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CIRCUIT CHARACTERISTICS

LSTTL circuit features are best understood by examining the LS00 2-input NAND gate (Figure 1-1).
The input/output circuits of all LSTTL are almost identical. Although the logic function and
basic structure of LS circuits are the same as conventional TTL, there are also significant
differences.

INPUT CONFIGURATION. With a few exceptions, LSTTL circuits do not use the multi-emitter
input structure that originally gave TTL its name. Most LS elements use a DTL type input circuit
with Schottky diodes to perform the AND function, as exemplified by D3 and D4 in Figure 1-1.
Compared to the classical multi-emitter structure, this circuit is faster and it increases the input
breakdown voltage. Inputs of this type are tested for leakage with an applied input voltage of 10 V
and the input breakdown voltage is typically 15 V or more. Figure 1-2 shows the VouT/VIN transfer
function of an LS00 gate. The input threshold is approximately 0.1V lower than for standard
TTL.

Vee

1100
WA

—O OUTPUT

Qg

Fig. 1-1
. 2-INPUT NAND GATE
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Another input arrangemen‘t often used in MSI has three diodes connected as shown in Figure 1-3. This
configuration gives a slightly higher input threshold than that of Figure 7-1.

A third input configuration that is sometimes used employs a vertical PNP transistor as shown in Figure 1-4.
This arrangement also gives a higher input threshold and has the additional advantage of reducing the
amount of current that the signal source must sink. Both the diode cluster arrangement and the PNPinput
configuration have breakdown voltage ratings greater than 10 V.

All inputs are provided with clamping diodes, exemplified by D1 and D2 in Figure 7-1. These diodes
conduct when an input signal goes negative (Figure 7-5), which limits undershoot and helps to control
ringing on long signal lines following a HIGH-to-LOW transition. These diodes are intended only for the
suppression of transient currents and should not be used as steady-state clamps in interface applications.
A clamp current exceeding 2 mA and with a duration greater than 500 ns can activate a parasitic lateral
NPN transistor, which in turn can stealcurrent from internal nodes of the LS circuit and thus cause logic
errors.

The effective capacitance of an LSTTL input is 5 pF for DIP and 4 pF for Flatpak. For-an input that
serves more than one internal function, each additional function adds 1.5 pF. -

OUTPUT CONFIGURATION. The output circuitry of LSTTL have several features not found in
conventional TTL. A few of these features are discussed below.

Referring to Figure 1-1, the base of the pull-down output transistor Q5 is returned to ground through Q3
and a pair of resistors instead of through a simple resistor. This arrangement is called a squaring network
since it squares up the transfer characteristics (Figure 1-2) by preventing conduction in the phase splitter
Q1 until the input voltage rises high enough to allow Q1 to supply base current to Q5. The squaring
network also improves the propagation delay by providing a low resistance path to discharge capacitance
at the base of Q5 during turn-off. '

5
+125°(': +260C !
s vVcc =50V ) Vee
| a AW ‘ ’
w \\\—55°c
o .
<
5 _—
o .3 -
>
’- \
2 *o——4
o
- 2
o
!
S 1 4+
o
>
% 3
(V] 0.5 1.0 1.6 2.0 25
VIN - INPUT VOLTAGE - V = -
Fig. 1-2
TYPICAL OUTPUT vs Fig. 1-3
INPUT VOLTAGE CHARACTERISTIC DIODE CLUSTER INPUT
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The output pull-up circuit is a 2-transistor Darlington circuit with the base of the output transistor returned
through a 5 K resistor to the output terminals, unlike 74H and 74S where it is returned to ground which is a
more power consuming configuration. This configuration allows the output to pull up to one Vgg below Ve
for low values of output current.

0
Vee <
E —
: g -
< < -
4
—-— E -4
[
=]
3}
° 2 6
2
I
- z -8
-10

< -2 0 +2 +4 +6 +8
VIN - INPUT VOLTAGE - V

Fig. 15
Fig. 14 | * TYPICAL INPUT CURRENT-

PNP INPUT ) VOLTAGE CHARACTERISTIC

* Vee
3
ouTPUT h )
ENABLE
. - q

—FR P
N

LOGIC i Q
. L +

* Fig. 16
TYPICAL 3STATE OUTPUT CONTROL

AAA
\AA S
A
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Figure 1-6 shows the extra circuitry used to obtain the “high Z” condition in 3-state outputs. When the
Output Enable signal is LOW, both the phase splitter and the Darlington pull-up are turned off. In this
condition the output circuitry is non-conducting, which-allows the outputs of 2 or more such circuits to be
connected together in a bus application wherein only one output is enabled at any particular time.

OUTPUT CHARACTERISTICS. Figure 1-7 shows the LOW-state output characteristics. For LOW lg
values, the pull-down transistor is clamped out of deep saturation to shorten the turn-off delay. The curves
also show the clamping effect when lg_ tends to go negative, as it often does due to reflections on a long
interconnection after a negative-going transition. This clamping effect helps to minimize ringing.

The waveform of a rising output signal resembles an exponential, except that the signal is slightly rounded
at the beginning of the rise. Once past this initial rounded portion, the starting-edge rate is approximately
0.5'V/ns with a 15 pF load and 0.25 V/ns with a 50 pF load. For analytical purposes, the rising waveform
can be approximated by the following expression.

V(t) = VoL + 3.7 [1 — exp (-t/T)]
where T = 8ns for C_ = 15 pF and 16 ns for C_ = 50 pF
The waveform of a falling output signal resembles that part of a cosine wave between angles of 0° and
180°. Fall times from 90% to 10% are approximately 4.5 ns with a 15 pF load and 8.5 ns with a 50 pF load.
Equivalent edge rates are approximately 0.8 and 0.4 V/ns respectively. For analytical purposes, the falling
waveform can be approximated by the following.

V(t) = VoL + 1.9 u(t) [1 + cos wt] — 1.9 u(t—a) [1 + cos w(t—a)]

Ofort<a
1fort> a

Ofort<oO and  u(t-a)
1fort>0

where  pu(t)

For t in nanoseconds and C, = 15 pF, a = 7.5 ns, w = 0.42

For C_. = 50 pF,a = 14 ns, w = 0..23

+0.75
vec =50V
>
| +0.5
: \
g "550/ +25°C
g +0.25 / ]
: +125°C
2
a . 0 n
=)
o
|
-4 -05
S — +1zsl°c
10 ~1— -565°C
-5 +5 +10 +156
loL - OUTPUT CURRENT - mA
Fig.1-7 TYPICAL OUTPUT CURRENT-VOLTAGE CHARACTERISTIC
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AC SWITCHING CHARACTERISTICS. The average propagation delay of a Low Power Schottky gate is
5ns at a load of 15 pF as shown in Figure 71-8. The delay times increase at an average of 0.08 ns/pF for
larger values of capacitance load. These delay times are relatively insensitive to variations in power
supply and temperature. The average propagation delay time changes less than 1.0 ns over temperature
and less than 0.5 ns with V¢ for the military temperature and voltage ranges. (See Figures 1-10 and
1-11). ‘

The power versus frequency characteristics of Motorola’s LS family, as shown in Figure 7-9, indicate that
at operating frequencies above 1 MHz the Low Power Schottky devices are more efficient than CMOS for
most applications. ‘ .
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s 8 //‘ tPHL o= / P C STANDARD 1'|rLA
2 ' 82 . .l AN Nemos vpp = 15 W)
E -~ Z10 \ [ Lo '
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AC WAVEFORMS

AC TEST CIRCUITS AND WAVEFORMS"

The following test circuits and conditions represent Motorola’s typical AC test procedures. The output loading for
standard Low Power Schottky devices is a 15 pF capacitor. Experimental evidence shows that test results using the
additional diode-resistor load are within 0.2 ns of the capacitor only load. The capacitor only load also has the
advantage of repeatable, easily correlated test results. The input pulse rise and fall times are specified at 6 ns to closely
approximate the Low Power Schottky output transitions through the active threshold region. ’]’he specified propaga-
tion delay limits can be guaranteed with a 15 ns input rise time on all parameters except those requiring narrow pulse
widths. Any frequency measurement over 15 MHz or pulse width less than 30 ns must be performed with a 6 ns input
rise time.

Test Circuit for Standard Output Devices Optional Load (Guaranteed—Not Tested)

vee )

20k

DEVICE UNDER CLe
TEST I

*Includes all probe and jig capacitance

Test Circuit for Open Collector Output Devices , Pulse Generator Settings
' . (unless otherwise specified)

Frequency = 1 MHz
Duty Cycle = 50%
trLH (k) =6 ns

tTHL (t) =6 ns
Amplitude =0to 3 V

*Includes all probe and jig capacitance

Waveform for Inverting Outputs Waveform for Non-inverting Outputs

1.3v
VYout 1.3v 13V Vout * 13v %Tz_v




ABSOLUTE MAXIMUM RATINGS

(above which the useful life may be impaired)

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Vcc Pin Potential to Ground Pin —05Vto+70V
*Input Voltage (dc) Diode Inputs - —05Vto15V
*Input Current (dc) - —30 mAto +5.0 mA
*Input Voltage (dc) Emitter Inputs —05Vto +55V
Voltage Applied to Outputs (Output HIGH) —05Vto+10V
High Level Voltage Applied to Disabled 3-State Output 70V

*Either input voltage limit or input current limit is sufficient to protect the inputs— Circuits with 5.5V maximum
limits are listed below.

Device types having inputs limited to 5.5 V are as follows:
SN74LS196, SN74LS197—Emitter inputs on clock terminals.

SN74LS390/393 — Emitter inputs on clock terminals.
SN74LS242/243, SN74LS245—Inputs connected to outputs.
SN74LS640/641/642/645 —Inputs connected to outputs.
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DESIGN CONSIDERATIONS

SUPPLY VOLTAGE AND TEMPERATURE RANGE. The nominal supply voltage (V¢c) for all TTL
circuits is +5.0 V. Commercial grade parts are guaranteed to perform with a =5% supply tolerance (+250
mV) over an ambient temperature range of 0°C to 70°C. MIL-grade parts are guaranteed to perform with a
+10% supply tolerance (=500 mV) over an ambient temperature range of —55°C to +125°C.

TTL families may be mixed for optimum system design. The following tables specify the worst case noise
immunity in mixed systems. '

Worst Case TTL DC Noise Immunity/Noise Margins

Electrical Characteristics

. : Military (—55 to +125°C)| Commercial (0 to 70°C)
item Symbol ’ TTL Families VIL. VIH. VOL VOH V"_ le VOL VOH Units
6 | TTL Standard TTL 9000, 54/74 08 20).04| 24 | 08| 20| 04 |24 ]| V
7 | HTTL High Speed TTL, 54H/74H 08| 20) 04| 24 |08} 20| 04 24| V
8 | LPTTL | Low Power TTL, 93L00 (MSI) 07| 20| 03| 24 | 08| 20| 03 (24| V
9 | STTL Schottky TTL 545/74S, 93S00 08| 20| 05| 25|08 20) 05|27 V
10 | LSTTL | Low Power Schottky TTL 54LS/74LS 07| 20| 04| 25|08 20| 05 |27]| V

VoL and Vgy are the voltages generated at the output. .V .and V,y are the voltage required at the input to generate
the appropriate levels. The numbers given above are guaranteed worst-case values. )

LOW Level Noise Margins (Military)

HIGH Level Noise Margins (Military)

To , . ' sl To
From TTL HTTL LPTTL STTL LSTTL | Units; [From TTL HTTL LPTTL STTL LSTTL Unns'
TTL 400 400 300 400 300 mV | [TTL 400 400 400 400 400 mV
HTTL 400 400 300 400 .300 mV | |[HTTL 400 400 400 - 400 400 mV
LPTTL 500 500 400 500 400 mV | |LPTTL 400 400 400 400 400 mV
STTL 300 300 200 300 200 mV | ISTTL 500 500 500 500 500 mV
LSTTL 400 400 300 400 300 mV | ILSTTL 500 500° 500 500 500 mV
From "VOL" to "V”_" From "VOH" to "V”..l" » ‘
LOW Level Noise Margins (Commercial) HIGH Level Noise Margins (Commercial)

To ' ‘ To
From TTL HTTL LPTTL STTL LSTTL Unltal From TTL HTTL LPTTL STTL LSTTL Unltel
TTL ‘| 400 400 400 400 400 mV [ |TTL 400 400 400 400 400 mV
HTTL 400 400 400 400 400 mV | [HTTL 400 400 400 400 400 mV
LPTTL 500 500 500 500 500 mV | |LPTTL 400 400 400 400 400 mV
STTL 300 300 300 300 300 mV| |STTL 700 700 700 700 700 mV
LSTTL 300 300 300 300 300 mV | |LSTTL 700 700 700 700 700 mV

From“'VOL" to V"

From “VOH” to “Viy"
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FAN-IN AND FAN-OUT. In order to simplify designing with Motorola TTL devices, the input and
output loading parameters of all families are normalized to the following values:

1 TTL Unit Load (U.L.) = 40 uA
in the HIGH state (logic “1")

1 TTL Unit Load (U.L.) = 1.6 mA
in the LOW state (logic “0")

Input loading and output drive factors of all products described in this handbook are related to these
definitions. .

EXAMPLES — INPUT LOAD )
1. A 7400 gate, which has a maximum |, of 1.6 mA and I, of 40 A is specified as having an input load
factor of 1 U.L. (Also called a fan-in of 1 load.)

2. The 74LS95B which has a value of I, = 0.8 mA and |;; of 40 A on the CP terminal, is specified
as having an input LOW load factor of

0.8 m
1.6m

A
A or 0.5 U.L.

and an input HIGH load factor of

40 pA
40 uA

or1 U.L.

3. The 74L.S00 gate which has an I;_of 0.36 mA and an |,y of 20 uA, has an input LOW load factor of

0.36 mA
T6mA or 0.225 U.L.
(normally rounded to 0.25 U.L.) and an input HIGH load factor of

20 uA
40 uA

or0.5 U.L

EXAMPLES — OUTPUT DRIVE
1. The output of the 7400 will sink 16 mA in the LOW (logic “0"") state and source 800 nA in the HIGH (logic
“1") state. The normalized output LOW drive factor is therefore

16 mA
1.6 mA

=10 U.L

and the output HIGH drive factor is

800 nA
40 uA

or 20 U.L.
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2. The output of the 74L.S00 will sink 8.0 mA in the LOW state and source 400 uA in the HIGH
state. The normalized output LOW drive factor is

8.0 mA

16 mA or5 U.L.

and the output HIGH drive factor is

400 A

20 pA or 10 U.L.

Relative load and drive factors for the basic TTL families are given in Table 1.

TABLE |
EAMILY INPUT LOAD OUTPUT DRIVE
HIGH LOW HIGH LOW
74LS00 05U.L 0.25 U.L. 10 U.L. 5U.L.
7400 1 UL 1 UL 20 U.L. 10 U.L.
9000 1 UL 1 U.L 20 U.L. 10 U.L.
74H00 1.25 U.L. 1.25 U.L. 25 U.L. 125 U.L.
74S00 1.25 U.L. 1.25 U.L. 25 U.L. 12.5 U.L.

Values for MSI devices vary significantly from one element to another. Consult the appropriate data. sheet
for actual characteristics. :

WIRED-OR APPLICATIONS. Certain TTL devices are provided with an “open” collector output to permit
the Wired-OR (actually Wired-AND) function. This is achieved by connecting open collector outputs
together and adding an external pull-up resistor.

The value of the pull-up resistor is determined by considering the fan-out of the OR tie and the number of
devices in the OR tie. The pull-up resistor value is chosen from a range between maximum value
(established to maintain the required Vo with all the OR tied outputs HIGH) and a minimum value

(established so that the OR tie fan-out is not exceeded when only one output is LOW).

MINIMUM AND MAXIMUM PULL-UP
RESISTOR VALUES

Veemax) — Vo Veeming — Vou

R = R =
X(MINY = joL = No(LOW) » 1.6 mA XMAX) ™ Ny @ lon + No(HIGH) 40 uA

where:
Rx = External Pull-ub Resistor
N, = Number of Wired-OR Outputs
N> = Number of Input Unit Loads (U.L.) being Driven
lon = lcex = Output HIGH Leakage Current
loL = LOW Level Fan-out Current of Driving Element
Vou = Qutput LOW Volitage Level (0.5 V)
VoH = Output HIGH Voltage Level (2.4 V)
Vee = Power Supply Voltage
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Example: Four 74LS03 gate outputs driving four other LS gates or MSI inputs.

525V — 0.5V 475V
Rxming = g7a— TemA 64ma (420

475V — 2.4V 235V
Rxmax) = 75700 WA T 2040pA 048 mA -~ +9 kQ
where: N, =4

No(HIGH) =4e05UL =2UL.
N,(LOW) =4e025UL =1UL.
lon = 100 pA
lo =8mA
VOL = 05 V
VOH = 24 V

Any value of pull-up resistor between 742 (1 and 4.9 k(2 can be used. The lower values yield the fastest
speeds while the higher values yield the lowest power dissipation.

UNUSED INPUTS. For best noise immunity and switching speed, unused TTL inputs should not be left
floating, but should be held between 2.4 V and the absolute maximum input voltage.

Two possible ways of handling unused inputs are:

1. Connect unused input to Vcc. Most LSTTL inputs have a breakdown voltage >15V and require,
therefore, no series resistor. For all multi-emitter conventional TTL inputs, a 1-to-10 kQ2 current limiting
series resistor is recommended, to protect against V¢ transients that exceed 5.5 V.

2. Connect the unused input to the output of an unused gate that is forced HIGH.

CAUTION: Do not connect an unused LSTTL input to another input of the same NAND or AND function.
This method, recommended for normal TTL, increases the input coupling capacitance and thus reduces
the ac noise immunity.

INTERCONNECTION DELAYS. For those parts of a system in which timing is critical, designers should
take into account the finite delay along the interconnections. These range from about 0.12t0 0.15 ns/inch
for the type of interconnections normally used in TTL systems. Exceptions occur in systems using ground
planes with STTL to reduce ground noise during a logic transition; ground planes give higher distributed
capacitance and delays of about 0.15 to 0.22 ns/inch.

Most interconnections on a logic board are short enough that the wiring and load capacitance can be
treated as a lumped capacitance for purposes of estimating their effect on the propagation delay of the
.driving circuit. When an interconnection is long enough that its delay is one-fourth to one-half of the signal
transition time, the driver output waveform exhibits noticeable slope changes during a transition. This is
evidence that during the initial portion of the output voltage transition the driver sees the characteristic
impedance of the interconnection (normally 150 (2 to 200 1), which for transient conditions appears as a
resistor returned to the quiescent voltage existing just before the beginning of the transition. This
characteristic impedance forms a voltage divider with the driver output impedance, tending to produce a
signal transition having the same rise or fall time as in the no-load condition but with a reduced amplitude.
This attenuated signal travels to the far end of the interconnection, which is essentially an unterminated
transmission line, where upon the signal starts doubling. Simultaneously, a reflection voltage is generated
which has the same amplitude and polarity as the original signal, e.g., if the driver output signal is
positive-going the reflection will be positive-going, and as ittravels back toward the driver it adds to the line
voltage. At the instant the reflection arrives at the driver it adds algebraically to the still-rising driver output,
accelerating the transition rate and producing the noticeable change in slope.
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If an interconnection is of such length that its delay is longer than half the signal transition time, the
attenuated output of the driver has time to reach substantial completion before the reflection arrives. Inthe
limit, the waveform observed at the driver output is a 2- step signal with a pedestal. In this circumstance the
first load circuit to receive a full signalis the one at the far end, because of the doubling effect, while the last '
one to receive a full signal is the one nearest the driver since it must wait for the reflection to complete the
transition. Thus, in a worst-case situation, the net contribution to the overall delay is twice the delay of the
interconnection because the initial part of the signal must travel to the far end of the line and the reflection
must return. ‘

When load circuits are distributed along an interconnection, the input capacitance of each will cause a
small reflection having a polarity opposite that of the signal transition, and each capacitance also slows the
transition rate of the signal as it passes by. The series of small reflections, arriving back at the driver, is
subtractive and has the effect of reducing the apparent amplitude of the signal. The successive slowing of
the transition rate of the transmitted signal means that it takes longer for the signal to rise or fall to the
threshold level of any particular load circuit. A rough but workable approach is to treat the load capaci-
tances as an increase in the intrinsic distributed capacitance of the interconnection. Increasing the
distributed capacitance of a transmission line reduces its impedance and increases its delay. A good
approximation for ordinary TTL interconnections is. that distributed load capacitance decreases the
characteristic impedance by about one-third and increases the delay by one-half.

Another advantage of LSTTL has to do with its output impedance during a positive-going transition.
Whereas the low output impedance of STTL and HTTL allows these circuits to force a larger initial swing
into a low impedance intérconnection, the low output impedance also has a disadvantage. It makes the
reflection coefficient negative at the driven end of the interconnection, a circumstance that exists any time
a transmission line is terminated by an impedance lower than its characteristic impadance. This means
that when the reflection from the (essentially) open end of the interconnection arrives back at the driver it
will be re-reflected with the opposite polarity. The result is a sequence of reflected signals which alternate
in sign and decrease in magnitude, commonly known as ringing. The lower the driver output impedance,
the greater the amplitude of the ringing and the longer it takes to damp out.

The output impedance of LSTTL, on the other hand, is closer to the characteristic impedance of the
interconnections commonly used with TTL, and ringing is practically non-existent. Thus no special
packaging is required. This advantage, combined with excellent speed, modest edge rates and very low
transient currents, are some of the reasons that designers have found LSTTL extremely easy to work with
and very cost effective. '

DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATABOOK

CURRENTS — Positive current is defined as conventional current flow into a device. Negative current is
defined as conventional current flow out of a device. All current limits are specified as absolute values.

lcc Supply current - The current flowing into the Ve supply terminal of a circuit
with the specified input conditions and the outputs open. When' not specified,
input conditions are chosen to guarantee worst case operation.

hH Input HIGH current — The current flowing into an input when a specified HIGH
voltage is applied.

e Input LOW current — The current flowing out of an input when a specified LOW
voltage is applied.
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DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATABOOK (Cont'd)

lon ' Output HIGH current — The leakage current flowing into a turned off open
collector output with a specified HIGH output voltage applied. For devices with a
pull-up circuit, the lgy is the current flowing out of an output which is in the

HIGH state.

lou Output LOW current — The current flowing into an output which is in the LOW
state. :

los Output short-circuit current — The current flowing out of an output which is in
the HIGH state when that output is short circuit to ground (or other specified
potential).

lozn Output off current HIGH — The current flowing into a disabled 3-state output with

a specified HIGH output voltage applied.

lozL Output off current LOW — The current flowing out of a disabled 3-state output with
a specified LOW output voltage applied.

VOLTAGES - All voltages are referenced to ground. Negative voltage limits are specified as absolute
values (i.e., —10 V is greater than —1.0 V). )

Vee Supply voltage — The range of power supply voltage over which the device is
guaranteed to operate within the specified limits.

Vep(max) Input clamp diode voltage — The most negative voltage at an input when 18 mA is
forced out of that input terminal. This parameter guarantees the integrity of the
input diode which is intended to clamp negative ringing at the input terminal.

Vin Input HIGH voltage ~ The range of input voltages that represents a logic HIGH in
the system.
Vinming Minimum input HIGH voltage — The minimum allowed input HIGH in a logic

system. This value represents. the guaranteed input HIGH threshold for the device.

ViL Input LOW voltage — The range of input voltages that represents a logic LOW in
the system.
ViLimax) Maximum input LOW voltage — The maximum allowed input LOW in a system.

This value represents the guaranteed.input LOW threshold for the device.

VoOHMIN) Output HIGH voltage — The minimum voltage at an output terminal for the
specified output current lgy and at the minimum value of V¢c.

VoLMax) Output LOW Voltage — The maximum voltage at an output terminal sinking the
maximum specified load current lg, .

Vri Positive-going threshold voltage — The input voltage of a variable threshold device
E (.e., Schmitt Trigger) that is interpreted as a V,y as the .input transition rises from
below VT—(M'N)-

Vy_ . Negative-going threshold voltage — The input voltage of a variable threshoid
device (i.e., Schmitt Trigger) that is interpreted as a V,_ as the input transition
falls from above Vy i max)-
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DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATABOOK (Cont'd)

AC SWITCHING PARAMETERS

fmax

tpLH

tpHL

tw

tphz

tpLz

tpzn

tezL

trec

Toggle frequenéyloperating frequency — The maximum rate at which clock
pulses may be applied to a sequential circuit. Above this frequency the device may
cease to function.

Propagation delay time — The time between the specified reference points, normally
1.3 V on the input and output voltage waveforms, ‘with the output changing from
the defined LOW level to the defined HIGH level.

Propagation delay time — The time between the specified reference points, normally
1.3 V on the input and output voltage waveforms, with the output changing from
the defined HIGH level to the defined LOW level.

Pulse width — The time between 1.3 V amplitude points on the leading and trailing
edges of a pulse.

Hold time — The interval immediately following the active transition of the timing
pulse (usually the clock pulse) or following the transition of the control input t6 its
latching level, during which interval the data to be recognized must be maintained
at the input to ensure its continued recognition. A negative hold time indicates
that the correct logic level may be released prior to the active transition of the
timing pulse and still be recognized.

Set-up time — The interval immediately preceding the active transition of the timing
pulse (usually the clock pulse) or preceding the transition of the control input to
its latching level, during which interval the data to be recognized must be main-
tained at the input to ensure its recognition. A negative set-up time indicates that
the correct logic level may be initiated sometime after the active transition of the
timing pulse and still be recognized.

Output disable time (of a 3-state output) from HIGH level — The time between
the 1.3 V level on the input and a voltage 0.5 V below the steady state output HIGH
level with the 3-state output changing from the defined HIGH level to a high-
impedance (off) state.

Output disable time (of a 3-state output) from LOW level — The time between the
1.3 V level on the input and a voltage 0.5 V above the steady state output LOW
level with the 3-state output changing from the defined LOW level to a high-
impedance (off) state.

Output enable time (of a 3-state output) to a HIGH level — The time between the
1.3 V levels of the input and output voltage waveforms with the 3-state output
changing from a high-impedance (off) state to a HIGH level.

Output enable time (of a 3-state output) to a LOW level — The time between the
1.3 V-levels of the input and output voltage waveforms with the 3-state output
changing from a high-impedance (off) state to a LOW level.

Recovery time — The time between the 1.3 V level on the trailing edge of an asyn-
chronous input control pulse and the 1.3 V level on a synchronous input (clock)
pulse such that the device will respond to the synchronous input.
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SSI SELECTOR AND REPLACEMENT GUIDE

Low Power Std. TTL High Speed High Speed
Schottky 54/74 54H/74H Schottky
Function 5 ns/2‘mw 10 ns/10 mW 6 ns/22 mW 3 ns/19 mW
NAND Gates
Hex. Inverters 54LS/74.S04 54/7404 54H/74H04 545/74504
Hex Inverters ‘
©.c) 54L.S/74LS05 54/7405 54H/74H05 545/74505
Hex Schmitt 54LS/74LS14 54/7414
Trigger :
Quad 2-Input 54LS/74LS00 54/7400 54H/74H00 545/74500
g“id) 2-Input 54L.S/74LS01 54/7401 54H/74HO1
(C(”“id)z""p“‘ 54LS/74LS03 54/7403 545/74503.
Quad 2-input ‘
(48 mA) 54LS/74LS37 54/7437
Quad 2-Input
.0 48 mA) 54L.S/74LS38 54/7438
Quad 2-Input
o o5 v 54L.S/74L526
Quad 2-Input 54LS/74LS132 54/74132 545/745132
Schmitt
Triple 3-Input 541.8/74LS12 54/7412
(0. c.) .
Triple 3-Input 54LS/74LS10 54/7410 54H/74H10 545/74S510
Dual 4-Input 54LS/74LS13 54/7413
Schmitt
Dual 4-Input 54L.S/74LS20 54/7420 54H/74H20 545/74520
2,”1' )4 -Input 54LS/74L522 54/7422 54H/74H22 545/74522
Dual d-input 54LS/74LS40 54/7440 54H/74H40 548/74540
8-Input 54LS/74LS30 54/7430 54H/74H30 545/74S30
13-Input 54LS/74L5133 545/745133
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SS| SELECTOR AND REPLACEMENT GUIDE

Low Power

Std. TTL High Speed High Speed
Schottky 54/74 54H/74H Schottky
Function 5 ns/2 mW 10 ns/10 mW 6 ns/22 mW 3 ns/19 mW
NOR Gates
Quad 2-Input 54L.S/74LS02 54/7402 545/74502
Quad 2-Input 541.5/74L528
Buffer
Quad 2-input 54L8/74LS33
(0. c.)
Triple 3-Input 54L.8/74LS27 54/7427
Dual 5-Input 54L.S/74LS260 ' 545/74S260
AND Gates
Quad 2-Input 54L.5/74LS08 54/7408 54H/74H08 545/74S08
g“i") 2-Input 54LS/74LS09 54/7409 54H/74H09 545/74509
Triple 3-Input 54LS/74LS11 54/7411 54H/74H11 545/74S11
g"’:’) 8-Input 54L8/74LS15 54H/74H15 545/74S15
Dual 4-Input 541.5/74L521 54/7421 54H/74H21 545/74521
OR Gates
Dual 2-Input 54L.5/74LS32 54/7432 545/74532
Exclusive OR Gate ‘
Quad 2-Input 54LS/74LS86 54/7486 545/74586
Quad 2-Input 54L.S/74LS386
Quad 2:Input 54L.8/74L5136
(0. ¢)
Exclusive NOR Gate
g”id) 2-input 54L5/74L5266 9386 (8242)
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SSI SELECTOR AND REPLACEMENT GUIDE

Low Power Std. TTL High Speed High Speed
Schottky 54/74 54H/74H " Schottky
Function 5 ns/2 mW 10 ns/10 mW 6 ns/22 mW 3 ns/19 mW
AND-OR-INVERT GATES
Dual 2-2-Input 541.S/74LS51 54/7451 54H/74H51 545/74S51
2-2-3-3-Input 541.S/74LS54 —_— —_ —
4-4-input 541.S/74LS55 — — —
BUFFERS (3-STATE) — — —
Quad 3-State LOW Enable | 54[.S/74LS125A 54/74125 - -
Quad 3-State
HIGH Enable 54LS/74LS126A 54/74126 — —_
Hex Buffer
3-State 54L.S/74LS365A — _— —
Common Enable
Hex Inverting
3-State 54L.S/74LS366A — — —
Common Enable :
Hex Buffer
4-Bit & 2-Bit 541.S/74LS367A — —_
Hex Inverting _ _ .
4 Bit-&-2 Bit 541.S/74LS368A




SSI SELECTOR AND REPLACEMENT GUIDE

Low Power Std. TTL High Speed High Speed
Schottky 54/74 S54H/74H Schottky
Function 5 ns/2 mW 10 ns/10 mW 6 n8/22 mW 3 ns/19 mW
DUAL FLIP-FLOPS
Dual JK ' (54LS/74LS73)A (54/7473) 54H/74H73
Dual JK 54L.S/74LS76A 54/7476 54H/74H76
Dual JK 54LS/74LS78A 54H/74H78
Dual JK 54L.S/74LS107A 54/74107 :
Dual JK 54L.S/74LS109A 9024 54S/74S109
Dual JK - 54L.S/74LS112A | 54S/745112
Dual JK 54L.S/74LS113A 548574S113
Dual JK 54LS/74LS114A , 54S/74S114
Dual D 541.S/74LS74A 54/7474 54H/T4HT74 54S/74574
MONOSTABLE MULTIVIBRATORS WITH SCHMITT-TRIGGER INPUTS
Description Device No. No. of Inputs Output T\./p.‘ Poyver
Positive | Negative Pulse Range Dissipation
Dual 5415/74L5221 1 1 20ns-70's 23 mwW
RETRlGGERABLE MONOSTABLE MULTIVIBRATORS
+ Description Device No. fro: 2f Inpes p OQutput Ty.p.‘ Povyer
» Positive | Negative ulse Range Dissipation
Single 74L§/54LS122 2 2 45 ns-o0 30 mwW
Dual 741.S/54L.5123 1 1 45 ns-00 60 mw




MSI SELECTOR GUIDE BY FUNCTION

Counters

A= Asynchronous S = Synchronous
- c
o ° .5 % E“a 2
5 g g 13 |€e|32| &g
2 2 - c x > ~ ® >
T w 5 - ] SZ | oe HES
(3] ° ] ~ -] < =
[ - o = - - N ] (=] ;
2 > ® OZXI < =
[T w = - % S s E
© . x & x @
o & | 8| 87 |88 | 3
o = 5 S
Asynchronous 541.S/74LS90 2x5 1T 50 33 45
Asynchronous 54L.S/74L.592 - 2x6 L 50 33 45
Asynchronous 541L.S/741.S93 2x8 e 50 46 45
Asynchronous 54L.S/74L.S196 2x5 A L 60 48 60
Asynchronous 54L.S/74L.S197 2x8 A T 70 60 60
Asynchronous 541.S/74L.S220 2x5 T 50 10 45
Asynchronous 54L.8/74L.S293 2x8 L 50 10 45
2x5 .
Asynchronous 54L.S/74LS390 2%5 _l_ 50 10 100
2x8
Asynchronous 54LS/74L.5393 28" 1 50 10 100
Asynchronous 54L.S/741.S490 gig _L 50 6 100
Synch : 54L.S/74LS160A 10 S 15 95
ynchronous Presettable _r 45 -
Synchronous | 54LS/74LS161A ® s || s | 15 | e
ynehronou Presettable
Synch 54LS/74LS162'A 10 S 45 15 95
ynchronous Presettable -[_
Synchr 54LS/74LS163A 16 s | | o | 15 | o
Y onous = Presettable
10
Up/Down 54LS/74L5168 Presettable s | 32 15 100
’ 16
Up/Down 54L.5/74L5169 Presettable | S | 3 15 100
Up/Down 54L.S/74LS190 10 A I 40 20 90
Up/Down ’54LS/74LS191 16 A I 40 20 90
Up/Down 54L.S/74L.S192 10 A I 40 30 85
Up/Down 54L.S/74LS193 16 A I 40 30 85
Up/Down 541.S/741.5568 S I 35 147
Up/Down 54LS/74L.S569 S I 35 147




MSI SELECTOR GUIDE BY FUNCTION

ARITHMETIC OPERATORS
(CLA = Carry Lookahead)
: —
g2
g | __ |8z
Function Device No. Description o 82 [sE
o & 'g o
3 - 1
$ |77 |k
|
Adder 54L.S/74LS83A Full Binary 4-Bit w/Carry 4 15 95
Adder 541L.S/741.5283 Full Binary 4-Bit w/Carry 4 15 95
Arithmetic Logic Unit 541L.S/74L.5181 ALU with External CLA 4 20 105
Carry Lookahead Generator 54L5/74L.5182 Carry Lookahead — — -
COMPARATORS
e . . . Typical Total
Description Device No. Typical Compare Time Power Dissipation
4-Bit Magnitude 54L5/74L585 23.5ns 52 mwW
Comparator
RANDOM-ACCESS READ-WﬁITE MEMORIES
. Typical Add
Description Device No. Type of Output Organization YD'C:_imo ress
64 Bit Array 541L.S/741.589 o.c. 16 x4
64 Bit Array 541.5/74LS189 3-State 16 x 4
64 Bit Array 54L.5/74L.5289 o.c. 16 x4
CLOCK GENERATOR CIRCUITS
Description Device No. Typical Power Dissipation
Dual VCO with Enable ' 54LS5/74LS124 90 mw
Dual Voltage Controlled Osc. with Enable 541L.5/74L5326 90 mw
Dual VCO - 54LS/74LS325 150 mw
Dual VCO 54L5/74L8327 150 mw
Voltage Controlled Osc. with Enable 541.5/74L.5324 90 mw

PARITY GENERATOR/CHECKER

Description

Device No.

Typical Time Delay

Typical Power
Dissipation

9-Bit Odd/Even Parity -
Generator/Checker

541.S/74L5280

31 ns

80 mwW
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MSI SELECTOR GUIDE BY FUNCTION

DECODER/DEMULTIPLEXERS
Unit Load (UL) = 40 uA HIGH/1.6 mA LOW
: - n o~ -
i | f HHEHEEITIEE
£ 9 9 £ £ S 2
g 'g > g 2 2 g
5 £ 8 z
- & 2 E €
3 | < < 3 i 4
<
Dual 1-of-4 54L.S/74L.S139 2+2 1+1 4+4 — 22 19 34 5
Dual 1-of-4 54L.S/74LS155 2 2+2 4+4 —_ 18 15 30 5
Dual 1-of-4 54LS/74L.S156 2 2+2 4+4 55V 33 26 31 5
Dual 1-of-4 541.8/74L5256 2+2 1 4+4 —_ 30 19 60 5
BCD to
7-Segment 54L.S/74LS47 4 —_ 7 15V 50 — 35 15
BCD to
7-Segment 54LS/74LS48 4 —_ 7 55V 50 — 125 4
BCD to
7-Segment 54L§ﬂ4LS49 4 — 7 55V 50 40 5
BCD to
7-Segment 54L.5/74L5247 4 — 7 15V 50 — 35 15
D t
?—%egr:ent 54LS/74L.S5248 4 —_ 7 55V 50 —_— 125 4
75_‘_229'; ont s4LS/7aLS249 | 4 — s5v | 50 | — | a0 5
1-0f-8 54L.5/74L.5259 3 1 8 -_ 30 19 60 5
1-of-8 541.S/74L.S42 3 1 8 — 17 17 35 5
1-0f-8 54LS5/74L.5138 3 3 8 _— 22 21 34 5
1-0f-10 54L.5/74LS42 | 4(BCD) —_ 10 —_— 17 — 35 5
OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS
L. . ) Off-State Typical Power
Description Device No. Output Sink Current Output Voltage Dissipation
BCD to Decimal
Decoder/Driver 54L5/741L.5145 12-80 mA 15V 35 mw
BCD to Seven 54L5/74L547 12-24 mA 15V /MW
Segment
. 54L5/74L.548 26mA 55V 1256 mW
Decoder/Driver
54LS/741L.5247 12-24 mA 15V 35 mW
54L5/74L5248 26mA 55V 125 mwW
54L.5/741L.549 48 mA 55V 40 mW
54LS/74L.S249 48 mA 55 V 40 mW




MSI SELECTOR GUIDE BY FUNCTION

LATCHES AND FLIP-FLOPS
Unit Load (UL) = 40 A HIGH/1.6 mA LOW

< £ (<] €
_ : - | 2% | .| & |3
° 2 5 E g E 8 g :% a F]
c z a § o< &~ Qa °_ 68
2 8 E g s :‘.T % : 3 % : 2g 2
g H g | & g2 g8 | 23 | 27 | &=
o o a o s 02 @ o o?d cE
4-Bit RS Latch 541.S/74L.S279 4x(RS) — e —_ 14 19
4-Bit D Latch 54LS/74LS75 4xD - 2(L) 10 15 15 32
4-8it D Latch 541S/74LS77 4xD - 2(L) 10 15 15 32
4-Bit D Latch 54LS/741.S197 4xD L 1(L) 20 28 24 60
4-Bit D Latch 54LS/74LS375 4xD - 2(L) 10 15 15 32
8-Bit D Latch 541.5/74LS373 8xD - 1(H) 10 14 10 120
8-Bit D Latch 54LS/74LS573 8xD - - 1(H) 10 14 10 120
2:::‘:5-586“”6 Latch S4Ls[74LS256 xD L 2 Ali(cl;)Bits " 18 28 70
Do Addressable | gaisrasese | 1m0 | L AT 1 18 28 70
4-Bit D Flip-Flop 54LS/74LS175 4xD L () 20 21 - 55
4-Bit D Flip-Flop 54LS/74L.S298 4x2 - (L) 20 20 - 65
4-Bit D Flip-Flop 54LS/74LS174 6 L W) 20 21 - 80
4x4 Register File 54LS/74LS170 4xD - 2 25 —_ 26 125
g_“sggis“” File | 541 5/7418670 a0 | — 2 25 — 24 150 -
Quad D Flip-Flop 54L.5/74LS379 4xD —_ 1) 20 21 - -
Hex D Flip-Flop 54LS/741.S378 6xD — 1) 20 21 - -
" Octal D Flip-Flop 54L8/74LS377 8xD — 1(J) 20 21 - -
Octal D Flip-Flop 54L.S/74LS273 3xD L () 15 17 - 85
Octal D Flip-Flop 54L.S/74LS374 8xD - 1(T) 12 22 - 135
Octal D Flip-Flop 541.5/74LS574 8xD - (1) 12 22 - 135
MICROPROCESSOR SUPPORT FUNCTIONS
Description Device No. Typical Power Dissipation Output
v Transceivers and Bus Drivers 541L.S/74LS240 98 mW Inverting 3-State
541L.S/741.5241 100 mW Non-Inverting 3-State
54LS/741.5242 128 mW Inverting 3-State
54L.5/74L5243 128 mwW Non-Inverting 3-State
541L.5/741L.5244 100 mW Non-Inverting 3-State
541.5/741.5245 207 mW Non-inverting 3-State
541.5/741L.5540 98 mw Inverting 3-State
54LS/741L.8541 100 mW Non-inverting 3-State
541.5/741L.5640 Inverting 3-State
54L.S/741L.5642 Non-Inverting 3-State
54L.S/74L5641 Non-inverting 3-State
54LS/741L.S645 Non-Inverting 3-State




MSI SELECTOR GUIDE BY FUNCTION

MULTIPLEXERS
Unit Load (UL) = 40 A HIGH/1.6 mA LOW
- = 3
. 3 3 = E > 3 I
H g £ ‘g" g 3 8 % P € 2
= ® a3 o 2 . oy - Qo S -
g 9 ga g 3 s S -y > £ ]
2 3 w € ] ES g | 32 | e2 | . & <
[ @ 4 o 3 o % L d ® @ =~ &
o - (SN e} ®nc Iﬁ 2 oc 3_2 3 S
anE | “
Quad 2-Input 54LS/74L.S157 1 X - 18 14 9 49 5
Quad 2-Input 54LS/74L.S158 1 — X 16 12 7 24 5
Quad 2-Input 54L.S/74LS257A 1 3-State - 14 16 12 50 5
Quad 2-Input 54LS/74LS258A 1 - 3-State 12 16 10 35 5
Clocked X
‘Ouad 2-Input 54L.S/741.S298 (edge-trigger) Latched —_ — 20 — 65 5
Clocked X X
Quad 2-Input 54LS/74LS398 (edge-trigger) Latched Latched -— 20 -— 37 5
Clocked X
Quad 2-Input 54LS/74LS399 (edge-trigger) Latched — — 20 — 37 5
Dual 4-Input 54LS/74LS153 2 x — 18 16 10 31 5
Dual 4-Input 54L.S/74L.S253 2 3-State — 18 16 10 43 5
Dual 4-Input 541.5/74L5352 2 —_— x 17 15 8 30 5
Dual 4-Input 541.S/74L.S353 2 —_— 3-State 20 12 10 43 5
8-Input 54LS/74LS151 1 X X 28 25 18 30 5
8-Input 541.S/74LS251 1 3-State 3-State 29 21 18 33 5
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MSIi SELECTOR GUIDE BY FUNCTION

REGISTERS
A = Asynchronous, 8= Synchronous
: E—~J
5 35| 1
foF -] & gv 3
. ® E
] Iy € o = 2 g
H z é & “s :!: g ; 8 >
3 i 3 F | id L
> : = i
2 & 2 3 & ] o
Parallel-In/Parallel-out
Shift Right 54L.S/74LS95B 4 D 4S L 36 20 65
Paraliel-in/Parallel-out
Shitt Right 54LS/74LS195A 4 J, K 4s I 39 17 70
Parallel-in/Parallel-out
Shift Right 54L.5/74LS295A 4 D 4s I 28 40 75
Parallel-in/Parallel-out —
Shift Right 541.S/74LS395A 4 D 4S 45 20, 95
Parallel-in/Parallel-out DR,
8i-Directional 54LS/74LS194A | 4 oL 48 I 36 16 75
Parallel-in/Parallel-out
Bi-Directional 54L.5/74L.5299 8 D 8s » I 40 15 175
Parallel-in/Parallel-out X
Bi-Directional 541L.S/741.S323 8 D 8S I 40 15 175
Serial-in/Parallel-out 54L.5/74LS164 8 2D — 1 18 50 95
Serial-in/Parallel-out 541.S/74L.S502 8 D —_— I 25 18 325
Parallel-in/Parallel-out 541.8/74L.8174 6 - 6S I 40 21 65
Parallel-in/Parallel-out 54LS/74LS175 4 —_ 4S8 I 40 21 45
Parallel-in/Parallel-out 541.S/74L.S298 4 — JSX T 30 21 65
Parallel-in/Parallel-out 54L.5/74LS273 8 — 8S I 45 18 85
Parallel-in/Parallel-out 54L.8/741.S374 8 _ 8S I 55 20 135
Parallel-in/Parallel-out 54L.S/74LS377 8 - 8S I 45 18 85
Parallel-in/Parallel-out 54L8/74LS378 6 — 6S A 45 20 65
Parallel-in/Parallel-out 54LS/74L8379 4 — 4S I 45 15 75
Parallel-in/Parallel-out 54L.S/74L.S398 4 - I\:L?X v I 35 20 37
Parallel-in/Parallel-out 541.S/74LS399 4 _ le.[J)X _I 35 20 37
Parallel-in/Parallel-out 541.S/74L.S574 8 - 8S g 55 20 135
Multiport Registers 54LS/74L.S170 16 - 4A L -_ 25 125
Multiport Registers 541,S/74LS670 16 —_ 4A T —_ 30 150
Successive Approximation » — X
Register A 54L.8/74L.S502 . 8 D I 25 18 325
Parallel-in/Serial-out 54L.5/74L.S165 8 D — —_ 35 —_ 105
OTHER REGISTERS
D-Register saLs/7aLs17a | 4 | — | — — 50 —_ 85
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. SN54L.S00/SN74L.S00

QUAD 2-INPUT NAND GATE

Vec

minioinininio

D)

LG L

GND

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE .
PART NUMBERS “RATURE
N ™~F YY", TEMPERATURE
SN54LS00X 45 V 50V 55 Vv 55“C'to 125°C
SN74LS00X 475V 50V 525V 0¢C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging | nformation Section for packages avaitable on this product

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
'SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1)
S (o] IN v VIAX ST CONDITIONS (Note
ViH Input HIGH Voltage 20 \ " Guaranieed Input HIGH Voltage
‘ 54 0.7 :
ViL Input LOW Voltage 72 08 \% Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage -0.65 -1.5 v o Vee = MIN, iy 18 mA
54 25 34 )
VoH Qutput HIGH Voltage 74 37 34 \% Vee " MIN gy = ~400 pA, Vi VL
0.25 0.4 \% Vee @ MIN, | = 40mA, V)~ 20V
VoL QOutput LOW Voltage 54,74 cC oL m IN
74 0.35 0.5 Vv Vee “MIN g = 80mA, Vi 20V
1.0 20 A Vee " MAX, Viy 7 27V
in Input HIGH Current H cC IN
01 mA Vee - MAX, Vi = 10V
i Input LOW Current . -0.4 mA Vee MAX, V04V
QOutput Short Circuit
|05 Current (Note 3) 15 100 mA VCC MAX, Vourt ov
lccH Supply Current HIGH 0.8 16 mA Vee MAX vy OV
lceL Supply Current LOW 2'4 4.4 mA Vee - MAX, lnpuls'Open

AC CHARACTERISTICS: Ta = 25°C (See Chapter 1 for Waveforms)

SYmsOL PARAMETER MIN le:s VAR UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output ‘ 5.0 10 ns | Ve 50V

tpHL Turn On Delay, Input to Output 50 10 ns 15 pF
NOTES:

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

device type,
2. Typical limits are at Ve = 5.0V, Ta = 25°C.
3. Not more than one output should be shorted at a time.




SN54L.S01/SN74LS01

QUAD 2-INPUT NAND GATE

ninininioioio

* *

D . :

L L L) L B LT L

GND
*OPEN COLLECTOR OUTPUTS
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS N v TIAX TEMPERATURE
SN54LS01X 45 Vv 50V 55 V ~55°C to 125°C
SN74LS01X 475V 50V 5.25 V 0°C to 70°C

X = package type; W for F‘Iatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS ‘
T. TEST NDITI! N 1
SymsoL PARAMETER MIN TYp MAX UNITS ST CONDITIONS (Note 1)
VIH Input HIGH Voltage 20 v Guaranteed Input HIGH Voitage -
) 54 0.7
Vi Input LOW Voltage 74 08 \" Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage —-0.65 -1.5 v ) Vec = MIN, [y = -18 mA
lon Qutput HIGH Currem 100 HA Ve = MIN, VOH =10V, Vjy =V
54,74 . 0.25 0.4 Vv Vee =MIN, Ig =40mA, V=20V
V t LOW Vol 4 . cC - OL * VIN
oL Output LOW Voltage 74 035 | 05 V[ Ve =MIN, g, =80 mA, Vjy=20V
1.0 20 UA Voo = MAX, Vi =27V
| t HIGH
H Input HIGH Current k| A Voo S MAX Vjy = 10V
W Input LOW Current -04 mA Ve = MAX, V) =04V
IcCH Supply Current HIGH : 0.8 16 mA Voo = MAX, Vg =0V
lccL Supply Current LOW 24 4.4 mA Vee = MAX, Inputs Open

AC CHARACTERISTICS: Ty = 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER MIN ngs MAX UNITS TEST CONDITIONS

tpLH Turn Off Delay, Input to Output 14 22 ns Ve =50V

tpHL Turn On Delay, input to Output 10 18 ‘ ns C_=15pF, R =2.0kQ
NOTES: : .

1. :;)vricceo'r:’d‘;;i.ons shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

. 2. Typical limits are at Voc = 5.0 V, Ta = 25°C.




SN54LS02/SN741L.502

QUAD 2-INPUT NOR GATE

Vee

oinioinioioin

i
I

L] Ll L] L]

GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
TEMPERAT
PART NUMBERS PYITeE P MAK URE
SN54LS02X 45 v 50V 55 V —565°C to 125°C
SN74LS02X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastié Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
PARA

SYMBOL 'ARAMETER N TP MAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 20 \ Guaranteed Input HIGH Voltage

54 0.7
ViL Input LOW Voltage = X v Guaranteed Input LOW Voltage
Nep Input Clamp Diode Voltage -0.65 -15 \ Vee = MIN, iy = —18 mA

v 54 2.5 34 _ - -

VoH Output HIGH Voltage 74 27 34 v Ve = MIN, gy = —400 A, Viy = V)

54,74 . . = , =4, . =2,
VoL Output LOW Voltage 0.25 0.4 v Vee =MIN, g =4.0mA, Viy =20V

74 | 035 0.5 \ Ve =MIN, I = 8.0 mA, Vi =20V

1, = =
(" Input HIGH Current 0 20 HA Vog SMAX Viy = 2.7 V
0.1 mA Vee = MAX, vy =10V
CC IN

I Input LOW Current -0.4 mA Vee = MAX, vy =04 V
. Output Short Circuit - ' _ _
os Current (Note 3) -15 00 mA VCC = MAX, VOUT =0V
lccH Supply Current HIGH 1.6 3.2 mA Voo = MAX, Viy =0V
lccL Supply Current LOW 24 5.4 mA Vec = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX

tpLH Turn Off Delay, Input to Qutput 5.0 10 ) ns Ve =50V

tpHL Turn On Delay, Input to Output \ 50 10 ns C_=15pF

NOTES:

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

2. Typical limits are at Voc = 5.0 V, Tp = 25°C.

3. Not more than one output should be shorted at a time.
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SN541L.S03/SN74L.S03

QUAD 2-INPUT NAND GATE

Vee

minEninin

1 [ [7]
, of Lo

TILTCI LT T O

. *OPEN COLLECTOR OUTPUTS
GUARANTEED OPERATING RANGES

PART NUMBERS SUPPLY VOLTAGE TEMPERATURE
MIN TYP MAX

SN54LS03X 45 Vv 50V 55 V =55°C to 125°C

SN74LS03X ’ 475V 50V . 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER NIT TEST | 1
0 iN v T max | UNITS EST CONDITIONS (Note 1)
VIH Input HIGH Voltage 20 \ Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 74 08 \" Guaranteed Input LOW Voltage
Vep Input Clamp Diode Voltage -0.65 -15 \ Vee = MIN, )y = ~18 mA
loH Output HIGH Current 100 uA Vee = MIN, Vo = 5.5V, Viy = V),
54,74 : ] = MIN, I = 4. ] =2
VoL Output LOW Voltage 0.25 04 Y Ve = MIN, 1. OmA, Vi =20V
74 035 05 v Ve = MIN, I, =80 mA, V) =20V
1.0 20 uA V, =MAX, V=27V
| Input HIGH t CC IN
IH nput HIGH Curren o1 mA | Voo = MAX, Vi = 10V
CcC IN
i Input LOW Current -04 mA Vee = MAX, vy =04V
ICCH Supply Current HIGH 0.8 1.6 mA VCC = MAX, VIN =0V
lccL Supply Current LOW 24 4.4 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 256°C  (See Chapter 1 for Waveforms)

LIMITS ‘
UNITS 0 DITION
SYMBOL PARAMETER MIN v MAX TEAST CON ONS
tpLH Turn Off Delay, Input to Output 14 22 ns V(EC =50V
tpHL Turn On Delay, Input to Output i 10 18 ns C_ =15 pF, R =20kQ

NOTES:

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

2. Typical limits are at Vo = 5.0 V, Ta =.25°C.




SN54LS04/SN74L.S04

HEX INVERTER
Vee
pinininioioio

:)-[>°-*[>°--l>°-
Do D

CF LGl L ) L]

GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS TEMPERATUR
MIN . TYP MAX EMPERATURE
SN54L504X 45 Vv 50V 55 V ~55°C to 125°C
SN74LS04X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product,

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
R - NITS TEST CONDITIONS (Note 1
SIYMBOL PARAMETE MiN P MAX U ( )
Vig Inbut HIGH Voltage ' 20 v Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage \ Guaranteed Input LOW Voltage
74 0.8
Veo Input Clamp Diode Voltage ~0.65 -15 \ Vee = MIN, iy = ~18 mA
54 25 3.4 .
VoH Output HIGH Voitage 7a 7 34 \% Vee = MIN, Igy = ~400 pA, V) = V)
v o LOW Vot 54,74 10.25 0.4 v Vg = MIN, Ig = 40 mA, Vi = 2.0V
oL utput olage 74 ~ 035 | 05 v Voo = MIN, i, = B0 mA, Vjy =20V
1.0 20 s Vee = MAX, Vjy = 2.7V
{179 Input HIGH Current . o1 — VCC WA Vin = 0V
e Input LOW Current -04' mA Vee = MAX, Vi = 0.4 V.
Output Short Circuit .
-1 - = MAX, V, =0V
los Current (Note 3) 18 100 mA Vee=M out
lccH Supply Current HIGH 1.2 2.4 mA Vee = MAX, Vyy =0V
lccL Supply Current LOW 36 6.6 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

LIMITS -
BOL
SYMBO PARAMETER IN P MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 5.0 10 ns Ve =50V
tpHL Turn On Delay, Input to Output 5.0 10 ns C = 15pF

NOTES:

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

2. Typical limits are at Voc = 5.0V, Ta = 25°C. .

3. Not more than one output should be shorted at a time. !
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SN54L.S05/SN74LS05

HEX INVERTER

Vee

iminininioioio
> Dol Lo o
Do Do

* * *

LGB Ly B L L

GND

*OPEN COLLECTOR OUTPUTS
GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS RA
umB N ~F T MAX TEMPERATURE
SN54LS05X 45 V 50V 55 V ~565°C to 125°C
SN74LS05X ) 475 v . 50V 525V 0°C to 70°C

X = package type, W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging I nformation Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER IN L‘M,gi AR UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 20 ’ \Y Guaranteed Input HIGH Voltage
ViL Input LOW Voltage 54 - 07 \Y Guaranteed Input LOW Voltage
74 0.8 :
Vep Input Clamp Diode Voltage --0.65 -15 \% Vee = MIN, Iy = ~18 mA
loH Output HIGH Current 100 UA Vee © MIN, Vo = 8.5V, V)y = V)
D TR 2 T T 7S T e
" Input HIGH Current 0 02? :12 zgz - mii x:: - f:\)’
e Input LOW Current -04 mA Vee = MAX, Viy =04V
ICCH Supply Current HIGH 1.2 24 mA VCC = MAX, VlN =0V
lceL Supply Current LOW ) 36 6.6 mA Vce = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

LIMIT! N
SYMBOL PARAMETER N TYPS AR UNITS TEST CONDITIONS
tpLH ' Turn Off Delay, input to Output 14 22 ns Vee = 5.0V
R B
tpHL Turn On Delay, Input to Output 10 18 ns C_ = 15pF, R_=20kQ

NOTES:

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

2. Typical limits are at Vo = 5.0 V, Ta = 25°C.




SN54LS08/SN74LS08

" QUAD 2-INPUT AND GATE

Vee

oinicioinioio

D)

LT LTI B L] L

GND
GUARANTEED OPERATING RANGES
’ SUPPLY VOLTAGE
PART NUMBER TUR
S MIN TvP MAX TEMPERATURE
SN54LS08X 45 v 50V 55 V -55°C to 125°C
SN74LS08X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
NIT: ION 1

SYMBOL PARAMETER N P MAX UNITS TEST CONDITIONS (Note 1)
Vin Input HIGH Voltage 20 Vv Guaranteed input HIGH Voltage

54 0.7
ViL Input LOW Voltage \Y Guaranteed Input LOW Voltage

74 0.8
Vep Input Clamp Diode Voltage » -0.65 -1.5 \ Vee = MIN, |y = —18 mA

' 54 25 34 _ _ -
VoH Output HIGH Voltage . 7 27 3% \% Ve = MIN, gy = —400 uA, Vi = Viy
0.25 .4 Vv Vee = MIN, I =4 . =

VoL Output LOW Voltage 54,74 0 cC oL OmA Viy = Vi

74 0.35 0.5 Vv Vee = MIN, Ig = 8.0 mA, V) = Vi

. 1. = =2
hH Input HIGH Current 0 20 HA Vee = MAX Viy = 27 V
0.1 mA Ve = MAX, V)y =10V
[ fnput LOW Current -04 mA Vee = MAX vy =04 V
Output Short Circuit ~ _

los Current (Note 3) -15 -100 mA Vee = MAX, Vour = OY
lcchH Supply Current HIGH 24 4.8 mA Ve = MAX, Inputs Oben
lccL Supply Current LOW 4.4 8.8 mA Vee = MAX, Vjy =0V

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER o L':f{'gs o UNITS |  TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 8.0 11 ns Vec =50V

tpHL Turn On Delay, Input to Output 75 ‘13 ns C_=15pF
NOTES:

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

2. Typical limitsareat Vcc=5.0V, Ta = 25°C.

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




SN54LS09/SN74LS09

QUAD 2-INPUT AND GATE (WITH OPEN-COLLECTOR OUTPUT)

[ (3 [ 7] [ 51 3]

* *
* *
*Open Collector Qutputs u Lz_] LE_J [_4.I li] Le_l I.G;_DI

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
- = EMPERATURE
PART NUMBERS MIN - P MAX TEMPE U
SN54LS09X 45 Vv 50V 55 V -55°C to 1256°C
SN74LS09X 475 Vv 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS (Note 1)
Vik Input HIGH Voltage 2.0 v Guaranteed Input HIGH Volitage
54 .07
ViL Input LOW Voltage \% Guaranteed input LOW Voltage
74 0.8
Veo Input Clamp Diode Voltage —0.65 -15 \% Vee = MIN, [y = —18 mA
IoH Output HIGH Current 100 uA Vee = MIN. Vop = 55 V. Viy = Vi
54,74 025 | 04 v Vee = MIN, I, = 4.0 mA, Vi = V),
\ t Vol ,
oL Output LOW Vohage 7a 035 | 05 | V Ve = MIN ToL = BO mA, Vi = VL
T
' 1.0 20 | puA [ Vec=MAX V=27V
hH Input HIGH Current ok A Ver = MAX Vi =10V
cc IN
e Input LOW Current -0.4 mA Vee = MAX, V=04V
'CCH Supply Current HIGH 24 48 mA Vee = MAX, Inputs Open
lceL Supply Current LOW 4.4 8.8 mA Vee = MAX Vi =0V
[ 4

AC CHARACTERISTICS: Tp = 25°C  (See Chapter 1 for Waveforms)

LIMITS ’ '
SYMBOL PARAMETER UNITS TEST CONDITIONS
MIN TYP MAX
tpLH Turn Off Delay, Input to Output 13 20 ns Vee =50V
tpHL Turn On Delay, Input to Output 10 15 ns C =15 pF. R = 2.0kQ

NOTES: .

