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Introduction

GENERAL DESCRIPTION

The Raytheon Low-Power Schottky TTL family utilizes ad-
vanced process technology, Schottky-barrier clamping, shal-
low diffusions, higher sheet resistivity and small geometries
resulting in lower parasitic capacitance to achieve speeds
comparable to 5400/7400 at one-fifth the power and 54H
at one-tenth the power. The Raytheon TTL family is com-
pletely compatible with most of the popular TTL and
DTL logic families and is equivalent in performance to the
9LS series.

Raytheon Schottky Diodes are produced by depositing
platinum over the collector and base contact openings of
Schottky transistors. A protective layer of Titanium/
Tungsten alloy is deposited by a high-energy sputtering tech-
nique over the wafers. An alluminum layer is deposited and
the interconnect pattern is etched-out during the final
operation.

The tri-metal sandwich produced is one of the most reliable
metalization systems available in the industry.

Raytheon has extensive experience in tri-metal metalization.
For years similar techniques were used when producing tri-
metal systems for the fabrication of Beam Lead devices.

FEATURES

m High speed, Low-power
®m 5 nsec typical gate propagation delay time.
m 2 mW typical gate power dissipation at 50% duty cycle.

Table | compares Raytheon’s Low-Power Schottky to the
other TTL technologies.

Ease of System Design

® Switching times virtually insensitive to power supply,
temperature variations.
® Low noise generation.

® High fan-out.

® Schottky-diode-clamped inputs minimize high-speed
termination effects.

® Low output impedance gives low noise susceptibility,
high capacitance drive capability.

® Power dissipation remains relatively low at operating
frequencies up to 30 MHz.

® Smaller, lower-cost power supplies and cooling equip-
ment.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Ve (See Note 1) . . . . . . . . 7V
Input Voltage (See Notes 1and2) . . . . . . . . 7V
Interemitter Voltage (See Note3) . . . . . . . 55V
Output Voltage (See Notes 1and4). . . . . . . . 7V
Operation Free-Air Temperature

Range:. . . . . -55°C to +125°C

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

NOTES:

1. Voltage values, except interemitter voltage, are with respect to
network ground terminal.

2. Except 54LS74, 109, 181, 196, 197. For 54LS74, 109, 181,
196, 197 rating is 5.5V.

3. This is the voltage between two emitters of a multiple-emitter
transistor.

4. This is the maximum voltage which should be applied to any
open-collector output when it is in the off state.

CIRCUIT CHARACTERISTICS
Dynamic Characteristic

The averagé propagation delay time is relatively insensitive
to variations of power supply voltage and temperature. Fig-
ure 1 shows typical propagation delay of a gate versus tem-
perature with two different capacitive loads.

TABLE |
SPEED POWER COMPARISON FOR TTL TECHNOLOGIES
Avg. Gate Avg. Power Speed-Power
Series Propagation Delay Per Gate Product
Low-Power 54LS (Ray) 5ns 2mW 10 PJ
Schottky 54LS/74LS (T.1.) 10 ns 2mW 20 PJ
Schottky 545/74S 3ns 20mW 60 PJ
Standard 54/74 10 ns 10mW 100 PJ
Other % 54H/74H 6 ns 23mW 138 PJ
54L/74L 33 ns 1mW 33 PJ
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The Raytheon LS family typically has 2 mW per gate
power dissipation at 50% duty cycle, nearly constant to fre-
quencies up to 5 MHz. Ppy increases to 8 mW per gate at
30 MHz. Figure 2 shows the dynamic power dissipation at
various frequencies for three different loading configura-
tions.
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Figure 2. Dynamic Power Dissipation

With its advanced circuit technology, Raytheon LS devices
have inherently low power dissipation and current spiking
on the Ve line during transitions. Far less than in stan-
dard TTL or high-power Schottky circuits. This advantage
increases the ‘“dynamic noise’” margin of the overall sys-
tem designed with 54LS. Figure 3 shows the Ve spikes
of Raytheon LS and standard 5400 and 54S circuits.
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Figure 3. Vo Current Spiking Raytheon 54LS, 548, 5400
Comparison

Avoltage higher than Vg min should be maintained on the
unused inputs of positive AND/NAND gates during dynamic
testing. This will eliminate the distributed capacitance asso-
ciated with the floating inputs, band wire, and package lead,
and ensure that no degradation will occur in the propaga-
tion delay times. In addition to the circuits mentioned in
Note 2, all Raytheon LS devices employ a DTL input cir-
cuitry with Schottky diodes. The unused inputs may be
connected directly to V.

INPUT CHARACTERISTIC

Schottky barrier diode clamping minimizes the high speed
termination effects previously associated with TTL devices.
Figure 4 shows input clamp diode voltage versus input cur-
rent.

Voltage (V)
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Figure 4. Clamp Diode Voltage Versus Input Current



OUTPUT CHARACTERISTIC

Figures 5 and 6 show the typical sinking capability of Ray-
theon Low-Power Schottky devices and the V| vs. VoyT

Output Current | c"_(mA)

- +125°C__ o] T
curves over the full military temperature range. As shown > +25°C Ve = 5.0V
. . . 1 -
in the curves, Raytheon LS devices can be guaranteed with w4 AWAY
oL of 8.0 mA at Vg|_ of 0.45V max. and also high output g =557
fan-out of 22 over the full military temperature range. rt
o
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Figure 6

Package Descriptions

BD
BM
CJ

CK
CL
CN
o

14-Pin Epoxy-B DIP
16-Pin Epoxy-B DIP
14-Pin Ceramic Flatpak
14-Pin Ceramic Flatpak
16-Pin Ceramic Flatpak
24-Pin Ceramic Flatpak
14—-Pin Metal DIP

DB
DC
DM

DP

14-Pin Epoxy-B DIP
14-Pin Ceramic DIP
16-Pin Ceramic DIP

14 or 16-Pin Ceramic DIP
14-Pin Epoxy-B DIP
TO-3 Power Pack

Ordering Information

16-Pin Metal Flatpak
16-Pin Epoxy-B DIP
16-Pin Epoxy-B DIP
24-Pin Ceramic DIP
24-Pin Glass/Metal Flatpak
14—Pin Ceramic Flatpak
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v w

vii



Ordering Information
Low Power Schottky

54 LS153 /8838
B0 ~  {08JB

Temperature Range———j

25 Com'l 0to+75°C
25 Mil -55 to +125°C
54 -55t0 +125°C

74 0to+75°C
Package Type
J Ceramic DIP

W Ceramic Flatpak

CH  Gold-backed chip, visually inspected
to MIL-STD-883A, method 2012,
and packaged in Waffle pack.

Optional Processing to MIL-STD-883A, Level B

Notes: 1. 54LS orders will be branded 54LS
2. 9LS orders will be branded 9LS/54LS or
9LS/74LS depending upon temperature range.
3. 25LS orders will be branded 25LS
4. For MIL-M-38510 device types, order by the
JAN part numbering system.

54/7400 SSI and MSI Series

54 123 /8838
L

Temperature Range———T

54 -55t0 +125°C
74 0t +70°C

-
>,

Package Type

J Ceramic DIP

w Ceramic Flatpack

CH  Gold-backed chip, visually inspected
to MIL-STD-883A, method 2012,
and packaged in waffle pack.

Optional Processing to MIL-STD-883A, Level B

viii

930 DTL Series

RM 930 o
Temperature Range‘]‘
RC  0to+70°C
RM -55 to +125°C
Package Type
RAY I, I and lll TTL Series
RF11 2 —CJT
Temperature Range
Oor 1 -55 to +125°C
20r3 0to+70°C
Package Type
8200 MSI Series
’Mm 8200 14

Temperature Range

RC  0to+70°C
RM -55 to +125°C

Function

P.

Package Type




Quality and Reliability

5 —

RAYACT-883A PROGRAM

The Raytheon Acceptance Testing Program called Rayact-883A
involves n-process inspections which assure compliance with
MIL.STD-883A test methods and MIL-M-38510 Program Plan
Requirements.

Table 1 defines the Standard Process Flow for Raytheon
Semiconductor’s Military Level Integrated Circuits. After
completion of the in-process inspections and 100% production
screens, each lot is subjected to a quality conformance inspec-
tion as defined in Table 2. The screening and acceptance

APPLICABLE DOCUMENTS:

Military: MIL-STD-883A
MIL-M-38510

Raytheon Semiconductor:
Quality/Reliability Assurance Manual

testing outlined in Tables 1 and 2 are provided at no extra cost.

In addition to the Standard Process Flow and acceptance test-
ing, Qualification Tests in accordance with MIL-STD-883A,
Method 5005 are conducted every three months on each pro-
duct line. Generic Summary Data of Groups A, B, and C
testing (Table 3) is available upon request.

The level of reliability you desire can be selected from Table 4.
These tests are conducted in accordance with Method 5004 of
MIL-STD-883A.

Table 1—Standard Process Flow Summary for Integrated Circuits

MANUFACTURING OPERATION

MANUFACTURING INSPECTION

QUALITY/RELIABILITY
INSPECTION

Manufacturing Stores

Purchased Item Verification

Receiving Inspection To
Applicable M&SS and
Blueprint Number

Mask Making

Mask Inspection

Mask Inspection

Materials Preparation

Wafer Preparation and Epitaxial Growing

Q.C. Monitor

Photoengraving and Diffusion

Electrical Probe Check and 100%
Visual Inspection

Q.C. Monitor

Final Wafer Lot Acceptance

100% Visual Inspection

Q.C. Wafer Lot Acceptance

Electrical Test of Wafer

100% Electrical Test

Q.C. Monitor

Scribing and Dicing

100% Visual Inspection

Q.C. Monitor

Visual Die Sort
MIL-STD-883A, Method 2010.2, Condition B

100% Die Sort Inspection

Dice Lot Acceptance

Die Attach

100% Visual Inspection

Q.C. Monitor

Lead Bond

100% Visual Inspection

Q.C. Monitor

Pre-Seal Inspection at 100X Magnification

MIL-STD-883A, Method 2010, Condition B

100% Visual Inspection at High-Power Q.C. Lot Acceptance

Magnification

Pre-Seal Inspection at 30X Magnification
MIL-STD-883A, Method 2010, Condition B

100% Visual Inspection at Low-Power
Magnification

Q.C. Lot Acceptance




Quality and Reliability

Table 1—Standard Process Flow Summary for Integrated Circuits (Cont.)

QUALITY/RELIABILITY
MANUFACTURING OPERATIONS MANUFACTURING INSPECTION INSPECTION
Final Seal Visual and Hermeticity Q.C. Monitor
High-Temperature Bake 100% Processing Q.C. Monitor
1500C - 24 Hours Minimum
(MIL-STD-883A, Method 1008, Condition C)
Temperature Cycling 100% Processing Q.C. Monitor
-650C to +1500C, 10 Cycles
(MIL-STD-883A, Method 1010, Condition C)
Centrifuge 100% Processing Q.C. Monitor
30 KG Minimum Y1 Axis
(MIL-STD-883A, Method 2001, Condition E)
Lead Form 100% Visual Inspection Q.C. Monitor
Carrier Load 100% Visual Inspection Q.C. Monitor
Hermeticity Q.C. Monitor
MIL-STD-883A, Method 1014
External Visual 100% Inspection Q.C. Monitor
Electrical Test and Sort 100% Inspection Q.C. Monitor
Table 2-—Quality Conformance Inspection (Each Lot)
INSPECTION LTPD/MAX. ACC. NO. COMMENTS
External 7/2 MIL-STD-883A, Method 2009
Hermeticity 7/2
Fine Leak MIL-STD-883A, Method 1014, Condition A or B
Gross Leak MIL-STD-883A, Mthod 1014, Condition C2
Electrical
+250C 5/1
Static Parameters  [+1250C 7/1
~550
550C n Per Applicable Electrical Test Specification
+250C 5/1
Dynamic Parameters| +1250C A
-550C A

Package and Ship

Quality Assurance Monitor

NOTE:

Generic Qualification Data in accordance with MIL-STD-883A, Method 5005, can be supplied if negotiated prior to procurement.
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Table 3A—Group A Electrical Tests—MIL-STD-883A

CLASS A CLASS B CLASS C
SUBGROUPS LTPD LTPD LTPD

Subgroup 1 5 5 5
Static tests at 250C

Subgroup 2 5 7 10
Static tests at maximum rated operating temperature

Subgroup 3 5 7 10
Static tests at minimum rated operating temperature

Subgroup 4 5 5 5
Dynamic tests at 250C

Subgroup 5 5 7 10
Dynamic tests at maximum rated operating temperature

Subgroup 6 5 7 10
Dynamic tests at minimum rated operating temperature

Subgroup 7 3 5 5
Functional tests at 250C

Subgroup 8 5 10 15
Functional tests at maximum and minimum rated operating temperatures

Subgroup 9 5 7 10
Switching tests at 250C

Subgroup 10 5 10 15
Switching tests at maximum rated operating temperature

Subgroup 11 5 10 15
Switching tests at minimum rated operating temperature

NOTE:

The specific parameters to be included for tests in each subgroup shall be as specified in the applicable reliability specification. Where no
parameters have been identified in a particular subgroup or test within a subgroup, no group A testing shall be performed for that subgroup
or test to satisfy group A requirements.

Table 3B—Group B Tests, MIL-STD-883A, Method 5005

TEST MIL-STD-883 CLASS A CLASS B CLASS C
METHOD CONDITION LTPD LTPD LTPD
Subgroup 1 | Physical dimensions 2016 10 15 20
Subgroup 2 | Resistance to solvents 2015 3 devices 3 devices 3 devices
(no failures) | (no failures) | (no failures)
Visual and mechanical 2014 Criteria from design and 1 device 1 device 1 device
construction requirements | (no failures) | (no failures) | (no failures)
of applicable procurement
document
Bond strength 2011
Thermocompression Test condition C or D 5 15 20
Ultrasonic or wedge Test condition Cor D
Subgroup 3 | Solderability 2003 Soldering temperature of 10 15 15
2600C 100
Subgroup 4 | Lead fatigue 2004 Test condition B2
Seal: Fine, Gross 1014 As applicable 10 15 15

i
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Table 3C—Group C Tests, MIL-STD-883A, Method 5005

ST MIL-STD-883A CLASS A | CLASSB [CLASSC
TE METHOD CONDITION LTPD LTPD LTPD
Subgroup 1 (Note 1)
Thermal shock 1011 Test condition B as a minimum. 10 15 15
Temperature cycling 1010 Test condition C
Moisture resistance 1004
Seal 1014 | As applicable
a. Fine
b. Gross (Note 7)
Visual examination (Note 2)
End point electrical parameters As specified in the applicable
procurement document.
Subgroup 2 (Note 1)
Mechanical shock 2002 Test condition B 10 15 15
Vibration, variable frequency 2007 Test condition A
Constant acceleration 2001 Test condition E
Seal 1014 As applicable
a. Fine
b. Gross (Note 7)
Visual examination (Note 3)
End point electrical parameters As specified in the applicable
procurement document.
Subgroup 3
Salt atmosphere (Note 4) 1009 Test condition A 10 15 15
Visual examination (Note 5)
Subgroup 4
High temperature storage (Note 6) 1008 Test condition C 7 7 7
1000 hours.
End point electrical parameters As specified in the applicable
procurement document.
Subgroup 5
Operating life test (Note 6) 1005 Test condition to be specified 5 5 5
in the applicable procurement
. document (1000 hours).
End point electrical parameters As specified in the applicable
procurement document.
Subgroup 6
Steady state reverse bias 1005 Test condition A, 72 hours at 7 - =
1500C.
End point electrical parameters As specified in the applicable
procurement document.

NOTES:

1. Devices used for environmental tests in subgroup 1 may be used for mechanical tests in subgroup 2.
2. Visual examination shall be in accordance with method 1010 or 1011 at a magnification of 56X to 10X.

3. Visual examination shall be performed at a magnification of 56X to 10X for evidence of defects of damage to case, leads,

or seals resulting from testing (not fixturing) such damage shall consitute a failure.
4. Electrical reject devices from the same inspection lot may be used for samples.
5. Visual examination shall be performed in accordance with 3.3.1 of method 1009.
6
7

. See 40.4 of appendix B of MIL-M-38510.

. When fluorocarbon gross leak testing is utilized, test condition Cy shall apply as minimum.

xii



Quality and Reliability
. ________________________________________________________________________]

Table 4—Optional Screening—MIL-STD-883A, Method 5004

CLASS A CLASSB CLASSC
SCREEN REQUIRE- REQUIRE- REQUIRE-
METHOD MENT METHOD MENT METHOD MENT
Internal visual (Precap)| 2010 100% 2010 100% 2010 100%
test condition A test condition B test condition B
Stabilization bake 1008, 24 hrs. 100% 1008, 24 hrs. 100% 1008, 24 hrs. 100%
test condition C, test condition C, test condition C,
1500C 1500C 1500C
Thermal shock 1011, 100% Not required Not required
test condition A,
00C-1000C
15 cycles
Temperature cycling 1010 100% 1010, 100% 1010, 100%
test condition C, test condition C, test condition C,
-650C to +1500C -650C to +1500C -650C to +1500C
10 cycles 10 cycles 10 cycles
Mechanical shock 2002** 100% Not required Not required
Constant Acceleration | 2001, 100% 2001, 100% 2001, 100%
test condition E test condition E test condition E
Y2 plane, then Y1 Y1 plane, Y1 plane,
plane, 30,000 G’s 30,000 G’s 30,000 G's
Seal 1014, 100% 1014, 100% 1014, 100%
Fine, Condition A Condition A Condition A
Gross Condition C Condition C Condition C
Hermetic devices Hermetic devices Hermetic devices
only only only
Critical electrical * 100% Go-No-Go Not required
parameters
Burn-in test 1015, 240 hrs. @ 100% 1015, 168 hrs. @ 100% Not required
Ta = 1250C* Ta = 1250C*
Critical electrical * 100% Not required Not required
parameters
Reverse bias burn-in 1015, 100% Not required Not required
test condition A
orC, 72 hrs. @
1500C
Final electrical test * * *
Static tests 250C 100% 100% 100%
Maximum and .
minimum rated 100% 100%
operating temp.
Dynamic tests and 100% 100%
switching tests 2560C
Functional test 250C 100% 100% 100%
(subgroup 7, table 1,
5005)
Group A Testing Per Table 3A Per Table 3A Per Table 3A
Radiographic 2012 100% Not required Not required
Qualification or 5005 * 5005 * 5005 *
quality conformance
inspection
Groups B and C
optional, at extra cost
External visual 2009 100% 2009 100% 2009 100%
*Per applicable procurement document
* *Test Condition F one shock pulse in Y1 plane only or five shock pulses at Condition B in Y 4 plane only.
_@ . xiii
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Introduction

Raytheon's A+ program is designed to provide the Industrial and
Commercial marketplace with product reliability. ® Reliability
consistent with application requirements. ® Reliability that avoids
an overbuy situation where the user pays for screening beyond
the scope of his needs.

Raytheon offers three screening flows under the A+ program. Each
having a separate reliability factor and cost saving. When deciding
which A+ flow best suits your needs, you should consider the cost
savings realized through elimination of outside lab services and the
need to tighten incoming inspection. Users who do not presently
have their integrated circuits screened should consider the cost of
component replacement during system test and in the field. Sub-
stantial cost savings can now be realized by specifying Raytheon's
A+ program.

The designations A+1 and A+2 are used for epoxy B packaged
devices only. A+3 is reserved for ceramic devices. The appropriate
screening level may be specified by simply adding the proper A+
suffix to the Raytheon part number, i.e., - - RC4136DB with A+2
screening would be designated RC4136DB2.

Customers who use the epoxy package may wish to obtain a copy
of the Epoxy Encapsulated Linear 1.C. Quality Review, available
from your local Raytheon sales office.

Basic Reliability Measures

Raytheon has instituted an internal program to assure that products
bearing the Raytheon logo are unsurpassed in reliability when used
in the industrial environment. Several tests, including some normally
reserved for military products, are applied to our industrial products
on a continuing basis in support of this effort. A brief summary of
these tests is given below.

1. Monitored Burn-In (all packages)

24 hours at +100°C with zero failures allowed. This RVT (reliability
verification test), a Raytheon exclusive, is performed on 20 samples
from each manufacturing lot.

2. Standard Burn-In (all packages)

168 hours at HZSOC, 1% PDA. This RVT is performed on 200
samples from each EIA data code.

3. Operating Life (all packages)

1000 hours at +125°C, LTPD = 5. This RVT is performed on all
new products and periodically on existing product types as an
indicator of long-term reliability.

Xiv
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4. Pressure Cooker (epoxy packages only)

24 hours at +125°C in steam vapor, LTPD = 10. This RVT is per-
formed on 25 samples from each EIA data code as to assure
package and device integrity.

5. 85/85 (epoxy packages only)

168 hours with bias at +85°C and 85% relative humidity, STPD = 10.
This RVT is performed on 25 samples from each EIA date code
also as an indicator of package and device integrity.

6. Temperature Cycle (epoxy packages only)

100 cycles per method 1010.1, 0°C to 100°C. This RVT is per-
formed on 25 samples from each EIA date code to mechanically
stress the wire bond, die bond and package material.

7. Military Flow (ceramic packages and metal-cans)

Only dice lots which pass MIL-STD-883 condition B visual tests
are used in these packages and the 883 class B flow is used up
to point of electrical test. This provides military type product
reliability at commercial prices.

A+ Programs Increase Reliability

Raytheon’s A+ programs were designed to provide an even greater
reliability assurance than standard process testing. Starting with
devices which are processed with the basic reliability measures,
various combinations of temperature cycle, burn-in, Hot Rail testing
and tightened AQL lot acceptance are available as shown in the flow
chart. The objectives of these 100% screens are:

1. Temperature Cycle (epoxy packages only)

0°C to +100°C per method 1011, condition A. This is the first
screening for the A+1 and A+2 flows. (A+3 ceramic and metal-can
devices received temperature cycles as part of standard product flow.)
The purpose of this screening is to stress wire bonds and die bonds
mechanically to prove the integrity of the devices.

2. Burn-In (all packages)
168 hours at +125°C. This screening is performed in A+2 and A+3
flows.
3. High Temperature Functional Test (Hot Rail)
- (epoxy packages only)

+100°C. This screening serves to further prove bond integrity.
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DICE INVENTORY
DICE VISUAL INSPECTION

EPOXY B - CERAMIC

ASSEMBLY

MIL-STD-883A Method 2010.2 Condition B
100% by Mifg and QA Sample

MIL-STD-883A Method 2010.2, Condition B
100% by Mfg and QA Sample

MIL-STD-883A
Method 1010 Condition C
10 Cycles

DC and TEMP CYCLE
FUNCTIONAL TESTS

LOT ACCEPTANCE

UNBRANDED

INVENTORY
EPOXY B | A+l EPOXY B | A+2 A+3 | cERAMIC
TEMP CYCLE 0-100 C J l TEMP CYCLE 0-100°C J
‘ MIL-STD-883A
BURN-IN 168 hrs @ +125 C BURN-IN 168 hrs @ 1125 C Method 1015
Condition C
168 hrs

L DC TESTS @ +25 C I | DC TESTS @ +25 C | I pca FU"‘@SE?":;AL TESTS |

|

HOT RAIL HOT RAIL
FUNCTIONAL @ +100°C FUNCTIONAL @ +100°C

]

LOT REJECTION POINT LOT REJECTION POINT
1% PDA 1% PDA

|

L BRAND J I BRAND ] I BRAND ]

|

QA LOT ACCEPTANCE QA LOT ACCEPTANCE QA LOT ACCEPTANCE
FINE & GROSS LEAK, 0.4% AQL;
FUNCTIONAL @ +25°C, 0.15% AQL; FUNCTIONAL @ +100°C, 0.15% AQL; FUNCTIONAL @ +25 C, 0.15% AQL
DC @ +25'C, 0.28% AQL: DC @0°C, 1% AQL; DC@O0°C, 1.0% AQL;
DC @+75'C, 1.0% AQL; DC @ +25°C, 0.28% AQL; DC @ +25°C, 0.28% AQL;
AC @ +25'C, 1.0% AQL DC @ +75°C, 1.0% AQL; OC @ +75°C, 1.0% AQL;
AC @ +25°C, 1.0% AQL. AC @ +25°C, 1.0% AQL.
PACK PACK PACK
QA PLANT CLEARANCE VISUAL & MECHANICAL DOCUMENTATION, MIXING INSPECTION I
Major Defects @ .25% AQL
Minor Defects @ 1.0% AQL
SHIP SHIP SHIP
A+t A+2 A+3
RELIABILITY FACTOR = 15X RELIABILITY FACTOR ~ 8X — 10X* RELIABILITY FACTOR ~ 15X
QUALITY GUARANTEE QUALITY GUARANTEE QUALITY GUARANTEE
ON FUNCTIONALITY = 0.15% AQL ON FUNCTIONALITY =~ 0.15% AQL ON FUNCTIONALITY =~ 0.15% AQL

* Must be expressed as a range since a normally controlled environment (constant power and temperature) cannot be assured.
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DEFINITIONS OF SYMBOLS AND TERMS

These symbols, terms, and definitions are in accordance
with those currently agreed upon by the JEDEC Council
of the Electronic Industries Association (EIA) for use in the
USA and by the International Electrotechnical Commis-
sion (IEC) for international use. The definitions are grouped
into sections applying to voltages, currents, switching char-
acteristics, and classification of circuit complexity.

VOLTAGES

ViH

ViL

VT1+

V-

VoH

VoL

Vo(on)

XVi

High-level input voltage

An input voltage level within the more positive (less
negative) of the two ranges of values used to represent
the binary variables. A minimum value is specified which
is the least-positive (most-negative) value of high-level
input voltage for which operation of the logic element
withing specification limits is guaranteed.

Low-level input voltage

An input voltage level within the less positive {(more neg-
ative) of the two ranges of values used to represent the
binary variables. A maximum value is specified which is
the most-positive (least-negative) value of low-level input
voltage for which operation of the logic element within
specification limits is guaranteed.

Positive-going threshold voltage

The voltage level at a transition-operated input that causes
operation of the logic element according to specification
as the input voltage rises from a level below the negative-
going threshold voltage, VT-.

Negative-going threshold voltage

The voltage level at a transition-operated input that causes
operation of the logic element according to specification
as the input voltage falls from a level above the positive-
going threshold voltage, VT+.

High-level output voltage

The voltage at an output terminal for a specified output
current |gH with input conditions applied that accord-
ing to the product specification will establish a high level
at the output.

Low-level output voltage

The voltage at an output terminal for a specified output
current 1o with input conditions applied that according
to the product specification will establish a low level at
the output.

On-state output voltage

The voltage at an output terminal for a specified output
current with input conditions applied that according to
the product specification will cause the output switching
element to be in the on state.

Note: This characteristic is usually specified only for out-
puts not having internal puli-up elements.

Vo(off)

Off-state output voltage

The voltage at an output terminal for a specified output
current with input conditions applied that according to
the product specification will cause the output switching
element to be in the off state.

Note: This characteristic is usually specified only for out-
puts not having internal pull-up elements.

CURRENT

hH

High-level input current
The current flowing into* an input when a specified high-
level voltage is applied to that input.

tijL  Low-level input current
The current flowing into* an input when a specified low-
level voltage is applied to that input.

IloH High-level output current
Thecurrent flowing into* the output with a specified high-
level output voltage Vo applied.
Note: This parameter is usually specified for open-collector
outputs intended to drive other logic circuits.

lo(off) Off-state output current
The current flowing into* an output with a specified out-
put voltage applied and input conditions applied that
according to the product specification will cause the out-
put switching element to be in the off state.
Note: This parameter is usually specified for open-collec-
tor outputs intended to drive devices other than logic
circuits or for three-state outputs.

lps Short-circuit output current
The current flowing into* an output when that output
is short-circuited to ground (or other specified potential)
with input conditions applied to establish the output
logic level farthest from ground potential (or other spec-
ified potential).

IccH Supply current, output(s) high
The current flowing into* the Vg supply terminal of a
circuit when the reference output(s) is (are) at a high-
level voltage.

lccL Supply current, output(s) low

The current flowing into* the Vg supply terminal of a
circuit when the reference output(s) is (are) at a low-
level voltage.

DYNAMIC CHARACTERISTICS

fmax

Maximum clock frequency

The highest rate at which the clock input of a bistable
circuit can be driven through its required sequence while
maintaining stable transitions of logic level at the output
with input conditions established that should cause a
change of output state with each clock pulse.

*Current flowing out of a terminal is a negative value.



DYNAMIC CHARACTERISTICS (continued)

tHz

Lz

PLH

tPHL

tTLH

TTHL

Output disable time (of a three-state output) from high
level

The time between the specified reference points on the
input and output voitage waveforms with the three-state
output changing from the defined high level to a high-
impedance (off) state.

Output disable time (of a three-state output) from low
level

The time between the specified reference points on the
input and output voltage waveforms with the three-state
output changing from the defined low level to a high-
impedance (off) state.

Propagation delay time, low-to-high-leve! output

The time between the specified reference points on the
input and output voltage waveforms with the output
changing from the defined low level to the defined high
level.

Propagation delay time, high-to-low-level output

The time between the specified reference points on the
input and output voltage waveforms with the output
changing from the defined high level to the defined low
level.

Transition time, low-to-high-level output

The time between a specified low-leve! voltage and a
specified high-level voltage on a waveform that is changing
from the defined iow level to the defined high level.

Transisition time, high-to-low-level output

The time between a specified high-level voltage and a
specified low-level voltage on a waveform that is changing
from the defined high-level to the defined low-level.

tw

thold

Average pulse width

The time between 50-percent-amplitude points (or other
specified reference points) on the leading and trailing
edges of a pulse.

Hold time

The time interval for which a signal or pulse is retained at
a specified input terminal after an active transition occurs
at another specified input terminal.

trelease Release time

tsetup

ZH

zL

The time interval between the release from a specified
input terminal of data intended to be recognized and the
occurrence of an active transition at another specified
input terminal.

Note: When specified, the interval designated ‘‘release
time’’ falls within the setup interval and constitutes, in
effect, a negative hold time.

Setup time
The time interval for which a signal is applied and main-
tained at a specified input terminal before an active tran-
sition occurs at another specified input terminal.

Output enable time (of a three-state output) to high

level

The time between the specified reference points on the
input and output voltage waveforms with the three-state
output changing from a high-impedance (off) state to the
defined high level.

Output enable time (of a three-state output) to low

level

The time between the specified reference points on the
input and output voltage waveforms with the three-state
output changing from a high-impedance (off) state to the
defined low level.
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Digital Circuits

FEATURES

® High Speed, Low Power
e 5 ns typical gate propagation delay time
e 2 mW typical gate power dissipation at 50% duty cycle = speed-power product of 10pJ
m Ease of System Design
e Switching times virtually insensitive to power supply, temperature variations

Low noise generation
High fan-out
Schottky-diode-clamped inputs minimize high-speed termination effects
Low output impedance gives low noise susceptibility, high capacitance drive capability
Power dissipation remains relatively low at operating frequencies up to 30 MHz
Smaller, lower-cost power supplies and cooling equipment

9LS/54LS/74LS Low Power Schottky

Prop Delay! Available Packages
(ns) or Max. Pwr | 14 pin 16Pin | 24 Pin
Op. Freq. Diss.

Type Number Description (MHz) 2 (mW) J w J w J w
9LS/54LS/74LS00 Quad 2-input NAND gate 10 8 X X
9LS/54LS/74LS01 Quad 2-input NAND gate, open collectors 20 8 X X
9LS/54LS/74LS02 Quad 2-input NOR gate 10 1 X X
9LS/54LS/74LS03 Quad 2-input NOR gate, open collectors 20 8 X X
9LS/54LS/741L504 Hex inverter 10 12 X X
9LS/54LS8/74LS05 Hex inverter, open collectors 20 12 X X
9LS/54LS/741L508 Quad 2-input AND gate 12 17 X X
9LS/54LS/741509 Quad 2-input AND gate, open collectors 17.5 17 X X
9LS/54LS/74LS10 Triple 3-input NAND gate 10 6 X X
9LS/54L8/74LS11 Triple 3-input AND gate 12 13 X X
9LS/54LS/74L512 Triple 3-input NAND gate, open collectors 20 6 X X
9LS/54L8/74L813 Dual 4-input Schmitt trigger 20 60 X X
9LS/54LS/74LS14 Hex Schmitt trigger 20 60 X X
9LS/54LS/74LS15 Triple 3-input AND gate, open collectors 17.5 13 X X
9LS/54LS/741LS20 Dual 4-input NAND gate 10 4 X X
9LS/54LS/741.821 Dual 4-input AND gate 17.5 8.5 X X
9LS/54L8/741522 Dual 4-input NAND gate, open collectors 20 4 X X
9LS/54LS/741L526 LS03, 15 volt outputs 25 8 X X
9LS/54LS/741827 Triple 3-input NOR gate 10 18 X X
9LS/54LS/741528 Quad 2-input NOR gate buffer 15 22 X X
9LS/54LS/74LS30 Single 8-input NAND gate 13 2 X X
9LS/54L8/741832 Quad 2-inptu OR gate 1 20 X X
9LS/54LS/74L833 LS28, open collectors 30 22 X X
918/54LS/741837 Quad 2-input NAND gate buffer 15 17 X X
9LS/54LS/741S38 LS37, open collectors 30 17 X X
9LS/5418/741L840 Dual 4-input NAND gate buffer 15 9 X X
9LS/54LS/741L542 1 of 10 decoder Mns 35 X X
9LS/54LS/741L543 Excess 3 to decimal decoder 11ns 35 X X
9LS/541.5/74L544 Excess gray to decimal decoder 11ns 35 X X
9LS/54LS/74LS51 Dual 2-wide AOI 13 5.5 X X

1-2

1. Maximum at 25°C
2. Guaranteed minimum at 25°C




Digital Circuits

9LS/54LS/74LS Low Power Schottky (Cont.)

Prop Delay

Available Packages

{ns) or Max. Pwr 1 14 pin 16 Pin 24 Pin
Op. Freq. Diss.

Type Number Description (MHz) 2 (mw) | J w J wilJ w
9LS/54LS/741L854 4-wide 2-3-3-2 input AOI| 13 45 X X
9LS/541S/74LS55 2-wide 4-input AOI 13 2.8 X X
9LS/5415/74LS73 Dual J-K flip-flop, negative edge trigger 35 MHz 20 X X
91S/54LS/74LS74 Dual D-type flip-flop 30 MHz 20 X X
9LS/54L8/74LS75 Quad transparent latch 12 32 X X
9LS/54L8/741876 Dual J-K flip-flop, preset and clear 35 MHz 20 X X
9LS/54L8/74LS77 Quad transparent latch 10 33 X X
9LS/541L8/741878 Dual J-K flip-flop, common clock and clear 35 MHz 20 X X
9LS/54LS/74LS83A 4-bit binary full adder 18 96 X X
9LS/54LS/741.885 4-hit magnitude comparator 20 52 X X
9LS/54LS/741.586 Quad 2-input exclusive OR gate 12 30 X X
9LS/54LS/741L890 Decade Counter 32 MHz 45 X X
91L8/54LS/74L891 8-hit shift register 32 MHz 45 X X
9LS/54L8/74L592 Divide by 12 counter 32 MHz 45 X X
9LS/5415/74L893 4-bit binary counter 32 MHz 45 X X
9LS/541.8/741.595B 4-bit bidirectional shift register 30 MHz 65 X X
9LS/54LS/74L8107 Dual J-K flip-flop with clear 35 MHz 20 X X
9LS/54LS/74L8109 Dual J-K flip-flop, positive edge trigger 30 MHz 20 X X
9LS/54LS/74L8112 Dual J-K flip-flop, preset and clear 35 MHz 20 X X
9LS/54L8/74L8113 Dual J-K flip-flop with preset 35 MHz 20 X X
9LS/54LS/74LS5114 Dual J-K flip-flop, common clock 35 MHz 20 X X
9LS/54L8/74L8122 Retriggerable one-shot 25 45 X X
9LS/54LS/74L5123 Dual one-shot multivibrator 25 30 X X
9LS/54L8/741L.8125 Quad buffer with tri-state output 15 15 X X
9LS/54L8/74LS126 LS125, inverting 15 22 X X
9L5/541.8/74LS132 Quad 2-input Schmitt trigger 20 40 X X
9LS/54LS/74LS136 LS86 with open collectors 23 30 X X
9LS/54L8/74L8138 3-to-8 line decoder/demultiplexer 23 31 X X
9LS/54L8/74L8139 Dual 2-to-4 line decoder/demultiplexer 23 34 X X
9LS/54L8/74L5151 8-to-1 line multiplexer, compl. outputs 20 30 X X
9LS/54LS/74L8152 8-to-1 line multiplexer 20 34 X X
9LS/54L8/74L5153 Dual 4-to-1 line multiplexer 15 31 X X
9LS/54L8/74L8155 Dual 2-to-4 line decoder/demultiplexer 40 30 X X
9LS/54LS/74L8156 LS155, open collectors 40 31 X X
9LS/541L8/74L5157 Quad 2-to-1 line multiplexer 15 49 X X
9LS/54L8/74LS158 LS157, inverting 12 24 X X
91S/54L8/74LS160 BCD decade counter, asynchronous clear 30 MHz 93 X X
9LS/54L8/74LS161 4-bit binary counter, asynchronaus clear 30 MHz 93 X X
9LS/541.8/74LS162 BCD decade counter, synchronous clear 30 MHz 93 X X
9LS/541L8/74LS163 4-bit binary counter, synchronous clear 30 MHz 93 X X
9LS/54L8/74LS164 8-bit shift register 35 MHz 80 X X
9LS/54LS/74L8170 4 x 4 register file, open collectors 30 25 X X
9LS/54LS8/74LS174 Hex D-type flip-flop 40 MHz 80 X X
9LS/54LS/74LS175 Quad D-type flip-flop 40 MHz 55 X X
9LS/54LS/741L8181 4-bit arithmetic logic unit 40 102 X X

1. Maximum at 25°C
2. Guaranteed minimum at 25°C
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Digital Circuits

9LS/54LS/74LS Low Power Schottky (Cont.)

Prop Delay! Available Packages
('};:°,’=r“::" owr [“qapin | 16pn | 24Pin
Type Number Description (MHz) 2 (mwW) | J w| J Wi w
9LS/5415/741L.5190 BCD decade counter, mode control 25 MHz 90 x| x
9LS/54L8/74L8191 4-bit binary counter, mode control 25 MHz 90 X X
9LS/5415/741L8192 BCD decade counter, up/down 30 MHz 85 X X
9LS/5415/7415193 4-bit binary counter, up/down 30 MHz 85 X X
9LS/54LS/74LS194A 4-bit bidirectional universal shift register 30 MHz 75 X X
9LS/54L8/74LS195A 4-bit parallel access shift register 30 MHz 70 X X
9LS/5418/74LS196 4-bit presettable decade counter 35 MHz 60 X X
9LS/5418/741L8197 4-bit presettable binary counter 35 MHz 60 X X
9LS/54L8/741L8221 Dual one-shot 40 95* X X
9LS/5418/741L58251 LS151 with tri-state outputs 25 35 X X
91S/5415/7415253 LS153 with tri-state outputs 15 35 X X
9LS/54L5/74 L8255 LS155 with tri-state outputs 25 35 X X
9LS/5415/74LS257 LS157 with tri-state outputs 18 50 X X
9LS/54LS/741.5258 LS158 with tri-state outputs 15 35 X X
9LS/5418/741L5261 2 x 4 parallel binary multiplexer 35 110 X X
9LS/541.5/74L5266 Quad 2-input exclusive NOR open collectors 20 40 X X
9LS/5415/741L8279 Quad latch 21 12 X X
91S/5415/741L5283 4-bit full adder, fast carry 18 96 X X
9LS/54LS/74LS295A LS95B with tri-state outputs 30 MHz 70 X X
9LS/541S/7415298 Quad 2 multiplexer with output register 16 65 X X
9LS/5415/741.8365 Hex buffer (tri-state, common enable) 15 68 X X
91S/54LS/741L5366 Hex inverter (tri-state, common enable) 15 60 X X
9LS/54L5/741.5367 Hex buffer (tri-state, 4 x 2 bit) 15 68 X X
9LS/541LS/741.5368 Hex inverter (tri-state, 4 x 2 bit) 15 60 X X
91S/54LS/74L8375 Quad latch (rotated LS75) 12 32 X X
9LS/5415/741.5386 Quad 2-input exclusive OR gate 12 30 X X
9LS/54LS/74L8395 4-bit shift register (tri-state) 35 MHz 75 X X
9LS/5415/741.5670 4 x 4 register file (tri-state) 40 150 X X
1. Maximum at 25°C 2. Guaranteed minimum at 25°C
Beam Lead Low Power Schottky Devices
Layout
Die Mech.
Size No. of EIA Outline
Type Description (Mils) Beams Std. Dwg.
54LS00BL Quad 2-input NAND gate 45x 45 16 X 9
541.S03BL Quad 2-input NAND gate, open collector outputs 45 x 45 16 X 9
54LS04BL Hex inverter 45 x 45 16 X 9
541.S05BL Hex inverter, open collector outputs 45 x 45 16 X 9
54LS10BL Triple 3-input NAND gate 45 x 45 16 X 9
54LS11BL Triple 3-input AND gate 45 x 45 16 X 9
54LS15BL Triple 3-input AND gate, open collector outputs 45 x 45 16 X 9
54LS153BL Dual 4-to-1 line multiplexer 55 x 55 20 X 12
541.S253BL Dual 4-to-1 line multiplexer, tri-state output 55 x 55 20 X 12
14




25LS High-Performance Low Power Schottky

Digital Circuits

Prop Delay! Available Packages
(ns) or Max. Pwr. . " :
Op. Freq. Diss. 14 Pin 16 Pin 20 Pin
Type Number Description (MHz)2 (mW) J w J w J w
251814 8-bit serial/parallel multiplier 40 MHz 455 X X
251815 Quad serial adder/subtractor 40 MHz 240 X X
251822 8-bit serial/parallel register 70 MHz 200 X X
251823 8-bit shift/storage register 50 MHz 190 X X
2518138 3-to-8 line decoder/demultiplexer 12 31 X X
2518139 Dual 2-to-4 line decoder/demultiplexer 10 34 X X
25L8151 8-to-1 line multiplexer, compl. outputs 9 30 X X
2518153 Dual 4-in-1 line multiplexer 10 31 X X
25LS157 Quad 2-to-1 line multiplexer 6 40 X X
2515158 LS157, inverting 6 24 X X
25LS160 BCD decade counter, async. clear 40 MHz 93 X X
25LS8161 4-bit binary counter, async. clear 40 MHz 93 X X
2518162 BCD decade counter, sync. clear 40 MHz 93 X X
2518163 4-bit binary counter, sync. clear 40 MHz 93 X bA
25L8170 4 x 4 register file, open collector 20 125 X X
25L8174 Hex D-type flip-flop 50 MHz 80 X X
25L8175 Quad D-type flip-flop 50 MHz 55 X X
25181813 4-bit arithmetic logic unit 12 102
2518190 BCD decade counter, mode control 35 MHz 90 X X
2518191 4-bit binary counter, mode control 35 MHz 90 X X
2518192 BCD decade counter, up/down 35 MHz 85 X X
2518193 4-bit binary counter, up/down 35 MHz 85 X X
25LS194A 4-bit bidirectional-universal shift register 40 MHz 75 X X
25LS195A 4-bit parallel access shift register 40 MHz 70 X X
25L8251 LS151 with tri-state outputs 9 35 X X
2518253 LS153 with tri-state outputs 9 35 X X
25L8257 LS157 with tri-state outputs 7 50 X X
2515258 LS158 with tri-state outputs 7 35 X X
2518299 8-bit shift/storage register 50 MHz 190 X X
25LS670 LS170 with tri-state outputs 20 150 X X
1. Maximum at 25°C 3. Available in 24-pin J or W package.
2. Guaranteed minimum at 25°C
, - -
Standard TTL 2’s Complement Multipliers
Available
Prop Delay1 Pwr Diss. Packages
Type Number Description (ns) (mW) N R
2505 4-bit by 2-bit 2’s complement multiplier 20 450 X X
2506 4-bit arithmetic logic unit/function generator with output latch 20 450 X X

1. Maximum at 25°C
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Digital Circuits

54/74 SSI Series

Prop Delay Available Packages
(ns) or Max. Pwr! 14 Pin
Op. Freq. Diss.
Type Description (MHz) (mW) DC cJ
54/7400 Quadruple 2-input NAND gate 10 10 X X
54/7401 Quadruple 2-input NAND gate, open collectors 22 10 X X
54/7403 Quadruple 2-input NAND gate, open collectors 22 10 X X
54/7404 Hex inverter 10 10 X X
54/7405 Hex inverter, open collectors 22 10 X X
54/7408 Quadruple Z-input AND gate 15 19 X X
54/7409 Quadruple 2-input AND gate, open collectors 18.5 19.4 X X
54/7410 Triple 3-input NAND gate 10 10 X X
54/7411 Triple 3-input AND gate 15 19 X X
54/7412 Triple 3-input NAND gate, open collectors 22 10 X X
54/7415 Triple 3-input AND gate, open collectors 18.5 194 X X
54/7420 Dual 4-input NAND gate 10 10 X X
54/7421 Dual 4-input AND gate 15 19 X X
54/7422 Dual 4-input NAND gate, open collectors 22 10 X X
54/7431 Quad 2-input NAND gate 10 10 X X
54/7438 Quad 2-input NAND gate, open collectors 10 10 X X
54/7474 Dual D-type flip-flop 25 MHz 43 X X
54/7486 Quad 2-input exclusive OR gate 14 150 X X
54/74136 54/7486 with open collectors 27 150 X X

! power dissipation is given for Vg = 5.0 volts. Propagation delays given are for the average path. Operating temperature range, 5400 Types:

-55°C to +125°C; 7400 Types: 0°C to +70°C.



Digital Circuits

54/74 MSI Series

Prop Delay Available Packages
(ns) or Max. Pwr 4 pin | 16 Pin | 24 Pin
Op. Freq. Diss

Type Description (MHz) (mW) DC|CJ|(CL|DD| N|R
54/7442 BCD-to-Decimal Decoder 22 140 X| X
54/7443 Excess 3-to-Decimal Decoder 22 140 X| X
54/7444 Excess 3 Gray-to-Decimal Decoder 22 140 X[ X
54/7445 BCD-to-Decimal Decoder/Driver (30V Breakdown) 30 215 X| X
54/7483 4-Bit Binary Full Adder 13 300 X| X
54/74123 Dual Retriggerable Monostable Multivibrator 21 230 X| X
54/74145 BCD-to-Decimal r ecoder Driver (15V Breakdown) 30 215 X X
54/74150 16-to-1 Line Data Selector/Multiplexer " 200 X| X
54/74151 8-to-1 Line Data Selector/Multiplexer " 145 X[ X
54/74152 8-to-1 Line Data Selector/Multiplexer 1" 130 X1 X
54/74153 Dual 4-in-1 Line Data Selector/Multiplexer 14 180 X
54/74154 4-t0-16 Line Decoder/Demultiplexer 23 170 X| X
54/74155 Dual 2-to-4 Line Decoder/Demultiplexer 21 250 X! X
54/74156 Dual 2-to-4 Line Decoder/Demultiplexer (Open Coll.) 21 250 XX
54/74157 Quad 2-to-1 Line Data Selector/Multiplexer 9 150 X| X
54/74158 Quad 2-to-1 Line Data Selector/Multiplexer (Inv. Data) 9 150 X1 X
54/74159 4-to-16 Line Decoder/Demultiplexer (Open Coll.) 24 170 X[ X
54/74160 BCD Decade Counter, Async. Clear 32 MHz 305 X| X
54/74161 4-Bit Finary Counter, Async. Clear 32 MHz 305 X1 X
54/74162 BCD Decade Counter, Sync. Clear 32 MHz 305 X| X
54/74163 4-Bit Binary Counter, Sync. Clear 32 MHz 305 X[ X
54/74164 8-Bit Parallel-Out Serial Shift Register (S.I.P.0.) 36 MHz 167 X | X
54/74165 Parallel-Load 8-Bit Shift Register (P.1.5.0.) 26 MHz 210 XX
54/74166 8-Bit Shift Register with Clear (P.1.S.0.) 35 MHz 360 X| X
54/74170 4x4 Register File 20 625 XX
54/714174 Hex D-Type Flip-Flop 35 MHz 225 XX
54/14175 Quad D-Type Flip-Flop 35 MHz 150 X[ X
54/74180 9-Bit Odd/Even Parity Generator/Checker 32 170 X1 X
54/74181 4-Bit Arithmetic Logic Unit 17 440 X[ X
54/74182 Look-Ahead Carry Generator 13 180 XX
54/74190 BCD Decade Up/Down Counter 25 MHz 325 X| X
54/74191 4-Bit Binary Up/Down Counter 25 MHz 325 XX
54/74192 BCD Decade Up/Bown Counter (Dual Clock) 30 MHz 325 X| X
54/74193 4-Bit Binary Up/Down Counter (Dual Clock) 30 MHz 325 X| X
54/714194 4-Bit Bidirectional Universal Shift Register 36 MHs 195 X1 X
54/74195 4-Bit Parallel Access Shift Register 39 MHz 195 XX
54/74198 8-Bit Right/Left Shift Register (P.I.P.0.) 35 MHz 360 XX
54/74199 8-Bit Shift Register (P.I.P.0.) 35 MHz 360 X[ X
54/74255 54/74155 with 3-State Outputs 21 250 XX
54/74283 4-Bit Binary Full Adder with Fast Carry 13 300 X| X

1. Power dissipation is given for V¢ = 5.0 Volts. Propagation delays given are for the average path. Operating temperature range, 5400 Types:
~55°C to +125°C; 7400 Types: 0°C to +70°C.

1-7



Digital Circuits
8200 MSI Series

Prop Delay Available Packages
(ns) or Max.| Pwr! - -

0p. Freq. Diss 14 Pin 16 Pin 24 Pin
Type Description (MHz) (mW) [ DP|DC|CJ|DB|CL|DD|[MB|MP| N |R
RM/RC8TO09 | Quad Bus Driver (Tri-State Outputs) 16 235 X | X
RM/RC8T10 | Quad D-Type Bus Flip-Flop (Tri-State Qutputs)| 50 MHz 250 X| X
RM/RC8T20 | Bidirectional One-Shot 30 250 X| X| X| X
RM/RC8200 | Dual 5-Bit Buffer Register 35 MHz 400 X| X
RM/RC8201 | Dual 5-Bit Buffer Register (Inv. Qutputs) 35 MHz 400 X| X
RM/RC8202 | 10-Bit Buffer Register 35 MHz 400 X| X
RM/RC8203 | 10-Bit Buffer Register (Inv. Qutputs) 35 MHz 400 X| X
RM/RC8230 | 8-Input Multiplexer 1 184 X{| X X
RM/RC8231 | 8-Input Multiplexer (Open Coll. f Qutput) 13 184 X| X X
RM/RC8232 | 8-Input Multiplexer " 172 X|] X X
RM/RC8233 | 2-Input 4-Bit Multiplexer 16 200 X| X X
RM/RC8234 |  2-Input 4-Bit Multiplexer (Open Coll.) 16 160 X1 X
RM/RC8235 | 2-Input 4-Bit Multiplexer (Open Coll.) 16 230 X| X
RM/RC8241 Quad Exclusive OR Gate 14 225 X
RM/RC8242 | 4-Bit Comparator (Open Coll.) 14 170
RM/RC8243 | 8-Bit Position Scaler 25 315 X| X
RM/RC8250 | Binary-to-Octal Decoder 20 125 X | X
RM/RC8251 BCD to Decimal Decoder 20 135 X! X X
RM/RC8252 [ (9301) BCD to Decimal Decoder 20 135 X
RM/RC8260 | Arithmetic Logic Element 14 400 X X
RM/RC8261 Fast Carry Extender 13 115 XX | X
RM/RC8262 | 9-Bit Parity Generator/Checker 30 300 X | X
RM/RC8263 | 3-Input 4-Bit Multiplexer 17 378 X X
RM/RC8264 | 3-Input 4-Bit Multiplexer (Open Coll.) 25 400 X| X
RM/RC8266 | 2-Input 4-Bit Multiplexer 14 200 X
RM/RC8267 | 2-Input 4-Bit Multiplexer (Open Coll.) 17 200 X| x| X
RM/RC8270 | 4-Bit Shift Register 23 MHz 168 X|X X
RM/RC8271 | 4-Bit Shift Register 22 MHz 270 X[ X| X[ X
RM/RC8273 | 10-Bit Serial-In, Parallel-Out Shift Register 35 MHz 340 X[ X| X[ X
RM/RC8274 10-Bit Parallel-In, Serial-Out Shift Register 25 MHz 380 X X| X| X
RM/RC8277 | Dual 8-Bit Shift Register 20 MHz 400 X| X X|X
RM/RC8280 | Decade Counter 25 MHz 185 XX | X|X
RM/RC8281 | 4-Bit Binary Counter 25 MHz 185 XX | X|X
RM/RC8284 Binary Hex Synchronous Up/Down Counter 30 MHz 315 X | X
RM/RC8285 | BCD Decade Synchronous Up/Down Counter 30 MHz 315 XX | X
RM/RC8290 | Presettable High Speed Decade Counter 60 MHz 190 XX | X|X
RM/RC8291 | Presettable High Speed Binary Counter 60 MHz 190 XX [ X[X

! Power dissipation is given for V¢ = 5.0 volts; propagation delays are given for the average path. Operating temperature range, RM Types:
-55°C to +125°C; RC Types: 0°C to +70°C.



Digital Circuits

930 Series DTL

TYPICAL CHARACTERISTICS

Available Packages

Tpd (ns)
or Avg. Pwr. DC .
Toggle | Function Noise 14 Pin
Type' Fanout | Rate (mW) Margin
Number Description Function| (Min) | 50% Duty (V) - o|o|a

2] olalalal-
RM/RC930| Dual 4 NAND/NOR gate with nodes® 8 30 8.5/gate 0.5 X X X| X| X
RM/RC932 | Dual 4 NAND/NOR buffer 22 40 28/gate 0.5 X X X|X| X
'RM/RC933 | Dual four expander NA NA NA NA X X XX} X
RM/RC934 | Hex Inverter® 8 30 8.5/gate 0.5 X| | X] | X|X| X
RM/RC935 | Hex Inverter® 8 30 7/gate 0.5 X[ [ X| | X] X
RM/RC936 | Hex Inverter? 8 30 8:5/gate 0:5 X X X X
RM/RC937 | Hex Inverter® 8 30 8.5/gate 0.5 X| | X]X|X] | X
RM/RC940 | Hex Inverter 8 30 8.5/gate 0.5 X X X X
RM/RC941| Hex Inverter 8 30 8.5/gate 0.5 X X X X
RM/RC944 | Dual 4 NAND/NOR power gate 25 27 22/gate 0.5 X X X X
RM/RC945 | Clocked Flip-Flop® 9 52 35 0.5 X X X X
RM/RC946 | Quad two NAND/NOR gate® 8 30 8.5/gate 0.5 X X| X[ X]| X| X
RM/RC948 | Clocked Flip-Flop* 9 50 40 0.5 X X X X
RM/RC949 | Quad two NAND/NOR gate* 7 25 8.5/gate 0.5 X X X X
RM/RC950| Pulse triggered binary flip-flop 8 30 22 0.5 X X X X| X
RM/RC951| Monostable multivibrator 9 50 35 - X X X| X[ X
RM/RC957 | Quad 2 input buffers 22 40 28/gate 0.5 X X X X
RM/RC958| Quad 2 NAND power gates 25 27 22/gate 0.5 X X X X
RM/RC961| Dual 4 NAND/NOR gate with nodes* 7 25 8.5/gate 0.5 X X X X
RM/RC962| Triple three NAND/NOR gate® 8 30 8.5/gate 0.5 X X X1 X| X
RM/RC963| Triple three NAND/NOR gate? 7 25 8.5/gate 0.5 X X X[ X| X
RM/RC988 | Monostable multivibrator 10 - - 1.0 X X X X
RM/RC993 | Dual RM945%) separate clock, separate 9 52 70 0.5 X X X X
RM/RC994 | Dual RM948%( direct set, no direct clear 9 50 80 0.5 X X X X
RM/RC997 | Dual RM948*| common clock, common 9 50 80 0.5 X X X X
RM/RC999 | Dual RM9453 [ direct clear, direct set 9 52 70 0.5 X X X X
NOTES

1. Operating temperature range; RM types: -55°C to +125°C; RC types: 0°C to +75°C
2. Without collector pull-up resistor, Rc
3. 6K pull-up resistor
4. 2KS2 pull-up resistor



Digital Circuits

RAY | and Il Series TTL TYPICAL CHARACTERISTICS Available
Tpd (ns) Packages
or Avg. Pwr. DC
Toggle Function Noise 14 Pin
Type? Fanout Rate (mw) Margin
Number Description Function (Min) 50% Duty (V) 35|18
RF30 Single phase SRT flip-flop 15 15 MHz 30 +1.1,-15 XXX X
RF31 Single phase SRT flip-flop 7 15 MHz 30 +1.1,-1.5 XIX|X]|X
RF32 J-K flip-flop (AND inputs) 12 15 MHz 30 +1.1,-1.5 XXX X
RF33 J-K flip-flop (AND inputs) 6 15 MHz 30 +1.1,-1.5 XXX X
RF50 J-K flip-flop (AND inputs) 15 20 MHz 50 +1.1,-15 XXX X
RF51 J-K flip-flop (AND inputs) 7 20 MHz 50 +1.1,-15 XXX X
RF52 F-K flip-flop (AND inputs) 12 20 MHz 50 +1.1,-1.5 XXX X
RF53 J-K flip-flop (AND inputs) 6 20 MHz 50 +1.1,-1.5 X XXX
RF60 J-K flip-flop (OR inputs) 15 20 MHz 55 +1.1,-1.6 XX [X[X
RF61 J-K flip-flop (OR inputs) 7 20 MHz 55 +1.1,-15 XXX X
RF62 J-K flip-flop (OR inputs) 12 20 MHz 55 +1.1,-1.5 XX {X]X
RF63 J-K flip-flop (OR inputs) 6 20 MHz 55 +1.1,-1.5 XX [X|X
RF100 Dual J-K flip-flop (separate clocks) " 35 MHz 55/flip-flop +1.0,-1.5 XX XX
RF101 Dual J-K flip-flop (separate clocks) 6 35 MHz 55/flip-flop +1.0,-1.5 X XXX
RF102 Dual J-K flip-flop (separate clocks) 9 35 MHz 55/flip-flop +1.0,-1.5 X XXX
RF103 Dual J-K flip-flop (separate clocks) 5 35 MHz 55/flip-flop +1.0,-1.56 XIX|[X]|X
RF110 Dual J-K flip-flop (common clock) 1" 35 MHz 55/flip-flop +1.0,-15 XX [X]|X
RF111 Dual J-K flip-flop (common clock) 6 35 MHz 55/flip-flop +1.0,-1.5 XXX X
RF112 Dual J-K flip-flop (common clock) 9 35 MHz 55/flip-flop +1.0,-1.5 XX [X|X
RF113 Dual J-K flip-flop (common clock) 5 35 MHz 55/flip-flop +1.0,-1.5 X[X|X]|X
RF120 Dual J-K flip-flop (separate clocks) 1" 50 MHz 55/flip-flop +1.0,-1.5 X|X|X|X
RF121 Dual J-K flip-flop (separate clocks) 6 50 MHz 55/flip-flop +1.0,-1.5 XX |X[X
RF122 Dual J-K flip-flop (separate clocks) 9 50 MHz 55/flip-flop +1.0,-1.5 XX XX
RF123 Dual J-K flip-flop (separate clocks) 5 50 MHz 55/flip-flop +1.0,-1.5 XX |X|X
RF130 Dual J-K flip-flop (comman clock) 1 50 MHz 55/flip-flop +1.0,-1.5 XX |X[X
RF131 Dual J-K flip-flop (common clock) 6 50 MHz 55/flip-flop +1.0,-1.5 X[X|X[X
RF132 Dual J-K flip-flop (common clock) 9 50 MHz 55/flip-flop +1.0,-1.5 XX [X|X
RF133 Dual J-K flip-flop (common clock) 5 50 MHz 55/flip-flop +1.0,-1.5 XX XX
RF200 J-K flip-flop (AND inputs) 1" 50 MHz 55 +1.0,-1.5 XX XX
RF201 J-K flip-flop (AND inputs) 6 50 MHz 55 +1.0,-1.5 XX [X|X
RF202 J-K flip-flop (AND inputs) 9 50 MHz 55 +1.0,-1.5 XX XX
RF203 J-K flip-flop (AND inputs) 5 50 MHz 55 +1.0,-1.5 XX |x|x
RF210 J-K flip-flop (OR inputs) 1" 50 MHz 55 +1.0,-1.5 XX XX
RF211 J-K flip-flop (OR inputs) 6 50 MHz 55 +1.0,-1.5 XX [X]|X
RF212 J-K flip-flop (OR inputs) 9 50 MHz 55 +1.0,-1.5 XIX|X]|X
RF213 J-K flip-flop (OR inputs) 5 50 MHz 55 +1.0,-1.5 XX XX
RF250 J-K flip-flop (AND inputs) 1" 30 MHz 50 +1.1,-1.5 XX [X]|X
RF251 J-K flip-flop (AND inputs) 6 30 MHz 50 +1.1,-15 XX |[X]|X
RF252 J-K flip-flop (AND inputs) 9 30 MHz 50 +1.1,-1.5 XX XX
RF253 J-K flip-flop (AND inputs) 5 30 MHz 50 +1.1,-1.5 XX XX
RF260 J-K flip-flop (OR inputs) 1 30 MHz 55 +1.1,-15 XX XX
RF261 J-K flip-flop (OR inputs) 6 '30 MHz 55 +1.1,-1.5 XX XX
RF262 J-K flip-flop (OR inputs) 9 30 MHz 55 +1.1,-15 XX XX
RF263 J-K flip-flop (OR inputs) 5 30 MHz 55 +1.1,-1.5 XIX|X]X

1. Operating temperature range, final digits 0 or 1: -55°C to +125°C; final digits 2 or 3: 0°C to +70°C.

[
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Digital Circuits

RAY | and Il Series TTL (Cont.) TYPICAL CHARACTERISTICS Available
Tod (ns) Packages
or Avg. Pwr. DC
Toggle Function Noise 14 Pin

Type! Fanout Rate (mW) Margin
Number Description Function (Min) 50% Duty (v) 3|5l=(8
RF9601 Retriggerable monostable multivibrator

(-55°C to +125°C) 10 mA 25 100 +1.0,-1.5 XX X]|X
RF9602 Retriggerable monostable multivibrator

(0°C 10 +75°C) 128 mA | 25 100 +1.0,-15
RG40 Dual 4 input NAND gate 15 10 15/gate +1.1,-1.5 XX XX
RG41 Dual 4 input NAND gate 7 10 15/gate +1.1,-1.5 XX XX
RG42 Dual 4 input NAND gate 12 10 15/gate +1.1,-15 X[ XXX
RG43 Dual 4 input NAND gate 6 10 15/gate +1.1,-1.5 XX XX
RG50 Exp. 4-wide, 2-2-2-3 input AQI gate 15 12 30 +1.1,-15 X X[ XX
RG51 Exp. 4-wide, 2-2-2-3 input AOQ| gate 7 12 30 +1.1,-15 XX XX
RG52 Exp. 4-wide, 2-2-2-3 input AQI gate 12 12 30 +1.1,-15 XX} X|X
RG53 Exp. 4-wide, 2-2-2-3 input AOI gate 6 12 30 +1.1,-1.5 X X[ XX
RG60 Single 8 input NAND gate 15 12 15 +1.1,-1.5 XX XX
RG61 Single 8 input NAND gate 7 12 15 +1.1,-15 X|X]X[X
RG62 Single 8 input NAND gate 12 12 15 +1.1,-1.5 X X] X|X
RG63 Single 8 input NAND gate 6 12 15 +1.1,-15 XX} X[X
RG70 Dual 2-wide, 2 input AQI gate, one side exp. 15 12 20/gate +1.1,-1.5 XIX{ XX
RG71 Dual 2-wide, 2 input AQ! gate, one side exp. 7 12 20/gate +1.1,-156 XX XX
RG72 Dual 2-wide, 2 input AQOI gate, one side exp. 12 12 20/gate +1.1,-1.5 XX XX
RG73 Dual 2-wide, 2 input AQI gate, one side exp. 6 12 20/gate +1.1,-1.5 XX XX
RG80 Dual pulse shaper/delay AND gate 15 " 30/gate +1.1,-1.5 XX X|X
RG81 Dual pulse shaper/delay AND gate 1 il 30/gate +1.1,-15 XX XX
RG82 Dual pulse shaper/delay AND gate 12 " 30/gate +1.1,-15 X X[ X]|X
RG83 Dual pulse shaper/delay AND gate 6 1 30/gate +1.1,-1.5 X[ X]X[X
RGI0 Exclusive OR gate with complement 15 1 35 +1.1,-1.5 XX XX
RGI1 Exclusive OR gate with complement 7 1" 35 +1.1,-1.5 XIX[X|X
RG92 Exclusive OR gate with complement 12 " 35 +1.1,-1.5 XX XX
RGI3 Exclusive OR gate with complement 6 " 35 +1.1,-1.5 XX XX
RG100 Exp. 3-wide, 3 input AOI gate 15 12 25 +1.1,-15 XX XX
RG101 Exp. 3-wide, 3 input AOI gate 7 12 25 +1.1,-1.5 X|X] X|[X
RG102 Exp. 3-wide, 3 input AO| gate 12 12 25 +1.1,-1.5 XX XX
RG103 Exp. 3-wide, 3 input AOI gate 6 12 25 +1.1,-1.5 XIX|X]|X
RG110 Exp. 2-wide, 4 input AOI gate 15 12 20 +1.1,-1.5 XX XX
RG111 Exp. 2-wide, 4 input AOI gate 7 12 20 +1.1,-1.5 XX X|X
RG112 Exp. 2-wide, 4 input AQI gate 12 12 20 +1.1,-1.5 X|X| XX
RG113 Exp. 2-wide, 4 input AOI gate 6 12 20 +1.1,-15 XX X|X
RG120 Expandable single 8 NAND gate 15 18 15/gate +1.1,-15 XX XX
RG121 Expandable single 8 NAND gate 1 18 15/gate +1.1,-15 XIX]X|X
RG122 Expandable single 8 NAND gate 12 18 15/gate +1.1,-1.5 X|X]IX]|X
RG123 Expandable single 8 NAND gate 6 18 15/gate +1.1,-1.5 XX X]|X
RG130 Dual 4-input line driver 30 15 30/gate +1.1,-15 X|X]X|X
RG131 Dual 4 input line driver 30 15 30/gate +1.1,-1.5 XIX[{X]|X
RG132 Dual 4 input line driver 24 15 30/gate +1.1,-15 X|X|X]|X
RG133 Dual 4 input line driver 12 15 30/gate +1.1,-1.5 XX XX

1. Operating temperature range, final digits 0 or 1: -55°C to +125°C; final digits 2 or 3: 0°C to +70°C.
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Digital Circuits

RAY | and Il Series TTL (Cont.) [Tveicac charactenistics Available
Tpd (ns) Packages
or Avg. Pwr. DC 14 Pin
Toggle Function . Noise
Type! Descriptio Fanout Rate (mW) Margin
Number Description Functien (Min) 50% Duty (v) 3l%la 2
RG140 Quad 2 input NAND gate 15 10 15/gate +1.1,-1.5 XIX|X]|X
RG141 Quad 2 input NAND gate 7 10 15/gate +1.1,-15 X|X|X|[X
RG142 Quad 2 input NAND gate 12 10 15/gate +1.1,-15 XIX|X[X
RG143 Quad 2 input NAND gate 6 10 15/gate +1.1,-1.5 X[X[X]|X
RG150 4-wide, 2-2-2-3 input AO! expander - 4 5/gate +1.1,-1.5 XX X|X
RG151 4-wide, 2-2-2-3 input AOI expander - 4 5/gate +1.1,-1.5 XIX|X[X
RG152 4-wide, 2-2-2-3 input AOI expander - 4 5/gate +1.1,-1.5 XX X|X
RG153 4-wide, 2-2-2-3 input AOI expander - 4 5/gate +1.1,-15 X|[X]X[X
RG160 Triple 2 input buss driver 22 15 15/gate +1.1,-15 XIX|X[X
RG161 Triple 2 input buss driver 1 15 15/gate +1.1,-1.5 XIX[X]|X
RG162 Triple 2 input buss driver 18 15 15/gate +1.1,-1.5 XX X|X
RG163 Triple 2 input buss driver 9 15 15/gate +1.1,-1.5 X[X]X|X
RG170 2-wide, 4 input AOI expander - 1 5/gate +1.1,-15 XX X{X
RG171 2-wide, 4 input AOI expander - 1 5/gate +1.1,-15 XX X[X
RG172 2-wide, 4 input AOI expander - 1 5/gate +1.1,-1.5 X|X[X]|X
RG173 2-wide, 4 input AOI expander - 1 5/gate +1.1,-1.5 XX XX
RG180 Dual 4 input NAND expander - 1 1 +1.1,-1.5 X[X]X[X
RG181 Dual 4 input NAND expander - 1 1 +1.1,-1.5 XX XX
RG182 Dual 4 input NAND expander - 1 1 +1.1,-1.5 XX X[X
RG183 Dual 4 input NAND expander - 1 1 +1.1,-15 XIX|X|X
RG200 Expandable single 8 NAND gate 1" 8 22/gate +1.0,-1.5 XX X|[X
RG201 Expandable single 8 NAND gate 6 8 22/gate +1.0,-1.5 XIX{X|X
RG202 Expandable single 8 NAND gate 9 8 22/gate +1.0,-1.5 XX X[X
RG203 Expandable single 8 NAND gate 5 8 22/gate +1.0,-1.5 XIX[X|X
RG210 Expandable 2-wide, 4 input AOI gate 1" 7 30 +1.0,-1.5 XIX|X|X
RG211 Expandable 2-wide, 4 input AOI gate 6 7 30 +1.0,-1.5 X|X|X]|X
RG212 Expandable 2-wide, 4 input AOI gate 9 7 30 +1.0,-1.5 X|[X]X]|X
RG213 Expandable 2-wide, 4 input AO| gate 5 7 30 +1.0,-1.5 X[{X|X|X
RG220 Quad 2 input NAND gate 1 8 22/gate +1.0,-1.5 XX X[X
RG221 Quad 2 input NAND gate 6 6 22/gate +1.0,-1.5 XIX[{X]|X
RG222 Quad 2 input NAND gate 9 6 22/gate +1.0,-1.5 XX XX
RG223 Quad 2 input NAND gate 5 6 22/gate +1.0,-1.5 XX[X|X
RG230 4-wide, 2-2-2-3 input AO! expander — 2 7/gate +1.0,-1.5 XIX[{X]X
RG231 4-wide, 2-2-2-3 input AO! expander - 2 1/gate +1.0,-15 XIXIX|X
RG232 4-wide, 2-2-2-3 input AOI expander - 2 7/gate +1.0,-1.5 X[X[X]X
RGZ33 - | 4-wide, 2-2-2-3 input AOI expander - 2 7/gate +1.0,-1.5 X[X[X]|X
RG240 Dual 4 input NAND gate 1" 6 22/gate +1.0,-1.5 XIX|X]X
RG241 Dual 4 input NAND gate 6 6 22/gate +1.0,-1.5 XIX|X|X
RG242 Dual 4 input NAND gate 9 6 22/gate +1.0,-1.5 X|X|X|X
RG243 Dual 4 input NAND gate 5 6 22/gate +1.0,-1.5 XIXIXIX
RG250 Expandable 4-wide, 2-2-2-3 input AOI gate 1" 8 40 +1.0,-1.5 X|X|X1X
RG251 Expandable 4-wide, 2-2-2-3 input AQI gate 6 8 40 +1.0,-1.5 XIX|X]|X
RG252 Expandable 4-wide, 2-2-2-3 input AQI gate 9 8 40 +1.0,-1.5 XIXIX|X
RG253 Expandable 4-wide, 2-2-2-3 input AQ| gate 5 8 40 +1.0,-1.5 XIX|X]|X

1. Operating temperature range, final digits 0 or 1: -55°C to +125°C; final digits 2 or 3: 0°C to +70°C.

f
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Digital Circuits

RAY | and Il Series TTL (Cont.)

TYPICAL CHARACTERISTICS Available
Tod (ns) Packages
or Avg. Pwr. bDc 14 Pin
Toggle Function Noise

Type! Fanout Rate {mW) Margin

Number Description Function (Min) 50% Duty (v) 3|5|a 2
RG260 Single 8 input NAND gate 1" 8 22 +1.0,-1.5 XIXIX|X
RG261 Single 8 input NAND gate 6 8 22 +1.0,-1.5 XIX|X|X
RG262 Single 8 input NAND gate 9 8 22 +1.0,-1.5 XX X|X
RG263 Single 8 input NAND gate 5 8 22 +1.0,-15 XIX|X|X
RG270 2-wide, 4 input AOI expander - 1 /qate +1.0,-1.5 XX X[X
RG271 2-wide, 4 input AOI expander - 1 1/gate +1.0,-1.5 X|X|X}X
RG272 2-wide, 4 input AOI expander - 1 1/gate +1.0,-15 XIX|X{X
RG273 2-wide, 4 input AO! expander - 1 1/gate +1.0,-1.5 XX X[X
RG280 Expandable dual 4 input AND gate 15 1" 38/gate +1.1,-1.5 X|X| XX
RG281 Expandable dual 4 input AND gate 7 1" 38/gate +1.1,-1.5 X[X]X|X
RG282 Expandable dual 4 input AND gate 12 1 38/gate +1.1,-15 XX XX
RG283 Expandable dual 4 input AND gate 6 1" 38/gate +1.1,-15 XX XX
RG290 Dual 2 and 3 input AND/OR gate exp. - 7 15/gate +1.1,-15 X|X| XX
RG291 Dual 2 and 3 input AND/OR gate exp. - 1 15/gate +1.1,-1.5 XIX| XX
RG292 Dual 2 and 3 input AND/OR gate exp. - 7 15/gate +1.1,-15 XX X]|X
RG293 Dual 2 and 3 input AND/OR gate exp. - 7 15/gate +1.1,-15 XX x}X
RG300 Expandable 3-wide, 3 input AOI gate " 1 35 +1.0,-1.5 XX XX
RG301 Expandable 3-wide, 3 input AOI gate 6 7 35 +1.0,-1.5 XX XX
RG302 Expandable 3-wide, 3 input AOI gate 9 7 35 +1.0,-1.5 XX XX
RG303 Expandable 3-wide, 3 input AOI gate 5 7 35 +1.0,-1.5 X|X| XX
RG310 Dual 2-wide, 2 input AOI gate, one side exp. 11 7 30/gate +1.0,-1.5 XX X|X
RG311 Dual 2-wide, 2 input AOI gate, one side exp. 6 7 30/gate +1.0,-1.5 XX XX
RG312 Dual 2-wide, 2 input AOI gate, one side exp. 9 7 30/gate +1.0,-1.5 X[X]X|X
RG313 Dual 2-wide, 2 input AOI gate, one side exp. 5 7 30/gate +1.0,-1.5 X|X[X[|X
RG320 Triple 3 input NAND gate 1" 6 22/gate +1.0,-1.5 X|X]X|X
RG321 Triple 3 input NAND gate 6 6 22/gate +1.0,-1.5 XX X[X
RG322 Triple 3 input NAND gate 9 6 22/gate +1.0,-1.5 XIX] XX
RG323 Triple 3 input NAND gate 5 6 22/gate +1.0,-1.5 XX XX
RG370 Hex inverter 15 10 15/inverter +1.1,-15 XX X|X
RG371 Hex inverter 7 10 15/inverter +1.1,-15 XX XX
RG372 Hex inverter 12 10 15/inverter +1.1,-1.5 XXX X
RG373 Hex inverter 6 10 15/inverter +1.1,-1.5 XX X[X
RG380 Hex inverter 1 6 22/inverter +1.0,-1.5 X|X| XX
RG381 Hex inverter 6 6 22/inverter +1.0,-1.5 X[X[X]X
RG382 Hex inverter 9 6 22/inverter +1.0,-1.5 XX X]|X
RG383 Hex inverter 5 6 22/inverter +1.0,-1.5 XX X|X
RG7510 Quad 2 input line driver 30 15 30/gate +1.1,-15 X|X|X]|X
RG7511 Quad 2 input line driver 15 15 30/gate +1.1,-15 XIX|X|X
RG7512 Quad 2 input line driver 24 15 30/gate +1.1,-15 XX X|X
RG7513 Quad 2 input line driver 12 15 30/gate +1.1,-1.5 XX X|X
RG7520 Quad 2 input lamp driver 40 mA 15 30/gate +1.1,-15 X[X|X|X
RG7521 Quad 2 input lamp driver 20 mA 15 30/gate +1.1,-1.5 XX XX
RG7522 Quad 2 input lamp driver 40 mA 15 30/gate +1.1,-1.5 XIX[X|X
RG7523 Quad 2 input lamp driver 20 mA 15 30/gate +1.1,-15 X|X{X][X

1. Operating temperature range, final digits 0 or 1: -55°C to +125°C; final digits 2 or 3: 0°C to +70°C
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Digital Circuits
RAY | and Il Series TTL (Cont.)

