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Guide to Bipolar Logic
Device Families

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

TTL (DM54/DM74)
Low Power (DM54L/DM74L)
Low Power Schottky (DM54LS/DM74LS)
Advanced Low Power Schottky (DM54ALS/DM74ALS)
Schottky (DM54S/DM74S)
Advanced Schottky (DM54AS/DM74AS)
TTL LOGIC (DM54/DM74)

TTL logic was the first saturating logic integrated circuit fam-
ily introduced, thus setting the standard for all the future
families. It offers a combination of speed, power consump-
tion, output source and sink capabilities suitable for most
applications. This family offers the greatest variety of logic
functions. The basic gate (see Figure 1) features a multiple-
emitter input configuration for fast switching speeds, active
pull-up output to provide a low driving source impedance
which also improves noise margin and device speed. Typi-
cal device power dissipation is 10 mW per gate and the
typical propagation delay is 10 ns when driving a 15
pF/4009 load.

LOW POWER (DM54L/DM74L)

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

S4ka 3 1300
< <

INPUTA

INPUTB
OUTPUT

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

LOW POWER SCHOTTKY (DM54LS/DM74LS)

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

SCHOTTKY (DM54S/DM74S)

This family features the high switching speed of unsaturated
bipolar emitter-coupled logic, but consumes more power
than standard TTL devices. To achieve this high speed, the
Schottky barrier diode is incorporated as a clamp to divert
the excess base current and to prevent the transistor from
reaching deep saturation. The Schottky gate input and inter-
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FIGURE 2. DM54L00/DM74L00
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Guide to Bipolar Logic Device Families

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

ADVANCED LOW POWER SCHOTTKY
(DM54ALS/DM74ALS)

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

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

Vee
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FIGURE 3. DM54L.S00/DM74LS00

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

ADVANCED SCHOTTKY (DM54AS/DM74AS)

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

SELECTING A FAMILY

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

Speed Power Consumption

Fastest AS Low L
S ALS

ALS LS

'L LS 1 AS
TTL TTL

Slowest L High S
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Bipolar Logic Family Electrical Characteristics Over Operating Temperatures

TTL L-TTL LS l ALS S AS Units
DM5400/DM7400
2-Input NAND tPLH* 1 35 8 4 3 25 ns
tPHL* 7 31 8 4 3 1.5 ns
t* 12 66 13 10 6 5 ns
t* 5 30 3 6 3 3 ns
loH —400 —200 —400 —400 —1000 —2000 pA
Mil/Com loL 16 2/3.6 4/8 4/8 20 20 mA
i1 40 10 20 20 50 20 pA
e —1.6 —0.18 —0.36 —0.20 -2 -0.50 mA
Min los —-20 -3 —-20 —30 —40 —30 mA
Max los -100 —-15 —-100 —-112 —100 -112 mA
lcch 8 0.8 1.6 0.85 16 3.2 mA
lcoL 22 2.04 4.4 3.0 36 16.1 mA
Mil VoH 24 2.4 25 Veg—2 25 Voc—2 Vv
Com VoH 2.4 24 2.7 Vec—2 27 Vec—2 \)
Mil VoL 0.4 0.3 0.4 0.4 0.5 0.5 \"
Com VoL 0.4 0.4 0.5 0.5 0.5 0.5 Vv
VIH 2 2 2 2 2 2 \
Mil ViL 0.8 0.7 0.7 0.8 0.8 0.8 \
Com ViL 0.8 0.7 0.8 0.8 0.8 0.8 \
\7 -1.5 N/A -1.5 -1.5 -1.2 -1.2 \
Mil NM-H 400 400 500 500 500 500 mV
Com NM-H 400 400 700 700 700 700 mV
Mil NM-L 400 400 300 400 400 300 mv
Com NM-L -400 300 300 300 300 300 mv
Gate Power x 100 20 20 4 60 30 pi
Delay Product
DM5474/DM7474
D Flip-Flop tPLH* 14 50 17 5 8 6 ns
(CLKto Q) tPHL* 20 60 22 8 9 6 ns
(PSor tPLH* 14 40 17 7 6 45 ns
CLRto Q) tpHL* 20 60 22 10 12 ns
(CLK HI) tw 30 75 25 12 8 4 ns
(PSor tw 30 75 20 15 9 4 ns
CLRLOW)
tseT-UP 20 50 25 15 3 3/2 ns
tHoLD 5 15 0 2 2/1 ns
t* 13 64 9 17 4 5 ns
t* 6 19 6 9 3 3 ns
fmax*® 25 1 33 34 95 125 MHz
loH —400 —200 —400 —400 —1000 —2000 rA
Mil/Com loL 16 2/3.6 4/8 4/8 20 20 mA
(CLK/D) WH 80/40 20/10 20 20 100/50 20 nA
(PS/CLR) liH 40/120 20/30 40 40 100/150 40 pA
(CLK/D) hiL —3.2/-1.6 —0.36/—0.18 -0.4 -0.2 —4/-2 —-0.5 mA
(PS/CLR) R —1.6/—8.2 —0.18/—0.36 —0.8 -04 —4/-6 -1.0 mA




Bipolar Logic Family Electrical Characteristics Over Operating Temperatures (Continued)

m |em| s | as | s | as | units
DM5474/DM7474 (Continued)
Min los —20/—18 -3 —-20 —-30 —40 —30 mA
Max los —55 —-15 —100 —112 —100 —-112 mA
lcc 15 3 8 4 50 16 mA
Mil VoH 2.4 2.4 25 Vcc—2 25 Vec—2 Vv
Com VoH 2.4 2.4 27 Veg—2 2.7 Vec—2 Vv
Mil VoL 0.4 0.3 0.4 0.4 0.5 0.5 Vv
Com VoL 0.4 0.4 0.5 0.5 0.5 0.5 \"
ViH 2 2 2 2 2 2 \"
Mil/Com ViL 0.8 0.7 0.7/0.8 0.8 0.8 0.8 Vv
\ —-15 N/A —1.5 -15 -1.2 ~-1.2 "
Mil NM-H 400 400 500 500 500 500 mV
Com NM-H 400 400 700 700 700 700 mV
Mil NM-L 400 400 400 400 300 300 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 L-TTL LS ALS S AS Units
Standard Mil loH —-0.4 —-0.2 —-0.4 —-0.4 -1 -2 mA
Com —-0.4 —0.2 —0.4 —0.4 -1 -2 mA
Mil loL 16 2 4 4 20 20 mA
Com 16 3.6 8 8 20 20 mA
Buffered Mil loH —-0.8 —-0.2 —0.4 -1 =1 —-12 mA
Com —-0.8 —-0.2 —-0.4 —2.6 -1 -15 mA
Mil loL 16 2 4 12 20 32 mA
Com 16 3.6 8 24 20 48 mA
Bus Driver Mil loH -2 N/A -1 —-12 -2 —48 mA
Com —5.2 N/A —26 —-15 —6.5 —48 mA
Mil loL 32 N/A 12 12 20 40 mA
Com 32 N/A 24 24-48 20 48 mA
Fan-in and Fan-Out
TTL L-TTL LS ALS S AS Units
Input Load: high 1 0.25 0.5 0.5 1.25 0.5 U.L.
Low 1 0.1125 0.225 0.125 1.25 0.3125 U.L.
Output Drive: High 10 225 5 5 125 12.5 U.L.
Low 10 5 10 10 25 50 U.L.

Note: UNIT LOAD (U.L.) Standard is referenced with respect to standard TTL device loading. It is defined as:

1 U.L. = 40 pA (HIGH STATE)
1 UL = 1.6 mA (LOW STATE)

1-7
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IC Device Testing

IC Device Testing

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

All of National’s databook parameters are defined and guar-
anteed for “worst-case testing.” Input loading currents (fan-
in) are tested at the input and Vg levels that most increase
that loading, while the output drive capability (fan-out) is
tested at the input and Vg levels that most decrease that
capability. Icc is tested with the input conditions and Vgg
level that yield the greatest Icc value, and Vg 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 ljy, lon, liL and lp values. To guarantee these fan-in
and fan-out limits at 10, the Ig,. must be at least 10 times
the Ij. and the Ioy must be at least 10 times the Ijy. 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 lg|_is at least 10 times the ||, and that the
loH is greater than 10 times the 4. 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 Ij and iy 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 Ij_ 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 Vop(min) for the DM74LS00. It is tested at
Vee(min) = 4.75V commercial, using an oy = —400 pA. If
we required an oy = —800 pA, this would be a “tighter”
test, as the output voltage drops with increased Ipn. Hence,
a device that would pass the —800 pA oy would also pass
the —400 pA loy, but not necessarily the other way around.
Futhermore, Vo tracks with Vg, which is why Voo(min) is
the worst-case testing, and not Vccomax). Finally, forcing in-
puts to threshold represents the most difficult testing be-
cause this puts those inputs as close as possible to the
actual switching point and guarantees that the device will
meet the V|y/V)L spec.

TABLE I. Fan-In/Fan-Out

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

liH = 40 pA loq = — 400 pA
Low Power i = —400 pA loL = 4 mA (Mil)
Schottky loL = 8 mA (Com)

Il = 20 pA loy = —400 pA
Advanced Low iL= —100 pA loL = 4 mA (Mil)
Power Schottky loL = 8 mA (Com)

IIH = 20 pA loH = —400 pA
Schottky L= —2mA loL = 20 mA

iy = 50 pA lon=—1mA
Advanced i = —500 nA loL = 20 mA
Schottky 4 = 20 pA loH= —2mA
Low Power i = —180 pA loL = 2 mA (Mil)

loL = 3.6 mA (Com)
4= 10 pA loq = —200 pA
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Tables Il and lll 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 |l shows the direction of tighter forcing
functions, while Table Il shows the direction of tighter limits.

TABLE Ill. Looser/Tighter Forcing Functions Example: DM74LS00

Condition Test Looser Nominal Tighter Units
lik Vik -17 —18 -19 mA
loH VoH —350 —400 —450 pA
loL VoL 3 4 5 mA
Vi I 6.5 7 7.5 v
ViH IIH 2.6 2.7 2.8 \
ViL e 0.5 0.4 0.3 )
Vo los 0.1 0.0 -0.1 "
Vee lcc 5.0 5.5 6.0 \
TABLE Iil. Looser/Tighter Test Limits Example: DM74LS00
Parameter Looser Nominal Tighter Units
ViH(min) 21 20 19 Vv
ViL(max) 0.7 0.8 0.9 v
Vik(max) -1.6 -15 1.4 \
VOH(min) 2.6 2.7 2.8 v
VoL(max) 0.6 0.5 0.4 v
li(min) 6.5 7.0 7.5 \
NH(max) 50 40 30 pA
hL(max) —450 —400 —390 pA
los(max) -110 —100 -90 mA
los(min) —10 -20 —30 mA
ICCH(max) 1.7 1.6 1.5 mA
1CCL(max) 4.5 4.4 4.3 mA
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IC Device Testing

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

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

OUTPUT VOLTAGE LOW LEVEL (Vor)

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

VoL vs loL
2 Typical LS Device Curve
16 P loL VoL
Mil: 4.0 mA 0.40V
Com: 8.0 mA 0.50v
= 12
g
g 8
AL/
0 /
0 0.2 04 06 08 1.0 1.2 1.4
VoL (V)
TL/F/6731-1
Vec=MIN
in mcu{
foL
- TL/F/6731-3
Vec =MIN
loL
——
Vin
HIGH

TL/F/6731-5

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

OUTPUT VOLTAGE HIGH LEVEL (Vo)

One input is tied high (any value above 2.0V) and the other
input is forced at the V| _threshold (assuming a single inver-
sion gate). The minimum Vg value is used. Each input is
tested independently and the oy current is forced. The re-
sulting Vop is measured. The Von vs IpH graph shows the
military and commercial Von/lon test points for standard
LS products. -

VoH Vs loH
0 Typical LS Device Curve
loH VoH
—100 Mil:  —400pA 25V
Com:  —400pA 27V
g~
E
=300
-400
-500
24 26 28 3.0 32 3.4 36 38
Vou (V)
TL/F/6731-2
Vec=MIN
3
VIN
LOW

TL/F/6731-4

[— Vee =MIN

b3
>
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INPUT CURRENT HIGH LEVEL (I}4)

Iy tests the input leakage in the high state. For MET, diode,
and PNP input, the test set-up consists of all inputs except
the one under test tied high (greater than V). The remain-
ing input has the V|4 value forced upon it, and the resultant
lin 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 lj
testing that checks for emitter-to-emitter transistor action.
This is done with all the other inputs tied to ground.

MAXIMUM INPUT CURRENT (l))

l| or BV testing is the same as the emitter-to-collector
leakage test (Ij4) and guarantees that the input will not pass
more than the specified current at the stated specification
(100 pA at 7V for LS).

