ B B 7 is fo Jro

1 18 W n 2 3 3 ¥ oo

TL/F/6241-1
Order Number DM74ALS808AWM or DM74ALS808AN
See NS Package Number M20B or N20A

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 e
Supply Voltage v Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7v beyond which the safety of the device cannot be guaran-
. : teed. The device should not be operated at these limits. The
O?S;Z‘EL’ZGG Air Temperature Range 0°Cto +70°C parametric values defined in the “Electrical Characteristics”
. . table are not guaranteed at the absolute maximum ratings.
Storage Temperature Range —65°Cto +150°C The “Recommended Operating Conditions” table will define
Typical 044 the conditions for actual device operation.
N Package 58.0°C/W
M Package 78.0°C/W
Recommended Operating Conditions
DM74ALSB808A
Symbol Parameter Units
Min Nom Max
Veo Supply Voltage 45 5 55 v
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 v
loH High Level Output Current —-15 mA
loL Low Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Voc = 5V, Ta = 25°C.
Symbol Parameter Conditions Min Typ Max Units
ViK Input Clamp Voltage Vee = 4.5V, = —18 mA -1.2 \
Vo High Level Output loH = —0.4mA, Ve = 45t05.5V| Voo —2 \"
Voltage loH = —3mA, Vg = 4.5V 2.4 v
loy = Max, Vg = 4.5V 2 \
VoL Low Level Output Vco = 4.5V loL = 12mA 0.25 0.4 \
Voltage loL = 24 mA 0.35 05 v
Iy Input Current at Max Veg = 5.5V, Vi =7V 04 mA
Input Voltage
i1 High Level Input Current Voo = 5.5V, Vi = 2.7V 20 MA
I Low Level Input Current Veg = 5.5V, V)L = 0.4V -0.1 mA
lo Output Drive Current Vcg = 5.5V, Vg = 2.25V —30 —-112 mA
Icc Supply Current Voo = 5.5V Outputs High 4.5 7 mA
Outputs Low 8 16 mA
Switching Characteristics over recommended operating free air temperature range (Note 1)
" DM74ALS808A .
Symbol Parameter Conditions Units
Min Max
tPLH Propagation Delay Time Vee = 4.5Vt0 5.5V 2 9 ns
Low to High Level Output R = 5000, C_ = 50 pF
tPHL Propagation Delay Time 1 8 ns
High to Low Level Output
Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS810

Quad 2-Input Exclusive-NOR Gate

General Description

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

Features

W Switching specifications at 50 pF

| Switching specifications guaranteed over full tempera-
ture and Vg range

m Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package

A4
|12

vee B4

e |oa

Ya B3 A3 Y3
11 Jio o |s

i

>

I

1 2

|3
A1 Bl Vi

4 5
A2 B2

7

B
Y2 GND
TL/F/6714-1

Order Number DM74ALS810M or DM74ALS810N
See NS Package Number M14A or N14A

Function Table
Y=AoB
Inputs Output
A B Y
L L H
L H L
H L L
H H H

H = High Logic Level
L = Low Logic Level
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°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 —65°C to +150°C
Typical 844
N Package 87.0°C/W
M Package 117.2°C/W

oiL8

Recommended Operating Conditions

Symbol Parameter DM74ALS810 Units
Min Nom Max

Vce Supply Voltage 4.5 5 55 \
ViH High Level Input Voltage 2 \
ViL Low Level Input Voitage 0.8 \
loH High Level Output Current —-0.4 mA
loL Low Level Output Current 8 mA
Ta Free Air Operating Temperature 0 70 °C

