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INTRODUCTION

General Description — For many years TTL has been the
most popular digital integrated circuit technology,
offering a good compromise between cost, speed, power
consumption and ease of use. As the price of TTL circuits
decreased and the average IC complexity increased to MSI
(medium scale integration), the cost and size of the power
supply and the difficulty of removing the heat dissipated
in the TTL circuits became increasingly important factors.
Recent improvements in semiconductor processing have
made it possible to not only reduce TTL power
consumption significantly, but also to improve the speed
over that of standard TTL.

LS Low Power Schottky TTL family combines a current
and power reduction by a factor 5 (compared to 7400
TTL) with anti-saturation Schottky diode clamping and
advanced processing, using shallower diffusions and higher
sheet resistivity to achieve circuit performance better than
conventional TTL. With a full complement of popular
TTL functions available in LS, Low Power Schottky is
destined to become the dominating TTL logic family.

LS represents more than just a conventional speed versus
power trade-off. This is best illustrated by Figure 1 which
compares LS to other TTL technologies. Note that LS
dissipates eleven times less power than S or 74S, suffering
a delay increase of only 1.7 times.

To the system designer the advantages of this new TTL
family are many:

® Less supply current allows smaller, cheaper power
supplies, reducing equipment cost, size and weight.

e Lower power consumption means less heat is
generated, which simplifies thermal design. Packing
density can be increased or cooling requirements
reduced, or perhaps both. The number of cooling fans
can be reduced, or slower, quieter ones substituted.

e Reliability is enhanced, since lower dissipation causes
less chip temperature rise above ambient; lower
junction temperature increases MTBF. Also, lower chip
current densities minimizes metal related failure
mechanisms.

Less noise is generated, since the improved transistors
and lower operating currents lead to much smaller
current spikes than standard TTL, which means that
fewer or smaller power supply decoupling capacitors
are needed. In addition, load currents are only 25% of
standard TTL and 20% of HTTL, which means that
when a logic transition occurs that current changes
along signal lines are proportionately smaller, as are the
changes in ground current. Rise and fall times, and thus
wiring rules, are the same as for standard TTL and
more relaxed than for HTTL or STTL.

Simplified MOS to TTL interfacing is provided, since
the input load current of LSTTL is only 25% of a
standard TTL load.

Ideally suited for CMOS to TTL interfacing, CMOS and
most other 4000 or 74C CMOS are designed to drive
one LS input load at 5.0 V. The LS can also interface
directly with CMOS operating up to 15 V due to the
high voltage Schottky input diodes.

Best TTL to MOS or CMOS driver. With the modest
input current of MOS or CMOS as a load, any LS
output will rise up to within 1 V of V¢, and can be
pulled up to 10 V with an external resistor.

e |nterfaces directly with other TTL types, as indicated
in the input and output loading tables.

The functions and pinouts are the same as the familiar
7400/9300 series, which means that no extensive
learning period is required to become adept in their
use.
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Circuit Characteristics

The LS circuit features are easiest explaned by using the
LS00 2-input NAND gate as an example. The
input/output circuits of all LS TTL, including, SSI, MSI
are almost identical. While the logic function and the
basic structure of LS circuits are the same as conventional
TTL, there are also significant differences, as explained
below:
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Fig. 2.

Input Configuration

LSTTL is considered part of the TTL family, but it does
not use the multi-emitter input structure that originally
gave TTL its name. All LS TTL, with the exception of
some early designs, employ a DTL-type input circuit
which uses Schottky diodes to perform the AND
function. Compared to the classical multi-emitter
structure, this circuit is faster and it increases the input
breakdown voltage to 15 V. Each input has a Schottky
clamping diode which conducts when an input signal goes
negative, as indicated by the input characteristic of Figure
3. This helps to simplify interfacing with those MOS
circuits whose output signal tends to go negative. For a
long TTL interconnection, which acts like a transmission
line, the clamp diode acts as a termination for a
negative-going signal and thus minimizes ringing.
Otherwise, ringing could become significant when the
finite delay along an interconnection is greater than
one-fourth the fall time of the driving signal.

The effective capacitance of an LSTTL input is
approximately 3.3 pF. For an input which serves more
than one internal function, each additional function adds
1.5 pF.
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Output Configuration

The output circuits of Low Power Schottky TTL have
several features not found in conventional TTL. A few of
these features are discussed below.

® The base of the pull-down output transistor is returned
to ground through a resistor-transistor network instead
of through a simple resistor. This squares up the
transfer characteristics since it prevents conduction in
the phase-splitter until base current is supplied to the
pull-down output transistor. This alsc improves the
propagation delay and transition time. (See Figure 4)

® The output pull-up circuit is a 2-transistor Darlington
circuit with the base of the output transistor returned
through a 5 k2 resistor to the output terminal. (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 Vg
below V¢ for low values of output current.

® As a unique feature, the LS outputs use a Schottky
diode in series with the Darlington collector resistor.
This diode allows the output to be pulled substantially
higher than Vcc (e.g., to +10 V, convenient for
interfacing with CMOS). For the same reason the
parasistic diode of the base return resistor is connected
to the Darlington common collector, not to Vcc.
Some early LS designs — the LS00, 02, 04, 10, 11, 20,
32, 74, 109, 112, 113, and 114 — do not have the
diode in series with the Darlington collector resistor.
These outputs are, therefore, clamped one diode drop
above the positive supply voltage (Vcg). These older
circuits also contain a ‘‘speed-up’’ diode that supplies
additional phase splitter current while the output goes
from HIGH to LOW and also limits the maximum
output voltage to one diode drop above V. Since
this is the fastest transition even without additional
speed-up, this diode is omitted in all new designs.




Output Characteristics

Figure 5 shows the LOW state output characteristics.
For low Ig|_ values, the pull-down transistor is clamped
out of deep saturation which contributes to speed. The
curves also show the clamping effect when Ig|_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 round-
ed 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
=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. Equiva-
lent edge rates are approximately 0.8 V/ns and 0.4
V/ns, respectively. For analytical purposes, the falling
waveform can be approximated by the following ex-
pression.
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For t in nanoseconds and C|_= 15 pF,
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AC Switching Characteristics

The average propagation delay of a Low Power Schottky
gate is 5 ns at a load of 15 pF as shown in Figure 6. 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 volt-
age ranges. (See Figures 8 and 9).

The power versus frequency characteristics of the LS
family, as shown in Figure 7, indicate that at operating
frequencies above 1 MHz the Low Power Schottky de-
vices are more efficient than CMOS for most applica-
tions.
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DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET

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.

Icc

lozH

lozL

Supply current — The current flowing into the Vc 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.

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

Input LOW current — The current flowing out of an input when a specified LOW voltage
is applied.

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

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

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

Output off current HIGH — The current flowing into a disabled 3-state output with a speci-
fied HIGH output voltage applied.

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

VOLTAGES — All voltages are referenced to ground. Negative voltage limits are specified as absolute

values (i.e.,

Vee

VcD(MAX)

ViH
VIH(MIN)
Vi
VIL(MAX)
VOH(MIN)

VOL(MAX)

—10 V is greater than —1.0 V).

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

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.

Input HIGH voltage — The range of input voltages that represents a logic HIGH in the
system.

Minimum input HIGH voltage — The minimum allowed input HIGH in a logic system. This
value represents the guaranteed input HIGH threshold for the device.

Input LOW voltage — The range of input voltages that represents a logic LOW in the
system.

Maximum input LOW voltage — The maximum allowed input LOW in a system. This value
represents the guaranteed input LOW threshold for the device.

Output HIGH voltage — The minimum voltage at an output terminal for the specified out-
put current I and at the minimum value of V.

Output LOW voltage — The maximum voltage at an output terminal sinking the maximum
specified load current I, .

1-7



DEFINITION OF SYMBOLS AND TERMS USED IN THIS DATA SHEET (Cont'd)

VT+

Vr-

Positive-going threshold voltage — The input voltage of a variable threshold device
(i.e., Schmitt Trigger) that is interpreted as a V) as the input transition rises from below

VT—(MIN):

Negative-going threshold voltage — The input voltage of a variable threshold device
(r.e.. Schmitt Trigger) that is interpreted as a V)L as the input transition falls from above

VT+MAX)-

AC SWITCHING PARAMETERS

fmax

tpLH

tPHL

tw

th

tpHZ

tpLz

tpzH

tpzL

trec

Toggle frequency/operating 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 1.3V
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 to its latching level,
during which interval the data to be recognized must be maintained at the input to ensure
its continued recognition. A negative hoid 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 maintained 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 asynchronous
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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DESIGN CONSIDERATIONS

Supply Voltage and Temperature Range tolerance (£500 mV) over an ambient temperature
The nominal supply voltage (Vcc) for all TTL circuits is range of —55°C to +125°C.
+5.0 V. Commercial grade parts are guaranteed to per-

form with a 6% supply tolerance (x250 mV) over an TTL families may be mixed for optimum system design.
ambient temperature range of 0°C to 75°C. MiL-grade The following tables specify the worst case noise im-
parts are guaranteed to perform with a £10% supply munity in mixed systems.

Worst Case TTL DC Noise Immunity / Noise Margins

Electrical Characteristics

Military (-55 to +125°C)|Commercial (O to 75°C)
Item | Symbol Motorola TTL Families ViL |VIH | VoL | YoH | ViL | VIH | VoL | VOH |Units
6 |TTL Standard TTL (54/74) 08 120 | 04| 24 /{0820 |04 | 24 \
7 |HTTL |High Speed TTL (54H/74H) 08 |20 | 04| 24 |08]20|04 | 24 \
8 |LPTTL |Low Power TTL, LOO (MSI) 07|20 | 03| 24 |08|20|03 | 24 \
9 |STTL |Schottky TTL (54S/74S), 93S00 08 |20 | 05| 25 08|20 | 05 | 27 \
10 |LSTTL |LowPowerSchottkyTTL (54LS/74LS) 07 (20| 04| 25 |08]20]05 | 27 \

VoL and Vo are the voltages generated at the output. V|_and V| are the voltage required at the input to generate
the appropriate output levels. The numbers given above are guaranteed worst-case values.

LOW Level Noise Margins (Military) HIGH Level Noise Margins (Military)

From~JO | TTL HTTL LPTTL STTL LSTTL | Units||From—2C_ | TTL HTTL LPTTL STTL LSTTL |Units
TTL 400 400 300 400 300 mv | [TTC 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 ||sTTL 500 500 500 500 500 | mV
LSTTL 400 400 300 400 300 mv ||LsTTL 500 500 500 500 500 | mV
From "V " to i From “VoH'' to "VIH"’

LOW Level Noise Margins (Commercial) HIGH Level Noise Margins (Commercial)

From~JO | TTL HTTL LPTTL STTL LSTTL | Units||From—~2_ | TTL HTTL LPTTL STTL LSTTL |Units
T 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 “VgL" to V)" From "VoH'" to "“ViH"
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Fan-in and Fan-out (normally rounded to 0.25 U.L.) and an input HIGH

In order to simplify designing with Motorola TTL devices, load factor of
the input and output loading parameters of all families are

normalized to the following values: M or 0.5 U.L.
40 uA
EXAMPLES—OUTPUT DRIVE
1. The output of the 7400 will sink 16 mA in the LOW
(logic *0*"). state and source 800 uA in the HIGH (logic
‘“1'") state. The normalized output LOW drive factor is
therefore
1 TTL Unit Load (U.L.) = 40 uA 16 mA
in the HIGH state (logic "1") — =10 U.L.
1.6 mA
1 TTL Unit Load (U.L.) = 1.6 mA
in the LOW state (logic “0") and the output HIGH drive factor is
_8_9_0_/15 or 20 U.L.
40 uA

2. The output of the 74LSO0 (Commercial Grade) will
sink 8.0 mA in the LOW state and source 400 uA in the

. . HIGH state. The normalized output LOW drive factor is
Input loading and output drive factors of all products

described in this handbook are related to these definitions. 8.0 mA

—0
EXAMPLES—INPUT LOAD 1.6 mA
and the output HIGH drive factor is

r5 U.L.

1. A 7400 gate, which has a maximum || of 1.6 mA and

I/ of 40 uA is specified as having an input load factor 400 pA
of 1 U.L. (Also called a fan-in of 1 load.) a0uA OrOUL
2. The 74L895 which has a value of Ij|_=0.8 mA and ||y
of 40 uA on the CP terminal, is specified as having an Relative load and drive factors for the basic TTL
input LOW load factor of families are given in Table /.
TABLE |
08 mA or 0.5 U.L.
1.6 mA INPUT LOAD OUTPUT DRIVE
FAMILY HIGH LOW HIGH Low
and an input HIGH load factor of
74LS00 05 U.L 0.25 U.L. 10 U.L. 5U.L
40 uA 7400 1UL 1UL 20 UL 10 UL
20 A or1 UL 9000 1 UL 1UL 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. 125 U.L.

3. The 74LSOO0 gate which has an Ij_ of 0.36 mA and an

I of 20 pA, has an input LOW load factor of
Values for MS| devices vary significantly from one element
0.36 mA or 0.225 U.L. to another. Consult the appropriate data sheet for actual
1.6 mA characteristics.
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Wired-OR Applications

Certain TTL devices are provided with an “open’ col-
lector 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 con-
sidering the fan-out of the OR tie and the number of
devices in the OR tie. The pull-up resistor value is cho-
sen from a range between a maximum value (estab-
lished to maintain the required Vou 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) ~ VoL

RX(MIN) =[5 = No(LOW) 1.6 mA
R (MAX) = Veeming ~ VoH

(MAX) = N7 Ion + N2(HIGH) e 40 uA
where:
Rx = External Pull-up Resistor
N1 = Number of Wired-OR Outputs
Ny = Number of Input Unit Loads being Driven
loH = Icex= Output HIGH Leakage Current
loL = LOW Level Fan-out Current of Driving Element
VoL = Qutput LOW Voltage Level (0.5 V)
VoH = Qutput HIGH Voltage Level (2.4 V)
Vee = Power Supply Voltage

Example: Four 74LS03 gate outputs driving four other
74LS gates or MSI inputs.

o _525V-05V _ 475V
X(MIN) © g maA—16mA 64 mA

=742Q

2-5

475V —-24V 235V
RXIMAX) = 32700 sa+ 2040pA 048 mA 420
where:
Nq =4
Np(HIGH) = 4 e 05UL =2UL.
Np(LOW) = 4025UL =1U.L
loH = 100 uA
loL = 8 mA
VoL = 05V
VoH = 24V

Any value of pull-up resistor between 742 Q and 4.9 kQ
can be used. The lower values yield the fastest speeds
while the higher values yield the lowest power dissipa-
tion.

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 Vgg. Most 74LS inputs have
a breakdown voltage > 16 V and require, therefore, no
series resistor. For all multi-emitter conventional TTL
inputs, a 1 to 10 kQ current limiting series resistor is
recommended, to protect against Vcc 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 func-
tion. 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 0.12 to
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 distribut-
ed 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 dur-
ing the initial portion of the output voltage transition
the driver sees the characteristic impedance of the in-
terconnection (normally 150 Q to 200(), which for tran-
sient 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, tend-
ing to produce a signal transition having the same rise
or fall time as in the no-load condition but with a re-
duced amplitude. This attenuated signal travels to the
far end of the interconnection, which is essentially an
unterminated transmission line, whereupon 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 it travels back toward the driver it adds to the line
voltage. At the instant the reflection arrives at the driv-
er it adds algebraically to the still-rising driver output,
accelerating the transition rate and producing the no-
ticeable change in slope.

If an interconnection is of such length that its delay is
longer than half the signal transition time, the attenu-
ated output of the driver has time to reach substantial
completion before the reflection arrives. In the 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 signal is the one at the far
end, because of the doubling effect, while the lastone to
receive a full signal is the one nearest the driver since
it must wait for the reflection to complete the trz_fmsi-
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tion. Thus, in a worst-cast situation, the net contribution
to the overall delay is twice the delay of the intercon-
nection 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 intercon-
nection, 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 transi-
tion 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 capacitances as an increase in the
intrinsic distributed capacitance of the interconnec-
tion. Increasing the distributed capacitance of a trans-
mission line reduces its impedance and increases its
delay. A good approximation for ordinary TTL intercon-
nections 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 interconnection, the low output impedance
also has a disadvantage. It makes the reflection coef-
ficient negative at the driven end of the interconnec-
tion, a circumstance that exists any time a transmission
line is terminated by an impedance lower than its char-
acteristic impedance. This means that when the reflec-
tion from the (essentially) open end of the interconnec-
tion arrives back at the driver it will be re-reflected with
the opposite polarity. The result is a sequence of reflec-
ted 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 intercon-
nections commonly used with TTL, and ringing is prac-
tically non-existent. Thus no special packaging is re-
quired. 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.
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DEVICE

SN54LS00/SN74LS00
SN541L.502/SN74L502
SN54LS03/SN74LS03
SN54LS04/SN74LS04
SN54L.S05/SN74LS05
SN54LS08/SN74LS08
SN54LS09/SN74LS09
SN54LS10/SN74LS10
SN54LS11/SN74LS11
SN54LS14/SN74L514
SN54L.S15/SN74LS15
SNG54LS20/SN74LS20
SN54LS21/SN74LS21
SN54LS22/SN74L522
SN54LS27/SN74LS27
SN54LS30/SN74L.S30
SN541L.S32/SN74L.S32
SN54LS37/SN74LS37
SN54LS38/SN74L538
SN54L.S40/SN74LS40
SN541.S42/SN741.542
SN54LS51/SN74LS51
SN54LS54/SN74L554
SN54LS55/SN74LS55
SN54L.S73/SN74LS73
SN54LS74/SN74LS74
SN541.583/SN74L.583
SN54L.S86/SN74L.586
SN54LS90/SN74LS90
SN54LS92/SN74L592
SN54L.S93/SN74LS93
SN54L.S95/SN74LS95
SN54L.S109/SN74LS109
SN54LS112/SN74LS112
SN54LS113/SN74LS113
SN54LS114/SN74LS114
SN54LS125/SN74L.S125
SN54LS126/SN74LS126
SN54LS132/SN74LS132
SN54L.S133/SN74LS133
SN54LS136/SN74L.S136
SN54LS138/SN74L.S138
SN54LS139/SN74LS5139
SN54LS161/SN74LS151
SNB4LS152/SN74LS5152
SNb54LS163/SN74L5153
SN54LS155/SN74LS155
SN54LS156/SN74LS156
SN54LS157/SN74LS157

NUMERICAL INDEX OF DEVICES

DESCRIPTION

Quad 2-Input NAND Gate
Quad 2-Input NOR Gate
Quad 2-Input NAND Gate (Open Collector)
Hex Inverter

Quad 2-Input AND Gate
Quad 2-Input AND Gate (Open Collector)
Triple 3-Input NAND Gate
Triple 3-Input AND Gate

Hex Schmitt Trigger . . . . . . . . . . . . . i i
Triple 3-Input AND Gate (Open Collector)
Dual 4-Input NAND Gate
Dual 4-Input AND Gate

Dual 4-Input NAND Gate (Open Collector)
Triple 3-Input NOR Gate
8-Input NAND Gate
Quad 2-Input OR Gate
Quad 2-Input NAND Buffer
Quad 2-Input NAND Buffer (Open Collector)
Dual 4-input NAND Buffer

2-3-3-2-Input

2-Wide 4-Input
Dual JK Flip-Flop
Dual D Flip-Flop
4-Bit Full Adder

Decade Counter
Divide-by-12 Counter
4-Bit Binary Counter
4-Bit Shift Register
Dual JK Edge-Triggered Flip-Flop
Dual JK Edge-Triggered Flip-Flop
Dual JK Edge-Triggered Flip-Flop
Dual JK Edge-Triggered Flip-Flop
Quad 3-State Buffer (LOW Enable)

Quad 3-State Buffer (HIGH Enable)
Quad 2-Input Schmitt Trigger
13-Input NAND Gate
Quad Exclusive OR (Open Collector)
1-0f-8 Decoder/Demultiplexer
Dual 1-of-4 Decoder/Demultiplexer
8-Input Multiplexer
8-Input Multiplexer
Dual 4-Input Multiplexer
Dual 1-of-4 Decoder
Dual 1-of-4 Decoder (Open Collector)
Quad 2-Input Multiplexer (Non-Inverting)
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NUMERICAL INDEX OF DEVICES (Cont'd)

DEVICE

SN54LS158/SN74L.S158
SN54LS160/SN74LS160
SN54LS161/SN74LS161
SN54LS162/SN74LS162
SN54LS163/SN74LS163
SN54LS164/SN74LS164
SNB54LS170/SN74LS170
SN54LS174/SN74LS174
SN54LS175/SN74LS175
SN54LS181/SN74LS181
SN54LS190/SN74LS5190
SN54LS191/SN74LS191
SN54LS192/SN74LS192
SN54LS193/SN74LS193
SN54LS194/SN74LS194
SN54LS195/SN74LS195
SN54LS196/SN74LS196
SN54LS197/SN74LS197
SN54LS251/SN74LS251
SN54LS253/SN74LS253
SN54LS257/SN74LS257
SN54L.S258/SN74LS258
SN54LS259/SN74LS259
SN54LS266/SN74LS266
SN54LS279/SN74LS279
SN54LS283/SN74LS273
SN54LS290/SN74LS290
SN54LS293/SN74L5293
SN54LS295/SN74LS295
SN54LS298/SN74L.S298
SN54LS365/SN74LS365
SN54LS366/SN74LS366
SN54LS267/SN74LS367
SN54LS368/SN74L.S368
SN54LS670/SN74LS670

DESCRIPTION

Quad 2-Input Multiplexer (Inverting) . . . . ... .. .. .......
BCD Decade Counter, Asynchronous Reset

4-Bit Binary Counter, Asynchronous Reset
BCD Decade Counter, Synchronous Reset
4-Bit Binary Counter, Synchronous Reset
8-Bit Shift Register (Serial In-Parallel Out)
4 x 4 Register File (Open Collector)
Hex D Flip-Flopw/Clear . . .. . . .. .. .. ...
Quad D Flip-Flop w/Clear
4-Bit ALU . L e e e e e e e e
Up/Down Decade Counter
Up/Down Binary Counter
Up/Down Decade Counter
Up/Down Binary Counter . . . . . .. .. .o v it nnon o
4-Bit Right/Left Shift Register
4-Bit Shift Register
Decade Counter . . . . . . . .o v i i i it e e e e e e e
4-BitBinary Counter . . . . .. . ... e e e
8-Input Multiplexer (3-State). .. . . . . ... .. ... ... ...
Dual 4-Input Multiplexer (3-State)
Quad 2-Input Multiplexer (3-State)
Quad 2-Input Multiplexer (3-State)
8-Bit Addressable Latch . . .. .. ... ... ... ... .. . ...
Quad Exclusive NOR (Open Collector)
Quad Set-Reset Latch. . . . .. .. .. ... ... . ...
4-Bit Full Adder (Rotated LS83)
Decade COUNtEr . . . . v v v v v e et e it e e e e e
4-BitBinaryCounter . . .. .. . . .. e e
4-Bit Shift Register (3-State) . . . . ... .. ... .. .. .......
Quad 2-Input Multiplexer w/Output Latches
Hex Buffer w/Common Enable (3-State) . . . ... ... .......
Hex Inverter w/Common Enable (3-State)
Hex Buffer, 4-Bit & 2-Bit (3-State)

Hex Inverter, 4-Bit & 2-Bit (3-State)
4 x 4 Register File (3-State)



DEVICE

SN54LS01/SN74LS01
SN54LS12/SN74LS12
SN54L.S13/SN74LS13
SN54LS26/SN74L526
SN54LS28/SN741.528
SN54LS33/SN74LS33
SN54LS75/SN74LS75
SN54LS76/SN74LS76
SN54LS77/SN74LS77
SN54LS78/SN74LS78
SN54LS85/SN74L.585
SN54LS89/SN74L589
SN54LS107/SN74LS107
SNB4LS165/SN74LS165
SN54L.S168/SN74L5168
SN54LS169/SN74L.5169
SN54LS173/SN74LS173
SN54LS257/SN74LS257
SN54LS260/SN74LS260
SN54LS273/SN74L.5273
SN541L.5280/SN74L5280
SN54L.S352/SN74LS352
SNb541L.S353/SN74LS353
SN54LS373/SN74LS373
SN54LS377/SN74LS377
SN541L.S378/SN74LS378
SN54LS379/SN74LS379
SN54LS390/SN74LS390
SN54L.S393/SN74L.S393
SN54LS395/SN74LS395
SN54LS490/SN74L5490

DEVICES TO BE INTRODUCED

DESCRIPTION

Quad 2-Input NAND Gate (Open Collector)
Triple 3-input NAND Gate (Open Coliector)
Dual 4-Input Schmitt Trigger

Quad 2-Input NAND (Open Collector 15 V)
Quad 2-Input NOR Buffer

Quad 2-input NOR Buffer (Open Collector)
Quad Transparent Latch

Dual JK Flip-Flop

Quad Transparent Latch

Dual JK Flip-Flop

4-Bit Magnitude Comparator

16 x 4 RAM

Dual JK Flip-Flop

8-Bit Parallel In/Serial Out Shift Register
Up/Down Decade Counter

Up/Down Binary Counter

4-Bit D Register (3-State)

Quad 2-Input Multiplexer (3-State)

Dual 5-Input NOR Gate

Octal D Flip-Flop w/Master Reset (20-Pin)
9-Bit Parity Generator/Checker

Dual 4-Input Multiplexer (Inverting LS153)
Dual 4-Input Multiplexer (3-State)

Octal Transparent Latch (20-Pin)

Octal D Flip-Flop w/Enable

Hex D Flip-Flop w/Enable

4-Bit D Flip-Flop w/Enable

Dual Decade Counter

Dual 4-Bit Binary Counter

4-Bit Shift Register 3-State MIL-DEC

Dual Decade Counter



SSI SELECTOR GUIDE

Low Power Std. TTL High Speed High Speed LSTTL
_ Schottky 54/74 54//74H Schottky Logic |Data Sheet
Function 5 ns/2 mW |10 ns/10 mW | 6 ns/22 mW | 3 ns/19 mW | Symbol | Page No.
NAND Gates
Hex Inverters 54/74L504 54/7404 54/74H04 54/74504 D-1 4-6
Hex Inverts (O.C.) 54/741.505 54/7405 54/74H05 54/74505 D-1 4-7
Hex Schmitt Trigger 54/74LS14 54/7414 D-1 4-12
Quad 2-Input 54/74L.S00 54/7400 54/74H00 54/74S00 D-2 4-3
Quad 2-Input (0.C.) 54/74L503 54/7403 54/74H01 54/74S03 D-2 4.5
Quad 2-Input (48 mA) 54/74LS37 54/7437 D-2 4-21
Quad Az)"“p“‘ (.c. 54/74L5138 54/7438 D-2 4-22
Quad 2-Input Schmitt 54/741.5132 54/74132 54/745132 D-2 4-42
Triple 3-Input 54/74S10 54/7410 54/74H10 54/74510 D-3 4-10
Dual 4-Input 54/741.520 54/7420 54/74H20 54/74S20 D-4 4-15
Dual 4-Input (O.C.) 54/74L522 54/7422 54/74H22 54/74522 D-4 4-17
Dual 4-Input Buffer 54/74L.540 54/7440 54/74H40 54/74540 D-4 4-23
8-Input 54/74LS30 54/7430 54/74H30 54/74530 D-5 4-19
NOR Gates
Quad 2-Input 54/74LS02 54/7402 54/74502 D-6 4-4
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[EIAREC

SSI1 LOGIC SYMBOLS

D2

FEAMAMAC

PLJLJLJ
11

ENJES

LI LTI

LS04, LSO05, LS14

e [

SjE B0 a6

LS00, LS03, LS37
LS38, LS132

Db

CCCCC

D3

Iofalaainialn

D4
Vee NC
mininininiainl
|B|BjE K8 |aEian
NC GND
LS20, LS22,
LS40

Llllillillillillilgii
LS10
D6
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SSI SELECTOR GUIDE

Low Power Std. TTL High Speed High Speed LSTTL
Schottky 54/74 54/74H Schottky Logic |Data Sheet

Function 5ns/2mW |10 ns/10 mW| 6 ns/22 mW | 3 ns/19 mW | Symbol | Page No.
AND Gates

Quad 2-Input 54/74508 54/7408 54/74H08 54/74508 D-7 4-8

Quad 2-Input (0.C.) 54/74L509 54/7409 54/74H09 54/74509 D-7 4-9

Triple 3-Input 54/74LS11 54/7411 54/74H11 54/74S11 D-8 4-11

Triple 3-Input (0.C.) 54/74515 54/74H15 54/74515 D-8 4-14

Dual 4-Input 54/741L.521 54/7421 54/74H21 D-9 4-16
OR Gates

Quad 2-Input 54/741.S32 54/7432 54/74S32 D-10 4-20
Exclusive OR Gate

Quad 2-Input 54/741.S86 54/7486 54/74586 D-11 4-31

Quad 2-Input (0.C) 54/741.5136 D-11 4-45
Exclusive NOR Gate

Quad 2-Input (0.C.) 54/741.5266 8242 D-12 4-46
AND-OR-INVERT Gates

Dual 2-2 input 54/74LS51 54/7451 54/74H51 54/74S51 D-13 4-24

2-2-3-3 Input 54/741L.S54 D-14 4-25

4-4 |nput 54/74L.S55 D-15 4-26
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D7
vee

AEAFRMARER

[ 5 1)
0] 72

H|B|80En6n|

GN

o

LS08, LS09

D10
Vee

FAREFRRCR

[ B ]

] ]

EjBj8njania

GND

LS32

SSI LOGIC SYMBOLS

D8
Vee

miniEininialol

D9

Vee

FEAMRRCR

s

E|B|80|a|08

GND

LS11,LS15

D11
Vee

piaiaininiaiol

(-

F Lo
Wizl Wi

jujB|8|njE|6n|

GND

LS86, LS136

D14

Vee

minlalninialal

S H 588 jn)n

GND

LS21

D12

Vee

miniaininiain
D> -
(51 [P

Dja|Bjajaja|a

GND

LS266

D15

Vee

mimiminioiole

yitw

|E1]8 B 580

GND

LS55
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SSI| SELECTOR GUIDE

Low Power Std. TTL High Speed High Speed LSTTL
Schottky 54/74 54/74H Schottky Logic |Data Sheet
Function 5 ns/2 mW (10 ns/10 mW | 6 ns/22 mW | 3 ns/19 mW | Symbol | Page No.
Dual Flip-Flops
55/74H73,
Dual JK 54/74LS73 54/7473 54/74H103 D-16 4-27
Dual D 54/74L.S74 54/7474 54/74H74 54/74S74 D-17 4-29
Dual JK 54/74LS109 54/74109 54/745109 D-18 4-32
Dual JK 54/741.5112 54/74S5112 D-19 4-34
Dual JK 54/74L5113 54/745113 D-20 4-36
Dual JK 54/74LS114 54/745114 D-21 4-38
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SSI FLIP-FLOP LOGIC DIAGRAM

D16 D17
4 10
12 7 Sp Sp
11— Q - ap—o 2—o ap—s12—p ¢ afp—o
1—of cp 2o e 3—fcp 11— cp

3—x ajp® alo—s afo—s afo—s

o co | o co I
i Y i i
2 6

1 13

Vee = Pin 4 Vce =Pin 14
GND = Pin 11 GND =Pin 7
LS73 LS74
D18 D19
5 11 4 10
Si Si
2— Do-—e 1—4—1J DQ——TO 3— SDQ—S LL-J SDQ—Q
12
4—ij cpP ~—]cp 1—0f cp 13—0f cP

J—OKCDOO—7 —qx , oo _!_ 2—+KCDQO—'6 LKCDOO—7 —I—
¥ v 7 7

15 14
Vee = Pin 16 Vee = Pin 16
GND =Pin8 GND = Pin 8
LS109 LS112
D20 D21
i ;
S|
33— SDo—s JAN Do—e
1—0f cp 13—0f cP 13—4
2— afo—s 2« alo—s
1
Vee = Pin 14 Ve = Pin 14
GND = Pin 7 GND = Pin 7
LS113 LS114




MSI SELECTOR GUIDE BY FUNCTION

Arithmetic Operators
(CLA = Carry Lookahead)

c
2
o ®—
g 2 .E g gg § o
o H @ ]
B 3 g‘ "5 Tw Q2= t "s z
g S 2 S | 02 | Go8
e u 4 ] 5E | %8
=) o z 2 o%
o
a
Adder 74LS83 Full Binary 4-Bit w/Carry 4 15 95 5-6
Adder 74L.S283 Full Binary 4-Bit w/Carry 4 15 95 5-109
Arithmetic Logic Unit 7415181 ALU with External CLA 4 20 105 5-63
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MSI SELECTOR GUIDE BY FUNCTION

Counters
A = Asynchronous S = Synchronous
ol
c ® 3 s
) 3 €| 5. | 8% | 5| -
c 2 o S| % | *2 | 6& | 88 | .86
2 w E S| 8| %2 | oe 22 | E52
g e b = (= 2N o > 02 (ned
k. B s S| 3| 95 | %2 | sE |58
a €| 8| & 38 H 0
c | = 3 &
Asynchronous 74L590 2x5 e 50 33 45 5-9
Asynchronous 741592 2x6 . 50 33 45 5-9
Asynchronous 74LS93 2x8 e 50 46 45 5-9
Asynchronous 74L5196 2x5 . 60 48 60 5-89
Asynchronous 74LS197 2x8 T 70 60 60 5-89
10
74 -
Synchronous LS160 Presettable s | I 45 15 95 5-44
i6
1 -
Synchronous 74LS16 Presettable s | I 45 15 95 5-44
Synchronous 7415162 10 S I 45 15 95 5-44
Presettable
16
Synchronous 74LS163 Presettable S | J 45 15 95 5-44
Up/ Down 74L8192 10 A = 40 30 85 5-75
Up/ Down 74LS193 16 A I 40 30 85 5-75
Up/ Down 74LS190 10 A I 40 20 90 5-68
Up/ Down 74LS191 16 A I 40 20 90 5-68




- MSI SELECTOR GUIDE BY FUNCTION

Decoders/Demultiplexers

Unit Load (UL) = 40 uA HIGH/1.6 mA LOW

2 2 c
. a 2 2 -y o
o s g = So | 2 > = 3
g z 2 G | 3 | 32 |S.|S-.|88| 2| %8s
S w £ 2 25 |oa| e |82 | = |g£2
g g | 8 | & |83 |gZ|2S|az |3 |has
o® - 1
2 @ 5 ® 2 cd | S2| 82| 5E| 5§ | &S
a ° 2 g 2s |3 c 3 w o
< 3 £ co |« | ™ S
< <
Dual 1-of-4 7415139 2+2 141 | 4+4 22 |19 | 34 | 5 |5.22
Dual 1-of-4 7415155 2 242 | 4+4 18 | 15 | 30 | 5 |5-34
Dual 1-of-4 7415156 2 2+2 | 4+4 | 55v | 33 | 26 | 31 | 5 | 534
1-0f-8 7415259 3 1 8 30 | 19 | 60 | 5 | 5-108
1-0f-8 741542 3 1 8 17 | 17 | 35 | 5 | 53
1-0f-8 7415138 3 3 8 22 | 21 | 34 | 5 | 519
1-0f-10 741542 4 (BCD) 10 17 3 | 5 |53
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MSI SELECTOR GUIDE BY FUNCTION

Latches/Flip-Flops

5~
o c
5 = |22 %% | 3 $
o ] ° k] Y - ] ® - -
g 2 5 3] °2 3¢ | x& ag | &8 25
2 w 5 g Od 25| g2 | o | 82 | g2
€ g © £ 28 w2 Q Sa 02 | 0al
2 > % £5 533 o8 =2 = zED
w w < E g =Y o 33 ] < [ E U&
§&€ | w a
[+ o
4-Bit R-S Latch 7415279 | 4x(RS) ; ; ; ; 14 19 | 4-47
4-Bit D Latch 7415197 4xD L ) 20 28 24 60 | 5-89
4-Bit D Latch 7405197 4xD L ) 20 28 24 60 | 5-89
4-Bit D Flip-Flop 74LS175 4xD L ) 20 21 ; 55 | 5-60
4-Bit D Flip-Flop 7415298 4x2 ; L) 20 20 ; 65 | 5-121
6-Bit D Flip-Fiop 7415174 6 L ) 20 21 ; 80 | 5-57
8-Bit Add. Latch | 74LS259 1xD L "o 11 18 28 70 | s-108
3 add. bits
3
4x4 Register File 7418170 4xD - 2 25 - 26 125 5-53
4x4 Register File | 74, 5670 4xD . 2 25 ; 24 150 | 5-124
(3-state)




MSI SELECTOR GUIDE BY FUNCTION

Multiplexers
Unit Load (UL) = 40 A HIGH/1.6 mA LOW
5
. o g ||, $
(o) - - 3 ) 0-‘_ = -
5 2 a fl, ° °5 %—5 5—5 88| 2| _8s
2 w £ 5 = 0x>0 @ ag| = £2
b 3‘ [a] z 2= =1 tu’
7] 3] o o o et B Rd £33 7.
€ S -] o E 02|09 | 8a 2/ 0 | Q=2
e I ® 3 2 s°|ec|ac | 5E| ¢ Sa
w c - a L3 c 0 4 ] (=]
<]
8 a
Quad 2-Input 74LS157 1 X 18 14 9 | 49 5 5-38
Quad 2-Input 7415158 1 X 16 12 7 | 24 5 5-41
Quad 2-Input 74LS257 1 3-State 14 16 12 50 5 5-102
Quad 2-Input 7415258 1 3-State | 12 16 10 | 35 5 5-105
Clocked X
Quad 2-Input 74L.5298 (edge-trigger) Latched - 20 - 65 5 5-121
Dual 4-Input 7415153 2 X 18 16 10 | 31 5 5-31
Dual 4-Input 7415253 2 3-State 18 16 10 | 43 5 5-99
8-Input 74LS151 1 X X 28 | 25 18 | 30 5 5-25
8-Input 74LS251 1 3-State 3-State | 29 | 21 18 | 33 5 5-95
8-Input 74LS152 X 22 - 11 28 5 5-28

3-15



MSI SELECTOR GUIDE BY FUNCTION

Registers
A = Asynchronous S = Synchronous
c
- . g | s- | &
—_ oo 4
g 2 2 E| 22| 8| 5g| 32| 83| . 8g
g s | 3| & &8 | §| g2 | 3, | 88| pal
] o S = $% % 2N e 0z | ngd
S > ] & ®o -] oz x3 H “af
e w @ fo] 2 xS 5= FR 3 Q%
0 z 7] 82 (3] o 89 2
a s GQ °
a
Parallel-in / Parallel-out 74LS95 )
Shift Right 4 D 4S L 36 20 65 5-15
Parallel-in/ Parallel-out
Shift Right 74LS195 4 J, K 4S I 39 17 70 5-85
Parallel-in / Parallel-out 7418295 :
Shift Right 4 D 4s I 28 40 75 5-117
Parallel-in/ Parallel-out 7415194 a |OR 1t 45 | | 36 16 75 | 5-81
Bi-Directional DL
Seriai-in/ Paraliei-out 74LS8164 8 2D - g 18 50 85 5-45
Parallel-in/ Parallel-out 74LS174 6 - 6S i 40 21 65 5-57
Parallel-in / Parallel-out 7418175 4 - 4S i 40 21 45 5-60
. 2D
Parallel-in/ Parallel-out 7415298 4 - MUX = 30 21 65 5-121
Multiport Registers 74LS8170 16 - 4A L - 25 125 5-53
Multiport Registers 74LS670 16 - 4A s - 30 150 5-124
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SN54LS00/SN74LS00

QUAD 2-INPUT NAND GATE

Vee

[ [o] [ [ [ [ [F]

D)

LTI L L e L

GND

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS
MIN P MAX TEMPERATURE
SN54LS00X 45 V 50V 556 V —55°C to 125°C
SN74LS00X 475V 50V 525V 0°C to 756°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
N
SYMBOL PARAMETER N ~p MIAX UNITS TEST CONDITIONS (Note 1)
\m Input HIGH Voltage 2.0 Vv Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 72 0.8 \% Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage -0.65 -1.5 Y Vee =MIN, Iy = -18 mA
54 2.5 3.4 _ _ -
VoH Output HIGH Voltage 72 27 32 \Y Vee = MIN, gy = =400 pA, VN = V)L
54,74 0.25 0.4 \ Vee = MIN, Ig =40 mA, Viy =20V
t LOW Volt 4
Vou Outpy onage 72 035 | 05 v Voo = MIN, T, =80 mA, Vjy = 20V
1.0 20 A Vee = MAX, Viy =27V
H Input HIGH Current K cC IN
0.1 mA Vee = MAX, V=10V
" Input LOW Current -0.36 mA Voo = MAX, Vg = 04V
Output Short Circuit _ _ _
los Current (Note 3) 15 100 mA Vee = MAX, Voyr =0V
IccH Supply Current HIGH 0.8 1.6 mA Vee = MAX, V=0V
lecL Supply Current LOW 2.4 4.4 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER VN LI_:/S:S VIAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 3.0 5.0 10 ns Ve =50V

tPHL Turn On Delay, Input to Output 3.0 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 limitsare at Ve =5.0 V, Ta = 25°C.
3. Not more than one output should be shorted at a time.
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SN54L.S02/SN74L.S02

QUAD 2-INPUT NOR GATE

Vee

[l [ [7] [7] [&] [5] [5]

D

]
L) L L

GUARANTEED OPERATING RANGES

L] Lef L] [

SUPPLY VOLTAGE
PART NUMBERS MIN P MAX TEMPERATURE
SN54LS02X 45 Vv 50V 55 Vv —55°C to 125°C
SN74LS02X 475V 50V 525V 0°C to 76°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 s
SYMBOL PARAMETER MIN Tvp MAX UNITS TEST CONDITIONS (Note 1)
Vin Input HIGH Voltage 20 \Y Guaranteed 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 Vec = MIN, |y =-18 mA
54 25 3.4 _ _ -
VOH Output HIGH Voltage 72 27 34 v Vcc = MIN, IOH = —400 LA, V|N = V|L
54,74 0.25 04 v Vee = MIN, Igp =4.0mA, Vjy =2.0V
v, tput LOW Volt d cC : OL * _IN
oL Outeu age 74 035 | 05 v Ve = MIN, 1o, = 8O mA, Vi = 2.0V
1.0 20 UA Ve =MAX, Viy =27V
| Input HIGH Ci t
H put HIGH Curren 01 | mA | Voc=MAX V=10V
i Input LOW Current -0.36 mA Vee = MAX, ViN=04V
Output Short Circuit _ _
los Current (Note 3) -15 100 mA VCC = MAX, VOUT =0V
lccH Supply Current HIGH 1.6 3.2 mA Vee = MAX, Vin=0V
IccL Supply Current LOW 24 5.4 mA Ve = MAX, Inputs Open
AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX
tpLH Turn Off Delay, Input to Output 3.0 5.0 10 ns Vee =50V
tpHL Turn On Delay, Input to Output 3.0 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 = 5.0 V, T = 25°C.