IiN vs Vn (High State)
» Typical LS Device Curve

15 hu ViH
20 pA 27v

L
-5
1.2 1.4 16 1.8 2.0 2.2 24 26 2.8
Vin (V)

TL/F/6731-7

Vee =MAX

Vin

TL/F/6731-9

TL/F/6731-11

INPUT CURRENT LOW LEVEL (I;1)

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

_ NMec—(viL + Vee)l

L Standard Inputs

R1
—(ViL + V.
i = w Diode Inputs
Voc — (ViL + V|
I||_=——-[ ce FI(1 ")‘(——B ge)] PNP Inputs

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

Iin vs VN (Low State)
Typical LS Device Curve
0

—100 / I viL

J —400 pA  0.40V
_L
——200
<
< —
=_300
—a00
—500
0 02 04 0608 10 12 1.4
Vi (V)
TL/F/6731-8
Voo = MAX
OPEN
OR
LOGIC 1
Vin

TL/F/6731-10

Vee =MAX

TL/F/6731-12
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IC Device Testing

OUTPUT SHORT CIRCUIT CURRENT (lgs)

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

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

Vo vslos
o Typical LS Device Curve

/ Min  Max

// los —20 —100
- VW
E—‘ﬂ
8 o
=60
-80
—100
0 05 1.0 1.5 20 25 3.0 35
Vo (V)
TL/F/6731-13
Voo =MAX
LOGIC “0” Vour =0V
TL/F/6731-15
Vee =MAX

TL/F/6731-17

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

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

IccLvs Vee .
25 Typical LS Device Curve
2.0 Icc Volts
1.6 mA 5.25V
15
E
81 (/
0.5
0.0 >
01 2 3 4 5 6 7
Vee (V)

TL/F/6731-14

Vee =MAX
LOGIC ““1"
AND OPEN
LOGIC “‘0"
= TL/F/6731-16
Vog =MAX
<
S
locL
lecn

TL/F/6731-18




INPUT CLAMP VOLTAGE (V|c OR ViK)

Veramp(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 (lozy) AND
OUTPUT TRI-STATE CURRENT LOW LEVEL (loz1)

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

VciLawmp Vs IcLamp
0 Typical LS Device Curve

F_-

A / lcLamp

/ —18 mA

VcLamp
—1.5V

IcLAmP (MA)

-12 -08

Veiame (V)

-0.4 0

TL/F/6731-19

Vec=MIN
IN %o—

Vec=MIN

TL/F/6731-21

TL/F/6731-22

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

lozH Vs VozH
(TRI-STATE Isource)s
lozL vs VozL
(TRI-STATE Igink)
Typical LS Device Curve

20 loz  Voz
lozL —20 pA 0.4V
10 I 20pA 27V
= o ozH [
E g
8 lozu
-10
-20
0 05 10 1.5 20 25 30 35
Voz (V)
TL/F/6731-20
Vec =MAX
<
<
<
<>
<
> 3
<
3 4
INPUT
Isounce (lozu)
Vour
OUTPUT CONTROL ®
<
<
<
Isin (lozw)

TL/F/6731-23
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IC Device Testing

HIGH LEVEL OUTPUT CURRENT (OPEN-COLLECTOR
DEVICES ONLY) :

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

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

lcex Vour
250 pA 5.5V

Vour (V)
TL/F/6731-24

Ve =MAX

v mw{:?o—vommx

TL/F/6731-25

Vce MAX

Vour =MAX

leex

TL/F/6731-26

AC SWITCHING CHARACTERISTICS

The AC switching characteristics are generally measured in
units of time (commonly in nanoseconds), and define how
long it takes for the signal to propagate from the input to the
output. The definitions used in determining the pass/fail
status of each limit are not the same for AC as they are for
DC. The distinction lies in the fact that for DC operation
there exists one characteristic V-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, tSET-UP, tHOLD, tRELEASE, tpw), the device can, and
usually does, operate on both sides of the databook limit.
The limit really implies a boundary that all devices are guar-
anteed to exceed. Depending upon the parameter, the de-
vice will either operate at all values above and some below
the limit, or it will operate at all values below and some
above the limit. In each case, the device is only guaranteed
to operate for all values on one side of the limit. Although
the device will also operate beyond the limit, it is not guaran-
teed to. Furthermore, device operation beyond the limit is
not considered a failure. For instance, take the fpax param-
eter with a min limit of 26 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.up 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, although this is not guaranteed either. Be
aware that both of these specifications are listed in the mini-
mum column in the databook, but the interpretation of what
is failing differs significantly.

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

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




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

tRELEASE is specified on devices where there is an input
that must be set inactive prior to the active edge of CLOCK.
Such inputs are usually overriding inputs like CLEAR and
PRESET. With CLEAR active, it will prevent the device from
switching on the CLOCK signal. tre gasE 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 fyax. 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
DM54/74LS74 with an fiax of 256 MHz, all of the devices
are guaranteed to operate at all clock frequencies, up to
and including 25 MHz. Although no devices are guaranteed
to operate above fpax (only below it), most devices will
operate beyond the maximum specification. The minimum
limit does not state that the device will not operate below
fmax or that any devices that do are bad, but rather that all
the devices will operate up to the limit.

Table IV shows the direction of the tighter testing for the
more common AC parameters. All prop dealys (those AC
parameters that have the symbols tp| H or tpiy ) 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, tHoLb, fMAX,
and tgeLeaSE parameters have limits that denote guaran-
teed operation boundaries (i.e., the device is guaranteed to
operate up to the boundary) but no guarantee is made con-
cerning the device operation (or lack of it) beyond the
boundary.

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

TABLE V. Looser/Tighter AC Test Limits Example: DM74LS74

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

54/74 series TTL has been used for more than a decade
with excellent results, and continues to be a standard
choice for design engineers because of the wide perform-
ance range and system optimization possible from the dif-
ferent families available. 54/74 logic comes in 7 different
speed/power families (standard TTL, LS, S, ALS, AS, and L)
that allow a design engineer to select device performance

- to suit his needs. Understanding the differences and the

general limitations of all these families will go a long way
toward insuring that a system will operate as intended with
the minimum of corrections and redesigning.

FAMILY COMPATIBILITY: Intermixing Logic Types 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 (Vcc 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 V¢ 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 difference between the Vou
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 I
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 Vgg power rail is also susceptible to both Ig and I
voltage drops. The problems that arise from the Vg line are
not the same as the problems that arise from the ground
line. Since the Von level tracks the Ve almost exactly, any
voltage loss on the V¢ 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 Vcg line now become
loL/lon drive capability, and the AC performance in critical
applications. Although bipolar devices are only guaranteed
to operate over a given Vgg range (5V = 10%), these de-
vices typically function to Vgc values as low as 4V. Be
aware that if the device does indeed function down to 4V,
the AC and DC characteristics will be compromised, some
quite severely.

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




SOURCES OF HIGH FREQUENCY NOISE
ON THE Vg 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 Igc 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 Icc
current demand as devices change state. For instance,
gates, flip-flops, and registers will draw different Icc cur-
rents, depending upon the state of the outputs.

The most commonly used method for countering these
noise problems is to decouple the Vg 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 uF) is used near the device to insure
that the transient currents arising from device switching and
magnetic coupling are minimized. A large value capacitor
(i.e., 50 uF to 100 uF) is used on the board in general to
accommodate the continually changing Icc requirements of
the total Vg bus line. The following table shows a rough
“rule of thumb” approach to determining how many capaci-
tors to use for a given number if ICs. Be aware that the table
is not a hard and fast rule, and that you must always evalu-
ate your particular application to insure that there is suffi-
cient Vgc 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, Ig and I_ drops
will diminish the capacitor’s effect. All capacitors (especially
the 0.01 uFs) must be high frequency RF capacitors. Disk
ceramics are acceptable for this application. Keep in mind
that, in synchronous systems, since a majority of the devic-
es will be switching at once, alter your power distribution
system accordingly.

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

TYING ALL UNUSED INPUTS TO A SOLID LOGIC LEVEL

Unused inputs on TTL devices float at threshold, anywhere
from 1.1V to 1.5V, depending upon the device and its family.
While this usually simulates a “high”, many application
problems can be traced to open inputs. Inputs floating at
threshold are very susceptible to induced noise (transmitted
from other lines) and can easily switch the state of the de-
vice. A good design rule is to tie unused inputs to a solid
logic level. Inputs are usually tied to Vgg through a 1 k2 to
5 kQ resistor, since tying them to ground means supplying
the I)_ current instead of the Iy current. |j_is several orders
of magnitude greater than Ij4. 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.

12" to 6’ Dense ground plane required with wire routed as
closely as possible. Twisted-pair lines or coaxial
cable mandatory for clock lines and recommend-
ed for all sensitive control lines.

Over6’ 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 lg| and lgy 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
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inputs on LS/AS/ALS operate at significantly lower currents
and do not significantly increase capacitive load.

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

1) Take care to properly terminate the bus. Be aware that
every time a signal passes through a different impedance,
an interface is created and that any impedance mlsmatch
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 quI “snap
back” to the proper output.

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

4) It is best to buffer any clock or control lines that depend
upon fast, clean switching. Buffering at both the sending
and receiving end will go a long way toward insuring that the
clock can a(;cbmplish 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 V. 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 signa}’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 Vgc with added capacitance. This load is
designed to_look like the standard logic circuit input struc-
ture, and to simulate the appearance of switching in an ac-
tual application. For ALS and AS, the load is built around a
resistor to ground and added capacitance. This is primarily
for the requirements of high speed device testing. There
also exists a set of standardized military AC loads that were

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

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

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

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

(Veominy — Vor)

R =
MAXT (N1 e lon + N2 e 1)
R = ecmin — Vo)
MN T oL — N2t
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 Vo level below the spec value. Likewise, if
the RN 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.
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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. It is intended to give the reader comprehensive
information which will serve as a designer’s guide to bipolar
one-shots.

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

TTL AND LS-TTL ONE-SHOT FEATURES
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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 Rext and
CexT, respectively, in the data book. All the foregoing timing
equations use C in pF, R in KQ, 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- . .
Number IC trigger Reset Min Max Min Max for
Package in uF in KQ CexT> 1000 pF

DM54121 One No No 0 1000 1.4 30 tw = KRCe(1 + 0.7/R)
DM74121 One No No 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
DM54L.S123 Two Yes Yes None 5 180 tw = KRC
DM74LS123 Two Yes Yes None 5 260 K = 0.45
DM54L.S221 Two No Yes 0 1000 1.4 70 tw = KRG
DM74LS221 Two No Yes 0 1000 14 100 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 all cases of Cext > 1000 pF within specified limits on the Rgxt and CexT.
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defines the maximum trigger frequency as a function of the
external resistor, RgxT.

In all cases, an external (or internal) timing resistor (RexTt)
connects from Vg or another voltage source to the “Rgxt/
Cext” pin, and an external timing capacitor (Cext) con-
nects between the “Rgxt1/Cgxt”, and “Cext” pins are re-
quired for proper operation. There are no other elements
needed to program the output pulse width, though the value
of the timing capacitor may vary from 0.0 to any necessary
value.

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

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

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

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

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

Rext
Vee RyCx

+] -

Cexr

Bx

TL/F/7508-1
FIGURE 1

It is never a good practice to leave any unused inputs of a
logic integrated circuit “floating”. This is particularly true for
one-shots. Floating uncommitted inputs or attempts to es-
tablish a logic HIGH 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.

Rext
*‘Rext/Cexr
Cext
RREMOTE §
T
‘ ‘CEX T‘ ) vcc
TL/F/7508-2

FIGURE 2

Vce and ground wiring should conform to good high fre-
quency standards and practices so that switching transients
on the Vg and ground return leads do not cause interac-
tion between one-shots. A 0.001 uF to 0.1 uF bypass ca-
pacitor (disk or monolithic type) from the 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:

1 [ 1
|

VIRIGGER

L

— g e
TL/F/7508-3

FIGURE 3
tReT = tw + tpLH = K® (Rex7)(Cext) + teHL

(See tables for exact expressions for K and ty; K is unity on
most HCMOS devices.)

SPECIAL CONSIDERATIONS AND NOTES:

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

National’s TTL-"123 dual retriggerable one-shot features a
unique logic realization not implemented by other manufac-
turers. The “CLEAR” input does not trigger the device, a
design tailored for applications where it is desired only to
terminate or to reduce the timing pulse width.
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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 'LS221 is a non-retriggerable one-shot, while
the 'LS123 is a retriggerable one. For the 'LS123 device, it
is sometimes recommended to externally ground its “Cgxt”
pin for improved system performance. The “Cgxy” 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 “Cgx” pin. For the 'LS123 part, it is the con-
trary, the negative terminal of the capacitor should be con-
nected to the “Cext” pin of the device (Figure 4).

Vee Vee
Rx Rx
“Cm"o-;l - “CEXI”O—_) s
Cx Cx
“*Rext/Cexr™ **Rexr/Cexr”"
(‘Ls221) (‘LS123)

TL/F/7508-4

FIGURE 4

1828152

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

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

b
CLR | I
: L

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 Teradyne 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.

Cexr (pF)

tw (ns)

tw (ns)

Cext (pF)

tw (ns)

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

10°

-

DM74121

Cexr (pF)

DM74LS221

Cext (BF)

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.
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Typical Output Pulse Width Variation vs Supply Voltage

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

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 uF
to 0.10 uF are generally used for the
Vcc bypass capacitor.

DM74123

Ilzxr=' 10K
Cexy=1000 pF
5 f=Ta=25°C

tw% CHANGE
o

4 45 5 5.5 6
Vee (V)

tw% CHANGE

tw% CHANGE

0 DM9602
ﬂgx;-r‘lﬁl(

Cexr=1000 pF
5 |- Ta=25°C

=

4 45 5 5.5 6
Vee (V)

0 DM74LS123

Rexr=10K |
Cexr=1000 pF
5 | Ta=25°C

L

Ve (V)

tw% CHANGE

tw% CHANGE

DM9602

10 T 11
Rext=10K
Cexy = 1000 pF

5 Vee=5.0V -

0

-5 \\.