TYPICAL CHARACTERISTICS Available
Tpd (ns) Packages
or Avg. Pwr. 1] 14 Pin
‘ Toggle Function Noise

Type! Fanout Rate (mW) Margin

Number Description Function | (Min) 50% Duty (\")] 3%|a18
RL10 Fast full adder 10 Pin 90 mW +0.6,-1.4 X[X|IX[X
RL11 Fast full adder 10 5 24ns 90 mW +0.6,-1.4 X[X}IX[X
RL12 Fast full adder 10 6 12ns 90 mW +0.6,-1.3 XIX|{X|[X
RL13 Fast full adder 10 7 13ns 90 mW +0.6,-1.3 XIX|X|X
RL20 Dependent carry fast adder 10 Pin 125 mW +0.6,-1.4 X|X]|X[X
RL21 Dependent carry fast adder 10 5 25ns 125 mW +0.6,-1.4 XIX|X[X
RL22 Dependent carry fast adder 10 6 22ns 125 mW +0.6,-1.3 X[X|X[X
RL23 Dependent carry fast adder 10 7 13ns 125 mW +0.6,-1.3 XX X[X
RL30 Dependent carry fast adder 10 3 Pin 125 mW +0.6,-1.4 XIXIX|X
RL31 Dependent carry fast adder 10 5 25ns 125 mW +0.6,-1.4 XIX{X|X
RL32 Dependent carry fast adder 10 r6 22 ns 125 mW +0.6,-1.3 XIXIX|X
RL33 Dependent carry fast adder 10 J7 13ns 125 mW +0.6,-1.3 X[X|{X[X

Expander
RL40 Carry decoder 10 ) 20 mW +0.7,-2.35 X|X|X[X
RL41 Carry decoder 10 S 20 mW +0.7,-2.35
ee note 2

RL42 Carry decoder 10 20 mW +0.7,-2.25 X[ XX |X
RL43 Carry decoder 10 J 20 mW +0.7,-2.25 X| XXX
RL60 4-bit storage register 1" 25 ns 175 mW +1.1,-1.5 X|X[|X]|X
RL61 4-bit storage register 1" 25 ns 175 mW +1.1,-15 XIX|X|X
RL62 4-bit storage register 1 25 ns 175 mW +1.1,-1.5 X|X|X|X
RL63 4-bit storage register 1 25ns 175 mW +1.1,-15 X|X|X]|X
RL70 4-bit storage register 1 25 ns 175 mW +1.1,-1.5 XIX[X]X
RL71 4-bit storage register " 25ns 175 mW +1.1,-15 X{X|X[X
RL72 4-bit storage register 1 25ns 175 mW +1.1,-1.5 X[ XXX
RL73 4-bit storage register 1 25 ns 175 MW +1.1,-15 X{X|X|X
RL80 16-bit scratch pad memory 6 27 ns 250 mW +1.1,-15 X[ XXX
RL81 16-bit scratch pad memory 6 27 ns 250 mW +1.1,-1.5 X[{X]|X|X
RL82 16-bit scratch pad memory 6 27 ns 250 mW +1.1,-1.5 XXX X
RL83 16-bit scratch pad memory 6 27 ns 250 mW +1.1,-15 X|X]|X]|X

1. Operating temperature range, final digits 0 or 1: -55°C to +125°C; final digits 2 or 3: 0°C to +70°C.
2.Pin 5, A<X 4.0 nS (add 1A/1 pfd)



Digital Circuits

RAY Il Series TTL

TYPICAL CHARACTERISTICS Available
Tod (ns) Packages
or Avg. Pwr. DC Pins
Toggle Function Noise 14 24
Type' Fanout Rate (mW) Margin
Number Description Function (Min) 50% Duty (v) 318 18]«
RF3120 Dual J-K flip-flop (separate clocks) 1" 75 MHz 55/FF +1.1,-1.5 XXX
RF3122 Dual J-K flip-flop (separate clocks) 10 75 MHz 55/FF +1.1,-1.5 X[X[X
RF3130 Dual J-K flip-flop (common clock) 1" 75 MHz 55/FF +1.1,-15 X|X]X
RF3132 Dual J-K flip-flop (common clock) 10 75 MHz 55/FF +1.1,-1.5 X[X] X
RF3200 AND input J-K flip-flop 1" 75 MHz 55 +1.1,-1.5 XXX
RF3202 AND input J-K flip-flop 10 75 MHz 55 +1.1,-15 XXX
RF3210 OR input J-K flip-flop n 75 MHz 55 +1.1,-15 X|X| X
RF3212 OR input J-K flip-flop 10 75 MHz 55 +1.1,-1.5 XXX
RF3220 Triple latch flip-flop (sep. neg. edge clocks) 1 50 MHz 60/FF +1.1,-15 X| X[ X
RF3222 Triple latch flip-flop (sep. neg. edge clocks) 10 50 MHz 60/FF +1.1,-15 XXX
RF3230 Dual D-type flip-flop 1 60 MHz 75/FF +1.1,-1.5 X|X|X
RF3232 Dual D-type flip-flop 10 60 MHz 75/FF +1.1,-15 XXX
RF3240 Triple latch flip-flop (com. pos. edge clock) 1 50 MHz 70/FF +1.1,-1.5 XXX
RF3242 Triple latch flip-flop (com. pos. edge clock) 10 50 MHz 70/FF +1.1,-15 XXX
RF3250 5-channel selector flip-flop 1 50 MHz 150 +1.1,-1.5 XXX
RF3252 5-channel selector flip-flop 10 50 MHz 150 +1.1,-15 X[{X]|X
RG3180 Dual 4 input NAND gate expander - 1 - +1.1,-1.5 X[ XX
RG3182 Dual 4 input NAND gate expander - 1 - +1.1,-1.5 XXX
RG3200 Expandable single 8 NAND gate 1" 6.5 22 +1.1,-1.5 X[ X| X
RG3202 Expandable single 8 NAND gate 10 6.5 22 +1.1,-1.5 X[ X|X
RG3210 Expandable 2-wide, 4 input AOI gate 1 5.5 30 +1.1,-1.5 XXX
RG3212 Expandable 2-wide, 4 input AO| gate 10 5.5 20 +1.1,-1.5 XXX
RG3220 Quad 2 input NAND gate 1 45 22/gate +1.1,-1.5 X[ X[ X
RG3222 Quad 2 input NAND gate 10 4.5 22/gate +1.1,-1.5 XXX
RG3230 4-wide, 2-2-3-3 input AOI expander - 2 7/gate +1.1,-15 XXX
RG3232 4-wide, 2-2-3-3 input AOI expander - 2 7/gate +1.1,-15 X|X| X
RG3240 Dual 4 input NAND gate 1 4.5 22/gate +1.1,-1.5 XXX
RG3242 Dual 4 input NAND gate 10 45 22/gate +1.1,-15 X[X|X
RG3250 Expandable 4-wide, 2-2-2-3 input AOI gate 1 6.0 40 +1.1,-1.5 XXX
RG3252 Expandable 4-wide, 2-2-2-3 input AOI gate 10 6.0 40 +1.1,-1.5 X|X|X
RG3260 Single 8 input NAND gate 1 5.5 22 +1.1,-15 X X[ X
RG3262 Single 8 input NAND gate 10 5.5 22 +1.1,-15 XXX
RG3270 2-wide, 4 input AOI expander — 1 7/gate +1.1,-1.5 XXX
RG3272 2-wide, 4-input AOI expander - 1 7/gate +1.1,-1.5 XXX
RG3300 Expandable 3-wide, 3 input AOI gate " 6.0 35 +1.1,-1.5 X[ XX
RG3302 Expandable 3-wide, 3 input AOI gate 10 6.0 35 +1.1,-1.5 X X[ X
RG3310 Dual 2-wide, 2 input AOI gate, one side exp. 1" 5.5 30/gate +1.1,-15 XXX
RG3312 Dual 2-wide, 2 input AOI gate, one side exp. 10 5.5 30/gate +1.1,-15 X[ X| X
RG3320 Triple 3 input NAND gate 1 4.5 22/gate +1.1,-1.5 XXX
RG3322 Triple 3 input NAND gate 10 4.5 22/gate +1.1,-1.5 XXX
RG3380 Hex inverter 1 45 22/inverter +1.1,-15 X| XX
RG3382 Hex inverter 10 45 22/inverter +1.1,-1.5 XXX
RG3390 Dual 4 input AND gate, split outputs 1" 6.5 30/gate +1.1,-15 XXX
RG3392 Dual 4 input AND gate, split outputs 10 6.5 20/gate +1.1,-1.5 X] X| X

! Operating temperature range, final digit 0: -55°C to +125°C; final digit 2: 0°C to +70°C.



Digital Circuits

RAY Ill Series TTL (Cont.)

TYPICAL CHARACTERISTICS Available
Tpd (ns) Packages ,
or Avg. Pwr. DC Pins
Toggle Function Noise 14 24
Type! Fanout Rate (mW) Margin

Number Description Function | (Min) 50% Duty v) 3|35l |8«
RG3400 Quad 2 input AND gate 1" 6.5 30/gate +1.1,-15 X X|X
RG3402 Quad 2 input AND gate 10 6.5 30/gate +1.1,-15 XXX
RG3410 Quad 2 input NOR gate 1 4.5 30/gate +1.1,-1.5 X{X|X
RG3412 Quad 2 input NOR gate 10 45 30/gate +1.1,-1.5 XXX
RG3420 Dual 4 input NAND gate, split outputs 1" 4.5 22/qgate +1.1,-15 XXX
RG3422 Dual 4 input NAND gate, split outputs 10 45 22/gate +1.1,-1.5 XXX
RG3430 Single 8 input NAND gate, split outputs " 5.5 22 +1.1,-1.5 XXX
RG3432 Single 8 input NAND gate, split outputs 10 5.5 22 +1.1,-1.5 X[ X|X
RG3440 Dual 2-wide, 2 input AOI gate, split outputs 1m 5.5 30/gate +1.1,-1.5 X[ XX
RG3442 Dual 2-wide, 2 input AOI gate, split outputs 10 5.5 30/gate +1.1,-15 XXX
RG3450 | A4-wide, 2-2-3-4 input AOI gate " 5.5 40 +1.1,-15 XXX
RG3452 4-wide, 2-2-3-4 input AOI gate 10 5.5 40 +1.1,-1.5 XXX
RL3002 10-bit parity generator/checker 14 25 ns 325 mW +1.1,-1.7 X
RL3100 4-bit full adder 10 15 ns 350 +14,-1.7 X
RL3102 4-bit full adder 10 15 ns 350 +1.4,-1.7 X

1 Operating temperature range, final digit 0: -55°C to +125°C; final digit 2: 0°C to +70°C.




SECTION 2
9LS/54LS/74LS
Low-Power Schottky

CONTENTS PAGE CONTENTS PAGE
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Lsor . .. ... ... 24 Ls123. . . . ... . . 260
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Ls114. . . ... ... 234 Lse7o0. . . . . . . . . 2168



LS00 LS04
LS10 LS20 LS30

Positive-NAND Gates, Hex Inverters

PIN-OUT AND LOGIC DIAGRAMS

S00 . )
QUADRUPLE 2-INPUT NAND GATE
11 10

12 Ve 4B 4A 4Y 3B 3A 3Y

1A 1B 1Y 2A 2B 2Y GND
Positive logic: Y = AB

Die Size .060 x .067

HEX
10

Die Size .060 x .067

LS04
INVERTER

7

S OhE b

1A 1Y 2A 2Y 3A 3Y GND
positive logic: Y = A

LS10.

TRIPLE 3-INPUT NAND GATE
12 11 10 Veg 1C 1Y 3C 38 3A 3V
MENR

9]
[
»
LJ[2) 3] (4] [s) (]

1A 1B 2A 2B 2C 2Y GND
positive logic: Y = ABC

Die Size .060 x .067

Die Size .060 x .067

LS20.
DUAL 4-INPUT NAND GATE

positive logic: Y = ABCD

12 1

Die Size .060 x .067

8-INPUT NAND GATE

A B C D E FGND
positive logic: Y = ABCDEFGH

NC — No internal connection



Positive-NAND Gates, Hex Inverters

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \%
. High logic level 20 20
Normalized fan-out from each output, N Low logic level 0 20
Operating free-air temperature, Tp -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
N 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ™ | Max | Min | Typ*| Max Unit
ViH 2 2 \
Vie 0.7 08 | v
\ Vec=MIN, I1=-18mA -1.5 -1.5 \Y
VoH Vec=MIN, Vi =V max, lgy=-400uA, V; =0.7V | 2.6 | 34 2.7 34 \Y
VoL Vee=MIN, Vip=2V loL=4 mA 025 | 04 0.25| 0.4 \
lgL =8 mA 0.3 | 045 \
I Vee=MAX, V,=7.0V 0.1 0.1 mA
iy Vee=MAX, V,=2.7V 20 20 MA
[IT8 Vce=MAX, V=04V -0.4 -0.4 mA
los Vce=MAX, -15 -100 | -15 -100| mA
| Vee=MAX, All inputs at OV | LS00,04,10,20 02 | 04 02| 04 mA
ced (Per Gate) LS30 035 ] 05 035] 05
lccL Vee=MAX, Al inputs at 4.5 (Per Gate) 0.6 1.1 0.6 1.1 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Ve = 5V, Tp = 25°C.
TNot more than one output should be shorted at a time.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter -55%¢ +25°C +125°C Unit
Min | Typ [ Max | Min | Typ [ Max | Min | Typ [ Max
Test Conditions: C, = 15pF, R, = 2kQ (See Fig. A, page 2-174)
tpLH| LS00,04,
10,20 6 12 3.0 [ 5.0 10 7 12 ns
LS30 7 11 4.0 6 11 9 15
tpyL (LS00,04,10, 9 15 ‘30| 5.0 10 8 14
LS20 10 | 16 40 | 8.0 12 10 16 ns
LS30 18 | 25 6.0 15 20 10 17
Test Conditions: C, = 50pF, R = 2k(} (See Fig. A, page 2-174)
tpLH LS00,04,
10,20 9 15 9 15 10 16 ns
LS30 8 13 8 13 12 18
tpyL | LS00,04,10, 11 | 17 10 16 10 16
LS20 12 | 16 12 16 12 18 ns
LS30 27 | 35 21 28 16 [ 23

Note: AC specification shown under —5500 and +125°C are for 9LS devices only. All 50pF specifications
are for OLS devices only.



LS01 LS03 Positive-NAND Gates, Hex Inverters
LS05 LS12 LS22 With Open-Collector Outputs

PIN-OUT AND LOGIC DIAGRAMS

LS01 LS03
‘QUADRUPLE 2-INPUT NAND GATE QUADRUPLE 2-INPUT NAND GATE

Vec 4Y 4B 4A 3V 38 3A 12 11 10 Ve 4B 4A 4Y 3B 3A 3Y
[0 (8] [&]

: (4] 3 [2) (1 (9 (2] (]
9 9
8 C 8 D D
7 a 7 »
6

DEEOEEOD
Y 1A 18 2Y 2A 28 GND

positive logic: Y = AB

1A 1B 1Y 2A 2B 2Y GND

positive logic: Y = AB
Die Size .060 x .067 Die Size .060 x .067

LS05
HEX INVERTER

LS12
TRIPLE 3-INPUT NAND GATE
Vge 1C 1Y 3C 3B 3A 3Y

Vge 6A 6Y 5A 5Y 4A 4Y

1A 1Y 2A 2Y 3A 3Y GND
positive logic: Y = A

o N O ©
D N ©

1A 1B 2A 2B 2C 2Y GND
positive logic Y = ABC

Die Size .060 x .067

Die Size .060 x .067

LS22

DUAL 4-INPUT NAND GATE

Vep 20 2C NC 2B 2A 2Y
(4] 03] (2) () () (] (2]
D

1A 1B NC 1C 1D 1Y GND
positive logic: Y = ABCD

Die Size .060 x .067

NC—No internal connection



Positive-NAND Gates, Hex Inverters LS01 LS03

With Open-Collector Outputs LS05 LS12 LS22
. ]

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit

Min | Nom | Max | Min | Nom | Max
Supply voltage, Ve (See Note 1) 4.5 5 55 | 4.756 5 5.26 Y
High-level output voltage, Vou 5.5 5.5 \4
Low-level output current, o 4 8 mA
Operating free-air temperature, T -55 125 70 °C

NOTE 1: Voltage values are with respect to network ground terminal.

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* Wi 9L:y/:4,|:s wax | Min 9"?;:;':3 Vo Unit
ViH 2 2 \
ViL 0.7 0.8 \'
V) Vee=MIN, Ij=-18mA -1.5 -1.5 \
loH Vec=MIN, Voh=5.5V VL=0.7V 100 100 MA
v loL=4mA 0.25| 04 025 04

oL Vee=MIN, = Viy=2v ToL =8mA 03] 05| V
l Vee=MAX, V|=7.0V 0.1 01 | mA
lin Vee=MAX, V=27V 20 20 MA
ITR Vee=MAX, V=0.4V -0.4 -04 [ mA
lccH Vee=MAX, All inputs at OV (Per Gate) 0.2 0.4 0.2 04 | mA
lecL Vcc=MAX, Al inputs at 4.5V (Per Gate) 06 | 1.1 06| 1.1 | mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Ve = 5V, Ta = 25°C.
1tNot more than one output should be shorted at a time.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter ~55%¢ +25%C +125°C Unit
Min | Typ | Max | Min | Typ [ Max | Min | Typ | Max

Test Conditions: CL = 15pF, R = 2k} (See Figure B, page 2-174)

tpLH 7.0 16 28 7.0 14 22 7.0 15 28 ns
tPHL 6.0 12 22 | 40 10 18 4.0 10 18 ns
Test Conditions: C, = 50pF, R, = 2k() (See Figure B, page 2-174)

tpLH 12 |1 180 | 35 12 20 30 12 21 35 ns
tpHL 6.0 12| 25 6.0 12 20 6.0 12 25 ns

Note: AC specification shown under <—55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.



LS02 LS27

PIN-OUT AND LOGIC DIAGRAMS

Vee 4Y

(0[]

1Y 1A

Die Size .053 x .053

LS02
QUADRUPLE 2-INPUT NOR GATE

(4] (i3] (2] (11) (i) (3] &)

positive logic: Y = A+B

4B 4A 3Y 3B 3A

EMEEEA

1B 2Y 2A 2B GND

Ls27
TRIPLE 3-INPUT NOR GATE

o N ©

L] [4] (5] (6]
1A 1B 2A 2B 2C 2Y GND
positive logic: Y = A+B+C

Die Size .053 x .053

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max "
Supply voltage, Vcc 4.5 5 55 | 4.75 5 5.256 \
. High logic level 20 20
N | -
ormalized fan-out from each output, N Low logic level 0 20
Operating free-air temperature, Tp -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
L e 9LS/54LS 9LS/74LS .
Parameter Test Conditions’ Min | Typ** | Max | Min | Typ~| Max Unit
ViH 2 2 \
Vi 0.7 0.8 \
V| Vee=MIN, Ij=-18mA -15 -15 \Y%
VoH Vee=MIN,  loy=-400uA |V, =0.7V 25 | 34 2.7 3.4 \
B loL=4mA 025 | 04 0.25| 04
VoL Vee=MIN, ToL=8mA 035] 05| v
|| Vcc=MAX, V|=7V 0.1 0.1 mA
iy Vec=MAX, V=2.7V 20 20 uA
ITR Vee=MAX, V,=0.4V -0.4 -0.4 | mA
los Vce=MAX, -15 -100 | -15 -100| mA
_ . LS02 1.6 | 3.2 1.6 | 3.2
lcent Vee=MAX, All inputs at OV 1S27 >0 1 20 20 20 mA
. LS02 2.8 5.4 28 | 54
lccL Vce=MAX, All inputs at 5V 1S027 34 6.8 34 | 68 mA

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

device type.

**All typical values are at Voe =5V, Ta = 25°C.
tNot more than one output should be shorted at a time.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

-55°C
Parameter

+25°C

+125°C

Min | Typ [ Max

Min [ Typ | Max

Min | Typ | Max Unit

Test Conditions: C, = 15pF, R = 2k() (See

Fig. A, page 2-174)

tPLH 5 11 6.0 11 8 13 ns
tPHL 7 14 6.0 12 4 14 ns
Test Conditions: C_ = 50pF, R, = 2k(} (See Fig. A, page 2-174)
TPLH 8 13 8 13 10 15 ns
TPHL 10 15 7 14 7 15 ns
26



Positive-AND Gates

LS08 LS11

PIN-OUT AND LOGIC DIAGRAMS

Ls21

LS08
QUADRUPLE 2-INPUT AND GATES

12 11 Ve 4B 4A 4Y 38 3A 3Y

(4] (3] 02) () [0 (3 (&)

10 9

1A 1B 1Y 2A 2B 2
positive logic: Y = AB

<
[z}
2
o

Die Size .045 x .056

LS11
TRIPLE 3-INPUT AND GATES

8 7 &

Ve 1C 1V 3C 3B 3A 3Y

NRABMEED
1A 1B 2A 2B 2C 2Y GND

positive logic: Y = ABC

13 14 1

Die Size .052 x .054

Die Size .042 x .044

LS21

DUAL 4-INPUT AND GATES

Vce 20 2C NC 2B 2A 2Y

1A 1B NC 1C 10 1Y GND
positive logic: Y = ABCD

NC-No internal connection

Recommended Operating Conditions

9LS/54LS 9LS/74LS
Min | Nom | Max Min | Nom | Max

Unit

Supply voltage, Ve

45 5 5.5 | 4.75 5 5.25 \%
. High logic level 20 20
Normalized fan-out from each output, N Low Togic level 11 50
Operating free-air temperature, T -b5 125 0 70 °C
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LS08 LS11 LS21

Positive-AND Gates

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* Min 9L$y/:ﬂ.$ Max | Min QL:Z;I:S Max Unit
ViH 2 2 \%
Vi 0.7 0.8 Vv
Vi Vee=MIN,  1}=-18mA -15 -1.5 Y
VoH Vce=MIN, loy=-400uA | V|p=2.0V 25 3.4 2.7 3.4 \%
v loL=4mA 0.25 | 04 025 04 v

oL ToL=8mA 035 05
I Vee=MAX, V;=7.0V 0.1 0.1 | mA
hin Vee=MAX, V|=2.7V 20 20 uA
I Vee=MAX, V,=0.4V -0.4 -0.4 | mA
los Vce=MAX -15 -100 | -15 -100 | mA
lceH Vco=MAX, All inputs at 4.5V (Per Gate) 06 | 1.2 06 | 12 | mA
lcoL Vco=MAX, Allinputs at OV (Per Gate) 1.1 [ 22 1.1 [ 22 | mA

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

device type.

**All typical values are at Voc =5V, Ta = 25°C.
tNot more than one output should be shorted at a time.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter —55%C +25°C +125°C Unit
Min | Typ | Max [ Min | Typ [ Max | Min | Typ | Max
Test Conditions: C_ = 15pF, R_ = 2k(} (See Fig. A, page 2-174)
tpLy | LS08,11 9 | 4 85 | 13 °o |14 |
LS21 10 15 9 14 10 15
tpyr | LSO08,11 6 11 6 10 8 12 ns
LS21 6 | 11 6 10 8 12
Test Conditions: C_ = 50pF, R, = 2k(} (See Fig. A, page 2-174)
tpLH LS08,11 11 17 10 15 11 16
LS21 12 | 22 12 | 20 2 23 | "
tPHL L.S08,11 10 15 8 12 11 16 ns
LS21 14 22 12 20 12 23

Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.
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Positive-AND Gates
With Open-Collector Outputs

LS09 LS15

PIN-OUT AND LOGIC DIAGRAMS

LS09
QUADRUPLE 2-INPUT AND GATES
11 10 9 Vee 4B 4A 4Y 3B 3A 3Y

(4] (i3] (21 (11 Gl (] (2]
8
» D
7
», D

1A 1B 1Y 2A 2B 2Y GND
positive logic: Y = AB

12

2

3
Die Size .045 x .056

LS15
TRIPLE 3-INPUT AND GATES

Vce 1€ 1Y 3C 3B 3A 3Y

(4] (5] [£]
1A 1B 2A 2B 2C 2Y GND
positive logic: Y = ABC

13 14 1
Die Size .052 x .054

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Ve (See Note 1) 4.5 5 55 | 4.75 5 5.25 \Y%
High-level output voltage, Vou 5.5 5.5 \Y
Low-level output current, lgp ~-565 125 0 70 °C
NOTE 1: Voltage values are with respect to network ground terminal.
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS )
Parameter Test Conditions Min | Typ™ | Max | Min | Typ*| Max Unit
V4 2 2 \%
Vi 0.7 0.8 vV
' Vee=MIN, I=-18mA -15 -1.5 \%
VoH Vee=MIN,  Vpou=55V, V=2.0V 100 100 | wpA
_ B loL=4mA 025 | 04 025 | 04

lon Vee=MIN, V) =V;L MAX ToL=8mA 03505 \%
|| VCC=MAX, V|=7.0V 0.1 0.1 mA
Iy Vee=MAX, V|=2.7V 20 20 MA
|||__ . Vcc=|\/|AX, V|=0.4V -0.4 -0.4 mA
locH Vee=MAX, All inputs at 4.5V (Per Gate) 06 | 1.2 06 | 1.2 | mA
lecL Vee=MAX, Allinputs at OV (Per Gate) 1.1 2.2 1.1 22 [ mA

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

device type.
**All typical values are at Vec = 5V, Ta = 25°C.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

—55°C +25°C

Parameter

+125°C

Min | Typ | Max

Min [ Typ [ Max

Min | Typ | Max Unit

Test Conditions: C, = 15pF, R, = 2k() (See Fig. B, page 2-174)

tpLH 14 | 20 14 21 28 | 42 ns
tpHL 10 | 15 8 12 9 13 ns
Test Conditions: C, = 50pF, R, = 2k(2 (See Fig. B, page 2-174)

tpLH 30 | 38 30 38 40 | 54 ns
tpyL 16 | 23 12 17 131 17 ns

Note: AC specification shown under —5500 and +125°C are for 9LS devices only. All 50pF specifications

are for 9LS devices only.
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Schmitt-Trigger Positive-NAND Gates and

LS13 LS14

Inverters with Totem-Pole Outputs

FEATURES

® Operation from Very Slow Transitions

® Temperature-Compensated Threshold Levels

® Temperature-Compensated Hysteresis, Typically 0.8V

= High Noise Immunity

DESCRIPTION

Each circuit functions as a NAND gate or inverter, but
because of the Schmitt action, it has different input thres-
hold levels for positive- and negative-going signals. The
hysteresis or backlash, which is the difference between the
two threshold levels, is typically 800 millivolts.

These circuits are temperature compensated and can be trig-
gered from the slowest of input ramps and still give clean,
jitter-free output signals.

SCHEMATIC (EACH GATE)

Vee
20 k§2 10092
NOM NOM
INPUTS
A OUJPUT
- S L,
1 I
Coret—p—-
D-—y

GND

Recommended Operating Conditions

PIN-OUT AND LOGIC DIAGRAMS

LS13

13 12 11 10 9 8

Vgg 20 2C NC 28 2A 2Y
[1a] [13] [iz] [r1] o] (] (]

GND (T )

| | a‘

1A 1B NC 1C 1D 1Y GND
positive logic: Y = ABCD

1 2 3
Die Size .067 x .057

NC- No internal connection

LS14

13.12 11 10 9 8
Vgg 6A 6Y 5A 5Y 4A 4Y

'L'LF_FJ'J: GND.

1A 1Y 2A 2Y 3A JV GND
positive logic: Y =

1 2 3 4 5 6
Die Size .057 x .057

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min [ Nom | Max
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \%
High-level output current, loy -400 -400| wA
Low-level output current, 1o 4 8 mA
Operating free-air temperature, T ~-55 125 0 70 °C
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Schmitt-Trigger Positive-NAND Gates and

Inverters with Totem-Pole Outputs LS13 LS14
. ______________________________________________________}

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions” Min QL,:‘;::I:S vax T Win 9":;:':9 Vo Unit
Vs Vee=5V 14 |16 [19 |14 16| 19 ] v
Vr Voo=5V 5 810 5 8] 10| V
Ve - V1o Veo=5V 04 | 08 04 | 08 v
Vi Veo=MIN, [;=—18mA 15 5]V
VoH Vee=MIN, lgy=-400uA, V=0.6V 25 34 2.7 3.4 \

loL=4mA 025 [ 0.4 0.25 | 0.4
= =2V oL v

VoL Vee=MIN, Vi loL =8mA 035] 05
|T+ VCC=5V, V|=VT+ -0.14 -0.14 mA
l7- Vee=5V, Vi=Vy_ -0.18 -0.18 mA
I Veo=MAX, V,=7V 01 01 [ mA
I Veoc=MAX, V=2.7V 20 20 uA
m Voc=MAX, V=04V ~04 04 | mA
los Vee=MAX -15 -100 | -15 -100 | mA

lccn 3 N 513 29| 6 20| 6
VeemMAX, - Vi=ov Ls14 86 | 16 86 | 16 | "

LS13 4.1 7 4.1 7
lecL Vec=MAX, V,=4.5V LS14 12 7 72 T mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Vg =5V, Ta = 25°C.
1tNot more than one output should be shorted at a time.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter —55C +25°C +125°C Unit
Min [ Typ [Max | Min | Typ [ Max | Min | Typ | Max

Test Conditions: C, = 15pF, R, = 2k} (See Fig. A, page 2-174)
tpLn | LS13 16 | 28 15 22 16 | 30 | ns
LS14 16 28 15 22 16 30 ns
tpyr | LS13 22 38 18 27 20 38 ns
LS14 17 32 15 22 16 30 ns

Test Conditions: C, = 50pF, R, = 2k(} (See Fig. A, page 2-174)
tpry | LS13 20 38 20 27 20 38 ns
LS14 20 38 20 27 21 38 ns
tPHL LS13 25 42 25 33 25 42 ns
LS14 21 38 20 27 21 38 ns

Note: AC specification shown under ——5500 and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.

PARAMETER MEASUREMENT INFORMATION

VOLTAGE WAVEFORMS

NOTES: A. The input waveform is supplied by a generator with the following characteristics:
Zout = 5092 and PRR < 1 MHz, t, < 15 ns, t; < 6 ns.

B. C|_ includes probe and jig capacitance.
C. All diodes are 1N916 or 1N3064.
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Schmitt-Trigger Positive-NAND Gates and
LS13  LS14 Inverters with Totem-Pole Outputs

TYPICAL CHARACTERISTICSt

POSITIVE-GOING THRESHOLD VOLTAGE NEGATIVE-GOING THRESHOLD VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
> >
| 170 —p—1 o 00—
§ 169-vee=5v £ o080fvee=5v
S 168 S oss
Z 167 ’;g 0.87
g 1.66 > g 086
£ 165 £ 085
2 164 £ o084
£ £
O 163 O 0.83
@ @
2z 162 § 0.82
8 161 §‘ 0.81
| 1.60 T 0.80
£ 755025 0 25 50 75 100 125 ) 755026 0 25 50 75 100125
> > T p-Free-Air Temperature-°C

T 5-Free-Air Temperature-°C

HYSTERESIS DISTRIBUTION OF UNITS
Vs FOR HYSTERESIS
FREE-AIR TEMPERATURE

850 T T

840 |- Ve =5V § vee =5V
> g 'Ta=25°C
£ 830 5 A
| 820 S
K — 9
£ 810 5
E >
2 800 3
£ 700 E
| g{ 99% ARE
~ 780 w ABOVE
> 770 $ |735my /
ét 760 §

750

75 50 25 0 25 50 75 100 125 720 740 760 780800 820 840 860 880
T Free-Air Temperature °C V14 VyrHysteresismV
THRESHOLD VOLTAGES AND HYSTERESIS OUTPUT VOLTAGE
Vs Vs
SUPPLY VOLTAGE INPUT VOLTAGE
> 2.0 4 r
| 1l TA=25C Vee =5V
2 Ta = 25°
Hnnm== L
g 1 L3
2 1.4 }Positive-Going Threshold Voltage, o )
Toaop 4 v | || 3
.‘% Negative-Going Threshold Voltage, >
s 1.0 VT T é_ 2
£ 08 - £ A
g 06 Hysteresis, VT+ - VT °| 1
§ 04 9
g 02
£ 0 0
4.5 4.75 5 5.25 5.5 0 04 08 1.2 16 2
VCC-SuppIy Voltage-V V|-|nput Voltage-V

TData for temperatures below 0°C and above 70°C and supply voltages below 4.75V and above 5.25 are applicable for 9L.S/54L.813, and
9LS/54L.514.
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Schmitt-Trigger Positive-NAND Gates and
Inverters with Totem-Pole Outputs LS13 LS14

-~ - CMOS

TYPICAL APPLICATION DATA

SINE-WAVE
OSCILLATOR

TTL SYSTEM INTERFACE
FOR SLOW INPUT WAVEFORMS

330 2

0.1 Hz to 10 MHz

INPUT
a

)D____

MULTIVIBRATOR

Open-collector

D ) Ol_J’Il’UT

OUTPUT | 1
—

PULSE SHAPER

OUTPUT
THRESHOLD DETECTOR
INPUT —l ’_l |
| [ [
[ [ | ‘
| | 11 [
iy Vs I cnn Y oY
POINT A f f f ™
1 1 I
| | |
| | 1 | 1
] | | 1
OuUTPUT

PULSE STRETCHER
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LS26

Quadruple 2-Input High-Voltage
Positive-NAND Gate

PIN-OUT AND LOGIC DIAGRAM
(OPEN-COLLECTOR OUTPUTS)

Die Size .047 x .048

1A 1B 1Y 2A 2B 2Y GND
positive logic: Y = AB

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Vcc (See Note 1) 4.5 5 55 | 4.75 5 5.25 \Y,
High-level output voltage, Vou 15 15 \
Low-level output current, o 4 8 mA
Operating free-air temperature, T -55 125 0 70 °C
NOTE 1: Voltage values are with respect to network ground terminal. .
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* "in SL_?Y/?.LS Yax | Win 9":;’;55 Max Unit

Vin 2 2 \%

ViL 0.7 08 | V

Vi Vce=MIN, li=-18mA -1.56 -1.5 \%
Vou=12V 50 50 uA

loH Vee=MIN, VL=V Lmax Von=15V 1 1 mA

= . 4 0.25| 04

VoL Vee=MIN,  Viu=2V :8;222 e 035 051 ¥
I Vcc=MAX, V=7V 0.1 0.1 mA
I Vee=MAX, V=27V 20 20 UA
h Vce=MAX, V=04V -0.4 -0.4 | mA
locH Vee=MAX, Allinputs at OV 0.8 1.6 0.8 1.6 | mA
lcoL Vce=MAX, Allinputs at 4.5V 24 | 44 24 1 44 | mA

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

device type.

**All typical values are at Voc =5V, Ta = 25°C.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter

—-55°C

+25°C

+125°C

Min | Typ | Max

Min | Typ [ Max

Min | Typ | Max Unit

Test Conditions: C,_

= 15pF, R, = 2k (See

Fig. B, page 2-174)

tpL 1 70 | 16 | 28 | 70 | 14 | 22 | 70 | 15 | 28 | ns
TPHL 60 | 12 | 22 |40 | 10 | 18 | 40 | 10 | 18 | ns
Test Conditions: C_ = 50pF, R, = 2k(: (See Fig. B, page 2-174)

tpLH 12 [ 18 [ 35 [ 12 | 20 | 30 | 12 | 21 | 35 | ns
tPHL 60 | 12 | 25 |60 | 12 | 20 | 60 | 12 | 25 | ns

Note: AC specification shown under -55°C and +1 25°C are for 9LS devices only. All 50pF specifications

are for 9LS only.
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NOR, NAND Buffers

LS28 LS37 LS40

PIN-OUT AND LOGIC DIAGRAMS

LS28
QUADRUPLE 2-INPUT NOR BUFFER
1 14 13

VCC Y 4B 4A 3V 3B 3A
(41 3] [2) (1) o) (3] )
a d

d d

NEGEMEEE
IV 1A 1B 2Y 2A 28 GND

positive logic: Y = A+B

Die Size .045 x .052

LS37
QUADRUPLE 2-INPUT NAND BUFFER

Vce 4B 4A 4Y 3B 3A 3Y

(4) (3 02) (7] (o) (3] (&
12
1 » D
D D

(S I A N

1A 1B 1Y 2A 2B 2Y GND

Die Size .045 x .052

positive logic: Y = AB

Die Size .045 x .052

LS40
DUAL 4-INPUT NAND BUFFER

1A 18 NC 1C 1D 1Y GND
positive logic: Y = ABCD

Recommended Operating Conditions

9LS/54LS 9LS/74LS
Min | Nom | Max Min | Nom | Max

Unit

Supply voltage, Ve

4.5 5 55 | 4.75 5 5.25 \

. High logic level 60 60
Normalized fan-out from each output, N Low logic level 30 60
Operating free-air temperature, Tp -55 125 0 70 °c
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LS28 LS37 1S40 NOR, NAND Buffers

]
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

. 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ** | Max | Min | Typ* | Max Unit
Vin 2 2 \%
ViL 0.7 0.8 Vv
v, Voo=MIN,  1;=—18mA -15 15| V
Von Veo=MIN,  lgn=-1.2mA |V, =0.7V 25 | 34 27 | 34 v
¥ ~ _ ToL=12mA 025 04 0.25| 04
VoL Vee=MIN,  Viy=2V ToL=22mA 035] 05] "
Iy Vec=MAX, V=7V 0.1 0.1 mA
i Vec=MAX, V,=2.7V 20 20 MA
L Voo=MAX, V=04V ~0.4 =04 | mA
Tos Voo=MAX =30 =100 | -30 ~100| mA
lec Vce=MAX, All inputs at OV | L528 045 0.9 045] 0.9 mA
H (Per Gate) 1S37.40 023| 05 023] 05
| VceMAX, Al inputs at 5V | LS28 1.7 | 345 17 [345]
ceL (Per Gate) LS37,40 15 | 3.0 15| 30

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operatmg conditions for the applicable

device type.

**All typical values are at Vo = 5V, Ta = 25°C.
+Not more than one output should be shorted at a time.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

P 1,
F

-55°C

+25°C

+125°C

Min | Typ | Max

Min | Typ | Max

Min | Typ | Max

Unit

Test Conditions: C, = 45pF, R, = 667 (See Fig. A, page 2-174)

tpLH 6 10 5 1 6 14 ns
tPHL 9 14 7 15 7 15 ns
Test Conditions: C_ = 125pF, R, = 667() (See Fig. A, page 2-174)

tpLH 8 16 7 15 8 16 ns
tPHL 14 | 20 10 18 10 20, ns

Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only.
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Quadruple 2-Input Positive-OR Gate LS32
PIN-OUT AND LOGIC DIAGRAM
LS32
QUADRUPLE 2-INPUT OR GATE
12 11 10 V(e 4B 4A 4Y 38 3A 3V
(4] () () (1) (el (3] (&
13 9
14 8 B |
1 7 B,
6
: R 4] (5] (6] (1)
1A 1B 1Y 2A 2B 2Y GND
3 4 5 positive logic: Y = A+B
Die Size .053 x .053
Recommended Operating Conditions
9LS/54LS 9LS/74LS Unit
Min | Nom | Max [ Min | Nom | Max
Supply voltage, Vcc 4.5 5 55 | 4.75 5 5.25 \

. High logic level 20 20
Normalized fan-out from each output, N Low Togic level 10 50
Operating free-air temperature, Ta -55 125 0 70 °C

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS
Parameter Test Conditions Min [ Typ | Max | Min | Typ~| Max Unit
Vin 2 2 \
ViL 0.7 0.8
Vi Vcc=MIN,  [;=-18mA -15 15| V
VoH Vce=MIN, lop=-400uA, V; =0.7V 25 | 34 27 | 34 Y
~ ~ loL=4mA 025 | 04 025 [ 0.4
VoL Vee=MIN, V=2V ToL —8mA 035] 05| "
Iy Vec=MAX, V=7V 0.1 0.1 | mA
I Vce=MAX, V=2.7V 20 20 uA
(I Vce=MAX, V=04V -0.4 -0.4| mA
los' Vcee=MAX -15 -100 | -15 -100 | mA
IccH Vce=MAX, All inputs at 5V 3.1 | 6.2 3.1 | 6.2 | mA
lccL Vce=MAX, Allinputs at 0V 4.9 9.8 4.9 9.8 | mA

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

device type.
**All typical values are at Ve =5V, Ta = 25°C.
tNot more than one output should be shorted at a time.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

-55°C +25°C

+125°C
Unit

Parameter Min ‘ Tvp l Max

Min | Typ | Max

Min | Typ | Max

Test Conditions: C, = 15pF, R = 2k} (See Fig. A, page 2-174)

tpLH 7 12 7 1 9 13 ns
tPHL 7 13 7 12 9 14 ns
Test Conditions: C_ = 50pF, R, = 2k} (See Fig. A, page 2-174)

tPLH 9 14 8 13 10 15 ns
TPHL 11 17 10 15 12 18 ns

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications

are for 9LS only.
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LS33 LS38

NOR, NAND Buffers With
Open-Collector Outputs

PIN-OUT AND LOGIC DIAGRAMS

LS33
QUADRUPLE 2-INPUT NOR BUFFER

Vg 4Y 4B 4A 3Y 38 3A
mﬂ i
. a
-

LS38
QUADRUPLE 2-INPUT NAND BUFFER
Vcc 4B 4A 4y 3B 3 3

(6165

v 1A 1s 2 2A 28 GND 6 7 8 1A 1B 1Y 2A 2B 2V GND
Die Size .045 x .052 positive logic: Y = A+B Die Size .045 x .052 positive logic: Y = AB
Recommended Operating Conditions
9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, V¢ (See Note 1) 4.5 5 55 | 4.76 5 5.25 \Y
High-level output voltage, Von 5.5 5.5 \'
Low-level output current, IgL 22 22 mA
Operating free-air temperature, Tp -55 125 °C
NOTE 1: Voltage values are with respect to network ground terminal.
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ™ | Max | Win | Typ™| WMax Unit
Vin 2 2 v
Vib 0.7 0.8 Y
Vv, Vcc=MIN, 1;=-18mA -15 15| V
|0H VCC=|V“N, V||_=V||_max VOH =5.5V 250 250 MA
. loL=12mA 0.25| 04 0.25| 04 \%
V < = oL
ot Vee=MIN, - Vin=2v ToL=24mA 035] 05 | V
Iy Vco=MAX, V=7V 0.1 0.1 | mA
{IT%} Vee=MAX, V=2.7V 20 20 MA
T Vco=MAX, V,=0.4V -0.4 04| mA
. LS33 1.8 3.6 18] 36
lecH Vcee=MAX, All inputs at OV 1538 09 20 09 20 mA
lecL Vee=MAX, Allinputsat4.5V | LS33 6.9 | 13.8 6.9 | 1.38 mA
LS38 6.0 | 12.0 6.0 | 12.0

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

device type.
**All typical values are at Vg =5V, Ta = 25°C.

Switching Characteristics, V., = 5V Over Recommended Free-Air Temperature Range

—55°C +25°C

Parameter

+125°C

Min | Typ | Max

Min | Typ | Max

Min | Typ | Max Unit

Test Conditions: C, = 45pF, R, = 667() (See Figure B, page 2-174)

tpLH 17 25 7.0 17 25 29 37 ns

tpHL 13 22 4.0 9 16 10 17 ns Note: AC specification shown

Test Conditions: C_ = 125pF, R, = 667() (See Figure B, page 2-174) under -55°C and +125°C

tpLH 30 45 32 42 44 56 ns are for 9LS devices only.

All 50pF specifications

tPHL 22 36 18 35 15 35 ns are for 9LS devices only.
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4-Line To 10-Line Decoders (1-0f-10)

FEATURES
B All Outputs Are High for Invalid Input Conditions

= Also for Application as
4-Line to 16-Line Decoders
3-Line to 8-Line Decoders

DESCRIPTION

These monolithic decimal decoders consist of eight inverters
and ten four-input NAND gates. The inverters are connected
in pairs to make BCD input data available for decoding by
the NAND gates. Full decoding of valid input logic ensures
that all outputs remain off for all invalid input conditions.

The LS42 BCD-to-decimal decoders, the LS43 excess-3-to-
decimal decoders, and the LS44 excess-3-gray-to-decimal
decoders feature inputs and outputs that are compatible for
use with most TTL and other saturated low-level logic
circuits.

54LS circuits are characterized for operation over the full -

military temperature range of -55°C to 125°C: 74LS
circuits are characterized for operation from 0°C to 70°C.

LS42 LS43 LS44

PIN-OUT DIAGRAM

LS42
BCD-TO-DECIMAL DECODER

INPUTS  OUTPUTS
A,
Vg A BC DS B 7

OUTPUTS

positive logic: see function table

Die Size .077 x .065

Lsaa
NO. Lsaz Lsa3 EXCESS ALL TYPES
BCD INPUT EXCESS 3INPUT | 3-GRAY INPUT DECIMAL QUTPUT

D C B AlD C B ADC B A0 1 2 3 4 5 6 7 8 9
0L L L LflL L W H[L L H L|Lt H HHHHHHHH
1fL L L HiL H L L|L H H L|H L H H HH HHHH
2L L H L|{L H Lt H|L HH H|H H L H H H H H H H
3 /L L H HjL H H L L H L H|H H H L H H H H H H
4 ]lL H L L|L H H HIL H L L|H H H H L HHHHH
5L H L H|{H L L L|H H L L|[H H H H H L H H H H
6L H H LIH L L HHIH H L H|H H H H H H L H H H
7L H H H|/H L H L |H H H H{H H H H H H H L H H
8|H L L LIH L H HIH H H L|H H H H H H H H L H
9 |H L L H|/H H L L |H L H L|H H HH HHHUHHL

H L H LIH H L HIH L H H|H H H H H H H H H H
o|H L H HIH H H L JH L L HIH H H H H H H H HH
S|H H L L|H H H H|H L L L|H H H H H H H H H H
Slw M L H|L L L LJL L L L{H H HHHHHIHEHEH
Zlw MW M L{L L L H|L L L H|{H H H H H HHHHH

H H H H[lL L H L L L H H|H H H H H H H H H H

Ls43
EXCESS-3-TO-DECIMAL DECODER

INPUTS  OUTPUTS

———
Vegc ABC DS 87

A B CD
0124356 789
o X oXoX o]

‘|.P l'b ‘I‘f

QUTPUTS

positive logic: see function table

Die Size .077 x .065

H = high level, L = low level

LS44
EXCESS-3-GRAY-TO-DECIMAL DECODER

INPUTS  OUTPUTS

—_——
Vg ABC DS 87

A B CD
0124356789

OUTPUTS

positive logic: see function table

Die Size .077 x .065
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LS42 LS43 LS44 4-Line To 10-Line Decoders (1-0f-10)
LOGIC DIAGRAMS
8 Y ouTPUT 0 A m
A — ouT! ] OUTPUT 0
eyt A 22 A =5 18) A 15
- @ INPUT A _,DC ‘ @
A - g OUTPUT 1 | I A OUTPUT 1
-1 D
A 3) [ (3)
wn [ OUTPUT 2 OUTPUT 2
D :
(14) 5 g 4 (14) g )
INPUT B Dc —H S OUTPUT 3 INPUT B _DCL. OUTPUT 3
a M
8 (5) (5)
B H OUTPUT 4 B OUTPUT 4
1 5 .
8 © outeuts T )
g (13) c T
INPUT C “-?iD(‘r < ul INPUT C —-DO# 1 OUTPUT S
(7) 7
c H OUTPUT 6 ¢ pum 7 outeut
-(> p—4 D =
A )
— 8 (9)
(12) B c OuUTPUT 7 _ " OUTPUT 7
INPUT D ——|>o 5 (12) 5] ]
- (10) INPUT D -—Dc N
8 ] 0)
c D —c OUTPUT 8 D - OUTPUT 8
s (n 1
wom [ OUTPUT 9 - OUTPUT 9
=[ £

LS42

BCD-TO-DECIMAL DECODERS
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EXCESS-3-TO-DECIMAL DECODERS

OUTPUT 0

weut a 250

(2)

OUTPUT 1

(3)

OUTPUT 2

(4)

OUTPUT 3

4
INPUT B“-—)-DG

(5)

OuTPUT 4

(13)

)
OUTPUT 5

INPUT C

)
OUTPUT 6

)
OUTPUT 7

INPUT D(EDG '

{10

OUTPUT 8

v

(11)

OUTPUT 9

11

LS44
EXCESS-3-GRAY -TO-DECIMAL-DECODERS




4-Line To 10-Line Decoders (1-o0f-10) LS42 LS43 LS44
L ]

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Vce 4.5 5 55 | 4.75 5 5.25 \
High level output current, lon -400 -400}] uA
Low-level output current, lop 4 8 mA
Operating free-air temperature, Ta -55 125 0 70 °c
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
" 9LS/54LS 9LS/74LS .
Parameter Test Conditions Min [ Typ™ | Max | Min | Typ*| Max Unit
Vin 2 2 \
Vi 0.7 0.8 \
Vi Vcc=MIN,  [|=-18mA -15 15| V
Veco=MIN, V=2V,
VoH ViL=ViLmax lon=-400uA 25 | 35 27 | 35 \%
v Vee=MIN,  Viy=2V, loL=4mA 0.25 | 04 0.25| 0.4 Vv
oL V)=V max IoL=8mA 035| 05

Iy Vee=MAX, V=7V 0.1 0.1 | mA
llH VCC=MAX, V|=2.7V 20 20 uA
e Vce=MAX, V=04V -0.4 ~04 | mA
lost Vee=MAX -15 -100 | -15 -100 | mA
lectt Veo=MAX, 7 13 7 13 [ mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Voc =5V, Tp = 25°C.
tNot more than one output should be shorted at a time.
ttlcg is measured with all outputs open and inputs grounded.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter From To -55°C +25°C +125°C Units
(Input) (Output) Min. lTyp.I Max. Min.l Typ. [ Max. Min.! Typ. IMax.

Test Conditions: C_ = 15pF, R, = 2k(} (See Fig. A, page 2-174)

L A,B,Cor D Any output 15 26 14 25 15 26 ns
2 gate delay

tPHL AB,CorD | Any Output 17 | 31 17 | 30 18 | 31 | ns
3 gate delay

pLH AB,CorD Any output 11 27 10 25 11 26 ns
2 gate delay

tpLH AB,CorD Any output 22 35 17 30 20 34 ns
3 gate delay

Test Conditions: C, = 50pF, R, = 2k(2 (See Fig. A, page 2-174)

tPHL AB,CorD Any Output 18 32 18 31 19 33 ns
2 gate delay

tPHL A,B,Cor D Any Output 21 35 22 35 23 36 ns
3 gate delay

t AB Any Output .

PHL ,B,CorD 2 gate delay 21 33 20 32 21 33 ns

PLH AB,.CorD Any Output 29 36 25 38 28 | 40 ns

3 gate delay

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.
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LS51 LS54 LS55 AND-OR-Invert Gates
PIN-OUT AND LOGIC DIAGRAMS
LS51 LS54
DUAL 2-WIDE AOI GATE 4-WIDE 2-3-3-2-INPUT AOI GATE

2 1 14 13
3 12
4 11
: H@l "

6 7 8 9

vee 1€ 1B 1F 1E 1D 1Y

[1] [4] (5]
1A 2A 2B 2C 2D 2Y GND
positive logic:

2

Die Size .041 x .046

1Y = {A1B-1C) + (ID-1E-1F)

2Y = (2A+-2B) + (2C-2D)

Die Size .041 x .046

vee J 1

1 14 13

sitive logic:
Y = (AB) + (CDE) + (FGH) + (J)

Die Size .041 x .046

LS55
2-WIDE 4-INPUT AOI GATE

2 11413

positive logic:
Y = (ABCD) + (EFGH)

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max "
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \
. High logic level 20 20
N .
ormalized fan-out from each output, N Low logic level 0 20
Operating free-air temperature, Tp -55 125 0 70 °c
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AND-OR-Invert Gates LS51 LS54 LS55

Electrical Characteristics Over Recommended Free-Air Temperature Range (Uniess Otherwise Noted)

Parameter Test Conditions* Min gL,fy/?,':S Max | Min QL:Z::'S Max Unit i
Vin 2 2 \Y%
ViL 0.7 0.8 \
\ Vee=MIN,  1|=-18mA -1.6 -1.5 \
Vou Vee=MIN,  loy=-400uA | V; =0.7V 25 | 34 2.7 | 34 \%
LT
I Vee=MAX, V=7V 0.1 0.1 mA
IH Vee=MAX, V=27V 20 20 MA
I Vee=MAX, V=04V -0.4 -0.41 mA
los Vec=MAX -15 -100| -15 -100| mA
LS51 0.8 1.6 0.8 1.6

lccH Vec=MAX, See Note 1 LS54 0.8 1.6 0.8 1.6 [ mA
LS55 04 0.8 04| 08
LS51 14 2.8 1.4 2.8

lccL Vee=MAX, See Note 2 LS54 1.0 2.0 1.0 0 2.0 | mA
LS55 07 | 13 07113

*sor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
evice type.
**All typiZ:l values are at Voe =5V, Ta = 25°C.

1+Not more than one output should be shorted at a time. i
NOTES: [
1. IccH is measured with all inputs grounded, and the outputs open.
2. IccL is measured with all inputs of one gate at 5V, the remaining inputs grounded, and the outputs open.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter -55°C +25°C +125°C Unit
Min | Typ [ Max | Min [ Typ | Max | Min [ Typ | Max

Test Conditions: C_ = 15pF, R = 2k() (See Fig. A, page 2-174)
tPLH 8 13 8.0 13 8 12 ns
tPHL 12 17 8.0 13 9 13 ns
Test Conditions: C,_ = 50pF, R_ = 2k (See Fig. A, page 2-174)
tPLH 13 18 12 18 13 17 ns
TPHL 15 20 12 18 13 17 ns

Note: AC specification shown under —-55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS devices only.
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LS73 LS76
LS107 LS112 LS113

Dual J-K Negatlve-Edge-Trlggered
Flip-Flops

ePin-for-Pin and functional equivalents to 5473, 5476, 54107, 54S112, 54S113

DESCRIPTION

These monolithic dual J-K flip-flops feature individual J, K,
clock, and asynchronous preset and clear inputs to each
flip-flop. The preset or clear inputs, when low, set or reset
the outputs regardless of the levels at the other inputs. When
preset and clear inputs are inactive (high), a high level at the
clock input enables the J and K inputs and data will be ac-
cepted. The logic levels at the J and K inputs may be allowed
to change when. the clock pulse is high and the bistable will
perform according to the function table as long as minimum
setup and hold times are observed. Input data is transferred
to the outputs on the negative-going edge of the clock pulse.

PIN-OUT DIAGRAMS

12 13 14

Die Size .060 x .066

LS113

LS73

92 1110 9

14 13 12

LS76

B

1 1@ 10 1K 20 20 GND
Die Size .060 x .066

14 15 16

Die Size .060 x .066

3 4 5 16K 1 1K Vgp2eK 2 2 1CK1PR 1 1 VCC2CK2PR 2
CLR CLR CLR CLR
Die Size .060 x .066 Die Size .060 x .066
LS107 LS112
1 2 12
14 13 12 11 VEECLRICK 2K CLR2CK 2J VCCCLRCLR2CK 2K 24 2PR 20

1

TGS
i

B0

1CK 1K 1J 1PR 10 10 20 GN

=]
gl
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Dual J-K Negative-Edge-Triggered LS73 LS76

Flip-Flops LS107  LS112  LS113
LOGIC DIAGRAM (¥2)

Q— -Qa
PRESET* CLEAR*
K J
CLOCK
’ PRESET CLEAR
LS73 X
LS76 X X
Ls107 X
Ls112 X X

LS113 X

LS73,LS107 LS113

FUNCTION TABLE FUNCTION TABLE

(EACH FLIP-FLOP) (EACH FLIP-FLOP)

INPUTS OUTPUTS INPUTS OUTPUTS
CLEAR CLOCK J K a a PRESET CLOCK _ J KJ]a a
L X X X| L H .'; X f >: c‘l*o c'xL

5 v
H . L L|Q Qg " . h o lf’
H HoLiH oL H ' L H|L H
H L H|l L H H ' H H | TOGGLE
H . H H | TOGGLE H H X X [Q Qo
H H X X |Qp Qg H - high level (steady-state)

L - low level (steady-state)

X = don't care

| transition from high to low level

Qg the level of Q before the indicated steady-state
input conditions were established.

TOGGLE: Each output changes to the complement

established. c !
TOGGLE: Each output changes to the complement of its previous level on ':)rfarlmlssit’i);?‘wous level on each | clock

each | clock transition.

H - high level (steady-state)

L = low level (steady-state)

X - don't care

| = transition from high to low level

Qg = the level of Q before the indicated steady-state input conditions were

LS76,LS112
FUNCTION TABLE
(EACH FLIP-FLOP)
INPUTS OUTPUTS
PRESET CLEAR CLOCK J K| a a
L H X X X | H L
H L X X XL H
L L X X X | Hr o owHe
H H ' L L |Q Qg
H H ! H L | H L
H H ' L Hl Lt H
H H i H H | TOGGLE
H H H X X |Q Qg

H - high level (steady-state)

L = low level (steady-state)

X = don’t care

| = transition from high to low level

Qg = the level of Q before the indicated steady-state input conditions were
established.

TOGGLE: Each output changes to the complement of its previous level on

each | clock transition.
*This configuration is nonstable; that is, it will not persist when preset and
clear inputs return to their inactive (high) level.
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LS73 LS76 Dual J-K Negative-Edge-Triggered
LS107 LS113 LS112 Flip-Flops

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom [ Max | Min | Nom | Max
Supply voltage, Ve 4.5 5 55 | 4.75 5 5.25 \
Normalized fan-out from each output, N ':g: II:::;;; I|:\\/I:II fg gg
Clock frequency, feiock 0 35 0 35 | MHz
Width of clock pulse, ty(cock) (High) 15 15 ns
Width of preset pulse, tw(preser) (Low) 15 15 ns
Width of clear pulse, ty(clear) (LOw) 15 15 ns
Input setup time, tsetup 15 15 ns
Input hold time, thold 0 0 ns
Operating free-air temperature, T -55 125 0: 0 70 °C

tsetup is the minimum time required for the correct logic level to be present at the J or K input prior to the falling edge of the clock in order
to be recognized and transferred to the outputs.

thold is the minimum time required for the logic level to be maintained at the J or K input after the falling edge of the clock in order to
insure recognition. These devices require no hold time.

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter - Test Conditions* Min SL.:.SV/:T:S Max | Min QL:Z:.I:S Max Unit
ViH 2 2 \
ViL 0.7 0.8 \
V| VCC=|V”N, I|=—18mA -1.5 -1.5 \
Vce=MIN, Vig=2V,
VoH ViL=Vimax, lop=—400uA 2.5 3.4] 2.7 3.4 \%
VOL Vcc=M|N, V|H=2V, . I0L=4mA 0.25 0.4 0.25 0.4 v
VL=V Lmax loL=8mA 0.35 | 0.50
J or K 0.1 0.1
I |clock Vee=MAX, V=7V 04 04 | mA
Preset or Clear 0.3 0.3
Jor K 20 20
lin  |Clock Vee=MAX, V=2.7V 80 80 MA
Preset or Clear ' 60 60
Jor K ~-0.4 -0.4
it |Clock Vce=MAX, V=04V -0.8 -0.8 | mA
Preset or Clear,| -0.8 -0.8
lost Vee=MAX -15 -100 | -15 -100| mA
lectt Vce=MAX, See Note 1 4 8 4 8 mA

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

**All typical values are at Voe = 5V, Ta = 25°C.
1tNot more than one output should be shorted at a time.

11 Icc is measured with outputs open, with clock, J, K, and clear grounded and preset at 4.5V; then with clock, J, K, and preset grounded
and clear at 4.5V.
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Dual J-K Negative-Edge-Triggered LS73 LS76
Flip-Flops LS107  LS112  LS113

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter -55°C +25°C +125°C Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Test Conditions: C, = 15pF, R = 2k(} (See Fig. A, page 2-174)
frnax 35 | 50 MHz
tpy4 CLR,PR 8 12 8 12 1" 15 ns
tpyr CLR,PR 14 [ 19 1 17 13 | 18 ns
tiy  CK 8 | 12 8 12 70 | 14 | ns
tpHL CcK 13 18 11 16 11 16 ns
Test Conditions: C, = 50pF, R, = 2kQ) (See Fig. A, page 2-174)
fmax MHz
Tty CLR,PR 10 | 14 0 15 13 | 17 ns
tpy. CLR,PR 19 | 24 17 22 18 | 23 ns
tpy  CK 10 | 14 10 14 14 | 18 ns
tpyL  CK 18 | 23 15 | 20 15 | 20 | ns

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.
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Dual D-Type Positive-Edge-Triggered

LS74

Flip-Flop

DESCRIPTION

This monolithic dual edge-triggered D-type flip-flop features
individual D, clock, preset, and clear inputs.

Preset and clear inputs are active-low and operate indepen-
dently of the clock input. When preset and clear are inactive
(high), information at the D input 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
low level, the D-input signal has no effect at the output.

LOGIC DIAGRAM (12)
PRESET @10
CLEAR 0.1 (PN
(6,8) -
crock M a
AL

Recommended Operating Conditions

PIN-OUT DIAGRAM

Die Size .055 x .056

© o N O

10 11

FUNCTION TABLE
(EACH FLIP-FLOP)
INPUTS OUTPUTS
PRESET CLEARCLOCK D | @ @
L H X X | H L
H L Xx x|t H
L L X X | H* W*
H H t H|lH L
H H t L|L H
H H L x]Q G

H = high level (steady state)

L = low level (steady state)

X =don’t care

1 = transition from low to high level

Q, = the level of Q before the indicated steady-state input conditions were
established.

*This configuration is nonstable; that is, it will not persist when preset and

clear inputs return to their inactive (high) level.

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Vce 4.5 5 5.5 | 4.75 5 5.25 \
Normalized fan-out from each output, N E:)g‘: :gg;z ::‘\II:: 128 2%
Clock frequency, feiock 0 30 0 30 | MHz
Width of clock pulse, ty(clock) (High) 17 17 ns
Width of preset pulse, ty(preset) (Low) 15 15 ns
Width of clear pulse, ty(clear) (LowW) 15 15 ns
Input setup time, o, High-level data 10 10 ns
' sewp Low-level data 10 10
input hold time, thoig 0 0 ns
Operating free-air temperature, T -55 125 0 70 °c

tsetup is the minimum time required for the correct logic level to be present at the D input prior to the rising edge of the clock in order to

be recognized and transferred to the outputs.

thold is the minimum time required for the logic level to be maintained at the D input after the rising edge of the clock in order to insure

recognition. This device requires no hold time.
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Dual D-Type Positive-Edge-Triggered

Flip-Flop

LS74

]
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* T 9";/:','5 viax | Win 9"3;:;’:3 Mo Unit
ViH 2 2 \"
ViL 0.7 0.8 Y
V) Vce=MIN, 1j=-18mA -1.5 -15 \

Vce=MIN, Vig=2V,
Vou ViL=Vj max_lon=-400uA 25 ) 34 27 | 34 v
VoL Vee=MIN,  Viy=2V, loL=4mA 0.25 | 04 0.25| 04 v
VL =VLmax loL=8mA 0.35 | 0.50
D input 0.1 0.1
Iy Clock or prese{ Vcc=MAX, V,=5.5V 0.2 0.2 [ mA
Clear 0.3 0.3
D input 20 20
li4  |Clockorprese| Vcc=MAX, V=2.7V 40 40 MA
Clear 60 60
D input -0.4 -0.4
li  [Clockorpresef Voc=MAX, V,=0.4V -0.8 -0.8 | mA
Clear -1.2 -1.2
lost Vee=MAX -15 -100| -15 -100| mA
lectt Vce=MAX, 4 8 4 8 mA

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

device type.

**All typical values are at Vg = 5V, Ta = 25°C.
tNot more than one output should be shorted at a time.
t1 Icc is measured with outputs open with D, clock, and preset grounded; then with D, clock, and clear grounded.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter From To -55°C +25°C +125°C Units
(Input) (Output) Min.l Typ. l Max. | Min. l Typ. I Max. | Min. I Typ.l Max.,
Test Conditions: C) = 15pF, R| =2k§2 (See Figure A, page 2-174)
frmax maximum | clock 30 45 MHz
frequency

tPLH set or clear | Qor Q 12 18 10 15 16 23 ns
CK Low | setorclear | QorQ 22 29 18 24 21 28

'PHL ["GK High | set or clear | Q or & 29 | 39 26 | 35 27 | 38|

oL clock Qo 13 | 20 12 | 18 13 20 ns

tPHL clock QorQ@ 17 | 27 14 | 22 15 | 24 ns

Test Conditions: C|_ = 50pF, R|_ = 2k (See Figure A, page 2-174)

tpLn 16 | 22 13 | 19 19| 26| ns
CK Low set or clear | Q or Q 26 33 21 27 24 31

tPHL ns
CK High | setorclear | QorQ 33 44 29 38 30 41

thLH clock QorQ 17 | 24 15 | 22 16 | 25| ns

thHL clock Qor@ 22 | 31 18 | 26 19| 28| ns

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.
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LS75 LS77

4-Bit Bistable Latches

DESCRIPTION

These latches are ideally suited for use as temporary
storage for binary information between processing units
and input/output or indicator units. Information present
at a data (D) input is transferred to the Q output when the
enable (G) is high and the Q output will follow the data
input as long as the enable remains high. When the enable
goes low, the information (that was present at the data in-
put at the time the transition occurred) is retained at the
Q output until the enable is permitted to go high.

The LS75 feature complementary Q and Q outputs from a
4-bit latch, and is available in various 16-pin packages. For
higher component density applications, the 'LS77 4-bit
latch is available in 14-pin flat packages.

These circuits are completely compatible with all popular
TTL or DTL families. All inputs are diode-clamped to
minimize transmission-line effects and simplify system
design.

FUNCTION TABLE

(Each Latch)
INPUTS OUTPUTS
D G Q Q
L H L H
H H H L
X L Qp Qo
H = high level, L = low level, X = Irrelevent

Qg = the level of Q before the high-to-low transition of G

LS75
3 2 1161514 ? 4Q
I—D Q
aQ
2]
6 78 9101 1@ 1D 2D 34 vVgc 3D 4D 4Q
ENABLE
Die Size .065 x .059 logic: see function table
- LS77 10 12 G:“E?I . I:T:l
; H
1D 2D Vcc
ENABLE
Die Size .065 x .059 logic: see function table
FUNCTIONAL BLOCK DIAGRAMS (each latch)
‘LS75 — 'LS77
DATA Q DATA
TO >——~0D-——<~—Q. T0 ——0Q
OTHER <« OTHER <<—4¢
LATCH LATCH
ENABLE ENABLE



4-Bit Bistable Latches
- ]

Recommended Operating Conditions

LS75 LS77

9LS/54LS 9LS/74LS Unit
MIN NOM | MAX | MIN NOM | MAX
Supply voltage, Voo 4.5 5 55 4.75 5 5.26 \
High-level output current, IgH -400 -400 MA
Low-level output current, g 4 8 mA
Width of enabling pulse, ty 20 20 ns
Setup time, tg 20 20 ns
Hold time, ty 0 [¢] ns
Operating free-air temperature, TA -55 125 0 70 °c
Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
(Unless Otherwise Noted)
) 9LS/54LS 9LS/74LS )
PARAMETER TEST CONDITIONSt Unit
MIN TYPL | MAX |- MIN | TYPE | MAX
ViH High-level input voltage 2 2 V
ViL Low-level input voltage 0.7 0.8 \
Vik Input clamp voltage Vee=MIN, 1j=-8mA -1.5 -1.5 \%
VoH High-level output voitage Vee™MIN,  Vin=2V, 2.5 3.5 2.7 3.5 \%
VL=V L max,|gp=-440 uA
VoL Low-level output voltage Vee=MIN, V|y=2V, loL=4 mA 0.25 | 0.4 0.25 |04 v
VL=V max loL=8 mA 035 {05
Input current at D input 0.1 0.1
Iy ) i Vee=MAX, V=7V - mA
maximum input voltage G input 0.4 0.4
lj4  High-level input current Vee=MAX, V=2.7V D input 20 20 LA
G input 80 80
: D input -0.4 -0.4
liL  Low-level inputcurrent Vee=MAX, V|=0.4V - mA
G input -1.6 -1.6
Short-circuit
los output currents Vee=MAX -15 -100| -15 -100 mA
lcc  Supply current Vee=MAX, See Note 1 LS75 6.3 12 63 12 mA
'LS77 6.9 13
1t For conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions.
% All typical values are at Vgc =5 V, Tp = 25°C.
¢ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 1: Igc is tested with all input grounded and all outputs open.
23



LS75 LS77 - 4-Bit Bistable Latches

Switching Characteristics V. = 5.0V Over Recommended Free-Air Temperature Range.

9LS/54LS75
Parameter From To -55°C +25°C +125°C Unit
(Input) {Output) Min. [ Typ. l Max. Min. | Typ. IMax. Min. I Typ. LMax.
Test Condition: C_ = 15pF, R, = 2.0k (See Fig. A, page 2-174 and Fig. 1, page 2-32)
tPLH 18 31 15 | 27 18 31
D Q ns
PLH 12 16 9| 17 12 16
tPHL — _ 15 19 12| 20 15 19
D Q ns
tPHL . 10 14 71 15 10 . 14
tPLH 18 22 15| 27 18 | 22
- G Q ns
tPHL . - 17 21 14| 25 17 21
tPLH — 19 23 16 | 30 19 23
G Q ns
TPHL ! 10 14 7] 15 10 14
Test Condition: C, = 50pF; R, = 2.0k (See Fig. A, page 2-174 and Fig. 1, page 2-32) .
n -
PLH o a 22 37 19| 33 22 37 ns
tPHL 16 22 .13 18 16 22
1 —
PLH b a 19 25 16 21 19 25 ns
tPHL 14 20, 11 16 14 20
tPLH 22 28 19| 24, 22 28
G Q . ns
TPHL 21 27 18| 23 21 27
tPLH = 23 29 20 25 23 29
- G Q ns
tPHL . 14 20 1 16 14 20
Note: AC specification shown under ~55°C and +125°C are for 9LS devVices only. All 50pF specifications are for 9LS devices only.
Switching Characteristics V. = 5.0V Over Recommended Free-Air Temperature Range.
 9LS/54L877
Parameter From To -55°C +25°C +125°C Unit
(Input) (Output) Min.] Typ. I Max. Min.JIyp. lMax. Min.TTyp. t Max.
Test Conditions: C_ = 15pF, R, = 2.0k (See Fig. A, page 2-174 and Fig. 1 page 2-32)
tPLH D Q 15 24 11 19 14 23 ns
PPHL 12 20 9 17 12 20
tPLH 13 21 10 18 13 21
G Q
PHL B 21 0] 18 B 2 "
Test Conditions: C, = 50pF, R, = 2.0k (See Fig. A, page 2-174 and Fig. 1, page 2-32)
tPLH b Q 17 28 15 24 18 28 ns
tPHL 16 26 13 22 17 26
tPLH G a 17 27 14 23 18 27 ns
TPHL 17 27 14 23 18 27

Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only.
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4-Bit Bistable Latches

PARAMETER MEASUREMENT INFORMATION

LS75 LS77

INPUTS OUTPUTS
P e e
D G vee Q @
PULSE RL é RL
GENERATOR <
A * D Q . S H—ﬂ—-ﬂ—j
(See Note A) l— cL (See Note C)
T *6G CTD (See Note B)
Q *—i4 —H—p-—b+—9
PULSE
GENERATOR
B Cp
(See Note A) I (See Note B)
i il 1 L
TEST CIRCUIT
f Tus | 1us |
_>I||<—<10ns —>|:=<———<10ns :
| 1 o0% 90% X | | I v
D INPUT L Vet Vref X1 Vref
10% £ 1o tsetup | N-10% A .
Il fe—<t0ns fthold > tsetup >l ! v
. [
———t-= -3 —>L;.|s—;§1_025-___ ._l__hg!d_" _____ 3v
G INPUT |
(See Note D) I 10%
f=—— 500 ns —l«—"500 ns — 1 ——————- ov
| e—t—tpL H ! H—*I—‘PHL
I | | L le— tpLH —>
[ tPHL —»| |T T : VoH
OUTPUT Q I : Vref | I Vref
| |
T I | — ——— VoI
i | ! fe——t—tPHL
! ! — ——- VOH
_ I ' je—  tPHL —>
OUTPUT Q | | Vref Vref
je— tPLH —|
| | VoL
je——tPLH

VOLTAGE WAVEFORMS

FIGURE 1.

NOTES: A. The pulse generators have the following characteristics: Zg,t ~ 50 2; for pulse generator A, PRR<500 kHz; for pulse

generator B, PRR<1 MHz. Positions of D and G input pulses are varied with respect to each other to verify setup times.
. Cp includes probe and jig capacitance. .
. All diodes are 1N3064.
. When measuring propagation delay times from the D input, the corresponding G input must be held high.
. Vi = 1.3 V.
Complementary Q outputs are on the ‘LS75 only.

= mMQoOw
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Dual J-K Negative-Edge-Triggered
Flip-Flops

LS78 LsS114

DESCRIPTION

These monolithic dual J-K edge-triggered flip-flops feature
individual J, K, and preset inputs plus common clock and
common clear inputs. The preset or clear inputs, when low,
set or reset the outputs regardiess of the levels at the other
inputs. When preset and clear inputs are inactive (high), a
high level at the clock input enables the J and K inputs and
data will be accepted. The lagic levels at the J and K inputs
may be allowed to change when the clock pulse is high and
the bistable will perform according to the function table as
long as minimum setup and hold times are observed. Input
data is transferred to the outputs on the negative-going edge
of the clock pulse.

FUNCTION TABLE
(EACH FLIP-FLOP)
- INPUTS OUTPUTS
PRESET CLEARCLOCK J K | a @
L H X X X | H L
H L X X x| L H
L L X X X | H* H*
H H ¥ L L |Q G
H H ] H L |H L
H H ¥ L H|l L H
H H v H H | TOGGLE
H H H X X |[Q Qg

H = high level (steady state)

L = low level (steady state)

X = don't care

| = transition from high to low level

Q, = the level of Q before the indicated steady-state input conditions were

LOGIC DIAGRAM (V2), ] established.
TOGGLE: Each output changes to the complement of its previous level
on each | clock transition.

Q—rod b— & *This configuration is nonstable; that is, it will not persist when preset

and clear inputs retum to their inactive (high) level.
PRESET- CLEAR
K b J
adix !
e
PIN-OUT DIAGRAMS
LS78

12 11 10 9

R CK 1PR 1J Ve CLR2PR 2K
Die Size .060 x .066 : e

Die Size .060 x .066

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Ve 4.5 5 55 | 4.75 5 5.25 \
Normalized fan-out from each output, N ‘:g; :3:;2 \l:\‘/l:: ?8 gg
Clock frequency, fejock 0 35 0 35 | MHz
Width of clock pulse, ty(clock) (High) 15 16 ns
Width of preset pulse, ty(preset) (Low) 15 15 ns
Width of clear pulse, ty/(clear) (LOW) 15 15 ns
Input setup time, tsetup 15 15 ns
Input hold time, thoid 0 0 ns
Operating free-air temperature, Ta -55 125 0 70 °c

tsetup is the minimum time required for the correct logic level to be present at the J or K input prior to the falling edge of the clock in order

to be recognized and transferred to the outputs.

thold is the minimum time required for the logic level to be maintained at the J or K input after the falling edge of the clock in order to

insure recognition. These devices require no hold time.
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Dual J-K Negative-Edge-Triggered

LS78 LS114 Flip-Flops
RRRSE R SRS e
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

R 9LS/54LS 9LS/74LS
Parameter Test Conditions' Min [ Typ* | Max | Min | Typ~| Max Unit
ViH 2 2 \%
Vi 0.7 0.8 \'%
\ Vee=MIN,  1;=-18mA -1.6 -1.5 \
Vee=MIN,  Viy=2V,
VoHn Vo=V max, lon=-400uA 25 | 34 27 | 34 \Y
v Vee=MIN,  Viu=2V, lop =4mA 0.25| 04 0.25( 04 v
oL VL=V |Lmax loL=8mA 035| 0.5
JorK 0.1 0.1
Preset _ _ 03 03
" [Gear Vee=MAX,  Vi=7V 06 06 | ™
Clock 0.8 0.8
JorK 20 20
Preset _ _ 60 60
I Cloar Vec=MAX, V|=2.7V 120 120 MA
Clock 160 160
Jor K -0.4 -0.4
Preset _ _ -0.8 -0.8
TR Cloar Vce=MAX, V=04V 16 16 mA
Clock -1.6 -1.6
lost Vec=MAX -15 -100| -15 -100{ mA
lcctt Vceco=MAX, 4 8 4 8 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Ve =5V, Ta = 25°C.
1TNot more than one output should be shorted at a time. )
11 Igg is measured with outputs open, with clock, J, K, and clear grounded and preset at 4.5V; then with clock, J, K, and preset grounded
and clear at 4.5V. .

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter From To -55°C +25°C +125°C Units
{Input) (Output) Min. l Typ. l Max. Min.l Typ.l Max.| Min. [Typ. Max.
Test Conditions: C| = 15pF, R =2kQ (See Figure A, page 2-174)
fmax maximum clock 35 50 MHz
frequency
PLH clear or _ 8 12 8 12 11} 15 ns
QorQ
tPHL preset 15 19 13 17 13 17 ns
1, _ 8 12 8 12 1 15 ns
PLH clock QorQ
tpHL 14 19 13 18 13 18 ns
Test Conditions: C| =50pF, Ry =2k (See Figure A, page 2-174)
1 clear or _ 10 14 10 14 13 17 ns
PLH Qor@
PHL preset 19 24 16 21 16 21 ns
t _ 9 14 10 14 13 18 ns
PLH clock QorQ
tPHL 19 24 17 21 17 22 ns

Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.
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4-Bit Binary Full Adders With Fast Carry

LS83A LS283

DESCRIPTION

These improved full adders perform the addition of two
4-bit binary numbers. The sum (Z) outputs are provided for
each bitnand the resultant carry (C4) is obtained from the
fourth bit. These adders feature full internal look ahead
across all four bits generating the carry term in ten nano-
seconds typically. This provides the system designer with
partial look-ahead performance at the economy and re-
duced package count of a ripple-carry implementation.

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

The LS83A and the LS283 are identical in performance;
only the pin out is different. They are designed to replace
the 5483A and the 54283 respectively. The LS283 is
recommended for new designs, Vcc and ground on corner
pins simplify board layout.