3. Not more than one output should be shorted at a time.
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SN54LS03/SN74LS03

QUAD 2-INPUT NAND GATE

pinininioiolio

* *

D

Ll Gl b il e L

GND

*OPEN COLLECTOR OUTPUTS
GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS MIN F MAX TEMPERATURE
SN54LS03X 45 V 50V 55 V —65°C to 125°C
SN74LS03X 475V 50V 5.26 v 0°C to 75°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,R;?, IAX UNITS TEST CONDITIONS (Note 1)
VIH Input HIGH Voltage 20 A% Guaranteed Input HIGH Voltage
Vi Input LOW Voltage 54 0.7 \% Guaranteed Input LOW Voltage
74 0.8
Vep Input Clamp Diode Voltage -0.65 -1.5 \ Vec =MIN, Iy = -18 mA
loH Output HIGH Current 100 MA Vee = MIN, Vo =55V, V)N =V
T g e e
IH Input HIGH Current 10 02(1) ::‘AA xgg : x':); x:: z :; x
TN Input LOW Current -0.36 mA Vee = MAX, Vjy =04V
lccH Supply Current HIGH 0.8 1.6 mA Vee = MAX, Viy=0V
lccL Supply Current LOW 2.4 4.4 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER MIN legs NIAX UNITS TEST CONDITIONS

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

tpHL Turn On Delay, Input to Output 10 18 ns C =15pF, 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, Ta = 25°C.
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SN54L.S04/SN74L.S04

HEX INVERTER

Vee

[ [ [ [ [e] 7] [

D)

Dol o

Do Doy

L L B L B L] ]

GND

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS
MIN ™F MAX TEMPERATURE
SN54LS804X 45 Vv 50V 55 V —55°C to 125°C
SN74LS04X 475V 50V 5.25 Vv 0°C to 75°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 IN ~F VIAX UNITS TEST CONDITIONS (Note 1)
Viy Input HIGH Voltage 20 \Y Guaranteed Input HIGH Voltage
Y Input LOW Volt 54 0.7 Y, Guaranteed Input LOW Volt
n
L pu oltage 72 08 eed Inpu oltage
Vep Input Clamp Diode Voltage -0.65 -1.5 \% Vee = MIN, [y = —18 mA
54 2.5 3.4 _ _ _
VoH Output HIGH Voltage 7a 27 34 \% Vee = MIN, Igy = —400 pA, Viy = Vi
54,74 0.25 04 \ Vee = MIN, 1) = 4. . =2.
VoL Qutput LOW Voltage CC IN. lo. O mA Viy =20V
74 0.35 05 \% Vee =MIN, Ig =8.0mA, V)y=2.0V
1.0 20 Vee = MAX, Vg = 2.7 V
IH Input HIGH Current HA CC IN
0.1 mA Vee = MAX, Viy =10V
e Input LOW Current -0.36 mA Vee = MAX, Vjy =04V
Output Short Circuit _ _ _
los Current (Note 3) 15 100 mA Vee = MAX, VoyTr =0V
lccH Supply Current HIGH 1.2 24 mA Vee = MAX, Viy=0V
lccL Supply Current LOW 3.6 6.6 mA Vee = MAX, Inputs Open
AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)
LIMITS
SYMBOL PARAMETER
MIN P MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 3.0 5.0 10 ns Vec =50V
thHL Turn On Delay, Input to Output 3.0 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 Voo = 5.0 V, Tp =25°C.
3. Not more than one output should be shorted at a time.
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SN54LS05/SN74LS05

Vee

HEX INVERTER

[l (5] [ [ [ [ [7]

b

Do

*

LT 0T L B L]

GUARANTEED OPERATING RANGES

GND

*OPEN COLLECTOR OUTPUTS

SUPPLY VOLTAGE
PART NUMBE TE RATURE
TNU RS MIN TYP MAX MPE
SN54LS05X 45 V 50V 55 V —55°C to 125°C
SN74LS05X 475V 50V 5.25 Vv 0°C to 756°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)

LIMITS
SYMBOL PARAMETER N P MAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 2.0 \Y Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 72 08 \% Guaranteed Input LOW Voltage
Vebp Input Clamp Diode Voltage -0.65 -1.5 Y Vee = MIN, Jjy = —18 mA
I0H Output HIGH Current 100 UA Vee =MIN, Vo = 55V, ViN=V|L
54,74 0.25 0.4 \% Vec =MIN, I =40mA, Viy =20V
V t LOW Volt
oL Output LOW Voltage 7a 035 | 05 v Ve = MIN, I, = BOmA, Vi = 20V
1.0 20 A Vee = MAX, V)= 2.7V
1 Input HIGH Current H cc=M IN
0.1 mA Vee = MAX, Viy=5.5V
e Input LOW Current -0.36 mA Vee = MAX, Vi = 04V
lccH Supply Current HIGH 1.2 24 mA Vee = MAX, V| = ov
lccL Supply Current LOW 3.6 6.6 mA Vee = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER VIN Ll.mgs 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_= 2.0 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, Ta =25°C.
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SN541.S08/SN74LS08

QUAD 2-INPUT AND GATE

Vee

[ [7] [ [ [l 5] [5]

D

LGl B Ll LT L] [

GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART N
UMBERS N F MAX TEMPERATURE
SN54LS08X 45 Vv 50V 565 V —55°C to 125°C
SN74LS08X 475V 50V 525V 0°C to 75°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)

LIMIT
SYMBOL PARAMETER VIN TYOS’ MAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 2.0 \% Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 74 08 v Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage —0.65 -1.5 v Vec =MIN, Iy =—-18 mA
54 25 34 _ _ _
VOH Output HIGH Voltage 74 % 34 v VCC = MIN, IOH = —400 uA, VIN = VIH
54,74 0.25 0.4 \Y Vee = MIN, I =4.0 mA, Vi =V,
v, Output LOW Volt : CC * OL N L
oL utpd oltege 73 035 | 05 v Voo = MIN, Ig, = 80 mA, Viy =V,
1.0 20 [lA Vcc = MAX, VlN =27V
t HI t
hH input HIGH Curren 01 | mA | Vgc=MAX Vjy=10V
i Input LOW Current -0.36 mA Vee = MAX, Vi =04V
Output Short Circuit _ _
IOS Current (Note 3) -15 -100 mA Vcc = MAX, Vou‘r =0V
lccH Supply Current HIGH 24 4.8 mA Ve = MAX, Inputs Open
IccL Supply Current LOW 4.4 8.8 mA Vec =MAX, Viy=0V

AC CHARACTERISTICS: Ty = 25°C (See Page 4-50 for Waveforms)

LIMIT:
SYMBOL PARAMETER MIN TYPS MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 8.0 13 ns Vec =50V
tpHL Turn On Delay, Input to Qutput 75 1 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, 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)

Vee

minininicinin

*
*

D

1 2 3 4 5 7
*Open Collector Outputs |_] |.__.| I_J ‘_l LJ liJ L_]

GND

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PA| MB P
RT NUMBERS MIN s AR TEMPERATURE
SN54LS09X 45 Vv 50V 55 V —55°C to 125°C
SN74LS09X 475V 50V 525V 0°C to 756°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)
VIH Input HIGH Voltage 20 \ 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 -1.56 \% Vee = MIN, )y = -18 mA
loH QOutput HIGH Current 100 MA Vec =MIN, Vo =55V, V)N =V|y
54,74 0.25 0.4 \ Vee = MIN, I =4.0mA, Viy =V
V, Output LOW Voltage d cC : OL * YIN L
oL 74 0.35 05 v Vee = MIN, I, = 80 mA, Vi = V),
1.0 20 MA VCC = MAX, VIN =27V
hH Input HIGH Current 0.1 mA Vee = MAX, V=10V
cc IN
e Input LOW Current —0.36 mA Vee = MAX, V=04V
lccH Supply Current HIGH 24 4.8 mA Ve = MAX, inputs Open
lecL Supply Current LOW 44 8.8 mA Vee = MAX V=0V

AC CHARACTERISTICS: Tp = 25°C  (See Page 4-50 for Waveforms)

LIMITS
SYMBOL PARAMETER N TYP MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 13 20 ns Vee =50V
tPHL Turn On Delay, Input to Output 10 15 ns CL= 15 pF, R = 2.0 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 Vec = 5.0 V, Ta = 26°C.
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SN54LS10/SN74LS10

TRIPLE 3-INPUT NAND GATE

Vee

[+] [ [ [ [5] 5] [7]

D 5

L Ll B L BT T

GND

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS MIN F MAX TEMPERATURE
SN54LS10X 45 Vv 50V 65 V =55°C to 125°C
SN74LS10X 475V 50V 5.25 v 0°C to 75°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 VIN P AAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 20 .V Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 72 08 \% Guaranteed Input LOW Voltage
Vep Input Clamp Diode Voltage -0.65 -1.5 \% Vece = MIN, In=—18 mA
54 2.5 3.4 _ _ -
VoH Output HIGH Voltage 72 27 34 \ Vee = MIN, lgy = —400 uA, V) = Vi
54,74 0.25 0.4 Y Vee = MIN, Igp =40 mA, Viy =20V
t LOW Vot : cc * OL N
VoL Output LOW Voltage 74 035 | 05 v Voo = MIN, i =8O mA, Vjy = 20V
1.0 20 UA Vee = MAX, V=27V
| H C t
hH nput HIGH Curren 03 Y Voo = MAX, Vjy =10V
e Input LOW Current -0.36 mA Vee = MAX, Viy =04V
Output Short Circuit _ _
|os Current (Note 3) 15 -100 mA VCC = MAX, VOUT =0V
lccH Supply Current HIGH 0.6 1.2 mA Vee = MAX, Viy =0V
lccL Supply Current LOW 1.8 3.3 mA Vec = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER WIN LITI\¢I;'S VIAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 3.0 6.0 10 ns VCC =50V

tpHL Turn On Delay, Input to Output 3.0 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 Voc = 5.0 V, Ta = 25°C.

3. Not more than one output should be shorted at a time.
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SN54LS11/SN74LS811

TRIPLE 3-INPUT AND GATE

Vee
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GUARANTEED OPERATING RANGES

GND

SUPPLY VOLTAGE
PART NUMBERS
MIN P AR TEMPERATURE
SN54LS11X 45 V 50V 55 V —55°C to 125°C
SN74LS11X 475V 50V 525V 0°C to 75°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
ET
SYMBOL PARAMETER N gy WIAX UNITS TEST CONDITIONS (Note 1)
Viy Input HIGH Voltage 2.0 \Y Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 74 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 72 57 34 Vv Vee = MIN, Igy = —400 A, Vi = Vi
54,74 0.25 0.4 \ Ve =MIN, g =4.0mA, Viy =V
W Vol
VoL Output LOW Voltage 74 035 | 05 v Voo = MIN, 1o, = BOmA, Vi = V),
1.0 20 ,uA VCC = MAX, VlN =27V
I Hi t
M nput HIGH Curren 01 | mA | Voo =MAX Vjy=10V
IR Input LOW Current -0.36 mA Voo = MAX, V=04V
Output Short Circuit _ _
los Current (Note 3) -15 -100 mA Vee = MAX, Vour =0V
lccH Supply Current HIGH 1.8 3.6 mA Ve = MAX, Inputs Open
lccL Supply Current LOW 3.3 6.6 mA Vee = MAX, Vg = ov

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER MIN Ll.m,'gs MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 4.0 85 13 ns Vee = 50V

thHL Turn On Delay, Input to Qutput 3.0 75 11 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 Voc = 5.0V, Ta = 25°C.

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




SN54LS14/SN74L514

HEX SCHMITT TRIGGER INVERTER

DESCRIPTION — The SN54L.S14/SN74LS14 contains six logic 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 DIAGRAM VN VERSUS Vout
DIP (TOP VIEW) TRANSFER FUNCTION
50 —T
Vee = 5.0V
Ta ? 25"0K

Vo — OUTPUT VOLTA

0.0 0.4 0.8 1.2 1.6 20
VN ~ INPUT VOLTAGE - VOLTS

Fig. 1
THRESHOLD VOLTAGE AND HYSTERESIS THRESHOLD VOLTAGE AND HYSTERESIS
VERSUS VERSUS
POWER SUPPLY VOLTAGE TEMPERATURE
2.0 — 19
Ta=25°C
—
© 16 v+ L 2 17 v+
N g
| b
g 4 3 g 1.5
58 58
o1 (<2
e v — 2 13
EF s e e g
e avy =
wwn w n 1.1
x > x >
T T
[ S
! - 04 I
£3 £3 os vi-
n N Avy
0'04,5 4.75 5.0 5.25 5.5 0’-755" 0 25° 75° 125°

Vcc — POWER SUPPLY VOLTAGE — VOLTS Ta - AMBIENT TEMPERATURE - °C

Fig. 2 Fig. 3
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SN54LS14/SN74LS14

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
TEMPERATUR
PART NUMBERS MIN pavey VAX URE
SN54LS14X 45 Vv 50V 55 V —55°C to 1256°C
SN74LS14X 475V 50V 525V 0°C to 75°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)
V1 Positive-Going Threshold Voltage 1.6 \ Ve =50V
V- Negative-Going Threshold Voltage 0.8 \Y Vee = 50V
Vr4+~Vy— | Hysteresis 04 0.8 \ Ve =50V
Veo Input Clamp Diode Voltage —0.65 -1.5 \% Vee = MIN, )y = —18 mA
v o GH Vol 54 2.5 3.4 _ _ _
OH utput HI oltage 74 27 34 \% VCC = MIN, IOH = —400 uA, VlN = V"_
54,74 . . = = 4. =2
VoL Output LOW Voltage 0.25 0.4 \% Ve = MIN, Ig =4.0mA, Viy =20V
74 0.35 0.5 \ Voo = MIN, Ig =8.0mA, V|y =20V
Input Current at _ _ _
e+ Positive-Going Threshold 014 mA Vee =50V Vi = Vr+
Input Current at _ _ _
- Negative-Going Threshold 0.18 mA Vee =50V Viy = V-
1.0 = =2
I Input HIGH Current 20 | wA Vee ZMAX ViN =27 Y
0.1 mA Ve = MAX, vy =10V
M Input LOW Current -0.4 mA Ve = MAX, Viy = 0.4V
| Output Short Circuit Vo = _
0s Current (Note 3) -15 —100 mA cc = MAX, Voyr =0V
lccH Supply Current HIGH 8.6 16 mA Vee = MAX, vy =0V
lceL Supply Current LOW 12 21 mA Voo = MAX, V)y =45V
AC CHARACTERISTICS: Tp = 25°C
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX
tpLH Propagation Delay, Input to Output 20 ns Vee =50V
tpHL Propagation 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. Typical limits are at Voc = 5.0 V, Tp = 25°C.
3. Not more than one output should be shorted at a time.

16V
v
N 7' \o.a v
ov
[<t—tpy L‘>1 L"PLH‘>‘

Vout 13V 13V




SN54L.815/SN74LS15

TRIPLE 3-INPUT AND GATE

Vee

[l [ 3 [ [ [+ 5]

LTI

*OPEN COLLECTOR OUTPUTS
GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PAR
T NUMBERS N F MAX TEMPERATURE
SN54LS15X 45 Vv 50V 65 V =55°C to 125°C
SN74LS15X 475V 50V 525V 0°C to 75°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)

LIMIT:
SYMBOL PARAMETER MIN TYIS:' MAX UNITS TEST CONDITIONS (Note 1)
VIH input HIGH Voitage 2.0 \% 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 \% Ve =MIN, )y = —18 mA
IoH Output HIGH Current 100 uA Vee =MIN, Vo = 5.5V, Viy = Vjy
54,74 0.25 0.4 v Ve = MIN, Ig; =40 mA, Vjy =V,
t LOW Volt
Vou Output LOW Voitage 7a 035 | 05 v Vee = MIN, 1o, = B0 mA, Viy = VL
1.0 20 uA Vee = MAX, Vi = 2.7V
I HIGH t
H neut HIGH Curren 01 | mA | Voo =MAX V=10V
e input LOW Current -0.36 mA Ve = MAX, Vi = 0.4 V
lccH Supply Current HIGH 1.8 3.6 mA Vee = MAX, Inputs Open
lecL Supply Current LOW 3.3 6.6 mA Vee = MAX, Vin=0V

AC CHARACTERISTICS: Tp = 25°C

(See Page 4-50 for Waveforms)

SYMBOL PARAMETER VIN L'_:AY‘;S VIAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 7.0 13 20 ns VCC =50V

tpyL Turn On Delay, Input to Output 5.0 10 15 ns C =15pF, 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 limitsare at Voc = 5.0 V, Tp = 25°C.
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SN54LS20/SN74LS20

DUAL 4-INPUT NAND GATE

ninininininin

D

|[RBEEEOEERORE

GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS IR VP VAX TEMPERATURE
SN54LS20X 45 Vv 50V 55 V ~55°C to 125°C
SN74LS20X 475V 50V 5.25V 0°C to 76°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 WIN TvP MAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 2.0 \" Guaranteed Input HIGH Voltage
54 0.7
Y Input LOW Voltage \Y Guaranteed Input LOW Voltage
IL 74 0.8
Vebp Input Clamp Diode Voitage —0.65 -15 \ Ve =MIN, iy = —18 mA
\ Output HIGH Voltage 54 25 3.4 \ Vee = MIN, | =—400 uA, Viy = V
OH utpu El 74 2.7 3.4 CcC - 'OH HAVIN (=
54,74 0.25 04 v Vee = MIN, Ig = 4.0 mA, Vi = 20V
V tput LOW Volt
oL Outpy oltege 7a 035 | 05 v Voo = MIN, Ig, = BOmA, Vjy = 2.0V
1.0 20 uA Vo = MAX, Vi =27V
| Input HIGH t
H ned Curren 01 | mA | Voo = MAX, Vijy =10V
he Input LOW Current -0.36 mA Vee = MAX, Vi =04 V
Output Short Circuit B _
los Current (Note 3) -15 100 mA Ve = MAX, Vour =0V
lccH Supply Current HIGH 04 0.8 mA Vee = MAX, Viy =0V
lccL Supply Current LOW 1.2 2.2 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

LIMITS
SYMBOL PARAMETER MIN vp MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 3.0 7.0 12 ns Vec =50V
tpHL Turn On Delay, Input to Output 3.0 7.0 12 ns C_=15pF

NOTES:

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

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

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




SN54LS21/SN74LS21

DUAL 4-INPUT AND GATE

Vee

[ [ [ [F] [7] 7] [5]

D)

L L Bl L B Lt L

GND

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART
NUMBERS MIN P MAX TEMPERATURE
SN54LS21X 45 Vv 50V 55 V —565°C to 125°C
SN74LS21X 475V 50V 5.25 v 0°C to 75°C

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

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS

SYMBOL PARAMETER VIN gy VIAX UNITS TEST CONDITIONS (Note 1)
Vin Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage

54 0.7
ViL Input LOW Voltage 74 08 v Guaranteed Input LOW Voltage
Veo Input Clamp Diode Voltage —-0.65 -15 \Y Vee = MIN, iy =-18 mA

54 25 34 _ _ -
VoH Output HIGH Voitage 72 27 34 v Vee = MIN, Igy = —400 pA, Viy = Viy

54,74 0.25 0.4 \ Ve =MIN, Igp =4.0mA, Viy =V

It
VoL Output LOW Voltage 74 035 | 05 v Ve = MIN, 1o, = 8.0 mA. Viy = V)
1.0 20 HA Vee = MAX, Viy = 2.7V
H
™ Input HIGH Current o1 A Voo = MAX, VN =10V
M Input LOW Current —0.36 mA Veoe = MAX, Vjy =04V
Qutput Short Circuit _ _
IOS Current (Note 3) -15 -100 mA Vcc = MAX, VOUT =0V
lecH Supply Current HIGH 1.2 24 mA Ve = MAX, Inputs Open
lecL Supply Current LOW 2.2 4.4 mA Vee =MAX, Viy=0V
AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)
LIMITS
Y| PARAMETER

SYMBOL N v MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Qutput 10 15 ns Veg =50V
tPHL Turn On Delay, Input to Output 8.0 12 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 = 25°C.

3. Not more than one output should be shorted at a time.
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SN541.822/SN74LS22

DUAL 4-INPUT NAND GATE

Vee

[ [ [ [ (3 [ 7]

D

U1 T 6T L o L] L
GND
*OPEN COLLECTOR OQUTPUTS

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS
IN P MAX TEMPERATURE
SN54LS22X 45 V 50V 55 V —55°C to 125°C
SN74L822X 475V 50V 525V 0°C to 75°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 T
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 20 \% Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 72 08 v Guaranteed Input LOW Voltage
Vep Input Clamp Diode Voltage —-0.65 -1.5 Vv Vee = MIN, Iy = -18 mA
I0H Output HIGH Current 100 HA Vee =MIN, Vo = 55V, VN = V)L
54,74 0.25 0.4 v Vee =MIN, Igp, =40 mA, Viy =20V
v tput LOW Volt d cc - Ot - _IN
oL Outpu cnage 7a 035 | 05 v Voo = MIN, Ig, = 8.0 mA, Vjy = 20V
1.0 20 uA Vee = MAX, Viy =27V
| Input HIGH Current
H pe arren 01 | mA | Vo= MAX Vjy=55V
e Input LOW Current -0.36 mA Vee = MAX, Vjy = 0.4 V
lccH Supply Current HIGH 0.4 0.8 mA Vee = MAX, Viy = ov
lccL Supply Current LOW 1.2 2.2 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER MIN LITB¢I:"S MAX UNITS TEST CONDITIONS

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

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

1. For conditions shown

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

as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
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SN54L827/SN74LS27

[l [31 [3 [ [ 7] [7]

TRIPLE 3-INPUT NOR GATE

Vee

D)

L L L L] L] L] [

GUARANTEED OPERATING RANGES

GND

PART NUMBERS SUPPLY VOLTAGE TEMPERATURE
MIN VP

SN54LS27X 45 v 50V ¢ _gkoc o 125°C

SN74LS27X 475V 50V " 0°C to 75°C

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LMITS
—— NIT!
SYMBOL PARAMETER Typ MIAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage . \ Guaranteed Input HIGH Voltage
‘ e T 54 0.7 N . ) )
ViL input LOW ¥oliage v Guaranteed input LOW Voltage
X T 74 0.8
Vep [ Eﬂ(jpl?@(.},!émp Diode Voltage —0.65 -1.5 \% Vee = MIN, )y =18 mA
: 54 25 34 _ B i
VoH Output HIGH Voltage 74 > 34 \ Vee = MIN, gy = =400 pA, Viy = VL
54,74 0.25 0.4 \% Vee =MIN, g =4.0mA, Viy =20V
tput LOW Voltage cc - OL * 1IN
VoL Outpu 9 74 036 | 05 v Vee = MIN, g, = 8.0 mA, Vyy =20V
1. 0 = =2.
I Input HIGH Current 0 2 KA Ve © MAX Vi =27 V
0.1 mA Ve = MAX, ViN=10V
i Input LOW Current —0.36 mA Vee = MAX, Vjy = 0.4V
Output Short Circuit _ _
'OS Current (Note 3) —-15 -100 mA VCC = MAX, VOUT =0V
lccH Supply Current HIGH 2.0 4.0 mA Ve = MAX, Viy=0V
lccL Supply Current LOW 3.4 6.8 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER iN U_I_NY":S AX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 8.0 13 ns Vec =560V

tpHL 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.
2. Typical limits are at Voo = 5.0V, Ta =25°C.
3. Not more than one output should be shorted at a time.
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SN54LS30/SN74LS30

8-INPUT NAND GATE

miminininioin

D

T L) B L] L

GUARANTEED OPERATING RANGES

GND

SUPPLY VOLTAGE
R
PART NUMBERS MIN ~F MAX TEMPERATURE
SN541L.S30X 45 V 50V 556 V —55°C to 125°C
SN74LS30X 475V 50V 525V 0°C to 75°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 TAAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 2.0 \Y Guaranteed Input HIGH Voltage
v | LOW Volt >4 07 \Y G teed Input LOW Volt
n nput oltage 72 08 uaranteed Inpu oltage
Vep Input Clamp Diode Voltage —0.65 -1.5 \Y Vee = MIN, |y = =18 mA
54 2.5 3.4 _ _ _
VOH Output HIGH Voltage 72 57 34 \ Vee = MIN, Igy = —400 pA, Vin = V)
54,74 0.25 0.4 v Vee = MIN, Ig; =4.0 mA, Vi = 2.0V
V tput LOW Volt
oL Output LOW Voltage 74 035 | 05 v Voo = MIN, g, = 8.0 mA, Vjy = 2.0V
1.0 20 A Vee = MAX, Vi = 2.7
H Input HIGH Current H cc IN v
0.1 mA Vee = MAX, V) =10V
e Input LOW Current 0.4 mA Vee = MAX, Vjy =04V
Output Short Circuit _ _ _ _
los Current (Note 3) 15 100 mA Vee = MAX, Voyr =0V
lccH Supply Current HIGH 0.35 0.5 mA Vee = MAX, V|y = ov
lecL Supply Current LOW 0.6 1.1 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER MIN LI-II:I:S MAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 7.0 12 ns Ve =50V

tpHL Turn On Delay, Input to Output 13 20 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 Veg = 5.0V, Ta = 25°C.

3. Not more than one output should be shorted at a time.
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SN54LS32/SN74L532

QUAD 2-INPUT OR GATE

Vee

[+ [ [ (3] [ 5] (5]

GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS IN e~ MAX TEMPERATURE
SN54L532X 45 v 50V 55 V —65°C to 125°C
SN74L532X 475V 50V 525V 0°C to 75°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 LlMg’SD VIAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 2.0 \Y Guaranteed Input HIGH Voltage
v inout LOW Voltaae 54 0.7 G 5 |
Vi input LOW Voliage 72 08 v uaranteed Input LOW Voltage
Vep Input Clamp Diode Voltage —-0.65 -1.5 v Vee = MIN, )y =-18 mA
54 2.5 3.4
VoH Output HIGH Voltage 3 37 34 \" Vee = MIN, igy = =400 pA, Viy = Vi
54,74 0.25 0.4 \Y Vec =MIN, g = 4.0 mA, v\ = ViL
V, Out LOW Volt
oL utput LOW Voltage 72 035 | 05 v Vee = MIN, o, = B.OmA, Viy =V,
1.0 20 HA Voo = MAX, Vi =27V
[ HIGH Current
hH nput urre 01 | mA [ Vgo=MAX, V=10V
e Input LOW Current —0.36 mA Vee = MAX, Vi =04V
Output Short Circuit _ _ _
IOS Current (NO(S 3) 15 100 mA Vcc = MAX, VOUT =0V
lecH Supply Current HIGH 3.1 6.2 mA Ve = MAX, Inputs Open
lecL Supply Current LOW 49 9.8 mA Vee = MAX, Viy =0V

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

LIMITS
ETER IT! T NDITIONS
SYMBOL PARAM N vy VAR UNITS EST CONDITIO
thLH Turn Off Delay, Input to Output 3.0 7.0 11 ns Vec =50V
tpHL Turn On Delay, Input to Output 3.0 7.0 1 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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SN54LS37/SN74LS37

QUAD 2-INPUT NAND BUFFER

Vec

minioininioino

LGl Bl L] B ] L

GND
GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS MIN ~F MAX TEMPERATURE
SN54LS37X 45 V 50V 55 V -55°C to 125°C
SN74LS37X 475V 50V 525V 0°C to 75°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)
VIH Input HIGH Voltage 20 \% 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 \" Ve =MIN iy = -18 mA
54 25 34 _ _ =
Vo Output HIGH Voltage 72 27 34 \Y Vee = MIN, Igy = —1.2 mA, Vi =V
54,74 0.25 0.4 \ Vee=MIN, Ig =12 mA, V=20V
1 W Volt ! CC - oL - VIN
Vou Output LOW Voltage 72 035 | 05 v Voo = MIN, Ig, = Z8 mA, Vjy = 2.0V
1.0 20 MA VCC = MAX, VIN =27V
IGH
W1 Input HIGH Current 5 Y Voo =MAX Vjy= 10V
e Input LOW Current —0.36 mA Vee = MAX, vy =04V
Output Short Circuit _ _ _ _
|os Current (Note 3‘ 30 100 mA VCC = MAX, VOUT =0V
lccH Supply Current HIGH 09 20 mA Vee = MAX, Viy =0V
lecL Supply Current LOW 6.0 12 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

LIM
SYMBOL PARAMETER MIN lTyl’IS IAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 10 15 ns Vee = 50V
tpHL Turn On Delay, Input to Output 10 15 ns C_=45pF, R = 667 Q

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, Ta = 25°C.

3. Not more than one output should be shorted at a time.
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SN541L.S38/SN74L.S38

QUAD 2-INPUT NAND BUFFER

[+ [5] [ (7 (] ] (5]
D)

DpoDEOaOEONON

*OPEN COLLECTOR OUTPUTS

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS MIN P MAX TEMPERATURE
SN54LS38X 45 Vv 50V 556 V —565°C to 125°C
SN74L838X 475V 50V 6.25 Vv 0°C to 75°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
TER NIT NDI 1
SYMBOL PARAME MIN eV MAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage 74 08 \% Guaranteed Input LOW Voltage
Vep Input Clamp Diode Voltage —0.65 -1.5 \" Vee = MIN, [y =-18 mA
IoH Output HIGH Current 250 HA Vec =MIN, Vo =55V, Vi = ViL
: 54,74 0.25 0.4 \Y Vee =MIN, Ig =12 mA, V=20V
tput LOW Volt : cc * OL N
Vou Outpu crage 74 035 | 05 v Voo = MIN, Ig = 24 mA, Vi =20V
1.0 20 uA Vee = MAX, Vi =27V
| t HIGH t
M nput HIGH Curren 07 | mA | Voo =MAX Vjy=10V
I Input LOW Current -0.36 mA Vee = MAX, Vi =04V
lccH Supply Current HIGH 0.9 2.0 mA Ve = MAX, Vi =0V
lecL Supply Current LOW 6.0 12 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

LIMITS
PARA T TEST
SYMBOL METER MIN P MAX UNITS ST CONDITIONS
tpLH Turn Off Delay, Input to Output 14 22 ns Vec =50V
tpHL Turn On Delay, Input to Output 10 18 ns C_ =45 pF, R =667 Q
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, Tp = 25°C.
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SN54L.540/SN74L540

DUAL 4-INPUT NAND BUFFER

Vee

[ (3] [ [ [ [ [3]

D)

LTI L Bl LT L

GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS N P VAX TEMPERATURE
SN54LS40X 45 Vv 50V 55 V —565°C to 125°C
SN74LS40X 475V 50V 525V 0°C to 75°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
AMETER 1
SYMBOL PARAMETE MIN P MAX UNITS TEST CONDITIONS (Note 1)
Viy Input HIGH Voltage 2.0 \% Guaranteed Input HIGH Voltage
54 0.7
Vi Input LOW Voltage Y Guaranteed Input LOW Voltage
74 08
Vep Input Clamp Diode Voltage -0.65 -1.5 \Y Vee = MIN, iy = -18 mA
54 25 3.4 _ _ _
VoH Output HIGH Voltage 74 27 32 \Y Vee = MIN, gy = 1.2 mA, Vi = V)
54,74 0.25 0.4 \ Vee = MIN, igp = 12 mA, Vjy =20V
V Output LOW Volt
oL utput LOW Voltage 74 035 | 05 v Voo = MIN, 1o, = 24 mA, Vi = 20V
’ 1.0 20 uA Vee = MAX, Viy =27V
| | t HIGH C t
IH npu urren 01 mA Vee = MAX, Vijy =10V
" input LOW Current -0.36 mA Ve = MAX, Vi = 0.4V
Output Short Circuit _ _ _ _
‘OS Current (Note 3) 30 100 mA VCC = MAX, VOUT =0V
lecH Supply Current HIGH 0.45 1.0 mA Vee = MAX, Viy=0V
lecL Supply Current LOW 3.0 6.0 mA Vee = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER L T UNITS | TEST CONDITIONS

tpLH Turn Off Delay, Input to Output 10 15 ns Vee = 50V

tPHL Turn On Delay, Input to Output 10 15 ns C|_ = 45 pF. R =667 Q

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.
3. Not more than one output should be shorted at a time.
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SN54LS51/SN74LS51

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

[v] [3] [ [ [l G (5]

>

HRBEBInananan

GND
GUARANTEED OPERATING RANGES
PART NUMBERS S L TEMPERATURE
MIN TYP MAX
SN54LS51X 45 Vv 50V 65 V —55°C to 125°C
SN74LS51X 4.75 V 50V 5.26 v 0°C to 75°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 TlYF' MIAX UNITS TEST CONDITIONS (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 \Y Vee = MIN, )y = —18 mA
54 25 3.4 _ _ _
VoH Output HIGH Voltage 72 27 34 \Y Ve = MIN, gy = —400 pA, Viy = Vi
54,74 0.25 0.4 Y Vee =MIN, Igp =4.0mA, V=20V
V, Output LOW Voltage
oL 74 0.35 0.5 Vv Vee =MIN, Igp =80 mA, V)y =20V
1.0 20 LA Vee = MAX, Vijy =27V
IGH
iH Input HIGH Current 57 A Ve =MAX Vi =70V
cC IN
e Input LOW Current -0.36 mA Vee = MAX, V)y =04V
Output Short Circuit _ _
los Current (Note 3) 15 100 | mA | Ve =MAX Vour=0V
IccH Supply Current HIGH 0.8 1.6 mA Vee = MAX, vy =0V
lccL Supply Current LOW 1.4 28 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

LIMITS
YMB PARAMETER
S oL YT F MIAX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 8.0 13 ns Vec =50V
tPHL 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. o

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

2.
3. Not more than one output should be shorted at a time.
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SN541L.S54/SN74L.S54

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

ninininioinin

GND
GUARANTEED OPERATING RANGES
PART NUMBERS SUPPLY VOLTAGE TEMPERATURE
MIN TYP
SN54L554X 45 V 50V " —5°C to 125°C
SN74LS54X 475V 50V ~ 0°C to 75°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Infqrmat’iip ‘H$G¢ﬁpn for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMBERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER AR UNITS TEST CONDITIONS (Note 1)
VIH Input HIGH Voltage \ Guaranteed Input HIGH Voltage
0.7
ViL Input LOW 08 \% Guaranteed Input LOW Voltage
Veo ( lamp Diode Voltage —-0.65 -1.5 \" Vee = MIN, |y = -18 mA
54 2.5 3.4 _ _ -
VoH Output HIGH Voltage —a 53 32 v Vee = MIN, Igy = =400 pA, Vi = V)i
54,74 0.25 0.4 v Vee = MIN, I =40 mA, Viy = 2.0V
V, tput LOW Volt
oL Output LOW Voltage 74 035 | 05 v Voo = MIN, 1o, =80 mA Viy =20V
1.0 20 uA Voo = MAX, Vi =27V
| Input HIGH C t
1H ned urren 01 | mA | Voo - MAX V=10V
im Input LOW Current -0.36 mA Voo = MAX, viy = 0.4V
Output Short Circuit
los Current (Note 3) -15 —100 mA Vee = MAX, Voyr =0V
IcCH Supply Current HIGH 0.8 1.6 mA Voo = MAX, Vi =0V
lccL Supply Current LOW 1.0 20 mA Vee = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER MIN lelgs MAX UNITS TEST CONDITIONS

tpLH Turn Off Delay, Input to Output 10 15 ns Ve =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 Vog = 5.0 V, Ta = 25°C.
3. Not more than one output should be shorted at a time.

4-25




SN54LS55/SN74LS55

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

Vee

[ie] [s] [rz] [o] [ro] [o] [e]

D

L Ll B Ll L] L] [

GND

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART 1
NUMBERS MIN F TENMPERATURE
SN541L.S55X 45 Vv 50V | 5°C to 125°C
SN74LS55X 475V 50V 0°C to 75°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Informafigr’v Seetion for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEM “RATURE RANGE (unless otherwise specified)

s
SYMBOL PARAMETER TN LlMTYi MAX UNITS TEST CONDITIONS (Note 1)
ViH Input HIGH Voltage k 2.0 \ Guaranteed-Input HIGH Voltage
s 54 0.7
Vi Inpu’t’LOW Voltage . 72 o8 \ Guaranteed Input LOW Voltage
Veo  tnput.Clamp Diode Voltage -065 | -15 v Vee = MIN, iy = —18 mA
54 25 3.4 B 3 _
VoH Output HIGH Voltage —a >3 32 v Vee = MIN, gy = =400 A, Viy = V).
54,74 0.25 0.4 \Y Vee =MIN, Ig =4.0mA, V| =20V
V, Output LOW Voltage cc oL I
L - p g
o 74 0.35 05 v Ve = MIN, I, = 8.0 mA, Vjy =20V
1. = Vin = 2.
hH Input HIGH Current ° 20 HA Vee = MAX Viy = 2.7 V
0.1 mA Vee = MAX, Viy =10V
cc IN
e Input LOW Current —0.36 mA Vee = MAX, Viy =04V
Output Short Circuit _ _
los Current (Note 3) -15 —-100 mA Ve = MAX, Voyr =0V
lccH Supply Current HIGH 0.4 0.8 mA Vee = MAX, Viy =0V
lccL Supply Current LOW 0.7 1.3 mA Vee = MAX, Inputs Open

AC CHARACTERISTICS: Ty = 25°C (See Page 4-50 for Waveforms)

SYMBOL PARAMETER YT LIKI/I:S AKX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Qutput 10 15 ns Vee =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 Vg = 5.0 V, Tp = 25°C.