-10

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

DM74123
10 L T L\
Rext=10K
Cexy=1000 pF
5 \ Vec=5.0v 4
0
NN
A
-5
-10

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

TL/F/7508-10

DM74121

Rpr=5K |
Cexr = 1000 pF
5 |- Ta=25°C

-10

Vee (V)

DM74LS221
1 Rext=5K
Cexr=1000 pF
5 Ta=25°C

-10

4 45 5 5.5 [
Vee (V)
TL/F/7508-11

1-23

CLE-NV




AN-372

Typical “K” Coefficient Variation vs Timing Capacitance

For certain one-shots, the “K” coeffi- 5 DM9602 DM74121
cient is not a constant, but varies as a 1o Ta= 25°C o Flas25°C
function of the timing capacitor Cgxr. Vee=5.0V FVge=5.0v
The graphs below detail this charac-
teristic. _ .
= &
& 102 & 102
Iy [x)
10 \ 10
0.1 1.0 10 0.1 10 10
*'K"" COEFFICIENT “K'* COEFFICIENT
DM74123 DM74LS123 DM74LS221
108 108 108
I Ta=25°C ] i ==
X —FVee=5.0V Ta=25°C Ta=25°C ]
Ve =5.0v Veo=5.0V 111
[
g g @
e [ = o102 e
& 3 g W
o
10 A 10 10 \
0.1 1.0 10 0.1 10 10 0.1 1.0 10
“K"" COEFFICIENT *K’* COEFFICIENT ““K’* COEFFICIENT

TL/F/7508-12

Typical Output Pulse Width vs Minimum Timing Resistance

The plots shown below demonstrate DM9602 DM74121
typical pulse widths and limiting values = = ﬁ 10° =
of the true output as a function of the Ta=25°C THH— H F =
external timing resistor, Rgxt. This in- 10t L Vee=5.0v 1]
formation should evaporate those Cexr = 1000 pF
years of mysterious notions and nu- z 2
merous concerns about operating FRRL =
one-shots with lower that recommend-
ed minimum RexT values. 102 -
o T
100 1000 10000
Rext (@) Rext (@)

TL/F/7508-13
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b
Typical Output Pulse Width vs Minimum Timing Resistance (continued) &
N
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TL/F/7508-14
Function Tables Connection Diagrams
’121 One-Shots 54121 (J, W); 74121 (N)
Inputs Outputs v Rcm/ 6 N
A1l A2 B Q -o— cC N|C NC EXT EXT INT NIC
L X H L H 18 13 12 11 10 9 8
X L H L H AN~
X X L L H
H H X L H
H l H I r = J
l H H L or a
3 { H gl r
L X 0 I r 0
X L T JL g
1 P Is I4 |5 6 |1
NC A1 A2 ] (] GND
TL/F/7508-15
Top View
’122 Retriggerable One-Shots with Clear 54LS122 (J, W); 74LS122 (N)
Inputs Outputs Rext/
— B
Clear A1 A2 BI B2| Q@ @ vi‘ Coa "lc c"l" "f v
L X X X X L H 14 13 12 " lon"" 9 8
X H H X X L H N1
X X X L X L H I v
X X X X L L H
X L X H H L H Q
H L X T H I r
H L X H T JL ey 3
H X L H H L H LA
H X L -1 H | U r bl
H X L H T JL r [
H H 1 H H JL pup
H 1 J H H Ju 1 P 3 4 5 6 |7
H l H H H JL r
1 L X H H T r A1 A2 81 B2 CLR GND
T X L H H I r Top View TL/F/7508-16
H = HIGH Level JL = One HIGH Level Pulse
= LOW Level LI = One LOW Level Pulse
T = Transition from LOW-to-HIGH X = Don't Care
1 = Transition from HIGH-to-LOW
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Function Tables (continued)

’123 Dual Retriggerable One-Shots with Clear

123
Inputs Outputs
A A Clear Q Q
H o X H L H
X L H L H
L T H JL r
~l' H H I r
X X L L H
LS123
Inputs Outputs
Clear A B Q Q
L X X L H
X Ho X L H
X X L L H
H L 1 I e
H 1 H I pun
T L H JL 1
8602
Pin Numbers Operation
A B CLEAR
1 L H Trigger
H T H Trigger
X X L Reset
H = HIGH Level
L = LOW Level

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

Connection Diagrams (continued)

Rext/ _
Veo  Cegxrt Cext1 @1 (] CLR2 B2 A2

16 |15 l14 13 |2 In |1o Is

l

| J CLR

=l
]
(=)

CLR

Is 4 5 Ie I7 [a

rr
A1

B1 CLR1 1 Q2 Cexr2  Rext/  GND
Cexr2
TL/F/7508-17
Top View
54L.S123 (J, W); 74LS123 (N)
Rext/ _
Voo  Cext! Cgxr! Q1 02 CLR2 B2 A2
16 15 14 13 12 1 lw |9
¢
o= ] i CLR
e U] —1°
|1 2 3 4 5 ls '7 8
Al B1  CLR1 o 02 Cext2  Rext/  GND
Cext2
TL/F/7508-18
Top View
9602 (J, W); 8602 (N)
Rext/ -
Vee  Cexi2  Cggr2 CLR2 B2 A2 02 a2
16 15* 14 |13 12 " 10 9
2 Iﬁ
; KT—
|1- 2* |3 4 5 6 7 8
Cext! Rext/ CLRT Bl A1 a1 a1 GND

Cexr1
) TL/F/7508-19
Top View

*Pins for external timing.




Function Tables (Continued)
’221 Dual One-Shots with Schmitt Trigger Inputs

Inputs Outputs
Clear A B Q Q

L X X L H

X H X L H

X X L L H

H L T JL r

H l H I r

T L H I 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 puN
L X H T I r
X L H H L H
X L 1T H I ur
X L H T JL r
H l H H JL u
l J H H I r
1 H H H gl ur
H = HIGH Level
L = LOW Level

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

Applications

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

NOISE DISCRIMINATOR (Figure 8)

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

Connection Diagrams (continued)
54L.5221 (J, W); 74LS221 (N)

Rext/ _
Veo  Cexr1 Cexrt 01 02 CLR2 B2 A2
I16 115 |14 13 12 |11 10 |9
]
o
L g
o
|—l

TFFFFFTT

Al Bt ClRY W 02  Cexr2 Rext/  GND
Cext 2
Top View TL/F/7508-20

9601 (J, W); 8601 (N)

I o |
Fong-— -
I Rexr/ I NC l NC NC
Vee Cexr Cexr
]14 |1a I 12 1 I 10 I 9 8

1 | 2 | 3 |4 I 5 6 I 7
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 Ry and Cy.

A

Vee
Q
<
Axe
xS
tH
Cx
0 D 02 = Vour
ViN > 0-8 _ CLK FF
0
CLR
—— =

TL/F/7508-22

FIGURE 8. Noise Discriminator
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Vi

r—

0

|
[ |

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

Ry
Q —JV\NINInur
ViN =y 0-S
T"

=

TL/F/7508-24

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

Vin

Vou

Vour S/
b V0

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

<
Rx e
xS oy

VIN Pt 0-S

TL/F/7508-26

||| - |

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

11 1 1]

Vour I

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 Ry and Cx4 of O-S1 determine

the frequency developed at output Q4. Rx2 and Cxo of
0-S2 determine the output pulse width at Q,. (Retriggera-
ble device required.)

Veo
(o]
<
>
Rx1 ib ta
! o
0-51
CLR im

—0
iH -

<
[ <
>
‘ I
ﬂzl—b
0-52
o ®

TL/F/7508-29

0

Q@

Rxa2 Cx2

DUTY CYCLE = ———=

I- I_ Rx1 Cx1
FREQ = ——1———

KRx1 Cx1

TL/F/7508-30

FIGURE 11. Pulse Generator (Retriggerable Device Required)
Note: K is the multiplication factor dependent of the device. Arrow indicates edge-trigger mode.

DELAYED PULSE GENERATOR WITH OVERRIDE TO
TERMINATE OUTPUT PULSE (Figure 12)

An input pulse of a particular width can be delayed with the
circuit shown in Figure 12. Preselected values of Ry1 and
Cx1 determine the delay time via O-S1, while preselected

Vee

< > <
fx b3 Cxi_l Pz :: Cx
I o I [\
Vin
0-81 0-s2
i o %

CLEAR. D o I
OVERRIDE

values of Rx2 and Cxo determine the output pulse width
through O-S2. The override input can additionally serve to
modify the output pulse width.

S

—
. !

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

missing pulse occurs. Hence, Q4 remains LOW until a pulse

Voo
)
< <
R >
1S o R‘Z:P Cxz
T 0 T 0 p—p
Vin b—rm 0-$1 0-s2
(] ]_r 0,
- TL/F/7508-33
=
Vin : :
'] [

: i

FIGURE 13. Missing Pulse Detector (Retriggerable Device Required)

TL/F/7508-34

PULSE WIDTH DETECTOR (Figure 14)

The circuit of Figure 74 produces an output pulse at Voyr if
the pulse width at V| is wider than the predetermined pulse

width set by Ry and Cx.
Vee
R
w> Cx
H
|-l 04— Vour
0, = >CLK FF
Vin - 0-s
D
J_ CLR

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

0

Vx

Vour

TL/F/7508-36
FIGURE 14. Pulse Width Detector (Continued)
BAND PASS FILTER (Figure 15)

The band pass of the circuit is determined by the time con- (D-FF) clocks HIGH only when the cutoff frequency of O-S2
stants of the two low-pass filters represented by O-S1 and has been exceeded. The output at Qg is gated with the de-
0O-S2. With the output at Qo delayed by C, the D-flip flop layed input pulse train at Q4 to produce the desired output.

(Retriggerable device required.)

Veo

Vi
T 0 T o |—e 03 0 —1o, a L—D" T
Vinp> 051 — 0-52 —I— ¢ D-FF D-FF
_ _ CLK ~ LK

' TL/F/7508-37

" I
g | O ] S O
U uu U UL

03

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-
stant separator that can be used on tape and disc’ drive
memory storage systems. The clock and data pulses must
fall within prespecified time windows. Both the clock and
data windows are generated in this circuit. There are two
data windows; the short window is used when the previous
bit cell had a data pulse in it, while the long window is used
when the previous bit cell had no data pulse.

If the data pulse initially falls into the data window, the
—SEP DATA output returns to the NAND gate that gener-
ates the data window, to assure that the full data is allowed
through before the window times out. The clock windows
will take up the remainder of the bit cell time.

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

ST

1
~—BITCELL—>

-

NRZ DATA

-
-

With O-S1 and O-S2 inactive, +CLK WINDOW is active.
The first + READ DATA pulse will be gated through the
second AND gate, which becomes —SEP CLK for triggering
of the R—-S FF and the one-shots. With the D—FF off, O-S1
will remain reset. The —SEP CLK pulse will trigger O-S2,
whose output is sent to the OR gate, and its output be-
comes + DATA WINDOW to enable the first AND gate. The
next pulse on + READ DATA wil be allowed through the first
AND gate to become —SEP DATA. This pulse sets the R-S
FF, whose HIGH output becomes the data to the D~FF. The
D-FF is clocked on by O-S2 timing out and +CLK WIN-
DOW becoming active. Q4 will hold O-S2 reset and allow
0O-81 to trigger on the next clock pulse.

1
w1 ]

SHORT — - r
—~DATA WINDOW H H H H HEH ‘
! : R
T r v r — —
DATA ! H H H H - e
WINDOW eed | S | —— | W—

o]
—

e T

I

+ SEP DATA ” n

| -

TL/F/7508-39

FIGURE 16. FM Data Separator




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-81 to trigger. This procedure continues as long as there
is clock and data pulse stream present on the +READ
DATA line.

s +READ DATA
o Y
) :: Bt < g Rxz
] Ox1 ) I I Cxz
[ D—-' [
— SHORT
DATA
WINDOW _ :::A
0-81 0-52 —LONG
3 DATA WINDOW 1 r-Do—> +SEP DATA
0 [
| L
—SEP
CLK
2 +SEPCLK
+CLK
| 1 WINDOW
s 03 D4 0 -
FF CLK FF
[ R I_ > -o-‘

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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2F Bit Rate Synchronous Read/Write Clock

Vee

ERROR
 DETECT VWA
READ
READ DATA b1 o Do wARE R veo
ENABLE cLK v + B
d CLR
VCO CENTER FREQ. ADJ. ]
LOCAL OSCILLATOR v =
READ |_ I«M—o REF
Vee
DATA+PLD [<)
024 Fx
>
H il
D3 03 »oF
] oS cLK
g —{>0-J r L] o
TL/F/7508-41
BIT CELL
NAZ DATA 1 1 l 0 . 1 } 1 ' 1 l 0 ‘ 0 ‘ 0 ] 0 ‘
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FIGURE 17. Phase-Locked Loop Volitage Controlied 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.

20 o
18}
16}
=5 14}
8 I
; 12
E 10
= sl oTTL
E3 0AS
o 6
4l
2t eALS oLs oL
1 1 I 1 1 L I 1 L I:S_l
123 4567 89 1033
SPEED (ns)
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 Corp.
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,
DM54/74LS) 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 DM54/748.