Electrical Characteristics overrecommended operating free air temperature (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 Voe = 4.5Vto 5.5V, loy = Max,
Voo — 2 3.4 \
Voltage ViL = Max, Vi = Min cc
VoL Low Level Output Vce = Min, Vi = Max loL=4mA 0.25 0.4 \
Voltage ViH = Min loL = 8mA 0.35 05 v
Iy Input Current at Max Vce = Max, V| = 7V 01 mA
Input Voltage
liH High Level Input Current Vee = Max, V| = 2.7V 20 nA
IiL Low Level Input Current Ve = Max, V) = 0.4V —0.1 mA
lo Output Drive Current Vee = Max, Vg = 2.25V —30 —-112 mA
lcoL Supply Current with Voo = Max (Note 2) 5 75 mA
Outputs Low
IccH Supply Current with Ve = Max (Note 3) 45 5.6 mA
Outputs High

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

Note 2: Iccy is measured with all outputs open, one input of each gate at 4.5V, and the other inputs grounded.
Note 3: IccH is measured with all inputs at 4.5V and all outputs open.
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Switching Characteristics over recommended operating free air temperature range

Symbol Parameter Conditions DM74ALS810 Units
Min Max

tpLH Propagation Delay Time Other input Low 4 20 ns
Low to High Level Output Vce = 4.5Vto 5.5V .

tPHL Propagation Delay Time R B 50040 3 14 ns
High to Low Level Output Cu = 50pF

tPLH Propagation Delay Time Other Input High 4 18 ns
Low to High Level Output Vee = 4.5V t0 5.5V

tPHL Propagation Delay Time R B 5000 3 14 n§
High to Low Level Output Cu = 50pF
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National
Semiconductor

DM74ALS811 Quad 2-Input Exclusive-NOR
Gate with Open-Collector Outputs
General Description Features

This device contains four independent gates, each of which B Switching specifications at 50 pF
performs the logic exclusive-NOR function. The open-col- m Switching specifications guaranteed over full tempera-

lector outputs require external pull-up resistors for proper ture and Vg range
logical operation. m Advanced oxide-isolated, ion-implanted Schottky TTL
. process
PI.I"'UP Resistor Equatlons m Functionally and pin for pin compatible with Schottky
X and low power Schottky TTL counterpart
= Yec (Min) — Vou m Improved AC performance over Schottky and low pow-
N1 (lon} + Na (liy) er Schottky counterparts

_ Vec(Max) — VoL
loL — N3 (i)

Where: Nq (Ilon) = total maximum output high current for
all outputs tied to pull-up resistor
Nz (i) = total maximum input high current for alil
inputs tied to pull-up resistor
N3 (i) = total maximum input low current for all
inputs tied to pull-up resistor

RmIN

Connection Diagram

Dual-In-Line Package

Vcc B4 A4 Ya B3 A3 Y3
J1a 13 1z 11 o |s s

>
D>y D

1 2 3 4 5 6 | 7
Al Bt Yt A2 B2 Y2 GND
TL/F/6715-1

Order Number DM74ALS811M or DM74ALS811N
See NS Package Number M14A or N14A

Function Table
Y=AoB
inputs Output

A B Y
L L H
L H L
H L L
H H H
High Logic Levet

H=
L = Low Logic Level
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Absolute Maximum Ratings

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 05

N Package 87.2°C/W

M Package 117.2°C/W

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 DM74ALS811 Units
Min Nom Max

Vee Supply Voltage 4.5 5 5.5 \
ViH High Level Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \"
VoH High Level Output Voltage 5.5 v
loL Low Level Output Current 8 mA
TA Free Air Operating Temperature 0 70 °C

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

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\7 Input Clamp Voltage Vce = Min, || = —18 mA —-1.5 \"
lcex High Level Output Current Vce = Min, Vg = 5.5V 100 A
Vi = Max, Vg = Min B
VoL Low Level Output Ve = Min loL = 4mA 0.25 0.4 \
Voltage ViL = Max -
Vi = Min lo. = 8mA 0.35 05 v
I Input Current at Max Vee = Max, Viy = 7V 04 mA
Input Voltage
IH High Level Input Current Voo = Max, Vg = 2.7V 20 RA
e Low Level Input Current Vee = Max, V| = 0.4V -0.1 mA
lcoL Supply Current with Vce = Max (Note 2) 5 75 mA
Outputs Low
lccH Supply Current with Vce = Max (Note 3) 46 56 mA
Outputs High

Note 1: All typicals are at Vo = 5V, T4 = 25°C.