3. Not more than one output should be shorted at a time.
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SN54LS73/SN74LS73

DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The SN54LS73/SN74LS73 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 —oq ) Qp—12 j=i J Qp—9
Q o—d ——0O Q
131(8) 1219
1—of cp 5—0f cP
-

3—] K a jo—1310— K aflo—s

() [

2 6 —O CLEAR

216

14N

Ve =Pin 4 Ko—b-—
GND =Pin 11 3(10)

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Veo)
PART NUMBERS : = M
i - i AKX TEMPERATURE
SN54LS73X 45 V 5.0V 55 V ~55°C to +125°C
SN74LS73X ; 50V 525V 0°C to +75°C

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

DC CHARACTERI S OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL N ™ AX UNITS TEST CONDITIONS (Note 1)
Vin Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
for All Inputs
5 .
viL Input LOW Voltage 4 0.7 v Guaranteed Input LOW Voltage
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 Y Vee = MIN, |y = —18 mA
54 25 34 Vee = MIN, Igy = —400 uA
Vou Output HIGH Voltage v cc OH H
74 2.7 34 Vin = Vi or V), per Truth Table
IN H L
54,74 . R =4, = =
VoL Output LOW Voltage , 0.25 0.4 \% loL=4.0mA [Vcc = MIN, Viy = V|4 or
74 0.35 0.5 \% loL = 8.0 mA [V per Truth Table
Input HIGH Current
J K 20
Clear 60 HA VCC = MAX, VIN =27V
| Clock 80
IH
J, K 0.1
Clear 03 mA Ve = MAX VN =55V
Clock 04
Input LOW Current
J, K -0.36
e Clear -0.8 mA Voo = MAX, Vi =04V
Clock -0.72
| Output Short Circuit 15 ~100 A Ve =M —ov
0s Current (Note 3) m cc = MAX, Vour =
Icc Power Supply Current 4.0 8.0 mA Vee = MAX, Vep = ov




SN54LS73/SN74LS73

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS

OPERATING MODE — =
Tb 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 | | q q

H,h = HIGH Voltage Level

L,! = LOW Voltage Level

X = Don’t Care

I, h (g) = 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 Page 4-51 for Waveforms)

LIMITS

SYMBOL PARAMETER

N P AX UNITS TEST CONDITIONS
famax Maximum Clock Frequency 30 45 MHz Fig. 1
tpLH Propagation Delay, 11 16 ns Fig. 1 Vec =50V,
tpHL Clock to Output 16 24 C L =15pF
tpLH Propagation Delay, 11 16 ns Fig. 2
tpHL Clear to Output 16 24

AC SET-UP REQUIREMENTS: Ty = 25°C (See Page 4-51 for Waveforms)

LIMITS
PARAMETER Tl
SYMBOL E MIN P MAX UNITS EST CONDITIONS
twCP(H) Clock Pulse Width (HIGH) 18 12 ns Fig. 3
twCP(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 Vec =50V
th(H) Hold Time HIGH, J or K to Clock 0 -10 ns Fig. 3
tg(b) Set-up Time LOW, J or K TO Clock 185 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 = 5.0 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.
6. 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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SN54LS74/SN74LS74

DUAL D-TYPE POSITIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The SN54LS74/SN74L.S74 dual edge-triggered flip-flop utilizes Schottky TTL circuitry to produc_e
high speed D-type flip-flops. Each flip-flop 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 4 .
2— D so Qp—5 12— D o Qp—9 SET (50’4“0)
3—qcCP 11— CP —O Q
5(9)
alo—s a s CLEAR (CD)O-
cp co 1(13)
v v
! . CLOCK O—
vV = Pin 14 3(11) =
cc =Pin L 06
GND = Pin 7 6(8)
o]
2(12)
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS MIN TvP MAX TEMPERATURE
SN54LS74X 45 V 50V 55 V —55°C to 125°C
SN74LS74X 475V 50V 525V 0°C to 75°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)

LIMIT
SYmMBOL PARAMETER N T|Y§’ MAX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
| 2.
VIH Input HIGH Voltage 0 \ for All Inputs
54 0. teed | W Volt
viL Input LOW Voltage 7 v Guaranteed Input LO oltage
74 08 for All Inputs
Vep Input Clamp Diode Voltage -0.65 -15 Y Vee = MIN, 1)y = —18 mA
54 25 34 Vee = MIN, Igy = —400 pA
VoH Output HIGH Voltage v cc OH K
74 2.7 34 ViN = V| or Vy per Truth Table
54,74 0.25 .4 loL= 4. Vee = , =
VoL Output LOW Voltage ° v oL =40 mA ] Ve = MIN. VIN = ViH or
74 0.35 0.5 \ loL= 8.0 mA | V_per Truth Table
Input HIGH Current
Data 20
Clock, Set 40 UA Vee = MAX, Vi =27V
| Clear 60
H
Data 0.1
Clock, Set 0.2 mA Vee = MAX, VN =565V
Clear 0.3
Input LOW Current
Data -0.4
e Clock, Set -0.8 mA Vee = MAX, Vi =04V
Clear -1.2
) Output Short Circuit A Vi = MAX v —ov
0S Current (Note 3) -15 —100 m cc™ - YOUT ~
Icc Power Supply Current 4.0 8.0 mA Vee = MAX, Vep =0V
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SN54LS74/SN74LS74

MODE SELECT — TRUTH TABLE

. INPUTS OUTPUTS
OPERATING MODE — — —
Sp Cp D 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 | L H

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

H,h = HIGH Voltage Level

L,I = 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: Ty = 25°C (See Page 4-51 for Waveforms)

LIMITS
SYMBOL PARAMETER VIN ~F MIAX UNITS TEST CONDITIONS
fmax Maximum Clock Frequency 30 45 MHz Fig. 1
tPLH Propagation Delay, 1 20 ns Fig. 1 Vec =50V,
tpHL Clock to Output 22 30 C_ =15pF
tpLH Propagation Delay, 10 15 ns Fig. 2
tpHL Set or Clear to Output |[CP =L 18 24
tPHL CP=H 26 35

AC SET-UP REQUIREMENTS: Ty = 25°C (See Page 4-51 for Waveforms)

LIMITS
PARAMETER UNITS TEST CONDITIONS
SYMBOL MIN TYP MAX °
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 Ve =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
thib) 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 = 5.0 V, T = 26°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 (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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SN541L.S86/SN74L.586

QUAD 2-INPUT EXCLUSIVE OR GATE

Vee
TRUTH TABLE
|14I |13| |12I lnl l1ol Isl [Tl IN ouT
A B k4
D_ L L L
L H H
H L H
—_——) H H L
T L Ll L B Lo L
GND
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (V)
PART NUMBERS VTN P IAX TEMPERATURE
SN54LS86X 45 V 50V 55 V —-55°Cto 125°C
SN54LS86X 475V 50V 5.25 Vv 0°Cto 75°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
METER
SYMBOL PARAME N P MAX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH voltage
ViH Input HIGH Voltage 2.0 v for Al inputs
54 0.7 Guaranteed Input LOW Voltage
ViL Input LOW Voltage \Y
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 \" Vee = MIN, )y = -18 mA
54 25 34 Vee = MIN, 1gy = —400 uA
Vou Output HIGH Voltage v cc OH u
74 2.7 3.4 VN = Vi or V| per Truth Table
54,74 0.25 0.4 \Y gy = 4.0 mA | Ve = MIN, Vi =V,
VoL Output LOW Voltage oL cc IN — "IH
74 0.35 0.5 \ loL =8.0 mA | or Vy_per Truth Table
40 UA Vee = MAX, Vi =27V
i1 Input HIGH Current cc IN
0.2 mA Vee = MAX, Viy =10V
TR Input LOW Current -0.6 mA Vee = MAX, Vi =04V
Output Short Circuit _ _
los Current (Note 5) -5 =100 | mA | Vco=MAX Vour=0V __
lccH Supply Current 6.1 10 mA Ve = MAX

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

LIMITS
TIONS

SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIO
tPLH Propagation Delay, Other Input LOW 12 ns Vec =50V
tPHL 17
tPLH Propagation Delay, Other Input HIGH 12 ns C_=15pF
tPHL
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 = 5.0V, Ta = 26°C.

3. Not more than one output should be shorted at a time.
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SN54LS109/SN74LS109

DUAL JK POSITIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIP1_'ION — The SN54LS109/SN74LS109 consists of two high speed completely independent transition
clocked JK flip-flops. The clocking operation is independent of rise a_nd fall times of the clock waveform. The JK
design allows operation as a D flip-flop by simply connecting the J and K pins together.

LOGIC SYMBOL

LOGIC DIAGRAM

5 1 SET(SD)
& L 5(11)
2 so a 6 14 J So afp—10 '_—6(?0)
CLEAR(Cp)
12 1018)
i 2 e cLock
4(12)
. oL Bd« alo-s
Co Cp 3
? ? 79)
1 15 4
2014)
Vce =Pin 16 )
GND =Pin 8
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS WIN p MAX TEMPERATURE
SN54LS109X 45 Vv 50V 55 V —55°C to 125°C
SN74LS109X 475V 50V 525V 0°C to 75°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
ViH Input HIGH Voltage 20 \ for All Inputs
viL Input LOW Voltage 54 0.7 v Guaranteed Input LOW Voltage
74 0.8 for All Inputs
Vep. Input Clamp Diode Voltage —0.65 -1.5 \" Vee = MIN, )y = —18 mA
54 25 3.4 Vee = MIN, Igy = —400 uA
VoH Output HIGH Voltage v ce OH K
74 2.7 34 VIN = Vi or V) per Truth Table
54,74 X . =4, = =
VoL Output LOW Voltage 4 0.25 0.4 Y, loL = 4.0 mA [ Vce = MIN, ViN = V| or
74 0.35 0.5 \" loL = 8.0 mA | V) per Truth Table
Input HIGH Current
J. K 20
Clock, Set 40 MA Vcc = MAX, VIN =27V
| Clear 80
IH L
J K 0.1
Clock, Set 0.2 mA VCC = MAX, VlN =55V
Clear 0.4
Input LOW Current
J. K -04
|"_ Clock, Set -0.8 mA Vcc = MAX, V'N =04V
Clear -1.6
Output Short Circuit _ _
los Current (Note 3) -15 —100 mA Vee = MAX, Voyr =0V
Icc Power Supply Current 4.0 8.0 mA Vec =MAX, Vep =0V
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SN54LS109/SN74L8109

MODE SELECT — TRUTH TABLE

OPERATING MODE = lNPiJTS — OUTPU1:_S

Sp | | 3| 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
Hoid H H | h q q
Toggle H H h | q q
Load “0” (Reset) H H | | L H

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

H,h = HIGH Voitage Level

L,I = 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 Page 4-51 for Waveforms)

LIMITS
SYMBOL PARAMETER IN v MAX UNITS TEST CONDITIONS
fMAX Maximum Clock Frequency 30 45 MHz Fig. 1
tpLH Propagation Delay, 15 20 ns Fig. 1 Vec=5.0V,
tpHL Clock to Output 22 30 C_=15pF
tpLH Propagation Delay, 10 15 ns Fig. 2
tPHL Set or Clear to Output |CP = L 18 24
lpHL cP=H 26 35

AC SET-UP REQUIREMENTS: Tp = 25°C (See Page 4-51 for Waveforms)

LIMITS
YMBOL PARAMETER IT!

S O MIN P MAX UNITS TEST CONDITIONS

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 Ve =50V

th(H) Hold Time HIGH, Data to Clock 0 -13 ns Fig. 1

p(N] Set-up Time LOW, Data to Clock 20 13 ns

thil) 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 Vog = 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 (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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SN54LS112/SN74LS112

DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The SN54LS112/SN74LS112 dual JK flip-flop features individual J, K, clock, and asynchronous
set and clear inputs to each flip-flop. 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 and hold time 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)

a4 10 ><
Sp 1 So a0O— —O0 a
3=y Qfp—5 J —9 5(9) 6(7)
- !
2—of cP 13—0f cP ><
12
B R T CLEAR () O- >~ O SET (5p)
? ? 15(14) 40100
J - K
15 14 3011 : 2012)
Vee =Pin 16
. Q103
GND =Pin 8 CLOCK (CP)
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS MIN P MAX TEMPERATURE
SN54LS112X 45 Vv 50V 55 V —55°C to 125°C
SN741L.S112X 475V 50V 525V 0°C to 75°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 T CONDITI
S OL E VN ~F X UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
V I X \"
H Input HIGH Voltage 2.0 for Al Inputs
54 .
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, )y =—18 mA
54 25 34 Vee = MIN, Igy = —400 uA
Vou Output HIGH Voltage v ce OH H
74 2.7 34 VIN = Vi or Vi per Truth Table
4,74 . . =4. = E =
VoL Output LOW Voltage 54, 0.25 0.4 \ loL=4.0mA | Vcc = MIN, VN = V|4 or
74 0.35 0.5 v loL = 8.0 mA | V| _per Truth Table
Input HIGH Current
J K 20
Set, Clear 60 UA Vee = MAX, Viy =27V
| Clock 80
IH
J, K 0.1
Set, Clear 0.3 mA Vee = MAX, Vi =55V
Clock 0.4
Input LOW Current
J, K -0.36
e Set, Clear -0.8 mA Vee = MAX, Viy = 0.4 V
Clock -0.72
Output Short Circuit _ _
IOS Current (Note 3) -15 -100 mA VCC = MAX, VOUT =0V
Icc Power Supply Current 4.0 8.0 mA Ve =MAX Vep =0V
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SN54LS112/SN74LS112

MODE SELECT — TRUTH TABLE

OPERATING MODE p— INTTS OUTPUZS
Sp Cp J K Q Q
Set L H X X H L
Reset (Clear) H [ 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 1 | q q

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

H,h = HIGH Voltage Level

L,| = LOW Voltage Level

X = Don’t Care

1, 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 Page 4-51 for Waveforms)

LIMITS
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS
fMAX Maximum Clock Frequency 30 45 MHz Fig. 3
tpLH Propagation Delay, 1 16 ns Fig. 3 Vec =50V,
tPHL Clock to Output 16 24 C_ =15pF
tpLH Propagation Delay, 11 16 ns Fig. 2
tpHL Set or Clear to Output 16 24

AC SET-UP REQUIREMENTS: Tp = 25°C (See Page 4-51 for Waveforms)

SYMBOL PARAMETER MIN LITh:I:S AX 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

tgfL) 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 Vg = 5.0 V, Tp = 26°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 (tp,) 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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SN54LS113/SN74LS113

DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The SN54LS113/SN74L5113 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)

1 I ><
a—, % of—s KL sno—s Qe s
5(9) 6(8)
1—0f cp 13—0f cP L=
2 K 12 _\
afo—6 —J« ajo—s
X O SET (Sp)
Vee =Pin 14 4(10)
GND =Pin 7 J L X
3(11) 2012)
[eRE]
CLOCK (CP)
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS MIN P MAX TEMPERATURE
SN54LS113X 45 V 50V 55 VvV —55°C to 125°C
SN74LS113X 475V 5.0V 525V 0°C to 75°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 LlMgi MAX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
ViH Input HIGH Voltage 20 v for Al Inputs
54 .
Vi Input LOW Voltage 0.7 v Guaranteed Input LOW Voltage
74 0.8 for All inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 \) Vee = MIN, 1)y = —18 mA
54 25 3.4 Vee = MIN, gy = —400 uA
VoH Output HIGH Voltage v cc OH "
74 27 34 VIN=V|qor V)L per Truth Table
VoL Output LOW Voltage 54,74 0.25 0.4 \% oL = 4.0 mA | Vce = MIN, Vi = V) or
74 0.35 0.5 \") loL = 8.0 mA | V|__per Truth Table
Input HIGH Current
J, K 20
Set 60 HA Vee = MAX, |y =27V
| Clock 80 cc N
IH
J K 0.1
Set 0.3 mA VCC = MAX, VlN =586V
Clock 0.4
Input LOW Current
J K -0.36
|"_ Set -0.8 mA VCC = MAX, VlN =04V
Clock -0.72
Output Short Circuit _ _
los Current (Note 3) 15 100 mA Vee = MAX, Vour =0V
Icc Power Supply Current 4.0 8.0 mA Vee = MAX, Vep =0V
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MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS

OPERATING MODE —
k) J K Q a

Set L X X H L
Toggle H h h q q
Load “0" (Reset) H | h L H
Load “1’" (Set) H h 1 H L
Hold H ! ! q q

H,h = HIGH Voltage Level

L,| = LOW Voltage Level

X = Don’t Care

1, 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 Page 4-51 for Waveforms)

LIMITS
SYMBOL PARAMETER N v TAAX UNITS TEST CONDITIONS
fMAX Maximum Clock Frequency 30 45 MHz Fig. 3
tpLH Propagation Delay, 1 16 ns Fig. 3 Vec =50V,
tPHL Clock to Output 16 24 C_=15pF
tpLH Propagation Delay, 11 16 ns Fig. 2
tpHL Set to Output 16 24

AC SET-UP REQUIREMENTS: Tp = 25°C (See Page 4-51 for Waveforms)

LIMITS
ARAMETER UNITS TEST CONDIT
SYMBOL P E MIN ™F MAX ONDITIONS
tywCP(H) Clock Pulse Width (HIGH) 18 12 ns Fig. 3
twCP(L) Clock Pulse Width (LOW) 15 10 ns
tw Set Puise 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 o] -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 = 5.0 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 HIGH to LOW 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 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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DUAL JK NEGATIVE EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The SN54L.S114/SN74LS114 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)

—* a O—o —O 0
5(9) 618)
. |
-
2 KCDOO—-h LKCDOO_E
‘ CLEAR (Cp) O—————4 >< O ser sy,
TO -— e 40101
OTHER
Vce = Pin 14 FLIP-FLOP '@—ﬁ;
GND = Pin 7 Lo
&is
CLOCK (P
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PA MBER
RT NU S MIN TP MAX TEMPERATURE
SN54LS114X 45 Vv 5.0V 55 Vv —556°C to 125°C
SN74LS114X 475V 50V 5.25 Vv 0°C to 75°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
TEST
SYMBOL PARAMETER MIN vp MIAX UNITS EST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
V4 Input HIGH Voltage 2.0 \ for All Inputs
0.7 teed Vol
Vi Input LOW Voltage 54 v Guaranteed Input LOW Voltage
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 v Vee = MIN, Iy = —18 mA
54 25 3.4 Vee = MIN, Igy = —400 pA
Vou Output HIGH Voltage v cc OH K
74 2.7 34 ViN = Vi or V| per Truth Table
7 .25 .4 =4 = =
VoL Output LOW Voltage 54,74 0 0 \ loL OmA | Vce = MIN, VN = V| or
74 | 035 0.5 v loL = 8.0 mA |V per Truth Table
Input HIGH Current
J, K 20
Set 60 UA Vee = MAX, V=27V
Clear 120
| Clock 160
IH
J K 0.1
Set 0.3 mA Vee = MAX, Viy =55V
Clear 0.6
Clock 0.8
Input LOW Current
J. K -0.36
e Set —0.8 mA Vee = MAX, Vi =04V
Clear -1.6
Clock —-1.44
Output Short Circuit
-15 - = =
IOS Current (Note 3) 100 mA VCC MAX, VOUT ov
lec Power Supply Current 4.0 8.0 mA Veec = MAX, Vep =0V
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MODE SELECT — TRUTH TABLE

OPERATING MODE — |NF:EJTS OUTPUIS
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 1 H L
Hold H H | 1 q q

*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

1, 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 Page 4-51 for Waveforms)

LIMITS
SYMBOL PARAMETER MIN Eve AAX UNITS TEST CONDITIONS
fmax Maximum Clock Frequency 30 45 MHz Fig. 3
tpLH Propagation Delay, 11 16 ns Fig. 3 Ve =50V,
tpHL Clock to Output 16 24 C_=15pF
tpLH Propagation Delay, 11 16 ns Fig. 2
tpHL Set or Clear to Output 16 24

AC SET-UP REQUIREMENTS: Tp = 25°C (See Page 4-51 for Waveforms)

LIMITS
YMB PARAMETER NIT Tl T|

S oL ARAMETE MIN v MAX UNITS EST 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 16 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 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 Vo = 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 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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SN54L5125/SN74L.S125 @ SN54L.S126/SN74LS126

Vee
IMI

QUAD 3-STATE BUFFERS WITH ACTIVE HIGH ENABLES

D o]

E
I13|

D [o]
8

—

S

[ [] Lol [+ [+]

L] L]

mj

D

li.l 7

o GND

GUARANTEED OPERATING RANGES

Vee

[e] [s] [ [ [o]

E D o E
2

PART NUMBERS

SUPPLY VOLTAGE

TlMPERATURE

MIN TYP MAX
SN54LS125X
a5 v 50V %%5‘5 v -55°C t0 125°C
SNB4LS126X "
SN74LS125X W - -
SN74LS126X 475V : Py& 5.25 v 0°C to 75°C
e

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

DC CHARACTERISTICS OVER

ackaging Information Section for packages available on this product.

PERATURE RANGE (unless otherwise specified)

5 LIMITS
YMB! A
S oL P, RAMETE%W % N v AKX UNITS | TEST CONDITIONS
Vin lopuPFRGH 20 v Guaranteed Input HIGH Voltage
w&" : for Al Inputs
3N 5 .
VL Input LOW Voltage 4 0.7 v Guaranteed Input LOW Volitage
B 74 0.8 for All Inputs
Veo Input Clamp Diode Voltage —0.65 -1.5 v Vec=MIN, |y =-18 mA
54 24 34 \ loH=—1.0mA | Voec = MIN, Viy =V,
VoH Output HIGH Voltage OH ce IN = YiH of
74 24 3.1 \ loH=—2.6 mA V)L per Truth Table
74 .25 X = = , =
VoL Output LOW Voltage 54, 0.2 0.4 \ loL=12mA |Vcc=MIN, VjN=Vy or
74 0.35 0.5 v loL =24 mA V)L per Truth Table
lozH Output Off Current HIGH 20 MA Vee = MAX, Voutr =24 V. VE= ViL
lozL Output Off Current LOW -20 A Vee = MAX, Vour =04V, Vg = Vi
20 A Vec =MAX, Vy=27V
™ Input HIGH Current - cc IN
0.1 mA Vee = MAX, Vi =10V
IIL Input LOW Current -0.4 mA Vcc = MAX, VIN =04V
Output Short Circuit _ _
los Current (Note 3) 30 100 | mA | Voo =MAX Voyr=0V
Power Supply Current, LS125 16 mA Ve =MAX, Viy =0V, VE=0V
| Outputs LOW LS126 20 mA Vec=MAX, ViN=0V, Vg =45V
cc Power Supply Current, LS125 20 mA Vee = MAX, ViNn=0V, VE=45V
Outputs Off LS126 24 mA Vcc = MAX, V|~ =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,
3

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




SN54LS125/SN74LS125 @ SN54L.5126/SN74LS126

TRUTH TABLES

LS125 LS126
INPUTS | ouTPUT INPUTS OUTPUT
E|D E| D L = LOW Voltage 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) (2) = High Impedance (off)
AC CHARACTERISTICS: Tp = 256°C
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX
tpLH Propagation Delay, 10 ns Fig. 2
tpHL Data to Output 16
Output Enable Ti Fgs 45 | Lcc”BoV
tpzH utput Enable Time ns igs. 4, _
to HIGH Level 16 CL =45 pF
R =667Q
tpzL Output Enable Time 30 ns Figs. 3,5
to LOW Level
tprz Output Disable Time ns Figs. 3,5 -
from LOW Level 15 Vec =50V
CL =5 pF
tpHz Output Disable Time ns Figs. 4,6 -
from HIGH Level 23 R =667 o
Vee
R
sw1

Fig. 1

Ve n
tPZH

Vout 15V

Fig. 4

| et— tPHZ
>V,
N OH
=15V
0.5V

TO OUTPUT

et
UNDER TEST

AAA
VW\—

5kQ

o sw{

SWITCH POSITIONS

SYMBOL sw1 sw2

tPZH Open Closed

tPPZL Closed Open

tpLZ Closed Closed

tPHZ Closed Closed
Fig. 5
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SN54LS132/SN74LS132

QUAD 2-INPUT SCHMITT TRIGGER NAND GATE

DESCRIPTION — The SN541L.5132/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 resister ratios and is
essentially insensitive to temperature and supply voltage variations. As long as one input remains at a more positive
voltage than V14 (MAX), the gate will respond to the transitions of the other input as shown in Figure 1.

LOGIC AND CONNECTION DIAGRAM Vin VERSUS Vg yr
DIP (TOP VIEW) TRANSFER FUNCTION
Veo =50V L ]
I 1
Ta - 25°C ey, 1
L
Y
0.4 0.8 1.2 i.6 2.0
ViN — INPUT VOLTAGE — VOLTS
Fig. 1
THRESHOLD VOLTAGE AND HYSTERESIS THRESHOLD VOLTAGE AND HYSTERESIS
VERSUS VERSUS
POWER SUPPLY VOLTAGE TEMPERATURE
20 — 1.9
Ta=25°C
g e vVt /,—’——-—‘ g 17 v+
5 T g
1 ]
w o w1
,§’§ 12 £3
o o
O > 13
38 Vil ——T] sa
g E 08 v % ; ‘
€7 gg M
IrT I T
T "L
§§ 04 £3 o9 V-
AvT
0.0 L - 0.7 PR~ -
45 4.75 5.0 5.25 55 ~55° 0° 25 75° 125°
Ve —~ POWER SUPPLY VOLTAGE — VOLTS Ta - AMBIENT TEMPERATURE - °C
Fig. 2 Fig. 3
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GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBER TEMPERATURE
s MIN TYP MAX E R
SN54LS132X 45 Vv 50V 55 V -55°C to 125°C
SN74LS132X 475V 50V 526V 0°C to 75°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Inf

ormation Section for packages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
1
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS (Note 1)
V1t Positive-Going Threshold Voltage 1.6 \% Vee = 50V
V- Negative-Going Threshold Voltage 0.8 v Vee = 50V
Vr4—Vr— | Hysteresis 0.4 0.8 Vv Vee =50V
Vep Input Clamp Diode Voltage -0.65 -1.5 \Y Ve =MIN, iy = —-18 mA
| 54 2.5 3.4 _ _ —
VoH Output HIGH Voltage 74 27 32 \ Vee = MIN, Igy = —400 uA, ViN = V)L
54,74 0.25 . = =4, =2,
VoL Output LOW Voltage 0.4 \Y Vee = MIN, Ig =4 OmA, Viy =20V
74 0.35 0.5 Y Vee = MIN, g = 80 mA, Viy =20V
Input Current at _ _ _
b+ Positive-Going Threshold 0.14 mA Vg =50 V. VN = Vs
Input Current at _ _ _
- Negative-Going Threshold 0.18 mA Vee = 5.0 V. ViN = V1-
1. 20 = =2.
A Input HIGH Current 0 HA Veg = MAX, Viy 27V
0.1 mA Ve = MAX, Viy =10V
e Input LOW Current -0.4 mA Vee = MAX, VN = 04V
| Output Short Circuit _ A Vi = _
os Current (Note 3) 15 -100 m cc =MAX Voyr=0V
IccH Supply Current HIGH 59 11 mA Vee = MAX, V| =0V
lccL Supply Current LOW 8.2 14 mA Vee = MAX, V|y = 45V
AC CHARACTERISTICS: Ta =25°C
LIMITS
YMBOL ARAMETE
S [0} P METER MIN s AX UNITS TEST CONDITIONS
tpLH Turn Off Delay, Input to Output 20 ns Vee = 50V
tpHL Turn On Delay, Input to Output 20 ns CL= 15 pF
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specitied under recommended operating conditions for the applicable
device type.
2. Typical limits are at Vo = 5.0 V, Ta = 26°C.

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

Y
Vin 7(! " \\m
ov
<-—lpH,_—>l L—xpLHj
Vout 13V
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13-INPUT NAND GATE

Vee

[ie] [e] [ [e] [ [] [oo] [5]

5

D)

LI BT T T T T T

GND

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS MIN P MAX TEMPERATURE
SN54LS133X 45 Vv 50V 56 V ~55°C to 125°C
SN74LS133X 475V 50V 525V 0°C to 75°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)
ViH Input HIGH Voltage 2.0 \Y Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage v Guaranteed Input LOW Voltage
74 0.8
Vep Input Clamp Diode Voltage —0.65 -1.5 \ Vce = MIN, IIN=-18 mA
54 25 3.4 _ _ -
VoH Output HIGH Voltage > 57 37 v Vee = MIN, Igy = =400 pA, Viy = V)
54,74 0.25 0.4 v Vec =MIN, Igp =40 mA, Viy =20V
v, t LOW Volt : cc : OL : _IN
oL Output LOW Voltage 74 035 | 05 v Ve = MIN, 1o, = 80 mA, Vi =20V
1.0 20 UA Voo = MAX, Viy =27V
! | HIGH t
iH nput Curren 0.1 mA Ve = MAX, Viy = 10V
i Input LOW Current -0.4 mA Vee = MAX, ViN=04V
Output Short Circuit _ _ _ _
los Current (Note 3) 15 100 mA Ve = MAX, Vour =0V
lccH Supply Current HIGH 0.35 05 mA Vee = MAX, Viy =0V
lecL Supply Current LOW 0.6 1.1 mA Ve = MAX, Inputs Open

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

LIMITS

ARAMETER

SYMBOL P, MIN P MAX UNITS TEST CONDITIONS

tpLH Turn Off Delay, Input to Output 10 15 ns Vee =50V

tpHL Turn On Delay, Input to Output 20 30 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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QUAD 2-INPUT EXCLUSIVE OR GATE

Vee
I—M_l m l-1_z-] m ITO-l ITI I_e—l T?:THTABLEOUT

D~ -
) * ) *
CT LTl Lt L el L “Open Collector Outputs

7
GND

T T >
IrIrw
r T Ir|N

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vce)
PART NUMBER cc

U S T o AX TEMPERATURE
SN54LS136X 45 V 50V 55 V -55°Cto  125°C
SN74LS136X 475V 50V 5.25 V 0°Cto 75°C

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

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMIT
SYMBOL PARAMETER N TlYls’ MAX UNITS TEST CONDITIONS (Note 1)
teed HIGH vol
Vin Input HIGH Voltage 20 v e IGH voltage
54 0.7 Guaranteed Input LOW Voltage
ViL Input LOW Voltage \"
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 \% Vee = MIN, )y = -18 mA
Vee = MIN, Vo =56V
loH Output HIGH Current 100 A cc OH
VIN= Vg or V| per Truth Table
54,74 0.25 0.4 v o) = 4.0mA |Vee = MIN, Viy =V
VoL Output LOW Voltage oL cc IN 1H
) 74 0.35 0.5 \% loL= 8.0 mA |or V; per Truth Table
40 A Vee = MAX, Vi = 2.7V
1 Input HIGH Current L cc IN
0.2 mA Ve = MAX Viy =10V
i Input LOW Current -0.6 mA Vee = MAX, Viy = 04V
Icc Power Supply Current 6.1 10 mA Ve = MAX

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

LIMITS
PARAMETER

SYMBOL ARAMETE N P TAX UNITS TEST CONDITIONS
tPLH Propagation Delay, Other Input LOW 28 ns Ve =50V
tPHL 23
tPLH Propagation Delay, Other Input HIGH 23 ns C_ = 15 pF, R_ =200
tPHL 23
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 = 5.0 V, Ta = 25°C.
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SN541L.5266/SN741L.S266

QUAD 2-INPUT EXCLUSIVE NOR GATE

I———I I—.l m I—I l——] TI::JTH TABLEOUT

] LG
le"] ol

GUARANTEED OPERATING RANGES

I Trr|»
IrzIrioc
I rr- I|N

*Open Collector Outputs
GND

SUPPLY VOLTAGE (V)

PART NUMBERS TEMPERATURE

MIN TYP MAX
SN54LS266X 45 Vv 5.0V —§J5°C to 125°C
SN741LS266X 475V 50V 0°C to 75°C

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

DC CHARACTERISTICS OVER 0PERATI%$«~ ) ATURE RANGE (unless otherwise specified)
NIT 1
SYMBOL MAX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH voltage
ViH v for All Inpute
0.7 Guaranteed Input LOW Voltage
Vi v
0.8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 \% Vce = MIN, IIN="18 mA
Vee = MIN, V, =55V
IoH Output HIGH Current 100 uA cc OH
VIN = Vjg or V)L per Truth Table
54,7 0.25 0.4 \ loL =40mA [ Ve = MIN, Vi =V,
VoL Output LOW Voltage 74 oL cc IN IH
74 0.35 0.5 \ loL =8.0mA |or V)L per Truth Table
40 A Vee = MAX, Vi =27V
™ Input HIGH Current H cc IN
0.2 mA VCC = MAX, VIN =10V
L Input LOW Current —0.6 mA Vee = MAX, ViN=04V
lcc Power Supply Current 8.0 13 mA Vee = MAX

AC CHARACTERISTICS: Tp = 25°C (See Page 4-50 for Waveforms)

LIMITS
YMBOL PARAMETER
SYMBO VI A v UNITS | TEST CONDITIONS
'PLH Propagation Delay, Other Input LOW 23 ns Vee =50V
tPHL 23
tPLH Propagation Delay, Other Input HIGH 23 ns C_=15pF, R =20k
PHL 23
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.
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EIREIREY

S2 a R

L]

Q

6
B

QUAD SET-RESET LATCH
Q
9 TRUTH TABLE
INPUTS OUTPUT L = LOW Voltage Level
S1| S| R (Q) H = HIGH Voltage Level
L L{L h X = Don’t Care
L X | H H h = The output is HIGH as long as
Sq or Sg is LOW. If all inputs go
X L H H HIGH simultaneously, the output
H| H| L L state is indeterminate; otherwise,
H H H |No Change it follows the Truth Table.
Le]

GND

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBERS WIN e MAX TEMPERATURE
SN54LS279X 45 Vv 50V 55 V °C to 125°C
SN74LS279X 475V 50V 525V %C to 75°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for.

Eavailame on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATLiR‘ BAGE (unless otherwise specified)

SYMBOL PARAMETER UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
I HIGH Vol
Vi nput HIGH Voltage v for All Inputs
Guaranteed Input LOW Voltage
\Y
ViL Input LOW X, for All Inputs
VCD —0.65 -1.5 v VCC = MIN, I|N =-18 mA
(T 54 25 34 Vee = MIN, gy = —400 uA
Vo Output HIGH Voltage v cc OH
74 2.7 3.4 VIN= V|y or Vi per Truth Table
54,74 0.25 0.4 \% loL=4.0mA | Vcc = MIN, VIN = V|
VoL Output LOW Voltage oL mA [ Vee IN=VIH or
74 0.35 0.5 v loL= 8.0 mA | V) per Truth Table
20 A Vee = MAX, Viy =27V
™ Input HIGH Current H cc IN
0.1 mA Vee = MAX, Viy =10V
e Input LOW Current -04 mA Vee = MAX, VN = 04V
Output Short Circuit _ _ _ _
|os Current (Note 3) 15 100 mA VCC MAX, VOUT oV
lcc Power Supply Current 3.8 7.0 mA Vee = MAX
NOTES:

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

device type.
2. Typical limits are at Vgg = 5.0 V, Ta = 25°C.

3.

AC CHARACTERISTICS: Tp = 25°C

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

(See Page 4-50 for Waveforms)

LIMITS
B PARAMETER
SYMBOL E VN P TAAX UNITS TEST CONDITIONS
tpLH . = 22
Propagation Delay, S to Qutput ns Vee = 50V
tPHL 15
" = Cp =15pF

tpHL Propagation Delay, R to Output 27 ns
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SN541L.S365/SN74LS365 ® SN74LS366/SN74L.S366
SN54L.S367/SN74LS367 ® SN541L.S368/SN74LS368

SN54LS365/SN74LS365
HEX 3-STATE BUFFER WITH
COMMON 2-INPUT NOR ENABLE

[o] [s] [re] [oa] [2] [] [oo] []

SN54LS366/SN74LS366
HEX 3-STATE INVERTER BUFFER
WITH COMMON 2-INPUT NOR ENABLE

P
ﬁa

Vce B2 LTE]

[TTT I

F1 GND

TRUTH TABLE

[o] [ie] [a] [e] [oe]
Ll L] L] T T

Sy
%rllj oo

TRUTH TABLE

INPUTS INPUTS
7—51 g,] D OUTPUT £ 5] D OUTPUT
L L L L L L L H
L{L|H H Ll L|H L
Hi X | X (2) H| X | X (2)
X| H|X (2) X| H|X (2)
SN541.5367/SN74LS367 SN54LS368/SN74LS368

HEX 3-STATE BUFFER
SEPARATE 2-BIT AND 4-BIT SECTIONS

mi

Vee

I'_II_H_II_II_HTlFEH_ﬂ

HEX 3-STATE INVERTER BUFFER
SEPARATE 2-BIT AND 4-BIT SECTIONS

[2] [v] [wo] o]

Vee E

L?_l
i

D)

(]
r‘Lw

F[eil;:?]
S

Ll L] L] l_JI_ILll_lliI

3 GND
TRUTH TABLE

INPUTS INPUTS
£l o OUTPUT £l D OUTPUT
L|L L L|L H
L|H H L|H L
H| X (z) Hi X 2)

Ll L] L]

E

L] Lo L] L]

GND
TRUTH TABLE

DESCRIPTION — The LS365/366/367/368 are high speed hex buffers with 3-state outputs. They are organized as single
6-bit or 2-bit/4-bit, with inverting or non- inverting data (D) paths. The outputs are designed to drive 15 TTL Unit Loads or
60 Low Power Schottky loads when the Enable (E) is LOW.

When the Output Enable Input (E) is HIGH, the outputs are forced to a high impedance “‘off’” state. If 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. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied
together are designed so there is no overlap.
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SN54L.S365/SN74L.S365 ® SN74L.S366/SN74LS366
SN54L.S367/SN74LS367 ® SN54L.S368/SN74LS368

GUARANTEED OPERATING RANGES

PART NUMBERS = SUPPLYT:{"?"TAGE TEMPERATURE
SN54LS365X SN54LS366X - 0
SN54LS367X SN54LS368X a5 v sov 85 V | ~86°C10125°C
SN74LS365X SN74LS366X

SN74LS367X SN74LS368X 478V sov 825V | 0°Cto75°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 v MAX UNITS | TEST CONDITIONS
Guaranteed Input HIGH Voltage
V| ) 20 v
H Input HIGH Voltage for Al Inputs
54 .7 It:
viL Input LOW Voltage 0. v Guaranteed Input LOW Voltage
74 0.8 for All inputs
Vep Input Clamp Diode Voltage —0.65 -15 \% Ve =MIN, )y = -18 mA
54 24 34 lon = —1.0 MA| Veoe = MIN, Vi = V| or
Vou Output HIGH Voltage OH cc IN "~ YIH
74 24 3.1 loH = —2.6 mA| V| per Truth Table
54,74 0.25 0.4 \" loL=12mA Vee = MiN, VN =
VoL Output LOW Voltage oL='-m CC = MIN, VIN = Vi or
74 0.35 0.5 \ loL =24 mA | V)_per Truth Table
lozH Output Off Current HIGH 20 | pA Vee = MAX, Vour =24 V. VE= 20V
IOZL Output Off Current LOW -20 HA VCC = MAX, VOUT =04V, VE =20V
: 20 A Vee = MAX, Viy =27V
™ Input HIGH Current H cc IN
0.1 mA Vcc = MAX, V|N =70V
[ Input LOW Current -0.4 mA Vee= MAX, Vjy =04V
Output Short Circuit
- -100 = MAX, =
los Current (Note 3) 30 mA Vee AX VOUT ov
Power Supply | LS365/367 13.5 24 _ _ o
'CC Current L3366/368 1.8 21 mA Vcc MAX, V|~ oV, VE 45V
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 =50 V, Ta = 25°C.

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

AC CHARACTERISTICS: T = 25°C, Vcc =50V (See Page 4-41 for Waveforms)

SYMBOL PARAMETER i let:s MAX UNITS TEST CONDITIONS

tpLH Propagation Delay, Data to Output 10 ns Fig. 2 Cp =45 pF
tPHL (LS365 « LS367) 16

tpLH Propagation Delay, Data to Qutput 10 ns Fig. 1 CL= 45 pF
tPHL (LS366 * LS368) 16

tpzH Output Enable Time to HIGH Level 16 ns Figs. 4, 5 C| =45 pF
tpzL Output Enable Time to LOW Level 30 ns Figs. 3,5 | R_=667Q
tpLz Output Disable Time from LOW Level 15 ns Figs. 3, 5 C_=5.0pF
tpHz Output Disable Time from HIGH Level 23 ns Figs. 4, 5 R =6670Q
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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. The 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

Vee

20kQ

- .

ruse | () &= Yo o) vour
GEN &
DEVICE UNDER CLe =
= TEST I

*Includes all probe and jig capacitance

Optional Load (Guaranteed—Not Tested)

Test Circuit for Open Collector Output Devices

DEVICE UNDER =
= TEST ]:15 pF*

*Includes all probe and jig capacitance

Pulse Generator Settings
(unless otherwise specified)

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

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

Waveform for Inverting Outputs

Vout 1.3V 13V

Waveform for Non-inverting Outputs

Vout 13V 13V

4-50




AC WAVEFORMS

WAVEFORMS FOR LS73, LS74, LS109, LS112,LS113, AND LS114

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

./ ZW xR

- th(L)=0 — | th(H)=0
- (L) —» <— s(H) —9~|

| Wi
Z, 3v 13V
cP
<—»— PHL LR
Q
1.3V 1.3V

tPLH PHL

ol

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

| W ———

)

SET
1.3v 1.3V

CLEAR X
1.3V 1.3v

|| —tPLH - tPHL

3V 1.3V

S

< | — tPHL — tPLH

1.3v

ol
o
<

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

/%& / /////4! Y

S

—>-la— th(L) =0
< s (L) —P

—- | th (H) =0
s(H) —=

CP___\<__(W(L,__>[—__.\
13v 1.3v
) N S |e———twin

‘ 1.3V
PLH |
«—>{tp
Q
1.3v 1.3v

—>{tp 1 oy ||

1.3v 1.3V

Q

—

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

e 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 LOowW

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

0t 9 Outputs, Active LOW (Note b) 10 U.L. 5(2.5) U.L.