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

2. Typical limits are at Voc = 5.0 V, Tp = 26°C.

49




SN54L.S10/SN74LS10

TRIPLE 3-INPUT NAND GATE

Vee

oinioinioioiol

D
=]

LGl L G e L

GND
GUARANTEED OPERATING RANGES
: SUPPLY VOLTAGE
PAR TEMPERATUR
T NUMBERS N P . EMPERATURE
SN54LS10X 45 Vv 50V 55 V ~55°C to 125°C
SN74LS10X 475V 50V 5.25 V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section.for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER N LIM_;:i MAX UNITS TEST CONDITIONS (Note 1)

Vin Input HIGH \(oltage 20 : \% Guarameed‘lnput HIGH Voltage

ViL Input LOW Voltage i: g; \ Guaranteed Input LOW Voltage

Vep input Clamp Diode Voltage —0.65 -1.5 \ Vee = MIN, iy = =18 mA

VoH Output HIGH Voltage - 54 25 3.4 \Y Vee = MIN, Igy = —400 pA, Vi = V)L
74 2.7 3.4

VoL Output LOW Vohage 54,74 025 0.4 v Ve = MIN, Ig; = 4.0 mA, Vyy =20V
74 0.35 05 v Vee = MIN 1o = 80 mA, Vi =20V

19} fnput HIGH Current 10 02(1) :;AA zgg ; mii \\//m : 21(;\\//

he Input LOW Current -0.4 mA Vee = MAX, V) =04V

los 2:::’:{:(3{:2;‘82; oult 15 100 | mA | Vee=MAX Vour =0V

lccH Supply Current HIGH 06 1.2 mA Vee = MAX, Vyy =0V

lceL Supply Current LOW 1.8 3.3 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: T = 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS

MIN TYP MAX v

tpLH Turn Off Delay, Input to Output 6.0 10 ns Vee =50V

tpHL Turn On Delay, Input to Output 6.0 10 ‘.ns C_ = 15pF

NOTES:

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

2. Typical limits are at Vcc = 5.0V, Ta = 25°C.

3. Not more than one output should be shorted at a time.
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SN54LS11/SN74LS11

TRIPLE 3-INPUT AND GATE

Vee

[l [ [ [ [ [ 7]
p)

T T T

GND
GUARANTEED OPERATING RANGES
’ SUPPLY VOLTAGE
PART NUMBERS .
MIN ™F ey TEMPERATURE
SN54LS11X 45 v 50V 55 V ~55°C to 125°C
SN74LS11X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
YMB! PARAMETER - NIT. TEST 1

S OL TE N Ve MAX UNITS EST CONDITIONS (Note 1)
Vi . Input HIGH Voltage 20 A" Guaranteed Input HIGH Voltage

54 0.7
Vi Input LOW Voltage 72 08 V Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage -0.65 -1.5 \ Vee = MIN, Iy = -18 mA

54 25 34 _ _ -
VoH Output HIGH Voltage 74 27 34 \Y) Vee = MIN, Igy = —400 A, Vi = Viy

54,74 0.25 04 \ Vee = MIN, Ig = 4.0 mA, Vi =V,
\Y W Volt: d CC - oL - VIN L

oL Output LOW Vohage 74 035 | 05 v Ve = MIN, ig = 8.0 mA, Vjy = VL
1.0 20 UA Voo = MAX, Vi =27V
| I HIGH t
IH mput HIGH Curven 01 mA | Voo = MAX, Viy = 10V
cC IN
'IL Input LOW Current -0.4 mA VCC = MAX, VIN =04V
Output Short Circuit . _ o

los Current (Note 3) -15 100 mA Vee = MAX, Voyt,=0V
‘CCH Supply Current HIGH 18 3.6 mA VCC = MAX, Inputs Open
LC_C,EV Supply Current LOW 3.3 6.6 mA Vee = MAX, Vjy =0V

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

LIMITS
ETER
SYMBOL PARAM N TvP MAX UNITS TEST CONDITIONS
tP_l;'i Turn Off Delay, Input to Output 1 8.5 1" ns Vee =50V
t_PHL mTurn On Delay, Input to»Output ) 75 13 ns CL =15 pF

NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended 6perating conditions tor the applicable
device type.

2. Typical limits are at Vg = 5.0V, Ta = 25'C.

3. Not more than one output should be shorted at a time.
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SN54LS12/SN74LS12

TRIPLE 3-INPUT NAND GATE

/
Vee S
Iml |13I ||2| Inl IIOI |9| Isl
* *
D ,
EBaIaRaRaEn
GND
#OPEN COLLECTOR OUTPUTS
GUARANTEED OPERATING RANGES
. SUPPLY VOLTAGE
PART NUMBERS MIN P MAX TEMPERATURE
SNB4LS12X 45 Vv 50V 55 V —55°C to 125°C
SN74LS12X’ 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

LIMITS
SYMB PARAMETER NIT TEST CONDITIONS (N 1
OL Al ETE MIN v MAX UNITS EST CONDITIONS (Note 1)
ViH Input HIGH Voltage 20 \" Guaranteed Input HIGH Voltage
54 ) 0.7
ViL Input LOW Voltage 74 08 \") Guaranteed. Input LOW Voltage
Vebp Input Clamp Diode Voltage —-0.65 -1.5 \" Vee = MIN, Iy = —18 mA
'OH Output HIGH Current 100 HA VCC = MIN, VOH =55V, ViN = Vl;H
54,74 0.25 0.4 \ Vee =MIN, Igp = 4.0 mA, Viy =V
W Vol
Vou Output LOW Vahege 7a 035 | 05 v Ve = MIN, 1o, = BOmA, Vi =V,
1.0 20 MA Vee = MAX, iy =27V
| Input HIGH C
H npu urrent 01 | mA | Voe=MAX Vy= 10V
he Input LOW Current -04 mA Vee = MAX, Viy =04V -
IccH Supply Current HIGH 1.8 3.6 mA Ve = MAX, V=0V
lccL Supply Current LOW 3.3 6.6 mA Vce = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER N LI:AJ:S AX UNITS TEST CONDITIONS

tpLH Turn Off Delay, Input to Output 40 8.5 13 ns Vec =50V

tpHL Turn On Delay, Input to Output - 3.0 75 1 ns C_=15pF

NOTES: )

1. zé)vricc;o‘r;lc::i.uns shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for. the applicable

2. Typical limits are at Ve = 5.0 V, Tp = 25°C.
3. Not more than one output should be shorted at a time.

4-12




SN54LS13/SN74LS13 @ SN54L.S14/SN74LS14

SCHMITT TRIGGERS — DUAL GATE/HEX INVERTER

DESCRIPTION — The LS13 and LS14 contain logic gates/inverters which accept standard TTL input signals and
provide standard TTL output levels. They are capable of transforming slowly changing input signals into sharply
defined, jitter-free output signals. Additionally, they have greater noise margin than conventional inverters.

Each circuit contains a Schmitt trigger followed by a Darlington level shifter and a phase splitter driving a TTL totem
pole output. The Schmitt trigger uses positive feedback to effectively speed-up slow input transitions, and provide
different input threshold voltages for positive and negative-going transitions. This hysteresis between the positive-
going and negative-going input thresholds (typically 800 mV) is determined internally’ by resistor ratios and is
essentially insensitive to temperature and supply voltage variations.

LOGIC AND CONNECTION DIAGRAMS
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SN54LS13/SN74LS13 « SN54LS14/SN74LS14

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
T R
PART NUMBERS » N v A EMPERATURE
SN54LS13X, SN54LS14X 45 v 50v 55 V -55°C to 125°C
SN74LS13X, SN74LS14X 475V 50V 5.25 V 0°C to 70°C

T
X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for-packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

o LIMITS :
- PARAMETER NIT TEST CONDITIONS (Note 1
SYMBOL E N ™~F MAX UNITS ST CONDITIONS (Note 1)
Vit Positive-Going Threshold Voltage 1.5 1.8 2.0 \Y Vec =50V
Vy- Negative-Going Threshold Voltage 0.6 0.95 1.1 Y Ve =50V
Vr4+~Vr— | Hysteresis 0.4 0.8 \ Vec =50V
Vep Input Clamp Diode Voltage -0.65 -1.5 \ Vee = MIN, iy = —18 mA
: 54 2.5 34
VOH Qutput HIGH Voltage 74 27 34 \% Vee = MIN, Igy = =400 pA, V|n = VL
54,7 X 0.4 Vv = MIN, =4, , =2.
VoL Output LOW Voltage 74 0.25 Vee IN, Igp OmA, V=20V
74 0.35 0.5 Y Vee = MIN, Ig =80 mA, Vjy =20V
Input Current at A _ ' _ ’
T+ Positive-Going Threshold 0.14 mA Vee =50V, Viy = Vry
Input Current at - _ _
- | Negative-Going Threshold 018 mA Ve = 80V ViN = Vr-
. A = =2
hH Input HIGH Current 0 20 H Vee = MAX Viy =27 V
0.1 mA Vee = MAX, Viy =10V
e Input LOW Current -0.4 mA | Ve = MAX, V.N =04V
Output Short Circuit _ _
los Current (Note 3) 15 -100 | mA Ve = MAX, Voyr =0V
lccH Supply Current HIGH 8.6 16 mA Vee = MAX, Viy =0V
lecL Supply Current LOW 12 21 . "mA Vee = MAX, Vjy =45V
AC CHARACTERISTICS: Tp = 25°C
MAX
SYMBOL PARAMETER . . UNITS TEST CONDITIONS
LS13 LS14
tpLH Propagation Delay, Input to Output 22 22 ns Vec =50V
tpHL Propagation Delay, input to Output 27 22 ns C_ = 15pF
NOTES:
1. For conditians shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.

2. Typical limits are at Voo = 5.0 V, Tpa = 25°C.
3. Not more than one output should be shorted at a time.

Vout 13v 13V

4-14




SN54LS15/SN74LS15

TRIPLE 3-INPUT AND GATE

Vee

D

nioininininin

LGl e BT

GUARANTEED OPERATING RANGES

GND

*OPEN COLLECTOR OUTPUTS

SUPPLY VOLTAGE
PART NUMBERS
MIN e MAX TEMPERATURE
SN54LS15X 45 V 50V 55 V ~65°C to 125°C
SN74LS156X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
Y L PARAMETER
SYMBO MIN P MAX UNITS TEST CONDITIONS (Note 1)
ViH Idput HIGH Voltage 20 2 Guaranteed Input HIGH Voltage
54 0.7 '
ViL Input LOW Voltage 72 08 \Y Guaranteed Input LOW Voltage
Vep Input Clamp Diode Voltage —0.65 -1.5 \% Vee = MIN, iy = —18 mA
loH Output HIGH Current 100 MA Vee = MIN, Vo =565V, Vi =V iy
54,74 . ) =MIN, Ig_ =4.0 mA, V) =V,
VoL Output LOW Voltage 025 04 v Vec =M oL o IN L
74 0.35 05 v Ve = MIN Igp = B0 mA, Vi =V
1. Vee = MAX, Viy =27V
H Input HIGH Current 0 20 HA cc M IN -
0.1 mA Vee = MAX, V=10V
i Input LOW Current ' —0.4 mA Vee = MAX, Vjy =04V
'CCl;.I Supply Current HIGH 1.8 3.6 mA - Ve = MAX, Inputs Open
IccL Supply Current LOW 33 6.6 mA Vee = MAX, Vi =0V

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER MIN LI;V;‘PTS MIAX UNITS TEST CONDITIONS

tpLH Turn Off Delay, Input to Output 7.0 20 ns Vee =50V

tpHL Turn On Delay, Input to Output 5.0 15 ns C_=15pF, R =20 kQ
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type. '
2. Typical limits are at Voc = 5.0 V, Tp = 25°C.
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SN54LS20/SN74LS20

DUAL 4-INPUT NAND GATE

Vee

oininininEnin)

D) ,
T OO

GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
P
PART NUMBERS Ty vP VAX TEMPERATURE
SN54LS20X 45 Vv 50V 55 V -55°C to 125°C
SN74LS20X 475 v 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

0

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER N TvP MAX UNITS TEST CONDITIONS (Note 1)
Vi Input HIGH Voltage 2.0 \% Guaranteed Input HIGH Voltage
54 0.7 .
\ Input LOW Voltage \% Guaranteed Input LOW Voitage
It 74 0.8 .
Veo Input Clamp Diode Voltage -0.65 -15 \Y Vee = MIN, )y = -18 mA
54 25 | 34 : _ - -
VoH Output HIGH Voltage 7a 27 34 v Vee = MIN, Igy = —400 pA, Vi = V|
' 54,74 0.25 0.4 v Ve = MIN, I =4.0mA, Vi = 2.0V
V, Output LOW Volt
oL utpd cnage 72 035 | 05 v Ve = MIN, Ig, = BOmA, Vjy = 20V
1.0 20 UA Vee = MAX, Vi = 2.7V
| Hi
K Rt HIGH Cérent 01 | mA | Voo =MAX, Vjy= 10V
e Input LOW Current -0.4 mA Vee = MAX, Viy = 0.4V
Output Short Circuit _ _
los Current (Note 3) 15 100 mA Vee = MAX, Vo =0V
IccH Supply Current HIGH 0.4 0.8 mA Vee = MAX, Viy =0V
lccL Supply Current LOW 1.2 2.2 mA Vec = MAX, inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

LIMITS
SYMBOL PABAMETER N P MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Qutput 3.0 7.0 10 ns Vec =50V
tPHL Turn On Delay, Input to Output - 3.0 7.0 1‘0 ns ‘| CL=15pF
NOTES: o ’ ! -
1. Id::vricceo:nyd;:'ons‘ shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the app[icable

2. Typical limits are at Ve =5.0 V, Tp = 26°C.
3. Not more than one output should be shorted at a time.
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SN54LS21/SN74LS21

Vee

DUAL 4-INPUT AND GATE

[ [3 [ [ [ [ 7]

D

TTET I

GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBER
UMBERS I F VAX TEMPERATURE
SN54LS21X .45 V 50V 55 V -565°C to 125°C
SN74LS21X 475V 50V 525V 0°C to 70°C

X = package type; W-for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on.this product:

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
Y PARAMETER UNIT TEST NDITIONS (N 1
SYMBOL MIN P MAX S CO ONS (Note 1)
VIH Input HIGH Voltage 2.0 \ Guaranteed !nput HIGH Voltage -
54 0.7
ViL Input LOW Voltage 7a 08 \% Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage -0.65 -1.5 v Ve = MIN, [y = —18 mA
V Output HIGH Voltage 4 25 3.4 \ V, MIN, | = —-400 uA, V V
0 = =~ ’ =
OH utpu 9 74 27 34 cc - 1oH HAVIN = VIH
54,74 0.25 04 \ Vee = MIN, 19 = 4.0 mA, Vi =V,
VoL Output LOW Voltage . CC oL m IN IL
: 74 0.35 05 v Ve = MIN Ig, = 8O mA, Vi = V.
1.0 20 ©MA Vee = MAX, Vi = 2.7 V
I Input HIGH Current ~ €c IN
0.1 mA Vee = MAX, V= 10V
i Input LOW Current -0.4 mA Vee = MAX, VN =04V
Output Short Circuit _ _
los Current (Note 3) -15 -100 mA Ve = MAX, Vour =0V
lccH Supply Current HIGH 1.2 24 mA Ve = MAX, Inputs Open ,
lecL Supply- Current LOW 22 44 mA Vee = MAX, Vi =0V
AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)
LIMITS
YMB PARAMETER NITS
S oL MIN P MAX U TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 10 12 ns Vec =50V
PHL Turn On Delay, Input to Output 8.0 15 ns C = 15 pF
NOTES:

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

2. Typical limits are at Vcg = 5.0V, Tp = 25°C.

3. Not more than one output should be shorted at a time,
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SN54LS22/SN74LS22

DUAL 4-INPUT NAND GATE

Vee

nininininioio

D ,
LTI T

GND
*OPEN COLLECTOR OUTPUTS
GUARANTEED OPERATING RANGES
PART NUMBERS VIN SUPPLVT;/S F‘TAGE VIAX TEMPERATURE
SN54L522X “45 Vv ' 50V 55 V -55°C to 125°C
SN74LS22X . 475V ' 50V ' 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
NIT! TEST CONDITIONS (Note 1
SYMBOL PARAMETER VIN Tvp MAX UNITS EST CONDITIONS (Note 1)
ViH Input HIGH Voltage 2.0 \A Guaranteed Input HIGH Voltage
V Input LOW Volt 54 0.7 Vv Guaranteed Input LOW Voltage
np! oltage u ed Inpu (]
L pu . ag 74 - 08 P g
Vep Input Clamp Diode Voltage -0.65 ~1.5 \Y Vee = MIN )y = =18 mA
loH QOutput HIGH Current 100 MA Vee = MIN, Vol = 5.5V, Viy = Vi
54,74 . 0.25 0.4 Y Vee = MIN, 1gp =4.0mA, Vi =20V
VoL Output LOW Voltage 4 ce oL o IN
] 74 0.35 0.5 \Y Vee = MIN, Igp = 80 mA, Viy =20V
1.0 20 A Vee = MAX. V) =27V
W1 Input HIGH Current - H CC — IN —
0.1 mA Ve = MAX, Vi =10V
i Input LOW Current ) -0.4 mA Vee = MAX, Viy = 0.4 V
.CCH Supply Current HIGH o 04 0.8 mA VCC = MAX, VIN =0V
lecL Supply Current LOW 1.2 2.2 mA Ve © MAX, Inputs Open

AC CHARACTERISTICS: Ty = 25°C (See Chapter 1 for Waveforms)

LIMITS
SYMBOL PARAMETER MIN TP VIAX UNITS { TEST CONDITIONS
I § e —
tpLH Turn Off Delay, Input to Output 14 22 Vee # 5.0V
tpHL Turn On Delay, Input to Output 10 18 Cp = 15 pF, R = 2.0kQ

NOTES:

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

2. Typical limits are at Vo = 5.0V, Tp = 25°C.
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SN54LS26/SN74LS26
QUAD 2-INPUT NAND BUFFER

* *
* *
l 1 2 I 3 a I 5 6 I l 7 l
*Open Collector Outputs :
GND

GUARANTEED OPERATING RANGES

. SUPPLY VOLTAGE ,
PART NUMBERS TEMPERATURE
MIN ) TYP MAX
SN54LS26X 45 Vv 50V 55 V -55°Cto +125°C
SN74LS26X } 475V 50V ' 525V 0°Cto+70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1)
MIN TYP MAX )
ViH Input HIGH Voltage 20 V. Guaranteed Input HIGH Voltage
54 0.7
Vie Input LOW Voltage 74 08 \ Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage -0.65 -15 v Veec =MIN, Iin=-18 mA
50 uA Vee=MIN, Vo =12V, Vin=ViL
lon Output HIGH Current ‘ 1000 | wA " Vec=MIN. VoH=15V, VN=V|L
54,74 0.25 0.4 v Vec =MIN, lo.=40mA, Vin=2.0V
Vou Output LOW Voltage
74 0.35 0.5 \ Vece =MIN, loL =80mA,Vin=2.0V
1.0 20 uA Vee =MAX, Vin=27V
lin Input HIGH Current
0.1 mA Vee = MAX, Vin= 10 v
I Input LOW Current -0.4 mA Vce =MAX, Vin=0.4V
lccH Supply Current HIGH 08 1.6 mA Vee =MAX, Vin=0V
lccu Supply Current LOW 2.4 44 mA Vee = MAX, Inputs Open
AC CHARACTERISTICS: Tp = 250C (See Chapter 1 for Waveforms)
LIMITS )
SYMBOL PARAMETER - » UNITS TEST CONDITIONS
. MIN TYP MAX
teLn Turn Off Delay, Input to Output 14 22 ns Vee =50V
terL -] Turn On Delay, Input to Output 10 18 ns CL=15pF, RL =20k
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type. '

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C.
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SN54LS27/SN741L.S27

TRIPLE 3-INPUT NOR GATE

Vee

[ [ [ [ [ 7] [7]

D)

T LTI LI T

ND

GUARANTEED OPERATING RANGES

PPLY VOLTAGE

PART NUMBERS SY - 0 G TEMPERATURE
MIN TYP MAX

SN541.827X 45 V 50V 55 V -55°C to 125°C

SN74LS27X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

. LIMITS
YMBOL PARAMETER UNITS TEST CONDITIONS (Note 1
SYMBO € MIN | TYP | MAX ONS (Note 1)
ViH Input HIGH Voltage 20 " Guaranteed Input HIGH Voltage
54 0.7 '
ViL Input LOW Voltage Y Guaranteed Input LOW Volitage
74 0.8
VCD Input Clamp Diode Voltage -0.65 -1.5 \ VCC = MIN, lIN =-18 mA
54 25 3.4 _ - -
VoH Output HIGH Voltage 2 >3 32 v Vee = MIN, Iy = —400 pA, Vi = V),
54,74 0.25 04 v Vee =MIN, 1gp =4.0mA, Vi = 2.
VoL Output LOW Voltage cC _ oL= 22T Vi = 20V
74 0.35 05 v Vee = MIN I, =80 mA, Vi =20V
1.0 20 A Vee = MAX, Vi =27V
H Input HIGH Current H cc - IN ~
0.1 mA | Vog = MAX, Vi = 10V
iL Input LOW Current -04 mA Vee = MAX, V) =04V
Output Short Circuit ) _ _
los Current (Note 3) 15 100 mA Vee = MAX, Voyr =0V
lccH Supply Current HIGH 2.0 4.0 mA Vee = MAX, Viy =0V
lccL Supply Current LOW 3.4 6.8 mA Ve = MAX, Inputs.Open

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

LIMITS
SYMBOL PARAMETER N “Tvp MIAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 8.0 13 ns Vee = 50V
';HL Turn On Delay, Input to Output ' 8.0 13 ns C_=15pF
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type. .
Typical limits are at Voc = 5.0 V, Ta = 25°C.

2.
3. Not more than one output should be shorted at a time.
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SN54L.S28/SN74LS28

QUAD 2-INPUT NOR BUFFER

GUARANTEED OPERATING RANGES

LI LT BB L]

SUPPLY VOLTAGE (Vc¢)
PART NUMBERS TEMPERATURE
MIN TYP MAX
SN54LS28X 45 V 50V 55 V ~-55°C to +125°C
SN74L528X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

i LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
MIN TYP MAX
} Guaranteed Input HIGH Voltage
Vin Input HIGH Voltage 2.0 v for All Inputs
54 0.7 Guaranteed Input LOW Voltage
Vi Input LOW Voltage 74 08 v for Al Inputs
Veo Input Clamp Diode 0.85 -15 v Voo = MIN, |y = =18 mA
Von Output HIGH Voltage 5’: 53 3.06 V' |le=-12mA Ve = MIN, Vi = V,,
' 54, 74 0.22 0.4 lo, = 12 MA
Voo Output LOW Voltage 73 0.26 05 v —’IF—Z'Tr‘nA_- Vee = MIN, Vi =V,
0.1 20 pA | Voo = MAX, Vp =27V

[ Input HIGH Current 01 100 WA Voo = MAX. Vi = 10V
[ Input LOW Current -04 mA Vee = MAX, V,, =04V

Output Short-Circuit
os Cu"pem -15 =100 | mA | Ve = MAX, Vour =0V

Supply Current _
leen Input HIGH 2.1 36 mA | Ve = MAX

Supply Current _
lecy Input LOW 1 13.8 mA | Vg = MAX

AC CHARACTERISTICS: T, = 25°C (See Chapter 1 for Waveforms) /
LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
MIN TYP MAX
[ Propagation Delay 8.5 24 ns C, = 50 pF, RL = 667 Q
tone Propagation Delay 10.5 24 ns Vec =50V
NOTES:

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

2. Typical limits are at V¢ = 5.0 V, T, = 25°

3. Not more than one output should be shorted at a time.
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SN54L.S30/SN74L.S30

8-INPUT NAND GATE

Vee

[ (£ [A [ [ B[

CTETET L G ed L

GND
GUARANTEED OPERATING RANGES >
SUPPLY VOLTAGE '
PART NUMBERS T TUR
MIN TYP MAX EMPERATURE
SN54LS30X 45 V T B0V 55 V ~55°C to 125°C
SN74LS30X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
YMBOL PARAMETER UNIT TEST CONDITIONS (Note 1
SYMmBO M MIN | TYP | MAX s (Note 1)
ViH Input HIGH Voltage 2.0 \" Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 74 08 \Y Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage -0.65 -1.5 \ Vee = MIN, [y = ~18 mA
54 2.5 3.4 _ o .
VoH Output HIGH Voltage 7a 27 34 \% Ve = MIN, Igg = =400 pA, Vi = Vi
54,74 .25 04 \% \% = MIN, | =40 ' =2.
VoL Output LOW Voltage 02 cc = MIN. lg, MA Viy = 2.0V
74 035 05 v Voo = MIN I = 80 mA, Vi = 20V
1. 20 A = =2.
h input HIGH Current ° A Vee ZMAX Viy =27V
01 mA Voo = MAX, Vi =10V
"R Input LOW Current -0.4 mA Vee & MAX, Vi =04V
Qutput Short Circuit R _
10s Current (Note 3) 15 100 mA Vee = MAX, Voup =0V
IcCH Supply Current HIGH : ' 0.35 05 | mA Vee = MAX, Vg =0V
lceL Supply Current LOW . 0.6 1.1 mA Ve = MAX, Inputs Open
AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)
' LIMITS
YMBOL E NIT TEST ITIONS
SYMBO PARAMETER MIN Ve MAX UNITS CONDITIO
tpLH Turn Off Delay, Input to Output 7.0 12 ns Vee =50V
tpHL Turn On Delay, Input to Output 13 20 ns C_=15pF

NOTES: -

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

Typical limits are at Vog = 5.0 V, Ta = 25°C.

2.
3. Not more than one output should be shorted at a time.
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SN54L.S32/SN74L.S32

QUAD 2-INPUT OR GATE

[ [ [ (] [ ] 5]

GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
P BERS
ART NUM —yT P VIAX TEMPERATURE
SN541L832X ‘ 45 v 50V 55 V -65°C 10 125°C
SN74L832X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
AMET! .
SYMBOL PARAMETER N P AX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voitage 20 \ Guaranteed Input HIGH Voltage
54 0.7 '
ViL Input LOW Voitage 72 08 Vv Guaranteed Input LOW Voltage
Vep Input Clamp Diode Voltage --0.65 -1.5 \% Vee = MIN, )y = —-18 mA
54 2.5 3.4 _ _ _
VoH Output HIGH Voltage = 27 34 \ Vee = MIN gy = —400 pA, VN = Viy
54 74 n ot n v Y} SOMAINL L AN A AL S
T, T V.9 U.s v Vcc =oaviny, IOL TSV T, V(N - VIL
V Output LOW Voltage
oL e 9 74 035 | 0 v Voo = MIN T = 8.0 mA, Vi = VL
1.0 20 HA Voo = MAX, Viy=27V
| Input HIGH C nt
H ned urre 01 | mA | Voo =MAX Vjy=10V
I} Input LOW Current -04 mA Vee = MAX, V) =04V
Output Short Circuit _ _
los Current (Note 3) -15 100 mA Vee = MAX, Voyr =0V .
lccH Supply Current HIGH 3.1 6.2 mA Ve = MAX, Inputs Open
lecL Supply Current LOW 4.9 9.8 mA Vee = MAX, Vg =0V
AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)
LIMITS
UNITS NS
SYMBOL v PARAMETER N TP IAX TEST CONDITIO
tpLH Turn Off Delay, Input to Output 3.0 7.0 1" ns Vec =50V
tpHL Turn On Delay, Input to Output 3.0 7.0 11 ns C_=15pF
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.

2. Typical limits are at Voc = 5.0 V, Ta = 26°C. J
3. Not more than one output should be shorted at a time.
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SN54LS33/SN74LS33
QUAD 2-INPUT NOR BUFFER OPEN COLLECTOR

[a] L] [o] [oo] o] [6]

s

-

[L] U *Open Collector Outputs

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE :Vcc:!
PART TEMPERATURE
ART NUMBERS MIN TYP MAX
SN54LS33X 45V 50V 55V -55°C to +125°C
SN74L833X 475 V 50V 525 V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
NITS TEST CONDITIONS
SYMBOL PARAMETER VIN TP MAX U ST C
: Guaranteed Input HIGH Voltage
Vin Input MIGH Voltage 20 v Y P 9
for All Inputs
0.7

Vi Input LOW Voltage 54 v Guaranteed Input LQW Voltage

74 0.8 for All Inputs
Vco Input Clamp Diode Voltage -0.65 -15 \ Vce = MIN, Iy, = -18 mA
lon Output High Current 250 KA Vcec =MIN, VoH=5.5 V, V|N=V L
Vou Output LOW Voltage 54,74 0.25 0.4 v Vece = MIN, loL, = 12 mA, Vin =20V

74 0.35 0.5 \" Vce = MIN, log,'= 24 mA, Vin =20V

0.1 20 uA Ve = MAX, Vin=2.7 V . )
| Input HIGH Current
™ Py Y 10| mA Voo = MAX, Vin = 10 V
I Input LOW Current -0.36 mA Vee = MAX, Vin=04V
lccH Supply Current HIGH 2 3.6 mA Vee = MAX, Vin=0V
lccu Supply Current LOW 10 13.8 mA Vce = MAX, Inputs Open
AC CHARACTERISTICS: (See Chapter 1 for Waveforms)
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX

teLH Turn Off Delay, Input to Output 11 18 ns Vec =50V
tPHL Turn On/Delay, Input to Output 14 22 ns CL = 15 pF
NOTES:

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

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C.

3. Not more than one output should be shorted at a time.
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SN541L.S37/SN74LS37

QUAD 2-INPUT NAND BUFFER

Vee

minioinicioio]

D

L L e B Lef L]

GUARANTEED OPERATING RANGES

PART NUMBERS SUPPLY VOLTAGE TEMPERATURE
MIN TYP MAX

SN54LS37X 45 Vv 50V 55 VvV’ -55°C to 125°C

SN74LS37X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
T 1
SYMBOL PARAMETER MIN Tvp MAX UNITS TEST CONDITIONS (Note 1)
ViH input HIGH Voltage 20 \ Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 74 08 v Guaranteed Input LOW Voltage
Vep input Clamp Diode Voltage —0.65 -1.5 \ Vee = MIN, )y = —18 mA
\ Output HIGH Voltage 54 25 3.4 \" Vee = MIN, | = -1.2mA, V| =V,
OH P 9 74 27 34 cc *'OH : VIN T ViU
54,74 0.25 04 v Vee =MIN, g = 12 mA, V) =20V
V, t LOW Volt.
oL Output LOW Voltage 72 035 | 05 | V| Voo =MIN o, =24 mA, V= 20V
10 20 LA Veg = MAX, Vi =27V
| I t HIGH Ci t
H neu urren 01 | mA | Voo =MAX V=10V
e Input LOW Current -0.4 mA Vee = MAX, Vjy =04V
QOutput Short Circuit . _ _
los Current (Note 3) 30 -130 mA Ve = MAX, Vour =0V
IccH Supply Current HIGH 09- 20 mA Vee = MAX, Vijy =0V
lceu Supply Current LOW 6.0 12 mA Ve = MAX, Inputs Open
AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms) }
LIMITS
ARAMETER UNITS TEST NDITION
SYMBOL PARAMETE MIN P MAX EST CONDITIONS
tpLH Turn Off Delay, Input to Output 10 20 ns Vec =50V
tpHL Turn On Delay, Input to Output 10 20 ns C_ =45 pF
NOTES:

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

device type.

. Typical limitsare at Voc =50V, Tp =

25°C.

2
3. Not more than one output should be shorted at a time.
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SN54L.S38/SN741L.S38

QUAD 2-INPUT NAND BUFFER

Vee

[ [ [ [ [&] [7]

i

T T T

*OPEN COLLECTOR OQUTPUTS

GUARANTEED OPERATING RANGES

PPLY VOLTAGE
PART NUMBERS. U 0 TEMPERATURE
MIN TYP MAX
SN54LS38X 45 V 50V 55 V =55°C to 125°C
SN74LS38X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages avaiiable on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

LIMITS
YMBOL PARAMETER UNIT TEST CONDITIONS (Note 1
SYMBO € MIN | TYP | MAX s ONDITIONS (Note 1)
ViH input HIGH Voltage 2.0 Vv Guaranteed Input HIGH Voltage
54 07 |
ViL Input LOW Voltage 72 08 Vv . Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage —-0.65 -1.5 \ Vee = MIN, Iy = —18 mA
IoH Output HIGH Current 250 MA Vee = MIN, Vo = 55V, VN = V)L
54,74 .2 04 \ Vee = MIN, 1 =12 Viy =2
VoL Output LOW Voltage : 0.25 ccC - oL mA, Viy =20V
74 0.35 0.5 \ Vee = MIN Igp =24 mA, V|y =20V
1. 20 A Vee = MAX, iy =27V
WH Input HIGH Current 0 a cC IN 7
0.1 mA Vee = MAX Viy =10V
e Input LOW Current -0.4 mA Vee = MAX, Vi = 0.4 Vv
IccH Supply Current HIGH 09 20 mA Voo = MAX, Viy =0V
IceL Supply Current LOW 6.0 12 mA Vee = MAX, Inputs Open
AC CHARACTERISTICS: Ty = 25°C (See Chapter 1 for Waveforms)
LIMITS '
SYMBOL PARA NIT TEST CONDITIONS
ARAMETER I P MAX UNITS ES
tpLH Turn Off Delay, Input to Output 14 22 ns Ve =50V
tpHL Turn On Delay, Input to Output . 10 22 ns C_ = 45 pF
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.

2. Typical limits are at Vo = 5.0V, Tp = 25°C.
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SN54LS40/SN74LS40

DUAL 4-INPUT NAND BUFFER

minininioiolio

D A
[TTTE T T T

GND
GUARANTEED OPERATING RANGES
PART NUMBERS SUPPLY VOLTAGE TEMPERATURE
MIN TYP MAX
SN54LS40X 45 Vv 50V . 55 V -55°C to 125°C
SN74LS40X 475V : 50V 5.25 V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) ‘

SYMBOL PARAMETER MIN LIM_;:i MAX UNITS « TEST CONDITIONS (Note ﬂ
ViH Input HIGH Voltage 2.0 \ Guaranteed Input HIGH Voltage
54 ’ 0.7
ViL Input LOW Voltage 72 08 \% Guaranteed Input LOW Voltage
Vo Input Clamp Diode Voltage - -065 | -15 v Ve = MIN, Iy = —18 mA
‘ 54 25 34 - _ ~
VoH Output HIGH Voltage 72 27 34 \ Vee = MIN, Igy = —1.2 mA, Viy = V)
54,74 0.25 0.4 v Voo = MIN, lg = 12'mA, Vjy = 2.0V
\Y Output LOW Volt .
oL Hipy otage 74 035 | 05 v Voo = MIN, Tg, = 24 mA, Vjy = 20V
1.0 20 A - V = MAX, Vi = 2.7V
W Input HIGH Current 51 rlv:A VCC —TiAX le =T,
) . : CC ™~ *YIN T
e Input LOW Current . -0.4 mA Vee = MAX, Viy = 0.4V
Output Short Circuit ~ B
los Current (Note 3) 30 =130 mA Vee = MAX Voyr = 0V
IccH Supply Current HIGH 0.45 1.0 mA Vee = MAX, V'N‘—l ov
lccL Supply Current LOW 3.0 6.0 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: TA'= 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER N L’x:s AAX UNITS TEST CONDITIONS

tpLH Turn Off Delay, Input to Output 10 24 ns VCC =50V

tpHL Turn On Delay, input to Output 10 24 ns C_ = 45pF

NOTES: . . N

1. z:vricceotnydpi:i.ons shown as MIN or MAX, use the appropriate value specified under recommended operaAting conditions for the applicable

2. Typical limits are at Vgg = 5.0V, Tpa = 25°C.
3. Not more than one output shouid be shorted at a time.
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SN54LS42/SN74LS42
ONE-OF-TEN DECODER

DESCRIPTION — The LSTTL/MSI SN54LS42/SN74LS42 is a Multipurpose
Decoder designed to accept four BCD inputs and provide ten mutually exclusive
outputs. The LS42 is fabricated with the Schottky barrier diode process for high

speed and is completely compatible with all Motorola TTL families.

o MULTI-FUNCTION CAPABILITY

e MUTUALLY EXCLUSIVE OUTPUTS

e DEMULTIPLEXING CAPABILITY

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

Ag — A3 Address Inputs 0.5 U.L. 0.25 U.L.

0to9 Outputs, Active LOW (Note b) 10 U.L. 5(2.5) U.L.

NOTES:

a. 1 TTL Unit Load (U.L.) =40 kA HIGH/1.6 mA LOW.

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)

Temperature Ranges.

LOGIC SYMBOL

15 14 13 12

| ||

Ag A; Ap Ag

0123456789

TTTTTTTITT

12345679101

Vee =Pin 16
GND =Pin 8

LOGIC DIAGRAM

Ag Ay Ay Az

(O] @ ®) @

| .
Imi T
5)@ Lﬁ@
0 T

Vce =Pin 16
GND =Pin 8
O = Pin Numbers

'~ CONNECTION DIAGRAM
DIP (TOP VIEW)

1Os chc 16
2O ao 15
sz a ] e
aEE a3
s[]a a2
s[5 sl dn
s g ]
8 [Jono i
NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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SN54L.S42/SN74L842

FUNCTIONAL DESCRIPTION — The LS42 decoder accepts four active HIGH BCD inputs and provides ten mutually
exclusive active LOW outputs, as shown by logic symbol or diagram. The active LOW outptts facilitate addressmg other MSI

units with active LOW input enables.

The logic design of the LS42 ensures that all outputs are HIGH when binary codes greater than nine are applied to the

inputs.

The most significant input A3 produces a useful inhibit function when the LS42 is used as a one-of-eight decoder. The A3
input can also be used as the Data input in an 8-output demultiplexer application.

* TRUTH TABLE

Ag Ay A A3 [0 7 23 34586 7 89
L L L IL|LHHHHHHHHTH
H L L LIHLHHHHHHHH
L HL L|HHLHHHHHHEH
H H L L|HHHLHHHHHH
L L HL|HHHHLHHHHEH
H L H L|HHHHHLHHHEH
L HHL|/HHHHHHLHEHDGH
H HH L|HHHHHHHLHEH
L L L H|HHHHHHHHLH
H L L H{HHHHHHHHHL
L H L H|HHHHHHHHEHGH
H H L H|HHHHHHHHHEH
L L HH|[HHHHHHHHHA
H L H H|HHHHHHHHEAHAH
L HH H|HHHHHHHHEHH
H HHH|HHHHHHHHHEH

H = HIGH Voltage Level
L = LOW Voltage Level

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

Storage Temperature

Temperature (Ambient) Under Bias

—65°C to +150°C
—55°C to +125°C

Ve Pin Potential to Ground Pin —-0.5Vto+70V
*Input Voltage (dc) —05Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —05Vto+5.5V
Output Current (dc) (Output LOW) ) +50 mA
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES
- SUPPLY VOLTAGE (V) - :
PART NUMBERS MIN P - TAX TEMPERATURE
SN54LS42X 45 V 50V 55 V -55°Cto+125°C
SN74LS42X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.
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SN54L,S42/SN74LS42

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS
. Guaranteed Input HIGH Threshold
HIGH Volt 20 \%
ViH Input HIG oltage Voltage for All Inputs
54 0.7 Guaranteed Input LOW Threshold
W Volt v
ViL Input LOW Voltage 7a 08 Voltage for All Inputs
VCf) input Clamp Diode Voitage -0.65 -15 v Vec = MIN, iy =-18 mA
54 25 34 Vee = MIN, igy = —400 uA
Vou Output HIGH Voltage v cc OH H
74 2.7 3.4 VIN = Vi or V) per Truth Table
54,74 0.25 0.4 A\ | =40 mA |Vce = MIN, VN = V
VoL Output LOW Voltage : oL cc IN = ViH or
74 0.35 0.5 v ipL = 8.0 mA [V per Truth Tabie
: 20 A Vee = MAX, Viy =27V
hH Input HIGH Current H cc IN
0.1 mA Vee = MAX Vi =10V
L Input LOW Current -0.4 mA Vee = MAX, Vg =04V
Output Short Circuit
- &1 = =
los Current (Note 4) 15 00 mA Vee = MAX, Vour =0V
lce Power Supply Current 7.0 12 mA Vee = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘worst case’’ conditions.
2. The specified LIMITS represent the “worst case” value for the parameter. Since these "‘worst case’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system

operating ranges. .
3. Typical limitsare at Vg =5.0V, Ty =25 C.
4. Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

LIMITS

ARAMETER NIT T ITH
SYMBOL P, ETE MIN P MAX UNITS EST CONDITIONS
tpLH Propagation Delay 11 18 ns Fig. 2
tpHL (2 Levels) 18 25 Ve =50V
tpLH Propagation Delay 12 20 ns Fig. 1 C = 15pF
tPHL (3 Levels) 19 27 :

AC WAVEFORMS
Vin 13V 13V Vin 13v 13V
L‘ML“ L‘PLH" L"*‘PHL L‘PLH“'
Vout 1.3V 13V Vour 13V 13v
Fig. 1 Fig. 2
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SN54LS47/SN74LS47

BCD TO 7-SEGMENT DECODER/DRIVER

Advance Information

DESCRIPTION —The 54L.S/74LS47 is Low Power Schottky BCD to 7-Segment
Decoder/Drivers consisting of NAND gates, input buffers and seven AND-OR-
INVERT gates. They offer active LOW, high sink current outputs for driving in-
dicators directly. Seven NAND gates and one driver are connected in pairs to make
BCD data and its. complement available to the seven decoding AND-OR-INVERT
gates. The remaining NAND gate and three input buffers provide lamp test, blank-
ing input/ripple-blanking output and ripple-blanking input.

The circuits accept 4-bit binary-coded-decimal (BCD) and, depending on the state
of the auxiliary inputs, decodes this data to drive a 7-segment display indicator.
The relative positive-logic output levels, as well as conditions required at the aux-
iliary inputs, are shown in the truth tables. Output configurations of the 54LS/
74LS47 is designed to withstand the relatively high voltages required for 7-segment
indicators.

The 54LS/74LS47 outputs will withstand 15 V with a maximum reverse current
of 260 UA. Indicator segments requiring up to 24 mA of current may be driven
directly from the 74LS47 high performance output transistors. Display patterns
for BCD input counts above nine are unique symbols to authenticate input condi-
tions. .

The 54LS/74L.S47 incorporates automatic leading and/or trailing-edge zero-blank-
ing control (RBI and RBO). Lamp test (LT) may be performed at any time which
the BI/BRO node is a HIGH level. This device also contains an overriding blanking
input (BI) which can be used to control the lamp intensity or to inhibit the out-
puts. :

o LAMP INTENSITY MODULATION CAPABILITY
© OPEN COLLECTOR OUTPUTS

o LAMP TEST PROVISION

o LEADING/TRAILING ZERO SUPPRESSION

® INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION EFFECTS
® INPUTS FULLY TTL AND CMOS COMPATIBLE

LOGIC SYMBOL

71 2 6 3 5
A B C O LT RBI
¢ d e | g 8 RBOJ

7T

9 15 14 4

S

Pin 16
Pin 8

Vee
GND

PIN NAMES LOADING (Note a)

HIGH LOW
A_«_B C,D BCD Inputs 0.5 U.L. 0.25 U.L.
RBI Ripple Blanking Input 0.5 U.L. 0.25 U.L.
LT Lamp Test Input 0.5 U.L. 0:25 U.L.
BI/RBO Blanking Input or 0.5 U.L. 0.75 U.L.

Ripple Blanking Output - 1.2 U.L. 2.0U.L.

atog Outputs Open Collector 15(7.5) U.L.
Notes:

a) 1 Unit Load (U.L.) = 40 uA HIGH, 1.6 mA LOW

b) Output current measured at Vout = 0.5 V
Output LOW drive factor is 7.6 U.L. for Military (54) and 15 U.L. for Commercial (74)
Temperature Ranges.

This is advance information and specifications are subject to change without notice.
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SN541L.S47/SN74LS47

LOGIC DIAGRAM

INPUT

Wf{ e f _ |- ouTpuT
- d d

i

|
BLANKING INPUT OR |
RIPPLE - BLANKING
OUTPUT i

LAMP - TEST

INPUT E ' | _
RIPPLE - BLANKING ! ¥
INPUT 9 J

NUMERICAL DESIGNATIONS — RESULTANT DISPLAYS

TRUTH TABLE

INPUTS OUTPUTS —\
DECIMAL RS _ _
OR CT|RBI|D|C|B|A|BI/RBO| 3| b d|e| T| g | NOTE
FUNCTION
0 Hl v oo H Lo fu]LlH A
1 Hl x Jut|LlicLiH H HlL[{L[H|HIH][H A
2 Hl x [L{LiH]|L H Ll (HlL L [H[L
3 H|l x |LtjL|H]|H H Ljvf{L L nlinftL
4 H| x JLiHlu]L H Hicle[n]ln[ofo
5 H| X |L|H|L]|H H L{H[LfjL]H]L]L
6 H] x JLfn|H]L H HiHnjo o fefuefe
7 H| x [L|{H]|H|H H L{L|{Lf{H]|H[H[H
8 H] x [H{L]L]L H vicfofo ool
9 H| x [H[L]L]H H Lfv{efr]r]clL
10 H{ x [Hluv]n]tL H HiH[H|L]L][H]L
1" H| X [HlL|H[H H H{iH[L[L][H][H]L
12 H] x [HlH]L[L H HiL|[H[H][H][L]L
13 H| X [H{H]L[H H L{H[H][LC R[]
14 H| X [H{H|[H[L H HiH[H[L[L][L]L
15 H X [H{H]|H[H H HIH[H[H[H][H]H
Bl x| x [ x[x[x]x L H{H[H[H[H][H]H B
RBI H Lju]efof L HIH]H][H][H]H]H c
iT L X | x| x| x| x H LiLjofjuejefefu )

HIGH Voltage Level
LOW Voltage Level

H
L
X = Immaterial

[ ]

NOTES:

(A) BI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO).
The blanking out (Bl) must be open or held at a HIGH level when output functions 0 through 15
are desired, and ripple-blanking input (RBI) must be open or at a HIGH level if blanking of a
decimal 0 is not desired. X = input may be HIGH or LOW.

(B) When a LOW level is applied to the blanking input (forced condition) all segment outputs go to
a LOW level regardless of the state of any other input condition.
(C) When ripple-blanking input (RBI) and inputs A, B, C, and D are at LOW level, with the lamp

test input at HIG H level, all segment outputs go to a HIGH level and the ripple-blanking output
(RBO) goes to a LOW level (response condition).

(D) When the blanking input/ripple-blanking output (BI/RBO) is open or held at a HIGH level, and
a LOW level is applied to lamp test input, all segment outputs go to a LOW level.
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SN54LS47/SN74L.S47

GUARANTEED OPERATING ﬁANGES

PPLY v,
PART NUMBERS SuPPL VOLTAGE (Vo) TEMPERATURE
MIN TYP MAX
SN54LS47X 45 Vv 50V 55 V -55°C to +125°C
SN74LS47X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available.on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
MIN TYP MAX
Guaranteed Input HIGH Threshold
Vin Input HIGH Voltage 2.0 - v Voltage for All Inputs
54 0.7 Guaranteed Input LOW Threshold
Vi Input LOW Voltage 74 0.8 v Voltage for All Inputs
Veo Input Clamp Diode Voitage -0.65 -1.5 \" Vee = MIN, |y = -18 mA
Vee = MIN, loy = —50 pA
Von Output HIGH Voltage ,BI/RBO 24 42 \" Vi = Vi, of V. per Truth Table
v Output LOW Voltage 54,74 0.25 0.4 v loo = 1.6 MA | Vee = MIN, Vi = Vi, OF
o BIV/RBO 74 0.35 05 v lo. = 32 MA | V., per Truth Table
| Oft State Output Current 250 A Vee = MAX, V,, = V,, or
o om athrug s V.. per Truth Table, Vo on = 15V
v On State Outout Voltage | 54.74 0.25 0.4 v loom = 12MA | V¢ = MAX, Vg = V,,0r
© fom) athrug 74 0.35 0.5 v lo om = 24 MA | V, per Truth Table
20 pA Vee = MAX, V), =27V
[ input HIGH Current 01 ™A Vec = MAX, Vy = 10V
Input LOW Current BI/RBO -1.2 B ~
b Any Input except BI/RBO . -0.4 e Vee = MAX, Vi = 04 V
los BI/RBO | Output Short Circuit Current (Note 4) -03 -2.0 mA Vee = MAX, Vour =0V
lee Power Supply Current 7 13 mA Vee = MAX
NOTES

. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "'worst case’ conditions.
2. ‘The specified LIMITS represent the "‘worst case'’ value for the parameter. Since these "worst case’ values normally occur at the temperature and supply
voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operanng ranges.
3. Typical limits are at V¢c = 5.0 V, T, = 25°C.
4. Not more than one output should be shorted at a time.
5. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device type.

AC CHARACTERISTICS: T, = 25°C

LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
MIN TYP MAX
tewe Propagation Delay, Address 100 ns Veo = 50 V
toum Input to Segment output 100 ns ce ==
towe Propagation Delay, RBI Input 100 ns C. = 15 pF
tou To Segment Output 100 ns L= 1oP
AC WAVEFORMS
ViN 13v 13v Vin jav 13v
L‘PNL’T L‘PLH"! ,"T'PNL L‘PLH"]
Vour . 13v 13v Vourt 13V 13v
Fig. 1 Fig. 2
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SN54LS48/SN74LS48 © SN54L.S49/SN74LS49
BCD TO 7-SEGMENT DECODER

Advance Information

DESCRIPTION — The 54LS/74L.S48 and 54LS5/74LS49 are BCD to 7-Segment LOGIC SYMBOL
Decoders consisting of NAND gates, input buffers and seven AND-OR-INVERT
gates. The 54LS/74L.549 offers active HIGH open-collector outputs for current- 72 6
sourcing applications to drive logic circuits or discrete, active components. Seven l l ] l $
NAND gates and one driver are connected in pairs to make BCD data and its com- A B C O

plement available to the seven decoding AND-OR-INVERT gates. The remaining
NAND gate and three input buffers provide lamp test, blanking input/ripple-blank-
ing input for the 54LS/74L.S48. Four NAND gates and four input buffers provide s
BCD data and its complement and a buffer provides blanking input for the 64LS/ I [
741.549. LS

LT R8I

54L8/74L848

The circuits accept 4-bit binary-coded-decimal (BCD) and, depending on the state Vee
of the auxiliary inputs, decodes this data to drive other components. The relative
positive logic output levels, as well as conditions required at the auxiliary inputs, 5
are shown in the truth tables. '

[2]

z

o
won
3

5

®

c
The 54L.S/741.S48 circuit incorporates automatic leading and/or trailing edge zero-
blanking control (RBI and RBO). Lamp Test (LT) may be activated any time when 54L.S/74LS49
the BI/RBO node is HIGH. Both devices contain on overriding blanking input (B1I) ,
which can be used to control the lamp intensity or to inhibit the outputs. ‘

Vv
© LAMP INTENSITY MODULATION CAPABILITY G

INTERNAL PULL-UPS ELIMINATE NEED FOR EXTERNAL RESISTORS ON 54LS/74LS48
OPEN COLLECTOR OUTPUTS ON 54LS/74L.S49

INPUT CLAMP DIODES ELIMINATE HIGH-SPEED TERMINATION EFFECTS

INPUTS FULLY TTL AND CMOS COMPATIBLE o >

LOGIC DIAGRAM I*‘“*—'__ B e o
e s . : Qo ]
-

DIP (TOP VIEW)
54LS/74L548
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INPUT
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I
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it
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|
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e
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e
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RIPPLE - BLANKING | .. . %

ouTPUT R
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f i

T -
[

“RIPPLE - BLANKING | '

INPUT L

—
H ‘Y‘f“\l_r
et

B Rt R

4
|

5 0

I8

e
00000070

P—

LAMP - TEST {1 _ ] .
INPUT L

o

E)

‘Tuooooo @

“Not included with the 54L.S/74L.S49

This is advance information and specifications are subject to change without notice
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SN54L.548/SN74L.548 » SN54LS49/SN74L.S49

PIN NAMES LOADING (Note a)
HIGH LOW

0.5 U.L. 0.25 U.L.
A B,C,D, BCD Inputs 0.5 U.L. 0.25 U.L.
RBI Ripple Blanking (Active Low) Input 0.5 U.L. 0.25 U.L.
LT Lamp Test (Active Low) Input 0.5 U.L. 0.75 U.L.
BI/RBO. Blanking Input or Ripple 1.2 UL 20U.L.
. Blanking Output (Active Low) 0.5 U.L. 0.25 U.L.
Bl Blanking (Active Low) Input Open Collector 3.75(1.25) U.L. (48)
atog Outputs (Note b) Open Collector 5(2.5) U.L.(49)

NOTES: .

a) Unit Load (U.L.) = 40uA HIGH/1.6 mA LOW

b) Output current measured at Vout = 0.5V
Qutput LOW drive factor is 54LS/741L.548: 1.25 U.L. for Military (54), 3.75 U.L. for Commercial (74).
541L5/741.S49: 2.5 U.L. for Military (54), 5 U.L. for Commercial (74) Temperature Ranges.