LOGIC DIAGRAM

B4

A4

83

A3

V" e
A2
N e
Al

CO——— o]

2-36

PIN-OUT DIAGRAMS

12 1110 9 8

LS83A

121110 9 8

GND
13 7 @) (i3 64) (i3] [12) (1] (i)
6
14 5 ’ “‘.'A c4 <0 81 M\J1
4 A4 A2
px] A3 B3 prj B2
' inom@en
RBEEECOE
15 16 1 2 vee
Die Size .062 x .068
LS283

13 7 Vvie
Epppgey
6
1 5 BY A3 23 A4 B4 M
4 32 o
3 82 Alz Pl Alx sl| c'u
e e i@é@@ﬂg
Die Size .062 x .068
FUNCTION TABLE
OUTPUT
WHEN WHEN
Co=1L CoO=H
INPUT WHEN WHEN
c2=L C2=H
a1 B a2 /182 /=1 /122 /le2 /o1 /=2 /e2
A3|/B3|/A4|/B4| 33|/ 24|/ C4|/ 23| /24| /C4
L L L L L L L H L L
H L L L H L L L H L
L H L L H L L L H L
H H L L L H L H H L
L L H L L H L H H L
H L H L H H L L L H
L H H L H H L L L H
H H H L L L H H L H
L L L H L H L H H L
H L L H Lo} H L L L H
L H L H H H L L L H
H H L H L L H H L H
L L H H L L H H L H
H L H H H L H L H H
L H H H H L H L H H
H H H H L H H H H H

H = high level, L = low level

NOTE:

Input conditons at A1, B1, A2, B2, and CO are used to de-
termine outputs 1 and X2 and the value of the internal
carry C2, The values at C2, A2, B3, A4, and B4 are then
used to determine outputs =3, £4, and C4.



LS83A LS283

4-Bit Binary Full Adders With Fast Carry

L ]
Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max n
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 A
High-level output current, gy —~400 -400| uA
Low-level output current, lg 4 8 mA
Operating free-air temperature, Ta -565 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ™ | Max | Min | Typ~| Max Unit
Vin 2 2 v
Vi 0.7 08 | V
Vv, Vcc=MIN, I =-18mA -15 15 |V
Vo VEeTMIN, Vi =2V 25 | 34 27| 34 v
H ViL=VjLmax, loy =-400uA . . . :
v Vec=MIN,  V|4=2V, oL =4mA 025 | 0.4 02504 | |,
oL V) =V, max ToL =8mA 0.35 | 05
Any A or B _ _ 0.2 0.2
I co Vee=MAX, V=7V 0.1 01 mA
Any A or B _ _ 40 40
I1H’ co Vee=MAX, V=27V 20 20 MA
| Any A or B -0.8 -0.8
L o Vee=MAX, V=04V 0.4 04 | mA
logt Vee=MAX -15 -100 | -15 -100 | mA
V. =MAX All inputs grounded 22 39 22 39
lce OCC‘ " [All B low, other inputs at 4.5V 19 34 19 [ 34 | mA
UTPUTS OPeN A inputs at 4.6V 19 | 34 19 | 34

*For conditions shown as MIN or MAX, use the appropriaié' value specified under recommended operating conditions for the applicable

device type.

**All typical values are at Voc =5V, Ta = 25°C.
TNot more than one output should be shorted at a time.

Switching Characteristics, V

cc = 5V Over Recommended Free-Air Temperature Réﬁge

P From To ~55°C +25°C ‘ +125°C Unit
arameter (input) (output) Min | Typ I Max | Min I Typ I Max | Min | Typ l Max
Test Conditions: C, — 15pF, R, — 2k (See Fig. A, page 2-174)
tpLH 15 20 14 19 15 21
Tyl co Any 2 15 | 21 16 | 22 20 |27 1™
i . . 20 | 30 18 | 24 21 | 27
thrL Aior B Zi 19 | 29 15 | 24 17 | 25 |'™
oL 5 | 14 7 [ 12 (RE
thHL co cé 9 14 9 | 13 m ] e | ™
thin - 9 | 15 8 | 13 T | 17
traL Ajor B; c4 10 | 14 9 | 14 m | 1.6 | ™
“Test Conditions: C_ = 50pF, R, = 2k() (See Fig. A, page 2-174)
T 76 ] 21 5 [ 20 7T 72
- co Any Z 19 | 25 19 | 25 2% [ 30 | "™
thLn - ‘ 25 | 32 8 | 26 25 | 32
T AiorBi Zi 24 | 30 18 | 26 2% | 31 | "™
thin 11 | 16 0 | 15 12 | 19
thaL co c4 12 | 17 0 | 16 3| 18 | "
tpLH _ . 11 17 10 15 13 19
e Aior B c4 13 | 18 12 ] 16 % |20 | "™

NOTE: AC specification shown under —550C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only.
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4-Bit Magnitude Comparators

LS85

DESCRIPTION

These four-bit magnitude comparators perform comparison
of straight binary and straight BCD (8-4-2-1) codes. Three
fully decoded decisions about two 4-bit words (A,B) are
made and are externally available at three outputs. These
devices are fully expandable to any number of bits without
external gates. Words of greater length may be compared by
connecting comparators in cascade. The A>B, A<B, and
A = B outputs of a stage handling less-significant bits are
connected to the corresponding A > B, A< B, and A =B
inputs of the next stage handling more-significant bits. The
stage handling the least-significant bits must have a high-
level voltage applied to the A = B input. The cascading paths
of the ‘85, and 'LS85 are implemented with only a two-gate-
level delay to reduce overall comparison times for long
words. An alternate method of cascading which further
reduces the comparison time is shown in the typical
application data.

PIN-OUT AND LOGIC DIAGRAM

Die Size .066 x .073

LS85

/__—/\_____\
Vee A3 B2 A2 A1 BI A0 B0

DATA ‘A<BA=BA>BA>BA=BA<B:GND
INPUTS

DATA INPUTS

B1

A3 B2 A2 Al A0

B3 B0
A<B A=B A>BA>BA-BA>B
(N _IN_IN QUT OUTGOUT

Nt e’
CASCADE INPUTS OUTPUTS

FUNCTION TABLES

COMPARING CASCADING OUTPUTS
INPUTS INPUTS
A3, B3 A2, B2 A1, B1 A0, BO A>B .A<B A=B A>B A<B A=B
A3>B3 X X X X X X H L L
A3<B3 X X X X X X L H L
A3=B3 | A2>B2 X X X X X H L L
A3=B3 | A2<B2 X X X X X L H L
A3=B2 | A2=B2 A1>B1 X X X X H L L
A3=B3 | A2=B2 | A1<B1 X X X X L H L
A3=B3 | A2=B2 | A1=B1 A0>B0O X X X H L L
A3=B3 [ A2=B2 | A1=B1 A0<BO X X X L H L
A3=B3 | A2=B2 | A1=B1 | A0O=B0 H L L H L L
A3=B3 | A2=B2 | A1=B1 | A0O=B0 L H [ L H L
A3=B3 | A2=B2 | A1=B1 | A0O=B0 L L H L L H
A3=B3 | A2=B2 | A1=B1 | AO=B0 X X H L L H
A3=B3 | A2=B2 | A1=B1 | A0=B0 H H L L L L
A3=B3 | A2=B2 | A1=B1 | A0O=B0 L L L H H L

H = high level; L = low level, X = irrelevant
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4-Bit Magnitude Comparators | LS85

LOGIC DIAGRAM

(15) 4
A3

@
NE)
A>B

(4)

Al

(12}
g 1) 1 )P

4 13 1
gz A :I )

1
A<B

]

|

A<B

(10)
Qg 9) 1 ,c ;D_J:Dm——
| D
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LS85

4-Bit Magnitude Comparators

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Miri | Nom | Max
Supply voltage, Ve 4.5 5 6.5 | 4.75 5 5.25 \%
High-level output current, gy -400 ~400 | nA
Low-level output current, lg; 4 [ mA
Operating free-air temperature, T a -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS .
Parameter Test Conditions Min [ Typ™ | Max | Min | Typ*| Max Unit
ViH 2 2 : \
ViL 0.7 0.8 i
V) Vee=MIN,  [;=-18mA -1.6 -1.5 \
Vee=MIN, V=2V,
\ .
OH Vie Vi max, lon=—400uA 25 | 34 27 | 34 %
VoL Vec=MIN,  Viu=2V, IoL=4mA 025 | 04 025] 04 |
VL=V max loL=8mA 035] 0.5
I A<B, A>B inputs| - - 0.1 0.1
all other inputs Vee=MAX, V=7V 0.3 0.3 mA
A<B, A>B inputs| 20 20
] = =
H other inputs Vee=MAX, V=27V 60 60 HA
A<B, A>B inputs| -04 -0.4
| = =
ML all other inputs Vee=MAX, V=04V -1.2 | -1.2 mA
lost Vee=MAX -15 -100 | -15 -100 | mA
lcctt Vceo=MAX, 104 | 20 104 20 | mA

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

device type.

**All typical values are at Vg =5V, Ta = 25°C.
cC

tNot more than one output should be shorted at a time.

tticc is measured with outputs‘open, A = B grounded, and all other inputs at 4.5V.
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4-Bit Magnitude Comparators LS85
]

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

From " To No. of ~55°C +25°C +125°C ] i
Parameter |  (input) (output) Lﬁeﬁs Min | Typ [ Max | Min | Typ | Max | Min | Typ [ Max Unit |
Test Conditions: C, = 15pF, R, = 2k(} (See Fig. A, page 2-174)
1 14 14 14
Any AorB | A<B,A>B| 2 20 19 19
tPLH : ns
data input 3 25 42 24 36 24 a1
A=B 4 28 | 50 27 45 26 | 48
1 11 11 12
Any AorB | A<B,A>B| 2 15 15 16
tPHL R ns
data input 3 21 34 20 30 20 33
A=B 4 22 | 48 23 | 45 22 | 48
tpLH A<Bor A=B A>B 1 14 | 27 14 22 14 27 ns
tPHL A<Bor A=B A>B 1 12 | 23 11 17 1 22 ns
tpLH A=B A=8B 2 13 23 13 20 12 22 ns
tPHL A=B A=8B 2 14 | 30 13 26 14 30 ns
tpLH A>BorA=B A<B 1 16 | 26 14 22 15 25 ns
tPHL A>Bor A=B A<B 1 12 | 21 11 17 ] 20 ns
Test Conditions: C, = 50pF, R, = 2k() (See Fig. A, page 2-174)
1 20 18 20
toL Any AorB | A<B,A>B| 2 26 25 26 s
data input 3 29 42 28 40 29 42
A=8B 4 30 | 48 32 | 48 32 | 48
1 15 14 15
tonL Any AorB | A<B,A>B| 2 18 18 18 o
data input 3 26 | 36 26 | 36 26 36
A=8 4 38 | 50 36 | 48 37 49
tpLH A<BorA=B] A>8B 1 17 | 28 17 | 27 18 | 30 ns
tPHL A<BorA=B| A>B 1 14 | 21 14 | 20 15 | 21 ns
tPLH A=8B A=8B 2 17 | 25 16 | 24 16 | 24 ns
tPHL A=8B A=8 2 15 | 31 14 | 30 15 | 32 ns
tPLH A>BorA=B A<B T 18 | 27 17 | 26 17 30 ns
tPHL A>BorA=B A<B T 15 | 22 14 | 2 14 | 22 ns

Note: AC specification shown under —55OC and +1250C are for 9LS devices only. All 50pF specifications
are for 9LS only.
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LS86 LS386 Quadruple 2-Input Exclusive-OR Gates

PIN-OUT AND LOGIC DIAGRAMS

LS86 LS386
Vge 4B 4A 4Y 3B 3A 3Y Vee 4B 4A 4Y 3Y 38 3A
(4] [13) (@) (1) o) (=] (] ; AEEONEE
N } D ] —
13" R R, L 13 > A
14 7 14 7
. -A 6 . : ,. .|
T N@EMEAEEGD . NRIEMERG
2 3 4 65 1A 1B 1Y 2A 2B 2Y GND 2 3 4 5 1A 1B 1Y 2Y 2A 2B GND
Die Size .045 x .056 positive logic: Y = A@B = AB + AB | Die Size .045 x .056 positive logic: Y = A@B = AB + AB

LS86 and LS386 are electrically identical. ThelLS386 is a pin-for-pin replacement for the L386.

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit

Min | Nom | Max | Min | Nom | Max '

Supply voltage, Vcc 4.5 5 55 | 4.75 5 5.25 \%
High-level output current, loy -400 ~-400 | pA
Low-level output current, o 4 8 mA
Operating free-air temperature, T -55 125 0 70 °C

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
R 9LS/54LS 9LS/74LS i
Parameter Test Conditions Min | Typ™ | Max | Min | Typ~ | Max Unit
Vin 2 2 \
ViL 0.7 08| V
Vi VCC=M|N, ||=—1BmA -1.5 -1.5 Vv
’ Vee=MIN, Viy=2V
25 | 34 27| 34 \
Von Vi =V L max, loq=-400uA
v Vee=MIN, = Viy=2V, loL=4mA 025| 04 [ 0.25| 0.25| 04 Vv
oL Vi =V max, ToL=8mA 0.35| 05

N Vec=MAX, V=7V 0.2 0.2 mA
hH Vec=MAX, V=2.7V 40 : 40 MA
e Vee=MAX, V=04V -0.8 -0.8 | mA
lost Veo=MAX -15 -100| -15 -100| mA
lgctt Vce=MAX, . 6.1 10 6.1 10 | mA

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

**All typical values are at Ve =5V, Ta = 25°C.
tNot more than one output should be shorted at a time.
TTigc is measured with the inputs grounded and the outputs open.
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Quadruple 2-Input Exclusive-OR Gates

Switching Characteristics, V,

LS86 LS386

.c = 5V Over Recommended Free-Air Temperature Range

From —55°C +25°C +125°C Onit

Parameter (input) Min | Typ | Max | min J Tpr Max | Min | Typ | Max n
Test Conditions: C, = 15pF, R_ = 2kQ
tpLH Other input 9 17 8 16 10 18 n
teHL AorB low 9 | 14 8 | 13 10 | 14 °
tpLH Other input 7 14 7 15 10 17

AorB ns

ToL °' high 7 | 15 6 | 12 6 | 12
Test Conditions: C, = 50pF, R = 2k(} .
tpLH Aor B Other input 11 19 20 10 18 12 ns
tPHL low 13 17 17 11 18 12
tPLH AorB Other input 9 16 19 9 17 12 ns
tPHL high 12 19 15 9 16 9

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications

are for 9LS on

ly.
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LS90 LS92 LS93

Decade, Divide-by-Twelve, and

Binary Counters

DESCRIPTION

Each of these monolithic counters contains four master-
slave flip-flops and additional gating to provide a divide-by-
two counter and a three-stage binary counter for which the
count cycle length is divide-by-five for the 'LS90, divide-by-
six for the 'LS92, and divide-by-eight for the 'LS93.

All of these counters have a gated zero reset and 'LS90
also has gated set-to-nine inputs for use in BCD nine's
complement applications.

To use their maximum count length (decade, divide-by-
twelve, or four-bit binary) of these counters, the B input
is connected to the Qa output. The input count pulses
are applied to input A and the outputs are as described in
the appropriate function table. A symmetrical divide-by-ten
count can be obtained from the 'LS90 counters by con-
necting the Qp output to the A input and applying the
input count to the B input which gives a divide-by-ten
square wave at output QA.

PIN-OUT DIAGRAMS

LS90

INPUT
A NC 0p GpGND 0 Q¢

PEHEEDS

0, 0 O
>AA[! BO

L8 Ry(2)
Ro) Ro) R

DOEEEH
INPUT Rgiy) NG Rypp)
Ro) Vec  Rgpp

LS92

INPUT
A NC Qn Qg GND Og Qp

. 9

0, 0 0
ba A B gD
Lo Fo)

foy) l

EE&]
INPUT NC NC NC  Rpy)

8 Vee  Ro)

LS93

INPUT
A NC Ca Op GND Qg Qg

OBHED

dn On 00 O

h B OD
[E“mu Ro(a)
DOEEED
INPUT Rgit) NC NC NC
8 Roy  Vee
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Decade, Divide-by-Twelve, and
Binary Counters

LS90 LS92 LS93

LS90 LS90 LS92 LS93
BCD COUNT SEQUENCE BI-QUINARY (5-2) COUNT SEQUENCE COUNT SEQUENCE
(See Note A) (See Note B) (See Note C) (See Note C)
UTPU OUTPUT OUTPUT OUTPUT
COUNT, OUTPUT COUN COUNT, COUNT o o o o
Qp Q¢ Qg Q, Qp 9 O 9y Q Oc 0 Oy p %% Q% Q9
0 L L L L 0 L L L L 0 L L L L 0 L L L L
1 L L L H 1 L L L H 1 L L L H 1 L L L H
2 L L H L 2 L L H L 2 L L H L 2 L L H L
3 L L H H 3 L L H H 3 L L H H 3 L L H H
4 L H L L 4 L H L L 4 L H L L 4 L H L L
5 L H L H 5 H L L L 5 L H L H 5 L H L H
6 L H H L 6 H L L H [3 H L L L 6 L H H L
7 L H H H 7 H L H L 7 H L L H 7 L H H H
8 H L L L 8 H L H H 8 H L H L 8 H L L L
9 H L L H 9 H H L L 9 H L H H 9 H L L H
LS90 10 H H L L 10 H L H L
RESET/COUNT FUNCTION TABLE 11 H H L H 11 H L H H
RESET INPUTS OUTPUT Ls93 :z : : t :
Rot1) Rorz) Ra(1) Ra)| @b Q¢ Qg Cp RESET/COUNT FUNCTION TABLE “ HoH AL
H H RESET INPUTS OUTPUT
- X Lttt - 15 H H H H
H H X L L L L L Ro(1) Ro2)| @p Q¢ Qg Qp
X X H H H L L H H H L L L L
X L X L COUNT L X COUNT
L X L X COUNT X L COUNT
L X X L COUNT NOTES: '
X L L X COUNT A. Output Qp is connected to input B for BCD count.
B. Output Qp is connected to input A for bi-quinary
LS90 count.
Rg(1) (6)} C. Output Qp is connected toinput B.
Rg(2) ElD"-ﬁ—-——l D. H = high level, L = low level, X = irrelevant
T o2,
puT A (14) L bk
K LS92 LS93
= s o 12a T ojuzua
1 aolet2ag weuTal ek wput A S804 L ek A
eyt B L1 cK K K
K 9 I
11)
: —J Q ! Qg W@ B (9)(9) on
input g b CK INPUT B —Ob CK
K K
J Q & Qc j 4;._'__9
———CpCcK -
X [J alHe ac 5 8) (10)
Q
Lap-ck Lo cx ¢
K B K
8
(n)OD J o2 Qp ) (n)u(z])
- cK Lab cx D
(2) Rg(q) 6) L (2)(1) s
R 0(1) R
o(1) ? 0(1) =
Ro(2) Ro(2) ‘ED"" Rorz) L2 S
LOGIC DIAGRAMS
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Decade, Divide-by-Twelve, and

LS90 LS92 LS93 Binary Counters
L ]

Recommended Operating Conditions ‘

9LS/54LS 9LS/74LS Unit
“Min | Nom | Max Min | Nom | Max
Supply voltage, Ve 4.5 5 55 |4.75 | .6 525 | V
High-level output current, gy -400 -400 | pA
Low-level output current, Ig 4 8 mA
Count frequency, count (see Figure 1 on 2-46) Q ::g:‘i g ?é g ‘:’g MHz
A input 15 15
Pulse width, t,, B input 30 30 ns
Reset inputs 15 15
Reset inactive-state setup time, tsetup 25 25 ns
Operating free-air temperature, Tp -65 125 0 70 °C

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* M?ﬂLS/i‘lyt??O /;2“ h::S/?rttig O/zix Unit
Vig . 2 2 v
Vi 0.7 08| V
7 Veo=MIN,  [;=-18mA 15 15| V

Vce=MIN, Vig=2V,
Vou VfL‘;VleaX, Iol:=— 400uA 25| 34 27| 34 v
Veo=MIN, V=2V, ToL=4mAq 0.25| 04 025] 04
Vou VL=V max, ToL=8mAq 035 05
Any reset Veoe=MAX, V=7V 0.1 0.1
| A input 0.2 0.2 mA
I Binpar | _CCTMAX, V=8.5V 0.4 0.4
Any reset 20 . 20
[IT™ A input Vee=MAX, V=2.7V 40 40 MA
B input 80 ‘80
Any reset -0.4 -0.4
he Ainput | Voo=MAX, V|=0.4V 24 “24] mA
B input -3.2 -3.2
losf ) VCC=MAX -15 -100 | -15 -100 mA
15 9 15
T VeeTMAX, tzgg 3 15 o [ 151 ™

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
-~ **All typical values are at Veg =5V, Tp = 25°C.
. TNot more than one output should be shorted at a time.

‘1 Igc is measured with all outputs open, both Rq inputs grounded following momentary connection to 4.5V, and all other inputs grounded.
q Outputs are tested at specified g plus the limit value of I for the B input. This permits driving the B input while maintaining full fan-out
capability.
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Decade, Divide-by-Twelve, and

Binary Counters LS90 LS92 LS93
L. _______________________________________________________________________________~ "]

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* 9L$/54L593 SLS/741L593 Unit
Min | Typ** | Max | Min | Typ**| Max
ViH 2 2 \
ViL 0.7 0.8 \4
V) Vce=MIN, I;=-18mA -1.5 -1.5 \
' Vee=MIN, Vig=2V,
Vou VL=V max, loy=-400uA 25 3.4 2.7 3.4 \
VoL Vee=MIN,  Vy=2V, loL=4mAY| 025 | 04 0.25| 04
V||_=V||_max |0L=8mA1] 0.35 0.5 v
L Any reset | Voe=MAX, V=7V 0.1 0.1 mA
AorBinput| Vgc=MAX, V=55V 0.2 0.2
o v e : =T
Any reset -0.4 -04
T8 A input Vec=MAX, V=04V -2.4 -2.4 | mA
B input -1.6 -1.6
lost Vec=MAX -15 -100 | -15 -100 [ mA
lectt Vec=MAX, 9 15 9 15 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Vcc =5V, Ta = 25°C.
tNot more than one output should be shorted at a time.

11 Igc is measured with all outputs open, both Rq inputs grounded following momentary connection to 4.5V, and all other inputs grounded.
9§ Outputs are tested at specified 1| plus the limit value of 1||_for the B input. This permits driving the B input while maintaining full fan-out
capability.
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Decade, Divide-by-Twelve, and

LS90 LS92 LS93 Binary Counters

Switéhing“Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

p . From To —55°C +25°C "7 4125°C onit
arameter (input) (output) Min | Typ [ Max | Min | Typ [ Max | Min T Typ | Max "
Test Conditions: C_ = 15pF, R, = 2k (See Fig. A, page 2-174 and Fig. 1, page 2-49)
' A Oa 32 | 42
f
ax LS90 5 o % MHz
A Qa 32 | 42
fmax  LS92 5 & 5 MHz
A Qa 32 | 42
fmax  LSO3 3 = s MHz
tpLy 13 | 20 ‘ 10 | 16 13 | 20
o] o0 A Qa 15 | 22 12 | 18 522 | ™
tPLH 13 | 20 10 | 16 13 | 20
tpHL Ls92 A Qa 15 | 22 12 | 18 15 | 22 ns
tPLH 13 | 20 10 16 13 | 20
Q
wa|] % A A 1522 12 | 18 22 | ™
tPLH 35 | 51 35 | 48 35 | 51
TorL LS90 A G 37 | 56 34 | 50 37 | 56 ns
tPLH 35 | 54 32 48 35 | 64
s9
e e A o 37 | 56 34 | 50 37 | 56 ns
tpLH 29 | 76 a6 | 70 49 | 76
] o0 A % 49 | 76 46 | 70 43 | 76 ns
tpLH 13 | 20 10 16 13 | 20
LS90
oL 8 s 17 | 27 14 | 21 17 27 1. ™
tpPLH ) 13 | 20 10 16 13 | 20
LS92 B Q
L 8 17 2 % 2 17 27 | ™
“tpLH 13 20 10 16 13 20
. LS93 B Q )
[ B 17 | 27 4| 21 17 | 27 ns
tpLH 24 | 39 21 32 24 | 39
LS90 B Q
tPHL C 27 | 42 23 35 27 | 42 ns
thLH 13 | 20 0 | 16 13 | 20
LS92 B Q ,
oL c 17 [ 27 1| 21 17 | 27 ns
tPLH 24 | 39 21 32 24 | 39
LS93
tHL B Qc 27 | a1 23 | 35 27 | @ ns
tPLH 24 | 39 21 | 32 24 | 39
o] 0 8 Qo 27 [ &1 23 | 35 27 | 41 ns
tpLH 24 | 39 21 | 32| - 24 | 39
e Bl B Go 27 | 41 23 | 35 27 | 41 ns
thLH 38 | 57 34 | 51 | 38 |57
vl % B ) 38 | 57 34 | 51 738 | 57 ns
tenL | LS90 Set-t0-0 Any 30 | 47 26 | 40. 30 | 47 ns
tPHL LS92 Set-to-0 Any 30 | 47 26 40 30 | 47 ns |
toyL | LS93 Set-t0-0 Any 30 | 47 26 | 40 30 | 47 ns
tPLH LS90 Set-to-9 QA, QD 24 35 20 30 24 35 s
tPHL Qg, Q¢ 24 | 47 26 24 24 | 47

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only. .
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Decade, Divide-by-Twelve, and

Binary Counters LS90 LS92 LS93
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range
From To -55°C +25°C +125°C Unit
Parameter (input) (output) Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
_Test Conditions: C, = 50pF, R, = 2k(2 (See Fig. A, page 2-174 and Fig. 1, page 2-49)
tPLH 17 | 25 141 21 17 25
LS9
tPHL 0 A 9% 19 | 27 16 | 23 19 | 27| ™
tpLH 17 | 25 14 | 21 17 25
LS92
tpHL A A 19 [ 27 16 | 23 19 | 27 | ™
tPLH 17 1 25 14 | 21 17 25
L.593 Q
] A A 19 | 27 16 | 23 19 | 27 | ™
tPLH 39 | 56 36 | 52 39 56
LS90 A Q
L L 41 | 58 38 | 54 41 | 58 | ™
tPLH LS92 A Qp 39 | 56 36 | 52 39 56 ns
PHL 41 | 58 38 | 54 41 58
tPLH LS93 A Qp 53 | 82 50 | 78 53 82 ns
tPHL 53 | 82 50 | 78 53 | 82
tPLH LS90 B Qg 17 | 25 14 | 21 17 25 ns
tPHL 19 | 27 16 | 23 19 [ 27
tPLH LS92 B Qg 17 1 25 14 | 21 17 25 ns
tPHL 19 | 27 16 | 23 19 27
tLh 17 | 25 14 | 21 17 | 25
tPHL LSQS B OB 41 27 16 23 19 27 ns
tPLH 29| 41 26 | 37 29 41
e e B Qc 30| 42 27 | 38 30 | 42| ™
tPLH 171 25 14 | 21 17 25
onL LS92 B Qc 191 27 16 1 23 19 57 ns
tPLH 29| 41 26 | 37 29 41
e B Qc 30| 42 27 | 38 30 | 42 | "
trLn 29 | 41 26 | 37 29 | 41
o] DS B Qo 30| 22 77 38 30 42| ™
tPLH 29 | 41 26 | 37 29 41
o] 2 B % 30| 42 27 | 38 30 [ 42 ] ™
ApLH 43 63 40 58 43 62
e B % 43| 62 40 | 58 33 | 62| ™
tPHL LS90 Set-to-0 Any 33| 50 30 | 46 33 50 ns
tpHL LS92 Set-to-0 Any 33| 50 30 | 46 33 50 ns
tPHL LS93 Set-to-0 Any 33| 50 30 | 46 33 50 ns
tPLH 1S90 Set-to-9 Qa, Qp 28 | 40 25 | 36 28 40 s
tPHL Qg, Q¢ 33| 49 30 | 45 33 49
Note: AC specificatiron shown under -—55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.
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Decade, Divide-by-Twelve, and

LS90 LS92 LS93

Binary Counters

_________________________________ W
RESET 109 M
INPUTS |

{ .
(sEENOTE®) | e totup———— ol i
| e :_ _____________________ v
| Vief Vref
CLOCK & ! AV kl b . o
INPUT e e { f
(SEE NOTE B) be—tiprup—>d e t,,{clock)
P \ w

' Viet Vief Vief
RESET TO 0
PLH PLH
INPUTS
) T z._... MEASURE b-———L— MEASURE
|<—>i— PLH  pe—>-tPHL Tt | ATt

ouwur ap | rw
1

CLOCK B INPUT et pe—atpHL | ,4_»____'%"5:’35 : ,._.n_ 1y - MEASURE AT 1,4
QUTPUT 0g | T -l Lo - f -~ Vou
i
R e L o \_
' 4 ! t f T \ueAsure ' Yo
ouurag T et . MEAS }—xpm MEASURE AT t,,g
| —t— | | | n-4 e LS92 or at
| v 1 N v H 1 37 Vou 51892
| ref “'\ ref . | : Vet : ; Vref -
' 1 — VoL
! . | [— [
tPLH o _.| ey tpLy MEASURE AT 1, { ! ——tpy, MEASURE AT ¢
| LS90 & LS93 or i l PR S vo:"L sggat M0
Ve Vs 145 LS92A v ’ \ v . the12 LS82 or at
ouTPUT 0 " “ . i et re theqg LS93
D =3 Vou

NOTES: A. Input pulses are supplied by a generator having the following characteristics:
t < 16ns, tf < 6ns, PRR = 1 MHz, duty cycle = 50%, Zot = 50 ohms
B. Each reset input is tested separately with the other reset at 4.5V.
C. Reference waveforms are shown with dashed lines.

FIGURE 1. VOLTAGE WAVEFORMS
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. . ‘ -
8-Bit Shift Registers Ls91
FEATURES PIN-OUT DIAGRAM
B For Use In Digital Computer Systems DUAL-IN-LINE PACKAGE
. INPUT INPUT
8 For Use In Data-Handling Systems B GND CK
® For Use In Control Systems F T [% m I‘_? -
Q4 Q4 A
DESCRIPTION cuocx
These monolithic serial-in, serial-out, 8-bit shift registers
utilize transistor-transistor logic (TTL) circuits and are com-
posed of eight R-S master-slave flip-flops, input gating, and
a clock driver. Single-rail data and input control are gated
through inputs A and B and an internal inverter to form the EI EI E EI .
complementary inputs to the first bit of the shift register. NC NG NC vec NC  NC
Drive for the internal common clock line is provided by an positive logic: see function table
inverting clock driver. This clock pulse inverter/driver causes
these circuits to shift information one bit on the positive
edge of an input clock pulse. FLAT PACKAGE
INPUT INPUT
FUNCTION TABLE , F %} E * EE .
Inputs Outputs
AT t, AT tn+g OH O A cLOcK
A B Qy QH
H H H H
L X L H
——— ofalaloloinln
H = high, L = low, NC NC NC Vcc NC  NC
X = irrelevant
t,, = Reference bit time, clock low positive logic: see function table
tn+8 = Bit time after 8
low-to-high
clock transitions. NC—No Internal Connection
SCHEMATICS OF INPUTS AND OUTPUTS
LS91 LS91
EQUIVALENT OF EACH INPUT TYPICAL OF BOTH OUTPUTS
_—— vee
Vee -=
120 2 NOM
17 kS2 NOM
INPUT {4 * -—
x A 2 OUTPUT
b 4
7”7
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LS91

8-Bit Shift Registers

FUNCTIONAL BLOCK DIAGRAM

(DUAL-IN-LINE) (FLAT PACKAGE)

(12) (10)
(13) (13)
(11) (12) —
B
(14) (14)
cLock %
Recommended Operating Conditions
9LS/54LS 9LS/74LS
Unit
Min. | Nom.| Max. Min. | Nom.| Max. "
Supply voltage, VCC 4.5 5 |55 4.75 5 | 5.25 \Y
High-level output current, IOH 400 400 uA
Low-level output current, 'OL 4 8 mA
Width of clock input pulse, tyy 25 25 ns
Setup time, tg, (See Figure 1) 25 25 ns
Hold time, t, (See Figure 1) 0 [¢] ns
Operating free-air temperature, T 5 -55 125 0 70 °c
Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
(Unless Otherwise Noted)
9LS/54LS 9LS/74LS
Parameter Test Conditionst Unit
Min. Typ.: | Max. | Min. Typ.1 | Max.
VIH High-level input voltage 2 2 \%
V)L Low-level input voltage 0.7 0.8 \%
VIK Input clamp voltage VCC = Min, l, =-18 mA -1.5 -1.5 \%
) . Veg = Min, V=2V
Voy High-level output voltage 2.5 3.5 2.7 3.5 \%
Vi = VjL mex, gy = -400uA
Vee = Min, Vi =2V lg; =4 mA 0.25 0.4 0.256 0.4
VOL Low-level output voltage cc IH oL \
Vi = VL max lo =8 mA 0.35 0.5
Input current at
i i Ve = Max, Vy =7V 0.1 0.1 mA
maximum input voltage
'IH High-level input current VCC = Max, V, =27V 20 20 uA
I”_ Low-level input current VCC = Max, V, =0.4V -0.4 -0.4 mA
log Short-circuit current§ Ve = Max 15 -100 | 16 -100 | mA
'CC Supply current VCC = Max, See Note 1 12 20 12 20 mA

+For conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions.
1Al typical values are at Vog = 5 V, Ta = 25°C.
¢ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 1. g is measured after the eighth clock pulse with the output open and A and B inputs grounded.
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8-Bit Shift Registers LS91

Switching Characteristics V. = 5.0V Over Recommended Free-Air Temperature Range.

Parameter From To 9LS/54LS Unit
(Input) (Output) -55°C +25°C [ +125°C
Min. l Typ. ! Max. Min.l Typ,] Max. | ' Min.l Typ. ’ Max.

Test Conditions: C, = 15pF, R, = 2.0k() (See Fig. A, page 2-174 and Fig. 1, page 2-55)

f(max) - - 10 18 MHz
TeLH clock Qy 26 | 42 24 | 40 26 | 42 ns
T’PHL clock Qy 28 | 45 27 | 40 28 | 45 ns
Test Conditions: C, = 50pF, R, = 2.0k(2 (See Fig. A, page 2-174 and Fig. 1, page 2-55)

TPLH clock Qy 30 | 47 27 | 45 30 | 47 ns
TpHL clock Qy 33 52 30 48 33 52 ns

PARAMETER MEASUREMENT INFORMATION

r LOAD CIRCUIT 1

| Vee =5 |

|

} L I

| See Note C |

g |

PULSE I oL !

GENERATOR I Sor ’I :
(See Note A) [ = =

L NewB= _

lj_ 7 7 TloapciRcUrTz _':

L SAME AS LOAD CIRCUITT

TEST CIRCUIT

1 2thu 7 8 9 thru15 16 17 18 19 thru 23 24 25 26 27

CLOCK-PULSE l l I l I I l
INPUT - - -
INPUT A ﬂ_-_--m__.____"-——]_-_.-m

OUTPUT Qg

TYPICAL INPUT/OUTPUT WAVEFORMS
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LS9t 8-Bit Shift Registers

PARAMETER MEASUREMENT INFORMATION

- CLOCK
INPUT

INPUT
AORB

INPUT
AORB

PROPAGATION DELAY TIMES VOLTAGE WAVEFORMS SWITCHING TIMES VOLTAGE WAVEFORMS

FIGURE 1. SWITCHING TIMES

NOTES: A. The generator has the following characteristics: tyy(clock) = 500 ns; PRR < 1 MHz; Zoyt © 50 Q; t, =16 ns, and
ty=6ns.
B. CL includes probe and j:s capacitance
C. All diodes are 1N3064 or 1N916
D. V¢ = 1.3V




4-Bit Bi-Directional
Parallel-Access Shift Register LS95B

DESCRIPTION : PIN-OUT DIAGRAM

This 4-bit register features parallel and serial inputs, paral-
lel outputs, mode control, and two clock inputs. The register
has three modes of operation:

Parallel (broadside) load .
Shift right (the direction Q, toward Qp)
Shift left (the direction Qp toward Q,)

Parallel loading is accomplished by applying the four bits of
data and taking the mode control input high. The data is
loaded into the associated flip-flops and appears at the out-
puts after the high-to-low transition of the clock-2 input. Dur-

ing loading, the entry of serial data is inhibited. SERIALA_B - C D MODEGND
Shift right is accomplished on the high-to-low transition of INPUT  \pyrg CONTROL
clock 1 when the mode control is low; shift left is accomp- 13 12.-11 10

~ lished on the high-to-low transition of clock 2 when the mode
control is high by connecting the output of each flip-flop to the
parallel input of the previous flip-flop (Q, to input C, etc.) and
serial data is entered at input D. The clock input may be
applied commonly to clock 1 and clock 2 if both modes can
be clocked from the same source. Changes at the mode
control input should normally be made while both clock inputs
are low; however, conditions described in the last three lines
of the function table will also ensure that register contents are
protected. 2 3 4 5 6

Die Size .067 x .082

LOGIC DIAGRAM
DATA INPUTS
/\
A B Cc D
MODE CONTROL (6) Doy (2) (3) (4) (5)
SERIAL (1) B { 1
INPUT
CLOCK 1 (9)
RIGHT-SHIFT
CLOCK 2 (8)
LEFT-SHIFT a
(10)
Qp
- OUTPUTS
FUNCTION TABLE
INPUTS QUTPUTS tShifting left requires external connection of QVB to A,
MODE CLOCKS SemiAL PARALLEL R N N N Q¢ to. B, and Qp to C. Serial data is entered at input D.
CONTROL[2 (L) T(R) A B T ) A B c D H = high level_(stead.v stat.e), L= I.oyv level (steady state), X =
m m X X X X X < T3 3 3 irrelevant (any input, including transitions)
A0 Gso Qco CGpo | = transition from high to low level, 1 = transition from low to
H 4 X X a . b c d a b c d high level
H . + X X Qgt Qct Qpt d | Qgn Qcn Qpn d a, b, ¢, d = the level of steady-state input at input, A, B, C, or D,
L L H X X X X X | Qap Qo Qco Qpo| respectively.
L X i H X X X X H Qan Qgn Qcn| QaQ. QBo. Qco. Qpg = the tevel of Qp, Qg, Qc, or Qp, respec-
L X - 4 L X X X X L Qan Qn Qcp tively, before the indicated steady-state input conditions \vere
4 L L X X X X X | Qpo Qmo Qco Qpo established.
Q Q Q Q = the level of Qp, QR, Qc, or Qp, respec-
4 L L X X X X X |Q Q Q Q An: “Bn: “Cns “Dn A 9B, CC, D
A0 Hso Hco “pDo tively, before the most-recent i transition of the clock.
4 L H X X X X X | Qap Qo Qco Qpo
t H L X X X X X | Qa0 Qo Qco Q@po
t H H X X X X X | Qap Qo Qco Qpo

f
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4-Bit Bi-Directional,
LS958 Parallel-Access Shift Register
T e T A A S
Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom [ Max | Min [ Nom | Max
Supply voltage, Ve ' 4.5 5 55 | 4.75 5 5.25 \%
High-level output current, loy -400 -| -400| upA
Low-level output éurrent,. lgp. . 4 8 mA
Clock frequency, foock - 0 20 0 20 | MHz
Width of clock pulse, tyy(clock)(see Figure 2 page 2-57) 25 25 ns
Setup time, high-level or low-level data, tet,p (see Figure 1 page 2-57)| O 0 ns
Hold time, high-level or low-level data, thoqg (see Figure 1 page 2-57) | 20 20 ns
Time to enable clock 1, tenaple 1 (see Figure 2 page 2-57) 20 20 ns
Time to enable clock 2, tenapie 2 (see Figure 2 page 2-57) 20 20 ns
Time to inhibit clock 1, tiphibit 1 (see Figure 2 page 2-57) 10 10 ns
Time to inhibit clock 2, tiphipit 2 (see Figure 1 page 2-57) 10 10 ns
Operating free-air temperature Tp, -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS
Parameter Test Conditions Min [ Typ™ | Max | Min | Typ™ | Max Unit
Vin 2 2 v
ViL 0.7 0.8 \
Vi Vee=MIN, I=-18mA ) : -15 -1.5 \
VCC=MIN, V|H=2V,
25 | 34 27 3.4 \
VOH V|L=V|Lmax, |OH="400/1A .
v VCC=M|N, V|H=2V, |0L=4mA 0.25 04 0.25 04 v
oL VL=V max ToL=8mA 0.35 | 05
Mode inputs 0.2 0.2
= =75 A
h Other inputs Vee=MAX, V=7V 0.1 0.1 m
Mode inputs : 40 40
| = =2, A
H Other inputs Vee=MAX, V=27V 20 20 u
| Mode inputs -0.8 -0.8
= =0. A
i Other inputs Vee=MAX, V=04V -04 -0.4 m
lost Vee=MAX, -15 -100 | -15 -100| mA
lectt Vee=MAX, See Note 1 13 21 13 21 mA
*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.

**All typical values are at Vce = 5V, Ta = 25°C.

1TNot more than one output should be shorted at a time.
t1 Igc is measured with all outputs and :erial inputs open; A B, C, and D inputs grounded; mode control at 4.5V; and a momentary 3V
then ground, gpplied to both clock inputs.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter -55°C +25°C +125°C Unit
Min | Typ [ Max | Min [ Typ [ Max | Min | Typ | Max

Test Conditions: C, = 15pF, R, = 2k(} (See Fig. A, page 2-174 and Fig. 1 and 2, page 2-57)
frmax 20 30 MHz
tPLH 28 37 27 35 28 37 ns
TPHL 32 45 30 40 32 45 ns
Test Conditions: C, = 15pF, R, = 2k} (See Fig. A, page 2-174 and Fig. 1 and 2, page 2-57)
tpLH 32 42 31 40 32 42 ns
tPHL 36 50 34 45 36 50 ns

Note: AC specification shown under —-55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only.
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4-Bit Bi-Directional

Parallel-Access Shift Register LS95B
L ._._____________________________________________________________________________________________________________________]

PARAMETER MEASUREMENT INFORMATION

LOAD CIRCUIT

'q— tw(data)—-.‘
n——% [ I — ] | !

DATA
INPUT
| | ov
’4— tsetup--’i !‘-‘setup -l |
thold ——:<—>l kel — thota

CLOCK 10R 2 Vyef
INPUT |

|

|
OUTPUTS

Qa 0O, Qc, OR Qp

|
|
|
tprL ]

VOLTAGE WAVEFORMS

FIGURE 1 — SWITCHING TIMES
NOTES:

A. Input pulses are supplied by a generator having the following characteristics: t, < 10 ns, t¢ < 10 ns, and Zgt = 50Q2. For the data
pulse generator, PRR = 500kHz; for the clock pulse generator, PRR = 1MHz. When testing fmax, vary PRR. ty(data) = 20 ns,

tw(clock)_ > 15ns.

B. Vief=1.3V.
SERIAL ~ p—— pe——T T e ViH
INPUT
Vi
ViH
?(?I\'IJ'IFROL k Vret ’, Viet \ /
INPUT | y T Vie
tenable 1 — ] ,4————1— tinhibit 1 v
cLOCK 1 | | |pr——— e — ——— — IH
INPUT Vref Vref
| 1
- 0 . Vie
! 1,
K"’— enable 2
cLock 2 linhibit 2—ft——»] T ————— Vin
INPUT Vref jq Vref / \
Vi
— — —— VOH
Qp OUTPUT / \ / \
VoL
VOLTAGE WAVEFORMS
NOTES: FIGURE 2 — CLOCK ENABLE/INHIBIT TIMES
A. Input A is at a low level.
B. Vief = 1.3V.
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LS109 Dual J-K Positive-Edge-Triggered Flip-Flop

DESCRIPTION _

- This monolithic dual J-K edge-triggered flip-flop features
individual J, K, clock, preset, and clear inputs. A low level at
preset or clear sets or resets the outputs regardless of the
levels of the other inputs. When preset and clear are inactive
(high), data at the J and K inputs meeting the setup time
requirements are transferred to the outputs 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. Following the
hold time interval, data at the J and K inputs may be changed
without affecting the levels at the outputs.

The J and K data inputs simplify hardware design as a
D-type flip-flop can be implemented by simply tying the J and
. Kinputs together.

PIN-OUT DIAGRAM

2
6 5 4 3 VecCLR 2J 2K 2CK2PR 20 20

1 1 1K 1CK1PR 10 1@ GND
CLR

Die Size .05/5x .056 positive logic: see function table

PRESET —f

CLOCK —

CLEAR

LOGIC DIAGRAM (2)
q
L
FUNCTION TABLE
(EACH FLIP-FLOP)
INPUTS QUTPUTS
PRESET CLEAR CLOCK J ® | a @
N H X X X [ H U
H L X x x|vL H
L L X X X |H* H*
H H t L L] H
H H 1 H L |TOGGLE
H H * L H o Q
H H t H H|H L
H H L X X |qg Qg

H = high level (steady state)

L = low level (steady state)
X = irrelevant
1 = transition from low to high level
Q, = the level of Q before the indicated steady-state input conditions
were established
TOGGLE: each output changes to the complement of its previous level
on each 1 clock transition.

and clear inputs retumn to their inactive (high) level.

" *This configuration is nonstable; that is, it will not persist when preset

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Vcc 4.5 5 5.6 | 4.75 5 5.25 \%
Normalized fan-out from each output, N [I;gwh :23:2 ::\\ll:: 128 gg
Clock frequency, fgock 0 30 0 30 | MHz
Width of clock pulse, ty(ciock) (High) 17 17 ns
Width of preset pulse, ty(preser) (Low) 15 15 ns
Width of clear pulse, ty(clear) (LOw) 15 15 ns
Input setup time tgeqp 15 15 ns
Input hold time, thoig 0 0 ns
Operating free-air temperature, Ta -55 125 0 70 °C

tsetup is the minimum time required for the correct logic level to be present at the J or K input prior to the rising edge of the clock in order

to be recognized and transferred to the outputs.

thold is the minimum time required for the logic level to be maintained at the J or K input after the clock transition in order to insure

recognition. This device requires no hold time.
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Dual J-K Positive-Edge-Triggered Flip-Flop . , LS109

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* ¥in SL%I:‘:I:S Max | ™im QL:Z;':S Mox Unit
Vin 2 2 Y
Vi 0.7 0.8 V
\] Vee=MIN, 1j=-18mA -156 -1.5 \

Veo=MIN,  Vin=2V,
VoH ViL=VyLmax, lop=-400uA 25 | 34 2.7 |34 Y,
v Vee=MIN,  V|u=2V, loL=4mA 025 | 0.4 0.25 [ 04 Vv
ot VL=V max oL =8mA 0.35 [ 0.5
JorK 0.1 0.1
I clock or prese{ Vcc=MAX, V;=5.5V 0.2 0.2 mA
Clear 04 0.4
JorK 20 20
li4  |clockorpreset| Vcc=MAX, V,=2.7V 40 40 uA
Clear 80 80
Jor K -04 -0.4
liL  |clockorpresetl Voc=MAX, V=04V -0.8 -0.8 | mA
Clear -1.6 -1.6
lost Vee=MAX -15 -100 [ -15 -100 | mA
oo tt Veo=MAX, 7 | 8 2 |8 | mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Voe =5V, Ta = 25°C.
1tNot more than one output should be shorted at a time.
t1 g is measured with outputs open, clock grounded, and J, K, preset, and clear at 4.5V.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

-55°C +25°C +125°C
Parameter Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max Unit
Test Conditions: C, = 15pF, R, = 2k(} (See Figure A on page 2-174)
tPLH 12 18 10 15 16 23 ns
t CK Low 22 29 12 18 21 28 ns
PHL | cK High 29 | 39 16 | 24 27 | 38
tPLH 13 20 12 18 13 20 ns
PHL 17 27 14 22 15 24 ns
Test Conditions: C, = 50pF, R, = 2k{} (See Figure A on page 2-174)
tpLH 16 22 13 19 19 26 ns
¢ CK Low 26 33 21 27 24 | 31| ns
PHL [ cKHigh 33 | 44 29 | 38 30 | 41 | ns
tpLH 17 24 15 22 16 25 ns
tPHL 22 31 18 26 19 29 ns

tsetyp is the minimum time required for the correct logic level to be present at the J or K input prior to the rising edge of the clock in
order to be recognized and transferred to the outputs.

thold is the minimum time required for the logic level to be maintained at the J or K input after the clock transition in order to insure
recognition. This device requires no hold time.

Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.
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LS122 LSs123

Single and Dual Retriggerable

Monostable Multwnbrators with Clear

FEATURES

® Functionally and Mechanically Identical to 54122 and
54123
®m  Retriggerable for Very Long Output Pulses, Up to 100%
Duty Cycle
® QOverriding Clear Terminates Output Pulse
® Low Power Dissipation:
‘LS122. .. 30 mW Typical
‘LS123. .. 60 mW Typical
= Compensated for Vgc and Temperature Variations
® D-C Triggered from Active-High or Active-Low Gated
Logic Inputs
= ‘LS122 Has Internal 10 k2 Timing Resistor
Diode-Clamped Inputs
® Compatible for Use with TTL or DTL

DESCRIPTION

The ‘LS122 and ‘'LS123 multivibrators feature d-c triggering
from gated low-level-active (A) and high-level-active (B) in-
puts, and also provide overriding direct clear inputs. Com-
plementary outputs are provided. The retrigger capability
simplifies the generation of output pulses of extremely long
duration. By triggering the input before the output pulse is
terminated, the output pulse may be extended. The over-
riding clear capability permits any output pulse to be ter-
minated at a predetermined time independently of the
timing components R and C. Enough Schmitt hysteresis is
provided to ensure jitter-free triggering from the B inputs
with transition rates as slow as 1 volt per second. Figure 1
illustrates triggering the one-shot with the high-level-active
(B) inputs.

‘LS122 FUNCTION TABLE
(SEE NOTE 1)

INPUTS
CLEAR|A1 A2.

OUTPUTS

o]
-
w
N

> > T IIIIIIIXXXXTIr
XM« IXXXrrrXXIX
cogceec cEszzzzo

FXI“C+<rrrXXXXXIX
IIIIII>PII>IXITXX
IIXITIII>PII>IINXXX

AP A AR AR e
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Ls122

Rext/
Voe Cext NC Coxt NC Rint Q

a

1 2 3 4 5 6

A1 A2 B1 82 CLR QO GND
logic: see function table

CLR

NC—No internal connection.

Ls123

1Rext/ 1
VeC  Cext Cext 10 20 CLR 28 2A

IE‘{!.T5

mﬁ% é l I

z 2 Re,“/GNC

logic: see function table

Die Size .085 x .071

‘LS123 FUNCTION TABLE

(SEE NOTE 1)
INPUTS OUTPUTS
CLEAR|A B Q Q
L X X L H
X H X L H
X X L L H
H L + I r
H i H JIL s
1 L H JL =)




Single and Dual Retriggerable

Monostable Multivibrators with Clear

LS122 LS123 3

NOTES: 1,

oA wWwN

H = high level (steady state), L = low level (steady state), t = transition from low to high level, { = transition from high to low
level, H = one high-level pulse, L = one low-level pulse, X = irrelevant (any input, including transitions).

. To use the internal timing resistor of ‘LS122, connect Rj,¢ to Vge.

. An external timing capacitor may be connected between Cegyt and Rext/Cext (positive).

. For accurate repeatable pulse widths, connect an external resistor between Rgyxt/Cext and Ve with Rjnt open circuited.

. To obtain variable pulse widths, connect external variable resistance between Rjnt or Rext/Cext and V.

RETRIGGER PULSE
Note)

9 INPUT I l
i
——— tw + tPLH—

T
OUTPUT Q l ‘L. _______ -
S OUTPOT WITHOUT RETRIGGER

OUTPUT PULSE CONTROL USING RETRIGGER PULSE

8INPUT I I

CLEAR I—] QUTPUT WITHOUT CLEAR

""" hl
ouTPUT Q i

OUTPUT PULSE CONTROL USING CLEAR INPUT

NOTE: Retrigger pulse must not start before 0.22 Cgyy (in

picofarads) nanoseconds after previous trigger pulse.

FIGURE 1—-Typical Input/Output Pulses

These monostables are designed to provide the system de-
signer with complete flexibility in controlling the pulse
width, either to lengthen the pulse by retriggering, or to
shorten by clearing. The ‘LS122 has an internal timing re-
sistor which allows the circuit to be operated with only an
external capacitor, if so desired.

The output pulse is primarily a function of the external

Recommended Operating Conditions

TYPICAL OUTPUT PULSE WIDTH

vs
EXTERNAL TIMING CAPACITANCE

100000
E HH— Ry = 260 k2 .
Ry = 160 k2 g '
Pl N S
%
10000
i
£ - P
2 L ol 5/
g 1000 3 S=ast
2 et
2 H
< 1 T 7
2
3 I TH
9 00 R = 80 kS
3 Ry =40 k82
- Ry =20 k2
Ry =10k
Ry =5kl
" L
1 10 100 1000

Cext—External Timing Capacitance—pF

TThese values of resistance exceed the maximum recommended for
use over the full temperature range of the 9LS/54LS’ circuits.

FIGURE 2

capacitor and resistor. For Cext > 1000 pF, the output
pulse width (tyy) is defined as:
tw=0.4 - RT * Cext
where
RT is in k2 (either internal or external timing resistor),
Cext is in pF,
ty is in ns.

For pulse widths when Cext < 1000 pF, see Figure 2.

9LS/54LS 9LS/74LS
Unit
Min. | Nom.|Max. Min. | Nom.|Max.
Supply-voltage, Vcc 4.5 5! 65 4.7 5 1625 | V
High-level output current, lgH I-400 400 | uA
Low-level output current, I 4 8 | mA
A or B inputs high 40 40
Pulse width, tyy A or B inputs low 40 40 ns
Clear low 40 40
External timing resistance, Regxt 5 225 5 360 | kQ
External capacitance, Coxt No restriction No restriction
Wiring capacitarice at Rgyt/Cext terminal 50 50 | pF
Operating free-air temperature, Ta -55 l l 125 0 l L?O °c



Single and Dual Retriggerable
LS122 LS123 Monostable Multivibrators with Clear

Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
(Unless Otherwise Noted)

9LS/54LS 9LS/74LS
Parameter Test Conditionst Unit
. Min. | Typ.¥|Max. Min. | Typ.¥|Max.
ViH High-level input voltage 2 2 \%
Vi Low-level input voltage 0.7 0.8 A\
Vi Input clamp voltage Vee = MIN, I} =-18 mA -1.56 -1.5 \
Vee = MIN, ViH =2V,
VoH High-level output voltage 25| 3.5 2.7 | 3.5 \Y
VL = VL max, loH = -400 LA
Vee = MIN, VIH=2V, | loL=4mA 0.25 | 0.4 0.25 | 0.4
VoL Low-level output voltage - v
ViL = V|L max oL =8mA 0.35 | 0.5
Input current at
] Ve = MAX, Vy=7V 0.1 0.1 | mA
maximum input voltage )
It High-level input current Vee = MAX, V=27V 20 20 | uA
li  Low-level input current Vce = MAX, V) =0.4V -0.4 -0.4 | mA
los Short-circuit outputcurrentf | Vog = MAX -30 150 -30 F160 | mA
Supply current ‘LS122 6 11 6 1
Icc Vce = MAX, See Note 2 mA
(quiescent or triggered) ‘LS123 12 20 12 20

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

*All typical values are at Vog = BV, T = 25°C.

$Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

NOTE 2: With all outputs open and 4.5 V applied to all data and clear inputs, |cc is measured after a momentary ground, then 4.5 V, is
applied to clock.

Switching Characteristics V.. = 5.0V Over Recommended Free-Air Temperature Range.

Parameter From To -55°C +25°C +125°C Uni
) (Input) (Output) Min. ‘ Typ. |Max. Min. I Typ. IMax. Min. I Typ. I Max. mt
Test Conditions: C, = 15pF, R_ = 2.0k C... = Opf, R.,, = 5.0k() (See Fig. 3, page 2-61 and Fig. A, page 2-174)
PLH A a 25 37 22| 33 25 37 n
B 32 48 29| 44 32 48
PHL A a 33 49 30| 45 33 49 ns
B 40 61 37| 56 40 61
PHL clear Q 21 31 18| 27 21 31 ns
tPLH Q 33 50 30| 45 33 50 ns
twWQ(min) AorB Q 140 | 250 116 | 200 140 | 250 ns
*twQ AorB Q - — — 4.0| 45| 5.0 — — — us
Test Conditions: C, = 50pF, R, = 2.0k, C,,, = Opf, R.,. = 5.0k(2 (See Fig. 3, pagg 2-61 and Fig. A, page 2-174)
- A a 30 43 26 38 30 43 ns
B 37 54 33 49 37 54
tPHL A a 38 55 34 50 38 55 ns
B 45 67 41 62 45 67
tPHL clear Q 26 37 22 32 26 37 ns
tPLH Q 39 55 35 50 39 55 ns
twWQ(min) AorB Q 165 | 270 127 240 155 | 270 ns

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only.

*For this test Rgyt = 10k§2, Cayt = 1000pF.



Single and Dual Retriggerable
Monostable Multivibrators with Clear LS122 LS123
. ]

TYPICAL APPLICATION DATA
The basic output pulse width is essentially determined by

the values of external capacitance and timing resistance.
For pulse widths when Ceyt < 1000 pF.

When Cgy > 1000 pF, the output pulse width is defined as:
ty =0.45 e RTeCyyy
where
R is in k§2 (internal or external timing resistance.)
Cext isin pF
tyy is in nanoseconds
For best results, system ground should be applied to the

Cext terminal. The switching diode is not needed for elec-
trolytic capacitance applications.

Vce

RT

Cext

ToCext  To Rext/Cext
terminal terminal

FIGURE 3
TIMING COMPONENT CONNECTIONS
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LS125

Quad 3-State Buffer, Low Enable

LS126

Quad 3-State Buffer, High Enable

QUAD 3-STATE BUFFERS WITH ACTIVE HIGH ENABLES

L8125 LS126
vc¢c E b O E D O Ve

Recommended Operating Conditions.

9LS/54LS 9LS/74LS

Min. [Typ.| Max. Min. | Typ. | Max. Unit
Supply Voltage 45 | 50| 5.5 475 | 5.0 |5.25 \Y
High Level Output IQH -1.0 -1.0|-26 mA
Low Level Output Ig_ 12 12 24 mA
Operating Free Air Temperature -55 +125 ] 70 °c

Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
(Unless Otherwise Noted)

9LS/54LS
Parameter Test Conditions ILS/74LS Unit
. Min. | Typ. [Max. Min. | Typ. | Max.
Guaranteed Input HIGH Voltage for
\Y Input HIGH Volt;
{H Inpu oltage All Inputs 2.0 2.0
Gf .
ViL  Input LOW Voltage uaranteed Input LOW Voltagé for. 0.7 0.8 \%
All Inputs - )
.Vcp Input Clamp Diode Voltage Ve = MIN, Iy = -18mA +0.65 |-1.5 -1.5 Y]
: =-1.0mA = =
VoH Output HIGH Voltage lon M~ Vee =MIN, Vin = ViH or 241 34 v
10H = -2.6mA |V per Truth Table 24 3.1 \Y
0t = = = 0.4
VoL Output LOW Voltage oL =12mA |Vcc =MIN, VN = Viyor 0.25 | 0.4 0.25 \
loL =24mA | V| per Truth Table 0.35 0.5 \
lozH Output Off Current HIGH Vee = MAX, Vout =24V, VE = V| 20 20 BA
lozL Output Off Current LOW Vee = MAX, VoyT =04V, VE = V| -20 -20 uA
Vee = =2
4 !nput HIGH Current cc = MAX, ViN=27V 20 20 uA
Voo = MAX, Vy =10V 0.1 0.1 mA
L !nput LOW Current Vge = MAX, V| = 0.4V -0.4 -0.4 mA
\ Output Short Circuit v MAX' V.
0s Current (Note 3) cer ouT =0V -18 r1oo 18 ~100 mA
'CC Power Supply Current, LS125 Ve = MAX, Viy = 0V, VE =0V 16 16 mA
Outputs LOW LS126 | Ve = MAX, VN =0V, VE = 4.5V 20 20 mA
| Power Supply Current, L8125 | Voo = MAX, VN =0V, Vg = 4.5V 20 20 mA
CC outputs off LS126 | Vog = MAX, Vi = 0V, VE = 0V 24 24| mA
ANOTES: 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 Vgg = 5.0V, Ta = 25°C.
3. Not more than one output should be shorted at a time.
264



Quad 3-State Buffer, Low Enable

LS125

Quad 3-State Buffer, High Enable
. ____________________________________________________________ ]

Switching Characteristics V. = 5.0V Over Recommended Free-Air Temperature Range.

LS126

91.5/54LS
Parameters From * To -55°C +25°C +125°C Units
(Input) (Output) Min | Typ. | Max. Min. rTyp. [ Max. Min. [ Typ. [ Max.
Test Conditions: C, = 45pF, R, = 6671} (See Fig. C, page 2-174)
tpLH D o 10 15 6 10 10 14 ns
tPHL D o 13 20 10 16 13 20 ns
tpzH EorE [§) 13 20 10 16 13 20 ns
tpzL EorE o 13 20 10 16 13 20 ns
Test Conditions: C, = 5pF, R_ = 667() (See Fig. C, page 2-174)
tpLz EorE o 13 19 10 15 13 20 ns
PPHZ EorE 13 27 15 23 18 27 ns
Test Conditions: C_ = 45pF, R, = 667(} (See Fig. C, page 2-174)
tpLH D o 13 20 10 15 13 19 ns
toup D o 18 25 15 21 18 25 ns
tpzH EorE o 18 25 15 21 18 25 ns
tpzL EorE (o] 18 25 15 21 18 25 ns
Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only.
*For L8125 use E and for LS126 use E.
TRUTH TABLES
9LS125 9LS126
INPUTS INPUTS
- OUTPUT OUTPUT
E D E D L = LOW Voitage Level
L L L H L L H = HIGH Voltage Level
L | H H H|H H X =Don't Care
H | x (2) Lol ox (2) (Z) = High Impedance (off)
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LS132

Quad 2-Input Schmitt-Trigger

13 12 1110 9 8

7 GND

Vce 48

4y

“’
.

1B 1Y 2B 2Y GND
Die Size .057 x .057
Recommended Operating Conditions
9LS/54LS 9LS/74LS
Unit
Min.| Typ.| Max. Min.| Typ.| Max.
Supply voltage, Ve 45| 50| 5.5 4.75| 5.0] 5.256 \Y
High level output current, IgH -400 -400 MA
Low-level output current, o 4 8 mA
Operating free-air temperature, Ta -55 +125 70 °C
Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
(Unless Otherwise Noted)
+ 9LS/54LS 9LS/74LS
Parameter Test Conditions Unit
Min.| Typ.| Max. Min.| Typ.| Max.
VT+ Positive-going threshold voltage Vee =5V 14| 16| 19 1.4 16| 1.9 \
VT~ Negative-going threshold voltage Vce =5V 0.5( 08| 1.0 05/ 08| 1.0 \
Hysteresis (VT4-VT_) Vee =5V 04| 038 04| 0.8 \
ViK Input clamp voltage Vee = MIN, I =-18mA -0.65 | -1.5 -0.65| -15 Vv
Vee = MIN, | =MAX,
VoK High-level output voltage ce OH 25| 34 27| 3.4 v
Vi =VT-MIN
Vce = MIN,
VoL Low-level output voltage 0.25 | 0.40 0.35 | 0.50 \Y
= VT+MAX, IgL = MAX
Ipe  ITPUtourrentat Vec=5Y, V=V 0.14 0.14 A
T positive-going threshold cc ! 1=V : : m
|p nPutcurrentat Vee=5v, V=V 0.18 0.18 A
T- negative-going threshold cc ‘ YT : ' m
I t t at
j o nputcurrenta Vee = MAX 0.1 01 | ma
maximum input voltage V)=
liq  High-level input current Vee = MAX V=27V 20 20 nA
liL  Low-level input current Vee = MAX = ViL=0.4Vv -0.4 -0.4 mA
lps  Short-circuit output current Vee = MAX -15 -100 45 -100 mA
IccH Supply Current High Vee = MAX Vin =0V 8.6 16 8.6 16 mA
IccL Supply Current Low Vee = MAX VN = 4.5V 12 21 12| 21 mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
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Quad 2-Input Schmitt-Trigger LS132

Switching Characteristics V.. = 5.0V Over Recommended Free-Air Temperature Range.

9LS/54LS
Parameter From To -55°C +25°C +125°C Units
(Input) (Output) Min. ITyp. | Max. Min. LTyp. LMax. Min. l Typ. I Max.

Test Conditions: C, = 15pF, R, = 2.0k (See Fig. A, page 2-174)

t 16 24 13 20 16 24 ns

FLH AorB Y
tPHL 16 24 13| 20 16 24 ns
Test Conditions: C, = 50pF, R, = 2.0k (See Fig. A, page 2-174)

20 29 17 25 20 29 ns

PLH AorB Y
TPHL 20 29 17 25 20 29 ns

PARAMETER MEASUREMENT INFORMATION

Vce

120
NOM

INPUTS
A
8- OUTPUT
c - %

90— GND

FIGURE 1
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LS132

Quad 2-Input Schmitt-Trigger

TYPICAL CHARACTERISTICS

POSITIVE-GOING THRESHOLD VOLTAGE

170
1.69
1.68
1.67
1.66
1.65
1.64
1.63
1.62
1.61
1.60

VTi—Positive-Going Threshold Voltage—V

vs
FREE-AIR TEMPERATURE
T T T I T T
I Vcc =5V

| 1 1 1 1 1 1

-75 -50 -25 0 25 50 75 100 125

T A—Free-Air Temperature—°C

HYSTERISIS
vs
FREE-AIR TEMPERATURE
80 — T T T T 1
840 - Vg =5V —
830 |- .
>
E 820 |- —
% g0 —
s
£ 800 - —
= 790 |-
z o
i 780
£ 1
770 -
760 |- .
750 | 1 1 l 1 1 1
-75 50 -25 0 25 50 75 100 125
TA—Free-Air Temperature—"C
THRESHOLD VOLTAGES AND HYSTERESIS
vs
20 SUPPLY VOLTAGE
: 1 1T 1T T 177
> 18| Ta=25°C
.
g 16— -
i 1.4 [ Positive-Going Threshold Voltage, VT+_|]
I
g 1.2 -
; 0 Negative-Going Threshold Voltage, VT—
s °° Hysteresis, VT+—VT- |
ysteresis, VT+—VT-
2 ol VT |
§ ol _
£ ozl
° TR W T W W
a5 4.75 5 5.25 55
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Vcc—-Supply Voltage—V

VT1—Negative-Going Threshold Voltage—V

Relative Frequency of Occurence

VO~Output Voltage—V

NEGATIVE-GOING THRESHOLD VOLTAGE

vs
FREE-AIR TEMPERATURE

00 11T T T T
0.89 — Vgc =5V

0.88

0.87 —

0.86 |—

0.85 —

0.84

083

0.82 I~

0.81 —

0.80 1 1 1 1 1 1 1

—

11

-75 -50 -26 0 25 50 75 100
TA—~Free-Air Temperature—°C

DISTRIBUTION OF UNITS
FOR HYSTERESIS

T T 1T 17 17T 11

Vce =5V
- Ta=25°C

-

1 I T N |

720 740 760 780 800 820 840 860 880
VT+—=VT-—Hysteresis—mV
OUTPUT VOLTAGE
vs
a INPUT VOLTA GE
T T T T T 71T 17T
Vge =5V
- Ta=25°C -
3 -
- —
2 —
1 -
ol 1 1 1 1 1 1 7 7
[} 04 08 12 16 2

Vi—input Voltage—V




Quad 2-Input Schmitt-Trigger

LS132

TYPICAL APPLICATIONS

TTL SYSTEM

MOS.
CMOs. ©

etc.

SINE-WAVE
OSCILLATOR

TTL SYSTEM INTERFACE ‘
FOR SLOW INPUT WAVEFORMS

DATA

PULSE SHAPER

330 2 0.1 Hz to 10 MHz

4D____

MULTIVIBRATOR

INPUT

OUTPUT

THRESHOLD DETECTOR

OUTPUT
r——=—7=7

o ouTPUT

PULSE STRETCHER

POINT A

OUTPUT
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LS136 LS266

Quadruple 2-Input Exclusive-OR,

-NOR Gates With Open-Collector Outputs

PIN-OUT AND LOGIC DIAGRAMS

LS136
COLLECTOR OUTPUTS

2 3 4 5
Die Size .045 x .056

QUADRUPLE 2-INPUT EXCLUSIVE-OR WITH OPEN-

7

6
NREAEERD
1A 1B 1Y 2A 2B 2Y GND

positive logic: Y = A@B = AB + AB

QUADRUPLE 2-INPU

LS266

COLLECTOR OUTPUTS

Die Size .045 x .056

Vce 4B 4A 4Y 3Y 3B 3A

(4 (3 62 (1) () (2] (&)
8 a
7 .
6 ] O pC

1A 1B 1Y 2Y 2A 2B GND
positive logic: Y = ADB = AB + AB

T EXCLUSIVE-NOR WITH OPEN

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Vge 4.5 5 55 | 4.75 5 5.25 \%
High-level output voltage, Vou 5.5 5.5 \
Low-level output current, lg_ 4 8 mA
Operating free-air temperature, Ta -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
C o 9LS/54LS 9LS/74LS .
Parameter Test Conditions Min [ Typ™ | Max | Min | Typ~"| Max Unit
Vin 2 2 \
Vi 0.7 0.8 \Y
Vi Vee=MIN,  [|=-18mA -15 -1.5 \
Vce=MIN, Vin=2V,
!
OH V|L=V|Lmax, VOH=5.5V 100 100 HA
v VCC=M|N, V|H=2V |0L=4mA 0.25 0.4 0.25 0.4 Vi
oL VL=V max ToL=8mA 035] 05
|| VCC=MAX, V|=7V 0.2 0.2 mA
IIH VCC=MAX, V|=2.7V 40 40 uA
I Vee=MAX, V,=0.4V -0.8 -0.8 | mA
leet LS266 _ 8 13 8 13
Lsi3e | "CCTMAX. 61 | 10 611 10| ™

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

device type. o
**All typical values are at Vcc =5V, Ta=25C.

Tl is measured with one input of each gate at 4.5V, the other inputs grounded, and the outputs open.
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Quadruple 2-Input Exclusive-OR,
-NOR Gates With Open-Collector Outputs

LS136 LS266

Switching Characteristics, V,

.c = 5V Over Recommended Free-Air Temperature Range

From To —55°C +25°C +125°C Unit
Parameter (input) (output)  ["Min | Typ | Max | Min | Typ | Max | Min | Typ | Max |
Test Conditions: C, = 15pF, R, = 2k() (See Figure B on page 2-174)
tpLH Other input 14 18 13 17 20 26
AorB
TPHL or low 10 | 16 9 | 14 0| 16| ™
tPLH Other input 12 16 13 17 8 12
AorB . -
tpHL o high 0 | 16 18 | 13 7112 ™
Test Conditions: C_ = 50pF, R, = 2k (See Figure B on page 2-174)
tPLH : Other input 31 35 30 35 36 42
AorB
tPHL ° “low 16 | 23 13 | 19 w21 | ™
tpLH Other input 30 | 35 31 36 35 | 4
AorB :
tPHL ° high 19 | 23 13 ] 19 3] ™
Note: AC specification shown under -55°C and +1 2500 are for 9LS devices only. All 50pF specifications
are for 9LS only.
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Ls138 LS139 Decoders/Demulitiplexers

FEATURES PIN-OUT DIAGRAMS
m  LS138: 3-Line-to-8-Line Decoder

1-of-8 Demultiplexer LS138
®  [.S139: Dual 2-Line-to-4-Line Decoder DATA OUTPUTS
Dual 1-of-4 Demultiplexer
®m | $138 is expandable to 5-lines-to-32-lines decoder
using 4 LS138’s and one inverter.

Vee YO Y1 Y2 Y3 Y4 Y5 Y6
gilel,
Yo l V J Ya 5

A Y6

DESCRIPTION

The LS138 decodes one-of-eight lines dependent on the
conditions at the three binary select inputs and the three
enable inputs. Two active-low and one active-high enable

B C__G2A G28 Gl Y7

DOHENOE

inputs reduce the need for external gates or inverters when 6 7 8 9 A B C, G2AG2B G1, Y7 GND
expanding. A 24-line decoder can be implemented without SELECT  ENABLE OUTPUT

Die Size .063 x .069

external inverters and a 32-line decoder requires only one
inverter. An enable input can be used as a data input for
demultiplexing applications.

The LS139 comprises two individual two-line-to-four-line
decoders in a single package. The active-low enable input
can be used as a data line in demultiplexing applications. LS139

SELECT
These circuits are designed to be used in high-performance ENABLE —A— M

. L .. 14 13 12 11
memory-decoding and data-routing applications requiring ; Ve 2G 2A 2B 2Y0 21 2Y2 2Y3
very short delay times.

3 4 16 1A 1B 1Y0 1Y1 1Y21Y3 GND
ENABLE SELECT DATA QUTPUTS

Die Size .063 x .069

LS138
FUNCTION TABLE
INPUTS
OUTPUTS

ENABLE SELECT

Gl _G2* [Cc_B A Y0 Y1Y2Y3Y4Y5Y6 Y7

X H |X X X|HHHHTHEHIHH LS139

o F A T FUNCTION TABLE (%)
H L [L L L{LHHHHHIHH i

H L |L L H[HL HHHHHH INPUTS

ld

H L L H L|HHLHHHMHH ENABLE | SELECT OUTPUTS
H L L H H|HHHTLUHHIHH G B A |YOYlY2Y3
H L [H L L|HHHHLHHH H X X|H H H.H
H L |H L H|HHHHUHLHH L L L|L HHH
H L |H H L|HHHHHHLH L L H|{H L HH
H L |H H H|HHHHHIHIHL L H L|HHLH
*G2=G2A + G2B L H H|{HHHL
H = high level, L = low level, X = don’t care H = high level, L = low level, X = don't care
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Decoders/Demultiplexers

LS138 LS139

LOGIC DIAGRAMS
Ls138 T )" Ls139 ™ ™)
®) D4 ENABLE 16 - 5 v
enaBLe |G7 ] (13) |, D"('G—)
inpuTs JG2a14L | 2 2 1v2
28%) T )2 vs seLecT JA—{Do41{>— o
| DATA weurs T2 1v3
T\ v, [ ouTPUTS - | DATA
PRUE NS aw jwur == Pyl s -;D‘,’i’ 2ve [OUTPUTS
ENABLE 2G —q >— —\7
e B S =T oo
@) 7 vy 1) 2v2
c—{>o— SELECT J2A @)
neUTs a3l 1> 2v3 |
Recommended Operating Conditions
9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \%
High-level output current, IoH -400 ~400 | uA
Low-level output current, IgL 4 8 mA
Operating free-air temperature, T -b65 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
" 9LS/54LS 9LS/74LS
Parameter Test Conditions' Min [ Typ™ | Max | Min | Typ-*| Max Unit
ViH 2 2 \%
ViL 0.7 08 | V
Vv, Veo=MIN,  [|=-18mA 15 T5| V.
Vee=MIN, V=2V,
25 | 34 2.7 | 34 \
Vou Vi =V max, loq=—400uA
v Vee=MIN,  Viy=2v, loL=4mA 025 | 04 0.25| 0.4 v
oL V) =V)_max ToL=8mA 035 05
1 Vee=MAX, V=7V 0.1 0.1 mA
14 Vee=MAX, V=2.7V 20 20 uA
[ Vec=MAX, V=04V -0.4 -0.41 mA
lost Vee=MAX : -15 -100 | -15 -100 [ mA
: Vce=MAX, LS138 6.3 10 6.3 10 mA
cC Outputs enabled and open LS139 6.8 11 6.8 11

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

device type.

**All typical values are at Voe = 5V, Ta = 25°C.
1Not more than one output should be shorted at a time.
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LS138 LS139 Decoders/Demultiplexers

LS138
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range
. or Lezfels From To -55°C +25°C +125°C Unit
aramete Delay (input) (output) | Min I Typ J Max | Min I Typ ! Max | Min l Typ J Max

Test Conditions: C_ = 15pF, R, = 2k(} (See Fig. A, page 2-174)

tpLH ) ’ 11 16 10 | 15 13 18 | ns
tpHL Binary Any 17 24 17 24 21 27 | ns
tpLp 5 | Select 16 22 16 | 21 21 28 | ns
TPHL 22 30 21 | 28 24 32 | ns
toLu ) 11 16 10 | 15 13 18 | ns
tpHL 19 26 18 | 25 23 30 [ ns
thLn 5 Enable Any 16 | 22 16 | 22 21 | 27 | ns
tPHL 22 30 20 | 28 24 31 | ns
Test Conditions: C, = 50pF, R, = 2k(} (See Fig. A, page 2-174)

tPLH 9 13 19 12 17 14 20 ns
tpHL Binary An 23 31 22 | 29 26 33 | ns
[ 3 | Select v 17 24 17 | 23 23 29 | ns
tpHL , 26 35 25 | 32 28 36 | ns
tpLH 2 11 16 12 18 15 20 ns
tPuL 23 30 24 | 33 26 34 | ns
oLy 5 Enable Any 18 | 24 18 | 23 24 | 30 | ns
thHL 26 34 24 | 32 28 37 | ns

Note: AC specification shown under ~55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only.

LS139

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter, Le:fels From To —s5¢ +25°C +125°C Unit

Delay (input) (output) Min | Typ [ Max [ Min | Typ | Max | Min [ Typ | max n

Test Conditions: C, = 15pF, R, = 2k} (See Fig. A, page 2-174)
tPLH 9 ) 12 21 12 17 13 20 ns
tpHL Binary An 13 21 12 17 13 20 ns
tpLu 3 Select v 16 | 28 15 | 22 17 | 27 | ns
tPHL 18 30 17 25 18 30 ns
tpLH | 12 22 11 15 11 22 ns
L 2 Enable Any 1| 22 11 | 16 12 | 22 | ns
Test Conditions: C, = 50pF, R, = 2k(} (See Fig. A, page 2-174) ' '
tPLH 2 15 26 15 21 16 25 ns
tpHL Binary An 16 26 15 21 16 | 25 ns
oL 3 Select Y 19 | 33 18 | 26 20 | 32 | ns
tPHL 21 35 20 29 21 35 ns
toLu Enabl 15 | 27 14 | 19 14 | 27 | ns
top 2 i nable Any 14 | 27 14_| 20 15 [ 27 | ns

Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.



