« j @BD>

-

el
] |

.dEEE
.AdAEERE
AdAIEEER
ABEEEER
ABBEBEREF
ABREEE=T

SEEESERT O
/AEEEEEEEE
iEEEEEEEEN
ANEEEENENE
AEEEENEEET
SEEEEEEREEN
EEEEEEE T
SEEEEEEENE
UEEEEEEDEL
ITIEEEEEEER
\EEEEEE SN
GEEEEEEEE
NEEREEEEE
ANEREERER
N\EEEEEEE
NEREEER
SEINEENR

© el 111k

‘YHEN.
“ER:

DIGITAL

i
]

i

K
B

Faegraoe-g f S N R R R R R R N R R R ERUERS



TOTAL
LOW-POWER SCHOTTRKY
OLS/25LS/S4LS/74LS

SEMICONDUCTOR DIVISION

A50 Elis Street, Mountain View, California 94042
{#15) 968-9211, TWX: 910-372-68481

Raytheon cannol assume rasponsibility for use ol any Circwitry described othar than Gircuitry entirely ernbodied in a Raytheon produd. Ne olher circuit palent licenses
are implied. Raytheon raservas ine right 1o changs saud circuitty at any time, without nolice. Al AC specilications are based on the knewledge at the time of putilication.
Although every effon has been made to insura the accuracy of the information contained in this tatalog, Raythesn assumes no responsibifity for inadverient errre,



TABLE OF CONTENTS

PAGE
INTRODUCTION
General Description. . . . . . . . . L o o e e e e e e e e e e e e e e e e
Circuit Characteristics . . . . . . . . . .« . o o e e e e e e e e e e e e e
Input Characteristics . . . . . . . . . . . o e e e e e e e e e e e e e
Qutput Characteristics. . . . . . . . . . . . . . . . .. .o o e e e e e
Ordering Information . . . . . . L L L L L L L L L s o e e
Quality and Reliability . . . e
Definition of Letter Syrmbols ancl Terms . 1)
SECTION 1. SELECTION GUIDE TO DIGITAL PRODUCTS
OLS/BALS/74LS Low-Power Schattky 1.2
Beam Lead Low-Power Schottky, 1-4
28LS Hioh-Performance Low-Power Schottky 1-6
Standard TTL 2’s Complement Multipliers . 1-5
54/74 551 Series . e e 1-8
54/74 MSI Series. 1-7
8200 MSI Series . 1-8
930 DTL Series . . 1-9
RAY | and |1 Series TTL 1-10
RAY It Series TTL. 1-1%

SECTION 2. 9LS/54L8/74LS LOW-POWER SCHOTTKY

LS00 Quad 2-input NAND gate . 2.2
LS01 Quad 2-input NAND gate, open corlectors 2.4
L502 Quad 2-input NOR gate, open collectors . 2.6
L8503 Quad 2-input NAMD gate, open collectors 2.4
LS04 Hex inverter . e 22
LS05 Hex inverter, open collectors 2-4
L5008 Quad 2-input AND gate . . 2.7
1.509 Quad 2- mput AND gate, opan coliectors . 2-9
L510 Trlple 3 input WAND gate ' 2.2
LS11 Trlple 3. inplut AND gate . . 2-7
L5512 Triple 3-input-NAND gate, open collectors . 2-4
L1513 Duat 4-imput. Schrmitt trigger . o 4
LS14 Hex Schmitt-teigger . . . . e e e e a2
LS156 Trigle 3-input AND gate, open collectors - |
LS20 Dual 4-input NANDigate . . . . . . . . . . .. ... .00 0L 0L 22
LS21 Dual 4-input AND. gate, . . . . 4
Ls22 Dual 4-input NAND gate, open coliectors . .
L5376 Quad 2-input NAND, open collector 15%. . . . . . . . . . . . . . . . . . .. ... 214
LS27 Triple 3-input NORgate . . . . . . . . . . . . . . . . . . .. . .. ... ... 28
L1528 Quad 2 input NOR boffer. . . . . . . . . . . . . . . . . .. . . . ... .. 215
L530 Bimput NANDgate . . . . . . . . . . . .. e e e e e s 22
LS32 Quad 2-input OR gate . . . -
L8533 Quad 2-input NOR buffer, open corlectors N =1
L1537 Quad 2-input NAND buffer . | . % 1]
LS38 Quad 2-input NAND buffer, apen collectors. - £ -
LS540 Dual 4-input MAND buffer . . . _ . . . . . . L L Lo oL L L L 28
L542 1-0f-10 decoder. . . . . 2% I
L543 Excess 3 to decimal decoder A )
LS44 Excess gray to decimaldecoder. . . . . . . . . . . . . . . . L . . . ... .. 279
L5517 Dual AGQlgate . . _ . . . . . . . ..o e e e 2
L5564 233 20nput AL gate . . . L L L L L o L e e e e e e e e s e s 22