TRUTH TABLE

NUMERICAL DESIGNATIONS — RESULTANT DISPLAYS

541.S/74L.548
INPUTS ouTPUTS NOTES:
DECIMAL . f T (1) BI/RBO is wired-AND logic serving as blanking input
FUNOCF;‘ON LT|RBIID|ClB YA BIURBO  afb |cjdfe;! I'9 | NoTE {BI) and/or ripple-blanking output (RBO). The blanking
5 YR Ve v v e g " "R TR RY ; out (BI) must be open or held at a HIGH level when
H L N : .
3 " X oo Tw a CTalm oo T ou(pu't fu_nc(lons 0 through 15 are desired, and ripple-
2 W T x Tololwlc a Wl R L n Al Th blanking input (RBI) must be open or at a HIGH level
3 " X R H Hin[w WL (N if blanking of a decimal O is not da;irad. X=input may be
4 Wl x [eynlcle H LiH|A[L [ AN HIGH or LOW.
+
S AT AT B L S L l HpbtniHiL 4” H (2) When a LOW level is applied to the blanking input
6 H X L H H L H L L H H H | H H (f d diti ) m OW 0 \
A N N S A " IR T orced condition) all segment outpnlns go to a L evel,
) NI W THR R AR A AR regardless of the state of any other input condition.
RN H O THIH[A|L[LHH (3) When ripple-blanking input (RBI) and inputs A, B, C,
10 |r H X H|L ! HlL H LiLiu|HH l L A and D are at LOW level, with the lamp test inputat HIGH
u il I L S L H Ljtguiuje Lo level, all segment outputs go to 8 HIGH level and the
12 NERDEIDND H NIRRT ipple-blanki ¢ (RBO) N LOW level
PR s v v s o V30 Bl B v e ripple-blanking output goes to a eve!
T T x Talnlwlc v} NN D (response condition).
H]l x [HjB HH H [ e L L L (4) When the blanking input/ripple-blanking output (B1/
XX X pxpxix L L L FCN 0 T A L RBO) is open or held at a HIGH level, and a LOW level
WO oo L BN 3 , . .
— = 1 -
T X T [ T G }»H PP v v v e n is applied to lamp-test input, all segment outputs go to a
e e - - LOW level.
TRUTH TABLE
54L.S/74L.549
——— INPUTS —— y———— QUTPUTS ——————\
DECIMAL [
A olc AlBilalblclalel|t|q]|noTE
FUNCTION
2 A ) Hin
1 H L | H L 5
2 CRAEDERENEN
3 RTICAr NOTES:
4. HltpHlHlL (1) The blanking input must be open or held at a HIGH level
s HiHltlHlH when output functions O through 15 are desired.
6 H L L H H
7 AR TwIwTC (2) When a LOW level is applied to the blanking input all
8 HIWTwTHTH segment outputs go to a LOW level regardless of the
7'79 ) ’_’1 Wl RIHTL state of any other input condition. X = input may be
10 Lo UL L LN HIGH or LOW.
|‘|> _ H L “L H, -H
" HWiyln]olu
13 winwlo o]
14 I O A H = HIGH Voltage Level
15 Moo e L = LOW Voltage Level
8l Lptlv g X = Immaterial
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SN54L.548/SN74L548

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vcc)
PART NUMBERS TEMPERATURE
MIN TYP MAX
'SN54LS48X 45V 50V 55V -55°C to +125°C
SN74L548X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER T RE RIS UNITS TEST CONDITIONS
Vin Input HIGH Voltage 2.0 \" Guarantee Input HIGH Volitage
Vv, Input LOW Volitage L 08 v Gu Input LOW Voitage
"t i 9 54 07| Vv P 9
Vep Input Clamp Diode Voltage -1.5 v Vee = MIN = —18 mA
, Vee = MIN, lgy = -50'uA
VoH Output HIGH Voltage 24 42 MA vcc_ OH
_ IN = ViH or U.L. per Truth Table
Output Current a thr -1.3 Vee = MIN, Vg = 085V
lo put C t v mA Input Conditioner as for Vo
54,74 04| Vv lo=4mA | Vgc =MIN, V) =20V
V Output LOW Voltage
oL P 9 74 05| V |loL=8mA | Vi = Vi MAX
20 | pA | Vgc = MAX,ViN= 27V
| Input C t HIGH
I put Lurren 01| mA | Ve = MAX,Vin= 10V
h input Current LOW -04 ] mA Vee = MAX,ViN= 04V
Icc Power Supply Current 8.0 151 mA Vee = MAX
AC CHARACTERISTICS: Vo = 50V, Ty = 25°C
SYMBOL PARAMETER LIMITS UNIT TEST CONDITIONS
MIN | TYP | MAX
Propagation delay lime; HIGH-to-LOW level output
teuL . 100 ns
from A input CL = 15pF, R = 4.0 k1,
Propagation delay time, LOW-to-HIGH level output
tLH . 100 ns
from A input
Propagation delay time, HIGH-to-LOW level output
tPHL —_— 100 ns
from RBI input Ci = 15pF, R = 6.0 k12,
t Propagation delay time, LOW-fo-HIGH level output 100 ns
PLH from RBI input
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SN54LS49/SN74LS49

GUARAN'i’EED OPERATING RANGES

SUPPLY VOLTAGE (V.
PART NUMBERS Vee) TEMPERATURE
MIN TYP MAX
SN54L549X 45V 50V 55V -55°C to +125°C
SN741L.549X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip: See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

LIMITS
YMBOL PA NIT TEST NDITI
S RAMETER TTRETCRETS UNITS CONDITIONS
Vin Input HIGH Voltage 2.0 \" Guarantee Input HIGH Voltage
74 0.8 \2
ViL Input LOW Voitage Guarantee Input LOW Voltage
54 0.7 \"
. Vco Input Clamp Diode Voltage -1.5 v Vece = MINjjj= —18 mA
) Output HIGH Current 250 | wa | VCC = MIN.Viy =20V
utpu urren
OH P RV = ViU MAX, Vo = 55V
54,74 04| Vv lo=4mA | Vcc =MIN, Vi =20V
V t LOW Volt
oL Outpu otlage 74 05| V |loL=8mA | V=V, MAX
20 | A Vce = MAX,Vjy= 27V
| Input C t HIGH
W put Lurren 01| mA | Vec = MAX,Vjy= 10V
T8 Input Current LOW -04 | mA Vece = MAX, V)= 0.4V
lcc Power Supply Current 8.0 15| mA | Voo = MAX
AC CHARACTERISTICS: Vo = 5.0V, Ty = 25°C
SYMBOL PARAMETER LIMITS UNIT TEST CONDITIONS
MIN | TYP | MAX
t Propagation delay time, HIGH-to-LOW level output 100 ns
PHL from A input C_ = 15pF, R_ = 20 kQ2,
Propagation delay time, LOW-to-HIGH level output
tPLH . . 100 ns
from A input
Propagation delay time, HIGH-to-LOW level output
tPHL P 100 ns
from RBI input C_ = 15 pF, R_ = 6.0 k1),
Propagation delay time, LOW-to-HIGH level output
tPLH — 100 ns
from RBI input
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SN54L.S51/SN74L851

DUAL 2-WIDE 2-INPUT/3-INPUT AND-OR-INVERT GATE

(4] (7] [ [ (5] [+ [°]

D)

T T

GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
TEMPERATURE
PART NUMBERS N P VAX
SN54LS51X 45 Vv 50V 55 V -65°C to 125°C
SN74LS51X 475V 50V 525V 0°C t0 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product

\

DC CHARACTEhISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

\ . LIMITS
YMBOL PARAMETER UNITS TEST CONDITIONS (Note 1
SYMBO MIN | TYP | MAX (Note 1)
ViH Input HIGH Voltage 2.0 \Y Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 7a 08 \ . Guaranteed Input LOW Voltage
Vep input Clamp Diode Voltage -0.65 -1.5 \ Vee = MIN, iy = -18 mA
54 25 34 _ _ -
VoH Output HIGH Voltage = 55 73 v Ve = MIN, 1oy = ~400 pA, Vi = Vi,
54,74 0.25 0.4 v Vee = MIN, Ig, = 40 mA, Vpy = 2.0V
V, tput LOW Vot
oL  Quiput LOW Voltage 74 035 | 05 v Ve = MIN, T, =80 mA, Viy = 20V
1.0 20 MA Vee = MAX, Vi = 2.7V
[ Input HIGH Current 5 A Vgg TR V:: 5V
e Input LOW Current —-0.4 mA Ve = MAX, Vi =04V
Output Short Circuit B _
los Current (Note 3) 15 . 100 mA Vee = MAX, VOUT =0V
lCCH Supply Current HIGH ‘ 0.8 1.6 mA VCC = MAX, VIN =0V
lceL Supply Current Low 1.4 .28 mA Vce = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

LIMIT:
SYMBOL PARAMETER N TYPS MIAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 8.0 13 ns Ve =50V
tpHL Turn On Delay, Input to Output 8.0 13 ns C = 15pF
NOTES: )
1. ::Jict;og.:)i:ons shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

2. Typical limits are at Vog = 5.0 V, Tp = 25°C.
3. Not more than one output should be shorted at a time.
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SN541.854/SN74 LS54

3-2-2-3-INPUT AND-OR-INVERT GATE

ninioinininin

D

Eee

Ll Ll B Ll B L]

GUARANTEED OPERATING RANGES

GND

SUPPLY VOLTAGE

PART NUM - TEMPERATURE
BERS MIN TYP MAX M v

SN54LS54X 45 Vv 50V 55 V —55°C to 125°C

SN74LS54X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging tnformation Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS

YMBO PARAMETER NIT. TEST CONDITIONS (Note 1
S L E “MIN ~r MAX UNITS ST CO ONS (Note 1)
ViH Input HIGH Volitage 20 v Guaranteed Input HIGH Voltage

54 Q0.7

ViL Input LOW Volitage 74 08 \ Guaranteed Input LOW Voltage
Vep Input Clamp Diode Voltage -0.65 -15 Vv Vee = MIN, )y =-18 mA
V, Output HIGH Voltage 54 25 3.4 v Vee = MIN, | =—400 A, Vi = V

OH P! oltag 74 27 3.4 - CcC - 'OH HA, IN L
v o LOW Vo 54,74 0.26 04 3 Ve =MIN, I, =4.0mA, Vi =20V

tput t
oL uipy onage 73 035 | 05 v Vee =MIN, 1o, =BOmA, Vy =20V
1.0 20 A = MAX, Viy = 2.7
i1 Input HIGH Current “ Vee =MAX Vi =27 V
0.1 mA Vee = MAX, iy =10V
[ Input LOW Current -04 mA Vee = MAX, Vi =04V
Qutput Short Circuit _ _

'os Current (Note 3) 15 100 mA Vee = MAX Voyr =0V
IcCH Supply Current HIGH 0.8 1.6 mA Voo =MAX, vy =0V
lecL Supply Current LOW 1.0 20 mA Vece = MAX, Inputs Open |

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER MIN LITI\¢I;'S MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Qutput 10, 15 ns Veg =50V

tpHL Turn On Delay, Input to Qutput 10 15 ns CL=15pF
NOTES:

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

2. Typical limits are at VCC =50V, Ta'=25°C.

3. Not more than one output should be shorted at a time.
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SN541L.855/SN74 LS55

2-WIDE 4-INPUT AND-OR-INVERT GATE

Vee

Ininininioiolio

D)

LGl B L L] LT

GUARANTEED OPERATING RANGES

GND

SUPPLY VOLTAG!
PART NUMBERS - OLTAGE TEMPERATURE
MIN TYP MAX
SN54LS55X 45 v 50V 55 V —55°C to 125°C
SN74LS55X 475V 50V 5.25 V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
PA T N : 1
SYMBOL RAMETER MIN v AR UNITS TEST CONDITIONS:(Note 1)
VIH input HIGH Voltage 20 \" Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 74 08 \% Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage -0.65 -1.5 \ Vee = MIN, hy =-18 mA
54 25 3.4 _ _ -
VoH Output HIGH Voltage 74 57 34 \ Vee = MIN, igy = —400 kA, V| = VL
v/ A g e 54,74 0.25 04 \ Ver =MIN, Inp =40 mA, Viy =20V
u 1 LUVV voilage SAd M LML
oL SRR 9 74 035 | 05 v Voo = MIN, g, = 8.0 mA, Vg =20V
1. (0] = X, Viy =27V
WM Input HIGH Current 0 2 LA Vee = MAX, Viy = 2
0.1 mA Vee = MAX, Viy =10V
cC IN
e Input LOW Current -0.4 mA Vee = MAX, V)y =04V
Output Short Circuit B B
los Current (Note 3) -15 ~100 mA Vee = MAX, Voyr =0V
IccH Supply Current HIGH 0.4 0.8 mA Vee = MAX, V=0V
lccL Supply Current LOW 0.7 1.3 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Ty = 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER Y L'x‘:S TNAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 10 15 ns Vec =50V

tpHL Turn On Delay, Input to Output 10 15- ns C_ = 15pF
NOTES:

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

2. Typical limits are at Voo = 5.0 V, Tp = 25°C.

3. Not more than one output should be shorted at a time.
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SN54LS73A/SN74LS73A

DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP

Advance Information

DESCRIPTION — The SN54LS73A/SN74LS73A offers individual J, K, clear, and clock inputs. These dual flip-flops
are designed so that when the clock goes HIGH, the inputs are enabled and data will be accepted. The logic level of
the J and K inputs may be allowed to change when the clock pulse is HIGH and the bistable will perform according
to the truth table as long as minimum set-up times are observed. Input data is transferred to the outputs on the
negative-going edge of the clock pulse.

LOGIC SYMBOL LOGIC DIAGRAM (Each Flip-Flop)
14
3 o—tg ——O a
' 13(8) » 1219)
| =
3
- . >( O CLEAR
216)
Vee = Pin4 xo————(':D“— 1 “%" o
GND = Pin 11 3(10) 18N
X
cLock [Th
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (Vcc)
TEMPERAT
PART NUMBERS TN TP AX EMPE URE
SNS4LS73AX 45 v . 50V 55 V -55°C to 125°C
SN74LS73AX 475V 50V 5.25 V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
PARAM R NITS TEST CONDITIONS (Note 1
SYMBOL ETE N P AAX U (ol0] ONS (Note 1)
Guaranteed Input HIGH Voltage
X \"
ViH Input HIGH Voltage 20 for Al Inputs
54 0.7 Guaranteed Input LOW Voltage
ViL Input LOW Voltage \Y u pu oltag
74 0.8 for All Inputs
Veo Input Clamp Diode Voltage -0.65 -15 Vv Vee = MIN, |y = —18 mA
54 25 3.4 Vee = MIN, Igy = —400 A
VoH Output HIGH Voltage \" cc OH
74 2.7 3.4 VIN = V| or Vi per Truth Table
54,74 0.25 0.4 \" loL=4.0mA [Vce = MIN, VIN = V|
VoL Output LOW Voltage d oL T2 fvec IN = ViR of
74 0.35 0.5 \Y loL = 8.0 mA |V per Truth Table
Input HIGH Current
J. K 20
Clear 60 HA Ve = MAX, V=27V
lock 80
H Clod
J, K 0.1
Clear . 0.3 mA Vee = MAX, Vi =565V
Clock 0.4
Input LOW Current .
J. K -0.4
W Clear -0.8 mA Vee = MAX Vi =04V
Clock —-0.38
Output Short Circuit
) -15 -100 A Vee = MAX, V =0V
oS Current (Note 3) m cc out
Ice Power Supply Current 4.0 6.0 mA Vee = MAX, Vep =0V

This is advance information and specifications are subject to change without notice.
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SN54LS73A/SN74LS73A

MODE SELECT — TRUTH TABLE

INPUTS . OUTPUTS

OPERATING MODE - — =
To J K Q a

Reset (Clear) L X X L H
Toggle H h h q q
Load ‘0" (Reset) H | h L H
Load “'1" (Set) H h 1 H L
Hold H l ! q q

H,h = HIGH Voltage Level

LI = LOW Voltage Level

X = Don't Care

I, h (q) = Lower case letters indicate the state of the referenced
input (or output) one set-up time prior to the HIGH to
LOW clock transition.

AC CHARACTERISTICS: Tp = 25°C

LIMITS
SYMBOL PARAMETER
MIN P TAAX UNITS TEST CONDITIONS
fmMAX Maximum Clock Frequency 30 45 MHz Fig. 1
tpLH Propagation Delay, 11 20 ns Fig. 1 Ve =50V,
tpHL Clock to Output 16 20 C_=15pF
tpLH Propagation Delay, 11 20 ns Fig. 2
tPHL Clear to Output 16 20
AC SET-UP REQUIREMENTS: Tp = 25°C
SYMBOL PARAMETER LIMITS UNIVTS TEST CONDITIONS
: MIN TYP MAX

twCP(H) Clock Puise Width (HIGH) 18 12 ns Fig. 3
tyCP(L) Clock Pulse Width (LOW) 15 10 . ns
tw Clear Pulse Width 15 10 ns Fig. 2
tg(H) Set-up Time HIGH, J or K to Clock 20 13 ns . Vg =50V
th(H) Hold Time HIGH, J or K to Clock 0 -10 ns Fig. 3
tg(L) Set-up Time LOW, J or K TO Clock 15 . 10 ns
th(L) Hold Time LOW, J or K to Clock 0 -13 ns
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.
2. Typical limits are at Vog = 5.0 V, Tp = 25°C.
3. Not more than one output should be shorted at a time.
4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock

transition from HIGH to LOW in order to be recognized and transferred to the outputs.
5. HOLD TIME (ty) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained

at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to
the clock transition from HIGH to LOW and still be recognized.
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SN54LS73A/SN74LS73A

AC WAVEFORMS

Fig. 1 CLOCK TO OUTPUT DELAYS,
DATA SET-UP AND HOLD TIMES, CLOCK PULSE WIDTH

—«»’¢ thiti 0 | 'h(H)=0

<— (L) — < 's(H) —p|

TPLH —
13V
PHL
13V

Fig. 2 SET AND CLEAR TO OUTPUT DELAYS,
SET AND CLEAR PULSE WIDTHS

- W
CLEAR x
1
| — PLH . | — PHL
. 13V
| — PHL |~<——~| — PLH
1.3v

Fig. 3 CLOCK TO OUTPUT DELAYS, DATA
SET-UP AND HOLD TIMES, CLOCK PULSE WIDTH

T~

bl m(l) 0 | th(H) - 0
- 1 (L) —P] < t5(H) —~

- W (L)
ce
13v 13v
< W () oo e

‘ 13v
|
<3 [tppy .
a
X 13V 13V
oy ||
- 13V

*The shaded areas indicate when the input is permitted to change for predicatable output performance.

o

o
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SN54LS74A/SN74LS74A

DUAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The SN54LS74A/SN74LS74A dual edge-triggered. flip-flip utilizes Schottky TTL circuitry to
produce high speed D-type flip-flops. Each flip-ﬂqp has individual clear and set inputs, and also complementary Q and
Q outputs.

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

LOGIC SYMBOL LOGIC DIAGRAM
. 0 : (EACH FLIP-FLOP)
4 ) _
2—0 so Qp—5 12— D so Qp—9 SET (50)4“0)
3—3cCP 11— CP Q
o 5(9)
alo—s ab-s CLEAR (CD)O-
Cop co 1013)
Y ¥
! 3 cLock O
Vce = Pin 14 301 s
GND =Pin 7 5(8)
D
2(12)

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE

MP

PART NUMBERS MIN P MAX TEMPERATURE
SN54LS74AX 45 V 50V 566 V —55°C to 1256°C
SN74LS74AX 475V 5.0V 526V . 0°C to 70°C

X = package type; W for Fiatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER NIT: TEST C | Note 1
ETE MIN v MAX UNITS ST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
| .
ViH Input HIGH Voltage 20 \ for Al Inputs
0.7 d t LOW Volt,
viL input LOW Voltage 54 v Guaranteed Inpu oltage
74 . 0.8 for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 \Y Vee = MIN, )y = -18 mA
54 25 3.4 ) Vee = MIN, | = —400 uA
VoH Output HIGH Voltage v cc OH H
74 2.7 3.4 VIN = V) or V) per Truth Table
54,7 0.25 04 \% loL = 4.0 mA | Ve = MIN, =
VoL Output LOW Voltage 74 oL m cc VIN = Vi of
74 0.35 0.5 \% loL = 8.0 mA | V| per Truth Table
Input HIGH Current
Data, Clock 20
Set, Clear 40 HA Vee = MAX, Vi =27V
IH
Data, Clock 0.1
Set, Clear 0.2 mA Ve = MAX, V=10 V
Input LOW Current
Data, Clock -0.4
U8 Set, Clear -0.8 mA Vee = MAX, V) =04V
Output Short Circuit -
[ _ - = =0V
os Current (Note 3) 15 100 mA Vee = MAX, Vour 0
lcc Power Supply Current 4.0 8.0 mA Vee = MAX, Vep =0V
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SN54LS74A/SN74LS74A

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS

OPERATING MODE — — =
Sp Cp o] Q Q

Set L H X H L
Reset (Clear) H L X L H
*Undetermined L L X H H
Load 1" (Set) H H h H L
Load 0" (Reset) H H 1 L H

*Both outputs will be HIGH while both Sp and Cp _are LOW, but
the output states are unpredictable if Sp and Cp go HIGH
simultaneously.

H,h = HIGH Voltage Level

L,| = LOW Voltage Level

X = Don’t Care

I, h (q) = Lower case letters indicate the state of the referenced
input (or output) one set-up time prior to the LOW to
HIGH clock transition.

AC CHARACTERISTICS: Tp = 25°C (See SN54LS73A for Waveforms)

. LIMIT.
SYMBOL PARAMETER IN TYPS MAX UNITS TEST CONDITIONS
faax Maximum Clock Frequency 30 45 MHz Fig. 1
tpLH Propagation Delay, 9 20 ns Fig. 1 Vec =50V,
tPHL Clock to Output 13 30 C_=15pF
tpLH Propagation Delay, 8 15 ns Fig. 2
tpHL Set or Clear to Output [CP = L 13 25
tPHL : CP=H 13 24

AC SET-UP REQUIREMENTS: Tp = 256°C (See SN54LS73A for Waveforms)

LIMITS
SYMBOL PARAMETER N VP MAX UNITS TEST CONDITIONS
tCP(H) Clock Pulse Width (HIGH) 18 12 . ns _ Fig. 1
tw Set or Clear Pulse Width 15 10 ns Fig. 2
tg(H) Set-up Time HIGH, Data to Clock 10 6 ns \/CFC =50V
th(H) Hold Time HIGH, Data to Clock 0 -14 ns Fig. 1
tg(L) Set-up Time LOW, Data to Clock 20 14 ns.
thiL) Hold Time LOW, Data to Clock 0 -6 ns
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.

2. Typical limits are at Voo = 5.0V, T = 25°C.

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

4. SET-UP TIME (tg) is defined as the minimum time required for.the correct logic levei to be present at'the logic input prior to the clock
transition from LOW to HIGH in order to be recognized and transferred to the outputs.

6. HOLD TIME () is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained
at the input in order to ensurecontinued recognition, A negative HOLD TIME indicates that the correct logic level may be released prior to
the clock transition from LOW to HIGH and still be recognized.
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SN54LS75/SN74LS75 ® SN54LS77/SN74LS77

: 4-BIT D LATCH

Advance Information

DESCRIPTION — The TTL/MS| 54L5/74LS75 and 54LS/74LS77 are latches used
as temporary storage for binary information between processing units and input/
output or indicator units. Information present at a data (D) input is transferred
to the Q output when the Enable is HIGH and the Q output will follow the data
input as long as the Enable remains HIGH. When the Enable goes LOW, the infor-
mation (that was present at the data input at the time the transition occurred) is
retained at the Q output until the Enable is permitted to go HIGH.

The 54L.S/74LS75 features complementary Q and Q output from a 4-bit latch and
is available in the 16-pin packages. For higher component density applications the
541.S/74LS77 4-bit latch is available in the 14-pin package with Q outputs omitted.

LOADING (Note a)

PIN NAMES HIGH Low
Dy_D4 Data Inputs 05 U.L. 0.25 U.L.
Eo—y Enable Input Latches 0, 1 20 U.L. 1.0 U.L.
Eoj Enable Input Latches 2, 3 20U.L. 1.0U.L
Q,-Q4 Latch Outputs (Note b) 10 U.L. 5(2.5) U.L.
Q,-Q;  Complimentary Latch Outputs (Note b) 10 U.L. 5(2.5) U.L.
Notes:

a. 1 Unit Load (U.L.) = 40uA LOW

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

TRUTH TABLE
(Each latch)

NOTES:
th | thet th = plt bmg before gfock
g going transition
D g th+1 = bit time after clock
[‘ L negative-going transition.

CONNECTION DIAGRAMS
DIP (TOP VIEW)

54LS/75LS75 54LS/74LS77
'50E1 ~ 16 :lQo o1~ 14[Jao
00:2 s ]o oi[]2 13[Ja

€573 12[Je0-
vee[]4 11 JaND

mEa 14 :|51
Equ 4 13 j Eo-1

vee[]s 12[Jeno 025 10[]nc
o:[Je njae: os[]e s[Ja.
(mp w{]e mi 8[Jas-
] o[ Jos

LOGIC SYMBOLS

54LS/74LS75

[ 11

Do 07 Dy D3
13——1E0q
4 —1¢€23
Qg Gp Qy Gy O G, 03 G3
16 1 15 14 10 11 9 8
Vee = Pin5
GND = Pin 12
54LS/74LS77
1 i i 6
Dp Oy Dy D3
12—,
e,y
Qp 0 0z Q3

14 13
Ve = Pin 4
GND = Pin 11
NC = Pin 7, 10

This is advance information and specifications are subject to change without notice.

4-46




SN54L.S75/SN74LS75 ¢ SN54LS77/SN74LS77

LOGIC DIAGRAM

DATA Q (S4LS/75LS75 ONLY)

O—e—Q
ENABLE

TO OTHER LATCH

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vcc)
PART NUMBERS TEMPERATURE
MIN TYP MAX
SN54LS75X . .
SN54LS77X ‘ 45 V 50V 55 V -55°C to +125°C
SN74LS75X R ‘
SN74LS77X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

AC SET-UP REQUIREMENTS: T, = 25°C

LIMITS
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS
twCP Minimum Enable Pulse Width 20 ns Fig. 1
ts Set-up Time, Data to Enable (HIGH or LOW) 20 ns ' Fig. 1
th Hold Time, Data to Enable (HIGH or LOW) 0 ns Fig. 1
AC WAVEFORMS

o1

*The shaded areas indicate when the input is permitted to change
for predictable output performance.

Fig. 1

DEFINITION OF TERMS:

SET-UP TIME (t5) — is defined as the minimum time required for the correct logic level to be present at the logic input
prior to the clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs.

HOLD TIME (ty,) - is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the
correct logic level may be released prior to the clock transition from LOW-to-HIGH and still be recognized.
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SN54LS75/SN74LS75

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
PARAMET! ' UNITS TEST CONDITIONS
SYMBOL ETER . MIN TYP MAX

. Guaranteed Input HIGH Voltage
Vin Input HIGH Voltage 2.0 v P 9
for All Inputs
v Inout LOW Voltage 54 0.7 v Guaranteed Input LOW Voltage
n
b pu 9 74 0.8 for Al Inputs
Veo Input Clamp Diode Voltage -065| -1.5 v Vee = MIN, )y = -18 mA
| 54 25 34 Vee = MIN, lgy = —400 uA
H Volt Vv
Vo Output HIGH Voltage 7 2.7 3.4 Vin = ViH or viL Per Truth Table
54, 74 0.25 0.4 lop = 4.0 mA  Vge = MIN, V| = Vin
\ W Volt \"
oL Output LOW Voltage 74 035| 05 loL = B.0mMA or V,__per Truth Table
Input HIGH Current '
D 20 ' \
A Vv = MAX, V)N = 27V
i E so | * €e N
Input HIGH Current at MAX
Input Voltage
D 0.1
: mA " = MAX,V|y =10V
E 0.4 cc IN
Input LOW Current -
he D : -04 | MA | Voo = MAX, Vi = 0.4V
E -1.6
Output Short Circuit Current
! -20 -100 mA " = MAX, V =0V
os (Note 4) cc our =0
Icc Power Supply Current 6.3 12 [ mA Vec = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “worst case” conditions.

2. The specified LIMITS represent the “worst case’ value for the parameter. Since these “worst case" values normally occur at the temperature and supply voltage
extremes, additional noise immunity and guard banding can be achieved by d ing the y operating ranges.

3. Typical limits are at Vo = 5.0 V, 25°C, and maximum loading.

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

AC CHARACTERISTICS : Tp = 25°C, Vgc = 5.0V

. |
SYMBOL PARAMETER iR LrYI;S MAX UNITS TEST CONDITIONS
27

:P"“ Propagation Delay, D to Q 17 ns
PHL
t —_ 20 Vee =50V
tPLH Propagation Delay, D to Q (LS75) 15 ns Ccc_ 15 pF
PHL L=

' 27 Fig. 1
G Propagation Delay, Enable to Q ns '
tpHL 25
tPLH Propagation Delay, Enable to Q 30 ns
tPHL 15
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SN54LS77/SN74LS77

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS
MIN TYP MAX
V’IH Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
for All Inputs
54 . teed Input LOW Volt;
Vi Input LOW Voltage 0.7 v Guaranteed Input LO oltage
74 0.8 for All Inputs
Veo Input Clamp Diode Voltage -0.65 | —-1.5 v Vee = MIN, ||y = —18 mA
54 2.5 3.4 Vee = MIN, | = —400 pA
Vou Output HIGH Voltage v ce OH "
74 2.7 3.4 : ViN = ViH or viL per Truth Table
54, 74 0.25 0.4 loo =40mA Vge = MIN, V) = Vi
V Output LOW Voltage v
oL uipd -voliag 74 035| 05 loL = 8.0 MA or V,_per Truth Table
Input HIGH Current
D . 20
A Vv = MAX, Vin = 2.7V
\ E 8 | M cc IN
]
Input HIGH Current at MAX
Input Voltage
D 0.1
E 0.4 mA Vge = MAX, V|y = 10V
Input LOW Current .
he D ' ~0.4 | mMA | Vgc = MAX, Vi = 0.4V
E -1.6
Output Short Circuit Current
! -20 -100 mA Vee = MAX, V =0V
os (Note 4) cc oyt =0
lcc Power Supply Current 6.3 12 mA Ve = MAX
NOTES:

. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “worst case” conditions.

2. Thespecified LIMITS represent the “"worst case” value for the parameter. Since these “worst case" values normally occur at the temperature and supply voitage
extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges.

. Typical limits are at Voc = 6.0 V, 25°C, and maximum loading.

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

[A]

AC CHARACTERISTICS : Ty = 26°C, Vcc = 5.0V

LIMITS
UNITS TEST CONDITIONS
SYMBOL PARAMETER MIN P MAX
19
tPLH Propagation Delay, D to Q 7 ns Vee =50V
tPHL C_ = 15pF
t 18 "
PLH Propagation Delay, Enable to Q 18 ns Fig. 1
tPHL
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SN54LS76A/SN74LS76A
DUAL JK FLIP-FLOP WITH SET AND CLEAR

DESCRIPTION — The 54LS/74LS76A offers individual J, K, Clock Pulse, Direct
Set and Direct Clear inputs. These dual flip-flops are designed so that when the
clock goes HIGH, the inputs are enabled and data will be accepted. The Logic Level
of the J and K inputs will perform according to the Truth Table as long as min-
imum set-up times are observed. Input data is transferred to the outputs on the

HIGH-to-LOW clock transitions.

MODE SELECT — TRUTH TABLE

Advance Information

OPERATING MODE INPUTS OUTPUTS
§o ED J K Q Q
Set L H X X H L
Reset (Clear) H L X X L H
*Undetermined L L X X H H
Toggle H H h h q q
Load “0" (Reset) H H 1 h L H
Load “1" (Set) H H h | H L
Hold H H | | q 3

*Both outputs will be HIGH while both Sp and Cp are LOW, but
the output states are unpredictable if Sp and Cp go HIGH

simultaneously.

H.h = HIGH Voltage Level
L. = LOW Voltage Level
X = Immaterial

1.h (q) = Lower case letters indicate the state of the referenced input (or
output) one set-up time prior to the HIGH-10-LOW clock transition

LOGIC SYMBOL

So So
16 —{k ap—15 12—k afp—n
1 —ofcp 6 —ojcp
a—qu ajo—1a 9 V¢, 90
0

Vee = Pinb
GND = Pin 13

LOGIC DIAGRAM

aO—4

CLEAR (Cp)

>
<
><

~OSET (8p)
"—°< %@K

0 —
CLOCK (@)

This is advance information and specifications are subject to change without notice.
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SN54LS76A/SN74LS76A

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vcc)

PART NUMBERS TEMPERATURE
MIN TYP MAX .

SNSALST6AX 45V 50V 55V ~55°C to +125°C

SN74LS76AX 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER i UNITS TEST CONDITIONS
MIN TYP MAX .
Guaranteed Input HIGH Voltage
Vin input HIGH Voltage 2.0 v $a Tnput HIG 9
for All Inputs i
54 0.7 Guaranteed Input LOW Volt
ViL Input LOW Voltage : v pu age
74 0.8 for All inputs
Veo Input Clamp Diode Voltage -065| -1.5 \ Vee = MIN, )y = —18mA
54 2.5 3.4 Vee = MIN, Igy-= —400 uA
Volt: \
Vo Output HIGH Voltage 74 27 | 34 ViN = Vin or vit Per Truth Table
54,74 025( 04 loL = 40mA |'Vcg = MIN, Vi = Vi
\ t LOW Volt v
oL Output LOW Voltage 74 035| 05 loL = 8.0 mA | or vy, per Truth Table
Input HIGH Current
J. K 20
Set, Clear 60| wA | Voo = MAX, V=27V
‘ Clock 80 >
lin
J. K 0.1
Set, Clear 03| mMA | Vgc = MAX,V|y =55V
Clock 0.4
Input LOW Current
J. K -0.4
he Set, Clear, Clock -0.8| mA Vce = MAX, Viy = 0.4V
Output Short Circuit Current '
| -20 -100 mA \ = MAX, V, =0V
0s (Note 3) cC ouT
lcc Power Supply Current 4.0 6.0 mA Vee = MAX, Vep = 0V
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AC CHARACTERISTICS: T, = 25°C (See Introduction for Waveforms)

LIMITS
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS
fmAax Maximum Clock Frequency 30 45 MHz Fig. 3
::;’: Propagation Delay, Clock to Output :; 22,2 ns Fig. 3 z‘ic: B :‘:FV’
Propagation Delay, 16 20
:::: S:‘:)rgCMar tbeOthu! 16 20 ns Fig. 2
AC SET-UP REQUIREMENTS: T, = 25°C (See Chapter 1 for Waveforms)
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX
twCP(H) Clock Pulse Width (HIGH) 18 12 ns Fig. 3
twCP(L) Clock Pulse Width (LOW) 15 10 ns
tw Set or Clear Pulse Width 15 10 ns Fig. 2
tg(H) Set-up Time HIGH, J or K to Clock 20 13 ns Vec =50V
th(H) Hold Time HIGH, J or K to Clock 0 -10 ns Fig. 3
ts(L) Set-up Time LOW, J or K to Clock 15 10 ns
th(b) Hold Time LOW, J or K to Clock 0 -13 ns
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device type.
2. Typical limits are at Voo = 5.0V, Tp = 25°C.

3. Not more than one output should be shorted at a time.
4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock transition from

HIGH-to-LOW in order to be recognized and transferred to the outputs.

5. HOLD TIME (t) is defined as the minimum time following the clock transition from HIGH-to-LOW that the logic level must be maintained at the input in order to
ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to the clock transition from HIGH-to-LOW and
still be recognized.
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SN54LS78A/SN74LS78A

DUAL JK FLIP FLOP

DESCRIPTION — The 54LS/74LS78A offers individual J, K, and Direct Set inputs
as well as common Clock Pulse and Common Direct Clear Inputs. These dual Flip-
Flops are designed so that when the clock goes HIGH, the inputs are enabled and
data will be accepted. The Logic Level of the J and K inputs may be allowed to
change when the clock pulse is HIGH and the bistable will perform according to the
Truth Table as long as minimum set-up times are observed. Input data is transferred
to the outputs on the HIGH-to-LOW Clock Transition.

LOGIC SYMBOL

i 6
sD sb

3—y obl—13 10—y a
1 cp ’,_Qcp
18 —4K Qp—12 | .7 K Q
cD

«4—S

Vce = Pin 4

GND = Pin 11
GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS
‘ N P MAX TEMPERATURE

SN54LS78AX . 45 v 50V 55 V -55°C to +125°C
SN74LS78AX 475V 50V 525V 0°Cto +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER NIT: TEST CONDIT '
N P AR UNITS ST CONDITIONS (Note 1)
d | H |
Vin Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
for All Inputs
’ 54 0.7 d
ViL Input LOW Voltage v Guaranteed Input LOW Voltage
74 0.8 for All Inputs
Veo Input Clamp Diode Voltage ~0.65 -15 \ Vee = MIN, Iy = 18 mA
54 25 34 Vee = MIN, Igy'= —400 pA
Vou Output HIGH Voltage v cc OH s
74 2.7 3.4 VIN = V| or Vj per Truth Table
54,74 0.25 04 \Y =4, = =
VoL Output LOW Voltage loL O mA | Vee = MIN, VIN = Vi or
74 0.35 0.5 \ loL =80 mA | V| per Truth Table
Input HIGH Current
J, K 20
Set, Clear 60 uA Vee = MAX, Vg =27 V
\ Clock 80
IH
J. K 0.1
Set, Clear 0.3 mA Vee = MAX, Viy =55V
Clock 0.4
Input LOW Current
J K -0.4
h Set, Clear, Clock -0.8 mA Vee = MAX iy =04V
Output Short Circuit .
| -20 - mA V = MAX; V =0V
0s Current (Note 3) 100 cc ouTt
lcc Power Supply Current 4.0 6.0 mA Vee = MAX, Vep =0V

This is advance information and specifications are subject to change without notice.
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MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS
OPERATING MODE — = =
Sp Cp J K Q Q
Set L H X X H L
Reset (Clear) H L X X L H
*Undetermined L L X X H H
Toggle H H h h q q
. Load “0” (Reset) H H | h L H
Load 1" (Set) H H h | H L
Hold H H | | q q

" *Both outputs will be HIGH while both §D_and Eo_are LOW, but
the output states are unpredictable if Sp and Cp go HIGH
simultaneously.

H h = HIGH Voltage Level

Lt = LOW Voltage Level

X = Immaterial .

I,htq) = Lower case letters indicate the state of the referenced

input (or output) one set-up time prior to the HIGH-to-
LOW clock transition.

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

LIMITS
SYMBOL PARAMETER MIN TYpP MAX UNITS TEST CONDITIONS
fMAX Maximum Clock Frequency 30 45 MHz Fig. 3
tpLH Propagation Delay, 1 20 ns Fig. 3 Vec =50V,
tpHL Clock to Output 16 20 Cp = 15pF
tpLH Propagation Delay, 1 20 ns Fig. 2
tpHL Set or Clear to Qutput 16 " 20 :

AC SET-UP REQUIREMENTS: Ty = 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER YT UT,\:I;‘S MIAX UNITS TEST CONDITIONS
twCP(H) Clock Pulse Width (HIGH) 18 12 ns Fig. 3

twCP(L) Clock Pulse Width (LOW) 15 10 ns

tw Set or Clear Pulse Width 15 10 ns Fig. 2

tg(H) Set-up Time HIGH, J or K to Clock 20 13 ns Vec =50V
th(H) Hold Time HIGH, J or K to Clock 0 -10 ns Fig. 3

tg(L) Set-up Time LOW, J or K to Clock 15 10 ns

thiL) Hold Time LOW, J or K to Clock 0 -13 . ns

NOTES:

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

2. Typical limits are at Voc = 5.0V, Ta = 25°C.

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

4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock
transition from HIGH-to-LOW in order to be recognized and transferred to the outputs.

5. HOLD TIME (ty,) is defined as the minimum time following the clock transition from HIGH-to-LOW that the logic level must be maintained
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to
the clock transition from HIGH-to-LLOW and still be recognized.
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SN54LS83A/SN74LS83A
4-BIT BINARY FULL ADDER WITH FAST CARRY

DESCRIPTION — The SN54LS83A/SN74LS83A is a high-speed 4-Bit Binary Full
Adder with internal carry lookahead. It accepts two 4-bit binary words (A1 — Ag,
B1 — Bg) and a Carry Input (Cyp). It generates the binary Sum outputs (X1 — X4)
and the Carry Output (CoyT) from the most significant bit. The LS83 operates
with either active HIGH or active LOW operands (positive or negative logic). The
SN541L.5283/SN741L.S283 is recommended for new designs since it is identical in
function with this device and features standard corner power pins.

LOGIC SYMBOL

PIN NAMES LOADING (Note a) 0118 73 4 1 6
HIGH LOW lllllll]
B, A By Ay Bq A 8,
Ay — A4 Operand A Inputs 1.0 U.L. 05U.L. P
By —Bg Operand B Inputs 1.0 U.L. 05U.L. R AL ‘ Cour f—1¢
CiNn Carry Input » 0.5 U.L. 0.25 U.L. I ¥y 13 Y4 Co
£1-Z4 Sum Outputs (Note b) 10U.L 5(2.5) U.L. IRERRE
Cout Carry Output (Note b) 10U.L 5(2.5) U.L.
NOTES: .
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L.
for commercial (74) Temperature Ranges. Veg =Pin &
LOGIC DIAGRAM GND = Pin 12

Cn A Ay 8, A3 B3 Ag 84

® ® ® ® |® ® _|® CONNECTION DIAGRAM
. DIP (TOP VIEW)
\v4

e
1 1
o o ®
! ? ” NOTE:

115
j 14
(13
Veg =Pin 6 The Flatpak version has the same
GND = Pin 12 pinouts (Connection Diagram) as the
Dual In-Line Package.

12
ajl
] 10
. :g

O = Pin Numbers
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FUNCTIONAL DESCRIPTION — The LS83A adds two 4-bit binary words (A plus B) plus the incoming carry. The binary
sum appears on the sum outputs (£1 — Z4) and outgoing carry (COUT) outputs.

CiN+(A1+B1)+2(A2+B2)+4(A3+B3)+8(A4+Bg) = 21+2X2+423+8Z4+16CoyUT

Where: (+) = plus

Due to the symmetry of the binary add function the LS83A can be used with either all inputs and outputs active HIGH

(positive logic) or with all inputs and outputs active LOW (negative logic). Note that with active HIGH inputs, Carry In can
not be left open, but must be held LOW when no carry in is intended.

Example:

CiN| A1 A2 A3 Aq|B1 B2 B3 B4 |21 Z2 Z3 Z4 |CouT

logic levels L L H L H H L L H H H L L H

Active HIGH | 0 |0 1 0 1 1t 0 0 1 1 1 0 O 1 (10+9=19)

Active LOW 1 1t 0 1 0|0 1 1t O o o 1 1 0 (carry+5+6=12)

Interchanging inputs of equal weight does not affect the operation, .thus C|N, A1, B1, can be arbitrarily assigned to pins 10,
11, 13, etc.

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

—65°C to +150°C
Temperature (Ambient) Under Bias

—55°C to +125°C
Vg Pin Potential to Ground Pin -0.5Vto+7.0V
*Input Voltage (dc) -05Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5V to+5.5V
Output Current (dc) (Output LOW) +50 mA
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES
. R SUPPLY VOLTAGE {VCC)
PART
NUMBERS WiN VP MAX TEMPERATURE
SN54LS83AX 45 Vv 50V 55 V —55°C to +125°C
SN74LS83AX 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER TEST IT|
MIN v MAX UNITS CONP IONS (Note 1)
Vin Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
) for All Inputs
54
ViL Input LOW Voltage 0.7 Vv Guaranteed Input LOV\( Voltage
74 08 for All Inputs
Veo Input Clamp Diode Voltage ) —-0.65 -15 v Ve = MIN, i)y = —18 mA
54 2.5 3.4 Ve = MIN, Igy = —400 uA
VoH Output HIGH Voltage \ cc OH ™~ K
74 2.7 34 Vin = V) or V) per Truth Table
54, 74 _ ] Y = =
VoL Output LOW Voltage 0.25 0.4 Vv loL=4.0 mA| Vcc = MIN, VN = V| or
74 0.35 0.5 \Z loL = 8.0 mA| V| per Truth Table
Input HIGH Current
CIN 20 AlA VCC = MAX, VIN =27V
I Any A or B 40 .
H
CiN 0.1 mA Vee = MAX, vy =10V
Any Aor B 0.2
Input LOW Current
I|L clN -0.4 mA VCC = MAX, VIN =04V
Any Aor B -0.8
’ Output Short Circuit ,
| -15 - = =
os Current (Note 4) 100 mA Vec = MAX Voyr =0V
= MAX, All | v
lec Power Supply Current 22 39 mA Vee nputs 0
19 34 mA Ve = MAX, A Inputs = 4.5 V
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the ‘“‘worst case’’ value for the parameter. Since these ‘‘worst case’” values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system

operating ranges.

& W

. Typical limits are at Voc = 5.0 V, Ta = 25°C.
. Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

LIMITS
YMBOL P
SYMBO ARAMETER MIN P MAX UNITS TEST CONDITIONS
PLH Propagation Delay, Cyy Input 24 ns
tpHL to Any T Output 24
tpLH Propagation Delay, Any A or B Input 24 ns Vec =50V
tpHL to Z Outputs 24 C_=15pF
tpLH Propagation Delay, Cp input 17 ns Figures 1 and 2
tPHL to COUT Output 17
tpLH Propagation Delay, Any A or B Input 17 ns
tpHL to Coyt Output 17
AC WAVEFORMS
Vin 13v Vin 13v
"’t‘ PHL l""—“vw I‘—T tPLm I<—>t—— PHL
Vout 13V Vout 13v
Fig. 1 Fig. 2
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4-BIT MAGNITUDE COMPARATOR

DESCRIPTION — The 54LS/74L.S85 is a 4-Bit Magnitude Comparator which compares
two 4-bit words (A, B), each word having four Parallel Inputs (Ag-As, Bo-B3); A3, Bz
being the most significant inputs. Operation is not restricted to binary codes, the device
will work with any monotonic code. Three Outputs are provided: “A greater than B”
(Oa>g), “A less than B"(Oa<s), “Aequalto B"(Oa=B). Three Expander inputs, Ia >, Ia
<, la =B, allow cascading without external gates. For proper compare operation, the
Expander Inputs to the least significant position must be connected as follows: Ia <g =
la>g =L, la =g = H. For serial (ripple) expansion, the Oa >g, Oa <g and Oa =g Outputs
are connected respectively to the Ia > B, la < B, and Ia = g inputs of the next most
significant comparator, as shown in Figure 1. Refer to Applications section of data sheet
for high speed method of comparing large words.

The Truth Table on the following page describes the operation of the 54L.S/74LS85
under all possible logic conditions. The upper 11 lines describe the normal operation
under all conditions that will occur in a single device or in a series expansion scheme.
The lower five lines describe the operation under abnormal conditions on the cascading
inputs. These conditions occur when the parallel expansion technique is used.

e EASILY EXPANDABLE
o BINARY OR BCD COMPARISON

 Op -5, Opcp, AND O, _ g OUTPUTS AVAILABLE LOADING (Note a)

PIN NAMES HIGH | Low
Ap-A;, By-Bj Paralle! Inputs 1.5 U.L. 0.75 U.L.
A =8 A =B Expander Inputs 1.5 U.L. 0.75 U.L.
lacs. la >B A < B, A > B, Expander Inputs 0.5 U.L. 025 U.L.
Oa >8 A Greater Than B Output (Note b) 10 U.L. 5(2.5) U.L.
Oa<B B Greater Than A Output (Note b) 10 U.L. 5(2.5) U.L.
Oa =8 A Equal to B Output (Note b) 10 U.L. 5(25) U.L.
Notes.

a. 1 TTL Unit Load (U.L.) = 40uA HIGH/1.6mA LOW
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 6 U.L. for Commercial (74)
Temperature Ranges.

LOGIC SYMBOL

10 12 13 15 9 11 14

LIELL]]

Ag Ay A, As Bg B, B, B
0 A1 A2 A3 Bg By 8; By
5

L Ve Onsg
b 7

2 —

1A<B Oacs
'a=8 Op-gf—6

3 e

Pin 16
Pin 8

Vce
GND

LOGIC DIAGRAM

a3 nm’ .
83 ‘
o)

az ML

62

1

i

0 0QDO0LY

acg 12

R
A8

i
ot !

¢

'
aal !
|
!
!

I

22

CONNECTION DIAGRAM
DIP (TOP VIEW)

-‘:15
s
DM
] s
] -
311
] 0
] e

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-line Package.
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TRUTH TABLE

COMPARING INPUTS

CASCADING
INPUTS

OUTPUTS

A3,.B3 A2Br A¢B;

AoBp [la>B la<B la=B

Oa> Oa<s Oa=g

A3>B3
(A3< B3
A3=B3
A3=B3
A3=B3
A3=8B3
A3=B3
A3=B3
A3=B3
A3=B3
A3=B3
A3=B3
A3=B3
A3=B3
A3=B3
A3=83

X

X
Ap>B2
A2<B3
A2=B2
A2=B2
A2=B2
A2=B2
A2=B2
A2=B2
A2=B2
A2=82
A2=B2
A2=B2
A2=B2
A2=B2

X

1
o
o
r I I I rrrrr+~I XX X X X X X

r I I r I I XX XX X X X
rrr I XTI Irrr-XxXxXXXX X X X

H

r I I I rrrr-- I~ IrC-cIC- X

-

HIGH Level
LOW Level
IMMATERIAL

rIIrF-IF-rIc-cIc-Ic-Ic-IC

T rr I I I I r~rr~r"*>~"™©"™"~"™"™~@™©®’r

< r
L )

GUARANTEED OPERATING RANGES

PART NUMBERS

SUPPLY VOLTAGE (V¢e)

TEMPERATURE

MIN

TYP

MAX

SN54LS85X

45V

50V

55V

-55°C to +125°C

SN74LS85X

475V

5.0V

5§25V

0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.
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fp—
| ——

[rpe—

™ o~ - ® o~ -
Ag Ay Az Az By By By By P S S G S
Ao Ay A; Az 8y By By By Ay Ay Ay A3 Bo By 87 B3
a>8 Opsgf— """ "~ =1 'a>8 Oa>p [ A>8
Ia<s 54LS/74LS85  Opcpf— = = = = = — 'a<s 54L5/74L585 Oacg [ A<B
Ia=8 Opagf— "=~ la=8 Op=p [ A=8
L = LOW Level

H =HIGH Level

Fig. 1. COMPARING TWO n-BIT WORDS

APPLICATIONS

Figure 2 shows a high speed method of comparing two 24-bit words with only two levels of device delay. With the technique shown in Figure 1,
six levels of device delay result when comparing two 24-bit words. The paralle! technique can be expanded to any number of bits, see Tabie |.

mMs8

TABLE |
WORD LENGTH NUMBER OF PKGS. NOTE:
The 54LS/74L.S85 can be used as a 5-bit comparator only
1-4 Bits 1 when the outputs are used to drive the Ag-Az and
5-24 Bits 2-6 Bg-B3 inputs of another 54L.5/74L.S85 as shown
25.120 Bits 8- 31 in Figure 2 in.positions #1, 2, 3, and 4.
INPUTS
~ s ~N
. wse (Ms8)
Ao Ay Az A3 Bg 8y By B3 A0 A21A22 Az3 B20 B21 822823
IEEE RN L1311l
Ag Ay Az A3 Bg By By B3 Ag A1 Az A3 Bg 8y By B3
L] e Oa>s Ave = ta>e Oa>g
L= 'a<s =5 Oa<s 819 =1 la<e = Oacp
H=—1 is.g Opnp —I L= laep Opug p=—nNC
INPUTS
A
le =~
A5 Ag Ay Ag B5 Bg B; By A10 A11A12413810811 812813 A15216417418815816 817818
NN LLLLLLLd ]
Ag Ay Az A3 Bg By B B3 Ag Ay Az A3 Bg By By By Ao Ay Az A3 Bp By B; By
As =1 a8 Oa>s Ag =1 'a>8 A>8 Mg =1 'a>e Oa>8
84— 'a<s ot Oac<s 8y == 'a<a *3 Oa<s 814 'a<s 2 Oacs =
s I Opup f—NC e 1Y Opepp—NC L= tap O e
| ] |
Ao Ay Az A3 Bg By By By
'a>8 Oa>e
7] la<s 6 Oacs ™ } OuTPUTS
fa=g - Opeg ™

= Most Significant Bit

LSB = Least Significant Bit

L
H
NC

nowon

LOW Level
HIGH Level
No Connection

Fig. 2. COMPARISON OF TWO 24-BIT WORDS
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS
: MIN TYP | MAX
Guaranteed Input HIGH Voltage
Vin Input HIGH Voltage 2.0 A P 9
: for All Inputs
54 7 Guaranteed Input LOW Voltage
ViL " Input LOW Voltage 0 v P 9
N 74 0.8 for All Inputs
Veo Input Clamp Diode Voitage -065| -1.5 v Vee = MIN, ||y = —18 mA
54 25 35 Vce = MIN, Igy = —400 uA
\
oH Output HIGH Voltage 74 27 | 35 V' | Vin = Vin or vi per Truth Table
54,74 0.25 0.4 loL = 40mA [ Vg = MIN, Vi = Viy
A tput It. \"
oL Output LOW Voltage 74 035| 05 loL = 8.0 mA | or Vj, per Truth Table
Input HIGH Current
Ag-Az, Bo-B3, la=g 60| wA | Vee = MAX,V)y =27V
A <ela>8 20
pm Ag-A3, Bp-B3, la=8 . 0.3 mA Vec = MAX, Vi = 10V
la<s: la>B - 01
Input LOW Current
I Ag-A3, Bo-B3, la= g -1.2 | mA | Vgc = MAX, Viy = 0.4 V
lA<s .la>8 —0.4 )
Output Short Circuit Current
los (Note 4) -15 -100 mA VCC = MAX, Vour =0 v
lec Power Supply Current 1 20 | mA Vee = MAX

NOTES:

1.
2.

Conditions for testing, not shown in the table, are chosen to guarantee operations under ‘‘worst case’’ conditions.
The specified LIMITS represent the ‘worst case’’ value for the parameter. Since these ‘‘worst case’ values nor-
mally occur at the temperature and supply voltage extremes, additional noise immunity and guard banding can be
achieved by decreasing the allowable system operating ranges.

Typical limits are at Voc = 5.0 V, 2569C, and maximum loading.