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 Vgc—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 (I) specification has
been reduced from —400 pA used for DM54/74LS to —100
A for ALS. This indicates that ALS devices’ Ij._ current is
less of a dominant factor in the limiting of device fanout.
Current sinking capability (o) 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

1005 | oay | Power |k |
(ns) (mW) | (mA) | (mA)

LS STD 8 2 8 —-0.4
LSTS 8 6 24 —0.4
HC 8 — 4 —0.001
ALS STD 4 1.3 —0.1
ALS BUFFER 4 3 24 —0.1
548 3 20 20 —-2.0
AS 1.5 7.6 20 —-0.5
AS BUFFER 2 8 48 —05

Vce = 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) T 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 nA for ALS
and —50 pA for AS). When using a PNP transistor the
equation for || becomes:

Vo ~ Vee@i) — Vi

he =
Rlhrg@i) + 1)

T4
&
g 3t
>
=
E 2
3 ts\as\ \as
1 S
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1 L L 1 1 1 J

L
02 04 06 08 10 12 14 16

Vi = INPUT VOLTAGE =V
TL/F/91568-2
FIGURE 2. Viy vs Vour

Past logic families which used diodes or NPN transistors at
the inputs had higher |)_ since they lacked the gain (hrg) 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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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 additional 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

nEpi OXIDE nEpi OXIDE nEpi
ISOLATION ISOLATION

n+ |p0| n+ | pﬁl n+
{ )t

P P
p SUBSTRATE

FIGURE 6. Parasitic Failures Modes

TL/F/9158-6
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INTERNAL NEGATIVE CURRENT ADJACENT
TRANSISTER TRANSIENT (INPUT INPUT OR
COLLECTOR OR OUTPUT) OUTPUT

nEpi OXIDE nEpi OXIDE nEpi
ISOLATION ISOLATION I —
n+ | p+| n+ | p+| n+ | p+| n+ | p+| n+
? 19 ? 19
= =
P 4
p SUBSTRATE

TL/F/9158-7

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. Old Method of Decoding

A

SEL'
SELECT Y

SEL

B

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 probleins 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 [Voy (2.5V)] minus the
maximum input high voltage [V|4 (2V)] or the maximum in-
put low voltage [V (0.8V)] minus the maximum output low
voltage [VoL (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 resulting 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 Z
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 willbe | = V/Z.
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 characteris-
tics 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 —
Z]/[R + Z]. If R equals O (short circuit) the Rho equals —1.
If R equals infinity (open circuit) the Rho equals 1. If R = Z
the Rho equals 0 which indicates that there will be no reflec-
tion. The magnitude of the voltage at the load resistance is
initially V(1 + Rho). If a reflection initially occurs, further
reflections will occur until | = V/R. Possible waveforms are
shown in Figure 13.

-

R<2

R>2
 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 0.16m
(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

Re = YCC(max) — VoL
(min) loL — MxIL

R _ Veemin) — VoH
(max) =

Nxloy + Mx Iy

M = # of inputs being driven

liL = LOW level input current

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

Example: Two ALS03 gate outputs driving three LS gates.

5.25V — 0.5V
Rmin) = g0A —3x04ma  0o0®
475V — 2.5V
R(max) = = 16 kQ

2x0.1 mA + 3x0.02mA

The R range for the pull-up is between 698 and 16 kQ. 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

e Elimination of decoding glitches
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APPENDIX
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 45 5.5 45 5.5 4.5 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 5.5 5.5 5.5 \'
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 oG
Ta Temperature 74ALS o | 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 Ve = 4.5V _ _ _
Voltage = — 18 mA 15 1.5 15| V
VoH High Level Vce = 4.5V
Output Voltage loH = Max 24 32 2 3.2
Ve = 4.5V
lon = —8 mA 2.4 3.2 \'
Vcc = 4.5Vt0 5.5V _ _ _
loy = —0.4 mA Vec—2 Vec—2 Voo —2
loH High Level Vce = 4.5V
Output Current Von = 5.5V 0.1 01 0.1 | mA
VoL Low Level Output |Voc = 4.5V|54/74ALS| 025 | 0.4 025 | 0.4 0.25 | 0.4 v
Voltage loL = Max 74515 035 | 05 035 | 05 035 | 05
Iy Input Currentat  |Vgg = 5.5V
Maximum Input [V} = 7V 0.1 0.1 0.1 | mA
Voltage
i1 High Level Input  [Vgo = 5.5V
Current Vi = 2.7V 20 20 20 | pA
i Low Level Input  |Vcg = 5.5V _ _ _ _ _ _
Gurrent V| = 0.4V 0.02| —0.1 0.05| —0.1 0.05| —0.1| mA
lo Output Drive Vce = 5.5V _ _ _ _ _ _
Current Vo = 2.5V 30 112| —30 112 —30 112 mA
lozn  |Off-State Output  [Vcc = 5.5V
Current, High Level|Vg = 2.7V 20 20 | pA
Voltage Applied
lozL  |Off-State Output |Voc = 5.5V|I/0 Ports 0.1 0.1 | mA
Current, Low Level [Vo = 0.4V _ _
Voltage Applied Non I/0 20 20 pA
lcc Supply Current Voc = 5.5V mA
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Recommended Operating Conditions Advanced Schottky A
~
Standard Buffer Bus Driver L
Symbol Parameter Output Output Output Units
Min Max Min Max Min Max
Vce Supply Voltage 54/74AS 4.5 5.5 4.5 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(1) High Level Output Voltage 54/74AS 5.5 55 5.5 \
loL Low Level Output Current 54/74AS 20 32 40 mA
74AS 20 48 48
TA Operating Free-Air Temperature 54AS —55 125 —55 125 —55 125 oc
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)| Max | Min |Typ(1)] Max| Min |Typ(1)] Max
Vik Input Clamp Voe = 4.5V _ _ _
Voltage I = —18 mA 1.2 1.2 12| V
VoH [High Level Voe = 4.5V
Output Voltage loH = Max 24 8.2 2 32 v
Vce = 4.5Vt0 5.5V Vec—2 Voc—2, Vec—2
lon = —2mA
loH High Level Output (Vo = 4.5V
Current Von = 5.5V 0.1 0.1 0.1 | mA
VoL Low Level Output [Vgg = 4.5V 035 | 05 035 | 05 035 05| v
Voltage loL = Max i ’ ) i i )
Iy Input Currentat  [Vgg = 5.5V
Maximum Input V=7V 0.1 0.1 0.1 | mA
Voltage
[ High Level Input Vg = 5.5V
Current V| = 2.7V 20 20 20 | pA
i Low Level Input  |Vcc = 5.5V _ _ _
Current V| = 0.4V 0.5 05 0.5 mA
lo Output Drive Vce = 6.5V _ _ _ _ _ _
Current Vo = 2.25V 30 112 —30 112 —30 112 mA
lozq  |Off-State Output Vg = 5.5V
Current, High Level|Vg = 2.7V 50 50 | pA
Voltage Applied
lozL  |Off-State Output |Vgc = 5.5V |I/0 Ports| -0.5 —0.5| mA
Current, Low Level |Vg = 0.4V
’ - —50| pA
Voltage Applied Non'/0 %0 s
lcc Supply Current Vcc = 5.5V mA
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*Several methods are used to represent typical values. For propagation delay typical values, the average of the typical values of the two delays are used.
[tPHLgT_YP) + tPLHﬂP)]
2

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

Adders )
Typ* Power Package
* *
Description | DeviceType | 1YP Carry | Typ*Add Diss./Bit Availability Page
Time (ns) Time (ns) W
(mW) Mil Com
Single 4-Bit 54/741.S283 12 15 24 J N,M T
Full Adders 54/745283 8.5 11 110 J N T
54/74LS83A 12 15 . 24 J N,WM T
Arithmetic Logic Units, Carry Look-Ahead Generators
Typ*
gyp* .ZIPJ Power Package
Description Device Type arry Diss. Availability Page
Time Time
(ns) (ns) Total
(mW) Mil Com
4-Bit ALU/ 54/74AS181B 5 5 370 J N 3-60
Function 54/74S181 7 14 600 J N T
Generators 54/74181 125 18 455 J N )
54/74S381 10 12 525 J N il
54/74AS881B 5 5 370 J N 3-193
Carry 54/74AS182 5 N/A 115 J N 3-69
Look-Ahead 54/745182 9 N/A 345 J N T
Generator 54/74AS264 6 N/A 140 J N 3-88
54/74AS282 6 N/A 130 J N 3-97
Buffers/Clock Drivers with Totem-Pole Outputs
Low- High- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Availability Page
Current Current Time /Gate
(mA) (mA) (ns) (mW) Mil Com
Dual 4-Input 54ALS40A 12 —1 4 35 J 2-54
NAND Buffers 74ALS40A 24 —26 4 3.5 N,M 2-54
54/74840 60 -3 4 44 J N t
54ALS1020A 12 -1 4 3.6 J 2-295
74ALS1020A 24 —-26 4 3.6 N,M 2-295
Quad 2-Input 54ALS37A 12 -1 5 5 J 2-50
NAND Buffers 74ALS37A 24 —26 5 5 N,M 2-50
54L.837 12 -1.2 10 4.3 J T
741837 24 —1.2 10 4.3 N,M )
54/7437 48 —-1.2 10.5 27 J N T
54ALS1000A 12 -1 5 35 J 2-279
74ALS1000A 24 —-2.6 5 3.5 N,M 2-279
54AS1000A 40 —40 2 8.5 J N 3-205
74AS1000A 48 —48 2 8.5 J N 3-205

T Please see the LS/S/TTL Logic Databook for this datasheet.
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Buffers/Clock Drivers with Totem-Pole Outputs (Continued)

Low- High- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Availability Page
Current Current Time /Gate
(mA) (mA) (ns) (mW) Mil Com
Quad 2-Input 54ALS28A 12 -1 3.7 4.5 J 2-42
NOR Buffers 74ALS28A 24 —2.6 3.7 4.5 N,M 2-42
54ALS1002A 12 -1 3.7 45 J 2-281
74ALS1002A 24 —2.6 3.7 4.5 N,M 2-281
54AS1036A 40 —40 2 9.7 J 3-215
74AS1036A 48 —48 2 9.7 N 3-215
Quad 2-Input 54ALS1032A 12 —1 5.5 57 J 2-297
OR 74ALS1032A 24 —26 55 5.7 N,M 2-297
54AS1032A 40 —40 2.5 14 J 3-211
74AS1032A 48 —48 2.5 14 N 3-211
Quad 2-Input 54ALS1008A 12 -1 5.6 4.7 J 2-289
AND 74ALS1008A 24 —2.6 5.6 4.7 N,M 2-289
54AS1008A 40 —40 25 12 J 3-209
74AS1008A 48 —48 2.5 12 N 3-209
Triple 54ALS1010A 12 -1 4 3.6 J 2-291
3-Input NAND 74ALS1010A 24 —26 4 3.6 N,M 2-291
Triple 54ALS1011A 12 -1 6.4 4.75 J 2-293
3-Input AND 74ALS1011A 24 —26 6.4 4.75 N,M 2-293
Hex Buffers 54ALS1034 12 -12 45 4.6 J 2-299
74ALS1034 24 —-15 4.5 4.6 N,M 2-299
54AS1034A 40 —40 25 11.9 J 3-213
74AS1034A 48 —48 25 11.9 N 3-213
Hex Inverter 54ALS1004 12 —-12 2.6 3.3 J 2-285
Buffers 74ALS1004 24 -15 26 3.3 N,M 2-285
54AS1004A 40 —40 1.7 8.5 J 3-207
74AS1004A 48 —48 1.7 8.5 N 3-207
Buffers/Clock Drivers with Open-Collector Outputs
High- Low- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Availability Page
Voltage Current Time /Gate
v (mA) (ns) (mW) il Com
Quad 2-Input 54ALS38A 5.5 12 145 3.5 J 2-52
NAND Buffers 74ALS38A 5.5 24 14.5 3.5 N,M 2-52
541.S38 5.5 12 15 4.3 J )
741838 5.5 24 15 4.3 N,M T
54/7438 55 48 12.5 244 J N,M T
541526 15 4 16 2 J T
741826 15 8 16 2 N,M T
54/7426 15 16 135 10 J N T
54ALS1003A 55 12 14.5 3.5 J 2-283
74ALS1003A 5.5 24 14.5 3.5 N,M 2-283

+ Please see the LS/S/TTL Logic Databook for this datasheet.
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Functional Index/Selection Guide

Buffers/Clock Drivers with Open-Collector Outputs (Continued)

High- Low- Typ* Typ*
Level Level Prop. Power Package
Description Device Type Output Output Delay Diss. Avallability Page
Voltage Current Time /Gate
v) (mA) (ns) (mW) Mil Com
Quad 2-Input 54ALS33A 5.5 12 13.5 4.5 J 2-48
NOR Buffers 74ALS33A 5.5 24 135 4.5 N,M 2-48
Hex Buffers/ 5407 30 30 13 21 J T
Drivers 7407 30 40 13 21 N,M +
5417 15 30 13 21 J T
7417 15 40 13 21 N T
54ALS1035 5.5 12 125 4.6 J 2-301
74ALS1035 55 24 125 4.6 N,M 2-302
Hex Inverter 5406 30 30 125 26 J T
Buffers/ 7406 30 40 125 26 N,M T
Drivers 5416 15 30 125 26 J T
7416 15 40 125 26 N T
54ALS1005 5.5 12 125 3.3 J 2-287
74ALS1005 55 24 125 3.3 N,M 2-287
Buffer Gates with TRI-STATE® Totem-Pole Outputs
Max Max Typ* Typ*
Source Sink Prop. Power Package
Description Device Type Delay Diss. Availability Page
Current Current :
Time /Gate
(mA) (mA)
(ns) (mW) Mil Com
Quad Buffers 54L.S125A -1 12 10 14.4 J T
74LS125A —26 24 10 144 N,M T
54125 -2 16 1 40 J T
74125 —5.2 16 1" 40 N T
54L.S126A -1 12 10 144 J T
74LS126A —2.6 24 10 14.4 N,M T
Hex Buffers 54.S365A -1 12 10 10.8 J T
74LS365A —-26 24 10 10.8 N,M T
54365 -2 32 10.5 51.6 J T
74365 —-5.2 32 105 51.6 N T
54L.S367A -1 12 10 10.8 J T
74L.S367A —-26 24 10 10.8 N,M T
54367 -2 32 12 51.6 J T
74367 —-5.2 32 12 51.6 N T
Hex Inverter 54L.S366A -1 12 10 10.8 J T
Buffers 74LS366A —2.6 24 10 10.8 N,M T
54L.S368A -1 12 10 10.8 J T
74LS368A —-26 24 10 10.8 N,M T
54368 -2 32 105 51.6 J T
74368 —-52 32 105 51.6 N T
70L98 -1 2 30 3 J T
80L98 -1 3.6 30 3 N T