8-Line-To-1-Line Multiplexers

LS151 LS152

FEATURES

®  Select one of eight data sources

®  Perform parallel-to-serial conversion

®  LS151 has complementary outputs;
LS152 has inverting output only

® - LS151 has strobe input

DESCRIPTION

These monolithic data selectors/multiplexers contain full
on-chip binary decoding to select one-of-eight data sources.
The LS151 has a strobe input which must be at a low logic
level to enable the device. A high level at the strobe forces
the W output high, and the Y output low.

The LS151 features complementary W and Y outputs
whereas the LS152 has an inverted (W) output only.

PIN-OUT DIAGRAMS
LS1561

DATAINPUTS DATA SELECT
Vegcd 5 6 7 A B C

Die Size .056 x .057

LS152

LS151 LS152
FUNCTION TABLE FUNCTION TABLE
INPUTS OUTPUTS SELECT
SELECT | STROBE v w weuts | OUTPUT
C B A S c B A w
X X X H L H L L L 5o
L oL oL L D0 DO L L H o1
L L H L D1 D1 L OH L 53
L H oL L D2 D2 L H H 53
L H H L |03 D3 H oL L o4
H oL oL L Da  Da H L H 3
H L H L Ds DB H H L o6
H H L L |D6 D6 H H H| B3
H H H L o7 D7
H = high level, L = low level, X = dont care
DO, D1 ... D7 = the level of the D respective input
LOGIC DIAGRAMS

$151 ST 13
(LS151 STROB ~

DATA INPUTS DATA SELECT
N N
vcc 5 6 7 A B C

0 W GND

pATA INPUTS  OUTPUT

Die Size .056 x .057

only) (ENABLE) 14—

OUTPUT W (LS151 only)
OUTPUT Y

-
DO D
o1 1
D2
D3 —
DATA
INPUTSS) p, B
=
D5
- -
D7 —
=/
AW
DATA
SELECT < B—{>o IO |
(BINARY)

P S ' —
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LS151 LS152 8-Line-To-1-Line Multiplexers
L ______________________________________________________________________________________ |

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max { Min | Nom | Max "
Supply voltage, Vce 4.5 5 5.5 | 4.75 5 5.25 \
High-level output current, Igy -400 -400 | mA
Low-level output current, lg 4 8 mA
Operating free-air temperature, Ta -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted
. 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ™ | Max | Min | Typ~ | Max Unit
Viy 2 2 \Y
ViL 0.7 " 0.8 Vv
W Vce=MIN, 1;=-18mA -1.5 -1.5 Vv
Vce=MIN, Viy=2V,
. 4 . 4 \Y
Von ViL=ViLmax loy=-400uA 2513 2713
v Vee=MIN, V=2V, loL=4mA 03 | 045 025] 041
oL VyL=V)max ToL=8mA ‘ 035| 05
Iy Vec=MAX, V=7V 0.1 0.1 mA
I Vee=MAX, V=27V 20 20 LA
m Vee=MAX, V|=0.4V -0.4 -04] mA
lost Vce=MAX -15 -100| -15 -100] mA
| Vec=MAX, Outputs open | LS151 6.0 10 6.0 10 mA
cc All inputs at 4.5V LS152. 56 | 9 56| 9

'§or conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
evice type.
**All typical values are at Voc =5V, Ta = 25°C.

TNot more than one output should be shorted at a time.
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8-Line-To-1-Line Multiplexers LS151 LS152
L _____________________________________________________________ ]

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

b . From To —55°C +25°C +125°C Unit
arameter (input) (output) Min | Typ [ Max*] Min | Typ | Max*| min [ Typ | Mmax* n
Test Conditions: C, = 15pF, R, = 2k( (See Fig. A, page 2-174)
tpLu A, B, orC w 15 | 22 15 | 22 18 | 25
toHL (4 levels) | (54LS157 only) 19 | 26 18 | 25 20 | 26 | ™
tpLH A,B,orC v 24 32 24 31 29 36 ns
toyL (3 levels) 21 | 30 20 | 28 22 | 31
TPLH w 12 17 11 17 13 19
t
TPAL Strobe 6415151 only) 13 | 20 13 | 19. %120 ™
tPLH Strobe Y 18 26 18 26 21 29 ns
tPHL (54L.S151 only) 18 27 16 24 17 25
tPLH Any D w 8 13 9 14 1 17 ns
tPHL (54LS151 only) 6 12 5 12 6 13
tPLH Any D v 11 18 11 17 13 19 ns
TPHL 14 22 14 20 15 22
Test Conditions: C_ = 50pF, R, = 2k() (See Fig. A, page 2-174)
tPLH A,B,orC w 17 24 17 24 20 27 ns
tPHL (4 levels) |(54LS151 only) 22 31 21 29 22 31
tPLH A,B,orC v 26 33 26 32 29 38 ns
torL (3 levels) 27 | 37 25 | 35 29 | 38
thLH W 14 | 20 13 | 19 16 | 21
PRl Strobe | (415151 oniy) 6 | 24 5 | 23 6 25| ™
tPLH Y 20 28 20 27 23 30
TPHL Strobe | (415151 only) 24 | 35 20 | 31 21 [ 32 ]
tPLH W 9 15 10 16 13 19
tPHL Any D (54LS151 only) 9 16 8 14 8 14 ns
toLn 4 [ 20 14 | 19 15 | 21
tonL Any D Y 19| 30 8 27 0 ]2 ™
Note: AC specification shown under ~55°C and +125°C are for 9LS devices only. All 50pF specifications *Tentative data,subje;-*
are for 9LS only. to change without notice
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LS153 , Dual 4-Line-To-1-Line Multiplexer

FEATURES PIN-OUT DIAGRAM

B Permits multiplexing from N lines to 1 line

®  Performs parallel-to-serial conversion

= Strobe (Enable) line provided for cascading (N lines
to n lines)

®  Non-inverting

DESCRIPTION

The LS153 is a high speed Dual 4-Line-to-1-Line Multiplexer
with common select inputs and separate strobe (enable)
inputs for each half. Each half can select one bit of four and
present it at the output in non-inverted form.

STROBE B “——v— 1Y GND
16 DATA INPUTS OUTPUT
SELECT
13 12 11 10
LOGIC DIAGRAM
STROBE 1G m
(ENABLE)
1€0%)
(5)
DATA 1c1 {7) OUTPUT
1 .
1c2 4 ‘ v
Die Size .057 x .061
1c3(3) — :
FUNCTION TABLE
B @'D"’lb_‘ SELECT
A INPUT! STROBE | OUTPUT
SELECT INPUTS DAT. S ouv
Q8 8 A [co c1 c2 c3 G Y
X X X X X X L
2c0 19 oL fLoxox x| L
L L H X X X L H
2c1 11) L H X L X X L L
— L H X H X X L H
DATA 2 (12) 9) output H L X X L X L L
2 - 2y H L X X H X L H
(13) H H X X X L L L
STROBE iga_b__ H H Ix X X H L H
(ENABLE) (15) Select inputs A and B are common to both sections.

H = high level, L = low level, X = don't care

*



Dual 4-Line-To-1-Line Multiplexer LS153
L]

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Ve 4.5 5 6.5 | 4.75 5 5.6 \Y
High-level output current, gy -400 -400 | nA
Low-level output current, 1g; 4 8 mA
Operating free-air temperature, T -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS
t * .
Parameter Test Conditions Min | Typ™ | Max | Min | Typ~ | Max Unit
ViH 2 2 N
ViL 0.7 0.8 \
\ Voe=MIN,  1}=-18mA -15 -1.5 \
Vee=MIN,  Viy=2v,
\Y . 4 . .
OH ViL=ViLmax, lon=-400uA 2513 27 1 34 v
v Vee=MIN,  V|4=2V, loL=4mA 025] 04 0.25| 0.4 v
ot VL=V, max lo =8mA 035] 05
h Veo=MAX, V,=7.0V 0.1 0.1 mA
IIH Vcc=|\/|AX, V|=2.7V 20 20 /J.A
he Vee=MAX, V,=0.4V -0.4 -0.4 | mA
lost Veo=MAX -15 -100 | -15 -100| mA
lcoLtt Vee=MAX 6.2 10 6.2 10 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Vg =5V, Ta = 25°C.
TNot more than one output should be shorted at a time.
ttlccL is measured with the outputs open and all inputs grounded.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range
From To -55°C +25°C +125°C
Parameter (input) (output) Min J Typ [ Max | Min I Typ ] Max | Min ! Typ | Max Unit

Test Conditions: C, = 15pF, R, = 2k() (See Fig. A, page 2-174)

tpLH Data Y 8 13 8 13 11 16 | ns
tPHL Data Y 13 18 14 118 17 22 ns
tpLH Select Y 15 21 17 | 22 22 28 | ns
tPHL Select Y 17 23 16 | 21 21 26 | ns
tpLH Strobe Y 14 20 16 | 21 21 26 | ns
tpHL Strobe Y 17 23 16 | 21 20 25 ns
Test Conditions: C, = 50pF, R, = 2k(} (See Fig. A, page 2-174)

tpLH Data Y 10 15 10 | 15 15 22 | ns
tPHL Data Y 17 23 17 | 22 22 27 ns
tpLH Select Y 18 24 19 | 24 25 30 | ns
tpHL Select Y 22 27 19 | 25 24 30 | ns
tpLH Strobe Y 17 23 18 | 23 23 28 | ns
tpHL Strobe Y 21 27 20 | 24 23 28 ns

Note: AC specification shown under —5500 and +12500 are for 9LS devices only. All 50pF specifications
are for 9LS only.
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LS155 LS156

Dual 2-Line-To-4;Line
Decoders/Demultiplexers

FEATURES
®  LS156 has open-collector outputs
®  Applications:

Dual 2-Line-to-4-Line Decoder

Dual 1-Line-to-4-Line Demultiplexer

3-Line-to-8-Line Decoder

1-Line-to-8-Line Demultiplexer
DESCRIPTION
These circuits feature dual 1-line-to-4-line demultiplexers
with individual strobes and common binary-address inputs
in a single 16-pin package. When both sections are enabled
by the strobes, the common binary-address inputs sequen-
tially select and route associated input data to the appropri-
ate output of each section. The individual strobes permit
activating or inhibiting each of the 4-bit sections as desired.
Data applied to input 1C is inverted at its outputs and data
applied at 2C is not inverted through its outputs. The
inverter following the 1C data input permits use as a 3-to-8-
line decoder or 1-to-8-line demultiplexer without external
gating. Input clamping diodes are provided on all of these
circuits to minimize transmission-line effects and simplify
system design.

LOGIC DIAGRAM
sTrose 2! {7 outPUT
16 1v0
pata ) e 6) ouTPUT
1c 11
H (5) ouTPUT
3 1v2
seLeetB S, LS .
B - {4) ouTPUT
1v3
(9) OUTPUT
seLect (13) S N 2vo
A - (10) ouTPUT
2v1
DATA (15) L1;:;{311_1)0uwu1-
2c F\__D 2v2
(14) L] (12) OUTPUT
STROBE
e H >

PIN-OUT DIAGRAM

14 13 12 11

3 4 5 6
Die Size .063 x .069 (both types)

i
DATASTRE |, OUTRUTS

VCC 2C 2G A 2Y32Y22Y12Y0

1Y31Y2 1Y1 1YOGND
OUTPUTS

1C 1G B
DATASTRB |
SELECT

INPUT

FUNCTION TABLES
2-LINE-TO-4-LINE DECODER
OR 1-LINE-TO-4-LINE DEMULTIPLEXER

INPUTS OUTPUTS
SELECT | STROBE | DATA

8 A 16 1c Y0 vl vz v’
X X H X H H H H
L L L H L H H H
L H L H H L H H
H» L L H H H L H
H H L H H H H L
oooxlLox L al al H "
[ INPUTS - OUTPUTS
SELECT | STROBE | DATA

8 A 26 2c 2Y0  2v1  2Y2  2v3
X X H X H H H H
L L L L L H H H
L H L L H L H H
H L L L H H L H
H H L L H H H L
X X X H H H H H
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FUNCTION TABLE
3-LINE-TO-8-LINE DECODER

2yY3

OR 1-LINE-TO-8-LINE DEMULTIPLEXER

INPUTS OUTPUTS
setect | STROPE 0 2 @ @ om @ o
OR DATA

c' 8 A G! - |2Y0 2v1 2v2 2¥3 1¥0 1¥1 1¥2 1Y3
X X X H H H H H H H H H
L L L L L H H H H H H H
L L H L H L H H H H H H
L H L L H H L H H H H H
L W on L H H H L H H H H
H L L L H H H H L H H H
H L H L H H H H H L H H
H H L L H H H H H H L H
H H H L H H H H H H H L

+C = inputs 1C and 2C connected together
#G = inputs 1G and 2G connected together
H = high level, L = low level, X =don’t care



Dual 2-Line-To-4-Line
Decoders/Demultiplexers LS155 LS156
... ]

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

9LS/54LS 9LS/74LS Unit
Min | Typ**| Max | Min | Typ**| Max
Supply voltage, Ve 45 5 5.5 475 5 | 525 |V
High-level output current, Ioy -400 -400 | uA
Output voltage, Vi (LS156 only) 5.5 5.5 \%
Low-level output, Iop 4 8 mA
Operating free-air temperature, Ta -55 125 0 70 | °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
" 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ™* | Max | Min | Typ~| Max Unit
ViH 2 2 \
ViL 0.7 0.8 \
\ Vee=MIN,  1;=-18mA -1.56 -1.5 \
Vec=MIN, V=2V,
Von VIL=Vmax, Ton=-400uA 25| 34 27| 34 \
| VCC=M|N, V|H=2V, A
OH Vi =V) max, Vou=5.5V (LS156 only) 100 100 | #
VoL Vec=MIN, V=2V, lop =4mA 025} 0.4 0.25| 0.4 v
V=V _max lop.=8mA 035 0.5
Iy Veoc=MAX, V=7V 0.1 : 0.1 mA
liH Vee=MAX, V=27V 20 20 LA
|||_ VCC=MAX, V|=0.4V -0.4 -0.4 mA
lost Vee=MAX -15 -100| -15 -100] mA
lectt Veco=MAX 6.1 10 6.1 10 | mA

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

device type.

**All typical values are at Vg =5V, Ta = 25°C.
tNot more than one output should be shorted at a time.

tflcc is measured with outputs open, A, B, and 1C inputs at 4.5V, and 2C, 1G, and 2G inputs grounded.
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Dual 2-Line-To-4-Line

LS155 LS156 Decoders/Demultiplexers
L
LS155
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range
Levels From To -55°C +25°C +125°C
Parameter Lg;, (input) (output) Min | Typ [ Max | Min | Typ [ Max | Min | Typ | Max Unit
Test Conditions: C, = 15pF, R, = 2kQ (See Fig. A, page 2-174)
tpLH 2 [2C,1G, or 2G Y 1M | 17 10 | 16 12 | 18 | ns
tPHL 2 |2C,1G, or 2G Y 15 | 24 15 | 23 17 | 26 ns
tpLH 3 AorB Y 16 23 16 24 19 27 ns
TPHL: 3 AorB Y 20 30 19 30 20 31 ns
tPLH 3 1C Y 15 | 21 15 | 22 19 | 26 ns
tPHL 3 1C Y 20 30 19 28 21 31 ns
Test Conditions: C_ = 50pF, R, = 2k(} (See Fig. A, page 2-174)
tBLH 2 |2C,1G, or 2G Y 13 | 19 13 | 19 15 | 21| ns
tPHL 2 2C, 1G, or 2G Y 21 29 18 26 22 31 ns
tpLH 3 AorB Y 18 25 18 25 22 29 ns
TPHL 3 AorB Y 26 36 22 30" 26 36 ns
tPLH 3 1C Y 18 23 18 24 22 29 ns
tPHL 3 C Y 25 | 35 23 | 31 25 | 35 | ns
LS156
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range
Levels From To -55°C +25°C +125°C
Parameter Lf,';ic (input) (output) Min ] Typ l Max | Min [ Typ | Max | Min I Typ l Max Unit
Test Conditions: C_ = 15pF, R, = 2k( (See Fig. B, page 2-174)
tPLH 2 2C, 1G, or 2G Y 24 34 22 30 24 34 ns
tpPHL 2 2C, 1G, or 2G Y 18 27 16 24 18 27 ns
tpLH 3 AorB Y 29 40 27 37 29 40 ns
tPHL 3 AorB Y 24 34 22 30 24 34 ns
tpLH 3 1C Y 27 | 38 25 | 34 27 | 38 | ns
tPHL 3 1C Y 25 | 35 23 | 31 25 | 35 ns
Test Conditions: C, = 50pF, R, = 2k() (See Fig. B, page 2-174)
tPLH 2 2C, 1G, or 2G Y 27 39 25 34 27 39 ns
tpHL 2 2C, 1G, or 2G Y 21 32 19 28 21 32 ns
tPLH 3 AorB Y 32 | a5 30 | 4 32 | 45 | ns
tpHL 3 AorB Y 27 39 25 34 27 39 ns
tpLH 3 1C Y 30 43 28 38 30 43 ns
tPHL 3 1C Y 28 40 26 35 28 40 ns

Note: AC specification shown under —5500 and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.



Quadruple 2-Line-To-1 Line Multiplexers
S

DESCRIPTION

These data selectors/multiplexers select a 4-bit word from
one of two sources and present it at the four outputs. The
LS157 presents true data; the LS158 presents inverted data.

PIN-OUT DIAGRAMS

LS157 LS158

14 13 12 11 10

LS157

INPUTS

§ A olrrPu'T"PU
©
% A 4B 4y 3A 3B 3v

PP

TS
OuTPUT

77

»

1A 18 1Y

4Y 3A 3B

3y

2A

HOOE

b

SELECT 1A 1B 1Y 2A 2B 2Y GND

14 13 12 11 10

LS158

SELECT1A 1B 1Y 2A 2B 2Y GND

Vc
[ie)

IN',u,;rs‘JUTPU'lI' A OUTPUT
4A 4B 4Y 3A 3B 3Y

TP

o—@ STROBE

4A 48 4Y 3A 38

o~

3y

WA 1B 1Y2A

bhhbhie

UTPUT v OUTPUT UTPUT v OUTPUT
Die Size .047 x .066 INPUTS INPUTS Die Size .047 x .066 INPUTS INPUTS
LS157 LOGIC DIAGRAMS
LS158
1A (2) 1A (2)
4) (4)
. (3) 1Y 1. (3) 1v
22 8 ] a8 |
(7) (7).
28 18! 2y 28 (6) 2y
9 [
a 11 3 (11)
(10) ] (9) 3y (10 | (9)
3B 3B 3y
(14) 14
A 1 4A (14) |
(12) (12)
ay
a8 (13) 8 (13) a4y
[
sTRoBE G118) :)_ stroBE 618!
SELECTS E seLect s U
FUNCTION TABLE
INPUTS OUTPUT ¥
STROBE |SELECT A 8 54L5167 54L8158
H X X X N H
L L L X L H
L L H X H L
L H X L L H
L H X H H L
H = high level, L = low level, X = don’t care
Low level at S selects A inputs
High level at S selects B inputs
Strobe is active low
263



LS157 LS158 Quadruple 2-Line-To-1-Line Multiplexers

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \%
High-level output current, gy -400 -400 | uA
Low-level output current, Ig 4 8 mA
Operating free-air temperature, Tp -65 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ~ | Max | Win | Typ™ | Max Unit
Vi ‘ 2 2 \%
ViL 0.7 08 | Vv
V| VCC=M|N, !|=-18mA . -1.5 -1.5 \
Vee=MIN, Vin=2V,
V . E . .
oH VIL=MAX,  lgn=-400uA 25 | 34 27| 34 v
v Vee=MIN, V=2V, loL=4mA 0.25 | 04 025 04 v
ot Vi =MAX loL=8mA 035] 05
S or G input __ _ 0.2 0.2
" [AorBinput] VCCTMAX, V=7V 0.1 0.1 | ™A
S or G input 40 40
I = =
M [AorBinput| VCCTMAX,  Vi=2.7V 20 20 | M
S or G input _ _ -0.8 -0.8
" [AorBinpur] VCOTMAX, V=04V -04 “o4] ™A
lost Vee=MAX ~-15 -100 | -15 -100| mA
B LS157 9.7 16 9.7 16
loctt VecTMAX, L5158 48 | 8 ag [ 8 | ™

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Vo = 5V, Ta = 25°C.
1TNot more than one output should be shorted at a time.

T1lcc is measured with 4.6V applied to all inputs and all outpus open.
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Quadruple 2-Line-To-1 Line Multiplexers LS157 LS158
L._____________________________________________________________________________________________________________________|

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter (r':'om To 55 +25°C +125°C Unit
‘ put) (output) Min I Typ | Max | Min ] Typ l Max | Min l Typ | Max
*| Test Conditions: C, = 15pF, R, = 2k (See Fig. A, page 2-174)
::;': LS157 Data Y g :; § :g ? ::63 ns
e BTN (A e s e n
e I Il s a = s A A
o] 18 | Swoe | v o s 0| s 2 7] "
ot istsr | soeet |y ERNT THT, PR
] 1% | S | v 0 e T 0 e 2] ™
Test Conditions: C, — 50pF, R, — k11 (See Fig. A, page 2-174)
[ i s \ e MRE T T
| Lstse | Dat v o6 13 S
:":;’: LS157 Strobe v :52-, ;(7) g :; :g fg ns
T N I e = 1 e S e - 1
o [ | v e
::;': LS158 Select v 12 :g :g :g }: 312 ns

v Note: AC specification shown under —5500 and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only.
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LS160 LS162

Synchronous BCD Decade Counters

Synchronous 4-Bit Binary Counters

LS161 LS163

FEATURES

®  4-bit synchronous counters

®  Synchronously programmable

®  Internal look-ahead counting

= Carry output for n-bit cascading

®  Synchronous or asynchronous clear

®  Advanced low-power Schottky technology

®  100% reliability assurance testing in compliance with

MIL-STD-883

DESCRIPTION

The LS160, LS161, LS162 and LS163 synchronous, pre-
settable counts have internal look-ahead carry and ripple
carry output for high-speed counting applications. The
LS160 and LS162 are decade counters and the LS161 and
LS163 are 4-bit binary counters. Counting or loading
occurs on the positive transition of the clock pulse. A LOW
level on the load input causes the data on the A, B, C and D
inputs to be shifted to the appropriate Q outputs on the
next positive clock transition.

The LS160 and LS161 feature an asynchronous clear. A
LOW level at the clear input sets the Q outputs LOW re-
gardless of the other inputs. The LS162 and LS163 have a
synchronous clear. A LOW level at the clear input sets the
Q outputs LOW after the next positive clock transition
regardless of the enable inputs.

Both count-enable inputs P and T must be HIGH to count.
Count enable T is included in the ripple carry output gate
for cascading connection.

2-86

PIN-OUT DIAGRAM

FEF OUTRUTS enagLE
—_—
=D

0p 0 Oc Op T LOAD

ENABLE

o
'Td

G

B e

Die Size .060 x .117 — all 4 types

RAYTHEON




Synchronous BCD Decade Counters LS160 LS162 |
Synchronous 4-Bit Binary Counters LS161 LS163

LOGIC DIAGRAMS

LS160 Synchronous
Decade Counter
CLR 1 Qe Qp
CLEAR °—~‘{>*>L 12 1
ok 2 No T hd
cLoCK v
CP MR CP MR CP MR
_a _a - a
D _ D _ D _
[ a ap—
A U | o "lL
3 6
—1 -
L0AD o2
7 |
ENP o g RIPPLE
enT o2 } 15 CARRY

LS162 synchronous decade counters are similar; however,
the clear is synchronous as shown for the LS163 binary

counters.
LS163 SYNCHRONOUS
BINARY COUNTER
CLR i (] (i i
—d>— A B c D
CLH:;, n 1 13 12 1
cLocK D 1 1 1 1
u ——4
D
(i}
B I
4
—4

LOAD o %
ENP:%D_
ENT o0

LS161 synchronous binary counters are similar; however,
the clear is asynchronous as shown for the LS160 decade

RIPPLE
CARRY

counters.
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LS160 LS162 Synchronous BCD Decade Counters

LS161 LS163 Synchronous 4-Bit Binary Counters
L ]

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max "
Supply voltage, Ve . 4.5 5 55 | 475 | 5.0 | 5.25 \%
High-level output current, lon -400 —400 | uA
Low-level output current, Igp 4 8 mA
Clock frequency, feiock 0 25 0 25 | MHz
Width of clock pulse, ty(clock) 25 25 ns
Width of clear pulse, ty(clear) 20 20 ns
Data inputs A, B,C, D 0 0
. . Enable Por T 20 20
Setup time, tserup (see Figures 3 and 4) Load 50 20 ns
Clear® 20 20
. Data inputs A, B, C, D | 25¢ 25 ns
Hold time, thoig Other inputs 104 10
Operating free-air temperature, Ta -55 125 0 70 °C

O This applies only for LS162 and LS163, which have synchronous clear inputs.
¢ The minimum hold time is as specified or as long as the clock input takes to rise from 0.8 V to 2 V, whichever is longer.

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* Min 9":;?;':8 Max | Min SL:Z::S Mo Unit
Vig 2 2 v
Vil 0.7 08 | V
V) Vce=MIN, lj=-18mA -1.5 -1.5 \%

VC =MIN, V|H=2V,
VoH v.LC=v.Lmax, lo——400uA 25 | 34 2.7 | 34 v
VoL Vee=MIN, Vig=2V, loL=4mA 0.25 04 0.25 0.4 v
ViL=V|Lmax, loL=8mA 0.35 0.5 .

Data or enable P 0.1 0.1

Load, clock, or
I} |enable T Vce=MAX, V=7V 0.2 0.2 mA

Clear (LS160,161 0.1 0.1

Clear (LS162,163 0.2 0.2

Data or enable P 20 20

Load, clock, or
liq [enable T Vee=MAX, V=2.7V 40 40 uA

Clear (LS160,161 20 20

Clear (LS162,163) 40 40

Data or enable P -04 -0.4

Load, clock, or
ljL {enable T Vee=MAX, V=04V -0.8 -0.8| mA

Clear(LS160,161) -04 -0.4

Clear(LS162,163)) -0.8 -0.8
Iost Voc=MAX -15 -100]| -15 -100| mA
lccH Vee=MAX, See Note 1 18 | 31 18 | 31 | mA
lccL Vce=MAX, See Note 2 19 32 19 32 mA
*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.
**All typical values are at Voc =5V, Ta = 25°C.
TNot more than one output should be shorted at a time.
NOTES:
1. IccH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs open.

2. IgcL is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open.



Synchronous BCD Decade Counters LS160 LS162

Synchronous 4-Bit Binary Counters LS161 LS163
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range
P . From To —55°C +25°C +125°C Uni
arameter (input) (output) Min I Typ ] Max | Min l Typ l Max | Min L Typ I Max nit

Test Conditions: C, = 15pF, R, = 2k(} (See Fig. 1 and 2 and Notes 3 and 4 and Fig. A, page 2-174)

frmax 30 40 MHz

tpLH . 28 39 25 35 28 39

Clock Ripple

thHL pple carty 23 | 39 20 | 35 23 |30 | ™
toLH Clock ‘ Any Q 13 | 22 10 | 18 13 [ 22 [
tPHL (load input high)| 18 24 15 20 18 24

tPLH (?lock Any Q 13 22 10 18 13 22 ns

tpHL (load input low) 18 24 14 20 18 24

tPLH Enable T Ripple carry 18 25 15 20 18 25 ns
tPHL 13 18 9 14 13 18

tPHL Clear Any Q 17 32 14 28 17 32 ns
Test Conditions: C, = 50pF, R_ = 2k(} (See Fig. 1 and 2 and Notes 3 and 4 and Fig. A, page 2-174)

tpLH . 31 44 28 39 31 44

Clock Rippl

thrL o ippTe carty %6 | 44 23 | 39 2% | 44 |
thLH Clock Any O 16 | 27 13 | 22 6 [ 27 |
tpHL (load input high) 21 29 18 24 21 29

tpLH Qlock Any Q 16 27 13 22 16 27 ns
tPHL (load input low) 21 29 17 24 21 29

tPLH Enable T Ripple carry 21 30 18 24 21 39 ns
tPHL 16 23 12 18 16 23

tPHL Clear Any Q 20 37 17 32 20 37 ns
NOTES:

3. Propagation delay for clearing is measured from the clear input for the LS160 and LS161 or from the clock input transition
for the LS162 and LS163.

4, AC specification shown under —5500 and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only.
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LS160 LS162 Synchronous BCD Decade Counters
LS161 LS163 Synchronous 4-Bit Binary Counters

TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES

CLEAR
LS160 Lt (avnscHronous)
CLEAR 1
LS162 L..J; (SYNCHRONOUS)
LOAD -
a_l - - - - _-_-_-_-C
pata J B J
INUTS ) ¢ T |- - - - - - - -—-——--<=
! e e FIGURE 1
o' [
CLOCK - —~ - - - - = - - - LS160, LS162
LS160 W llustrated below is the following sequence:
CLOCK : | ' 1. Clear outputs to zero
LS162 ) 2. Preset to BCD seven
1

3. Count to eight, nine, zero, one, two, and three

=
ENABLE P N |‘ I 4. Inhibit
o ;
1
ENABLE T I | 1
(7R L LI LT
—_ - !
QB__ —_ .—'L )] H
OUTPUTS - |
- L !
—_—— [ |
p N I R ;
- == ;
RIPPLE CARRY |
oUTPUT 7 i8 9 0 1 2 3
I F—— couNT—— 44— INHIBIT
CLEAR PRESET
CLEAR
LS161 !.J (ASYNCHRONOUS)
CLEAR |
LS163 L} (SYNCHRONOUS)
1
LOAD [ =]
(. ! = = = = = —
A ! !
1
| —_— - — — — — - —_— — -
pata J B : — — — - = — = —_——-—— -
INPUTS | T —_— = = = = — = = = — —
! e FIGURE 2
D e - - - - LS161, LS163

c';g?:; I | | | | | I [ | | | l | | | | l | | [ | | | | lllustrated below is the following sequence:

T

! : 1. Clear outputs to zero

CLOCK - |||!||||||||||||||||||||[| Preset to binary twelve

2.
L8163 i i 3. Count to thirteen; fourteen fifteen, zero,
ENABLEP 1 i | l one, and two
[ e
' ! 4. Inhibit
ENABLET 1 1] ' S
|
(VS G pa TN s I s
! i
- D N f ] i
OUTPUTS -2 '
1
—— E
T S S R i
1 I
RIPPLE CARRY ! [l i
OUTPUT 12 13 14 15 0 1 2
COUNT INHIBIT

CLEAR PRESET



Synchronous BCD Decade Counters

LS160 LS162

Yy - -
Synchronous 4-Bit Binary Counters LS161 LS163
FIGURE 1
PARAMETER MEASUREMENT INFORMATION
3V
CLOCK INPUT
LS160 1.3V 1.3V
LS161 : AN ——— e — ov
1* twlclock) ": 3v
CLEAR | :
INPUT 1.3V 1.3V I ,
: ’_____.'___.._I_._ _____ — e - - — = —— ov
|‘tw(clear)’| ! :.. tsetup -
1 | ! 3v
LOAD ! 1Y 13v 1.3V
INPUT | ) |
| | et e e e —— —_———— 0V
] | “—‘setup":
| | I - - -T - TTTT T 0T == 3v
|
DATA INPUTS ! 1 1av 1.3V
A,B,C, AND D | . !
ov
— tppy be— | —.: tpLH:“'
v
Q OUTPUTS : o OH
Ls161 1.3v \ : 1.3V
Qp AND Qp OUTPUTS | H
! et . e e e —— —— — VoL
LS160 —ﬂ‘PHL:‘- : :4 o— tpLH( at tn42 or tn+4) v
pitiid ez} 2 e - Vou
QB AND Q¢ OUTPUTS : ! v | I -llff 13y
LS160 \ 1. : , Tt
| - | L - ————— - — = VoL
| |
ENABLE P OR : : v
ENABLE T | | =
] |
] v
RIPPLE | OH
CARRY |
OUTPUT
: VoL
CLOCK INPUT
LS162 '
LS163 | ov
—oi t b— 1 o
: PHL; -’: PLHI Vo
Q OUTPUTS
| | 3V
LS163 ! \1.3v ! 1.3
Qp AND Qp OUTPUTS T N /LU VoL
LS162 -" tPHL:‘— "‘_“—l | tpLH{measure at t12 or th+4)
| l,_....__._._____.__.vo,_l
/
Qp AND Q¢ OUTPUTS \1 3v f— 1.3v
62
Ls1 Y A - VoL
VOLTAGE WAVEFORMS

NOTES:

A. The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zo,¢ =~ 50 Q;

ty <16 ns, tf <6 ns.
B. Enable P and enable T setup times are measured at ty, = 0.
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LS160 LS162

Synchronous BCD Decade Counters

. .
LS161 LS163 Synchronous 4-Bit Binary Counters
FIGURE 4
PARAMETER MEASUREMENT INFORMATION
k—-*'—‘w(dock)
av
e _/—\_/—\,_f /.
INPUT
----- ov
k—d— tPLH B——d-— PHL
! (measure at t“+1) I {measure at t,...,z)
1 : \ | — - — VOH
1 |
ouTPUT ] 13v : 13v ]
Qp | X ! VoL
| 1
| le—si— tPHL = tPLH
! ! | (measure at ‘nM) ) (measure at th+2)
i —\! P Vo
ouTPUT 1 X 1.3v | 1.3v
Qg |
i | —f— = - - - - Vou
| e L et toLH
: ', : fmmrc at ‘,,rs) | (measure at th+4) Von
OUEZUT | : 1.3v | 1.3v
| | ‘ ————————— VoL
: lo—«r— tPHL r——-#-— tPLH
| ‘ l , (musuu at th+10 {measure at th+g)
OUTPUT 1 1 (s.. Nm B)
ap | i 1.3v
\ o - - — Vou
T tPLH et tpHL
i : (measure at tn+0 or th+16)
RIPPLE ! o —(SeeNoteB) — -- — — — — — — — VoH
CARRY
OUTPUT ____/1-3‘/—-\‘:‘:“
$ Vou
NOTES: VOLTAGE WAVEFORMS

A. The input pulses are supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zgyt =~ 5082: t, < 15 ns,

<

6 ns.

Vary PRR to measure fyax.

B. Outputs Qg and carry are tested at tn+10 LS160, LS162, and at ty+1g for LS161, LS163 where ty, is the bit time when all outputs are low.

INPUTS INPUTS - INPUTS INPUTS
4\ A —N— ——
TN NI Y T
LDABCD LDABCD LDABCD LDABCD
H=COUNT
L=DlSABLEq ENP ——4EN P ENP ENP
H = COUNT RIPPLE RIPPLE RIPPLE RIPPLE
L= DISABLE— ENT CARRY ENT CARRY EN T CARRY EN T CARRY }—»
OUTPUT OUTPUT OUTPUT OUTPUT
’—->CK —~ CK ~—— CK — CK
Qa Q¢ Qp Q¢ Qaa Qa Q¢
CLR Qg O CLR 'Og. Qp CLR Osoc Qp CLR Q8 "Op
CLEAR < L
OUTPUTS OUTPUTS OUTPUTS OUTPUTS
CLOCK - J
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TYPICAL APPLICATION DATA
N-BIT SYNCHRONOUS COUNTERS

I his application demonstrates how the look-ahead carry circuit can be used to implement a high-speed n-bit counter. The
LS160 or LS162 will count in BCD and the LS163 will count in binary. Virtually any count mode (modulo-N, N{-to N2,
N1-to-maximum) can be used with this fast look-ahead circuit.

—s )

TO MORE
> SIGNIFICANT
STAGES




8-Bit Parallel-Out Serial Shift Registers

LS164

FEATURES

m Gated (Enable/Disable) Serial Inputs
= Fully Buffered Clock and Serial Inputs
® Asynchronous Clear

DESCRIPTION

These 8-bit shift registers feature gated serial inputs and an
asynchronous clear. The gated serial inputs (A and B) permit
complete control over incoming data as a low at either (or
both) input(s) inhibits entry of the new data and resets the
first flip-flop to the low level at the next clock pulse. A
high-level input enables the other input which will then
determine the state of the first flip-flop. Data at the serial
inputs may be changed while the clock is high or low, but
only information meeting the setup requirements will be
entered. Clocking occurs on the low-to-high-level transition
of the clock input. All inputs are diode-clamped to minimize
transmission-line effects.

9LS/54LS devices are characterized for operation over the
full military temperature range of —65°C to 125°C; 9LS/
74LS devices are characterized for operation from 0°C to
70°C.

FUNCTION TABLES

PIN-OUT DIAGRAM

LS164

QUTPUTS

I__Aﬁﬂ
Vec Oy 05 O Qe g
et
0y Qg Qg QgCLR
A CK
B 0, 0 0 Qg

HOOEED

A B 0y 0g O Q;GND

EAR
cLocK

[
SERIAL  gUTP|
INPUTS uts

INPUTS OUTPUTS
CLEAR |CLOCK [ A B |Qap 0Qg...0H H = high level (steady state), L = low level (steady state)
L % X X L L L X = irrelevant (any input, including transitions)
H L X X |aao Qpo QHo t = transition from low to high level.
H 4 H H H Qan Ogn Qa0 Q0. QHQ = the level of Qp, Qg or QH, respectively, before the indicated
steady state input conditions were established.
H t L X L  Qan Qgp
Qan. Qgn = the level of Qp or Qg before the most recent 1 transition of the
H 1 X L L  Qan Qgn
clock; indicates a one-bit shift.
TYPICAL CLEAR, SHIFT, AND CLEAR SEQUENCES
CLEAR I L]
A
SERIAL —J l—n
INPUTS | 5 | — :
cLock — 1 MMM UL
I
QL I 1LrIt
o PR LTI 1
Q¢ - 1— It
Qp--i— LI L
ouTPUTS < D777
Qe L
[o I | 1
QG i
0,1
I |
CLEAR CLEAR
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LS164 8-Bit Parallel-Out Serial Shift Registers

LOGIC DIAGRAM

(9) o - - -
TN 6% AU SR U U S S
A c‘ij cén CéR CLR CJL? C%R CJI%R CLR
IS'\'IE;L;TA; B @ P 1% N = O e e e G e R e e e G
S Qpte4s Qgl-94s Qcles Qp[e{s Qej9{s Qrfe{s wpe{s
(3) (4) (5) (6) (10) (11 (12) (13)
OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT
. . Qp Qg Q¢ Qp Qg Qg Qg Qy
Recommended Operating Conditions
9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Voo 4.5 5 5.5 | 4.75 5 5.25 \%
High-level output current, loy g -400 -400 [ uA
Low-level output current, lop 4 8 mA
Clock frequency, feiock 0 25 0 25 | MHz
Width of clock or clear input pulse, t,, 20 20 ns
Data setup time, teryp (see Figure 1) 15 15 ns
Data hold time, thoq (see Figure 1) 5 5 : ns
Operating free-air temperature, T -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
Parameter Test Conditions* Min 9":;?}:5 Max | Win 9":;7;':8 Mo Unit
ViH 2 2 Y
Vi 0.7 0.8 Y
Vi Vee=MIN,  1;=-18mA -1.5 -1.5 Y
Vee=MIN,  Viy=2V,
VoH ViL=VyLmax, lon=-400uA 2.5 3.5 2.7 3.5 \
V. VCC=M IN, VIH =2V, |0|_'—'4mA 0.25 0.4 0.25 0.4 v
oL VL=V max oL =8mA 035| 05
l) Vee=MAX, V=7V 0.1 0.1 mA
liH Veec=MAX, V=27V 20 20 MA
he Vee=MAX, V=04V -04 -04 | mA
lost Vee=MAX ] -15 —100| -15 100 | mA
lcctt Vee=MAX 16 27 16 27 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicabie
device type.
**All typical values are at Ve =BV, TA = 25°C.
1tNot more than one output should be shorted at a time. )
Ttlge is measured with outputs open, serial inputs grounded, the clock input at 2.4V, and a momentary ground, then 4.5V applied to clear.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter ~55°C +25°C +125°C Unit
Min [ Typ [ Max [ Min | Typ [ Max | Min | Typ | Max
Test Conditions: C, = 15pF, R, = 2k() (See Fig. 1, page 2-95 and Fig. A, page 2-174)
fmax 25 36 MHz
|t 26 | 38 24 | 36 26 | 38 | ns
tpLH 20 30 17 27 20 30 ns
tPHL 24 35 21 32 24 35 ns
Test Conditions: C, = 50pF, R, = 2k() (See Fig. 1, page 2-95 and Fig. A, page 2-174) Note: AC specification shown
ToHL 29 [ 42 27 | 40 2 | 42 | ns under -85 C and +125°C
are tor evices only.
i::t 23 gg gg g; 3:_3, gg 2: All 50pF specifications
. are for 9LS only.
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8-Bit Parallel-Out Serial Shift Registers LS164

FIGURE 1

PARAMETER MEASUREMENT INFORMATION

e— tw(c|ear) _)|

| | {L 3V
I kL4

CLEAR 1
U

PULSE 1.3V

GENERATOR

(PRR <1 MHz)

CLOCK
PULSE
GENERATOR
(PRR <1 MHz)

SERIAL INPUTS
A AND B PULSE
GENERATOR
(PRR <1 MH2)

1.3V

]
1
Je— tetup

—>) je— tenL
| (See Note E)
|
0, OUTPUT |
(See Note A) 1.3V

VOLTAGE WAVEFORMS

NOTES: A. Qp output is illustrated. Relationship of serial input A and B data to other Q outputs is illustrated in the typical shift sequence:
B. Outputs are set to the high level prior to the measurement of tp|_ from the clear input.
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LS170

4-By-4 Register Files with
Open-Collector Outputs

FEATURES

m Separate Read/Write Addressing Permits Simultaneous
Reading and Writing
Fast Access Times . . . Typically 20 ns
Organized as 4 Words of 4 Bits
Expandable to 1024 Words of n-Bits
For Use as:
Scratch-Pad Memory
Buffer Storage between Processors
Bit Storage in Fast Multiplication Designs
m Open-Collector Outputs with Low Maximum Off-State
Current: .. .. 20uA

DESCRIPTION

The ‘LS170 MSI 16-bit TTL register file incorporates the
equivalent of 98 gates. The register file is organized as 4
words of 4 bits each and separate on-chip decoding is pro-
vided for addressing the four word locations to either write-
in or retrieve data. This permits simultaneous writing into
one location and reading from another word location.

Four data inputs are available which are used to supply the
4-bit word to be stored. Location of the word is determined
by the write-address inputs A and B in conjunction with a
write-enable signal. Data applied at the inputs should be in
its true form. That is, if a high-level signal is desired from
the output, a high level is applied at the data input for that
particular bit location. The latch inputs are arranged so that
new data will be accepted only if both internal address gate
inputs are high. When this condition exists, data at the D in-
put is transferred to the latch output. When the write-enable
input, Gy, is high, the data inputs are inhibited and their
levels can cause nu change in ine informaiion stored in the
internal latches. When the read-enable input, GR, is high,
the data outputs are inhibited and remain high.

PIN-OUT DIAGRAM

LS170

WRITE SELECT ENABLE OUTPUTS
——
vee D1 WQ W WAITE READ QT @2

LI

D1 wa W Gw Gr Q1

ITLLLL

DATA READ SELECT OUTPUT

positive logic: see description

Die Size .090 x .068

The individual address lines permit direct acquisition of
data stored in any four of the latches. Four individual de-
coding gates are used to complete the address for reading a
word. When the read address is made in conjunction with
the read-enable signal, the word appears at the four outputs.

This arrangement—data-entry addressing separate from data-
read addressing and individual sense line—eliminates re-
covery times, permits simultaneous reading and writing, and
is limited in speed only by the write time (30 nanoseconds
typical) and the read time (25 nanoseconds typical). The
register file has a nondestructive readout in that data is
not lost when addressed.

LOGIC
WRITE FUNCTION TABLE (SEE NOTES A, B, AND C) READ FUNCTION TABLE (SEE NOTES A AND D)
WRITE INPUTS WORD READ INPUTS OUTPUTS
Wg Wa Gy 0 1 2 3 Rp RA GR Q1 Q2 Q3 Q4
L L L Q=D Qg Qo Qo L L L WO0B1  WOB2 WOB3  WOB4
L H L Qg Q=D Qo Qg L H L W1B1 W1B2 W1B3  WiB4
H L L Qg Qg Q=D H L L W2B1 W2B2 W2B3  W2B4
H H L Qg Qg Qg Q=D H H L W3B1 W3B2 W3B3  W3B4
X X H Qg Qg Qg X X H H H H H
NOTES: A. H = high level, L = low level, X = irrelevant.

B. (Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs.
C. Qg = the level of Q before the indicated input conditions were established.

D. WOB1 = The first bit of word 0, etc.
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4-By-4 Register Files with
Open-Collector Outputs LS170

FUNCTIONAL BLOCK DIAGRAM

‘L§170
(15)
D1—>o
D)
WORD 0
(1)
D2—Po- +
—foa
G q
DATA .
INPUTS ! OUTPUTS
(2)
03— 4-——] l
¢+ -
SO T o
. |
(3)
D4 —P>o- - . f j (6)
Q4
—° ¢ - —~JP o ¢- |
G juld G »
- |
o |
L
(12)] (13)} (14) 4| (11| (5)
Gw W Wa Re Gr Ra
N——— — g
WRITE INPUT READ INPUT
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4-By-4 Register Files with
LS170 Open-Collector Outputs

Recommended Operating Conditions

9LS/54LS 9LS/74LS
Min. | Nom. | Max. Min. | Nom.| Max. {Unit
Supply voltage, Vo 4.5 5| 55 4,75 5 |5.25 \
High-level output voltage, VoH 5.5 556 | V
Low-level output current, I 4 8 | mA
Width of write-enable or read-enable pulse, t,y 25 25 ns
Data input with respect to
Setup times, high- or low-level data write enable, tsy(D) 10 10 ns
Write select with respect to
write enable, tgy (W) 15 s ne
Data input with respect to
Hold times, high- or low-level data write enable, th(D) s 15 g ns
(see Note 1 and Figure 2) Write select with respect to 5 5 ns
write enable, th(w)
Latch time for new data, tigtch (see Note 2) 25 25 ns
Operating free-air temperature range, T, -55 125 0 70 | °C

NOTES: 1. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is
not required, tsy(w) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and during
th(w) will result in data being written into that location. Depending on the duration of the input conditions, one or a number
of previous addresses may have been written into.

2. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is im-
portant only when attempting to read from a location immediately after that location has received new data.

Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
(Unless Otherwise Noted)

9LS/54LS 9LS/74LS
Parameter Test Conditions®
Min. | Typ¥ [Max. [ Min. [ Typ¥ |Max. [Unit
V|H High-level input voltage 2 2 \%
V(L Low-level input voltage 0.7 08| Vv
Vi input Clamp voitage Vee = MIN, I} =-18 mA -1.5 -1.5 \Y
Vee = MIN, VoH = 5.5V,
loH High-level output current ce OH 20 20 | mA
Vi = VL max, Viy =2V
Vce = MIN,
loL =4 mA 0.25 | 0.4 0.25 | 04
VoL Low-level output voltage ViH = 2V, \%
loL =8 mA 0.35 | 0.5
VL = V| max
Input current at Any D,R,or W 0.1 0.1
I Vee =MAX, V=7V mA
maximum input voltage | GR or Gy 0.2 0.2
Any D,R, or W 20 20
Iy High-level input current Vee = MAX, V=27V mA
GR or Gwy 40 40
Any D, R, or W -0.4 -0.4
ljL  Low-level input current Vee = MAX, V=04V mA
GR or Gy -0.8 -0.8
Icc Supply current Vce = MAX,  See Note 3 25 | 40 25| 40 | mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

*All typical values are at Vg = 5V, Ta = 25°C.

NOTE 3. Igc is measured under the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all ad-
dress inputs are grounded, and all outputs are open.
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4-By-4 Register Files with

Open-Collector Outputs LS170
. ]

Switching Characteristics V. = 5.0V Over Recommended Free-Air Temperature Range.

From To -55°C +25°C +125°C .
Parameter Unit
(Input) (Output) Min. ] Tvp.] Max. Min.]7 Typ. IMax. Min.l Typ. | Max.
Test Conditions: R, = 2.0k, C, = 15pF, (See Figs. 1 and 2 and Fig. B, page 2-174)
tPLH Read Any Q 22 34 20 30 23 34 ns
tPHL enable 22 34 20 30 23 34
tPLH Read Any Q 26 44 25 40 28 44 ns
tPHL select 27 | 44 24| 40 27 | 44
tPLH Write Any Q 33 49 30 45 33 49 ns
tPHL enable 29 | 44 25( 40 28 | 44
tPLH 32| 49 30| 45 33 | 49
D Any Q S
tPHL o " 25 | 39 22| 35 25 | 39 "
Test Condition: R, = 2.0k, C, = 50pF, (See Figs. 1 and 2 and Fig. B, page 2-174)
tPLH Read Any Q 27 | 39 241 35 27 {39 ns
tPHL enable 27 | 39 24| 35 27 | 39
tPLH Read Any Q 32 | 49 29| 45 32 |49 ns
PHL select 31 | 49 28| 45 31 |49
tPLH Write Any Q 37 | 54 34| 50 37 | 54 ns
PHL 32 | 49 29| 45 32 |49
tPLH Data Any Q 37 | 54 34| 50 37 |54 ns
PPHL 29 | 44 26| 40 29 |44
PARAMETER MEASUREMENT INFORMATION
ouTPUT
WRITE-SELECT \
INPUT WA or W f Vref Vref v 102,03 or MJA ™ \
(See Note A)
"tse(up(w) thold(W) WRITE-ENABLE
o7, D2, 3 or D4 i INPUT Gyy Vref
(See Note A) —<—>| tPLH tPLH

WRITE-ENABLE
INPUT Gw

DA TA INPUT
D1, D2, D3 or D4 / Vref A Vref

VOLTAGE WAVEFORM 1

ouTPUT v
Q1, @2, 03 or Q4 ref
WRITE-ENABLE
INPUT Gw Vref
| tPLH PHL
. DATA INPUT v v
tPHL Lon oL D1, D2, D3 or D4 ref ref

VOLTAGE WAVEFORMS VOLTAGE WAVEFORM 2

§

READ-SELECT
INPUT Rp or RB
(See Note B)

READ-ENABLE
INPUT GR

OUTPUT
Q1,Q2, Q3 or Q4

FIGURE 1 FIGURE 2

NOTES: A. High-level input pulses at the select and data inputs are illustrated in Figure 1; however, times associated with low-level

pulses are measured from the same reference points.

B. When measuring delay times from a read-select input, the read-enable input is low. When measuring delay times from the
read-enable input, both read-select inputs have been established at steady states.

C. In Figure 2, each select address is tested. Prior to the start of each of the above tests, both write and read address inputs are
stabilized with Wp = R and Wg = Rp. During the test GR is low.

D. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Zg,¢ ~ 50 Q, duty cycle
< 50%, ty <15 nsand tf <6 ns.

E. Vigf=1.3V.
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LS174 Hex D-Type Flip-Flops With Clear

LS175 Quadruple D-Type Flip-Flops With Clear
PIN-OUT DIAGRAMS

FEATURES LS174"

B Positive edge-triggered common clock

® Asynchronous common reset

® Clock-to-output delays of 14 ns

DESCRIPTION

The LS174 is a six-bit register with single-rail outputs and
the LS175 is a four-bit register with complementary out-
puts. Both consist of D-type flip-flops with a buffered
common clock and an asynchronous, active-Low buffered
clear.

Information at the D inputs meeting the setup time re-
quirements is transferred to the Q outputs on the positive-
going edge of the clock pulse. Clock triggering occurs at a
particular voltage level and is not directly related to the
transition time of the positive-going pulse. When the clock
input is at either the high or low level, the D input signal
has no effect at the output.

5D 50 4D 40 CK

CLR 10 1D 2D 20 3D 3Q GND
15 14 13 12 1110

FUNCTION TABLE
(EACH FLIP-FLOP)
INPUTS OUTPUTS
CLEAR CLOCK D { a at
L X x| L H
H t Hl H L
H t Ll L H
H L x| Q Qg

H = high level (steady state)

L = low level (steady state)

X = irrelevant

t = transition from low to high level

Qg = the level of Q before the indicated steady state R =
i 1D 20 20 20 GND
input conditions were established. Die Size .06 x .085 CLR 10 10
1t=LS175 only LOGIC DIAGRAMS
o LS174
1D 2D 3D 4D 5D 6D
9 |3 14 |6 11 13 l14
CLOCK _DC - .
F< Y | [e X | Q | fo Q fo)
CK D CK D CK D CK D CK D CK D
CLEAR CLEAR CLEAR CLEAR
l'c CLEAR a [q CLEAR I'q a lo a a
m | | 1 | ]
CLEAR _ ¢ _ _
1 12 s |7 10 112 15
1Q 2Q 3Q 4Q 5Q 6Q
LS175
1D 2D 3D 4D
9 4 12 1
cLock —{>0- x o =5 2 l 3
cK D CK D cKk D CK D
CLEAR CLEAR CLEAR -] CLEAR
Q_Q Q_Q ? ? Q_Q
GDC 11 | ‘ I
CLEAR 3 ) T3 1o~ 6 17 T e 114 ]15
1Q 1Q 20 2Q 3@ sQ 4Q 4Q
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Hex D-Type Flip-Flops With Clear LS174

‘Quadruple D-Type Flip-Flops With Clear LS175
pnhuandefings
Recommended Operating Conditions
9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Vce 4.5 5 5.5 [4.75 5 5.25 \%
High-level output current, lgn -400 -400 | pA
Low-level output current, lgp 4 8 mA
Clock frequency, fejock 0 35 0 35 | MHz
Width of clock pulse, t,, (Low) 15 15 ns
Width of clear pulse, t,, (Low) 20 20 ns
. Data input tewp 10 10 ns
Setup time Clear recovery, tec | 12 12 ns
Data hold time, tho1q 5 5 ns
Operating free-air temperature, Ta -b5 125 0 70 °C

tsetup is the minimum time required for the correct logic level to be present at the data input prior to the rising edge of the clock in order to
be recognized and transferred to the output.

thold is the minimum time required for the logic level to be maintained at the data input after the rising edge of the clock in order to insure
recognition.

trec is the minimum time required between the end of the clear pulse and the rising edge of the clock in order to transfer High data to the Q
output.

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

N 9LS/54LS 9LS/74LS
Parameter Test Conditions Min [ Typ™ | Max | Min | Typ~ | Max Unit
ViH 2 2 V%
Vi 0.7 08 [ Vv
\7 Vce=MIN, 1)=-18mA -1.5 -1.5 \
Vee=MIN,  Vip=2V,
\% . . . X
OH V||_=V|Lmax, IOH='400/1A 25 35 2.7 35 v
V. VCC=M|N, V|H =2V, I0L=4mA 0.25 0.4 0.25 0.40 v
oL VL=V jLmax loL=8mA 0.35 0.5
|| VCC=MAX, V|=7V 0.1 0.1 mA
'IH VCC=MAX, V|=2.7V 20 20 [.lA
|||_ VCC=MAX, V|=0.4V -0.4 -0.4 mA
lost Vec=MAX -15 -100 [ -15 -100 mA
LS174 16 26 16 26
{ratft =
cc VecmMAX Ls175 11| 18 1] 18| ™
*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.

**All typical values are at Voc =5V, Ta = 25°C.
TNot more than one output should be shorted at a time.
11With all outputs open and 4.5V applied to all data and clear inputs, g is measured, after a momentary ground, then 4.5V is

applied to clock.
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LS174

Hex D-Type Flip-Flops With Clear

LS175

- Quadruple D-Type Flip-Flops With Clear
[ e ]

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter From To -55°C +25°C +125°C Units
(Input) (Output) Min.l Typ. l Max. | Min. I Typ. I Max. | Min. I Typ. | Max.
Test Conditions: C, =15pF, RL =2k (See Figure A on page 2-174)
fmax maximum clock 35 45 MHz
frequency
tPLH ~ clear a 19 | 25 19 | 25 25 | 31 ns
{LS175 only)
tPHL clear Q 23 | 29 19| 25 22 | 27 ns
(LS175 only)
oLy clock QorQ 14 | 20 13 | 17 14 | 19 ns
thp clock QorQ 16 | 23 13 | 18 13 | 18 ns
Test Conditions: C =50pF, R =2kQ (See Figure A on page 2-174)
Ly clear a 21 | 27 22 | 27 28 | 35 ns
(LS175 only)
tPHL clear Q 25 33 23 28 25 30 ns
(LS175 only)
thLH clock Qor@ 16 | 22 15 | 19 17 | 21 ns
tPHL clock Qor Q 20 | 28 17 | 23 17 | 22 ns

Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications

are for 9LS only.
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4-Bit Arithmetic Logic Unit

LS181

FEATURES

®  Provides 16 arithmetic operations

®  Provides 16 logic operations

®  Full look-ahead for high-speed arithmetic operation
on long words

DESCRIPTION

The LS181 is an arithmetic logic unit (ALU)/function
generator which has a complexity of 75 equivalent gates on
a monolithic chip. This circuit performs 16 binary arithme-
tic operations on two 4-bit words as shown in Tables 1 and
2. These operations are selected by the four function-select
lines (SO, S1, S2, S3) and include addition, subtraction, de-
crement, and straight transfer. When performing arithmetic
manipulations, the internal carries must be enabled by
applying a low-level voltage to the mode control input (M).
A full carry look-ahead scheme is made available in these
devices for fast, simultaneous carry generation by means of
two cascade-outputs (pins 15 and 17) for the four bits in
the package. When used in conjunction with the 182, full
carry ahead look-ahead circuits, high-speed arithmetic
operations can be performed.

If high speed is not of importance, a ripple-carry input
(Cy) and a ripple-carry output (Cnh4q) are available.
However, the ripple-carry delay has also been minimized so
that arithmetic manipulations for small word lengths
can be performed without external circuitry.

The LS181 will accommodate active-high or active-low
data if the pin designations are interpreted as follows:

Subtraction is accomplished by 1's complement addition
where the 1’s complement of the subtrahend is generated
internally. The resultant output is A-B-1 which requires an
end-around or forced carry to provide A-B.

The LS181 can also be utilized as a comparator. The

A = Boutput is internally decoded from the function outputs
(FO, F1, F2, F3) so that when two words of equal magni-

tude are applied at the A and B inputs, it will assume a high
level to indicate equality (A = B). The ALU should be in
the subtract mode with Cn = H when performing this com-
parison. The A = B output is open-collector so that it can
be wire-AND connected to give a comparison for more than
four bits. The carry output (Cpi4) can also be used to
supply relative magnitude information. Again, the ALU
should be placed in the subtract mode by placing the
function select inputs, S3, S2, S1, SO at L, H, H, L,
respectively.

INPUT €, | OUTPUT €0 ACTIVE-HIGH DATA | ACTIVE-LOW DATA
(FIGURE 1) (FIGURE 2)
H H A<B A>B
H L A>B A<B
L H A<B A>B
L L A>B A<B

These circuits have been designed to not only incorporate
all of the designer’s requirements for arithmetic operations,
but also provide 16 possible functions of two Boolean vari-
ables without the use of external circuitry. These logic
functions are selected by use of the four function-select
inputs (SO, S1, S2, S3) with the mode-control input (M)
at a high level to disable the internal carry. The 16 logic
functions are detailed in Tables 1 and 2 and include
exclusive-OR, NAND, AND, NOR, and OR functions.

PIN NUMBER 2 |1 ({2322 {21{2 |19 18| 910|113 |7 | 16| 15|17
Active-low data (Table 1)| Ag |Bp | A1 | By |A2 | B2 |A3 |B3 |Fo | F1 |F2 | F3 [Cn (Ch+a| X | Y
Active-low data (Table 2) | Ag |Bo |A1|{ By |A2 | B2 |A3 |B3 |Fg | F1 |F2 |F3 |[Ch|Ch+a| P | G

PIN-OUT DIAGRAM
INPUTS OUTPUTS
s N\ ANEA A
3 Voc A1 Bl A2 B2 A3 B3 G Cnwg P A=B F3
» ﬂmmmmmmnm?mn
10 4
Al 81 A2 B2 A3 B3 G Cnsa P A-B|
1
24 B0 F3|
12
. A0 83 $2 $1 S0 Cp M FO F1 F2
[8](9] 0]
14 22 a0 < %
\

16 17 18

28
INPUTS
Die Size .074 x.085

2-103



LS181

4-Bit Arithmetic Logic Unit

ALU SIGNAL DESIGNATIONS

The LS181 can be used with the signal designations of either Figure 1 or Figure 2.

The logic functions and arithmetic operations obtained with signal designations as in Figure 1 are given in Table 1; those
obtained with the signal designations of Figure 2 are given in Table 2.

(2) (1) (23)(22) (21)(20) (19)(18) (2) (1) (23) (22) (21)(20) (19) (18)
ApBp A7 By A2Bz A3 B3 AgBg A1Br A2B2 A3 B3
(7),—?-4 Ch (7) Cn
LS181 A=B }—(14) LS181 =B }——(14)
(8) M (8) ]
Fo Fi1_F2 F3 Cnig X Y Fo F1 F2 F3 Chq G P
(9) (10) (11) (13) (16) (17) (15) @ (10) (11 (13) (16) (17) (15)
[ I
(3)(4) (1) (20 (14) (15) (5) (6) 3) 4 (1) (i) (14) (158)  (5) (6)
Yo Xo Yq X1 Y2 X2- Y3 X3 Gp Pg Gy Pp G2 P2 G3 P3
Xp— o Ppp—
res LS182 “;’_J Cn Ls182
(3) ' Y p—(10) G o—(10p
cn+)(_ cn+y Cn+z cn+x cn'I-y Ch+z
(12) (11 (9) (12) (11) (9)
FIGURE 1 FIGURE 2
(FOR TABLE 1) (FOR TABLE 2)
TABLE 1 TABLE 2
ACTIVE-HIGH DATA ACTIVE-LOW DATA
M=H M = L; ARITHMETIC OPERATIONS M=H M =L; ARITHMETIC OPERATIONS
SELECTION LoGIC Co=H Cn=L SELECTION LoGic Cn=L Cn=H
S3 S2 Sq Sp | FUNCTIONS (no carry) (no carry) S3 S2 S1 So [FUNCTIONS {with carry) {with carry)
L L L L F=A F=A F=APLUS 1 L L L L F=A F < AMINUS 1 F=A
L L L H|F=A"B F=A+B F=(A+B)PLUS 1 L L L H|F:=AB F = ABMINUS 1 |F-a8
L L HL|F=AB F=A+8 F=(A+B)PLUS 1 L LHL|F=A+B |F=ABMINUS1 F = AB
LLHH|F=0 F = MINUS 1 (2's COMPL) | F = ZERO LLHH|F=1 F = MINUS 1 (2'sCOMP) | F = ZERO
L HLL|F=AB F = APLUS AB F=APLUS AB PLUS 1 LHLL|F-A+B |[F=APLUS(IA+B) F=APLUS (A +B) PLUS 1
L HLH F=B F = (A + B) PLUS AB F=(A+8)PLUS AB PLUS 1 L HLH F=8 F=ABPLUS (A +B) F=ABPLUS (A +B) PLUS 1
L HHL F=A®DB | F=AMINUSBMINUS1 | F=AMINUSB L HHL F=A@B F=AMINUSBMINUS 1 | F=AMINUSB
L HHH| F=aB F = AB MINUS 1 F=AB L HHH|F=A+F F=A+B F=(A+B)PLUS 1
H L L L F=K+8 F=APLUS AB F=APLUS AB PLUS 1 H L L L F =AB F=APLUS (A +8B) F=APLUS (A +B)PLUS 1
HLLHK|F-AQ®B |F-APLUSB F=APLUS B PLUS 1 HLLH|F-A®8B [F=APLUSB F = APLUSBPLUS 1
H L H L Fe=8 F = (A + B) PLUS AB F=(A+B)PLUS AB PLUS 1 H L H L F=8 F = ABPLUS (A +B) F = ABPLUS (A + B) PLUS 1
H L HH|F=aAB F = AB MINUS 1 F=AB H L HH|F=A+B [F=A+B F=(A+B)PLUS1
HHLL|F= F=APLUSA® F=APLUSAPLUS 1 HHLL]|F=0 F=APLUS A* F=APLUSAPLUS 1
H HLH F=A+B F=(A+8B)PLUS A F=(A+8) PLUS APLUS 1 H H L H F = AB F=ABPLUS A F=ABPLUS APLUS 1
HHHL|F=A+B F=(A+B)PLUSA F=(A+B)PLUS APLUS 1 H HHL|F=AB F=ABPLUSA F=ABPLUSAPLUS 1
HHHH|F=A F = AMINUS 1 F=A HHHHIF=A F=A F=APLUS 1

*Each bit is shifted to the next more significant position.



4-Bit Arithmetic Logic Unit LS181
LOGIC DIAGRAM
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LS181 4-Bit Arithmetic Logic Unit

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max [ Min | Nom | Max
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \'
High-level output current, Igy (All outputs except A = B) -400 -400| pA
Low-level output current, g 4 8 mA
Operating free-air temperature, T -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
" 9LS/54LS 9LS/74LS
Para@eter Test Conditions Min | Typ™ | Max | Min | Typ~| Max Unit
Vin 2 2 \%
Vi 0.7 0.8 Vv
V| Vee=MIN, 1}=-18mA -1.5 -1.5 \4
Any Output| Vee=MIN, Vin=2v,
VOH |oxcept A =B VL=V max, loH=-400uA 25| 34 27| 34 v
A=8B Vee=MIN,  Viy=2V,
loH | output only V=V max, Vou=5.5V 100 100 | wA
loL=4mA 025 | 0.4 025 | 04
Vee= = oL
VoL All outputs VCC=\’>/|"\rln,ax V=2V, TGL=BmA 035106 6351 05 v
outpurG | LT VIL ToL=16mA 0.47 | 0.7 0.47 | 0.7
Mode input 0.1 0.1
Any AorB
I input Vgoe=MAX, V=7.0V 03 0.3 mA
Any S input] 0.4 04
Carry input 0.5 0.5
Mode input 20 20
Any A or B 60 60
1 Vee= =2.
M CanySimpay VCCTMAX, V=27V 80 s | “A
Carry input 100 100
Mode input -0.4 -0.4
Any AorB 19 19
e input Vee=MAX, Vi=0.4V L2 A
Any § input -1.6 -1.6
Carry input -2 -2
Any Output = _ - - -
lost | ony o mng| Vec=MAX 15 100 | -15 100 | mA
Condition A 20 32 20 34
lcett =
ce VecmMAX Condition B 21 | 35 21| 37 | ™

*sor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
evice type. o
**All typiZ:levalues areat Vg =5V, Ta = 25°C.
tNot more than one output should be shorted at a time.
T1With outputs open, Igc is measured for the following conditions:
A. SO through S3, M and A inputs are at 4.5V, all other inputs are grounded.
B. SO through S3 and M are at 4.5V, all other inputs are grounded.
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4-Bit Arithmetic Logic Unit

Switching Characteristics, V

cc = 5V Over Recommended Free-Air Temperature Range

LS181

From To ~55°C +25°C +125°C Unit
Parameter (input) (output) Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max "
Test Conditions: C, = 15pF, R, = 2k{) (See Fig. A on page2-174)
tpLH 17 28 14 24 17 28
tpHL C Crrta 16 | 24 13 | 20 16 | 24| ™
M=0V,S0=S3=4.5V,81 =S2=0V (SUM mode)
tPLH 27 39 24 35 27 39
thHL Any AorB Cita 20 | 34 17 | 30 20| 3] "™
M =0V, S0=S83=0V,S1=S82=4.5V (DIFF mode)
L 27 | 42 24 | 38 27 | 42
thHL AnyAorB | Cnia % | 42 25 | 38 B a2] ™
M = 0V, (SUM or DIFF mode)
tpLH 15 28 12 24 15 28
tpH| Cn Any F 15 | 24 12 | 20 15 | 24| ™
M =0V, S0=83=45V,S1=S52=0V (SUM mode)
tPLH 15 33 12 29 15 33
touL Any AorB G 18 | 27 15 | 23 18 | 27 | ™
M =0V, 80 =83=0V,S1=S82=45V (DIFF mode)
tPLH 23 34 20 30 23 34
tonL Any Aor B G 20 | 30 17 | 26 20 | 30 ] ™
M =0V, S0=S3=4.5V, $1=82=45V (SUM mode)
tpLH 17 32 14 28 17 32
B P ns
L Any Aor , 23 | 34 20 | 30 23 | 34
M =0V, S0 =S3=0V,S1=S82=45V (DIFF mode)
n 23 | 34 20 | 30 23 | 34
o Any Aor B P 25 | 37 22 | 33 25 | 37 ] ™
M=0V,S0=83=4.5V,S81=_S82=0V (SUM mode)
tpLH , ) ) 18 34 15 30 18 34
tPHL Aior B Fi 16 | 24 13 | 20 6] 22 ] ™
M =0V, S0 =83 =0V, S1=S2 =45V (DIFF mode)
tpLH ) . . 24 36 21 32 24 36
torL Aior B Fi 18 | 27 15 | 23 18 27 | ™
M = 4.5V (logic mode)
tpLH . . ) 20 34 17 30 20 | 34
toHL Aior Bi Fi 18 | 33 15 | 29 18] 33 ] ™
M =0V, S0=S83=0V,S1=S82=45V (DIFF mode)
toLnt _ 36 | 56 33 | 50 36 [ 56
tPHL AnyAorB | A=B 32 | 50 20 | 45 2| 50| ™
Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only.
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LS181

'Switchi'ng Characteristics, V,

4-Bit Arithmetic Logic Unit

cc = 5V Over Recommended Free-Air Temperature Range

Parameter

From
(input)

To

~55°C

+25°C

+125°C

v (output)

Min | Typ | Max

Min I Typ l Max

Min T Typ | Max

Unit

_ Test Conditions: C, = 50pF, R, =

2k} (See Fig. A on page 2-174)

tPLH C C 21 33 18 29 21 33
orL n nté 19 | 29 17 | 25 19 | 29 | ™
M =0V, S0 = §3 = 4.5V, S1 = S2 = OV (SUM mode)
o 30 | 44 28 | 40 30 | 44
o Any AorB Cn+a 23 | 39 31 | 35 23 (39 ] ™
M =0V, SO = S3= 0V, 51 = 52 = 4.5V (DIFF mode)
tpLH ’ 30 47 28 43 30 47
- Any A or B Ch+a 3 47 29 43 31 47 ns
M = 0V, (SUM or DIFF mode)
i 8 | 33 6 | 29 8 | 33
toy| Cn Any F 18 | 29 16 | 25 18 20 | ™
M = 0V, S0 = S3 = 4.5V, S1 = 52 = 0V (SUM mode)
toLp 18 | 38 16 | 34 18 | 39
A B
toL ny Aor ¢ 21 | 32 19 | 28 21 |32 | ™
M =0V, S0 =53 =0V, S1 =52 = 4.5V (DIFF mode)
tPLH 26 39 24 35 26 39
terL Any Aor8 N 23 | 35 21 | 31 23 | 36 | ™
M =0V, SO = S3 = 4.5V, S1 = 2 = 4.5V (SUM mode)
tpLH 20 | 37 18 33 20 37
Any A or B P
tohL Ao 26 | 39 24 | 35 2% | 30 | "
M =0V, S0 =S3 =0V, 51 =52 = 4.5V (DIFF mode)
tPLH 26 39 24 35 26 39
P 9|
tPHL Any AorB 28 | 42 26 | 38 28 | 42 |
M = 0V, S0 = S3 = 4.5V, $1 = S2 = OV (SUM mode)
tPLH . ) . 21 39 19 35 21 39
tonL Aior B i 19 | 29 18 | 25 19 [ 20 | ™
M =0V, S0 = S3 = OV, S1 = 52 = 4.5V (DIFF mode)
tpLH 27 41 25 37 27 41
tonL Aior Bi i 21 | 32 19 | 28 21 |32 | ™
M = 4.5V (logic mode)
.y 23 | 39 21 [ 35 23 | 39
A; or B; Fi
torL ior By ' 21 | 38 19 | 34 21 |38 |
M =0V, S0=S3 =0V, S1 =52 =45V (DIFF mode)
tPLH _ 39 61 37 55 39 61
tPHL Any AorB ) A=B 3 | 55 33 | s0 3 | 55 |

Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only.

PARAMETER MEASUREMENT INFORMATION

LOGIC MODE TEST TABLE
FUNCTION INPUTS: S1=S2=M=45V,S0=S3=0V

OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS |OUTPUT | OUTPUT
PARAMETER | UNDER UNDER | WAVEFORM
APPLY APPLY APPLY APPLY
TEST TEST
45V GND 45V GND
T —
PLH A 8; None None Remaining F; Out-of-Phase
tPPHL AandB,C,
| R ini
PLH B; Aj None None emaining F; QOut-of-Phase
tPHL Aand B, Cp,
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4-Bit Arithmetic Logic Unit Ls181
8

PARAMETER MEASUREMENT INFORMATION

SUM MODE TEST TABLE
FUNCTION INPUTS: S0=S3=45V,S1=82=M=0V

OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS |OUTPUT OUTPUT
PARAMETER | UNDER UNDE&R | WAVEFORM
TEST APPLY APPLY APPLY APPLY TEST
45V GND 45V GND
1 Remainin
PLH A; B None 'ning Cn Fi In-Phase
tPHL A and B
1 Remainin,
PLH B; Aj None aining Cn Fi In-Phase
tPHL Aand B
t Remainin
PLH A; B; None None 'ning 4 In-Phase
tPHL Aand B8,Cp .
t Remainin
PLH B; Ay None None 9 P In-Phase
tPHL AandB,C,
1 Remainin Remainin
PLH A None B ining "ning G In-Phase
PHL . B A, Cqn
t Remainin, Remainin
PLH B; None A; maining 'ning G In-Phase
PHL B A.Cn
t, Al All Any F
PLH Cn None None . v In-Phase
tPHL A B8 or Cn+q
t Remainin, Remainin,
PLH Aj None B ining ning Ch+4 Out-of-Phase
tPHL B A.Cp
t ' Remainin, Remainin
PLH B; None A ining 9 Ch+4 Out-of-Phase
tPHL 8 A, Cn -

DIFF MODE TEST TABLE )
FUNCTION INPUTS: S1=82=45V,S0=83=M=0V

OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS |OUTPUT OUTPUT
PARAMETER | UNDER UNDER | WAVEFORM
APPLY APPLY APPLY APPLY
TEST TEST
45V GND 45V GND .
t Remaini Remainin,
PU‘_‘ A None B; emaining ning F; In-Phase
tPHL A B.Cqp
t Remaini R ini
PLH B, A None " emaining Fi Out-of-Phase
PHL A B.Cn
t Remainin
PLH Aj None B; None "ning P In-Phase
tPPHL A and B, Cp,
t Remainin
PLH 8; A; None None "9 P Out-of-Phase
PPHL A and B, C
1 Remainin
PLH Aj B; None None "ning G In-Phase
tPHL Aand B, C,
t i Remainin
PLH B; None A None "9 G Out-of-Phase
tPPHL Aand B, Cp
1 Remaini Remainin
PLH A; None B; 'ning "ning A=8B In-Phase
PHL A B8,Cp
t Remaini Remaini
PLH B; A None ‘"9 """ 1 A-B | Outof Phase
tPHL A B,Cp
1 y All
PLH Cn None None None Cn+a In-Phase
PHL Aand B or any F
tPLH . “‘Remaining
A; B; None None [of Out-of-Phase
AL i i A.B,Cp n+4
t Remaini
PLH B; None A; None ‘"9 Ch+4 In -Phase
PPHL A.B,Cq
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LS190 Synchronous BCD Decade Up/Down Counter

LS191 Synchronous 4-Bit Binary Up/Down Counter
PIN-OUT DIAGRAM
_FEATURES
®  Single up/down count mode control line INPUTS  OUTPUTS INPUTS
®  Asynchronous parallel load DATA ;OMAX/< DATA
®  Count enable, parallel load control inputs Vec A CKESMIN S ¢ D
®  Cascadable - (16] [15] [14] [13] [12] [11] [10] (8]
| R
DESCRIPTION cLock wiv

B o

The LS190 and LS191 are synchronous, reversible up/down .

Qg 0p G _DN/UP Q¢ Qp

counters having a complexity of 58 equivalent gates. The T
LS191 is a 4-bit binary counter and the LS190 is a BED r;l‘lé@
counter. Synchronous operation is provided by having all DATA Og QA G DN/UPQ¢ Qp GND
flip-flops clocked simultaneously so that the outputs change i

coincident with each other when so instructed by the INPUT QUTPUTS INPUTS OUTPUTS

steering logic. This mode of operation eliminates the output
counting spikes normally associated with asynchronous .
(ripple clock) counters. LS190

LOW INPUT TO LOAD SETS Q, = A, Q; =B, Q; = C,Q, = D

The outputs of the four master-slave flip-flops are triggered
on a low-to-high-level transition of the clock input if the
enable input is low. A high at the enable input inhibits
counting. Level changes at the enable and down/up inputs
should be made only when the clock input is high. The
direction of the count is determined by the level of the
down/up input. When low, the counter counts up and
when high, it counts down.

Die Size .100 x .077

These counters are fully programmable; that is, the outputs lNPUTS OUTPUTS . INPUTS
may be preset to either level by placing a low on the load ot 2] TA
input and entering the desired data at the data inputs. The vccm)\TACK EZWT. &
output will change to agree with the data inputs indepen- .’*TTT T
dently of the level of the clock input. This feature allows
the counters to be used as modulo-N dividers by simply Aok ’;'L’géi"m’ Lo0 ¢
muuuyuvg ihe count IEHQII’I with the preset inputs. 8 o

. Qg Qo G nwuv Q¢ Qp
The clock, down/up, and load inputs are buffered to iié dﬂ*
lower the drive requirement which significantly reduces DATAus 0 GD%PO{: OD&)
the number of clock drivers, etc., required for long parallel B, ENABLE
words. INPUT OUTPUTS INPUTS OUTPUTS
Two outputs have been made available to perform the LOWINPUT TO LOAD SETS Qs = A, Qe = B,Qc = C, Qo = D
cascading function: ripple clock and maximum/minimum LS191

count. The latter output produces a high-level output
pulse with a duration approximately equal to one complete
cycle of the clock when the counter overflows or under-
flaws. The ripple clock output produces a low-level output
pglsé equal in width to the low-level portion of the clock
input when an overflow or underflow condition exists.
The counters can be easily cascaded by feeding the ripple
clock output to the enable input of the succeeding counter
if parallel clocking is used, or to the clock input if parallel
enabling is used. The maximum/minimum count output can
~ be used to accomplish look-ahead for high-speed operation.