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

AC CHARACTERISTICS : T, = 25°C, Vo = 5.0V

. LIMITS
SYMBOL PARAMETER N Ti
ETE N ~F TAX UNITS EST CONDITIONS
! Any A Data Input 25 3
PLH ny A or B Data Input to 6 ns Fig. 1, 2
tpHL Any Output : 20 30
tpLH A=8 Inputto 5p or 15 22 )
toRL a<p Output 12 17 ns Fig. 1,2
teLH A=B Input to 14 12 .
tPHL A=g Output 12 17 ns . Fig. 1,2
t or Input 25 36
PLH A>B OTa<p INP! ns Fig. 1, 2
tPHL to Any Output 20 30
AC WAVEFORMS
Vin 13v 13V Vin . 13V 13v
L‘pHL‘( L‘pur- ’ I’T‘PHL L‘PLH’]
Vour 13V 13V Vout 13V 13v
Fig. 1 Fig. 2
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QUAD 2-INPUT EXCLUSIVE OR GATE

Vee

TRUTH TABLE

I“‘I 1'31 I”l I”I F‘;llgl m IN ouT
A B 2z
D“ L L L
L H H
H L H
————) H H L
HEBREERRBEDEE
GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (V)
PART NUMBERS
Iy = i TEMPERATURE
SN54LS86X 45 v 50V 55 V -55°C to  125°C
SN74LS86X 475V 50V 525V 0°Cto 70°C °

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise sgecifjed)

LIMITS
Y PARAMETER
SYMBOL R ME‘E TN v AX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH voltage

Vil Input HIGH Voltage 20 Y for All Inputs

54 0.7 Guaranteed Input LOW Voltage
ViL Input LOW Voltage \Y)

74 08 for All Inputs
Veo Input Clamp Diode Voitage -0.65 -1.5 v Vee = MIN, ljy = —18 mA

54 25 34 Vee = MIN, 1oy = —400 A
Von Output HIGH Voltage v cc OH #

74 2.7 3.4 VIN ¥ V| or V)i per Truth Table
., ~  mvar s 54,74 0.25 . 04 \ lop =40 mA | Vee = MIN, VN = Viy
VoL Output LOW Voiiage ~— -

74 0.35 0.5 \ loL = 8.0 mA | or Vy_per Truth Table

40 A Vee = MAX, Viy =27V
'™ Input HIGH Current - cc IN -
0.2 mA Vee = MAX, vy =10V
I Input LOW Current -0.6 mA . Vee = MAX, Vjy =04V
| Output Short Circuit y _
0os Current (Note 3) -15 —100 mA Vce = MAX, Voyr =0 V,
IccH Supply Current 6.1 10 mA Ve = MAX
AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)
LIMITS

YMB - UNIT TEST NDITIONS
S OL PARAMETER MIN TvP MAX S EST CO O
t . 12 =
‘gt:: Propagation Delay, Other Input LOW 17 ns Ve =50V
'PLH Propagation Delay, Other Input HIGH 10 ns C_ =15pF
tPHL 12
NOTES:

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

2. Typical limits are at Voc = 5.0 V, Ta = 25°C.

3. Not more than one output should be shorted at a time.
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DESCRIPTION — The 54LS/74L.S89 is a high-speed, low-power 64-bit Random
Access Memory organized as a 16-word by 4-bit array. Address inputs are buffered
to minimize loading, and addresses are fully decoded on-chip. Outputs are open-
collector type and are in the off (HIGH) state when both the Chip Select (CS) and
Write Enable (WE) are HIGH. For all other combinations of CS and WE the outputs
are active, presenting the complement of either the stored data (READ mode) or

Advance Information

SN54LS89/SN74LS89

64-BIT RANDOM ACCESS MEMORY
WITH OPEN-COLLECTOR OUTPUTS

the information present on the D inputs.

OPEN—COLLECTOR OUTPUTS FOR WIRED-AND APPLICATIONS
BUFFERED INPUTS MINIMIZE LOADING
ADDRESS DECODING ON-CHIP
DIODE CLAMPED INPUTS MINIMIZE RINGING
LOW POWER SCHOTTKY DESIGN MINIMIZES POWER CONSUMPTION

PIN NAMES
AN Address Input .
Cs Chip Select (active LOW) Inpu
Dn Data input
On Data (inverted) Output
WE Write Enable (active LOW) Input

LOGIC sYMBOL

1—1 A
15—1A
14— A
13— A
01 02 O3 04
5.7 9 1
" Vcc = Pin 16
GND = Pin 8

FUNCTION TABLE

INPUTS OPERATION CONDITION OF OUTPUTS
Ccs WE
L H. Write Complement of Data Inputs
L H Read Complement of Selected Word
H L Inhibit Entry Complement of Data Inputs
H H Hold HIGH (Off)

H = HIGH Voltage Level
= LOW Voltage Level

This is advance information and specifications are subject to change without notice.
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SN54LS90/SN74LS90 ® SN54LS92/SN74LS9:
DECADE COUNTER DIVIDE-BY-TWELVE COUNTER

SN54LS93/SN74LS93
4-BIT BINARY COUNTER

DESCRIPTION — The SN54LS90/SN74L.S90, SN54L.S92/SN74LS92 and LdGIC SYMBOL
SN54LS93/SN74L.593 are high-speed 4-bit ripple type counters partitioned into
two sections. Each counter has a divide-by-two section and either a divide-by-five LS90
(LS90), divide-by-six (LS92) or divide-by-eight (LS93) section which are triggered 67
by a HIGH-to-LOW transition on ll_\_e clock inputs. Each section can be used —
separately or tied together (Q to CP) to form BCD, bi-quinary, modulo-12, or .
modulo-16 counters. All of the counters have a 2-input gated Master Reset (Clear), MS
and the LS90 also has a 2-input gated Master Set (Preset 9). 14 —Of Py
1 cP
‘MR QO Q, 02 03
® LOW POWER CONSUMPTION ... TYPICALLY 45 mwW ’ ,.( M ! ,,,
® HIGH COUNT RATES ... TYPICALLY 50 MHz Ve =Pin 5
® CHOICE OF COUNTING MODES . . . BCD, BI-QUINARY, GECD= Pin 10
DIVIDE-BY-TWELVE, BINARY NC = Pins 4,13
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
® FULLY TTL AND CMOS COMPATIBLE
LS92
N 14 =—Of C;’n
1—0f
PIN NAMES LOADING (Note a) e Qy Q; Q; 04
HIGH LOW
(ﬁo Clock (Active LOW going edge) Input to 3.0 U.L. 1.5 U.L.
+2 Section 67 12 n
651 Clock (Active LOW going edge) Input to 20U.L. 20 U.L. Vec=Pin5
+b Section (LS90), +6 Section (LS92) GND = Pin 10
CP4 Clock (Active LOW going edge) Input to 1.0U.L. 1.0U.L. NC =Pins 2,3, 4,13
+8 Section (LS93)
MR4, MR, Master Reset (Clear) Inputs 0.5U.L. 0.25 U.L. LS93
MS4, MS, Master Set (Preset-9, LS90) Inputs 0.5U.L. 0.25 U.L.
Qo Output from +2 Section (Notes b & c) 10 U.L. 5(2.5) U.L. 19—0f cr,
Q4,Qg, Q3 Outputs from +5 (LS90), +6 (LS92), 10 U.L. 5(2.5) U.L. 1—of ¢
+8 (LS93) Sections {Note b) " 0 0y 0, 0
@: 12 9, ! v[
NOTES: Vg = Pin 5
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW, GND = Pin 10
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and § U.L. for Commercial (74) .
Temperature Ranges. _ NC =Pins 4,6,7,13
¢. The Qg Outputs are guaranteed to drive the full fan-out plus the CP input of the device.
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LS90 e LS92 e LS93

LOGIC DIAGRAM

LS90

CONNECTION DIAGRAM
DtP (TOP VIEW)

=

T
@ A L 11
e —-JJSUo—i J'mq__“ asuo :rz
-
Cpy ———OfCP ——ofce —of cp -0 cp I
= - - - [0
X ‘C?D Q K CYD n K %} n L:D S L?D Q :9
O] H°
P
VIR, @ . NC = No Internal Connection
md>— le ® ® ©
@ o Q, Q, ay
NOTE:
QO = Pin Numbers The Flatpak version has the same
o pinouts (Connection Diagram) as the
Ve =Pin§ Dual In-Line Package.
GND =Pin 10
LOGIC DIAGRAM CONNECTION DIAGRAM
LS92 DIP (TOP VIEW)
J o L J b} ) A J ap—
e . .
CPy——Of LP —Of cP —4—Of CP —t—Of P
) iy ? ) Cp o * ¢ 0 - Co °
_0
P\
""“7® o ® )® ® Q NC = No Internal Connection
o 0, R 3
=P NOTE:
O = Pin Numbers The Flatpak version has the same
Vee=Pins pinouts (Connection Diagram) as the
GND = Pin 10 Dual In-Line Package.
LOGIC DIAGRAM CONNECTION DIAGRAM
LS93 DIP (TOP VIEW)
1[: @
J R J O J [0} ' J QP
_© du
cp, —=Of cP —Of CP —Of cP p—Of cP ZE
KCD— K‘oa K‘o” K{UO g
-0 1 m

9

o,

® ® O

Q, Qg

O = Pin Numbers
VCC =Pin5
GND = Pin 10

NC = No Internal Connection

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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LS90 @ LS92 @ LS93

FUNCTIONAL DESCRIPTION — The LS90, LS92, and LS93 are 4-bit ripple type Decade, Divide-By-Twelve, and
Binary Counters respectively. Each device consists of four master/slave flip-flops which are internally connected to
provide a divide-by-two section and a divide-by-five (LS90), divide-by-six (LS92), or divide-by-eight (LS93) section.
Each section has a separate clock input which initiates state changes of the counter on the HIGH-to-LOW clock
transition. State changes of the Q outputs do not occur simultaneously because of internal ripple delays. Therefore,
decoded output signals are subject to decoding spikes and should not be used for clocks or strobes. The Qq output of
each device is designed and specified to drive the rated fan-out plus the _C_P1 input of the device.

A gated AND asynchronous Master Reset (MR1eMR9) is provided on all counters which overrides and.clocks and
resets (clears) all the flip-flops. A gated AND" asynchronous Master Set (MS1-M32) is provided on the LS90 which
overrides the clocks and the MR inputs and sets the outputs to nine (HLLH). '

Since the output from the divide-by-two section is not internally connected to the succeeding stages, the devices may
be operated in various counting modes.:

LS90

A. BCD Decade (8421) Counter — The 6?’1 input must be externally connected to the OO output. The —C_FTO input receives the
incoming count and a BCD count sequence is produced.

B. Symmetrical Bi-quinary Divide- By Ten Counter — The 03 output must be externally connected to the CPO input. The
input count is then applied to the CP-, input and a divide-by-ten square wave is obtained at output Qo

C. Divide-By-Two and Divide-By-Five Counter — No external interconnections are required. The first flip-flop is used as a
binary element for the divide-by-two function (CPO as the input and 00 as the output). The CP1 input is used to obtain
binary divide-by-five operation at the O3 output. )

LS92

A. Modulo 12, Divide-By-Twelve Counter — The @1 input must be externally connected to the QO output. The ﬁo input
receives the incoming count and 03 produces a symmetrical divide-by-twelve square wave output.

B. Divide-By-Two and Divide-By-Six Counter — No external interconnections are required. The first flip-flop is used as a
binary element for the divide-by-two function. The CP input is used to obtain divide-by-three operation at the Qq and Q,
outputs and divide-by-six operation at the Q3 output.

LS93

A. 4-Bit Rlpple Counter — The output Qg must be externally connected to input CP1 The input count pulses are applled to
input CPO Simultaneous divisions of 2, 4, 8, and 16 are performed at the Qg, Qq, Qp, and Q3 outputs as shown in the
truth table.

B. 3-Bit Ripple Counter — The input count pulses are applied to input —C?]. Simultaneous frequency divisions of 2,4, and 8
are available at the Qq, Qp, and Q3 outputs. Independent use of the first flip-flop is available if the reset function
coincides with reset of the 3-bit ripple-through counter,
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LS90 @ LS92 @ LS93

LS90 LS92 AND LS93
MODE SELECTION MODE SELECTION
RESET/SET INPUTS OUTPUTS . I?\IE’EETE OUTPUTS
MR{ | MRy | MS; | MSy Q 07 Q Q3
\ H m L X L L L L MR4 | MRy 00 Q, Qp 03
H H X L L. L L L H H L L L L
X X H H H L L H L H Count
L X L X Count H L Count
X L X L Count L L Count
L X X L Count H = HIGH Voltage Level
X L L X Count L = LOW Voltage Level
H = HIGH Voltage Level X = Don't Care
L = LOW Voltage Level
X = Don't Care R
LS90 LS92 LS93
BCD COUNT SEQUENCE TRUTH TABLE TRUTH TABLE
OUTPUT OUTPUT OUTPUT
COUNT COUNT COUNT
Q 93 0 Qg Q Q0 0 Q3 Q 0 0 Qg
0 L L L L 0 L L L L 0 L L L L
1 H L L L | H L L L 1 H L L L
2 L H L L 2 L H L L 2 L H L L
3 . H H L L 3 H H L L 3 H H L L
4 L L H L 4 L L H L 4 L L H L
5 H L H L 5 H L H L 5 H L H L
6 L H H L 6. L L L H 6 L H H L
7 H H H L 7 H L L H 7 H H H L
8 L L L H 8 L H L H 8 L L L H
9 H L L H 9 H H L H 9 H L L H
NOTE: Output Qg is connected to Input 10 L L H H 10 L H L H
CPq for BCD count. 11 H L H H 1" H H L H
Note: Output QO connected to input CP . ]—2, ‘Lj E‘ ﬁ ﬁ
9 n | n n
14 L H H H
15 H H H H

Note: Output Qg connected to input CPq.

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

Storage Temperature

Temperature (Ambient) Under Bias

V¢ Pin Potential to Ground Pin
*Input Voltage (dc)
*Input Current (dc)

Voltage Applied to Outputs (Output HIGH)

Output Current (dc) (Output LOW)

*Either Input Voltage limit or input Current limit is sufficient to protect the inputs.

~65°C to +150°C
-55°C to +125°C
-05Vto+7.0V
-05Vto+15V
-30 mA to +5.0 mA
-0.5V t0+5.5V
+50 mA
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LS90 e LS92 e LS93

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE' (V) '
PART NUMBERS i N TRX TEMPERATURE
SN54LS90X
SN541L.S92X 45 V 50V 55 V —55°C to +126°C
SN54LS93X
SN74LS90X
SN74LS92X 475 Vv 50V 525V 0°C to +70°C
SN74LS93X

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER N P MAX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
I A v
Vin Input HIGH Voitage 20 for All Inputs
54 . Volt
Vi Input LOW Voltage 0.7 v Guaranteed Input LOW Voltage
74 0.8 for All inputs
Veo Input Clamp Diode Voltage -0.65 -1.5 " Vec =MIN, Iy =-18 mA
54 25 34 Ve = MIN, gy = —400 pA
VoH Output HIGH Voltage v cc OH .
74 2.7 34 VIN = V) or Vy per Truth Table
54,74 0.25 .4 loL = 4.0 mA | Vcc = MIN, Viy = V|
VOL Output LOW Voltage 0 v oL m | cc IN 1H or
74 0.35 0.5 Vv 1oy = 8.0 mA | Vy per Truth Table
oL IL
Input HIGH Current
MS, MR 20
CPp 20 uA Vee = MAX, vy =27V
CP4 (LS93) 20
| CPy (LS90, LS92) 20
IH
MS, MR 0.1 Vece = MAX, Viy =10V
CPg, CPq (LS93) 0.1 mA
TP, (LS90, LS92) oot
Input LOW Current
MS, MR -0.4
e CPg -24 mA Voo = MAX, Vi =04V
CP4 (LS93) -1.6
CP; (LS90, LS92) -3.2
Output Short Circuit
_1 — = =
los Current (Note 4) 5 100 mA VCC MAX, VOUT oV
lcc Power Supply Current 9 15 mA Vce = MAX
NOTES

1. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case’’ conditions.
2. The specified LIMITS represent the ““worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system

operating ranges.

w

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

. Typical limits are at Vgc = 5.0 V, Tp = 25°C, and maximum loading.
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LS90 @ LS92 @ LS93

AC CHARACTERISTICS: Tp = 25°C, Vo =5.0V, C_ = 15 pF

. LIMITS .

SYMBOL PARAMETER LS90 LS92 LS93 - UNITS
MIN MAX MIN MAX MIN MAX
fMAX C—PO Input Count Frequency 32 32 32 MHz Fig. 1
fMAX €Py Input Count Frequency 16 16 16 MHz Fig. 1
tpLH P_ropagation Delay, 16 16 16 ns
tpHL CPg Input to Qg Output! 18 18 18
'PLH 51 Input to Q4 Output . 16 16 16 ns
tPHL 21 21 21
PLH ﬁ, Input to Q; Output 32 . 16 32 ns Fig. 1
tPHL 35 21 35
tpLH Py In 32 32 51
put to Q4 Output

tPHL ! 3 35 35 51 ns
PLH (TPO Input to Q3 Output ’ 48 48 70 ns
tPHL : 50 50 70
tpLH MS Input to Qg and Q3 Outputs 30 ns Fig. 3
tPHL MS input to Q4 and Qp0utputs 40 ns Fig. 2
tPHL MR Input to Any Output 40 40 40 ns Fig. 2

AC SET-UP REQUIREMENTS: Tp = 25°C, Vo = 5.0V

LIMITS

SYMBOL PARAMETER LS90 LS92 LS93 UNITS

) MIN | MAX MIN MAX MIN MAX
tw E_FO Pulse Width 15 15 . 15 ns Fig. 1
tw CPy Puise Width 30 30 30 ns
tw MS Pulse Width 15 ns Fig. 2, 3
w 'MR Pulse Width 15 15 15 ns Fig. 2
trec Recovery Time MS to cP 25 ns Fig. 2, 3
trec Recovery Time MR to CP 25 25 25 ns Fig. 2

RECOVERY TIME “rec) is defined as the minimum time required between the end of the reset pulse and the clock transition from HIGH-to-
LOW in order to recognize and transfer HIGH data to the Q outputs.

AC WAVEFORMS

J - 1y —
|
e PLH

Q |3V* 13v

Fig. 1

*The number of Clock Pulses required between the tp and tpy |y measurements can be determined from the appropriate Truth Tables.

MRS b - " —ﬂ

3w 13v
- -w——>£<——|,ec—>‘ '4— xw—-bl<—t,ec—>

J 13v P * 13v
PHL <———>1 ‘PLH'—‘<——‘>|

Qg Q.
0 -3
Q 13V (LS80) 1.3V

Fig. 2 Fig. 3
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SN54LS95B/SN74LS958B

4-BIT SHIFT REGISTER

DESCRIPTION — The SN54LS95B/SN74LS95B is a 4-Bit Shift Register with serial
and parallel synchronous operating modes. The serial shift right and parallel load
are activated by separate clock inputs which are selected by a mode control input.
The data is transferred from the serial or parallel D inputs to the Q outputs
synchronous with the HIGH to LOW transition of the appropriate clock input.

The LS95 is fabricated with the Schottky barrier diode process for high speed and
is completely compatible with all Motorola TTL families.

e SYNCHRONOUS, EXPANDABLE SHIFT RIGHT

e SYNCHRONOUS SHIFT LEFT CAPABILITY

¢ SYNCHRONOUS PARALLEL LOAD

e SEPARATE SHIFT AND LOAD CLOCK INPUTS

o INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

s ’ Mode Control Input 05U.L 0.25 U.L.

Dg Serial Data Input . 0.5 U.L. 0.25 U.L.

Po—P3 Parallel Data Inputs 0.5 U.L. 0.25 U.L.

CP4q Serial Clock (Active LOW Going 1.0 U.L. 0.5 U.L.

Edge) Input ‘
6’2 Parallel Clock (Active LOW Going 1.0 U.L. 0.5 U.L.
. Edge) Input
Qg — Q3 Parallel Outputs (Note b) 10 U.L. 5(2.5) U.L.
NOTES: '

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC SYMBOL

1—Ds
9—OyCPy
8—0fCP;

Qo Q7 Q2 Q3

1312 1110

Vee =Pin 14
GND = Pin 7

CONNECTION DIAGRAM
DIP (TOP VIEW)

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.

LOGIC DIAGRAM Py b’

® ® ® @

2 Pord>-

O]

Ds

3
I ®

»

e

@>
al+ —s aQ

Vce =Pin 14

R
op D>
s ol s a4 s
GND = Pin 7

O = Pin Numbers ® ®

Qg Q,
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SN54LS95B/SN74LS958

- FUNCTIONAL DESCRIPTION — The LS95 is a 4:Bit Shift Register with serial and parallel synchronous operating modes.
It has a Serial (Dg) and four Parallel (Pg — P3) Data inputs and four Parallel Data outputs (QQ Q3). The serial or parallel
mode of operation is controlled by a Mode Control input (S) and two Clock inputs (CP1) and (CP,). The serial (right-shift) or
parallel data transfers occur synchronous with the-HIGH to LOW transition of the selected clock input.

When the Mode Control input (S) is HIGH, Er'>2 is enabled. A HIGH to LOW transition on enabled &2 transfers parallel data
from the Py — Pz inputs to the Qg ~ Q3 outputs.

When the Mode Control input (S) is LOW, 551 is enabled. A HIGH to LOW transition on enabled ET>, transfers the data from
Serial input (Dg) to Qg and shifts the data in Qg to Qq, Qp to Qy, and Qp to Qg respectively (right-shift). A left-shift is
accomplished by external!y connecting Q3 to Py, Qp to Py, and Qq to Pg, and operatmg the 9LS95 in the parallel mode
(S = HIGH).

For normal operation, S should only change states when both Clock inputs are LOW. However, changing S from LOW to
HIGH while CP2 is HIGH, or changing S from HIGH to LOW while CP1 is HIGH and CP2 is LOW will not cause any changes
on the register outputs. .

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS
OPERATING MODE — —
S CPy CPp Dg Pn Qg Q4 Qp Q3
L T X | X q a
Shift 0 ! 92
L 1 X h X H ap a, as
Parallel Load H X 1 X Py Po Py Py P3
T L L X X No Change
I L L X X No Change’
T H L X X No Change ‘
I H L X X Undetermined
Mode Change :
1 L H X X Undetermined
I L H X X No Change
1 H H X X Undetermined
I H H X X No Change
L = LOW Voltage Level
H = HIGH Voltage Level
X = Don’t Care
| = LOW Voltage Level one set-up time prior to the HIGH to LOW clock transition.
h = HIGH Voltage Level one set-up time prior te the HIGH to LOW clock transition.
p, = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to

n
the HIGH to LOW clock transition.
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SN54LS95B/SN741L.S95B

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vee)
PART NUMBERS MIN P VAR TEMPERATURE
SN541L.S95B X 45 V 50V 55 V —55°C to +125°C
SN74LS95BX 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

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

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Vc Pin Potential to Ground Pin —-0.5Vto+7.0V
*Input Voltage (dc) —-05Vto+i5V
*input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output' HIGH) —0.5V to+5.5V
Output Current (dc) (Output LOW) +50 mA

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
T
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS

Guaranteed Input HIGH Threshold

I HIGH Volt: 20
ViH nput HIG oltage . v Voitage for All Inputs
54 . h Id
viL Input LOW Voltage 0.7 v Guaranteed Input LOW Thresho
. 74 0.8 Voltage for All Inputs
Vep Input Clamp Diode Voltage -0.65 -15 \% Vece = MIN, [y = -18 mA
54 25 34 Vee = MIN; Iy = —400 pA
VoH Output HIGH Voltage v cc OH "
74 2.7 3.4 V|N = V) or V) per Truth Table
54,74 2 4 y — MIN. Vi =
Vo Output LOW Voltage 0.25 0 v loL O mA | Ve = MIN, ViN = V|H or
74 0.35 0.5 \% loL = 8.0 mA | V| per Truth Table
Input HIGH Current
CPq, CPy, Dg, Pp, Pq, P3, P3, 20 uA Vee = MAX, Viy =27V
" s 40
CP4, CPy, Dg, Pg, Pq, P2, P3, 0.1 mA Voo = MAX, vy =10V
S 0.2
Input LOW Current
e CPq, CPg, Dg, P, Pq, Po, Pg, | -04 mA Ve = MAX, Vi = 0.4V
s 1 -0.8
Output Short Circuit
los Current (Note 4) ' 15 100 mA Vee = MAX Voyr =0V
Icc Power Supply Current . 13 21 mA Vee = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

Typical limits are at Voc = 5.0 V, T4 = 25°C.

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

aw
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‘SN54LS95B/SN74L5958

AC CHARACTERISTICS: Tp = 25°C

SYMBOL PARAMETER N L'x‘;s TAAX UNITS TEST CONDITIONS
fpmAax Shift Frequency 30 40 MHz Fig. 1 Vee =50V
pLH Propagation Delay, 20 27 ns Fig. 1 C_=15pF
tpHL Clock to Output 18 27
AC SET-UP REQUIREMENTS: Ty = 25°C

IMIT!
SYMBsOL PARAMETER MIN LTYPS MAX UNITS | TEST FOND!T!ONS
tw(cP) Clock Pulse Width 20 ns Fig. 1
ts(Data) Set-up Time, Data to Clock 20 ns Fig. 1
th(Data) Hold Time, Data to Clock 10 ns Vec =50V
tsL Set »“up Time, LOW Mode Control to Clock 20 ns Fig. 2 C_ = 15pF
thi Hold Time, LOW Mode Control to Clock 0 ns
tsH Set-up Time, HIGH Mode Control to Clock 20 ns Fig. 2
thH Hold Time, HIGH Mode Control to Clock (o] ns

DEFINITIONS OF TERMS:

SET-UP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the logic input prior
to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs.

HOLD TIME (t,) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct
logic level may be released prior to the clock transition from HIGH to LOW and still be recognized.

AC WAVEFORMS

The shaded areas indicate when the input is permitted to change for predictable output performance.

ts(H)—o1

*The Data input is
(Dg for CP1) or (Pp, for CP3).

[ tPLH

N

Fig. 1

hit

e

) ‘sm—,q—»‘

SiH)

'hiL OR H)

hiH)

‘sm—<—>‘ I




Advance Information

SN54LS107A/SN74LS107A
DUAL JK FLIP-FLOP

DESCRIPTION — the 54LS/74LS107A is a Dual JK Flip-Flop with individual J, K, Direct Clear and Clock Pulse
inputs. Output changes are initiated by the HIGH-to-LOW transmon of the clock. A LOW signal on CD input over-
rides the other inputs and makes the Q output LOW.

The 54L.S/74LS107A is the same as the 54L.S/74LS73A but has corner power pins. For electrical characteristics,
truth tables and operations information, refer to the 54LS/74LS73A data sheet.

LOGIC SYMBOL CONNECTION DIAGRAM
) 2 DIP (TOP VIEW)
L I} o pF—3 8 ——J Q58
12 ——q CP 9 —q CP
4 ——K Q p—-2 1" -—— ap— s
cO CcD
b
| !
13 10
’ NOTE:
Vee = 14 . The Flatpak version has the same
GND = 7 pinouts (Connection Diagram:
: as the Dual In-Line Package.

GUARANTEED OPERATING RANGES

: SUPPLY VOLTAGE
PART NUMBERS TEMPER
MIN TYP MAX EMPERATURE
SN54LS107AX 45V 50V 55V -55°C to +125°C
SN74LS107AX 475 Vv 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section
for packages available on this product,

This 1s advance information and specifications are subject to change without notice.
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SN54LS109A/SN74LS109A

DUAL JK POSITIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The SN5_4LS109A/SN74LS109A consists of two high speed completely. ’independent transition
clocked JK flip-flops. The clocking operation is independent of rise and fall times of the clock vgaveform. The JK
design allows operation as a D flip-flop by simply connecting the J and K pins together.

LOGIC SYMBOL

? JSDQI—G “z1, SDQ—‘()
1— cp Zdee
7 13
3= K Q fo— —Of K Q jo—9
Cp Co
1 15
Vee =Pin 16
GND =Pin 8

GUARANTEED OPERATING RANGES

SETISp!

LOGIC DIAGRAM

o011
»— Q
6(10)
CLEARICp)
s
cLock
a012)
Q
79
J 3
2014) . |
K —
33

SUPPLY VOLTAGE
TEMPERATUR
PART NUMBERS MIN v MAX EMPE URE
SN54LS109AX 45 Vv 50V 65 V -55°C to 125°C
SN74LS109AX 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER N P MAX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
V| | IGH Vol 20 \%
IH nput HIGH Voltage for All Inputs
.7 |
Vi Input LOW Voltage 54 0 v Guaranteed Input LOW Voltage
74 08 for All Inputs
Veop Input Clamp Diode Volitage -0.65 -15 \% Vee = MIN, iy = 18 mA
54 2.5 3.4 \% = MiN, | = -400 uA
VoH Output HIGH Voltage v cc OH H
74 2.7 - 34 VIN = V) or V) per Truth Table
54,74 025 0.4 \ loL = 4. = =
VoL Output LOW Voltage 4 oL 0 mA | Vee = MIN, VN = Vi o
74 0.35 05 \ loL = 8.0 mA | V)_per Truth Table
Input HIGH Current
J. K 20
Clock, Set 40 uA Vee = MAX, Vi =27V
| Clear 80
IH
J K ' 0.1
Clock, Set 0.2 mA Vee = MAX, Vi =10 V
Clear [ 0.4
Input LOW Current
J. K -0.4
e Clock, Set x -0.8 mA Ve = MAX, Vi =04V
Clear . -1.6
Output Short Circuit
| — — = =
0s Current (Note 3) 15 100 mA Vee = MAX, Voyr =0V
Icc Power Supply Current 40 8.0 mA Vee = MAX, Vep =0 V
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SN54LS109A/SN74LS109A

MODE SELECT — TRUTH TABLE

OPERATING MODE = 'NPBTS — OUTPUT_S

Sp | To J K a | a
Set L H X X H L
Reset (Clear) H L X X L H
*Undetermined L L X X H H
Load “1”" (Set) H H h h H L
Hold H H | h q q
Toggle H H h 1 q q
Load 0" (Reset) H H | | L H

*Both outputs will be HIGH while both S—D and ED are LOW, but
the output states are unpredictable if Sp and Cp go HIGH
simuitaneously.

H,h = HIGH Voltage Level

L.l = LOW Voltage Level

X = Don't Care

I, h (q) = Lower case letters indicate the state of the referenced
input (or output) one set-up time prior to the LOW to
HIGH clock transition.

AC CHARACTERISTICS: Tp = 25°C (See SN54L.S73A for Waveforms)

IMIT
SYMBOL PARAMETER N LTYPS MAX UNITS TEST CONDITIONS
fMAX Maximum Clock Frequency 30 45 MHz Fig. 1
tpLH Propagation Delay, 9 20 ns Fig.1 | Vec =50V,
tPHL Clock to Output 13 30 C_=15pF
tpLH Propagation Delay, i 8 15 ns Fig. 2
tpHL Set or Clear to Output |CP =L 13 25
tpHL ‘ CP=H 13 35

AC SET-UP REQUIREMENTS: Tp = 25°C (See SN54LS73A for Waveforms)

LIMITS ‘ ‘
SYMBOL PARAMETER UNITS TEST CONDITION
MIN TYP MAX ONDITIONS
tywCP(H) Clock Pulse Width (HIGH) 18 12 ns Fig. 1
tw Set or Clear Pulse Width 15 10 ns Fig. 2
tg(H) Set-up Time HIGH, Data to Clock 18 12 ns Vee = 50V
th(H) Hold Time HIGH, Data to Clock 0 -13 ns Fig. 1
tg(L) Set-up Time LOW, Data to Clock 20 13 ns
th(L) Hold Time LOW, Data to Clock 0 -12 ns
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type. .
2. Typical limits are at Voo = 5.0 V, Ta = 25°C.
3. Not more than one output should be shorted at a time.
4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock
transition from LOW to HIGH in order to be recognized and transferred to the outputs.
5. HOLD TIME (tp) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must be maintained

at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to
the clock transition from LOW to HIGH and still be recognized,
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SN54LS112A/SN74LS112A

DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The SN54LS112A/SN74LS112A dual JK flip-flop features individual J, K, clock, and asynchro-
nous set and clear inputs to each flip-flop. When the clock goes HIGH, the inputs are enabled and data will be ac-
cepted. The logic level of the J and K inputs may be allowed to change when the clock pulse is HIGH and the bistable
will perform according to the truth table as long as minimum set-up and hold time are observed. Input data is trans-
ferred to the outputs on the negative-going edge of the clock pulse.

LOGIC SYMBOL ' LOGIC DIAGRAM
(EACH FLIP-FLOP)
4 10
3—1 1 so Q p——5 A J so Qp—s Os«c‘;_ >—g]:)
H |
1—Of CP 13—0Oy CP ><
12 |-
e b Co Pt 1 Cp P’ CLEAR (Cpl O— >< OSET (Sp)
150141 40101
? T J W—-aC%____QK
5 14 30m 2012)
Vee =Pin 16 &g »
GND =Pin 8 £LOCK :c::
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS MIN TP MAX TEMPERATURE
SN541LS112AX 45 Vv 50V 55 V -55°C to 125°C
SN74LS112AX 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS -
NIT TEST CONDITI
SYMBOL PARAMETER ‘ MIN v MAX UNITS EST CONDITIONS (Note 1)

Guaranteed Input HIGH Voltage

. \Y
ViH Input HIGH Voltage 20 » for All Inputs
54 0.7 d | t LOW Volt.
V"_ Input LOW Voltage \" Guaranteed Inpu oltage
74 08 for All Inputs
VCD Input Clamp Diode Voltage -0.65 -15 v Vee = MiIN, N = ~18 mA
54 25 34 Vee = MIN, Igy = —400 LA
VoK Output HIGH Voltage \% cc OH s
74 2.7 3.4 VIN = Vi or V) per Truth Table
54,74 0.25 04 Vv loL =4.0mA | Vce = MIN, V|N = Vjq or
V Output LOW Voltage
oL P 9 74 0.35 0.5 \" loL = 8.0 mA [ V|, per Truth Table
Input HIGH Current
J. K 20
Set, Clear 60 MA Vee = MAX, Viy =27V
| Clock 80
H
J. K 0.1
Set, Clear 0.3 mA Vee = MAX, iy =565V
Clock 04
Input LOW Current
J K -0.4
e Set, Clear -0.8 mA Vee = MAX, vy =04V
Clock -0.8
Output Short Circuit
- - mA Vee = MAX, V, =0V
los Current (Note 3) 15 100 cc out
Icc Power Supply Current 40 6.0 mA Vee = MAX, Vep =0V
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SN54LS112A/SN74LS112A

MODE SELECT — TRUTH TABLE

OPERATING MODE = INP_UTS OUTPUIS
Sp Co J K a
Set L H X X H L
Reset (Clear) H L X X L H
*Undetermined L L X X H H
Toggle H H h h Q q
L.oad ‘0" (Reset) H H ! h L H
Load ‘1" (Set) H H h | H L
Hold H H | ) q q

*Both outputs will be HIGH while both §Q_and ED_are LOW, but r
the output states are unpredictable if Sp and Cp go HIGH
simuiltaneously.

H,h = HIGH Voltage Level

L, = LOW Voltage Level

X = Don't Care

I, h (q) = Lower case letters indicate the state of the referenced
input (or output) one set-up time prior to the HIGH to
LOW clock transition.

AC CHARACTERISTICS: Tp = 25°C (See SN54LS73A for Waveforms)

LIMIT
SYMBOL PARAMETER MIN TYIPS MAX UNITS TEST CONDITIONS
fmAax Maximum Clock Frequency 30 45 MHz Fig. 3
tpLH Propagation Delay, 11 20 ns Fig. 3 Vee = 50V,
tPHL Clock to Output 16 20 C_ =15pF
tpLH Propagation Delay, n 20 ns Fig. 2
tpHL Set or Clear to Output 16 20

AC SET-UP REQUIREMENTS: Tp = 25°C  (See SN54LS73A for Waveforms)

SYMBOL PARAMETER MIN L?AY':S MAX UNITS TEST CONDITIONS
twCP(H) ‘ Clock Pulse Width (HIGH) 18 12 ns Fig. 3

twCP(L) | Clock Pulse Width (LOW) 15 10 . ns

tw Set or Clear Pulse Width 15 10 ns Fig. 2

tg(H) Set-up Time HIGH, J or K to Clock 20 13 ns Ve =50V
th(H) Hold Time HIGH, J or K to Clock .0 -10 ns Fig. 3

ts(L) Set-up Time LOW, J or K to Clock 15 10 : ns

thiL) Hold Time LOW, J or K to Clock 0 =13 ns

NOTES:

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

2. Typical limitsareat Voc =50V, Tp = 25°C.

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

4. SET-UP TIME (t) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock
transition from HIGH to LOW in order to be recognized and transferred to the outputs.

5. HOLD TIME (ty) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to
the clock transition from HIGH to LOW and still be recognized.
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SN54LS113A/SN74LS113A

DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The SN54LS113A/SN74LS113A offers individual J, K, set, and clock inputs. These monolithic
dual flip-flops are designed so that when the clock goes HIGH, the inputs are enabled and data will be accepted. The
logic level of the J and K inputs may be allowed to change when the clock pulse is HIGH and the bistable will perform
according to the truth table as long as minimum set-up times are observed. Input data is transferred to the outputs on
the negative-going edge of the clock pulse.

LOGIC SYMBOL

LOGIC DIAGRAM
(EACH FLIP-FLOP)

i i’ ><
-Sp " Sp
3—t ap—s J ap—o a a
5(9) 6(8)
1—Of cP 13—0f CcP L._.._\
2 K Q jo—6 K_. K Qfo—s8
>< —O SET (5)
Vee =Pin 14 4(10)
GND =Pin 7 J Y K
nn 2012)
O3
cLOCK (CP)
GUARANTEED OPERATING RANGES .
SUPPLY VOLTAGE
PART NUMBER TEMPERATURE
v s MIN TYP MAX
SN54LS113AX 45 Vv 50V 56 Vv -55°C to 125°C
SN74LS113AX 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OV‘ER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

LIMITS
SYMBOL PARAMETER N F IAX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
| .
ViH Input HIGH Voltage 20 \ for Al Inputs
54 .7
viL Input LOW Voltage (0] Vv ‘ Guaranteed Input LOW Voitage
74 08 for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 Vv, Vee = MIN, [y = —18 mA
54 25 34 Vee = MIN, | = —400 pA
Vou Output HIGH Voltage v cc OH un-
74 2.7 34 V_IN = V)i or Vy_per Truth Table
0.2 .4 \" =4. = =
VoL Ut LOW Veitags 54,74 0.25 ) 1oL = 4.0 mA | Vcc = MIN, Viy = Vi or
74 0.35 0.5 \Y loL = 8.0 mA | vy per Truth Table
Input HIGH Current
J K 20 :
Set 60 uA Vee = MAX, Vi =27V
| Clock 80
1H
J K 0.1
Set 0.3 mA Vee = MAX, Vi =565V
Clock 0.4
Input LOW Current
J. K -04
I Set -08 mA Vee = MAX, Vg =04V
Clock -0.8
. Output Short Circuit
i - - Vee = =
oS Current (Note 3) 15 100 mA cc MA)\(' Vour =0V
lcc Power Supply Current 4.0 6.0 mA Vee = MAX, Vep =0V

[
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SN54LS113A/SN74LS113A

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS

OPERATING MODE —
3o J K Q Q

Set L X X H L
Toggle H h h q q
Load ““0” (Reset) H | h L H
Load ‘1 (Set) H h | H L
Hold H | I qQ aq

H,h = HIGH Voltage Level

LI = LOW Voltage Level

X = Don’t Care

I, h (q) = Lower case letters indicate the state of the referenced
input ‘(or output) one set-up time prior to the HIGH to
LOW clock transition.

AC CHARACTERISTICS: Tp = 25°C (See SN54LS73A for Waveforms)

SYMBOL PARAMETER N uxn:s TABX UNITS TEST CONDITIONS
fMAX Maximum Clock Frequency ' 30 45 MHz Fig. 3

tpLH Propagation Delay, 11 20 ns Fig. 3 Vee =50V,
tpHL Clock to Output ) 16 20 CL =15 pF
tpLH Propagation Delay, 1 20 ns Fig. 2

tpHL Set to Output 16 20

AC SET-UP REQUIREMENTS: Tp = 25°C (See SN54LS73A for Waveforms)

LIMITS
SYMBOL PARAME_TER MIN TvP MAX UNITS TEST CONDITIONS
tywCP(H) Clock Pulse Width (HIGH) 18 12 ns Fig. 3
twCP(L) | Clock Pulse Width (LOW) 15 10 " ns
tw Set Pulse Width 15 10 ns Fig. 2
tg(H) . Set-up Time HIGH, J or K to Clock 20 13 ns Vee =50V
th{H) Hold Time HIGH, J or K to Clock 0 -10 ns Fig. 3 :
tglb) Set-up Time LOW, J or K to Clock 15 - 10 ns
th(L) Hold Time LOW, J or K to Clock 0 -13 ns
NOTES: .
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
2. Typical limits are at Voc = 5.0 V, Tp = 25°C.
3. Not more than one output should be shorted at a time.
4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock

transition from HIGH to LOW in order to be recognized and transferred to the outputs.

HOLD TIME (tp) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained
at the inputin order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to
the clock transition from HIGH to LOW and still be recognized. ’

o
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SN54LS114A/SN74LS114A

DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The SN54LS114A/SN74LS114A offers common clock and common clear inputs and individual J,
K, and set inputs. These monolithic dual flip-flops are designed so that when the clock goes HIGH, the inputs are
enabled and data will be accepted. The logic level of the J and K inputs may be allowed to change when the clock
pulse is HIGH and the bistable will perform according to the truth table as long as minimum set-up times are
observed. Input data is transferred to the outputs on the negative-going edge of the clock pulse.

LOGIC SYMBOL

LOGIC DIAGRAM
(EACH FLIP-FLOP)

Qp—o
c O— —0 o
5(9) 68
I_.‘ —
—x o oo QK:peo"‘ —><—
f T ? CLiM or | >< O SET (S
DTNOER l‘—’q I 410
Vce =Pin 14 FLIP FLOP e
GND =Pin 7 ol
XL
CLOCK 1CPr
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS MIN P MAX TEMPERATURE
SN54LS114AX 45 Vv 50V 55 V -55°C to 125°C
SN74LS114AX 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
NITS TE 1
SYMBOL PARAMETER MIN P MAX U ST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
VI Input HIGH Voltage 20 v for All inputs
54 0.7 G teed | t LOW Voltage
viL Input LOW Voltage v uarantsed npu oneg
74 08 for All Inputs
Veo Input Clamp Diode Voltage -0.65 -15 v Vee = MIN, |y = —18 mA
54 25 34 Vee = MIN, 1oy = —400 pA
VOoH Output HIGH Voltage Y cc OH
74 2.7 3.4 Vin = Vi or Vi per Truth Table
54,7 0.2 0.4 Y loL=4.0mA | Vcc = MIN, Vin = V|
VoL Output LOW Voltage 4.74 s oL m cc IN 1H or
74 0.35 0.5 \ loL = 8.0 mA} Vv per Truth Table
Input HIGH Current
: J. K 20
Set 60 uA Vee = MAX, Viy = 2.7V
Clear 120
] Clock 160
iH
J, K 0.1
Set _03 mA Vee = MAX, Vi =65V
Clear 0.6
Clock 0.8
input LOW Current
J K -04
I Set -08 mA Ve = MAX, V) =04 V
Clear -16
Clock -16
Output Short Circuit
-15 -1 A Vee = MAX, V, =0V
los Current (Note 3) 00 m cc out
Icc Power Supply Current 4.0 6.0 mA Vee = MAX, Vep =0V
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SN54LS114A/SN74LS114A

MODE SELECT — TRUTH TABLE

OPERATING MODE — INP_L_JTS OUTPUIS
Sp Cp J K Q
Set L H X X H L
Reset (Clear) H L X X L H
*Undetermined L L X H H
Toggle H H h h ) q
Load ‘0" (Reset) H [ h L H
Load “'1" (Set) H H h | H L
Hold H | 1 q q

*Both outputs will be HIGH while both S and Tp are LOW, but
the output states are unpredictable if Sp and Cp go HIGH:
simultaneously.

H,h = HIGH Voltage Level

LI = LOW Voltage Leve!

X = Don’t Care .

I, h (a) = Lower case letters indicate the state of the referenced
input (or output) one set-up time prior to the HIGH to
LOW clock transition.

AC CHARACTERISTICS: Tp = 25°C (See SN54LS73A for Waveforms)

y LIMITS
TEST CONDITIONS

SYMBOL PARAMETER MIN Ve AX UNITS EST CONDITIO
fmax Maximum Clock Frequency 30 45 MHz Fig. 3
tpLH Propagation Delay, 1 20 ns Fig. 3 Vec 50V,
tpHL Clock to Output 16 20 C_ % 15 pF
tpLH Propagation Delay, 11 20 ns Fig. 2
tPHL Set or Clear to Output 16" 20

AC SET-UP REQUIREMENTS: Tp = 25°C (See SN54LS73A for Waveforms)

SYMBOL PARAMETER N LI]I}I\I(I;’S AAX UNITS » TEST CONDITIONS
WwCPH) | Clock Pulse Width (HIGH) 18 12 ns Fig. 3 o
twCP(L) Clock Pulse Width (LOW) 15 10 ' ns

w Set or Clear Pulse Width 15 10 ns Fig 2

tg(H) Set-up Time HIGH, J or K to Clock 20 13 ns Vee " 50V
th(H) Hold Time HIGH, J or K to Clock 0 -10 ns Fig. 3

tg(L) Set-up Time LOW, J or K to Clock 16 10 ns

thiL) Hold Time LOW, J or K to Clock 0 -13 ns

NOTES:

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

2. Typical limits are at Vgc = 5.0 V, Tp = 25°C.

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

4. SET-UP TIME (tg) is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock
transition from HIGH to LOW in order to be recognized and transferred to the outputs.

5. HOLD TIME (ty) is defined as the minimum time following the clock transition from HIGH to LOW that the logic level must be maintained
at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic level may be released prior to
the clock transition from HIGH to LOW and still be recognized.
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SN54LS122/SN74LS122 ¢ SN54LS123/SN74LS123

RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

Advance Information

DESCRIPTION = These d-c triggered multivibrators fea-
ture pulse width control by three methods. The basic
pulse width is programmed by selection of external re-
sistance and capacitance values. The LS122 has an in-
ternal timing resistor that allows the circuits to be used
with only an external capacitor. Once triggered, the
basic pulse width may be extended by retriggering the
gated low-level-active (A) or high-level-active (B) inputs,
or be reduced by use of the overriding clear.

The LS122 and LS123 have Schmitt trigger inputs to
ensure jitter-free triggering from the B input with transi-
tion rates as slow as 0.1 millivolt per nanosecond.

° OVERRIDING CLEAR TERMINATES OUTPUT
PULSE
e COMPENSATED FOR Ve AND
. TEMPERATURE VARIATIONS
* D-C TRIGGERED FROM ACTIVE-HIGH OR
ACTIVE-LOW GATED LOGIC INPUTS

SNS4LS122, SN74LS122
(TOP VIEW) (SEE NOTES 1 THRU 4)
Rext/
vVee  Cext Cext NC  Rint

[4] [3] L] [ (] o] [+

Spaanonn

81 B2 CLR GND

NC - No internal connection.

SN54LS123, SN74LS123
(TOP VIEW) (SEE NOTES 1 THRU 4)

e RETRIGGERABLE FOR VERY LONG OUTPUT v 129"’ c' ch
cc 20 28 2A
PULSES, UP TO 100% DUTY CYCLE [e] I—‘| r—‘l r—| l_l [—] [] [—|
° INTERNAL TIMING RESISTORS ON LS122
LS122 Ls123 a CLR
FUNCTIONAL TABLE FUNCTIONAL TABLE a
INPUTS OUTPUTS INPUTS | OUTPUTS
CLEAR|A1 A2 B1 B2l @ @ CLEAR|A B| Q@ @ ) B )
L X X X X| L H L X X| L H Q
X H H X X| L H X H X| L H cLR Q
X X X L X| L H x X Ll L H
X X X X L| L H H L M nwu
H L x t H| LW H YoHlnou
H L x 0 tfnwu t v LU I‘II?II3IIII||III|[
Hogx Lo foHpnor 1A 18 1 2 2Reu/ GND
H o |x LU H tfrar CLR Cext  Cext
H H | H RN U
H I 4 H H|l N u
H I\ H H H|{IL U
t L X H H| LU
t X L H H|JSU U
T WL ¥ c
NOTES: 1. An external timing capacitor may be connected between Cgyy and Rgy/Cext (POSItive).
2. To use the internal timing resistor of the LS122, connect Rj,¢ to V.
3

with R, open-circuited.

. For improved pulse width accuracy connect an external resistor between Rext/Cext and Vcc

4. To obtain variable pulse widths, connect an external variable resistance between Rj/Cgyxt and Vcc.

This is advance information and specifications are subject to change without notice.
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SN54LS124/SN74LS124
DUAL VOLTAGE-CONTROLLED OSCILLATORS

Advance Information

DESCRIPTION — The SN54LS/74L.5124 features two in-
dependent voltage-controlled oscillators (VCO) in a single
package. The frequency of each VCO is established by
an external component, either a capacitor or a crystal, in
combination with two voltage-sensitive inputs, one for
frequeney- range and one for frequency control. These
highly stable oscillators can be set to operate at any fre-
quency typically between 0.12 Hz and 30 MHz. The
output freauency can be approximated as follows:

1x10—4
fo = —
Cext
where: f, = output frequency in hertz
Cext = external capacitance in farads.

These devices operate from a single 5-volt supply. How-
ever, a set of supply-voltage and ground pins (Vgc1 and
GND1q) are provided for the enable, synchronization-
gating, and output sections, and an additional set (Vcc2
and GND39) is provided for the oscillator and associated
frequency-control circuits so that isolation can be ac-
complished in the system.

The enable input starts or stops the output pulses when it
is low or high, respectively. The oscillator section runs
continuously even while the output is disabled. The en-
able input is one standard load.

The pulse synchronizatian-gating section ensures that the
first pulse is neither clipped nor extended. Duty cycle
of the square-wave output is approximately 50 percent.
Operation of both VCO's in the same package is not
recommended.

e TWO INDEPENDENT VCO'S IN A 16-PIN
. PACKAGE
e SEPARATE SUPPLY VOLTAGE PINS FOR
ISOLATION OF FREQUENCY CONTROL INPUTS
AND OSCILLATORS FROM OUTPUT CIRCUITRY
* OUTPUT FREQUENCY SET BY ONE EXTERNAL
COMPONENT:
CRYSTAL FOR HIGH-STABILITY FIXED-
FREQUENCY OPERATION
CAPACITOR FOR FIXED- OR VARIABLE-
FREQUENCY OPERATION
e HIGHLY STABLE OPERATION OVER SPECIFIED
TEMPERATURE AND/OR SUPPLY VOLTAGES

This is advance information and specifications are subject to change without notice.
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(TOP VIEW)

2G
RANGE 2 Cext 2y
Veey Veep 2 ENABLE OUTPUT GND1

[+] [e (1 T [0 [ o] [2]

:NG Cext ‘_‘_I

FREQ Y
CONT  EN

| S—

) ‘ ) e—
FREQ  EN

CONT v -
R
I NG Cext —l

L 1 —
LT LTI T LT

FREQUENCY ENABLE OUTPUT
CONTROL

logic: While the enable input is low, the
output is enabled. While the enable
input is high, the output is high.

GUARANTEED TYPICAL
FREQUENCY TYfPlCAL POWER
SPECTRUM max DISSIPATION
1Hzto 20 MHz 30 MHz 150 mW




SN54LS125A/SN74LS125A « SN54LS126A/SN74LS126A (formerly LS125, LS126)

QUAD 3-STATE BUFFERS WITH ACTIVE HIGH ENABLES

vee E o 3 [}
14

[ [

o

[ [el [-] [+]

[]

E [o]
13 IZ|

(o} E

[ [ L1 [4]

LS125A

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE

PART NUMBERS TEMPERATURE

MIN TYP MAX
SN54LS125AX

4. \" ! . —EEO, o
SN54LS126AX 5 50V 55 V 55°C to 126°C
SN74LS125AX

475V X 52 0, 700
SN74LS126AX 5 5.0V 5V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER NIT
MIN P MAX UNITS | TEST CONDITIONS
ViH Input HIGH Voltage 2.0 v Guaranteed Input HIGH Voltage
A for All Inputs
Vi Input LOW Voltage 54 0.7 v Guaranteed Input LOW Voltage
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -15 v Ve = MIN, )y = —18 mA
24 34 v | =-1.0mA | Veec =MIN, V) =V
VoH Output HIGH Voltage 54 OH mA | Yee IN™ ViH OF
74 24 31 v loH = —2.6 mA | V,_per Truth Table
74 .2 .4 = = =
VoL Output LOW Voltage 54, 025 | © V_[loL=12mA |Vcc=MIN, ViN = Vi or
74 0.35 0.5 v loL =24 mA Vi per Truth Table
lozH Output Off Current HIGH 20 uA Vee = MAX, Vout = 2.4V, Vg = VL
lozL Output Off Current LOW -20 MA Vee = MAX, Vouyr =04V, Vg = Vi,
20 A Vee = MAX, V=27V
I input HIGH Current - cc IN
01 | mA [ Vec=MAX Vy=10V
e Input LOW Current —-0.4 mA Vee = MAX, Viy=04V
Output Short Circuit
= -1 . = : =
os Current (Note 3) 30 30 mA Vee = MAX, Voyr =0V
Power Supply Current, LS125A 16 mA Vee =MAX, V=0V, VE=0V
| ‘Outputs LOW LS126A 20 mA | Vecc=MAX V|y=0V. Vg =45V
cc Power Supply Current, LS125A 20 mA | Vo = MAX, VN =0V, VE= 45V
Outputs Off LS126A 24 mA [ Vcc =MAX Viy=0V.VE=0V
NOTES:

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

device type.

2. Typical limits are at Vcc = 5.0 V, Ta = 25°C.
3. Not more than one output should bé shorted at a time.
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TRUTH TABLES

LS125A LS126A
INPUTS | ouTpuT INPUTS OUTPUT
E | D E D L = LOW Voitage Level
L |L L H L L H = HIGH Voltage Level
L |H H H H H X = Don't Care
H | x 2) L] X (2) (Z) = High Impedance (off)
AC CHARACTERISTICS: Tp = 256°C
LIMITS
SYMBOL PARAMETER UNITS TEST CONDITION!
MIN TYP MAX S
tpr 1 Propagation Delay, 10 ns Fig. 2
t Data to Output 16
Eit . , Vec =50V
tpzH Output Enable Time LS126A 20 ns Figs. 4, 5 C, = 45 pF
to HIGH Level LS126A 25 L
tpzL Output Enable Time LS125A 30 ns Figs. 3,6
to LOW Level LS126A 35
t Output Disable Time ns Figs. 3, 5 _
PLZ =
from LOW Level 15 Vec =50V
CL =5 DF
t Output Disable Time ns Figs. 4, 5 _
PHZ =
from HIGH Level 23 R =6670Q
Vee
RL

Fig. 1

TO OUTPUT

UNDER TEST -

A8
T

~ Cu° Sw2

SWITCH POSITIONS

SYMBOL SW1 SW2

tPZH Open Closed

tPZL Closed Open

tpLZ Closed Ciosed

tPHZ Closed ‘Closed
Fig. 5
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SN541L.S132/SN74LS132

QUAD 2-INPUT SCHMITT TRIGGER NAND GATE s

DESCRIPTION — The SN54LS132/SN74LS132 contains four 2-Input NAND Gates which accept standard TTL input
signals and provide standard TTL output levels. They are capable of transforming slowly changing input signals into
sharply defined, jitter-free output signals. Additionally, they have greater noise margin than conventional NAND
Gates.

Each circuit contains a 2-input Schmitt trigger followed by a Darlington level shifter and a phase splitter driving a
TTL totem pole output. The Schmitt trigger uses positive feedback to effectively speed-up slow input transitions, and
provide different input threshold voltages for positive and negative-going transitions. This hysteresis between the
positive-going and negative-going input thresholds (typically 800 mV) is determined internally by resistor ratios and is
essentially insensitive to temperature and supply voltage variations. As long as one input remains at a more positive
voltage than V4+ (MAX), the gate will respond to the transitions of the other input as.shown in Figure 1.

LOGIC AND CONNECTION DIAGRAM : V)N VERSUS Vg1
DIP (TOP VIEW) TRANSFER FUNCTION
50 T
vee vee T 50V
c )
,_] l"—l [_1 m [—“l [—"l I-] <4 Ta-25C
14 13 12 11 10 9 8 § a0
w - -
[S) i
< 30 +
3 i
> - .
D 5 Iy ¥
& 20 t
3 |
[} — - t
L L ] L B BT F o *
GND
0.0 04 095 1.2 18 20
ViN - INPUT VOLTAGE - VOLTS
Fig. 1
THRESHOLD VOLTAGE AND HYSTERESIS THRESHOLD VOLTAGE AND HYSTERESIS
VERSUS : VERSUS
POWER SUPPLY VOLTAGE TEMPERATURE
20 T T T 1.9
Ta=25°C |
11 ]
E s Vi }/_/ i E’ 17 v+
2 1 I S
! t R il e b ' o
52 ! ! | g 18
£ 12 T i
g, L $odod b L So 13—t
ah 2 (S O i e o |
9@ - Sa
2z o8 > e
a5 | VT . 25 1
£5 i 5 - ix
1 : 1 !
5 1 5 ool V-
- ,,,,,4], R SR S SR RPN I S —
00 i N 07 L L R
45 4.75 50 525 55 -55° Q" . 25" 75° 125°
Vce - POWER SUPPLY VOLTAGE - VOLTS . Ta - AMBIENT TEMPERATURE - °C
Fig. 2 Fig. 3
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SN541L.S132/SN74LS132

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS MIN P MAX TEMPERATURE
SN54LS132X 45 V 50V 55 V -55°C to 125°C
SN74LS132X 475 V 50V 525 v 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS (Note 1)
Vr+ Positive-Going Threshold Voltage 15 18 20 \ Vec =50V
V- Negative-Going Threshold Voltage 0.6 0.95 11 Vv Vec =50V
Vy4+—Vy- | Hysteresis 0.4 0.8 \' Vec =50V
Veo Input Clamp Diode Voltage -0.65 -1.5 v Vee = MIN, Iy = -18 mA
54 25 34 _ _ =
VoH Output HIGH Voltage 4 57 34 v Vee = MIN, Iy = =400 pA, V) = V.
54,74 0.25 04 \ Vee = MIN, Ig, = 4.0 mA, Vjy =20V
\ It : OL IN
oL Output LOW Vohtage 74 035 | 05 v Voo = MIN, 1o, =80 mA, Viy =20V
Input Current at _ - _
I+ Positive-Going Threshold 0.14 mA Vec =50V, Viy =Vry
Input Current at ~ _ _
- Negative-Going Threshold 0.18 mA Vee =50V, Vi = V1
1.0 20 uA Voe = MAX, Viy =27V
| t HIGH Ci t
M nput HIGH Curren 01 mA Voo = MAX, Viy =10V
e Input LOW Current -0.4 mA Ve = MAX, V) =04V
Output Short Circuit _ _
los Current (Note 3) -15 -100 mA Vee = MAX, Voyr =0V
IccH Supply Current HIGH 5.9 1 mA Voe = MAX, V=0V
IccL Supply Current LOW 82 14 mA Vee = MAX, V)y =45V
AC CHARACTERISTICS: Tp = 25°C
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX
tpLH Turn Off Delay, Input to Output 20 ns Vec =50V
tpHL Turn On Delay, Input to Output 20 ns C =15pF
NOTES:

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

device type.