L5565 Z-wide, J-input A0Ngate . . . . . . . . . o e e e e e e e e e e e 22



TABLE OF CONTENTS {Continued)
[ e e

PAGE
SECTION 2. 9LS/54L8/74LS LOW-POWER SCHOTTKY {Continued}

LS73 Dual J-& flipflop . . . . . . . L oL L e e 2-24
L574 Dual Dflipflep. .~ . . - . 0 C o 0 oo 2
L.575 Quad transparent lateh . . . . . . . . . L C L o L e e s s, 230
L576 Duoal J-K flipflep . . . . . 0 © 0 0o Lo 224
LS77 Cuad tramsparent latch . . . . _ . . L . . L L L . s s e s . 230
L5758 Dual J-K flipflop . . . 0 . 0 L s e s 2a
L5834 4.bit full adder . . . . -0 {
LS85 4-bit magnitude compdrator S~ 0
LS86 Quad exclusive OR gate . . . . . . . L . Lo e e s a2
LS90 Decade counter. . . . . . . . . . . . .0 e e e s, A
L33 B-tht shift register . . . . . . L L . L L L L L Lo L2
1592 Divide by 12 counter . . . . _ . . . L L L o e e e e s s e 24
L5093 4-bit binary COUNTEr - . . . . . . . . e e e e e e e e e e e e 2444
L5958 A-bivtshiftregister . . . . . . . . . L L . . L . o o . o e o .. oo, 2B5
L3107 Dual K flipflop . . . . . . . . L 224
L5108 Dual J-& flip-flop . . . - 4 5%
L5112 Dual J-K =dge-triggered ﬂlp flop -
L5113 Dual J-K edge-triggered flip-flop . . . . . . . . . . . . . o L oL oo 224
L5114 Dual J-K edge-triggered flipflog . . . . . . . . . . . . . . . .. . . .. ... .. 234
L5122 Retriggerable one-shot . . . . . . . . . . . . . . . . . e e . 28D
LS123 Dual one-shot . . <5 1
L5126 Quad 3-state buffer, FDW enab]e 1
L5126 Quad 3-state buffer, high enatzle -
L5132 Quadl 2-input Schritt trigger 13- mput NAND gaTe - 1o
15136 Quad exclusive OR gate, open collectors . . . . . . . . . . . . . . . . . . . . . .. 270
L3138 3-0-8 decoder/demultiplexer . . . . . . . L L L L L L0 L 22
L5139 Dual 2-to-4 decoder/demultiplexer D~
L5151 B-to-1 line multiplexer . . . . . . . . . . . . . . o e o e e .. 2408
L5152 Bto-1 linemultiplexer . © L . . L L L L .o e e e, 28
L5153 Dual 4-to-1 multiplexer. . . -
L5155 Dual 2-to0-4 decodwdemultlplexer L - 211
LS166 Cual 2-to-4 decoder/demultiplexer apen collectors ... 280
LS157 Ouad 2-to-1 line multiplexer . . | L ... .o283
L5168 Quad 2-to-1 line multiplexer, |n\.'ert|r|g 8-
L5160 Dwcoder eounter, asynchronous clear . & = 5]
L5161 Binary counter, asynchronous clear 0 1
L5162 Decade counter, synebronous clear . . . . . . . . . . . 0 e e e e .. 28R
L8163 Binary counter, synchranous clear . . . . . . . . . . . . . . . . . .. ... 286
L5164 B-hit shift register {SIPCY . . . . L 0 0 L L0 0L L L Lo s 298
L8170 4 X 4 register file, open collectors. . . . . . . . . . . . . . . L ... ... 258
LS174 Hex D-typeflipflop . . . . . . . . . . . . . . . . .. ... ... 200
15175 OuathvpefIipflop,...,,........_...,..__...,.,.2‘100
LS181 d-bit arithmetic logic unit . . . 28 0
L5120 BCD decade counter, modecontrol . . . . . . . . . . . . . . . . . . . . . . . . 2110
L5131 4.bit binary counter, made control . . . . . . . . . . . . . . . . . . . . ... .. 2110
LS192 BCOD decade counter, up/down . . . 0 L . L L L L . . L e e e o 2 as
L5193 4-bit binary counter, up/down . . . . . . . L . L L L L L o Lo L. .o 2119
LS194A d-hit Rshiftregister . . . . . . L L L L L o o e e e e e 2127
L3196A  4-bit paralle! shift register . - . - . . . . . . . . . . . . . . . . . . . . . ... 2130
L5136 4.bit presettable decade counter . . . . . . . . . . . . . . . . . . . . . . .. . . . 2132
L5197 4-bit presettable binary counter . . . . . . . . . . o o . . . . . o . . . . . 2133
1.5221 DGual one-shot {very stable} . . . . . . 8 3
L5251 8-to-1 line multiplexer with tri-state-outputs - - « . . . . .« . . . . . ... ... 2-143
LS283 8-to-1 line multiplexer with tristate-outputs . . . . . . . . . . . . . . . . . .. .. 2148



TABLE OF CONTENTS (Continued)
[ e

SECTHION 2. 9LS/64LS/741L5 LOW-POWER SCHOTTKY {Continued)

L5266
L5257
L5258
LS261
L5266
L5279
L5283
L5295A
L5298
L5365
LS366
L5367
L5368
LS386
LS3958A,
L5670

Dual 2-t0-4 decoder/demultiplexer with tri-state outputs
Quad 2-to-1 tine multiplexer with tri-state outputs
Quad 2-10-1 line multiplexer with tri-state outputs
2 X 4 bipary multipdier .

Cuad exclusive NOR gate, opan collectors

Quad setfreset latch . . .

4-bit full adder, fast carry {rotated L883]

4-bit shift regjster with tri-state outputs

Quad 2-multiplexer with output register .

Hex buffer, tri-state, common enableg

Hex inverter, tri-state, common enable .

Hex buffer, tri-state, 4-bit and 2-bit

Mex inverter, tri-state, 4-bit and 2-bit

Ouad exclusive OR gate

4-bit shift register, tri-state

4 X 4 register file, tri-state

SECTHON 3. 25LS HIGH-PERFORMANCE LOW-POWER SCHOTTKY

251514
251815
251522
251823
2615122
2515123
2505138
2515138
25L8151
26L5153
2615167
2615158
25L5160
25L5161
2515162
25L5163
2615170
2515174
2515175
2515181
2515190
26L51:
2515192
2515193
25151944
25L5195A
25L5251
2515253
2515257
261 5268
2518299
2BLSB70

8-bit serial/parallel twa's complement multiplier .
Quad serial adder/subtractor. .
B-hit serial/parallel register with sign extender .
B-ivit shift/storage register with synchronous clear
Single retrigoerable monostable multivibrator with clear .
Dual retriggerable monostable multivibrator with clear
3-10-8 line decoder/demultiplexer.

Dual 2-to-4 {ine decoder/demultiplexer.

B-to-1 ling multipiexer, 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

A-hit binary counter, synchronous clear

4 x 4 register file with open collectors |

Hax O-type flip-flop with clear .

Ouad D-type flip-flop with clear |

4-bit arithmetic logic unit, .

BCD decade up/down counter, svnchronous

4-bit binary up/down counter, synchronous .

BCD decade up/down counter, synchronous.

4-hit binary up/down counter, synchronous .

4-hit bidirectional universal shift register .

4-bit parallel access shift register .