Note 2: IccL is measured with all outputs open, one input of each gate at 4.5V, and the other inputs grounded.

Note 3: IccH is measured with all inputs at 4.5V and all outputs open.
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Switching Characteristics over recommended operating free air temperature range

Symbol Parameter Conditions DM74ALS811 Units
Min Max

tpLH Propagation Delay Time Other Input Low 25 55 ns
Low to High Level Output Vee = 4.5Vto 6.5V

tPHL Propagation Delay Time RL _=_ 5009 5 28 ns
High to Low Level Output CL = 50pF

tPLH Propagation Delay Time Other Input High 20 50 ns
Low to High Level Output Vee = 4.5Vto 5.5V

1 P i ! R = 5000

PHL ropagation Delay Time - 5 23 ns

High to Low Level Output C = 50pF
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832A

National
Semiconductor

DM74ALS832A Hex 2-Input OR Driver

General Description Features
This device contains six independent drivers, each of which B Switching specifications at 50 pF
performs the logic OR function. m Switching specifications guaranteed over full tempera-

ture and Vgc range

W Advanced oxide-isolated, ion-implanted Schottky TTL
process .

m Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

| Improved AC performance over Schottky and low pow-
er Schottky counterparts

Connection Diagram

Dual-In-Line Package

V& 8 6A o 58 sA 5 ® o« ay
= 19 18 1" 6 Jis " 3 e Ju
1 |2 B 4 |5 |s 7 I8 IR

" 18 i P » 2 n B W GAD

TL/F/6242-1
Order Number DM74ALS832AWM or DM74ALS832AWN
See NS Package Number M20B or N20A

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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Absolute Maximum Ratings =
Supply Voltage v Note: The “Absolute Maximum Ratings” are those values
Input Voltage 7v beyond which the safety of the device cannot be guaran-
. . teed. The device should not be operated at these limits. The
OFE?,{;;TELFSIGG Air Temperature Range 0°Cto +70°C parametric values defined in the “Electrical Characteristics”
. . table are not guaranteed at the absolute maximum ratings.
Storage Temperature Range —65°Cto +150°C The “Recommended Operating Conditions” table will define
Typical 4 the conditions for actual device operation.
N Package 58.0°C/W
M Package 78.0°C/W
Recommended Operating Conditions
Symbol Parameter DM74ALS332A Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 \
VIH High Leve! Input Voltage 2 \
ViL Low Level Input Voltage 0.8 \
lon High Level Output Current —15 mA
loL Low Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Voo = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voitage Vee = 4.5V, = —18 mA -1.2 \"
VoH High Level Output loH = —0.4 mA, Voo = 4.5V to 5.5V Ve — 2 \"
Voltage lon = —3 mA, VoG = 4.5V 2.4 v
loH = Max, Vg = 4.5V 2 \"
VoL Low Level Output Voe = 4.5V loL = 12mA 0.25 0.4 \
Voltage loL = 24 mA 035 | 05 v
I Input Current @ Max Voo = 5.5V, Vi =7V 0.1 mA
Input Voltage
IiH High Level input Current Vce = 5.5V, Viy = 27V 20 RA
i Low Level input Current Vee = 5.8V, VL = 0.4V —-0.1 mA
lo Output Drive Current Vce = 5.5V, Vg = 2.25V -30 -112 mA
lcc Supply Current Ve = 5.5V V| = 4.5V, Outputs High 6 9 mA
V| = 0V, Outputs Low 9.5 16 mA
Switching Characteristics over recommended operating free air temperature range (Note 1)
Symbol Parameter Conditions DM74ALS832A Units
Min Max
tPLH Propagation Delay Time Vec = 4.5V to 5.5V 2 9 ns
Low to High Level Output Ry = 5009, C = 50 pF
tPHL Propagation Delay Time 1 8 ns
High to Low Level Output
Note 1: See Section 1 for test waveforms and output load.
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National
Semiconductor

DM74ALS873B

Dual 4-Bit D-Type Transparent Latch

with TRI-STATE® Outputs

General Description

This dual 4-bit register features totem-pole TRI-STATE out-
puts designed specifically for driving highly-capacitive or rel-
atively low-impedance loads. The high-impedance state and
increased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, 1/0 ports, bidirectional
bus drivers, and working registers.