2.
3.

Typical limits are at Vo = 5.0 V, Ta = 25°C.
Not more than one output should be shorted at a time.

16V
Vin ﬂ 6
ov

<—‘PHL*~I

Vour
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SN54L.S133/SN74LS133

13-INPUT NAND GATE

] [ [ [ [ [ R

D)

=

Ll Ll G L b L] T L

GUARANTEED OPERATING RANGES

PART NUMBERS SUPPLY VOLTAGE TEMPERATURE
MIN TYP MAX ’

SN54LS133X 45 Vv 50V 55 VvV -55°C to 125°C

SN74LS133X 475V 50V 525V 0°C to 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERA

TING TEMPERATURE RANG

E (unless otherwise specified)

LIMITS
TEST |
SYMBOL PARAMETER MIN vp MAX UNITS EST CONDITIONS (Note 1)
VIH input HIGH Voltage 20 \% Guaranteed Input HIGH Voltage
' 54 07
ViL Input LOW Voltage > 08 \ Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage -0.65 -1.5 \ Vee = MIN, )y = 18 mA
54 25 34 - - -
VoH Output HIGH Voltage 74 27 34 \ Vee = MIN, Igy = =400 pA, Vi = V)L
54,74 0.25 0.4 v Vee = MIN, I = 4.0 mA, Vi = 20V
V tput LOW Voita -
oL Outpu clage 74 035 | 05 v Vee = MIN, ig, = 80 mA, Vi = 20V
1.0 20 A Vee = MAX, V) = 2.7V
m Input HIGH Current M CcC _ A IN _
0.1 mA | .Vee = MAX Vjy= 10V
he Input LOW Current ~0.4 mA Vee = MAX, Viy =04V
Output Short Circuit ~ - - . _
los Current (Note 3) 15 100 mA Vee = MAX, Vour =0V
lccH Supply Current HIGH 035| 05 mA Vee = MAX, Vi =0V
ICCL Supply Current LOW 06 ‘ 1.1 mA Vee ¥ MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Chapter 1 for Waveforms)

LIMITS
SYMBOL PARAMETER MIN s MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 10 15 ns Vec =50V
tpHL Turn On Delay, Input to Output 20 38 ns C_ = 15 pF
NOTES:

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

2. Typical limits are at Vgc = 5.0V, Tp = 25°C.

3. Not more than one output should be shorted at a time.
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SN54L.S136/SN74L.S136

QUAD 2-INPUT EXCLUSIVE OR GATE

Ve,
< TRUTH TABLE

[+ [31 [A] [5] [el 5] [] TTAE
D :
D * j *
T OO e Cotetr Ot

GND

I T rri»
IrIr|w
r I Ir|N

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vi)
PART NUMBER TEMPER
u S N s X EMPERATURE
SN54LS136X 45 Vv 50V 55 V -55°C to  125°C
SN74LS136X 475V ’ 50V 5.25V 0°Cto 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
IT. TEST | )
SYMBOL PARAMETER N P MAX UNITS EST CONDITIONS (Note 1)
: Guaranteed Input HIGH voltage

VIH Input HIGH Voltage 20 \% for All Inputs

54 0.7 Guaranteed Input LOW Voltage
Vit Input LOW Voltage \

74 ’ 0.8 for All inputs
Vep Input Clamp Diode Voltage {065 -1.5 \% Vee = MIN, [y = —18 mA

. Vee = MIN, Vo = 565 V
loH Output HIGH Current 100 MA cc OH
VIN = VIH or V"_ per Truth Table

54,74 0.25 04 \Y lop = 4.0 mA | Vee = MIN, Vi =V,
VOL Output LOW Voltage oL cc IN H

74 0.35 05 \% log = 8.0 mA for V| per Truth Table

40 A Vee = MAX, Vg =27V
™ Input HIGH Current “ e IN
0.2 mA Vee = MAX, Vi =56.5 V

he Input LOW Current —0.6 mA Vee = MAX, V) = 04V
lcc Power Supply Current . 6.1 10 mA Vee = MAX

AC CHARACTERISTICS: Ta = 25°C (See Chapter 1 for Waveforms)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITI
MIN P MAX | EST CONDITIONS
'PLH Propagation Delay, Other Input LOW 23 ns Vee =50V
PHL 23
tpLH . 23 - -
tpraL Propagation Delay, Other Input HIGH 23 ns C_L=15pF, R =20kQ
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.

2. Typical limitsare at Voc = 5.0 V, Tp = 26°C. !
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SN54LS138/SN74LS138
1-OF-8 DECODER/DEMULTIPLEXER

DESCRIPTION — The LSTTL/MSI SN54LS138/SN74LS138 is a high speed 1-of-8
Decoder/Demultiplexer. This device is ideally suited for high speed bipolar memory
chip select address decoding. The multiple input enables allow parallel expansion to
a 1-0f-24 decoder using just three LS138 devices or to a 1-0f-32 decoder using four

LS138s and one inverter. The LS138 is fabricated with the Schottky barrier diode’

process for high speed and is completely compatible with all Motorola TTL
families.

e DEMULTIPLEXING CAPABILITY

e MULTIPLE INPUT ENABLE FOR EASY EXPANSION

° TYPICAL POWER DISSIPATION OF 32 mW

e ACTIVE LOWMUTUALLY EXCLUSIVE OUTPUTS

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
' HIGH LOW
Ag — Ay Address Inputs 0.5 U.L. 0.25 U.L.
Eq. Ep Enable (Active LOW) Inputs 0.5 U.L. 0.25 U.L.
Es Enable (Active HIGH) Input 0.5 U.L. 0.25 U.L.
"0g -0y Active LOW Outputs (Note b) 10 U.L. 5 (2.5) U.L.
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC DIAGRAM

A2 Ay Ag £ E; £ Ve = Pin 16
e @ ® DIE|E) GND=Pin 8
v O = Pin Numbers

LOGIC SYMBOL

12 8 456
Ag Ay Ay E

0g 0, Uy O3 Og Og Og O

TTTTTTTT

15 14 13 12 1 w0 9 7

Vee = Pin 16
GND =Pin . 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

(]
o015
[ ]2
[
(]°
Al
(]
Nal

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.




SN54LS138/SN74LS138

FUNCTIONAL DESCRIPTION — The LS138 is a high speed 1-of-8 Decoder/Demultiplexer fabricated with the low
power Schottky barrier diode process. The decoder accepts three binary weighted inputs (A(), A1, Ag) and when
enabled provides eight mutually exclusive active LOW outputs (50—67). The LS138 features three Enable inputs, two
active LOW (E1, Ep) and one active HIGH (E3). All outputs will be HIGH unless Eq and Ep are LOW and E3 is
HIGH. This multiple enable function allows easy parallel expansion of the device to a 1-0f-32 (5 lines to 32 lines)
decoder with just four LS138s and one inverter. (See Figure a.)

The LS138 can be used as an 8-output demultiplexer by using one of the active LOW Enable inputs as the data input

and the other Enable inputs as strobes. The Enable inputs which are not used must be permanently tied to their
appropriate active HIGH or active LOW state.

TRUTH TABLE

INPUTS OUTPUTS
E1 EZ E3 Ag Aq A2 60 61 32 63 64 65 66 67
H X X X X X H H H H H H H H
X H X X X X H H H H H H H H
X X L X X X H H H H H H H H
L L H L L L L H H H H H H H
L L H H L L H L H H H H H H
L L H L H L H H L H H H H H
L L H H H L H H H L H H H H
L L H L L H H H H H L H H H
L L H H L H H H H H ‘H L H H
L L H L H H H H H H H H L H
L L H H H H H H H H H H H L
H = HIGH Voltage Level
L = LOW Voltage Level
X = Don't Care
Ao
Ay
T ! 1
A3
Aq -
H
| O 1] C
Ao Ay Az 3 Ao A, Ay 3 Ao Ay Az € Ao Ay Az
LS138 LS138 LS138 LS138

Op 0y 0 O3 G4 O5 Og Oy

0g 0y 0,-03 04 O Og O,

0g Oy 0, O3 04 Oy Og O,

0g 0y 0; 03 04 Og O Oy

[RARAAAI

TTYTreyy

INRARANA;

ARAAAR]

Fig. a.

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

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +1256°C
Vc Pin Potential to Ground Pin —-05Vto+70V
*Input Voltage (dc) —-05Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —-0.5V to+5.5V
Output Current (dc) (Output LOW) +50 mA

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
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GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V)

R TEMPER
PART NUMBERS o - S ERATURE
SN54LS138X 45 v 50V 55 V -55°C to +125°C
SN74L5138X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

: LIMITS
SYM CONDITION
BOL ’ PARAMETER N F MAX UNITS TEST CONDITIONS
Guaranteed Input HIGH Threshold
V Input HIGH Volt 2.0 Y
H nbu oltage . Voltage for All Inputs
54 0.7 G teed | W Threshold
VIL Input LOW Voltage - v uaranteed Input LO resho
74 0.8 Voltage for All Inputs
VCD Input Clamp Diode Voltage -0.65 -15 \ VCC = MIN, [IN =-18 mA
54 25 3.4 Vee = MIN, Igy = —400 pA
Vo Output HIGH Voltage v cc OH M
74 2.7 34 VIN = Vjy or V| _per Truth Table
54,74 0.25 0.4 \Y loL = 4. Vee = MIN, =
VoL Output LOW Voltage oL-40ma}Vee VIN = VI of
74 0.35 0.5 v loL = 8.0 mA | V; per Truth Table
1.0 20 A Vee = MAX, Viy =27V
hH Input HIGH Current “ cc N
0.1 mA Vee = MAX, vy =10V
i Input LOW Current -0.4 mA Vee = MAX, Vi =04V
Output Short Circuit )
[ ) -1 -1 A Vee = MAX =
0S Current (Note 4) 5 00 m cc Vour =0V
lec Power Supply Current ’ 6.3 10 mA Vce = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "‘worst case’’ conditions.

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘worst case’” values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system

operating ranges.
3. Typical limits are at Vee =50V, 25°C, and maximum loading.
4. Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

LIMITS
Y PAR TER - N
SYMBOL ARAMETE N ~F MAX UNITS TEST CONDITIONS
tpLH Propagation Delay 1" 18 ns Fig. 1
tPHL Address to Output 19 27
tpLH Propagation Delay, 9.0 15 . Vee =50V
tpHL Eq or E3 to Output 17 24 ns Fig- 2 C_=15pF
tpLH Propagation Delay, 11 18
tPHL E3 to Output 20 28 ns Fig. 1
AC WAVEFORMS
Vin 13V 1.3V Vin 13v 13V
I““PHL’* L‘PLN" L—‘*‘PHL L"PLH’I
Vour 1.3v 13V Vout 13V 13V
Fig. 1 Fig. 2
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SN54LS139/SN74LS139

DUAL 1-OF-4 DECODER

DESCRIPTION — The LSTTL/MSI SN54LS139/SN74LS139 is a high speed Dual LOGIC SYMBOL

1-of-4 Decoder/Demultiplexer. The device has two independent decoders, each :

accepting two inputs and providing four mutually exclusive active LOW outputs.

Each decoder has an active LOW Enable input which can be used as a data input for

a 4-output demultiplexer. Each half of the LS139 can be used as a function genera-

tor providing aii. four minterms of two variables. The LS139 is fabricated with the

Schottky barrier diode process for high speed and is completely compatible with all

Motorola TTL families. ! 2.3 15 1413

® SCHOTTKY PROCESS FOR HIGH SPEED ‘L l I l

e MULTIFUNCTION CAPABILITY FohoA oM

© TWO COMPLETELY INDEPENDENT 1-OF-4 DECODERS DECODER a DECODER b

¢ ACTIVE LOWMUTUALLY EXCLUSIVE QUTPUTS 09 0,0, 05 | | 05 0y 0, 0

° INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS -

® FULLY TTL AND CMOS COMPATIBLE T T T T T T T

4 5 6 7 12 1110 9

PIN NAMES LOADING (Note a)

HIGH LOW

Ag. Aq Address inputs 0.5 U.L. 0.25 U.L."

E Enable (Active LOW) Input 0.5 U.L. 0.25 U.L. Vee = Pin 16

-— ~— . . C =Fin

Op — 03 Active LOW Outputs (Note b) 10 U.L. 5(2.5) U.L. GND =Pin 8

NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) CONNECTION DIAGRAM
Temperature Ranges. . DIP (TOP VIEW)
LOGIC DIAGRAM ‘ !

& . Aa Ey Aob A .

® D) @ @ L&) g8 7 vee Dm

2E Aga Ep :]15

3E Ata Aob :]M

4%, Ap[]rs

& 5[0 o[ ]2

T &[]0 Sw[n

7[]%3 O[]0

- 8[ Jono O3y :9

! L L
@ ® ® @ ® (@) ®
Ooa 01y Oz O34 Ogs O O CEN NOTE:
The Flatpak version has the same
Vee =Pin 16 pinouts (Connection Diagram) as the
GND = Pin 8 Dual in-Line Package.
= Pin Numbers
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SN54L.S139/SN74LS139

FUNCTIONAL DESCRIPTION — The LS139 is a high speed dual 1-of-4 decoder/demultiplexer fabricated with the
Schottky barrier diode process. The device has two independent decoders, each of which accept two binary weighted inputs
(Ag, Aq) and provide four mutually exclusive active LOW outputs ((_)0—63). Each decoder has an active LOW Enable (E).
When is HIGH all outputs are forced HIGH. The enable can be used as the data input for a 4-output demultiplexer
application. ’ ’

Each half of the LS139 generates all four minterms of two variables. These four minterms are useful in some applications,
replacing multiple gate functions as shown in Fig. a, and thereby reducing the number of packages required in a logic
network.

TRUTH TABLE £ €
o o
INPUTS OUTPUTS 2o % ° o %:>7 °
gy py p— p—— o 1 1 N
E Ag Aq Op 04 - 02 O3 £ 3
H X x H H H H "o % o1 Po %‘ o
Ay Ay
L L L L H H H ¢
E
L H L H L H H A0 02 Ag 02
L L H H H L H N } D " } a:
L H H H H H L ; .
, % Yo— o % »>—o
H = HIGH Voltage Level :? : :D :
1
L = LOW Voltage Level
X = Don't Care Fig. a

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

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias . —55°C to +125°C
Ve Pin Potential to Ground Pin -0.5Vto+7.0 V
*Input Voltage (dc) -0.5Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs,(Output HIGH) -0.5Vtot5.5V
Output Current (dc) (Output LOW) +50 mA

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V)
PART NUMBERS
U N : ~F TAX TEMPERATURE
SN54LS139X 45 v 50V 55 V -55°C to +125°C
SN74LS139X 475V 50V . 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product
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SN54LS139/SN74LS139

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
IT TEST CONDITION .
SYMBOL PARAMETER MIN P MAX UNITS (o] ONS
IGH Vol 20 v Guaranteed Input HIGH Threshold
ViH Input HIGH Voltage ’ Voltage for All Inputs
| OW Volt 54 0.7 v Guaranteed Input LOW Threshold
ViL nput L oltage 74 ‘0.8 Voltage for All Inputs
Veo Input Clamp Diode Voltage . —-0.65 -15 Y Vee = MIN, )y = -18 mA
54 25 3.4 Vee = MIN = —400 uA
VoH Output HIGH Voltage v cc OH
74 2.7 34 VN = Vi or Vi per Truth Table
54,74 0.25 04 \Y IoL=40mA |Vcc =MIN, VN =V
VoL Output LOW Voltage oL m cc IN 1H or
74 0.35 0.5 Y loL = 80 mA | V)_per Truth Table
1.0 20 A Voo = MAX, V) =27V
M Input HIGH Current M cc IN
0.1 mA Ve = MAX, Vg =10V
e Input LOW Current -04 mA Vee = MAX, Vi =04V
Output Short Circuit
| -1 -1 Vee = MAX, V =0V
0s Current (Note 4) 5 00 mA cc=M out =9
lcc Power Supply Current 6.8 11 mA Ve = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the “worst case’’ value for the parameter. Since these '‘worst case’’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

»w

Typical limits are at Vo = 5.0V, 25°C, and maximum loading.
Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

LIMITS !
PARAMETER IT TEST
SYMBOL MIN vp MAX UNITS EST CONDITIONS
thLH Propagation Delay, :; 18 ns Fig. 1 ~
tpHL Address to Output 27 Ve =50V
tpLH Propagation Delay, 90 - 15 ns Fig. 2 | C_ = 15pF
tpHL Enable to Output 17 24
ViN 1.3v 13V Vin 1.3V 1.3v
L‘PHL” L"PLH‘] L—T‘PHL L‘PLH‘1
Vour 1.3V 13v Vout 13V 1.3V
Fig. 1 ' Fig. 2
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Advance Information

SN54LS145/SN74LS145
1-OF-10 DECODER/DRIVER
-OPEN COLLECTOR

DESCRIPTION — The 54LS/74LS145, 1-0f-10 Decoder/driver, is designed to ac- LOGIC SYMBOL
cept BCD inputs and provide appropriate outputs to drive 10-digit incandescent
displays. All outputs remain off for all invalid binary input conditions. It is de-
signed for use as indicator/relay drivers or as an open-collector logic circuit driver.
Each of the high breakdown output transistors will sink up to 80 mA of current.
Typical power dissipation is 36 mW. This device is fully compatibie with all TTL

families.
1514 13 12
® LOW POWER VERSION OF 54/74145 p‘o J, }2 P3
® INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION EFFECTS
@ FULLY CMOS AND TTL COMPATIBLE
0p 07 02 0304 O5 O 07 Og Og

LoADING (ot TITTTT ]

1 3 10 1
PIN NAMES i . . HIGH LowW vee <16
Po, P1,P2, P3 BCD Inputs 05U.L. 025U.L.
Qo to Qg Outputs (Note b) Open Collector 15 (7.5) U.L.

NOTES:
a. 1 TTL Unit Load (U.L) = 40 pA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 7.5 U.L. for Military (54) and 15 U.L.. for Commercial (74)

Temperature Ranges
CONNECTION DIAGRAM
DIP (TOP VIEW)

LOGIC DIAGRAM INPUTS

vy v
T q

g;
INvERTERS ‘5 ‘& L‘% "_‘5

oscopsromven {& - d 8 LLj 6 I Ub il
2000888

2 Qa Qs

I
i

ol—o

ol —of

’ 0

OUTPUTS

This is advance information and specifications are subject to change without notice. ,
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SN54L.S145/SN74LS145

TRUTH TABLE
INPUTS OUTPUTS
Q4 Qs

o
O
-l
@
o
>
ol
o
ol
ol
N
(o]l
w
o]
o
Ol
~
[e]|
@
Ol
©

IIIIIIIIFCrrrrrrro|g
IITIIIrrrCrIIIICCCC
ITrrIIr~rrITCCcIICC—
IrIrI-rIFCFICICICIC
IITIIIIIIIIIIIIIC
IIIIIIIIIIIIIICI
ITIIIIIIIIIIICICI
ITIIIIIIIIIIICrIICI
IIIIIIIIIIICIIII
IIIIIIIIIICrIIIICI
IITIIIIIIIFIIIICII
IIIIIIIICrIIIIIICI
IIIIIIIrIIIIIIII
IITIIIIFrITIIIIIICICT

H = HIGH Voltage Level
L = LOW Voltage Level

.GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V)
PART NUMBERS TEMPERATURE
MIN TYP MAX
SN54LS145X ‘ 45V 50V 55V ~55°C to +125°C
SN74LS145X 4.75V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N.for Plastic Dip. See Packaging Information Section for packages available on this product.
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SN54LS145/SN74LS145

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS (Note 1)
MIN TYP MAX
. Guaranteed Input HIGH Voltage
Vi Input HIGH Voltage 2.0 \" for All Inputs
54 0.7 Guaranteed Input LOW Voltage
Vi Input LOW Voltage 73 08 V' | for All Inputs
Veo Input Clamp Diode Voltage -0.65 -1.5 " Vee = MIN, Iy = —18 mA
lon QOutput HIGH Current 250 UA Vece = MIN, Vou = 15V
54, 74 0.25 0.4 lop = 12 MA Vee = MIN, V, or
Voo Output LOW Voltage 74 0.35 0.5 v lo. = 24 mA V,, per Truth Table
54,74 1.7 loL = 80 mA
Vee = MAX
2 wA Ly =27V
[ Input HIGH Current
Vee = MAX
01 mA Vi = 10V
B Ve = MAX
, 04 mA Vo= 04V
Iy Input LOW Current
lec Power Supply Current 7 13 mA Vee = MAX
NOTES:
1. Conditions for testing, not shown in the table, are chosen to guarantee operations under "‘worst case’’ conditions.

2. The specified LIMITS represent the ‘‘worst case” value for the parameter. Since these “worst case’” values nor-
mally occur at the temperature and supply voltage extremes, additional noise immunity and guard banding can be
achieved by decreasing the allowable system operating ranges.

3. Typical limits are at Ve =5.0V, 250C, and maximum loading

AC CHARACTERISTICS T, = 25°C

LIMITS
SYMBOL PARAMETER ————————1———— UNITS | TEST CONDITIONS
MiN TYP MAX
tene Propagation Delay 50 Fi Vee = 5.0V
[ P, Input to Q, Output 50 ns igs. 1,2 C. =45 pF
AC WAVEFORMS
Vin 13v 13V Vi 13V 13V
[<—Ttm I«—wm-»l tPHL '4mn>l
Vour 13V 13v ' . : Vour 13v 13v

Fig.1 Fig. 2
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SN54LS151/SN74LS151

8-INPUT MULTIPLEXER

DESCRIPTION — The TTL/MSI SN54LS151/SN74LS151 is a high speed 8-Input
Digital Multiplexer. It provides, in one package, the ability to select one bit of data
from up to eight sources. The LS151 can be used as a universal function generator
to generate any logic function of four variables. Both assertion and negatlon out-
puts are prowded

e SCHOTTKY PROCESS FOR HIGH SPEED

e MULTIFUNCTION CAPABILITY

e ON-CHIP SELECT LOGIC DECODING

e FULLY BUFFERED-COMPLEMENTARY OUTPUTS

o INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN-NAMES LOADING (Note a)
HIGH LOW

So - S2 Select Inputs 0.5 U.L. 0.25 U.L.

E Enable (Active LOW) Input 0.5 U.L. 0.25 U.L.

'0 -1y Muitiplexer Inputs 0.5 U.L. 0.25 U.L.

z ) Multiplexer Output (Note b) 10 U.L. 5(2.5) U.L.

z Complementary Multiplexer Output 10 U.L. 5 (2.5) U.L.

" (Note b)
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b, The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC SYMBOL

115 14 13 12

LT

E g 11 12 13 1g 15 I Iy

11— So
10 —dq Sy

9 —4 52

Ve =Pin 16
GND =Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

NOTE:

The  Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.

LOGIC DIAGRAM o 9 P 3 3 o S K ?
® f0 o o e )
s o——o—r—>
s
‘ s Mﬁ—*’w
o) ' I I R
t UuUy T[? C

Vee =Pin 16
GND =Pin 8
O = Pin Numbers
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SN54LS151/SN74LS151

FUNCTIONAL DESCRIPTION — The LS151 is a logical implementation of a single pole, 8-position switch with the
switch position controlled by the state of three Select inputs, Sg, S, So. Both assertion and negation outputs are
provided. The Enable input (E) is active LOW. When it is not activated, the negation output is HIGH and the assertion
output is LOW regardless of all other inputs. The logic function provided at the output is:

2= E‘(Io'§0‘§1 '§2 + |1'So'§1 '§2 + |2'§0'S1 '§2 +13°S9°S4 '§2 +

14°S0"S1°S2 + 15°S0*S1°S2 + 16°S0*S1Sp * 17°S0°S1°S2)-

The LS151 provides the ability, in one package, to select from eight sources of data or control information. By proper
manipulation of the inputs, the LS151 can provide any logic function of four variables and its negation.

TRUTH TABLE

E S2 S1 So o Iq 12 13 lg Ig I 17 z ra
H X X X X X X X X X X X H L
L L L L L X X X X X X X H L
L | L L L H X X X X X X X L H
L L L H X L X X X X X X H L
L L L H X H X X X X X X L H
L L H L X X L X X X X X H L
L L H L X X H X X X X X L H
L L H H X X X L X X X X H L
L L H H X X X H X X X X L H
L H L L X X X X L X X X H L
L H L L X X X X H X X X L H
L H L H X X X X X L X X H L
L H L H X X X X X H X X L H
L H H L X X X X X _X L X H L '
L H H L X X X X X X H X L H
L H H H X X X X X X X L H L
L H H H X X X X X X X H L H
H HIGH Voltage Level
L LOW Voltage Level
X Don‘t Care
ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired
Storage Temperature . —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Ve Pin Potential to Ground Pin —-05Vto+7.0V
*Input Voltage (dc) —0.5Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5 Vto+5.5V
Output Current (dc) (Output LOW) +50 mA
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (V)
PART NUMBERS AN VP MAX TEMPERATURE
SN54LS151FX 45 V 50V 55 Vv -55°Cto +125°C
SN74LS151X 475V 50V 5.25 V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.
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SN54LS151/SN74LS151

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
T TEST CONDITIONS
SYMBOL PARAMETER N ™F MAX UNITS
| 20 v Guaranteed Input HIGH Threshold
ViH Input HIGH Voltage ' Voitage for All Inputs
: W Vol 54 0.7 v Guaranteed input LOW Threshold
Vie Input LOW Yoltage 74 0.8 Voitage for All Inputs
Veo Input Clamp Diode Voltage -0.65 -1.5 Y Vee =MIN, |y = -18 mA
54 25 34 \% = MIN, | = —400 pA
VOH Output HIGH Voltage Vv cc OH
74 2.7 3.4 ViN = V) or V) per Truth Table
54,74 0.25 0.4 v loL = 4.0 mA | Voo = MIN, Vi = Vi or
VoL Output LOW Voltage oL cc IN IH
74 0.35 0.5 \% loL = 8.0 mA | V| per Truth Table
1.0 20 uA Ve = MAX, Vi = 2.7 V
I tnput HIGH Current
0.1 mA Ve = MAX, vy = 10V
he input LOW Current -04 mA Vee = MAX, vy =04V
Output Short Circuit
| ) -15 -100 mA Vee = MAX, V =0V
0s Current (Note 4) cc out .
Icc Power Supply Current 6.0 10 mA Ve = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the ‘“‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges. .

bW

Typical limits are at Vo = 5.0 V, Tp = 26°C.
" Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

LIMITS
NITS TEST CONDITIONS
SYMBOL PARAMETER N P AR U
tpLH Propagation Delay, 20 ns Fig. 1
tBHL Select to Z Qutput 23 32
tpLH Propagation Delay, 30 41 ns Fig. 2
tpHL Select to Z Output 18 30
tpLH Propagatio_n Delay, 13 20 ns Fig. 2
tpHL Enable to Z Output 17 26 Vec =50V
tpLH Propagation Delay, 22 33 ns Fig. 1 C_=15pF
tpHL Enable to Z Output 18 27 .
tpLH Propagation Delay, 7.0 12 ns Fig. 1
tpHL Data to Z Output 10 15
tpLH Propagation Delay, ‘18 26 ns Fig. 2
tpHL Data to Z Output 15 23
AC WAVEFORMS
Vin 13v 13V Vin 13V A3V
l*‘mu*‘ l"vw'[ “T‘PHL Llpm’|
Vout 1.3v 13v Vout 13V 13V
Fig. 1 Fig. 2
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SN54LS153/SN74LS153

DUAL 4-INPUT MULTIPLEXER

DESCRIPTION — The LSTTL/MSI SN54LS153/SN74LS153 is a very high speed
Dual 4-Input Multiplexer with common select inputs and individual enable inputs
for each section. It can select two bits of data from four sources. The two buffered
outputs present data in the true (non-inverted) form. In addition to multiplexer
operation, the LS153.can generate any two functions of three variables. The LS153
is fabricated with the Schottky barrier diode process for high speed and is com-
pletely compatible with all Motorola TTL families.

e MULTIFUNCTION CAPABILITY

o NON-INVERTING OUTPUTS

e SEPARATE ENABLE FOR EACH MULTIPLEXER

e INPUT CLAMP DIODESLIMIT HIGH SPEED TERMINATION EFFECTS
e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

So Common Select Input 0.5 U.L. 0.25 U.L.

E Enable (Active LOW) Input 0.5 U.L. 0.25 U.L.

lo. 1 Multiplexer Inputs 0.5 U.L. 0.25 U.L.

Z Multiplexer Output (Note b) 10 U.L. 5(2.5) U.L.

NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC SYMBOL

T 5 4 3 10 1112 13 15
L P A P T I Y
1a So
22— S5
24 2y
7 9
Vee =Pin 16
GND =Pin 8

LOGIC DIAGRAM

E, loa "a 124

0 ! & & n

@
®
®
<z

HLL ot L bt - Lu bt SWS
Vee =Pin 16
7 GND =Pin 8 O]
K O = Pin Numbers 2
2 b

CONNECTION DIAGRAM
DIP (TOP VIEW)

alt
it
(]
[]s
(]2
:]H
(]
1o

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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SN54L.S153/SN74LS153

FUNCTIONAL DESCRIPTIdN — The LS153 is a Dual 4-Input Multiplexer fabricated with Low Power, Schottky
barrier diode process for high speed. It can select two bits of data from up to four sources under the control of the
common Select Inputs (Sg, S1). The two 4-input multiplexer circuits have individual active LOW Enables (Ea, Eb)
which can be used to strobe the outputs independently. When the Enables (—éa, Eb) are HIGH, the corresponding
outputs (Z5, Zp) are forced LOW.

The LS163 is the logic implementation of a 2-pole, 4-position switch, where the position of the switch is determined
by the logic levels supplied to the two Select Inputs. The logic equations for the outputs are shown below.

Z,=E, " (lga *S1-Sg+ 112" S1°So+ 122" S1°Sp+13a " S1* Sp)
Z,=Ep - (lgp~S1-So+11b-S1° S0+ 125" S1°So+13p - S1° Sp)
The LS153 can be used to move data from a group of registers to a common output bus. The particular register from
which the data came would be determined by the state of the Select Inputs. A less obvious application is a function

generator. The LS153 can generate two functions of three variables. This is useful for implementing highly irregular
random logic.

TRUTH TABLE

SELECT INPUTS INPUTS (a or b) OUTPUT
So Sq E o B 12 13 4
X X H X X X X L
L L L L X X X L
L L L H X X X H
H L L X L X X L
H L L X H X X H
L H L X X L X L
L H L X X H X H
H H L X X X L L
H H L X X X H H

H = HIGH Voltage Level

L = LOW Voitage Level

x
"

Don‘t Care

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

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Vc Pin Potential to Ground Pin ’ -05Vto+7.0V
*Input Voltage (dc) ‘ -0.5Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5 V to +56.5V
Output Current (dc) (Output LOW) +50 mA

®Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vi)
PART NUMBERS cc

T — e TEMPERATURE
SN54LS 153X a5 v . B0V 55 V ~55°C to +125°C
SN74LS153X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.
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SN54LS153/SN74LS153

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS
YMBOL PARAMETER T TEST CONDITION
S VIN ve IAX UNITS CO ONS
Guaranteed Input HIGH Threshold
| Hi Vol .
VlH nput HIGH Voltage 20 v Voltage for All Inputs
) . aranteed Input LOW Threshold
Vi Input LOW Voltage 54 07 1 Guaranteed Input LOW Threshol
74 } 0.8 Voltage for All Inputs
Veo Input Clamp Diode Voltage . —0.65 -15 \ Ve = MIN, Iy = =18 mA
54 . 25 34 Ve = MIN, Igy = =400 pA
VoH Output HIGH Voltage \Y cc OH “
74 2.7 3.4 VIN = Vjy or V) per Truth Table
54,74 0.25 0.4 v loL = 4.0mA | Vcc = MIN, Viy = V|4 o
VoL Output LOW Voltage oL il IN = ¥iH or
74 0.35 0.5 v loL= 8.0 mA | V| _per Truth Table
1.0 20 A Vee = MAX, iy = 2.7V
M Input HIGH Current # cc IN
0.1 mA Voo = MAX, vy =10V
e Input LOW Current -04 mA Vee = MAX, vy =04V
Output Short Circuit
! - -1 = =
0s Current (Note 4) 15 00 | mA | Vcc=MAX Voyr=0V
lec Power Supply Current 6.2 10 mA Ve = MAX
NOTES:

1. Conditions for testing, not shown .in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at. the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system

operating ranges.
3. Typical limits are at Vcc = 5.0 V, 25°C, and maximum loading.
4. Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

LIMITS
YM PARAMETER UNITS TEST CONDITI
SYMBOL MIN ve MAX EST CO ONS
tPLH Propagation Delay 20 22 ns Fig. 2
tPHL Select to Output 16 2.
tpLH Propagation Delay, 17 24 ns Fig. 1 VCC_= 50V
tpHL Enable to Output 14 20 C_=15pF
tpLH Propagation Delay, 10 15 .
tpHL Data to Output 10 15 ns Fig. 2
AC WAVEFORMS
Vin 13V 13v Vin 13v 13v
L‘PML“ L‘ ‘Pm‘l L“F PHL I"pm"
Vout 1.3v 13V Vout 13V 13v
Fig. 1 Fig. 2
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SN54LS155/SN74LS155
SN54LS156/SN74LS156

DUAL 1-OF-4 DECODER/DEMULTIPLEXER
(LS156 HAS OPEN COLLECTOR QUTPUTS)

DESCRIPTION — The LSTTL/MSI SN54L.S155/SN74LS155 and SN541.S156/
SN741L.S156 are high speed Dual 1-0of-4 Decoder/Demultiplexers. These devices have
two decoders with common 2-bit Address inputs and separate gated Enable inputs.
Decoder "“a’" has an Enable gate with one active HIGH and one active LOW input.
Decoder b’ has two active LOW Enable inputs. If the Enable functions are satisfied,
one output of each decoder will be LOW as selected by the address inputs. The
LS156 has open coliector outputs for wired-OR (DOT-AND) decoding and function
generator applications.

The LS155 and LS156 are fabricated with the Schottky barrier diode process for
high speed and are compietely compatible with all Motorola TTL families.

SCHOTTKY PROCESS FOR HIGH SPEED

MULTIFUNCTION CAPABILITY

COMMON ADDRESS INPUTS

TRUE OR COMPLEMENT DATA DEMULTIPLEXING

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)

HIGH LOW
’3‘0' Aq Address Inputs 0.5U.L. 0.25 U.L.
E, Eb Enable (Active LOW) Inputs 0.5 U.L. 0.25 U.L.
E, Enable (Active HIGH) Input 0.5 U.L. 0.25 U.L.
50 - 53 Active LOW Outputs (Note b) 10 U.L. 5 (2.5) U.L.
NOTES:

a. 1TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges. The HIGH level drive for the LS156 must be established by an external
resistor,

LOGIC DIAGRAM
E, E, Ay A E Ep,
Qe @é ® ®
I i i
Vee =Pin 16
wo-rms O @ of @ © o] ®
O = Pin Numbers O, O1a 024 03, Ogp, Oy Oz Ogp

LOGIC SYMBOL

12 133 1415
3 3
Ao Ao
DECODER a DECODER b
A Ay
0 1 2 3 0 1 2 3
7 6 5 4 9 10 11 12
Vee =Pin 16
GND =Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

:lw
1
]
1
(]2
37‘
[ Jo
e

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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SN541L.S155/SN74LS155 @ SN54LS156/SN74LS156

FUNCTIONAL DESCRIPTION — The LS155 and LS156 are Dual 1-of-4 Decoder/Demultiplexers with common
Address inputs and separate gated Enable inputs. When enabled, each decoder section accepts the binary weighted
Address inputs (Ag, At) and provides four mutually exclusive active LOW outputs (Og— 03) If the Enable require-
ments of each decoder are not met, all outputs of that decoder are HIGH.

Each decoder section has a 2-input enable gate. The enable gate for Decoder ‘“‘a’’ requires one active HIGH input and
one active LOW input (Ea-Ea). In demultiplexing applications, Decoder “a’’ can accept either true or complemented
data by using the Ea or E4 inputs respectively. The enable gate for Decoder “b* requires two active LOW inputs
(Eb‘Eb). The LS155 or LS156 can be used as a 1-of-8 Decoder/Demultiplexer by tying E4 to Eb and relabeling the
common connection as (Ag). The other Eb and Ej, are connected together to form the common enable.

The LS155 and LS156 can be used to generate all four minterms of two variables. These four minterms are useful in
some applications replacing multiple gate functions as shown in Fig. a. The LS156 has the further advantage of being

able to AND the minterm functions by tying outputs together. Any number of terms can be wired-AND as shown
below.

f=(E+Ag+Aq) - (E+Ag+Aq) - (E+Ag+Aq) - (E+Ag+A;)
where E=Ea+Ea;E=Eb+Eb

TRUTH TABLE

ADDRESS ENABLE “a" OUTPUT “a” ENABLE “b" . OUTPUT "b”

Ag Aq E, Ea 60 61 62 63 Eb Eb i 60 61 62 63
X X L X H H H H H X H H H H

X X X H H H H H X H H H H H

L L H L L H H H L L L H H H

H L H L H L H H L L H L H H

L H H L H H L H L L H H L H

H H H L H H H L L L H H H L

H = HIGH Voltage Level
L = LOW Voltage Level
X = Don't Care
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SN54LS155/SN74LS155 @ SN54L.S156/SN74LS156

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

Storage Temperature —65°C to +150°C
Tempetature (Ambient) Under Bias —55°C to +125°C
Vcc Pin Potential to Ground Pin ’ —-0.5Vto+7.0V
*Input Voltage (dc) —0.5Vto+i6V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5 V to+5.5V
Output Current (dc) (Output LOW) +50 mA

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vi)
PART N : T
UMBERS RN NP VIAX EMPERATURE
SN54LS155X : :
SN54LS156 X 45 Vv 50V 55 V —55°C to +125°C
SN74LS155X i )
SN74LS156X 475V 50V 526V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
ARAMETER NIT! TEST ITION
SYMBOL P E N F AX UNITS EST CONDITIONS
Guaranteed Input HIGH Threshold
V | t HIGH Vol 20 \%
H nput HIGH Voltage Voltage for All Inputs
‘ , 4 7 d Input LOW Threshold
Vi Input LOW Voltage 5: o Vv Guaranteed Input LO reshol
74 0.8 Voltage for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 \' Vec =MIN, )y =-18 mA
v Output HIGH Voltage 54 25 34 v Vee = MIN, Igy = —400 uA
OH LS156 Only 74 27 | 34 ViN = Vjiy OF Vy_ per Truth Table
Output HIGH Current VCC = MIN, VOH =55V
| 100 A
OH LS156 Only s Vin = Vj o VL per Truth Table
54, 74 0.25 0.4 \% IoL=40mA | Vecc=MIN, VIN=V
VoL Output LOW Voltage oL m cc IN 1H or
74 0.35 0.5 \% loL = 8.0 mA |V, per Truth Table
20 A Vee = MAX, viy=27V
hH Input HIGH Current s cc IN
0.1 mA Voo = MAX, Viy =10V
n Input LOW Current ’ —-0.4 mA Ve = MAX, Vi = 0.4V
Output Short Circuit
| =1 - Vee = , =0V
0s Current (Note 4) 5 100 mA cc = MAX. Vour
Icc Power Supply Current 6.1 10 mA Vee = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “‘worst case’’ conditions.

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges. :

3. Typical limits are at Vg = 5.0 V, T = 25°C.

4. Not more than one output should be shorted at a time.
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AC CHARACTERISTICS: Ty = 25°C

LIMITS
SYMBOL PARAMETER LS155 LS156 UNITS TEST CONDITIONS
TYP MAX TYP MAX
tpLH Propagation Delay, ' 1 18 18 28 ns Fig. 1
tPHL Address to Output 19 27 23 33 Vec =50V
tpLH Propagation Delay, 9.0 15 16 25 ns Fig. 2 C_=15pF
E 1 .
tPHL 3 Or Ep to Output 17 24 2 30 i R = 2 k2 (LS156)
tpLH Propagation Delay 11 18 18 28 ns Fig. 1 only
tpHL E, to Output 20 28 24 34
AC WAVEFORMS
Vin 13V 1.3V Vin 1.3V 1.3V
L“PHL" L ‘PLH’1 L‘T"PHL L‘PLH’l
Vout 1.3V 13V Vourt 13V 13v
Fig. 1 Fig. 2
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SN54LS157/SN74LS157

QUAD 2-INPUT MULTIPLEXER

DESCRIPTION — The LSTTL/MSI SN54LS157/SN74LS157 is a high speed Quad
2-Input Multiplexer. Four bits of data from two sources can be selected using the
common Select and Enable inputs. The four buffered outputs present the selected
data in the true (non-inverted) form. The LS157 can also be used to generate any
four of the 16 different functions of two variables. The LS157 is fabricated with
the Schottky barrier diode process for high speed and is completely compatible
with all Motorola TTL families.

SCHOTTKY PROCESS FOR HIGH SPEED

MULTIFUNCTION CAPABILITY

NON-INVERTING OUTPUTS

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW
S Common Select Input ' 1.0U.L. 0.5 U.L.
E Enable (Active LOW) Input 1.0 U.L. 0.5 U.L.
l6a — lod Data Inputs from Source 0 0.5U.L. 0.25 U.L.
11a— N4 Data Inputs from Source 1 0.5 U.L. 0.25 U.L.
Z,—- 24 Multiplexer Outputs (Note b) 10 U.L. 5(25)U.L.
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC SYMBOL

Ii3561413|110

E 102 a lob b loc ¢ lod g

Ted S

Vgee =Pin 16
GND =Pin 8

LOGIC DIAGRAM

10a "a [ 11b loc e lod hg ES

o o o o e e o eolell

L L
Ve =Pin 16
@ ) @ ® GND = Pin 8
Z, Zy 2 2 O =Pin Numbers

CONNECTION DIAGRAM

DIP (TOP VIEW)
1Os Vee bw
2 [ 10a El]s
3 loc [ 114
ez e [J13
s oo z. [Jr
6 [ loa [ 1
1z ha [0
BEGND zg [ o

NOTE:

The. Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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SN54LS157/SN74LS157

FUNCTIONAL DESCRIPTION — The LS157 is a Quad 2-Input Multiplexer fabricated with the Schottky barrier
diode process for high speed. It selects four bits of data from two sources under the control of a common Select Input
(S). The Enable Input (E) is active LOW. When E is HIGH, all of the outputs (Z) are forced LOW regardless of all

other inputs.

The LS157 is the logic implementation of a 4-pole, 2-position switch where the position of the switch is determined
by the logic levels supplied to the Select Input. The logic equations for the outputs are shown below:

Z,=E- (113" S+lga* S)
Zc=E- (4" S+lgc" S)

Zb=E'(I1b-S+|0b-§)
Zg=E-(l4q-S+lgg 9

A common use of the LS157 is the moving of data from two groups of registers to four common output busses. The
particular register from which the data comes is determined by the state of the Select Input. A less obvious use is as a
function generator. The LS157 can generate any four of the 16 different functions of two variables with one variable
common. This is useful for implementing highly irregular logic.

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

TRUTH TABLE

ENABLE S,%,,ECTT INPUTS OUTPUT
E S 1o Iy z
H X X X L
L H X L L
L H X H H
L L L X L
L L H X H

H = HIGH Voltage Level

x r

= LOW Voltage Level
= Don’t Care

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —~55°C to +125°C
V¢ Pin Potential to Ground Pin -05Vto+7.0V
*Input Voltage (dc) —05Vto+15V
*Input Current (dc) —-30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —-0.5V to +5.5V
Output Current (dc) (Output LOW) +50 mA
*Either Input Voltage limit or input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (V)
PART NUMBERS N v NIAX TEMPERATURE
SN54LS157X 45 Vv 50V 55 V ~56°C to 125°C
SN74LS157X 475V 50V 525V 0°C to + 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for pack;ges available on this product.
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN v MAX UNITS TEST CONDITIONS
Guaranteed input HIGH Voltage
20 ’
ViH Input HIGH Voltage v for All Inputs
v Input LOW Voltage 54 0.7~ v Guaranteed Input LOW Voltage -
L neu 9 74 0.8 for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 \% Ve = MIN, Iy = -18 mA
) 54 25 34 Vee = MIN; lgy = —400 pA
Vor Output HIGH Voltage v cc OH
: 74 2.7 34 Vin = Vi or V per Truth Table
Vv, Output‘ LOW Voltage 54,74 0.25 04 v loL = 4.0 mA | Vee = MIN, Vi = Vi or
oL 74 0.35 05 v loL = 8.0 mA | Vy__per Truth Table
Input HIGH Current
| }Q‘s" ig HA Voo = MAX, iy = 2.7V
H input HIGH Current at MAX
Input Voltage
'-519'5',1 8'; mA Vee = MAX, vy =10V
Input LOW Current
he lé) I -04 _ -
S 08 mA Vee = MAX, Vi =04V
Output Short Circuit _ _
los Current (Note 4) 15 100 | mA Ve = MAX, Vour =0V
lcc Power Supply Current 9.7 16 mA Vce = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "*worst case'’ conditions.
2. The specified LIMITS represent the “worst case’ value for the parameter. Since these ‘‘worst case’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system

operating

ranges.

3. Typical limits are at Voo = 5.0 V, 25°C, and maximum loading.
4. Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

LIMITS -

RA| IT TEST NDITIONS
SYMBOL PARAMETER N TP AX UNITS ST CO o]
tpLH Propagation Delay 23 .
tPHL Select to Output 27 ns Fig. 2
tpLH Propagation Delay, 20 - s Fig.1 | chz 50V
tpHL Enable to Output 21 C_ = 15pF
o H Propagation Delay, 14 ;
tPHL Data to Output 14 ns Fig.2

AC WAVEFORMS
Vin 1.3v 1.3v Vin 1.3v' 13v
L‘Pm" . L ‘PLH“ l—"‘m\_ L“PLH’I
Vout 13v 13V Vout 13v 13V
Fig. 1 Fig. 2
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SN54LS158/SN74LS158
QUAD 2-INPUT MULTIPLEXER

DESCRIPTION — The LSTTL/MSI SN54LS158/SN74LS158 is a high speed Quad
2-input Multiplexer. It selects four bits of data from two sources using the common
Select and Enable inputs. The four buffered outputs present the selected data in the
inverted form. The LS158 can also generate any four of the 16 different functions
of two variables. The LS158 is fabricated with the Schottky barrier diode process
for high speed and is completely compatible with all Motorola TTL families.

PIN NAMES

ml »

loa — lod
l1a—Nd
Za -Z4

NOTES:

Common Select Input.
Enable (Active LOW) Input
Data Inputs from Source 0
Data Inputs from Source 1

Inverted Outputs (Note b)

SCHOTTKY PROCESS FOR HIGH SPEED
MULTIFUNCTION CAPABILITY
INVERTED OUTPUTS
INPUT CLAMP DIGDES LIMIT HIGH SPEED TERMINATION EFFECTS
FULLY TTL AND CMOS COMPATIBLE

a. 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

b. The Output LOW drive factor is 2.5 U.L. for Military
Temperature Ranges. )

LOADING (Note a)

HIGH LOW

1.0U.L. 0.5 U.L.
1.0 U.L. 0.5 U.L.
0.5 U.L. 0.25 U.L.
0.5 U.L. 0.25 U.L.
10 U.L. 5(2.5) U.L.

(54) and 5 U.L. for Commercial (74)

LOGIC SYMBOL

5 2 3 5 6 14 13 1110
E lga '1a oo b loc 'ic lod hd
1 —iS
Za Zp 2c ]
a 7 12 9
Vce = Pin 16
GND =Pin 8

LOGIC DIAGRAM

a ion o loc e lod g ES
@ ® ® @ « ©®|® H
L -
Vee = Pin 16
® ® (®) ® GND = Pin 8
7, Zp Z, Zg . O =Pin Numbers

CONNECTION DIAGRAM
DIP (TOP VIEW)

s vec[]s
2['0a e
3Qwa toc [ J14
<0z e[
s oo z.[Jr
eE'm lod :]“
Ak hafJ0
s[Jono 509

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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FUNCTIONAL DESCRIPTION — The LS158 is a Quad 2-Input Multiplexer fabricated with the Schottky barrier
diode process for high speed. It selects four bits of data from two sources under the control of a common Select Input
{S) and presents the data in inverted form at the four outputs. The Enable Input (E) is active LOW. When E is HIGH,
all of the outputs (Z) are forced HIGH regardless of all other inputs.

The LS1568 is the logic implementation of a 4-pole, 2-position switch where the position of the switch is determined
by the logic levels supplied to the Select Input.

A common use of the LS158 is the moving of data from two groups of registers to four common output busses. The
particular register from which the data comes is determined by the state of the Select Input. A less obvious use is as a
function generator. The LS158 can generate four functions of two variables with one variable common. This is useful

for implementing gating functions.

TRUTH TABLE

SELECT
ENABLE INPUT INPUTS OUTPUT
E S o 1 Z
H X X X H
L L L X H
L L H X L
L H X L H
L H X H L

H = HIGH Voltage Level

= LOW Voltage Level

X = Don't Care

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

Storage Temperature

Temperature (Ambient) Under Bias

—65°C to +150°C
—-55°C to +125°C

Vg Pin Potential to Ground Pin -0.5Vto+7.0V
*Input Voltage (dc) —-0.5Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —-0.5 Vto+5.5V
Qutput Current (dc) (Output LOW) +50 mA
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES
PART NUMBERS SUPPLY VOLTAGE (Ve TEMPERATURE
MIN TYP MAX
SN54LS158X 45 V 50V 55 V ~55°C to +125°C
SN74LS158X 475V 50V 525V 0°C to + 70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
P R NIT! TEST CONDITIONS
SYMBOL ARAMETE N P AX UNITS O
0 HIGH Vol 20 v Guaranteed Input HIGH Voltage
ViH neut oltage ' for All Inputs
v | LOW Volt 54 0.7 v Guaranteed Input LOW Voltage
L nput otage 74 08 for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 v Vee = MIN i)y = -18 mA :
54 25 3.4 Ve = MIN, Iy = —400 uA
VoH Output HIGH Voltage \" cc oH
74 2.7 3.4 ViN = Vi or V per Truth Table
54,74 0.25 0.4 v loL=40mA| Vcc = MIN, VN = V|4 or
VoL Output LOW Voltage oL cc IN IH
74 0.35 0.5 \% loL = 8.0mA | V) per Truth Table
Input HIGH Current
lo 14 20 _ _
| ES 40 UA Ve = MAX Vi =27V
iH Input HIGH Current at MAX
Input Voltage
o | 0.1 _ _
E? s 02 mA Voo = MAX, Viy =10V
Input LOW Current
| o | -0.4 o -
i 2 08 mA Vi = MAX, Vyy = 0.4V
Output Short Circuit .
| - -100 A Vee = MAX V =0V
0s Current (Note 4) 15 m cc out
lec Power Supply Current 4.8 8.0 mA Vee = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “‘worst case’’ conditions.

2.

The specified LIMITS represent the ‘‘worst case'’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

bl od

AC CHARACTERISTICS: Tp = 25°C

Typical limits are at Vog = 5.0 V, 26°C, and maximum loading.
Not more than one output should be shorted at a time.

LIMITS :
YMB PARAMETER UNITS TEST CONDITIONS
SymeoL ETE MIN TYP MAX
t Propagation Delay 20
PLH
tpHL Select to Output 24 ns Fig- 1
tpLH Propagation Delay, 17 ns Fig. 2 ch‘—' 5.0FV
tpHL Enable to Output 18 CL=15p
tpLH Propagation Delay, 12 ns Fig. 1
tpHL Data to Output 12
AC WAVEFORMS
Vin 13V 13V Vin - 13v 13v
L‘PHL‘} L‘pm‘l H’ PHL L‘Hu’
Vout 13v 13v Vour - 13v - 13V
Fig. 1 Fig. 2

4-115




SN54LS1 60A/SN74LS160A*SN54LS161A/SN74LS161A
SN54LS162A/SN74LS162A*SN54LS163A/SN74LS 163/
BCD DECADE COUNTERS - 4-BIT BINARY COUNTERS

DESCRIPTION — The LS160A/161A/162A/163A are high-speed 4-bit synchro-

nous counters. They are edge-triggered, synchronously presettable, and cascadable LOGIC SYMBOL
MSI building blocks for counting, memory addressing, frequency division and other
applications. The LS160A and LS162A count modulo 10 (BCD). The LS161A and
LS163A count modulo 16 (binary.)
The LS160A and LS161A have an asynchronous Master Reset (Clear) input that o 3 4 5 6
overrides, and is independent of, ‘the clock and all other control inputs. The J> I l , [
LS162A and LS163A have a Synchronous Reset (Clear) input that overrides all PE P Py Pp Ps
other control inputs,but is active only during the rising clock edge. ‘; ] Z: e "
BCD (Modulo 10) | Binary (Modulo 16) ? %R 0 0, 0, [N
Asynchronous Reset LS160A LS161A ? I l ’ I
Synchronous Reset LS162A LS163A 11413 12 1
® SYNCHRONOUS COUNTING AND LOADING
@ TWO COUNT ENABLE INPUTS FOR HIGH SPEED SYNCHRONOUS EXPANSION Ve = Pin 16
® TERMINAL COUNT FULLY DECODED GND = Pin 8
® EDGE-TRIGGERED OPERATION
@ TYPICAL COUNT RATE OF 35 MHz
® FULLY TTL AND CMOS COMPATIBLE
*MR for LS160A and LS161A
PIN NAMES LOADING (Note a) *SR for LS162A and LS163A
HIGH LOW
PE " Parallel Enable (Active LOW) Input 0.6 U.L. 03U.L.?
Po-P3 Parallel Inputs 0.5U.L. 0.25 U.L.
CEP Count Enable Parallel Input 0.6 U.L. 0.3U.L. CONNECTION DIAGRAMS
CET Count.Enable Trickle Input 1.0U.L. 0.5U.L. DIP (TOP VIEW)
CP Clock (Active HIGH Going Edge) Input 0.6 U.L. 0.3 U.L.
MR Master Reset (Active LOW) Input 0.5U.L. 0.25U.L.
SR Synchronous Reset (Active LOW) Input 0.5 U.L. 0.25 U.L. o= Ve b‘ﬁ
Qp-Q3 Parallel Outputs (Note b) 10 U.L. 5(2.5) U.L. e e[
TC Terminal Count Output (Note b) 10 U.L. 5(2.5) U.L.
. 3[: Py Qg :]14
NOTES:
a. 1 TTL Unit Load {U.L.) = 40 uA HIGH/1.6 mA LOW. 4EP1 O,Dn
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and § U.L. for Commerical (74) s(]»: 02
Temperature Ranges.
- s[]°s o n
STATE DIAGRAM
7: CcEP CET :]10
8[ ] onD PE : 9
LS160A - LS162A LS161A « LS163A LOGIC EQUATIONS
Count Enable’ = CEP o CET o PE
TC for LS160A & LS162A = CET Qg Q7 » Q5 = Q3
TC for LS161A & LS163A = CET »+Qp = Qq * Q2 * Q3 *MR for LS160A and LS161A
Preset = E * CP + (rising clock edge) *SR for LS162A and LS163A
Reset = MR (LS160A & LS161A)
Reset = SR e CP + (rising clock edge)
(LS162A & LS163A)
NOTE:
The Flatpak version has the same
pinouts (Connection Diagram) as the
NOTE: Dual In-Line Package.
The LS160A and LS162A can be preset to any state, but will not count beyond 9. If preset
to state 10, 11, 12, 13, 14, or 15, it will return to its normal sequence within two clock pulses.
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SN54LS162A/SN74LS162A » SN54LS163A/SN74LS163A

FUNCTIONAL DESCRIPTION — The LS160A/161A/162A/163A are 4-bit synchronous counters with a synchro-
nous Parallel Enable (Load) feature. These counters consist of four edge-triggered D flip-flops with the appropriate
data routing networks feeding the D inputs. All changes of the Q outputs (except due to the asynchronous Master
Reset in the LS160A and LS161A) occur as a result of, and synchronous with, the LOW to HIGH transition of the
Clock input (CP). As long as the set-up time requirements are met, there are no special timing or activity constraints
on any of the mode control or data inputs.