8-to-1 ling multiplexer with tri-state outputs .
Dual 4-to-1 line data selectors/multiplexers with tri- state outputs
Ouad 2-to-1 line multiplexer with tri-state outputs .
Quad 2-to-1 line multiplexer with tri-state outpuis .
B-bit universal shift/storage register . N

4 x 4 register file with tri-state outputs

SECTION 4. PACKAGING INFORMATION

Plastic Packages, DIP .

Metal Package, DIP |

Ceramic Packages, DIF.

Ceramic Packages, Flat

Metal Fackages, Flat. )

Bearn Lead Mechanical Drawmgs

PAGE

2-148
2-150
2160
2-154
270

2-157
2-36

2159
2-161
2-163
2-183
2-183
2.163
242

2-165
2-168

32

3-6

310
315
3123
318
3-21
3-21
3-24
3-26
3-28
3-28
3-30
3-30
3-30
3-30
3-38
3-42
342
3-44
3-50
3-60
3-58
3-58
3-66
3-66
373
375
379
379
383
3-86

4.2
a2
43
4.4
45
4.6



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
restlting 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
UTL logic families and is equivalent in performance to the
GLS serias.

Raytheon Schottky Diodes are produced by depositing
platinum aver the collectar and base contact opemings of
Schottky transistors. A protective layer of Titanium/
Tungsten alloy is deposited by a high-energy sputtering tech-
migue over the wafers. An allurminum layer is deposited and
the interconnect pattern is etched-out during the fina
operation.

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

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

FEATURES

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

Table | compares Raytheon's Low-Power Schut-tky 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
termination effects.

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

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

& Smaller, lowercost power supplies and cooling equip-
ment,

inputs minimize high-speed

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V(o (See Note L 2 A )
Input Voltage (See Notes and 2) . . . . . . . . 7V
Interemitter Voltage {See Note 3) 5.5V
Output Voltage (See Motes Tand 4j. . . . . . . . 7V
Operation Free-Air Temperature

Range:. . . . . -55°C 10 +125°C

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

NOTES:

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

2. Except 54LS74, 109, 181, 186, 187. For 540574, 109, 181,
196, 197 rating iz 5.5V

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

4. This is the maximum voltage which shoutd be applied 1o any
opeh-collector cutput when it is in the off state,

CIRCUIT CHARACTERISTICS
Dynamic Characteristic

The average praopagation 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 545 (Ray) Brs 2mW 10PJ
Schottky B4LS/74LS{T.L) 10 ns 2w 20PJ
Schottky 545/745 3ns 20mwW 60 PJ
Standard 54/74 10 ns 10myy 100 PJ
Other % 54H/74H 8 ns 23mW 138 PJ
54L/74L 33 ns 1mW 33PJ
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Figure 1. Propagation Delay Change With Temperature

The Raythsor LS family typically has 2 mW per gate
power dissipation at 50% duty cycle, nearly constant to fre-
quencies up to & MHz. Pp 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.

20

POWER/GATE ImW)
=
|

NN

pEag
—

J.20 801, 2 5, 10, 20, 30, 40,
FREQ [MHz} UNUSED INFUT AT 5,0V

Figure 2, Dynamic Power Dissipation

With its advanced circuit technology, Raytheon LS devices
have inherently fow power dissipation and current spiking
on the Ve line during transitions. Far less than in stan-
dard TTL or high-power Schottky cireuits. This advaniage
increases the ‘"dynamic noise” margin of the overall sys-
temn designed with B4LS. Figure 3 shows the Ve spikes
of Raythean LS and standard 5400 and 545 circuits.

wi

Current {ma)
14 mASdivision)

54L5

Figure 3. Vo Current Spiking Raytheon 54LS, 548, 5400
Comparison

Avoltage higher than ¥y min shouid 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
Mote 2, all Raytheon LS davices employ a DTL input gir-
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.

Yoltage {V}

Current {mA)

Figure 4. Clamp Diode Voltage Versus laput Current



OUTPUT CHARACTERISTIC

Figures 5 and 6 show the typical sinking capability of Ray-

theon Low-Power Schottky devices and the V| vs. VouT

Output Currant IOLIrnA]

curves over the full military temperature range. As shown >
in the curves, Raytheon L3 devices can be guaranteed with u:
oL ot 8.0 mA at Vg of 0.45V max. and also high output ‘;("
fan-out of 22 over the fuli military temparatuce range. =
4
o
25 T
I | +25°C §
20 _'_550' } 74 ]
~55C
s r AN :
~ +125°C >
10 fd —t
¥ c” 5.0 VOLTS
5 1 1 1
o L]
A 5 1.0

QUTPUT VOLTAGE vgLiV}

Figure 6

1
Veg = 5.0V

I

|\

i

0.5

1.0 1.5 20 2.5

¥in =INPUT VOLTAGE =V

Figure 5. Typical Qutput vs. Input Voltage Characteristic

Package Descriptions

BD
BIA
cJ
CK
CL
CN
D

14-Fin 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

BB
bc
oM

oP

14-Pin Epexy-8 DIP
14-Pirt Ceramic DIP
16-Pin Ceramic DIP

14 or 16-Pin Ceramic DiP
14-Pin Epoxy-8 DIP
T0-3 Power Pack

=EZ 0= =z
™ m

Ordering Information

16~Pin Metal Flatpak
16-Pin Epoxy-B DIP
16~Pin Epoxy-B DIP
24-Pin Ceramic DIF
24-Pin Glass/Metal Flatpak
T4—Pin Ceramic Flatpak

wil



Ordering Information

Low Power Schottky 930 DTL. Series
5 151563 B83 RM 930 C
I T -1 [ b
Temperaturz Range Temperature Range
25 Cam'l Ots +75°C RC  0to+70°C
75 Mil -5616+125°C RM -55 to +126°C
b4 -5510+125°C
74 D10 +75°C Functi
F Package Type
Package Type RAY I, Il and Il TTL Series
J Ceramic OIP
W Ceramic Flatpak aFN1 2
CH  Gold-backed chip, visually inspected I
to MIL-3TD-883A4, methad 2012, Function
and packaged in waffle pack,
Temperature Range

Optianal Processing to MIL-STD-883A, Lavel B Dar1 =56 to +125°C

20r3 0t +70°C
Notes. 1. 5415 arders will be branded 54 LS or !