Die Size .100 x .077




Synchronous BCD Decade Up/Down Counter LS190
Synchronous 4-Bit Binary Up/Down Counter LS191
Recommended Operating Conditions
9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Vee 4.5 5 55 | 4.75 5 5.25 \
High-level output current, gy -400 -400 | upA
Low-level output current, lg| 4 8 mA
Input clock frequency, fgjock 0 20 0 20 | MHz
Width of clock input pulse, ty(ciock) 25 25 ns
Width of load input pulse, ty(ioad) 35 35 ns
Data setup time, tseryp (see Figures 1and 2) 20 20 ns
Enable to clock setup time, teep 20 20 ns
Data hold time, tholg 0 0 ns
Operating free-air temperature, Tp -55 125 0 70 °C

Electrical Characteristics Over Recommended Free-Air Temperature Range (Uniess Otherwise Noted)

. 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ™ | Max | Min | Typ* | Max Unit
Vin 2 2 \Y
Vil 0.7 08 | V
v, Veo=MIN,  1;=-18mA 15 5 V
Veo=MIN,  Vig=2V,
VOoH ViL=VyL max, lgn=-400uA 25 | 34 27 | 34 \Y
Y Vee=MIN, Vig=2V, loL=4mA 0.25 | 0.40 0.25 | 0.40 Y
OL V=V max ToL=8mA 035| 05
Enable 0.3 0.3
h Others Vee=MAX, V=1V 0.1 0.1 mA
Enable _ _ 60 60
liH Othars Vee=MAX, V|=2.7V 20 20 MA
Enable -1.2 -1.2
|”_ Others Vcc—MAX, V|—0.4V 04 04 mA
lost Veo=MAX 15 2100 | -15 2100 | mA
Toott Veo=MAX 20 | 35 20 | 35 | mA

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

device type. ’
**All typical values are at Vo =5V, Ta = 25°C.

TNot more than one output should be shorted at a time.

ttlcc is measired with all inputs grounded and all outputs open.

TED
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LS190 Synchronous BCD Decade Up/Down Counter

Ls191 Synchronous 4-Bit Binary Up/Down Counter
L.___________________________________________________________________________ ]

Switching Characteristics, V,

= 5V Over Recommended Free-Air Temperature Range

P From To —5&°C +25°C +125°C Unit
arameter (input) (utput)  ["Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max
Test Conditions: C_ = 15pF, R, = 2kQ (See Fig. 1 thru 7 on pages 2-115 and 2-116 and Fig. A on page 2-174)
oo 212 s
tPLH ) 25 37 22 33 25 37
i Load  |aa.08.Qc0p 36 | 54 33 | 50 % [ 54| ™
- 1 | 22 17 26
t:::l': Data A,B,C,D|Qa.QB.Qc.Qp 3; gg 35 50 38 56 "
16
:PLH Clock Ripple Clock 19 53 }2 32 :g gg "
PHL
thLH 19 | 28 16 | 24 19 | 28
s Clock  |0a.08.0cQp 77 | 40 24 | 36 27 | 40 | ™
r— - 31 46 28 | 42 31 | 46
oM Clock Max/Min 20 | 56 37 | 52 a0 | 86 |
3 30 45
:PLt Down/Up | Ripple Clock gg Zg 30 | 45 gg :g "
PH v
. 2 3
:PLH Down/Up Max/Min g: g; 2; 23 ;g g; "
PHL
33
:PLH Enable Ripple Clock g: 2; g; 33 gg g; "
PHL >
Test Conditions: C, = 50pF, R, = 2k(2 (See Fig. 1 thru 7 on pages 2-115 and 2-116 and Fig. A on page 2-174)
tPLH 28 | 42 25 | 37 28 | 42
TorL Load 39 | 59 R B "™
: 70 1 17 2 31
L Data A,B,C,D|Qa.Q8.9¢.Qp o o e ™
:PLH Clock Ripple Clock ;g gg :g 23 ;2 ;g ns
HL
- 22 33 19 28 22 33
t::': Clock QA.Q8.Qc.Qp 30 | 45 27 | 40 30 | 45 "
tPLH i 34 | St 31 1 45 -
M M - ns
vy Clock ax/Min 23 51 40 56 43 61
::;*: Down/Up | Ripple Clock 22 z 22 ig 22 E‘: "
:P'-H Down/Up Max/Min ;; 35 gg g; g; :g ns
PHL
o - 27 42 24 37 27 42
Enable | Ripple Clock = "
o nable ipple Clock 28 | 43 25 | 37 28 | 33

Note: AC specification shown under -55°C and +125°C are for 9LS devices only.
All 50pF specifications are for 9LS only.
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Synchronous BCD Decade Up/Down Counter LS190
Synchronous 4-Bit Binary Up/Down Counter LS191
LOGIC DIAGRAM
LS190

CLOCK (14) Dc
o = o
DOWN/UP —]g]D >fD .
y OUTPUT

D

DATA (15)
INPUT A 1
LD_ PRESEA 2 outPuT 0y
ENABLE G (@) <> 'HP CcK
K EA
CLEAR
DATA (1)
INPUT B & y
PRESET (2 .
{ J Qg OUTPUT Qp
K
] —
1 K OB
CLEAR"
{ ¢
= D
DATA _(10)
INPUT C 1 ) y
3 REsg{: ) outPuT OC
e |
- |
b cK
1 K _Q
CLEA?Rcr——l
DATA 9 '
INPUT D 1 »

LOAD !EL{}
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LS190

Synchronous BCD Decade Up/Down Counter

LS191

Synchronous 4-Bit Binary Up/Down Counter

cLock MD&
DOWN/UP EL—D&

DATA
INPUT A

ENABLE G,

DATA
INPUT B

DATA
INPUT C

DATA
INPUT D

LOAD (%
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LOGIC DIAGRAM

Ls191
, {13) RIPPLE
1 cLock
1 ! 12) max/MIN
D"I = | 'OUTPUT
(15)
> )
D ERESEE B outeut 0a
@ JD —ap CcK
D K 8
CLEAR
(1)
1D
]
(10)
D 2
PRESET (6)
T J . og JOUTPUT Q¢
) —pCK
] —
1 Qc
)~ JDP ¢, 3¢
(9)
D
=

PRESET | 7)
Q OUTPUT Qp




Synchronous BCD Decade Up/Down Counter : LS190
Synchronous 4-Bit Binary Up/Down Counter LS191

LS190 TYPICAL LOAD, COUANT AND INHIBIT SEQUENCES

Illustrated below is the following sequence:

1. Load (preset) to BCD seven.

2. Count up to eight, nine (maximum), zero, one, and two.

3. Inhibit.

4. Count down to one, zero (minimum), nine, eight, and seven.

l - —
‘ —
[ —
DATA# A - - - - = - -
INPUTS) ¢ — —_ - — - — - — —_— -
|
_ e — — — = = = = = —_—— =
D I p— — — —_— —_— —_ —_- —_ —_ —_— — —
P - - - — — - - — — - = =
: |
I [
| [} i
DOWN/UP_[ ! :t | !
| |
1
[} (]
ENABLE | Ll [ l !
| 1) | |
s==" | |
oa___, 1 L_J L | 1 1 T
' T \
L) | | |
Qg ___ :I I. | l |
—e ] ! : |
Qc___u : : ! : I
D : T
Qp L || | | | | I |
T [N} ' I :
——- ' | ,
maxmin~ 1 [ . R
=" T v T T
] ]
e B R N N
T8 9 0 12 2 12/11 0 9 8 7
| | b—count up——<finiBit  l——count pown —
e e/
LOAD
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LS190 Synchronous BCD Decade Up/Down'Counter
LS191 Synchronous 4-Bit Binary Up/Down Counter

LS191 TYPICAL LOAD, COUNT AND INHIBIT SEQUENCES

IHlustrated below is the following sequence:

1. Load (preset) to binary thirteen.

2. Count up to fourteen, fifteen (maximum), zero, one, and two.

3. Inhibit.

4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen.

toa L]
AT T ” - - - - - - -2 -
. (S Z-ZT-Z-ZZZZ-ZZ-ZZZCZ
1 l
DATA ' :'— - - - -""""-"""-""=- - - -
INPUTS)C [ — — — — — — — — — — - —
) | b e e e e e e o— — o— — — —
' I
P - - - - - - - - — — —
e e e e e e — e e — -
! 1
cock LU U UYHULULUUL
DOWN/UP | r :
+ [
1 |
ENABLE | . f L
——— : Lo
QA__ :I I I ! In ' ] I l l ]
X : -
- |
| |
QB“’W
- Ll [
QC__ [ n! I | : : I
e Vi : . !
T L ' L —
In ) [ )
mMax/mIN T L : M
RIPPLE - =-—L L
CLOCK ---__1i ! L L
131,14 15 0 1 2 2 2.1 0 15 14 13
| F—count up —hnHBIT] COUNT DOWN —|
LOAD
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Synchronous BCD Decade Up/Down Counter
Synchronous 4-Bit Binary Up/Down Counter

LS190
LS191

PARAMETER MEASUREMENT INFORMATION
DATA

INPUT v
(SEE NOTE A) 10%.,

LOAD v

INPUT 10%

(SEE NOTE A) -

OUTPUT

~ =<10NS —~ = <10NS

T 90% 1.3V " 90%

-~ <10 NS ~

FIGURE 1-DATA SETUP TIME VOLTAGE WAVEFORMS

See waveform sequences in Figures 4 through 7 for
propagation times from a specific input to a specific
output. For simplification, pulse rise times, reference
levels, etc., have not been shown in Figures 4 through 7.

FIGURE 2— GENERAL VOLTAGE WAVEFORMS
FOR PROPAGATION TIMES

<10 NS =~ b —!
1

INPUT
(SEE NOTE A)
10%

ov
------ VoH

NONINVERTING

i
'
|
I
!
OuTPUT ,

1.3v

]
te-tPHL - VoL

1 i
fe-tPLH> VoH
1

INVERTING 1.3V 1.3V

OQUTPUT
—————— VoL

NOTES:

A. The input pulses are supplied by generators having the following characteristics: Zgyt = 5082, duty cycle < 50%, PRR < 1MHz.

LOAD 1 | 1

1

ANY DATA INPUT

—— e —— - ] i
CORRESPONDING _ _ _ _ _ _ L I

PUT o
Qout tPLH =

NOTE B: Conditions on other inputs are irrelevant.

o -:

|

il
tPLH — e -l

1
== tPHL

FIGURE 3—-LOAD TO OUTPUT AND DATA TO OUTPUT

LOAD | I

DOWN/UP

| N I S

CLOCK

| B |

ENABLE G

)
1
L
PHL—= |

[} 1
! !
1 ]
t '
] )
] I

!

p— PLH ®PHL—] = ! o tPLH

U

RIPPLE CLOCK

| |
)
PLH—

MAX/MIN
NOTE C: All data inputs are low.

[
==l te— tPHL

FIGURE 4—ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO MAX/MIN
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LS190 Synchronous BCD Decade Up/Down Counter
LS191 Synchronous 4-Bit Binary Up/Down Counter

PARAMETER MEASUREMENT INFORMATION (Continued)

oap || |

DATAINPUTS T - — - - — — — — - ——= —— J
(SEE NOTESGTOl)}biiiioim—m—m—m—m—m—m—m—m—m—m——m—m—mmem—-- 77— e e e — e e e — = - _————

DOWN/UP 1
COUNT , ] l
OUTPUTI(S) j>— tPLH -

UNDER TEST _ _j 1
ENABLE = LOW

AL

F. to test Qp, Qp, and Qg outputs of LS190: Data inputs A, B, and C are shown by the solid line. Data input D is shown by the dashed line.
G. To test Qp output of LS190: Data inputs A and D are shown by the solid line. Data inputs B and C are held at the low logic level.
H. To test Qa, Qg, Qc, and Qp outputs of LS191: All four data inputs are shown by the solid line.

FIGURE 5—CLOCK TO OUTPUT

LOAD L ||

DATA A L
DATA B,C, AND D [
(SEENOTES) o ) -
DOWN/UP L
COUNT

4

= PLH _ — e tPHL — PLH | e tPHL

MAX/MIN
ENABLE = LOW

NOTE I

Data inputs B and C are shown by the dashed line for the LS190 and the solid line for the LS191: Data input D is shown by the solid
line for both devices.

FIGURE 6 —CLOCK TO MAX/MIN



Synchronous BCD Decade Up/Down Counter LS192

Synchronous 4-Bit Binary Up/Down Counter LS193

FEATURES

m  Separate clock inputs for count-up, count-down
®  Asynchronous parallel load and clear
m  Cascadable

DESCRIPTION

These monolithic circuits are synchronous reversible
(up/down) counters having a complexity of 55 equivalent
gates. The LS192 is a BCD counter and the LS193 is a
4-bit binary counter. Synchronous operation is provided
by having all flip-flops clocked simultaneously so that the
outputs change coincidently with each other when so
instructed by the steering logic. This mode of operation
eliminates the output counting spikes which are normally
associated with asynchronous (ripple-clock) counters.

The outputs of the four master-siave flip-flops are triggered
by a low-to-high-level transition of either count (clock)
input. The direction of counting is determined by which
count input is pulsed while the other count input is high.

All four counters are fully programmable; that is, each
output may be preset to either level by entering the desired
data at the data inputs while the load input is low. The
output will change to agree with the data inputs indepen-
dently of the count pulses. This feature allows the counters
to be used as modulo-N dividers by simply modifying the
count length with the preset inputs.

A clear input has been provided which forces all outputs to
the low level when a high level is applied. The clear function
is independent of the count and load inputs. The clear,
count, and load inputs are buffered to lower the drive
requirements. This reduces the number of clock drivers,
etc., required for long words.

These counters were designed to be cascaded without the
need for external circuitry. Both borrow and carry outputs
are available to cascade both the up- and down-counting
functions. The borrow output produces a pulse equal in
width to the count-down input when the counter under-
flows. Similarly, the carry output produces a pulse equal
in width to the count-down input when an overflow condi-
tion exists. The counters can then be easily cascaded by
feeding the borrow and carry outputs to the count-down
and count-up inputs respectively of the succeeding counter.
Recommended Operating Conditions

PIN-OUT DIAGRAM

CAR

COUNT COUNT
0g  Oa DOWN pp Oc_ Qp

\._v—/
inpuTs OUTPUTS

Low input to load sets Q, = A, Qs = B,
Q:=C, andQ, =D
LS192

15 14 13 12 11 10

LS193
15 14 13 12 11 10

Die Size .100 x .077 (both types)

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Voc 4.5 5 55 | 4.75 5 5.25 \Y
High-level output current, lgy -400 -400 | uA
Low-level output current, lg 4 8 mA
Count frequency, feount 0 25 0 25 | MHz
Width of any input pulse, t,y 20 20 ns
Data setup time, tep (see Figure 1) 20 20 ns
Data hold time, thoiq 0 0 ns
Operating free-air temperature range, Tp -55 125 0 70 °C
2119



LS192 Synchronous BCD Decade Up/Down Counter
LS193 Synchronous 4-Bit Binary Up/Down Counter

LOGIC DIAGRAM
LS192

(13) BORROW

= OUTPUT
(12) CARRY
DATA  (15) — OUTPUT
INPUT A - D—
DOWN (4 Q (3)
COUNT e A OUTPUT Qp
(5) =
uP Ne QA
COUNT k
DATA (1)
ﬂ
INPUT B =D
(2)
s Qp|—¢——— OQUTPUT Qg
T
o 5]
{ >
DATA (10
{ )
INPUT C { >
ac (6)
T ——— OUTPUT Q¢
{ Qc
DATA (9)
INPUT D ™ o
(14)
CLEAR —__{>.J == | 2 )
D r———OUTPUT Qp
{ T
Qp|
(11
LOAD 4>




Synchronous BCD Decade Up/Down Counter LS192

Synchronous 4-Bit Binary Up/Down Counter LS193
LOGIC DIAGRAM
LS193
(13) BORROW
1 »r OUTPUT
=W (12) cARRY
adlf OUTPUT
DATA  (15)
INPUT A { —
DOWN  (4) (3)
COUNT D %A ———— OUTPUT Qp
up ) o Op
COUNT
DATA (1) L
INPUT B 4
og @ outeut 0g
T
0p
DATA  (10)
INPUT C 3 ©)
= ———— OUTPUT Q¢
DATA  (9) —
INPUT D =P

(14)
CLEAR ——{>"J

toap M o

(7

8 )
Qpl———— OUTPUT Qp
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LS192

Synchronous BCD Decade Up/Down Counter

LS193

Synchronous 4-Bit Binary Up/Down Counter

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* Min 9L.rs;ztl:s Max | Min 9L$;4:S Max Unit
Vin 2 2 v
Vi 0.7 08 | V
Vv, Veo=MIN, 1,=-18 15 16|V

Vee=MIN,  Vig=2V,
Vou VooV max, lon = a00uA 25 | 3.4 27 | 34 v
N Veo=MIN,  Viq=2V, loL=4mA 0.25 | 0.40 025 [ 040 ]
oL VL =V|_max , loL=8mA 035| 05
|| VCC=MAX, V|=7V 0.1 0.1 mA
||H VCC=MAX, V|=2.7V 20 20 [JA
|||_ VCC=MAX, V|=0.4V -0.4 -0.4 mA
lost VCC=MAX -15 -100 | -15 -100 | mA
Teo Vco=MAX 9 | 34 19 | 34 | mA

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

device type.

**All typical values are at Vg =5V, Ta = 25°C.
+Not more than one output should be shorted at a time.

tTlce is measured with all inputs grounded and all outputs open.

Switching Characteristics, V

cc = 5V Over Recommended Free-Air Temperature Range

P t From To —55°C +25°C +125°C Unit
arameter (input) (utput)  "Min | Typ [ Max | Min [ Typ | Max | Min | Typ | Max |
Test Conditions: C, = 15pF, R = 2k}  (See Fig. 1 and 2)
fra 25 | 32 MHz
L0 19 | 29 17 | 26 19 | 29
Count-
oy ount-up Carry 18 28 76 22 18 28 ns
tpLH 18 | 28 16 | 24 18 | 28
Count-d B -
r— ount-down orrow 18 28 16 24 18 28 ns
Lh i 27 | 42 25 | 38 27 | 42
Either C
oL ither Count Q 33 51 31 47 33 51 ne
o0 29 | 44 27 | 40 29 | 44
Load Q
[ tPHL o 31 | 44 29 | 40 31 | a0 |1 ™
R Clear Q 24 39 22 35 24 39 ns
B :rgst Conditions: CL = 50pF, RL = 2k{) (See Fig. 1.and 2)
MHz
T 23 | 34 21 | 31 23 | 34
e Count-up Carry 2 | 32 20 | 30 22 [32 | ™
toLH ] 22 | 32 20 | 30 22 | 32
vy Count-down Borrow 22 32 20 30 22 32 ns
tPLH . 31 | 47 29 | 43 31 | 47
Either C Q
Torn ither Count 37 56 34 51 37 56 ns
thLH 33 | 49 31 | 44 33 | 49
T Load Q 35 | 49 33 | 45 3% a0 | ™
tPHL Clear Q 28 | 44 26 | 40 28 | 44 ns

Note: AC specification shown under —55°C and +125°C are for 9LS devices only.
All 50pF specifications are for 9LS only.
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Synchronous BCD Decade Up/Down Counter LS192
Synchronous 4-Bit Binary Up/Down Counter LS193

PARAMETER MEASUREMENT INFORMATION

OUTPUTS
Vee Gp Oc 050,
oATA S o r - ————=n
PULSE - DOWN | oren | 3 |
GENERATOR | S RL |
(See Note A) A CARRY |-OPEN i i ]
CLEAR ;: 8 Qp L 4 4—odhi |
PULSE I (See Note C)
GENERATOR T ¢ % lc._ :
Al
(See Note A} y ° % | I (See Note B) |
LOAD CLEAR ap 1 = |
PULSE d Loso ] = 1
GENERATOR LOAD CIRCUIT 1
(See Note A) - e e e o
1 1 ——ooooLTTTTTITD
= = LOAD CIRCUIT 2 H
(Same as Load Circuit 1)
gy,
e ——————————————
LOAD CIRCUIT 2 }
(Same as Load Circuit 1) |
- — '
e
L LOAD CIRCUIT 4 ]
(Same as Load Circuit 1) '
—— - - - ————
TEST CIRCUIT

o :4- -l le—y
|

[
| ——— ———— e —— 3v
LEAR 90% 90% M |
CLEA 10%' 1.3V 10%
! ov

|
| — ety —l '4— t
| | ! . 3v
DATA | | #F 90% 90%
INPUT | 10% | 1.3V 1.3V 10% ov
!
| J—— tsetup _—.‘ ]
| > et Iy e tsotup——d av
LOAD ] 90% 1.3V 90% 1.3v 90%
9, | o,
INPUT T | 10% 0% | ! 10% S —— ov
| [ ty r
| < tPLH ————>| s PHL - :l-——-——- VoH
a 5k 1.3V }(1.3v kmv
oUTPUT - : VoL
VOLTAGE WAVEFORMS
NOTES:

A. The pulse generators have the following characteristics: Zoyt = 5082 and for the data pulse generator PRR < 5600KHz, duty cycle =
50%; for the load pulse generator PRR is two times data PRR, duty cycle = 50%.

B. CL_ includes probe and jig capacitance.

C. Diodes are 1N3064.

D. tyand tf < 7 ns.

FIGURE 1 — CLEAR, SETUP, AND LOAD TIMES



LS192 ‘ Synchronous BCD Decade Up/Down Counter
L's193 Synchronous 4-Bit Binary Up/Down Counter

PARAMETER MEASUREMENT INFORMATION (Continued)
ouTrUTS

av Vee Qp Qc G0, canmy sORROW

 atattaided ettt
b

PULSE H b ue 3

GENERATOR \

(Se0 Now A) b oom

e b
Lo Lelballial
(See Now C}

CL
(See Note 8}

o 0 & »
’O
h
|

Y S corch sl S |
ron0 Fo-==osTooIIITTT]
[]

' LOAD CIRCUIT 2
_L (Seme m Loed Circust 1)

[ Sy |
i gafufongnfiogingign
‘ LOAD CIRCUIT 3
{Seme s Load Corcunt 1)
[ YR
e e L D
]

] LOAD CIRCUIT 4
(Same s Losd Cacunt 1)

[ T R - |

e Y L)

' LOAD CIRCUIT § "
(Same o3 Losd Cireunt 1)
tomemacnccccances
o ccrccc e o wen - -
L] LOAD CIRCUIT 6 ]

1 (Same m Losd Ccant 1) H

| ECE R gty b bugungipng g |

TEST CIRCUIT

: tr —] |tn] lg— ¢,
COUNT

1
upP 1 1 enensa 3V
1 90%K"3" 8 £1.3V\ 9 15 f1.3v 16 1.3V
INPUT 10% R ! o

(See Note D) i ]
—» €—tPLH
v

#13v

OUTPUT
Qp
(See Note E)

! 1 v
OH
OUTPUT ~Z- VoL

ty ] |t} et 1,
COUNT ! it
DOWN - - esem 3V
INPUT 1 fO0% =5~ 8 fiav\ ? 15 f13vX 16 A~ 13v
10e i VN YR Y ov
(See Note D) | | T
——i | tPHL |~ id—tPLH
OuUTPUT | } " | Von
Qp * 1.3v | | 1.3V v
(See Note E) — = VoL
i -»

" | VoH
BORROW 1.3v \ g
OUTPUT VOLTAGE WAVEFORMS : — —— VoL
NOTES: B
A. The pulse generator has the following characteristics: PRR < 1MHz, Zy ¢ = 5082, duty cycle = 50%.
B. Cy includes probe and jig capacitance.
C. Diodes are TN3064.
D. Count-up and count-down pulse shown is for the LS193 binary counter. Count cycle for LS192 decade counter is 1 through 10.
E. Waveforms for outputs Qa, Qg, and Qg are omitted to simplify the drawing.
F. trand tf < 7ns.

FIGURE 2—PROPAGATION DELAY TIMES



Synchronous BCD Decade Up/Down Counter LS192

Synchronous 4-Bit Binary Up/Down Counter LS193
L~~~ - ]

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES
LS192

llustrated below is the following sequence:

1. Clear outputs to zero.

2. Load (preset) to BCD seven.

3. Count up to eight, nine, carry, zero, one, and two.

4. Count down to one, zero, borrow, nine, eight, and seven.

CLEAR J
I
LOAD i LJ
i |
A I R
| |
B ! . _ _ __ _ _ _ __ ___—______-
DATA ! S
(o [ e
: | |
o _ v vy

op” 7]

CARRY

|
|
I
[
|
|
|
1
|
|
|
[

|

[

|

BORROW ]
SEQUENCE lo

| 8 9 0 1 2' | 1 0 9 8 7|
P- COUNT DOWN
ILLUSTRATED ~\—\ ~"— COUNTU

CLEAR PRESET

NOTES:

A. Clear overrides load, data, and count inputs.

B. When counting up, count-down input must be high; when counting
down, count-up input must be high.



LS192 Synchronous BCD Decade Counter
LS193  Synchronous 4-Bit Binary Up/Down Counter

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES
LS193

Illustrated below is the following sequence:

1. Clear outputs to zero.

2. Load (preset) to binary thirteen.

3. Count up to fourteen, fifteen, carry, zero, one, and two.

4. Count down to one, zero, borrow, fifteen, fourteen, and
thirteen.

DATA !
C |

J

|
|

OUTPUTS [ |
Q |

LI

[}
CARRY [
[
BORROW T 1]
seauence o0 1 1“4 15 0 1 2 1 0 15 14 =«
coum‘up—-l IG—COUNTDOWN‘-I

ILLUSTRATED [~/ /=

= neae—-
LLEMmn rRcoc

NOTES:

A. Clear overrides load, data, and count inputs.

B. When counting up, count-down input must be high; when counting
down, count-up input must be high.
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4-Bit Universal Shift Register

DESCRIPTION '

This bidirectional shift register is designed to incorporate
virtually all of the features a system designer may want in a
shift register. The circuit contains 46 equivalent gates and
features parallel inputs, parallel outputs, right-shift and left-
shift inputs, operating-mode-control inputs, and a direct
over-riding clear line. The register has four distinct modes
of operation, namely:

Parallel (broadside) load

Shift right (in the direction Qp toward Qp)

Shift left (in the direction Qp toward Qp)

Inhibit clock (do nothing)

Synchronous parallel loading is accomplished by applying
the four bits of data and taking both mode control inputs,
SO and S1, high. The data are loaded into the associated
flip-flops and appear at the outputs after the positive
transition of the clock input. During loading, serial data
flow is inhibited.

Shift right is accomplished synchronously with the rising
edge of the clock pulse when SO is high and S1 is low.
Serial data for this mode is entered at the shift-right data
input. When SO is low and S1 is high, data shifts left
synchronously and new data is entered at the shift-left
serial input. Clocking of the flip-flop is inhibited when

LS194A

PIN-OUT DIAGRAM

16

Die Size .067 x .082

CLEAR S0

A

¢
CLRSHIFTA B C

D SHIFT GND
RIGHT LEFT
SERIAL PARALLEL gegiay
INPUT INPUT

15 14 13 12

both mode control inputs are low.

FUNCTION TABLE
INPUTS . OUTPUTS .
MODE SERIAL PARALLEL H = high level (steady state)
CLEAR ST so CLOCK erTr RioiT A B © D Qs Qg Qc Qp | L = low level (steady state)
M T T T X = imelevant (any input, including transitions)
Lo x x| o x X x ogx o x X Lo 1 = transition from low to high level
H X X L X X |X X X X10Qa0 Qo Qco Q0| g,b, ¢, d = the level of steady-state input at inputs A, B, C,
H H H t X X a b ¢ d a b c . d or D, respectively.
H L H 1 X H X X X X | H Qan Q8n Qcn | Qu, Qs Qco, 2Qp = the level of Q,, Qg, Qc, of Qo,
H L H t X L X X X X| L Qan Qgn Qcn respectively, before the indicated steady-state input
H H L t H X X X X X |Qgn Qcn Qpn H conditions were established.
H H L t L X X X X X |{Qgn Qcn Qpn L | Qan Qan, Qcns Qon = the level of Q,, Qa, Qc, respectively,
H LoL X X X |X X X X |Qag Qgg Qco Qpo before the most-recent 1 transition of the clock.
LOGIC DIAGRAM PARALLEL INPUTS
A ) ) D(e)
mopE (54119 (3) (4) |(s)
CONTROLY o)
INPUTS [ SO—>
SHIFT L{} l ST
@ ] 7) LEFT
RIGHT L 1§l gl I SERIAL
SERIAL INPUT
INPUT
s QA s OB sQc sQ
cK CK CK cK
R R R R
CLR CLR CLR CLR
crock ™
1
CLEAR 1> 6] ia) (13) {2
Qa Qg Qc Qp
PARALLEL OUTPUTS
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LS194A 4-Bit Universal Shift Register
e ]

TYPICAL TIMING SEQUENCES
CLOCK M MM n Mmoo
MODE -1 .
CONTROLy. 77 |
weuts SO L
CLEAR — 1 : :
SERIAL {n M | I IO
DATA
INPUTS | - L N gy FS
A_A
PARALLEL | B__{Li
DATA ;
INPUTS C_J:n .
oa] L1 ; T
S W |
oUTPUTS) I — L
(> A I Ty A oy BN L
i l-SHIFT RIGHT— +—SHIFT —k—INHIBIT—]
CLEAR LOAD LEFT CLEAR
Recommended Operating Conditions
9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Ve 45 | 5 |55 |475| 5 |B25| V
High-level output current, gy ~400 -400| MA
Low-level output current, loy 4 8 mA
Clock frequency, feiock 0 30 0 30 | MHz
Width of clock or clear pulse, t,y 30 30 ns
Mode control 30 30 ns
Setup time, tsetup Serial and parallel data | 16 16 ns
Clear inactive-state 18 18 ns
Hold time at any input, thoid 0 0 ns
Operating free-air temperature, Ta -55 125 0 70 °C

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* i QL:T:E.S Viax | Win SL:"Z"‘?,':S Moz Unit
ViH 2 2 \%
Vi 0.7 0.8 \
V) Vee=MIN,  [j=-18mA -1.5 -1.5 \

Vee=MIN,  Viy=2v,
VoH Vi =V max, lop=-400uA 2.5 3.5 27 | 34 \
VoL Vee=MIN, Viy=2v, loL=4mA 0.25 | 0.40 0.25 | 0.40 Y
VL=V Lmax loL=8mA 035 05
Iy Vec=MAX, V=7V 0.1 0.1 mA
I Vee=MAX, V|=2.7V 20 20 uA
|||_ VCC=|V|AX, V|=0.4V -0.4 -0.4 mA
lost Vee=MAX -15 -100 | -156 -100 | mA
lectt Vec=MAX 15 23 12 23 | mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Vge =5V, Ta = 25°C.
1+Not more than one output should be shorted at a time.
T1With all outputs open, inputs A through D grounded, and 4.5V applied to SO, S1, clear, and the serial inputs, Icc is tested with a momentary
GND, then 4.5V, applied to clock.
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4-Bit Universal Shift Register
—

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter 55 +25°C +125°C Unit
Min | Typ [ Max [ Min [ Typ [ Max | Min | Typ | Max

Test Conditions: C, = 15pF, R, = 2k (See Fig. below)
fmax 30 40 MHz
tPHL 27 34 24 30 27 34 ns
tpLH 14 22 11 18 14 22 ns
tPHL 18 26 15 22 18 26 ns
Test Conditions: C_ = 50pF, R, = 2k() (See Fig.below) o
TPHL 31 39 28 36 31 39 ns
tPLH 18 27 15 23 18 27 ns
TPHL 22 31 19 27 22 31 ns

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications

are for 9LS only.

PARAMETER MEASUREMENT INFORMATION

TEST TABLE FOR SYNCHRONOUS INPUTS

OUTPUT Vece DATAINPUT [ .~ "OUTPUT TESTED
FOR TEST (SEE NOTE E)

FROM A 45V 45V Qp at th4q
ouUTPUT B 45V 45V Qg at th+1
UNDER (See Note C) c 45V 45V Qe at th4q
TEST T (See Note B) D 45V 45V Qp at tn4q
= = L Serial Input |45V OV Qp atth+g

LOAD FOR OUTPUT UNDER TEST R Serialinput | OV 45V] Qpattnta

f‘_——’;_ tw(clear)

CLEAR 1.3v 1.3v
) N 4
|
|
[
|

CLOCK 1.3V |

| |
fetw(clock) Tsetup T+ "]

DATA | | \!

INPUT I 1.3v

(SEE TEST + :

TABLE) : l

tHL —de—at [
i fetPLH '
| (¢
OUTPUT Q % 1.3v }Q( 1.3v
VOLTAGE WAVEFORMS
NOTES:

3V

VoH

LS194A

A. The clock pulse generator has the following characteristics: Zoyt ~#50Q and PRR <1 MHz, t, <15 nsand tf < 6 ns.

When testing fmax, vary PRR.
. Cp includes probe and jig capacitance.
. All diodes are 1N3064 or 1N916.
. A clear pulse is applied prior to each test.

Mmoo w

. tn = bit time before clocking transition.
th+1 = bit time after one clocking transition.
th+4 = bit time after four clocking transitions.

. Proplagation delay times (tp_ and tpy| ) are measured at tp+1. Proper shifting of data is verified at tn+4 with a functional test.
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LS195A 4-Bit Parallel-Access Shift Reglster
)
DESCRIPTION PIN-OUT DIAGRAM
This 4-bit register features parallel inputs, parallel outputs,
J-K serial inputs, shift/load control input, and a direct over- OUTPUTS é SHIFT/
riding clear. All inputs are buffered to lower the input drive Vec 0 0 Q¢ Op OGp & LOAD
requirements. The register has two modes of operation: 18] ﬁ%] [l_lﬂ
Parallel (broadside) load | |
Qa Qg 0O¢ Qp dp CK

Shift (in the direction Qa toward Qp)

CLEAR

Parallel loading is accomplished by applying the four bits
of data and taking the shift/load control input low. The 4K
data is loaded into the associated flip-flop and appears at
the outputs after the positive transition of the clock input.
During loading, serial data flow is inhibited.

= 1:_@

D

[-]
=2
=]

Shifting is accomplished synchronously when the shift/load
control input is high. Serial data for this mode is entered at
the J-K inputs. These inputs permit the first stage to per-
form as J-K, D-, or T-type flip-flop as shown in the function
table.

FUNCTION TABLE
INPUTS

SHIFT, RIA
/ CLOCK SE _L
LOAD J

OUTPUTS

PARALLEL
B C

CLEAR Qa Qg Q¢ Qp

x

LoL
a b c
Qa0 Qgo Qco
Qa0 QBn
Qan QBn
Qan Qgn
Qan Q8n

L
d
Qpo
Qcn
Qcn
Qcn
Qc, G

I I T IIIr
Irrrxrxxr
e T 3
I T rr x x X
~ I T I XX X|[|X
X X X X X o X|P»
X X X X X o X
X X X X X o X
X X X X X o x|O

Die Size .067 x .082

H = high level (steady state)

L = low level (steady state)

X = irrelevant (any input, including transitions)

1 = transition from low to high level

a, b, ¢, d = the level of steady-state input at A, B, C, or D,

respectively.

Qa0 QB0 Qco. Cpg = the level of Qp, Qg, Qc,
respectively befora the indicated cteady-state
conditions were established.

Qan, @Bns Qcn = the level of Qp, Qpg, or Qg, respec-
tively, before the most-recent transition of the clock.

LOGIC DIAGRAM

orQp,
ot SERIAL
INPUT
/o
K
(3)

PARALLEL INPUTS

A E c
5) e

(7)

(2) (4)

(9)
SHIFT/ (9,

LOAD
CONTROL

cLockK 1ol

cear 100

CLR
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(2 QA
CK

S Qp

(15)

CLR
R.

CK
S Qg

4

Ny

(14)

L4

L

Qp

CLR
R

CK

s a¢
13)

L]

PARALLEL OUTPUTS



4-Bit Parallel-Access Shift Register LS195A
L |

TYPICAL TIMING SEQUENCES

cuean —
SERIAL{i : T : :
inpuTs |_K | | i |
SHIFT/LOAD E i | E I E
A ! ! M L
PARALLEL | g : i L |
DATA c__|i } B e B
INPUTS | [ 1 |
D 1 L !
QA TII3 1 1
0p 2723 I | N
OUTPUTS - I T |
Qc ZZZ3 ! | N I e r
ep o773 i e DS s B e |
| lP—————SERIAL SHIFT———-qI ;._ SERIAL SHIFT——
CLEAR LOAD
Recommended Operating Conditions
9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Vcc 4.5 5 5.5 | 4.75 5 5.25 \Y
High-level output current, lgy -400 -400 | uA
Low-level output current, lg 4 8 mA
Clock frequency, foock 0 30 0 30 |MHz
Width of clock pulse, ty(clock) 18 18 ns
Width of clear input pulse, ty(clear) 20 20 ns
Shift/load 25 25
Setup time, teerp (see Figure 1) Serial and parallel data| 15 15 ns
Clear inactive-state 25 25
Shift/load release time, trglease (see Figure 1) 0 0 ns
Serial and parallel data hold time, thoiq (see Figure 1) 0 0 ns
Operating free-air temperature, Ta -55 125 0 70 °C

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter -55¢ +25°C +125°C Unit
Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max

Test Conditions: C, = 15pF, R, = 2k() (See Fig. 1 on page 2-132)
fmax 30 | 40 MHz
TpyL (from clear) 26 | 23 26 33 35| 49 ns
tpLy (from clk) 14| 20 14 19 21 ] 31 ns
tpyL (from clk) 20 | 26 18 24 24| 32 ns
Test Conditions: C_ = 50pF, R, = 2k (See Fig. 1 on page 2-132)
tpyr (from clear) 27 | 36 27 36 37| 47 ns
tpy (from clk) 16 | 22 16 21 24 | 31 ns
tpyL (from.clk) 22| 29 21 27 33| 46 ns

Note: AC specification shown under —550C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.



LS195A

4-Bit Parallel-Access Shift Register

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* Min 9L$;5pﬂ's Max | ™in QL:;ZI:S Wax Unit
ViH 2 2 Vv
Vi 0.7 08| Vv
V| VCC=M|N, l|=-18mA -1.5 -1.56 \

VCC=M|N, V,H=2V,
VoH Vi =Vy max, Tos=-400uA 25 | 34 2.7 | 34 %
VoL Vce=MIN,  Viq=2V, loL=4mA 0.25 | 0.40 025|040 |
VL=V max lo =8mA 0.35 | 0.50
T Vce=MAX, V=7V 0.1 01 | mA
liH Vee=MAX, V|=2.7V 20 20 uA
he Vge=MAX, V,=0.4V -0.4 -0.4 | mA
Tost Veo=MAX -15 -100 | -15 -100 | mA
Icctt Vee=MAX 14 | 2 0 | 17 | mA

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

device type.

**All typical values are at Vgc =5V, Ta = 25°C.
1tNot more than one output should be shorted at a time. _
ttWith all outputs open, shift/load grounded and 4.5V applied to the J, K, and data inputs, Icc is measured by applying a momentary ground,
followed by 4.5V, to clear and then applying a momentary ground, followed by 4.5V to clock.

PARAMETER MEASUREMENT INFORMATION

FIGURE 1 UNDER TEST
CL
(See Note B)
LOAD FOR OUTPUT UNDER TEST
1 tw(clear)
| 3V
CLEAR 13v £1av
A T T st e T ov
! L-"_tsetu;:n—"ﬂ
| thedt -1 thed Y
cLock 1.3V | 1.3v {1.3v Liav \
L———-;——-#:—— tw(clk ' loot— L-Q——t o
w(c
! fetsetups : thold jetsatupe] ' thold v
| L | )
DATA | f 1.3V 1.3v 1.3v 1.3v
SEENOTEG) e L/ | N N/ ov
f-tsetup—— to—tsetup———=
| po—ot—"trelease | t— trelease
i 1 ala\ | 3v
SHIFT/LOAD % 1.3v f 1.3V 1.3V 1.3V
{ | - ov
l—tpHL —=| l-tPLH*g -—tPHL-;
ASSOCIATED | 1€ =" VOH
OUTPUT Q 1.3v 1.3v % 1.3v
VOLTAGE WAVEFORMS VoL
NOTES:
A. The clock pulse generator has the following characteristics: Zg,y ~ 50  and PRR < MHz, 1, < 15 ns, and t < 6
ns. When testing fi,5x, vary the clock PRR.
B. C| includes probe and jig capacitance.
C. All diodes are 1N3064.
D. A clear pulse is applied prior to each test.
E. Propagation delay times (tp| 4 and tpy| ) are measured at t,+q. Proper shifting of data is verified at t4+4 with a
functional test.
F. Jand K are tested the same as data A, B, C, and D inputs except that shift/load input remains high.
G. tp = bit time before clocking transition.

QUTPUT

FROM OUTPUT

Vee

RL

(See Note C)

th+14 = bit time after one clocking transition.
th+4 = bit time after four clocking transitions.
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Presettable BCD Decade Ripple Counter

LS196

Presettable 4-Bit Binary Ripple Counter
L]

FEATURES

m  BCD, bi-quinary, binary counting modes
®  Asynchronous clear

®  Fully programmable

®  May be used as 4-Bit latches

DESCRIPTION

These high-speed monolithic counters consist of four d-c
coupled, master-slave flip-flops which are internally inter-
connected to provide either a divide-by-two and a divide-
by-five counter (LS196) or a divide-by-two and a divide-
by-eight counter (LS197). THese four counters are fully
programmable; that is, the outputs may be preset to any
state by placing a low on the count/load input and entering
the desired data at the data inputs. The outputs will change
to agree with the data inputs independent of the state of
the clocks.

During the count operation, transfer of information to the
outputs occurs on the negative-going edge of the clock
pulse. These counters feature a direct clear which when
taken low sets all outputs low regardiess of the states of the
clocks.

These counters may also be used as 4-bit latches by using
the count/load input as the strobe and entering data at the
data inputs. The outputs will directly follow the data
inputs when the count/load is low, but will remain un-
changed when the count/load is high and the clock inputs
are inactive.

TYPICAL COUNT CONFIGURATIONS LS196

The output of flip-flop A is not internally connected to the
succeeding flip-flops; therefore, the count may be operated in
three independent modes:

1. When used as a binary-coded-decimal decade counter,
the clock-2 input must be externally connected to the Q,
output. The clock-1 input receives the incoming count, and
a count sequence is obtained in accordance with the BCD
count sequence function table shown at the right.

2. If a symmetrical divide-by-ten count is desired for fre-
quency synthesizers (or other applications requiring divi-
sion of a binary count by a power of ten), the Q, output
must be externally connected to the clock-1 input. The
input count is then applied at the clock-2 input and &
divide-by-ten square wave is obtained at output Q, in ac-
cordance with the bi-quinary function table.

3. For operation as a divide-by-two counter and a divide-by-
five counter, no external interconnections are required.
Flip-flop A is used as a binary element for the divide-by-
two function. The clock-2 input is used to obtain binary
divide-by-five operation at the Qg, Qc, and Q, outputs. In
this mode, the two counters operate independently; how-
ever, all four flip-flops are loaded and cleared simultane-
ously.

LsS197

PIN-OUT DIAGRAM

DATA INPUTS
A CLOCK

COUNT/ O € 2 GND
LOAD pararmeuts CLOCK
Ls197

12 11 10

Die Size .062 x .074 (both types)

LS196
FUNCTION TABLES
DECADE (BCD) BI-QUINARY (5-2)
(See Note A) (See Note B)
COUNT OUTPUTS COUNT QUTPUTS

Qp Qc Qg Qp Qa Qp Q¢ Qp
0 L L L L 0 L L L L
1 L L L H 1 L L L H
2 L L H L 2 L L H L
3 L L H H 3 L L H H
4 L H L L 4 L H L L
5 L H L H 5 H L L L
6 L H H L 6 H L L H
7 L H H H 7 H L H L
8 H L L L 8 H L H H
9 H L L H 9 H H L L

H = high level, L = low level

NOTES:

A. Output Q, connected to clock-2 input.
B. Output Q, connected to clock-1 input.
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LS196 Presettable BCD Decade Ripple Counter
LS197 Presettable 4-Bit Binary Ripple Counter
LS197
. . . OUTPUTS LS197
The output of flip-flop A is not internally connected to the COUNT FUNCTION TABLE
Qp Qc Qg Qp

succeeding flip-flops, therefore the counter may be operated Tt T . 1 (See Note A)
in two independent modes: 1 L L L H
1. When used as a high-speed 4-bit ripple-through counter, ; :: t : :

output Qa must be externally connected to the clock-2 s L nw oL L

input. The input count pulses are applied to the clock-1 s |[L H L H

input. Simultaneous divisions by 2, 4, 8, and 16 are per- 6 L H H L

formed at the Qa, Qg, Qc, Qp output as shown in the ; : :' :' ':

function table at right. o ln L L w
2. When used as a 3-bit ripple-through counter, the input 0 [H L H L

count pulses are applied to the clock-2 input. Simulta- :; : "; r :

neous frequency divisions by 2, 4, and 8 are available 3w oL ow

at the Qg, Q¢, and Qp outputs. Independent use of 14 |H B H L | H=nighlevel, L = low level

flip-flop A is available if the load and clear functions 15 |H H H H | NOTEA:Output Q, connected to

coincide with those of the 3-bit-ripple-through counter.

LOGIC DIAGRAM LS196

DATA A &———:‘3*1
counyy U - !

LOAD (5)
CLEAR “(3’ Qa QA

crock1 ‘2 T
CLEAR
patas ‘12 )
1»—-@"
PRESET ©
J ag ) ag
cLock 2 @ s b CK
K
CLEAR
L
patac &
(2)
ac
patap 1
PRESET (12)
J Qp Qp
b ck
K Qp
CLEAR
2-134

DATA A
COUNT/
LOAD

CLEAR
CLOCK 1

DATAB

CLOCK 2

DATAC

DATAD

LOGIC DIAGRAM LS197

(13)i E
(8)

clock-2 input.

PRESET
Qa
T

(10).

Qa

(6)

B B—

CLEAR

PRESET
Qg

3)

>T

CLEAR

(9)

Qg

v

an

PRESET
ac

‘—‘1>T

CLEAR

(2)

(12)
ap




Presettable BCD Decade Ripple Counter LS196
Presettable 4-Bit Binary Ripple Counter LS197

o N w0

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Ve 4.5 5 55 |4.75 5 5.756 Vv
High-level output current, lgy -400 -400 | nA
Low-level output current, {g 4 8 mA
Clock-1 input 0 0
Count f H
ountirequency Clock-2 input 0 0 MHz
Clock-1 input | 20 20
. Clock-2 input 30 30
[
ulse width, ty, Clear 15 15 ns
Load 20 20
. High-level data |tw (ioed)
Input hold time, theg Cowevel data [tw tieea ns
Inout setup time. High-level data | 10 10 ns
P P | sewp Low-level data | 15 15
Count enable time, tengple (see Note 1) 20 20 ns
Operating free-air temperature, Ta -55 125 0 70 °C

NOTE1:

Count enable time is the interval immediately preceding the negative-going edge of the clock pulse during which interval the count/load and
clear inputs must both be high to ensure counting.

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

" 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ™ | Max | Min | Typ**| Max Unit
Vig 2 2 \%
ViL 0.7 0.8 \
V, Vee=MIN, 11=-18mA -15 -156 \Y
VCC=M|N, V|H=2V,
Vou VL=V, max, | on=-400uA 2.5 3.4 2.7 3.4 \%
Vee=MIN, Vin=2v, loL=4mAY 0.25] 0.40 0.25| 0.40 v
VOL V| |__=V||_ max I0|_=8mA ° 0.35| 0.50
Data, count/load 0.1 : 0.1
Clear, clock 1 0.2 0.2
h Clock 2 of LS196 VoorMAX,  Vi=7.0v 0.4 04 | ™
Clock 2 of LS197 I 0.2 0.2
Data, count/load 20 20
Clear, clock 1 40 40
"M " Ciock 2 of L5186 Vee=MAX, V2.7V 80 go| “A
Clock 2 of LS197 40 40
Data, count/load -0.4 -0.4
Clear -0.8 -0.8
Iie | Clock 1 Vce=MAX, V,=0.4V -2.4 -2.4 mA
Clock 2 of LS196 -2.8 -2.8
Clock 2 of LS197 -1.3 -1.3
logt Vec=MAX -15 -100 | -15 -100 mA
lgett Vec=MAX 12 20 12 20 mA

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

**All typical values are at Vgc =5V, Ta = 25°C.
1TNot more than one output should be shorted at a time.
-4/QA outputs are tested at specified 1g|_ plus the limit value of 1j|_ for the clock-2 input. This permits driving the clock-2 input while
maintaining full fan-out capability.
tticc is measured with all inputs grounded and all outputs open.



LS197

Presettable BCD Decade Ripple Counter

LS196

Switching Characteristics, V

Presettable 4-Bit Binary Ripple Counter

.c = 5V Over Recommended Free-Air Temperature Range

P From To -55°C +25°C +125°C Unit
arameter {input) (output)  ["Min | Typ | Max | Min | Typ | Max | Min | Typ | Max |
Test Conditions: C, = 15pF, R, = 2kQ) (See Fig. A on page 2-174 )
fmax | LS196 Clock 1 Qa 45 | 70 MHz
fmax | LS197 | = Clock 1 0a 45 | 60 MHz
tPLH 10 15 8 12 10 15
LS196 Jock 1 Q
T Clock A 14 | 19 12 | 16 4 [ 19 |
tPLH 10 15 8 12 10 15
LS197 lock 1 Q
toHL Clock A 14 | 19 12 | 16 14 | 10 | "
tPLH 13 18 11 15 13 18
LS196 lock 2 Q
toHL Clock B 16 | 22 14 | 19 6 | 22 |
trLH 12 | 18 10 [ 15 12 | 18
LS197 Clock 2 Q
tpHL °° 8 6 | 21 3 | 18 5 | 21 |
tpLH 24 37 22 34 24 37
LS196 Clock 2 Q
[ o c 31 | 43 29 | 40 31 | 43 |
tpLH 24 37 22 34 24 37
LS197 Clock 2 Q ns
tpHL ¢ 28 | 37 26 | 34 28 | 37
K
PLH | 15196 | Clock 2 Qo 13 1 21 18 13 121 1
tPHL 18 | 23 16 | 20 18 | 23
tPLH 36 55 34 50 36 55
LS197 Clock 2 Q ns
T b 42 | 60 40 | 55 42 | 60
tpLH 14 22 12 18 14 | 22
LS196 A,B,C,D |aa,Qg,0cQ ns
terL A =BECD 23 | 38 21 | 34 23 | 38
tPLAH . 23 | 22 21 18 23 | 22
LS197 A,B,C,D |Qa,0B.Qc.Q ns
o A~BCHD 23 | 38 21 | 34 23 | 38
tPLH 22 | 34 20 | 30 22 | 34
LS19 Load A n
tpHL 6 o8 n 33 | 49 31 45 33 | 49 )
tpLH 22 34 20 30 22 34
Load A
o | oY o n 33 | 49 31 | 45 33 | a9 |
tPHL | 1.S196 Clear Any 34 49 32 45 34 49 ns
tpHL | LS197 Clear Any 34 49 32 45 34 29

Note: AC specification shown under —55°C and +125°C are for 9LS devices onlv. All K0oF specifications

are for 9LS only.
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Presettable BCD Decade Ripple Counter LS196
Presettable 4-Bit Binary Ripple Counter LS197

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

P From To -55°C +25°C +125°C Unit
arameter (input) (output) Min | Typ [ Max | Min | Typ | Max | Min ] Typ T Max "
Test Conditions: C_ = S0pF, R_ = 2k} (See Fig. A, page 2-174)
fmax | LS196 Clock 1 Qp 48 | 74 MHz
fmax | LS197 Clock 1 Qa 28 | 64 MHz
PLH | | 5196 Clock 1 Qa 14 20 11 16 14 20 ns
tPHL 18 24 15 | 20 18 24
oLH | | 9197 Clock 1 A 14 | 20 11 | 16 14 |2 |
tpHL 18 24 15 20 18 24
tPLH LS196 Clock 2 Qg 17 23 14 19 17 23 ns
TPHL 20 27 17 23 20 27
PLH | | 5197 Clock 2 Qg 16 23 13 19 16 23 ns
tPHL 19 26 16 22 19 26
tpLH LS196 Clock 2 Qc 28 42 25 38 28 42 ns
tPHL 35 48 3? 44 35 48
tpLH LS197 Clock 2 Qc 28 42 25 38 28 42 ns
tpHL 32 42 29 38 32 42
tpLH LS196 Clock 2 Qp 17 26 14 22 17 26 ns
tpHL 22 27 19 24 22 27
PLH1 15197 | Clock 2 Qp 40 | 60 37 | 54 40 | 60 4
tPHL 46 65 43 59 46 65
PLH] |S196 | A,B,C.D |Qa.Q8.0cQp 18 | 27 15 | 22 18 | 27 |
tPHL 27 43 24 38 27 43
tPLH 27 27 24 22 27 27
LS197 A,B,C,D |Qa.QpB.Qc.Q

touL A-[8HC. 5D 27 | 43 24 | 38 27 a3 | ™
tPLH LS196 Load Any 26 39 ] 2,3 34 26 39 ns
tPHL 37 54 34 49 37 54
TPLH LS197 Load Any 26 39 23 34 26 39 ns
tPHL 37 54 34 49 37 54
tPHL | 1LS196 Clear Any 38 54 35 | 49 38 54
touL | LS197 Clear Any 38 | 54 35 | 49 38 | 54 ns

Note: AC specification shown under »55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only.



Dual Monostable Multivibrator with

LS221

Schmitt-Trigger Inputs

FEATURES

m LS221 is Dual Version of 5418123, One Shot on a
Monolithic Chip

m Pulse-Width Variance is Typically Less than = 0.5% for
98% of the Units

® Pin-Out is Identical to the LS123

DESCRIPTION

The ‘LS221 is monolithic dual multivibrators with per-
formance characteristics virtually identical to those of the
LS123. Each multivibrator features a negative-transition-
triggered input and a positive-transition-triggered input
either of which can be used as an inhibit input.

Pulse triggering occurs at a particular voltage level and is
not directly related to the transition time of the input pulse.
Schmitt-trigger input circuitry (TTL hysteresis) for B input
allows jitter-free triggering from inputs with transition
rates as slow as 1 volt/second, providing the circuit with
excellent noise immunity of typically 1.2 volts. A high im-
munity to Vg noise of typically 1.5 volts is also privided
by internal latching circuitry.

Once fired, the outputs are independent of further transi-
tions of the A and B inputs and are a function of the timing
components, or the output pulses can be terminated by
the overriding clear. Input pulses may be of any duration
relative to the output pulse. Output pulse length may be
varied from 35 nanoseconds to the maximums shown.in the

above table by choosing appropriate timing components.
With Rext = 2 k€2 and Cgxt = 0, an output pulse of typi-
cally 30 nanoseconds is achieved which may be used as a
d-c-triggered reset signal. Output rise and fall times are TTL
compatible and independent of pulse length. Typical
triggering and clearing sequences are illustrated as a part of
the switching characteristics waveforms.

Pulse width stability is achieved through internal compensa-
tion and is virtually independent of V¢ and temperature.
In most applications, pulse stability will only be limited by
the accuracy of external timing components.

Jitter-free operation is maintained over the full temparature
and Vg ranges for more than six decades of timing ca-
pacitance (10 pF to 10 uF) and 2 k€2 to 70 k2 for 54L.S221
and 2 k&2 to 100 k&2 for the 74LS221). Throughout these
ranges, pulse width is defined by the relationship: ty(out) =
CextRext /n2 = 0.7 CextRext. In circuits where pulse
cutoff is not critical, timing capacitance up to 1000 uF
and timing resistance as low as 1.4 k§2 may be used. Also,
the range of jitter-free output pulse widths is extended if
Vg is held to 5 volts and free-air temperature is 25°C.
Duty cycles as high as 90% are achieved when using maxi-
mum recommended RT. Higher duty cycles are available if a
certain amount of pulse-width jitter is allowed.

Pin assignments for this device is identical to that of the
LS123 so that the ‘LS221 can be substituted for those
products in systems not using the retrigger by merely chang-
ing the value of Rext and/or Cext.

Die Size .085 x .071

1Rext/ 1
Vee  Cext  Cext

l@lm%@t@
Ty

Positive Logic: Low input to clear resets Q low and Q high
regardless of d-c levels at A or B inputs.

(] [7] [e]

2 2 Rext/ GND
Cext Cext

1A
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Dual Monostable Multivibrator with

. -
Schmitt-Trigger Inputs LS221
FUNCTION TABLE
(EACH MONOSTABLE)
INPUTS OUTPUTS
CLEAR A B Q a vee
L X X L H Rext
X H X L H
+0
X X L L H
H L 0 . I -0
H l H M L
To Cext To Rext/Cext
Also see description and switching characteristics Terminal ~ Terminal
H = high level (steady staté) 1= onehigh-level TIMING COMPONENT CONNECTIONS
L = low level (steady state) pulse
1 = transition from low to high level L™= one low-level FIGURE 1
| = transition from high to low level pulse
X = irrelevant
SCHEMATICS OF INPUTS AND OUTPUTS
EQUIVALENT OF EACH [TYPICAL OF ALL OUTPUTS]
INPUT — v
Vee _ cc
1000
Req NOM
INPUT -ofg-6-9— - —
. 3
p A OUTPUT
177
Input A: Req = 25 k2 NOM
Input B: Req = 15.5 k2 NOM
Clear: Req = 12.5 k2 NOM
Recommended Operating Conditions
9LS/54LS 9LS/74LS
Unit
Min. | Nom.| Max. Min. [ Nom.[ Max.
Supply voltage, Voo 4.5 5| 55 4.75 5 15.25 \Y
High-level output current, IoH -400 -400 | uA
Low-level output current, lg 4 8 [ mA
Schmitt, B 1 1 V/s
Rate of rise or fall of input pulse, dv/dt
Logic input, A 1 1 V/us
A or B, tw(in) 40 40
Input pulse width ns
Clear, ty(clear) 40 40
Clear-inactive-state setup time, tsetup 15 15 ns
External timing resistance, Rgxt 14 70 1.4 100 | kQ
External timing capacitance, Cgxt 0 1000 0 1000 uF
Rt =2k 67 67
Output duty cycle %
RT = MAX Regxt 90 90
Operating free-air temperature, Ta -55 125 0 70 | °C
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LS221

Dual Monostable Multivibrator with
Schmitt-Trigger Inputs

Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
(Unless Otherwise Noted)

9LS/54LS 9LS/74LS
Parameter Test Conditionst Unit
Min. | Typ.H Max. Min. | Typ*| Max.
Positive-going threshold
VT4 Vee = MIN 1.0 2 1.0 2 Y
voltage at A input
Negative-going threshold
VT Vee = MIN 07| 1.0 08| 1.0 \
voltage at A input
Positive-going threshold
VT+ Vee = MIN 1.0 2 1.0 2 Y
voltage at B input
Negative-going threshold
V. Vee =MIN 0.7| 09 08} 09 \
voltage at B input
Vi Input clamp voltage Vce =MIN, Iy =-18 mA -1.5 -1.5 \%
VoH High-level output voltage Vee =MIN, loH =400 A 25| 35 27| 35 Vv
loL =4mA 0.25| 04 0.25| 04
VoL Low-level output voltage Vge =MIN - \
loL=8mA 035 05
Input current at
h Ve =MAX, V=7V 0.1 0.1 | mA
maximum input voltage
Iy High-level input current Ve = MAX, V=27V 20 20°| A
Input A 1-0.36 10.36
Iy Low-level input current | inputB | Voo = MAX, V| =04V 0.44 0.44 | mA
Clear +0.54 -0.54
Ips  Short-circuit output current§ Vee = MAX -30 -100 -15 -100 | mA
Quiescent 4.7 11 4.7 11
lcc  Supply current Ve = MAX mA
Triggered 19 27 19 27

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Ve =5V, Ta= 25°C
$Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
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Dual Monostable Multivibrator with
Schmitt-Trigger Inputs LS221

Switching Characteristics V.. = 5.0V Over Recommended Free-Air Temperature Range.

From To -55°C +25°C +125°C
Parameter Unit
(Input) (Output) Min.l Typ. I Max. Min. [Typ. l Max. Min.I Typ. l Max.

Test Conditions: R, = 2.0k, C, = 15pF, C., = 80pF, R, = 2.0k(2 (See Fig. 1 on 2-139)

TWiout) | Aos [ aord 77 [138 | 175 | 70[120[ 150 [ 77 [ [ 175 [ ns

Test Conditions: R, = 2.0k, C, = 15pF, C,, = 0, R.,. = 2.0k(} (See Fig. 1 on page 2-139)

T™W(our) | AorB [ aord [22 [s0] s | 20] a7] 70 [ 22 [ s0] 80 | 'ns

Test Conditions: R, = 2.0k, C, = 15pF, C.,. = 100pF, R.,, = 10k(} (See Fig. 1 on page 2-139)

TW(out) | AorB —| QorQ | 600 L725 l 870 J 600 | 670 L750 | 620 [ 750 T 870 —[ ns

Test Conditions: R, = 2.0k, C, = 15pF, C.,, = 1pF, R.,, = 10k() (See Fig. 1 on page 2-139)

TWiout) J AorB | QorQ f 6.0 | 7.7 ] 8,5 ] 6.0 re.7 [ 75 [ 60 ] 7.77 8.5 ’ ms

Test Conditions: R, = 2.0k, C, = 15pF, C.,. = 80pF, R.,. = 2.0k(2 (See Fig. 1 on page 2-139)
A Q 48 74 a5 | 70 48 74

tPLH B o) 38 59 35| 55 38 | 59 ne
A [e) 53 84 50 | 80 53 84

tPHL = ns
B Q 43 69 40| 65 43 69

tPHL Clear Q 38 59 35| 55 38 59 ns

tPLH Clear Q 47 69 44| 65 47 69 ns

Note: AC specification shown under ~55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only.

PARAMETER MEASUREMENT INFORMATION

le— twl(in)
A INPUT 3v
\ 13 1.3
ov

fe—— >60ns —

3V

CLEAR N 13 /
_ 0V
- _:} ‘-—-'_ o VOH

. 1.3
QouTPUT 3 Sk— VoL

tPLH
—= VOH
Q OUTPUT 1.3V 1.3V

HL VoL

tp
B input is high
TRIGGER FROM A, THEN CLEAR

N / o
ov
VOH

QOUTPUT 41_ 1.3 3‘;1-3 v
I tw(out) — oL
tw(out) VOH

QouTPUT 3 13

VoL

B and ciear inputs are high

A INPUT

]

TRIGGER FROM A
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Dual Monostable Multivibrator with
LS221 Schmitt-Trigger Inputs

PARAMETER MEASUREMENT INFORMATION

tw(in) ——»' v

B INPUT 13 lk 13 ov

>60 ns ——>] av
pNaT s
ov
tPHL s tpLH
VoH
QOUTPUT Bk 1.3 VoL

tPHL tPLH

VOH
goutput 1.3v A 13v
A input is low. VoL

CLEAR

TRIGGER FROM B, THEN CLEAR—CONDITION 1
3v

1.3V
B INPUT _7t- ov
>60 ns
3v
CLEAR 1.3V
ov

VoH
QOUTPUT / \

S VoL
A input is low
TRIGGER FROM B, THEN CLEAR—CONDITION 2

— 3V

et 7 \s Zv(m\_ o
>50 ns [< tsetup

=0 — 3v

CLEAR
1.3

(

7£1.3

TRIGGERED

————— N OH
QOUTPUT SN ﬂ VoL
NOT TRIGGERED | tutoun L

input s |
Ainputislow o, £ AR OVERRIDING B, THEN TRIGGER FROM B

3v
1.3 13
B INPUT
>50 ns ov
>50 ns 3V
1.3

CLEAR 1.3

ov
v

ov

VoH
QOUTPUT / i \\

VoL
A input is low
TRIGGERING FROM POSITIVE TRANSITION OF CLEAR

NOTES: A. Input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, Zgyt ~ 50 £; ty < 15 ns, tf <6 ns.



8-Line-To-1-Line Multiplexer
With Three-State Outputs

FEATURES

®  Selects one of eight data sources

®  Performs parallel-to-serial conversion
= Complementary 3-state outputs

DESCRIPTION

This monolithic data selector/multiplexer contains full
on-chip binary decoding to select one-of-eight data sources
and features a strobe-controlled three-state output. The
strobe must be at a low logic level to enable this device.
The three-state outputs permit a number of outputs to be
connected to a common bus. When the strobe input is high,

LS251

PIN-OUT DIAGRAM

2116 15

5

N o o P~ w

DATAINPUTS DATA SELECT
Veed 5 6 7 A B C

(18] (5] (] (i3] (2] (1] o]

both outputs are in a high-impedance state in which both g]l%'] LE" D
the upper and lower transistors of each totem-pole output mm g
are off, and the output neither drives nor loads the bus o »
L . Die Size .056 x .057
significantly.. When the strobe is low, the outputs are
activated and operate as standard TTL totem-pole outputs.
To minimize the possibility that two outputs will attempt
to take a common bus to opposite logic levels, the output
control circuitry is designed so that the average output
disable time is shorter than the average output enable time.
Recommended Operating Conditions

9LS/54LS 9LS/74LS

Unit

Min | Nom | Max

Min | Nom | Max

Supply voltage, Ve

4.5 5 5.5

4.75 5 5.25 Vv

High-level output current, gy -1 -2.6 | mA
Low-level output current, lo 8 8 mA
Operating free-air temperature, Ta -65 125 0 70 °C
STROBE ., LOGIC DIAGRAM
(ENABLE) —{>
Do (4) —
D1 3) —
= S FUNCTION TABLE
p22 / INPUTS OUTPUTS
| SELECT | STROBE
(1) Y w
D3 (5) cC 8 A S
DATA i ) OUTPUT Y X X X H z 2z
INPUTSY p, (15) OUTPUT W L L L L Do DO
_lgi L L H L o1 D1
(14) L H L L D2 D2
D5 ==| L H H L D3 D3
(13) H L L L pa D4
D6: = SR H L H| L |pDs D5
(12) =/ H H L L D6 D6
D7 — H H H L D7 D7
—1
A = H = high logic level, L = low logic level
(11) A X = irrelevant, Z = high impedance (off)
DATA A-‘—D"—ED—;' B DO, D1 ... D7 = the level of the respective D input
seLecT < 19 B
(BINARY) —C

fle)

c_to
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LS251

8-Line-To-1-Line Multiplexer
‘With Three-State Outputs

&

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* Min 9"?;?:8 Max | win SL:Z::S Max Unit
VIH 2 2 \'
ViL 0.7 0.8 \4
Vi Veo=MIN, 1;=-18mA 15 5| V

Vee=MIN, Viy=2V,
VoH ViL=MAX,  lon=MAX 24 3.4 2.7 34 \%
v Veo=MIN,  Viu=2V, ToL=4mA 025| 04 025] 04 |
oL V) =MAX, ToL=8mA 035| 05
Vco=MAX, Vo=2.7V 20 20
10 off) V=2V Vo=04V 20 0] A
I Veo=MAX, V=7V 0.1 01 | mA
n Veo=MAX, V=27V 20 20 | WA
I Voo-MAX, V,=04V 0.4 04| mA
lost Voc=MAX 15 5100 | =15 2100 mA
X Condition A 6.1 10 6.1 10
Vee=MAX
lectt ce Condition B 70 | 12 71 12| ™

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

device type.

**All typical values are at Vge = 5V, Ta = 25°C.
TNot more than one output should be shorted at a time.

ttlcc is measured with the outputs open and all data and select inputs at 4.5V under the following conditions:

A. Strobe grounded.
B. Strobe at 4.5V
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8-Line-To-1-Line Multiplexer

With Three-State Outputs LS251
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range
From To —55°C +25°C +125°C Unit
Parameter (input) (output) Min | Typ [ Max | Min | Typ [ Max | Min | Typ | Max n
Test Conditions: C, = 15pF, R, = 2kQ (See Fig. A, page 2-174).
tpLH A,B,orC v 23 | 32 23 | 34 27 | 42|
tPHL (4 levels) 21 | 29 20 | 28 24 | 34
toLn A, B,orC W 16 | 24 17 | 25 2 [ 30|
tpPHL (3 levels) 16 25 15 24 17 26
tpLH 11 17 11 20 18 26
Y
tPHL Any D 12 | 17 11 | 16 14 | 20| ™
tpLH 9 | 16 10 | 17 13 | 19
tPHL Any D W 5 | 10 5 | 10 5 | 0] ™
ton 8 | 13 8 | 14 10 | 16
Y
oL Strobe 12 | 18 11 | 18 15 | 22 ] "
tzH 1 ] 17 14 | 21 L
t2L Strobe w 12 | 19 2 ] 18 13 ] 9] "
Test Conditions: C, = 5pF, R, = 2k() (See Fig. C on page 2-174)
thz 10 15 8 13 7 12
Strob Y
2 trobe 7 |1 6 | 1 g8 | 3] ™
tHz 13 18 11 16 10 15
ty Strobe w 7 1 10 7 14 ns
Test Conditions: C, = 50pF, R, = 2kQ) (See Fig. A, page 2-174)
in A B, orC v 25 | 34 26 | 37 33 [ 44| o
tPHL (4 levels) 27 35 25 32 28 37
tpLH A, B,orC w 17 25 18 26 22 31 ns
tPHL (3 levels) 19 | 27 18 | 27 20 | 29
tpLH Any D v 13 | 20 14| 22 20 | 28 |
tPHL 18 23 16 21 19 25
tPLH Any D W 10 | 17 1 | 18 14 | 21 |
tPHL 7 13 6 12 6 12
tzH Strobe v 1_| 16 11| 17 13 | 19 | .
tzL 18 24 17 23 20 27
tzH Strobe W 13 | 19 17 | 23 15 | 21 |
tzL 14 21 16 22 17 23

Note: AC specification shown under —55°C and +1250C are for 9LS devices only.

All 50pF specifications are for

9LS only.
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Dual 4-Line-To-1-Line Multiplexer

LS253 With Three-State Outputs
FEATURES PIN-OUT DIAGRAM

®  Three-state version of LS153

®  Non-inverting OUTPUT 5

= Permits multiplexing from N lines to 1 line ’ CONTROL & mpu-rs oquuT
- Ve 6 o ——A———

Performs parallel-to-serial conversion
k fie] 3] (12) [11] 10} ﬂ
DESCR‘PT.ON 3 2€2 2Ct 200 2y

The LS253 is a high-speed dual 4-line-to-1-line multiplexer
with common select inputs and separate output control
inputs for each half. Each half can select one bit of four
and present it at the output in non-inverted form.

The three-state outputs can interface with and drive data
lines of bus-organized systems. With all but one of the 5 ———v———1Y GND
common outputs disabled (at a high-impedance state) cgﬁ‘"; DATA INPUTS OUTPUT
the low-impedance of the single enabled output will drive s

the bus line to a high or low logic level.

FUNCTION TABLE
SELECT OUTPUT
INPUTS DATA INPUTS conTROL|OUTPUT
B A [co c1c2 c3 @ Y
X X X X X X H z
L L L X X X L L
LoL H X X X L H
L H X L X X L L
L H X H X X L H
H L X X L X L L
H L X X H X L H
H H X X X L L L Die Size .057 x .061
H H X X X H L H
Address inputs A and B are common to both sections. LOGIC DIAGRAM
H = high level, L = low level, X = imelevant, Z = high impedance (off) OUTPUT
CONTROL (—1){>
1G
6
f1co® = ‘
(5) s==|
DATA 1 1Cc1 (7) OUTPUT
102 (4) =| 1
1c32 !
(2)[: D
SELECT
AW s 1
(10)
2C0 -
11)
CI( ==
DATAZ 12 © outPuT
2C2
(13) 2
2C3 T
OUTPUT (15) D
CONTROL
2G
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Dual 4-Line-To-1-Line Multiplexer
With Three-State Outputs

L ]
Recommended Operating Conditions

LS253

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max "
Supply voltage, Ve 4.5 5 55 | 4.75 5 5.25 V
High-level output current, loy -1 -2.6 | mA
Low-level output current, lg| 4 8 mA
Operating free-air temperature, Ta -b5 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ** | Max | Min | Typ"*| Max Unit
Viy 2 2 Vv
i 0.7 0.8 Vv
V| VCC=M|N, I,=—18mA -1.5 -1.5 \Y
Vee=MIN,  Viy=2v,
Von ViL=VyLmax, lop=MAX 24 | 34 24 | 31 \
v Vee=MIN,  Vy=2vV, loL=4mA 0.25 | 0.40 0.25 | 0.40 v
oL VL=V Lmax loL=8mA 0.35| 0.50
| Vcc=MAX, Vp=2.7V 20 20 A
0 (off) Vig=2V Vo=04V =20 20| *
|| VCC=MAX, V|=7V 0.1 0.1 mA
liy Vec=MAX, V=2.7V 20 20 HA
TR Vee=MAX, V;=0.4V -0.4 ~0.4| mA
lost Vec=MAX -15 -100 | -15 -100 | mA
Condition A 7 12 7 12
leett Vee=MAX Condition B 85 | 14 g5 14| ™

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

device type.

**All typical values are at Vce = 5V, Ta = 25°C.
TNot more than one output should be shorted at a time.
tticc is measured with the outputs open under the following conditions:

A. All inputs grounded.

B. Output control at 4.5V, all inputs grounded.
. = 5V Over Recommended Free-Air Temperature Range

Switching Characteristics, V

From To -55°C +25°C +125°C Unit
Parameter (input) (output) Min | Typ [ Max | Min | Typ [ Max | min [ Typ | Max n
Test Conditions: C, = 15pF, R, = 2k(} (See Fig. A, page 2-174)
tpLH 9 15 7 12 9 15
Y S
ol Data 14 | 22 12 17 1w |22 ] "
tPLH 20 30 18 25 20 30
| Y ns
o Setect 20 | 31 18 | 27 20 | 31
tzH Qutput v 12 21 10 16 12 21 ns
tz Control 15 23 13 18 15 23
Test Conditions: C,_ = 5pF, R = 2k(} (See Fig. C on page 2-174)
tHz Output v 9 16 7 15 9 16 ns
tLz Control 13 22 12 19 13 22
Test Conditions: C_ = 50pF, R_ = 2k() (See Fig. A, page 2-174)
tPLH v 13 20 10 16 13 20 ns
tPHL Pata 18 27 - 15 21 18 27
tPLH 24 35 21 29 24 35 ns
toL Setect M 24 | 36 21 | 29 2 | 36
tzH Output v 16 26 13 20 16 26 ns
tzL Control 19 28 16 21 19 28
Note: AC specification shown under —5500 and +1250C are for 9LS devices only. All 50pF specifications are for 9LS only.
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Dual 2-Line-To-4-Line Decoder/Demultiplexer

LS255

With Three-State Outputs

FEATURES
®  Three-state version of LS155
= Applications:

Dual 2-Line-to-4-Line Decoder

Dual 1-Line-to-4-Line Demultiplexer

3-Line-to-8-Line Decoder

1-Line-to-8-Line Demultiplexer
DESCRIPTION
The LS255 features dual 1-line-to-4-line demultiplexers
with individual strobes and common binary-address inputs
in a single 16-pin package. When both sections are enabled
by the output controls, the common binary-address inputs
sequentially select and route associated input data to the
appropriate output of each section. The individual controls
permit activating or inhibiting each of the 4-bit sections as
desired. Data applied to input 1C is inverted at its outputs
and data applied at 2C is not inverted through its outputs.
The inverter following the 1C data input permits use as
a 3-to-8-line decoder or 1-to-8-line demultiplexer without
external gating. Input clamping diodes are provided on all
of these circuits to minimize transmission-line effects and
simplify system design.

FUNCTION TABLE

3-LINE-TO-8-LINE DECODER
OR 1-LINE-TO-8-LINE DEMULTIPLEXER

INPUTS OUTPUTS
SELECT [CONTROL] DATA
B A 1G 1c Y0 1Yl 1Yz Y3
X X H X z z z z
L L L H L H H H
L H L H H L H H
H L L H H H L H
H H L H H H H L
X X X L H H H H

INPUTS OUTPUTS
SELECT [CONTROL| DATA
) A 26 2c 2Y0  2v1  2v2 _ 2v3
X X H X z z z z
L L L L L H H H
L H L L H L H H
H L L L H H L H
H H L L H H H L
X X X H H H H H

FUNCTION TABLES

2-LINE-TO-4-LINE DECODER
OR 1-LINE-TO-4-LINE DEMULTIPLEXER

INPUTS OUTPUTS
SELECT C&N;;‘?k © (M 2 @ @ 6 6. 0
ct B A Gt 2Y0 2Y1 2Y2 2Y3 1Y0 1Y1 1Y2 1Y3
X X X H z z z z z z z z
L L L L L H H H H H H
LoLoH L HW L H H H H H H
L H L L H H L H H H H H
L W oH L H H H L H H H H
H L L L H H H H L H H H
H oL H L H H H H H L H H
HoOoH L L H H H H H H L H
H H M L H H H H H H H L

1C = inputs 1C and 2C connected together
$G = inputs 1G and 2G connected together

H = high level, L = low level, X = irrelevant, Z = high impedance (off)
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PIN-OUT DIAGRAM

OUTPUT
CONTROL
SELECT
oata | INPOY_ OUTPUTS

VCC 2C 26 A 2Y32Y22Y12Y0

1€ 16 B {¥31V21Yi YOGND
DATA | SELECT
| Sheur ourPuTs

OUTPUT
CONTROL

Die Size .063 x .069

LOGIC DIAGRAM
OouTPUT
CONTROL (2) 7) outePuT
1G ] 1v0
pata _{1) —ED,LS_’OUTPUT
1c 1v1
,Fzﬁi’ouwur
SELECT (3) 1v2
B “‘{>
*—Dﬂ ouTPUT
3
»_:‘:)»(9_) OUTPUT
=
SELECT (13) _‘{>_‘ 2vo
A L:Dm) ouTPUT
2v1
DATA (15) J:ajl) OUTPUT
21‘_: 2v2
ouTPU
controL 14 L (12) outPUT
26 2v3




LS255

Dual 2-Line-To-4-Line Decoder/Demultiplexer
With Three-State Outputs

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Vee 4.5 5 5.5 | 4.75 5 5.25 \Y
High-level output current, lgy -1 -2.6 | mA
Low-level output current, g 4 8 mA
Operating free-air temperature, Ta -b5 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
N 9LS/54LS 9LS/74LS .
Parameter Test Conditions’ Min | Typ™™ | Max | Min | Typ*| Max Unit
ViH 2 2 \
Vi 0.7 0.8 Vv
V) Vce=MIN,  [}=-18mA -1.5 -1.5 \Y
Vee=MIN, Vin=2V,
24 | 34 27 | 34 Vv
VOH V||_=V|Lmax, |0H=MAX
v Vee=MIN, Vin=2V, loL=4mA 025 04 0.25 0.4 v
oL V|L=V||_max I0L=8mA 0.35 0.5
| VCC=MAX, V0=2.7V 20 20 A
O foff) Vig=2V Vo=0.4V =20 20| ¥
1) Vee=MAX, V=7V 0.1 0.1 mA
[ Vee=MAX, V=2.7V 20 20 MA
IIL VCC=|V|AX, V|=0v4V -0.4 -0.4 mA
logt Veo=MAX -15 -100 | -15 -100 | mA
Condition A 6 10 6 10
lectt Vee=MAX Condition B | a7 w7 ™

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

device type.