T Please see the LS/S/TTL Logic Databook for this datasheet.
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Buffer Gates with TRI-STATE® Totem-Pole Outputs (Continued)

Max Max Typ* Typ”
Source sink Prop. Power Package
Description Device Type Delay Diss. Avalilabllity Page
Current Current
Time /Gate
(mA) (mA)
(ns) (mW) Mil Com
Octal Buffers 54ALS465A —12 12 6.6 8.6 J 2-176
74ALS465A -15 24 6.6 8.6 N,M 2-176
541.S465 —2.6 12 14.5 10 J t
7418465 —-5.2 24 145 10 N,M T
54ALS467A —-12 12 6.6 9.1 J 2-176
74ALS467A —15 24 6.6 9.1 N,M 2-176
541.8467 —2.6 12 145 10 J il
7415467 —5.2 24 145 10 N,M T
54ALS2541 —12 12 6 10.8 J 2-320
74ALS2541 —15 24 6 10.8 N,M 2-320
54ALS541 —-12 12 6 10.8 J 2-195
74ALS541 -15 24 6 10.8 N,M 2-195
Octal Inverter 54ALS466A —-12 12 4.8 7.5 J 2-176
Buffers 74ALS466A —-15 24 48 7.5 N,M 2-176
5415466 -26 12 9.5 8 J T
7415466 —5.2 24 9.5 8 N,M T
54ALS468A —12 12 4.7 7.5 J 2-176
74ALS468A —-15 24 4.7 7.5 N,M 2-176
541.5468 —26 12 9.5 8 J T
7418468 —5.2 24 9.5 8 N,M T
54ALS540 -12 12 6.6 10.8 J 2-192
74ALS540 —15 24 6.6 10.8 N,M 2-192
54ALS5620 —-12 12 6.6 18.3 J 2-329
74ALS5620 -15 24 6.6 18.3 N,M 2-329
Quad Inverter 54ALS242B —-12 12 5.6 16.3 J 2-133
Transceivers 74ALS242B —15 24 5.6 16.3 N,M 2-133
54AS242 -12 48 35 33.8 J 3-76
74AS242 -15 64 35 33.8 N 3-76
Quad 54ALS243A -12 12 6 23.3 J 2-133
Transceivers 74ALS243A —-15 24 6 23.3 N,M 2-133
54AS243 —12 48 4 45.8 J 3-76
74AS243 -15 64 4 45.8 N 3-76
5418243 —15 12 12 345 J T
7415243 —15 24 12 34.5 N,M T
Octal Inverter 54AS231 -12 40 35 18.5 J 3-73
Bus Buffers/ 74AS231 -15 48 3.5 185 N 3-73
Drivers 54ALS240A —12 12 26 6.5 J 2-129
74ALS240A —15 24 26 6.5 N,WM 2-129
54AS240 -12 48 35 19.2 J 3-76
74AS240 —15 64 3.5 19.2 N 3-76
5415240 —-12 12 10 14.2 J T
74LS240 —15 24 10 14.2 N,WM T
548240 -12 48 5 56.3 J T
74S240 —15 64 5 56.3 N,WM T
548940 —-12 48 5 56.3 J T
748940 —15 64 5 56.3 N T
54ALS1240A -12 8 9 5.9 J 2-303
74ALS1240A -15 16 9 5.9 N,WM 2-303

T Please see the LS/S/TTL Logic Databook for this datasheet.
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Functional Index/Selection Guide

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

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

Octal Bus 54ALS241A -12 12 4.3 8.6 J 2-129

Buffers/ 74ALS241A —-15 24 4.3 8.6 N,WM 2-129

Drivers 54AS241 —-12 48 4 24.6 J 3-76
74AS241 —15 64 4 24.6 N 3-76
5418241 —12 12 10 14.2 J T
74LS241 —15 24 10 14.2 N,WM T
548241 —12 48 5 67.2 J T
748241 —15 64 5 67.2 N T
54ALS244A -12 12 4.3 8.5 J 2-137
74ALS244A -15 24 43 8.5 N,WM 2-137
54AS244 —-12 48 4 241 J 3-76
74AS244 —15 64 4 241 N 3-76
5418244 —-12 12 10 246 J T
7418244 —-15 24 10 24.6 N,WM T
54S244 —12 48 5 67.2 J T
74S244 —15 64 5 67.2 N T
545941 —12 48 5 67.2 J T
748941 —-15 64 5 67.2 N,WM T
54ALS1241A —-12 12 9 5.9 J 2-303
74ALS1241A -15 24 9 5.9 N,WM 2-303
S54ALS1244A —-12 12 9 5.9 J 2-311
74ALS1244A —-15 24 9 5.9 N,WM 2-311

Octal S54ALS245A -12 12 9 21.7 J 2-140

Transceivers 74ALS245A —-15 24 9 21.7 N,WM 2-140
54AS245 -12 32 5.5 491 J 3-82
74AS245 —-15 48 5.5 49.1 N 3-82
541.8245 -12 12 8 36.3 J T
7418245 -15 24 8 36.3 N,WM T
54ALS645A -12 12 5 21.7 J 2-232
74ALS645A -15 24 5 21.7 N,WM 2-232
54AS645 —-12 48 5.5 49.2 J 3-145
74AS645 —-15 64 5.5 49.2 N 3-145
541.5645 -12 12 8 36 J T
7418645 -15 24 8 36 N,WM T
54ALS1243A -12 8 7 19 J 2-307
74ALS1243A —-15 16 7 19 N,WM 2-307
54ALS1245A -12 8 9 14 J N,WM 2-314
74ALS1245A —-15 16 9 14 J N,WM 2-314
54ALS1645A -12 8 75 14.4 J 2-317
74ALS1645A -15 16 7.5 14.4 N,WM 2-317

T Please see the LS/S/TTL Logic Databook for this datasheet.
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Buffer Gates with TRI-STATE® Totem-Pole Outputs (Continued)

Max Max Typ* Typ”
) Source sink Prop. Power Package
Description Device Type Delay Diss. Availability Page
Current Current .
(mA) (mA) Time /Gate
(ns) (mW) Mil Com
Octal Inverter 54ALS620A —-12 12 8 14.6 J 2-226
Transceivers 74ALS620A —-15 24 8 14.6 N,WM 2-226
54AS620 —-12 48 55 32.7 J 3-139
74AS620 —-15 64 5.5 32.7 N 3-139
54ALS640A —-12 12 5 15.4 J 2-229
74ALS640A —15 24 5 15.4 N,WM 2-229
54AS640 —12 48 4 329 J 3-142
74AS640 —15 64 4 32.9 N 3-142
54ALS1242 —12 12 5 10.9 J 2-307
74ALS1242 —-15 24 5 10.9 N,WM 2-307
Octal Trans- 54AS230 —-12 48 3.5 20.8 J 3-73
ceivers with 74AS230 —15 64 3.5 20.8 N 3-73
True and
Inverting
Outputs
Octal Trans- 54AS646 —12 32 5 93.8 J 3-148
ceivers with 74AS646 —15 48 5 93.8 N 3-148
Register 54AS652 -12 32 5 93.8 J 3-153
Storage 74AS652 —-15 48 5 93.8 N 3-153
Octal Inverter 54AS648 —-12 32 6 81.3 J 3-148
Transceivers 74AS648 -15 48 6 81.3 N 3-148
with Register 54AS651 —-12 32 6 81.3 J 3-153
Storage 74AS651 -15 48 6 81.3 N 3-153
Octal Inverting 54/74AS2620 -2 1 4.5 38.3 J N 3-225
Tranceivers/
MOS Drivers
Octal Bus 54/74ALS2645A TBD TBD TBD TBD J N,WM 2-323
Transceivers/ 54/74AS2645 -2 1 55 47 J N 3-228
MOS Drivers
Code Converters
Typ* Prop. Typ* Power Package
Description Device Type Delay Time Diss. Total Availability Page
(ns) (mW) Mil Com
6-Bit Binary to 6-Bit 54/74185A 25 280 J N T
BCD Converters 8899 31 350 N T
6-Bit BCD to 6-Bit Binary 54/74184 25 280 J N T
or 4-Line to 4-Line BCD 8898 31 350 N T
9’s/BCD 10’s Converters

t Please see the LS/S/TTL Logic Databook for this datasheet.
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Functional Index/Selection Guide

Comparators
Typ* Typ*
Prop. Power Package
Description Device Type Delay Diss. Avalilability Page
Time Total
(ns) (mW) Mil Com
4-Bit Magnitude 54/74L.S85 20 52 J N,M T
Comparator 54/7485 21 275 J N T
6-Bit Magnitude 71/8131 20 250 J N T
Comparators 71/8136 20 250 J N T
71/8160 21 205 J N T
8-Bit Identity 54/74ALS520 13.5 60 J N,M 2-180
Comparator 54/74ALS521 135 60 J N,M 2-180
8-Bit Identity 54/74ALS518 18.2 55 J N,M 2-180
Comparator with 54/74ALS519 18 55 J N,M 2-180
Open-Collector 54/74ALS522 19 45 J N,M 2-180
Outputs 54/74ALS689 11 60 J N,M 2-247
10-Bit Magnitude 71/8130 21 240 J N T
Comparators
Counters, Asynchronous (Ripple Clock)/Negative-Edge-Triggered
Typ* :
Count Power Package
Description Device Type Freq. Parallel Clear Diss. Availability Page
(MH2) Load Total
(mW) Mil Com
4-Bit Binary 54/74L.S93 32 None High 39 J NM T
54/7493A 32 None High 160 J N T
54/74193 6 None High 20 J N T
54/74L.S293 32 None High 45 J N,M T
Decade 54/74LS90 32 Set-to-9 High 40 J N,M T
54/7490A 32 Set-to-9 High 160 J N T
54/741.S290 32 None High 45 J N,M T
Dual 4-Bit Decade 54/74LS390 25 None High 75 J N,M i)
Dual 4-Bit Binary 54/741.S393 25 None High 75 J N,M T

1 Please see the LS/S/TTL Logic Databook for this datasheet.
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Counters, Synchronous/Positive-Edge-Triggered

Typ*
Count Power Package
Description Device Type Freq. Parallel Clear Diss. Availability Page
(MH2) Load Total
(mW) Mil Com
4-Bit Binary 54/74ALS161B 25 Sync Async-L 60 J N,M 2-89
54/74AS161 Sync Async-L 200 J N 3-42
54/74LS161A 25 Sync Async-L 93 J N,M T
54/745161 40 Sync Async-L 475 J N i)
54/74161A 25 Sync Async-L 305 J N t
54/74ALS163B 25 Sync Sync-L 60 J N.M 2-89
54/74AS163 Sync Sync-L 200 J N 3-42
54/74LS163A 25 Sync Sync-L 93 J N,M i)
54/748163 40 Sync Sync-L 475 J N T
54/74163A 25 Sync Sync-L 93 J N T
75/8556 25 Sync Sync-L 375 J N T
93/8316 25 Sync Async-L 305 J N T
4-Bit Binary 54/74ALS169B 25 Sync None 75 J N,M 2-106
Up-Down 54/74AS169 Sync None 230 J N 3-49
54/74LS169A 25 Async None 100 J N,M T
54/74ALS191 25 Async None 60 J N,M 2-115
54/74LS191 20 Async None 90 J N,M T
54/74191 20 Async None 325 J N T
54/74ALS193 25 Async Async-H 60 J N,M 2-122
54/741.5193 25 Async Async-H 85 J N,M T
54/74193 20 Async Async-H 325 J N T
75/85L63 6 Async Async-H 40 J N T
Decade 54/74ALS160B 25 Sync Async-L 60 J N,M 2-89
54/74AS160 Sync Async-L 200 J N 3-42
54/74ALS162B 25 Sync Sync-L 60 J N,M 2-89
54/74AS162 Sync Sync-L 200 J N 3-42
54/74162A 25 Sync Sync-L 305 J N T
93/8310 25 Sync Async-L 305 J N T
Decade 54/74ALS168B 25 Sync None 75 J N,M 2-106
Up/Down 54/74AS168A Sync None 230 J N 3-49
54/74ALS190 20 Async None 110 J N,M 2-115
54/74LS190 20 Async None 100 J N,M T
54/74ALS192 20 Async Async-H 60 J N,M 2-122
75/85L60 6 Async Async-H 40 J N T

T Please see the LS/S/TTL Logic Databook for this datasheet.
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Functional Index/Selection Guide