2. 9L5 orders will be branded 9LS5/54LS or

: Package Type
9L5/74 LS depending upon tewnperature range.
3. 25L5 orders will be branded 251
4, For MIL-M-38610 device types, order by the
JAN part numbering system.
54/7400 SSI| and MS1 Series 8200 MSIH Series
54 123 4 jeBig AM 8200
Temperature Range——-]_ Temperature Range
54 -56te +125°C RC 0o +70°C
14 0t +10°C RM 5510 +125°C
F Function
Package Type Package Type

J Ceramic DIF

w Ceramic Flatpack

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

Dptional Processing to MIL-STD-833A, Level B

wili



Quality and Reliability

e

RAYACT-883A PROGRAM

The Haythean acceptance Testing Program called Rayact-8334
pwalyes v process o nspechons whach assure comphiance with
MIL-STE B83A test methods andt MIL-M-38510 Program Plan

Recuirenunts

Tatde 1 defines the Stancard Process Flow tor Raytheon
Serawcomluctors Mititary  Level DImgegrated  Circurts Afrer
completion of the aeprocess inspections anck 100% production
sevepns, each lot s sebjectert 1o a guality confarmance inspec
tan as defined i Table 2.0 The screening and acceptance

APPLICABLE DOCUMENTS:

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

Raytheon Semiconductor;
Cuality Rehalnhty Assurance Manual

Table 1—Standard Process Flow Summary for Integrated Circuits

testong e m Tables Tanct 2are provided at ng extracost.

Iev addcdipion o the Standard Process Flow and acceprance test
ing, Qualihication Tests n accactance wath MIL STD-883A,
Method 50058 are conducted every three months on each proe
duct tine. Genene Summary Data of Groups A B, and C
tesuny {Table 3 is available upon reguest

The level of reliabulity vou desire can be selecied from Tatle 4.
Thesa tests are conducted i accordance with Method 5004 of
MIL-STD-BE3A

MANUFACTURING OPERATION

MANUFACTURING INSPECTION

QUALITY/RELIABILITY
INSPECTION

Manufacturing Stores

Purchascd {tem Verification

Receiving Inspection Ta
Applicatile M&SS and
Bluppnm Murnter

Mask Making
Matenals Preparatlan

Photoengraving and D{ffusmn

Mask ir‘lspectuon

Wafer Pieparatuon and Ep|ra><|al (Jrowmg

i Visuah Inspectlon

Mask Inspection
Q.C. Manitor
Q.C Monitor

I“Einaf Wafer Lot Acceptance !

100% Visual Insnemion

Q.C. Wafer Lot Acceptance

Electrical Test of Wafer

l Seribing and Dicing

100% Electrical Test

100% Visual Inspection

Q.C. Monitor
Q.C. Monitor

: Visual Die Sart
MIL-STD-BB3A, Methad 2010.2, Condttion B

Die Attach

100% Die Sort Inspection

) 100% \.l"|sual Inspect-on

Dice Lot Acceptance

Q.C. Manitor

Lead Bond

100% Vlsual Inspection

Q.C. Manitor

Pre-Seal Inspection at 100X Magnlhcatlon

MIL-5TD 8834, Method 2010, Condition B MWagnification

100% Visual Inspection at High-Power

Q.C. Lut Accepiance

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

Magnification

100% Visual Inspaction at Low-Power

Q.C. Lot Acceptance




Quality and Reliability

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

N [ QUALITY/RELIABILITY |
MANUFACTURING OPERATIONS MANUFACTURING INSPECTICN INSPECTION
Final Seal WVisual and Mermeticity Q.C Monitor
High-Temperature Bake 100% Processing 0.0 Maonitor
15000 24 Hours Minenurm
(MiL.STD-883A, Mcthod 1008, Condition O L )
Temperatura Cycling 1004 Progessing 2.C. Monitor
-659C 1o 15Q2C, 10 Cyroies
IMEL-STD 883A, Muthod 1010, Condition C)
Centrifuge B 100% Pracessing N Yo
30 KG Manimom Yy Axis
[MIL-STD-BRZA, Method 2001, Condition E)
Lead Form 100% Wesual Insp Q.C. Manitor
Carrier Load 100% Visual inspection Q.C. Monitor
W;t_\; [ e P YR
FAIL STD-BB3A, Method 1014
External Visual 100% Inspection Q.C. Manitor
Electrical Test and Sort 1008 {nspection G.C. Monitor
Table 2—Quality Conformance Inspection (Each Lot)
INSPECTION LTPD/MAX, ACC. NO. COMMENTS
E_xternal 7i2 MIL-STD-BB3 4, Methad 2009
Hermeticity 7/
Fine Leak MIL.STD-883A, Method 1014, Condition A or 8
Gross Leak MIL-STD-883A, Mthod 1014, Condition C2
Electrical
+250C 511
Static Parameters  [+12500 7N
_BEQ .
550C n Per Applicable Electrical Test Specification
+250C 51
Dynamic Parameters| +1250C 71
-BROC 71
Package and Ship Quality Assurance Monitor

NOTE:

Genenc Qualification Datg in accordance with MIL-STD-883A, Method 5005, can be supphed it negotiated pnor to procurement.




Quality and Reliability

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 3t masonurm rated aperating tempergure

Subgroup 3 5 7 10
Static tests a4t ounpmum rated aperating temperature

Subgroup 4 5 5 5
Dynamic rests at 2600

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

Subgroup 6 5 7 10
Drynarmic tests aF mimmum rated operating temparature

Subgroup 7 - 3 5 5
Functional tests at 2600

Subgroup B 5 10 15
Functional tests at maximum and minmurn rated oparating temperatuares

Subgroup 9 5 7 10

Switching tests at 260C

Subgroup 10
Swatching tests at maximum rated operatng temperature

Subgroup 11 5 10 i5
Swnitching tests at minimum rated operating temperature

3
—
=
L2}

NOTE:

The specific parameters to be in¢luged far tests in each subgroup shall be as specified in the applicable reliability specification, Where no
pararmeters have been wentified in 3 particutar subgroup or test within @ subgroup, no group A& testing shall ke performed far that subgroup
Qr test to satisfy growp 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 2Ne 10 15 20
Subgroup 2 | Resistance to solvents 2015 3 devices 3 devices 3 devices
tno failures} | [no failures) | {no failures)
Wisual and mechanical 2014 Criteria from design and 1 device 1 device 1 device
censtruction requirements | {no failurest | tno failures) | (no failures)
of applicable procurement
document
Bond strength 201
Thermocompression Test condition C or D 5 15 20
Wirasonic or wedge Test condition Cor D
Subgroup 3 | Solderability 2003 Soldering temperature of 10 15 15
260¢C +100
Subgroup 4 | Lead fatigue 2004 Test condition B
Seal: Fine, Gross 1014 As applicable 10 15 15
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Table 3C-—Group C Tests, MIL-STD-883A, Method 5005

TEST MIL-5TD-883A CLASS A | CLASS B [CLASSC
£ METHOD CONDITION LTPD LTPD LTPD
Subgroup 1 {Kote 1)
Thermal shock 101 Test conditian B as a minimum. 10 15 15
Temperature cycling 1010 Test condition ©
flonsiure resistance 1004
Seal 1314 As applicable
a. Fiue
b. Gross (Mote 7)
YVisual exarnination (Note 2}
End point electrical parometers As specified in the apicable
progurement document,
Subgroup 2 {(Note 1)
Mechanicat shack 2002 Test condition B 10 i5 16
Wibwarion, variable frequency 2007 Test condition A
Constant aceelerghion 20m Test condition E
Seal i014 As applicable
a. Fine
b. Gross (Note 7}
WVisual examination (Note 3}
End point electrical parameters As specitfied in the applicable
pracurement document.
Subgroup 3
Sah atmosphere {Note 4} 1009 Test condition A 10 15 15
Visual examination (Note 5)
Sutgroup 4
High temperature stotage (Note B) 1008 Test condition C 7 7 v
1000 hours,
Endl paint electrical parameters As specified in the applicable
procurement dogument,
Subgroup S
Operating life test {Note 6} 1005 Test condition to be specified 5 <] 7]
in the applicable procurement
document {1000 howrs).
End point ¢lectrical parameters As specified in the agplicable
procurement document,
Subgroup &
Steady state reverse bias 1005 Test condition A, 72 hours at 7 - -
15000,
End point electrical parameters As specified in the applicable
pracurement document.

NOTES:

1. Devices used lor environmantal tests in subgroup 1 may be used lor mechanical tasts in subgroup 2.
2. Vigual examination shall ba in accardance with method 10710 or 1017 at a rmagnidfication of SX w 10X,

3. Vizval examination shall be performed at a magnificetion of 6X to 10X for evidence ol defects of damage to case, leads,

or seals resulting from  tasting {not finturing} such damage shall consiture a failure.

4. Elgcirical reject devices from 1he zame inspection 1ot may be usad for samples

5. Wistual axamination shall be perfarmed in accordance with 3,3.1 of method 1009,

6. Seg 40.4 of appendix B of MIL-M-38510,

7. When fluoargcarbon gross leak testing is utilized, Test condition Gz shall apoly 8% minimum.
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Table 4—Optional Screening-—MIL-STD-883A, Method 5004

[ L CLASS A _ cLasss | ciassc
SCREEN REDQINRE- REQUIRE- REQUIRE-
i WMETHOD MENT METHGOD MENT METHOD MENT
UInternal visual (Precapt | 2010 100% 2010 100% 2010 100,
test condition A test condition B o | testcondition B |
Stalntization bake 1008, 24 hrs. 100%. 1008, 24 hs. 100% 1008, 24 hrs. 100
test condition C, test condition C, test conditian C,
1500C . 1600C . 1600C .
Thermal shack 1011, 100%. Mat reguired Not requirer
test condition A,
QoC- 10000
) 15 cyeles ] o . _
Temperature cycling 1010 100, 1010, 100% 10110, 100%
test condition C, test condition C, test condition C,
-659C 1o +1500C -650C ty +1500C —GEOC o +15000
10 cycles 10 cycles 10 cycles
I Mechanical shock 0020 100% Nat required Not required
[Constant Acceleration | 2001, 100% 2001, 100% 2001, 100%
| test condition E teest condition E test condition E
¥ ane, then Y Y1 plane, Y1 plane,
plang, 30,000 G's 30,000 G's 30,000 G's
Seal 1014, 100% 1014, 100% 1014, 100%
Fie, Condition A Condition A Condition A
Gross Condition C Condition C Comdition C
Hermetic devices Hermetic devices Hermetic devices
anly anly anly
Critical electrical " 100% Go-No-Go Mot reguired
parameters |
Burnam test 1015, 240 hrs. @ 100% | 1015, 168 hrs. @ 100% Mot required
Ta = 1260CT Ta = 1250C"
Critical electrical - 1004% Mot required Mot required
| parameters
Reverse bias burn-in 1015, 100% Not required Mot required
test condition A
ar C, 72 hrs, @
15080
Final electrical test - * )
Static wests 2900 100% 100% 100%
Maximum and .
rinimm rated 100% 100%
operating temp,
Dynamic tests and 100% 100%
switching tests 260C
Functional test 259C 100% 100% 100%
{subgroup 7, table 1,
5005)
Group A Testing Per Table 34 Par Table 3A Per Table 3A
Radiographic 2012 100% Mot required Not required
Qualification or 5005 * 5005 * 5006 *
quality conformange
nspection
Groups B and C
optional, at extra cost
External visuat 20069 100% 2009 100% 2608 100%
*Far applicable vrocurement docummnt
"' Test Candition F one shock pulse in ¥4 plane only of Tive shock pulses at Condition B in ¥y plange onky.
-w ®iii



Quality and Reliability

Introduction

Raythean's A+ program is designed to provide the Industrial and
Commercial marketolace with product reliability. ™ Reliahility
consistent with application requirements. ® Reliability that avoids
an overbuy sitwation where the user pays for screening beyond
the scope af his negds.