NOTES:

a.
b. The Output LOW drive factor is 2.6 U.L. for Military (54) and 5 U.L. for Commercial (74)

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

Temperature Ranges.

LOGIC SYMBOL

15 14 13 12

|

Ay Ay Ay Ag

01234567889

TITITTITIT

12345679101

Vee =Pin 16
GND =Pin 8

LOGIC DIAGRAM

Ao A A2 A3

® %@ %@

T : gl
I@ % ?@ ® ® ® Lﬁ@ ® L{@
o T z 3 @ 5 ® T El 3
Vee =Pin 16
GND =Pin 8

O = Pin Numbers

5-3

CONNECTION DIAGRAM
DIP (TOP VIEW)

1o chc:]m
ZET Aojlﬁ
sz a ] e
4«3 Ay 113
s[a Az ]2
s[]s s
1Os [
8 [Jeno 7o
NOTE:

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




SN54L842/SN74L.542

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 outputs facilitate addressing 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

input can also be used as the Data input in an 8-output demultiplexer application.

-eight decoder. The A3

TRUTH TABLE

>
<]
x
>
N
>
[
(<]

-

I rr rrrcr-rIIIICCCEC

I I IIrrIIIIIrrrr-rr-reee

I I IIIIIIIIIIIITrzIx

I I I IIIIIIXIIIICII)N
IIIIIIIIIIIICIII w
IIIIIIIIIIICIIII o
IIIIIIIIIICIIIII N
ITIIIIIIIICrIIIIIIN o
IIIIIIIICIIIIII IV
IIIIIIIFCFIIIIIIIIo

IFrIrCrICICICICICIC
IIr-CFIIFCF-CIICFC-CIICC
IITIIIIIITIIIIIICIC

IIIIIIrCrIIIIIIIICI®

H = HIGH Voltage Level
L = LOW Voitage 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

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) —0.5Vto+10V
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 VI VP MAX TEMPERATURE
SN54LS42X 45 V 50V 55 VvV -55°C to+125°C
SN74LS42X 475V 50V 525V 0°C to +75°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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SN541.542/SN74LS42

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS
Guaranteed Input HIGH Threshold
\/ H Vol 20
H Input HIGH Voltage v Voltage for All inputs
54 0.7 Guaranteed Input LOW Threshold
V Input LOW Vol v
iL nput LO oltage 74 0.8 Voltage for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.56 v Vee = MIN, |y = —-18 mA
54 25 34 Vee = MIN, 1oy = —400 uA
Vou Output HIGH Voltage v cc OH H
74 2.7 34 VIN = V| oF Vy_per Truth Table
54,74 0.2! 0.4 =4, = , VIN =
VoL Output LOW Voltage 5 loL 0 mA | Ve = MIN, VIN = ViH of
74 0.35 05 \" loL= 8.0 mA | V| per Truth Table
20 Vee = MAX, V=27V
H Input HIGH Current HA cc IN
0.1 mA VCC = MAX, V|N =10V
i Input LOW Current -04 mA Vee = MAX Vg = 04V
Output Short Circuit _
los Current (Note 4) 15 100 mA Vee = MAX, Vour ov
lcc Power Supply Current 7.0 12 mA Vee = MAX
NOTES:

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

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. o
3. Typical limits are at Vcc=5.0V,Ta=25C.
4. Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

LIMIT
SYMBOL PARAMETER MIN TYIPS MAX UNITS TEST 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“PHL" L"PLH" H"PHL L‘PLH‘I
Vout 1.3v 13V Vout * 13V ﬁ

Fig. 2
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SN54LS83A/SN74LS83A
4-BIT BINARY FULL ADDER WITH FAST CARRY

DESCRIPTION — The SN541.S83A/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 (CiN). It generates the binary Sum outputs (1 — Z4)
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
SN54LS283/SN741L.5283 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)
HIGH LOW 1., .
A2 By A3 By Ay By
A —Ag Operand A Inputs 1.0 U.L.
Bq — By Operand B Inputs 1.0 U.L. Gour f—14¢
CiN Carry Input o Z1 22 23 Z4 Cy
Z1-Z4 Sum Outputs (Note b) B P TT ]
9 6 2 15 14
CouT Carry Output (Note b) 5(2.56) U.L.
NOTES: . rf‘ W
a. 1TTL Unit Load (U.L) = 4048 HIGHFB A LOW.
b. The Output LOW drive w%&s U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature R B G
"ﬁ§ \ Vee =Pin 5
LOGIC DIAGRAM GND = Pin 12
CIN Ay B, Az BZ A3 83 A4 84
® © @ ®1® ® CONNECTION DIAGRAM

DIP (TOP VIEW)

1[: Ay B4 j 16
2z, 24 [J1s
] ] I JE A cout [
14
2d -2 2 J Ll L 1 3 OUT
‘E B3 en[d1s
5[ vee ono []12
s[]= 8 [
e, a[Jro
s[]A, 5[
®© O ®
Iy Z2 I3 Z4
NOTE:
Vee =Pin 6 The Flatpak version has the same
GND = Pin 12 pinouts (Connection Diagram) as the

Dual In-Line Package.
O =Pin Numbers ualin-Line Fackage
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SN54LS83A/SN74LS83A

FUNCTIONAL DESCRIPTION — The LS83 adds two 4-bit binary words (A plus B) plus the incoming carry. The binary
sum appears on the sum outputs (21 — Z4) and outgoing carry (CouT) outputs.

CIN+H(A1+B1)+2(A0+B2)+4(A3+B3)+8(Ag+Bg) = Z1+222+423+8Z4+16COUT

Where: (+) = plus

Due to the symmetry of the binary add function the LS83 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.

(10+9=19)

Example:
CiN| A1 A2 A3 Ag|By B2 B3 B4 |Zq X2 Z3 24 |CouT
logic levels L L H L H H L L H H L L H
Active HIGH o0 1 0o 1 1 0 O 1 1 0 O 1
Active LOW 1 1t 0 1 040 1 1 o o 1 1 0

(carry+5+6=12)

Interchanging
11,13, etc.

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

Storage Temperature

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

—65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
V¢ Pin Potential to Ground Pin —-0.5Vto+7.0V
*Input Voltage (dc) —0.56V to+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5Vto+10V
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 NN P A TEMPERATURE
SN54LS83AX 45 V 50V 55 V ~55°C to +125°C
SN74LS83AX 475V 50V 525V 0°C to +75°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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SN54LS83A/SN74LS83A

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS

SYMBOL PARAMETER IN P MAX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
Vot 20
Vi Input HIGH Voitage \" for All Inputs
54 0.7 Guaranteed Input LOW Voltage
t Volt
ViL Input LOW Voltage ” o8 \Y for All Inputs
VCD Input Clamp Diode Voltage —-0.65 -1.5 \" Vee = MIN, Iy =—18 mA
54 25 34 Vee = MIN, Igy = —400 A
Vom Output HIGH Voltage v cc OH a
74 2.7 34 VIN= Viy or V)L per Truth Table
54, 74 ] 4 =4 - =
VoL Output LOW Voltage 0.25 0, \'% loL =4.0mA | Vce = MIN, V)= Vg or
74 0.35 0.5 \ loL = 8.0 mA| V| per Truth Table
Input HIGH Current
CIN 20 HA Vee =MAX vy =27V
(" Any A or B 40
CIN 0.1 mA VCC = MAX, V'N =10V
Any A or B 0.2
Input LOW Current
I|L C|N -0.4 mA VCC = MAX, le =04V
Any A or B -0.8
Output Short Circuit
-15 -1 = =
los Current (Note 4) 0o mA Vee = MAX Voyr =0V
= MAX, Al
lcc Power Supply Current 22 39 mA Vec ! Inputs O V
19 34 mA Vee = 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, additiona! noise imminity and guard banding can be achieved by decreasing the allowable system
operating ranges.

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

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

AC CHARACTERISTICS: Tp = 25°C

LIMITS
R
SYMBOL PARAMETE| MIN v MIAX UNITS TEST CONDITIONS
tpLH Propagation Delay, Cin Input 24 ns
tPHL to Any Output 24
tpLH Propagation Delay, Any A or B input 24 ns Vec =50V
tpHL to X Outputs 24 C_=15pF
tpLH Propagation Delay, CIN input 17 ns Figures 1 and 2
tPHL to COUT Output 17
tpLH Propagation Delay, Any A or B Input 17 ns
tPHL to COUT Output 17
AC WAVEFORMS
ViN 13v ViN 13V

Vour
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SN54LS90/SN74LS90 ® SN54LS92/SN74LS92
DECADE COUNTER DIVIDE-BY-TWELVE COUNTER

SN54LS93/SN74LS93
4-BIT BINARY COUNTER

DESCRIPTION — The SN54LS90/SN74LS90, SN54LS92/SN74LS92 and LOGIC SYMBOL
SN541L.S93/SN74LS93 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 the 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 —0f cpg
1—OfcP,
MR Qg @) Q; Q3
|
e LOW POWER CONSUMPTION .. .TYPICALLY 45 mW 33 128 8w
e HIGH COUNT RATES ... TYPICALLY 50 MHz Vi = Pin &
e CHOICE OF COUNTING MODES . . . BCD, BI-QUINARY, ol bin 10
DIVIDE-BY-TWELVE, BINARY NC = Pins 4, 13
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
e FULLY TTL AND CMOS COMPATIBLE LS92
14 —Of cPy
1—0f cp,
PIN NAMES LOADING (Note a) MR Qg @y Qp Oy
HIGH LOW
CPy Clock (Active LOW going edge) Input to 30U.L. 1.5U.L.
+2 Section 67 1211 9 8
CPq Clock {Active LOW going edge) Input to 20U.L. 20U.L. Vee=Pin
+5 Section (LS90), +6 Section (LS92) GND = Pin 10
CPq Clock (Active LOW going edge) Input to 1.0 U.L. 1.0U.L. NC =Pins 2,3, 4,13
+8 Section (LS93)
MR1, MR, Master Reset (Clear) Inputs 05U.L. 0.25 U.L. Ls93
MS4, MSy Master Set (Preset-9, LS90) Inputs 0.5 U.L. 0.25 U.L.
Qg Output from +2 Section (Notes b & c) 10U.L. 5(2.5) U.L. 12—0f cp,
Qq, Qp, Q3 Outputs from =5 (LS90), +6 (LS92), 10 U.L. 5(2.5) U.L. 1—of cp, ‘
+8 (LS93) Sections (Note b) MR Qg Q, Qp Qg
9 12 9 8 Jl
NOTES: Vec=Pin§
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 5 U.L. for Commercial (74) NC = Pins 4, 6,7, 13
Temperature Ranges. e

c. The Qg Outputs are guaranteed to drive the full fan-out plus the (_:TH input of the device.
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LS90 e L S92 e LS93

LOGIC DIAGRAM

CONNECTION DIAGRAM

LS90 DIP (TOP VIEW)
®
ms
Ms; ﬂI l T 1 Ty []1e
© P |_ Y [ ]13
JSDO —JSDQ JSDQ-— RSDO 112
Ty ~———O0fcP ——ofcp —of ce of cp [
KCDE KCDE KCDG Ds s g;o
o T T | 3 7 &)
cP,
MR, G:)DO— NC = No Internal Connection
R, ®@ ® ©
@ Qg 9 Q Q3
NOTE:
O =Pin Numbers The Flatpak version has the same
. pinouts (Connection Diagram) as the
Vee=Pins Dual In-Line Package.
GND =Pin 10
LOGIC DIAGRAM CONNECTION DIAGRAM
LS92 DIP (TOP VIEW)
1], TR, D 14
J al— L. Q J ab— J alb— 2[ne Ncbn
_
Cpo ——Of CP —Of cp —t+—ofcr b—1—0f cp 3ne a, ]2
KCDG KCDB K CDE K CDB a[ne Q[ Jn
T ? ? ? s[vec onvo[ 0
_ @ s [MR; Q, 3 9
CPI@ 7[R, o3[ 8

@ 9

Q

®

Q

O -
Vee

Qg

Pin Numbers
=Pin5

GND =Pin 10

NC = No Internal Connection

NOTE:

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

LOGIC DIAGRAM

—9

CPy

LS93

CP

Co

J
cP LO cpP

Cp

0

MRy

® o

Q,

Q2

©

Q3

O = Pin Numbers
VCC =Pin§
GND =Pin 10

CONNECTION DIAGRAM
DIP (TOP VIEW)

g,

1 CPy
2[] MR, ne[ s
3[J MR,y Qo[ ]2
a[ne o[ n
s[]Vec ono[]r0
e o0
7ne a,[Js

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 Qg output of
each device is designed and specified to drive the rated fan-out plus the CP1 input of the device.

A gated AND asynchronous Master Reset (MR1eMR2) is provided on all counters which overrides and clocks and
resets (clears) all the flip-flops. A gated AND asynchronous Master Set (MS1eMS») 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 51 input must be externally connected to the 00 output. The ﬁo input receives the
incoming count and a BCD count sequence is produced.

B. Symmetrical Bi-quinary Divide-By-T -Ten Counter — The 03 output must be externally connected to the CPO input. The
input count is then applied to the CP1 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 QO as the output). The CP1 input is used to obtain
binary divide-by-five operation at the 03 output.

LS92

A. Modulo 12, Divide-By-Twelve Counter — The @1 input must be externally connected to the Qo output. The 50 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 CP1 input is used to obtain divide-by-three operation at the 01 and 02
outputs and divide-by-six operation at the 03 output.

LS93

A. 4-Bit Iﬂ)ple Counter — The output Qg must be externally connected to input 'C-:T’1. The input count pulses are applied to
input CPq. Simultaneous divisions of 2, 4, 8, and 16 are performed at the Qqg, Q4, Qg, and Qg outputs as shown in the
truth table.

B. 3-Bit Ripple Counter — The input count pulses are applied to input @,. Simultaneous frequency divisions of 2, 4, and 8
are available at the Qq, Qp, and Qg3 outputs. Independent use of the first flip-flop is available if the reset function
coincides with reset of the 3-bit ripple-through counter.




LS90 @ L S92 e L S93

LS90 LS92 AND LS93
MODE SELECTION MODE SELECTION
RESET/SET INPUTS OUTPUTS Iw’E’%ET’]é OUTPUTS
MR, MRy | MS; | MS, Q QO Q Q3
H | H | L |X L L L L MR1 | MR || Qo 99 9 Qg
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
LS90 LS92 LS93
BCD COUNT SEQUENCE TRUTH TABLE TRUTH TABLE
OUTPUT OUTPUT OUTPUT
COUNT COUNT COUNT
Q 9 0 Qg Q 07 0 Qg 9 9 0 Qg
0 L L L L 0 L L L L 0 L L L L
1 H L L L 1 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 11 H H L H
Note: Output Qg connected to input CPy. 12 L L H H
13 H L H H
14 L H H H
15 H H H H

Note: Output Qq connected to input CPq.

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) -05Vto+10V
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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LS90 @ LS92 @ LS93

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (Vcc)

TEMPERATURE
PART NUMBERS N 5 X U
SN54LS90X
SN54LS92X 45 v 50V 55 V ~55°C to +125°C
SN54LS93X
SN74LS90X
SN74LS92X 475V 50V 525V 0°C to +76°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 MIN P MAX UNITS TEST CONDITIONS (Note 1)
Guaranteed Input HIGH Voltage
V| | Hi Volt: 20
H nput HIGH Voltage v for All inputs
54 .7 Vol
i Input LOW Voltage 0 v Guaranteed Input LOW Voltage
74 08 for All Inputs
Veo Input Clamp Diode Voltage —0.65 -1.5 \" Vee =MIN, Iy = —-18 mA
54 25 3.4 Vee =MIN | = —400 uA
VoH Output HIGH Voltage \" cc OH s
74 2.7 3.4 VIN=Vigor Vi per Truth Table
54,74 . 4 v =4 = =
VoL Output LOW Voltage 0.25 0 loL = 4.0 mA | Vcc = MIN, V|y = V| or
74 0.35 0.5 \ loL = 80 mA |V, per Truth Table
input HIGH Current
MS, MR 20
CPg 120 LA Ve = MAX, Viy =27V
CPq (LS93) 40
. CPq (LS90, LS92) 80
IH
MS, MR 0.1
TP, CPy (LS93) 0.4 mA Vee = MAX, Vi =10V
TP (LS90, LS92) 038
Input LOW Current
MS, MR -0.4
|“_ CPO -24 mA Vcc = MAX, le =04V
CPq (LS93) -1.6
CP (LS90, LS92) -3.2
Output Short Circuit
- - V, = X, =
los Current (Note 4) 15 100 mA cc = MAX. Vour ov
Icc Power Supply Current 9 15 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 Vcc = 5.0V, Ta = 25°C, and maximum loading.

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

w
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LS90 @ LS92 @ LS93

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

LIMITS
SYMBOL PARAMETER LSS0 LS92 LS93 UNITS
MIN [ MAX MIN MAX MIN MAX
fMAX C_Po Input Count Frequency 32 32 32 MHz Fig. 1
fMAX CP; Input Count Frequency 16 16 16 MHz Fig. 1
tpLH Propagation Delay, 16 16 16 ns
thHL CPg Input to Qg Output 18 18 18
PLH CP4 Input to Q4 Output 16 16 16 ns
tPHL 21 21 21
'PLH TPy Input to Q, Out 32 16 32 i
put ns Fig. 1
tPHL 1P 2 35 21 35 9
'PLH Py In 32 32 51
put to Qq Output
tPHL ! 3 35 35 51 ns
tPLH CPn In 48 48 70
put to Qq Output ns
tPHL 0 3 50 50 70
tpLH MS Input to Qg and Q3 Outputs 30 ns Fig. 3
tpHL MS Input to Q¢ and Q,Outputs 40 ns Fig. 2
tpHL MR Input to Any Output 40 40 40 ns Fig. 2
AC SET-UP REQUIREMENTS: Tp = 25°C, Vee =50V
LIMITS
SYMBOL PARAMETER LS90 LS92 LS93 UNITS
MIN | MAX MIN MAX MIN MAX
CPy Pulse Width
tw _0 uise 1 15 15 15 ns Fag 1
W CP4 Pulse Width 30 30 30 ns
tyy MS Pulse Width 15 ns Fig. 2, 3
tw 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 (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 HIGH data to the Q outputs.

AC WAVEFORMS

13V
PHL ‘IH

Q 1.3v *

'*— w

Fig. 1

*L_T

PLH

13V

*The number of Clock Pulses required between the tpyy;, and tp H Measurements can be determined from the appropriate Truth Tables.

MR & MS 13v 1.3V

MS 13w

- 1y ——4<— :,Ec—bl

N

Fig. 2

13V

- (w—blq—t,ec —bl

Qg Q3
(L590)

S

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. LOGIC SYMEOL
The data is transferred from the serial or parallel D inputs to the Q outputs 6 2 3 4 5
synchronous with the HIGH to LOW transition of the appropriate clock input. l | | | |
1—Jos S Pg P1 P2 P3
The LSO5 is fabricated with the Schottky barrier diode process for high speed and 9—0fcPy
is completely compatible with all Motorola TTL families. 8—OfCPy
Qo Q1 Q2 Q3
« SYNCHRONOUS, EXPANDABLE SHIFT RIGHT 1|3 1lz 1I1 1lo
e SYNCHRONOUS SHIFT LEFT CAPABILITY
e SYNCHRONOUS PARALLEL LOAD Ve = Pin 14
e SEPARATE SHIFT AND LOAD CLOCK INPUTS GND = Pin 7
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECT
e FULLY TTL AND CMOS COMPATIBLE ’ CONNECTION DIAGRAM
PIN NAMES - “LOADING (Note a) DIP (TOP VIEW)
LOW — —
S Mode Control Input 0.25 U.L. 1os ~vecf s
Ds Serial Data | 0.25 U.L. 2Oro o
Po —P3 0.25 U.L. s0m o112
CP1 0.5 U.L. a[]r, o, ]
s[]ps az[J10
CcP, 1.0 U.L. 0.5 U.L. s & o
Edge) Input 7[Jono  p,[ e
Qg - Q3 Parallel Outputs (Note b) 10 U.L. 5(2.5) U.L.
NOTE:
:O:is'l;L Unit Load (U.L.) = 40 4A HIGH/1.6 mA LOW. The Flatpak version has the same
b. The Output LOW drive factor is 2.6 U.L. for Military (54) and 5 U.L. for Commercial (74) pinouts ((;onnect:on Diagram) as the
Temperature Ranges. Dual In-Line Package.

LOGIC DIAGRAM o N ’

P3
® ® ® ® ®
s——1>—>o<»—0>
o® t

&,
D> > > >
s Q s Q s [l Y——s Q

Vge = Pin 14
GND =Pin 7
O = Pin Numbers




SN54LS95B/SN74LS95B

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 (Qg — Qg). The serial or parallel
mode of operation is controlled by a Mode Control input (S) and two Clock inputs (CP¢) and (CP3). 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, 6’2 is enabled. A HIGH to LOW transition on enabled 6132 transfers parallel data
from the Pg — P3 inputs to the Qg — Qg3 outputs.

When the Mode Control input (S) is LOW, CPy is enabled. A HIGH to LOW transition on enabled CPy transfers the data from
Serial input (Dg) to Qg and shifts the data in Qg to Qq, Q to Qy, and Q; to Qg respectively (right-shift). A left-shift is
accomplished by externally connecting Q3 to P, Qg to Py, and Qg to Pp. and operating 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 CP is HIGH, or changing S from HIGH to LOW while CPq is HIGH and CPy is LOW will not cause any changes
on the register outputs.

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS

OPERATING MODE
CP Q Q@ Q0 03

n
(o]
3
o
o
o
B

x
-

L] 91 a2
% 9N 92
Po P1 P2 P3
No Change
No Change
No Change

Shift

x

Parallel Load

Undetermined

Mode Change

Undetermined
No Change

Undetermined

b i s B el B ol B R
I;rrIIrrer,—l
I IXITIXTrrrereCExx
X X X X X X X X|x|z> -
X X X X X X x x|P

No Change

= LOW Voltage Level
= HIGH Voltage Level

= Don't Care

LOW Voltage Level one set-up time prior to the HIGH to LOW clock transition.

HIGH Voltage Level one set-up time prior te the HIGH to LOW clock transition.

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

xXIr

h o2




SN54L.S95B/SN74LS95B

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+16V
*Input Current (dc) —-30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —05Vto+10V
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 i F T TEMPERATURE
SN54LS95BX 45 V 50V 55 V -55°C to +125°C
SN74LS95BX 475V 50V 525V 0°C to +75°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 TP MAX UNITS TEST CONDITIONS
Guaranteed Input HIGH Threshold
1} .
Vi Input HIGH Voltage 20 v Voltage for All Inputs
54 0.7 Guaranteed Input LOW Threshold
ViL Input LOW Voltage 74 0.8 v Voltage for All Inputs
Vep input Clamp Diode Voltage —0.65 -15 \" Voo =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 VN = V)4 or V| per Truth Table
54,74 . . =4, = MIN, ViN =
VoL Output LOW Voltage 0.25 0.4 \ loL O mA | Vce = MIN, ViN = V|4 or
74 0.35 05 \% loL = 8.0 mA | V_per Truth Table
Input HIGH Current
S, Dg, Pp. P1. P2, P3 20 MA Vee = MAX ViN=2.7V
CP4. CPy 40
hH
S, Ds, Po, P1, Pz, P3 0.1 mA VCC = MAX, VIN =10V
C—P1. C_F’2 0.2
Input LOW Current
I|L S, DS, PO, P], P2. P3 -04 mA VCC = MAX, V'N =04V
6_551. C_Pz -0.8
Output Short Circuit _ _ _ _
los Current (Note 4) 15 100 mA Vee = MAX, Voyr =0V
lec 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.

12. 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.

4. Not more than one output should be shorted at a time.
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SN54LS95B/SN74L.S95B

AC CHARACTERISTICS: Tp = 25°C

SYMBOL PARAMETER MIN legs MAX UNITS TEST CONDITIONS
fMAX Shift Frequency 30 40 MHz Fig. 1 Ve =50V
tpLH Propagation Delay, 20 27 ns Fig. 1 C_=15pF
tpHL Clock to Output 18 27

AC SET-UP REQUIREMENTS: Tp = 25°C

SYMBOL PARAMETER MIN Lle:S MAX UNITS | TEST CONDITIONS
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 Vee =50V
tsL Set-up Time, LOW Mode Control to Clock 20 " | kg o | CLT15PF
thy 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 0o 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.

u—»l—'mm

Ts(H)—]

1.3v

[ teHL

\i\/

—
/_

Fig. 1

*The Data Input is
(Dg for CPq) or (P, for CPp).

‘sm)——4—>l ‘su.)—|<—>

ThiL)

S E 1

t(H).

‘s(L)—4—>|

(L)

th(H)

th(L OR H) —|




SN54LS138/SN74LS138
1-OF-8 DECODER/DEMULTIPLEXER

DESCRIPTION — The LSTTL/MSI SN54LS138/SN74LS138 is a high speed 1-0f-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-of-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.

DEMULTIPLEXING CAPABILITY

MULTIPLE INPUT ENABLE FOR EASY EXPANSION

TYPICAL POWER DISSIPATION OF 32 mW

ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
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, Eg Enable (Active LOW) Inputs 0.5 U.L. 0.25 U.L.
Eg Enable (Active HIGH) Input 0.5 U.L. 0.25 U.L.
0g - Oy Active LOW Outputs (Note b) 10 U.L. 5 (2.5) U.L.
NOTES:

a.
b.

1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
The Output LOW drive factor is 2.6 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC DIAGRAM
Ay Ay Ag E € & Ve = Pin 16
e @ @ @G GND=Pin 8
v O = Pin Numbers
L Ll Ll LLi LLJ 1 L L
@ ® @) @ ® ®
0; Og 05 04 03 0, 04 S

LOGIC SYMBOL

12 03 456
t
Ay Aq Ay €

0g 0y 0 O3 04 Og Og 07

TITTTTTT

15 14 13 12 11 10 9 7

Vcc =Pin 16
GND =Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

1[: A 7 veef e
2~ So[ 15
3[]42 o[
4E 3 0,13
s[]& S3[]2
6[ £y 04 jn
7E 0, Gs :|1o
s[Jono [ Jo

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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SN54L.5138/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 (Ag, A1, A) and when
enabled provides eight mutually exclusive active LOW outputs (60-67). The LS138 features three Enable inputs, two
active LOW (Eq, Ep) and one active HIGH (E3). All outputs will be HIGH unless Eq and Eg 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 Az -60 61 32 33 64 65 53 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
R | |

X . o
| |

123] I

Ao A; A; E A0 Ay Az E Ao Ay Ag 3 Ao Ay Az £
LS138 LS138 LS138 LS138
Op 01 03 O3 04 O5 Og Oy Op 01 03 O3 04 05 Og O Og 01 03 O3 04 05 Og O; Og 01 0 03 04 Og Og 0Oy
TYTITPYY 7777 7Y IARAAARA TN ARAAAAD;
o 31
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
Vcc 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) —-0.5Vto+10V
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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SN54L.5138/SN74LS138

GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (Vcc)
A
PART NUMBERS N - SIAX TEMPERATURE
SN54L8138X 45 V 50V 55 V -55°C to +125°C
SN74L8138X 475V 50V 525V 0°C to +75°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
Guaranteed Input HIGH Threshold
2.
ViH Input HIGH Voltage (¢] \") Voltage for All Inputs
54 .7 h
Vi Input LOW Voltage 0 v Guaranteed Input LOW Threshold
74 08 Voltage for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 v Ve =MIN i)y = -18 mA
54 25 3.4 Vee = MIN, Igy = —400 pA
VoH Output HIGH Voltage v cc OH H
74 2.7 34 VIN = Vg of V) per Truth Table
54,74 0.2 .4 =4, =MIN, VN =V
VoL Output LOW Voltage 5 0 v loL OmA|Vcc=M IN IH o
74 0.35 0.5 \" loL= 8.0 mA | V;_per Truth Table
1.0 20 A Vee = MAX, Viy=27V
W1 Input HIGH Current ~ cc IN
0.1 mA Vcc = MAX, V‘N =10V
e Input LOW Current -0.36 mA Ve = MAX, vy =04V
Output Short Circuit
-1 -1 = =
|os Current (Note 4) 5 00 mA Vcc MAX, VOUT ov
lce Power Supply Current 6.3 10 mA Ve = MAX
NOTES:

1. Conditions for testing,

2. The specified LIMITS represent the

temperature and supply voltage extremes,

operating ranges.
3. Typical limits are at Vcgc = 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

not shown in the Table, are chosen to guarantee operation under ‘‘worst case’’ conditions.
“worst case” value for the parameter. Since these *worst case’ values normally occur at the
additional noise immunity and guard banding can be achieved by decreasing the allowable system

LIMIT
SYMBOL PARAMETER IN TYPS MAX UNITS TEST CONDITIONS
tpLH Propagation Delay 11 18 .
tpHL Address to Output 19 27 ns Fig. 1
tpLH Propagation Delay, 9.0 15 : Vee = 50V
tpHL T, or E; to Output 17 24 ne Fig- 2 | ¢ 15 pF
t Propagation Delay, 11 18 )
PLH
tpHL E3 to Output 20 28 ns Fig. 1
AC WAVEFORMS
1.3V 13V Vin 13V 13V

Vout

Vout

PHL I‘ ‘vu-l"

Fig. 2
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SNb54LS139/SN74LS139

DUAL 1-OF-4 DECODER

DESCRIPTION — The LSTTL/MSI SN54LS139/SN74LS139 is a high speed Dual
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 all 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. '

® SCHOTTKY PROCESS FOR HIGH SPEED

* MULTIFUNCTION CAPABILITY

* TWO COMPLETELY INDEPENDENT 1-OF-4 DECODERS

¢ ACTIVE LOWMUTUALLY EXCLUSIVE OUTPUTS

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

PIN NAMES LOADING (Note a)

HIGH Low
Ag, A4 Address Inputs 0.5 U.L. 0.25 U.L.
E Enable (Active LOW) Input 0.5 U.L. 0.25 U.L.
Og — 03 Active LOW Outputs (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.

LOGIC DIAGRAM

Ea Aga Al Ey Ab  Atb

L 4 9
f i
99999

® © ® @ el o

O0a O1a 02 O3a Oob O1p O2 3b

Vee =Pin 16
GND =Pin 8
O = Pin Numbers

LOGIC SYMBOL

i 2 3 15 1413
€ Ag Ay E A A
DECODER a DECODER b
Op 07 0; 03 Og 07 0; O3
45 6 7 12 1110 9
Vee =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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SN54LS139/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, A.l) and provide four mutually exclusive active LOW outputs (00-53). Each decoder has an active LOW Enable (E).
When E 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 3 3
INPUTS OUTPUTS ro %"_ 0 :" %D— 00
— — — — p— 1 1
E Ao Aq Oo 01 02 03 € €
A Aq
L L L L H H H

E E
L L H H H L H N N

L H H H H H L ’

€ 3

A o o

HIGH Voltage Level 0%:)0_ 3 Af’%)— 3
Ar Ay

L = LOW Voltage Level
Don't Care Fig. a

i

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
Ve 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) —0.5Vto+10V
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¢
ART NUMBER
PART NUMBERS A . X TEMPERATURE
SN54LS139X 45 V 50V 55 V ~55°C to +125°C
SN74LS139X 4.75 v 50V 5.26 V 0°C to +75°C

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

5-23



SN54LS139/SN74LS139

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER VN T Tvp MAX UNITS TEST CONDITIONS
It 20 v Guaranteed Input HIGH Threshold
ViH Input HIGH Voltage ’ Voltage for All Inputs
| LOW Voltage 54 0.7 v Guaranteed Input LOW Threshold
ViL nput LOW Voltag 74 0.8 Voltage for All Inputs
Veo Input Clamp Diode Voltage —0.65 -1.5 A" Vee = MIN, IN=—18 mA
54 25 34 Vee = MIN, gy = —400 uA
V, Output HIGH Voltage \Y
OH ue 9 74 27 | 34 VIN = Vi or Vy_per Truth Table
54,74 0.25 04 v IoL=4.0mA | Vcc =MIN, Vi =V
Vo Output LOW Voltage oL o cc IN 1H or
74 0.35 0.5 v 'OL =8.0 mA V)L per Truth Table
1.0 20 MA Vee = MAX, Vi =27V
4 Input HIGH Current cc IN
0.1 mA Vec = MAX, Viy=10V
e Input LOW Current —0.36 mA Vee = MAX, ViN=04V
Output Short Circuit
-1 -1 = : =
los Current (Note 4) 5 00 mA Vee =MAX. Voyr =0V
lee Power Supply Current 6.8 11 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 Voe = 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
SYMBOL PARAMETER MIN v MAX UNITS TEST CONDITIONS
tpLH Propagation Delay, 1 18 .
tPHL Adress to Output 19 27 ns g1 | vee=s0v
tpLH Propagation Delay, 9.0 15 . CL=15pF
tpHL Enable to Output 17 . 24 ns Fig. 2
Vin 13v 13v VIN 13v 13V

Vour 13v 13v Vout SK 13V 13v
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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 asa universal function generator
to generate any logic function of four variables. Both assertion and negation out-
puts are provided.

SCHOTTKY PROCESS FOR HIGH SPEED

MULTIFUNCTION CAPABILITY

ON-CHIP SELECT LOGIC DECODING

FULLY BUFFERED COMPLEMENTARY OUTPUTS

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

PIN NAMES LOADING (Note a)
HIGH LOW
Sp—S2 Select Inputs 0.5 U.L. 0.25 U.L.
E Enable (Active LOW) Input 0.5 U.L. 0.25 U.L.
lp— I7 Multiplexer Inputs 0.5 U.L. 0.25 U.L.
z Multiplexer Output (Note b) 10 U.L. 5 (2.56) 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 2.6 U.L. for Military
Temperature Ranges.

(54) and 5 U.L. for Commercial (74)

LOGIC SYMBOL

7 4 3 2 115 14 13 12
E lg 17 12 13 1a 15 1§ |7

11— So

10 ——f S1

9—52

4 Y4
6

5

Vce = Pin 16
GND =Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

s
[ 15
:]14
113
(]2
j'l'l
[T
o

NOTE:

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

LOGIC DIAGRAM ® '3@ '(')@ ‘2® l%@ ?’Q '5O 'g '(;
Sy O_T_—‘# @ @
5o o 1 P>
s
Q)
co——> ;I L1 } {4 10 1] .l Bt
| | | ] 1
Ve =Pin 16
GND = Pin 8 ® |G
O = Pin Numbers ° 9
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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, S0, S1., S2. 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:
z =E‘(|0'§0’§1 '§2 +1q 'SO‘§1 ‘_5_2 + |2°§0‘S-| '§2 +13:8p°S, '§2 +
|4‘§0'§1'32 + |5'So'§1'32 + |6‘§0'31 ‘52 + |7'So'S1 ‘52).

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 St So|lo N 12 i3 14 15 g 17| 2 z
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
V¢ Pin Potential to Ground Pin —-05Vto+7.0V
*Input Voltage (dc) —0.5V to+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —-05Vto+10V
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 — cc T TEMPERATURE
SN54LS151X 45 Vv 50V 55 V —55°C to +125°C
SN74LS151X 475V 50V 525V 0°C to +75°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.




SN54LS151/SN74LS151

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
YM CONDITION
SYMBOL PARAMETER MIN P MAX UNITS TEST S
Guaranteed Input HIGH Threshold
VIH Input HIGH Voltage 20 \% Voltage for All Inputs
54 0.7 Guaranteed Input LOW Threshold
ViL Input LOW Voltage \") ua P
74 0.8 Voltage for All inputs
Vep Input Clamp Diode Voltage -0.65 -15 \Y Vee = MIN, Iy =—18 mA
54 25 34 Vee = MIN Iy = —400 pA
V, tput HIGH Volt: \"
OH Outpu oltage 74 2.7 34 VinN = ViH oF V| per Truth Table
54,74 0.25 0.4 \ loL = 4.0 mA | Vcc = MIN, VIN =V
VoL Output LOW Voltage oL m cc IN 1H or
74 0.35 0.5 v loL= 8.0 mA | V_per Truth Table
1.0 20 A Vee = MAX, Vi =27V
i Input HIGH Current £ e N
0.1 mA Vee = MAX vy =10V
M Input LOW Current -04 mA Ve = MAX, V|y =04V
Output Short Circuit
=15 -100 A Vee = X, =0V
los Current (Note 4) m cc = MAX. Vourt o
Icc Power Supply Current 6.0 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 Vgg = 5.0 V, Ta = 25°C.

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

AC CHARACTERISTICS: Tp = 256°C

SYMBOL PARAMETER N U,w;s AAX UNITS TEST CONDITIONS
tpLH Propagation Delay, 1 20 ns Fig. 1
tpHL Select to Z Output 23 32
tpLH Propagation Delay, 30 41 ns Fig. 2
tpHL Select to Z Output 18 30
tpLH Propagation Delay, 13 20 ns Fig. 2
tpHL Enable to Z Output 17 26 Vee =50V
tpLH Propagation Delay, 22 33 ns Fig. 1 C =15 pF
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 13V

Vout 1.3v 13V Vout * 13V ﬁ
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SN54LS152/SN74LS152

8-INPUT MULTIPLEXER

DESCRIPTION — The TTL/MSI SN54LS152/SN74LS152 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 LS152 can be used as a universal function generator
to generate any logic function of four variables. It is supplied in FLATPAK only;
for Dual In-line Package application use the LS151.

SCHOTTKY PROCESS FOR HIGH SPEED

MULTIFUNCTION CAPABILITY

ON-CHIP SELECT LOGIC DECODING

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

PIN NAMES LOADING (Note a)
HI!GH Low
Sg— Sy Select Inputs 0.5 U.L. 0.25 U.L.
lg—1I7 Multiplexer Inputs 0.5 U.L. 0.25 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 2.6 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC SYMBOL
5§ 4 3 2 113121
NN
o 1112 13 14 15 lg Iy
10 —1 g
9 —]s,
8—s,

4

6
Vce =Pin 14
GND =Pin 7

CONNECTION DIAGRAM

FLATPAK (TOP VIEW)

1[14. veel ]h4
2[1, 15| i3
sy, 15[ ]2
On [ Jn
s so] Jio
s[]z sif Jo
7[]onp ARL

Dot Indicates Pin 1

LOGIC DIAGRAM o

S %o b be
W e g (0 f0 f0 fo fo

Vce =Pin 14
GND = Pin 7
O = Pin Numbers
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SN54L.5152/SN74L5152

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, S, S1, S2. The logic function provided at the output is:

Z=(1g°Sg51°52 + 11°80'51 52 + 12°S0°S1°5y + 13°S0"51 Sz +
14505152 + 15°S0"S1°S2 + 1505152 + 17°S0"51°S2).

The LS152 provides the ability, in one package, to select from eight sources of data or control information.