**All typical values are at Vo = BV, T = 26°C.
tNot more than one output should be shorted at a time.
tTlcc is measured with the outputs open under the following conditions:
A. A, B,and 1C inputs at 4.5V, and 2C, 1G, and 2G inputs grounded.
B. Same as Condition A except inputs 1G and 2G at 4.5V.

Switching Characteristics, V

cc = 5V Over Recommended Free-Air Temperature Range

From To -55°C +25°C +125°C

Parameter (input) (output) Min | Typ | Max | Min l Typ l Max | Min [ Typ | Max | Unit
Test Conditions: C, = 15pF, R_ = 2k(} (See Fig. A, page 2-174)
tpLH A, B, 1C v 15 21 13 18 15 21 ns
tPHL or 2C 18 24 16 22 18 24
tPLH AorB v 18 24 16 22 18 24 ns
tPHL (3 levels) 22 29 20 26 22 29
tzH Output v 12 18 10 15 12 18 ns
tz1 Control 14 20 12 18 14 20
Test Conditions: C, = 5pF, R_ = 2k(Q (See Fig. C on page 2-174)
tHz Output v 11 18 9 15 11 18 ns
tLz Control 17 23 15 20 17 23
Test Conditions: C, = 50pF, R. = 2k() (See Fig. A, page 2-174)
tPLH A, B, 1C v 19 27 16 22 19 27 ns
tPHL or 2C 22 30 20 28 22 30
tpLH AorB v 22 30 20 28 22 30 ns
tPHL (3 levels) 26 34 24 32 26 34
tzH Qutput v 16 22 14 20 16 22 ns
tzL Control 18 26 16 22 18 26

Note: AC specification shown under ‘5500 and +125 C are for 9LS devices only.
All 50pF specifications are for 9LS only.
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LS257 LS258

Quadruple 2-Line-To-1-Line

Multiplexers With Three-State Outputs

DESCRIPTION

These data selectors/multiplexers select a 4-bit word from
one of two sources and present it at the four outputs.
The LS257 presents true data; the LS258 presents inverted
data. With Output Control HIGH, the outputs are forced
to a high impedance state.

FUNCTION TABLE

INPUTS OUTPUT Y
OuTPUT SELECT A B Ls257 LS258
CONTROL
H X X X z 4
L L L X L H
L L H X H L
L H X L L H
L H X H H L

H = high level, L =

Low level at S selects A inputs.
High level at S selects B inputs.

PIN-OUT DIAGRAMS

low level, X = irrelevant, Z = high impedance (off)

UTS
T OuTPUT
4 48 4V 3A 3B 3y

”
<

dohohhe

SELECT 1A 18 1Y 2A 2B 2Y GND

UTPUT V' OUTPUT
INPUTS INPUTS

14 13 1211 10

Die Size .047 x .066

LsS258

-t
52 neuts  InpuTS
ES .\ outPuT . OUTPUT
cc2S A 4B 4Y A 3B 3V
g

s

ebphns

4A 4B &Y

S 3y

Y 2A 28 2V
00

(5]

18 1V 2A 2B 2Y GND

UTPUT v OUTPUT
INPUTS INPUTS

14 13 12 11

SELECT 1A

10

Die Size .047 x .066
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Quadruple 2-Line-To-1-Line
Multiplexers With Three-State Outputs LS257 LS258

LOGIC DIAGRAMS

LS257 LS258
ouTtput (15 outpuT (15)
CONTROL | CONTROL
1a 42 1A 2)
(4) (4)
1B L v 1 13 v
2a 8 ] oa )
(7) (7)
28 6 v,y ® 2v
[
3A (11) 3A (11)
9 (9)
3B (10) o 3y 3B (10) 3y
[ [
4A (14) a4A (14)
(12) (12)
48 (13) ay a8 (13) a4y
[ [
seLect U ><{>- seLect A »-c{>-
Recommended Operating Conditions
9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Voo 4.5 5 55 | 4.75 5 5.25 \
High-level output current, gy -1 -2.6 | mA
Low-level output current, 1o, 4 8 mA
Operating free-air temperature, Ta -55 125 0 70 °C




Quadruple 2-Line-To-1-Line
LS257 LS258 ~ Multiplexers With Three-State Outputs

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

S 9LS/74LS
Parameter Test Conditions* Min st;itl: Max | Min TZ:" Max Unit
Vin 2 2 :
ViL 0.7 0.8 \'
v, Vee=MIN,  [j=-18mA -1.5 -15| Vv
Vee=MIN, ViH=2V,
. X 24 .
VOH V“_=&Lmax, IOH =MAX 24 34 3 ! Y
N Vee=MIN, V=2V, loL=4mA 025 | 0.4 025 | 0.4 Y
oL V|L=V) max ToL =8mA 035| 0.5
VCC=MAX, V|H=2V
loz V=2.4V 20 2| A
VCC=MAX, VIH =2V, _ R
lozu Vo=0.4V 2 il B
S input _ _ 0.2 0.2
L Any other Vee=MAX, V=7V 0.1 0.1 mA
S input _ _ 40 40
IIH Any other Vcc—MAX, V|—-2.7V 20 20 HA
S input _ _ -0.8 -0.8
he Any other Vec=MAX, V=04V -0.4 -0.4 mA
lost Vee=MAX -15 -100 | -15 -100 | mA
All outputs 5.9 10 5.9 10
high . .
All outputs LS257 92 16 9.2 16
low
All outputs 10 17 10 17
off
lectt (Al outpurs | VeC™MAX 4.1 7 4.1 7 mA
high . '
All outputs LS258 6.2 11 6.2 11
low
All outputs 7.0 12 7.0 12

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Voc =5V, Ta = 25°C.
TNot more than one output should be shorted at a time.

Ttlcc is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions.
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Quadruple 2-Line-To-1-Line

Multiplexers With Three-State Outputs LS257 LS258
Switching Characteristics, V. = 5V Over Recommended Free-Air Temperature Range
From To -55°C +25°C +125°C Unit
Parameter (input) (output) Min I Typ l Max | Min I Typ | Max | Min i Typ I Max n

Test Conditions: C, = 15pF, R = 2kQ (See Fig. C on page 2-174)

tPLH " 8 15 6 12 8 15

e LS257 Data Any 9 15 7 12 9 15 ns
tpLH 10 17 8 14 10 17

r— LS258 Data Any 7 15 5 12 7 15 ns
toLH 14 21 12 18 14 21

tonL LS257 Select Any 12 oY 12 18 12 Y ns
L 14 | 21 12 | 18 14 | 21

oL LS258 Select Any 13 57 70 18 2 2 ns
tzn Output 12 | 21 10 | 18 12 | 21

o | %7 | Control Any 2 | 19 10 | 16 12 [19 | ™
7 Output 2 | 20 70 | 18 12 | 21

ty | L5258 Control Any 3 | 21 11 | 18 13 |21 | ™
Test Conditions: C, = 15pF, R, = 2k(} (See Fig. A, page 2-174)

tHz Output 12 18 10 15 12 18

iy 1 %7 | control Any 12 | 21 0 | 18 2 |21 ] "
tHz Output 11 18 9 15 1 18

T Control Any 0 | 18 8 | 15 0 |18 | ™
Test Conditions: C, = 50pF, R, = 2k(}) (See Fig. A, page 2-174)

PLH | | 5257 Data Any 12 | 19 0 | 17 12 119 |
tPHL 13 20 11 17 13 20

tPLH 14 22 12 19 14 22

LS258 Dat A

torL ate v 11 | 19 9 [ 17 19 ] ™
tPLH LS257 Select Any 18 25 16 23 18 25 ns
tPHL 18 25 16 23 18 25

PLH | | 5268 Select Any 18 | 25 16 | 23 18 125 |
tPHL 16 25 14 23 16 25

tzH Output 16 25 14 23 16 25

LS257 Al

o Control v 6 | 24 14 | 2 6 | 24 | "
t7h LS258 Output Any 16 25 14 23 16 25 ns
tzL Control 17 25 15 23 17 25

Note: AC specification shown under —55°C and +125°C are for 9LS devices only.
All 50pF specifications are for 9LS only.



LS261

2-Bit By 4-Bit Parallel Binary Multipliers

FEATURES

®  Fast Multiplication . . . 5-Bit Product in 26ns Typ
Power Dissipation ... 110mW Typical

Latch Outputs for Synchronous Operation
Expandable for m-Bit-by-n-Bit Applications

Fully Compatible with Most TTL and Other Saturated
Low-Level Logic Families

= Diode-Clamped Inputs Simplify System Design

DESCRIPTION

These low-power Schottky circuits are designed to be
used in parallel multiplication applications. They perform
binary multiplication in two’s-complement form, two bits
at a time.

The M inputs are for the multiplier bits and the B inputs
are for the multiplicand. The Q outputs represent the
partial product as a recoded base-4 number. This recoding
effectively reduces the Wallace-tree hardware requirements
by a factor of two.

The outputs represent partial products in one’s complement
form generated as a result of multiplication. A simple
rounding scheme using two additional gates is needed for
each partial product to generate two's complement.

The leading (most-ignificant) bit of the product is in-
verted for ease in extending the sign to square (left justify)
the partial-product bits.

The 9LS/54L.261 is characterized for operation over the
full military temperature range of —55°C to 125°C; the
9LS/74LS261 for operation from 0°C to 70°C.
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PIN-OUT DIAGRAM

OMB
/"A'—\
Vee By By Bgp My Mg Qg Oy

SLLLEL

By By By My My 0
G 0
By B, My 0, Oy o2

Hinlk lﬁl%l%l‘l

LS261

o N o ©

By By M, 04 O3 0, GND
LATCH  \——/
CONTROL 6 yrpyrs
04050y

Die Size .086 x .071

FUNCTION TABLE

INPUTS QUTPUTS
LATCH
MULTIPLIER _
CONTROL G4 Q@3 02 Q1 Qo
M2 M1 MO
G
L X X X | @4y Q3; @2, alg Qo,
H L L L H L L L L
H L L H | B4 B4 B3 B2 B1
H L H L B4 B4 B3 B2 B1
H L H H B4 B3 B2 B1 BO
H H L L| B B3 B2 B1 BO
H H L H | B4 B4 B3 B2 B1
H H H L | B Ba B3I B2 B1
H H H H H L L L L

H = high level, L = low level, X = irrelevant

540 ... U0g = The logic level of the same output before the high-to-
low transition of G.

B4 ... BO = The logic level of the indicated multiplicand (B) input



2-Bit By 4-Bit Parallel Binary Multipliers LS261

LOGIC DIAGRAM
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LS261

2-Bit By 4-Bit Parallel Binary Multipliers

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Ve 4.5 5 55 | 4.75 5 5.25 \Y%
High-level output current, lgy -1 -1 mA
Low-level output current, g 4 8 mA
Width of enable pulse, t, 25 25 ns
. Any M input 174 174
Setup time, tgerup Any B input 15 154 ns
. Any M input 0} 04
Hold time, thoig Any B input or o ns
Operating free-air temperature, Ta -55 125 0 70 °C

| The arrow indicates that the falling edge of the enable pulse is used for reference.

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* win 9":;::':5 Max | Min QL:;::,I:S Wax Unit
ViH 2 2 Y%
Vi 0.7 02 [ v
V) Vee=MIN, Ii=-18mA -1.5 -1.5 \

Vee=MIN,  Viy=2V,
Vou VieVi e, lop=1mA 25 | 34 27 | 34 v
v Veo=MIN, V=2V ToL=4mA 0.25 | 0.4 025] 04 |
oL V||_=V||_max |0|__=8mA 0.35 0.5
I Vco=MAX, V=7V 0.1 0.1 | mA
IIH Vcc=MAX, V|=2.7V 20 . 20 /JA
'IL VCC=|V|AX, V|=0.4V -0.4 -0.4 mA
Tost Vcc=MAX -15 -100 | -15 -100 | mA
Vee=MAX,  All inputs at OV
|
cc Outputs open 22 | 38 22 | 40 | mA

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

device type.

**All typical values are at Vg =5V, Ta = 25°C.
1Not more than one output should be shorted at a time.

Switching Characteristics, V

cc = 5V Over Recommended Free-Air Temperature Range

From To —-55°C +25°C +125°C Unit
Parameter (input) (output) Min | Typ [ Max [ Min | Typ | Max | min | Typ [ Max nf
Test Conditions: C, = 15pF, R_ = 2kQ (See Fig. A, page 2-174) '
tPLH 25 | 39 22 | 35 25 | 39
Enable G Any Q - ns
tPHL nav'e Y 23 | 34 20 [ 30 23 34
tpLH : 28 44 25 40 28 44
M
THL Any M input Any Q % ) 55 35 % 39 ns
tPLH - 30 46 27 42 30 46
TrrL Any B input Any Q 2 y T 37 27 e ns
Test Conditions: C, = 50pF, R, = 2k(} (See Fig. A, page 2-174)
tPLH Enable G Any Q 30 44 26 40 30 44 ns
tPHL 28 39 24 35 28 39
tPLH Any M input Any Q 33 49 29 45 33 49 ns
tPHL 30 44 26 40 30 44
pLH Any B input Any Q 35 51 31 47 35 51 ns
TPHL 32 46 28 42 32 46

Note: AC specification shown under —55°C and +125°C are for 9LS devices only.
All 50pF specifications are for 9LS only.
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Quadruple S-R Latches LS279

FEATURES

®  Functionally and Mechanically Identical to 54279
® Features Low Power Dissipation of 19 mW Typical

FUNCTION TABLE

(EACH LATCH) H = high level

L = low level

INPUTS | OUTPUT Qg = the .leve! of Q before the indicated input conditions were
st R aQ e'stabllshedA ) o )
*This output level is pseudo stable: that is, it may not persist when
H H| Qo the S and R inputs return to their inactive (high) level.
L H| H TFor latches with double S inputs:
H Ll L H = both S inputs high
L L H* L = one or both §inputs low

PIN-OUT DIAGRAM

3 2 1161514

6 7 8 91011

logic: see function table

Die Size .065 x .059

Recommended Operating Conditions

9LS/54LS 9LS/74LS
Min. | Nom.| Max. Min. | Nom.| Max. | Unit
Supply voltage, Vo (See Note 1) 4.5 5| 5.5 4.75 5 |5.25 \
High-level output current, IoH -400 400 | pA
Low-level output current, Ig 4 8 | mA
Operating free-air temperature, Ta -55 125 0] 70| °c

NOTE 1. Voltage values are with respect to network ground terminal.



LS279 Quadrupule S-R Latches

Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
(Unless Otherwise Noted)

9LS/54LS 9LS/74LS
Parameter Test Conditions’
Min. | Typ* | Max. Min. | Typ* |Max. | Unit
Iy High-level input voltage 2 2 \
ViL Low-level input voltage 0.7 0.8 \
Vi Input clamp voltage ) Vce = MIN, I} =-18 mA -1.5 -1.5 \
Vee = MIN, ViH =2V,
VoH High-level output voltage 25| 35 27 | 35 \%
VL = V| max, loH = 400 A .
Vee = MIN, VIH=2V, | loL=4mA 0.25 | 0.4 0.25 | 0.4
VoL Low-level output voltage \Y
VL = VL max loL=8mA 0.35 | 0.5
Input current at
H Vee = MAX, V| =7V 0.1 0.1 | mA
maximum input voltage
IyH High-level input current Vee = MAX, V=27V 20 20 | uwA
IjL Lowe-level input current Vee = MAX, V| = 0.4V -0.4 -0.4 | mA
10s Short-circuit output currentf | Voo = MAX -30 ~130 -30 130 | mA
lcc  Supply current Vee = MAX, See Note 2 3.8 7 38| -7 | mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Vog = 5V, Ta = 25°C.

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

NOTE 2. I is measured with all R inputs grounded, all §inputs at 4.5 V, and all outputs open.

Switching Characteristics V.. = 5.0V Over Recommended Free-Air Temperature Range.

From To -55°C +25°C +125°C
Parameter Unit
(Input) (Output) Min. | Typ. | Max. Min. I Typ. [Max. Min. I Typ. I Max.

Test Conditions: C, = 15pF, R, = 2kQ) (See Fig. A, page 2-174)

tPLH S Q 15 26 12| 22 15 26 ns
tPHL 5 Q 12 19 9| 15 12 19 ns
L R 2 e 3¢ '27 18] 3¢ s
Test Conditions: C, = 50pF, R, = 2.0k (See Fig. A, page 2-174)

tPLH S Q 19 30 16| 26 19 30 ns
tPHL S Q 16 23 131 19 16 23 ns
tPHL R Q 22 35 19| 31 23 35 ns

Note: AC specification shown under ~65°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS devices only.
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4-Bit Bi-Directional Shift Register

With Three-State Outputs

FEATURES

= Three-state version of LS95B parallel-access shift
register

DESCRIPTION

This 4-bit register features parallel inputs, parallel outputs,

and clock, serial, mode, and output control inputs. The

register has three modes of operation:

Parallel (broadside) load
Shift right (the direction Qp toward Qp)
Shift left (the direction Qp toward Qa)

Parallel loading is accomplished by applying the four bits of
data and taking the mode control input high. The data is
loaded into the associated flip-flops and appears at the out-
puts after the high-to-low transition of the clock input.
During parallel loading, the entry of serial data is inhibited.

Shift right is accomplished when the mode control is low;
shift left is accomplished when the mode control is high by
connecting the output of each flip-flop to the parallel input
of the previous flip-flop (Qp to input C, etc.) and serial
data is entered at input D.

When the output is high, the normal logic levels of the four
6ﬁtputs are available for driving the loads or bus lines. The
outputs are disabled independently from the level of the
clock by a low logic level at the output control input. The
outputs then present a high impedance and neither load nor
drive the bus bus line; however, sequential operation of the
register is not affected.

PINOUT DIAGRAM

| | | LS295A
]

14

SERIALA B C D MODEGND
INPUT “——v—"CONTROL

Die Size .067 x .082

el
13 12 1110

-

LOGIC DIAGRAM

DATA INPUTS
/\
A 3 . C D
MODE (¢, (2) (3) (4) (5)
CONTROL 1 ) 1
seriaL
INPUT
INPUTS OUTPUTS
MODE PARALLEL
9
CONTROL CLOCK | SERIAL ry PR — Qa Qg Q¢ Qp cLOCK( ) o
H H X X X X %X]|Qao Qo Qco Qpo ] ] ] ]
H ‘ X a b ¢ d a b c d ng.'L >'L "L >
H 4 X |ogt Qct Qpt d | Qg Qch, Qpn  d OUTPUT (8)
L H X X X X X |0Oa Qgo Qco Qpo| conTROL T 113y (L(m Tan 10)
L ! H X X X X| H Qan Qgn Qcn Qa B Qc Qp
L ' L X X X X| L Qap Qpn Qcn OUTPUTS
When the output control is low, the outputs are disabled to the high-impedance state;
however, sequential operation of the registers is not affected.
1Shifting left requires external connection of Qg to A, Qc to B, and Q o C. Serial data is
entered at input D.
H = high level (steady state), L = low level (. dy state), X = irrel t (any input,
including transitions)
= transition from high to low level.
a, b, ¢, d = the level of steady-state input at inputs A, B, C, or D, respectively.
Qo Quo, Qco, Qno = the level of Q,, Qg, Qc, or Q,, respectively, before the indicated
steady-state input conditions were established.
Qanr Qan, Qcn, Qon = the level of Q,, Qg, Qc, or Qo, respectively, before the most-recent
transition of the clock.
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4-Bit Bi-Directional Shift Register
LS295A With Three-State Outputs

Recommended Operating Conditions

'9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Vec 4.5 5 5.5 | 4.75 5 5.25 \
High-level output current, lgy ; -1 -2.6 | mA
Low-level output current, I 4 8 mA
Clock frequency, fgjock 0 30 0 30 |MHz
Width of clock pulse, ty(ciock) 20 20 ns
Setup time, high-level or low-level data, tsetup 10 10 ns
Hold time, high-level or low-level data, tholg 10 10 ns
Operating free-air temperature, T -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
- 9LS/54LS 9LS/74LS
Parameter Test Conditions' Min | Typ~ | Max | Min | Typ~ | Max Unit
Viy ‘ . 2 2 Y
Vi ) 0.7 0.8 \Y%
Vi Vee=MIN,  }=-18mA -1.5 -15] V
Vee=MIN,  Viy=2V,
. 34 27 | 34 \%
Vo Vi =V max, lgy=MAX 24
v Vee=MIN, V=2V, loL=4mA 0.25 04 0.25 | 0.40 v
oL V|L=V|_max ToL=8mA 0.35| 05
VCC=MAX, V||_=V||_max,
- 20 20 A
lozn Vo=2.7V , H
VCC=MAX, V|H=2V,
-20 -20 A
lozL V=0.4V M
) Vee=MAX, V=7V 0.1 0.1 | mA
IR Vee=MAX, V,=2.7V 20 20 HA
[ Vee=MAX, V=04V -0.4 -04 | mA
IOST VCC=MAX -15 -100 | -15 -100 | mA
Condition A 14 23 14 23
lectt Vee=MAX Condition B 16 | 25 B 25 ™

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All tvpical values are at Voo = BV, T = 25°C
tNot more than one output should be shorted at a time.
tTlcc is measured with the outputs open, the serial input and mode control at 4.5V, and the data inputs grounded under the following conditions:
A. Output control at 4.5V and a momentary 3V, then ground, applied to clock input.
B. Output control and clock input grounded.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter —55C +25°C +125°C Unit
Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max

Test Conditions: C, = 15pF, R, = 2k} (See Fig. A, page 2-174)
frmax 30 | 40 MHz
tPLH 29 38 27 35 29 38 ns
tPHL 37 48 35 45 37 48 ns
tzn 12l 70 | 18 12 | 21 ns
tzL 12 | 21 10 | 18 12 | 21 ns
Test Conditions: C, = 15pF, R, = 2k} (See Fig. C on page 2-174)
tHz 21 32 19 28 21 32 ns
tiz 26 36 24 32 26 36 ns | Note: AC specification shown
Test Conditions: C, = 50pF, R, = 2k( (See Fig. A, page 2-174) - under -55°C and +125°C
tPLH 32 42 30 39 32 42 ns are for 9LS devices only.
tPHL 40 52 38 49 40 52 ns All 50pF specifications
tzn 15 25 13 22 15 25 | ns are for 9LS devices only.
tzL 15 25 13 22 15 25 ns
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Quadruple 2-Input Multiplexers with Storage LS298
]

FEATURES PIN-OUT DIAGRAM
®  Selects One of Two 4-Bit Data Sources and Stores Data
Synchronously with System Clock. LSZQBO UTPUTS < ab
S S 25 DATA
m  Applications: —AN— 8 S INPUT
. . —
Dual Source for Operandsand Constants in Arithmetic Vee 0 Op OC O 5 = 1
Processor; Can Release Processor Register Files for . ’ ’ E ’
Acquiring New Data.
. Qp Qg Q¢ Qp o WS
Implement Separate Registers Capable of Parallel CK
Exchange of Contents Yet Retain External Load B2 c1
Capability. A2 A1 B1 C2 D2 DI
Universal Type Register for Implementing Various
Shift Patterns; Even Has Compound Left-Right
Capabilities. B2 A2 A1 B1 CZ D2 D1 GND
N
DESCRIPTION DATAINPUTS
These monolithic quadruple two-input multiplexers with
storage provide essentially the equivalent functional capa-
bilities of two separate MSI functions (564157/74157 or FUNCTION TABLE
541.5157/74LS157 and 54175/74175 or 54L.S175/74L5175) INPUTS QUTPUTS
. . . WORD
in a single 16-pin package.
‘ . SELECT cLockjepn 0@ Q¢ Op
Wher:s the Yvord-select |.nput is Iow: wcf)rd 1 (A1, B1, C1, L n 21 b1 po pr
D.1) is applied to the_ flip-flops. A high input to word select H ' a2 b2 2  d2
will cause the s‘electlon of word 2 (A2, B2, C_2, D2). The X H Qa0 B0 Qco Qpo
selected word is clocked to the output terminals on the
negative-going edge of the clock pulse. H = high level (steady state)
= low level (steady state)
X = irrelevant (any input, including transitions)
LOGIC DIAGRAM | = transition from high to low level
al, a2, etc. = the level of steady-state input at A1, A2, etc.
a1 3 QAQ. Qg etc. = the level of Qp, Qg, etc. entered on the
WORD (l_ﬂ_)Dc (15) most recent | transition of the clock input.
SELECT N
@ ] ra>c|<
A2
(4) r :
B1
14]
a s g 14 g
82 (1) [ cK
R
¢l 9)
(13)
= _CD Y
o2 © Lo cx
R
m 2
12)
r*'& s Op 120,
2 & P> CK
R
(1) N
CLOCK 1>

.. Dynamic input activated by a transition from a high fevel to a low level



LS298 Qu‘adruple 2-Input Multiplexers with Storage
- _____________________________________________________________________________________|]

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \%
High-level output current, lgy -400 -400 | upA
Low-level output current, lg| 4 8 mA
Width of clock pulse, high or low level, tw 20 20 ns
Setup time, t, Data 15 15 ns
P time, Tetup Word select 25 25
. Data 5 5
Hold time, thoia Word select 0 0 ns
Operating free-air temperature, Ta -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
" " 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Ty | Max | Win | Typ™| Max Unit
Vin 2 2 V
ViL 0.7 0.8 \;
V) Vee=MIN,  [;=-18mA -1.5 -1.5 \
Vee=MIN,  Viy=2Vv
Y
OH VL=V max, lop=-400uA 25 3.4 27 | 3.4 \%
v Vee=MIN,  Viy=2V, loL=4mA 0.25 | 0.4 0.25| 0.4 v
oL V) =V,_max ToL=8mA 0.35| 05

1 Vee=MAX, V=7V 0.1 0.1 | mA
liH Vee=MAX, V|=2.7V 20 20 uA
|||_ VCC=MAX, V|=0.4V -0.4 -04 mA
lost Vee=MAX -6 -40 -5 742 mA
lectt Vce=MAX, 13 21 13 21 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Ve = 5V, Ta = 25°C.
TNot more than one output should be shorted at a time. )
11With all outputs open and all inputs except elock low, Icc is measured after applying a momentary 4.5V, followed by ground, to

the clock input.
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Parameter -55°C +25°C +125°C Unit
Min | Typ [ Max | Min | Typ [ Max | Min | Typ | Max

Test Conditions: C_ = 15pF, R, = 2k() (See Fig. A, page 2-174)
tpLH 20 31 18 27 20 31 ns
tPHL 23 35 21 32 23 35
Test Conditions: C, = 50pF, R, = 2k} (See Fig. A, page 2-174) )
tPLH 23 36 21 32 23 36 ns
tpHL 26 40 24 37 26 40

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS only.
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Hex Buffers, Tri-State, Common Enable LS365 LS366
Hex Buffers, Tri-State, 4-Bit and 2-Bit LS367 LS368

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 15TTL Unit Loads on 60 Low
Power Schottky loads when the Enable (E) is LOW.

When 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.

PIN-OUT DIAGRAMS

LS365 LS366
HEX 3-STATE BUFFER WITH HEX 3-STATE INVERTER BUFFER
COMMON 2-INPUT NOR ENABLE WITH COMMON 2-INPUT NOR ENABLE
TRUTH TABLE Ve 2 07 07 Dy 07 D3 03 TRUTH TABLE Vg B2 Dy 07 D2 02 D3 03
INPUTS
— OUTPUTS _INPUTS 1 yrpuTs
Eq E; D E, E; D
L L U [ L L L C]
L L H H L L H L
H X X (2) H X X (2)
X H X (2) X H X (2)
Ey Dy 04 Dg 05 Dg Op GND
LS367 LS368
HEX 3-STATE BUFFER HEX 3-STATE INVERTER BUFFER
SEPARATE 2-BIT AND 4-BIT SECTIONS . SEPARATE 2-BIT AND 4-BIT SECTIONS
Vec By Dy 09 D 0 D3 03 TRUTH TABLE Vee Ey Dy 04 Dy 0, D3 03
INPUTS
= OUTPUTS N PUTS OUTPUTS
E D E D
L L L L L H
L H H L H L
H X (2) H X (2)
E, Dy 04 D5 Og5 Dg Og GND E, Dy 04 D5 05 Dg Og GND




LS365 LS366

Hex Buffers, Tri-State, Common Enable

LS367 LS368

Recommended Operating Conditions

Hex Buffers, Tri-State, 4-Bit and 2-Bit

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply Voltage, Voo 45 5 55 | 4.75 5 5.25 \Y
High-Level Output Current, lgy -1 -2.6 mA
Low-Level Output Current, lg| 12 24 mA
Operating Free-Air Temperature, T -55 1256 | 0 75 °c
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS
Parameter Test Conditions Min | Typ** | Max | Min | Typ*] Wax Unit
ViH Guaranteed Input HIGH Voltage for All Inputs 2.0 2.0 \%
ViL Guaranteed Input LOW Voitage for All Inputs 7120 8 \Y
Vep Vee=MIN,  Ijy=-18mA -0.65]|-1.5 -0.65| -1.56 \
Vo Vee=MIN, Viy=V|q or Vi | loy=-1.0mA 2.4 3.4 v
per Truth Table log=-2.6mA 24 | 3.1
VoL Vee=MIN, Vin=Viq or Vi | loL=12mA 0.25 | 04 0.25 | 0.40 v
per Truth Table laL=24mA 0351 0.5
lozH Voe=MAX, Vout=2.4V, VE=2.0V 20 20 MA
lozL Vee=MAX, Vout=0.4V, VE=2.0V -20 -20 | pA
" Vee=MAX, V|y=2.7V 20 20 MA
Vcee=MAX, V|n=7.0V -1 -.1. | mA
|||_ VCC=MAX, V|N=0.4V -0.4 -0.4 mA
lost Voe=MAX, Vouyr=0V -30 -100 | -30 -100 | mA
lcc Vee=MAX, V=0V, VE=4.5V |1.5365/367 135 | 24 135 | 24 mA
LS366/368 11.8 1 21 1181 21 i

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

device type. :
**All typical values are at Vg =5V, Ta = 25°C.
tNot more than one output should be shorted at a time.

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

-55°C +25°C +125°C .
Parameter _From  To T T T T T T Unit
{input) (Qutput) vhin l typ | viax vun l 1yp IMax viin l 1yp IMax
Test Conditions: C, = 45pF (See Fig. A, page 2-174)
tpLy (LS365/367) N o 9 |14 7 10 9 14 e
tpyL (LS365/367) ! i 12 | 20 10 16 12 20
14
tpy (LS366/368) b o 9 | 14 7 10 9 N
tpyL (LS366/368) ! ! 12 | 20 10 16 12 20
tzH 3 o 12 20 10 16 12 20 ns
tZL ! 20 | 36 18 30 20 36
Test Conditions: C, = 5pF, R, = 667() (See Fig. C, page 2-174)
t 2 - 12 | 20 10 15 12 20
E O; ns
thz ! 19 | 27 17 23 19 27
Test Conditions: C, = 125pF, (See Fig. A, page 2-174)
1 12 20
tpLy (LS365/367) D, o 12 | 20 10 5 n
tpyy (LS365/367) 15 | 26 15 21 15 26
tpLy (LS366/368) N o. 12 | 20 10 15 12 20 e
tpy (LS366/368) : I 15 | 26 15 | 21 15 20
tzH - 16 26 13 20 16 26
E [0} ns
tz 24 | 42 21 35 24 40

Note: AC specification shown under -55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only.
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4-Bit Cascadable Shift Registers with
3-State Outputs LS395A

FEATURES PIN-OUT DIAGRAM
®  Three-State, 4-Bit, Cascadable, Parallel-In, W
Parallel-Out Registers LS395A 25 .
. oreuts 5 58
®  Schottky-Diode-Clamped Transistors —— 50538 EE
V, L (=1
— ; ccﬁAﬁsnconanuou
®  Low Power Dissipation . .. 75mW Typical (Enabled) olEln
m  Applications: N-Bit Serial-To-Parallel Converter
N-Bit Parallel-To-Serial Converter Gy Og Qg Qp an, K
N-Bit Storage Register qJCLEAR  QUTPUT CONTR
. . . . SERIAL LOAD/
m  Pin for pin compatible with LS395 INPUT A B C_D SHIFT]
DESCRIPTION
These 4-bit registers feature parallel inputs, parallel out- L [4][s][&]
. . = Q
puts, and clock, ser!al, load/shift, output control and E %g ABCD §E 2
direct overriding clear inputs. S S5 ppARALLEL @
INPUTS

Shifting is accomplished when the load/shift control is
low. Parallel loading is accomplished by applying the four
bits of data and taking the load/shift control input high.
The data is loaded into the associated flip-flops and appears
at the outputs after the high-to-low transition of the clock
input. During parallel loading, the entry of serial data is
inhibited.

When the output control is low, the normal logic levels of
the four outputs are available for driving the loads or bus
lines. The outputs are disabled independently from the
level of the clock by a high logic level at the output control
input. The outputs then present a high impedance and
neither load nor drive the bus line; however, sequential
operation of the reigsters is not affected. During the high-
impedance mode, the output at Qp- is still available for
cascading.

The 9LS/541L.S395A is characterized for operation over
the full military temperature range of -55°C to 125°C;
the 9LS/74LS395A is characterized for operation from .

0°C to 70°C.
FUNCTION TABLE
INPUTS 3-STATE OUTPUTS | CASCADE
CLEAR LOAD/SHIFT cLock | seriaL PARALLEL] a o a a OUTPUT
CONTROL aABcbp| A "B FC TPl g
L X X X X X XX L L L L L
H H H X X X X X] Qao Qo Qco Qpo Qpo
H H 4 X a bcd a b c d d
H L H X X X X X]| Qao Qo Qco Qpo Qpo
H L 4 H X XX X|] H Qan Opn Qcp Qcn
H L i L X X X X1 L Qan Qgn Qcp Qcn
When the output control is high, the 3-state outputs are disabled to the high-impedance state;
however, sequential operation of the registers and the output at Qp are not affected.

H = high level (steady state), L = low level (steady state), X = irrelevant (any input, including transitions)

{ = transition from high to low level.

QAQ. QBo. Qco. Qpo = the level of Qp, Qg, Qg, or Qp, respectively, before the indicated steady state input conditions were established.
Qan, QBn, Qcn, Qpn = the level of Qp, QB, Qc, or Qp, respectively, before the most recent | transition of the clock.



/ 4-Bit Cascadable Shift Registers with
LS395A : 3-State Outputs

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Vcc 4.5 5 5.5 | 4.75 5 5.25 \%
High-level output current, loy o -1 -26 | mA
Low-level output current, Igp 4 8 mA
Clock frequency, fgjock - 0 25 0 25 | MHz
Width of clock pulse, ty(clock) 25 B 25 ns
Setup time, high-level or low-level data, tse,p ’ 20 20 ns
_Hold time, high-level or low-level data, tholg 10 10 ns
Operating free-air temperature, Tp -565 126 L 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS .
Parameter Test Conditions* " - Unit
) Min Typ**| Max Min | Typ**| Max
ViH 2 2 v
Vi 0.7 0.8 \Y
\7] Vee=MIN, 1j==18mA -1.5 -1.6 Vv
VoH VeesMIN, - Viy=2v, 24 | 34 24 | 3. v
ViL=ViLmax, Ilgy=MAX
Vce=MIN Qa, Qg loL=12mA 0.25 | 0.4 0.25 |0.40 v
VIL=VIL max, | Qc. QD loc=24mA 0.35 | 0.50
VoL ViH=2V o loL=4mA 0.25 | 0.4 0.25 |0.40 v
loL=8mA 035 |0.50
loz Vee=MAX,  V|g=2V, Qa, Qg 2 2 A
Vo=2.7V Qc. Qp
'O'ZL Vec=MAX, ViH=2V, Qa, O 20 20 A
Vp=0.4V Qc, Qp
' Vee=MAX, V=7V 0.1 0.1 mA
hH Vee=MAX, Vy=2.7V 20 20 MA
I Vee=MAX, V|=0.4V -0.4 -0.4 mA
lost Vee=MAX -15 , -100 | -15 100 | mA
Condition A 18 25 i3 25
lcctt VeeTMAX, Condition B 5 |25 15 |25 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Voo =5V, Ta = 25°C.
TNot more than one output should be shorted at a time.
TTlce is measured with the outputs open, the serial input and mode control at 4.5V, and the data inputs grounded under the following
conditions:
A. Output control at 4.5V and a momentary 3V, then ground, applied to clock input.
B. Output control and clock input grounded.
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4-Bit Cascadable Shift Registers with

‘3-State Outputs

'LS395

Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

-55°C +25°C +125°C .
Par - Unit
Min | Typ l Max | Min J Typ ‘ Max | Min ] Typ | Max
Test Conditions: C, = 15pF, R, = 2k() (See Fig. C, page 2-174)
fmax 25 '35 MHz
Clear to
tPHL 27 40 23 35 27 40 ns
output
tpLH 27 40 23 35 27 40 ns
tPHL 24 | 35 20 30 24 35 ns
tpzH 17 25 13 20 17 25 ns
tpzL 28 41 24 36 28 41 ns
Pz | 22 11 7 5 | 22 | s
tPLZ 19 27 15 23 19 27 ns
Test Conditions: C, = 5.0pF, R_ = 2k2 (See Fig. C, page 2-174)
tHz 13 | 22 " 17 13 22 ns
Lz 18 | 27 15 23 18 27 | ns
Test Conditions: C, = 50pF, R. = 2k() (See Fig. C, page 2-174)
tPHL - 30 44 26 39 30 44 ns
tPLH 30 | 44 26 39 30 44 ns
tPHL 27 | 38 23 34 27 38 | ns
tpzH 20 | 29 18 24 22 27 ns
tpZL 31 45 27 40 30 45 ns
tPHZ 18 | 26 14 20 19 26 ns
tpLz 22 | 32 18 27 22 32 ns

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications
are for 9LS devices only.

LOAD/ (1)
SHIFT 'OD@T'CD

LOGIC DIAGRAM

DATA INPUTS

A\

A
(3)

@

(5)

SERIAL (2)
INPUT ‘%}
(10)

CLOCK

P CK

DI (1)
g o

E
o

CLR n

>

CLEAR “—)cb&

OUTPUT

@
CONTROL "">

(14)
g

(13)
g

(1
Y,

Ve
3-STATE OUTPUTS

2) (1)
Qp-
CASCADE
OUTPUT
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LS670

4-By-4 Register Files with 3-State

Outputs

FEATURES

® Separate Read/Write Addressing Permits Simultaneous
Reading and Writing

®  Fast Access Times . . . Typically 20 ns
® Organized as 4 Words of 4 Bits
® Expandable to 512 Words of n-Bits
® For Use as:
Scratch-Pad Memory
Buffer Storage Between Processors
Bit Storage in Fast Multiplication Designs
m  3-State Outputs
DESCRIPTION

The LS670 and MSI 16-bit TTL register files incorporate
the equivalent of 98 gates. The register file is organized as
4 words of 4 bits each and separate on-chip decoding is pro-
vided for addressing the four word locations to either write-
in or retrieve data. This permits simultaneous writing into
one location and reading from another word location.

Four data inputs are available which are used to supply the
4-bit word to be stored. Location of the word is determined
by the write-address inputs A and B in conjunction with a
write-enable signal. Data applied at the inputs should be in

its true form. That is, if a high-level signal is desired from
the output, a high-level is applied at the data input for that
particular bit location. The latch inputs are arranged so that
new data will be accepted only if both internal address gate
inputs are high. When this condition exists, data at the D
input is transferred to the latch output. When the write-
enable input, Gy, is high, the data inputs are inhibited and
their levels can cause no change in the information stored
in the internal latches. When the read-enable input, GR, is
high, the data outputs are inhibited and go into the high-
impedance state.

The individual address lines permit direct acquisition of
data stored in any four of the latches. Four individual de-
coding gates are used to complete the address for reading a
word. When the read address is made in conjunction with
theread-enable signal, the word appears at the four outputs.

This arrangement—data-entry addressing separate from data-
read addressing and individual sense line—eliminates re-
covéry times, permits simultaneous reading and writing,
and is limited in speed only by the write time (27 nano-
seconds typical) and the read time (24 nanoseconds typi-
cal). The register file has a nondestructive readout in that
data is not lost when addressed.

13 14 15 16 1 2 3 4
Vee :

Die Size .090 x .068

wnmz SELECT ENABLE
” Wa Wg WRITE READ Q1

SLITLTLL

Wa Wg Gy Gg Q1

|—D2 Q2

D3 D4 Rp Q4 Q3

Sobdbog

D2 D3 03 GND

OUTPUTS

DATA READ SELECT OUTPUTS
Positive Logic: See Description
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4-By-4 Register Files with 3-State
Outputs

LOGIC

WRITE FUNCTION TABLE (SEE NOTES A, B, AND C)

LS670

READ FUNCTION TABLE (SEE NOTES A AND D)

WRITE INPUTS WORD READ INPUTS OUTPUTS
Wg Wa Gw 0 1 2 3 R Ra GR Q1 Q2 Q3 Q4
L L L Q=D Qo Qo Qo L L L WoB1 W0B2 WO0B3 Wo0B4
L H L Qg Q=D Qq Qg L H L | wWiB1 W1i1B2 W1B3 W1B4
H L L Qg Qg Q=D Qo H L L W2B1 w2B2 W2B3 waB4
H H L Qg Qg Qg Q=D H H L W3B1 W3B2 W3B3 W3B4
X X H Qg Qg Qg Qg X X H z z z z
NOTES: A. H = high level, L = low level, X = irrelevant, Z = high impedance (off)
B. (Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs.
C. Qg = the level of Q before the indicated input conditions were established.
D. WOB1 = The first bit of word 0, etc.
FUNCTIONAL BLOCK DIAGRAM
(15)
p1Po | ‘——l — a0 o,
Q Q - |
D D »
WORD 0 WORD 1 WGRD 2 WORD 3 I
p2ilpe | 1 ©)
——02
D Q] D of{ |
e g s | T
DATA
INPUTS
OUTPUTS
{
p3 &0 I f | L 17 o3
Do} | | 1
G [ ) 1) ﬁ gl
—
3.
D4—“ N -+ f [ = 16) qq
D Q] DQ {
1 ¢ ¢ [ - 3 - ﬁ
{
(12)] (13)| (14) @] (1) (58)
Gw W Wa RE Gr Ra
WRITE INPUT READ INPUT
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LS670

4-By-4 Register Files with 3-State

Outputs

Recommended Operating Conditions

9LS/54LS 9LS/74LS
Unit
Min. | Nom.|Max. Min. |Nom.|Max.
Supply voltage, Vo 4.5 5 5.5 4.75 5 [5.256 \%
High-level output current, IoH -1 -2.6 mA
Low-level output current, g 4 8 mA
Width of write-enable or read-enable pulse, ty, 25 25 ns
Data input with respect to
Setup times, high- or low-level data ol 10 10 ns
write enable, t
(see Figure 2) setup (D)
Write select with respect to
15 15 ns
write enable, tsetup (W)
Data input with respect to
15 15 ns
Hold times, high- or low-level data write enable, thold(D)
(see Note 2 and Figure 2) - Write select with respect to 5 5
ns
write enable, thojd (W)
Latch time for new data, tja¢ch (see Note 3) 25 25 ns
Operating free-air temparature range, Ta -55 125 o] 70 °c

NOTES 1. Voltage values are with respect to network ground terminal.
2. Write-select setup time will protect the data written into the previous address. |f protection of data in the previous address is

not required, tsetyp(w) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and

during thold(w) will result in data being written into that location. Depending on the duration of the input conditions, one or

a number of previous addresses:may have been written into.

3. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is im-

portant only when attempting to read from a location immediately after that location has received new data.
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4-By-4 Register Files with 3-State

Outputs
... ]

Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
(Unless Otherwise Noted)

LS670

9LS/54LS 9LS/74LS
Parameter Test ConditionsT Unit
Min. | Typ*|Max. Min. | Typ? [ Max.
Viy4  High-level input voltage 2 2 \
ViL Low-level input voltage 0.7 08| V
\7 Input clamp voltage Vge =MIN, I} = ~18mA -1.5 =15 | V
Vee =MIN, VIH=2V, |loH=-1mA 24 | 34
VoH High-level output voltage ce IH OoH \
V)L = V|Lmax IoH = —-2.6mA 24 | 31
Vee =MIN, ViH =2V, |lgL =4mA 0.25 | 0.4 0.25 | 04
VoL Low-level output voltage \%
ViL = ViLmax loL =8mA 035 | 0.5
Off-state output current, .
10ZH Vee =MAX,  Vig=2V, Vg=27V 20 20 |pA
high-level voltage applied
Off-state output current,
lozL Vee =MAX, V=2V, Vg=04V -20 -20 | A
fow-level voltage applied
Any,D,R,orW 0.1 0.1
Input current at Vee = MAX,
1] Gw 0.2 0.2 [ mA
maximum input voltage V=7V
GRr 0.3 0.3
Any D, R, or W 20 20
Vee = MAX,
liH  High-level input current Gy 40 40 | pA
V=27V
GR 60 60
Any D,R,orW -04 -04
e Low-level input current Vee = MAX Gy -0.8 -0.8 | mA
GR -1.2 -1.2
los  Shortcircuit outputcurrentf | Vg = MAX -30 130 -30 130 |mA
lcc  Supply current Vee =MAX,  See Note 4 30 | 50 30 | 50 [mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Vg = 5V, T = 25°C.
fNot more than one output should be shorted at a time.

NOTE 4:

all address inputs are grounded and all outputs are open.

Maximum Icc is guaranteed for the following worst-case conditions: 4.5V is applied to all data inputs and both enable inputs,
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LS670

4-By-4 Register Files with 3-State

Outputs

Switching Characteristics V.c = 5.0V Over Recommended Free-Air Temperature Rénge.

From To -55°C +25°C +125°C .
Parameter - - - Unit
(Input) (Output) Min. L Typ. [ Max. | Min. | Typ. Max. Min. LTyp. I Max.
Test Conditions: C,_ = 15pF, R, = 2.0kQ (See Figs. 1, 2, 3 on pages 2-172 and 2-173 and Fig. A on page 2-174)
tLn Read 26 | 44 23 | 40 26 a5
Any Q ns
L Select 28 | 49 26 | 45 28 50
toLH Write 30 | 49 26 | 45 30 50
Any Q ns
tPHL enable 31 54 28 50 31 55
tLH 28 | 49 25 | 45 28 50
Data Any Q ns
tPHL 26 | 44 23 | 40 26 a5
Test Conditions: C, = 5pF, R, = 2.0k(} (See Figs. 1, 2, 3 on pages 2-172 and 2-173 and Fig. C on page 2-174)
[ 18 [ 39 15 | 35 18 40
7L Read 25 | 44 22 | 40 25 a5
Any Q ns
tyz enable 33 54 30 50 33 55
tLz 19 | 39 16 | 35 19 40
Test Conditions: C, = 50pF, R, = 2.0k} (See Figs. 1, 2, 3 on pages 2-172 and 2-173 and Fig. A on page 2-174)
tpLH Read 30 49 1 27 44 31 50
Any Q ns
tpHL Select 32 | 54 29 | 49 33 55
tpLH Write 34 | 54 30 | 49 35 55
Any Q ns
tPHL enable 35 59 32 54 36 60
t 32 53 29 49 33 55
PLH Data Any Q ns
toyL 30 | 49 27 | 44 31 50

Note: AC specification shown under —55°C and +125°C are for 9LS devices only. All 5OpF specifications are for 9LS devices only.

READ

ENABLE

,___

tHz —>‘|

tZLH
~ 45V

WAVEFORM 1
(See Note A)

WAVEFORM 2
(See Note A)

$1 closed
S2 open
1z

S1 open,
S2 closed

1.3v

$1and
S2 closed

I‘tZH"

—_——

ov

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

FIGURE 1

0.5V
0.5V

ES1 and

S2 closed

3v

ov

1.5V
VoL

VoH
1.5V

NOTES: A. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the read-enable in-
put. Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the read-
enable input.

B. When measuring delay times from the read-enable input, both read-select inputs have been established at steady states.
C. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Zgy &

50%, ty < 15 ns, t, <

2-172
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4-By-4 Register Files with 3-State
Outputs LS670

PARAMETER MEASUREMENT INFORMATION

WRITE-SELECT 3v
INPUT Wp or Wg 1.3v 1.3v
(See Note A) ov
tsetup(W)
— thold(W)
DATA INPUT 3v
D1, D2, D3, or D4 1.3v 1.3V
(See Note A) ov
[«—>+ thold(D)
T—tsetup(D)

WRITE-ENABLE tw _.‘V v
INPUT Gy 13V / 1.3v

ov

tlatch
READ-SELECT v
INPUT Rp or Rg 1.3v 1.3v
(See Note B) ov
tPLH
tPHL

ouTPUT VoH
Q1,02,03,0r 04 13v 1.3v

VoL

VOLTAGE WAVEFORMS (S1 AND S2 ARE CLOSED)
FIGURE 2
NOTES: A. High-level input pulses at.the select and data inputs arg illustrated; however, times associated with low-level pulses are
measured from the same reference points.
B. When measuring delay times from a read select input, the read-enable input is low.
C. Input waveforms are supplied by generators having the following characteristics: PRR < 2 MHz, Zoyt ~ 50 22, duty cycle <
50%, ty < 15 ns, t, < 6 ns.

3v
DATA INPUT
D1, D2, D3, or D4 13v \
ov
3v
WRITE-ENABLE
INPUT Gy 1.3v
r— ov
- tLH |- tPHL >
Vot
ouTPUT /
Q1,Q2,Q3, or 04 13v 1.3v
- Vol

~ VOLTAGE WAVEFORM 1 (S1 AND S2 ARE CLOSED)

av
DATA INPUT \
D1, D2, D3 or D4 F 13V /
ov
3v
WRITE ENABLE
INPUT G 13v
— ov
PHL oLy
T 3v
ouUTPUT
1,02, 03, or 04 13v 13v
ov

VOLTAGE WAVEFORM 2 (S1 AND S2 ARE CLOSED)
FIGURE 3
NOTES: A. Each select address is tested. Prior to the start of each of the above tests both write and read address inputs are stabilized with
Wp = Rpa and W = Rp. During the test GR is low.
B. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Zgt =~ 50 2, duty cycle <
50%, ty < 16 ns, ty < 6 ns.

2173




FIGURES A,Band C SWITCHING TEST CONDITIONS

TEST
POINT Vce —~ - — - - av
INPUT 1.3V 1.3V
! ! ov
FROM OUTPUT RL | !
UNDER TEST (See Note B) - tPLH F‘PHL‘: v
IN-PHASE | | T |~ — YOH
cL : OUTPUT 13v I - 1.3vV
(See Note A) T H oL
tPHL =t e tPLH =
= 1 ! VOH
: OUT-OF-PHASE ' 1.3V V13v
OUTPUT ' )
—~ ~Vo.
LOAD CIRCUIT VOLTAGE WAVEFORMS
FIGURE A — FOR TOTEM-POLE OUTPUTS
Vee v
R INPUT 1.3v 1.3V
FROM OUTPUT L test : : ov
UNDER TEST POINT H |
~tPLH= ~tPHL~
cL IN-PHASE | | T N '1 ;/Vo“
(See Note A) OUTPUT V 1.3v B
! VoL
= ;"PHL” 1= tPLH-
! v
t OH
OUT-OF-PHASE 13v - Miav
OUTPUT £ _""voL
LOAD CIRCUIT VOLTAGE WAVEFORMS
FIGURE B — FOR OPEN-COLLECTOR OUTPUTS
TEST
POINT v ouUTPUT .
o CONTROL 13V v v
RL (Low-level i :
enabling) 1 . t_—‘ ————————— ov
30M OUTPUT {81 ] 2t asy | LZ"! S1 AND
[P N DY ! |
NUER TEST T T WAVEFORM 1 | $1 CLOSED, N, 1.3 V ; | szcLosep |
(See Note B} (See Note C) | 52 OPEN 1 —_ L -
Cp = .' | -=3~---Vo.
LT kS r—tHz —| P tzH-~ g 5v 0.5V
(See Note A) ° i !-‘J___.__. v,
WAVEFORM 2 59 QPEN, I I ST ~?';V
(SeeNoteC)  sacLosep / '3V “ov s1AND
$2 CLOSED
&+ i VOLTAGE WAVEFORMS

LOAD CIRCUIT

FIGURE C — FORTHREE-STATE OUTPUTS

NOTES:

A. C_includes probe and jig capacitance.

B. All diodes are 1N3064.

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Wave-
form 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.

E. All input pulses are supplied by generators having the following characteristics: t, < 15 ns, t§ < 6 ns, PRR < 1 MHz, Zg,¢ ~ 50 Q,

and ty, = 100 ns.
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251514
251515
2515822
251523
2515122
2518123
2515138
25LS139
2515151
2518153

25LS8157
2515158
25L5160
2515161

2518162
2515163
2518170
2518174

2518175
2515181
2515190
2518191

2515192
2515193
25LS194A
25LS195A

2515251
2518253
2515257
2515258

2515299
2518670

25LS
HIGH-PERFORMANCE

LOW-POWER SCHOTTKY

8-bit serial/parallel two’s complement multiplier
Quad serial adder/subtractor .

8-bit serial/parallel register with sign extender
8-bit shift/storage register with synchronous clear .

Single retriggeraple monostable multivibrator with clear . . . .

Dual retriggerable monostable multivibrator with clear
3-to-8 line decoder/demultiplexer .

Dual 2-to-4 line decoder/demultiplexer .

8-to-1 line multiplexer, compl. outputs .

Dual 4 to 1 line multiplexer

Quad 2-to-1 line multiplexer .

LS157, inverting

BCD decade counter, asynchronous clear
4-bit binary counter, asynchronous clear

BCD decade counter, synchronous clear .
4-bit binary counter, synchronous clear
4 x 4 register file with open collectors.
Hex D-type flip-flop with clear

Quad D-type flip-flop with clear .

4-bit arithmetic logic unit .
BCD decade up/down counter, synchronous .
4-bit binary up/down counter, synchronous’

BCD decade up/down counter, synchronous.
4-bit binary up/down counter, synchronous .
4-bit universal shift register .

4-bit parallel-access shift register .

8-to-1 line mult:plexer with tri-state output .

Dual 4-to-1 line data selectors/multiplexers with tri-state output .

Quad 2-to-1 line multiplexer with tri-state output.
Quad 2-to-1 line multiplexer with tri-state output.

8-bit universal shift/storage register .
4 x 4 register files with tri-state outputs

Page

3-2
3-6
3-10
3-15

................ 3-18

3-18
3-21
3-21
324
3-26
3-28
3-28
3-30
3-30
3-30
3-30
3-38
3-42
3-42
3-44
3-50
3-50
3-58
358
3-66
3-66
373
3-75
379
3-79
3-83
3-86



25LS14

8-Bit Serial/Parallel Two’s
Complement Multiplier

FEATURES

Two’s Complement Multiplication Without Correction
Magnitude Only Multiplication

Cascadable for any Number of Bits

8-Bit Parallel Multiplicand Data Input

Serial Multiplier Data Input

Serial Data Output for Multiplication Product

25 MHz Minimum Clock Frequency

100% Reliability Assurance Testing in Compliance
With MIL-STD-883

FUNCTIONAL DESCRIPTION

The 25LS14 is an 8-bit by 1-bit sequential logic element
that performs digital multiplication of two numbers repre-
sented in two's complement form to produce a two's
complement product without correction by using Booth's
algorithm internally. The device accepts an 8-bit multi-
plicand (X input) and stores this data in eight internal
latches. The X latches are controlled via the clear input.
When the clear input is LOW, all internal flip-flops are
cleared and the X latches are opened to accept new multi-
plicand data. When the clear input is HIGH, the latches are
closed and are insensitive to X input changes.

The multiplier word data is passed by the Y input in a
serial bit stream—least significant bit first. The product is
clocked out the S output least significant bit first.

LOGIC DIAGRAM

X5 Xe X7 K M

PR

251814

LRLL

(CLR X3 X2

vee Y X4
L

CP GND

The multiplication of an m-bit multiplicand by an n-bit
multiplier results in an m + n bit product. The 25LS14
must be clocked for m + n clock cycles to produce this
two's complémenf product. Likewise, the n-bit multiplier
(Y-input) sign bit data must be extended for the remaining
m-bits to complete the multiplication cycle.

The device also contains a K input so that devices can be
cascaded for longer length X words. The sum (S) output of

~ one device is connected to the K input of the succeeding

device when cascading. Likewise, a mode input (M) is used
to indicate which device contains the most significant bit.
The mode input is wired HIGH or LOW depending on the
position of the 8-bit slice in the total X word length.

A7
CLEAR

Yo=Y1

Ag A5 A A3 Az A7 )

ADDER/SUBTRACTOR AND REGISTERS

CLOCK

e

(cpP)

[ sum
cP

CLR

- Recommended Operating Conditions

Military Commercial
N Units
Min. [ Nom | Max. Min. | Nom. | Max.
Supply Voltage, Vce 4.75 515.25 4.5 5| 55 \Y
High-level Qutput Current, igH -1 -1 mA
Low-level Output Current, Igp 8| 12 8| 12 mA
Operating Free-Air Temperature, Ta 55 125 4] 70 °c

32



8-Bit Serial/Parallel Two’s

Complement Multiplier
L]

Electrical Characteristics Over Operating Temperature Range (Unless Otherwise Noted)

Military Commercial
Parameters Test Conditions (Note 1) Typ.
Min. | (2) | Max. Min. | Typ. | Max. Units
Vee = MIN, Igy = 1.0mA
Vo Output HIGH Voltage ce OH 25| 34 27| 34 v
VIN = ViH or ViL
Vee = MIN. | =8.0mA 0.4 0.40
VoL Output LOW Voltage cc oL v
. ViN = Vig or Vi \ _
oL = 12mA 0.45 0.45
Guaranteed input logical HIGH
ViH Input HIGH Level i 2.0 2.0 \
voltage for all inputs
Guaranteed input logical LOW
ViL Input LOW Level . 0.8 0.8 \%
voltage for all inputs
Vi Input Clamp Voltage Ve = MIN, iy = -18mA -1.2 -1.2 \
X, M -0.48 +0.48
"L nput LOW Current Ve = MAX., Vi = 04y [-ER 1.2 1.2 A
ut ry = - =0. m
e urren ce N cp -16 ~1.6
Y -3.2 -3.2
X, M 20 20
"M |nput HIGH Current Vee = MAX., Viy =27V |- CER 20 30 A
npu urren cc -+ VIN . P 20 20 M
Y 80 80
1] Input HIGH Current Vce = MAX., VN = 5.5V 1.0 1.0 mA
Output Short Circuit Current
) Vee = MAX. -40 -100 -40 ~100 mA
SC (Note ) ce
lcc Power Supply Current Vee = MAX. 91 | 155 91 | 155 mA
Switching Characteristics, V.. = 5V
) From To +25°C
Parameter Units
(Input) (Output) Min. l Typ. ] Max.
Test Conditions: C_ = 15pF, R, = 2k() (See Fig. A, page 2-174)
tPLH Clock Y 13 20 ns
tpHL Clock Y 13 20 ns
tpHL Clear X 17 25 ns
t Set up time 32
S p. Y to Clock ns
th Hold time 0 ns
t Set up time 18
S p. K to Clock ns
th Hold time 0 ns
t, Set up time 13 ns
S - Xi to Clear
t Hold time 0 ns
N Clock Pulse Clock Hi 15 ns
pw Width Clock Low 15 ns
tow Clear Pulse Width 20 ns
tg Clear Recovery Time 18 ns
frmax Max. Clock Frequency 25 40 MHz

25LS14



25L814

8-Bit Serial/Parallel Two’s
Complement Multiplier

FUNCTION TABLE

— Inputs. Internal | Output Function
CLR|CP | K M Xj Y Y_1q S
- - L L - — - - Most Significant Multiplier Device
- -] cs H - - - - Devices Cascaded in Multiplier String
L - - — oP — L L Load New Multiplicand and Clear Internal Sum and Carry Registers
H - - - - - - - Device Enabled
H + — - - L L AR Shift Sum Register
H t — — — L H AR Add Multiplicand to Sum Register and Shift
H + - - - H L AR Subtract Multiplicand from Sum Register and Shift
H t - - - H H AR Shift Sum Register
H ‘= HIGH
L=LOW

t = LOW to HIGH transition

CS = Connected to S output of higher order device
OP = X; latches open for new data (i = 0, 7)

AR = Output as required per Booth’s algorithm

DEFINITION OF FUNCTIONAL TERMS

X0, X1, X2, X3, X4, X5, Xg, X7 The eight data inputs for
the multiplicand (X) data.

Y The serial input for the multiplier (Y) data—least signifi-
cant bit first.

S The serial output for the product of X « Y —least signifi-
cant bit first.

CP Clock. The buffered common clock input for the serial/
parallel multiplier. All functions occur on the LOW-to-
HIGH transition of the clock.

3-4

CLR Clear. The buffered common clear for all flip-flops
within the device. When the clear is LOW all flip-flops are
cleared. Also the buffered X-input latch enable. When the
clear input is LOW, the X latches will accept new X-input
data.

K The sum expansion input to the serial/parallel multiplier.
Allows for cascading devices.

M The mode control input for the most significant bit of
the multiplier It is used in conjunction with cascading tc

CaCing O

determine the most significant bit.



8-Bit Serial/Parallel Two’s |
Complement Multiplier 25LS14

APPLICATIONS

24-BIT
le N A N
A23A22A21A20A19A18A17A16 A15A14A13A12A11A10A9 Ag A7 Ag As A4 A3 A2 A1 Ag
Y Y3 j"
Y X7 X6 X5 Xg4 X3 X2 X1 X0 Y X7 Xg X5 X4 X3 X2 X1 Xo Y X7 Xg X5 X4 X3 X2 X1 X0
L ————M H— M H—M
L————K K K
251814
LR 251514 CLR 251814 — dans
— cpP —1 cP cp
CLEAR )
cLock PRODUCT
SERIAL
OuTPUT
SERIAL/PARALLEL
CLOCK ENABLE Y
DA RE SER/PAR
H——0B
L ——{mux
H——CJCLEAR 251822 ap
SIGN EXTEND ————————————QJSE  8-BIT SHIFT REGISTER
CLOCK cP
—_—— ot
OUTPUT CONTROL o DY7DYgDY5DY4DY3DY2DY DY
B7
Bg
Bs
B4 | muLTIPLIER INPUT
B3
B2
By
Bo
X7 X6 X5 X4 X3 X2 X1 X
cLocK cp X7 %6 X5 XaX3 X2 X1 Xo
Y 251814
L K SERIAL/PARALLEL
L M MULTIPLIER
CLEAR p———————CCLR
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25LS15 Quad Serial Adder/Subtractor
FEATURES.

® Four Independent Adder/Subtractors

® Use with Two’s Complement Arithmetic Vec Fa  Sa Ba  Ag A3 Bz D3 F3 CLR

# Magnitude Only Addition/Subtraction m ﬂ ﬂ m

® Advanced Low-Power Schottky Processing

® 100% Reliability Assurance Testing in Compliance With

MIL-STD-883

DESCRIPTION

The 25LS15 is a serial/parallel two’s complement adder/
subtractor designed for wuse in association with the
25LS14 serial/parallel two’s complement multiplier. This
device can also be used for magnitude only addition or
subtraction.

Four independent adder/subtractors are provided with
common clock and clear inputs. The add function is A plus
B and the subtract function is A minus B. The clear func-
tion sets the internal carry function to logic one in subtract
mode. This least significant plus one is self propagating in
the subtract mode as long as zeroes are applied at the LSB's.

LOGIC DIAGRAM
(One of Four Similar Functions)

CLOCK CLEAR

PREIRRE

Note: Pin 1 is marked for orientation

The 25LS15 is particularly useful for recursive or non-
recursive digital filtering or butterfly networks in fast
fourier transforms.

cLOCK >0 TO 3 OTHER
ADDER/SUBTRACTIONS
Aq ——DO————(
r:) > ,_)D‘-L D a F1 SUM
’ c
B ’—%—j& CLR
_1
SET
D
$1 —— oo p cP  al—
ADD CLR
SUBTRACT
s | TO 3 OTHER
CLEAR ~—Do—l—D- ADDER/SUBTRACTORS
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-
Quad Serial Adder/Subtractor 25LS15
Recommended Operating Conditions
Military Commercial )
n " Units
Min. Typ. Max. | Min. Typ. | Max.
Supply Voltage Voo 4.5 5 5.5 4.75 5.0 |5.25 \Y
High-Level Output Current oy -440 -440 uA
Low Level Output Current g 8 8 mA
Operating Free Air Temperature -55 +125 | 0 +70 °c
Electrical characteristics Over Operating Temperature Range (Unless Otherwise Noted)
Military Commercial
Typ.
Parameters Description Test Conditions (Note 1) Min, (Note 2) | Max. | Min. Typ. | Max. Units
Vee = MIN, | = -440uA 2.5 2.7
Vou Output HIGH Voltage cc OH * Volts
Vin = ik or Vi
Vee = MIN, | =4.0mA 0.4 0.4
VoL Output LOW Voltage cc oL Volts
Vin = Vg or Vi ToL = 8.0mA 0.45 0.45
Gi teed i t logical HIGH
iy Input HIGH Level uaranteed nput logica 20 20 Volts
voltage for all inputs
Guaranteed input logical LOW
V”_ Input LOW Level i 0.7 0.8 Volts
voltage for all inputs
\7 Input Clamp Voltage Voo = MIN,, Iy = -18mA 1.5 1.5 Volts
1
('r\]'-me 5 | put LOW Current Voe = MAX., Vi = 0.4V -0.36 -0.36 | Volts
|
(:\lHote 3) Input HIGH Current Vee = MAX, Vg = 2.7V 20 20 Volts
I Input HIGH Current Vee = MAX., VN = 7.0V 0.1 0.1 mA
. Output Short Circuit v MAX 30 a5 30 a5 A
= : = - - = m
s¢ Current (Note 4) cc
Power Supply Current
| Vce = MAX. - 48 75 75 mA
cc {Note 5) cc 48
Notes: 1. For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics for the applicable device type.

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

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
. All inputs HIGH, measured after a LOW-to-HIGH clock transition.

1
2
3. Actual input currents = Input Load Current x Input Load Factor (See Loading Rultes).
4
5,
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25LS15

Switch Characteristics V.. = 5.0V, T, = +25°C

Quad Serial Adder/Subtractor
e

DEFINITION OF FUNCTIONAL TERMS

From To +25°C
Parameters
(Input) (Output) Min.[ Typ. I Max. Units
Test Conditions: C, = 15pF, R, = 2k() (See Fig. A, page 2-174)
‘PLH Clock F 14 22 ns
tPHL 14 22
tPHL Clear F 20 30 ns
ts Set up.time AB,S 10 ns
" th Hold time 0
tg Clear Recovery time 25
th Clear Hold time 0 e
t Clock Pulse Clock HIGH 17 ns
pw Width Low | 17
tow Clear Pulse Width 20 ns
fMAX Max. Clock Frequency 30 40 MHz
FUNCTION TABLE
Internal
External Inputs Point Output A1,A2,A3,A4
CP CLR S A B|C Cq| F_|Function B1.82,83,84
X L L X X|L L L $1.52,83.84
X L H X X|H H e
L H X X X |NC NC NC
H H X X X [NC NC NC
* H L L L|L L L F1.F2,F3,F4
+ H L L L|H L H
t H L L H|lL L H CP Clock
4 H L L H|H H L
+ H L H L|L L H Add
4 H L H Llu n L CLR Clear
+ H L H H L H L
1 H L H H|H H H
t H H L L|lL C H
+ H H L L|H H L
t H H L H|L L L
+ H H L H|[H L H
4 H HoH oL|L H L Subtract
1 H H H L |H H H
+ H H H H|L L H
t H H H H|H H L
C = Data In the Carry Flip-Flop Before the Clock Transition
Cq = Data In the Carry Flip-Flop After the Clock
X = Don’'t.Care
NC  =No Change
H = HIGH
L =LOW
4 = LOW-to-HIGH Transition
3-8

The A’ input into each adder/subtractor
The "/B" input into each adder/subtractor
The add subtract control for each adder/
subtractor. When S is LOW, the F function
is A+B. When S is HIGH, the F function
is A-B.

The four independent serial outputs of the
adder/subtractor.

The clock input for the device. All internal
flip-flops change state on the LOW-to-
HIGH transition.

When the clear input is LOW, the four
independent adder/subtractors are asyn-
chronously reset. The sum flip-flop is al-
ways set to logic “’0”. The carry flip-flop
is set to logic 0 in the add mode and
logic 1" in the subtract mode.



Quad Serial Adder/Subtractor

25LS15

APPLICATIONS

The normal butterfly network associated with the Cooley-
Tukey Fast Fourier Transform (FFT) algorithm is shown
below. Here we assume A, B, C, D and W are all complex
numbers such that:

A = ARtiA|
B = BR+jB|
W = Wg+Ww,

The outputs C and D are also complex numbers and are
evaluated as:

C = CrHC=(AR*BRWR-B W )+/(A*BRW/ +BWg)
D = CgtiD)=(Ag-BgWr+B W )+J(A;-BgW)\-8,Wg)

The four multiplications can be implemented using four
251514 serial-parallel multipliers (the appropriate number
of bits must, of course, be used). The additions and the
subtractions are implemented using the 25L.S15 quad serial
adder/subtractors. This diagram depicts only the basic data
flow; binary weighting of the numbers, rounding, truncation,
etc. must be handled as required by the individual design
parameters.

FAST FOURIER TRANSFORM (FFT) BUTTERFLY

251522 - o 1/4 25L515 o 1/4 251815
BRA™IN BiTREg 0 —| Y 251514 s Ao B) F B (arB) Fl—»cg
B X B A
L 4 A
R
AR 4N  25LS22  Qq
B
|
X B A
IWR 1/4 25L815
B
Y 251814 s | (A—B) F—»Dg
aQ BIW, 1/4 2518515 >
Bj —4{IN 251822 0 ® Y 25L814 - 1B (A +B) F C,
B X A
. ‘t
w; +1
B
A 4] IN 251822 Qg
4 \ \i
X BrM 14 258|.s15 14 2A5|_s15
»|v 251514 s o (Y Ao B — D,
An FFT butterfly connection for complex arithmetic inputs and outputs.
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25LS22 8-Bit Serial/Parallel Register with Sign Extend

FEATURES

= Three-State Outputs

Multiplexed Serial Data Input

Sign Extend Function

Advanced Low-Power Schottky Processing

100% Reliability Assurance Testing in Compliance With
MIL-STD-883

.DESCRIPTION

The 25LS22 is an 8-bit Serial/Parallel register with 3-
state outputs. Data may also be loaded in a serial manner
from inputs Da or Dp under control of a multiplexer
select input A register enable function also provides parallel
load, shift and hold functions.

The 25LS22 has a sign extend function which is specif-
ically designed for use with the 25LS14 eight by one
serial/parallel two’s complement multiplier. Typical shift
frequency is 50MHz. The 25L.S22 is packaged in a standard
20-pin package.

LOGIC DIAGRAM

DYa DYz DYp

PP PREPeS

CLOCK 251822

CLEAR

DY; DYs DYz DY

Note: Pin 1 is marked for orientation.

jeloltelotatolor

REGISTER o °D
ENABLE "1

SERIAL

PARALLEL® ZE b

SIGN So
EXTEND "18 v

Dgo
17
mux _—HALN
SELECT '19Lpo-$ Y
3

D Q| D qf Qo
12
cPQl CPQ
CLR cL
CLEAR o>
cLock o>
e >
STATE o
CONTROL
OE
4 16 5 13
DYy DYg DYs DYy DY3 DY3 DY2 DYq
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8-Bit Serial/Parallel Register with Sign Extend 251522

Recommended Operating Conditions

Military Commercial Unit
ni
Min. | Typ.| Max. Min. | Typ. | Max.
Supply Voltage Voo 45 5.0 5.5 475| 5.0]525| V »
High Level Output Current | % 044 Rckadl YN
1 eve! utpu urren m
9 P OH Bvi 10 26
Low Level Output Current Ig| 4 8 4 8| mA
Operating Free Air Temperature -55 +125 0 70| °c
Electrical Characteristics Over Operating Temp. Range (Unless Otherwise Noted)
Military Commercial
Typ. Unit
Description Test Conditions (Note 1) Min. | (2) | Max. Min. | Typ.] Max.
Qq. IoH = ~440uA 25 27
Vee = MIN. 0 OH a
VoH Output HIGH Voltage \
VIN=VIHor Vi DY, lgH = -1.0mA 2.4 2.4
DY, loH = —2.6mA 2.4 2.4
Ve = MIN. | =4.0mA 0.4 0.4
VoL Output LOW Voltage ce oL \4
VIN=ViHor ViL loL = 8.0mA 0.45 0.45
Guaranteed input logical HIGH
ViH Input HIGH Level . 2.0 2.0 Vv
voltage for all inputs
G nteed input logical LOW
VIL  |input LOW Level uaranteed Input fogica 0.7 08| v
voltage for all inputs
Vi Input Clamp Voltage Vee = MIN,, Iy = -18mA -1.5 -1.5 \
| 'SE -1.08 -1.08
“'\l‘- 0 3) | 'mPUT LOW Current Ve = MAX., Vi =04V [ s Fo.72 ~072 | mA
ote
Others -0.36 -0.36
| \Y =MAX., V|N = 2.7V SE 60 6o
IH Input HIGH Current ce v YINT S s 40 40 | uA
(Note 3) (Except DY)
Others 20 20
Voo = MAX., Vi =55V | 93 93
Iy Input HIGH Current cc v VINT S s 0.2 0.2 | mA
(Except DY)
Others 0.1 0.1
Off State (High Impedance) Vo = 2.4V 40 40
o Ve = MAX. MA
Output Current (DY;) Vo = 0.4V -100 -100
Output Short Circuit
| Vee = MAX. -30 -85 -30 -85 | mA
SC Current (Note 4) cc
lcc Power Supply Current Vce = MAX. 40 65 40 65 | mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device
type.
2. Typical limits are at Vg = 5.0V, 25°C ambient and maximum loading.
3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules).
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
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25L822

8-Bit Serial/Parallel Register with Sign Extend

Switching Characteristics V.. = 5V, T, = +25°C

From To +25°C Unit
nits
Parameters (Input) (Output) Min. | Typ. l Max.
Test Conditions: C, = 50pF, R, = 2k(} (see Fig. C on page 2-174)
1] 16.5 24
FPLH Clock DY; ns
tPHL 18 26
tPHL Clear DY; 23 30 ns
1 16. 4
PLH Clock Qo & . ns
tPHL 18 26
tPHL Clear Qq 23 30 ns
Test Conditions: C_ = 15pF, R, = 2k} (see Fig. C on page 2-174)
ZH 13 21
t i
ZL OE DY; 8 26 ns
tHZ 13 21
0z 18 26
tZH 18 26
t
ZL SER/PAR DY; = 32 ns
tHZ 18 26
Lz 23 32
tg Set Up Time RE To Clock 20
tg Set Up Time SE To Clock 10
ts Set Up Time S To Clock 15
n
s Set Up Time DA/DB to Clock 15 s
tg Set Up Time DY; To Clock 15
tg Clear to Recovery To Clock 8.0
ts Set Up Time S/P To Clock 15 ns
th Hold Time Any Input 0
th Clear Hold Time 0 ns
] HIGH 8.0
tpow Clock Pulse Width ns
LOW 8.0
Tpw Clear Pulse Width 20 ns
fmax Max. Clock Frequency 50 70 MHz
FUNCTION TABLE
INPUTS OUTPUTS
Register | Serial/ Sign Mux
Mode Clear | Enable | Parallel | Extend | Select OE* | Clock DY7 | DYg | DY5 | DY4 |DY3 |DY2 [ DYq| DYg | Qg
Clea L X X X X L X L L L L L L L L L
r .
L X X X X H X z z z z z V4 r4 z L
Parallel Load H L L X X X U Dy | Dg| D5 | Dg| D3| Do | D1 | Dg | Dg
. . H L H H L L i Da|Y7n |Yen | Ysn | Yan | Y3n | Y2n | Yin |Yin
Shift Right
H L H H H L 1 DB | Y7n [ Y6n | Y5n [ Yan {Y3n [Y2n | Yin [ Yin
Sign Extend H L H L X L + Y7n | Y7n [ Y6n | Y5n [ Yan | Y3n | Y2n | Yin | Yin
Hold H H X X X L t NC| NC| NC| NC| NC| NC| NC| NC| NC
L = LOW H = HIGH
t = Clock LOW-to-HIGH Transition NC= No Change
X = Don't Care Z = High-Impedance Output State

*When the OE input is HIGH, all input/output terminals are at the high-impedance state; sequential operation or clearing of the register is not

affected.

D7, Dg . . . Dg = the level of the steady-state input at the respective DY, terminal is loaded into the flip-flop while the flip-flop outputs (except

Q) are isolated from the DY, terminal.