Raytheon offers three screening flows under the A+ pragram. 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 lzb services and the
need to tighten incaming inspection. Users who do not presently
have their integrated circuits screened should consider the eost of
companent 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 Raythean part number, i, - - RC413608 with A+2
screening would be designated RC4136D82,

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

Raythean has instituted an internal program to assure that products
bearing the Raytheon loge are unsurpassed in relishility when used
in the industrial enviranment. Several tests, including some normally
reservad for military products, are applied to gur industrial products
an a continuing basis in support of this effort. A brief summary of
these tests is given below.

1. Monitared Burn-in {all packages}

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

2. Standard Burn-In {ail packages)

168 houss 3t +125°C, 1% PDA. This AVT is perfurmed on 200
samples from each ElA data code.

3. Operating Life {ail packages}

1000 hours at +125°C, LTPD = &, This RVT is performed on afl
new products and periedically on existing product types as an
indicator of lang-term refiability,

wiv

Raytheon A+ Program

4. Pressure Cooker (epoxy packages only)

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

5. 85/85 {epoxy packages only)

168 kours with bias at +86°C and 85% refative humidity, STPD = 10.
This BVT iz performed on 25 samples from gach EIA date code
also as an indicator of package and device integrity,

6. Temperature Cycle {epuxy packages only)

100 cycles per methad 1010.1, 0°C to 10G°C. This RVT is per-
formed on 25 samples from esch EIA date code to mechanically
stress the wire hond, die bond and package material.

7. Military Flow {ceramic packages and metal-cansl

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

A+ Programs Increase Reliability

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

1. Temperaturz Cycle {epoxy packages anky)

0°C 1 +100°C per methed 1317, condition A. This is the first
sureening for the A+t 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 ta stress wire bands and dig bonds
mechanically to prove the integrity of the devices.

2. Burn-n {all packages!
168 hours at +125°C. This screening is performed in A+2 and A+3
flows.
3. High Temgerature Functional Test (Hot Rail)
{epaxy packages only}

+100°C. This screening serves 10 further prove bond integrity.
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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 Etectrotechnical Commis-
sion {1EC) for international use. The definitions are grouped
inta sections applying to voltages, currents, switching char-
acteristics, and classification of circuit complexity,

VOLTAGES

Vin

VIL

VT+

VT

VoH

Yo{on)

Xvi

High-level input voltage

An input voltage level within the mare positive (less
negativel of the two ranges of values used to represent
the binary vansbles. A minimom value is specified which
is the least-positive {most-negativel value of high-level
input voltage for which operation of the loegic element
withing spacification lirits 15 guaranteed,

Low-iaval input voltage

An inpui voltage leval within the |ess positive imare noeg-
ative] of the two rangss of values used to represent the
bingry wariables, A maximum valug is specilied which is
the most-positive [least-negative) value of lowelevel input
voltage for which cpevation of the lpgic element within
specification limits is guaranteed,

Positive-gaing threshold voltage

The voltage level at & transition-operated input that causes
gperation of the logic element sccording to specification
as the input voltage rises from a ievel befow the negative-
going threshold voltage, Wy

Medative-going threshold voltage

The voltage level at a transition-operated input that Causes
aperation of the logic ekement according to specification
as the input voltage Talls from a level abouve the positive-
going threshold voltage, Ve,

High-leve! output voltage

The voitage at an cutput terminal far a specified outpul
currgnt 1oy with input conditions apphied thatl accord-
ing to the product specification will establish a high level
a1 the output,

Low-leva] output yoltage

The woltage at an output terminal for a specified ocutput
current Iy with input canditions applied that according
1o the product specification will estahlish a low level at
the quiptt.

On-state output voltage

The voltage at an output terminal for a specified owtput
currént with input conditions appfied that according to
the product specification will cause the output switching
efement to be 1n the gn stato,

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

Yojoff)

Gif.state output voltage

The voltaga at an output terminal for a spacified output
currgnt with input conditions applied that according to
the product specitication will cause the output switching
glement ta be in the off slate.

Mate: This characteristic is usualty spectfied only for out-
puts not having internal pull-up eiements.

CURRENT

HH

hi

loH

laioff)

los

lccH

lecL

High-tevel input current
The current Flowing into® an input when a speaified high-
level voltage 15 applied to that nput.

Low-level input current
The current flowing into® an input when a specified low-
level voltage i3 applied (0 that wput,

High-level output current
The currant flowing inta* the gutput with a spacified high-
levet output voltage Vo aaplied,

Mote: This parameter is usually specified for gpen-toblector
autputs intended to drive other logic circuing,

Off-state output currant
The current Tfowing into® an outpul with a specified out-
put voltage applied and input conditions apphied that
according to the product specification will cause the out-
put switching element to be in the off state.

MNute: This parameter s wsually specified for open-cotlec-
tor outputs intended to drive devices other than logc
circuits or for three-state outputs,

Shart-circuit gutput current

The current flowing rto® an output whitn that output
is short-circuited to ground (or other specitied patential)
with input conditions appled to astablish the owtput
logic level farthest feom graund potential {or other spec-
ifiad potentiall.

Supply current, cutput{s] high

The current flawing into® the Ve supply terminal of &
citcuit when the reference outputish is [aret at a high-
level voltage.

Supply current, outpulis} low

The current flowing inta® the Yoo supply teeminal of a
cirenit when the referance outpurls) is (arel at 3 low-
level voltage,

DYMNAMIC CHARACTERISTICS

fmax

Maximum clock fraquency

The highest rate at which the clock input of a bistable
circuit can he driven thraugh 115 ceguired seguence while
matntatning stahle transitions of togic level at the output
with input conditions establishad that should cause a
change of output state with each ¢lock pulse,

*Current flowing out of 3 terminal is a negative value,



OYNAMIC CHARACTERISTICS (continued)

tHZ

Lz

PLH

tPHL

ITLH

THL

Qutput disahle tima (of a three-state outputl from high
level

The time betwseen the specified reference points on the
input and output voltage waveforms with the three-state
cutput chanuing from the defined high fevel to a high-
impedance (off) state,

OCutput disable time {of a thres-state cutput) from low
level

The time between the specified reterence poinls on the
input and output voltage waveforms with the three-state
output ¢hanging from the defined low level 1o a high-
impedance {off} state,

Propagation detay time, low-to-high-level ot tput

The time between the specified reference points on the
input and ouwtpot voltage waveforms with the output
changing from the defined low level 10 the defined high
levet.