TRUTH TABLE
S ST So |l " 12 13 14 s 16 17 z
X X X X X X X X X X X H
L L L L X X X X X X X H
L L L H X X X X X X X L
L L H X L X X X X X X H
L L H X H X X X X X X L
L H L X X L X X X X X H
L H L X X H X X X X X L
L H H X X X L X X X X H
L H H X X X H X X X X L
H L L X X X X L X X X H
H L L X X X X H X X X L
H L H X X X X X L X X H
H L H X X X X X H X X L
H H L X X X X X X L X H
H H L X X X X X X H X L
H H H X X X X X X X L H
H H H X X X X X X X H L
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
V¢ Pin Potential to Ground Pin —-0.5Vto+7.0V
*Input Voltage (dc) -0.56Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —-05Vto+10V
Output Current (dc) (Output LOW) +50 mA
*Ejther Input Voltage limit or Input Current limit is sufficient to protect the inputs.
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (V)
PART NUMBERS R =7 cc AR TEMPERATURE
SN54LS152X 45 V 50V 556 V —55°C to +125°C
SN74LS152X 475V 50V 525V 0°C to +75°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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SN54LS152/SN74LS152

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER YT P MAX UNITS TEST CONDITIONS
Guaranteed Input HIGH Threshold
I 20 \Y
ViH Input HIGH Voltage Voltage for All Inputs
54 0.7 Guaranteed Input LOW Threshold
W Volt: \"
ViL Input LOW Voltage 74 08 Voltage for All Inputs
Veo Input Clamp Diode Voltage —0.65 -1.5 v Vee = MIN, IiN=—-18 mA
54 25 34 Vee = MIN, 1y = —400 uA
Vou Output HIGH Voltage v cc OH #
74 2.7 3.4 VIN = V| or Vy_ per Truth Table
54,74 0.25 0.4 \Y loL=4.0mA = MIN, =V
VoL Output LOW Voltage OL= 4.9 mA | Ve = MIN, VIN = Vin or
74 0.35 0.5 v loL = 8.0 mA | V;_per Truth Table
20 A Vee = MAX, Viy=27V
" Input HIGH Current - cc IN
0.1 mA VCC = MAX, VIN =10V
llL Input LOW Current -0.4 mA Vcc = MAX, VIN =04V
Output Short Circuit
! - -100 = =
0s Current (Note 4) 15 mA Vee = MAX, Voyr =0V
Icc Power Supply Current 5.6 9.0 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.

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

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

AC CHARACTERISTICS: Tp = 25°C

L
SYMBOL PARAMETER N '_?:{';s AKX UNITS TEST CONDITIONS
tpLH Propagation Delay, 12 20 ns Fig. 1
tpHL Select to Z Output 23 32 Vec =50V
tpLH Propagation Delay, 8.0 13 ns Fig. 1 CL=15pF
tpHL Data to Z Output 10 15
AC WAVEFORMS
Vin 13v 13v
L‘PHL“I L'PLH‘I
Vour 13v 13V
Fig. 1
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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.

MULTIFUNCTION CAPABILITY

NON-INVERTING OUTPUTS

SEPARATE ENABLE FOR EACH MULTIPLEXER

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

PIN NAMES LOADING (Note a)
HIGH LOW

Sp Common Select Input 0.5 U.L. 0.25 U.L.

E Enable (Active LOW) Input 0.5 U.L. 0.25 U.L.

o 14 Multiplexer Inputs 0.5 U.L. 0.25 U.L.

z Multiplexer Output (Note b) 10 U.L. 6 (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

3 10 11 12 13 15

L]

2 l0a'ta '22'3a oo 'tb'20 '3 Fo

Za Zp

Vge =Pin 16
GND =Pin 8

LOGIC DIAGRAM

€2 los "a '2a 32 S So oo "1b 126 36 b

%@@@@@@@@@

Ve = Pin 16
0] GND =Pin 8
O = Pin Numbers

CONNECTION DIAGRAM
DIP (TOP VIEW)

NOTE:

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




SN54LS153/SN74LS153

FUNCTIONAL DESCRIPTION — 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 (E,, Ep)
which can be used to strobe the outputs independently. When the Enables (Ea, Ep) are HIGH, the corresponding
outputs (Z,, Zp,) are forced LOW,

The LS153 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.

“So+11a* 51" S0+ 122" S1*Sg+13, - S - Sp)
*So+ 1151 - Sg+12p S+ Sp iz, - Sq - So)
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.

Zy= Ea * (lpa

.§1
Zb=Eb *{lgp * §1

TRUTH TABLE

SELECT INPUTS INPUTS (a or b) OUTPUT
So S1 E lg 19 12 i3 r4
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

r
il

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) -05Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) -0.5Vto+10V
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)
R T
PART NUMBERS N 5 AR EMPERATURE
SN54LS153X 45 v 50V 55 V ~55°C to +125°C
SN74LS153X 475V 50V 5.25V 0°C to +75°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)
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX
Guaranteed Input HIGH Threshold
\/ Input HIGH Volta 20 Y
H nput HIGH Voltage Voltage for All inputs
5 . | W Thresh
ViL Input LOW Voltag 4 0.7 v Guaranteed Input LOW Threshoid
74 0.8 Voltage for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 \" Vee = MIN, Iy =—18 mA
54 25 34 Vee = MIN, Igy = —400 uA
VoH Output HIGH Voltage v cc OH .
74 27 34 VIN = Vi or V| per Truth Table
54,74 0.25 0.4 =4. = E =
VoL Output LOW Voltage v loL =40 mA | Vcc = MIN. VIN = ViH of
74 0.35 0.5 \Y loL = 8.0 mA | V| _per Truth Table
1.0 20 A Vee =MAX, Viy=27V
hH Input HIGH Current H cc IN
0.1 mA Vee =MAX, Viy=10V
e Input LOW Current —0.36 mA Vee = MAX, Vg =04V
Output Short Circuit _ _
los Current (Note 4) 18 100 mA Ve =MAX Vour =0V
lcc Power Supply Current 6.2 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, 25°C, and maximum loading.
4. Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

LIMITS
T
SYMBOL PARAMETER N P MAX UNITS TEST CONDITIONS
tpLH Propagation Delay 20 29 .
tpHL Select to Output 16 24 ns Fig. 2
tPLH Propagation Delay, 17 gg ns Fig. 1 VCC_ =50V
tpHL Enable to Output 14 C_=15pF
tpLH Propagation Delay, 10 15 .
tpHL Data to Output 10 15 ns Fig. 2
AC WAVEFORMS
W
Vin 13V 13V Vin 13v 13v
L‘PHL"! L’“PLH‘1 l“”*lpm I"PLH"
Vout 1.3V 13V Vout Xk 13V ﬁ

Fig. 2
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SN54LS155/SN74LS155
SN54LS156/SN74LS156

DUAL 1-OF-4 DECODER/DEMULTIPLEXER
(LS156 HAS OPEN COLLECTOR OUTPUTS)

DESCRIPTION — The LSTTL/MSI SN54LS155/SN74LS155 and SN54LS156/
SN74LS156 are high speed Dual 1-of-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 collector 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 completely compatible with all Motorola TTL families.

e SCHOTTKY PROCESS FOR HIGH SPEED

o MULTIFUNCTION CAPABILITY

o COMMON ADDRESS INPUTS

e TRUE OR COMPLEMENT DATA DEMULTIPLEXING

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

Ag, Aq Address Inputs 0.5 U.L. 0.25 U.L.

E, Eb Enable (Active LOW) Inputs 0.5U.L. 0.25 U.L.

= Enable (Active HIGH) Input 0.5 U.L. 0.25 U.L.

50 - 63 Active LOW Outputs (Note b) 10 U.L. 5(2.5) U.L.

NOTES:

a. 1 TTL 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 § U.L. for Commercial (74)
Temperature Ranges. The HIGH level drive for the LS156 must be established by an external
resistor.

LOGIC DIAGRAM B o
offle ®VL \J(@ ®
{
VY
{
[ 11 [ 10
wo-mms 0o o of of o of @
O = Pin Numbers O0a O1a 02a 03 Oop O O2 O3p

LOGIC SYMBOL

12 133 1415
E €
Ag A
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)

e Vee [ 16
2[&, E [ 115
3] A, [
4[]8, Ao )3
s[5z 63b:]17
5E61a O2 :]1‘
7 36, O[] 10
8[] ono 0o ] o

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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SN54LS155/SN74LS155 @ SN54L.S156/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 (AQ, A1) and provides four mutually exclusive active LOW outputs (60—63). 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 (anEa). In demultiplexing applications, Decoder “a’’ can accept either true or complemented
data by using the Ea or Eg inputs respectively. The enable gate for Decoder “'b’’ requires two active LOW inputs
(EpsEp). The LS156 or LS156 can be used as a 1-0f-8 Decoder/Demultiplexer by tying E, to Ep and relabeling the
common connection as (Ag). The other Ep and E, 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+Ay)

where E=E, + Ey; E=Ep +Ep

Fig. a
TRUTH TABLE

ADDRESS || ENABLE “a” OUTPUT “a” ENABLE “b” OUTPUT “b"

A Ar| Ea E, |Op Oy O O3| B E | 0o O 0, O3
x x|l L x|HH HW H H|H X |H H H H
x x| x wlH H W H|X H|H H H H
. tlw v lL w W H|L L|lL H H H
H o oLl w L lm L H M| UL L |H L H H
. wlw v |H®w H UL H|] L L |H H L H
H o nwlw Clm W oH L L oL H o oH oH L

H = HIGH Voltage Level
L = LOW Voltage Level
X = Don’t Care




SN54LS155/SN74L.S155 @ SN54L.S156/SN74LS156

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) —0.5Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —~05Vto+10V
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 Vil VP TAAX TEMPERATURE
SN541LS155X
SN5ALS 156X 45 v 50V 55 V ~55°C to +125°C
SN74LS155X
SN74LS156X 475V 50V 525V 0°C to +75°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 v AR UNITS TEST CONDITIONS
Guaranteed Input HIGH Threshold
Input HIGH Volt 20 v
Vin nput HIGH Voltage Voltage for All Inputs
XM 0.7 Guaranteed Input LOW Threshold
| \
ViL Input LOW Voltage XC 08 Voltage for All Inputs
Veo Input Clamp Diode Voltage —-0.65 -1.5 v Ve =MIN, |y =-18 mA
v Output HIGH Voltage XM 25 3.4 v Vee = MIN, gy = —400 pA
OH LS155 Only XC 2.7 34 VIN = Vi or Vy_ per Truth Table
Output HIGH Current Vee = MIN, Voy=55V
| 1 A
OH LS156 Only 0 | ViN = Vi or Vy_per Truth Table
X . 4 \Y =4, = , =V
VoL Output LOW Voltage XM, XC 0.25 0 loL 0 mA | Voc = MIN, Vin |H or
XC 0.35 0.5 v loL =8.0mA V| per Truth Table
20 A Vee = MAX, Viy =27V
1 Input HIGH Current H cc IN
e Input LOW Current —0.36 mA VCC = MAX, ViN=04V
| Output Short Circuit 18 _100 A Ver = MAX. V. =ov
0s Current (Note 4) m cc™ *YOUT —
lcc Power Supply Current 6.1 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 "
temperature and supply voltage extremes, additional noise immunity and guard bandin,

operating ranges.

3. Typical limits are at Vgg = 5.0 V, T = 25°C.

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

worst case’” values normally occur at the

g can be achieved by decreasing the allowable system
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SN54LS155/SN74LS155 @ SN54LS156/SN74LS156

AC CHARACTERISTICS: Tp = 25°C

LIMITS
SYMBOL PARAMETER LS1565 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 Ve =50V
t Propagation Delay, 9.0 15 16 25 ns Fig. 2 C; =15 pF
tPLH E, or E, to O 17 24 21 3 -
PHL 3 or Ep to Output 0 RL=2kQ
tpLH Propagation Delay 11 18 18 28 ns Fig. 1
tPHL E, to Output 20 28 24 34
AC WAVEFORMS
Vin 13V 1.3V ViN 13V

1.3v
L"T“PHL l"PLH"
VouTt 13v 13V Vout XK 13V 7[—:/

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 1.0 U.L. 0.5 U.L.

E Enable (Active LOW) Input 1.0 U.L. 0.5 U.L.

ioa — iod Data Inputs from Source 0 0.5 U.L. 0.25 U.L.

11a—I1d Data Inputs from Source 1 0.5 U.L. 0.25 U.L.

2, -2y 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 2.6 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

LOGIC DIAGRAM
10a a lob b loc e log g ES

© o o o e e o el|ell

-J - -
Vee =Pin 16
@ ©) ® ® GND =Pin 8
Z, 2y Z; 24 O =Pin Numbers

LOGIC SYMBOL

15'[’]5?71,41,31,110

E 10a 1a 1o 11b loc t1c lod 119

Tegs

Vee =Pin 16
GND =Pin 8

CONNECTION DIAGRAM

DIP (TOP VIEW)
IE’S_VE 16
2[J0a 3 Ew
3[gne loc [ 14
[z, e (13
5 [Jiow z. [
6 [ log [ 11
0z a [J10
8 [Jono zg [

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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SN54L.8157/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+Igy* S) Z,=E-(4p-S+lgp " S)
c=E-(l3c*S+lige S Z4=E-(l4q*S+lgg" S
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.

TRUTH TABLE
ENABLE s,'i,&,%“‘:: INPUTS OUTPUT
E S o I 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
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 +1256°C
V¢ Pin Potential to Ground Pin —-05Vto+7.0V
*Input Voltage (dc) —0.5Vto+156V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —-05Vto+10V
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 P TTAX TEMPERATURE
SN54LS157X 45 V 50V 55 V —55°C to 125°C
SN74LS157X 475V 50V 5.25V 0°C to +75°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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SN54LS157/SN74LS157

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN v MAX UNITS TEST CONDITIONS
Guaranteed Input HIGH Voltage
2.
ViH Input HIGH Voltage (0] v for All Inputs
54 0.7 Guaranteed Input LOW Voltage
\%
ViL Input LOW Voltage > o8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 \ Vee =MIN, |y =—-18 mA
54 25 34 Vee = MIN, Iy = —400 uA
VoH Output HIGH Voltage A% cc OH u“
74 2.7 34 VIN = Vjy or V)L per Truth Table
54,74 0.25 04 Y loL=4.0mA [ Vce = MIN, Viy =V,
VoL Output LOW Voltage 4 oL m cc IN 1H o
74 0.35 0.5 v loL=80mA V)L per Truth Table
Input HIGH Current
' ph 20 wa | vee=max vy=27v
H Input HIGH Current at MAX
Input Voltage
Ig. 1 0.1 _ =
P 0.2 mA Vee =MAX, Viy =10V
Input LOW Current
e lo. 14 -0.4 A Vi = MAX =04V
£ -0.8 m, CC—M ,VIN— .
Output Short Circuit _ _
|os Current (Note 4) 15 100 mA Vcc = MAX, VOUT =0V
Icc Power Supply Current 9.7 16 mA Vee = MAX
NOTES:

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

2. The specified LIMITS represent the “‘worst case’

operating

3. Typical limits are at Vee

ranges.

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

AC CHARACTERISTICS: Tp = 25°C

=6.0 V, 25°C, and maximum loading.

LIMITS
NITS TEST CONDITION
SYMBOL PARAMETER VIN e MAX UNIT: EST CO IONS
tpLH Propagation Delay 26 .
tpHL Select to Output 24 ns Fig. 2
tpLH Propagation Delay, 25 . Vec =50V
tpHL Enable to Output 18 ns Fig. 1 C_=15pF
tpLH Propagation Delay, 14 i
tpHL Data to Output 14 ns « Fig. 2
AC WAVEFORMS
Vin 1.3v 13v Vin 13V 13v
I"‘PHL“ I“PLH‘I l"—‘“PHL I"FLH"’
Vout 1.3V 13v Vout S’K 13V 1.3v

Fig. 2
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SN54LS158/SN74LS158
QUAD 2-INPUT MULTIPLEXER

DESCRIPTION — The LSTTL/MSI SN54LS158/SN74LS158 is a high speed Quad LOGIC SYMBOL
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.

15 2 3 5 6 14 13 11 10
e SCHOTTKY PROCESS FOR HIGH SPEED l I I I I l ‘
e MULTIFUNCTION CAPABILITY E 10a 11a lob Mb loc lic lod '1d
e INVERTED OUTPUTS R N
e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS
e FULLY TTL AND CMOS COMPATIBLE R .
T
PIN NAMES LOADING (Note a)
HIGH LOW
S Common Select Input 1.0 U.L. 0.5 U.L.
E Enable (Active LOW) Input 1.0 U.L. 0.5 U.L.
loa — lod Data Inputs from Source O 0.5 U.L. 0.25 U.L.
l1a— 14 Data Inputs from Source 1 0.5 U.L. 0.25 U.L.
Z,—2Z4 Inverted Outputs (Note b) 10 U.L. 5 (2.5) U.L. Ve = Pin 16
GND =Pin 8
NOTES:
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b. '{Zgé)et:atf::e Iéca)x\;egrive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74) CONNECTION DIAGRAM
: DIP (TOP VIEW)
LOGIC DIAGRAM
10a ha 10b b loc e lod hg ES

L - L
NOTE:
v - Pin 16 The Flatpak version has the same
cc =rmn pinouts (Connection Diagram) as the
@ @ @ ® GND =Pin 8 Dual In-Line Package.
Z, 2y Z 2 O = Pin Numbers

5-41



SN54LS158/SN74LS158

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 LS158 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 I 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
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 -0.5Vto+7.0V
*Input Voltage (dc) —-05Vto+15V
*Input Current (dc) —30 mA to +6.0 mA
Voltage Applied to Outputs (Output HIGH) —05Vto+10V
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 i - cc AR TEMPERATURE
SN54LS158X 45 V 50V 55 V -55°C to +125°C
SN74LS158X 475V 50V 6.25Vv 0°C to + 75°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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SN54LS158/SN74LS158

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
CONDITIONS
SYMBOL PARAMETER MIN TP MAX UNITS TEST CO
Guaranteed Input HIGH Voltage
Vi Input HIGH Voltage 2.0 v for All Inputs
54 0.7 Guaranteed Input LOW Voltage
ViL Input LOW Voltage 74 08 v for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 \ Vee = MIN, Iy = —18 mA
54 2.5 3.4 Vee = MIN, Igy = —400 pA
\ Output HIGH Volt \
OH put HIG age 74 2.7 3.4 VIN = Vi or Vy_ per Truth Table
54,74 0.25 0.4 A" loL=40mA| Vcc=MIN, VN =V r
VoL Output LOW Voltage oL cc IN = Vik 0
74 0.35 0.5 \" loL =8.0 mA| V) per Truth Table
Input HIGH Current
o | 20 _ _
| o4 0 uA Voo = MAX, Vg =27V
H Input HIGH Current at MAX
Input Voltage
Ig. ! 0.1 _ _
2 0.2 mA Voo = MAX, Viy =10V
input LOW Current
e lo 1 04 1 A | Ve = MAX vy =04V
E. S -0.8 cc + VIN .
Output Short Circuit
- - = MAX =
'os Current (Note 4) 15 100 mA Vee = MAX. Voyr =0V
lec Power Supply Current 4.8 8.0 mA Ve = MAX
NOTES:

1. Conditions for testing, not shown in the Table, are chosen te 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 Vgg = 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
IT: T CON
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS
tpLH Propagation Delay 20 .
tpHL Select to Output 24 ns Fig- 1
tpLH Propagation Delay, 21 ns Fig. 2 VC€= 50V
tpHL Enable to Output 25 C_L=15pF
tpLH Propagation Delay, 13 .
tpHL Data to Output 13 ns Fig. 1
AC WAVEFORMS
Vin 13V 13V ViN 13V 13v
L‘PHL" L‘PLH’. L—r!pm I“PLH‘I
Vout 1.3v 13V Vout % 1.3V 1.3V

Fig. 2
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SN54LS160/SN74LS160 SN54LS161/SN74LS161
SN54LS162/SN74LS162 SN54LS163/SN74LS16:

BCD DECADE COUNTERS 4-BIT BINARY COUNTERS

DESCRIPTION — The LS160/161/162/163 are high-speed 4-bit synchronous
counters. They are edge-triggered, synchronously presettable, and cascadable MSI
building blocks for counting, memory addressing, frequency division and other
applications. The LS160 and LS162 count modulo 10 (BCD). The LS161 and
LS163 count modulo 16 (binary.)

The LS160 and LS161 have an asynchronous Master Reset (Clear) input that over-

LOGIC SYMBOL

9 3 4 5 6
rides, and is independent of, the clock and all other control inputs. The LS162 and J) | J I |
LS163 have a Synchronous Reset (Clear) input that overrides all other control P e P Py Py
inputs, but is active only during the rising clock edge. 7 —cee
10 ~———f CET TCp—15
BCD (Modulo 10) | Binary (Modulo 16) 2% o 0y 0, 0y
Asynchronous Reset LS160 LS161 ? I I I ]
Synchronous Reset LS162 LS163 Tz
® SYNCHRONOUS COUNTING AND LOADING
® TWO COUNT ENABLE INPUTS FOR HIGH SPEED SYNCHRONOUS EXPANSION Vee = 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 LS160and LS161
PIN NAMES LOADING (Note a) *SR for LS162and L5163
HIGH LOW
PE Parallel Enable (Active LOW) Input 0.6 U.L. 0.3 U.L.
Po-P3 Parallel Inputs 0.5U.L. 0.25 U.L.
CEP Count Enable Pafallel Input 0.6 U.L. 0.3 U.L. CONNECTION DIAGRAMS
CET Count.Enable Trickle Input 1.0 U.L. 0.5 U.L. DIP (TOP VIEW)
CcP Clock (Active HIGH Going Edge) Input 0.6 U.L. 0.3 U.L.
m:t Master Reset (Active LOW) Input 0.5 U.L. 0.25 U.L.
SR Synchronous Reset (Active LOW) Input 0.5 U.L. 0.25 U.L. g ~ Ve [+
Qp-03 Parallel Outputs (Note b) 10 U.L. 5(2.5) U.L. 2o e[
TC Terminal Count Output (Note b) 10 U.L. 5(2.5) U.L.
3% Q4
NOTES:
a. 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. O e
b. The Output LOW drive factor is 2.6 U.L. for Military (54) and 5 U.L. for Commerical (74) s[] 72 o[
Temperature Ranges.
GE P3 o3[ n
STATE DIAGRAM
7 cep ceT [0
8[| onD PE[] @
LS160 ¢ LS162 LS161 e LS163 LOGIC EQUATIONS
Count Enable = CEP @ CET ® PE
TCfor LS160& LS162=CETeQmyeQ,eQ,eQ;
TCfor LS161& LS163=CETeQpeQ,eQ;e0Q3 “MR for LS160and LS161
Preset = PE ® CP+ (rising clock edge) *SR for LS162 and LS163
Reset = MR (LS160 &LS161)
Reset = SR ® CP+ (rising clock edge)
(LS162 & LS163)
NOTE:
The Flatpak version has the same
pinouts (Connection Diagram) as the
NOTE: Dual In-Line Package.
The LS160and LS162 can be preset to any state, but will not count beyond 9. |f 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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LS160 @ LS161 @ LS162 @ LS163

FUNCTIONAL DESCRIPTION — The LS160/161/162/163 are 4-bit synchronous counters with a synchronous
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 LS160 and LS161) 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 ciock. 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 LS160 and LS162 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 O
(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 LS161 and LS163 count modulo 16 following a binary sequence. They generate a TC when the CET input is
HIGH while the counter is in state 156 (HHHH). From this state they increment to state O (LLLL).

The Master Reset (MR) of the LS160 and l_ﬂ61 is asynchronous. When the MR is LOW, it O\Eides ail 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 V¢, or to a gate output which is permanently set to a HIGH logic level.

The active LOW Synchronous Reset (SR) input of the LS162 and LS163 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

*

I T I I V’I

CET CEP Action on the Rising Clock Edge (I7)

RESET (Clear)
LOAD (P, - Qp)
COUNT (Increment)
NO CHANGE (Hold)
NO CHANGE (Hold)

Tz x|
X~ I XX
X I XX

*For the LS162and LS163 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 Bids —55°C to +125°C
Vcc Pin Potential to Ground Pin —05Vto+7.0V
*Input Voltage (dc) —0.5V to+16V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5Vto+10V
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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LS160 ® LS161 0 LS162 ® LS163

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V)
PART NUMBERS - Ads Tax—]| TEMPERATURE
SN54LS160X SN54LS161X ' . R
NoaareoX P erdte 45 v 50V 55 V | —55°C to +125°C
SN74LS160X SN74LS161X .
SN74LS162X SN74LS163X 475V sov 525V | 0°Cto75°C

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS )
SYMBOL PARAMETER N F VAAX UNITS TEST CONDITIONS
Guaranteed Input HIGH Voltage
2. v
VIH Input HIGH Voltage (0]} for Al Inputs
.7 teed Input Vol
viL Input LOW Voltage 54 (o) v Guaranteed Input LOW Voltage .
74 0.8 for All Inputs
Veo Input Clamp Diode Voltage —0.65 -1.5 \% Vee = MIN, IIN="18 mA
54 25 34 Vee = MIN, Igy = —400 uA
VoH Output HIGH Voltage v cc OH H
74 2.7 3.4 VIN = V) or V| per Truth Table
. 54,74 0.25 0.4 \Y loL=4.0mA | Vcc = MIN, V|n = V|4 or
VoL Output LOW Voltage oL cc IN H
74 0.35 0.5 v loL = 80 mA | V) per Truth Table
Input HIGH ClLren_t__
Pg — P3, MR, SR 20
PE, CEP, CP 24 uA Vee = MAX, Vjy =27V
s CET 40
m
Po — P3, MR, SR, PE, CEP CP 0.1 mA Vee = MAX, vy =10V
CET 0.2
Input LOW Current
Po — P3. MR, 5R —0.40
e PE, CEP, CP —0.48 mA Vee = MAX, Vg =04V
CET —0.80
Output Short Circuit
-1 -1 Vee = MAX, =
los Current (Note 4) 5 00 mA cc AX. Vour =0V
lccH 18 31 _
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.

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.
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LS160e LS161® LS162e LS163

AC CHARACTERISTICS: Tp = 25°C (These parameters apply to all four devices unless otherwise noted)

LIMITS
SYMBOL AR TER | TEST NDITIONS
(o] PARAMETE MIN TYP MAX UNITS CO
tpLH Turn Off Delay CP to Q 13 20 ns Fig. 1
tpHL Turn On Delay CP to Q 18 27
tpLH Turn Off Delay CP to TC 15 22 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
tprL Turn On Delay CET to TC 16 23 9
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: Tp = 25°C
LIMITS
YM AR TER
SYMBOL PARAME MIN TvP MAX UNITS TEST CONDITIONS
Recovery Time for MR ]
trec {LS160 and LS161 Only) 20 ns Fig. 2
=5 Master Reset Pulse Width .
WMRIL) | 5160 and LS161 Only) 15 80 ns Fig. 2
tywCP(H) Clock Pulse Width (HIGH) 15 10 Fig. 1
twCPIL) | Clock Pulse Width (LOW) 25 18 ns 9.
tg(H) Set-Up Time (HIGH), Data to Clock 20
tg(b) Set-Up Time (LOW), Data to Clock 20 .
ns Fig. 5 Vec =50V
th(H) Hold Time (HIGH), Data to Clock 3.0
thi(L) Hold Time (LOW), Data to Clock 3.0
tg(H) Set-Up Time (HIGH), PE or SR to Clock 20
tg(L) Set-Up Time (LOW), PE or SR to Clock 20 .
—_— ns Fig. 6
th(H) Hold Time (HIGH), PE or Sﬂto Clock (0]
thiL) Hold Time (LOW), PE OR SR to Clock (0]
tg(H) Set-Up Time (HIGH), CE to Clock 20
tg(L) Set-Up Time (LOW), CE to Clock 20 .
ns Fig. 7
th(H) Hold Time (HIGH), CE to Clock 0
thib) Hold Time (LOW), CE to Clock (]

DEFINITION 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 (tn) — 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.

CLOCK TO OUTPUT DELAYS,

AC WAVEFORMS

COUNT FREQUENCY, AND CLOCK PULSE WIDTH.

Fig. 1

Other Conditions:
PE =MR (SR) = H
CEP=CET=H

[T
MR 13V
T Yrec
I R
cp
PHL
Qq. 04,0703 3 13V
Fig. 2

MASTER RESET TO OUTPUT DELAY, MASTER RESET
PULSE WIDTH, AND MASTER RESET RECOVERY TIME.

Other Conditions:
PE=1L
Pp=P1=P2=P3=H
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LS160® LS161® LS162 e LS163

COUNT ENABLE TRICKLE INPUT
TO TERMINAL COUNT OUTPUT DELAYS

AC WAVEFORMS (Cont'd)

The positive TC pulse occurs when the outputs are in the (Qg ® Q7 e
Q2 ® Qg) state for the LS160 and LS162and the (Qg e Q1 @ Qp ¢ Q3)

state for the LS161 and LS163.

Fig. 3

Other Conditions: CP =PE =CEP =MR = H

CLOCK TO TERMINAL COUNT DELAYS.

The positive TC pulse is coincident with the output state (Qg ® Q7 e
Qg @ Q3) for the LS161and LS163 and (Qp ® Q1 @ Qy  Q3) for the

LS161 and LS163.

Fig. 4

TC 13v

Other Conditions: PE = CEP = CET = MR = H

SET-UP TIME (t) AND HOLD TIME (tp,)
FOR PARALLEL DATA INPUTS.

The shaded areas indicate when the input is permitted to change for

predictable output performance.

Fig. 5

t5(H1— (L)
L =0
"O'P|v72"’322% /

Qp 0y,0,.05 / \

Other Conditions: PE =L, MR = H

13

N<

SET-UP TIME (t) 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
L) (M)
thil) =0 —efath{H) = 0
R /17 \
SRORPE WR )(1.3 v/ j ¥}§\
i
PARALLEL LOAD COUNT MODE

(See Fig. 5) (See Fig. 7)
Q RESPONSE TO PE X x

RESET COUNT OR LOAD

Q RESPONSE TO §R

Fig. 6

cp 13v

bt (HI =0

)
et tp(L) =0

ety (H) = 0

/@ﬁm\\\\\\\& ZETT

(L)
il =0

=74 RN 277

COUNT

HOLD HOLD

X

Other Conditions: PE = H, MR = H

Fig. 7
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SN54LS164/SN74LS164
SERIAL-IN PARALLEL-OUT SHIFT REGISTER

DESCRIPTION — The SN54LS164/SN74LS164 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 LOwW
independent of the clock. It utilizes the Schottky diode clamped process to achieve
high speeds and is fully compatible with all Motorola TTL products.

o TYPICAL SHIFT FREQUENCY OF 35 MHz

e ASYNCHRONOUS MASTER RESET

o GATED SERIAL DATA INPUT

e FULLY SYNCHRONOUS DATA TRANSFERS

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFF'ECTS

» FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

A, B Data Inputs 0.5 U.L. 0.25 U.L.

cP Clock (Active HIGH Going 0.5 U.L. 0.25 U.L.

Edge) Input

MR Master Reset (Active LOW) Input 0.5 U.L. 0.25 U.L.

Qg - Qy 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 6 U.L. for Commercial (74)
Temperature Ranges.

LOGIC SYMBOL

1—1A

2 8 LS164

8-8IT SHIFT REGISTER

8 —fcp

MR Qg Q; Qp Q3 Q4 Qg Qg Q7

4F5 6 10 11 12 13

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

O = Pin Numbers
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SN54L.5164/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_% 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.

MODE SELECT — TRUTH TABLE

OPERATING INPUTS OUTPUTS
MODE MR A B Qg Q1 -Q7
Reset (Clear) L X X L L-L
H | | L ag —ag
H | h L -
Shift 90— 96
H h | L qo —qg
H h h H ap—ag

L (1) = LOW Voitage Levels

H (h) = HIGH Voltage Levels

X = Don't Care

dp = 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 —-0.5Vto+7.0V
*Input Voltage (dc) —-05Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —05Vto+10V
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 NN P NIAX TEMPERATURE
SN54LS164X 45 Vv 50V 55 V —55°C to +125°C
SN74LS164X 475 Vv 50V 525V 0°C to +75°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
8 ITION
SYMBOL PARAMETER N v AX UNITS TEST COND S
Guaranteed Input HIGH Voltage
V 2.
H Input HIGH Voltage 0 A for All Inputs
5 . teed Input LOW Volt
viL Input LOW Voltage 4 0.7 v Guaranteed Input LO' oltage
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage ~0.65 -1.5 \Y/ Vee = MIN, iy =—18 mA
54 25 34 Ve = MIN, Igy = —400 A
VoH Output HIGH Voltage \" cc OH M
74 2.7 34 VIN = V| or Vi per Truth Table
.2 .4 =4, = , =
VoL Output LOW Voltage 54,74 0.25 [0) \" loL=40mA| Vcc = MIN ViN = VjHq or
74 0.35 0.5 v loL= 8.0 mA | V)_per Truth Table
20 A Vee = MAX, Viy=27V
hH Input HIGH Current “ cc IN
0.1 mA Vg =MAX vy =10V
TS Input LOW Current -0.4 mA Vee = MAX, Vi = 04V
Output Short Circuit
-15 - = =
los Current (Note 4) 100 mA Vee = MAX Voyr =0V
Power Supply Current _
Icc (Note 5] 16 27 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
banding can be achieved by decreasing the allowable system

temperature and supply voltage extremes, additional noise immunity and guard

operating ranges.
3. Typical limits are at Vg = 5.0 V, Ta = 26°C.

4. Not more than one output should be shorted at a time.
5. Iccis 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: Tp = 25°C

LIMITS
YMBOL AMETER

SYMBO PARAMETE! N P MAX UNITS TEST CONDITIONS
fmax Maximum Clock Frequency 25 35 MHz Fig. 1
tpLH Propagation Delay, 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

LIMITS

SYMBOL PARAMETER MIN vp MAX UNITS TEST CONDITIONS
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
twh—/lﬁ(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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SN54LS164/SN74LS164

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

o] A
= XK Zl
cp tw ‘rec—l
l.'PHL‘I L lPLH~—|
Q 13v
* 13v % 13v ce

CONDITIONS: MR =H i

CLOCK TO OUTPUT DELAYS
AND CLOCK PULSE WIDTH

Fig. 1

DATA SET-UP AND HOLD TIMES

Mnax —————e|
|ty —m]




SN54LS170/SN74LS170

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 enabie, 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 parallel to generate an n-bit length.

The SN54LS670/SN74LS670 provides a similar function to this device but it
features 3-state outputs.

e SIMULTANEOUS READ/WRITE OPERATION

e EXPANDABLE TO 512 WORDS OF n-BITS

e TYPICAL ACCESS TIME 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 0.5U.L. 0.25 U.L.

Wa, W Write Address Inputs 0.5 U.L. 0.25 U.L.

Ew Write Enable (Active LOW) Input 1.0U.L. 0.5 U.L.

Ra. RB Read Address Inputs 0.5 U.L. 0.25 U.L.

ER Read Enable (Active LOW) Input 1.0 U.L. 0.5 U.L.

Q1-Q4 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 2.6 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 Vcc.
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LOGIC SYMBOL

12 15 1

L LLL

14 WAEWD1 Dy D3 Dg

13 wg

5 ——4 R

4—RBeg Q0 03 04
" 0 9 7 6
Vee =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.




SN54LS170/SN74LS170

LOGIC DIAGRAM

QO = Pin Numbers
Vee = Pin 16
GND = Pin 8
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SN54LS170/SN74L8170

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) —05Vto+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5Vto+10V
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 i ~p X TEMPERATURE
SN54LS170X 45 V 50V 55 V ~55°C to +125°C
SN74LS170X 475V 50V 5.25V 0°C 10 +75°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 MIAX UNITS TEST CONDITIONS

Guaranteed Input HIGH Voltage

ViH Input HIGH Voltage 20 \% for Al Inputs
54 0.7 G Vv
viL Input LOW Voltage (54) v ¢ u:::r:teed Input LOW Voltage
(74) 08 or nputs
Vep Input Clamp Diode Voltage —0.65 -1.5 A" Vec=MIN, |y = -18 mA
V =5.5V, Veoec = MIN
| HIG t 2 A OH ' vee
OH Output HIGH Curren o # Vin = Vi or Vi per Truth Table
IN IH IL
0.25 0.4 \ lop =4.0mA |Vcec = MIN, VN =V
VoL Output LOW Voltage 54.74 oL m cc N 1H o
74 0.35 0.5 \% loL =80 mA Vy per Truth Table
Input HIGH Current
Any D, R, or W 20 MA Vee = MAX, V=27V
2 (R cc IN
| ER or EW 40
H Any D, R, or W 0.1 mA Voo = MAX, Viy =10V
Eg or Eyy 0.2
Input LOW Current
e Any D, R or W -0.4 mA Ve = MAX, Vi = 0.4 V
Eg or Eyy -0.8
Power Supply Current
4 A =
lcc (Note 4) 25 0| m 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.

3. Typical limitsareat Vgc =50V, Ta = 25°C, and maximum loading.

4, lccis 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

LIMITS
SYMBOL PARAMETER MIN ~F MAX UNITS TEST CONDITIONS
tpLH Propagation Delay, Negative- 30 ns Fig. 1
ApHL Going ER to Q Outputs 30
tpLH Propagation Delay, Rp or Rg 40 ns Fig. 2 Vee =5V
tpHL to Q Outputs 40 C = 15pF
tpLH Propagation Delay, Negative- 45 ns Fig. 1 RL=2kQ
tpHL Going Eyy to Q Outputs 40
tpLH Propagation Delay, Data Inputs 45 ns Fig. 1
tpHL to Q Outputs 35
AC SET-UP REQUIREMENTS: Ta = 25°C
LIMITS

SYMBOL PARAMETER MIN F 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,
tyD Hold Time, Data Inputs with 15 ns

Respect to Positive-Going EW Vec=5V
tsW Set-Up Time, Write Select Inputs 15 ns
(Note 7) | Wp and Wpg with Respect to Negative-

Going Eyy
thW Hold Time, Write Select Inputs 5 ns Fig. 3

Wy and Wpg with Respect to Positive-

Going Eyy
NOTES:

5. 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

6.

7.

transition from LOW to HIGH in order for the latch
The Hold Time (tp) is defined as the minimum time followin

maintained at the input in order to ensure continued recognition,

The Address to Enable Set-up Time is the time before the HIGH t

correct latch is addressed and the other latches are not affected.
The shaded areas indicate when the inputs are permitted to change for predictable output performance.

0 recognize and store the new data.
g the enable transition from LOW to HIGH that the logic level must be

0 LOW Enable transition that the Address must be stable so that the

AC WAVEFORMS

% 13v Ra. R

Wa, Wg

Vi i oI

e

13v [o} % 13v

Fig. 2

—

B

1.3v

L "
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I
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SN54LS174/SN74LS174

HEX D FLIP-FLOP

DESCRIPTION — The LSTTL/MSI SN54LS174/SN74LS174 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
FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

Dg - Dg 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.

Qg - 05 Outputs (Note b) 10 U.L. 5(2.5) U.L.