The eight latches of the ALS873B are transparent D-type
latches. While the enable (G) is high the Q outputs will fol-
low the data (D) inputs. When the enable is taken low the
output will be latched at the level of the data that was set
up.

A buffered output control input can be used to place the
eight outputs in either a normal logic state (high or low logic

levels) or a high-impedance state. In the high-impedance
state the outputs neither load nor drive the bus lines signifi-
cantly.

The output control does not affect the internal operation of
the latches. That is, the old data can be retained or new
data can be entered even while the outputs are off.

Features

® Switching specifications at 50 pF

m Switching specifications guaranteed over full tempera-
ture and Vgg range

B Advanced oxide-isolated, ion-implanted Schottky TTL
process

m TRI-STATE buffer-type outputs drive bus lines directly

m Space saving 300 mil wide package

Connection Diagram

Dual-In-Line Package

ENABLE ENABLE
Yeo 16 101 102 103 104 201 202 203 204 26 20
u| 5| =2 2t 20 19 18 17 1 15 14| 13
G Q G Q G Q (K [ [5) (] [
cwr 0 ocf Jorr 0 oc) Jord oc| Jetro ocf Jewro oc] Jeirp ocf fetr o oc| fer o oc
& é 3 1 yy T Y 1 ¢
1| 2] 3 4 s 6 7 ] 9 10 1n] 1|
1R 10C 101 102 103 104 bl 202 203 204 20C  GND

TL/F/6243-1

Order Number DM74ALS873BWM or DM74ALS873BNT
See NS Package Number M24B or N24C
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Absolute Maximum Ratings

Supply Voltage N
Input Voltage v
Voltage Applied to Disabled Output 5.5V
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.

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Typical 84

N Package 51.0°C/W

M Package 86.5°C/W

Recommended Operating Conditions

Symbol Parameter DM74ALS8738 Units
Min Nom Max
Vee Supply Voltage 4.5 5 © 55 \
VIiH High Level Input Voltage 2 Vv
ViL Low Level Input Voltage 0.8 \
IoH High Level Output Current —26 . mA
loL Low Level Output Current 24 mA
tw Pulse Width Enable High 10 ns
Clear Low 15 ns
tsu Data Setup Time 100 ns
th Data Hold Time 74 ns
TA Operating Free Air Temperature 0 70 °C
The (4 ) arrow indicates the negative edge of the enable is used for reference.
Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Voc = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vec = 4.5V, = —18mA -1.2 v
VoH High Level Output Voo = 4.5V
Voltage Vi = Vy Max 24 3.2 \"
lon = Max
IVO:C = 4.‘;?/0; g.sv Vec - 2 v
Vor Low Level Output Vee = 4.5V loL = 12mA 0.25 0.4 \
Voltage ViH = 2V loL = 24 mA 035 | 05 v
I Input Current @ Max. Vec = 6.5V, Vi =7V 01 mA
Input Voltage
IH High Level Input Current Vee = 5.5V, Vi = 2.7V 20 pA
i Low Level Input Current Vee = 5.5V, V)L = 0.4V —-0.1 mA
lo Output Drive Current Vce = 5.5V, Vg = 2.25V —30 —-112 mA
lozH O.ff-State Qutput Currenf Vee = 5.5V, Vi = 2V 20 LA
High Level Voltage Applied Vo =27V
loz. Off-State Output Curren.t Vee = 5.5V, Vi = 2V