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

The time between the sproified raference points on the
input and output wvofage wavefoning with the cutput
changing from the defined high level to the defined low
level,

Transition time, low-to-high-level autput

The time between 3 specified low-leve! voltage and a
specified high-level voltage on a wavelorm that is changing
from the defined low level ta 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 waveforre that is changing
fram the defined high-fevel to the delined low-level,

Average pulse width

v The time hetween S0-precent-amphitude points for other
specified reference points) on the teading and trailing
edyes of & pulse.

thold Hold time
The time interval for which 7 signal or pulse is retained at
a specified input tarminal after a0 active transition occurs
at snpther specified input terminal,

trelease Aeleass time
The time interval between the release from a specified
input terminal of data intended to be recugnized and the
npecurrence of an active fransition at another specified
input terminat,

Mote: When specified, the interval designated “release
time' falls within the setup intervgl and canstiwies, n
effect, a negative hold tima,

teatup Setup time
The time intervat for which a signat is applied aned main-
rained at a specified input terrminal befare an active tran-
sitian gccurs at another specified input terminal,

tzH  Output énable time {of a three-state output} 1o high
ievei
The time between the specified referenco points on the
input and cutput voltage waveforms with 1he three-state
autput changing from a high-impedance {off} siate 1o the
dafined high ievel,

tzL  Qutput enable tima {of a three-state cutput] to low

lewval

The ume betwesn the specified reference points on the
input and output vollage waveforms with the three-state
output changing from a high-impedance {off} state o the
defined Yaw leval .

wwii
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Digital Circuits

FEATURES

8 High Speed, Low Power
* b ns typical gate propagation delay time
s 2 mW typical gate power dissipation at 50% duty ¢ycle = speed-power product of 10pJ
= Ease of System Design
* Switching times virtually insensitive to power supply, temperature variations

* 8 e

Low noise generation
High fan-out
Schottky-diode-clamped inputs minimize high-speed termination effects
Low cutput 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, Pwe [ 14 pin 16 Pin 24 Pin
Op. Fren. Diss.

Type Number Description {MHz)2 mw) | J wilJ W J w
9L5/54 LS/74L500 Quad 2-input NAND gate 10 8 X| X
ALE/54L5/ 74 L501 Quad 2-input WAND gate, open collectors 20 g X X
9L5/54 L5/ 741502 Ouad 2-input NGR gate 10 n X X
915/541L5/14L503 Buad Z-input NOR gate, open collactors 20 8 X X
9L5/64 L5/741LS04 Hex invertar i0 12 X X
9L5/54L5/741.505 Hex inverter, apen collectors 20 12 X X
9L5/54 LS/741.508 Quad 2-input AND gate 12 17 X X
L5/54 LS/ 7AL509 Quad 2-input AND gate, open collectors 17.5 17 X X
ALS/SALS/7ALSI1D Triple 3-input NAND gate Hil [ X X
OLS/84LE/74LE1 Triple 3-input AND gate iz 13 X X
GLS/54LE/74LE12 Triple 3-input NANU gate, open callectors 20 [ X X
9LS/B4LS/7ALE13 Oual 4-input Schmitt triger 20 60 X X
9LS/54L5/74L514 Hex Schmitt trigger 20 60 X X
L3/54L5/7aL815 Triple 3-input AND gate, open collectars 17.6 13 X X
9L5/64L5 14 LS20 Oual 4-input NAND gate 10 4 X X
91L8/64L5/741L821 Dual 4-input AND gate 17.5 25 X X
IL5/5AL5/741L822 Dual 4-input NAND gate, open collectors 20 3 X X
QLS/9ALE/741526 L5803, 15 volt outpuis 25 8 X X
9LS/94L5/74 1827 Triple 3-input NOR gate 10 12 X X
9L8/54L5(741528 Quad 2-input NOR gate bufier 15 22 X X
9LS/54 L8/741.530 Single 8-input MAND gate 13 2 X X
9L5/94 L5/ 74L532 Quad Z-inptu OR gate Bl 20 X h4
9LS/64L5/741533 LS28, apen callectors 30 22 X X
91.5/53 LS/ 74LS37 Ouad 2-input NAND gate buffar 15 17 X X
915/54L5/741.538 L5837, open collectors 30 17 X X
9L5/54 L5/ 740540 Bual 4-input NAND gate buffer 15 2 X X
9L5/6415/741542 1 of 10 decoder iTns k1 X X
915/54L5/74L543 Excess 3 to decimal decoder 11ns 25 X X
9L5/5415/741.544 Excess gray to decimal decoder {ins 35 X X
L 5/54L8/T4L8514 Dual 2-wide ADI 13 55 X X