Data Selectors/Multiplexers
Typ* Prop. Dela
. ypTirnel(’ns) Y Typ*
Type - Data Power Package
Description Device Type of Inver. Data Diss. Availability Page
Output Output to From Total
Out Enable | W) "y T com
Quad2to 1 54/74ALS157 Standard N/A 4.3 6.3 39 J N,M 2-86
Line 54/74AS157 Standard N/A 3.5 5.5 95 J N 3-38
54/741L.8157 Standard N/A 9 14 49 J N,M T
54/748157 Standard N/A 5 8 250 J N T
54/74157 Standard N/A 9 14 150 J N T
54/74ALS257 | TRI-STATE N/A 4.2 6 33 J N,M 2-150
54/74AS257 TRI-STATE N/A 3.5 4 83 J N 3-84
54/74L8257B TRI-STATE N/A 12 12 50 J N.M T
54/748257 TRI-STATE N/A 5 41 320 J N T
93/8322 Standard N/A 9 14 150 J N T
71/8123 TRI-STATE N/A 9.5 N/A 200 J N T
Quad2to 1 ' 54/74ALS158 Standard 4.2 N/A 6.1 11.5 J N,M 2-86
Line 54/74AS158 Standard 25 N/A 4 78 J N 3-38
(Inverting) 54/741L.5158 Standard 7 N/A 12 24 J N,M T
54/745158 Standard 4 N/A 7 195 J N T
54/74ALS258 TRI-STATE 4.2 N/A 6 29.2 J N,M 2-150
54/73AS258 TRI-STATE 3 N/A 4.5 58.5 J N 3-84
54/74L5258B TRI-STATE 12 N/A 12 35 J N,M T
54/745258 TRI-STATE 4 N/A 14 280 J N T
Dual 4 to 1 54/74ALS153 Standard N/A 16.5 14.5 37.5 J N,M 2-83
Line 54/74L8153 Standard N/A 14 22 31 J N,M T
54/748153 Standard N/A 6 9.5 225 J N F
54/74153 Standard N/A 10.5 20 170 J N T
54/74ALS253 TRI-STATE N/A 8 4.5 35 J N,M 2-147
54/741.8253 TRI-STATE N/A 15 25 38 J N,M T
54/748253 TRI-STATE N/A 6 12 275 J N t
93/8309 Standard 12 20 20 135 J N T
Dual 4 to 1 54/74ALS352 Standard 6 4.5 32.5 J N,M 2-158
Line (Inverting) 54/741.8352 Standard 15 N/A 18 31 J N,M T
54/74ALS353 TRI-STATE 6 N/A 45 375 J N.M 2-161
8to 1Line 54/74ALS151 Standard 9.3 7.8 11 375 J N,M 2-79
54/748151 Standard 4.5 8 9 225 J N T
54/74151A Standard 8 16 22 145 J N T
54/74ALS251 TRI-STATE 9.4 7.6 7 47 J N,M 2-143
54/74L.8251 TRI-STATE 17 21 21 35 J N,M T
54/748251 TRI-STATE 4.5 8 14 275 J N T
93/8312 Standard 9 16 17 135 J N T
16to 1 Line 54/74150 Standard 11 N/A 18 200 J N ¥

T Please see the LS/S/TTL Logic Databook for this datasheet.
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-
Decoders/Demultiplexers S
e
Typ* )
* *
Type Typ Typ Power Package 3
Select Enable =%
Description Device Type of Diss. Availability Page —_—
Time Time S
Output Total a
(ns) ) W s
Mil Com {
Dual 2to 4 Line 54/741L.8139 Totem 22 19 34 J N.M t g’
54/745139 Totem 7.5 6 300 J N t ®
54/74LS155 Totem 18 15 30 J N,M T 2-
54/74155 Totem 21 16 250 J N t S
54/74LS156 Open-Collector 33 26 31 J NM T P
3to 8 Line 54/74ALS138 Totem 8.5 9 25 J N,M 2-76 g_
54/74L.5138 Totem 22 21 31 J N,M T o
54/74S138 Totem 8 7 225 J N T
3 to 8 Line Decoder 54/74ALS131 Totem 8.5 10 25 J N,M 2-64
with Address Register
3 to 8 Line Decoder 54/74ALS137 Totem 1 10 25 J N,.M 2-73
with Address Latch
4t0 10 Line 54/741.842 Totem 17 N/A 35 J N,M T
BCD to 54/7442 Totem 17 N/A 140 J N T
Decimal 93/8301 Totem 20 N/A 125 J N T
410 16 Line 54/74LS154 Totem 23 19 45 J N,WM T
54/74154 Totem 19.5 17.5 170 J N T
) 93/8311 Totem 19.5 17.5 170 J N T
1 of 10 Decoder 93/8301 Totem 19.5 N/A 125 J N T
Decoder/Drivers, Display
Off- Typ*
o;::: t State Power Package
Description Device Type Output Diss. Blanking Availability Page
Current
Voltage Total
(mA)
\Z (mW) Mil | Com
BCDto 54/7446A 40 30 320 Ripple N
7-Segment 54/7447A 40 15 320 Ripple J N T
Decoder/Drivers
BCD to 54/7442 16 55 140 Invalid J N i)
Decimal 54/7445 80 30 215 Invalid J N t
Decoder/ 54/74141 7 60 80 Invalid J N T
Driver 54/74145 80 15 215 Invalid J N T
Nixie Driver 54/7441A 7 70 105 None J N T
Flip-Flops, Gated
*
TP | caup | Hold | power | JPackase
Device Type Clear Preset (f'm:) Time " Time Diss. Availability Page
(ns) (ns) % /FF(mW) Mil Com
54/74L72 Yes Yes 20 0 0 3.8 J N T
T Please see the LS/S/TTL Logic Databook for this datasheet.
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Functional Index/Selection Guide

Flip-Flops, Single and Dual J-K Edge Triggered

*
TP | G | Hold | power | Pk
Device Type Clear Preset (:I; a:) Time Time Diss. Availability Page
(ns) (ns) /FF (mW) Mil Com
54/74LS73A Yes No 45 25 5 10 J N,M T
54/74LS107A Yes No 45 20 0 10 J N,M T
54/74ALS109A Yes Yes 50 15 0 6 J N,M 2-61
54/74AS109 Yes Yes 125 3 1 28.8 J N 3-33
54/74LS109A Yes Yes 33 25 0 10 J N,M T
54/74109 Yes Yes 33 10 6 45 J N T
54/74LS112A Yes Yes 45 20 0 10 J N,M T
54/74S112 Yes Yes 125 6 0 75 J N T
54/748113 No Yes 125 6 0 75 J N T
90/8024 Yes Yes 40 15 10 45 J N T
Flip-Flops, Dual D Edge Triggered with Preset and Clear
Typ* Data Data Typ* Package
Device Type fmax Setup Hold Power Availability Page
(MHz) Time Time Diss.
(ns) (ns) /FF (mW) il Com

54/74ALS74A 30 15 0 6 J N,M 2-56

54/74AS74 125 2 1 26.3 J N 3-28

54/74LS74A 33 20 0 10 J N,M T

54/74S74 110 3 2 75 J N T

54/7474 25 20 5 43 J N,M T

54/74L74 6 50 15 4 J N T
Flip-Flop, Octal D Edge Triggered with TRI-STATE Outputs

T | gaup | Held | power FPackage
Device Type (f;:a:) Time Time Diss. vailability Page
(ns) (ns) /FF (mW) il Com

54/74ALS374 50 10 4 10.8 J N,WM 2-168

54/74AS374 200 3 3 50.3 J N 3-110

54/74L.8374 50 20 0 15.9 J N,WM T

54/74S374 100 5 2 60.9 J N i)

54/74ALS534 50 10 0 104 J N,WM 2-188

54/74AS534 200 3 2 50.3 J N 3-117

54/74ALS564A 50 15 4 8.5 J N,WM 2-202

54/74ALS574A 50 15 4 8.5 J N,WM 2-210

54/74AS574 200 3 3 50.4 J N 3-124

54/74AS575 160 3 3 53 J N 3-127

54/74ALS576A 50 15 4 8.5 J N,WM 2-214

54/74AS576 160 3 3 52.5 J N 3-130

54/74AS577 160 3 3 50.4 J N 3-133

54/74ALS874B 50 15 4 10.8 J N,WM 2-267

54/74AS874 160 25 1 62.5 J N 3-176

54/74ALS876A 50 15 4 10.8 J N,WM 2-271

54/74AS876 160 25 1 58 J N 3-180

54/74AS878 160 3 3 62.5 J N 3-183

54/74AS879 160 3 3 59 J N 3-186

1 Please see the LS/S/TTL Logic Databook for this datasheet.
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Flip-Flops, Single and Dual, Pulse Triggered

Data Data Typ*
Typ* Package
. Setup Hold Power Page
Device Type Clear Preset (m:) Time Time Diss. Availability
(ns) (ns) /FF (mW) mil Com
54/7473 No Yes 35 0 (0] 50.0 J N T
54/74L73 No Yes 11 0 0 3.8 J N T
54/7476 Yes Yes 20 0 0 50.0 J N T
54/74107 No Yes 20 0 0 50.0 J N T
Gates, AND with Totem-Pole Outputs
Typ* Typ* Package
Prop. Power .
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Dual 4-Input 54/74ALS21A 9 2.2 J N,M 2-36
54/74AS21 3.3 125 J N 3-18
54/74L.S21 7.8 45 J N,M T
Triple 3-Input 54/74ALS11A 9 21 J N,M 2-23
54/74AS11 3.3 12.9 J N 3-14
54/74LS11 7.8 43 J N,M T
54/74S11 4.8 31 J N T
Quad 2-Input 54/74ALS08 6.5 22 J N,M 2-17
54/74AS08 3.3 12.9 J N 3-10
54/74LS08 7.8 43 J N,M T
54/74S08 48 31 J N T
54/7408 15 19 J N T
Gates, AND with Open-Collector Outputs
Typ® Ty Package
o . Prop. Power "
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Triple 3-Input 54/74ALS15A 17 1.5 J N,M 2-32
Quad 2-Input 54/74ALS09 17 22 J N,M 2-19
54/74LS09 19 43 J N,M T
54/74S09 6.5 31 J N T
54/7409 18.5 19.4 J N T
Gates, AND-OR-INVERT with Totem-Pole Outputs
Typ* Typ* Package
Prop. Power .
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Dual 2-Wide 54/74L.S51 75 2.75 J N,M T
2-Input 54/74S51 35 28 J N T
4-Wide 4-2-3-2 54/74S64 35 29 J N T
Input

T Please see the LS/S/TTL Logic Databook for this datasheet.
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Functional Index/Selection Guide

Gates, NAND and Inverters with Open-Collector Outputs

Typ*

Typ*

Prop Power Package
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com

Dual 4-Input 54/74ALS22B 19 1.3 J N,M 2-38

NAND Gates

Triple 3-Input 54/74ALS12A 18 1.3 J N,M 2-25

NAND Gates 54/74LS812 21 2 J N,M T

Quad 2-Input 54/74ALS01 17 1.3 J N,M 2-7

NAND Gates 54/7401 32 10 J N ¥
54/74ALS03B 17 1.3 J N,M 2-11
54/74LS03 22 2 J N,M T
54/74S03 7 17.5 J N T
54/7403 10 22 J N T

Hex Inverters 54/74ALS05A 18 1.5 J N,M 2-15
54/74L.S05 21 2 J N,M T
54/74S05 7 17.5 J N,M T
54/7405 22 10 J N T

Gates, NAND and inverters with Totem-Pole Outputs
* * o
Prop power Package
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com

Dual 4-Input 54/74ALS20A 6.5 1.3 J N,M 2-34

NAND Gates 54/74AS20 2 8.7 J N 3-16
54/74L.520 8 2 J N.M T
54/74S20 45 19 J N T
54/7420 10 10 J N T
54/74L20 33 1 J N T

Triple 3-Input 54/74ALS10A 7 1.3 J N,M 2-21

NAND Gates 54/74AS10 2 14 J N 3-12
54/74L810 8 2 J N,M T
54/74510 4.5 19 J N T
54/7410 10 10 J N T
54/74L10 33 1 J N T

Quad 2-Input 54/74ALS00A 35 1.25 J N,M 2-5

NAND Gates 54/74AS00 2 8 J N 3-4
54/74L.S00 8 2 J N,M T
54/74S00 4.5 19 J N,M T
54/7400 10 10 J N T
54/74L.00 33 1 J N T
9002C 10 11 J N +

T Please see the LS/S/TTL Logic Databook for this datasheet.




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

apIny uo99|9S/Xapuj feuonouny

Typ” Typ* Package
Prop. Power
Description Device Type Delay Diss. Avallability Page
Time (ns) /Gate (mW) il Com
Hex Inverters 54/74ALS04B 35 15 J N,M 213
54/74AS04 2 71 J N 3-8
54/74L.S04 8 2 J N,M T
54/74S04 45 19 J N,M T
54/7404 10 10 J N,M T
54/74L04 33 1 J N T
54/74ALS14 8 10 J N,M 2-29
8-Input NAND 54/74ALS30A 6.5 1.9 J N,M 2-44
Gates 54/74AS30 2 9.8 J N 3-22
54/74L.S30 10 24 J N,M T
54/74S30 45 19 J N T
54/7420 10 10 J N T
13-Input NAND 54/74ALS133 7 2 J N,M 2-69
Gate 54/745133 6 19 J N,M T
Hex Non-Inverter 54/74AS34 4.5 12 J N 3-26
Gates, Exclusive NOR, OR with Open-Collector Outputs
Typ* Typ® Package
: Prop. Power
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Quad 2-Input 54/74ALS811 9.1 J N,M 2-259
Exclusive NOR Gates 54/74AS811 J N 3-168
Quad 2-Input 54/74ALS136 J N,M 2-71
Exclusive OR Gates 54/74AS136 J N 3-36
Gates, Exclusive NOR with Totem-Pole Outputs
Typ* Typ* Package
: Prop. Power
Description Device Type Delay Diss. Avallability Page
Time (ns) /Gate (mW) Mil Com
Quad 2-Input 54/74ALS810 N/A N/A J N,M 2-256
Exclusive NOR Gates 54/74AS810 N/A N/A J N 3-165
Gates, NOR with Totem-Pole Outputs
Typ” Typ* Package
Prop. Power "
Description Device Type Delay Diss. Availability Page
Time (ns) /Gate (mW) il Com
Triple 3-Input 54/74ALS27 5.5 25 J N,M 2-40
NOR Gates 54/74AS27 2 12.2 J N 3-20
54/74L827 10 4.5 J N,M T
54/7427 8.5 22 J N T
Quad 2-Input 54/74ALS02 5 1.9 J N.M 2-9
NOR Gates 54/74AS02 2 10.1 J N 3-6
54/74L.S02 10 2.75 J NM T
54/74802 5 29 J N T
54/7402 10 14 J N T
54/74L02 33 1.5 J N T

T Please see the LS/S/TTL Logic Databook for this datasheet.