Da, Dg = the level of the steady state inputs to the serial multiplexer input.

Y7n. Yén - - - Yon = the level of the respective Qp, flip-flop prior to the last Clock LOW-to-HIGH transition.

3-12



8-Bit Serial/Parallel Register with Sign Extend

25L822

DEFINITION OF FUNCTIONAL TERMS

DY;j

Qo

S/P

Da, DB

CLR

The multiplexed parallel input/output port to the
device. Data may be parallel loaded into the
register or data can be read in parallel from the
register on these pins. These outputs can be forced
to the high-impedance state, i = 0 through 7.

The continuous output from the Qg flip-flop of
the register. This output is used for serial shifting.

Register Enable. When RE is LOW, the register
functions are enabled. When RE is HIGH, the
register functions (parallel load, shift right and sign
extended) are inhibited.

Serial/Parallel. When S/P is LOW, the register can
by synchronously parallel loaded. This input forces
the register output buffers to the high-impedance
state independent of the OE input. When S/P is
HIGH, the register contents are shifted right on
the clock LOW-to-HIGH transition.

Sign Extend. When the SE input is LOW, the
contents of the Q7 flip-flop will be repeated in
the Q7 flip-flop as the register is shifted right.
When SE is HIGH, the two-input multiplexer
(DA and D) is enabled to enter data during the
serial shift right. The Q7 flip-flop (DY7) is nor-
mally considered the MSB of the register for
arithmetic definitions.

The serial inputs to the device.

Multiplexer Select. When S is LOW, the Dp serial
input is selected. When S is HIGH, the Dp serial
input is selected.

Clear. The asynchronous clear to the register.
When the clear is LOW, the outputs. of the flip-
flops are set LOW independent of all other inputs.
When the clear is HIGH, the register will perform
the selected function.

CP Clock. The clock pulse for the register. Register
operations occur on the LOW-to-HIGH transition
of the clock pulse.

OE Output Control. When the OE input is HIGH, the
eight DY outputs are in the high-impedance state.
When OE is LOW, data in the eight flip-flops will
be present at the register parallel outputs unless
S/P is LOW.

LOADING RULES (In Unit Loads)
Fan-Out
Low Output
Input/ Input Output Low
Output__ Pin No.'s Unit Load  HIGH 4mA 8mA
RE 1 1 - - -
S/P 1 - - -
Da 3 1 — — -
DYy 4 0.3 50/130 11 22
DYg 5 0.3 50/130 11 22
DY3 6 0.3 50/130 11 22
DY4 7 0.3 50/130 11 22
OE 8 1 - - -
CLR 9 1 — - —
GND 10 - — — —
CcP 11 1 — — —
Qg 12 - 22 1" 22
DYq 13 0.3 50/130 11 22
DYo 14 0.3 50/130 11 22
DYg4 15 0.3 50/130 11 22
DYg 16 0.3 50/130 11 22
Dp 17 1 - - -
SE 18 3 — - -
S 19 2 - - -
Vce 20 - - — —

Low-Power Schottky TTL unit load is defined as 20uA measured at
2.7V HIGH and —0.36mA measured at 0.4V LOW.



251522 8-Bit Serial/Parallel Register with Sign Extend

APPLICATIONS

CONTROL
INPUTS

]

SE siP RE SE P RE
L—s L—s
DA DA
| cLR 26522 ————O| cLR 2651522
cp cp
———of ot —o] ae
DY7 DYg DYs DY4 DY3 DY2 DY1 DYo DY7 DYg DYs DY4 DY3 DYz DYj DYo

CLEAR
CLOCK
QE

Y15 Yia Y13 Yi2 Y11 Yo Y9 VY8 Y7 Ye Y5 Ya Y3 Y2 Y1 Yo
mSB LSB msB Lse
UPPER BYTE LOWER BYTE
16-BIT DATA BUS
251822 25L822
SYSTEM UPPER BYTE LOWER BYTE FUNCTION
OPERATION
SE S/P | RE | OE | SE S/P | RE | OE Description
H H L X X L L X Load from Bus
Load lower byte and
extend lower byte sign
7 clock cycles to
to upper byte L H L H X X H H K
extend sign
X L L X X X X X Load from Bus
Load upper byte and
extend upper byte sign 8 clock cycles to extend
while shifting value to upper byte sign and shift
lower byte position H H L H H H L H upper byte into lower byte
position
Read 16-bit word to Bus X X X L X X X L Unload

Two 25LS22 8-bit registers can be used to perform the sign
extend associated with two's complement 8-bit bytes for
arithmetic operations in a 16-bit machine. |f the upper byte
value is to be used, it is shifted to the lower bit positions
and its sign is extended. If the lower byte value is to be
used, it is held in place while the sign is extended down-
ward from the MSB position of the upper byte.

SET-UP, HOLD, AND RELEASE TIMES

'AVA'AVAVAV ""A‘A'A‘A'A‘ .
-~ AWV NWWW_

ts —|

I

TIMING
INPUT

Notes: 1. Diagram shown for HIGH data only. Output 2. Cross-hatched area is don’t care condition.
transition may be opposite sense.



8-Bit Shift/Storage Register with Synchronous Clear

25L.823

FEATURES

Synchronous Clear

Three-State Outputs

Common Input/Output Pins

Advanced Low-Power Schottky Processing

100% Reliability Assurance Testing in Compliance With
MIL-STD-883

DESCRIPTION

The 251823 is an 8-bit universal shift/storage register
with 3-state outputs. The function is similar to the
25LS299 with the exception of a synchronous clear
function. Parallel load inputs and register outputs are
multiplexed to allow the use of a 20-pin package. Separate
continuous outputs are also provided for flip-flops A and H.

Four modes of operation are possible—Hold (store), Shift-
left, Shift-right and Load Data. The 25LS23 has a
typical shift frequency of 50MHz. The 25LS23 is pack-
aged in a standard 20-pin package.

LOGIC DIAGRAM

(19)

L ¢

CONNECTION DIAGRAM
Top View

Q{1 H/QY F/QF D/@p B/Qg CL

BhEREHER

oL EL L bta

G/Qg E/Qp C/Qc A/Qp Qa1 CL  GND

Note: Pin 1 is marked for orientation

SHIFT
(18) LEFT
SHIFT i SERIAL
RIGHT (11) I I | I l ] I ] ] ol I" -
SERIAL r I8 e r;l'h f i1l [ rTLH r rH HH r IR: INPUT
INPUT
CLEAR —of>—
crock 12 Do
DCK D CK DCK D CK D CK |DCK l IDCK I |DCK
Q Q Q a Q Q Q Q I
aat 8) 4j17) a1
4 Yy oYy oY oY Y
(2)
OUTPUT [ Gy
CONTROLS | G2 ]
4] (13) (6) (18) (5) (1) @) 16)
A/Qp B/0p c/ae p/ap E/Qg FIQF - G/ag HOu
3-15



251823 8-Bit Shift/Storage Register with Synchronous Clear

Recommended Operating Conditions

Military Commetcial .
— Unit
Min. | Typ.| Max. Min. | Typ.| Max.
Supply Voltage Voo 45 | 50| 55 4.75 | 5.0| 626 | V
Qp—Q -0.44 -0.44
High Level Output Current Igy J Ds 7DY 10 26 mA
0—DY7 ~1. .| -2
Low-Level Output Current Iy 40| 8.0 40| 8.0 | mA
Operating Free Air Temperature Tp -55 +125 0° 70 | °c
Electrical Characteristics Over Operating Temperature Range (Unless Otherwise Noted)
Military Commercial
Description Test Conditions (Note 1) Min. (2){ Max. Min. [Typ.| Max. | Units
Vee =MIN. | Qg, Q7 10H = ~440uA 25 2.7
VOH Output HIGH Voltage VIN=V|Hor DYo-DY7 loH = -1.0mA 24 | \%
i vo |0 IOH = ~2.6mA 24
v Output LOW Voltags Vce =MIN. [ ToL = 4.0mA 0.25| 04 025] 04|
oL VIN=ViHor Vi . oL = 8.0mA 0.35] 0.45 0.35| 0.45
G teed i t logical HIGH
Viy Input HIGH Level uarantee '"i_’u ogica 2.0 2.0 3
voltage for all inputs
G teed input logical LOW
ViL | Input LOW Level uaranteed Input logica 07 08| v
voltage for all inputs
\ Input Clamp Voltage Vee = MIN., Iy = -18mA -1.5 -15 | V
[ B -0.8 0.8
| t LOW t = . VIN = 0.4V A
(Note 3)| '"PUT LOW Curren Vee = MAX., Viy =0 All others 04 4"
1) Input HIGH Current Vee = MAX., VN = 2.7V So. S1 40 40 uA
(Note 3) {Except DY) All others 20 20
I Input HIGH Current Ve = MAX., Vi = 5.5V So. 51 9.2 L N
{Except DY) All others 0.1 0.1
Off-State (High Impedance) Vo = 0.4V -100 -100
i Vee = MAX. A
o Output Current cc Vo = 24V 40 200 | “
Output Short Circuit Current
1 Vee = MAX. -30 -85 -30 -85 | mA
s¢ (Note 4) ce A
fcc Power Supply Current Vce = MAX. (Note 5) 38| 57 38 57 | mA

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
Typical limits are at V¢ = 5.0V, 25°C ambient and maximum loading.

Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules).

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.

. |lcc—measured with clock input HIGH and output controls HIGH.

Switching Characteristics (T, = +25°C. V.~ = 5.0V)

SIE SN

From To I +25°C

Parameters (Input) (Output) l Min. l Typ. | Max. I Units
Test Conditions: C, = 15pF, R, = 2k(} (See Fig. A, page 2-174)

1] 1

PLH Clock Qgor a7 9

tPHL 23

m ns

t

PLH Clock DY;

tPHL 21

tg Sj, Sg Setup Prior to Clock 20

tg SR, S_ Setup Prior to Clock 20

tow Clock Pulse Width 25 ns
th Hold Time 3.0

tg Clear Setup Prior to Clock 20

t 20

Zn Si. So DY 5

ZL = ns
T —

ZH G1,Gp DY;

ZL 18

frax Maximum Frequency 50 mHz
Test Conditions: C_ = 5pF, R, = 2k(} (See Fig. C, page 2-174)

t 22

e $1.50 ov; =

tHZ = ns

Lz

tHZ G1.G2 DY; 6

3-16




8-Bit Shift/Storage Register with Synchronous Clear 251823
]

TRUTH TABLE

Function INPUTS OUTPUTS INPUTS/OUTPUTS |
SR | SL | CLEAR |CLOCK i Sg S9 | Gy G2 | Qp Q7 |pYy DY; DY, DY3 DY4 DYs DYg DYy
Clear X | X L 1 (Note 1) L L L L L L L L L L L L
X X X X X X H L NC NC z z Z z z z z z
Qutput
X X X X X X L H NC NC 4 z z z r4 Y4 r4 z
Control
X X X X X X H H NC NC z z z z z z z V4
Hold X X H X L L L L NC NC NC NC NC NC NC NC NC NC
M | Load (Note 2) | X X H t H H L L A H A B C D E F G H
O | Shift Right L | x H t H L | L L |L DYg| L DYy DY DYp DY3 DY4 DYs DVg
D | shift Right H | x H 0 H L |L L |H DYg| H DYy DYy DYy DY3 DY4 DYg DYg
E | Shift Left x | L H 0 L H | L L |DYy L |DYy DYy DYz DYq DYs DYg DY7 L
Shift Left X | H H t L H | L L |DYy H |DYy DYy DYz DYq DYg DYg DY7 H
L=LOW Z = High Impedance 1 = Transition LOW-to-HIGH Notes: 1. Either LOW to observe outputs.
H=HIGH X = Don't Care NC = No Change 2. In this mode DY/ are inputs.

DEFINITION OF FUNCTIONAL TERMS

SR Shift right data input to Q7 G1, G2 Active LOW input to control three-state out-
put in active LOW AND configuration.

SL Shift left data input to Qg
Clear Active LOW synchronous input forcing the
Qg through Q7 register to see LOW condi-  Qg, Q7 The only two direct outputs; used to cascade
tions, visable only if outputs are enabled. shift operations
Clock A LOW-to-HIGH transition will result in the
reg‘lster changing staFe to next stat? :35 de- DYo-DY7 Input/Output line dependent on mode and
scribed by mode and input data condition. i .
output control. Input only with mode select
S0, S1 Mode selection control lines used to control LOAD. Output in all other modes but sub-
input (output during load) conditions ject to output select (G1, Go).
APPLICATION
INPUT/OUTPUT DATA
Dl'a T Dlz T DI4 Dls Dle D|7 Dls Dls D10 D11 D12 D13 D1a D1s
SHIFT DYp DY7 DY2 DY3 DYs DYs DYg DY7 DYp DY7 DY2 DY3 DY4 DY5 DYg DY7 SHIFT
RIGHT e {5p. sL R s f———— LEFT
Do INPUT
—————O] CLEAR CLK O CLEAR CLK|
251823 250823
So G1jO— So G1]O—
—1S1 G2}0O—4¢ —1s1 G2 b—<
Qg Q; Qo Q7
SERIAL J [ [ SERIAL
OuTPUT OUTPUT
LEFT RIGHT
CLEAR
CLOCK
OUTPUT
COMTROL
MODE{
COMTROL

16-Bit Cascaded Parallel Load/Unload Shift Rig'imt/ Left Register
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25LS122 25LS123

Single and Dual Retriggerable

Monostable Multivibrators with Clear

FEATURES

= Retriggerable for Very Long Output Pulses, Up to 100%
Duty Cycle
= Qverriding Clear Terminates Output Pulse
® Low Power Dissipation:
25018122 . .. 30 mW Typical
25LS8123. .. 60 mW Typical
Compensated for Vg and Temperature Variations
D-C Triggered from Active-High or Active-Low Gated
Logic Inputs
2515122 Has Internal 10 k2 Timing Resistor
Diode-Clamped Inputs
Compatible for Use with TTL or DTL
50mV improved V) compared to 9LS/74LS
440uA source current
100% reliability assurance testing in compliance with
MIL-STD-883
DESCRIPTION
The 25LS122 and 25LS123 multivibrators feature d-c trig-
gering from gated low-level-active (A) and high-level-active
(B) inputs, and also provide overriding direct clear inputs.
Complementary outputs are provided. The retrigger capa-
bility simplifies the generation of output pulses of extremely
long duration. By triggering the input before the output
pulse is terminated, the output pulse may be extended.
The overriding clear capability permits any output pulse to
be terminated at a predetermined time independently of
the timing components R and C. Enough Schmitt hysteresis
is provided to ensure jitter-free triggering from the B inputs
with transition rates as slow as 1 volt per second. Figure
1 illustrates triggering the one-shot with the high-level-active
(B) inputs.

2518122 FUNCTION TABLE
(SEE NOTE 1)

INPUTS
CLEAR|A1 A2

OUTPUTS

o
-
w
N

cogdedadzzszzo

> > I IITIIIIIXXXXI
XMF««IXXXrrrXXIX
b';j;]:j';l::l::lr:j:jrrl—rr‘ []

FXICcerrrmr X XXXXIX
IIIIII>II>IXr XX
ITIII>PII>IIrCXXX
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2518122

Vec o NG Cag NC Ry O
[ [ H

Rint

s

B2 CLR Q@ GND

A1 A2 Bl
logic: see function table

NC—No internal connection.

Die Size .085 x .071

2518123

a
CLR |:_l_| Q
aénnn

B 1 1@ 20 2 2Rexy/GNC
CLR Cext Cext

logic: see function table

Die Size .085 x .071

2518123 FUNCTION TABLE
(SEE NOTE 1)

INPUTS OUTPUTS
CLEAR|A B Q Q
L X X L H
X H X L H
X X L L H

H L + JL r

H i H JL r

+ L H JL 1




Single and Dual Retriggerable
Monostable Multivibrators with Clear 25LS122  25LS123

NOTES: 1.

H = high level (steady state), L = low level (steady state), * = transition from low to high level, | = transition from high to low

level, H = one high-level pulse, L = one low-level pulse, X = irrelevant (any input, including transitions).

oswN

. To use the internal timing resistor of 25L.S122, connect Rint to VCC'

An external timing capacitor may be connected between Cgxt and Rext/Cext (POsitive).

For accurate repeatable pulse w idths, connect an external resistor between Rgyt/Cext and Vg with Ript open circuited.
To obtain variable pulse widths, connect external variable resistance between Rjn¢ or Rext/Cext and V¢c.

RETRIGGER PULSE
(See Note)

9 INPUT | l
e tw + tPLH——
L ’ i
OUTPUT Q [
——™0UTPUT WITHOUT RETRIGGER

OUTPUT PULSE CONTROL USING RETRIGGER PULSE

8 INPUT I I

CLEAR U OUTPUT WITHOUT CLEAR

''''' h
OUTPUT Q@ |

OUTPUT PULSE CONTROL USING CLEAR INPUT

NOTE: Retrigger pulse must not start before 0.22 Cgyx¢ (in

picofarads) nanoseconds after previous trigger pulse.

FIGURE 1—Typical input/Output Pulses

These monostables are designed to provide the system de-
signer with complete flexibility in controlling the pulse
width, either to lengthen the pulse by retriggering, or to
shorten by clearing. The 25615122 has an internal timing re-
sistor which allows the circuit to be operated with only an
external capacitor, if so desired.

The output pulse is primarily a function of the external

Recommended Operating Conditions

TYPICAL OUTPUT PULSE WIDTH

vs.
EXTERNAL TIMING CAPACITANCE

100000
Ry = 260 kSl
Ry =160k ¢
LN A
A
10000
2
I -
£
H - ”
H = Y
re L “
2 1000 = e =
a =
5 1
g 1 1
o"“ [ b e
3 L =TT 0y R =80 kS
& T
100 =5 = Ry =40k
Ry =20 k2 [
Ry =10k [
R = 5 k2
o L1
1 10 100 1000

Caxt—External Timing Capacitance—pF

TThese values of resistance exceed the maximum recommended for
use over the full temperature range of the 9LS/54LS’ circuits.

FIGURE 2

capacitor and resistor. For Cgxt > 1000 pF, the output
pulse width (tyy) is defined as:
tw= 0.4+ RT - Cext
where
RT is in k§2 (either internal or external timing resistor),
Cext isin pF,
ty is in ns.

For pulse widths when Cext << 1000 pF, see Figure 2.

Military Commercial
Unit
Min. | Nom.| Max. Min. | Nom. { Max."

Supply voltage, Vg 4.5 5 5.5 4.75 5 |5.25 A\
High-level output current, IoH 440 -440 | uA
Low-level output current, o) 4 8 4 8 | mA

A or B inputs high 40 40
Pulse width, ty A or B inputs low 40 40 ns

Clear low 40 40
External timing resistance, Rgxt 5 225 5 360 | kQ
External capacitance, Cext No restriction No restriction
Wiring capacitance at Rgyt/Cext terminal 50 50 | pF
Operating free-air temperature, T -55 ] T1 25 [¢] l 170 °C
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Single and Dual Retriggerable

25LS122  25LS123 Monostable Multivibrators with Clear
.-~ — "~ ]

Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
(Unless Otherwise Noted)

Military Commercial
Parameter Test Conditionst Unit
Min. | Typ.¥|Max. Min. | Typ.¥|Max.
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.7 08 | V
7 Input clamp voltage Vee = MIN, I} =-18 mA - |-1.5 -1.5 v
Vce = MIN, ViH =2V,
VOH High-level output voltage 25| 35 27| 35 \2
ViL = ViLmax, IgH = -440 uA
Vee = MIN, ViH=2V, | loL=4mA 0.25 | 0.4 0.25 | 0.4
VoL Low-level output voltage v
ViL = V| max loL=8mA 0.35 | 0.45 0.35 | 0.45
input current at
I Vee = MAX, V=7V 0.1 0.1 | mA
maximum input voltage
lj4  High-level input current Ve = MAX, V| =27V 20 20 | uA
ljL  Low-level input current Vee = MAX, V) =0.4V -0.4 -0.4 | mA
los  Short-circuit output currentf Vee = MAX -15 -85 -16 -85 | mA "
Supply current 25L5122 5] 1 6 1
lcc Ve = MAX, See Note 2 mA
(quiescent or triggered) 25L8123 12 20 12 20

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

*All typical values are at Vg = 5V, Ta = 25°C.

#Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

NOTE 2: With all outputs open and 4.5 V applied to all data and clear inputs, Igc is measured after a momentary ground, then 4.5 V, is
applied to clock.

Switching Characteristics V. = 5.0V Over Recommended Free-Air Temperature Range.

From To +25°C
Parameters Unit
(Input) {Output) Min. l Typ. | Max.
Test Conditions: C_ = 15pF, R_ = 2.0k C,, = OpF, R.,, = 5.0 kQ
(See Fig. 3, page 3-19, and Fig. A, page 2-174)
N A a 20 30
n
PLH B 26 38 i
N A s 28 40
ns
PHL B 35 48
t, Q 1 22
PHL Clear — 6 ns
tpLH Q 25 40 ns
twQ(min) AorB Q 116 | 200 ns
*tWO AorB Q 4.0 4.5 5.0 ns

*For this test Rext =10 k2, Cext = 1000 pF.
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Decoders/Demultiplexers

25LS138 25LS139

FEATURES
®  25].S138: 3-Line-to-8-Line Decoder
1-of-8 Demultiplexer
®  25].5139: Dual 2-Line-to-4-Line Decoder
Dual 1-of-4 Demultiplexer
®  Higher Speed compared to 9LS/54LS and 9LS/74LS
®  8mA sink current over full military temperature
range
®  50mV improved Vo compared to 9LS/74LS
440uA source current
®  100% reliability assurance testing in compliance with
MIL-STD-883.

DESCRIPTION

The 25LS138 decodes one-of-eight lines dependent on_the
conditions at the three binary select inputs and the three
enable inputs. Two active-low and one active-high enable
inputs reduce the need for external gates or inverters when
expanding. A 24-line decoder can be implemented without
external inverters and a 32-line decoder requires only one
inverter. An enable input can be used as a data input for
demultiplexing applications.

The 25LS139 comprises two individual two-line-to-four-line
decoders in a single package. The active-low enable input
can be used as a data line in demultiplexing applications.

These circuits are designed to be used in high-performance
memory-decoding and data-routing applications requiring
very short delay times.

25LS138
FUNCTION TABLE
INPUTS OUTPUTS

ENABLE | SELECT

Gl _G2° |[C__B A [YO0Y1Y2Y3YaY5Y6 Y7
X H |X X X|[H HHHHHHH
L X |[X X X|HHHHHHHH
H L (L L L{LHHHHHEHH
H L L L H|HLHHHHHH
H L L H L H H L HHHHH
H L L H H|HHHLHHHH
H L |H L L|HHHHLHHH
H L |H L H|HHHHHLHH
H L |H H L|HHHHHHLH
H L H H H H HHHHHHL

*G2=G2A +G2B
H = high level, L = low level, X = don't care

PIN-OUT DIAGRAMS

Die Size .063 x .069

25LS138
DATA gl\JTPUTS

vecYO Y1 Y2 Y3 Y4 Y5 Y6
LI
Yo \ V 3 Y4 5

A Y6

C__G2A G28 Gl __ Y7

A

A B C,6 G2AG2B G1, Y7 GND
OuTPUT
SELECT ENABLE

Die Size .063 x .069

14 13 12 11

25L5139

SELECT 1 nta QUTPUTS
ENABLE

Vge 26 2A 2B 2Y0 2Y12Y2 2Y3

(18] (5] (4] (33) (2] () (o) (]

1G 1A 1B 1Y0 1Y1 1Y2 1Y3 GND

v
ENABL SELECT DATA OQUTPUTS

25L8139

FUNCTION TABLE (')

INPUTS

G

ENABLE | SELECT

OUTPUTS

YO Y1 Y2 ¥3

H
L
L
L

L

H

I ITrr x\m
T ITrX|>
IrIxT
IrITITx
rIIII

L
H
H
H H

H = high level, L = low level, X = don't care
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25LS138 25LS139 Decoders/Demultiplexers

LOGIC DIAGRAMS
25LS138 25LS139
(15)
—E___}'— Yo —_——_zc).“_’ 1v0
© T3 vq ENABLE 16 ~{> D’E w1
ENABLE |©? 13) |, —7
ineuTs JG2ald) D’_ (2 12
G2B7g) T2 va| para SELECT ”‘a{>= >— (LI
01, [ ouTPUTS inpuTS  |1B—>o | oata
) (10) (12) 2v0 OUTPUTS
all = > vs (15) [:m)
SELECT @ —— - © ve ENABLE 2G | 2Y1
npuTs |2 D Ll @ e (10) .,
3) v7 24
¢ = Po—>— ?5:;5?; { 113) 9 ova
ZB—Do— J
Recommended Operating Conditions
Military Commercial Unit
Min | Nom | Max Min | Nom | Max n
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \%
High-level output current, lgy —440 -440 | uA
Low-level output current, Ig| 4 : 8 4 8 mA
Operating free-air temperature, Tp -b5 125 4] 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. Military Commercial .
Parameter Test Conditions Min | Typ* | Max | Min | Typ™ | Max Unit
Vi 2 2 Y,
Vi 0.7 0.8 V
vV, Vee=MiN, 1j=-18mA -1.5 -1.5 V
Vee=MIN,  Viu=2V,
25 | 34 2.7 34 \%
VoH Vi =V max, lon= —440uA
v Vee=MIN,  Viy=2V, loL=4mA 0.26 | 04 0.25.] 0.40 v
oL VL=V max (oL=8mA 03 | 045 035 045
I Vee=MAX, V=7V B 01 | 0.1 mA
4 Vec=MAX, V=27V 20 20 MA
I Vee=MAX, V=04V -0.36 -0.36 mA
lost Vee=MAX -15 -85 -15 -85 mA
Vee=MAX, 2515138 6.3 10 6.3 10
lcc mA
Outputs enabled and open 25LS139 6.8 11 6.8 11

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Vog = 5V, T = 26°C.
TNot more than one output should be shorted at a time.
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Decoders/Demultiplexers
PR e o

25L.S138
Switching Characteristics, Vcc = 5V, T, = +25°C
Levels +25°C
Parameter of From To
Delay (input) (output) Min I Typ I Max Unit
Test Conditions: C_ = 15pF, R| = 2k() (See Fig. A, page 2-174)
tpLH 9 10 15 ns
tpLH Binary. Any 14 20 ns
tPLH 3 Select 15 23 ns
tpLH 18 27 ns
tpLH 2 10 15 ns
tpLH
Enable Any 15 23 1
t PLH 3 12 18 ns
tpLH 18 27 ns
25LS139
Switching Characteristics, Vcc = 5V, Ta = +25°C
p Levels +25°C
arameters of From To
Delay (input) (output) Min J Typj Max Unit
Test Conditions: C, = 15pF, R_ = 2k} (See Fig. A, page 2-174)
tpLH 2 10 15 ns
tpLH Binary 12 18 ns
tpLH 3 Select Any 13 20 ns
tPLH 14 21 ns
tPLH 2 9 12 ns
teLH Enable Any 11 16 ns

25LS138 25LS139
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8-Line-To-1-Line Multiplexers

25L.8151

FEATURES .

®  Select one of eight data sources

®  Perform parallel-to-serial conversion

®  25L8151 has complementary outputs

® 250 8151 has strobe input

®  Higher Speed compared to 9LS/54LS and 9LS/74LS
®  8mA sink current over full military temperature

range

50mV improved Vo compared to 9LS/74LS

®  440uA source current

®  100% reliability assurance testing in compliance with
MIL-STD-883

DESCRIPTION

These monolithic data selectors/multiplexers contain full
on-chip binary decoding to select one-of-eight data sources.
The 25LS151 has a strobe input which must be at a low
logic level to enable the device. A High level at the strobe
forces the W output high, and the Y output low.

The 25LS151 features complementary W and Y outputs.

(BINARY)

LOGIC DIAGRAMS
STROBE ~
(ENABLE) 1>
DO —_
—
D1
D2 —
D3 =
DATA
INPUTSS 10 3
D5
D6 =1
D7 ™\
=
DATA A > E
SELECT B—Dv—ﬂp
c
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PIN-OUT DIAGRAMS
25LS151

DATAINPUTS DATA SELECT
"
Vec4 5 6 7.A B C

(€] (] (1] (i3] (2 (i) ()

Die Size: .066 x .057 8
25LS151
FUNCTION TABLE
INPUTS OUTPUTS
OUTPUT ¥ SELECT | STROBE
OUTPUT W c 8 & s Y W
X X X H L H
L L L L oo Do
L L H L o1 D1
L H L L D2 D2
L H H L 03 D3
H L L L D4 D4
H L H L D5 D5
H H L L D6 D6
H H H L D7 D7

H

DO, D1 ... D7 = the level of the D respective input

= high level, L = low level, X = don’t care




8-Line-To-1-Line Multiplexers

Recommended Operating Conditions

25L8151

Military Commercial Unit
Min | Nom | Max Min | Nom | Max "
Supply voltage, Ve 4.5 5 5.5 |4.75 5 5.25 Vv
High-level output current, lgy —440 —440 | uA
Low-level output current, [gL 4 8 4 8 mA
Operating free-air temperature, Ta -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
N Military Commercial
Parameter Test Conditions Min [ Typ | Max | Min | Typ*"] Max Unit
Viy 2 2 \Y
Vi 0.7 0.8 \%
Vi Vee=MIN, 1=-18mA -15 -1.56 Vv
Vee=MIN, V=2V,
5| 34 27| 34 \Y
VOH V||_=V||_max |OH: ~44OMA 2
v Vee=MIN,  Viu=2V, loL=4mA 0.25] 0.40 040]
oL VL=V max ToL=8mA 03 | 045 035] 045
Iy Vee=MAX, V=7V 0.1 0.1 mA
[ Vee=MAX, V,=2.7V 20 20 HA
I8 Vee=MAX, V=04V -04 -04 ] mA
lost Vee=MAX =15 -86 | - 15 -85 | mA
lec VC(;=MAX, Outputs open 6.0 10 6.0 10 mA
All inputs at 4.5V

*For conditions shown as MIN or MAX, use the appropriate value specified under re¢ommended operating conditions for the applicable

device type.

**Alj typical values are at Voe =5V, Ta = 25°C.
tNot more than one output should be shorted at a time.

Switching Characteristics, Vcc = 5V, T, = +25°C

P . From To +25°C .
arameter (input) (output) Min rTyp l Max Unit
Test Conditions: C, = 15pF, R, = 2k(1 (See Fig. A, page 2-174)
tpLy A, BorC 272 | 41 |
tprH (4 levels) Y 20 30
tpLH A, B
,B,orC w 16 23 | 1
tpLH (3 levels) 22 32
tPLH 22 33
trob
i Strobe Y 78 >7 ns
tPLH : 13 20
ThLH Strobe w = 56 ns
tpLH 17 26
Any D
tpLH ny Y 15 23 ns
tpLH 10 15
Trin Any D w 0 ] 15 1™
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25L.5153 Dual 4-Line-To-1-Line Multiplexer
FEATURES PIN-OUT DIAGRAM
®  Permits multiplexing from N lines to 1 line =
m  Performs parallel-to-serial conversion g DATA
R A R R ROBE
®  Strobe (Enable) line provided for cascading (N lines vé’;r %6 INPUTS OUEUT
<

to n lines)
®  Non-inverting

Higher Speed compared to 9LS/54LS and 9LS/74LS

®  8mA sink current over full military temperature

range

= 50mV improved Vg compared to 9LS/74LS

440uA source current

B 100% reliability assurance testing in compliance with

MIL-STD-883

DESCRIPTION

The 25LS153 is a high speed Dual 4-Line to 1-Line Multi-
plexer with common select inputs and separate strobe
(enable) inputs for each half. Each half can select one bit of
four and present it at the output in non-inverted form.

LOGIC DIAGRAM

STROBE 1G

(1)
(ENABLE) —{>———

1c0° 5
(5) -

11
DATA 1
1c2 14

1c3 (3 —

g 2

SELECT 1 Al14)

oco 19} ]

2¢c1 (11)
DATA 2

c2 (12)

(13
2C3 )

STROBE 26> —
15)

(ENABLE) !
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(7) OUTPUT
1Y

(9) ouTPUT
2v

1 1 1c0__1Y

JBMEEDE
STROBE B ——v——1Y GND
16 DATAINPUTS OUTPUT
SELECT

13 12 11 10

3 4 5 6
Die Size .057 x .061

FUNCTION TABLE
SELECT

DATA INPUTS STROBE | OUTPUT
INPUTS
B A Jco c1_c2_ c3 G Y
X X X X X X H L
L L L X X X L L
L L H X 3 X L H
L H X L X X L L
L H X H X X L H
H L X X L x L L
H L X X H X L H
H H X x b3 L L L

_H H X X X H L H

Select inputs A and B are common to both sections.

H = high level, L = low level, X = don’t care



Dual 4-Line-To-1-Line Multiplexer 25LS153
L |

Recommended Operating Conditions

Military Commercial
Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Vee 4.5 5 5.5 | 4.75 5 5.5 \%
High-level output current, oy -440 -440 | uA
Low-level output current, lg) 4 8 4 8 mA
Operating free-air temperature, T -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. . Military Commercial
Parameter Test Conditions Min [ Typ | Max | Min | Typ | Max Unit ‘
Vin 2 2 v ;
Vi 0.7 08 | VvV ‘
V, Vee=MIN, Ii=-18mA -1.5 -1.5 \
VCC=M|N, V|H=2V,
VoH ViL=ViLmax, lon=—440uA 25 34 2.7 3.4 \Y
vV VCC=M|N, V|H=2V, I0L=4mA 0.25 0.40 0.40 v
oL VL=V max loL =8mA 03 | 045 035 | 045
I Vec=MAX, V,=7.0V 0.1 0.1 mA
I Vee=MAX, V,=2.7V 20 20 MA
IR Vec=MAX, V,=0.4V -0.36 -0.36| mA
lost Voo =MAX -15 —85 | -15 —85 | mA |
lcoLtt Vee=MAX 6.2 10 6.2 10 mA
*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
**iel;“t(;/eptizgle\./alues areat Vgg =5V, Ta =25°C.
tNot more than one output should be shorted at a time.
11 IgcL is measured with the outputs open and all inputs grounded.
Switching Characteristics, Vcc = 5V, Ty = +25°C
Parameter rrom To +25°C Unit
(input) (output) Min I Typ | Max
Test Conditions: C, = 15pF, R, = 2k(} (See Fig. A, page 2-174)
tpiH Data Y 7 13 ns
tpLH Data Y 10 16 ns
tpLH Select Y 16 24 ns
tpLH Select Y 20 25 ns
tpLH Strobe Y 13 n-20| ns
tpLH Strobe Y 15 20 ns
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25LS157 25LS158

Quadruple 2-Line-To-1 Line Multiplexers

DESCRIPTION

These data selectors/multiplexers select a 4-bit word from
one of two sources and present it at the four outputs. The
25LS157 presents true data; the 25LS158 presents inverted
data.

FEATURES

Higher Speed compared to 9LS/54LS and 9LS/74LS
8mA sink current over full military temperature
range

50mV improved Vo compared to 9LS/74LS
440uA source current

100% reliability assurance testing in compliance with
MIL-STD-883

PIN-OUT DIAGRAMS

25L8157

INPUTS INPUTS
OuTPUT OouTPUT

LI

A 4B

s 3y

OONEONE

SELECT 1A 1B 1Y 2A 2B 2Y GND

2515158

INPUTS _ INPUTS
OUTPUT ,_ OUTPUT

vVee & 3A 4B 4y 3A 3B 3Y

SpRRRpe

G 4A 4B 4Y 3A 38

ROBE

14 13 12 11 10

S v

JA__ 1B 1Y 2A 28

RdhE

SELECT 1A 1B 1Y 2A 2B 2Y GND

OUTPUT v OUTPUT UTPUT V_ OUTPUT
Die Size .047 x .066 INPUTS  INPUTS Die Size .047 x .066 INPUTS ™ INPUTS
LOGIC DIAGRAMS
25Ls157 25LS158
1a 2 1a 12
(4) (4)
182 v B v
2 15 ] a8 |
(7) 7
28 (6) — 2y - (6) 2y
1 H O
3A (1) 3A (11)
(10) : S (10) - )
38 3B 3y
q
an 18 l A (14) ]
(12) (12)
4Y
4B (13) . (13) A%
[
STROBE clis) STROBE G (15)
SELECT S SELECTS 1)
FUNCTION TABLE
INPUTS OUTPUT Y
STROBE SELECT A B 25L8157 25L5158
H X X X Iy H H = high level, L = low level, X = don't care
L L L X L H Low level at S selects A inputs
L L H X H L High IeYel at.S selects_ B inputs
L H X L L H Strobe is active low
L H X H H L
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Quadruple 2-Line-To-1-Line Multiplexers 25LS157 25LS158
]

Recommended Operating Conditions

Military Commercial Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Ve 4.5 5 55 | 4.75 5 5.25 \%
High-level output current, lgy —440 —440 | upA
Low-level output current, lg 4 8 4 8 mA
Operating free-air temperature, Tp ~-b5 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
L Military Commercial
Parameter Test Conditions Min [ Typ™ [ Max | Min | Typ**| Max Unit
ViH 2 2 \
Vi, 0.7 0.8 \
V) Vee=MIN,  1;=-18mA -1.5 -1.56 \
Vee=MIN, Vig=2V,
VoH VIL=MAX,  lon=—4404A 25 | 34 27 | 34 \Y
v Vee=MIN, V=2V, loL=4mA 0.25 | 0.40 0.25 | 0.40 v
oL Vi =MAX 1oL =8mA 0.3 | 045 0.35 | 0.45
S or G input _ _ 0.2 0.2
I A or B input Vee=MAX, V=7V 0.1 0.1 mA
S or G input _ _ 40 40
"W AorBinput] |CCTMAX.  Vi=2.7V 20 20 | M
Sor G input -0.8 -0.8
1 = =0.
L TAorB input Vee=MAX, v =04V -0.4 -04 mA
lost Vce=MAX -15 -85 | -15 —85 [ mA
_ 25LS157 9.7 16 9.7 16
loctt Vec=MAX 2515158 48 | 8 ag [ 8 | ™

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Vee = 5V, Ta = 25°C.
1Not more than one output should be shorted at a time.
1t Icc is measured with 4.5V applied to all inputs and all outputs open.

Switching Characteristics, Vo = 5V, T, = +25°C

From To +25°C
Parameter (input) (output) Min I Tvp l Mo Unit
Test Conditions: C, = 15pF, R, = 2k} (See Fig. A, page 2-174)
tPLH v 5 01
Dat. ns
tor 1] 2515157 ata i : 19
t
PLH v. 7 2
t n
ToLn 251.5158 Data i : = s
t
PLHi 2515157 | Strobe v, 13 20 |
PLH 5 ”
tPLH v. 3 12
thLn 2515158 Strobe i = o ns
tpLH 70 50
| .
Trin 2515157 Select Y, = s
tpLH 11 50
| g
Toin 2515158 Select Y, o = ns
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25LS160 25LS162

Synchronous BCD Decade Counters

25L.8161 25LS163

“Synchronous 4-Bit Binary Counters

FEATURES

4-bit synchronous counters

Synchronously programmable

Internal look-ahead counting

Carry output for n-bit cascading

Synchronous or asynchronous clear

Advanced low-power Schottky technology

100% reliability assurance testing in compliance with

MIL-STD-883

Higher speed compared to 9LS/54LS and 9LS/74LS

®  8mA sink current over full military temperature
range
50mV improved Vo compared to 9LS/74LS

| 440uA source current

DESCRIPTION

The 25L5160, 2515161, 25LS162 and 25LS163 synchro-
nous, presettable counts have internal look-ahead carry and
ripple carry output. for high-speed counting applications.
The 25LS160 and 2515162 are decade counters and the
25LS161 and 25L.S163 are 4-bit binary counters. Counting
or loading occurs on the positive transition of the clock
pulse. A LOW level on the load input causes the data on the
A, B, C and D inputs to be shifted to the appropriate Q
outputs on the next positive clock transition.

The 25LS160 and 25LS161 feature an asynchronous clear.
A LOW level at the clear input sets the Q outputs LOW re-
gardless of the other inputs. The 25LS162 and 25LS163
have a synchronous clear. A LOW level at the clear input
sets the Q outputs LOW after the next positive clock tran-
sition regardless of the enable inputs.
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PIN-OUT DIAGRAM

o
Egg OUTPUTS  pnppiE
o504 08 Og Op T LOAD

g e ok
FLEALe LS T e i B

Die Size .070 x .118 — all 4 types

Both count-enable inputs P and T must be HIGH to count.
Count enable T is included in the ripple carry output gate
for cascading connection.



Synchronous BCD Decade Counters 25LS160 25LS162
Synchronous 4-Bit Binary Counters 25LS161 25LS163

LOGIC DIAGRAMS

25L.S160
Synchronous Decade Counter

CLR 1 ap

CLEARW 1
[ I *
cLOCK v
TP MR
_a
D _
a
A
3
L0AD o2
7
ENP ” Emme
ENT O— B 15 CARRY

25LS162 synchronous decade counters are similar; how-
ever, the clear is synchronous as shown for the 25LS163
binary counters.

2515163 SYNCHRONOUS
BINARY COUNTER

CLR a

CLEAR o—1—P— "‘M
cp

cLock ®

9

LOAD
ENP ol RIPPLE
EN T oLl CARRY

25L5161 synchronous binary counters are similar; however,
the clear is asynchronous as shown for the 25L.S160 decade
counters.
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25LS160 25LS162 Synchronous BCD Decade Counters
25L.8161 25LS163 Synchronous 4-Bit Binary Counters

Recommended Operating Conditions

Military - Commercial Unit
Min | Nom | Max [ Min | Nom | Max
Supply voltage, Voo 45 5 55 |4.75 5 5.25 \Y
High-level output current, |gy -440 -440 | pA
Low-level output current, g, 4 8 4 8 mA
Operating free-air temperature, Tp -5.5 125 0 - 70 °c

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* Min '_dri;I::y Max MinCor:-l:;r::Ial o Unit
Vin 2 o2 | ¥ v
ViL 0.7 0.8 \%
V) Vee=MIN, lj=-18mA -15 -1.5 \%

Vee=MIN, Vin=2V, .
VoH VL=V jmax, lop=—440uA 275 34 2.7 3.4 \%
v Vee=MIN, Vig=2V, loL=4mA 0.25 | 0.40 0.25 | 0.40 v
oL VL=V max, ToL=8mA 0.35 | 0.45 0.35 | 0.45

Data or enable P 0.1 0.1

Load, clock, or
1} |enable T Vce=MAX, V=7V 0.2 0.2 mA

Clear (LS160,161 0.1 0.1

Clear (LS162,163 0.2 0.2

Data or enable P 20 20

Load, clock, or
liq [enable T . Vee=MAX, V=2.7V 40 40 MA

Clear {LS160,161 20 20

Clear (LS162,163) 40 40

Data or enable P -0.4 -0.4

Load, clock, or
I lenable T Veo=MAX, V=04V -08 02l ma

Clear(LS160,161) -04 ) -0.4

Clear(L.S162,163)| -0.8 -0.8
lost i Vcoe=MAX -15 -85 | -15 -85 1 mA
lceH Vce=MAX, See Note 1 18 31 18 31 mA

| IcoL Vcc=MAX, See Note 2 19 32 19 32 | mA
""Sor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
evice type. ’ H

**All typical values are at Vg =5V, Ta = 26°C.
tNot more than one output should be shorted at a time.

NOTES:
1. lccH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs open.

2. lccL is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open.
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Synchronous 4-Bit Binary Counters 2515160 25LS162

Synchronous BCD Decade Counters 25LS161 25LS163
. ]

Switching Characteristics, V.. = 5V, T, = + 25°C

From To +25°C
Parameters (Inputs) (Outputs) Min I Typ |Max Unit

Test Conditions: C_ = 15pF, R, = 2k(} (see Fig. A on page 2-174)

1 25 35
PLH Clock Carry ns
tpHL 20 35
tpLH Clock (Load a 10 18 .
n
tHL Input High) 15 20
tpLH Clock (Load a 10 18
ns
tPHL Input Low) 14 20
1
tPLH Enable T Carry 1: 122 ns
PHL
4 Clear a 14 | 28 | ns
PHL {Note 1)
) Clock 25
tow Pulse Width ns
Clear 20

Data A,B,C,D| 20
ENABLEP 20

tg Set up time Load, ns
20
Enable T
Clear (Note 2)} 20
th Hold time Any input 3 ns
fmax Maximum Frequency 30 40 MHz
NOTES:

1. Measured from clear input on 25L.S160 and 25LS161. Measured from clock input on 25L.S162
and 25L.5163.
2. Applies to 2518162 and 25L.8163 only.
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25LS160 25LS162 ‘Synchronous BCD Decade Counters

25LS161 25LS163 Synchronous 4-Bit Binary Counters
L]

TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES

CLEAR

2518160 }__F(Astcnnomous)

CLEAR i

2515162 L (syncHronouS)
LOAD E U

s e, — e — — —— —— —
Lotk : 2515160, 25L8162
25LS160 { ] ! lllustrated below is the following sequence:
cLOCK 1 ) ' 1. Clear outputs to zero
2515162 2. Preset to BCD seven
! ! | 3. Count to eight, nine, zero, one, two, and three
ENABLEP | [ T L [ 4 Inhibit
! ! ! \
ENABLE T S ' | E—
U e :
a0 L LI LT
j ) !
g _ _ | lf"—\ [
OUTPUTS ' H
a2 :
—— i
(o7 S | |
1 ! [
RIPPLE CARRY L :
OUTPUT ‘7 8 9 0 1 2 3]
i1 COUNT———f——— INHIBIT
CLEAR PRESET
CLEAR
25LS161 I_I (ASYNCHRONOUS)
CLEAR i
2515163 LI (syncHRoONOUS)
1
LOAD [ -
. ! i T T pp— N
A i J
]
| m_— = = = = — = = — - -
pata J B—rrod o — — — - — - - -
INPUTS | ¢ ! - ____—_-—Z-ZZ”Z-zZ
1
L ——

D ! e - - — - — —_ —_ = = = 25LS161, 25LS163
cLOCK ; . ! )
2505161 ] lllustrated below is the following sequence:
cLock ' | 1. Clear outputs to zero

UL U UL UL, 2 Prese o binary twelve
25L8163 [ 3. Count to thirteen; fourteen fifteen, zero,
ENABLE P ______:J |____J— one, and two
T : 4. Inhibit
ENABLE T _:J ! |
U
(i T S e H s B e
—_——— ) i
T T f 1 i
OUTPUTS ___ |
Qc — "™ ] 1
1
Sty B p—— :
1 ]
RIPPLE CARRY ! ™ i
OUTPUT 12 13 14 15 0 1 2
COUNT INHIBIT

CLEAR PRESET
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Synchronous BCD Decade Counters 25LS160 25LS162

Synchronous 4-Bit Binary Counters 25LS161 25LS163
.

FIGURE 1
PARAMETER MEASUREMENT INFORMATION

kel tw(clock)
! |

CLOCK

INPUT
L__.:_ tPLH l—et tpHL [
! | (measure at ty+1) | (measure at t,;4+2)
R Y l N

|
OU;PUT | 1.3V | 1.3V [
A | |

: | $—— Vot
| b—— tPHL [ tPLH
: 3 ' (measure at tn‘+4) ) (measure at t+2)
| | ' ! VoH

OU;PUT | | \1.3v | / 1.3v

B

; | £ — - == = VoL
| l..__.:_ tPHL f—=+ tPLH
| : : (measure at tp+g) : (measure at t+4) Vou

ouUTPUT l | av ! 13V

ac ! ! 3V : '

! , {4 — - = - VoL
: k——q— tPHL ,.—-+— tPLH
[

(measure at ty+10 (measure at tn+g)
| or tn+‘|6) VOH

1
OUTPUT | I (See Note B) l
Qp | | 1.3V
| ¥ -— == - = - — Vo

—=1 tPLH L-——-r—tm-n_

I " (measure at ty+Q or tn+16)

RIPPLE | - - (SeeNoteB) — -- — — — — — — — VoOH
CARRY 1.3V 1.3V
ouTPUT

{ $— VoL

VOLTAGE WAVEFORMS
NOTES:
A. The input pulses are supplied by a generator having the following characteristics: PRR < MHz, duty cycle < 50%, Zoyt ~ 50Q:
ty < 15ns, tf < 6 ns. Vary PRR to measure frgx.

B. Outputs Qq and carry are tested at th+10 25LS162, and at t,+16 for 25LS 163 where tp, is the bit time when all outputs are low.
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25LS160 25LS162

Synchronous BCD Decade Counters

25LS161 25LS163

Synchronous 4-Bit Binary Counters

FIGURE 2
PARAMETER MEASUREMENT INFORMATION
CLOCK INPUT 3v
2515160 1.3v 1.3V
2515161 | )
o =V
|* tw(clock) av
CLEAR [ !
INPUT 1.3v 1.3V ] :
: o | b e e e — — e — o —— —— oV
;’tw(clear)” t )
' | r-'setup 1 av
LOAD | X 13v 1.3v
INPUT | | '
] i L e e — —_——— =0V
| | I“"setup": 3v
DATA INPUTS : ! TS T
AB.C AND D ' 14 1.3v 1.3V
! ' ! ov
—=! tpy le— | ": ‘PLH:‘-
Q OUTPUTS 1 : | | VOH
2518161 : 1.3V \ ! 1.3V
QA AND Qp OUTPUTS | !
o Ne—ee e e e e e - — - — VoL
2515160 —- tpm.}'— : |L ol — tpLH e at tn+2 OF tn+q) v
—— T 2 N -~ Von
0g AND ac 0UTPUTS | ! ! I _*_’
2515160 ! 1.3V ] .
| | v
! T T T T T T T T T T T~ oL
| |
ENABLE P OR { | v
ENABLE T X | -
N |
] v
RIPPLE | OH
CARRY |
OUTPUT
: VoL
CLOCK INPUT
2518162
2515163 | oy ov
jo—
—e tPHL:o— "‘:tPLH: Vou
Q OUTPUTS ! |
25L5163 \ \1‘3" | ][1 3V
Qa AND Qp OUTPUTS [T N N AN —————— V0oL
2518162 —4 ‘PHL:‘— ,“'—“'—l tpLH(measure at tp+2 or th+4) v
—m e = - - ——— VN
I 1/~
Qg AND Q¢ OUTPUTS \1_3v f- 1.3v
2515162 A VoL
VOLTAGE WAVEFORMS
NOTES:

A. The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zo,¢ =~ 50 Q;

tr <15 ns, tf <6 ns.

B. Enable P and enable T setup times are measured at t, = 0.
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Synchronous BCD Decade Counters

25L8160 25LS162

Synchronous 4-Bit Binary Counters

25LS161 25LS163

N2, N{-to-maximum) can be used with this fast look-ahead circuit.

TYPICAL APPLICATION DATA
N-BIT SYNCHRONOUS COUNTERS

This application demonstrates how the look-ahead carry circuit can be used to implement a high-speed n-bit counter. The
25018160 or 25L.8162 will count in BCD and the 2515163 will count in binary. Virtually any count mode (modulo-N, N1-to

INPUTS INPUTS INPUTS INPUTS
s N I's Aﬁ r she \ r A \
LDABCD LDABCD LDABCD LDABCD
H = COUNT
— — NP
L - pisaBLe JENP ENP ENP E
H = COUNT RIPPLE RIPPLE RIPPLE RIPPLE
L = pisagLe "JEN T CARRY ENT CARRY EN T CARRY ENT CARRY |—»
OUTPUT OUTPUT OUTPUT OUTPUT
—p CK —p CK b CK —p CK
Qp Oc Qp Oc Qa Q¢ Qa_ Q¢
CLR Qg Qp CLR Qg Qp CLR 0 “Qp cCLR QB QD
CLEAR
e —t N —
OUTPUTS OUTPUTS OUTPUTS OUTPUTS
cLOCK

TO MORE
> SIGNIFICANT
STAGES

>
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25LS170

4-By-4 Register Files with
Open-Collector Outputs

FEATURES
B Separate Read/Write Addressing Permits Simultaneous
Reading and Writing
Fast Access Times . . . Typically 20 ns
Organized as 4 Words of 4 Bits
Expandable to 1024 Words of n-Bits
For Use as:
Scratch-Pad Memory
Buffer Storage between Processors
Bit Storage in Fast Multiplication Designs
®  Open-Collector Outputs with Low Maximum Off-State
Current: 20 uA

DESCRIPTION

The 25LS170 MSI 16-bit TTL register files incorporate the
equivalent of 98 gates. The register file is organized as 4
words of 4 bits each and separate on-chip decoding is pro-
vided for addressing the four word locations to either write-
in or retrieve data. This permits simultaneous writing into
one location and reading from another word location.

Four data inputs are available which are used to supply the
4-bit word to be stored. Location of the word is determined
by the write-address inputs A and B in conjunction with a
write-enable signal. Data applied at the inputs should be in
its true form. That is, if a high-level signal is desired from
the output, a high level is applied at the data input for that
particular bit location. The latch inputs are arranged so that
new data will be accepted only if both internal address gate
inputs are high. When this condition exists, data at the D
input is transferred to the latch output. When the write-
enable input, Gy, is high, the data inputs are inhibited and
their levels can cause no change in the information stored in
+h

PO P TR B PO SN RO
«iC Cinar anes.

When e read-enabie input, GR, is
high, the data outputs are inhibited and remain high.

The individual address lines permit direct acquisition of
data stored in any four of the latches. Four individual de-
coding gates are used to complete the address for reading a
word. When the read address is made in conjunction with
the read-enable signal, the word appears at the four outputs.

This arrangement—elata-entry addressing separate from data-
read addressing and individual sense line—eliminates re-
covery times, permits simultaneous reading and writing,
and is limited in speed only by the write time (30 nano-
seconds typical) and the read time (25 nanoseconds typical).
The register file has a nondestructive readout in that data is
not lost when addressed.

All inputs except the read enable and write enable of the
25L.S170 are buffered to lower the drive requirements to one
Series 54LS/74LS standard load, respectively, input-clamp-
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PIN-OUT DIAGRAM
25L8170

WRITE SELECT ENABLE OUTPUTS
DATA ———
vcc D1 Wa Wg WRITE READ 01

80 R B

weg Gw GR O

D2 Q2
D3 Rg RA
Q3 GND
_,—/
DATA READ OUTPUTS
SELECT

Die Size: .090 x .068

ing diodes minimize switchi.rig transients to simplify system
design. High-speed, double-ended AND-OR-INVERT gates
are employed for the read-address function and drive high-
sink-current, open-collector outputs. Up to 256 of these
outputs may be wire-AND connected for increasing the
capacity up to 1024 words, Any number of these registers
may be paralleled to provide n-bit word length.

RAYTHEON



4-By-R Register Files with

Open-Collector Outputs 25LS170
LOGIC
WRITE FUNCTION TABLE (SEE NOTES A, B, AND C). READ FUNCTION TABLE (SEE NOTES A AND D)
WRITE INPUTS WORD READ INPUTS OUTPUTS
Wg wa Gy ] 1 2 3 Rg RA GR a1 Q2 a3 Q4
L L L Q=D Qo Qg Qo L L L WO0B1 Wo0B2 W0B3 WO0B4
L H L Qo Q=D Qo Qg L H L wi1B1 W1B2 W1B3 wiB4
H L L Qg Qg Q=D Qo H L L W2B1 W2B2 W2B3 W2B4
H H L Qg Qo Qo Q=D H H L W3B1 W3B2 W3B3 w3B4
X X H Qg Qg Qg Qg X X H H H H H

NOTES: A. H = high level, L = low level, X = irrelevant.
B. (Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs.
C. Qg = the level of Q before the indicated input conditions were established.
D. WOB1 = The first bit of word 0, etc.

FUNCTIONAL BLOCK DIAGRAM

(15) 1
m———po——h I —L. (10)
a1
D Ql - |
G
WORD 0
a [
02——F>o T . } l ® g,
D Q| CIG) D a b a T
1 G G G
1
DATA
INPUTS oUTPUTS
4
03_2)_4}: ° I f 7
I a3
D Q D a
) J G G o L)
L
(3) [ [
0a——P>o- 9 7S * l 6 o4
D a D Q D Q
G G D L) 1
(12) a3 (a4 (@ an| 6
Gw wg  Wa Rg GrR Ra
WRITE INPUT READ INPUT

330



4-By-R Register Files with
25LS170 Open-Collector Outputs

Recommended Operating Conditions

Milital;v Commercial
Min. | Nom. | Max. Min. | Nom.| Max. |Unit
Supply voltage, Voo 4.5 5| 55 4.75 6515256 | 'V
High-level output voltage, VoH 5.5 5.5 A\
Low-level output current, g 4 8 4 8 | mA
Width of write-enable or read-enable pulse, ty 25 25 ns
Data input with respect to
. . : 10 10 ns
Setup times, high- or low-level data write enable, tgy (D)
Write select with respect to
. 15 15 ns
write enable, tgy(w)
Data input with respect to
A put with resp 15 15 ns
Hold times, high- or low-level data write enable, th(D)
(see Note 2 and Figure 2) Write select with respect to 5 5
ns
write enable, th (W)
Latch time for new data, tjz¢ch (see Note 3) 25 25 ns
Operating free-air temperature range, T -55 125 0 70 | °c

NOTES: 2. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is
not required, tsy(w) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and during
th(w) will result in data being written into that location. Depending on the duration of the input conditions, one or a number
of previous addresses may have been written into.

3. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is im-
portant only when attempting to read from a location immediately after that location has received new data.

Electrical Characteristics Over Recommended Operating Free-Air Temp. Range
(Unless Otherwise Noted)

Military Commercial
Parameter Test Conditionst
Min. | Typ¥ |Max. Min. | Typ¥ |Max. |Unit
V|H High-level input voltage 2 2 \Y
ViL Low-level input voltage a7 Qg v
VK Input clamp voltage Vee = MIN, I} =-18 mA -1.6 -1.5 \
Vee = MIN, VoH = 5.5V,
loH High-level output current ce OH 20 20 | mA
ViL = ViL max, VIH = 2V
Vee = MIN,
loL=4mA 0.25 | 0.4 0.25 | 0.4
VoL Low-level output voltage VIH =2V, v
oL =8mA 0.35 | 0.5
ViL = V)L max
Input current at Any D,R,or W 0.1 0.1
1y Vee =MAX, V=7V mA
maximum input voltage | GR or Gy 0.2 0.2
Any D, R, or W 20 20
lyH High-level input current Vee = MAX, V| =27V mA
GR or Gw 40 40
Any D, R, or W -0.4 -0.4
ljL Low-level input current Ve = MAX, V=04V mA
GR or Gy -0.8 -0.8
lcc Supply current Vee = MAX,  See Note 6 25 ( 40 25 | 40 | mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
ANl typical values are at Vog =6V, Tp = 25°C.

NOTE 4. Igc is measured under the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all ad-
dress inputs are grounded, and all outputs are open.



4-By-R Register Files with
Open-Collector Outputs 25L.5170

Switching Characteristics, V.c = 5V Over Recommended Free-Air Temperature hange

From To +25°C Unit
ni
Parameter (Input) (Output) Min Typ I Max
Test Conditions: C, = 15pF, R, = 2k() (See Fig. 1, page 3-41 and Fig. B, page 2-174)
t Read 20 30
PLH ea Any Q ns
tpHL enable 20 30
PLH Read 25 40
Any Q ns
tPHL select 24 40
t Writ 30 45
PLH e Any Q ns
tPHL enable 26 40
t 30 45
PLH Data Any Q ns
tpHL 22 35

PARAMETER MEASUREMENT INFORMATION

ouTPUT /,
WRITE-SELECT 3V Q1,Q02,030r 04/ Vref
INPUT Wa or W Vyef Vref
(See Note A) oV
tsetup(W)

" thold(W) WRITE-ENABLE
DATA INPUT Y INPUT Gw Vref
D1, D2, D3 or D4 Vref
(See Note A) | tPLH tPLH

Thold(D) v = L
tsetup(D) ov DATA INPUT Vref \ Vref
WRITE-ENABLE D1, D2, D3 or D4
INPUT Gw v _
tatch —» VOLTAGE WAVEFORM 1

READ-SELECT

INPUT RA or RB . v ov ouTh
(See Note B) Vref ref Q:j Q;”;]S or Q4 Vref

READ-ENABLE
WRITE-ENABLE
INPUT GR INPUT Gw / Vref
PLH tPHL
pegiog! DATA INPUT
Q1, Q2, Q3 or Q4 V, V,
tPHL D1, D2, D3 or D4 ref ‘ rof
FIGURE 1 FIGURE 2

NOTES: A. High-level input pulses at the select and data inputs are illustrated in Figure 1; however, times associated with low-level pulses

are measured from the same reference points.

B. When measuring deiay times from a read-select input, the read-enable input is low. When measuring delay times from the
read-enable input, both read-select inputs have been established at steady states.

C. In Figure 2, each select address is tested. Prior to the start of each of the above tests, both write and read address inputs are
stabilized with Wp = Rp and Wg = Rp. During the test GR is low. ‘

D. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Z,,¢ = 50 Q, duty cycle <
50% ty < 15 nsand tf < 6 ns for.

D. Vief =13 V.




25LS174 Hex D-Type Flip-Flops With Clear
25L.S175 Quadruple D-Type Flip-Flops With Clear
FEATURES PIN-OUT DIAGRAMS

= Positive edge-triggered common clock

= Asynchronous common reset

®  Clock-to-output delays of 14 ns

m  Higher speed compared to 9LS/54LS and 9LS/74LS

®  8mA sink current over full military temperature

range

50mV improved Vg compared to 9LS/74LS

440uA source current

®  100% reliability assurance testing in compliance with
MIL-STD-883.

DESCRIPTION

The 25LS174 is a six-bit register with single-rail outputs
and the 25LS175 is a four-bit register with complementary
outputs. Both consist of D-type flip-flops with a buffered
common clock and an asynchronous, active-Low buffered
clear.

Information at the D inputs meeting the setup time re-
quirements is transferred to the Q outputs on the positive-
going edge of the clock pulse. Clock triggering occurs at a
particular voltage level and is not directly related to the
transition time of the positive-going pulse. When the clock
input is at either the high or low level, the D input signal
has no effect at the output.

FUNCTION TABLE (EACH FLIP-FLOP)

INPUTS OUTPUTS

CLEAR CLOCK D | a at
L X x| L H
H t Hi{ H L
H t Ll L H
H L x| Qg Qg

H = high level (steady state)

L = low level (steadv state)

X = irrelevant

t = transition from iow to high level

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

2518174

Die Size .056 x .085 2

3 4 5 6

15 14 13

Die Size .056 x .085

12 1110

25L8175

LOGIC DIAGRAMS

t= 25LS175 only 2515174
1D 2D 3D 4D 5D 6D
9 |3 14 |6 11 13 |14
CLOCK "DG - -
o | QO 1 1 Pol Q 1 fo)
CK D CK D CK D CK D CK D CK D
CLEAR CLEAR CLEAR CLEAR
CLEAR Q Q I‘C CLEAR aQ a E Q Q
®O 1 1 | 1 I
CLEAR o ¢
1 |2 I's [7 10 112 15
1Q 2Q 3Q 4Q 5Q 6Q
25LS175
1D 2D 3D 4D
9 N 4 B |2 13
CLOCK —{>C o) 2 o) — |
CcK D CK D ck D CK D
CLEAR CLEAR CLEAR CLEAR
cf Q Q_Q Q_Qq Q_q
CLEAR _Q{>C ) } 1 1 l | I I
1 13 12 e 17 T11 ho 14 |15
1Q 1Q 24 2a 3@ 3Q 4Q 4Q
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Hex D-Type Flip-Flops With Clear 25L8174
Quadruple D-Type Flip-Flops With Clear 25LS175

Recommended Operating Conditions

Military Commercial -
Min | Nom | Max Min | Nom | Max Unit

Supply voltage, Vcc 4.5 5 55 |4.75 5 525 | V
High-level output current, lgy -440 —440 | uA
Low-level output current, I 4 8 4 8 mA
Clock frequency, feiock 0 35 0 35 | MHz
Width of clock pulse, t,, (Low) 15 15 ns
Width of clear pulse, t,, (Low) 20 20 ns
. Data input tey 10 10 ns

Setup time Ciear recovery, ":rec 12 12 ns
Data hold time, thoig 5 5 ns
Operating free-air temperature, Ta -55 125 0 70 °C

tsetup is the minimum time required for the correct logic level to be present at the data input prior to the rising edge of the clock in order to
be recognized and transferred to the output.

thold is the minimum time required for the logic level to be maintained at the data input after the rising edge of the clock in order to insure

recognition.

trec is the minimum time required between the end of the clear pulse and the rising edge of the clock in order to transfer High data to the Q
output.

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

T Conditi R Military Commercial Unit
Parameter est Conditions Min [ Typ™ | Max | Min [ Typ | Max
Vi 2 2 v
Vi 0.7 08| V
V) Vee=MIN, l=-18mA -156 -1.5 \V
Vcc=M|N, V|H=2V, V|=V|Hor V||_
\% . . .
OH ViL=Vimax, loy=-440uA 25 3.4 2.7 34 \
v Vee=MIN, V=2V, lgL =4mA 0.25 | 0.40 o40]
oL Vi=Vimax ViEVigor Vi | 1o =8mA 0.35 | 0.45 0.45
I Vee=MAX, V=7V 0.1 0.1 [ mA
IlH VCC=MAX, V|=2.7V 20 20 MA
||L VCC=MAX, V=0.4V -0.36 -0.36 mA
losT Vee=MAX -15 -85 -15 -85 mA
2518174 16 26 16 26
Tt =
lec VecTMAX 2515175 1| 18 1] 18] ™
*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable

device type.
**All typical values are at Voc = 5V, Ta = 25°C.
TNot more than one output should be shorted at a time.
t1With all outputs open and 4.5V applied to all data and clear inputs, Igc is measured, after a momentary ground, then 4.5V is

applied to clock.

Switching Characteristics, V. = 5V Over Recommended Free-Air Temperature Range

Parameter (fnrom To : +25°C Unit
put) (output) Min I Typ l Max

Test Conditions: C, = 15pF, R, = 2k(} (See Fig. A, page 2-174)
Frmax 35 | 45 MHz
tPLH (LS175 only) Clear Q 19 25 ns
tpyL Clear Q 20 35 ns
tpLH Clock Q 14 23 ns
tpHL Clock Q 13 20 ns
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25LS181

4-Bit Arithmetic Logic Unit

N e A O TR

FEATURES

®  Provides 16 arithmetic operations

= Provides 16 logic operations

8 Full look-ahead for high-speed arithmetic operation
on long words

m  Higher speed compared to 9LS/54LS and 9LS/74LS

= 8mA sink current over full military temperature
range

=  50mV improved Vo compared to 9LS/74LS

®  440uA source current

®  100% reliability assurance testing in compliance with
MIL-STD-883.

DESCRIPTION

The 25LS181 is an arithmetic logic unit (ALU)/function
generator which has a complexity of 76 equivalent gates on
a monolithic chip. This circuit performs 16 binary arithme-
tic operations on two 4-bit words as shown in Tables 1 and
2. These operations are selected by the four function-select
lines (SO, S1, S2, S3) and include addition, subtraction, de-
crement, and straight transfer. When performing arithmetic
manipulations, the internal carries must be enabled by
applying a low-leve! voltage to the mode control input (M).
A full carry look-ahead scheme is made available in these
devices for fast, simultaneous carry generation by means of
two cascade-outputs (pins 15 and 17) for the four bits in
the package. When used in conjunction with the 182, full
carry ahead look-ahead circuits, high-speed arithmetic
operations can be performed.

If high speed is not of importance, a ripple-carry input
(Cn) and a ripple-carry output (Cn+g4) are available.
However, the ripple-carry delay has also been minimized so
that arithmetic manipulations for small word lengths
can be performed without external circuitry.

The 25LS181 will accommodate active-high or active-low
data if the pin designations are interpreted as follows:
Subtraction is accomblished by 1‘s complement addition
where the 1‘s complement of the subtrahend is generated
internally. The resultant output is A-B-1 which requires an
end-around or forced carry to provide A-B.

The 25LS181 can also be utilized as a comparator. The
A = Boutput isinternally decoded from the function outputs
(FO, F1, F2, F3) so that when two words of equal magni-
tude are applied at the A and B inputs, it will assume a high
level to indicate equality (A = B). The ALU should be in
the subtract mode with Cn = H when performing this com-
parison. The A = B output is open-collector so that it can
be wire-AND connected to give a comparison for more than
four bits. The carry output (Ch+4) can also be used to
supply relative magnitude information. Again, the ALU
should be placed in the subtract mode by placing the
function select inputs, S3, S2, S1, SO at L, H, H, L,
respectively.

INPUT En OUTPUT 6n+4 ACTIVE-HIGH DATA | ACTIVE-LOW DATA
(FIGURE 1) (FIGURE 2)
H H A B A>B
H L A>B A<B
L H A<B A>B
L L A - B A<B

These circuits have been designed to not only incorporate
all of the designer’s requirements for arithmetic operations,
but also provide 16 possible functions of two Boolean vari-
ables without the use of external circuitry. These logic
functions are selected by use of the four function-select
inputs (SO, S1, S2, S3) with the mode-control input (M)
at a high level to disable the internal carry. The 16 logic
functions are detailed in Tables 1 and 2 and include
exclusive-OR, NAND, AND, NOR, and OR functions.

PIN NUMBER 2 |1 |23|22|21|2 {19 |18 9 |[10{11]|13 |7 16}|15]17
Active-high data (Table 1) | Ag [Bg | A1 | B1 |A2 |B2 |A3 |B3 |Fo | F1 |F2 [ F3 [Cn |Chta| X | Y
Active-low data (Table 2) | Ag |[Bo | A1 | B1 |A2 {B2 |A3 [B3 |Fo | F1 |F2 | F3 [Ch |Chta|l P | G
PIN-OUT DIAGRAM
INPUTS OUTPUTS
/\. N\

Die Size .074 x .085

344



4-Bit Arithmetic Logic Unit

L

ALU SIGNAL DESIGNATIONS

The 2515181 can be used with the signal designations of either Figure 1 or Figure 2

25LS181

The logic functions and arithmetic operations obtained with signal designations as in Figure 1 are given in Table 1; those
obtained with the signal designations of Figure 2 are given in Table 2.

2) (1) (23)(22) (21)(20) (19)(18) (2) (1) (23) (22) (21)(20) (19) (18)
ApBgp A7 By A2By A3 B3 AoBp A1By A2B2 A3 B3
(7)—1)—? Cn (7) Cn
2515181 =B —(14) 25L5181 A=B}F——(14)
(8) M (8) M
Fo Fq_ Fa2 F3 Chyg X v Fo Fq_F2 F3 Chvqg G P
(9) (10) (11) (13) (16) (17>)%l5) (9) (100 (11) (13) (16) (1]7)(15)
| l [
(3)(4) (1) (2) (14)(15) (5) (6) (3)14) (1) (2) (14) (15) (5) (6)
Yo Xo Y1 X1 Y2Xzo Y3 X3 GoPo Gy Py G2P2 G3P3
Xp— pp—
Ldc, 54182 ¢, 54182
13) {13)
( Y p—(10) G p—(10p
Cn+x cn+y Ch+z Cn+x Cn+y Cn+z
(12) (11) (9) (12) (11) (9)
FIGURE 1 FIGURE 2
(FOR TABLE 1) (FOR TABLE 2)
TABLE 1 TABLE 2
ACTIVE-HIGH DATA ACTIVE-LOWDATA
M=H M =L; ARITHMETIC OPERATIONS M=H M = L; ARITHMETIC OPERATIONS
SELECTION LOGIC Co=H Cn=L SELECTION LogGic Cp=t Cp=H
$3 S2 S1 S | FUNCTIONS {no carry) (no carry) $3 S2 Sq1 So |FUNCTIONS (with carry) (with carry)
L L L L F=A F=A F=APLUS 1 L oL oL oL F-A F . AMINUS 1 F-A
LLLH|F=-A7"B F=A+8 F=(A+B)PLUS 1 L L L H|F-AB F - ABMINUS 1 F:AB
L L HL - AB F=A+B F=(A+B)IPLUS 1 L L HL F A+B F = ABMINUS 1 F - AB
L L HH =0 F = MINUS 1 (2's COMPL) | F = ZERO L L HH F=1 F - MINUS 1 (2's COMP} F = ZERO
L H L L F=AB F=APLUS AB F = APLUS AB PLUS 1 L H L L F:A+8B F - APLUS (A +B) F=APLUS (A +B)PLUS 1
LHLHI|F=F F = (A +B)PLUS AB F = (A +B) PLUS AB PLUS 1 L HLH|F-B F = ABPLUS (A + B) F =ABPLUS (A + B)PLUS 1
L HHL F=A(®B | F=AMINUSBMINUS 1 | F = A MINUS B L HHL F=A®B |F=AMNUSBMINUS1 |F=AMINUSB
L HHH F=AB F = ABMINUS 1 F=AB L HHH F=A+8 F:=A+B F=(A+B)PLUS 1
HLLL|F=K+8 |F=APLUSAB F=APLUS AB PLUS 1 HL L L|F=A8 F = APLUS (A +B) F = APLUS (A +B)PLUS 1
HLLH|F=A®B |F-APLUSB F = APLUS B PLUS 1 H L LH|F-A@B |[F-APLUSB F=APLUSBPLUS 1
H L H L F=8 F = (A +B) PLUS AB F = (A +B)PLUS AB PLUS 1 H L HL F=8 F = ABPLUS (A + B) F = ABPLUS (A +B) PLUS 1
H L HH|F=AB F = ABMINUS 1 F=AB H L HH|F-A+8B |F=A+8 F=(A+B)PLUS1
H H L L F=1 F=APLUS A" F=APLUS APLUS 1 H H L L F=0 F=APLUS A* F=APLUSAPLUS1
HHLH|F=A+B |{F=(A+BIPLUSA F=(A+8)PLUS A PLUS 1 H H L H| F=aF F = ABPLUS A F=ABPLUS APLUS 1
HHHL F=A+B F=(A+B)PLUSA F=(A+8B)PLUS APLUS 1 H H H L F=AB F=ABPLUS A F = ABPLUS APLUS 1
HHHH|F=A F = AMINUS 1 F=A H HHH|F=a F=A F=APLUS 1

*Each bit is shifted to the next more significant position.
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4-Bit Arithmetic Logic Unit 251.5181

Recommended Operating Conditions

Military Commercial Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Ve 4.5 5 55 | 4.75 5 5.25 \
High-level output current, Igy (All outputs except A = B) -440 -440 | upA
Low-level output current, Ig 4 8 4 8 mA
Operating free-air temperature, Tp -55 125 0 70 °C

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* Win _:\_:; tha'ry Max Mincor‘:“;:i:cmlwlax Unit
ViH 2 2 \Y,
Vi 0.7 0.8 \
\ Vee=MIN, I=-18mA -1.5 -1.5 \%

Any Output| Vec=MIN,  Vu=2V,
Vou except A = B| V}1 =V} max, loy=—440uA 25 3.4 2.7 3.4 \%
A-B Vee=MIN, V=2V,
loH | output only Vi =V max, Vi=Vjy or Vi 100 100 | pA
) loL=4mA 0.40 0.40
All Vee=M =2V :
VoL outputs VCCZ\/ ”\r:‘\,ax xI:V 'r v ToL =8mA 0.45 0.45 v
Output G =i FVIHOTVIL T 16mA(G) 0.55 0.55
Mode input 0.1 0.1
Any A or B
N input Vee=MAX, V=55V 0.3 0.3 mA
Any S input 0.4 0.4
Carry input 0.5 0.5
Mode input 20 20
Any Aor B 60 60
Vee=MAX, V,=2.7V A
liH Any S input cc ! ! 80 80 u
Carry input 100 100
Mode input -0.36 -0.36
AnyK orB
-1. -1.
he input Vee=MAX, V,;=0.5V 108 08 mA
Any S input -1.44 -1.44
Carry input -2 -2
Any Output = - - - —
lost e)’(’gep‘”AFi“B Vee=MAX 15 85 15 85 | mA
Condition A 20 32 20 | .34
= - A
lectt Voc=MAX Condition B 21 | 35 21 [ a7 | ™

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type. o
**All typical values are at Vcc =5V, To=25"C.
+Not more than one output should be shorted at a time.
TTWith outputs open, Icc is measured for the following conditions:
A. SO through S3, M and A inputs are at 4.5V, all other inputs are grounded.
B. SO through S3 and M are at 4.5V, all other inputs are grounded.
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25L5181

8witchi}|g Characteristics, V

4-Bit Arithmetic Logic Unit

cc = 5V, Ta = +25°C

From To +25°C
Pa[ameterﬂ (input) (output) Min T Typ | Max Unit
Test Conditions: C, = 15pF, R, = 2kQ (See Fig. A, page 2-174)
teLH 14 | 25
tPHL Cn Cora 13 14| ™
M =0V, S0=83=4.5V, S1=S2=0V (SUM mode)
tpLH 24 33
tonL Any A or B Ch+a 17 31 ns
M =0V, S0 =S83=0V,S1=S82=45V (DIFF mode)
tpLH 24 35
tonL Any AorB Chia 29 35 ns
M =0V, (SUM or DIFF mode)
tPLH 12 19
torL Cn Any F 2 18| ™
M =0V, S0 =83=4.5V,S81=52=0V (SUM mode)
tpLH ‘ 12 25
oL Any Aor B G 15 73 ns
M=0V,S0=S83=0V,S1=82=4.5V (DIFF mode)
tpLH 20 25
torL Any AorB G 77 55 ns
M =0V, SO =83 =45V, S1=S52=4.5V (SUM mode)
tpLH 14 1 26
tonL Any Aor B P 20 26 ns
M =0V, S0 =83 =0V, S1=52=45V (DIFF mode)
tpLH 24 30
tenL Any Aor B P 22 26 ns
M =0V, S0 =83=4.5V,81=82=0V (SUM mode)
tPLH A; or B, Fi L 2
teuL rore : 3] 19
M = 0V, S0 = §3 = 0V, S1 = §2 = 4.5V (DIFF mode)
tpLH ) ) ) 24 30
tPHL Ai or B Fi 15 19| ™
M - 4.5V {iogic modej
oL - _ 7 [ 31 ]
tPHL Aior B; Fi ] 25| ™
M =0V, S0=S83=0V,S1=S82=45V (DIFF mode)
tPLH _ 33 50
r— Any Aor B A=B 29 a5 ns
LOGIC MODE TEST TABLE
FUNCTION INPUTS: S1=S2=M=45V,S0=83=0V
OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT OUTPUT
PARAMETER UNDER UNDER WAVEFORM
APPLY APPLY APPLY APPLY
TEST TEST
45V GND 45V GND
PLH A; B; None None Remaining F; Out-of-Phase
PHL AandB, C,
'PLH B; A None None Remaining Fi Out-of-Phase
L AandB,C
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4-Bit Arithmetic Logic Unit 25L.5181
L _______________________________________________________ ]

SUM MODE TEST TABLE
FUNCTION INPUTS: S0 =S3=45V,81=82=M=0V

OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT OUTPUT
RAMETE UNDER UNDER WAVEFORM
PA R TEST APPLY APPLY APPLY APPLY TEST
45V GND 45V GND
Remaining
"PLH A B None A and Bg ch F; In-Phase
TPHL an
Remainin
‘PLH B; A None d Bg Ch Fi In-Phase
tpHL A an
. Remaining
‘PLH A B; None None AandB.C P In-Phase
TPHL and B, Cyy
Remainin
PLH B; A None None A and B Cg P In-Phase
'PHL and B, Gy
R inin Remainin
PLH A None B; em:m 9 AC 9 G In-Phase
PHL *-n
R ini Remainin
PLH B; None A emaining A C 9 G In-Phase
tPHL B +Cn
All All Any F
'PLH Ch None None In-Phase
tpHL B B orCoya
Remaini Remainin
"PLH Aj None B, ¢ :"'"g e ? Cosa Out-of-Phase
'PHL *n
Remainin Remainin
fPLH B; None A BI n AC 9 Chia Out-of-Phase
tPHL ‘n
DIFF MODE TEST TABLE
FUNCTION INPUTS: S1=S2=45V,S0=S3=M=0V
OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS OUTPUT OUTPUT
PARAMETER UNDER UNDER WAVEFORM
APPLY APPLY APPLY APPLY
TEST TEST
45V GND 45V GND
¢ Remaini Remaini
PLH A; None B emaining emaining F; In-Phase
tPHL A 8.Cn
1 R ini R ini
PLH B; A; None emaining emaining F; Out-of-Phase
tPHL A B.Cn
t Remaini
PLH A None B, None emaining P In-Phase
tPHL A and B, C,
t Remaini
PLH B; A None None emaining P Qut-of-Phase
tpHL A and B, C,
1t Rermami
PLH A B; None None emaining G In-Phase
tPHL AandB, C,
R ini .
‘PLH B; None A None emaining G Out-of-Phase
tpHL AandB,C,
P Rermaim Rermam
PLH A None B; emaining emaining A=8B {n-Phase
TPHL A B.Cp
R ini R ini
‘PLH B; A None emaining emaining A=8B Out-of-Phase
tPHL A B Cn
'PLH Cq None None Al None Cnta In-Phase
tPHL Aand B orany F
f Rermaim
PLH Aj B; None None ema|nv:{g Ch+q Out-of-Phase
PHL A.B.Cy
t R ini
PLH B; None A None emaining Ch+a In-Phase
tPHL A/ B, Cy
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25L8190

Synchronous BCD Decade Up/Down Counter

25Ls191

Synchronous 4-Bit Binary Up/Down Counter

FEATURES

®  Single up/down count mode control line

®  Asynchronous parallel load

= Count enable, parallel load control inputs

®  Cascadable

m  Higher speed compared to 9LS/54LS and 9LS/74LS
= 8mA sink current over full military temperature

range

50mV improved Vg compared to 9LS/74LS

440uA source current

®  100% reliability assurance testing in compliance with
MIL-STD-883

DESCRIPTION

The 25L.S190 and 25L.S191 are synchronous, reversible up/
down counters having a complexity of 58 equivalent gates.
The 25LS191 is a 4-bit binary counter and the 25L.S190 is
a BCD counter. Synchronous operation is provided by hav-
ing all flip-flops clocked simultaneously so that the outputs
change coincident with each other when so instructed by
the steering logic. This mode of operation eliminates the
output counting spikes normally associated with asynchro-
nous (ripple clock) counters.