NOTES:

a. 1 TTL 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

c» c» P
o Cp Co

[® @ D) o)
Q, Qg a,

Vee =Pin 16
GND =Pin 8
O =Pin Numbers

LOGIC SYMBOL

3 4 6 1113 14

|

Doy Dy Dy D3 Dy Dg
9 —cp

1 ——OIMR
Qy 0, Q; Q3 Q4 Og

1]

2 5 7 10 12 15

Vee =Pin 16
GND =Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

[] 16
(] 15
[] 14
113
112
Bill
[]10
(1o

NOTE:

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




SN54LS174/SN74LS174

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 flip-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 all

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

Temperature (Ambient) Under Bias

—65°C to +150°C
—55°C to +125°C

V¢ 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) —05Vto+10V
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) TEMPERAT R
PART NUMBERS VAT P VIAX TEMPERATURE
SNB4LS174X 45 VvV 50V 55 V —55°C to +125°C
SN74LS174X 475V 50V 525V 0°C to +75°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
SYMB PARAMETER N
oL MIN p MAX UNITS TEST CONDITIONS
Viy Input HIGH Voltage 20 v Guaranteed Input HIGH Threshold
Voltage for All Inputs
54 . Y
i Input LOW Voltage 0.7 v Guaranteed Input LOW Threshold
74 0.8 Voltage for All Inputs
Vep Input Clamp Diode Voltage —-0.65 -15 \ Vee =MIN, Iy =-18 mA
54 25 3.4 Vee = MIN, |y = —400 pA
VoH Output HIGH Voltage \ cc OH H
74 2.7 34 VIN = V| or V| per Truth Table
VoL Output LOW Voltage 54,74 0.25 0.4 \% loL=4.0mA [ Vcec = MIN, V|N = V| or
74 0.35 0.5 \ loL = 8.0 mA | V)| per Truth Table
20 A Vee = MAX, Viy =27V
IH Input HIGH Current M cc IN
0.1 mA Ve = MAX, Viy =10V
I".. Input LOW Current —-0.36 mA VCC = MAX, VIN =04V
Output Short Circuit
-15 - = =
Isc Current (Note 4) 100 mA Voo = MAX, Vg =0V
lec Power Supply Current 16 26 mA Vee = MAX
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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
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

“worst case’ value for the parameter. Since these ‘‘worst case’’ values normally occur at the
temperature and supply voltage extremes, additional noise immunity an

d guard banding can be achieved by decreasing the allowable system

LIMITS
B T
SYMBOL PARAMETER AN P MAX UNITS TEST CONDITIONS
PLH Propagation Delay, Clock to Output 12 20 ns Fig. 1
tprL 15 22
tPHL Propagation Delay, MR to Output 20 28 ns Fig. 2
fmax Maximum Input Clock Frequency 40 55 MHz Fig. 1
AC SET-UP REQUIREMENTS: Tp = 26°C
LIMITS
SYMBOL PARAMETER
MIN ~F MAX 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 12 8.0 ns Fig. 2
tywMR Minimum MR Pulse Width 12 8.0 ns Fig. 2
AC WAVEFORMS

CLOCK TO OUTPUT DELAYS,
CLOCK PULSE WIDTH, FREQUENCY,
SET-UP AND HOLD TIMES DATA TO CLOCK

-

cp 13V 13v

! man

-———\

[

UsiH) L) -

-{-— him) H—‘NL}

ooy

a 13v 13v

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

Fig. 1

DEFINITIONS OF TERMS:

MASTER RESET TO OUTPUT DELAY,
MASTER RESET PULSE WIDTH,
AND MASTER RESET RECOVERY TIME

R 13V
|—-——l——'rec
| 13v
o
fe———tenL
Q N 13V
Fig. 2

SET-UP TIME (ts) _ is defined as the minimum time required for the correct logic level to be present at the logic input prior
1o 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;¢c) — 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 LOwW
Dg — D3 Data Inputs 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.
Qg — Q3 True Outputs (Note b) 10 U.L. 5(2.5) U.L.
Qg — Q3 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

MR ¢ D3 Dy 04 Do

£@® ® ® ®

@ 1® O 1® ©® O ol 1®
%

G3 a3 G, az G o
Vce =Pin 16
GND =Pin 8
O = Pin Numbers

LOGIC SYMBOL

D D D. D;
9 CPO 1 2 3

MR
Qo Qp Q7 07 02 02 Q3 Q3

TITIT]

3 2 6 7 11 1014 15

Vee =Pin 16
GND =Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

gm el
2 oo a3 []1s
3[]a G3 []14
4[]oo 03 []13
s[Joy (‘J; (]2
s[]a, G [Qn
An a; [0
8[]anp crf]o
NOTE:

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

Q

D
L
H

a
L 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
V¢ Pin Potential to Ground Pin —05Vto+7.0V
*Input Voltage (dc) —05Vto+16V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —05Vto+10V
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 MAX TEMPERATURE
SN54LS175X 45 V 50V 556 V ~55°C to +125°C
SN74LS175X 475V 50V 525V 0°C to +75°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging Information Section for pa

ckages available on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS
Guaranteed Input HIGH Threshold
V I Hi Vol 2. A"
IH nput HIGH Voltage 0 Voltage for All Inputs
0.7 G d
vy Input LOW Voltage 54 v uaranteed Input LOW Threshold
74 0.8 Voltage for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 \" Vee = MIN, )N = -18 mA
54 25 34 Vee = MIN, | = —400 uA
VoH Output HIGH Voltage v cc OH H
74 27 3.4 VIN = V|4 or V) per Truth Table
5 0.25 4 v =4 = MIN, Vi =
VoL Output LOW Voltage 4,74 0 loL=4.0 mA | Vcc = MIN, VN = V|H or
74 0.35 0.5 \ loL = 8.0 mA | V_per Truth Table
20 A Vee = MAX, Vg = 2.7V
W Input HIGH Current H cc IN
0.1 mA Vce = MAX, Viy = 10V
i Input LOW Current -0.36 mA Ve = MAX, VN =04V
Output Short Circuit
- — = =0V
sc Current (Note 4) 15 100 mA Vee = MAX. Vout
lcc Power Supply Current 1 18 mA Vee = MAX
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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
temperature and supply voltage extremes, additional noise immunity and guard bandin

operati

3. Typical limits are at Vg = 5.0 V, TA = 25°C, and maximum loading.
Not more than one output should be shorted at a time.

ng ranges.

AC CHARACTERISTICS: Tp = 25°C

worst case” values normally occur at the
g can be achieved by decreasing the allowable system

SYMBOL PARAMETER N Ll_x':s MAX UNITS TEST CONDITIONS
:::’: 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 @ Output 16 24 ns Fig. 2

fmax Maximum Input Clock Frequency 40 55 MHz Fig. 1

AC SET-UP REQUIREMENTS: Ta = 25°C

SYMBOL PARAMETER MIN Ll.x(“: S MAX UNITS TEST CONDITIONS
tywCP Minimum Clock Pulse Width 16 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 12 8.0 ns Fig. 2

twMR Minimum MR Pulse Width 12 8.0 ns Fig. 2

AC WAVEFORMS

ol

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

DEFINIT

IONS OF TERMS:

MASTER RESET TO OUTPUT DELAY,
MASTER RESET PULSE WIDTH,
AND MASTER RESET RECOVERY TIME

Fig. 2

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 (trgc) — is defined as the minimum time required between the end of the re

transition from LOW to HIGH in order to recognize and transfer HIGH Data to the Q outputs.

set pulse and the clock
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A-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
« 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—Agz, Bo—B3 Operand (Active LOW) Inputs T 1sUL | %% L
So—S3 Function — Select Inputs o uU.L.
M Mode Control Input %%%Q’Z% 0.25 U.L.
Ch Carry Input ' 1.25 U.L.
Fo-F3 Function (Active LOW) “ JouL | 5(28 UL
A=B Comparator Output Open Collector | 5(2.5) U.L.
G 10 U.L. 10 U.L.
P 10U.L 5 U.L.
Chid ; 10U.L. | 5(2.5) U.L.
NOTES: Y

a. 1 TTL Unit Load (U.L.) = 40 u.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.

’ c
g 6%50 G Jo— 17
5 S

LOGIC SYMBOL

2 1 2322 2120 1918

P JO— 15

3% ko Fi

9 10 1" 13

Vee =Pin24
GND =Pin 12

LOGIC DIAGRAM
G M R 8 A B A 8 R 5
@@ o o s ® \}7 ® ®
<®%
[ kASo)
T 1 1
11 1l [ L
v v - 'Y ) T
Vee =Pin24
GND =Pin 12
O =Pin
I o Ae 17 15 G Cava s Numbers
® ® ® ® ®

CONNECTION DIAGRAMS
DIP (TOP VIEW)

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 (Sp. . . 83) 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 Cnh+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 (Ch+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 Cp14 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 2 mm o nw e
LOGIC ARITHMETIC** LOGIC ARITHMETIC** YRR
S3 S2 S1 So (M=H) (M=L)(Ch=1L) (M=H) (M=L)(Ch=H) A0 B0 A1 81 As By A3 8
— — 7 —¢Cn Cn+a 16
L L L L A A minus 1 A A B
L LLH AB AB minus 1 A¥E A+B i s A
L LHL AT B AB minus 1 AB A+B 6 —1 :ﬂ B e slo— v
L L HH Logical 1 minus 1 Logical 0 minus 1 i_ s; P jo— 15
L HLL A+B A plus (A + B) AB A plus AB s
L HLH B AB plus (A +B) 5 (A + B) plus AB Pt R
L HHL A B A minus B minus 1 A®B Aminus B minus 1 ? T T f
L HHH A+B A+B AB AB minus 1 s 10 n 13
H L L L AB A plus (A + B) A+B A plus AB .
hooton A@B Apluss ADB Apluss ACTIVE HIGH OPERANDS
HLHL B AB plus (A + B) B (A +B) plus AB
H L HH A+B A+B AB AB minus 1 21 2322 2120 1918
HHLL Logical 0 A plus A* Logical 1 A plus A* LU L
HHLH AB AB plus A A+B  (A+B)plus A A0 By Ay 8 A B; Aj B3
H HH L AB AB plus A A+B (A +B) plus A 7 —0f Cn Crea JO— 16
HHHH A A A A minus 1 g —q M A=8 pb— 14
S181
6 ——q So 4B8IT A:ITHMETIC G p— 17
5 —d s LOGIC UNIT
L = LOW Voltage Level PR e b— s
H = HIGH Voltage Level 3% g £ F2 .
*Each bit is shifted to the next more significant position l I ] l
**Arithmetic operations expressed in 2s complement notation 9 10 1 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
V¢ 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) —-0.5Vto+10V
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¢c)
PART NUMBERS N TP TAX TEMPERATURE
SN54LS181X 45 V 5.0V 55 V -55°C to +125°C
SN74LS181X 475V 50V 525V 0°C to +75°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 OPER

ATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS
SYMBOL PARAMETER N ~F MAX UNITS | TEST CONDITIONS
Guaranteed Input HIGH Voltage
It 2.0 \Y,
ViH Input HIGH Voltage for Al Inputs
4 0. t Vi
Vi Input LOW Voltage 5 7 v Guaranteed Input LOW Voltage
74 08 for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 \" Ve =MIN Iy = -18 mA
v Output HIGH Voltage 54 2.5 3.4 v Ve =MIN, Igy = —400 pA
OH Any Output except A=B 74 2.7 3.4 VIN = Vi or V) per Truth Table
Output HIGH Current _ -
loH A=B Output Only 100 | wA | Vec=MIN, Vo =565V
Output LOW Voltage 54,74 0.25 04 \" loL = 4.0 mA
Except G and P 74 0.35 0.5 Y oL = 8.0 mA
Output LOW Voltage _
VoL Output [ 0.47 0.7 \% loL= 16 mA | V_per Truth Table
Output LOW Voltage 54 0.35 0.6 _
= 1oy =80
Output P 74 035 | 07| v |loT80mA
Input HIGH Current
Mode Input 20
A and B Inputs 60 _ _
A Vee = MAX, V=27V
S Inputs 80 “ cc IN
Carry Inputs 100
IH
Mode Input 0.1
A and B Inputs 0.3 A _ _
Vee = MAX, =
S Inputs oa| ™ cc ViN=10V
Carry Inputs 0.5
Input LOW Current
Mode Input -0.36
e A and B Inputs -1.08 mA Vee = MAX, vy = 0.4 V
S Inputs —-1.44
Carry Inputs -2.0
Output Short Circuit
-15 -100 Vee = =
los Current (Note 4) mA cc =MAX, Voyr =0V
Power Supply Current 54 20 32
Icc Condition A (Note 5) 74 20 34 mA Vee = 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’’
ture and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system

operating ranges.

obw

Typical limits are at Vgg = 5.0 V, 256°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.

AC CHARACTERISTICS: Ty = 25°C, V¢ = 5.0 V, Pin 12 = GND

LiMI
SYMBOL PARAMETER F MITS MAX UNITS CONDITIONS
tpLH Propagation Delay, 27 ns M =0V, (Sum or Diff Mode)
tpHL {Cnto Cpyg) 20 See Fig. 4 and Tables | and Il
tPLH g 26 M =0V, (Sum Mode)
C,, to F Outputs
tpHL €n puts) 20 ns See Fig. 4 and Table |
t - - - = = = = =
tPLH (A or B Inputs to G Output) 29 ns M=81=5;=0 V So=S3=45V
PHL 23 (Sum Mode) See Fig. 4 and Table |
t —_ — - P = = = =
tPLH (A or B Inputs to G Output) 32 ns MA So =S3 O'V, S1=8;=45V
PHL 26 (Diff Mode) See Fig. 5 and Table Il
'PLH (A or B Inputs to P Output) 30 ns M=81=5,=0V.S9=S3=45V
tpHL 30 (Sum Mode) See Fig. 4 and Table |
tPLH (A or B Inputs to P Output) 30 ns M=Sp=S3=0V.S1=S,=45V
tpHL 33 (Diff Mode) See Fig. 5 and Table Il
t — — - = = = = =
tPLH (A or B Inputs to any F Output) :232 ns M=$;=5,=0 V Sp=S3=45V
PHL 0 (Sum Mode) See Fig. 4 and Table |
tes s — — —_ 2 M= = Sq = V Se = =
;P'-"‘ (A or B Inputs to any F Output) 2; ns M_ So = S3 O.V' S1=S;=45V
PHL (Diff Mode) See Fig. 5 and Table Il
t - = - 3 = i
PLH (A or B Inputs to F Outputs) 3 ns M 4,'5 V (Logic Mode)
tPHL 29 See Fig. 4 and Table Il
tpLH - = 38 M=0V,S°=33=4.5V,S1=82=0V
A or B Inputs to C Output
tPHL ¢ P n+4 Output 38 ns (Sum Mode) See Fig. 6 and Table |
tPLH - = 41 M=0V,S°=S3=OV,S1=SZ=4‘5V
A or B Inputs to C Output
tpHL : putS 0 Cniq Output) 41 ne (Diff Mode)
M=$0=53=0V, S1=8,=45YV,
:PLH (A or B Inputs to A = B Output) zg ns RL=2kQ
PHL (Diff Mode) See Fig. 5 and Table Il
AC WAVEFORMS
INPUT 13v 1.3v
|<—>i oL I<—>| tPHL

1.3V
A INPUT

B INPUT

1.3V 13v

|<———->| PLH

1.3v
OUTPUT

Fig.5

|<——>, PHL

1.3v
OUTPUT

Fig. 4

INPUT

1.3v

QUTPUT
1.3v

|<_,| PLH ,*-—b‘ PHL

1.3v

1.3v 1.3v

Fig. 6
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SUM MODE TEST TABLE |

FUNCTION INPUTS: Sg=S3=45V,S1=S2=M=0V

INPUT OLZE'\ARE';:.UT OTHER DATA INPUTS OUTPUT
PARAMETER UNDER
U_:?ED;_R APPLY APPLY APPLY APPLY TEST
45V GND 45V GND
tPLH - = R__e_maini_ng =
tPHL A Bi None A and B Cn Fi
tpLH = - Remaining —=
tPHL 8 Ai None Aand B Cn Fi
PLH = . Remaining s
tpHL Aj Bi None Cn Aand B Fi+1
tPLH — = Rimaini_n_g =
tPHL Bi Ai None Cn Aand B Fi+a
tPLH — — _ﬁemaiﬂing —
tPHL A B None None Aand B, Cp P
tPLH = = _Eema_iﬂing —
tPHL B A None None Aand B, Cp P
tPLH — — Rema_ining RTaining —
tPHL A None B B A, Cn G
tpLH — — Remaining Remaining —
tPHL B None A B A, Cn G
tPLH — —_ Rema_ining Re_maining
tPHL A None B A, Cn Ch+4
tPLH — - Rem;a_ining Rtinaining
tpuL B None A B A, Cy Ch+4
tpLH Al Al Any F
tPHL Cn None None A B orCn +4
DIFF MODE TEST TABLE 11 FUNCTION INPUTS: S1=S2=45V,Sg=S3=M=0V
OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT
PARAMETER U?'EDSETR APPLY APPLY APPLY APPLY U;'EDSETR
45V GND 45V GND
tPLH — = Rema_ining Remaining =
tPRL. A None B y B, C, Fi
tPLH —_ — Remaining Remaining =.
tPHL B A None A B, Cn Fi
tPLH — — Remaining Remaining —
A N i — iy [
tPHL i one Bi B, Cn A i+1
tPLH — — Remaining Remaining =
i ; N = s F
tPHL Bi A one B,Cy A i+1
tPLH —_ — Remaining e
tPHL A None B None A and B, Cp P
tPLH = — Remaining —
tPHL A None None Aand B, Cy P
tPLH — = Remaining —
tPHL A 8 None None A and B, Cy G
tPLH — — Remaining .y
tPHL B None A None Aand B, Cn G
tPLH — = Remaining Remaining _
tPHL A None B A B.Cn A-B
tPLH = N Remaining Remaining _
tPHL B A None Y B, Cp A=8
tPLH A B Remaining
N — gl
tPHL A B None one Aand B, Cn Ch+4
tPLH = = _Remaining
tPHL B None A None A and_B', Cn Ch+4
t All
!Eht Cn None None AandB None Ch+4
LOGIC MODE TEST TABLE Il
INPUT OTS'-‘AEN?E”;:)‘IEJT OTHER DATA INPUTS OUTPUT
N INPUTS
PARAMETER U:EDSETR APPLY APPLY APPLY APPLY U_:IEDSETR FUNCTIO
45V GND 45V GND
tPLH - — _Remaining — S1=Sp=M=45V
tprL A None B None Aand B, Cp Any F So=$3=0V
tPLH — - _Remaining + S;=S2=M= 45V
tpriL B None A None A and B, Cn Any So=53=0V
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SN54LS191/

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 Pp 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 multl-stage

counter applications.

o LOWPOWER...90 mW TYPICAL DISSIPATION

e HIGH SPEED ... 35 MHz TYPICAL COUNT FREQUENCY

e SYNCHRONOUS COUNTING

e ASYNCHRONOUS PARALLEL LOAD

e INDIVIDUAL PRESET INPUTS

e COUNT ENABLE AND UP/DOWN CONT

e CASCADABLE

o INPUT CLAMP DIODES LilIT h&t SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS GOMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

CE Count Enable (Active LOW) Input 15U.L. 0.7 U.L.

CcP Clock Pulse (Active HIGH going edge) Input 05U.L. 0.25 U.L.

u/D Up/Down Count Control Input 05 U.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) 10 U.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) 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.

UP/DOWN COUNTERS

LOGIC SYMBOL

115 1 10 9

RCJO— 13

[o
TC
Q; q, 03

PL Py Py Py Py
U/o

Vg =Pin 16
GND=Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

] 0

NOTE:

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

STATE DIAGRAMS

LS190
UP:  TC=0Qg-Qj3- (U/D)
DOWN: TC = Qg - Q3 - Qp - Q3 * (U/D)

LS191
UP:  TC=Qg-Qq-Qy-Qz- (U/D)
DOWN: TC = Qg + Q1 - Oz - Q3 - (U/D)

Count Up _
Count Down ------

5-68




SN54LS190/SN74LS190 © SN54LS191/SN74LS191

LOGIC DIAGRAMS
ce U Po CE Py Py P3 PL
#@ ® % ® @%7
1 |
| [
! I
| | V L? |l 1&? Ll L H | 1
A PSP
[T 1 IJ | IJ 1
e, ™ Lt
® @ ® ® @L—i ®

DECADE COUNTER
LS190

ce U Py 3 Py Py Py L

)Y 1000 1009 | 0
e md ¥

) cLocK K 4 cLocK K 3 CLOCK K ) cLOCK

Lq PRESET | caR PRESET \ean PRESET . AR L rReseT c\.EiR
a a Q a a a a a
®l @ or @1 ©t @
RC TC Qg Q; Q, Q,
BINARY COUNTER
LS191
Vce =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 asynchronous 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 (PO—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 U/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 normally LOW and
goes HIGH when a circuit reaches zero in the count-down mode or reaches maximum (9 for the LS190, 15 for 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/D is 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 im 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 RC
_ _INPUT MODE _ INPUTS RC
PL | CE |U/D | CP CE | TC*| CP | OUTPUT
H L L I | CountUp L H |1r 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 Voltage Level

H = HIGH Voltage Level

X = Don’t Care

I = LOW-to-HIGH Clock Transition
= LOW Pulse
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DIRECTION

ENABLE =———=0] CE
CLOCK —————] CP cp

CONTROL !
U RC L— oo RC e acjo— - -
—o| ce —o| ce

cP

Fig. a) n-stage counter using ripple clock.

DIRECTION ° -

CONTROL ]
L—o» G/0 RC U/o RC

o—L—o L—0m rcjo— -
ENABLE ———Of CE CE l——o CE

cp — cP

— cP

—

CLOCK ¢ -

Fig. b) Synchronous n-stage counter using ripple carry/borrow.

DIRECTION

CONTROL

ENABLE

00 0o L /o

TC

CLOCK

Fig. ¢) Synchronous n-stage counter with parallel gated carry/borrow.
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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) —0.5V to+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5V to +10V
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 (Vee)
PART NUMBERS AN P MAX TEMPERATURE
SN54LS 190X —ggo o
SNB4LS191xX 45 V 50V 55 Vv 55°C to +125°C
SN74LS190X o o
SN74LS191X 475 v 50V 525 Vv 0°C to +75°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
Guaranteed Input HIGH Voltage
ViH Input HIGH Volitage 20 v for Al Inputs
54 0.7 d t Vol
Vi Input LOW Voltage v v Guaranteed Input LOW Voltage
74 08 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 v Ve =MIN, Iy =-18 mA
54 25 3.4 Vee = MIN, Igy = —400 A
VoH Output HIGH Voltage v cc OH .
74 2.7 3.4 VIN = V| or ViL per Truth Table
0.25 0.4 Y loL=4.0mA |Vec = MIN, VN =V,
VoL Output LOW Voltage 54.74 oL o cc IN thor
74 0.35 0.5 v loL =80mA V| per Truth Table
Input Hl(‘a_H Curr_gnt
P, PL,CP, U/D 20 MA Vee = MAX, Viy =27V
| cjé 60
H — —
P, PL,CP,U/D 0.1 mA Vee = MAX, vy =10V
cB 03
Input LOW Current
I P, PL, CP, U/D -0.4 mA Vee = MAX, V)y =04V
CE -1.08
Output Short Circuit
- - Vee = MAX, =0V
los Current (Note 4) 15 100 mA cc Vour
Ice Power Supply Current 20 35 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 tempera-
ture 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, 26°C, and maximum loading.

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

- The Set-Up Time “tg(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: Tp = 25°C

LIMITS
S RA R NITS TEST CONDITION
YMBOL PARAMETE| N ™F IAX U co S
fMAX Max. Input Count Frequency 25 35 MHz Fig. 1
tpLH Propagation Delay, 24 ns Fig. 1
tPHL CP Input to Q Outputs 36 '
tPLH CP Input to RC Out 20 i
put ns Fig. 2
tPHL ° 24 i
tpLH CPIn 42 )
put to TC Output ns Fig. 1
tPHL 52
* — —
:gm, G, D Input to RC Output z: ns Vee =50V
tPLH Uy, D Input to TC Output 33 ns Fig. 7 | C =15pF
tPHL 33
tPLH Pn - Px In - 22 .
puts to Q4 Outputs ns Fig. 3
thHL 0~ P3 Qp ~ Q3 50 9
tpLH PLIn 33 i
put to Any Output ns Fig. 4
tPHL 50 o
tpLy” CE In Re 33 )
put to RC Output ns Fig. 2
tPHL 33 9

*It 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: Tp = 25°C

SYMBOL PARAMETER MIN LlTl\il:S MAX UNITS TEST CONDITIONS
tw CP Pulse Width 20 ns Fig. 1

tw PL Pulse Width 35 ns Fig. 4

tl Set-Up Time LOW, Data to PL 20 ns

thl Hold Time LOW, Data to ﬁ._‘ 0 ns Fig.6 | Vec=50V
tgH Set-Up Time HIGH, Data to PL 20 ns

thH 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 ns Fig. 8

thl Hold Time LOW, CE to Clock 0 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 (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 toensure 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 (tyec) 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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- 1/f MAX

PLH ‘—4’1

AC WAVEFORMS

CPOR CE 1.3V

NOTE: PL = LOW

Fig. 3

Fig. 4

cP 13V
Q \ /
Fig. 5

P

%1.3 V% /
o m‘n'L)

n
s

ThiH)
(H)
13V

PL

1
&

o /u=p/ (

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

Fig. 6

PLH — PHL

Fig. 7

(SEE NOTE 6)

— |t (L) th (H) —|t—
Y r

15 (L) |t (H) 3
ERAT A AN

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.

e LOWPOWER....95 mW TYPICAL DISSIPATION

e HIGH SPEED...40 MHz TYPICAL COUNT FREQUENCY

¢ SYNCHRONOUS COUNTING

e ASYNCHRONOUS MASTER RESET AND PARALLEL LOAD

o INDIVIDUAL PRESET INPUTS

e CASCADING CIRCUITRY INTERNALLY PROVIDED

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

CPy Count Up Clock Pulse Input 0.5 U.L. 0.25U.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. 0.25 U.L.

Pn Parallel Data Inputs 0.5 U.L. 0.25 U.L.

Q, Flip-Flop Outputs (Note b) 10 U.L. 5(2.5)U.L.

TCp  Terminal Count Down (Borrow) Output (Note b) ~ 10 U.L. 5(2.5)U.L.

TCy  Terminal Count Up (Carry) Output (Note b) 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.

SN54LS193/
SN74LS193

PRESETTABLE 4-BIT BINARY
UP/DOWN COUNTER

LOGIC SYMBOL

115 1 10 9

A1

PL Py Py Py P3
5 —{cpy Teyjo— 12

4 —4CPp TCpjo— 13
Rir Qp Q1 Q2 Q3

HERE

4 3 2 6 7

Vgc =Pin 16
GND=Pin8

CONNECTION DIAGRAM
DIP (TOP VIEW)

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 = 0g°03:CPy
TCp = Qo' 0" 8p* %3 TPp
LS193 LOGIC EQUATIONS
FOR TERMINAL COUNT
TCy = Q" Qy*0y°Q3°CPy

TCp = §,+Q;+Q,-0,CPy

COUNT UP —_—
COUNT DOWN  ------
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LOGIC DIAGRAMS

Py Py P2 f3
T ® ® ® © ®
(Loap) —=o>-
oy ® P
{UP COUNT)

[ [
cPp
(DOWN
COUNT)
e Zp> 5 5 5
3
Qg Q Q G>°3
LS192
Po Py 23 Py
PO, ® O] © ®
(LOAD)
C)t
(e cou?rup
) )
S0,
:Do_ T
i
cp
(oowz QD" >
COUNT)
1CLErRH) P ® @ ® ®
Q Q ay Q3
LS193
Ve =Pin 16
GND=Pin8

O = Pin Number

Ty
(CARRY
OUTPUT)

o
(BORROW
ouTPUT)

TCy
—— (CARRY
OUTPUT)

T
(BORROW
OUTPUT)
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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 input is LOW.

The Terminal Count Up ('T"CU) and Terminal Count Down (T_CD) outputs are normally HIGH. When a circuit has reached
the maximum count state (9 for the LS192, 5 for the LS193), the next HIGH-to-LOW transition of the Count Up Clock
will cause T’ﬁu to go LOW. TEU will stay LOW until CPyy goes HIGH again, thus effectively repeating the Count Up Clock,
but delayed by two gate delays. Similarly, the TCp 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 (Pg, 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. [f 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 —05V to+7.0V
* Input Voltage (dc) —0.5Vto15V
* Input Current (dc) —-30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) -05Vto+10V
Output Current (dc) (Output LOW) +50 mA

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




SN54L.5192/SN74LS192 @ SN54L.S193/SN74LS193

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V)
PART NUMBERS A VP AR TEMPERATURE
SN541L5192X ~
SN54LS193X 45 v 50V 55 V 55°C to +125°C
SN74LS192X
SN74LS193X 475V 50V 5.25 V 0°C to +75°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
Guaranteed Input HIGH Voltage
H Vol 20
Vi Input HIGH Voltage v for Al Inputs
0.7 |
Vi Input LOW Voltage 54 v Guaranteed Input LOW Voltage
74 0.8 for All Inputs
Veo Input Clamp Diode Voltage —0.65 -1.5 v Vec =MIN, Ijy =—-18 mA
54 25 34 Vee = MIN, Igy = —400 A
VoH Output HIGH Voltage v cc OH H
74 2.7 34 VIN= Vi or V) per Truth Table
54,74 0.25 0. v loL=4 =MIN, Viy =V,
VoL Output LOW Voltage oL~ 40mA | Vce MIN, ViN = Vi or
74 0.35 .5 Vv ioL =8.0mA Vi per Truth Table
20 A Vee = MAX, Viy =27V
H Input HIGH Current “ cc IN
. 0.1 mA VCC = MAX, le =70V
I|L Input LOW Current —-0.4 mA Vcc = MAX, VIN =04V
Output Short Circuit _ _ _ _
,OS Current (Note 4) 15 100 mA Vcc MAX, VOUT ov
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. o
Typical limits are at Vo, = 5.0 V, T, =25 C, and maximum loading.

4. Not more than one output should be shorted at a time.
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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
tpHL TCy Output 14 21 14 21
tpLH CPp Input to 10 16 10 16 ns Fig. 2
tPHL T(_:D Output 15 22 15 22
tpLH CPy or CPp to 22 31 22 31 ns
tpHL Q, Outputs 18 28 18 28 Vec =50V
tpLH Pg — P3 Inputs ns Fig. 3 C_=15pF
tPHL 00 - 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: T = 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
tw 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 o ns Fig. 6
tsH Set-up Time HIGH, Datato PL| 10 10 ns
thH Hold Time HIGH, Data to PL 0 0 ns
trec Recovery Time, PL to CP ns Fig. 5
trec Recovery Time, MR to CP ns

DEFINITIONS 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 PL transistion 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 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 (tc) 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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AC WAVEFORMS

CPy or CPp

13v
Fig. 1
Pr 13V
CPyor CPp S 'z
1.3v Lh'— oHL Hv tPLH

l<->‘7 PHL l<->’—~lpu-|
TCy or TCp % F 13v

Fig. 2

NOTE: PL = LOW

Fig. 3

Fig. 4

CPy or CPp 13V
}4—‘PHL"I
Q 13V
Fig. 5

- THIF- s 470
hiH) thiL)
ts(H) (L)

Y /4

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

Fig. 6

MR % *13V

w —>l<-‘rec>|

CPy or CPp

g

Fig. 7
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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,

LOGIC SYMBOL

shift left, shift right, serial-parallel, parallel-serial, and parallel-parallel data register 2 3 4 5 6 7
transfers. The LS194 is similar in operation to the LS195 Universal Shift Register, l | | I I |
with added features of shift left without external connections and hold (do 0 —s Osp Po P1 P2 P3 Dsi
nothing) modes of operation. It utilizes the Schottky diode clamped process to 10— s?
achieve high speeds and is fully compatible with all Motorola TTL families. i [
o @y U2 3
e TYPICAL SHIFT FREQUENCY OF 40 MHz l l l |
e ASYNCHRONOUS MASTER RESET 115 14 13 12
¢ HOLD (DO NOTHING) MODE
e FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS Vce = Pin 16
o INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS GND =Pin 8
e FULLY TTL AND CMOS COMPATIBLE
CONNECTION DIAGRAM
PIN NAMES LOADING (Note a) DIP (TOP VIEW)
HIGH LOW
S S1 Mode Control Inputs 0.5 U.L. 0.25 U.L. 1 CMJ N
Po —P3 Parallel Data Inputs 0.5 U.L. 0.25 U.L. ce
Dsr Serial (Shift Right) Data Input 0.5U.L. 0.25 U.L. 20esn copds
DsL Serial (Shift Left) Data Input 05U.L. 0.25 U.L. s o
CcP Clock (Active HIGH Going Edge) Input 0.5 U.L. 0.25 U.L. Qg 02[] s
MR Master Reset (Active LOW) Input 0.5 U.L. 0.25 U.L. s[r as[] w2
Qp—Q3  Parallel Outputs (Note b) 10 U.L. 5(2.5) U.L. s e[
7 [Jost si w0
NOTES:
a. 1TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW. s Lo ofde
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
Po Py Py P3
s [©) P ® ® ® ®
“ >
©) 1
e gl L LT
Vge =Pin 16
GND =Pin 8 s Qg T s Q
O =Pin Numbers —o cp —d cp ol cr
gLEAR SLEAR (?LEAR
@ L] (-2
CP—>~
©)
wR —=o]>
®
Qg Q
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FUNCTIONAL DESCRIPTION — The Logic Diagram and Truth Table indicate the functional characteristics of the
LS194 4-Bit Bidirectional Shift Register. The LS194 is similar in operation to the Motorola LS195 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 (Pg, Pq, Py, P3) are D-type inputs. When both Sp and Sq are HIGH, the data appearing on
Po. P1. P2, and Pz inputs is transferred to the Qg, Qq, Qg, and Q3 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 LS194 design which increase the range of application are described below:

1.

Two mode control inputs (So, 81) 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, QO = Qq, etc.) or right to left (shift left, Q3> Q,,
etc.), or parallel data can be entered loading all four bits of the register simultaneously. When both Sp and Sq 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 (DgR, 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 S5 So Dsr Dsi Pn Qg Q4 Q3 Q3
Reset L X X X X X L L L L
Hold H 1 | X X X 90 aq a2 az

H h | X I X q q q L
Shift Left ! 2 3

H h I X h X qq ap qg

H 1 h | X X L q q q
Shift Right 0 ! 2

H | h h X X a9 a4 P}
Parallel Load H h h X X Pn Po Pq Py P3

L = LOW Voltage Level

H= HIGH Voltage Level

X = Don’t Care

| = LOW voltage level one set-up time prior to the LOW to HIGH clock transition

h = HIGH valtage level one set-up time prior to the LOW to HIGH clock transition

Pn (ap) = 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 +1256°C
V¢ 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) —05Vto+10V
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)

TEMPERATUR
PART NUMBERS AN P MAX E URE
SN54LS194AX 45 V 50V 556 V —55°C to +125°C
SN74LS194AX 475V 50V 525V 0°C to +75°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
Guaranteed Input HIGH
t HIGH Volt 2.0
ViH Input HIGH Voltage - v Volitage for All Inputs
54 0.7
ViL Input LOW Voltage v Guaranteed Input LOW
74 0.8 Voltage for All inputs
Vep Input Clamp Diode Voltage —0.65 -15 \" Vee = MIN, Iy = —18 mA
54 25 34 Vee = MIN, Igy = —400 pA
Vo Output HIGH Voltage v cc OH H
74 2.7 34 VIN = V) OF V| per Truth Table
54,74 .25 .4 =4 = LVIN=V
VoL Output LOW Voltage 0 0 v lot 0 mA| Vce = MIN. VIN 1H or
74, 0.35 0.5 \Y loL = 8.0 mA| V_per Truth Table
20 A Vee = MAX, VN =27V
hH Input HIGH Current H cc IN
0.1 mA Vee = MAX, Viy=10V
|"_ Input LOW Current -0.4 mA VCC = MAX, V|N =04V
Output Short Circuit
_1 —_ = =
'OS Current (Note 4) 5 100 mA VCC MAX, VOUT oV
lcc Power Supply Current 15 23 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 Vgg = 5.0 V, Ta = 25°C.

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

AC CHARACTERISTICS: Tp = 25°C

LIMITS
M
SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS
fMAX Shift Frequency 30 40 MHz Fig. 1
tpLH Propagation Delay, 22 ns Fig. 1 Vee = 50V
tpHL Clock to Output 15 C_=15pF
tpHL Propagation Delay, 18 ns Fig. 2
MR to Output
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AC SET-UP REQUIREMENTS: Tp = 25°C

LIMITS
SYMBOL PARAMETER MIN VP MAX UNITS TEST CONDITIONS
twi(CP) Clock Pulse Width 18 12 ns Fig. 1
tg(Data) Set-up Time, Data to Clock 16 ns Fig. 3
t,(Data) Hold Time, Data to Clock 0 ns
4(S) Set-up Time, Mode Control to Clock 20 ns Fig. 4 Vec =50V
th(S) Hold Time, Mode Control to Clock (0] ns
twiMR) Master Reset Pulse Width 12 ns Fig. 2
trec(MR) Recovery Time Master Reset 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.

AC WAVEFORMS
The shaded areas indicate when the input is permitted to change for predictable output performance.
CLOCK TO OUTPUT DELAYS SET-UP (tg) AND HOLD (t,) TIME FOR SERIAL
CLOCK PULSE WIDTH AND fpyay DATA (DgR, Dgi) AND PARALLEL DATA (Pg. Pq, P2, P3)
So \\ (== == == IS SHIFT LEFT )
r_|umx__¢' N e e o e e e e e

o = B ——
—L}— oo s, T, #7777 ST

OTHER CONDITIONS:  Sq =L, MR =H,Sp=H o N JTTTTTIF “é&\\\\\\\\\\\\\\\\\\\\\Y-\
Fig. 1 ':l:xhuho 'j::hm)uo 1 ’

MASTER RESET PULSE WIDTH, .
MASTER RESET TO OUTPUT DELAY AND oureuT _\_/_\—/—
MASTER RESET TO CLOCK RECOVERY TIME
OTHER CONDITIONS: MR =H

WA *DsR set-up time affects Qg only
Dg|_ set-up time affects Q3 only

wﬁ|..1 Fig. 3

SET-UP (t5) AND HOLD (tp) TIME FOR S INPUT

(STABLE TIME)
ouTPUT
13v
So. S1 \ \\ B \ 13v

[ [y

cLock

th=0 th = 0 —emfsme

HE ONDITIONS: Sg,S71=H
OTHER C m Pg='1’1 =Py=P3=H cLock \ %xsv \ %nv

OTHER CONDITIONS: MR =H
Fig. 2 Fig. 4
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95A

UNIVERSAL 4-BIT SHIFT REGISTER

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
to achieve high speeds and is fully compatible with all Motorola TTL products.

LOGIC SYMBOL
Pl
.1, E PD Py P2 P3
10— cp Q3 JOo— 1
3% ya ap a; 2z 03

T

1 15 14 13 12

Vge =Pin 16
Pin 8

o TYPICAL SHIFT RIGHT FREQUENCY OF 50 MHz

e« ASYNCHRONOUS MASTER RESET

e J, KINPUTS TO FIRST STAGE

e FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS

o INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW;

PE Parallel Enable (Active LOW) Input 0.5 U.L. +0:25 UL,

Pg —P3 Parallel Data Inputs 0.5 U.Les. 1 0:25 U.L.

J First Stage J (Active HIGH) Input 0.5 U.L. 0.25 U.L.

K First Stage K (Active LOW) Input . 0B UL 0.25 U.L.

CP Clock {Active HIGH Going Edgg) ,ﬂﬁput 0.5 U.L. 0.25 U.L.

MR Master Reset (Active. LOW).Input 05U.L. 0.25 U.L.

Qp - Q3 Parallel Outputs (Note b) 10 U.L. 5(2.5) U.L.

Q3 Complementary. Last Stage Output 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.

CTI®N DIAGRAM
P (TOP VIEW)

MR vec[ e
2 Qs
JEE 0|]|4
a[d%o a,[ s
s [P a;[] 2
s [P a; [
0% ce[Jo
8 [Jeno el e

NOTE:

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

LOGIC DIAGRAM

FEJ K Py Py Py Py MR cp
@%@ @ ® ® ® @ @%
s S S
r 0 ool g C0 a 0 r 0T
v Pin 16 o} ce L0 cp Lobcr Lopcp
CC =Pin
GND = Pin 8 L-cD—-s Qg -—o>—s = L«:)D—s a; —cD—-s a3
O  =Pin Numbers ® @ ® @l |@
Qo Q Q2 Q3 03
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FUNCTIONAL DESCRIPTION — The Logic Diagram and Truth Table indicate the functional characteristics of the LS195
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 LS195 has two primary modes of operation, shift right (Qg = 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 > Q¢ = Q> Qg following each LOW to HIGH clock transition. 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 togethers. When the PE input is LOW, the LS195 appears as four common clocked D flip-flops. The data on the
parallel inputs Pg, Pq, Py, P3 is transferred to the respective Qq. Q4, Qp, Q3 outputs following the LOW to HIGH clock
transition. Shift left operation (Q3 > Qy) can be achieved by tying the Q,, outputs to the Pn_1 inputs and holding the PE
input LOW.

All serial and parallel data transfers are synchronous, occuring after each LOW to_HIGH clock transition. Since the LS195
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 =
MR E J K Pn Qg Q4 Qo Q3 Q3

Asynchronous Reset L X X X X L L L L H
Shift, Set First Stage H h h h X qg aq ay 62
Shift, Reset First Stage H h | | X L qg qq ap 62
Shift, Toggle First Stage H h h 1 X Eo ag qy ap 9,
Shift, Retain First Stage H h ] h X ag ag aq ay 62
Parallel Load H 1 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 levei one set-up time prior to the LOW to HIGH clock transition.