Gates, OR with Totem-Pole Outputs

Functional Index/Selection Guide

* *
Package
Description Device Type __ Delay Diss. Availability Page
Time (ns) /Gate (mW) Mil Com
Quad 2-Input 54/74ALS32 5.5 2.8 J N,M 2-46
OR Gates 54/74AS32 3.5 14.9 J N 3-24
54/74L.832 10 5 J N,M i
54/74S32 5 35 J N T
54/7432 12 24 J N T
Quad 2-Input 54/74ALS86 7 3.75 J N,M 2-59
Exclusive 54/74AS86 J N 3-31
OR Gates 54/741.586 10 7.5 J N,M T
54/74S86 9 62.5 J N T
54/7486 14 41 J N i)
Latches
Typ.” Typ*
No. Prop. Power Package
Description Device Type of Clear Outputs Delay Diss. Availability Page
Bits Time Total
(ns) ™mW) | mit | com
Addressable 54/ 74L8259 8 - Low Q 17 110 J N,WM T
Latches 54/74259 8 Low Q 21 150 J N T
93/8334 8 Low Q 21 280 J N T
DG (Clocked) 54/74LS75 4 None (eXe] 11 32 J N,M T
Latches 54/7475 4 None QQ 15 160 J N t
SR Latches 54/74LS279 4 None Q 12 19 J NM i
Dual 4-Bit 54/74ALS880A 4 None Q 9 88.3 J N,M 2-275
Latches 54/74AS880 4 None Q 6 391.5 - J N 3-189
Octal Latch 54/74ALS273 8 Low Q 12 50 J N,M 2-154
TRI-STATE 54/74ALS373 8 None Q 10 70 J N,WM 2-164
Octal 54/74AS373 8 None Q 6 300 J N 3-107
Latches 54/74L.8373 8 None Q 17 120 J N,WM T
54/748373 ‘8 None Q 12 525 J N,WM T
54/74ALS573B 8 None Q 9 68.3 J N,WM 2-206
54/74AS573 8 None Q 4.5 293 J N 3-120
TRI-STATE 54/74ALS533 8 None Q 10 75.8 J N,.WM 2-184
Inverting 54/74AS533 8 None Q 5 328 J N - 3-114
Octal 54/74ALS563A 8 None Q 13 68.3 J N,WM 2-198
Latches 54/74ALS580A 8 None Q 9 68.3 J N,.WM 2-218
54/74AS580 8 -None Q 4.5 330 J N 3-136
Dual 4-Bit 54/74ALS873B 4 Low Q 10 68.3 J N,WM 2-236
TRI-STATE 54/74AS873 4 Low Q 4.5 330 J N 3-172
Latches

T Please see the LS/S/TTL Logic Databook for this datasheet.
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E
Line Drivers g
Low- High- Typ* Typ* g
Level Level Prop. Power Package g
Description Device Type Output Output Delay Diss. Availability Page —
Current Current Time /Gate 3
(mA) (mA) (ns) W) [ mi | com 2
Dual 4-InputNAND |  54/745140 60 —40 4 438 J N T '
Hex 2-Input 54ALS804A 12 -1 2.7 3.3 J 2-250 8
NAND 74ALS804A 24 —26 2.7 33 N,M 2-250 g:
54AS804B 40 —-40 2 7.7 J 3-159 3
74AS804B 48 —48 2 7.7 N 3-159 g’
54AS1804 40 —40 2 7.7 J 3-217 a
74AS1804 48 —48 2 7.7 N 3-217 ®
Hex 2-Input 54ALS805A 12 -12 3 4.1 J 2-252
NOR 74ALS805A 24 -15 3 41 N,M 2-252
54AS805B 40 —40 1.6 9.6 J 3-161
74AS805B 48 —48 1.6 9.6 N 3-161
54AS1805 40 —40 1.6 9.6 J 3-219
74AS1805 48 —48 1.6 9.6 N 3-219
Hex 2-Input 54ALS808A 12 —-12 4.3 4.6 J 2-254
AND 74ALS808A 24 -15 4.3 4.6 N,M 2-254
54AS808B 40 —40 3 10.6 J 3-163
74AS808B 48 —48 3 10.6 N 3-163
54AS1808 40 —40 3 10.6 J 3-221
74AS1808 48 —48 3 10.6 N 3-221
Hex 2-Input 54ALS832A 12 —-12 4 5.6 J 2-261
OR T4ALS832A 24 —15 4 5.6 N,M 2-261
54AS832B 40 —40 25 12.9 J 3-170
74AS832B 48 —48 25 12.9 N 3-170
54AS1832 40 —40 25 129 J 3-223
74AS1832 48 —48 25 12.9 N 3-223
Multipliers
Device Package Availability
Description Page
Type Mil Com
4-Bit by 4-Bit Parallel 78/8875A J N 1}
Binary Multipliers 78/8875B J N T
t Please see the LS/S/TTL Logic Databook for this datasheet.




One Shots, Retriggerable

Functional Index/Selection Guide

Typ*
) No. of Dir. Output Total Package
Description Device Type Inputs . Pulse Power Availability Page
Clear
: Range (ns) Diss.
Pos Neg (mW) Mil Com
Single 54/74L8122 2 2 Yes 45 ns—inf. 30 J N,M T
96/8601 2 2 Yes 50 ns—inf. 90 J N T
Dual 54/74LS123 1 1 Yes 90 ns—inf. 60 J N,M i
54/74123 1 1 Yes 45 ns-inf. 230 J N T
96/8602 1 1 Yes 72 ns—inf. 195 J N T
One Shots with Schmitt-Trigger inputs
Typ*
No. of Dir. Output Total Package
Description Device Type Inputs - Pulse Power Availability Page
Clear .
Range (ns) Diss.
Pos Neg (mW) Mil Com
Single 54/74121 1 2 Yes 40 ns-28s 90 J N T
Dual 5418221 1 1 Yes 20 ns-49s 65 J +
7418221 1 1 20 ns-49s 23 N.M i
Parity Generators/Checkers
* *
Description Device Type Delay Diss. Avalilability Page
Time (ns) Total (mW) mil Com
8-Bit Odd/Even Parity 54/74180 35 170 J N T
Generators/Checkers
9-Bit Odd/Even Parity 54/745280 13 335 . J N.M T
Generators/Checkers 54/74AS280 7.3 135 J N 3-93
9-Bit Parity 54/74AS286 9.3 160 J N 3-102
Generator/Checker
with Bus Driver
Parity 170 Port
Priority Encoders
* *
Typ Typ Package
Description Device Type Prop. Power Availability Page
P w Delay Diss.
Time (ns) Total (mW) Mil Com
Cascadable Octal 54/74148 12 190 J N T
Priority Encoders 93/8318 12 190 J N T
Register Files
Typ* Typ*
*
A:Z" Read I:a“‘t Power Package
Description Device Type ress Enable pu Diss. Availability Page
Time Rate
ns) Time (MHz) Total
(ns) (mW) Mil Com
4 Words of 4 Bits 54/74LS670 24 19 20 135 J N,M T
with TRI-STATE Outputs

T Please see the LS/S/TTL Logic Databook for this datasheet.
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Registers, Other

Typ*

Typ*

Descripti D T Clock Asyn. Power Paf:kage
scription evice Type Freq. Clear Diss. Availability Page
(MH2) Total (mW) Mil Com
Quad Bus 54/74LS173A 40 High 85 J N,M T
Buffer Registers 54/74173 30 High 250 J N T
Quad D-Type 54/74ALS175 60 Low 475 J N,M 2-111
Registers 54/74AS175A 160 Low 395 J N 3-57
54/74LS175 40 Low 55 J N,M T
54/74S175 90 Low 300 J N T
54/74175 40 Low 150 J N il
Quad Multi- 54/741L98 15 None 30 J N T
plexers with Storage
Hex D-Type 54/74ALS174 60 Low 50 J N.M 2-111
Registers 54/74AS174 160 Low 395 J N 3-54
54/74LS174 40 Low 80 J N.M T
54/74S174 920 Low 450 J N T
54/74174 40 Low 225 J N T
8-Bit Universal 54/745299 60 Low 700 J N T
Shift/Storage
Registers
Octal D-Type 54/74ALS374 50 None 86 J N,WM 2-168
Registers 54/74AS374 200 None 402 J N 3-110
54/74L.S374 50 None 128 J N,WM T
54/74S374 100 None 487 J N,WM il
54/74ALS534 50 None 83 J N,WM 2-188
54/74AS534 200 None 328 J N 3-117
54/74ALS574A 40 None 68 J N,WM 2-210
54/74AS574 160 None 403 J N 3-124
54/74AS575 160 None 383 J N 3-127
54/74ALS576A 50 None 68 J N,WM 2-214
54/74AS576 160 None 420 J N 3-130
54/74AS577 160 None 420 J N 3-133
54/74ALS874B 50 Low 87 J N,WM 2-267
54/74AS874 160 Low 500 J N 3-176
54/74ALS876A 50 None 87 J N,WM 2-271
54/74AS876 160 None 500 J N 3-180
54/74AS878 160 Low 500 J N 3-183
. 54/74AS879 160 Low 500 J N 3-186
8-Bit Dual Rank 54/74L.5952 36 None 305 J N,M i)
Shift Register 54/74LS962 36 None 305 J N,M T
Successive 2502C 21 None 325 J N T
Approximation 2503C 21 None 300 J N T
Registers 2504C 21 None 450 J N i
Octal Bus 54/74ALS646 40 None 255 J N,WM 2-235
Transceivers 54/74ALS648 40 None 260 J N,WM 2-239
And 8-Bit 54/74ALS652 40 None 255 J N,WM 2-243
Storage Register

1 Please see the LS/S/TTL Logic Databook for this datasheet.
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Functional Index/Selection Guide

Registers, Shift
Typ*
Typ* P:
No. Ser. Power ackage
Modes " .
Description | Device Type | of Shift | pata | AsY™ Diss. | Availability | page
Freq. Clear
Bits Input Total
(MHz
S-R | SL | Load | Hold | (MW) | mil | com
Parallel-In 54/74LS194A 4 25 D Low X X X X 75 J NM | T
Parallel-Out 54/74S194 4 90 D Low X X X X 450 J N T
(Bidirectional) | 54/74194 4 36 D Low X X X X 195 J N i)
Parallel-In 54/7495 4 36 D None | x X X X 195 J N T
Parallel- 54/741L95 4 14 D None X X X X 24 J N t
Out 54/74LS195A | 4 39 J-K Low X X 70 J NM | T
54/745195 4 90 JK Low X X 375 J N T
93/8300 4 39 J-K Low X X X 356 J N t
Parallel-In 76/86L90 8 14 D None X X X 30 J N T
Serial-Out 54/74L.S165 8 30 D None X X X 125 J | NWM | T
54/74ALS165 8 60 D None X X X 80 J | NWM | 2-97
54/74.S166 8 35 D Low X X X 110 J [ NWM | T
54/74166 8 35 D Low X X X 360 J N T
54/74ALS166 | 8 60 D Low X X X 80 J | NNWM | 2-102
Serial-In 54/74.S164 8 36 Gated | Low X 80 J NM | T
Parallel- D
Out 54/74164 8 36 Gated | Low X 175 J N T
D
Schmitt-Triggers with Totem-Pole Outputs
*
::': Typ.* Package
Description Device Type Delapy. Hysteresis Availability Page
Time (ns) i\ Mil Com
Dual 4-Input 54/74ALS13 0.8 J N,M 2-27
NAND Schmitt
Triggers
Quad 2-Input 54/741.5132 15 0.8 J N,M i
NAND Schmitt 54/74132 15 0.8 J N t
Triggers 54/74ALS132 0.8 J N,M 2-67
Hex Schmitt 54/74L514 15 0.8 J N,M +
Trigger 54/7414 15 0.8 J N T
Inverters 54/74ALS14 0.8 J N,M 2-29

T Please see the LS/S/TTL Logic Databook for this datasheet.
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Glossary of Terms

DC Operating Conditions and Characteristics

GENERAL DEFINITIONS

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

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

INPUT CURRENT PARAMETERS

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

i 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.

lik 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.

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

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

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.

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

an output with input conditions applied that, according to the

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

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

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

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

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

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

lozL(or Isource): The current flowing out of an output with
input conditions applied to the output control pin such that
the output is in the high impedance state and input condi-

. tions applied to the other inputs that, according to the prod-

uct specification, will establish a logic high level at the out-
put.

SUPPLY CURRENT PARAMETERS

IcchH Supply Current (outputs in the high 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 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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Glossary of Terms

DC Operating Conditions and Characteristics (continued)

Iccz Supply Current (outputs in the high-impedance
state): The current flowing into the Vg 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.

V4 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 ogcur between
adjacent geometry tanks and circuit performance will be de-
graded, in some cases to the point of failure.

VL 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—.

Vt— Negative-Going Threshold Voltage: The voltage lev-
el at a transition-operated (Schmiitt 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, Vy+.

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 Voitage: 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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AC Operating Conditions and Characteristics

INPUT PARAMETERS

fmax Maximum Clock Frequency: The highest rate at

which the clock input of a bistable circuit can be driven

through its required sequence while maintaining stable tran-

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

tablished that should cause changes of output logic level in

accordance with the specification. Unless otherwise speci-

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

and fall times or duty cycle.

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

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

maintained at a given data input after an active transition at

another given input.

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

tw Pulse Width: The time interval between specified volt-

age reference points on the leading and trailing edges of a

pulse waveform.

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

trec Recovery Time: The time interval needed to switch a

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

to obtain valid data signals at the output.

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

treL Release Time: The time interval between one control

input going inactive and another input going active after

which the inactive input no longer has any influence on the

device operation.

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

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

signal must be maintained at a specified input terminal be-

fore an active transition at another specified input terminal.