Three control inputs — Parallel Enable (PE), Count Enable Parallel (CEP) and Count Enable Trickle (CET) — select
the mode of operation as shown in the tables below. The Count Mode is enabled when the CEP, CET, and PE inputs
are HIGH. When the PE is LOW, the counters will synchronously load the data from the parallel inputs into the
flip-flops on the LOW to HIGH transition of the clock. Either the CEP or CET can be used to inhibit the count
sequence. With the PE held HIGH, a LOW on either the CEP or CET inputs at least one set-up time prior to the LOW
to HIGH clock transition will cause the existing output states to be retained. The AND feature of the two Count
Enable inputs (CETeCEP) allows synchronous cascading without external gating and without delay accumulation over
any practical number of bits or digits.

The Terminal Count (TC) output is HIGH when the Count Enable Trickle (CET) input is HIGH while the counter is
in its maximum count state (HLLH for the BCD counters, HHHH for the Binary counters). Note that TC is fully
decoded and will, therefore, be HIGH only for one count state.

The LS160A and LS162A count modulo 10 following a binary coded decimal (BCD) sequence. They generate a TC
output when the CET input is HIGH while the counter is in state 9 (HLLH). From this state they increment to state
0 (LLLL). If loaded with a code in excess of 9 they return to their legitimate sequence within two counts, as
explained in the state diagram. States 10 through 15 do not generate a TC output.

The LS161A and LS163A count modulo 16 following a binary sequence. They generate a TC when the CET input is
HIGH while the counter is in state 15 (HHHH). From this state they increment to state 0 (LLLL).

The Master Reset (MR) of the LS160A and LS161A is asynchronous. When the MR is LOW, it overrides all other
input conditions and sets the outputs LOW. The MR pin should never be left open. If not used, the MR pin should be
tied through a resistor to Vg, or to a gate output which is permanently set to a HIGH logic level.

The active LOW Synchronous Reset (SR) input of the LS162A and LS163A acts as an edge-triggered control input,
overriding CET, CEP and PE, and resetting the four counter flip-flops on the LOW to HIGH transition of the clock.
This simplifies the design from race-free logic controlled reset circuits, e.g., to reset the counter synchronously after
reaching a predetermined value.

MODE SELECT TABLE

*SR E CET CEP Action on the Rising Clock Edge (I7)
L X X X RESET (Clear)

H L X X LOAD (P, » Qp)

H H H H COUNT (Increment)

H H L X NO CHANGE (Hold)

H H X L NO CHANGE (Hold)

*For the LS162A and LS163A only.

H = HIGH Voltage Level
L = LOW Voltage Level

X = Don't Care
ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired)
Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Vg Pin Potential to Ground Pin -05Vto+7.0V
*Input Voltage (dc) —05Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) : —0.5V to+5.5V
Output Current (dc) (Output LOW) ' +50 mA

*Enter Input Voltage limit or Input Current limit is sufficient to protect the inputs.
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SN54LST160A/SN/4LSTOUA © DINDLLD 1D 1A/JIN/4LO 1U 1M
SN54LS162A/SN74LS162A « SN54LS163A/SN74LS163A

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V)
TEMPERATUR

PART NUMBERS - 5 A ERATURE
SNS4LS160AX SNS4LS161AX

45 v 50V 55 V | -55°C to +126°
SN54LS162AX SN54LS163AX Cto c
SN74LS160AX SN74LS161AX

475V _ o o
SN74LS162AX SN74LS163AX 5 5.0V 525V | 0°Cto 70°C

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
- - NIT. TEST CONDIT 1
SYMBOL PARAMETER N P MAX UNITS EST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
\" t HI | 20 A"
H Inpu GH Voltage for All Inputs
.7 LOW Volt
ViL Input LOW Voltage 54 0 v Guararxteed Input LO! oltage
74 08 for All'Inputs
VCD Input Clamp Diode Voltage -0.65 -1.5 \ VCC = MIN, N = -18 mA
54 25 3.4 Vee = MIN, Igy = =400 pA
VoH Output HIGH Voltage \% cc OH
74 2.7 34 VIN = VIH or V"_ per Truth Table
54,74 0.25 0.4 \Y loL=40mA | Vee =MIN, VN =V,
VoL Output LOW Voltage oL m cc IN 1H of
74 0.35 0.5 v loL = 8.0 mA |V, per Truth Table
Input HIGH Current
Po ~ P3. MR 20
PE, CEP, CP 20 uA Vee = MAX, Viy = 2.7V
" CET, SR 40
Po — P3. MR, PE, CEP CP 0.1 mA Vee = MAX, vy =10V
CET,3R 0.2
Input LOW Current .
Po — P3. MR, -0.40
e CEP, CP _ —0.40 mA Vee = MAX, Viy =04V
CET, PE, SR -0.80
Output Short Circuit
| - - . = =
0s Current (Note 4) 5 100 mA Vee = MAX. Voyr =0V
| ) 18 31
CCH =
oL Power Supply Current 19 32 mA Vee = MAX
NOTES:

1. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘worst case’’ conditions.
2. The specified LIMITS represent the "‘worst case’’ value for the parameter. Since these “worst case” values normally occur at the temperature
and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating

ranges.
. Typical limits are at Vo = 5.0V, 25°C, and maximum loading.

4. Not more than one output should be shorted at a time.
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SN54LS160A/SN74LS160A « SN54LS161A/SN74LS161A
SN54LS162A/SN74LS162A « SN54LS163A/SN74LS163A

AC CHARACTERISTICS: Tp = 25°C (These parameters apply to all four devices unless otherwise noted)

LIMITS
SYMBOL PARAMETER NIT
(o] MIN F VIAX UNITS TEST CONDITIONS
tpLH Turn Off Delay CP to Q 13 25 ns Fig. 1
tpHL 1 Turn On Delay CP to Q 18 27 o
tpLH Turn Off Delay CP to TC - 15 25 ns Fig. 4
tpHL Turn On Delay CP to TC 14 21 . 9- Vec = 50V
tpLH Turn Off Delay CET to TC 9.0 14 ns Fig. 3 C = 15pF
tPHL Turn On Delay CET to TC 16 23 ’
tPHL - Turn On Delay MR to Q 18 28 ns | Fig. 2
(LS160 and LS161 Only)
feount Input Count Frequency . 25 35 MHz Fig. 1
AC SET-UP REQUIREMENTS: Ta= 25°C
LIMITS
YM
SYMBOL PARAMETER MIN VP MAX UNITS TEST CONDITIONS
Recovery Time for MR L
trec (LS160 and LS161 Only) 20 ns Fig. 2
—= Master Reset Pulse Width
1 :
WMRIL) | /5160 and LS161 Only) 5 80 ns Fig. 2
tywCP(H) Clock Pulse Width (HIGH) 15 10 ns Fig. 1
twCP(L) | Clock Pulse Width (LOW) 25 . 18 'g.
tg(H) Set-Up Time (HIGH), Data to Clock 20
(L) Set-Up Ti LOW), Data to Clock 20
s(b) et-Up Time (LOW), Data to Clocl ns Fig. 5 VCC=5.OV
th(H) Hold Time (HKGH), Data to Clock 3.0 .
thiL) Hold Time (LOW), Data to Clock .30
tg(H) Set-Up Time (HIGH), PE or SR to Clock 25
tg(L) Set-Up Time (LOW), PE or SR to Clock 25 .
— ns Fig. 6
th(H) Hold Time (HIGH), PE or SR to Clock (o]
th(L) Hold Time (LOW), PE OR SR to Clock (0]
tg(H) Set-Up Time (HIGH), CE to Clock 25
tg(l) Set-Up Time (LOW), CE to Clock 25 .
ns Fig. 7
th(H) Hold Time (HIGH), CE to Clock 0
thiL) Hold Time (LOW), CE to Clock [o]

DEFINITION OF TERMS: .
SET-UP TIME (tg) — is defined as the minimum time required for the correct logic tevel to be present at the logic input prior
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs.

HOLD TIME (tp) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized.

RECOVERY TIME (trec) —is defined as the minimum time required between the end of the reset pulse and the clock
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs.

AC WAVEFORMS
CLOCK TO OUTPUT DELAYS, MASTER RESET TO OUTPUT DELAY, MASTER RESET
COUNT FREQUENCY, AND CLOCK PULSE WIDTH. PULSE WIDTH, AND MASTER RESET RECOVERY TIME.
f— t —=f
MR \3\/3(— " —]C
Other Conditions: ’ tee Other Conditions:

PE =MR (SR) = H ['— PE=L

CEP=CET=H —1~13v Pp=Py=Pp=P3=H
cP

Q 13v 13v tPHL
Q3. Q1.0 Qg ~—) 13v
Fig. 1 Fig. 2
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SN54LS160A/SN74LS160A « SNS54LS161A/SN74LS161A
SN541.S162A/SN74LS162A « SN54LS163A/SN74LS163A

AC WAVEFORMS (Cont'd)

COUNT ENABLE TRICKLE INPUT . :
TO TERMINAL COUNT OUTPUT DELAYS CET 13v

e PLH || 1P
The positive TC pulse occurs when the outputs are in the (Qg @ Qqe

Q2 Qg) state for the LS160 and LS162 and the (Qg® Q1 ® Qp @ Q3)
state for the LS161and LS163.

TC - 13V 13v

Fig. 3 Cther Conditions: (;P =PE=CEP=MR =H

CLOCK TO TERMINAL COUNT DELAYS.

TC - 13v

The positive TC pulse is coincident with the output state (Qg @ 01 L]
Q; #Q3) for the LS161and LS163 and (Qg ® Qq @ Q7 @ Q3) for the
LS161 and LS163.

. Other Conditions: PE = CEP = CET = MR = H
Fig. 4

SET-UP TIME (tg) AND HOLD TIME (tp)
FOR PARALLEL DATA INPUTS.

cp’ 13V

o O 47

Q. 0Q4.07.03
The shaded areas indicate when the input is permitted to change for / \

predictable output performance.

Fig. 5 Other Conditions: PE = L,} R=H

SET-UP TIME (tg) AND HOLD TIME (ty)
FOR COUNT ENABLE (CEP) AND (CET)
AND PARALLEL ENABLE (PE) INPUTS.

The shaded areas indicate when the input is permitted to change for
predictable output performance.

cP 13V 13V 13v

: ‘S(m_!.:-—xnlm 0 \s(L!‘T;*__‘“‘L‘ =0 ‘
NS T o AT
R T O 7

PARALLEL LOAD COUNT MODE
(See Fig 5) (See Fig, 7) COUNT roto Howo
Q RESPONSE TO PE x x a X
RESET COUNT OR.LOAD
Q RESPONSE TO §R Other Conditions: PE = H, MR = H
Fig. 6 Fig. 7
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SN54LS164/SN74LS164
SERIAL-IN PARALLEL-OUT SHIFT REGISTER

DESCRIPTION — The SN54L.S164/SN74L.S164 is a high speed 8-Bit Serial-in
Parallel-Out Shift Register. Serial data is entered through a 2-Input AND gate
synchronous with the LOW to HIGH transition of the clock. The device features an
asynchronous Master Reset which clears the register setting all outputs LOW
independent of the clock. It utifizes the Schottky diode clamped process to achieve
high speeds and is fully compatible with all Motorola TTL products.

TYPICAL SHIFT FREQUENCY OF 35 MHz

ASYNCHRONOUS MASTER RESET

GATED SERIAL DATA INPUT

FULLY SYNCHRONOUS DATA TRANSFERS

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
FULLY TTL AND CMOS COMPATIBLE

- CcP

PIN NAMES LOADING (Note a)
HIGH LOW

A, B Data Inputs 0.5 U.L. 0.25 U.L.
Clock (Active HIGH Going 05U.L. 0.25 U.L.
Edge) Input )

MR Master Reset (Active LOW) Input 0.5 U.L. 0.25 U.L.

Qg —-0Qy Outputs (Note b) 10 U.L. 5(2.5) U.L.

NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC SYMBOL

1 — A

2 8 LS164
8BIT SHIFT REGISTER

(e
MR Qg Q; O, Q3 Q4 Qg Qg Q;

SRR

3 4 5 6 10 11 12 13
Vee =Pin 14
GND = Pin 7

CONNECTION DIAGRAM
DIP (TOP VIEW)

1[:%:14
2[]s Q[
3o Qg [ ]2
oo, as[n
s[Ja, Q[ ]
6] a3 WEQ '
7] ono crl]s

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line ‘Package.

LOGIC DIAGRAM

®a
:D— D Q 0 Q D a o a 0 S D 0D a ) )
@ 8
rco laco [OCD rcn rcu rCD rCD [OCD
[*] [¢] [¢] [¢] o
CL-D:; a 7 ¢ : 4 b 4 ¢ T
® ZoPo
Qg Q, Q, 0y 0, Qg Qg aQ,
, @ ® ® ® ® ® ®
Vee =Pin 14
GND =Pin 7
O  =Pin Numbers
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SN54LS164/SN74LS164

FUNCTIONAL DESCRIPTION — The LS164 is an edge-triggered 8-bit shift register with serial data entry and an output
from each of the eight stages. Data‘is entered serially through one of two inputs (A or B); either of these inputs can be used as
an active HIGH Enable for data entry through the other input. An unused input must be tied HIGH, or both inputs

connected together.

Each LOW-to-HIGH transition on the Clock (CP) input shifts data one place to the right and enters into Qq the logical AND
of the two data inputs (A-B) that existed before the rising clock edge. A LOW level on the Master Reset (MR) input overrides

all other inputs and clears the register asynchronously, forcing all Q outputs LOW.

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

MODE SELECT — TRUTH TABLE

OPERATING INPUTS OUTPUTS
MODE MR A B Qg Q1 -Q7
Reset (Clear) L X X L L—-tL
H | ] L qp — dg
H | h L -
Shift 90~ 9%
H h | L qQ - ag
H h h H qp — ag

L (1) = LOW Voltage Levels
H (h) = HIGH Voltage Levels

X = Don't Care

an = Lower case letters indicate the state of the referenced input or
output one set-up time prior to the LOW to HIGH clock

transition.

Temperature (Ambient) Under Bias

" _65°C'to +150°C
—55°C to +125°C

V¢ Pin Potential to Ground Pin —-05Vto+7.0V
*Input Voltage (dc) —-05Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5V to+5.5V
Output Current (dc) (Output LOW) +50 mA
" Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (V¢e)
PART NUMBE
V] RS AN NP TAX TEMPERATURE
SN54LS164X . 45 VvV 50V 55 V -55°C to +125°C
SN74L.S164X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product
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‘SN54LS164/SN74L5164

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER 1T
MIN P MAX UNITS TEST CONDITIONS
t
iy Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
. for All Inputs
5 t: h
Vi Input LOW Voltage 54 0.7 v Guaranteed lhput LOW Voltage
. 74 0.8 for All Inputs
Veo input Clamp Diode Vnltage ' —0.65 -1.5 \ Ve =MIN iy = -18 mA
54 25 3.4 Vee = MIN, | = —400 A
VoH Output HIGH Voltage \" cc OH H
74 2.7 3.4 Vin = ViH or Vi per Truth Table \
' 54 .2 4 = 4. A = . =
VoL Output LOW Voltage ,74 0.25 0 \ loL O0mA | Vee = MIN, Viy = Vjy or
74 0.35 0.5 \Y loL = 8.0 mA | V) per Truth Table
' 20 A Vee = MAX, Vi =27V
H Input HIGH Current “ cC IN
01 mA Vee = MAX, Viy =10V
e Input LOW Current -0.4 mA Vee = MAX, Vi =04V
Output Short Circuit
! -1 -100 Vs = =
0S Current (Note 4) 5 mA cc = MAX. Voyr =0V
Power Supply Current
[ 16 27 Vee =
cc {Note 5) mA cc = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’” conditions.

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

W

Typical limits are at Voo = 5.0V, Ta = 25°C.
Not more than one output should be shorted at a time.
5. lcc is measured with outputs open, serial inputs grounded, the clock input at 2.4 V, and a momentary ground, then 4.5 V applied to clear.

AC CHARACTERISTICS: Ta = 25°C

LIMITS
SYMBOL PARAMETER NIT TEST CONDITI
BO MIN P MAX UNITS EST CONDITIONS

fMAX Maximum Clock Frequency 25 35 MHz Fig. 1
tpLH Propagation Deiay, Positive- 17 27 ns Fig. 1 Vec =5V
tpHL Going Clock to Outputs 21 32 C_=15pF
tpHL Propagation Delay, Negative- 24 36 ns Fig. 2

Going MR to Outputs
AC SET-UP REQUIREMENTS: Tp = 25°C
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS

MIN TYP MAX

tg Set-Up Time, A or B Input to 15 ns Fig. 3

Positive-Going CP
th Hold Time, A or B Input to 5 ns Fig. 3

Positive-Going CP
twCP(H) CP Pulse Width (HIGH) 20 ns Fig. 1 Vee =5V
tywCP(L) CP Pulse Width (LOW) 20 ns Fig. 1 C_=15pF
twMR(L) | MR Pulse Width (LOW) 20 ns Fig. 2
trec Recovery Time, Positive-Going 20 ns Fig. 2

MR to Positive-Going CP
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SN54L.S164/SN74LS164

AC WAVEFORMS

*The shaded areas indicate when the input is permitted to change for predictable output performance.

CLOCK TO OUTPUT DELAYS
AND CLOCK PULSE WIDTH

'____mm,,(___:]
bt
13v

l-lPHL—i L'Pm-—l

cP

MASTER RESET PULSE WIDTH,
MASTER RESET TO OUTPUT DELAY AND
MASTER RESET TO CLOCK RECOVERY TIME

Q

CONDITIONS: MR =H

Fig. 1

DATA SET-UP AND HOLD TIMES

ce

tyn) T.;..l-‘ - I“L,,m‘mu

Fig. 3
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SN54LS165/SN74L.S165
8-BIT PARALLEL-TO-SERIAL CONVERTER

DESCRIPTION—The 54LS/74LS165 is an 8-bit parallel load or serial-in register with LOGIC SYMBOL
complementary outputs available from the last stage. Paraliel inputing occurs asyn- :
chronously when the Parallel Load (PL) input is LOW. With PL HIGH, serial shifting 1 11121314 3 4 5 6
occurs on the rising edge of the clock; new data enters via the Serial Data (DS) input. LU
The 2-input OR clock can be used to combine two independent clock sources, or one 10 JPLPo Pr P2 P Pu Ps Ps Py .
input can act as an active LOW clock enable. LOADING (Note a) ¢ .
2 D cp arfo—17
15
PIN NAMES HIGH LOW
CP,, CP, Clock (LOW-to-HIGH Going Edge) Inputs 0.5U.L. 0.25 U.L. Ve = Pin 16
DS Serial Data Input 0.5 U.L. 025 U.L. GND = Pin 8
PL Asynchronous Parallel Load (Active LOW) 1.5U.L 0.75 U.L.
Input CONNECTION DIAGRAM
Po-P; Parallel Data Inputs 0.5 U.L. 0.25 U.L. DIP (TOP VIEW)
Q, Serial Output from Last State (Note b) 10 U.L. 5(2.5) U.L.
Q, Complementary Output (Note b) 10 U.L. 5(2.5) U.L. Elj
NOTES: cP,
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) Pa E
Temperature Ranges.
TRUTH TABLE Ps ]
—_— CcP CONTENTS Ps
PL = RESPONSE -
1] 2]@ @ @ aola a a o P[]
L|{ x| x|P P P P | P P P, P | Parallel Entry @
H L | /| Ds Q, Q, Q, Q, Q, Qs Qe | Right Shift G”DE
H H| /1 QQ Q@ Q Q| Q Q Q Q| NoChange
H | /| L Ds Q Q Q, Q, Q, Q; Q. | Right Shift
H|_/ | H Q - Q Q, Q, | Q Qs Q; Q, | No Change NOTE:
The Flatpak version has the same
H = HIGH Voltage Level pinouts (Connection Diagram) as the
L = LOW Voltage Level Dual In-Line Package.
X = Immaterial
LOGIC DIAGRAM
© ®@ ® ®
i | | [ i T i
Os. o—L
® o e RS FReseT sty FRESET FResT FRESET
rofce o8 . g ofce ofce ~olce
@ cpy
CL CL CL L . CL - CL ® CL b
[OR
Vec = Pin 16
GND = Pin 8 T T T t T t T

Q= Pin Number
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SN54LS165/SN74L.S165

FUNCTIONAL DESCRIPTION — The 54LS/74LS165 contains eight clocked master/slave RS
flip-flops connected as a shift register, with auxiliary _gating to provide overriding asyn-
chronous parallel entry. Parallel data enters when the PL signal is LOW. The parailel data
can change while PL is LOW, provided that the recommended set-up and hold times are ob-
served.

For clock operation, PL must be HIGH. The two clock inputs perform identically; one can
be used as a clock inhibit by applying a HIGH signal. To avoid double clocking, however, the
inhibit signal should only go HIGH while the clock is HIGH. Otherwise, the rising inhibit
signal will cause the same response as a rising clock edge. The flip-flops are edge-triggered
for serial operations. The serial input data can change at any time, provided only that the
recommended set-up and hold times are observed, with respect to the rising-edge of the clock.

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V¢c)
PART NUMBERS . TEMPERATURE
- MIN TYP MAX
SN54LS165X 45V 50V 55V -55°C to +125°C
SN74LS165X ) 475V 50V 5.25 V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

/

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS
. MIN TYP MAX
Guaranteed Input HIGH Voltage
Viu Input HIGH Voltage 2.0 " for Al Inputs
‘ 54 0.7 Guaranteed Input LOW Voltage
Vi Input LOW Voitage 74 08 Vol for All Inputs
Veo Input Clamp Diode Voltage -0.65 -1.5 \' Ve =MIN |y = -18 mA
54 25 lon = -400 uA Vcc = MIN
\ tput HIGH Voit \
o Outpu oltage 74 27 ViN = Vi or Vi per Truth Table
54,74 0.25 0.4 loo = 4 mA Vee =MIN ViN = ViH or

Var Output LOW Voltage 74 035 05] Y [Tlo.=8mA | V. per Truth Table

ggtgsngl:iPCurrent 20 A Ve = MAX

CP,DS, Py-P, 60 e Vi =27V
\ PL
" CP, DS, Pg-P, 0.1 mA Vee = MAX

PL 0.3 V=10V

+ Input LOW Current
-0.4 Vee = MAX

e CP. DS, PyP, 2] ™| v =04V

PL

Output Short _ _ Vee = MAX
los Circuit Current (Note 4) 18 100 mA Vour = 0V
lec Power Supply Current 36 mA Vee = MAX

NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operations under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the ''worst case’’ value for the parameter. Since these '‘worst case'’ values nor-
mally occur at the temperature and supply voltage extremes, additional noise immunity and guard banding can be
achieved by decreasing the allowable system operating ranges.

3. Typical limits are at Vo = 5.0 V, 269C, and maximum loading.

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

4-126




SN54LS165/SN741L.S165

AC CHARACTERISTICS: T, = 25°C

R LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
MIN TYP MAX
fraax Maximum Input Clock Frequency 30 45 MHz Fig. 1
toun Propagation Delay, 30 Fig. 1 Vec = 50V
tow, Clock to Output 30 ns 9 " C.=15pF
toun Propagation Delay, 30 .
tone PL to Output 30 ns Fig. 2
AC SET-UP REQUIREMENTS: T, = 25°C
LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
MIN TYP MAX :

Tw CP Pulse Width 20 ' ns Fig. 1
Tw PL Pulse Width 15 ns Fig. 2
ToL Set-Up Time LOW, Data to PL 10 ns | Fig.3

— Vee = 5.0V
T.L Hold Time LOW, Data to PL 5 ns Fig. 3

— C, = 15 pF

TH Set-Up Time HIGH, Data to PL 10 ns Fig. 3
T.H Hold Time HIGH, Data to PL 5 ns Fig. 3
T.L Set-Up Time LOW, Data to Clock 10 ns Fig. 3
Tol Hold Time LOW, Data to Clock 5 ns Fig. 3
TH - Set-Up Time HIGH, Data to Clock 10 ns F‘ig.‘3
T.H ) Hold Time HIGH, Data to Clock 5 ns Fig. 3
Trec Recovery Time, PL to CP 15 ns Fig. 4

DEFINITION OF TERMS:

SET-UP TIME (t,) — is defined as the minimum time required for the correct logic level to be present at the logic input prior to the clock transition from LOW-
to-HIGH in order to be recognized and transferred to the outputs.

HOLD TIME (t,) — is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level must be maintained at the input in
order to ensure continued recognition. A negative hold time indicates that the correct logic level may be released prior to the clock transition from LOW-to-
HIGH and still be recognized.

RECOVERY TIME (t,..) — is defined as the minimum time required between the end of the reset pulse and the clock transition from LOW-to-HIGH in order
to recognize and transfer HIGH Data to the Q outputs.

AC WAVEFORMS

11MAX «‘W",
— ]

cP 13v

PLH—

; P

<
o
<

R

»

o

<

; ? 7 A _
"hiH) hew) |<_‘, __,l<_.:‘,.
s(H) ts(L w 1

PL OR CP 13V cp 13v

Fig. 3 Fig. 4
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SN54LS168/SN74LS168 © SN54LS169/SN74LS169
BCD DECADE ~ MODULO 16 BINARY
SYNCHRONOUS BI-DIRECTIONAL COUNTERS

DESCRIPTION - The 54LS/74LS168 and 54L.S/74LS169 are fully synchronous 4-stage LOGIC SYMBOL
up/down counters featuring a preset capability for programmable operation, carry lookahead
for easy cascading and a U/D input to control the direction of counting. The 54LS/74LS168
counts in a BCD decade (8, 4, 2, 1) sequence, while the 54LS/74LS169 operates in a
Modulo 16 binary sequence. All state changes, whether in counting or parallel loading, are
initiated by the LOW-to-HIGH transition of the clock.

® LOW POWER DISSIPATION 100mW TYPICAL

o HIGH-SPEED COUNT FREQUENCY 30 MHz TYPICAL l ] I l '
© FULLY SYNCHRONOUS OPERATION
e FULL CARRY LOOKAHEAD FOR EASY CASCADING 1 — U/BPE Po P1 P2 Py
© SINGLE UP/DOWN CONTROL INPUT 7 —o cep
e POSITIVE EDGE-TRIGGER OPERATION 10— ceT TC jo— 15
@ INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION EFFECTS 2 —dcp
® FULLY TTL AND CMOS COMPATIBLE LOADING (Note a) 9% o @
PIN NAMES HIGH - LOW ‘ l
CEP Count Enable Parallel (Active LOW) Input 05U.L. 0.25 U.L. o1z
CET Count Enable Trickle (Active LOW) Input 1.0 U.L. 0.5 U.L. .
cpP Clock Pulse (Active positive going edge) Input 0.5 U.L. 0.25 U.L.
PE_ Parallel Enable (Active LOW) Input 0.5 U.L. 0.25 U.L. Ver = Pin 16
u/D Up-Down Count Control Input 0.5U.L. 0.25 U.L. : o g
Po-P3 Parallel Data Inputs 0.5 U.L. 025 U.L
Qp-Q3 Flip-Flop Outputs 10 U.L. 5 (2.5) U.L.
TC Terminal Count (Active LOW) Output 10 U.L. 5 (2.5) U.L.
NOTES: CONNECTION DIAGRAM

a. 1 TTL Unit Load (U.L) = 40uA HIGH/1.6 mA LOW. DIP (TOP VIEW)

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

STATE DIAGRAMS

F54L.S/74LS168 F54L.S/74LS169
UP/DOWN DECADE COUNTER g
2(]
3
s
s(]
8]
7 cer
s

-~ -1

El=—1E—
N—

[
|
—"‘_ ~1 __.m___.r—t___."— NOTE:
E‘ Sul 2 2 ‘ll The Flatpak version has the same
pinouts (Connection Diagram) as the

Dual In-Line Package.

54LS/74L5168 _ Count U 54LS/74LS169
UP.  TC=Qp-Qy-(UD)  _ = CountUp UP:  TC=Qp-Qy+Qp-Q3+(UD)
DOWN: TC = 39+ Q1+ Qz+ 03+ (UD) — — —=CountDown  DOWN: TC = Qg - Oy - Gz - 83 - (UD)
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SN541L.5168/SN74L.S168 « SN54LS169/SN74LS169

LOGIC DIAGRAMS

54L.S/74LS168
Py P, P, Py
CEP
e
ub o L{>

pli=—

¢

1

kb—- t——q L-"—
r 0 T
[]] s k{) & 11] #j I [}
Q, Q, Q,
54LS/74LS169
Po P, P, Py
P_E‘-<# . | 1 | l
T 1L IL 11 ]
RO 0
CEP
cer o>
ub o LDA
T
i
T T
%, r
- pt—1t 4 - {4
B rq_f} -+ .4_? L rF_:I
| S [TA ] [ SIITITTE L] ) 1
cp o 1 ) T -
S G

Qs
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SN54LS168/SN74LS168 « SN54LS169/SN74LS169

FUNCTIONAL DESCRIPTION — The 54LS/74LS168 and 54LS/74LS169 use edge-triggered D-type flip-flops
" and that have no constraints on changing the control or data input signals in either state of the Clock. The only
requirement is that the various inputs attain the desired state at least a set-up time before the rising edge of the
clock and remain valid for the recommended hold time thereafter.

The parallel load operation takes precedence over the other operations, as indicated in the Mode Select Table.
When PE is LOW, the data on the Py-P5 inputs enters the flip-flops on the next rising edge of the Clock. In order
for counting to occur; both CEP and CﬁT must be LOW and PE must be HIGH. The U/D input then determines
the direction of counting. )

The Terminal Count (TC) output is normally HIGH and goes LOW, provided that CET is LOW, when a counter
reaches zero in the COUNT DOWN mode or reaches 15 (9 for the 54LS/74LS168) in the COUNT UP mode. The
TC output state is not a function of the Count Enable Parallel (CEP) input level. The TC output of the
541.S/74LS168 decade counter can also be LOW in the illegal states 11, 13 and 15, which can occur when power
is turned on or via parallel loading. If an illegal state occurs, the 54L.S/74LS168 will return to the legitimate
sequence within two counts. Since the TC signal is derived by decoding the flip-flop states, there exists the
possibility of decoding spikes on TC. For this reason the use of TC as a clock signal is not recommended.

MODE SELECT TABLE
PE CEP CET u/D Action on Rising Clock Edge
L X X X Load (Pn+=Qn)
H L L H Count Up (increment)
H L L L Count Down (decrement)
H H X X No Change (Hold)
H X H X No Change (Hold)

H = HIGH Voitage Level
L = LOW Voltage Level
X = immaterial

GUARANTEED OPERATING RANGES

‘ SUPPLY VOLTAGE (V.
PART NUMBERS . Vee) TEMPERATURE
MIN TYP MAX
SN54LS168/54LS 169X 45V 50V 55V —-55°C to +125°C
SN74LS168/74LS169X 475V 50V 525V .0°C to +70°C

X = package type; W for Fiatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages
available on this product. .
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SN54LS168/SN74LS168 « SN54LS169/SN74LS169

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

] LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS
MIN TYP | MAX .
. teed | |
Vin Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
for All Inputs
54 0.7 G teed Input LOW Voltage
ViL Input LOW Voltage v uarantesd inpu 9
74 0.8 for All Inputs
Veo Input Clamp Diode Voltage -0.65 | 1.5 \" Vee = MIN, )y = —18 mA
' 54 25 35 Vee = MIN, lgy = —400 uA
\ Vol - \
OoH Output HIGH Voltage 74 2.7 3.5 VIN = ViH or viL Per Truth Table
54, 74 0.25 0.4 loL = 4.0 MA | Voo = MIN, V|5 = Viy
Vou Output LOW Voltage 74 035 | 05| ¥ [TloL=80mA | orV, per Truth Table
input HIGH Current
U/D CP, PE CEP, Pg-P 20 | uA Vee = MAX, Viy =27V
CET 40
hn " U/D, CP, PE, CEP, Py-P; 01| mA | Vge =MAX, V)y =10V
CET 0.2
Input LOW Current
e U/D, CP, PE, CEP, Pyp-P3 -04 | mA Vee = MAX, Viy = 04V
CET -0.8 ' -
los Output Short Circuit Current 15 ~100 | mA Vee = MAX, Vout = 0V
{Note 4)
lcc Power Supply Current 20 34| mA Vce = MAX
NOTES:
1. Conditions for testing, not shown in the table, are chosen to guarantee operations under “‘worst case’’ conditions.

2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘worst case’’ values nor-
mally occur at the temperature and supply voltage extremes, additional noise immunity and guard banding can be
achieved by decreasing the allowable system operating ranges.

3. Typical limits are at Vgc = 5.0 V, 250C, and maximum loading.

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

AC CHARACTERISTICS : Tp = 25°C, Vg = 5.0 V

’

SYMBOL PARAMETER iN L!::(I;S WAX UNITS TEST CONDITIONS
::;t CPtoQ :: ig ns Fig. 1
:::: CPtoTC zz 2‘()) ns Fig. 3
f:':: CETto TC :: ;g ns Fig. 2 C_ = 15pF
:::: u/D to TC zg ;: ns Fig. 6
fMAX Maximum Clock Frequency 25 32 MHz Fig. 1
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AC SET-UP REQUIREMENTS: T, = 25°C

LIMITS
SYMBOL PARAMETER IN ™ VA UNITS TEST CONDITIQNS
ts(L) Set-up LOW, Data to CP 15 12 ns Fig. 4
tg(H) Set-up HIGH, Data to CP 15 12
th(L) Hold LOW Data to CP 5.0 0 '
ns Fig. 4
th(H) Hold HIGH, Data to CP 5.0 0
- PE 1

ts(L) Set-up LOW, PE to CP 15 2 ns Fig. 5
tg(H) Set-up HIGH, PE to CP 15 12
th(L) Hold LOW, PE to CP 5.0 0 .

—_— ns Fig. 5
th(H) Hold HIGH, PE to CP 5.0 0
tg(L) Set-up LOW, CET or CEP to CP 15 12 ns Fig. 5 Vec =50V
tg(H) Set-up HIGH, CET or CEP to CP 15 12 ]
th(L) Hold LOW, CET or CEP to CP 15 . 12 ns Fig. 5
th(H) Set-up HIGH, CET or CEP to CP 15 12 '
th(H) Set-up LOW, U/D to CP 25 20 ‘e Fia. 6
th(H) Set-up HIGH, U/D to CP . 25 20 '9-
th(l) Hold LOW, U/D to CP 0 -4.0 ns Fig. 6
th(H) Hold HIGH, U/D to CP 0 -4.0 9
twCP(L) | Clock Pulse Width LOW 20 18 ns Fig. 1
1wCP(H) | ‘Clock Pulse Width HIGH 10 50 9

DEFINITION OF TERMS:

SET-UP TIME (t5) — is defined as the minimum time required for the correct logic level to be present at the logic input prior
to the clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs.

HOLD TIME (ty) — is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct
logic level may be released prior to the clock transition from LOW-to-HIGH and still be recognized.

AC WAVEFORMS

CLOCK TO OUTPUT DELAYS,
COUNT FREQUENCY, AND CLOCK PULSE WIDTH.

1/t MAX

cpP 1.3v 7
PHL

=
QORTC 1.3v
Fig

. 1

PLH —"1

CLOCK TO TERMINAL DELAYS
cpP 13v
- tpLH e PHL
TC f 13v ih

Fig. 3

COUNT ENABLE TRICKLE INPUT
TO TERMINAL COUNT OUTPUT DELAYS

e 1PHL

Fig. 2

SET-UP TIME (t;) AND HOLD (¢
FOR PARALLEL DATA INPUTS.

cP 13v

|;|m——_—j_.—‘hw -0 “(U‘T.:‘&:h(u ‘0
Po.Py. Pp. Py %ngqu\/\;s;;;;;;;% %v:v;/’/‘/

Qp,0,.0,.03 ’ \

Fig. 4
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cp 13v

(L) 151H)
hit) - 0

feotn(H) - O

o % AR

AL

“?Y\

Set-up time (ts) and hold time (tr)
for count enable (CEP) and (CET),

parallel enable (PE) inputs,

and up-down (U/D) contro! inputs.

N, A

——erd— ty(H} = O

L
w0

The shaded areas indicate when
input is permitted to change for
predictable output performance.

Fig. 5

.
13V

the

PLH

Up-Down input to

PHL

Terminal Count Output Delays

Fig. 6
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4 x4 REGISTER FILE (O/C)

DESCRIPTION — The TTL/MSI SN54LS170/SN74LS170 is a high-speed, low-
power 4 x 4 Register File organized as four words by four bits. Separate read and
write inputs, both address and enable, allow simultaneous read and write operation.

Open collector outputs make it possible to connect up to 128 outputs in a wired-
AND configuration to increase the word capacity up to 512 words. Any number of

these devices can be operated in parailel to generate an n-bit length.

The SN54LS670/SN74LS670 provides a similar function to this device but it
features 3-state outputs.

SIMULTANEOUS READ/WRITE OPERATION

®

o EXPANDABLE TO 512 WORDS OF n-BITS

e TYPICAL ACCESS TIiME OF 20 ns

e LOW LEAKAGE OPEN-COLLECTOR OUTPUTS FOR EXPANSION

e TYPICAL POWER DISSIPATION OF 125 mW

PIN NAMES LOADING (Note a)
HIGH LOW

D1-Dg Data Inputs 05U.L. 0.25 U.L.

Wa, Wg Write Address Inputs 0.5 U.L. 0.25 U.L.

Ew Write Enable (Active LOW) Input 1.0 U.L. 0.5 U.L.

Ra. R Read Address Inputs 0.5 U.L. 0.25 U.L.

ER Read Enable (Active LOW) Input 1.0 U.L. 0.5U.L.

Q1-Qq Outputs (Note b) Open Collector 5(2.5) U.L.

NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW .
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5.0 U.L. for Commercial (74)
Temperature Ranges. The Output HIGH drive must be supplied by an external resistor to V.

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

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Vce Pin Potential to Ground Pin —-05Vto+7.0V
*Input Voltage (dc) —-0.5Vto +15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5V to+5.5V
Output Current (dc) (Output LOW) +50 mA

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
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LOGIC SYMBOL

12 151 2 3

14 waEW Dy Dy D3 D4

13 — Wg

5 — Ra

4—4R3en ;07 03 g
" 09 /6
Vge =Pin 16
GND = Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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SN54L.S170/SN74LS170

WRITE FUNCTION TABLE (SEE NOTES A, B, AND C)

READ FUNCTION TABLE (SEE NOTES A AND D)

WRITE INPUTS WORD READ INPUTS OUTPUTS
Wg Wa Ew 0 1 2 3 Rg Ra Ep o3} Q2 a3 Qa4
L L L Q=D Qp Qg Qo L L L WO0B1 WOB2 WOB3 WO0B4
L H L Qq Q=D Qq Qg L H L W1B1 Wi1B2 WI1B3 WiB4
H L L Qo Qo Q=0 Qg H L L W2B1 W2B2 W2B3 W28B4
N H L Qo Qg Qg Q=0 H H L W3B1 W3B82 W3B3 W3B4
X X H Qo Qg Qg Qg X X H H H H H
NOTES. A. H = high level, L = low level, X = irrelevant
B. (Q = D)= The four selected internal flip-flop outputs will assume the states applied to the four external data 1nputs
C. Qg = the level ot Q betore the indicated input conditions were established
D. WOB1 = The first bit of word 0, etc
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (V)
PART NUMBERS TEMPERATURE
MIN TYP MAX
SN54LS170X 45 V 50V 55 V ~55°C to +125°C
SN74LS170X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS .
Y PARAMETER NIT. TEST ITION
SYMBOL E ) N P MAX UNITS EST CONDITIONS
t | t HIGH Vol
Vi Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
for AIIanuts
‘0.7 t W Vol
ViL Input LOW Voltage 54 (0] v Guaranteed Input LO' oltage
74 08 for All inputs
Veo Input Clamp Diode Voitage -0.65 -1.5 v Vee = MIN, )y = —18 mA
V, = 5. =Ml
IoH Output HIGH Current 20 uA OH =55V Vee N
VIN = VIH or V“_ per Truth Table
. 5 0.25 0.4 " loL=4.0mA | Vce = MIN, Viy =V
VoL Output LOW Voltage 474 oL m cc N IH or
74 0.35 0.5 v loL = 8.0 mA | V| per Truth Table
Input HIGH Current
Any D, R, or W ) 20 uA Voo = MAX V) =27V
| Eg or Eyy 40
H Any D, R, or W N 0.1 mA Voo = MAX, Viy =10V
Eg or Eyy 0.2
Input LOW Current
i Any D, R or W -0.4 mA Vee = MAX, vy =04V
Egor Eyy —-0.8
Power Supply Current
1 25 40 A Vee = MAX
ce (Note 4) " cc
NOTES:

1. Conditions for testing, not shown in the table, are chosen to guarantee operation under “worst case’’ conditions.

2. The specified LIMITS represent the “worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the tempera-
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

3. Typical limits are at Vo =5.0 V, Ta = 25°C, and maximum loading.

4. lcc is measured under the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all address inputs are
grounded, and all outputs are open.
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AC CHARACTERISTICS: Tp = 25°C

SYMBOL PARAMETER N LITNY“:S AR UNITS TEST CONDITIONS
tpLH Propagation Delay, Negative- 30 ns Fig. 1
tpHL Going Eg to Q Outputs ) 30
tpLH Propagation Delay, Rp or Rg 40 ns Fig. 2 Vec =5V
tpHL to Q Outputs 40 C_=15pF
tpLH Propagation Delay, Negative- 45 ns Fig. 1
tpHL Going Eyy to Q Outputs ' 40
» tpLH Propagation Delay, Data Inputs I 45 ns Fig. 1
tpHL to Q Outputs 35
AC SET-UP REQUIREMENTS: Tp = 25°C
LIMITS
SYMBOL PARAMETER MIN TvP MAX UNITS TEST CONDITIONS
tw Pulse Width (LOW) for Eyy 25 ns
tsD Set-Up Time, Data inputs with 10 ns
(Note 5) | Respect to Positive-Going Eyy
ty0 Hold Time, Data Inputs with 15 ns
Respect to Positive-Going Eyy Vec =5V
tgW Set-Up.Time, Write Select Inputs 15 ns
(Note 7) | Wp and Wg with Respect to Negative-
Going Eyy
thW Hold Time, Write Select Inputs 5 ns Fig. 3
Wy and Wg with Respect to Positive-
Going Eyy
NOTES:

6. The Data to Enable Set-up Time is defined as the time required for the logic level to be present at the Data input prior to the enable

transition from LOW to HIGH in order for the latch to recognize and store the new data.

6. The Hold Time (ty) is defined as the minimum time following the enable transition from LOW to HIGH that the logic level must be
maintained at the input in order to ensure continued recognition.
7. The Address to Enable Set-up Time is the time before the HIGH to LOW Enable transition that the Address must be stable so that the
correct latch js addressed and the other latches are not affected. .
8. The shaded areas indicate when the inputs are permitted to change for predictable output performance.

AC WAVEFORMS

NKMV %13\/ Ra. Rg va

xmv jﬂl

— ———

- N T
w\\\\\\\\\w 7 G
xk -
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SN54LS173/SN74LS173

4-BIT D-TYPE REGISTER
WITH 3-STATE OUTPUTS

DESCRIPTION — The 54LS/74LS173 is a high-speed 4-Bit Register featuring 3-state
outputs for use in bus-organized systems. The clock is fully edge-triggered aliowing
either a load from the D inputs or a hold (retain register contents! depending on the state
of the input Enable lines (TE+, TE2). A HIGH on either Output Enable line (OE1, OE.) brings
the output to a high impedence state without affecting the actual register contents. A
HIGH on the Master Reset (MR input resets the Register regardless of the state of the
Clock (CP), the Qutput Enable (OE;, OE2) or the Input Enable (TEy, TE2/ lines.

1 —

2 —

LOGIC SYMBOL

910

0

14 13 12 1

cpP

OE

IE

MR

Do D1 D2 Ds

Qo 01 Oz O3

e FULLY EDGE-TRIGGERED

e 3-STATE OUTPUTS

e GATED INPUT AND OUTPUT ENABLES

o INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION EFFECTS

e FULLY CMOS AND TTL COMPATABLE

PIN NAMES LOADING (Note a)
HIGH LOW

Do— D3 Data Inputs 05U.L. 025U.L.

TE1, TE2 Input Enable (Active LOW) 05U.L. 0.25U.L.

OE,, OE> Output Enable (Active LOW) Inputs 05U.L. 0.25U.L.

CP Clock Pulse tActive HIGH Going Edge: 05U.L. 0.25U.L.

Input :

MR Master Reset Input 1 Active HIGH) 05U.L. 0.25U.L.

00— O3 Outputs (Note b 65251 U.L. 525 U.L.

NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. .
b. The Output LOW drive factor is 2.6 U.L. for Military (54) and 5 U.L. for Commercial (74) Temperature

Ranges.
LOGIC DIAGRAM
Do Dy D2 D+
® ® ®
@ ©
D
NuAE
|;§f 0d] © %5
Cp_‘-CD‘b‘ - I 1 2
)CDD D D [5}
o _a
w O rTl.rL' fj‘r =
»
OE, ©) i
=5~ 1o do o o
Vcc = Pin16
GND =Pin8
O = Pin Numbers

15 3 4 5 6

Vee = Pin 16
GND = Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

1:Mb!6
2] ok, MR[ 15
3 oo o[ Je
o o[
s[Jo 0. Jr2
s[Jo s ’]11
1er &[]0
s[Jono Ef]e

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as
the Dual In-Line Package.
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GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vcce) .
PART NUMBERS - TEMPERATURE
MIN TYP MAX
SN54LS173X 45 Vv 50V 55 V -55°C to+125°C
SN74LS173X 475V 50V 525V 0°C to+70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section
for packages available on this product.

TRUTH TABLE

MR CP

I

rrrrr I

S

L

r—r—xIxxﬁl

r I x x Xx

L

—ox X X X

H

When either OE; or OE2 are HIGH. the output is in the off state
‘High Impedence ; however this does not affect the contents or
sequential operation of the register.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE unless otherwise specified:

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS :Note 1
MIN TYP MAX
Vin Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
; ) for All Inputs
54 0.7 Guaranteed Input LOW Voltage
Vi Input LOW Voltage \
- 74 0.8 for All Inputs
Vco Input Clamp Diode Voltage -0.65 -15 \ Vee =MiIN, Iin=-18 mA
54 2.4 34 \ lon=-1.0mA Vee = MIN, Vin = Viw or
Von Output HIGH Voltage
74 24 3.1 \ lon=-26mA | Vi per Truth Table
54,74 0.25 0.4 ) loL =4.0 mA Vee = MIN, Vin = Viw or
VoL Output LOW Voltage
79__,. 0.35 0.5 \ loL =8.0 mA Vi_ per Truth Table
lozn Output Off Current HIGH 20 KA Vee = MAX, Vour=2.7V.VE=20V
lozu Output Off Current LOW -20 uA Vee = MAX, Vour =04V, VE=20V
1.0 20 uA Vee = MAX, Vin=2.7 V
hin Input HIGH Current
0.1 mA Vce=MAX, ViNn=10V
I Input LOW Current -04 mA Vee = MAX, Vin = 0.4 V
Output Short Circuit
Isc -30 —130 mA Vce = MAX, Vour =0V
Current (Note 4)
Icc Power Supply Current 28 mA Vce = MAX
NOTES: .
1. Conditions for testing, not shown in the Table, are chosen to guarantee operations under ““worst case’’ conditions.

2. The specified LIMITS represent the ‘‘worst case’ value for the parameter. Since these "‘worst case’’ values nor-
mally occur at the temperature and supply voltage extremes, additional noise immunity and guard banding can be
achieved by decreasing the allowable system operating ranges.

3. Typical limitsareat Ve =5.0V, Ta
Not more than one output should be shorted at a time.

= 250C.
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AC CHARACTERISTICS: Ta=25°C

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS
MIN TYP MAX
fmax Maximum Input Clock Frequency 30 45 MHz Fig. 1
- Vec =50V
teLH Propagation Delay, 26 40 ns Fig.1
tenL CP To Output 17 25 9-
R N CL=15pF
tPHL Propagation Delay, MR To Output 17 25 ns Fig. 2
tezm Output Enable Time to HIGH Level 13 20 ns Figs.4,5 | CL=15pF
trzL Output Enable Time to LOW Level 13 20 ns Figs.3,5 | Ru=2k0
teLz Output Disable Time from LOW Level 1 16 ns Figs.3,5 | C_.=5pF
teHz Output Disable Time from HIGH Level 1 16 ns Figs.4,5 | R, =2 kN
AC SET-UP REQUIREMENTS: Ta=25°C
LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS
MIN TYP MAX
tw(CP) Clock Pulse Width 17 1 ns Fig. 1
ts(Data) | Set-up Time, Data to Clock 10 7 ns Fia. 1
ig.
tn(Data) | Hold Time, Data to Clock 10 7 ns Vec=5.0V
ts(TE) Set-up Time, TE Control to Clock 17 1 ns . CL=15pF
p ig.
th(1E) Hold Time, TE Control to Clock 2 0 ns 9
tw(MR) Master Reset Pulse Width 17 1 ns Fig.2
ig.
trec(MR; | Recovery Time, Master Reset to Clock 15 10 ns 9
AC WAVEFORMS
— 1V/lmax ~—--— —]
D S X
MR
cp 1.3 13V

i TR o

thin)

tPLH 13V
Fig. 1
13V 13v
- - teLz - tpzL
Vour
]
Fig.3 osv

tPHL 13V

Vour

05V
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TO OUTPUT
UNDER TEST

AC LOAD CIRCUIT

SWITCH POSITIONS

[ symsoL sw1 sw2
-

AL . tpzH Open Closed
tezL Closed Open
teLz Closed Closed

SwW1 teHz Closed Closed

-
AAA
5kn l
A sw2
*Includes Jig and Probe Capacitance. Fig 5
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HEX D FLIP-FLOP

DESCRIPTION — The LSTTL/MSI SN54L.S174/SN74L.S174 is a high speed Hex D
Flip-Flop. The device is used primarily as a 6-bit edge-triggered storage register. The
information on the D inputs is transferred to storage during the LOW to HIGH
clock transition. The device has a Master Reset to simultaneously clear all flip-flops.
The LS174 is fabricated with the Schottky barrier diode process for high speed and
is completely compatible with all Motorola TTL families.

EDGE-TRIGGERED D-TYPE INPUTS

BUFFERED-POSITIVE EDGE-TRIGGERED CLOCK

CLOCK TO OUTPUT DELAYS OF 14 ns

ASYNCHRONOUS COMMON RESET

INPUT CLAMP DIODES LIMIT HIGH SPEED TERNATION EFFECTS
o FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)

HIGH LOW
Dg —-Dg Data Inputs 0.5 U.L. 0.25 U.L.
cp Clock (Active HIGH Going Edge) Input 0.5U.L. 0.25 U.L.
MR Master Reset (Active LOW) Input 05U.L. 0.25 U.L.
Qg — Qg Outputs (Note b) 10 U.L. 5(2.5) U.L.
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC DIAGRAM

Vce =Pin 16
GND =Pin 8
O = Pin Numbers

LOGIC SYMBOL

34 6 1 13 14

| [ 1]

Oy 0, U:, Dy Dy Dy

Qg Q) Oy 03 0y Qg

[T

2 % /7 10 12 15

Ve = Pin 16
GND = Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

e
0 [ 15
S
113
i
A
[ ]0
(19

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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FUNCTIONAL DESCRIPTION — The LS174 consists of six edge-triggered D flip-flops with individual D inputs and
Q outputs. The Clock (CP) and Master Reset (MR) are common to all flip-flops.

Each D input’'s state is transferred to the corresponding fl'ip-flop's output following the LOW to HIGH Clock (CP)
transition, )

A LOW input to the Master Reset (MR) will force all outputs LOW independent of Clock or Data inputs. The LS174
is useful for applications where the true output only is required and the Clock and Master Reset are common to ali
storage elements.

TRUTH TABLE

Inputs (t = n, MR = H) Outputs (t = n+1) Note 1
D Q
H H
L L

Note 1: t=n + 1 indicates conditions after next clock.

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

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Ve Pin Potential to Ground Pin —05Vto+7.0V
*Input Voltage (dc) ) —0.5Vto+16V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5V to+5.5V
Output Current (dc) (Output LOW) +50 mA

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.

GUARANTEED OPERATING RANGES

: SUPPLY VOLTAGE (V)

TEMPERATUR
PART NUMBERS T . KRR EMPERATURE
SN54LS174X 45 v 50V 55 V ~55°C to +125°C
SN74LS174X ~ i 475V 50V 5.25 V- 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS
. MIN TYP MAX
)
Guaranteed Input HIGH Threshold
V | H | 20 \Y
H nput HIGH Voltage Voltage for All Inputs
54 0.7 Guaranteed Input LOW Threshold
V"_ Input LOW Voltage \"
74 : 08 Voltage for All Inputs
Veo Input Clamp Diode Voltage -0.65 -1.5 \ Vee = MIN, )y = ~18 mA
' 54 25 3.4 Vee = MIN, = —400 pA
Vou Output HIGH Voltage v cc OH #
74 2.7 3.4 VIN = V| or V| per Truth Table
54,74 0.25 0.4 \ loL =40 mA | Vce = MIN, VN = V|
VoL Output LOW Voltage ot ce IN = ViR of
74 0.35 0.5 \ loL = 8.0 mA | V) _per Truth Table
20 LA Vee = MAX, vy =27V
[ input HIGH Current cc IN
0.1 mA Vee = MAX, V=10V
i Input LOW Current —04 mA VCC = MAX, VIN =04V
Output Short Circuit _ _
'sc Current (Note 4) 18 100 mA Vee = MAX Voyr =0V
Icc Power Supply Current 16 26 mA Ve = MAX
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NO :

1. TCEoSnditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the “worst case’ value for the parameter. Since these “‘worst case’’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

3. Typical limits are at Vg = 5.0 V, 25°C, and maximum Ioadmg

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

AC CHARACTERISTICS: TA =25°C

LIMITS
UNITS TEST CONDITIONS
SYMBOL PARAMETER MIN ‘ P MAX
PLH Propagation Delay, Clock to Output 12 20 ns Fig. 1
tPHL 15 22
tpHL Propagation Delay, MR to Output 20 28 ns Fig. 2
fMAX Maximum Input Clock Frequency 30 45 MHz | Fig. 1

AC SET-UP REQUIREMENTS: Tp = 25°C

SYMBOL PARAMETER N ux:s AX UNITS TEST CONDITIONS
twCP | Minimum Clock Pulse Width 15 10 ns Fig. 1
tg Set-up Time, Data to Clock (HIGH or LOW) 10 ns Fig. 1
th Hold Time, Data to Clock (HIGH or LOW) 0 ns Fig. 1
trec Recovery Time for MR i 12 8.0 ns Fig. 2
tywWMR Minimum MR Pulse Width 18 8.0 ns Fig. 2
AC WAVEFORMS
CLOCK TO OUTPUT DELAYS, MASTER RESET TO OUTPUT DELAY,
CLOCK PULSE WIDTH, FREQUENCY, MASTER RESET PUI:.SE WIDTH,
SET-UP AND HOLD TIMES DATA TO CLOCK AND MASTER RESET RECOVERY TIME

. i..._—_—l»—i,.(

cP

f——f—tne
Q 13v
a 13v 13V
*The shaded areas indicate when the input is permitted to change
for predictable output performance.
Fig. 1 Fig. 2

DEFINITIONS OF TERMS:

SET-UP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the logic input prior
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs.

HOLD TIME (t,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized.

RECOVERY TIME (trec) — is defined as the minimum time required between the end of the reset pulse and the clock
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs.
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QUAD D FLIP-FLOP

DESCRIPTION — The LSTTL/MSI SN54LS175/SN74LS175 is a high speed Quad
D Flip-Flop. The device is useful for general flip-flop requirements where clock and
clear inputs are common. The information on the D inputs is stored during the
LOW to HIGH clock transition. Both true and complemented outputs of each
flip-flop are provided. A Master Reset input resets all flip-flops, independent of the
Clock or D inputs, when LOW.

The LS175 is fabricated with the Schottky barrier diode process for high speed and
is completely compatible with all Motorola TTL families.