Pn (qn) = 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 —0.5Vto+7.0V
*Input Voltage (dc) —0.5Vto+15V
*Input Current (dc) —30 mA to +6.0 mA
Voltage Applied to Outputs (Output HIGH) -05Vto+10V
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)

P, M

ART NUMBERS NN P AR TEMPERATURE
SNB4LS195AX 45 Vv 50V 56 V —55°C to +1256°C
SN74LS195AX 4.75 v 50V 5256V 0°C to +75°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)

T
SYMBOL PARAMETER MIN UM,:,Yi IAX UNITS TEST CONDITIONS
Guaranteed Input HIGH
VIH Input HIGH Voltage 2.0 \ Voltage for Al Inputs
v I LOW Vol 54 0.7 v Guaranteed Input LOW
L nput oltage 74 0.8 Voltage for All inputs
Vep Input Clamp Diode Voltage —0.65 -15 v Vee = MIN, ||y = -18 mA
54 25 34 Vee = MIN, Ig = —400 pA
Vou Output HIGH Voltage v cc OH
74 2.7 34 VIN=ViH or V) per Truth Table
54,74 .25 0.4 =4.0mA | Vcc = MIN, ViN =V
VoL Output LOW Voltage 0 v loL mA | Vee IN = VIH or
74 0.35 0.5 \ loL= 8.0 mA | Vy_ per Truth Table
20 A Vee = MAX, V=27V
1 Input HIGH Current H cc IN
0.1 mA VCC = MAX, V|N =10V
' Input LOW Current -0.4 mA Vee = MAX, VN = 04V
Output Short Circuit
_1 - = =
los Current (Note 4) 5 100 mA Vee = MAX, Voyt =0V
lec Power Supply Current 14 21 mA Vee = MAX
NOTES:

1. Conditions for testing,
2. The specified LIMITS represent the “worst case’ va
temperature and supply voltage extremes, additional noise im

operating ranges.
3. Typical limits are at Vgg = 5.0 V, T = 26°C.
4. Not more than one output should be shorted at a time.

AC CHARACTERISTICS: Tp = 25°C

not shown in the Table, are chosen to guarantee operation under “‘worst case’’ conditions.
lue for the parameter. Since these ‘worst case’ values normally occur at
munity and guard banding can be achieved by decreasing the allowable system

SYMBOL PARAMETER N LI1|§/IYI:S TAX UNITS TEST CONDITIONS
fMAX Shift Frequency 30 40 MHz Fig. 1
tpLH Propagation Delay, 14 21 ns Fig. 1 Ve =50V
tpHL Clock to Output 13 20 C_=15pF
tpHL Propagation Delay, 13 20 ns Fig. 3

MR to Output
AC SET-UP REQUIREMENTS: Tp = 25°C
SYMBOL PARAMETER MIN LITN\I/I;'S MAX UNITS TEST CONDITIONS
twiCP) Clock Pulse Width 16 ns Fig. 1
tg(Data) Set-up Time, Data to Clock 15 8 ns Fig. 2
th(?_ata) Hold Time, Dat_a to Clock (o] -7 ns Vee = 50V
tg(PE) Set-up Time,_PE Control to Clock 25 18 “ ns Fig. 4 C_=156pF
th(PE) Hold Time, PE Control to Clock -10 -17 ns
‘W(@ Master Reset Pulse Width 12 ns Fig. 3
trec(MR) Recovery Time Master Reset to Clock 25 ns
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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 (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 (trgc) 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 (ts) AND HOLD (ty,) TIME FOR SERIAL
AND CLOCK PULSE WIDTH DATA (J & K) AND PARALLEL DATA (Pg, Pq, P2, P3)

" /

% AW, 27 Koy

13v ,._ ¥ —,’ 13v l"(:;l‘sm‘_ ‘—i l;‘H)L&‘h(HHD
cuoex L L s N 7777777 v ey
hq.‘! ‘Pmabl -»l‘,—ui: - t(H) "
13v 13v e _f U I.Jv\—% \_f oy
OUTPUT® ey o p—
CONDITIONS: J=PE=MR=H CONDITIONS: MR =H
K=L

*J and K set-up time affects Qg only
Fig. 1 Fig. 2

MASTER RESET PULSE WIDTH,

MASTER RESET TO OUTPUT DELAY AND SET-UP (t5) AND HOLD (t,) TIME FOR PE INPUT
MASTER RESET TO CLOCK RECOVERY TIME

, W {LOAD PARALLEL DATA, lLO‘;zﬁ:ETR;?éfTATA}
MR , a
[ [
xm.'

13v
L) J, t5(H) !
‘,,(L)H :,,(H)H

13v

- LOCK 13v 13v
cLock ¢ U
L—'m.—-l

OuUTPUT

13v ouTPUT x Qn=Pp x Qn* =Qp-1
CONDITIONS: PE=L CONDITIONS: MR =H _
Po=P1=Py=P3=H *Qq 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/SN741L.S196 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, loading 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

¢ HIGH COUNTING RATES — TYPICALLY 70 MHz

e CHOICE OF COUNTING MODES — BCD, BI-QUINARY, BINARY
e ASYNCHRONOUS PRESETTABLE

o ASYNCHRONOUS MASTER RESET

e EASY MULTISTAGE CASCADING

INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

CPy Clock (Active LOW Going Edge) 1.0U.L. 1.5U.L.
Input to Divide-by-Two Section

CPy Clock (Active LOW Going Edge ) 2.0U.L. 1.75 U.L.
Input to Divide-by-Five Section

651 Clock (Active LOW Going Edge) 1.0 U.L. 1.0 U.L.
Input to Divide-by-Eight Section

MR Master Reset (Active LOW) Input 1.0 U.L. 0.5 U.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 CP4.
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LOGIC SYMBOL

1 4 10 3 1
PL Po Py Py P
8 —0fcr, o P1 P2 P3
6 —OfcPy
MR Qg 0y Q; Qg
13 5 9 2 12
Vee =Pin 14
GND = Pin 7

CONNECTION DIAGRAM
DIP (TOP VIEW)

114
wR [ ]13
]2
[ ]
] 0
ng
o[ s

NOTE:

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




SN54LS196/SN74LS196 ® SN541L.S197/SN74LS197

LOGIC DIAGRAM

Po@ p, Pz@

'®

g
!

P3®

¢
y
O
e

® —s So o _:Drgg_o 1 Soq 1%
&, Lo ro ol —o
Lk cp a K Cp § K ¢ @ KCpa

® 8
£
®
®
®

LS196

g " ® "® " O

P3®

2§
(Hv
—~C

JSa J Spa

S ®
|
&
)

Q

LS197

Vee =Pin 14
GND =Pin 7
O = Pin Numbers

1% a

K Cp @

o @
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SN54LS196/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 EP—O 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_i_s_ designed and specified to
drive the rated fan-out plus the Eﬁ? input. With the input frequency connected to CPg and Qg driving ﬁ?, 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 EP_O and with Qg driving C_P1, the circuit counts in the
BCD (8, 4, 2, 1) sequence. With the input frequency connected to —C—:F; and Qg driving CPg, Qg 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 SEQUENCES

DECADE (NOTE 1) BI-QUINARY (NOTE 2)
COUNT Q3 Qa Q4 Qg COUNT Qo Q3 Qg Q4
(1] 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 CPq.
2. Signal applied to CPq, Q3 connected to CPq.

MODE SELECT TABLE
INPUTS
— — — RESPONSE
MR PL cP
L X X Reset (Clear)
H L X Parallel Load
H H T Count
H = HIGH Voltage Level
L = LOW Voltage Level
X = Don't Care
L = HIGH to Low Clock Transition
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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
V¢ Pin Potential to Ground Pin —05Vto+7.0V
*Input Voltage (dc) —05Vto+i5V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —05Vto+10V
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)
P
PART NUMBERS N P AR TEMPERATURE
SN54LS196X e .
SN54LS197X 45 v 50V 55 V 55°C to +125°C
SN74LS196X
SN74LS197X 475V 50V 525 V 0°C to +75°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 LIMITS UNITS TEST CONDITIONS
MIN TYP MAX
Guaranteed Input HIGH Voltage
.0
ViH Input HIGH Voltage 2 v for Al Inputs
5 0.7
viL Input LOW Voltage 4 v Guaranteed Input LOW Voltage
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 \% Vee = MIN, Iy = =18 mA
54 25 3.4 Vee = MIN, | = —400 uA
Vom Output HIGH Voltage = v ce OH #
74 2.7 3.4 VIN = Vi or Vy_per Truth Table
5 0.25 0.4 loL=4.0 = MIN, =
VoL Output LOW Voltage 4,74 v oL mA | Vee = MIN, VN = Vi or
74 0.35 0.5 \" loL = 8.0 mA |V per Truth Table
Input HIGH Current
PL Po, Py, Py, P3 20
MR, CPy, TP (LS197) 40 uA Voo = MAX, Vg =2.7 V
I CPy (LS196) 80
PL Py P1. B, B 0.1
MR, CPg, CPq (LS197) 0.2 mA Ve =MAX, Viy= 5.5 v
CP; (LS196) 0.4
Input LOW Current
PL, Po. Pq, Py, P3 —0.36
MR -0.72
n CPg -2.4 mA Vee = MAX, vy =04V
CPy (LS196) -2.8
CPy (LS197) -1.3
Output Short Circuit _ _
IOS Current (Note 4) 15 100 mA VCC = MAX, VOUT =0V
Icc Power Supply Current 12 20 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 Voe = 5.0 V, Ta = 25°C.

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

»w
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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 E—FO Input to 8.0 12 8.0 12 ns
tpHL QO Output 8.0 12 8.0 12
tpLH CPy Input to 9.0 14 9.0 14 ns
tpHL Q, Output 9.0 14 9.0 14
thLH CPy Input to 23 34 26 36 ns Fig. 1
tprL Q; Output 21 | 32 23 | 34 Vee =50V
tpLH CPq Input to 12 18 35 50 ns C_=15pF
tprL Q3 Output 12 | 18 3 | 65
tPLH Po, P1, P2, Pa Inputs 10 15 10 15 ns Fig. 2
tPHL Qg Q1. Qa, Qg Outputs 24 35 24 36
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
tw CPy Pulse Width 12 10 ns Fig. 1
tw CP; Pulse Width 24 20 ns
ty PL Pulse Width 18 18 ns Fig. 3
tw MR Pulse Width 12 12 ns Fig. 4
tel Set-up Time LOW Data to PL 12 12 ns Vec =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
tpH Hold Time HIGH Data to PL 0 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 (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.

RECOVERY TIME (t;ec) — 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

Fig. 1

NOTE: PL =LOW

Fig. 2

e

l“T‘PLH H'PHL
a, % 13v SK

Fig. 3

Fig. 4

//////////%/’ m v

PL 1.3V

I/ )\

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

Fig. 5
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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-
puts 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
% ) Select Inputs 0.5 U.L. 0.25 U.L.
Eo Output Enable (Active LOW) Input 0.6 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.
zZ Complementary Multiplexer Output 65 (25) U.L. 5(2.5) U.L.
(Note b)
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. The Output HIGH drive factor is 25 U.L. for Military (54) and 65 U.L. for
Commercial (74) Temperature Ranges.

LOGIC SYMBOL
7 4 3 2 1 1514 1312
Eolo 1 12 13 la 15 16 7
11 ——15g
10—,
9 — 52
z

T

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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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, S1, 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=E0(l"S0"S1°S2 + 11°S0"51 53 + 150515 + 135055, +
‘4'§0'§1 ‘52 + |5'So'§1 ‘52 + |6'§0°S1 ‘32 + |7‘So‘S1 '32).

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
Eg] S2 S sp | g Iy 12 13 14 15 1g 13| 2 z
H X X X X X X X X X X X (2) (2)
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
Ve 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) —0.5Vto+10V
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 (Vpp)
PART NUMBERS VN P cC NIAX TEMPERATURE
SN54LS251X 45 Vv 50V 55 Vv —565°Cto +125°C
SN74LS251X 475 Vv 50V 525V 0°C to +75°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
CONDITIONS
SYMBOL PARAMETER N ~F X UNITS | TEST
Guaranteed Input HIGH Voitage
VIH Input HIGH Voltage 20 \ for All Inputs
54 0.7 Guaranteed Input LOW Voltage
ViL Input LOW Voltage 72 o8 v for All Inputs
Vep Input Clamp Diode Voltage -0.65 -1.5 \% Vee = MIN, hy = —18 mA
54 24 34 \" IOH =-1.0mA VCC = MIN, V|N = VlH or
Vo Output HIGH Voltage 74 24 | 31 V| lon = -2.6 mA | V_per Truth Table
54,74 0.25 0.4 \ loL=40mA |Vce =MIN, VN = V4 or
V, (o] t LOW Volt:
oL utput LOW Voltage 74 035 | 05| V |loL=80mA |V per Truth Table
lozH Output Off Current HIGH 20 MA Vee = MAX, Vout = 27V,VE=20V
IOZL Output Off Current Low -20 MA VCC = MAX, VOUT =04V, V'E' =20V
1.0 20 A Vee = MAX, Viy =27V
1 Input HIGH Current H cC IN
0.1 mA VCC = MAX, VIN =10V
e Input LOW Current -0.4 mA Vee = MAX, Vi = 04V
Output Short Circuit
-15 —-100 A Vee = MAX, V =0V
Isc Current (Note 4) m cc out
Power Supply Current, — - ——
\ Outputs LOW 6.1 10| mMA | Vgc=MAX V)y=45V,VE=0V
cc Power Supply Current, _ _ _
Outputs Off 7. 12| mA | Voc=MAX, V|y=45V,VE=45V
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 ach ieved by decreasing the allowable system

operating ranges.

3. Typical

limits areat Vog = 5.0V, Ta = 25°C.

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

AC CHARACTERISTICS: Tp = 25°C

LIMITS

SYMBOL PARAMETER N Tylp VIAX UNITS TEST CONDITIONS

tpLH Propagation Delay, 11 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 Vec=50V

tpLH Propagation Delay, 70 12 ns Fig. 1 C_ =15pF

tpHL Data to Z Output 10 15

tpLH Propagation Delay, 18 27 ns Fig. 2

tpHL Data to Z Output 15 23

tpzH Output Enable Time 12 20 ns Figs. 4, 5 C_=15pF
to HIGH Level

tpz1 Output Enable Time 17 25 ns Figs. 3. 6 R =2kQ
to LOW Level

tprz Output Disable Time 12 20 ns Figs. 3,5 | C_=5pF
from LOW Level

tpHzZ Output Disable Time 17 25 ns Figs. 4,5 R =2kQ
from HIGH Level
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3-STATE AC WAVEFORMS

Fig. 2

VE 13v 13v
tpzL Lz PHZ
>Vou
Vout <13V =13V
— Vou 05v
osv—,
Fig. 3 Fig. 4
AC LOAD CIRCUIT
Vee SWITCH POSITIONS
SYMBOL sw1 sw2
R tpZH Open Closed
tPZL Closed Open
tpL 2z Closed Closed
sw1 tPHZ Closed Closed
TO OUTPUT
UNDER TEST 4
AAA
5k l

-

TG sw2

=

*Includes Jig and P

robe Capacitance.

Fig. 5
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SN54LS253/SN74LS253
DUAL 4-INPUT MULTIPLEXER

WITH 3-STATE OUTPUTS

DESCRIPTION — The LSTTL/MS| SN54LS253/SN74LS253 is a Dual 4-Input
Multiplexer with 3-state outputs. It can select two bits of data from four sources
using common select inputs. The outputs may be individually switched to a high
impedance state with a HIGH on the respective Output Enable (EQ) inputs, allow-
ing the outputs to interface directly with bus oriented systems. It is fabricated with
the Schottky barrier diode process for high speed and is completely compatible
with all Motorola TTL families.

e SCHOTTKY PROCESS FOR HIGH SPEED

e MULTIFUNCTION CAPABILITY

o NON-INVERTING 3-STATE OUTPUTS

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

So. S1 Common Select Inputs 0.5 U.L. 0.25 U.L.

Multiplexer A

EOa Output Enable (Active LOW) Input 0.5 U.L. 0.25 U.L.

lga — 13a Multiplexer Inputs 0.5 U.L. 0.25 U.L.

Z, Multiplexer Output (Note b) 65(25)U.L. 5(2.5) U.L.

Multiplexer B

EOb Output Enable (Active LOW) Input 0.5 U.L. 0.25 U.L.

lob — 13b Multiplexer Inputs 0.5 U.L. 0.25 U.L.

Zy Muiltiplexer Output (Note b) 65(25) 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. The Output HIGH drive factor is 25 U.L. for Military and 65 U.L. for
Commercial Temperature Ranges.

LOGIC SYMBOL

1 6 5 4 3 10 11 1213 15
14 SOEOa 10a 112 12a '3a oo !1b 126 36 Eob
e Za Zp
7 9
Vcg =Pin 16
GND =Pin 8

LOGIC DIAGRAM
[ 13 12 b lob So s1 132 122 a 10a Eoa
® | @ |© $@ ® | |® |© é7®
)|
1l
) UUOC

Vee = Pin 16

GND = Pin 8

QO = Pin Numbers 410

CONNECTION DIAGRAM
DIP (TOP VIEW)

108 — vec[ s
2[s Ego [] 15
30 so[]14
a2 13,1113
5[Jha 1261112
6[J0a e[
1z oo [ ] 10
8 [Jono z[] e

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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FUNCTIONAL DESCRIPTION — The LS253 contains two identical 4-Input Multiplexers with 3-state outputs. They select
two bits_from four sources selected by common select inputs (Sg, S1). The 4-input multiplexers have individual Output

Enable (an, Egp) inputs which when HIGH, forces the outputs to a high impedance (high Z) state.

The L8253 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:

Za=Ega*ll0a* 51 Sg+ 115" 51+ Sg+ 1z 51+ Sg + 13- Sy - Sp)
Zp=Eop " (lop * 51 Sp+11p* 51+ So+ 125 * S1 - Sg + I3y - S1 - Sp)

If the outputs of 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. Designers should ensure that Output Enable signals to 3-state devices whose
outputs are tied together are designed so that there is no overlap.

TRUTH TABLE

SELECT OUTPUT
INPUTS DATA INPUTS ENABLE OUTPUT
So S$q io I 12 43 Eo z
X X X X X X H (2)
L L L X X X L L
L L H X X X L H
H L X L X X L L
H L X H X X L H
L H X X L X L L
L H X X H X L H
H H X X X L L L
H H X X X H L H
H = HIGH Level
L = LOW Level
X = lrrelevant
(2) = High Impedance (off)
Address inputs Sg and Sq are common to both sections.
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) —0.5Vto+i5V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) -05Vto+10V
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 MIN P MAX EMPERATURE
SN541L.S253X 45 V 50V 55 V —55°C to +125°C
SN74LS253X 475V 50V 525V 0°C to +75°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.




SN54LS253/SN74LS253

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
T CONDITION
SYMBOL PARAMETER MIN v MAX UNITS | TEST COl S
Guaranteed Input HIGH Voltage
ViH Input HIGH Voltage 20 \) for All Inputs
54 0.7 G teed Input LOW Voltage
Vi Input LOW Voltage v uaran P ¢
74 0.8 for All Inputs
Vep Input Clamp Diode Voltag —0.65 -15 \" Vee = MIN, i) = —18 mA
54 24 3.4 lan =—1.0 MA | Veoe = MIN, Vyp = Viy or
Vom Output HIGH Voltage v OH cc N TH
74 24 3.1 IoH = —2.6 mA| V;_per Truth Table
4,74 0.25 0.4 \Y =40mA |Vcc=MIN, =V
VoL Output LOW Voltage 54, loL=40m cc = MIN. VN = Vi or
74 0.35 0.5 \% loL= 8.0 mA | V_per Truth Table
lozH Output Off Current HIGH 20 MA Vee = MAX, Vouyt = 27V, VE=20V
lozL Output Off Current LOW -20 HA Vee = MAX, Voyt = 04V, VE=20V
20 A Vee = MAX, Viy=27V
H Input HIGH Current H cc IN
0.1 mA Vee = MAX, vy =10V
e Input LOW Current —0.36 mA Vee = MAX, Vi = 04V
Output Short Circuit
1 -1 -1 A = =
Y Current (Note 4) 5 00 m Ve = MAX Vour =0V
Power Supply Current, _ _ -
| Outputs LOW 7.0 12 A Vcc MAX, V|N ov, VE ov
cc Power Supply Current, -
Outputs Off 8.6 14 Vee = MAX, Viy=0V, VE= 45V
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, 25°C, and maximum loading.

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

AC CHARACTERISTICS: Ty = 25°C (See Page 5-98 for Waveforms)

LIMITS
Y L PARAMETER
SYMBO Al E YT vy MAX UNITS TEST CONDITIONS
tpLH Propagation Delay, 10 15 ns Fig. 1 C_=15pF
tpHL Data to Output 10 15
tpLH Propagation Delay, 20 29 ns Fig. 1 C_ =15pF
tpHL Select to Output 16 24
tpzH Output Enable Time 12 18 ns Figs. 4,5
to HIGH Level C_ =15pF
- N R =2 kQ
tpzL Output Enable Time 1 18 ns Figs. 3, 5
to LOW Level
tpLz Output Disable Time 22 32 ns Figs. 3. 5
from LOW Level C_=5pF
R . . RL =2k
tpHZ Output Disable Time 1 18 ns Figs. 4,5
from HIGH Level

5-101




SN54LS257/SN74LS257
QUAD 2-INPUT MULTIPLEXER

WITH 3-STATE OUTPUTS

DESCRIPTION — The LSTTL/MS| SN54LS257/SN74LS257 is a Quad 2-Input
Multiplexer with 3-state outputs. Four bits of data from two sources can be
selected using a Common Data Select input. The four outputs present the selected
data in true (non-inverted) form. The outputs may be switched to a high impedance
state with a HIGH on the common Output Enable (Eo) Input, allowing the outputs
to interface directly with bus oriented systems. It 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

* MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER

* 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

S Common Data Select Input 1.0 U.L. 0.5 U.L.

EO Output Enable (Active LOW) Input 0.5 U.L. 0.25 U.L.

10a — lod Data Inputs from Source 0 0.5 U.L. 0.25 U.L.

112 — 14 Data Inputs from Source 1 0.5 U.L. 0.25 U.L.

Z,—-24 Multiplexer Outputs (Note b) 65(25) 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. The Output HIGH drive factor is 25 U.L. for Military (54) and 65 U.L. for
Commercial (74) Temperature Ranges.

LOGIC DIAGRAM

'0a Ha lop BTy loc e 'od 14 S

\l;@@@@)@@@@

J.J.J

Ve =Pin 16
GND =Pin 8
O = Pin Numbers
0] @ ® ®
zZ, 2y Z, 24

LOGIC SYMBOL

15 2 3 5 6 14 13 11 10

L

Eo '0a '1a 'ob '1b 'oc '1c 'od Md

Vee =Pin 16
GND =Pin 8

CONNECTION DIAGRAM

DIP (TOP VIEW)
Qs ~ Vee D 16
20 s
3 ha toc (14
4z, e [J13
5o z.[Jr
e[ toa [J 11
1z, g [J 0
8[]ano Z4 j 9

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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SN54LS257/SN74LS257

FUNCTIONAL DESCRIPTION — The LS257 isa Quad 2-Input Multiplexer with 3-state outputs. It selects four bits of data

from two sources under control of a Common Data Select input. When the Select Input is LOW, the Ig inputs are selected 1
and when Select is HIGH, the I{ inputs are selected. The data on the selected inputs appears at the outputs in true (non-
inverted) form,

The LS257 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:

2,=Eo- (113" S+1ga*S  Zy=Eg-(l1p*S+lgp " S)

ZC=E0’(I1C°S+IOC'§) Zd=Eo'(|1d'S+|0d'§)
When the Output Enable input (Eo) is HIGH, the outputs are forced to a high impedance “off’ state. |f the outputs are tied
together, all but one device must be in the high impedance state to avoid high currents that would exceed the maximum

ratings. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied together are designed so
there is no overlap.

TRUTH TABLE

T | e | e | ovmn
Eo S ) 1y z
H X X X (2)
L H X L L
L H X H H
L L L X L
L L H X 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
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) —-05Vto+10V
Output 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 Ty SUPPLY V%’T,AGE Vee) AR TEMPERATURE
SN54LS257X 45 V 50V 55 V —-55°C to +125°C
SN74LS257X 475V 50V 525V 0°C to + 75°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

AR,
SYMBOL ' PARAMETER MIN By MAX UNITS TEST CONDITIONS
I It
Vin Input HIGH Voltage 20 v Guaranteed Input HIGH Voltage
for All Inputs
54 .7 It
viL Input LOW Voltage 0 v Guaranteed Input LOW Voltage
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage —-0.65 -1.5 \% Vec =MIN, iy =-18 mA
54 2.4 3.4 \Y loH =—1.0mA [Vee = MIN, Viy = Vg or
VoH Output HIGH Voltage OH cc IN~ YiH
74 24 3.1 \Y lop = 2.6 mA V) per Truth Table
54,7 X . =4. = MIN, VIN = V|H or
VoL Output LOW Voltage 74 0.25 0.4 v loL=40mA |Vcc IN = ViH
74 0.35 0.5 \ loL =8.0mA |V per Truth Table
lozH Output Off Current HIGH 20 LA Vee = MAX, Vour =24V, VE=20V
lozL Output Off Current LOW -20 HA Vee = MAX, Vo1 =04V, VE=20V
Input HIGH Current
Eg. oy ! 20
SO O T1x w0 | M| Vec=MAX vy =27V
|
IH
Input HIGH Current at MAX
Input Voltage
Eo lox: 11x 0.1 ~ B
s 0.2 mA Vee = MAX, Viy =10V
Input LOW Current
1 Eo. oy | -0.4
L 0 'ox- 1 - -
s o o8| ™A | Vec=MAX V=04V
Output Short Circuit
I -1 - = : =
0s Current (Note 4) 5 100 mA Vee = MAX, Voyr =0V
Power Supply Current, Outputs HIGH 10 Voo = MAX, V)y =45V, VE=0V
lcc Power Supply Current, Outputs LOW 16 mA Vee = MAX, Vijy =0V, VE=0V
Power Supply Current, Outputs OFF 17 Vee = MAX, Viy=0V, VE=45V
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, 25°C, and maximum loading.

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

AC CHARACTERISTICS: Ta =25°C, Ve = 5.0 V (See Page 5-98 for Waveforms)

LIMITS
YMBOL PARAMETER UNIT: TEST CONDITIONS

s ° MIN TYP MAX s sTco
:PLH Propagation Delay, Data to Output :Z ns Fig. 1 C_ = 15pF
PHL
tPLH Propagation Delay, Select to Output 21 ns Fig. 1 C_=15pF
PHL 21
tpzH Output Enable Time to HIGH Level 28 ns Figs. 4, 5 C_ = 15pF
tpzL Output Enable Time to LOW Level 24 ns Figs. 3, 5 R =2kQ
tp| 2 Output Disable Time from LOW Level! 22 ns Figs. 3, 5 C, =50pF
tpHz Output Disable Time from HIGH Level 14 ns Figs. 4, 5 RL =2 kQ
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SN54LS258/SN74LS258

QUAD 2-INPUT MULTIPLEXER

WITH 3-STATE OUTPUTS

DESCRIPTION — The LSTTL/MS! SN54LS258/SN74LS258 is a Quad 2-Input
Multiplexer with 3-state outputs. Four bits of data from two sources can be
selected using a common data select input. The four outputs present the selected
data in the complement (inverted) form. The outputs may be switched to a high
impedance state with a HIGH on the common Output Enable (Eo) Input, allowing
the outputs to interface directly with bus oriented systems. It is fabricated with the
Schottky barrier diode process for high speed and is completely compatible with all
Motorola TTL families.

e SCHOTTKY PROCESS FOR HIGH SPEED

e MULTIPLEXER EXPANSION BY TYING OUTPUTS TOGETHER

* INVERTING 3-STATE OUTPUTS

e |INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a
HIGH LOW

S Common Select Input 1.0 U.L. 0.5 U.L.

EO Output Enable (Active LOW) Input 0.5 U.L. 0.25 U.L.

loa — lod Data Inputs from Source O 0.5 U.L. 0.25 U.L.

11a— 114 Data Inputs from Source 1 0.5 U.L. 0.25 U.L.

Z, ‘Ed Multiplexer Outputs (Note b) 65(25) 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. The Output HIGH drive factor is 25 U.L. for Military (54) and 65 U.L. for
Commercial (74) Temperature Ranges.

LOGIC DIAGRAM

Eo l0a a lob b loc e lod hd

Vee = Pin 16 ® i@ ®@ ®
GND = Pin 8 1 .

z
O =Pin Numbers 2
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LOGIC SYMBOL

15 2 3 5 6 14 13 11 10

L

€0 10a M1a 'ob '1b 'oc '1c 'od Ma

Z, Zp Zc 24
4 7 12 9
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.




SN54L.S258/SN74L.5258

FUNCTIONAL DESCRIPTION — The LS258 is a Quad 2-Input Multiplexer with 3-state outputs. It selects four bits of data
from two sources under control of a common Select Input (S). When the Select Input is LOW, the lg inputs are selected and
when Select is HIGH, the 14 inputs are selected. The data on the selected inputs appears at the outputs in inverted form.

The LS258 Quad 2-Input Multiplexer 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,=Eg - (I3 S+lgg*S) Z,=Eg -l " S+lgy*S)
§C=E0'(|1C‘S+loc'5) Zd=Eo‘(|1d‘S+|Od‘§)

When the Output Enable Input (EO) is HIGH, the outputs are forced to a high impedance “off" state. If 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. Designers should ensure that Output Enable signals to 3-state devices whose outputs are tied

together are designed so there is no overlap.

TRUTH TABLE

OUTPUT SELECT DATA
ENABLE INPUT INPUTS OUTPUTS
Eo S ') I E
H X X X (2)
L H X L H
L H X H L
L L L X H
L L H X L
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
V¢ 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) —-0.5Vto+i0V
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 (Vee)
MB TEMPERATURE
PART NUMBERS N P VAX (V]
SN54LS258X 45 V 50V 55 V —55°C to +125°C
SN74LS258X 475V 50V 525V 0°C to +75°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.
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SN54L5258/SN74L5258

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
EST CONDITIONS
SYMBOL PARAMETER VN F MAX UNITS TEST CO

Guaranteed Input HIGH Voltage

ViH Input HIGH Voltage 20 \% for Al Inputs
54 .7 anteed Input LOW Voltage
Vi Input LOW Voltage ° y | Gueranteed Inpu onag
74 0.8 for All Inputs
Veo Input Clamp Diode Voltage —0.65 -1.5 \Y Vee = MIN, Iy =—18 mA
54 24 3.4 \" I =—-1.0mA {Vee = MIN, Viy = V) or
VoH Output HIGH Voltage OH cc IN H
74 24 3.1 \) IoH = ~2.6 mA |V, per Truth Table
0.2 .4 = 4. = , =
VoL Output LOW Voltage 54,74 5 0 \ loL=40mA |Vcc=MIN, ViN = V|4 or
74 0.35 0.5 \ loL=80mA |V per Truth Table
lozH Output Off Current HIGH 20 LA Vee = MAX, Voyt = 24V, Vg= 20V
lozL Output Off Current LOW -20 MA Vee = MAX, Vout =04V, VE= 20V
Input HIGH Current
Eo lox ! 20
0 10x Tix HA | Voo =MAX vy =27V
(" S 40
Input HIGH Current at MAX
Input Voltage
EO’ lox: 11x 01 = -
S 02 | ™A | Vec=MAX vy =10V
Input LOW Current
L Eg. lox 1x -0.4 - -
S o8 | ™ | Vec=MAX vy =04V
Qutput Short Circuit
| - - = =
0s Current (Note 4) 15 100 mA Vee = MAX, Voyur =0V
Power Supply Current, Outputs HIGH 9.0 mA Vee = MAX, V=0V, VE=0V
lec Power Supply Current, Qutputs LOW 11 mA Ve =MAX, Viy=45V, VE= ov
Power Supply Current, Outputs OFF 12 mA Vee = MAX, VN =0V, VE=45V
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 Vcg = 5.0 V, 25°C, and maximum loading.

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

hw

AC CHARACTERISTICS: Tp = 25°C, Ve =50V (See Page 5-98 for Waveforms)

LIMITS
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS
tpLH Propagation Delay, Data to Output :: ns Fig. 1 C_=15pF
tPHL
'PLH Propagation Delay, Select to Output g: ns Fig. 1 C_=15pF
PHL
tpzK Output Enable Time to HIGH Level 30 ns Figs. 4, 6 C_=15pF
tpzL Output Enable Time to LOW Level 30 ns Figs. 3, 6 R =2kQ
tpLz Output Disable Time from LOW Level 16 ns Figs. 3,6 | C| =5.0pF
tpHz Output Disable Time from HIGH Level 16 ns Figs. 4, 5 R =2kQ
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SN54LS259/SN74LS259

8-BIT ADDRESSABLE LATCH

DESCRIPTION — The SN54LS259/SN74LS259 is a high-speed 8-Bit Addressable
Latch designed for general purpose storage applications in digital systems. It is a
multifunctional device capable of storing single line data in eight addressable
latches, and also a 1-of-8 decoder and demultiplexer with active HIGH outputs. The
device also incorporates an active LOW common clear for resetting all latches, as

well as, an active LOW enable.

SERIAL-TO-PARALLEL CONVERSION

LOGIC SYMBOL
14 13
$ |
3

D

1— Ao
2— Aq

3—a
1*2¢ 00 010, 03 04 O5 Og 07

AR

°
e 8-BITS OF STORAGE WITH OUTPUT OF EACH BIT AVAILABLE = Pin 16
o RANDOM (ADDRESSABLE) DATA ENTRY GRS = Ping
e ACTIVE HIGH DEMULTIPLEXING OR DECODING CAPABILITY
* EASILY EXPANDABLE ' CONNECTION DIAGRAM
e COMMON CLEAR DIP (TOP VIEW)
o FULLY TTL COMPATIBLE
1040 Vee bts
2~ s
PIN NAMES s T
4[] o[
Ao,A1,A2 5E°| 07]12
D Data Input s[ e Qg
E Enable (Active LOW) Input EQ’ o H
c Clear (Active LOW) Input g s
Qg to Q7 Parallel Latch Outputs s[Jeno %[
LOGIC DIAGRAM
13 D Ao A A2 T Ve = Pin 16
® ©) @ ® ® GND = Pin8

O = Pin Numbers




DESCRIPTION — The SN54LS283/SN741L.5283 is a high-speed 4-Bit Binary Full
Adder with internal carry lookahead. It accepts two 4-bit binary words (A1 — Ag,
Bq — Bg) and a Carry Input (C). It generates the binary Sum outputs (21 — =4q)
and the Carry Output (CoyT) from the most significant bit. The LS283 operates
with either active HIGH or active LOW operands (positive or negative logic).

PIN NAMES

A1 —Ay
By —Bg

Cin
Z1-34
Cout

NOTES:

SN54LS283/SN74LS283
4-BIT BINARY FULL ADDER WITH FAST CARRY

LOADING (Note a)

HIGH LOW
Operand A Inputs 1.0 U.L. 0.5U.L, 1
Operand B Inputs 1.0 U.L. 0.5 %%%
Carry Input 05U.L b g% UL’
Sum Outputs (Note b) S WsEE UL
Carry Output (Note b) . w0t | 525 UL

LOGIC SYMBOL

3 Aq By By B3 By

Cout f—92

Iy Iy I3 I4

il

4 1 13 10

Ve =Pin 16
GND =Pin 8

Vee =Pin 16
GND = Pin 8
O = Pin Numbers

Cour

CONNECTION DIAGRAM
DIP (TOP VIEW)

NOTE:

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

5-109




SN54L.5283/SN74L5283

FUNCTIONAL DESCRIPTION — The LS283 adds two 4-bit binary words (A plus B) plus the incoming carry. The binary

sum appears on the sum outputs (Z1 — Z4) and outgoing carry (CoUT) outputs.

CIN+(A1+B1)+2(A2+B2)+4(A3+B3)+8(Ag+B4) = £1+2Z2+423+824+16CouT
Where: (+) = plus

Due to the symmetry of the binary add function the LS283 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:

CiIN| A1 A2 A3 Ag|Bq7 B2 B3 Ba| 21 Z2 23 Z4|Court
logic levels L L H L H H L L H H H L L H
ActiveHIGH | 0 [0 1 0 1 |1 0 0 1|1 1 0 o 1 (10+9=19)
ActiveLOW | 1 (1 0 1 0 |0 1 1 0|0 0 1 1 0 (carry+5+6=12)

Interchanging
5or 3.

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

inputs of equal weight does not affect the operation, thus CjN, A1, B1, can be arbitrarity assigned to pins 7,

Storage Temperature

—65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Vg Pin Potential to Ground Pin —-05Vto+70V
*Input Voltage (dc) —05Vto+15V
*Input Current (dc) —30 mA to +56.0 mA
Voltage Applied to Outputs (Output HIGH) —05Vto+10V
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)
TEM ATUR
PART NUMBERS NN P MAX PERATURE
SN54LS283X 45 V 50V 55 V —55°C to +125°C
SN74L5283X 475V 5.0V 5.25 V 0°C to +75°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
T CONDITI
SYMBOL PARAMETER MIN P MAX UNITS TEST CO ONS
Guaranteed Input HIGH Voltage
ViH Input HIGH Voltage 2.0 \) for All Inputs
54 . d Input LOW Volt
viL Input LOW Voltage 0.7 v Guaranteed Input LO! oltage
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 v Vee = MIN, )y =—18 mA
54 25 34 Vee = MIN, Igy = —400 uA
Vom Output HIGH Voltage v cc OH H
74 2.7 34 VIN= V| or Vi per Truth Table
54 .2 0.4 =4, = , =
VoL Output LOW Voltage ,74 0.25 v loL=4.0 mA| Vcc =MIN, V|N = V| or
74 0.35 0.5 v loL = 8.0 mA| vy per Truth Table
Input HIGH Current
CIN 20 MA Vcc = MAX, V|N =27V
[ Any AorB 40
CiNn 0.1 mA Vee = MAX, VN = 10V
Any Aor B 0.2
Input LOW Current
||L C'N -04 mA VCC = MAX, le =04V
Any A or B -0.8
Output Short Circuit
l - - = =
0s Current (Note 4) 15 100 mA Vee = MAX, Voyr =0V
= MAX, All Inputs =0V
Icc Power Supply Current 22 39 mA Vee nputs = 0
19 34 mA Vee = 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.

hw

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 = 256°C

LIMITS
SYMBOL PARAMETER Tl
RA E N P MAX UNITS EST CONDITIONS
tpLH Propagation Delay, Cyy Input 24 ns
tPHL to Any ¥ Output 24
tpLH Propagation Delay, Any A or B Input 24 ns Vec=5.0V
tpHL to T Outputs 24 C_=15pF
tpLH Propagation Delay, Cjy 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
L"’r— teHL L"T—‘PLH I‘—-l— tPLH I""_ PHL
Vout 13V Vout 13V
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SN54LS290/SN74LS290

DECADE COUNTER

SN54LS293/SN74LS293

4-BIT BINARY COUNTER

DESCRIPTION — The SN54LS290/SN74LS290 and SN54LS293/SN74LS293 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 (LS290) or divide-by-eight
(LS293) section which are triggered by a HIGH-to-LOW transition on the clock
inputs. Each section can be used separately or tied together (Q to CP) to form BCD,
Bi-quinary, or Modulo-16 counters. Both of the counters have a 2-input gated
Master Reset (Clear), and the L.S290 also has a 2-input gated Master Set (Preset 9).

® CORNER POWER PIN VERSIONS OF THE LS90 and LS93.

® LOWPOWER CONSUMPTION . ... TYPICALLY 45 mW

® HIGH COUNT RATES.... TYPICALLY 50 MHz

& CHOICE OF COUNTING MODES.... BCD, BI-QUINARY, BINARY

® INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATIO % o

® FULLY TTL AND CMOS COMPATIBLE &EG

PIN NAMES QQ

Y& ‘ LOADING (Note a)
HIGH LOW

CPgy Clock (A ¥ElOWEoHg edge) Input to 3.0U.L. 1.5 U.L.
=2 Sec

cPy 1 lod (ﬁe LOW going edge) Inputto 2.0 U.L. 20U.L.
=9 Section (LS290).

cP, Clock (Active LOW going edge) Input to 1.0U.L. 1.0U.L.
+ 8 Section (LS293).

MR+, MRy Master Reset (Clear) Inputs 0.5 U.L. 0.25 U.L.

MSq, MSy Master Set (Preset-9, LS290) Inputs 0.5 U.L. 0.25 U.L.

Qg Output from +2 Section (Notes b & c) 10 U.L. 5(2.5) U.L.

Qq, Qg, Q3 Outputs from +5 & +8 Sections (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 2.6 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges.

¢. The Qg Outputs are guaranteed to drive the full fan-out plus the 5’1 Input of the device.