NOTE: A minimum value is specified that is the smallest time interval at
which correct of the logic el isg d.

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.

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

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

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

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

EXPLANATION OF DEVICE FUNCTIONS

Circuit Complexity

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

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

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

FUNCTIONAL DESCRIPTIONS

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

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

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

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 reduire
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:

H = high logic level (steady state)

L = low logic level (steady state)

T = transition from low to high logic level

1 = transition from high to low logic level

X = irrelevant (any level, including transitions)

Y4 = off (high impedance) state of a TRI-STATE output
a.

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

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

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

Qn = level of Q before the most recent active transition

indicated by T or |
JL = one high level pulse
LI = one low level pulse

toggle = each output changes to the complement of its
previous level on each active transition indicated
by Torl )
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, Qq, 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 DM54LS194.

The first line of the table represents “asynchronous” clear-
ing of the register and indicates that if CLEAR is low, all four
outputs will be reset low regardless of the states of the oth-
er inputs. In the succeeding lines, CLEAR is inactive (high)
and consequently has no effect.
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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 St 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 SO is low and as seen, the
levels at the PARALLEL inputs, A through D, have no effect.
The last line indicates that so long as both MODE inputs are
low, no other input has any effect and, as in the second line,
the outputs maintain the levels they assumed before the
steady state combination of CLEAR high and both MODE
inputs low was established.

Mode Inputs Outputs
Clear Serial Parallel
Clock

S1 S0 Left Right A B Cc D Qa Qg Qc Qp
L X X X X X X X X X L L L L
H X X L X X X X X X Qao Qgo Qco Qpo
H H H T X X a b c d a b c d
H L H T X H X X X X H Qan Qgn Qcn
H L H T X L X X X X L Qan Qg Qcn
H H L 1 H X X X X X | Osn Qon  Qpn H
H H L T L X X X X X Qgn Qcn Qpn L
H L L X X X X X X X Qao Qgo Qco Qpo

FIGURE 1. Function Table
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Test Waveforms

DM54/74, 54S/74S Test Waveforms

Parameter Measurement Information

Load Circuit for Bi-State . Load Circuit for Load Circuit for TRI-STATE® Outputs
Totem-Pole Outputs Open-Collector Outputs
TEST vee TEST vee
point VCC POINT
RL RL ? RL
FROM OUTPUT FROM OUTPUT, TEST
UNDER TEST (See Note B) UNDER TEST POINT s1
FROM OUTPUT
cL (See Note B)
o & e Note A) UNDER TEST
(See Note A) I oL % Sk
= = = (See Note A) <
TL/X/0005-1 TL/X/0005-2 ‘
Y
- =

Note A: C, includes probe and jig capacitance.
Note B: All diodes are 1N916 or 1N3064.

TL/X/0005-3

Input Waveform

54/74t, < 7Tns; i< 7ns
54S/74St, < 2.5ns, < 2.5ns

3v S
ﬂ Generator: Zoyt = 50Q
] |
ov 10%: b | :10% PAR < 1 MHz
te—t [
TL/X/0005-4
Voltage Waveforms Voltage Waveforms
Setup and Hold Times Pulse Widths
sV HIGH-LEVEL
:‘NMJV——— PULSE “1sv 15V \
| | |
~p=——=====-ov
! ! -—,‘_ thold-ﬂ w
re-tsetup O 'ﬁ—_ tw——)
DAT/ : N | {
relipl ﬂ oLt Ve 15V 15V
ov

TL/X/0005-5

TL/X/0005-6




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

Parameter Measurement Information (Continued)

Voltage Waveforms Propagation Delay Times

[ |
OUT-OF-PHASE 1.5V
anss -U
(See Note E) == ===VoL

Voltage Waveforms Enable and Disable Times, TRI-STATE Outputs

TL/X/0005-7

ouTPUT 3v

CONTROL

(LOW-LEVEL sV /:/1.5 v

ENABLING) ] T Lt EU Y 1Y
:-—-wzl.———{ :<—tn.z-—|

WAVEFORM 1 : o mmsasy : :'c‘:.‘oosen

| 2

{See Note C) | 51 Suoseo 15V | Ve e 15V
i | gm——va
| |
F——‘Plﬂ———*{ I

tHz—! o5y 05V
L

| -L---“-VON

] N—fr—
WAVEFORM 2 S1 OPEN 15v L3 =18V

(See Note C) $2 CLOSED S1AND
- =0V $2 CLOSED

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

DM54L/74L, 54LS/74LS Test Waveforms

Parameter Measurement Information

Load Circuit for Bi-State - Load Circuit for Open- TRI-STATE Outputs
Totem-Pole Outputs Collector Outputs
TEST vee TEST vce
poiNT ' SC POINT
RL RL ? RL
FROM OUTPUT o FROM OUTPUT TEST
UNDER TEST (See Note a)} UNDER TEST POINT s1
FROM OUTPUT
.}.. CL UNDER TEST (See Note B)
CL C1:: (See Note A)
(See Note A) I (See Note C)1 L <
e cL 5k
= = < = (See Note A) *
TL/X/0005-9 TL/X/0005-10
s

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

TL/X/0005-11

Input Waveform
3v 54LS/74LS:t, < 6ns,ty < 6ns
90% 90% .
: : : 54L/74L gates and inverters: t; < 60 ns, t; < 60 ns
ov —J0%A [ 54L/74L flip-flops and MSI: t, < 25 ns, t < 25 ns
[} | | |
e tr et tf Generator: Zoyt = 500
TL/X/0005-12 PRR < 1 MHz
Voltage Waveforms Voltage Waveforms
Setup and Hold Times Pulse Widths N
TIMING sV HIGH-LEVEL
—,——_-————-- ov:
' —*—thold— "”
r*tsetup ) tw ————s
| ‘i""‘““‘ II' —W i
ov:

TL/X/0005-13

TL/X/0005-14
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DMb54L/74L, 54LS/74LS Test Waveforms (continued)

Parameter Measurement Information (Continued)

Voltage Waveforms Propagation Delay Times

—— - - - - —-——3 Y
INPUT “13v 1.3V
| ov
|

|
|

:-—wl.n——: (e thr

| i

|

|

—‘IL-- - VOH

OUT-OF-PHASE 13V 13v
OUTPUT
(See Note F) = ===-=VoL

TL/X/0005-15
Voltage Waveforms Enable and Disable Times, TRI-STATE Outputs

OUTPUT 3v
CONTROL IZ

1.3V 13v
(LOW-LEVE)L |

I
| A ettt L
|

WAVEF \ + = ——= 45V | | S1AND
ORM | S1CLOSED | $2CLOSED
(See Note D) | szg:eu 1.3v : | T ~15V
| | -
- - ——— V|
I o] I o ¥ o
[e——tPZH 1 fetPHZ—>] o5y 05V
: Lt o
WAVEFORM 2 S1OPEN 1.3v L ~15V
(See Note D) S2 CLOSED $1AND
§ —————=0V $2 CLOSED

TL/X/0005-16

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

Note E: In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.
Note F: When measuring propagation delay times of TRI-STATE outputs, switches S1 and S2 are closed.
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Test Waveforms

Test Waveforms DM54ALS/74ALS, 54AS/74AS

Load Circuit for Bi-State Totem-Pole Outputs Load Circuit for Open-Collector Outputs
FROM OUTPUT ° TEST
UNDER TEST —Opoint ; Vee
l 4 RL

O 2R 5000

Stot 1 FROM OUTPUT TEST

1 UNDER TEST POINT
= o
TL/X/0005-17 I
= TL/X/0005-33

Voltage Waveforms Propagation Delay Times

IN PHASE
QUTPUT

ouT
OF PHASE & 13V
wreet 0 N Vo
TL/X/0005-18
Voltage Waveforms Setup and Hold Times
‘ 35
WITH RESPECT T0 v
POSITIVE TRANSITION -
————————— 03
REFERENCE
INPUT
————————— 35
WITH RESPECT T0 v
NEGATIVE TRANSITION -
03

e— lsETUP | —=f=— thoio 1 ——l

—— Yoy
fl.av T:’N_
VoL

NPT tgETUP 0 —=f=— 'WOLDD —
Vo
\st l.sv/
—— =Ny
TL/X/0005-19
Voltage Waveforms Pulse Widths
—_——— 35
HIGH-LEVEL
PULSE 1.3v 1.3V
—y — 03v
‘W ) 35V
LOW-LEVEL v 13,
PULSE
—_———— 3
TL/X/0005-22

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

Voltage Waveforms
Setup and Hold Times
35
WITH RESPECT TO 13V
POSITIVE TRANSITION :
——————— - =03

REFERENCE
INPUT

——————— —-—15
WITH RESPECT T0 v
NEGATIVE TRANSITION -
03

e— USETUP | —=|=— lHOLD | —-|

— Yoy
fu.sv |.3v\
Vou

INPUT e tgETUP 0 —e|e— tHoLDD —=
Vou
\I.:W |.3v/
- -l

TL/X/0005-19

Voltage Waveforms
Propagation Delay Times

IN PHASE
uTPUT

out
OF PHASE
OUTPUT

TL/X/0005-21

Parameter $1 Switch Position
TPLH OPEN
TPHL OPEN
TpHz OPEN
TpzH OPEN
TpLz CLOSED
TpzL CLOSED

Load Circuit for
TRI-STATE Outputs

w

R1Q 5000

FROM OUTPUT

, o JEST
UNDER TEST

POINT

CL

>
sonr"[ "2 500
b

=

TL/X/0005-20

Voitage Waveforms
Pulse Widths

—_——— =3
HIGH-LEVEL
PULSE 13v 13V
0.3v

—y —

—— ly ——

5V
LOW-LEVEL v 13
PULSE
—_————

TL/X/0005-22
Voltage Waveforms
Enable and Disable Times, TRI-STATE Outputs
LOW-LEVEL 3
ensLng \\3Y 13
l —_——— 3V
HIGH-LEVEL
ENABLING 13V 13V
0UTPUT 03y
CONTAOL hel '—"’l —=| |—1hz
<35V
| ===_y
t
1 —1 -
P2 ._..| _.| | e |

TL/X/0005-23

NOTE: All input pulses are supplied by generators having the following characteristics: frequency = 1 MHz, Zoyt = 50Q, = t{= 2 ns.
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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 QUTPUT . —o st
UNDER TEST —L POINT
>
sfkf [ i:nlmn
=
TL/X/0005-27
Voltage Waveforms
Pulse Widths

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

—ty —

—ty —

3sv
LOW-LEVEL 13V 13
PULSE
—_————

TL/X/0005-29

Voltage Waveforms Setup and Hold Times

WITH RESPECT T0
POSITIVE TRANSITION

REFERENCE
INPUT

WITH RESPECT TO 1V
NEGATIVE TRANSITION 8

~— USETUP 1 —=|=— thoLD 1 ~l

— — —Vou
fl.:w l.av\
Vou

INPUT I-— ISETUP 0 —e|e— lhogp —»

| Vou
\uv m/
-l

TL/X/0005-28

Voltage Waveforms
Propagation Delay Times

weur _//.,v
...,u..l

IN PHASE
UTPUT \&"_
oL~ —tpLH—~
“out
OF PHASE 13 13
wreet 0 N vou

TL/X/0005~30

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

SWJIOJaABM 1S31

BL (See Note B)
FROM

NOER Tis
u T TEST POINT

1 50pF

TL/X/0005-31
NOTES: A. C, includes probe and jig capaci-
tance
B. R = 2 kQ for standard outputs
RL = 6679 for buffered outputs

Voltage Waveforms
Propagation Delay Times

0.3v

TL/X/0005-32
Note: All input pulses are supplied by g having the following ch istics: frequency = 1 MHz, Zoyt = 50Q, t; = t; = 2 ns.
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DM54ALS00A/DM74ALS00A
Quad 2-Input NAND Gates

General Description 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-

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

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
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Order Number DM54ALS00AJ, DM74ALS00AM or DM74ALS00AN

See NS Package Number J14A, M14A or N14A

Function Table
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H = High Logic Level
L = Low Logic Level
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DM54ALS00A/DM74ALS00A

Absolute Maximum Ratings

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

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

DM54ALS —55°Cto +125°C

DM74ALS
Storage Temperature Range

0°Cto +70°C
—65°C to +150°C

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

the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter DM54ALS00A DM74ALS00A 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 —04 —-0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70 °C
Electrical Characteristics
over recommended operating free air temperature range. All typieal values are measured at Vcg = 5V, Tp = 25°C.
Symbol Parameter Conditions Min Typ Max Units
Vik Input Clamp Voltage Vo = 45V, | = —18mA -15 \"
VoH High Level Output loH = —0.4mA _
Voltage Vcc = 4.5Vt0 5.5V Vec -2 v
VoL Low Level Output Vee = 4.5V 54/74ALS
Voltage loL=4mA 0.25 0.4 v
74ALS
’ loL = 8 mA 0.35 0.5 v
I Input Current at Max Ve = 8.5V, Vi =7V
) 0.1 mA
Input Voltage
IiH High Level Input Current Voe = 5.5V, Vi = 2.7V 20 pA
m Low Level Input Current Vce = 5.5V, V)L = 0.4V -0.1 mA
lo Output Drive Current Vce = 5.5V Vo = 2.25V —-30 —-112 mA
lcc Supply Current Ve = 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 DM74A A Units
) Min Max Min Max
tPLH Propagation Delay Time Ve = 4.5Vto 5.5V 3 16 3 1 ns
Low to High Level Output RL = 500Q
. . CL = 50 pF
tPHL Propagation Delay Time 2 13 2 8 ns
High to Low Level Output

Note 1: See Section 1 for test waveforms and output load.
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DM54ALS01/DM74ALS01 Quad 2-Input
NAND Gates 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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>