EDGE-TRIGGERED D-TYPE INPUTS

BUFFERED-POSITIVE EDGE-TRIGGERED CLOCK

CLOCK TO OUTPUT DELAYS OF 14 ns

ASYNCHRONOUS COMMON RESET

TRUE AND COMPLEMENT OUTPUT .
INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW
Dg — D3 Data Inputs 0.5 U.L. 0.25 U.L.
CcP * Clock (Active HIGH Going Edge) Input 0.5 U.L. 0.25 U.L.
MR Master Reset (Active LOW) Input 0.5 U.L. 0.25 U.L.
Oo - Q3 True Outputs (Note b) 10 U.L. 5(2.5) U.L.
Qg - 03 Complemented Outputs (Note b) 10 U.L. 5(2.5) U.L.
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC DIAGRAM

“L@i@ o © © ®
T TS

dlo o

Q3 03 Gy ay TN 8 Qo

=)

Vee =Pin 16
GND =Pin 8
O =Pin Numbers

LOGIC SYMBOL

4 5 12 13
0o Dy 23 03

1 —0

MR
Qg Qo Q Q; Q2 Q2 O3 03

TITITIT]

3 2 6 7 11 1014 15

Vee =Pin 16
GND =Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

1 [ wR vee [116
2[J a0 03E|5
3 83 [J1a
4[Joo o3[ 3
s o 0y [ 12
s [ o g [In
1oy a; [J o
8 [[Jano cP[]o

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.

4-145




SN54LS175/SN74LS175

FUNCTIONAL DESCRIPTION — The LS175 consists of four edge-triggered D flip-flops with individual D inputs and
Q and Q outputs. The Clock and Master Reset are common. The four flip-flops will store the state of their individual
D inputs on the LOW to HIGH Clock (CP) transition, causing individual Q and Q outputs to follow. A LOW input on
the Master Reset (MR) will force all Q outputs LOW and Q outputs HIGH independent of Clock or Data inputs.

The LS175 is useful for general logic applications where a common Master Reset and Clock are acceptable.

TRUTH TABLE

Inputs (t = n, MR = H) Outputs (t = n+1) Note 1
D Q aQ
L H
H H L

Note 1: t=n + 1 indicates conditions after next clock.

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

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias : —55°C to +125°C
Vcc Pin Potential to Ground Pin ) —05Vto+7.0V
*Input Voltage (dc) -0.5Vto+15V
*input Current (dc) h —~30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) -0.5Vto+b5V
Output Current (dc) (Output LOW) +50 mA

*Either input Voltage limit or Input Current limit is sufficient to protect the inputs.

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (VCC)
PART NUMBERS
N P TAX TEMPERATURE
SN54LS175X 45 V 50V 55 V —55°C to +125°C
SN74LS175X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER NIT TEST CONDITION
° MIN TYP MAX v s ESTCO ONS
d | HIGH Threshold
Vil tnput HIGH Voltage 20 v Guaranteed Input HIGH Thresho
Voltage for All Inputs
.7 Id
Vi Input LOW Voltage 54 0 v Guaranteed Input LOW Thresho!
74 08 Voltage for All inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 \Y% Vee = MIN, iy = 18 mA
54 25 34 V = MIN, | = ~400 pA
VoH Output HIGH Voitage \Y cc OH “
74 2.7 3.4 ViN = V) or Vi per Truth Table
IN IH 1L
54 0.25 0.4 \ oL = 4. Vee = MIN, Viy =V
VoL Output LOW Voltage 74 oL OmAjVee IN tH or
74 0.35 0.5 \ loL = 8.0 mA | Vy; per Truth Table
) 20 HA Vee = MAX, Vi =27V
I Input HIGH Current cc IN
0.1 mA Ve = MAX, Viy = 10V
e Input LOW Current -0.4 mA Voo = MAX, vy = 04V
| Output Short Circuit 18 ' 100 A Ve = MAX. V —ov
sc Current (Note 4) ’ m cc - +YouT -
'CC Power Supply Current 1 e 184 L "16 3 Vee © MAT)—(
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NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the "‘worst case’ value for the parameter. Since these '‘worst case’’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges. )

3. Typical limits are at Voc = 5.0 V, Ta =25°C, and maximum loading.

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

AC CHARACTERISTICS: Ty = 25°C

SYMBOL PARAMETER N LI::ES MAX UNITS TEST CONDITIONS
:z:ﬁ Propagation Delay, Clock to Output :g gg ns Fig. 1

tpHL Propagation Delay, MR to Q Output 20 28 ns Fig. 2

tpLH Propagation Delay, MR to Q Output 6 24 ns Fig. 2

fMAX Maximum Input Clock Frequency 30 45, MHz Fig. 1

AC SET-UP REQUIREMENTS: Tp = 25°C

SYMBOL PARAMETER MIN len:s MAX UNITS TEST CONDITIONS
tywCP Minimum Clock Pulse Width 15 10 ns Fig. 1

tg Set-up Time, Data to Clock (HIGH or LOW) 10 ns Fig. 1

th Hold Time, Data to Clock (HIGH or LOW) (o] ns Fig. 1

lec. Recovery Time for MR 12 8.0 ns Fig. 2

:WW Minimum MR Pulse Width 18 8.0 ns Fig. 2

AC WAVEFORMS

|- =} - =} eun
a v 13V

CLOCK TO OUTPUT DELAYS,
CLOCK PULSE WIDTH, FREQUENCY,
SET-UP AND HOLD TIMES DATA TO CLOCK

*The shaded areas indicate when the input is permitted to change
for predictable output performance.

Fig. 1

DEFINITIONS OF TERMS:
SET-UP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the logic input prior
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs.
HOLD TIME (t,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct
logic lével may be released prior to the clock transition from LOW to HIGH and still be recognized.
RECOVERY TIME (t,gc) — is defined as the minimum time required between the end of the reset pulse and the clock

transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs.

MASTER RESET TO OUTPUT DELAY,
MASTER RESET PULSE WIDTH,
AND MASTER RESET RECOVERY TIME

Fig. 2
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4-BIT ARITHMETIC LOGIC UNIT

DESCRIPTION — The SN54LS181/SN74LS181 is a 4-bit Arithmetic Logic Unit
(ALU) which can perform all the possible 16 logic, operations on two variables and
a variety of arithmetic operations.

e PROVIDES 16 ARITHMETIC OPERATIONS
ADD, SUBTRACT, COMPARE, DOUBLE, PLUS
TWELVE OTHER ARITHMETIC OPERATIONS
o PROVIDES ALL 16 LOGIC OPERATIONS OF TWO
VARIABLES
EXCLUSIVE—OR, COMPARE, AND, NAND, OR,
NOR, PLUS TEN OTHER LOGIC OPERATIONS
e FULL LOOKAHEAD FOR HIGH SPEED ARITHMETIC
OPERATION ON LONG WORDS '

e INPUT CLAMP DIODES LOADING (Note a)

PIN NAMES HIGH LOW
Ag—Ag, Bg—B3 Operand (Active LOW) Inputs 1.5U.L 0.75 U.L.
So—S3 Function — Select Inputs 20 U.L. 1.0 U.L.
M Mode Control Input 0.5 U.L. 0.25 U.L.
Ch Carry Input 25 U.L. 1.25 U.L.
Fo—F3 Function (Active LOW) Outputs 10U.L | 5(25) U.L
A=B Comparator Output Open Collector | 5 (2.5) U.L.
G Carry Generator (Active LOW) Output 10U.L. 10 U.L.
P Carry Propagate (Active LOW) Output 10 U.L. 5 U.L.
Ch+a Carry Output 10U.L. | 5(2.5) U.L.
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC SYMBOL

21 2322 2120 1918

YUYWy

AgBo AyBy A, B8 A3B)
7 Cn Coeg =16

8 —m A 8 =14

6 ——f So G jo— 17

5 — S
P O— 15
4 —q 52

13— 5

Fo £y Fa F3

9 10 " 13

Vee =Pin24
GND =Pin 12

LOGIC DIAGRAM

c

2
P

&
2
@

el

<

o
Ol ) é’ (9

N 3 &
@4&%@ B e @ | 5 .
l » o

Vge =Pin24

GND =Pin 12
Q=Pin
4 R Numbers
)

1@ 15 a8 17
® D W @

®
®

CONNECTION DIAGRAMS
DIP (TOP VIEW)

\7

C
D
B
A
B

o

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-line Package.
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FUNCTIONAL DESCRIPTION — The SN54LS181/SN74LS181 is a 4-bit high speed parallel Arithmetic Logic Unit
(ALU). Controlled by the four Function Select Inputs (Sg. . . S3) and the Mode Control Input (M), it can perform all
the 16 possible logic operations or 16 different arithmetic operations on active HIGH or active LOW operands. The
Function Table lists these operations.

When the Mode Control Input (M) is HIGH, all internal carries are inhibited and the device performs logic operations
on the individual bits as listed. When the Mode Control Input is LOW, the carries are enabled and the device performs
arithmetic operations on the two 4-bit words. The device incorporates full internal carry lookahead and provides for
either ripple carry between devices using the Cn+4 output, or for carry lookahead between packages using the signals
P (Carry Propagate) and G (Carry Generate). P and G are not affected by carry in. When speed requirements are not
stringent, the LS181 can be used in a simple ripple carry mode by connecting the Carry Output (Cp+4) signal to the
Carry Input (Cp) of the next unit. For high speed operation the LS181 is used in conjunction with the 9342 or 93542
carry lookahead circuit. One carry lookahead package is required for each group of four LS181 devices. Carry
lookahead can be provided at various levels and offers high speed capability over extremely long word lengths.

The A = B output from the LS181 goes HIGH when all four F outputs are HIGH and can be used to indicate logic
equivalence over four bits when the unit is in the subtract mode. The A = B output is open collector and can be
wired-AND with other A = B outputs to give a comparison for more than four bits. The A = B signal can also be used
with the Cp+4 signal to indicate A > B and A <B.

The Function Table lists the arithmetic operations that are performed without a carry in. An incoming carry adds a
one to each operation. Thus, select code LHHL generates A minus B minus 1 (2s complement notation) without a
carry in and generates A minus B when a carry is applied. Because subtraction is actually performed by complemen-
tary addition {1s complement), a carry out means borrow; thus a carry is generated when there is no underflow and
no carry is generated when there is underflow.

As indicated, the LS181 can be used with either active LOW inputs producing active LOW outputs or with active
HIGH inputs producing active HIGH outputs. For either case the table lists the operations that are performed to the
operands labeled inside the logic symbol.

FUNCTION TABLE

LOGIC SYMBOLS

MODE SELECT ACTIVE LOW INPUTS ACTIVE HIGH INPUTS ACTIVE LOW OPERANDS
INPUTS & OUTPUTS & OUTPUTS sy aa a0 e
LOGIC ARITHMETIC®* LOGIC = ARITHMETIC®* Y YWY
S3 S2 S1 Sg (M = H) (M=1)(C.=1L) (M =H) (M= 1) (C-=H) o B A B, A Be Aa B
{ Ch 2ot 1 Ch ) Ag By A1 By Ag By A3 B3
p - 7 —c, Cheg f—15
L L L L A A minus 1 A A
— —_— 8 —e A8 b= 14
L LLH A AB minus 1 ATE A+8B " w561
L L H L A+ B AB minus 1 AB A+B 6 — :0 navgot;‘ncv‘:w;m o lo— 1
L L HH Logical.1 minus 1 Logical 0 minus 1 5] S; P jo— 15
— —_— — 4
L HL L A+ B Aplus (A + B) AB A plus AB ]:53
= —_ —_ — F F F
LHLH B AB plus (A + B) B8 (A + B) plus AB A A
L HHL A®B Aminus B minus 1 A® B Aminus B minus 1 ? ? ? ?
L HHH A+B A+B AB AB minus 1 9 10 " 13
H L L L AB A plus (A + B) A+B A plus AB
HLLH | A@B AplusB AQE Apluss ACTIVE HIGH OPERANDS
H L H L B AB plus (A + B) B (A + B) plus AB
H L H H A+B A+B AB AB minus 1 2 2322 2120 198
H HL L Logical O A plus A* Logical 1 A plus A* 11 1] 1] 11
H HLH AB AB plus A A+B (A + B) plus A 20 Bo A1 8 Ag By A3 B3
H H H L AB AB plus A A+ B (A +B) plus A 7 —of Co Cova JO— 16
H HHH A A A A minus 1 g —g ™ AvB pb— 14
5183 N
6 ——i So agIT A:JHMEY\C G b— 17
LOGIC UNIT
5 —q S L
L = LOW Voltage Level PR ° 1
H = HIGH Voltage Level 315 gy . " Fy
*Each bit is shifted to the next more significant position } l I
**Arithmetic operations expressed in 2s complement notation 9 10 " 13
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired)

Storage Temperature . —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Vcc Pin Potential to Ground Pin -05Vto+7.0V
*Input Voltage (dc) —0.5Vto+15V
*Input Current (dc) : —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) _ —-0.5V to+5.5V
Output Current (dc) (Output LOW) +50 mA

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V) :
PART NUMBERS N TP A TEMPERATURE
SN54LS181X 45 v 50V 55 V ~55°C to +125°C
SN74LS181X 475V 50V 525V 0°C to +70°C

X = package type; W for Fiatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

© LIMITS
R T
SYMBOL PARAMETE ‘ N v MAX UNITS | TEST CONDITIONS

Guaranteed Input HIGH Voltage

IGH It 20 . v
V'H Input HIGH Voltage for All Inputs
‘ 07

viL Input LOW Voltage 54 v Guaranteed Input LOW Voltage
74 0.8 for All Inputs

Vep Input Clamp Diode Volitage ~0.65 -15 \" Vee = MIN, iy = —18 mA

v Output HIGH Voltage 54 25 3.4 v Vee = MIN, Igy = —400 pA

OH Any Output except A=B 74 2.7 3.4 ViN = V| or V per Truth Table

Output HIGH Current

IoH A=B Output Only 100 | wA | Ve =MIN, Vo =55V
Output LOW Voltage 54,74 0.25 04 v lgL =40 mA
Except G and P 74 035 05 v oL = 8O mA
VoL s e 047 | 07| V |l =16mA |V, per Truth Table
Output LOW Voitage 54 0.35 0.6 _
Output 74 0.35 0 v | 'oL=80mA
Input HIGH Current b
Mode Input 20
A and B Inputs 60
A Vee = MAX, =27
S Inputs 80 s cc AX. ViN =27V
Carry Inputs 100
hH
Mode Input ) 0.1
A and B Inputs 03 _ _
S Inputs 0.4 mA VCC MAX, VIN v
Carry Inputs : 0.5
Input LOW Current
Mode Input -0.4
L A and B Inputs =121 mA | Voo =MAX V)y =04V
S Inputs -1.6
Carry Inputs ~-2.0

Output Short Circuit
| - -1 = =
0s Current (Note 4) 15 00 | mA | Voo=MAX Vour=0V

Power Supply Current 54 20 32

Iec Condition A (Note 5) 74 20 34 mA Veg = MAX
Power Supply Current 54 21 35
Condition B (Note 5) 74 21 37
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NOTES:

1. Conditions for testing, not shown in the table, are chosen to guarantee operation under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the “worst case” value for the parameter. Since these ‘‘worst case’’ values normally occur at the tempera-
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges,, : '

3. Typical limits are at Vcc = 5.0V, 25°C, and maximum loading.

Not more than one output should be shorted at a time

With outputs open, Icc is measured for the following conditions:

A. SO through S3, M, and A inputs are at 4.5 V, all other inputs are grounded.,

B. SO through S3 and M are at 4.5 V, all other inputs are grounded.

o s

AC CHARACTERISTICS: Tp = 25°C, Vcc = 5.0V, Pin 12 = GND

LumITs - .
SYMB PARAMETER UNIT CONDITIONS
ot E TYP MAX S b
PLH Propagation Delay, 27 N M =0V, (Sum or Diff Mode)
tpHL (Cn to Crta) 20 S See Fig. 4 and Tables | and Il
_ ' M=0V, Mod

'PLH (Cp, to F Outputs) 26 ns (Sum Mode)

tPHL 20 See Fig. 4 and Table |

PLH AorB g 29 M=8;=8,=0V,S5=83=45V

| ts to G Output
TPHL (A or 8lnputs to ueat 23 ns (Sum Mode) See Fig. 4 and Table |
tPLH XorB g 32 M=83=83=0V,8;=5,=45V
t .
tpHL (A0rS Inpisto G Output) 26 ns (Diff Mode) See Fig. 5 and Table Il
PLH AorB 5 30 M=8,=8,=0V.85=S3=45V
L (A or B lnputs to P Outpuy 30 ns (Sum Mode) See Fig. 4 and Table |
'PLH XorB 5 ' 30 M=8,3=83=0V,S1=8,=45V
tPHL (A or B Inputs to P Output) 33 ns (Diff Mode) See Fig. 5 and Table |l
PLH AorB E 32 M=8;=8,=0V,8=83=45V
' F Out

tpHL (A or B Inputs to any F Output) 20 ns (Sum Mode) See Fig. 4 and Table |
tPLH AorB = 32 M=83=S3=0V,S1=8,=45V
teHL tA or B Inputs to any F Output) 23 ns (Diff Mode) See Fig. 5 and Table i

t - _ — 33 M = 4.5 V (Logic Mode)

PLH

tpHL (A or B Inputs to ¥ Qutpuits) 29 ns See Fig. 4 and Table Il

PLH Aor B 38 M=0V,S5=53=45V,S;=S,=0V
tPHL (A or B Inputs to Cn1.q Output) 38 ns (Sum Mode) See Fig. 6 and Table |
PLH Aor B 4 M=0V,S5=S3=0V,S;=8,=45V

tput

tPHL (A or B Inputs to Cp,4 4 Output) a1 ns (Diff Mode)

t 50 M250553:QV,S1=52:4.5V,
‘tPLH (A or B Inputs to A = B Output) 62 ns R =2k

PHL (Diff Mode) See Fig. 5 and Table Ii

AC WAVEFORMS
INPUT 13v 1
|<—>’ TPLH [ — »1 tPHL
1.3v 13v
OUTPUT
Fig. 4
% 13v * 13v
A INPUT
INPUT B 13V 1av
8 INPUT 13V 13v |<__" BLn ‘4———»! e
|<»—_>| L !*_‘*"I tPHL 13v 13V
QUTPUT
ouTPUT 13v 13v
Fig. 5 Fig. 6
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SUM MODE TEST TABLE |

FUNCTION INPUTS: Sg =S3=45V,S1=832=M=0V

R INPUT
INPUT O;’:\E'\AE 8IT OTHER DATA INPUTS OUTPUT
PARAMETER UNDER UNDER
TEST APPLY APPLY APPLY APPLY TEST
45V GND 45V GND )
tPLH — — Rimamﬂg —
PHL A B None A and B Cn Fi
Lk - — Rimamﬂ'g =
tpriL B, A, None Aand B Ch . F,
t — — Remaining
t;’j;: A B, None Cn AandB Flsy
tPLH — - Remaining _
el B, \ None Cn AandB Fis
tPLH — — Remaining —
torL A B None None Aand B, Cn P
Pl — - Remainin —
[z;iz B A None None Kand’EHCQ P
< on
tPLH — — Remaining Remaining —
tehL A None B B A, Ch G
tPLH — — Remaining Remaining —
tpL . B None A B A, Ch G
}
tPPLH — — Remaining Remaining
L A None B B A, Cn Ch+24
PLH — — Remaining Remaining
(PHL B None A B K, Cy Ch+a
tPLH All All Any F
PPHL l Cn None None A B orCn + 4
DIFF MODE TEST TABLE It FUNCTION INPUTS: S1 =S9=45V,§5=S3=M=0V
OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT
PARAMETER NDER
UTEST APPLY APPLY APPLY APPLY U",\‘EDSETR
45V GND 45V GND
t A - & -
‘g:}: A None 8 Rem%mng Re_g)a(l:mng F
. 5. %Yn
:g:p: B Z None Rem%lmng REénaénvng E;
. n
tPLH n — Remaining ~ Remaining —
tPHL A, None B, B C, A Fys
tPLH — — Remaining Remaining =
8 A N — z
PHL : : one B,Cp A Fian
tPLH —_ = Remaining -
A N B — -
tPHL one None A.and B, C, P
tPLH = - Remaining —
PHL B A None None Aand B, Cp, P
tPLH - = . Remaining =
tPHL A B None None Aand B, Cy -G
tPLH — — Remaining .
tPHL B None A None Aand B, Ch G
P _ — :
tp:': A None B Remilmng Re%ndénmg A-B
< n
tPLH - -
PrL B A None Hem%nmg Rgga:mg A-B
&N
tPLH - —= Remaining
tPHL B None None Aand B, Cn Ch+4
PLH = -~ Remaining
N — i
PHL ) B one A None Aand B, C, Ch+4
TPLH © Al
tPHL Cnh None None AandB None | Ch+4
LOGIC MODE TEST TABLE (11
OTHER INPUT ~
INPUT SAME B”EJ OTHER DATA INPUTS QUTPUT .
PARAMETER UNDER
TEST APPLY APPLY APPLY APPLY U;\IED;,R FUNCTION INPUTS
45V GND 45V GND
t — — > — = =M=45V
l;:': A None 8 None ;::\:%Iv;g Any F S SOSE $3=0 V5
A on
PLH = - Remaining — S.=5,=M=45V
B N A i 1.2
tPHL one . None A and B, Cp, AnyF S0=S3=0V
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Advance Information

SN54LS182/SN74L.S182
CARRY LOOKAHEAD GENERATOR

DESCRIPTION — The 54L.S/741L.S182 is a high-speed Carry Lookahead Generator. LOGIC SYMBOL
It is generally used with the 54LS/74LS181 4-Bit Arithmetic Logic Unit to provide
high speed lookahead over word lengths of more than four bits. The carry look-
ahead generator is fully compatible with all members of the Motorola TTL Family.
® PROVIDES CARRY LOOKAHEAD ACROSS A GROUP OF FOUR ALUs
©® MULTI-LEVEL LOOKAHEAD FOR HIGH-SPEED ARITHMETIC OPERATION OVER LONG
WORD LENGTHS W3 2 s s s
e INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION EFFECTS J) $ Jz $ cL J)
® FULLY CMOS AND TTL COMPATIBLE ’ o
0Go P1G1 P2 G2 P3Gj
Gjo— 10
13—Cn
LOADING (Note a) Cnex_Crvy_ Covs -
PIN NAMES HIGH Low . j‘ l
9,. _ Carry Input 05U.L. 0.25 U.L.
§o, G, Carry Generate (Active LOW) Inputs 35 U.L. 1.75 U.L.
G, Carry Generate (Active LOW) Input 40 U.L. 20 U.L.
G, _ Carry Generate (Active LOW) Input 20U.L. 1.0 U.L.
P, P, Carry Propagate (Active LOW) Inputs 20 U.L. 1.0 U.L. Ve = Pin 16
P, Carry Propagate (Active LOW) Input 15U.L.| 0.75U.L. GND=Ping
P, Carry Propagate (Active LOW) Input 10U.L. 05 U.L.
Chix: Casy, Chs, Carry Outputs (Note b) 10 U.L.|5(2.5) U.L.
G Carry Generate (Active LOW) Output 10 U.L. |5 (2.5) U.L.
_ (Note b) :
P Carry Propagate (Active LOW) Output 10 U.L. 5(2.5) U.L.
(Note b) A ANNEATIAN DA SR AR
CUNNEL I IUN VIAUNRAM
DIP (TOP VIEW)
NOTES:
a. 1 Unit Load (U.L) = 40 A HIGH 1.6 mA LOW
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.
LOGIC DIAGRAM
CnGoPp Gy Py Gy Py G3P3 o ro
Q o0 ﬁr o © NG)
®I® O |® ® O ®
1
|| i H_) iRl "
NOTE:
The Flatpak version has the s:
® @ pinouts (Gonnection Diagram) as
Chix Caty Ch+z g i the Dual In-Line Package.

This is advance information and specifications are subject to change without notice.
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FUNCTIOMAL DESCRIPTION-—The 54LS/74LS182, carry lookahead generator ac-
cepts up to four pairs of active LOW Carry Propagate (P,, P,, P, P;) and Carry Generate
(G, G1, G,, G,) signals and an active HIGH Carry Input (C,) and provides anticipated
active HIGH carries (Cnsx Cnsys Caiz) across four groups of binary adders. The
541.S/74L.S182 also has active LOW Carry Propagate (P) and Carry Generate (G) out-
puts which may be used for further levels of lookahead.

The logic equations provided at the outputs are:
Cn+x =Gy + P,C,
n+y =G, +P Go = P1P0Cn
Chiz = G, + P,G, + P,P,G, + P,P,P,.C,
G =G, + PG, + P,P,G, + P,P,P.G,
P =P.PPP, v

Also, the 54L.S/741L.S182 can also be used with binary ALUs in an active LOW or active
HIGH input operand mode. The connections to and from the ALU to the carry
lookahead generator are identical in both cases.

TRUTH TABLE

INPUTS OUTPUTS .
(o —o Fo 51 31 62 Fz 63 33 Cn+x  Cn+y Cp4z [ P
X H H L
L H X L
X L X H
H X L H
X X X H H L
X H H H X L
L H X H X L
X X X L X H
X L X X L H
H X L X L H
X X X X X H H' L
X X X H H H X L
X H H H X H X L
L H X H X H X L
X X X X X L X H
X X X L X X L H
X L X X L X L H
H X L X L X L H
X X X X X H H H
X X X H H H X H
X H H H X H X H
H H X H X H X H
X X X X X L X L
X X X L X X L L
X L X X L X L L
L X L X L X L L
H X X X H
X H X X H
X X H X H
X X X H H
L L L L L

H = HIGH Voltage Level
L = LOW Voitage Level
X = Immaterial
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GUARANTEED OPERATING RANGES

- SUPPLY VOLTAGE
PART NUMBERS TEMPERATURE
MIN TYP MAX
SN541L.8182X 45 V 50V 55 vV | —55°C to +125°C
SN74LS182X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS (Note 1)
MiIN TYP MAX
Vi Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
for All Inputs
54 0.7 Guaranteed Input LOW Voltage
Vi Input LOW Voltage 7a 08 ’ v for All Inputs
Veo Input Clamp Diode Voltage —-0.65 -15 \ Vee = MIN Iy = =18 mA
54 25 B Ve = MIN, V=V, 0r
Von Output HIGH voltage 72 55 " loH = -400 pA V.. per Truth Table
54,74 . 0.25 0.4 lop = 4 MA Vee = MIN, V,, = V,,or
Vo Output LOW Voitage 72 0.35 05 Vo M =8mA Vi, per Truth Table
I G _ 20 | uA
G0 G _ 140 | pA
Gs, Po, P, 80 uA Vi =27V
P, 60 uA Vee = MAX
E:, 40 pA
G, 160 uA
Co _ .100 uA
[ 700 | WA
G, P, P, .400 nA V=10V
. _P_; .300 uA Vee = MAX
P, .200 uA
G, 800 uA
I gr\ . -0.4 mA
Go, G _ -28 mA |
G, Po, P, -16 mA | V=04V
P, -1.2 mA Vee = MAX
P, .+ -0.8 mA |
G, -32 mA
Output Short-Circuit B _ Vee = MAX
los Current (Note 4) 20 100 mA Vour =0V
12
feon Power Supply Current mA Vee = MAX
‘CCL 16
NOTES: ‘
1. Conditions for testing, not shown in the Table, are chosen to guarantee operations under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the “worst case’” value for the parameter. Since these ‘‘worst case’’ values nor-
mally occur at the temperature and supply voltage extremes, additional noise immunity and guard banding can be
achieved by decreasing the allowable system operating ranges.

3. Typical limits are at Vcc = 5.0 V, 26°C, and max loading.

4. Not more than one output should be shorted at a time.
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AC CHARACTERISTICS: T, = 25°C, V¢c = 50V, C, = 15 pF, RL = 2 k)

LIMITS
SYMBOL PARAMETER I Tve MAX UNITS | TEST CONDITIONS
toow 13 Py=P,=P,=Gnd G;= G, = G, = 45V
ton, (Ca 10 Cpixy Crtys Ciriad) 16 ns Fig. 1
toun (—P-o- Eh or "_’z to 9 ns 3. = Gnd (lnot under test),
tone Chsxo Covys OF Coirz) 125 Co=Go=G,=G, =45V, Fig. 2
[ (E.,, 6‘ or 5, to 9 ns 6, 4.5 V (If not under test),
tone Chixs Cosys OF Cos) 125 C,=P,=P, =P, = Gnd, Fig. 2
[ s 3 = = = 9 E. = Gnd (If not under test),
tom, (P,, P, or P, to G or P) 125 ns Go=G =G, = Gs = C, = 45 V, Fig. 1
tow = T B T wE 26 G, = 4.5 V (If not under test),
to, (Go, G,, G; or G, to G) 8 ns P, =P, = P, = Gnd, Fig. 1
toun - - = = = 20 P, = Gnd (If not under test),
to, (Po, Py, P, or P, to P) 85 ns Fig. 1

AC WAVEFORMS

INPUT
Cn,T‘l or Gy
(1t=0,1,20r3)
ouTPUT |
Cn+x. Cnty. Cnsz. G, OR P |
|
l"—'PHL —
o
Fig.1
___________________ 3v
INPUT 18V 15V
Fo, 5),57 OR Go, 51,62 ov
PLH

ouTPUT 'PHL
Cn+x. Cn+y. Cnez

Fig. 2
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Advance Information

SN54LS189/SN74LS189

64-BIT RANDOM ACCESS MEMORY

WITH 3-STATE OUTPUTS

DESCRIPTION — The 54LS/74LS189 is a high-speed, low-power 64-bit RAM .
organized as a 16-word by 4-bit array. Address inputs are buffered to minimize
loading and are fully decoded on-chip. The outputs are 3-state and are in the high-
impedance state whenever the Chip Select (CS) input is HIGH. The outputs are
active only in the Read mode and the output data is the complement of the stored
data. -

3-STATE OUTPUTS FOR DATA BUS APPLICATIONS

LOGIC SYMBOL

2 4 6 1012 3

S

® 1—] \Cs ov02'0s DL wE
@ BUFFERED INPUTS MINIMIZE LOADING 15— A,
e ADDRESS DECODING ON-CHIP 14— A
e DIODE CLAMPED INPUTS MINIMIZE RINGING 19— As
® LOWPOWER SCHOTTKY DESIGN MINIMIZES POWER CONSUMPTION ol ‘:; 93 O
177
5 7 91
Vee = an 16
PIN NAMES GNOD =Pin8
_Ail Address Input
Cs Chip Select (active LOW) input
Dn Data Input
On Data (inverted) Output
WE Write Enable (active LOW) Input
FUNCTION TABLE
INPUTS OPERATION CONDITION OF OUTPUTS
Cs WE :
L H Write HIGH Impedance
L H Read Complement of Stored Data
H X Inhibit HIGH Impedance

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

This is advance information and specifications are subject to change without notice.
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SNbB4LS191/

SN74LS191
PRESETTABLE 4-BIT BINARY

SN54LS190/
SN74LS190
PRESETTABLE BCD/DECADE

UP/DOWN COUNTERS

DESCRIPTION — The SN54LS190/SN74LS190 is a synchronous UP/DOWN BCD
Decade (8421) Counter and the SN54LS191/SN74LS191 is a synchronous UP/
DOWN Modulo-16 Binary Counter. State changes of the counters are synchronous
with the LOW-to-HIGH transition of the Clock Pulse input.

An asynchronous Parallel Load (PL) input overrides counting and loads the data
present on the P, inputs into the flip-flops, which makes it possible to use the
circuits as programmable counters. A Count Enable (CE) input serves as the carry/
borrow input in multi-stage counters. An Up/Down Count Control (U/D) input
determines whether a circuit counts up or down. A Terminal Count (TC) output
and a Ripple Clock (RC) output provide overflow/underflow indication and make
possible a variety of methods for generating carry/borrow signals in multi-stage
counter applications.

¢ LOWPOWER...90 mW TYPICAL DISSIPATION

e HIGH SPEED ... 35 MHz TYPICAL COUNT FREQUENCY

o SYNCHRONOUS COUNTING

e ASYNCHRONOUS PARALLEL LOAD

o INDIVIDUAL PRESET INPUTS

e COUNT ENABLE AND UP/DOWN CONTROL INPUTS

e CASCADABLE

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

® FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

CE Count Enable (Active LOW) Input 1.5U.L. 0.7U.L.

cP Clock Pulse (Active HIGH going edge) Input 05U.L. 0.25 U.L.

u/D Up/Down Count Control Input 05U.L. 0.25 U.L.

PL Parallel Load Control (Active LOW) Input 05U.L. 0.25 U.L.

P Parallel Data Inputs 05U.L. 0.25 U.L.

Q, Flip-Flop Outputs (Note b) 10U.L. 5(2.5) U.L.

RC Ripple Clock Output (Note b) 10U.L. 5(2.5) U.L.

TC Terminal Count Output (Note b) 1M0U.L. 5(2.5)U.L.

NOTES:

a. 1 TTL Unit Load (U.L.) =40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.6 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

UP/DOWN COUNTERS

LOGIC SsYMBOL

MWois 10 9

b

PL P Py Py Pja

5 =——37/0
4 —Of Ce

14 el CP

cfo— 13

C e 12

~ T
Cp Q) Q; 0y

BBR

3 2 6 7

Vce =Pin 16
GND=Pin8 |

CONNECTION DIAGRAM
DIP (TOP VIEW)

NOTE:

The Flatpak version has the same
pinouts (Connéction Diagram) as the
Dual In-Line Package.

" STATE DIAGRAMS

LS190
UP:  TC=0Qqg-Qz- (U/D)
DOWN: TC = Qg - Q1 - Qz - Qg - (U/D)

LS191
UP:  TC=Qg-Qq-Qp-Q3- (U/D)
DOWN: TC = Qg - Q1™- Qg - Q3 * (U/D)

Count Up J—
Count Down  ------ B
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LOGIC DIAGRAMS

cp U

vy

<b-
<p

Py CE Py Py Py L
|
F“tj“ ; :
Yire '*
: -
1
Een)
-

|
[ 1! - r — 1.
| 1 I T 13
Ldoncscr J S Wonsser , . meser b
i | E— } | I L | |
I ! S— at ) C—
RC TC Qg Q, Q, Q3
DECADE COUNTER
LS190
cr U Py 3 Py Py Py L
0413 s @ l@ 1G9 10] Oy
- |
o N
*‘{7 | i ;
| D S R G b A
T'Jl I ———— T4 . ;
| i . — W i . 4 ) D R A] |
' e rr} _‘T 75“: T M
] p
J b 7 ‘ D L
e
| r iy E 0l T
| | L] [ ] 1 [ W
DG L [ 1] J L [ L] J | L
Ld M’Es‘:,t;r'ﬂ ,,m,.i‘,':}:p N snrscr o - Ld M:;i(’{:‘,:“
T a T T il
iyl @ ) £J) o {6 7,
RC TC Qg Q Q, Q3
BINARY COUNTER
LS191
Vee =Pin'16
GND=Pin8

O = Pin Numbers
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FUNCTIONAL DESCRIPTION — The LS190 is a synchronous Up/Down BCD Decade Counter and the LS191 is a
synchronous Up/Down 4-Bit Binary Counter. The operating modes of the LS190 decade counter and the LS191 binary
counter are identical, with the only difference being the count sequences as noted in the state diagrams. Each circuit contains
four master/slave flip-flops, with internal gating and steering logic to provide individual preset, count-up and count-down
operations.

Each circuit has an_a_synchronous parallel load capability permitting the counter to be preset to any desired number. When
the Parallel Load (PL) input is LOW, information present on the Paraliel Data inputs (Pg—P3) is loaded into the counter and
appears on the Q outputs. This operation overrides the counting functions, as indicated in the Mode Select Table.

A HIGH signal on the CE input inhibits counting. When CE is LOW, internal state changes are initiated synchronously by the
LOW-to-HIGH transition of the clock input. The direction of counting is determined by the /D input signal, as indicated in
the Mode Select Table. When counting is to be enabled, the CE signal can be made LOW when the clock is in either state.
However, when counting is to be inhibited, the LOW-to-HIGH CE transition must occur only while the clock is HIGH.
Similarly, the U/D signal should only be changed when either CE or the clock is HIGH.

Two types of outputs are provided as overflow/underflow indicators. The Terminal Count (TC) output is norn-ally LOW and
goes HIGH when a circuit reaches zero in the count-down mode or reaches maximum (9 for the LS190, 15 ./ the LS191)
in the count-up mode. The TC output will then remain HIGH until a state change occurs, whether by counting or presetting
or until U/Dvis changed. The TC output should not be used as a clock signal because it is subject to decoding spikes.

The TC signal is also used internally to enable the Ripple Clock (RC) output. The RC output is normally HIGH. When CE is
LOW and TC is HIGH, the RC output will go LOW when the clock next goes LOW and will stay LOW until the clock goes
HIGH again. This feature simplifies the design of multi-stage counters, as indicated in Figures a and b. In Figure a, each RC
output is used as the clock input for the next higher stage. This configuration is particularly advantageous when the clock
source has a limited drive capability, since it drives only the first stage. To prevent counting in all stages it is only necessary to
inhibit the first stage, since a HIGH signal on CE inhibits the RC output pulse, as indicated in the RC Truth Table. A
disadvantage of this configuration, in some applications, is the timing skew between state changes in the first and last stages.
This represents the cumulative delay of the clock as it ripples through the preceding stages.

A method of causing state changes to occur simultaneously in all stages is shown in Figure b. All clock inputs are driven in
parallel and the RC outputs propagate the carry/borrow signals in ripple fashion. In this configuration the LOW state duration
of the clock must be long enough to allow the negative-going edge of the carry/borrow signal to ripple through to the last
stage before the clock goes HIGH. There is no such restriction on the HIGH state duration of the clock, since the RC output
of any package goes HIGH shortly after its CP input goes HIGH.

The configuration shown in Figure c avoids ripple delays and their associated restrictions. The CE input signal for a given
stage is formed by combining the TC signals from all the preceding stages. Note that in order to inhibit counting an enable
signal must be included in each carry gate. The simple inhibit scheme of Figures a and b doesn’t apply, because the TC
output of a given stage is not affected by its own CE.

MODE SELECT TABLE RC TRUTH TABLE
INPUTS i RC
_ INPUT MODE- _ INPUTS RC
PL| CE |U/D | CP . CE | TC*| CP | OUTPUT
H L L I | Count Up L H | I r
H L H I | Count Down H X X H
L X X X | Preset (Asyn.) X L X H
H H X X | No Change (Hold) *TC is generated internally

L = LOW Voiltage Level

H = HIGH Voltage Level

X = Don’t Care

J = LOW-to-HIGH Clock Transition
1= LOW Pulse
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DIRECTION

CONTROL l !
00 RC urp RC o RCJO— — =~
ENABLE ——————Of CE

CLOCK =y CP

CE CE
cp cP

by

Fig. a) n-stage counter using ripple clock.

DIRECTION -
CONTROL
L—Jao RC o—l LJoo RC L oo rclo— - -
ENABLE ———————O} CE CE CE
—q CP e —a CP
cLocK . -
Fig. b) Synchronous n-stage counter using ripple carry/borrow.
DIRECTION
CONTROL
ENABLE
b—q U/D —i 00 —00
—Do—o CE i }o——o CE :Do—o CE
r—q CP TC ~ CcP TC CP TC
CLOCK

Fig. ¢) Synchronous n-stage counter with parallel gated carry/borrow.
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» ABSOLUTE MAXIMUM RATINGS (above which the useful iife may be impaired)
Storage Temperature
Temperature (Ambient) Under Bias

—65°C to +150°C
-55°C to +125°C

V¢ Pin Potential to Ground Pin -05Vto+7.0V

"Input Voltage (dc) —-05Vto+15V

*Input Current (dc) ~30 mA to +5.0 mA

Voltage Applied to OQutputs (Output HIGH) —-0.5 V to+5.5V

Output Current (dc) (Output LOW) +50 mA
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V)
Pl

PART NUMBERS MIN VP NIAX TEMPERATURE
SN5B54LS190X _EEO + o
SN54LS191X 45 V 50V 55 V 55°C to +125°C
SN74LS190X 0 -70°
SN74LS191X 475V 50V 525V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
PAR R NIT TEST CONDITIONS
SYMBOL ARAMETE N F MAX UNITS
Guaranteed Input HIGH Voltage
ViH Input HIGH Voltage 20 \% for All Inputs
54 0.7 Guaranteed Input LOW Voltage
ViL Input LOW Voltage \
74 0.8 for All Inputs
Veo Input Clamp Diode Voltage -0.65 -1.5 v Ve =MIN, Iy = -18 mA
: 54 25 34 Vee = MIN, gy = =400 pA
VoH Output HIGH Voltage \Y cc OH
74 2.7 3.4 VIN = V)i or Vy_ per Truth Table
0.25 0.4 Y loL=4.0mA | Vce = MIN, VN =V
VoL Output LOW Voltage 54,74 oL — m cc IN I or
74 0.35 0.5 Y loL = 8.0 mA | V) per Truth Table
Input HIGH Current .
P.. PL, CP, u,D 20 [JA VCC = MAX, VIN =27V
, & P
H - — —
P,. PL, CP, U,D 0.1 mA Vee = MAX, Vi =10V
CE 0.3
Input LOW Current
i E‘E PL, CP. U/D ‘(1)3 mA Vee = MAX, V) =04V
Output Short Circuit
| -15 -100 A Vee = MAX, V =0V
os Current (Note 4) m cc out
lcc Power Supply Current \ 20 35 mA Vee = MAX
NOTES:

1. Conditions for testing, not shown in the table, are chosen to guarantee operation‘under “worst case’’ conditions.
~2. The specified LIMITS represent the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the tempera-
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

AW

. Typical limits are at Ve =50V, 25°C, and maximum loading.
. Not more' than one output should be shorted at a time. o
. The Set-Up Time__”ts(H)” and Hold Time "“th(L)” between the Count Enable (CE) and the Clock (CP) indicate that the LOW-to-HIGH

transition of the CE must occur only while the Clock is HIGH for conventional operation.
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AC CHARACTERISTICS: Ty = 25°C

LIMITS
SYMBOL PARAMETER NIT T
) MIN F MAX UNITS EST CONDITIONS
fmMAX Max. Input Count Frequency 25 35 MHz Fig. 1
tpLH Propagation Delay, 24 ns Fig. 1
tpHL CP Input to Q Outputs 36 .
PLH CP Input to RC Output 20 ns Fig. 2
tPHL 24
'PLH CP Input to TC Output 42 ns Fig. 1
tPHL 52
:ib’:‘ U/ D Input to RC Output :: ns Vec =50V
PLH U/ D Input to TC Output 33 ns Fig- 7 CL= 15 pF
tPHL i 33
t
PLH P — P3 Inputs to Qg — Q3 Outputs 22 ns Fig. 3
tpHL 0~ P3linp Qg ~ Q3 Outp 50 9
'PLH PL Input to Any Output 33 ns Fig. 4
]
tPHL . _ 50
tPLH CE Input to RC Qutput ] 33 ns Fig. 2
tPHL 33

*|t is possible to get these timing relationships, but they should not occur during normal operation since the CP would be HIGH.

AC SET-UP REQUIREMENTS: Ta = 25°C

LIMIT )
SYMBOL PARAMETER MIN 'TYPS MAX UNITS TEST CONDITIONS
tw CP Pulse Width 20 ns | Fig. 1
ty PL Pulse Width 35 ns Fig. 4
tel Set-Up Time LOW, Data to PL 20 ns
thl Hold Time LOW, Data to PL , 0 ns Fig.6 | Vec=50V
tgH Set-Up Time HIGH, Data to PL 20 ns
tpH Hold Time HIGH, Data to PL 0 ns
trec Recovery Time, PL to CP : 20 ns Fig. 5
tsL Set-Up Time LOW, CE to Clock 20 v ns Fig. 8
thL Hold Time LOW, CE to Clock 0 ns

DEFINITIONS OF TERMS:

SET-UP TIME (t,) is defined as the minimum time required for the correct logic level to be present at the logic input prior to
the clock transition from LOW-to-HIGH in order to be recognized and transferred to the outputs.

HOLD TIME (t) is defined as the minimum time following the clock transition from LOW-to-HIGH that the logic level must
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic
level may be reieased prior to the clock transition from LOW-to-HIGH and still be recognized.

RECOVERY TIME (trec) is defined as the minimum time required between the end of the reset pulse and the clock
transition from LOW-to-HIGH in order to recognize and transfer HIGH data to the Q outputs.

4-163




SN54LS190/SN74LS190 @ SN54LS191/SN74LS191

AC WAVEFORMS

1 IMAX

tpLH T

l 13v CP OR CE 1.3v

“‘l L—-’—‘wg H—*pw
_%_ 13V RC 13v

Fig. 1

Fig. 2

NOTE: PL = LOW

Fig. 3

L NK %-—|3V

cP

13v

*The shaded areas indicate when the input is permitted
to change for predictable output performance.

Fig. 5 Fig. 6
U0 ) 1.3v x (SEE NOTE 6)
—p |y (L) t (H) =] a—
PLH —1 PHL - t—
15 (L) g (H)—>>|
CE MAY \\ \ (H-L) VO CE MAY'( &
Ce CHANGE \\!\K\only 1~£~v\\\CHANGE\\' 7 !‘

Fig. 7

Fig. 8
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SN54LS192/
SN74LS192

PRESETTABLE BCD/DECADE
UP/DOWN COUNTER

DESCRIPTION — The SN54LS192/SN74LS192 is an UP/DOWN BCD Decade
(8421) Counter and the SN54LS193/SN74LS193 is an UP/DOWN MODULO-16
Binary Counter. Separate Count Up and Count Down Clocks are used and in either
counting mode the circuits operate synchronously. The outputs change state
synchronous with the LOW-to-HIGH transitions on the clock inputs.

Separate Terminal Count Up and Terminal Count Down outputs are provided
which are used as the clocks for a subsequent stages without extra logic, thus
simplifying multistage counter designs. Individual preset inputs allow the circuits to
be used as programmable counters. Both the Parallel Load (PL) and the Master
Reset (MR) inputs asynchronously override the clocks.

LOW POWER ... .95 mW TYPICAL DISSIPATION

®

e HIGH SPEED ... 40 MHz TYPICAL COUNT FREQUENCY

o SYNCHRONOUS COUNTING

o ASYNCHRONOUS MASTER RESET AND PARALLEL LOAD

s INDIVIDUAL PRESET INPUTS

o CASCADING CIRCUITRY INTERNALLY PROVIDED

o INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

o FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

CPy Count Up Clock Pulse Input 0.5 U.L. 0.25 U.L.

CPp Count Down Clock Pulse Input 0.5 U.L. 0.25 U.L.

MR Asynchronous Master Reset (Clear) Input 0.5 U.L. 0.25 U.L.

PL Asynchronous Parallel Load (Active LOW) Input 0.5 U.L. 025 U.L.

Pn Parallel Data Inputs 05U.L. 025 U.L.

Q, Flip-Flop Outputs (Note b) 10 U.L. 5(2.5)U.L.

ﬁ:D Terminal Count Down (Borrow) Output (Note b) 10 U.L. 5(2.5)U.L.

TCy  Terminal Count Up (Carry) Output (Note b) 10 U.L. 5(2.5)U.L.

NOTES:

a. 1TTL Unit Load (U.L.) =40 pA HIGH/1.6 mA LOW

b. The Output LOW drive factor is 2.5 U.L. for MILITARY (54) and 5 U.L. for COMMERCIAL(74)
Temperature Ranges.

SN54LS193/
SN74LS193

PRESETTABLE 4-BIT BINARY
UP/DOWN COUNTER

LOGIC SYMBOL

115 1+ 10 9

A

PL Pg Py Py p3T
C

5 —icry vlo— 12

cPp TCojo— 13
MR Qp Q) Qp Q3

FTT T

14 3 2 6 7

Vce =Pin 16
GND=Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

ccf ] e
1
ju
co [ 13
Nk
skl
1
1o

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual in-Line Package.

STATE DIAGRAMS
LS192 LOGIC EQUATIONS
FOR TERMINAL COUNT

TCy = Qp-03°CPy

TCp = Qg*0;° Q,°Q3°CPFp
LS193 LOGIC EQUATIONS
FOR TERMINAL COUNT

TCy = Qp*Qy°Q,°Qz°CP

TCp = §,-0;+Q,-0,CPy

COUNT UP —_
COUNT DOWN  «eseen
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'LOGIC DIAGRAMS

Py Py \PZ R P
D) 10 9.
. 15) » 9 ¥
O ®
(LOAD!
Py ".5/‘; 73 T
8 12 Y
(UP COUNT) ] — D"—/ ehay
ouTPUT)
J_ 1

g
—~(C=
—a
A
—

.

ll i) To
(BORROW
CPp (¥) ouTPUT)
1DOWN *_{> -t -
COUNT}
we (9)
(cLear) ——P>o— . ® o
3 (2% .
Q Qy Q, Q3
o Py . Py P
N o~ 5
o (5; v 9 ©)]
pe Uy
1LoAD) "
CPy f@ ® Ty
{UP COUNT) o
ouTPUT)
0 — 0q D g %0 q
T T T T
Q a
% _ ¢ — ) r S
® ™o
(BORROW
o (3 ouTPUTI
(OWN >
COUNT)
wn @
(CLEAR) 3 ) 0 ®
Qg Q, Qy Q3
Vge =Pin 16
GND=Pin8

O = Pin Number

4-166



SN54LS192/SN74LS192 @ SN54LS193/SN74LS193

FUNCTIONAL DESCRIPTION — The LS192 and LS193 are Asynchronously Presettable Decade and 4-Bit Binary
Synchronous UP/DOWN (Reversable) Counters. The operating modes of the LS192 decade counter and the LS193
binary counter are identical, with the only difference being the count sequences as noted in the State Diagrams. Each
circuit contains four master/slave flip-flops, with internal gating and steering logic to provide master reset, individual
preset, count up and count down operations.

Each flip-flop contains JK feedback from slave to master such that a LOW-to-HIGH transition on its T input causes the
slave, and thus the Q output to change state. Synchronous switching, as opposed to ripple counting, is achieved by driving
the steering gates of all stages from a common Count Up line and a common Count Down line, thereby causing all state
changes to be initiated simultaneously. A LOW-to-HIGH transition on the Count Up input will advance the count by one;
a similar transition on the Count Down input will decrease the count by one. While counting with one clock input, the
other should be held HIGH. Otherwise, the circuit will either count by twos or not at all, depending on the state of the first
flip-flop, which cannot toggle as long as either Clock inputis LOW.

The Terminal Count Up (TCU) and Terminal Count Down (1730) outputs are normally HIGH. When a circuit has reached
the maximum count state (9 for the LS192, 15 for the LS193), the next HIGH-to-LOW transition of the Count Up Clock
will cause 'TCU to go LOW. T-CU will stay LOW until CPy goes HIGH again, thus effectively repeating the Count Up Clock,
but delayed by two gate delays. Similarly, the TCD output will go LOW when the circuit is in the zero state and the Count
Down Clock goes LOW. Since the TC outputs repeat the clock waveforms, they can be used as the clock input signals to
the next higher order circuit in a multistage counter.

Each circuit has an asynchronous parallel load capability permitting the counter to be preset. When the Parallel Load (PL)
and the Master Reset (MR) inputs are LOW, information present on the Parallel Data inputs (P, P3) is loaded into the
counter and appears on the outputs regardless of the conditions of the clock inputs. A HIGH signal on the Master Reset
input will disable the preset gates, override both Clock inputs, and latch each Q output in the LOW state. If one of the Clock
inputs is LOW during and after a reset or load operation, the next LOW-to-HIGH transition of that Clock will be interpreted
as a legitimate signal and will be counted.

MODE SELECT TABLE

MR PL CPy "CPp MODE

H X X X Reset (Asyn.)
L L X X Preset (Asnyn.)
L H H H No Change

L H I H Count Up

L H “H I Count Down

L = LOW Voltage Level

H = HIGH Voltage Level

X = Don’t Care

I = LOW-to-HIGH Clock Transition

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

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
V¢ Pin Potential to Ground Pin -05Vto+7.0V
* Input Voltage (dc) ) —-05Vto 15V
* Input Current (dc) ‘ —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5V to +5.5V
Output Current (dc) (Output LOW) +50 mA

* Either Input Voltage limit or input Current limit is sufficient to protect the inputs.
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GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V¢()

PART NUMBERS i F AX TEMPERATURE
SN54LS192X ’
SN54LS193X 45 Vv 50V 55 V ~55°C to +125°C
SN74LS192X

SN74LS193X 475V 50V 5.25V 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
Y| PARAMETER |
SYMBOL ARAMETE MIN P IAX UNITS TEST CONDITIONS
Guaranteed Input HIGH Voltage
V| | t HIGH R
H nput HIGH Voltage 20 \" for All Inputs
0.7 teed Input LOW V
Vi Input LOW Voltage 54 v Guaranteed Input LO oltage
74 ! 0.8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -15 v Ve = MIN, iy =—18 mA
54 25 34 Vee = MIN, Igy = —400 uA
Vo Output HIGH Voltage v- cc OH =~
74 2.7 34 ViN = Vi or Vi per Truth Table
54,74 . .4 \Y loL=40mA | Vec=MIN, Viy =
VoL Output LOW Voltage d 0.25 0 oL om cc N. VIN = Vi or
74 0.35 0.5 \% CloL= 8.0 mA | V| _per Truth Table
20 A Vee = MAX, Viy =27V
™ Input HIGH Current H cc IN
0.1 mA Vee = MAX V=10 V
UTH Input LOW Current —-0.4 mA Vee = MAX, |y =04V
Output Short Circuit _ _
los Current (Note 4) 15 100 mA Vee = MAX. Voyr =0V
lcc Power Supply Current 19 34 mA Vee = MAX
NOTES:

1. Conditions for testing, now shown in the table, are chosen to guarantee operation under *

‘worst case’’ conditions.

2. The specified LIMITS represent the “‘worst case’’ value for the parameter. Since these '‘worst case’” values normally occur at the tempera-
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

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

Typical limits are at VCC =50V, TA = 25°C, and maximum loading.
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AC CHARACTERISTICS: Tp = 25°C

LIMITS
SYMBOL PARAMETER LS192 LS193 UNITS TEST CONDITIONS
) MIN | TYP | MAX MIN | TYP | MAX
fMAX Max Input Count Frequency 30 40 30 40 MHz Fig. 1
tpLH CPy, Input to 10 | 16 10 | 16 ns
‘PHL Ttu Output 14 21 14 21
tpLH CPp Input to 10 16 10 16 ns Fig. 2
tPHL TCD Output 15 22 15 22
tpLH CP or CPp to 22 31 22 , 31 ns
tpHL . Qn Outputs 18 28 18 28 VCC =50V
tpLH Pg — P3 Inputs ns Fig. 3 C_=15pF
‘PHL Qo - 030utputs
tPLH PL Input to 23 32 23 | 32 ns Fig. 4
tpHL Any Output 17 25 17 25
tpHL MR Input to Any Output 17 25 - 17 25 ns Fig. 7
AC SET-UP REQUIREMENTS: Tp = 25°C
\ LIMITS
SYMBOL PARAMETER LS192 LS193 UNITS TEST CONDITIONS
MIN TYP | MAX MIN TYP MAX
tw CPy Pulse Width . 17 17 ns Fig. 1
tw CPp Pulse Width 17 17. ns
tyy PL Pulse Width 15 15 ns Fig. 4
tw MR Pulse Width 15 15 ns Fig. 7
tel Set-up Time LOW, Datato PL| 10 10 ns Vec =50V
thL Hold Time LOW, Data to PL 0 0 ~ons Fig. 6
tgH Set-up Time HIGH, Datato PL| 10 10 ns
tpH Hold Time HIGH, Data to PL 0 o ns
trec Recovery Time, PL to CP 3 3 ns Fig. 5
trec Recovery Time, MR to CP 3 3 ns

DEFINITIONS OF TERMS:

SET-UP TIME (t) is defined as the minimum time required for the correct logic level to be present at the logic input prior to
the PL transistion from LOW-to-HIGH in order to be recognized and transferred to the outputs.

HOLD TIME (t) is defined as the minimum time following the PL transistion from LOW-to-HIGH that the logic level must '
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic
level may be released prior to the PL transistion from LOW-to-HIGH and still be recognized.

RECOVERY TIME (trec) is defined as the minimum time required between the end of the reset pulse and the clock
transition from LOW-to-HIGH in order to recognize and transfer HIGH data to the Q outputs.