The outputs of the four master-slave flip-flops are triggered
on a low-to-high-level transition of the clock input if the
enable input is low. A high at the enable input inhibits
counting. Level changes at the enable and down/up inputs
should be made only when the clock input is high. The

direction of the count is determined by the level of the
down/up input. When low, the counter counts up and
when high, it counts down.

These counters are fully programmable; that is, the outputs
may be preset to either level by placing a low on the load
input and entering the desired data at the data inputs. The
output will change to agree with the data inputs indepen-
dently of the level of the clock input. This feature allows
the counters to be used as modulo-N dividers by simply
modifying the count length with the preset inputs.

The clock, down/up, and load inputs are buffered to
lower the drive requirement which significantly reduces
the number of clock drivers, etc., required for long parallel
words.

Two outputs have been made available to perform the
cascading function: ripple clock and maximum/minimum
count. The latter output produces a high-level output
pulse with a duration approximately equal to one complete
cycle of the clock when the counter overflows or under-
flows. The ripple clock output produces a low-level output
pulse equal in width to the low-level portion of the clock
input when an overflow or underflow condition exists.
The counters can be easily cascaded by feeding the ripple
clock output to the enable input of the succeeding counter
if parallel clocking is used, or to the clock input if parallel
enabling is used. The maximum/minimum count output can
be used to accomplish look-ahead for high-speed operation.

PIN-OUT DIAGRAM

25L8190

25L8191

Die Size .100 x .077

INPUTS  QUTPUTS INPUTS
w
DATA ESMAX/E DATA
Ve A CKESMIN S € D
U}‘
A CK RIPLEMAX‘ L0AD €
CLOCK MIN

] 0

Qg 0A G ONWP Oc  Qp

e

DATA Qg QA G DN/UPQC Qp GND
ENABLE

INPUT OUTPUTS INPUTS OUTPUTS
LOW INPUT TO LOAD SETSQ, =A, Qs =B,Q: =C,Qy =D
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Synchronous BCD Decade Up/Down Counter 25L.S190
Synchronous 4-Bit Binary Up/Down Counter 25L.5191

Recommended Operating Conditions

Military Commercial .
Min | Nom | Max Min | Nom | Max Unit
Supply voltage, Vce 4.5 5 55 | 4.75 5 5.25 \%
High-level output current, lgy -440 -440 | uA
Low-level output current, I 4 8 4 8 mA
Input clock frequency, fgiock 0 25 0 25 | MHz
Width of clock input pulse, ty(clock) 25 25 ns
Width of load input puise, ty(ioad) 25 25 ns
Data setup time, tseuup (see Figures 1and 2) 12 12 ns
Enable to clock setup time, tewp 20 20 ns
Data hold time, thog 0 0 ns
Operating free-air temperature, Ta -55 125 0 70 °C

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

P Test Conditions* Military Commercial Unit
arameter est Conditions Min | Typ™ | Max Min [ Typ] Max ni
Vi 2 2 v
ViL 0.7 0.8 \Y
V) Vee=MIN, I)=-18mA -1.5 -1.5 \
Vee=MIN, Vig=2V,
Vou VL=V max, lo = -440uA 2.5 3.4 2.7 3.4 \Y
N Vce=MIN, Vig=2V, loL=4mA 0.25 | 0.40 0.25 | 0.40 v
oL Vi =V} max ToL =8mA 0.30 | 0.45 0.30 | 0.45
Enable _ _ 0.3 0.3
L Others Vee=MAX, = V)=7v 0.1 0.1 mA
Enable _ _ 60 60
lik Others Vce=MAX, V=2.7V 50 50 MA
Enable B -1.08 -1.08
I Othors Vee=MAX, V,=0.4V 04 0.4 mA
lost Vec=MAX ~15 -85 | -15 -85 | mA
|Cc1‘1' VCC:MAX 20 35 20 35 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Vo = 5V, Tp = 25°C.
1tNot more than one output should be shorted at a time.

Ttlce is measured with all inputs grounded and all outputs open.
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25L.8190

Synchronous BCD Decade Up/Down Counter

25LS191

Synchronous 4-Bit Binary Up/Down Counter
L _____________________________________________________________________ ]

Switching Characteristics, V.. = T, = +25°C

Parameter (E‘rgm) (o:t-gut) P |+::;c I o, Unit
Test Conditions: C, = 15pF, R, = 2k(} (see Fig. 1 and 3 thru 7 on pages 3-56 and 3-57
and Fig. A on page 2-174)
fmax 25 35 MHz
:::': Load Qa.Qg,Qc,0p gg gg ns
L Data A,B,C,D{Qa,05,Qc,Op 132
:::t Clock Ripple Clock 11 ;? ns
:;:t Clock  |Qa,Qg:Qc.0p :2 ;; ns
:::’: Clock Max/Min gg gg ns
:z:’: Down/Up | Ripple Clock 122 22 ns
:: :': Down/Up Max/Min ,1| ; gg ns
::::': Enable Ripple Clock :2 ;3 ns
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Synchronous BCD Decade Up/Down Counter 25LS190
Synchronous 4-Bit Binary Up/Down Counter 25LS191
LOGIC DIAGRAM
25LS190
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INPUT B
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25L.5190 Synchronous BCD Decade Up/Down Counter
2515191 Synchronous 4-Bit Binary Up/Down Counter

LOGIC DIAGRAM
25L.8191
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Synchronous BCD Decade Up/Down Counter 25LS190
Synchronous 4-Bit Binary Up/Down Counter 25L.5191

25L.5190 TYPICAL LOAD, COUNT AND INHIBIT SEQUENCES

Iustrated below is the following sequence.

1. Load (preset) to BCD seven.
2. Count up to eight, nine (maximum), zero, one, and two.

3. Inhibit.

4 Count down to one, zero (minimum), nine, eight, and seven.

DOWN/UP_l u L J
ENAELEI“ “ l !
L ' !

max/min_ "]
R j v

RIPPLE

CLOCK ——odd |} L )
t71i8 9 0 1 2 1211
| H———coumuv——-l-wman-l l-—coumoown——-{
—
LoAD

25L.S191 TYPICAL LOAD, COUNT AND INHIBIT SEQUENCES

Illustrated below is the following sequence:
1. Load (preset) to binary thirteen.
2. Count up to fourteen, fifteen (maximum), zero, one, and two.
3. Inhibit.
4 Count down to one, zero (minimum), fifteen, fourteen, and thirteen.

paTA)} —/™—— — — — — — — — — — - =

ENABLE | [
el e ruer—
os::_L:_J LN T [

o l_"—-L__——_‘r—_——
ODZZL"—_—L—n_,_-.__!——

MAXMIN TTT L [T . IR !
RIPPLE - ~-— - - L1
CLOCK ““= iy 15 0 1 2 201 0 15 14 13
l “'—coum' up —‘hNHIBIﬂ —count pown —|
LOAD
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25L.S190 Synchronous BCD Decade Up/Down Counter

2515191 Synchronous 4-Bit Binary Up/Down Counter
—

PARA_METER MEASUREMENT INFORMATION

DATA -~ =<10NS - = <10NS
INPUT N ARkt e 3v

(SEE NOTE A) 10%

LOAD
INPUT :

(SEE NOTE A) ~ =~ <10NS ~_<I0NS o
ouTPUT VoL

NOTE:

A. The inputs pulses are supplied by generators having the foiiowing characteristics: Z =508, duty cycle < 50%, PRR < 1 MHz.

out

FIGURE 1-DATA SETUP TIME VOLTAGE WAVEFORMS

r

ANY DATA INPUT [ |
I i
______ - ! A
CORRESPONDING _ _ _ _ _ _ L ! | l J_.-l____

|
'
L
' ' [ ! [
Q OUTPUT PLH = e — e tpHL PLH — = —i e tpHL

LOAD L] .l | !

NOTE : Conditions on other inputs are irrelevant.

FIGURE 2—-LOAD TO OQUTPUT AND DATA TO OUTPUT

LOAD l l
DOWN/UP | I I
CLOCK ] I l
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RIPPLE CLOCK ! !
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NOTE: All data inputs are low.
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FIGURE 3—ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO MAX/MIN



Synchronous BCD Decade Up/Down Counter 25LS190
Synchronous 4-Bit Binary Up/Down Counter 25L.S191

PARAMETER MEASUREMENT INFORMATION (Continued)

LOAD LI LJ

DATAINPUTS™ — — — —— — — = = — = 7 J

DOWN/UP 1

COUNT L
OUTPUTI(S)_ _ ]

- i
UNDER TEST _ _ ) J 1

ENABLE = LOW

NOTES:

F. To test Qp, Qg, and Q¢ outputs of 25L.5190: Data inputs A, B, and C are shown by the solid line. Data input D is shown
by the dashed line.

G. To test Qp output of 25L.5190: Data inputs A and D are shown by the solid line. Data inputs B and C are held at the low
logic level.

H. To test Qa, Qp, Qc, and Qp outputs of 54L.S191: All four data inputs are shown by the solid line.

FIGURE 4—-CLOCK TO OUTPUT

LOAD [} L

DATA A 1
DATA B,C, AND D I
(SEENOTE ) o | e e e~
DOWN/UP L
COUNT L | '
—~ [—1PLH = [ tPHL —~ P—tLH ] e tPHL

MAX/MIN '___—1 [

ENABLE = LOW

NOTE It
Data inputs B and C are shown by the dashed line for the 25L.5S190 and the solid line for the 25L.5121: Data input D is shown
by the solid line for both devices.

FIGURE 5—-CLOCK TO MAX/MIN
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25LS192 Synchronous BCD Decade Up/Down Counter
25L.5193 Synchronous 4-Bit Binary Up/Down Counter
FEATURES PIN-OUT DIAGRAM
m  Separate clock inputs for count-up, count-down QUTPUTS
®  Asynchronous parallel load and clear INPUTS = INPUTS
®  Cascadable " § za
DATAx & & < DATA

a8  Higher speed compared to 9LS/54LS and 9LS/74LS vce A8 3S¢co
®m  8mA sink current over full military temperature [15] [11] [10]

range b4
= 50mV improved Vo compared to 9LS/74LS fE “”“"”Wg Loao ¢
®  440uA source current s ° o

= 100% reliability assurance testing in compliance with
MIL-STD-883.

DESCRIPTION

These monolithic circuits are synchronous reversible (up/
down) counters having a complexity of 55 equivalent gates.
The 25LS192 is a BCD counter and the 25LS193 is a
4-bit binary counter. Synchronous operation is provided
by having all flip-flops clocked simultaneously so that the
outputs change coincidently with each other when so
instructed by the steering logic. This mode of operation
eliminates the output counting spikes which are normally
associated with asynchronous (ripple-clock) counters.

The outputs of the four master-slave flip-flops are triggered
by a low-to-high-level transition of either count (clock)
input. The direction of counting is determined by which
count input is pulsed while the other count input is high.

All four counters are fully programmable; that is, each
output may be preset to either level by entering the desired
data at the data inputs while the load input is low. The
output will change to agree with the data inputs indepen-
dently of the count pulses. This feature allows the counters
10 be used as modulo-N dividers by simply modifying the
count length with the preset inputs.

A clear input has been provided which forces all outputs to
the low level when a high level is applied. The clear function
is independent of the count and load inputs. The clear,
count, and load inputs are buffered to lower the drive
requirements. This reduces the number of clock drivers,
etc., required for long words.’

These counters were designed to be cascaded without the
need for external circuitry. Both borrow and carry outputs
are available to cascade both the up- and down-counting
functions. The borrow output produces a pulse equal in
width to the count-down input when the counter under-
flows. Similarly, the carry output produces a pulse equal
in width to the count-down input when an overflow condi-
tion exists. The counters can then be easily cascaded by
feeding the borrow and carry outputs to the count-down
and count-up inputs respectively of the succeeding counter.
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Die Size: .100 x .077 (both types)




Synchronous BCD Decade Up/Down Counter 25LS192

Synchronous 4-Bit Binary Up/Down Counter 25L.S193
.-~ ]

Recommended Operating Conditions

Military Commercial

Min | Nom | Max Min | Nom | Max Unit
Supply voltage, Ve 4.5 5 55 | 4.75 5 5.25 \'
High-level output current, lgy ~440 -440 | pA
Low-level output current, igp 4 8 4 8 mA
Count frequency, feount 0 25 0 25 | MHz
Width of any input pulse, t,, 20 20 ns
Data setup time, tsup (see Figure 1) 20 20 ns
Data hold time, thold (] 0 ns
Operating free-air temperature range, Tp -55 125 0 70 °C

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions* Military Commercial Unit
Min | Typ** | Max Min | Typ**| Max

Vid 2 2 \Y

Vie 0.7 0.8 Vv

V| VCC=M|N, |,=—18 -1.5 -1.5 \Y
VCCSM’N, V|H=2V,

VoH VL=V max, lop=- ~440uA 25 | 34 27| 34 v

VoL Vcee=MIN, Vig=2V, loL=4mA 0.25 | 0.40 0.25] 0.40 v
Vi =V max loL=8mA 0.30 | 0.45 0.30 | 0.45

Iy Vee=MAX, V=7V 0.1 0.1 mA

hin Vee=MAX, V=27V 20 20 UA

I Vee=MAX, V=0.4V -0.4 -0.4 | mA

logt Veo=MAX -15 -85 | -15 -85 | mA

leett Vee=MAX 19 34 19 34 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Ve = 5V, T = 25°C.
1Not more than one output should be shorted at a time.

ttlcc is measured with all inputs grounded and all outputs open.

Switching Characteristics, V., = 5V Over Recommended Free-Air Temperature Range

From To +25°C i
Parameters {input) (output) Min ’ TyPT Max Unit
Test Conditions: C, = 15pF, R, = 2kQ
(See Fig. 1 & 2 on page 3-62 and 3-63 and Fig. A, page 2-174)
fmax 25 35 MHz
tPLH -~ 9 18 )
HL Count-up Carry 77 57 ns
tPLH 9 18
PHL Count-down Borrow 77 o ns
tPLH . 19 30
L Either Count Q 20 32 ns
tPLH 22 33
L Q
tPHL oad 29 40 ns
tPHL Clear Q 23 33 ns




2515192 Synchronous BCD Decade Up/Down Counter

2508193 Synchronous 4-Bit Binary Up/Down Counter
LOGIC DIAGRAM
25L.8192
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Synchronous BCD Decade Up/Down Counter 25LS192

Synchronous 4-Bit Binary Up/Down Counter 25L.5193
LOGIC DIAGRAM
25L5193
—— (13) BORROW
= OUTPUT
————T, (12) ~ARRY
L/ 'gt\}TPUT
DATA  (15)
INPUT A
DOWN (4 3)
COUNT @) > ( OUTPUT Qp
UP (5) o
COUNT
DATA (1)
INPUT B
(2)
OUTPUT Qg
DATA (10 =
INPUT C =
6
=| ,_‘l OUTPUT Q¢
DATA  (9) —
INPUT D o
(14)
CLEAR ———-{>»J s 7
Qpl———— OUTPUT Qp
T
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25LS192 Synchronous BCD Decade Up/Down Counter
25L.5193 Synchronous 4-Bit Binary Up/Down Counter

PARAMETER MEASUREMENT INFORMATION

oUTPUTS
Vee QpQcQgQpy
- o e e e o | e e e
DATA D ue r }
PULSE — b DOWN  BORROW |-OPEN ! |
GENERATOR | RL |
(See Note A) A CARRY }OPEN |
CLEAR 8 A 1 0P+ PP
PULSE c ag | I (See Note C) |
GENERATOR o |
(See Note A) o Q¢ [ I > soe Note 8) |
LOAD CLEAR 9 — | = |
PULSE d Loso | = |
GENERATOR L LOAD CIRCUIT 1
(See Note A T = o e o
4 1 [--=—-=-=-=-—--=---)
= = LOAD CIRCUIT 2 .
1 (Same as Load Circurt 1)
| S AP |
mm——m——————————————
1 LOAD CIRCUIT 2 !
L (Same as Load Circurt 11 :
Fmm——————— —————————
L4 LOAD CIRCUIT 4 !
(Same as Load Circuit 1)
| P ——— e e e e ]
TEST CIRCUIT

| ov
| — et ey
I l | ! e —— 3v

DATA ! | 0% 90%

INPUT | 10% d 1.3v 1.3V 1§ 10% .
. . ! oV
' Jt—— isetup __" 1
| > | Iy [ — tsetup ———ond v

LOAD | 90% 1.3V 90% 1.3v 90%

PUT 10%  10% [ 10% !
INPU —o| tPHL ha— - 2o | | S . ov

| ol bt -
| f—— L —————— e ————f VoH
Q Sk 13v % 1.3v }\13\/_
ouTPUT Vou

VOLTAGE WAVEFORMS

NOTES:

A. The pulse generators have the following characteristics: Zo,¢ = 5002 and for the data pulse generator PRR < 500KHz, duty cycle =
50%; for the load pulse generator PRR is two times data PRR, duty cycle = 50%.

B. C| includes probe and jig capacitance. ‘

C. Diodes are 1N3064.

.trand t§ < 7 ns.

o

FIGURE 1 — CLEAR, SETUP, AND LOAD TIMES
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Synchronous BCD Decade Up/Down Counter

25L.8192

Synchronous 4-Bit Binary Up/Down Counter

25LS193

PARAMETER MEASUREMENT INFORMATION (Continued)
ouTeuTs

av Vee Qp Oc 394 canry sORROW
PS

|[em—————-—

)i [=====--
| 3n

PULSE b ue >
GENERATOR H

(See Note A)

i

B oy
Lall ol al
(Sae Mot C)

Note 8)

3

-|}—-2 H;
rp

\4

i

3

i
X

o
? fP f Po
T
:
crmcccceod

LOAD CIRCUIT t
= beccccccaccca -
LOAD f'""'"-‘"-‘--""
LOAD CIRCUIT 2
_L ' Same m Load Circut 11
L L-—------------—-J
= focrcmcmccaaa e ==-
___4 LOAD CIRCUIT 3
(Same o4 Load Cwcwt 1)
o e Ry e
o-s—sssossocoaoh
[] LOAD CIRCUIT ¢ '
' 1Same a Load Cwcwt 1)
lecmccnmnccccccce e
I e PR PP
——{ LOAD CIRCUIT § M

(Seme a1 Load Circunt 1}

Sa (]
Lewemaceccccceccccn ot
Prrcmcccce cemen - -

LOAD CIRCUIT 6
' ]
1 (Same oy Load Cwewt 1) s

becmncmccc e can e d

TEST CIRCUIT

tr —l foto] L1,
COUNT i
upP . esesae 3V
INPUT 1 JO0% N3 8 4f13v\ 9 15 J13 16 1.3V
10% L — ——- oV
(See Note D) : | ! |
—>  e—tPLH 1
OUTPUT \ ! A — — VoH
Qp f 1.3v ] ] 1.3V v
(See Note E) | \ | = oL
> tPHL
'PHL<P’ le
|-= tPLH

CARRY 1.3V \ I 1.3V Vou
OUTPUT -~~~ VoL

t -bl |<->l s t
COUNT f ' '
powN . '!___ ; - 3V
INPUT 1 10/:7 2 8 f1av\ ° 15 f13vX 16 A~ 1.3v
{See Note D) ° | | T———- ov
—-i | tPHL ) — ?‘-tpLH
! |
OUTPUT ! ! L Vo
ap X -2V . | Arav
(See Note E) _ VoL
[

v
BORROW . : 3VU OH
OUTPUT VOLTAGE WAVEFORMS ’ — —— VoL
NOTES:

. The pulse generator has the following characteristics: PRR < 1MHz, Zq,¢ = 5082, duty cycle = 50%.
. CL includes probe and jig capacitance.

. Count-up and count-down pulse shown is fpr the 25L.5193 binary counter. Count cycle for 25L5192 decade counter is 1 through 10.

- Waveforms for outputs Qp, Qp, and Qr; are omitted to simplify the drawing.

A
B
g. Diodes are 1N3064.
E
F. ty and tf < 7ns.

FIGURE 2-PROPAGATION DELAY TIMES
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25L.5192 Synchronous BCD Decade Up/Down Counter

2505193 Synchronous 4-Bit Binary Up/Down Counter
—

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES
25L.S192

Hlustrated below is the following sequence:

1. Clear outputs to zero.

2. Load (preset) to BCD seven.

3. Count up to eight, nine, carry, zero, one, and two.

4. Count down to one, zero, borrow, nine, eight, and seven.

BORROW

I

i

I

) LI

. o

j10 B Y i} 1 Z 1 V] Y 8 7
SEQUENCE F__ACOUNTUP__—4 F—~COUNTDOWN—“4

ILLUSTRATED ~"=—\ =

CLEAR PRESET

CLEAR __
LOAD | LT
i [
‘A . . - __-—_-_—_Z-
Vo [
B o - - ____-__Z
DATA N
L ! e o
1 i . i
o __ . i - - ________
COUNT —
up ‘ ‘
SounT T LT
DOWN L | |
A" 1 L
! [ i i 1 |
[oT2} : j | | | | | |
OUTPUTS ! L P !
ac” "] | | | | |
[ | | | |
op j [ 1 1 i i
I I ] i i
CARRY ! ' 1 o |
] 1 I I 1
| | 1 il 1
; ) N )

NOTES:

A. Clear overrides load, data, and count inputs.

B. When counting up, count-down input must be high; when counting
down, count-up input must be high.



Synchronous BCD Decade Counter 2515192
Synchronous 4-Bit Binary Up/Down Counter 25LS193

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES
2515193

lllustrated below is the following sequence:

1. Clear outputs to zero.

2. Load (preset) to binary thirteen.

3. Count up to fourteen, fifteen, carry, zero, one, and two.

4. Count down to one, zero, borrow, fifteen, fourteen, and
thirteen.

CARRY

BORROW

I 1
[ I
[ |
I ] ]
l | l 15 14
SEQUENCE COUNT UP COUNT DOWN
ILLUSTRATED

CLEAR PRESET

NOTES:

A. Clear overrides load, data, and count inputs.

B. When counting up, count-down input must be high; when counting
down, count-up input must be high.



25LS194A 4-Bit Universal Shift Register

25LS195A 4-Bit Parallel-Access Shift Register
- ]
FEATURES

PIN-OUT DIAGRAM

®  Higher speed compared to 9LS/54LS and 9LS/74LS
= 8mA sink current over full military temperature

25LS194A
VCC Qp Qg Qg Qp CLK S1 SO

range [16] {15] [14] [10]
®  50mV improved Vg compared to 9LS/74LS ® e .l T T[HE T
®  440uA source current 0a 08 0c 00 ¢gey 51
= 100% reliability assurance testing in compliance with cLean ©
MIL-STD-883.
R A B T 0 L
MEHED
CLRSHIFTA B C D SHIFT GND
RIGHT———v——" LEFT
SERIAL PARALLEL gppipl
DESCRIPTION INPUT NPT

The 25LS194A and 25LS195A are 4-bit registers that ex-
hibit fully synchronous operation in all operating modes.
The 25LS195A can either parallel load all four register
bits via the parallel inputs (A, B, C, D) or shift each of the
four register bits right one place. The shifting or parallel
loading is under control of the shift/load input (S/L). When
the shift/load input is LOW, data is loaded from the paral-
lel data inputs; when the shift/load input is HIGH, data is
loaded from the register bits on the left. The first bit, Qp,
is loaded via the J and K inputs in the shift mode.

The 25LS194A operates in four modes under control of
the two select inputs, Sg and Sq. The four modes are paral-
lel load (data comes from the parallel inputs), shift right
(data comes from the flip-flop to the left, with the Qp bit
input from R), shift left (data comes from the flip-flop to
the right. with the OD input from L) and hold or do nething
(each flip-flop receives data from its own output).

For both devices the outputs change state synchronously
following a LOW-to-HIGH transition on the clock input,
CP. Both devices have an active-LOW synchronous clear
(CLR) which forces all outputs to the LOW state (OD HIGH)
independent of any other inputs.

Because all the flip-flops are D-type they do not catch O’s or
1’s, and the only requirements on any inputs is that they
meet the short set-up and hold time intervals with respect
to the clock LOW-to-HIGH transition.
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4-Bit Universal Shift Register 25LS194A

4-Bit Parallel-Access Shift Register 25LS195A
"]

25LS194A
LOGIC DIAGRAM

LOGIC DIAGRAM PARALLEL INPUTS
A E C [)
mope (109 (3) 4) 5) (6)
CONTROL ©
INPUTS SO—D:LQ
SHIFT
SHIFT
rigHT —2 L ]L [ 7) LEFT
SERIAL . - SERIAL
INPUT INPUT
s Q8
CK
R
CLR
(11)
CLOCK —{o—
g
CLEAR (15) (14) (12)
Qaa Qg Qp
PARALLEL OUTPUTS
25LS194A
FUNCTION TABLE
INPUTS OUTPUTS
CLEAR MODE cLoCK SERIAL PARALLEL o
s1 so LEFT RIGHT [A B C D A O O Op
L X X X X. X X X X X L L L L
H X X L X X X X X X| Qag Qg Ocg Opo
H H H t X X a b ¢ d a b c d
H L H 1 X H o [x X X X Qan Q8n Qcn
H L H t X L X X X X L QAn QBn QCn
H Ho oL t H X X X X X| 0g, Qg Qp, H
H Ho L t L X X X X X| Og, Qg Qp, L
H oL L X X X |X X X X | Qa Opp 9 Qpg

i

high level (steady state)

i

low level (steady state)

I

H

L

X irrelevant (any input, including transitions)

1t = transition from low to high level

a, b, ¢, d = the level of steady-state input at inputs A, B, C, or D, respectively.

Qag. QBO' QCO' 2Qp = the level of QA, Qg, QC, or Qp, respeétively, before the indicated
steady-state input conditions were established.

Qan Ogn- Qcn. Qpy, = the level of Qp, Qg, QC, respectively, before the most-recent t

transition of the clock.
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25LS194A 4-Bit Universal Shift Register

25LS195A 4-Bit Parallel-Access Shift Register
25LS195A
LOGIC DIAGRAM
SERIAL
INPUT PARALLEL INPUTS
~=
Tk A B ( C D
(2)| 3} (4) (5) 6) )
SHIFT/ ‘9){>0
LOAD
CONTROL
- | 1 ||
cLOoCK t0)
- :
ctear Lt o~ T
CLR | CLR CLR CLR
R Qp R R R Qp
4 cK LCK Ldck Ldek
Lo >—ts ap¢ s agi¢ “{>—{s acH L«(>—s Qp
i (11)
(15) (14) (13) (2) 3
Qa Qg Qc Qp D
PARALLEL OUTPUTS
25LS195A
FUNCTION TABLE
INPUTS QUTPUTS
CLEAR SHIFT/ CLOCK SERIAL PARALLEL Q Q Q'b Q a.
LOAD J ¥|aAaB cD| A B C "D D
L X X X X X X X X L L L L H
H L + X X a b c d a b c d d
H H L |X X | X X X X |Qa Qs Oco %o 9po
H H t L H | X X X X |Qp Qag Qn Qcn Qcn
H H t L L | X X X X|L Qa, Qgy Qcn Qcn
H H t |H H | X X X X |H 0p, Ogy Qn Qgn
H H t |H L | x x X X|Qa Qan Qsn Qn Qcn
H = high.level (steady state)
L = low level (steady state)
X = irrelevant (any input, including transitions)
+ = transition from low to high level

a, b, ¢, d = the level of steady-state input at A, B, C, or D, respectively.

QAO' Qgo. Qco- Qpg = the level of Qp, Qp, Qg, or Qp, respectively, before the indicated
steady-state input conditions were established.

Qan: Q. Qcp = the level of Qp, Qg, or Qg, respectively, before the most-recent
transition of the clock.
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4-Bit Universal Shift Register 25LS194A

4-Bit Parallel-Access Shift Register 25LS195A
L____________________________________________________________________________________________________________________ ]

Recommended Operating Conditions

Military Commercial

Min | Nom | Max Min | Nom | Max Unit

Supply voltage, Ve 4.5 5 55 | 4.75 5 5.25 \Y
High-level output current, loy -440 -440 | uMA
Low-level output current, Ig_ 4 8 4 8 mA
Clock frequency, fgiock 0 35 0 35 | MHz
Width of clock or clear pulse, t, 20 T 20 ns
Mode control 30 30 ns

Setup time, teeryp Serial and parallel data 16 16 ns
Clear inactive-state 18 18 ns

Hold time at any input, thog 0 0 ns
Operating free-air temperature, Ta -55 125 0 70 °C

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

. Military Commercial ]
Parameter Test Conditions* Min [ Typ™ | Max | Min | Typ] Max Unit
Vin 2 2 \Y
Vil 0.7 08 | V
Vi Voo=MIN,  [,=-18mA 15 a5 V
VCC=M|N, V|H =2V, .
Vou VoaVy max, losie—440uA 25 | 35 27 | 34 v
v Veo=MIN,  Vi3=2V, IoL=4mA 0.25 | 0.40 025] 040
o V)=V max loL=8mA 0.30 | 045 0.30] 0.45
I Veo=MAX, V=7V 0.1 0.1 | mA
'lH VCC=MAX, V|=2.7V 20 20 [.lA
e Voo=MAX, V=04V -04 ~0.36| mA
lost Vee=MAX -15 -85 -15 -85 mA
25LS194A 15 23 15 23
loctt Vec=MAX 25LS195A 4 | 21 w21 | ™

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Vo =5V, Ta = 25°C.
+Not more than one output should be shorted at a time.
t1With all outputs open, inputs A through D grounded, and 4.5V applied to SO, S1, clear, and the serial inputs, Icc is tested with a momentary

GND, then 4.5V, applied to clock.
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

From To 25LS194A 25LS195A Unit
ni
Parameter (Input) (Output) MinJ Typ r Max. | Min l Typ l Max
Test Conditions: C, = 15pF, R_ = 2.0k(} (See Fig. 1 & 2 on page 3-71 and Fig. A on page 2-174)
1, . 13 21 13 21 n
PLH Clock Q i
L 12 18 12 18 ns
tPHL Clear Q; 17 26 17 26 ns
tow Clock 17 16 ns
pw Pulse Width o
tow Clear 17 12 ns
tg i Mode Control | 25 25 ns
Set up time
tg Data Input 16 15 ns
tg * Clear recovery | Clock 20 20 ns
th Hold time Data 0 0 ns
Shift/Release Time
tR — 10 ns
(25L.S195A only)
fMAX Maximum clock frequency 35 55 35 55 MHz
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25LS194A

4-Bit Universal Shift Register

25LS195A

4-Bit Parallel-Access Shift Register

25LS194A
TYPICAL TIMING SEQUENCES

CLOCK MM MMM ML U

MODE
CONTROL
INPUTS

CLE
SERIAL
DATA
INPUTS

PARALLEL
DATA
INPUTS

OUTPUTS

CLEAR LOAD

CLEAR
seriaL f 4
INPUTS |_K
SHIFT/LOAD
A
B
c

PARALLEL
DATA
INPUTS

QaZZ

Qg
OUTPUTS

Qp
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T

|
T T
'
|
l

1

L

SO
S1

'
l L I
'

AR TS}

J
'
]
1
}
t
'
|

R_|
i
{L

'
I
!
T
'
.
i
1
i
1

I..E-I..

A

A
B
Cc
' 1
D__L

-

oAl L

Qg1 + [ L L

|
I
i
I
!
|
'
i
[
1
!
'
|
'
!
v
'
|
1
'
]
'

o

Qp. .L___J'I_I_L_J‘—'l_'__r”l__J
SHIFT RIGHT— h—SHIFT «L—aNHlBlT—-JAR

LEFT

25LS195A
TYPICAL TIMING SEQUENCES

T ]
1 1 L i |
{ — t 1
] i R
| ! rame il
| | L ;
i | I Bl
| | L |
— — —
e : 1 i —
Tl 3 — —1_
--=1 i 1 [
: '}"—SER|AL SHIFT——O{’ ,}’—SERlAL SHIFT————e
CLEAR LOAD



4-Bit Universal Shift Register 25LS194A

4-Bit Parallel-Access Shift Register 25L.S195A
25LS194A
f——— twiclear)
| | 3v
CLEAR 1.3v 1.3v
S, —
| -r‘——tsetup | th+1 th+1 o

1.3V 1.3v

|
: ta [ (SeeNoteF)
|

CLOCK 1.3v |

I

| | |
fetw(clock)™ lsetup | | thold
|

|
INPUT : 1.3v 1.3v 1.3v I 1av
; ————— — ov
|

DATA |
(SEE TEST :
TABLE) | |
fo—et—t
PHL —k—.r LipLel R o
| " | @ f————— VoH
OUTPUT Q \ 1.3v fmsv 1.3v
VoL
VOLTAGE WAVEFORMS
NOTES:
A. The clock pulse generator has the following characteristics: Zg,¢*~ 50 2 and PRR < 1 MHz, t,< 16ns
and t¢ < 6 ns. When testing fyax, vary PRR.
B. A clear pulse is applied prior to each test.
C. Vief=1.3V.
Proplagation delay times (tp| | and tpy( ) are measured at tp+1. Proper shifting of data is verified
at tn+4 with a functional test.
tn = bit time before clocking transition.
tn+1 = bit time after one clocking transition.
tnh+4 = bit time after four clocking transitions.
FIGURE 1
25LS195A
LOAD FOR OUTPUT UNDER TEST
o twl(clear)
| | 3V
CLEAR 1.3V 4 1.3v
! e ov
r"—'setup—'ﬂ
! t = ta+1 t > th+1 oy
CLOCK 1.3v 1' 1.3v 1.3v 1.3v
(I | - | | ov
T tw(clk leat— 1 Pt
! w(e r).‘setupu : hold jotsetup ' hold a
| I{_ | |
DATA | 1.3v w 1.3v 1.3v
(SEE NOTE G) I Y N—_— ov
e-tsetup — re—tsetup——=
I re———trelease | r trelease
D | | ——xI | e 3V
SHIFT/LOAD ! \ 1.3v ;I‘ 1.3V 1.3V £1.3v
| | -———t—————— ov
P—-tPHL—’: |‘"PLH"= b_tPHL'.‘I
ASSOCIATED [ i - —~- VoH
OUTPUT Q 1.3v 1.3v % 1.3v
VoL

NOTES: VOLTAGE WAVEFORMS

A. The clock pulse generator has the following characteristics: Zgyy ~ 50 © and PRR < MHz,t, < 15ns,and tf < 6
ns. When testing f,5,, vary the clock PRR.

B. Cy_includes probe and jig capacitance.

C. Ali diodes are 1N3064.

D. A clear pulse is applied prior to each test.

E. Propagation delay times (tp_H4 and tpp| ) are measured at tp4+41. Proper shifting of data is verified at th+4 with a
functional test.

F. J and K are tested the same as data A, B, C, and D inputs except that shift/load input remains high.

G. tp = bit time before clocking transition.
th+1 = bit time after one clocking transition.
tn+4 = bit time after four clocking transitions.

FIGURE 2
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25LS194A 4-Bit Universal Shift Register
25LS195A 4-Bit Parallel-Access Shift Register

APPLICATION

12-BIT SHIFT-LEFT, SHIFT-RIGHT, PARALLEL LOAD REGISTER

So
$
cLock
F?rGI:I Ap A1 Az A3 As A5 Ag Ay Ag Ag A10A11 SHIFT
LEFT
m 11111 L1111 IR i
R ABC DL R A B C DL R A B C D
L s, L, L] :
$q 25L8194A $1 25L8194A $q 25L8194A
cp cp cP |
CLR @a Qg Q¢ Qp CLR QA O Oc Qp clR QA Qg Q¢ Op
CLEAR T j ‘i
SHIFT SHIFT
LEFT [ RIGHT
ouT ouT
Bo By By B3 B4 Bs Bg By Bg Bg Bio By
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8-Line-To-1-Line Multiplexer
With Three-State Outputs

25L.5251

FEATURES

m  Selects one of eight data sources

m  Performs parallel-to-serial conversion

m  Complementary 3-state outputs

m  Higher speed compared to 9LS/54LS and 9LS/74LS

®  8mA sink current over full military temperature
range

m  50mV improved Vg compared to 9LS/74LS

= 440uA source current

m  100% reliability assurance testing in compliance with
MIL-STD-883.

DESCRIPTION

This monolithic data selector/multiplexer contains full
on-chip binary decoding to select one-of-eight data sources
and features a strobe-controlled three-state output. The
strobe must be at a low logic level to enable this device.
The three-state outputs permit a number of outputs to be
connected to a common bus. When the strobe input is high,
both outputs are in a high-impedance state in which both
the upper and lower transistors of each totem-pole output
are off, and the output neither drives nor loads the bus
significantly. When the strobe is low, the outputs are
activated and operate as standard TTL totem-pole outputs.

To minimize the possibility that two outputs will attempt
to take a common bus to opposite logic levels, the output
control ciicuitry is designed so that the average output
disable time is shorter than the average output enable time.

LOGIC DIAGRAM

PIN-OUT DIAGRAM

DATA INPUTS DATA SELECT
N

Veed 5 6 7 A B C
[EI

[ [ 1]

D& D5 06 01 A

0

1
(4

0
DATA INPUTS OUTPUTS

"B

NH——18
_.H_<
=
<H44<
EE——«S

(2]
—
o

{

S
T
(e
o
2
5

Die Size: .056 x .057

STROBE —~
(ENABLE) 94> 1
po 4! —
p1 3 .
= FUNCTION TABLE
p22) : INPUTS OUTPUTS
| SELECT |sTROBE| =
(1) cC B A S
D3 - (5)
DATA | (G,OUTPUTY X X X H z z
INPUTS D4“5) OUTPUT W L L L L po Do
| L L H L D1 D1
= —
14) L OH L L o2 bz
ps | L H H| L |o3 B3
H L L L D4 D4
D6 113) 1 H L H L ps D5
H H L L D6 D6
D7‘(12) " H H H L D7 D7
a H = high logic level, L = low logic level
“11) A A X = irrelevant, Z = high impedance (off)
DATA AWB DO, D1 ... . D7 = the level of the respective D input
10) B
seect < B0 [ [ B
___C
(BINARY) c (9) c
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8-Line-To-1-Line Multiplexer
25LS251 With Three-State Outputs

Recommended Operating Conditions

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

device type.

**All typical values are at Vcc =5V, Ta
tNot more than one output should be shorted at a time.

ttlcc is measured with the outputs open and all data and select inputs at 4.5V under the following conditions:

A. Strobe grounded.
B. Strobe at 4.5V

=25°C.

Switching Characteristics, V. = 5V Over Recommended Free-Air Temperature Range

From To +25°C

Parameter (Input) (Output) Min Il Tvo l Max | tInit
Test Conditions: C_ = 15pF, R_ = 2k(} (See Fig. A, page 2-174)
1 A,B,orC 29 44

PLH or v ns
tPHL (4 levels) 20 30
1 A,B,orC 16 24

PLH or W s
tpHL (3 levels) 21 32
t, 14 24

PLH Any D Y ns
tPHL 11 17
1 8 12

PLH Any D w ns
tPHL 9 14
t 9 12

ZH Strobe Y ns
Tz 13 19
t 4 15

ZH Strobe W ns
tz 13 18
Test Conditions: C, = 5pF, R, = 2k(} (See Fig. C, page 2-174)
t 9 27

HZ Strobe Y ns
Lz 10 18
t 17 29

HZ Strobe w ns
Lz 10 18

3-74

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max "
Supply voltage, Ve 4.5 5 5.5 | 4.75 5 5.25 \Y
High-level output current, lgy -1 -2.6 | mA
Low-level output current, g 4 8 4 8 mA
Operating free-air temperature, T -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9LS/74LS
Parameter Test Conditions’ Min [ Typ| Max | Min | Typ'] Max Unit
Vin 2 2 \%
Vi 0.7 08 | V
V) Vee=MIN, f;=-18mA -1.5 -1.6 \Y
Veo=MIN, V=2V, 32
Vou V)L =MAX, lon=MAX 2.4 3.4 24 . \
v Vee=MIN, Vig=2V, loL=4mA 0.25 | 0.40 0.25| 0.40 v
oL ViL=MAX, ToL=8mA 0.30 [ 0.45 0.30| 0.45
Veo=MAX, Vo=2.7V 20 20
10 off) Vig=2Vv V=04V 20 0| MA
I Veo=MAX, V=7V 0.1 0.1 | mA
™ Vee=MAX, V,=2.7V 20 20 | pA
Im Voc=MAX, V,=0.4V 04 ~04 | mA
lost Vee=MAX -15 -85 | -15 -85 | mA
Condition A 6.1 10 6.1 10
Vee=MAX I
feett ce [ Condition B 71 12 7] iz ™




Dual 4-Line to 1-Line Data
Selectors/Multiplexers 2518253

DISTINCTIVE CHARACTERISTICS tion of both switches set by the logic levels supplied to
the select inputs A and B. Each section of the 25LS153
has a separate active-LOW enable (strobe) input that
forces the output of that section LOW when a HIGH leve!
is applied regardless of the other inputs.

® Permits multiplexing from N lines to 1 line

® Performs parallel-to-serial conversion

m Provides three-state outputs for data bus organization
data bus organization

® 100% reliability assurance testing in compliance with The 2515253 features a three-state output to interface
MIL-STD-883 with bus organized systems. Each section of the 2505253
has a separate active-LOW output control that disables the

DESCRIPTION output driver (high-impedance state) of that section when

This dual four-input multiplexer provides the digital equiva- a HIGH logic level is applied regardless of the other inputs.

lent of a two-pole, four position switch with the posi-

PIN-OUT DIAGRAM LOGIC SYMBOL

DATA2 OUTPUT
2G SEL 2C3 2C2 2C1 2CO

RLLLLLE

2515253
1C3 1C2 11
SEL
DATA 1 OUTPUT
Die Size: .057 x .061
LOGIC DIAGRAM
2G 2C3  2c2 2C1 2C0 A B 1c3 1c2 ic1 1co 16

=
=
=
=
=
|=

OUTPUT OUTPUT
2y 1

G = Output Enable



Dual 4-Line to 1-Line Data

2515253 Selectors/Multiplexers
.}

Recommended Operating Conditions

Military Commercial
Min. { Nom.| Max. Min. | Nom.| Max. Units
Supply Voltage, Ve 4.5 5| 565 4.75 55.25 \%
High-level Output Current, Ign 1.0 1.0 mA
Low-level output current, Ig| 4 8 4 8 mA
Operating free-air temperature, Ta -55 125 0 70 °C

Electrical Characteristics Over Operating Temperature Range (Unless Otherwise Noted)

Military Commercial
Parameters Test Conditions (Note 1) Min. | Typ. | Max. | Min. | Typ. Max. Units
V|H Guaranteed inyr')ut logical HIGH 2 2 v
voltage for all inputs
Guaranteed input logical LOW 0.7
ViL i \%
voltage for all inputs 0.8
\ Vee = MIN, Iy = -18mA -1.5 -1.5 \Y
Vo XCC:\';’“N" loH : -1.0mA 24 3.4 v
IN=Vigor VL loH = -2.6mA 24 3.2
VoL XCC—— I\\;IINA, Vi =20V[IigL : 4mA 0.25[ 0.4 0.25] 0.4 v
IL= VL MAX loL = 8mA 0.30] 0.45 0.30| 0.45
i 3 Ve = MAX., V| =04V -0.36 -0.36 mA
Iy (3) Ve = MAX, Vi = 2.7V 20 20 uA
n Vee = MAX, Vi = 7.0V 0.1 0.1 mA
B Vg = 2.4V 20 20
lo Vee = MAX. Vo = 0.4V 20 20 uA
Isc Vee = MAX. -15 -85 -15 -85 mA
lec Vce = MAX (Note 5) 7 |12 7 12 mA

Switching Characteristics V.. = 5V, T, = 125°C

From To +25°C
Parameters (Input) (Output) Min | Typ IMax Units

Test Conditions: C_ = 15pF, R. = 2k(2 (See Fig. A, page 2-174)

t 10 15
PLH C Yi - ns

tPHL 7 12.

oL H Select v 20 30
. ns

UL (A or B) ' 15 23

t 11 23
ZH G Y; ns

tz 15 23

Test Conditions: C, = 5pF, R, = 2kQ (See Fig. C, page 2-174)

thz 12 18
12 12 18

ns
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Dual 4-Line to 1-Line Data
Selectors/Multiplexers

FUNCTION TABLE

INPUTS OUTPUTS |
LS253
Select Data Output Ls253
Output
Control
B A CgC1CaC3 G Y
X X X X X X H z
L L L X X X L L
L L H X X X L H
L H X L X X L L
L H X H X X L H
H L X XL X L L
H L X X H X L H
H H X X X L L L
H H X X X H L H
H=HIGH
L=LOW
X =Don’t Care

Z = High Impedance

NOTE: A & B are common to both 4 input multiplexers.

DEFINITION OF FUNCTIONAL TERMS:

1Cj, 2C; Data Inputs. The four data inputs to each multi-
plexer;i=20, 1, 2, and 3.

1Y, 2Y Multiplexer Outputs. The output of each four-
input multiplexer.

A, B Select Inputs. The inputs used to determine which of
the four data inputs are selected for the output.

G Output Control. An active-LOW three-state
control used to enable the output. A HIGH level input
forces the output to the high-impedance (off) state.

25LS253

3-77



Dual 4-Line to 1-Line Data
2515253 Selectors/Multiplexers

WORD A WORD B WORD C WORD D WORD E WORD F
P e, e~ e —

1A 2A3A4A 1B 2B3B4B 1C0 1C1 1C2 1C3  2C0 2C1 2C2 2C3 1C0 1C1 1C2 1C3  2C0 2C1 2C2 2C3
—s Q16 —a16
A A

2518257 2515253 2518253
—OlE B B
1Y 2y 3y ay —Ol2G6 {)———-O 2G
1Y 2Y 1Y 2Y

DATA
BUS
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Quadruple 2-Line-To-1-Line

Multiplexers With Three-State Outputs

25LS257 25LS258

FEATURES

® Higher speed compared to 9LS/54LS and 9LS/74LS

B 8mA sink current over full military temperature
range

® 50mV improved Vo compared to 9LS/74LS

®  440uA source current

®  100% reliability assurance testing in compliance with
MIL-STD-883.

DESCRIPTION

These data selectors/multiplexers select a 4-bit word from
one of two sources and present it at the four outputs.
The 25LS257 presents true data; the 25LS258 presents
inverted data. With Output Control HIGH, the outputs are
forced to a high impedance state.

FUNCTION TABLE

INPUTS OUTPUT Y
C?JL:LPRU(:L SELECT A B LS257 LS258
H X X X z z
L L L x L H
L L H X W L
L H X L L H
L H X H L

H highlevel L low level, X irrelevant 2

Low level at S selects A inputs.
High level at S selects B inputs.

PIN-OUT DIAGRAMS

2518257

T urpul - ureur
A8 4y AT 3v

mlnlnlo
ey

QUTPUT
CONTROL

<
[x)
[x]

H

ay

=]
) ﬂb—ﬂ
&

3v

282

18 1 2A
lljﬂl [ 1
‘ Blajnin)
SELECT 1A 1B 1Y 2A 2B 2Y GND

OUTPUT Y OUTPUT
INPUTS INPUTS

14

13 12 11 10

Die Size .047 x .066

25L.5258

INPUTSC‘UTI’U'II"“P!JTSUU'ﬂ’UT
B 4y 3A 3B 3Y

(3] (2] (1] [0l 3
Il

1 3A 38

OUTPUT

B
T **ﬂ CONTROL
=

<
=)
5]
o'
>
&

3v

2v

obdhbage
TIA T8 1Y

2A 2B 2Y GND
“VOUTPUT v OUTPUT
INPUTS INPUTS

14,13 12 11 10

Die Size .047 x .066

high 1/mpedance (otf)
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Quadruple 2-Line-To-1-Line
25LS257 25LS258 Multiplexers With Three-State Outputs

LOGIC DIAGRAMS

25L.8257 25L.5258
ouTtput (15) ouTtpuTt (15)
CONTROL CONTROL
1a 12 A L2
(4) (4)
18 3 . 1Y 18 B 1Y
24 {8 B o 8 B
(7) (7)
2B (6) 2y 28 (6) . 2y
[ [
3a IV aa 11
(9)
3B (10) 9 3y 3B (10) 3y
9 -
aa 114 an 18)
(12) (12)
g A13) av o 113) ay
4
seLecT U ><{>j seLect U >—<{>—

Recommended Operating Conditions

Military Commercial Unit
Min | Nom | Max Min [ Nom | Max
Supply voltage, Voo 4.5 5 5.5 | 4.75 5 5.25 i
High-level output current, oy -1 -2.6 | mA
Low-level output current, g 4 8 4 8 mA
Operating free-air temperature, Tp -65 125 0 70 °C

%



Quadruple 2-Line-To-1-Line
Multiplexers With Three-State Outputs 25LS257 25LS258

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

. Military Commercial
Parameter Test Conditions Min | Typ*- | Max | Min | Typ~| Max Unit
Vi Guaranteed input logical high voltage for all inputs 2 2 \V
Vi, Guaranteed input logical low voltage for all inputs 0.7 0.8 Vv
v, Veo=MIN,  1;=-18mA 15 5] V
v Vce=MIN, V=2V, loy = -1.0mA 24 | 34 v
OH Vi =V max, lgy=MAX Ton = —2.6mA 24 | 3.4
v Vee=MIN,  Viy=2V, loL=4mA 0.25 | 0.40 025040 |
o VL=V max loL=8mA 0.30 | 0.45 0.30 | 0.45
Veo=MAX, Viq=2V
|
ozH Vg=2.4V 2 0] wA
Vee=MAX, Vu=2V
| cc . Vig=2v, _ _
ozL V0=0.4V 20 20 HA
S input 0.2 0.2
| = =
! Any other Vec=MAX, V=7V 0.1 0.1 mA
S input 40 40
| = =
1H Any other - Vec=MAX, V=27V 20 20 HA
S input B _ -0.8 -0.8
I Any other Vee=MAX, V=04V -0.4 -0.4 mA
lost Voo =-MAX 15 85 | -15 | -15 | -85 | mA
All outputs 59 |10.0 59 | 10.0 i
high |
All outputs 2515257 82 | 135 92 | 135 1
low
All ot;:puts 10 | 15.3 10 [ 1563 |
o |
lectt VCC=MAX mA I
Al outputs 41 | 80 41 | 80
high
All outbuts 2515258 62 | 11.0 62 | 11.0
low
All outputs 7.0 | 112 7.0 | 112
off

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device type.
**All typical values are at Voc = 5V, Tp = 25°C.
1Not more than one output should be shorted at a time.

tticc is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions.



Quadruple 2-Line-To-1-Line
2505258 25LS257 Multiplexers With Three-State Outputs
-

Switching Characteristics, V. = 5V, T, = 25°C

Parameter (233:) (ou.ll-;ut) prTeS |+12'3:: [wiax | U7
Test Conditions: C, = 15pF, R, = 2k() (See Fig. A, page 2-174)
tstt 2515257 |  Data Any S :3 ns
:Eht 2515258 |  Data Ay - g 2 s
:Z:': 2515257 Select Any 13 12 ns
I ;’: 2505258 |  Select Any 1(2) 12 ns
2l | O | B
o] e | S | R
Test Conditions: C, = 15pF, R_ = 2k() (See Fig. A, page 2-174)
o 2sis2s7 | o | A o ™
e 2iszse | gt | Ay ]




8-Bit Universal Shift/Storage Register

25L.8299

FEATURES

Four operational modes

Three-state outputs

Common input/output pins

Cascadable shifting

Advanced Low-Power Schottky processing

100% reliability assurance testing in compliance with
MIL-STD-883

DESCRIPTION

The 25L.5299 is an 8-bit universal shift/storage register with
3-state outputs. Four modes of operation are possible—
Hold (store), shift left, shift right and load data.

Parallel load inputs and register outputs are multiplexed to
reduce the number of package pins. Separate continuous
outputs are also provided for flip-flop Qgand Q7. These
devices can be cascaded to N-Bit words.

The 25L.5299 has a typical shift frequency of 50 MHz; and
is packaged in the standard 20-pin DIP package.

A separate active-LOW asynchronous clear input forces all
flip-flops to the LOW state whenever this clear input is
LOW.

PIN-OUT DIAGRAM

vee St

[20] [1s

SL Qy DY7 DY5DY3DYy CP SR

begRsgt

Si

Gy DYg DY4 DYy DYg Qg CLR

Q; DY; DYg DY3 DY4 CuK

SR

SEpEpEEE

G2 DYg DYq4DY2 DYg Qp CLR GND

LOGIC DIAGRAM
S1 So
(19) (1)
SHIFT (18) E:::FTT
RIGHT (19) H— b — H - H - 1 - SERIAL
eSS Pl i A et st it W s rT T et
(12) [
cLock P17 3 T D B ] 1 0
a1 rt ﬁ l r{ ] ﬁa?‘ l ﬁ l fl J FF I J un
cLean ot 1 l l L \ T
4 H7 4 4 4 7 4
s (ea—D 1) 0 mANEy
G;
? ] (13) (6) (14) (6) (15) (4) (16)
A/QA B/Qg c/ac D/Qp €/QE F/QF 6/06 H/Qn



25L.8299

8-Bit Universal Shift/Storage Register

L |
Recommended Operating Conditions

Military Commercial Unit
Min | Nom | Max | Min | Nom | Max
Supply Voltage, Ve 45| 5 5.5 | 4.75 5 | 5.2 \
High-Level Output Current, |oy -0.44 | -1.0 -0.44 | -2.6 | mA
Low-Level Output Current, Ig 4 8 4 8 mA
Operating Free-Air Temperature, Ta -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. Military Commercial 5
Parameter Test Conditions* - - Unit
Min | Typ** | Max Min | Typ**| Max
ViH Guaranteed input logical HIGH voltage for all inputs 2 2 \%
ViL Guaranteed input logical LOW voltage for all inputs 0.7 0.8 \%
Vi Veo=MIN., Ijy= -18mA -15 -1.5 v
v Vee=MIN. Qp.Q7 | lop=-0.44mA |25 2.7 Y
OH VinN=Vigor Vi [ DYg.DY; [ Ign=—1.0mA 24 v
ToH=—2.6mA 24
VoL Vee=MIN. ToL = 4.0mA 0.25 | 0.40 0.25 | 0.40 v
VIN=ViH oF VL ToL = 8.0mA 030 | 045 030 | 045
oS Vge=MAX., V| = 6.5V 9.2 92 mA
All others cc '+ VIN 0.1 0.1
iy oo St Voe=MAX., V| = 2.7V 20 2 LA
All others cc *VIN 20 20
i So-$1 Veoe=MAX., V| = 0.4V 08 08 mA
L [TAll others cc *VIN -04 -0.4
| Vo — MAX Vo= 0.4V -100 -100 A
0 cc . Vo= 2.7V 70 70 K
los Ve = MAX., See Note 3 -30 -85 -30 -85 mA
Tec Ve = MAX,, See Note 4 38 57 38 |67 mA
Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable
device type.
Tywical Himits are ai Vg — 5.0 V, 25°C ambient and maximum ioading.

AW
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. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
. Icc — measured with clock input HIGH and output controls HIGH.



8-Bit Universal Shift/Storage Register

Switching Characteristics, V,

oc = 5V, Ta = +25°C

25LS299

From To +25°C Unit
Parameter (input) (output) Min l Typ I Max
Test Conditions: C, = 15pF, R, = 2k(} (See Fig. A, page 2-174)
1 19
PLH Clock Q; ns
tpHL 23
1 1
PLH Clock DY; 8 ns
tPHL 21
tPHL Clear DYq-DY5 25 ns
tpHL Clear Qg or Qy 27 ns
t 20
zH S1.So DY; ns
tzL 19
t = = 20
ZH Gq, Go DY; ns
tzL 18
Sq, Sp Set-up Prior
t, ! 20 ns
s to Clock
SR, Si Set-up Prior
t ! 20 ns
s to Clock
tow Pulse Width (Clock} 25 ns
t Hold Time 3 ns
fmax [ 50 MHz
Test Conditions: C, = 5pF, R, = 2k() (See Fig. C, page 2-174)
tLz 22
DY; ns
tHz S1 ! So ! 20
1 - = 20
LZ G1 ' G2 DYi ns
thz 16
TRUTH TABLE
INPUTS OUTPUTS INPUTS/OUTPUTS
FUNCTION - —
SR |SL | CLEAR |CLOCK| Sg S1|G1Ga| Qo Q7 (DYg DYy DY DYz DY4 DYs DYg DYy
Clear X | X L X (Note 1)| L L L L L L L L L L L
X | X X X X X|HL|NC NC| Z z z z z z z z
Output
Control X | X X X X X|L H|NC NC | Z z z z z z z z
.
X | X X X X X[HH|NC NC| 2Z z 4 z z z 4 z
Hold X [ X H X L LI{L L] NC NC[NC NC NC NC NC NC NC NC
M| Load (Note 2) X | X H + H H|L L] A Al A B C D E F G H
O | Shift Right L | X H * H L|L L|L bDYglL DYy DYy DYy DYz DY4 DYgs DYg
D | Shift Right H | X H * H L|L L|H DYglH DYy DY DYy DY3 DY4 DYs DYg
E | Shift Left X |t H 1 L H|L L|DYy L [DYy DYp DY3 DY4 DYs DYg DY7 L
Shift Left X |A H 1 L H|L L |[DYy H |DYq DY, DY3 DY4 DYs DYg DY7 H
L =LOW Z = High Impedence  t = Transition LOW-to-HIGH Notes: 1. Either LOW to observe outputs.
H=HIGH X =Don't Care NC = N o Change 2. In this mode DY; are inputs.
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25L.S670

4-By-4 Register Files with 3-State Outputs

FEATURES

®m Separate Read/Write Addressing Permits Simultaneous
Reading and Writing
Fast Access Times . . . Typically 20 ns
Organized as 4 Words of 4 Bits
Expandable to 512 Words of n-Bits
For Use as:
Scratch-Pad Memory
Buffer Storage Between Processors
Bit Storage in Fast Multiplication Designs
m 3-State Outputs
® The 25LS8170 is Similar But Has Open-Collector Outputs

DESCRIPTION

The 25LS670 MSI 16-bit TTL register file incorporates
the equivalent of 98 gates. The register file is organized as
4 words of 4 bits each and separate on-chip decoding is
provided. for addressing the four word locations to either
write-in or retrieve data. This permits simultaneous writing
into one location and reading from another word location.

Four data inputs are available which are used to supply the
4-bit‘ word to be stored. Location of the word is determined
by the write-address inputs A and B in conjunction with a
write-enable signal. Data applied at the inputs should be in
its true form. That is, if a high-level signal is desired from
the output, a high-level is applied at the data input for that
particular bit location. The latch inputs are arranged so that
new data will be accepted only if both internal address gates
inputs are high. When this condition exists, data at the D
input is transferred to the latch output. When the write-
enahle innut Gw  ic high, the dats inputs are inhibited
and their levels can cause no change in the information
stored in the internal latches. When the read-enable input,
GR, is high, the data outputs are inhibited and go into the
high-impedance state.

WRITE SELECT ENABLE  OUTPUTS
vc Wa Wg WRITE READ Q1

LTI

Wa Wg Gy Gy Q1

D2 Q2

D3 D4 Rg Rp Q4 Q3

DB
D2 D3 0.3 GND

DATA READ SELECT OUTPUTs
Positive Logic: See Description

The individual address lines permit direct acquisition of
data stored in any four of the latches. Four individual de-
coding gates are used to complete the address for reading a
word. When the read address is made in conjunction with
the read-enable signal, the word appears at the four outputs.

This arrangement—data-entry addressing separate from data-
read addressing and individual sense line—eliminates re-
covery times, permits simultaneous reading and writing, and
is limited in speed only by the write time (27 nanoseconds
typical) and the read time (24 nanoseconds typical). The
register file has a nondestructive readout in that data is not
lost when addressed.

All inputs except read enable and write enable are buffered
to lower the drive requirements to one Series 25LS standard
load, and input-clamping diodes minimize switching tran-
sients to simplify system design. High-speed double-ended
AND-CR-INVERT yaies are empioyed for the read-address
function and have high-sink-current three-state outputs. Up
to 120 of these outputs may be wire-AND connected for
increasing the capacity up to 512 words. Any number of
these registers may be paralleled to provide n-bit word length.

LOGIC
READ FUNCTION TABLE (SEE NOTES A AND D) WRITE FUNCTION TABLE (SEE NOTES A, B, AND C)
READ INPUTS OUTPUTS WRITE INPUTS WORD

RB Ra GR a1 Q2 a3 Q4 wg Wp Gw 0 1 2 3
L L L |WOoB1 | WOB2 | WOB3 | WOB4 L L L 1a=b Qo Qo Qo
L H L |wiB1 | wiB2 | W1B3 | W1B4 L H L Qo Q=D Qo Qo
H L L |w2s1 | w22 | w2B3 | w2B4 H L L Qo Q |[Q=D Qo
H H L |wsB1 | w3B2 | w3B3 | W3B4 H H L Qo Qg Qg Q=D
X X H z z z z X X H Qo Qo Qo Qg
NOTES: A. H = high level, L = low level, X = irrelevant, Z = high impedance (off)

B. (Q=D)

= The four selected internal flip-flop outputs will assume the states applied to the four external data inputs.

C. Qg = the level of Q before the indicated input conditions were established.

D. WOB1 = The first bit of word 0, etc.
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4-By-4 Register Files with 3-State Outputs 25LS670

FUNCTIONAL BLOCK DIAGRAM

(15)
D120 . 10 o,
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WORD O
9
19 oy
DATA
iNPUTS

OUTPUTS

=L 04
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ps Epo ' ] | )

P

U
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=
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*

L
B
X =)

o—
%

—
2} (13)| (14) @] (an| s
Gw W Wa R GrR Ra
N — ——
WRITE INPUT READ INPUT
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25L.5670 4-By-4 Register Files with 3-State Outputs

Recommended Operating Conditions

Military Commercial
- Unit
Min. [ Nom.|Max. Min. | Nom. |Max.
Supply voltage, Voo 4.5 51 55 4.75 5 |5.25 v
High-level output current, loy -1 -2.6 mA
Low-level output current, Ig_ 4 8 4 8 mA
Width of write-enable or read-enable pulse, ty 25 25 ns
Data input with respect to
Setup times, high- or low-level data bl 10 10 ns
write enable, t.
(see Figure 2) setup(D)
Write select with respect to
15 156 ns
write enable, tsetup(W) .
Data input with respect to
15 15 ns
Hold times, high- or low-level data write enable, thold(D)
(see Note 2 and Figure 2) " Write select with respect to 5 5
ns
write enable, tho|d (W)
Latch time for new data, tjatch (see Note 3) 25 25 ns
Operating free-air temparature range, Ta -55 125 0 70 °c

NOTES 1. Voltage values are with respect to network ground terminal.

2. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is
not required, tsetup(W) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and
during tholg(w) will result in data being written into that location. Depending on the duration of the input conditions, one or
a number of previous addresses:may have been written into.

3. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is im-
portant only when attembting to read from a location immediately after that location has received new data.
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4-By-4 Register Files with 3-State Outputs
]

25L8670

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless otherwise Noted)

Military Commercial
Parameter Test Conditions’ - Unit
Min. | Typ*|Max. Min. | Typ* | Max.
Vi4  High-level input voltage 2 2 \4
ViL  Low-level input voltage 0.7 08 | V
7 Input clamp voltage Vee = MIN, I =-18mA -1.5 -15 | V
Vée =MIN, ViH=2V, |lgg=-1mA 24 | 34
Voy High-level output voltage cc! 1H OH \%
ViL = VjLmax IoH = -2.6mA 24 | 3.1
Vce =MIN, ViH =2V, |[loL=4mA 0.25 ( 04 025 | 04
VoL Low-level output voltage cc N” tH oL \%
ViL = Vi max loL =8mA 0.35 | 045 0.35 | 0.45
Off-state output current,
lozH Vee =MAX, V=2V, Vg=27V 20 20 |uA
high-level voltage applied .
Off-state output current,
lozL Vee =MAX, V=2V, Vpo=04V -20 -20 (uA
low-level voltage applied )
Any,D,R,orW 0.1 0.1
Input current at Vee = MAX,
1 . Gw 0.2 0.2 |mA
maximum input voltage Vy=7V
GR 0.3 0.3
Any D, R, orW 20 20
Vee = MAX,
i High-level input current Gw 40 40 | uA
. V)=237V
GR 60 60
Any D,R,orW -0.4 -0.4
L Low-level input current Vee = MAX Gy -0.8 -0.8 |mA
' GR -1.2 -1.2
los  Short-circuit output current$ Ve = MAX -15 -85 -15 -85 | mA
Icc  Supply current Vee = MAX, See Note 4 30 50 30 50 [mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

*All typical values are at Vg = 5V, Tp = 25°C.
$Not more than one output should be shorted at a time.

NOTE 4:

all address inputs are grounded and all outputs are open.

Maximum Icc is guaranteed for the following worst-case conditions: 4.5V is applied to all data inputs and both enable inputs,
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25L.S670

Switching Characteristics, V.c = 5V, Over Recommended Free-Air Temperature Range.

4-By-4 Register Files with 3-State Outputs
e R A L N WS S R0

Parameter

From

(Input)

To

+25°C

(Output) Min. I Typ.l Max.

Unit

Test Conditions: C, = 15pF, R, = 2.0k() (See Fig. 1 & 2 on

page 3-90 & 3-91 and Fig. A on page 2-174)

WRITE-ENABLE
INPUT Gy

READ-SELECT
INPUT Rp or RB
(See Note B)

OUTPUT
Q1, @2, 03, o 04

—tsetup(D)

f1.3v

tPLH Read 23 40
1 Any Q ns
PHL Select 25 45
1 Writ 26 45
PLH rite Any Q ns
tpHL enable 28 50
1 25 45
PLH Data Any Q ns
tPHL 23 40
Test Conditions: C, = 5pF, R, = 2.0k} (See Fig. C, page 2-174)

t 156 35
o Read 23 | 40 n
ZL ea Any Q
tyz enable 30 50 ns
tLz 16 35

WRITE-SELECT

INPUT Wa or WB 1.3v 1.3v

(See Note A)

— tsetup(W)
——» thold(W)

DATA INPUT

D1, D2, D3, or D4 1.3v 1.3v

(See Note A)

[«——>|-thold(D)
tw —>

1.3v
/

e n
S1laton

1.3v

tPHL

1.3v

tPLH

VOLTAGE WAVEFORMS (S1 AND S2 ARE CLOSED)

FIGURE 1

3v

v

3v

ov

3v

ov

3v

ov

VOH

VoL

NOTES: A. High-level input puises at.the select and data inputs arg illustrated; however, times associated with low-level pulses are
measured from the same reference points.

B. When measuring delay times from a read select input, the read-enable input is low.

C. Input waveforms are supplied by generators having the following characteristics: PRR < 2 MHz, Z5,1 50 Q, duty cycle <

50%, ty < 15 ns, ty < 6 ns.
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4-By-4 Register Files with 3-State Outputs 25L.S670

3v
DATA INPUT
D1, D2, D3, or D4 1.3v
ov
3v
WRITE-ENABLE
INPUT Gy 1.3V
tPLH tPHL
~ ! Vo
ouTPUT /
Q1, Q2, 03, or Q4 1.3v 1.3V
—-—— = VoL
VOLTAGE WAVEFORM 1 (S1 AND S2 ARE CLOSED)
3v
DATA INPUT
D1, D2, D3 or D4 1-3v
ov
3v
WRITE ENABLE
INPUT Gy 1.3V
ov
PHL tPLH
N 3v
OUTPUT
Q1, Q2, 03, or Q4 13v 1.3v
ov

VOLTAGE WAVEFORM 2 (S1 AND S2 ARE CLOSED)

FIGURE 2

NOTES: A. Each select address is tested. Prior to the start of each of the above tests both write and read address inputs are stabilized with
Wa = Rp and Wg = Rg. During the test GR is low.
B. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Zout ~ 50 Q, duty cycle <
50%, ty < 15 ns, t, < 6 ns.
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Packaging Information

Plastic Packages

14-PIN PLASTIC DIP

DB/BD
760
"_“.740—’1
A
240 T .120
1|8 14

a1 - -k 025 nom

2 -200
B

l I.OZS

.031 DIA X .010
DEEP (PIN NO. 1
IDENTIFICATION

135 MAX

L [

QIDENTIHCATION)";
065_| nzs
T L
Seating 27)0 = .
Plane_ MA! .
125 [ !
MIN

16-LEAD PLASTIC DIP
BM/MB

.760

740
TR T W W W
L [8.031DIAX.010 o]
DEEP(PINNO. 1 ~ (i.

TJ i‘ 375 | STV
) _ .022 0 /‘ NOM .100
v JL 18 6091 TYP
Metal Package
14-LEAD METAL DIP
D
218
M_;ﬁsﬂ_;;l‘ 025R
7 1l nom
8 14
—+.260 |
.718 157 MAX ["3-12
.688 .060 )
132 .060 J_
.035 MIN

| l. *—‘l'_L.ozv
135 MAX ] [ [l l l
’ 050 TYP

.100 TvP«{ ‘—-

4-2

a

017 TYP
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Packaging Information

Ceramic Packages
16-LEAD ;

14-LEAD CERAMIC DIP
DC/J CERAMIC PACKAGE
DM
785 .785
W O 750 — ] .008
A NN
2n |’ l_025R 2;1 ° ! 025 R
.2115 8 14] oM 314 r? szs “ NOM
T - -308 i
| 1065 I} .005 MIN = ,“' A 7
045 0’ // Il | 0_
157 45
1200 MAX 025R
310

NOM
.150 J ‘/Z
.01 .060
MIN © 2060 g9 T
K A o1 —':,— / 011
Se— T 1l N =
T V 005 J-15 | 008
R ! max
125 100 - ._037 j[. 020
016

200 k_ L
125 .020
098 sl .]L 016 MIN
MAX
100 TYP

24-LEAD
CERAMIC PACKAGE
R/

3?&" .‘ gis l«.005 MIN

NI Y Ny vy Y

12 1
575
S18 025R ;§—§8 —

13 24 NOM

v
[P APAVEPEFAVAVEVEPRVANAVE

1
% w0 IE =ﬁ=

MAX 063 _
025 MIN _r—l-

025 =

Y 15°
—“fﬁ s | o
.200 = 009

L 125

-

100 TYP -

_ .020
016
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Packaging Information

Flat Packages

Ceramic
14-LEAD CERAMIC 16-LEAD CERAMIC
FLAT PACKAGE FLAT PACKAGE
cJ/w - CL/W
o - e .0‘04 MIN '3::3 N -?45 MAX
019 :__? : - Tr— 9 16:—x—f‘
—] —
— — 400
019 ] — 3N
015 —— ——
_L_ 8 9 —
Tl,ﬂjg 350
250 250 |
L |
- iz
006 }_ e 024 OXLO
004 - TYP 055
14-LEAD CERAMIC 24-LEAD CERAMIC
FLAT PACKAGE FLAT PACKAGE
CK CN/wW
.015 K
| ~|— Bos I‘?ggo: MIN 950 ,,‘,’i’,i 1045 MAX
019 —= 114 = _l_ T 4 =T 73 -
T’_:—_— —— -260 T = —
T s Ay L == ——
T — F——o2MAX
006 F‘E’*F |30 005 MAX 019 ——— A——
004 250 250 013 —/— — ———
J‘fi _ 1 12 13
e PR ] =
TYP .055
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Flat Packages

Packaging Information

Metal
14-LEAD METAL 16-LEAD METAL
FLAT PACKAGE FLAT PACKAGE
K L
PIN NO. 1 =1 16— —
L o, = =:=" EL;;@ITﬁvP |
.019 ]_l — 1 :i: ::n.t::ﬂ 400
015 — = .400
C _ -260 50— 12— 370
240 == Bl
I — m = - T | 275 _.ﬁ =
. _ 2% ' 075 MAX
e A paia
e | .006 L.006 I R
] . . [ 004 .004 o1
I ‘ T J T
022 TYP
880 |
14-LEAD METAL 24-LEAD METAL
FLAT PACKAGE FLAT PACKAGE
J(TO-86) L N
PIN NO. . PIN NO. 1
| . i s
;c:;—__——;—rn" g“ K =1l ”m'i
= =: | ® = |
240 g ——10 . '
:-ﬁ =TT — : - p— %%%
I l 260 l—- 050 TYP | == = _L
— 22 : : S
! E: |
.950 MAX
065 MAX 070 006
4 = =F o . = =g -0
006 f Co%
004 1 11 1.000 A
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Beam Lead

Packaging Information Mechanical Outline Drawings

-~ 0.045 BSC —
¢
0.00.
 coomTve ﬂl’L‘T 25 BEAM LEAD
1R H NITRIDE LIP
: 0.001 TYP
T T 0.0025 ' y”
§ TYP g 0.0075 TYP
ooss 8 Ll | ———0.0025 TYP
0053 g T ot
| orvP _:3.004 16 PLACES
| 0.0075 003
| L L , L .. '0.005
P f B —— 0.004 16 PLACES
_i__T00i0TYPL__ i (il
[ 00025 {1 - 0.001 TYP
TYP 001 TY
Gose 0-0075TYP

0.0% "b"’;%smm
_ 1
iR 16 BEAM CHIP —0.0005 TYP
NOTE: 1. METALIZATION DOWN

2. COUNTER CLOCKWISE BEAM ORDER

MECHANICAL OUTLINE 9

. 0.085 BSC _
t 0.0025 TYP 0005 54 py AcES
00075 TVPE 0004 ~
T _\ID Jul ,[i | £ o003 20PLACES
! h.ggnd D"T _BEAM LEAD
. ~—NITRIDE LIP
00658 ] bt 0.001TYP
0.063 7 ¢ 4 -+ L
A BN E Y0.0025 TYP
i & 0.0028 -
| S TYPL “0.0075 TYP
{ 001G ¢ lj,
| ot Y
B
| 0.33751‘{ %»I 01%1 4+ 1fo 001 TYP
T — . D 0025 Tve
0.065
0005 TYP, ™ 0.063 ~SILICON
—
20BEAM CHIp 00005 TYP

EIA STANDARD

NOTE: 1.METALIZATION DOWN
2. COUNTER CLOCKWISE BEAM ORDER

MECHANICAL OUTLINE 12
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