LOGIC SYMBOL

LS290

Ve = Pin 14
GND = Pin 7
NC =Pins 2,6

Ls2¢3

10 —O| CPO

1 —0 cPy

MR

1213 9 5 4 8

Qp 0; Q, Q3

Vce =Pin 14
GND = Pin 7
NC=Pins1,2,3,6

EW)

[]14
13
112
(]
[0
[
af

LSs293

NOTE:

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

CONNECTION DIAGRAM LS290 CONNECTION DIAGRAM
DIP (TOP VIEW) DIP (TOP VI
1Oms ~vee :]14
2[nc MR 13
3[wms veld12  NOTE:
4o, &, [n The Flatpak version has the same
_ pinouts (Connection Diagram) as the
s[q %[  Dual In-Line Package.
s[nc 9 []e
oo o5 s
NC — No Internal Connection NC — No internal connection
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LS290 e LS293

LOGIC DIAGRAMS ) LS290

®

MS,

Mszﬂ [ |
® ) s L
JSDQ'—1 JSDQ-—< Js°o-1 RSDO

CPg —OfcP —t—Ojcp —of cp Of cp

Co- KCDo xcn’o' :Dscba

52
@ O = Pin Numbers
MM—_—-DC ® ® Ve =Pin 14
MR -
2 ® 0 a a a GND =7
LS293
J Q J Q J QapF— J o] o’
@ --‘
Py !0 cp —Of cp _1»-0 cp p—Of cp
K a K a K a K a
Co Cp Cp [
o 1 1 1 7
CPy
Mn,@ O = Pin Numbers
MR2:‘D°_ ® ® ® Ve = Pin 14
® a a a, ag GND =7

FUNCTIONAL DESCRIPTION — The LS290 and LS293 are 4-bit ripple type Decade, and 4-Bit 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 (LS290) or divide-by-eight (LS293) 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 Qg output of each device is designed and specified to drive the rated fan-out plus the
CP1 input of the device.

A gated AND asynchronous Master Reset (MRq*MRj) is provided on both counters which overrides the clocks and resets
(clears) all the flip-flops. A gated AND asynchronous Master Set (MSq+MS5) is provided on the LS290 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:

LS290

A. BCD Decade (8421) Counter — the 6_51 input must be externally connected to the Qg output. The EP-O 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 CPg input. The
input count is then applied to the CP4 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 (@0 as the input and QO as the output). The (-231 input is used to obtain
binary divide-by-five operation at the 03 output.

LS293

A. 4-Bit er_)ple Counter — The output Qg must be externally connected to input 51. The input count pulses are applied to
input CPg. Simultaneous division of 2, 4, 8, and 16 are performed at the Qg, Q1, Q2, and Qg outputs as shown in the
truth table.

B. 3-Bit Ripple Counter — The input count pulses are applied to input aﬁ. Simultaneous frequency divisions of 2, 4, and 8
are available at the Qq, Qp, and Qg 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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LS290 MODE SELECTION

RESET/SET INPUTS OUTPUTS
MRq [ MRy | MSy | MSy Q Q; Qp Q3
H H L X L L L L
H H X L L L L L
X X H H H L L H
L X L X Count
X L X L Count
L X X L Count
X L L X Count

LS290
BCD COUNT SEQUENCE
OUTPUT
COUNT

Q 0 0 Qg
0 L L L L
1 H L L L
2 L H L L
3 H H L L
4 L L H L
5 H L H L
6 L H H L
7 H H H L
8 L L L H
9 H L L H

NOTE: Output Qg is connected to

Input CPq for BCD count.

HIGH Voltage Level
LOW Voltage Level
Don‘t Care

xXr T
wonon

LS293 MODE SELECTION

RESET
INPUTS OUTPUTS
MRq | MRy Q 0 Q 03
H H L L L L
L H Count
H L Count
L L Count
LS293
TRUTH TABLE
OUTPUT
COUNT
Q 9 0 Qg
0 L L L L
1 H L L L
2 L H L L
3 H H L L
4 L L H L
5 H L H L
6 L H H L
7 H H H L
8 L L L H
9 H L L H
10 L H L H
1 H H L H
12 L L H H
13 H L H H
14 L H H H
15 H H H H

Note: Output Qg connected to input CPy.

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)
*Input Current (dc)
Voltage Applied to Outputs (Output HIGH)
QOutput 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
-05Vto+10V
+50 mA
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GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V)

TEMPERATURE
PART NUMBERS - Sl —
SN54LS290X s v Ceooe 1 1250C
SN54LS293X 45 Vv 50V
SN74LS290X

- .25V 0 +750°

SN74LS293X 475V 50V 5.2 0°C to +75°C

X = package type; W for Flatpak, J for Ceramic Dip, N for Plastic Dip. See Packaging |nformation Sect

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
SYMBOL PARAMETER N P MAX UNITS TEST CONDITIONS
Guaranteed Input HIGH Voltage
.0
ViH Input HIGH Voltage 2 \) for Al Inputs
54 0.7
viL Input LOW Voltage v Guaranteed Input LOW Voltage
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 \" Vee = MNN, IN= -18 mA
54 25 34 Vee = MIN, 1oy = —400 pA
VoH Output HIGH Voltage v cc OH u
74 2.7 3.4 VIN = VIH O Vi per Truth Table
4,74 0.25 0.4 \" loL=4 A | Vcc = MIN, VIN =
VoL Output LOW Voltage 54, oL om cc IN. VIN = ViH o
74 0.35 0.5 A\ loL =80 mA Vy per Truth Table
Input HIGH Current
MS, MR 20
CPo 120 uA Voo = MAX, Vi =27V
CP4 (LS290) 80
CP, (LS293) 40
hH
MS, MR 0.1
TPy, CPq (LS293) 0.4 mA Voo = MAX, vy = 10V
P4 (LS290) 038
Input LOW Current
MS, MR -0.4
e CPo -2.4 mA Ve = MAX, Viy =04V
CP; (LS290) -32
CP4 (LS293) -1.6
Output Short Circuit _ _ _ _
IOS Current (Note 4) 15 100 mA VCC MAX, VOUT ov
lcc Power Supply Current 9 15 mA Vee = MAX
NOTES:

1. Conditions for testing, not shown in the table,
2. ‘The specified LIMITS represent the '‘worst cas
temperature and supply voltage extremes, additional noise i

operating ranges.
3. Typical limitsareat Vcc=5.0V, Ta = 25°C, and maximum loading.
4. Not more than one output should be shorted at a time.

are chosen to guarantee operation under *
e value for the parameter. Since these “worst case”

‘worst case’’ conditions.
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AC CHARACTERISTICS: Tp = 25°C

LIMITS
SYMBOL PARAMETER LS290 LS293 UNITS TEST CONDITIONS
MIN MAX MIN MAX
fmax CPq Input Count Frequency 32 32 MHz Fig. 1
fMAX CP; Input Count Frequency 16 16 MHz Fig. 1
tpLH l_’Lopagation Delay, 16 16
tPHL CPq Input to Qg Output 18 18 ns
tpLH Propagation Delay, 16 16 ns
tpHL CPq Input to Qp Output 21 21
tpLH Propagation Delay, 32 32 . _
tPHL CP; Input to Qy Output 35 35 ns Fig. 1 | Vec =50V
tpLH Propagation Delay, 32 51 C_=15pF
tpHL CPq Input to Q3 Output 35 51 ns
tpLH Propagation Delay, 48 70 ns
tpHL CPq Input to Qg3 Output 50 70
tpLH MS Input to Qg and Q3 Outputs 30 ns Fig. 3
tpHL MS Input to Q4 and Q,O0utputs 40 ns Fig. 2
tpHL MR Input to Any Output 40 40 ns Fig. 2

AC SET-UP REQUIREMENTS: Tp = 25°C

LIMITS
SYMBOL PARAMETER LS290 LS293 UNITS TEST CONDITIONS
MIN MAX MIN MAX
CPq Pulse Width 15 15
tw i’o Pulse Widt ns Fig. 1
tw CP4 Pulse Width 30 30 ns
tw MS Pulse Width 15 ns Fig. 2, 3
tw MR Pulse Width 15 15 ns Fig. 2 Vec =50V
trec Recovery Time MS to CP 25 ns Fig. 2, 3
trec Recovery Time MR to CP 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

3v
|— ™ -——>|
oy —f—p] . 'l tPLH

Q |.3V* %',SV

Fig. 1

*The number of Clock Pulses required between the thL and tp| 4 Measurements can be determined from the appropriate Truth Tables.

MR & MS 1.3V 13v MS 13v 1.3V

’4"— w _—>I<— trec —"’ " W > I < trec "’I

=3 13V I3 M 1av
PHL
13v

tPHL

Q,, Q.
o3
3V
¢ C L5290 ﬂ

Fig. 2 Fig. 3
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SN54LS295A/SN74LS295A
4-BIT SHIFT REGISTERS WITH 3-STATE OUTPUTS

DESCRIPTION — The SN54LS295A/SN74LS295A is a 4-Bit Shift Register with
serial and parallel synchronous operating modes, and independent 3-state output
buffers. The Parallel Enable input (PE) controls the shift-right or parallel load
operation. All data transfers and shifting occur synchronous with the HIGH to
LOW clock transition.

The 3-State output buffers are controlled by an active HIGH Output Enable input
(EO). Disabling the output buffers does not affect the shifting or loading of input
data, but it does inhibit serial expansion.

The LS295 is fabricated with the Schottky barrier diode process for high speed and
is completely compatible with all Motorola TTL families.

e FULLY SYNCHRONOUS SERIAL OR PARALLEL DATA TRANSFERS

e NEGATIVE EDGE-TRIGGERED CLOCK INPUT

e PARALLEL ENABLE MODE CONTROL INPUT

e 3-STATE BUSSABLE OUTPUT BUFFERS

« INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

PE Parallel Enable Input 0.5 U.L. 0.25 U.L.

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

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

Eg Output Enable Input 0.5 U.L. 0.25 U.L.

CcP ~ Clock Pulse (Active LOW Going 0.5 U.L. 0.25 U.L.

Edge) Input
Qy—-0Q3 3-State Outputs (Note b) 65(25) U.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 2.6 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Mititary (54) and 65 U.L.
for Commercial (74) Temperature Ranges.

LOGIC SYMBOL

6 2 3 4 5

[ 1111

PEPo Pt P2 P3

1—4Dsg
9 —QJCP
8—eo

Qp Q1 Q2 Q3

13 12 11 10

Vge =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 P Py

2 Poord>— &
®

D
N té"!j LJ L

P3
®
Vge =Pin 14
GND =Pin 7
O  =Pin Numbers

|
R R R
> > Y_L?
S Q S Q S

»
[=]

Q4

2 Q3
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SN54LS295A/SN74LS295A

FUNCTIONAL DESCRIPTION — The LS295 is a 4-Bit Shift Register with serial and parallel synchronous operating modes.
It has a Serial Data (Dg) and four Parallel Data (Pg — P3) inputs and four parallel 3-State output buffers (Qg — Q3). When
the Parallel Enable (PE) input is HIGH, data is transferred_from the Parallel Data Inputs (Pg — P3) into the register
synchronous with the HIGH to LOW transition of the Clock (CP). When the PE is LOW, a HIGH to LOW transition on the
clock transfers the serial data on the Dg input to register Qg, and shifts data from Qg to Qq, Qq to Qp and Qp to Q3. The
input data and parallel enable are fully edge-triggered and must be stable only one set-up time before the HIGH to LOW clock
transition.

The 3-State output buffers are controlled by an active HIGH Output Enable input (EQ). When the Eqy is HIGH, the four
register outputs appear at the Qg — Qg outputs. When Eq is LOW, the outputs are forced to a high impedance “off" state.
The 3-State output buffers are completely independent of the register operation, i.e., the input transitions on the EO input
do not affect the serial or parallel data transfers of the register. If the outputs are tied together, all but one device must be in
the high impedance state to avoid high currents that would exceed the maximum ratings. Designers should ensure that Output
Enable signals to 3-State devices whose outputs are tied together are designed so there is no overlap.

MODE SELECT — TRUTH TABLE

INPUTS OUTPUTS*
PE| CP|Ds | P, |Qp Qp Qp Q3

OPERATING MODE

Il L | X|L a a a
Shift Right o "1 "2

| T h X H 9 91 a2
Parallel Load h | L] X Ip, | pg P1 Py P3

*The indicated data appears at the Q outputs when Eq is HIGH. When
EQ is LOW, the indicated data is loaded into the register, but the
outputs are all forced to the high impedance “‘off’ state.

LOW Voitage Leveis

HIGH Voltage Levels

Don’t Care

pn(qn) = Lower case letters indicate the state of the referenced input

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

1= LOW Voltage Level one set-up time prior to the HIGH to LOW

clock transition.

h =HIGH Voltage Level one set-up time prior to the HIGH to LOW

clock transition.

xxTr
non o

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) -0.5Vto+156V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —-05Vto+10V
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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SN54LS295A/SN74LS295A

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V)

TEMPERATUR
PART NUMBERS NN P NAX URE
SNB54LS295AX 45 V 50V 55 V —55°C to +125°C
SN74LS295AX 475V 50V 5.26 V 0°C to +75°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

Guaranteed Input HIGH Voltage

ViH Input HIGH Voitage 2.0 v for All Inputs
54 0.7 t
Vi Input LOW Voltage - v S)‘r’jﬁ"'ne::ts'"p“‘ LOW Voltage
Vep Input Clamp Diode Voltage —0.65 -1.5 \J Vee = MIN, |y = -18 mA
54 24 34 lAg = —=1.0 mA | Voe = MIN, Viy = V|y or
VoH Output HIGH Voltage v |-oH cc IN " FIH
74 24 34 loH = —2.6 mA | V_per Truth Table
v Output LOW Voltage 54,74 0.25 0.4 \ loL=40mA |Vcc=MIN, ViN=V|Hor
ot 74 035 | 05| V | loL=80mA |V perTruth Table
| Output Off Current HIGH 20 UA Vee = MAX, V =24V, Vg =20V
OZH cC out E
[ Output Off. Current LOW 20 UA Vee = MAX, V =05V, Vg=20V
0ZL CcC out E
20 A Vee = MAX, V=27V
WiH Input HIGH Current s cc — IN —
0.1 mA Vee = MAX Vg = 10V
i Input LOW Current -0.4 mA Vee = MAX, VN = 04V
Output Short Circuit
| -15 -100 A Ve = MAX, =0V
oS Current (Note 4) m cc Vour 0
Power Supply Current, = - -
| Outputs HIGH 14 23 mA Vee = MAX, Vep JlL.Vg=45V
cc Power Supply Current,
Outputs off 15 25 mA VCC = MAX, ch =0V, VE =0V
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 limitsareat Vcc=5.0V, Ta = 25°C.

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

AC CHARACTERISTICS: Tp = 25°C

LIMITS
PARAMETER
SYMBOL R E N VP MAX UNITSJ TEST CONDITIONS
fMAX Shift Frequency 30 45 MHz Fig. 1 Vee = 50V
tpLH Propagation Delay, 17 26 ns Fig. 1 | C_=16pF
tPHL Clock to Output 17 26
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AC CHARACTERISTICS: for 3-State Output Buffers (See Page 5-98 for Waveforms)

LIMITS
SYMBOL PARAMETER MIN v MAX UNITS TEST CONDITIONS
tpzH Output Enable Time 12 18 ns Figs. 4, 5 C = 16pF
to HIGH Level
tpz Output Enable Time 12 18 ns Figs. 3, 6 R =2kQ
to LOW Level
tpLz Output Disable Time 12 18 ns Figs. 3, 6 C_=5pF
from LOW Level
tpyz Output Disable Time 12 18 ns Figs. 4, 5 R =2kQ
from HIGH Level
AC SET-UP REQUIREMENTS: Ta = 25°C
LIMITS
SYMBOL PARAMETER VIN VP VIAX UNITS TEST CONDITIONS
twiCP) Clock Pulse Width 20 ns Fig. 1
tg(Data) Set-up Time, Data to Clock 20 ns Fig. 1 Veg =50V
tp(Data) Hold Time, Data to Clock 0 ns C_=15pF
tg(PE) Set-up Time, PE to Clock 20 ns Fig. 2
th(PE) Hold Time, PE to Clock (o] ns

DEFINITION 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 ciock 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.

I«——'w——»

1/fmax
‘d—b,—lvm. PLH
a \I.S v /_

*The Data Input is Dg for PE = LOW and P,, for PE = HIGH.
S n
Fig. 1

LOAD SERIAL DATA
SHIFT RIGHT LOAD PARALLEL DATA




SN54LS298/SN74LS5298

QUAD 2-PORT REGISTER

(QUAD 2-INPUT MULTIPLEXER WITH STORAGE)

DESCRIPTION — The SN54LS298/SN74L.5298 is a Quad 2-Port Register. It is the
logical equivalent of a quad 2-input multiplexer followed by a quad 4-bit edge-
triggered register. A Common Select input selects between two 4-bit input ports
(data sources). The selected data is transferred to the output register synchronous
with the HIGH to LOW transition of the Clock input.

The LS298 is fabricated with the Schottky barrier process for high speed and is
completely compatible with all Motorola TTL families.

e SELECT FROM TWO DATA SOURCES

e FULLY EDGE-TRIGGERED OPERATION

e TYPICAL POWER DISSIPATION OF 65 mW

e INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOW

S Common Select Input 0.5 U.L. 0.25 U.L.

Eﬁ Clock (Active LOW Going Edge) Input 0.5 U.L. 0.25 U.L.

'Oa - 'Od Data Inputs From Source 0 0.5U.L. 0.25 U.L.

l1a—11d Data Inputs From Source 1 0.5 U.L. 0.25 U.L.

Q, - Q4 Register Outputs (Note b) 10 U.L. 5(2.5) U.L.

NOTES:

a. 1TTL Unit Load (U.L.) = 40 xA 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 SYMBOL

3 2 4 1 965 76

'0a 112 lob '1b 'oc e lod 14

11 —O] ¢P

Q, Qp Qc Qg
R
15 14 13 12
Ve = Pin 16
GND =Pin 8

LOGIC OR BLOCK DIAGRAM
@ "a @ '0a @ b @ oo @ e @ loc @ ha @ lod
s>o] _
?
L - -
I3
®
R R R R
cP L-o cP cP L—oj cp
VCC=Pin16Lq>_s o,LlL,D_S a L"D‘S oy Lo>{s o
GND =Pin 8 —l
O  =Pin Numbers 690 ®0 @1
a b e q

CONNECTION DIAGRAM
DIP (TOP VIEW)

1|j'1b Vee [ 16
2] a Q[
3 s Qy [ 14
Ao Q]
5[ he o]
6 [ "o c]n
7] toe s{J
8 [] ano o [ @

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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SN54LS298/SN74L.5298

FUNCTIONAL DESCRIPTION — The LS298 is a high speed Quad 2-Port Register. It selects four bits of data from two
sources (ports) under the control of a Common Select Input (S). The selected data is transferred to the 4-bit output register
synchronous with the HIGH to LOW transition of the Clock input (CP). The 4-bit output register is fully edge-triggered. The
Data inputs (I) and Select input (S) must be stable only one set-up time prior to the HIGH to LOW transition of the clock for
predictable operation.

TRUTH TABLE

INPUTS OUTPUT
S 1) Iq Q
L = LOW Voltage Level
I I X L H = HIGH Voltage Level
X = Don’t Care
! h X H | = LOW Voltage Level one set-up time prior to the
h X \ L HIGH to LOW clock transition.
h=HIGH Voltage Level one set-up time prior to the
h X h H HIGH to LOW 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+70V
*Input Voltage (dc) —0.5V to+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —-05Vto+10V
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)
MPERATUR
PART NUMBERS i =P AR TEMPERATURE
SN54L5298X 45 v 50V 55 V ~55°C to +125°C
SN74L5298X 475V 50V 5.25 V 0°C to +75°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
Guaranteed Input HIGH Threshold
V| | HIGH Volt 2. \
H nput HIGH Voltage ° Voltage for All Inputs
54 0.7 h
Vi Input LOW Voltage v Guaranteed Input LOW Threshold
74 0.8 Voltage for All Inputs
Vebp Input Clamp Diode Voltage —0.65 =15 Vv Vee = MIN, N =-18 mA
54 25 3.4 Vee = MIN, |6y = —400 uA
VoH Output HIGH Voltage v cc OH H“
74 2.7 34 VIN = Vjy or V)L per Truth Table
54,74 ] ] =4 = =
VoL Output LOW Voltage : 0.25 04 v loL =40 mA | Vce = MIN, Vi = Vi or
74 0.35 0.5 \2 loL =8.0mA Vi per Truth Table
20 A Vee = MAX, Viy =27V
I Input HIGH Current “ cc IN
0.1 mA Vce = MAX, Viy = 10V
I Input LOW Current -0.4 mA Vee = MAX, Vi = 0.4 V
Output Short Circuit
-15 -1 = =
los Current (Note 4) 0o mA Vee = MAX. Voyr =0V
Icc Power Supply Current 13 21 mA Ve = MAX
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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 Vog = 5.0 V, Ta = 26°C.

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

AC CHARACTERISTICS: Tp = 25°C

LIMITS
SYMBOL PARAMETER MIN P MAX UNITS TEST CONDITIONS
tpLH Propagation Delay, 16 25 ns Fig. 1 Vee = 50V
tpHL Clock to Output 16 25 9- C_=15pF
AC SET-UP REQUIREMENTS: Tp = 25°C
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX
twi(H) Clock Pulse Width (HIGH) 20 ns Fig. 1
twiL) Clock Pulse Width (LOW) 20 ns
t - i k
s(Data) Set-up Time, Data to Cloc 16 ns Fig. 1 Vec =50V
th(Data) Hold Time, Data to Clock 5.0 ns
t5(s) Set-up Time, Select to Clock 20 ns Fig. 2
th(s) Hold Time, Select to Clock (0] ns

DEFINITIONS 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

o 1y 13v /%Lmﬁt% s 13v %VW

[ thit) thH) -l th(L)=0 ——th(H)=0
(L t— ts(H) Ly —s(H)
13V

<P 13V cP 13V K 13V
l<—'W(Hi
tPHL PLH
JE——
13V Q X Q=g % Q=1

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

Fig. 1 Fig. 2

Q 13V
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SN54LS670/SN74LS670
4 x4 REGISTER FILE WITH 3-STATE OUTPUTS

DESCRIPTION — The TTL/MSI SN54LS670/SN74LS670 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.

The 3-state outputs make it possible to connect up to 128 outputs to increase the
word capacity up to 512 words. Any number of these devices can be operated in
parallel to generate an n-bit length.

The SN54LS170/SN74LS170 provides a similar function to this device but it
features open-collector outputs,

e SIMULTANEOUS READ/WRITE OPERATION

¢ EXPANDABLE TO 512 WORDS BY n-BITS

® TYPICAL ACCESS TIME OF 20 ns

o 3-STATE OUTPUTS FOR EXPANSION

® TYPICAL POWER DISSIPATION OF 125 mW

PIN NAMES LOADING (Note a)
HIGH LOW

D1-Dg Data Inputs 0.5 U.L. 0.25 U.L.

Wa, W Write Address Inputs 0.5U.L. 0.25 U.L.

Ew Write Enable (Active LOW) Input 1.0 U.L. 0.5 U.L.

RaA. Rp Read Address inputs 0.5 U.L. 0.25 U.L.

ERr Read Enable (Active LOW) Input 1.5 U.L. 0.75 U.L.

Q1-Q4 Outputs (Note b) 65(25) 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 5.0 U.L. for Commercial (74)
Temperature Ranges. The Output HIGH drive factor is 25 U.L. for Military and 65 U.L. for
Commercial Temperature Ranges.
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LOGIC SYMBOL

12 15 1 2 3
14 —WAEyy D1 D2 D3 Dy
1 —wg
s —4RA
4 RBER 07 0; a3 4

T T

n 0 9 7 6

Vce =Pin 16
GND =Pin 8

CONNECTION DIAGRAM
DIP (TOP VIEW)

[] 16
] s
] 14
] 1
[] »
] n
[] 10
(] o

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package.
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LOGIC DIAGRAM
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O = Pin Numbers

Vee = Pin 16

GND =Pin8

5-125




SN54L.S670/SN74LS670

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) —05V to+15V
*Input Current (dc) —30 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5Vto+10V
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 cc

Wi e VAR TEMPERATURE
SN54LS670X 45 v 50V 55 V ~55°C to +125°C
SN74LS670X 475V 50V 5.25 V 0°C to +75°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 CHARACTERISTIC OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
YMBOL PARAMETER
S o} MIN Tvp MAX UNITS | TEST CONDITIONS
Guaranteed Input HIGH Voltage
Y Input HIGH Volt, 20
H neu onage v for All inputs
54 X Vol
Vi Input LOW Voltage 0.7 v Guaranteed Input LOW Voltage
74 0.8 for All Inputs
Vep Input Clamp Diode Voltage —0.65 -1.5 v Vee =MIN, |y =-18 mA
54 24 34 \ loH =10 mA | Voo = MIN, Vi = Vy or
Vou Output HIGH Voltage OH ce IN "~ TH
74 24 3.1 V] loq = —2.6 mA V)L per Truth Table
54,74 0.25 0.4 \Y loL=40mA |Vcc =MIN, VN = V)4 or
VoL Output LOW Voltage ot e IN TN
74 0.35 0.5 v loL =80mA V| per Truth Table
lozH Output Off Current HIGH 20 HA Vee = MAX, Vour =27V, ViIH=2V
lozL Output Off Current LOW -20 MA Vee = MAX, Vgyr =04V, ViH=2V
Input HIGH Current
Any D, Ror W 20
Ew 40 | WA | Voo =MAX V)27V
[ 60
IH
Any D, Ror W 0.1
Ew 0.2 mA Vee = MAX, ViN=10V
Eg 0.3
Input LOW Current
Any D, R or W -0.4
I EW -0.8 mA Vee = MAX, Vi =04V
[ -1.2
Output Short Circuit — =
|os Current (Note 4) -15 -100 mA Vcc = MAX, VOUT =0V
lce Power Supply Current 30 50 mA Vee = MAX  (Note 5)
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.

Typical limits are at Vcc = 5.0 V, Ta = 25°C, and maximum loading.

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

Maximum Icc is guaranteed for 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.

o pw
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AC CHARACTERISTICS: Tp = 25°C

LIMITS
YMBOL PARAMETER UNITS TEST CONDITIONS
s 0 MIN TYP MAX
tpLH Propagation Delay 40 ns Fig. 2 Vee = 5V
tpHL Rp or Rg to Q Outputs 45 C.= 15 pF
tpLH Propagation Delay, 45 ns Fig. 1 R =2kQ
tpHL Negative Going Eyy to Q Outputs 50
tpLH Propagation Delay, 45 ns Fig. 1
tpHL Data Inputs to Q Outputs 40
tpzH Enable Time, Negative Going a5 ns Fig. 4.5
ER to Q Outputs Going HIGH Vec =5V
CL =5.0 pF
tpzL Enable Time, Negatiye Going 40 ns Fig. 3.5 R =2kQ
Eg to Q Outputs Going LOW See Page 5-98 for
tpHz Disable Time, Positive Going 50 ns Fig. 4,5 3-state YVave-
ER to Q Outputs Off from HIGH forms (Figs.
3,4,5)
tprz Disable Time, Positive Going 35 ns Fig. 3,56
Eg to Q Outputs Off from LOW
AC SET-UP REQUIREMENTS: Tp = 25°C
SYMBOL PARAMETER LIMITS UNITS TEST CONDITIONS
MIN TYP MAX
ty Pulse Width (LOW) for Eyy 25 ns
tgD Set-Up Time, Data Inputs v_vith ns
(Note 6) | Respectto Positive-Going Eyy 10
tyD Hold Time, Data Inputs wit_b 15 ns
Respect to Positive-Going Eyy Vee = 5V
tgW Set-Up Time, Write Select Inputs ns Fig. 6
(Note 8) Wy and Wp with Respect to Negative- 15 (Note 9)
Going Eyy
KWW Hold Time, Write Select Inputs ns
W, and Wg with Respect to Positive- 5
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.

7. 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.

8. 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 is addressed and the other latches are not affected.

9. The shaded areas indicate when the input are permitted to change for predictable output performance.
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LOW POWER SCHOTTKY ORDERING INFORMATION

TEMPERATURE RANGE SN74LS00 J

54LS = Military —55°C to +125°C 'l'
74LS = Commercial 0°C to +75°C Pasct';fge
PACKAGE STYLE Device

J = Dual In-Line — Ceramic (Hermetic) Type
N = Dual In-Line — Plastic Temperature
W = Flat Package Range

In order to accommodate varying die sizes (SSI, MSI, etc.), numbers of pins (14, 16, 24, etc.), and package outlines, a num-
ber of different package forms are required in each of the three package style categories.

The following lists indicate the specific package dimensions currently used for each device type. The detailed outline
corresponding to each package code is shown at the end of this section.

MILITARY (54LS) COMMERCIAL (74LS)/INDUSTRIAL

—550C to +125°¢ 0°cC to +75°C
DEVICE DEVICE

CEDT,;“:\S')' € | FLaTPAK W) C%TPA (“jl )' ¢ g]ﬁs}TN',C FLATPAK (W)

54L.S00 632-02 607-04 741500 632-02 646 607-04
541502 632-02 607-04 741502 63202 646 607-04
54L503 632-02 607-04 741503 632-02 646 607-04
54LS04 632-02- 607-04 741504 632-02 646 607-04
541.505 632-02 60704 741505 632-02 646 607-04
54LS08 632-02 60704 741508 632-02 646 607-04
54L.509 632-02 607-04 741509 632-02 646 607-04
541510 632-02 607-04 741810 632-02 646 607-04
54LS11 632-02 607-04 74L811 63202 646 607-04
54LS14 632-02 607-04 741814 632-02 646 607-04
54LS15 632-02 607-04 74L515 63202 646 607-04
541520 632-02 607-04 741520 63202 646 60704
541521 632-02 60704 741521 63202 646 607-04
541522 632-02 607-04 741522 632-02 646 607-04
541527 632-02 607-04 741527 63202 646 607-04




MILITARY (54LS)
—55°C to +125°C

COMMERCIAL (74LS)/INDUSTRIAL

0°C to +75°C

DEVICE DEVICE
CED'T:‘M)'C FLATPAK (W) CIEDF'*;\M)'C Pllj‘ ;A,;S(T,\,',C FLATPAK (W)

541530 632-02 607-04 741530 632-02 646 607-04
541532 632-02 607-04 741532 632.02 646 607-04
54LS37 632-02 607-04 741837 632-02 646 607-04
541538 632-02 607-04 740538 632-02 646 607-04
541540 632-02 607-04 741540 632-02 646 607-04
541542 620 650 741542 620 648 650
54151 632-02 607-04 741851 632-02 646 607-04
541554 632-02 607-04 741554 632-02 646 607-04
541555 632-02 607-04 74555 632-02 646 607-04
541573 632-02 607-04 741573 632-02 646 607-04
541574 632-02 607-04 741574 632-02 646 607-04
541583 620 650 741583 620 648 650
541586 632-02 607-04 741586 632-02 646 607-04
541590 632-02 607-04 741590 632-02 646 607-04
541592 632-02 607-04 741592 632-02 646 607-04
541593 632-02 60704 741593 632-02 646 607-04
541595 632-02 607-04 741595 632-02 646 607-04
5415109 620 650 7415109 620 648 650
54LS112 620 650 7415112 620 648 650
5415113 632-02 607-04 7418113 632-02 646 607-04
5415114 632-02 607-04 7415114 632-02 646 607-04
5415125 632-02 607-04 7415125 632-02 646 607-04
5415126 632-02 607-04 7415126 632-02 646 607-04
5415132 63202 607-04 7415132 63202 646 607-04
5415133 620 650 7415133 620 648 650
5415136 63202 607-04 7415136 632-02 646 607-04
5415138 620 650 7415138 620 648 650
5415139 620 650 7415139 620 648 650
5415151 620 650 7418151 620 648 650
5415152 632-02 607-04 7418152 632-02 646 607-04
5415153 620 650 7415153 620 648 650
5415155 620 650 7418155 620 648 650
5415156 620 650 7415156 620 648 650
5418157 620 650 7415157 620 648 650
5415158 620 650 7415158 620 648 650
5415160 620 650 7415160 620 648 650
5415161 620 650 7418161 620 648 650
5415162 620 650 7415162 620 648 650
5415163 620 650 7415163 620 648 650
5415164 632-02 607-04 7415164 632-02 646 607-04
5415170 620 650 7418170 620 648 650
5415174 620 650 7418174 620 648 650
5415175 620 650 7418175 620 648 650
5415181 623 652 7415181 623 649 652
5415190 620 650 7415190 620 648 650




MILITARY (54LS)
—55°C to +125°C

COMMERCIAL (74LS)/INDUSTRIAL

0°C to +75°C

DEVICE DEVICE
CET,;AM:C ELATPAK (W) C%T,f:‘j','c P[;f,s(l,')c FLATPAK (W)

54LS191 620 650 74LS191 620 648 650
5415192 620 650 74L5192 620 648 650
5415193 620 650 7415193 620 648 650
5415194 620 650 74LS194 620 648 650
5415195 620 650 74LS195 620 648 650
5415196 632-02 607-04 74LS196 632-02 646 607-04
5415197 632-02 607-04 7415197 632-02 646 607-04
5415251 620 650 7415251 620 648 650
5415253 620 650 7415253 620 648 650
5418257 620 650 7415257 620 648 650
5315258 620 650 7415258 620 648 650
5415259 620 650 7415259 620 648 650
5415266 632-02 607-04 7415266 632-02 646 607-04
5418279 620 650 7415279 620 648 650
5415283 620 650 7415283 620 648 650
5415290 632-02 607-04 7415290 632-02 646 607-04
5415293 632-02 607-04 7415293 632-02 646 607-04
5415295 632-02 607-04 74L5295 632-02 646 607-04
5415298 620 650 7415298 620 648 650
5415365 620 650 7418365 620 648 650
5415366 620 650 741.5366 620 648 650
5418367 620 650 7415367 620 648 650
5415368 620 650 7415368 620 648 650
54LS670 620 650 7415670 620 648 650
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PACKAGE OUTLINES

Case 607-04
14-Pin Ceramic

MILLIMETERS
L { DIM[ mIN | MAX
.10 99
f=—R .76 03
%’“ .25 | 0.48
11 (= s .08 | 0.15
- N 1.27 BSC-
i a3 o2 N 013 1085 ]
STYLE1: r i f 3—35 0.38
PIN 1. COLLECTOR [=—— == - s .. -
a1} 2. BASE aoe [ _{G | L 11880
3. EMITTER Q4 al N | 025 ] —
4. NOT CONNECTED == T — i = 0.
{ 5 EMITTER = = e 762 | 8.38
Q2§ 6. BASE C
7. COLLECTOR L{H —— i tN
8. COLLECTOR
03{ 9. BASE | ‘L
11, ROT CONNECTED e c—a — / F NOTE:
12, EMITTER SEATING PLANE 1. LEADSWITHIN 0.13 mm(()(!.uOS)
g TOTAL OF TRUE POSITION
04| 13. BASE RELATIVE TO “A” AT MAXIMUM
14, COLLECTOR MATERIAL CONDITION.

Case 620
14-Pin Ceramic Dual In-Line

MILLIMETERS] __INCHES
8 DIMIMIN [ MAX | MIN | MAX
| A [19.05 [ 1981 |

B | 6.22 | 698
.06 | 5.08 |
0 | 0.38 | 051
40 1 1.65
254 BSC
L 51 ] 114
NOTES: T I—_ _-1 VA
1 LEADSWITHIN 0,13 mm (0.005) RADIUS b T 787
OF TRUE POSITION AT SEATING PLANE =T
AT MAXIMUM MATERIAL CONDITION T N osi | 102
2 PKG. INDEX: NOTCH IN LEAD % - -
NOTCH IN CERAMIC OR INK DOT . L
3 DIM“L" TO CENTER OF LEADS g M

WHEN FORMED PARALLEL

Case 623
24-Pin Ceramic Dual In-Line

ETy 13 oM MILLIMETERS INCHES

50

, .
21 X . 6
NOTES: l»———— A ———" .54 BSC 0.100 BSC

" A0S wHEN FORMED = — e R
i, TR L = jE AR S5 =n
POSITION AT SEATING I | J_ ij L B
WATERIAL CONDITION. Jalo e Yldbe A

(WHEN FORMED PARALLEL)
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PACKAGE OUTLINES

Case 632-02
14-Pin Ceramic Dual In-Line

AANAANANRN l
T MILLIMETERS INCHES
B P DIM [ MIN T MAX | MIN | MAX
—l 16‘89 19.? 028% ﬂ;g
- & 5.5 111 0. 0.
VYV Y Y 4 - | 5081 - 10200
A 0.381/ 0.584! 0.015 | 0.023

077 | 1.77 [ 0.030] 0.070
. L G | 25amsC 0.160 BSC
' 0.203] 0.381] 0,008 | 0.015
[ In T 288 | — [0i00] -

7 ¢ f T82BSC | 0.300BSC
3 5 M - 1 I

N[ 051 | 0.76 | 0.020 | 0.030

- 185 0.325

gk .l L—D SEATING MJ \ All JEDEC dimensionsand notes apply.

PLANE

=T

Case 646
14-Pin Plastic Dual In-Line

#7&/\/\.}\/‘./\#’\

MILLIMETERS| _INCHES
o . TB DIMI'MIN | MAX MAX
, e b | A_[18.16 |18.80 | 0.715 | 0.740
—t B | 6.10 | 6.60 | 0.240 | 0.260
VYV VTV VY C_ ] 4.06 | 457 [ 0.160 | 0.180
A P 0| 0.38 [ 051
NOTES: F L
1. LEADS WITHIN 0.13 mm r
(0.005) RADIUS OF TRUE [ — 7
POSITION AT SEATING 1Y c 'ﬁ
PLANE AT MAXIMUM e D T
MATERIAL CONDITION. 1( [ M
2. DIMENSION “L” TO L ! N
CENTER OF LEADS 1 . SEATING
WHEN FORMED H— gk ——“——D PLANE M_]\
PARALLEL
Case 648
16-Pin Plastic Dual In-Line
ANaNANANANANANS]
= g MILLIMETERS] _ TNCHES
, DIM[ MIN_| MAX | MiN | MAX
“To i | A 12070 [21.34 | 015 | 0840
( . | .10 | 6.60 | 0.240 ] 0.260
UUUUUTTY .06 | 457 0.160 | 0.180
el .38 | 051 0.015 [ 0.020
.02 | 1.52] 0.040 ] 0.060
e A — | 254BSC_|_0.1008SC
NGTES: L 32 | 1.83] 0.052 [ 0.072 ]
1. LEADS WITHIN 0.13 mm 20 | 0.30 | 0.008 | 0.01
(0.005) RADIUS OF TRUE T 92 | 3431 0.115 1
POSITION AT SEATING | jc 37 | 1.87 ] 0.290 | 0.310
PLANE AT MAXIMUM M - [0 - T
MATERIAL CONDITION. ~ 051 | 1.02 | 0,020 | 0.040
2. DIMENSION “L” TO N 0.13 | 0.38 | 0.005 | 0.015
CENTER OF LEADS 0| 051 [ 0.76 | 0.020 | 0.030
WHEN FORMED -HL JGL—JLD sharwg ey owl
PLANE

PARALLEL
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NOTES:

1. LEADS WITHIN 0.13 mm (0.005)
RADIUS OF TRUE POSITION AT
SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION “L" 70 CENTER OF
LEADS WHEN FORMED PARALLEL.

NOTES!
1. LEAD NO. 1 IDENTIFIED BY TAB
ON LEAD OR DOT ON COVER

2. LEADS WITHIN 0.13 mm (0.005)
TOTAL OF TRUE POSITION AT
MAXIMUM MATERIAL CONDITION.

NOTES:
1. LEADS WITHIN 0.25 mm (0.010)
TOTAL OF TRUE POSITION AT

MAXIMUM MATERIAL CONDITION.

PACKAGE OUTLINES

Case 649

24-Pin Plastic Dual In-Line

P |~————A———“
ANMNANAANANAN

24 13)

a

O 2

l
|

RrATATR R R

H=—

(—F

ﬂwﬁmﬁﬂm
i el
el [S)EATING
PLANE

Case 650
16-Pin Ceramic

—

Case 652
24-Pin Ceramic

S

Fan e

A

MILLIMETERS

INCHES
MIN | MAX
.240

[MILLIMETERS]
oM MAX
10.16

INCHES
MIN

.370 | 0.400

MILLIMETERS
M MAX

oM [ min
14.99 | 15.49
.21 991
21 .03
.38 .48
.08 | 015
1.27 BSC
.69 [ 1.02
.35 9.40
297 | -
N | 025 063
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