4-169




SN54L.S192/SN74L5192 @ SN54L.S193/SN74LS193

AC WAVEFORMS

CPy or CPp

Q * 1.3V 13V
Fig. 1
Pn 13V -
P or CP 5 F |
CPyor CPy 13v LT pu, H_ Yoin
Q, 13V
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TCyor TCh x g 12y

Fig. 2

NOTE: PL = LOW

Fig. 3

Fig. 4
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SN54LS194A/SN74LS194A
4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER

DESCRIPTION — The SN54LS194A/SN74LS194A is a High Speed 4-Bit Bidirec-
tional Universal Shift Register. As a high speed multifunctional sequential building
block, it is useful in a wide variety of applications. It may be used in serial-serial,
shift left, shift right, serial-parallel, parallel-serial, and parallel-parallel data register
transfers. The LS194A is similar in operation to the LS195A Universal Shift Reg-
ister, with added features of shift left without external connections and hold (do
nothing) modes of operation. It utilizes the Schottky diode clamped process to
achieve high speeds and is fully compatible with all Motorola TTL families.

e TYPICAL SHIFT FREQUENCY OF 40 MHz

o ASYNCHRONOUS MASTER RESET

e HOLD (DO NOTHING) MODE

e FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS
s INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)

HIGH LOW
So. $1 Mode Control Inputs 0.5U.L. 0.25 U.L.
PO,— P3 Parallel Data Inputs 0.5 U.L. 0.25 U.L.
Dgr Serial (Shift Right) Data Input 0.5 U.L. 0.25 U.L.
Dgp Serial (Shift Left) Data Input : 0.5 U.L. 0.25 U.L.
cp Clock (Active HIGH Going Edge) Input 0.5 U.L. 0.25 U.L.
MR Master Reset (Active LOW) Input 0.5 U.L. 0.25 U.L.
Qy - Q3 Parallel Outputs (Note b) 10 U.L. 5(2.5) U.L.
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

9 —sg
10 —$;

11—

LOGIC SYMBOL

2 3 b 7

L LI

Dsg P P1 Py P3

p
MR Qg Oy Oy O3

TI1T

11514 13 12

Vce =Pin 16
GND =Pin 8

CONNECTION DIAGRAM

DIP (TOP VIEW)

(16
a g8
] 14
:]|3
[] 2
1
(] 0
(] o

LOGIC DIAGRAM

Py [ Py
® ® ®
1 U
My Al A
Vce =Pin 16
GND =Pin 8 0314
O = Pin Numbers cp cp
R R
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cv.@p
SLOX N
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SN54LS194A/SN74LS194A

FUNCTIONAL DESCRIPTION — The Logic Diagram and Truth Table indicate the functional characteristics of the
LS194A 4-Bit Bidirectional Shift Register. The LS194A is similar in operation to the Motorola LS195A Universal
Shift Register when used in serial or parallel data register transfers. Some of the common features of the two devices
are described below:

1.

4.

All data and mode control inputs are edge-triggered, responding only to the LOW to HIGH transition of the Clock (CP).
The only timing restriction, therefore, is that the mode control and selected data inputs must be stable one set-up time
prior to the positive transition of the clock pulse.

The register is fully synchronous, with all operations taking place in less than 15 ns (typical) making the device especially
useful for implementing very high speed CPUs, or the memory buffer registers.

The four parallel data inputs (PO, Pq. P2, P3) are D-type inputs. When both S and Sq are HIGH, the data appearing on
Po. P1. Pp, and P3inputs is transferred to the 00, Qq, 02, and 03 outputs respectively following the next LOW to HIGH
transition of the clock.

The asynchronous Master Reset (MR), when LOW, overrides all other input conditions and forces the Q outputs LOW.

Special logic features of the LS194A design which increase the range of application are described below:

1.

Two mode control inputs (So, S1) determine the synchronous operation of the device. As shown in the Mode Selection
Table, data can be entered and shifted from left to right (shift right, Qg = Qq, etc.) or right to left (shift left, Q3> 02,
etc.), or parallel data can be entered loading all four bits of the register simultaneously. When both SO and S«, are LOW,
the existing data is retained in a ‘’do nothing’’ mode without restricting the HIGH to LOW clock transition.

D-type serial data inputs (Dgg, Dg| ) are provided on both the first and last stages to allow multistage shift right or shift
left data transfers without interfering with parallel load operation.

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS

OPERATING MODE —

MR S1 So Dsr DsL Pn Qo Q1 Q2 Q3
Reset L X X X X X L L L L
Hold H | | X X X ag ay ap qg

H h | X | X q q q L
Shift Left ! 2 3

H h | X h X a4 ap a3 H

H ! h | X X L q, q q.
Shift Right 0 ! 2

H | h h X X H 99 Q4 ap
Parallel Load H h h X X [ PO Py P2 P3

L = LOW Voltage Level

H= HIGH Voltage Level

X = Don’t Care :

I = LOW voltage leve! one set-up time prior to the LOW to HIGH clock transition

h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition

Pn (an) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the
LOW to HIGH clock transition.

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

Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
V¢ Pin Potential to Ground Pin —-05Vto+7.0V
*Input Voltage (dc) ' —05Vto+15V
*Input Current (dc) —30 mA to +6.0 mA
Voltage Applied to Outputs (Output HIGH) -0.5 V to+5.5V
Output Current (dc) (Output LOW) +50 mA

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs,
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GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V)
TEMPERAT
PART NUMBERS MIN VP MAX URE
SN54LS194AX 45 Vv 50V 55 V -65°C to +125°C
SN74LS194AX 475V 50V 5.25V 0°C to +70°C

X = package type, W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

: LIMITS
YM TER IT T NDITIONS (Note 1
SYMBOL PARAMETE e TvP MAX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH
I 2.0 \
Vim Aput HIGH Voltage Voltage for All Inputs
54 0.7 Guaranteed Input LOW
V"_ Input LOW Voltage \ varanteed inpu
74 08 Voltage for All Inputs
Vep Input Clamp Diode Voltage -0.65" -1.5 \Y Vee = MIN, iy = -18 mA
54 25 3.4 V = MIN, | = —-400 pA
Vou Output HIGH Voltage v cc OH
74 2.7 3.4 ViN = Vi or V) per Truth Table
54,74 0.25 0.4 \ loL = 40 mA| Vcee = MIN, VN = V) or
V Output LOW Voltage -
oL Py 9 74 035 | 05 v IoL = 8.0 mA| V_per Truth Table
20 HA Ve = MAX, Vg =27V
W Input HIGH Current
0.1 mA Vee = MAX, Vg =10V
L Input LOW Current -0.4 mA VCC = MAX, VIN =04V
Qutput Short Circuit
| -1 -100 A Vee = MAX, V, =0V
os Current (Note 4) 5 m cc ouTt
lec Power Supply Current 15 23 mA Ve = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under “‘worst case’’ conditions.

2. The specified LIMITS represent -the ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

3. Typical limits are at Vo = 5.0 V, Tp = 25°C.

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

AC CHARACTERISTICS: Tp = 25°C

. LIMITS
SYMBOL PARAMETER N P MIAX UNITS TEST CONDITIONS
fmMAax Shift Frequency 30 40 MHz Fig. 1
tpLH Propagation Delay, 21 ns Fig. 1 Vee = 50V
tpHL Clock to Qutput 24 C_ =15pF
tpHL Propagation Delay, 26 ns Fig. 2
MR to Output
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AC SET-UP REQUIREMENTS: Tp = 25°C

LIMITS
NIT T
SYMBOL PARAMETER MIN P MAX UNITS EST CONDITIONS
twiCP) Clock Pulse Width 18 12 ns Fig. 1
tg(Data) Set-up Time, Data to Clock 16 ns Fig. 3
th(Data) Hold Time, Data to Clock (o] ns
tg(S) Set-up Time, Mode Control to Clock 20 ‘ns Fig 4 VCC 50V
th(S) Hold Time, Mode Contrdél to Clock 0 ns
twiMR) Master Reset Pulse Width 12 ns Fig 2
9
tec(MR) Recovery Time Master Resel to Clock 18 12 ns

DEFINITIONS OF TERMS:

SET-UP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the logic input prior
to the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs.

HOLD TIME (t,) — is defined as the minimum time following the clock transition from LOW to HIGH that the logic level
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct
logic level may be released prior to the clock transition from LOW to HIGH and still be recognized.

RECOVERY TIME (trec) — is defined as the minimum time required between the end of the reset pulse and the clock
transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs.

OTHER CONDITIONS:

CLOCK TO OUTPUT DELAYS
CLOCK PULSE WIDTH AND fmayx

{ * 13v
cLock |

L-m.1 _°Lm.|

ouTPUT

Fig. 1

S1=L,MR=H,Sg=H

AC WAVEFORMS

The shaded areas indicate when the input is permitted to change for predictable output performance.

MASTER RESET PULSE WIDTH,

MASTER RESET TO OUTPUT DELAY AND

'MASTER RESET TO CLOCK RECOVERY TIME

cLock

ouTPUT

OTHER CONDITIONS: S§g, Sy =H

Po=Py=Py=P3=H

Fig. 2

SET-UP (t5) AND HOLD (t;,) TIME FOR SERIAL
DATA (DgR, D) AND PARALLEL DATA (Pg, P, P3, P3)

(o S ST T

” |

. \

ne

SRR 111 g N

it 1
:Li_—x.u. [ e L] 1 ‘

ER

CLoe

OTHER CONDITIONS: MR =H
*DgR set-up time atfects Qg only
Dg set-up time affects Qg only

Fig. 3

SET-UP (t5) AND HOLD (t) TIME FOR S INPUT

(STABLE TIME)

PO 2 AN

th=0 th = 0 —emte—
cLock \ ¥|Jv \ izv

OTHER CONDITIONS: MR =H
Fig. 4
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DESCRIPTION — The SN54LS195A/SN74LS195A is a high speed 4-Bit Shift
Register offering typical shift frequencies of 50 MHz. It is useful for a wide variety
of register and counting applications. It utilizes the Schottky diode clamped process

SN54LS195A/SN74LS195A

UNIVERSAL 4-BIT SHIFT REGISTER

to achieve high speeds and is fully compatible with all Motorola TTL products.

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES

PE
Py~ P3
J

K

CP .
MR

Qg - Q3
Q3

NOTES:

Parallel Enable-(Active LOW) Input

Parailel Data Inputs
First Stage J (Active HIGH) Input
First Stage K (Active LOW) Input

TYPICAL SHIFT RIGHT FREQUENCY OF 50 MHz
ASYNCHRONOUS MASTER RESET
J, KINPUTS TO FIRST STAGE

FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS
INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

Clock (Active HIGH Going Edge) Input

Master Reset (Active LOW) Input

Parallel Outputs (Note b)

Complementary Last Stage Output

(Note b)

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. .
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges. ’

LOADING (Note a)

LOGIC SYMBOL
b1
PE Py Py Py P3
2—a
10 ——4 CP Q3 fO— 11
3 e Qg 0 Q2 Q3

T

1 15 14 13 12

Vee = Pin 16
GND =Pin8

HIGH LOW
0.5 U.L. 0.25 U.L.
0.5U.L. 0.25 U.L.
0.5 U.L. 0.25 U.L.
0.5 U.L. 0.25 U.L.
0.5U.L. 0.25 U.L.
0.5U.L. 0.25 U.L.
10 U.L. 5(2.6) U.L.
10 U.L. 5(2.5) U.L.

CONNECTION DIAGRAM
DIP (TOP VIEW)

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.

LOGIC DIAGRAM

[ ) K Po Py Py P3 MR cp
@%@ 3 @ ® ® @ G% @
S d S
‘o 3| r-—J p G0 a o r 05,
ob cp Lobce Lob cp Lobcr
Vee = Pin 16 .
GND =Pin 8 —>—1s  ag L>—s a4 Los  of4 LDs o
O = Pin Numbers ® [E) @; 1)
. Qo LY a; Q3 @43
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FUNCTIONAL DESCRIPTION — The Logic Diagram and Truth Table indicate the functional characteristics of the
LS195A 4-Bit Shift Register. The device is useful in a wide variety of shifting, counting and storage applications. It
performs serial, parallel, serial to parallel, or parallel to serial data transfers at very high speeds.

The LS195A has two primary modes of operation, shift right (Qp —> Q1) and parallel load which are controlled by the
state of the Parallel Enable (PE) input. When the PE input is HIGH, serial data enters the first flip-flop Qg via the J
and K inputs and is shifted one bit in the direction Qg = Q1 = Qp = Q3 following each LOW to HIGH clock transi-
tion. The JK inputs provide the flexibility of the JK type input for special applications, and the simple D type input
for general applications by tying the two pins together. When the PE input is LOW, the LS195A appears as four
common clocked D flip-flops. The data on the parallel inputs Pg, P1, P2, P3 is transferred to the respective Qg, Q1,
Q7. Q3 outputs following the LOW to HIGH clock transition. Shift left operations {Q3 —> Q2) can be achieved by
tying the Qp outputs to the Py_1 inputs and holding the PE input LOW.

All serial and parallel data transfers are synchronous, occurring after each LOW to HIGH clock transition. Since the
LS195A utilizes edge-triggering, there is no restriction on the activity of the J, K, Pn and PE inputs for logic operation
— except for the set-up and release time requirements.

A LOW on the asynchronous Master Reset (MR) input sets all Q outputs LOW, independent of any other input

condition.
MODE SELECT — TRUTH TABLE

OPERATING MODES — — INPUTS — OUTPUTS e

MR PE J K Pn Qo Qq Qp Q3 Q3
Asynchronous Reset L X X X X L L L L H
Shift, Set First Stage H h h X H ag aq qp 62
Shift, Reset First Stage H h | | X L ag a4 ap 62
Shift, Teggle First Stage H h h | X EO ag qq ap 52
Shift, Retain First Stage H h | X ag ag aq qp 62
Parallel Load H | X X Pn Po Py Py P3 53

L = LOW voltage levels

H = HIGH voltage levels

X = Don’t Care

| = LOW voltage level one set-up time prior to the LOW to HIGH clock transition.

h = HIGH voltage level one set-up time prior to the LOW to HIGH clock transition.

P, (a,) = Lower case letters indicate the state of the referenced input (or output) one set-up time prior to the
LOW to HIGH clock transition.

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired)
Storage Temperature
Temperature (Ambient) Under Bias
Vg Pin Potential to Ground Pin
*Input Voltage (dc) —0.5V to +15 V
*Input Current {dc) —30 mA to +5.0 mA

Voltage Applied to Outputs (Output HIGH) —-0.5V to+5.5V

—65°C to +150°C
—55°C to +125°C
—05Vto+7.0V

Output Current (dc) (Output LOW) +50 mA
*Either Input Volitage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES.
SUPPLY VOLTAGE (V)
PART NUMBERS cC
| TN ~F X TEMPERATURE
SN54LS195AX 45 Vv 50V 55 Vv -55°C to +125°C
SN74LS195A X 475V . 50V 5.25 v 0°C to +70°C

X - package type, W for Flatpak, J for Ceramic Dip, N for Plas‘tic Dip. See Packaging Information Section for packages available on this product.
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
YM PARAMETER NIT TEST CONDIT!
SYMBOL MIN TYP MAX UNITS ONS :
Guaranteed Input HIGH
| t HIGH Volt R \
ViH neu n Volage 20 Voltage for All inputs
‘ 54 0.7 Guaranteed Input LOW
ViL input LOW Voltage \ uaranteed Inpu
74 08 Voltage for All Inputs
Veo Input Clamp Diode Voltage -0.65 -1.5 v Vee = MIN, Iy =—18mA "
‘ 54 2.5 34 Vee = MIN, Igy = —400 uA
VoH Output HIGH Voltage v cc OH
74 2.7 3.4 VIN = Vi or V) per Truth Table
54,74 0.25 0.4 v loL = 40 mA | Vce = MIN, VN = Vi or
VoL Output LOW Voltage oL m cc IN H
74 0.35 05 \ loL = 8.0 mA | Vy_per Truth Table
20 A Vee = MAX, Vg = 2.7V
iH Input HIGH Current a cc IN
0.1 mA Vee = MAX, Vi = 10V
i Input LOW Current -0.4 mA Vee = MAX, Vi =04V
Output Short Circuit :
| -1 -1 A V = MAX, =
0s Current (Note 4) 5 Y m cc AX. Voyr =0V
lcc Power Supply Current 14 21 mA Vce = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions.

Z. The specified LIMITS represent the. ‘‘worst case’’ value for the parameter. Since these ‘‘worst case’ values normally occur at the

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

rw

Typical limits are at Vcc = 5.0 V, Ta = 25°C.
Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

LIMITS
SYMBOL PARAMETER UNIT TEST CONDITIONS
MIN TYP MAX s sTco
fMAX Shift Frequency 30 40 MHz Fig. 1
tpLH Propagation Delay, 16 21 ns Fig. 1 Vee =50V
tPHL Clock to Output 17 24 CL =15 pF
thHL Propagation Delay, 17 26 ns Fig. 3
MR to Output
AC SET-UP REQUIREMENTS: Tp = 256°C
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX
twiCP) Clock Pulse Width 16 7 ns Fig. 1
tg(Data) Set-up Time, Data to Clock 15 11 ns Fig 2
ig.
th(?-ata) Hold Time, Dat_a to Clock 0 -3 ns Vec= 50V
ls(!iE—i Set-up Trme,_F’E Control to Clock 25 18 ns Fig. 4 C_=150pF
tL(PE) Hold Time, PE Control to Clock ] -7 ns
1w(m) Master Reset Pulse Width 12 8 ns Fia. 3
— ig.
trec(MR) Recovery Time Master Reset to Clock 20 3 ns
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SET-UP TIME (1) is defined as the minimum time required for the correct logic level to be present at the logic input prior to
the clock transition from LOW to HIGH in order to be recognized and transferred to the outputs.

HOLD TIME (ty,) is defined as the minimum time following the clock transition from LOW to HIGH that the logic level must
be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct logic
level may be released prior to the clock transition from LOW to HIGH and still be recognized.

RECOVERY TIME (t,gc) is defined as the minimum time required between the end of the reset pulse and the clock
transition from LOW to HIGH in order to recognize and transfer HIGH data to the Q outputs.

AC WAVEFORMS

The shaded areas indicate when the input is permitted to change for predictable output performance.

CLOCK TO OUTPUT DELAYS SET-UP (_t‘s) AND HOLD (ty) TIME FOR SERIAL
AND CLOCK PULSE WIDTH DATA (J & K) AND PARALLEL DATA (P, Pq, P2, P3)

. /

JaK \\ ‘\\\, \r\i\ N \ ARRRNY \\\% ;;/ / ZZ /% \w av
w —.1 --.stu.) (IR — (] -
"7 . il - 0= HL 0

cLock . o Py “ ,/,/f )%\vav\ R X\L \ \ N
L‘WL"‘ L‘;\H»‘ . _..I:sm — _—l 14(H) 1‘4- N

ouTPUT

e i1 0 — M O

‘ e
13v 13v . 7[ \ f"v \ 7[ \ fvav

o N/

CONDITIONS: J_=—F-’—E—= R=H CONDITIONS: MR =H
K=1L *J and K set-up time affects Qg only
Fig. 1 Fig. 2

MASTER RESET PULSE WIDTH, .
b MASTER RESET TO OUTPUT DELAY AND SET-UP (t5) AND HOLD (t,) TIME FOR PE INPUT
MASTER RESET TO CLOCK RECOVERY TIME

LOAD SERIAL DATA
SHIFT RIGHT

MR UJV ' AN ‘f\*'”%l/f /// /%’”*\\\\ \\\X

13v —\—_—f: M
LM*’

w—— . tLOAD PARALLFLDAY’A] {

QUTPUT .
13v ouTPUT ] Qn = Pp Xon' =Qn-1
CONDITIONS: PE=L CONDITIONS: MR =H 3
PO =Py = P2 = P3 =H “OO state will be determined by J and K inputs
Fig. 3 Fig. 4
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SN54LS196/SN74LS196
SN54LS197/SN74LS197

4-STAGE PRESETTABLE RIPPLE COUNTERS

DESCRIPTION — The SN54LS196/SN74LS196 decade counter is partitioned into
divide-by-two and divide-by-five sections which can be combined to count either in
BCD (8,4,2,1) sequence or in a bi-quinary mode producing a 50% duty cycle
output. The SN54LS197/SN74LS197 contains divide-by-two and divide-by-eight
sections which can be combined to form a modulo-16 binary counter. Low Power
Schottky technology is used to achieve typical count rates of 70 MHz and power
dissipation of only 80 mW.

Both circuit types have a Master Reset (MR) input which overrides all other inputs -

and asynchronously forces all outputs LOW. A Parallel Load input (PL) overrides
clocked operations and asynchronously loads the data on the Parallel Data inputs
(Pp) into the flip-flops. This preset feature makes the circuits usable as program-
mable counters. The circuits can also be used as 4-bit latches, Iéading data from the
Parallel Data inputs when PL is LOW and storing the data when PL is HIGH..

e LOW POWER CONSUMPTION — TYPICALLY 80 mW

e HIGH COUNTING RATES — TYPICALLY 70 MHz

o CHOICE OF COUNTING MODES — BCD, BI-QUINARY, BINARY

e ASYNCHRONOUS PRESETTABLE

¢ ASYNCHRONOUS MASTER RESET

e EASY MULTISTAGE CASCADING

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

Py Clock (Active LOW Going Edge) 1.0 U.L. 1.5 U.L.
Input to Divide-by-Two Section

CP, Clock (Active LOW Going Edge ) 2.0 U.L. 1.75 U.L.
Input to Divide-by-Five Section

@1 Clock (Active LOW Going Edge) 1.0U.L. 1.0 U.L.
Input to Divide-by»kEight Section

MR Master Reset (Active LOW) Input 1.0 U.L. 0.5U.L.

PL Parallel Load (Active LOW) Input 0.5 U.L. 0.25 U.L. .

Po-P3 Data Inputs 0.5 U.L. 0.25 U.L.

Qp-Q3 Outputs (Notes b, c) 10 U.L. 5(2.5) U.L.

NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.

b. The Output LOW drive factor is 2.6 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

c. In addition to loading shown, Qg can also drive 631 .
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LOGIC SYMBOL

1 4 10 3 11

& 11
I PL Py Py Py P3
ETOI e 0p Gy 0, Qg
BREER
3 s 9 2 12

Vee =Pin 14

GND =Pin 7

CONNECTION DIAGRAM
DIP (TOP VIEW)

IEMEM
2 [ we []13
3[]r ' az[ ]2
a[*o Py [0
s [ Pif ]
6 ] o]
7Qono, ol s

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.




SN54LS196/SN741L.S196 © SN54L.S197/SN74LS197

LOGIC DIAGRAM
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SN54L.S196/SN74L.S196 ® SN54LS197/SN74LS197

FUNCTIONAL DESCRIPTION — The LS196 and LS197 are asynchronously presettable decade and binary ripple
counters. The LS196 Decade Counter is partitioned into divide-by-two and divide-by-five sections while the LS197 is
partitioned into divide-by-two and divide-by-eight sections, with all sections having a separate Clock input. In the
counting modes, state changes are initiated by the HIGH to LOW transition of the clock signals. State changes of the
Q outputs, however, do not occur simultaneously because of the internal ripple delays. When using external logic to
decode the Q outputs, designers should bear in mind that the unequal delays can lead to decoding spikes and thus a
decoded signal should not be used as a clock or strobe. The ET’B input serves the Qg flip-flop in both circuit types
while the C—P1 input serves the divide-by-five or divide-by-eight section. The Qg output is designed and specified to
drive the rated fan-out plus the 631— input. With the input frequency connected to @‘(3 and Qq driving 6}3-1—, the
LS197 forms a straightforward module-16 counter, with Qg the least significant output and Q3 the most significant
output.

The LS196 Decade Counter can be connected up to operate in two different count sequences, as indicated in the
tables of Figure 2. With the input frequency connected to 6% and with Qq driving 65_1, the circuit counts in the
BCD (8, 4, 2, 1) sequence. With the input frequency connected to E:—P_; and Qg driving CT’O‘, Q@ becomes the low
frequency output and has a 50% duty cycle waveform. Note that the maximum counting rate is reduced in the latter
(bi-quinary) configuration because of the interstage gating delay within the divide-by-five section.

The LS196 and LS197 have an asynchronous active LOW Master Reset input (MR) which overrides all other inputs
and forces all outputs LOW. The counters are also asynchronously presettable. A LOW on the Parallel Load input
(PL) overrides the clock inputs and loads the data from Parallel Data (Pg — P3) inputs into the flip-flops. While PL is
LOW, the counters act as transparent latches and any change in the P, inputs will be reflected in the outputs.

Figure 2: LS196 COUNT SEGUENCES

DECADE (NOTE 1) BI-QUINARY (NOTE 2)
COUNT Q3 Qg Q4 Qg COUNT Qg Q3 Qg Q4
0 L L L L 0 L L L L
1 L L L H 1 L L L H
2 L L H L 2 L L H L
3 L L H H 3 L L H H
4 L H L L 4 L H L L
5 L H L H 5 H L L L
6 L H H L 6 H L L H
7 L H H H 7 H L H L
8 H L L L 8 H L H H
9 H . L L H 9 H H L L
NOTES:

1. Signal applied to CPg, Qg connected to CPy.
2. Signal applied to CP1, Qg connected to CPq.

MODE SELECT TABLE

INPUTS
— — — RESPONSE
MR PL cP
X X Reset (Clear)
L X Parallel Load
H H L Count

HIGH Voltage Level

LOW Voltage Level

Don’t Care

HIGH to Low Clock Transition

'_le-:
wowonon
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SN54L.S196/SN74LS196 ® SN54L.S197/SN74LS197

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

Storage Temperature
Temperature (Ambient) Under Bias
Vg Pin Potential to Ground Pin

—65°C to +150°C
—55°C to +125°C
—05Vto+70V

*Input Voltage (dc) —05Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5 Vto+5.5V
Output Current (dc) (Output LOW) +50 mA
*Either Input Voitage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (V)
PA:«RT NUMBERS N P VIAX TEMPERATURE
SN54LS196X . —5§O, o
SN54ALS 197X 45 VvV 50V 65 V 55°C to +125°C
SN74LS196X o
SN74LS197X 475V 50V _5.25V 0°C to +70°C

X = package type; W for Fiatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANG

E (unless otherwise specified)

LIMITS .
NIT. TEST NDITIONS
SYMBOL PARAMETER MIN Tvp MAX UNITS ST CO (o]
. Guaranteed Input HIGH Voltage
ViH Input HIGH Voltage 2.0 \% for All Inputs
54 0.7 Guaranteed Input LOW Volt
ViL Input LOW Voltage \% uaranteed inpu oltage
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 \% Vee = MIN, Iy = —18 mA
54 2.5 3.4 Vee = MIN, | = —400 uA
Vou Output HIGH Voltage v cc OH
74 2.7 3.4 VN = Vi or V) per Truth Table
54,74 0.25 04 \ loL=4.0mA | Vcc = MIN, VIN = V|4 or
VoL Output LOW Voltage . oL cc IN IH
. 74 0.35 0.5 \ loL = 8.0 mA | V| per Truth Table
Input HIGH Current )
PL Pg, Py, Py, P3 20
MR, CPq, CPq (LS197) 40 uA Vee = MAX, Viy = 2.7V
" CPy (LS196) 80
P_L,PO, Py R, Ry 0.1 Vee = MAX, V=10V
MR, CPy, CP; (LS197) 0.2 mA Vee = MAX, V |y =55V
CP; (LS196) 0.4 Vee = MAX, VN =55V
Input LOW Current
PL. Pg, Py, Py, Py -0.4
MR -0.8
e CPg -2.4 mA Vee = MAX, V|y = 0.4V
CPy (LS196) -2.8
CPy (LS197) -1.3
Output Short Circuit
I -15 -100 A Vee = MAX, V =0V
0s Current (Note 4) m cc out
Icc Power Supply Current 12 20 mA Ve = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions.

2. The specified LIMITS represent the "worst case’’ value for the parameter. Since these ‘““worst case’’ values normaily occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

3. Typical limits are at Vg = 5.0 V, T = 25°C.

4. Not more than one output should be shorted at a time.
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AC CHARACTERISTICS: Tp = 25°C

LIMITS
SYMBOL PARAMETER LS196 LS197 UNITS TEST CONDITIONS
MIN TYP MAX MIN TYP MAX
fmax Input Count Frequency 45 60 50 75 MHz Fig. 1
tpLH CPg Input to . 8.0 12 8.0 12 ns
tpHL X QO Output 8.0 12 8.0 12
tpLH CP4 Input to 9.0 14 9.0 14 ns R
tPHL Q4 Output 9.0 14 9.0 14
tpLH CP; Input to 23 34 26 36 ns Fig. 1
tPHL Q; Output 21 32 23 34 Veg =50V
tpLH CPy Input to 12 18 35 50 ns C_=15pF
tpHL Q3 Output 12 18 38 55
tpLH Po. Pq. Pg, P3 Inputs 10 16 | 10 | 15 ns Fig. 2
tpHL Q. Q1. Q. Q3 Outputs 24 35 24 35
tpLH PL Input to 15 24 15 24 ns Fig. 3
tpHL Any Output 24 35 24 35
tpHL MR Input to Any Output 26 37 26 37 ns Fig. 4

AC SET-UP REQUIREMENTS: Tp = 25°C

LIMITS
SYMBOL PARAMETER LS196 LS197 UNITS | TEST CONDITIONS
MIN | TYP | MAX | MIN | TYP | MAX ,
tyy CPq Pulse Width 12 10 ns Fig. 1
tw CPy Pulse Width 24 20 ns
tw PL Pulse Width 18 18 ns Fig. 3
tw MR Pulse Width 12 12 ‘ ns Fig. 4
tsb Set-up Time LOW Data to PL 12 12 ns Vee =50V
thl Hold Time LOW Data to PL 6.0 6.0 ns Fig. 5
tgH Set-up Time HIGH Data to PL 8.0 8.0 ns
tyH Hold Time HIGH Data to PL o 0 ns
trec Recovery Time PL to CP 16 . 16 ns Fig. 4
trec Recovery Time MR to CP_ 18 18 ns

DEFINITIONS OF TERMS:

SET-UP TIME (tg) — is defined as the minimum time required for the correct logic level to be present at the logic input prior
to the clock transition from HIGH to LOW in order to be recognized and transferred to the outputs.

HOLD TIME (t,) — is defined as the minimum time following the clock transition from HIGH to LOW that the logic level
must be maintained at the input in order to ensure continued recognition. A negative HOLD TIME indicates that the correct
logic level may be released prior to the clock transition from HIGH to LOW and still be recognized.

RECOVERY TIME (trec) — is defined as the minimum time required between the end of the reset pulse and the clock
transition from HIGH to LOW in order to recognize and transfer LOW Data to the Q outputs.
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AC WAVEFORMS

13v

PLH -—14-»1

w(H)

Fig. 1

NOTE: PL = LOW

Fig. 2 Fig. 3
Pa 13v 13V
PLOR MR 13V h
. hiH) )
Ts(H) 's(L)
&17 w —4<—nu->i R
PL 13V

Fig. 4

Y /4 5

*The shaded areas indicate when the input is permitted
to change for predictable output performance,

Fig. 5
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SN54LS221/SN74LS221

DUAL MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

Advance Information

DESCRIPTION — Each multivibrator of the LS221 fea-
tures a negative-transition-triggered input and a positive-
transition-triggered input either of which can be used as
an inhibit input.

Pulse triggering occurs at a voltage level and is not related
to the transition time of the input pulse. Schmitt-trigger
input circuitry for'B input allows jitter-free triggering for
inputs as slow as 1 volt/second, providing the circuit with
excellent noise immunity. A high immunity to Vg hoise
is also provided by internal latching circuitry.

Once triggered, the outputs are independent of further
transitions of the inputs and are a function of the timing
components. The output pulses can be terminated by the
overriding clear. Input pulse width may be of any dura-
tion relative to the output pulse width. Output pulse
width may be varied from 35 nanoseconds to a maxi-
mum of 70 s by choosing appropriaté timing components.
With Rext = 2 k§2and Cexy = 0, a typical output pulse of
" 30 nanoseconds is achieved. Output rise and fall times are
independent of pulse length.

Pulse width stability is achieved through internal com-
pensation and is virtually independent of Ve and
temperature. In most applications, pulse stability will
only be limited by the accuracy of external timing com-
ponents.

Jitter-free operation is maintained over the full temper-
ature and Vg ranges for greater .than six decades of
timing capacitance (10 pF to 10 MF), and greater than one
decade of timing resistance (2 to 70 k§2 for the
SN54LS221,and 2 to 100 k§2 for the SN74LS221).
Pulse width is defined by the relationship: ty(out) =
CextRext in2 &0.7 CextRext. !f pulse cutoff is not
critical, capacitance up to 1000 MF and resistance as
low as 1.4 k{2 may be used. The range of jitter-free pulse
widths is extended if Vog is 5 V and 25°C temperature.

o SN54LS221 and SN74LS221 IS A DUAL HIGHLY
STABLE ONE-SHOT

° OVERRIDING CLEAR TERMINATES
OUTPUT PULSE

o PIN OUT IS IDENTICAL TO SN54LS/74LS123

This is advance information and specifications are subject to change without rotice
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(TOP VIEW)

1Rext/ 1
Vce  Cext  Cext 1Q 23 CLR

[e] [=] [+ [+] =] [] [o] [*]

o Q
a
CLR Q
CLR
a
Q o
1 1@ 20 2 2Rext/ GND
CLR Cext  Cext

positive logic: Low input to clear resets Q low and
Q high regardiess of d-c levels at A
or B inputs

FUNCTION TABLE
(EACH MONOSTABLE)

INPUTS OUTPUTS
CLEAR | A -] Q a
L X X L H
X H X L H
X X L L H
H L t n o
H 1 H| n
t L H n v
TYPICAL MAXIMUM
TYPE POWER OUTPUT PULSE
DISSIPATION LENGTH
SN541L.5221 23 mW 49 s
SN74LS221 23 mw 70s




$N54L8240/SN-74L8240 o SN54LS241/SN74LS241
© SN54L.S244/SN74LS244
OCTAL BUFFER/LINE DRIVER WITH 3-STATE OUTPUTS

DESCRIPTION—The 54L.S/74L.S240, 241 and 244 are Octal Buffers and Line Drivers

LOGIC AND
designed to be employed as memory address drivers, clock drivers and bus-oriented CONNECTION DIAGRAMS
transmitters/receivers which provide improved PC board density. DIP (TOP VIEW)

54LS/74LS240
_ /
i o> 20] vee
E»\—._qc 19} €
© HYSTERESIS AT INPUTS TO IMPROVE NOISE MARGINS E\H&— @]
@ 3-STATE OUTPUTS DRIVE BUS LINES OR BUFFER MEMORY [ :Q E
ADDRESS REGISTERS E\_{;—- -
® OUTPUTS SINK 40 mA AT Vg =05V "\_ ©
® 10 mA SOURCE CURRENT R Mo
® INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION EFFECTS E\_‘;;—* |
@ FULLY TTL AND CMOS COMPATIBLE E'_\_ =
8 .—&} 13
e
TRUTH TABLES ono 8 ob—17]
54LS/74LS241
54LS/74L.S240 54L.8/74LS244 _ ) b
NPUTS | PUTS | & [—o—r  [Eve
E1,E2| D E1.Eo| D E\—<: e
Ll H LU L E“\_—‘g m
L |H L L |H H E—\—:Q'r 7]
H X Z H X Z h
@ H | X Ez; Gl ]
2=
54LS/74LS241 E\”g i
IN INPUTS '—_ )
INPUTS 1 output OUTPUT E—\ 4 3]
E1 D E2 D E *’_"E
IDERERE e e
H X (2) L]-X (2)
H X (X) L ‘X 2) 54LS/74LS244
H = HIGH Voltage Level = p
L = LOW Voltage Level &[> 204 vee
X = Immaterial 2 -—E —Jo—19] E.
Z = HIGH Impedance [: o—:‘ ?
& mj
5 16
o i
RSN =
O RN .
& iz
ano [10] \—Jy—qm
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SN541L.S240/SN74LS240 « SN54L.S241/SN74LS241 « SN54LS244/SN741.5244

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vce)
PART NUMBERS TEMPERATURE
MIN TYP MAX
SN541L.S240X, SN541.S244X o o
oLt ix 45V 50V 55V -55°C to +125°C
N74 4 74
SN74LS240X, SN74L5244X 475V 50V 5.25V 0°C to +70°C
SN74LS241X

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGES (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN T TYP | MAX UNITS TEST CONDITIONS
Guaranteed Input HIGH Voltage
" 2.
IH Input HIGH Voltage 0 v for Al Inputs
54 0.7 Guaranteed Input LOW Voltage
"

Vie Inpul LOW Voltage 74 0.8 for All inputs
Veo Input Clamp Diode Voltage -065| -1.5 \Z Vee = MIN, )y = —18 mA

54 24 3.4 loy = —12 mA| Vee = MIN, VN = Viy

H Volt. Vv

Von Output HIGH Voltage 74 24| 3.4 lon = =15 mA| or V,,_ per Truth Table

54,74 025| 04| V |ig =12mA [Veec =MIN, Viy=Vy
Vv LOW

oL Output LOW Voltage 74 035| 05| V | lo.=24mA |orV,_ per Truth Table
lozH Output Off Current HIGH 20 nA Vee = MAX, Voyt =24V, Vg =20V
lozL Input Off Current LOW -20 uA Vcc = MAX, VOUT =04V, VE =20V
20 nA Vee = MAX, VN =27V
] Input HIGH Current £c N
0.1 mA Vee = MAX, Viy =7.0V
he Input LOW Current -04| mA Vee = MAX, Viy =04V
Output Short Circuit Current
| -50 -225 mA Vee = MAX, V =0V
(o} (Note 3) cC ouT
| LS240 29 50
lec Power Supply mA | Vog = MAX, Viy = 0V, Vg = 4.5V
] Current LS241, LS244 32 54
NOTES:

1. For conditions shown as MIN or Max, use the appropriate value specified under recommended operating conditions for the applicable device type.
2. Typical limits are at Vcc = 6.0 V, T4 = 25°C.
3. Not more than one output should be shorted at a time.
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SN54L.8240/SN741L.S240 » SN54L.S241/SN74LS241 « SN54LS244/SN74L.S244

AC CHARACTERISTICS: T, = 25°C, V¢c = 5.0 V

LIMITS

SYMBOL PARAMETER UNITS | TEST CONDITIONS

MIN TYP MAX
L Propagation Delay, Data to Output 1 ) _
tome 54L.5/74L5240 ] 18 ns | Fig.2 Cu = 45 pF
toun Propagation Delay, Data to Output 18 X _
to 54LS/74L5241, 54LS/74LS244 18 ns | Fig.1 C. = 45pF
tozn Output Enable Time to HIGH Level 23 ns Figs. 4,5 C, = 45 pF .
toz Output Enable Time to LOW Level 30 ns | Figs.3,5 R =667Q
tez Output Disable Time from LOW Level 25 ns Figs. 3,5 C.=50pF
tpnz Output Disable Time from HIGH Level 18 ns Figs. 4,5 R, = 667

AC WAVEFORMS

Vee
RL

Fig.1
sw1
Vin 13v 1.3V
TO OUTPUT
- | UNDER TEST %
1 1
j PLH l PHL
Vout 13V 13V
5k
Fig. 2

)

7

o

ks

@

3
n”—Q\

t— Lz '-J—_T
1
T 8
J Vou
05V
SWITCH POSITIONS
SYMBOL swi SW2
tpZH Open Closed
15V tpzL Closed Open
levaoH tpLz Closed Closed
ey tPHZ Closed Closed
05V
Fig. 4 Fig. §
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SN54LS242/SN74L.S242 o SN54LS243/SN74L.S243
QUAD BUS TRANSCEIVER

DESCRIPTION—The 54LS/74LS242 and 54L.S/74L.5243 are Quad Bus Transmitters/ LOGIC AND
Receivers designed for 4-line asynchronous 2-way data communications between CONNECTION DIAGRAMS
data buses. DIP (TOP VIEW)
® HYSTERESIS AT INPUTS TO IMPROVE NOISE IMMUNITY
® 2-WAY ASYNCHRONOUS DATA BUS COMMUNICATION 54LS/74LS242
® INPUT CLAMP DIODES LIMIT HIGH-SPEED TERMINATION EFFECTS
® FULLY TTL AND CMOS COMPATIBLE
Ey |1 ~ EVCC
NCE 19 e
TRUTH TABLES B [i2] ne
& o
54LS/74L5242 E m
INPUTS ) INPUTS
= OUTPUT OUTPUT = 3
E, D E. | D ano[7] 8
L L H L X 2)
L H L L X 2)
H X (2) H L H
H X (2) H H L
H = HIGH Voltage Level
L = LOW Voltage Level
54LS/74LS243 X = Immaterial
INPUTS INPUTS Z = HIGH Impedence
= OUTPUT OUTPUT 54L5/74LS243
E, D E,
L L L L X 2)
L | H H L] x @ e e~ [@ve
H X (2) H L L ne [Z] 3] E
H X (2) H H H b J_-I 2
- (3 E NC
& (1]
B 0]
] 3
o 7] ' )
NOTE:
The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V¢c)
PART NUMBERS TEMPERATURE
MIN TYP MAX
SN54LS242X 45V 50V 5.5V ~55°C to +126°C
SN5415243X
SN74L5242X 475V 5.0V 525V °Cto +70°C
SN74L5243X ' 9 ' e

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGES (unless otherwise specified)

LIMITS
T
SYMBOL PARAMETER WIN 1 TYP | MAX UNITS EST CONDITIONS
Guaranteed Input HIGH Voltage

V.H' Input HIGH Voltage 2.0 \" for Al Inputs ‘

54 0.7 Guaranteed Input LOW Voltage

t LOW Vot

Vie Input LOW Voltage 74 08] ¥ | for All Inputs
Veo Input Clamp Diode Voltage -065| -1.5| V Vce = MIN, iy = ~18 mA

54 24 3.4 lOH = -12mA Vcc = MIN, VIN =Viy

Ji¢ Vv

Von Output HIGH Vottage 74 2.4 3.1 lon = =15 mA| or V,_ per Truth Table

54, 74 0.25 0.4 \ lOL =12 mA Vcc = MIN, V\N = Viy
VoL Output LOW Voltage 7a 035| 05| V |loL=24mA |orV, per Truth Table
‘OZH Output Off Current HIGH 20 rA Vcc = MAX, VOUT =24V, Vg=20V
lozL Input Off Current LOW -20 uA Vcc = MAX, Voytr = 04V, Vg =20V

20 A | Voo =MAX, Viy =27V
(. Input HIGH Current £~ ce IN
01 | mA | Vgc=MAX, V)N =70V
he Input LOW Current -0.4| mA Veec = MAX, V| = 0.4V
Output Short Circuit Current
I -50 -225 mA Ve = MAX, V =0V
oS (Note 3) cC ouT
Power Supply LS242 29 50
| mA Vee = MAX, VN =0V, Vg = 45.V
ce Current L5243 32 | s4 ce IN €
NOTES:

1. For conditions shown as MIN or Max, use the appropriate value specified under recommended operating conditions for the applicable device type.
2. Typical limits are at Vo = 5.0V, Tp = 25°C.
3. Not more than one output should be shorted at a time.

AC CHARACTERISTICS: T, = 25°C, V¢c = 5.0V

LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
MIN TYP MAX

toun Propagation Delay, Data to Output 14 . _

ton, 54LS/74L5242 18 ns | Fig-2 C. = 45pF
ton Propagation Delay, Data to Output 18 . _

tone 54LS/74L5243 18 ns | Fig-1 Cu = 45 pF
tozn Output Enable Time to HIGH Level 23 ns Figs. 4,5 C, = 45 pF
teze Output Enable Time to LOW Level 30 ns Figs. 3, 5 R, = 667 Q
toz Output Disable Time from LOW Level 25 ns Figs. 3,5 C_=5.0pF
tonz Output Disable Time from HIGH Level 18 ns Figs. 4, 5 R, = 667 O
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Fig.1

Fig. 2

AC WAVEFORMS

TO OUTPUT
UNDER TEST

[ E——

Vee

sw1

AAA

AY!

VWA

S5ka

SWITCH POSITIONS

SYMBOL Swi1 SW2
tPZH Open Closed
tpzZL Closed Open
tpLZ Closed Closed
tPHZ Closed Closed

Fig. 5
N
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Advance Information

SN54LS245/SN74LS245
OCTAL BUS TRANSCEIVER

DE.SCRIPTION—The 541L.S/74L.S245 is an Qctgl Bus Transmitter/Receiven: desfgned for LOGIC AND CONNECTION DIAGRAM
8-line asynchronous 2-way data communication between data buses. Direction Input DIP (TOP VIEW)
(DR) controls transmission of Data from bus A to bus B or bus B to bus A depending
upon its logic level. The Enable input (E) can be used to isolate the buses.
® HYSTERESIS INPUTS TO IMPROVE NOISE IMMUNITY
® 2-WAY ASYNCHRONOUS DATA BUS COMMUNICATION \_J
® iINPUT DIODES LIMIT HIGH-SPEED TERMINATION EFFECTS on[1] @ch
® FULLY TTL AND CMOS COMPATIBLE i wo[Z] e
WO el
[ rh e
|NPUTSTRUTN TABLE ‘ A E EiE;; E B2
= OUTPUT A E’-TfE;PL 5] &
E | DR wl _Tfa;l_ 3.
L L BusBDatato BusA ;
L | H | BusADatatoBusB wo o el
H X | Isolation A7 E@;l— EI B
H = HIGH Voltage Level GNDE ;l-—ﬂ 87
L = LOW Voitage Levei
X = Immaterial
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (V¢c) '
PART NUMBERS TEMPERATURE
MIN TYP MAX .
SN541L.5245X 45 V 50V 55 V —-55°C to +125°C
SN74LS245X 475V 50V 525V 0°C to +70°C
X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for kag ilable on this product.

This is advance information and specifications are subject to change without notice.
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

LIMITS
SYMBOL PARAMETER UNITS | TEST CONDITIONS
MIN TYP MAX
‘ ) Guaranteed Input HIGH Voltage
Ve . input HIGH Voltage 20 v for All Inputs
54 0.7 Guaranteed Input LOW Voltage
Vi Output LOW Voltage 74 08 v for All Inputs
Veo Input Clamp Diode Volitage -1.5 v Vee = MIN, |y = —18 mA
54 24 Aoy ==1.0mA | Vcc=MIN,Viy=V,or
Vou Output HIGH Voltage 74 24 T = —2.6mA | Vu. per Truth Table
54,74 0.4 \'4 lo, = 12 mA Vee = MIN, V=V, or
Vou Output LOW Voltage 74 051 V o =24mA V,. per Truth Table
lozn Output Off Current HIGH 20 pA Vee = MAX, Vour =24V, Ve =20V
oz Output Off Current LOW -20 pA Vee = MAX, Vour = 0.4V, Vg = 20V
‘ 20 [ pA | Vee= MAX, V=27V
M Input HIGH Current 0.1 mA Veo = MAX, V, = 10V
e Input LOW Current -0.2 mA Vee = MAX, V,, = 0.4V
Output Short Circuit _ _ _ _
los Current (Note 3) 20 100 MA | Vec = MAX, Voyr =0V
Power Supply | Total, Output HIGH 60
lec Current Total, Output LOW 85 mA Vee = MAX, Outputs Open
Total at HIGH-Z 75
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable device type.
2. Typical limits are at Vec = 5.0V, T, = 25°C.
3. Not more than one output should be shorted at a time.

AC CHARACTERISTICS: T, = 25°C, V.. = 5.0 V (See Chapter 1 for Waveforms)

LIMITS
SYMBOL PARAMETER UNITS TEST CONDITIONS
MIN TYP MAX

:’"' Propagation Delay, Data to Oufput :g ns Figs. 1,2 C, = 45 pF
PHL N

tozn Output Enable Time to HIGH Level 25 ns | Figs. 4,5 C, = 45 pF
o .| Output Enable Time to LOW Level 30 ns Figs. 3, 5 R =667 Q
tez Output Disable Time from LOW Level 25 ns Figs. 3, 5 C.=5.0pF
tonz Output Disable Time from HIGH Level 18 ns Figs. 4,5 R =667 0
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SN54LS247/SN74LS247
BCD TO 7-SEGMENT DECODER/DRIVER

Advance Information

DESCRIPTION — The 54L.S/74L.5247 has active LOW open-collector outputs guaran-
teed to sink 12 mA (MILITARY) or 24 mA (COMMERICAL). It has the same electrical
characteristics and pin connections as the 54L.S/74LS47. The only difference is thatthe
54L5/74L8247 will light the top bar (segment a) for numeral 6 and the bottom bar
(segment d) for numeral 9.

LOGIC SYMBOL

A A3 LT RBI

BI-
RBO

a b c d e ( g
1312 11 10 9 15 14 4
Vee = Pin 16
GND = Pin 8

SN54LS248/SN74L.S248
BCD TO 7-SEGMENT DECODER

Advance Information

DESCRIPTION —The 54L.5/74L.S248 has active HIGH outputs with internal 2 k£2
pullup resistors. It has the same electrical characteristics and pin connections as
the 54L.S/741.S48. The only difference is that the 54L5/74LS248 will light the
top bar (segment a) for numeral 6 and the bottom bar (segment d) for numeral 9.

LOGIC SsYMBOL

1]

Ao 2 Ay L

a b cd e t g RBO
13 12 11 10 9 15 14 4
Vee = Pin 16
GND = Pin8

SN54LS249/SN74LS249
BCD TO 7-SEGMENT DECODER

Advance Information

DESCRIPTION — The 54L5/74L.5249 has active HIGH open-collector outputs and is
the 16-pin version of the 14 pin 54L.S/74LS49. The 54LS/74LS249 incorporates the
Lamp Test and BI/RBO inputs that are omitted in the 54L.S/74L.S49. Additionally, the
54LS/74LS249 wil! light the top bar (segment a) for numeral 6 and the bottom bar
(segment d) for numeral 9.

This is advance information and specifications are subject to change without notice
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LOGIC SYMBOL

7 1 2 6 3 5
A. A A A L RBI
BI/
a b c d e t g RBO
13 12 1110 9 15 14 4
Vce  Pin 16
GND Pin8
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SN54LS251/SN74LS251
8- INPUT MULTIPLEXER WITH 3-STATE OUTPUTS

DESCRIPTION. — The TTL/MSI SN54LS251/SN74LS251 is a high speed 8-Input
Digital Multiplexer. It provides, in one package, the ability to select one bit of data
from up to eight sources. The LS251 can be used as a universal function generator
to generate any logic function of four variables. Both assertion and negation out-
outs are provided.

SCHOTTKY PROCESS FOR HIGH SPEED
MULTIFUNCTION CAPABILITY
ON-CHIP SELECT LOGIC DECODING
INVERTING AND NON-INVERTING 3-STATE OUTPUTS

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

g) 7] Select Inputs 0.5 U.L. 0.25 U.L.

Eg Output Enable (Active LOW) Input 0.5 U.L. 0.25 U.L.

lg—17 Multiplexer Inputs 0.5 U.L. 0.25 U.L.

Z Multiplexer Output (Note b) 65 (25) U.L. .| 5(2.5) U.L.

Z Complementary Multiplexer Output 65 (25) U.L. 5(2.5) U.L.

{Note b)
NOTES:

a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.

b. The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military (54) and 65 U.L. for

Commercial( 74) Temperature Ranges.

LOGIC SYMBOL
1 15 14 13 12

UL

"—50

Eglo N 12 13 1g 15 lg 17

10 —fs,

3 —1s,

P4

r4
6 5

Vee =Pin 16
GND =Pin 8

CONNECTION DIAGRAM

NOTE:

DIP (TOP VIEW)

[Je
wlds
15[
16 []3
i1 m ]
sofdn
s, [0
sf3s

The Flatpak version has the same
pinouts.(Connection Diagram) as the
Dual In-Line Package.

LOGIC DIAGRAM 'o I 2 '3 a 5 s I,
° ) o ° 5 % 0@ O
520___{>°_T__°> ® ® ® ‘ ® ® ®@ ® ®
S o.________ I>° [ °I>
®
soo——-Do-—T——o>
O]
Eoo———% --I ke I A r .T 838
1 p‘ Q‘ 7 17 1
Vee =Pin 16
GND =Pin 8 ® |®
O = Pin Numbers o~ ¢
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SN54LS251/SN74LS251

FUNCTIONAL DESCRIPTION — The LS251

is a logical implementation of a single pole, 8-position switch with the switch

position controlled by the state of three Select inputs, Sg, Sy, So. Both assertion and negation outputs are provided. The
Output Enable input (Eq) is active LOW. When it is activated, the logic function provided at the output is:

Z= EO'“O‘SO'gT '§2 + |1 ‘So'—S_1 ‘§2 + |2'§O'S1 '§2 + 13’50'31 '§2 +

I4'§0'§1’52 + |5'30'§1 *So + ‘6'§0'S1'32 +17:S9°S9-Sp).

When the Output Enable is HIGH, both outputs are in the high impedance (high Z) state. This feature allows multiplexer
expansion by tying the outputs of up to 128 devices together. When the outputs of the 3-state devices are tied together, all,
but one device must be in the high impedance state to avoid high currents that would exceed the maximum ratings. The
Output Enable signals should be designed to ensure there is no overlap in the active LOW portion of the enable voltages. .

TRUTH TABLE

Eo| S2 S1 So o 14 2 i3 [P 13 e 17 z z
H X X X X X X X X X X X 2y (@
L L L L L X X X X X X X H L
L L L L H X X X X X X X L H
L L L H X L X X X X X X H L
L L L H X H X X X X X X L H
L L H ‘L X X L X X X X X H L
L L H L X X H X X X X X L H
L L H H X X X L X X X X H L
L L H H X X X H X X X X L H
L H L L X X X X L X X X H L
L H L L X X X X H X X X L H
L H L H X X X X X L X X H L
L H L H X X X X X H X X L H
L H H L X X X X X X L X H L
L H H L X X X X X X H X L H
L H H H X X X X X X X L H L
L H H H X X X X X X X H L H
H HIGH Voltage Level
L LOW Voltage Level
X Don’t.Care ,
(Z) High Impedance (Off)
ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired)
Storage Temperature —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Vc Pin Potential to Ground Pin —05Vto+7.0V
*Input Voltage (dc) -05Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Cutputs (Output HIGH) —0.5V to+5.5V
Output Current (dc) (Output LOW) +50 mA
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (V)
PART NUMBERS MIN VP cc VIAX TEMPERATURE
SN54L.5251X 45 V 50V 55 V —55°C to +125°C
SN74LS251X 475V 50V 525V . 0°C to +70°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for packages available on this product.
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

LIMITS
TER ITS | TEST CONDITIONS
SYMBOL PARAME N F MAX UN

Guaranteed Input HIGH Voltage

ViH Input HIGH Voltage 20 \ for All Inputs
| 54 0.7 | Guaranteed Input LOW Voltage
ViL Input LOW Voltage =4 o8 \Y for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 \% Vee = MIN, iy = -18 mA
54 24 3.4 v loR ==1.0 MA | Ve = MIN, Vi =V or
H Vol - ~
Von Output HI'G olage 74 24 3.1 Vv loH = —2.6 mA | V|__per Truth Table
54,74 0.25 0.4 % IoL=40mA |[Vcc=MIN, Vy = V|y or
VoL Output LOW Voltage oL — cc IN
74 0.35 05 Y loL =80 mA V) per Truth Table
lozH Output Off Current HIGH 20 LA Vee = MAX, Vouyr =27V, VE=20V
lozL Output Off Current LOW =20 | WA | Voo =MAX Vour =04V, VE=20V
, 1.0 20 | wA | Voo =MAX V=27V
H Input HIGH Current o " v MAX V. Yy
: m cc™ CVINT
e Input LOW Current -0.4 mA Vee = MAX, Vi =04V
Output Short Circuit .
| -15 -100 mA Vee = MAX, V =0V
sc Current (Note 4) cc out
Power Supply Current, A Ver = MAX, Vin = 45 V. VE=0 V
| Outputs LOW 6.1 o m cc = MAX Viy = 45 V. VE
cc Power Supply Current, -
: . A V, = , =45V, VE=45V
Outputs Off 71 12 m cc = MAX, V|y E
NOTES:

1. Conditions for testing, not shown'in the Table, are chosen to guarantee operation under “‘worst case’’ conditions.

2. The specified LIMITS represent the ‘‘worst case’ value for the parameter. Since these ‘‘worst case'’ values normaily occur at the
temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system
operating ranges.

Typical limits are at Voo = 5.0 V, Ta = 25°C.

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

od

AC CHARACTERISTICS: Tp = 25°C

LIMITS
YMBOL METER NIT TEST CONDITIONS

s PARA E MIN TYP MAX UNITS

tpLH Propagatign Delay, 1 20 ns Fig. 1

tpHL Select to Z Output 23 33

tpLH Propagation Delay, 30 45 ns Fig. 2

tpHL Select to Z Output 18 30 Vee=50V

tpLH Propagation Delay, 7.0 12 ns Fig. 1 C_=15pF

teHL Data t