1-2

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




Digital Circuits

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

Prop Delay' Available Packages
tns) or Max. POr [ 1afia | 16Ma | 24P
Op. Frey. Diss.
Type Number Description (MHz) 2 mw) | J w J w 1 w
GLS/H4 LE/T4L554 A-wide 2-3-3-2 input AQ) 13 4.5 L 4
ILS/B4 LS 741855 2-wide d-input AOI 13 2.3 X X
ILS/94L8/74L873 Dual J-K flip-Hop, negative edge trigger 35 MHz 20 X X
ILS/54L5/741874 Dual D-type flip-flop 30 MHz 20 X X
9L5/54L5/741875 Quad transparent latch 12 32
9LS/54L5/741876 Bual J-K flip-flop, preset and clear 35 MMz 20
gLS/e4 LS/ 1ALS?? Quad transparent latch 10 33 X X
9LS/54LS/74LE78 Dual J-K flip-flop, comman clack and clear 35 MHz 20 X X
GLS/54L5/741S83A 4-hit binary full adder 18 96 X X
ILE/541.5/74 1885 4-hit magnitude comparator 20 52 X X
9LS/54 LS 74LS86 Quad 2-input exclusive OR gate i2 30 X X
9L5/54 L5/741890 Decade Counter 32 MHz 45 X X
ILS/S4LS 74 LS B-bit shift register 32 MHz 15 X A
OLS/H4LE 741892 Divide by 12 counter 32 MH:z 45 X X
915/04 L5741 593 4-hit binary counter 32 MHz 45 X X
LS54 LS/ 7418958 4-bit bidirectional thift register 30 MHz G5 X X
GLE/5415/741L5107 Dual J-K flip-flap with clear 35 MHz 20 X X
915/54 LS/741L5109 Dual J-K flip-flop, positive edge trigger 30 MHz 20 X X
9LS/B4LE/LS112 Dusal J-K flip-flop, preset and clear 35 MHz 20 X X
915/5415/7418113 Dual J-K flip-flop with preset 35 MHz 20 X X
9L5/54L5/741 5114 Dual J-K Rip-flop, cammon clack 35 MH:z 20 X X
aLB8/54LS/T4L8122 fRetriggerable one-shot 25 a5 X X
LS5/54L5/ L5122 Duat one-shot multivibratar 25 30 X X
9LS/54LS/74LE125 Quad buffer with tri-state output i5 15 X X
9L8/5415/7418126 L§125, inverting 15 2 X X
BLS/R4L8/ 7415132 Quad Z-input Schmitt trigger 20 a0 X X
9LS/54LS/74LS136 LS86 with apen callectors 23 30 X X
915/541L.5/7415138 3-t0-2 line decoder/demultiglexer 23 3 X X
GLE/NALS/T4LS139 Dual 2-to-4 line decoder/demultiplexer 23 34 X X
9LE/54LS/74LS15Y 21o-1 line multiplexer, compl. outputs 20 30 X X
9LS/54L5/74L5152 8-ta-1 hine muitiplexer 20 34 X X
$L5/541L5/141L5153 Dual 4-ip-1 line multiplexer 15 k]| X X
ILS/54LE/74LE14G Dual Z-to-4 line decodes{demultiplexer a0 30 X X
94.5/54L5/74L8156 LS155, open coliectors Ehi] 31 X X
9L8/54L5/74L5157 COuad 2-to-1 line multiplexer 15 49 X X
91 8/84 L5741 5158 L5157, inverting 12 24 X X
ALS/54L5/74LE5150 BCD decade counter, asynchronous claar 30 MHz 93 X X
9L5/64L5/14LS167 4-hit binary counter, asynchronaws clear 30 MHz 93 X X
GLS/54LE74LE162 BCOD decade counter, synchronous clear 30 MHz 93 X X
9LS/5415/141L.5163 4-bit binary counter, synchrgnous clear 30 MHz 93 X X
aLS/541L5/7415164 2-bit shift register 35 MHz B0 X X
9L5/54L5/74L5170 4 % 4 register fils, open collectors 30 25 X X
IL5/6415/141L5174 Hex D-type flip-flop 40 MHz 80 X X
gLS/5aLS/TALS175 Guad O-type flip-flop 40 MMz b5 X X
9L5/5415/74L518¢ 4-hit arithmetic logic unit 40 102 x X

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

1-3




Digital Circuits

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

Prop Delay' Available Packages
"3;_“;2:?" WETIIETEET
Type Number Description {MHz}? {mW) | J Wl J wlJ w
9LS/54L5/74L5190 BCO decade eounter, mode contral 25 MHz a0 X X
9LS/h4LS/7ALSI9 4-hit binary counter, mode contral 28 MHz a0 X X
9L5/541.5/74L8192 BCD decade counter, up/down 30 MHz a5 X X
9LS/5415/741L8193 4-bit binary counter, up/down 30 MHz 85 X X
9L5/641 5/74LS194A 4.-hit bidirectional universal shift register 30 MH:z 75 X X
ALS/54LE/1AL51954 4-bit paralle! access shift register 30 MHz ] X X
9L5/54 L5/741L5196 4-bit prasettable decade counter 36 MHz 60 X X
9L5/5415/741 8197 4-hit presettahle binary counter 35 MHz 60 X b4
9LS/54L8/74L821 Dual pne-shot 40 95+ X X
9L5/7418/74L5251 LS151 with tri-state outputs 25 35 X X
SLS/6AL5/7415253 L8193 with tri-state autputs 15 35 X X
GLS/94L5/741L5255 L5155 with tri-state outputs 25 35 X X
DLS/BA1L5/7415257 LE157 with tri-state autputs 18 L] X X
SL5/54L5/7415258 15198 with tri-state cutputs 15 35 x x
9L8/54L5/74 L5261 2 x 4 parallel binary multiplexer a5 1 X X
9LS/B4L5/241L5266 Quad 2-input exclusive NOR open collectors 20 40 X X
9158/5415/741.5279 Quad latch 21 12 X X
OLS/54 LS/ 7415283 &-bit ful' adder, fast carry 13 95 X 4
9L5/54 L8/74L5295A LS95B with tri-state outputs 30 MHz 70 X X
LS/54 L8/ 7418298 Quad 2 multiplexer with cutput register 16 65 X X
9LS/54 1L5/741L5365 Hex buffer (tri-state, comman enable) 15 4] X X
9LS/54 LS/ 7418366 Hex inverter {tri-state, common enable} 15 60 X X
91.5/64L8/74LS367 Hex buffer (tri-state, 4 x 2 hit) i5 &8 X X
9L5/54L5/741.5368 Hex inverter (tri-state, 4 x 2 it} 15 50 X X
9L8/54 1L8/741L 8375 Quad latch {rotated L5?5) 12 a2 X X
9L8/54 L5/741 5386 Guad 2-input exclusive OR gate 12 30 X X
JLS/54L5/74 15395 4-bit shift register {tri-state) 35 MH: 75 X X
9L5/541.8/74LS670 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 Dutline
Type Description [Mils) Beams Std, Dwi,
SALS00BL Quad Z-input NAND gate 45 x 45 16 X g
BALSAIBL Quad Zinput NAND gate, open collector outputs 45 x 45 16 X 9
54L504BL Hex inverter 45 x 45 16 X g
b4LSOERL Hex inverter, open coliector outputs 45 x 45 1B X 9
B LSIOBL Triple 3-input NAND gate 15 x 45 16 X ]
BALSI1BL Tripte 3-input AND gata 45 x 45 18 X ]
54L815BL Triple 3-input AND gate, apen collectar putputs 45 % 45 16 X 9
54L5153BL Dual 4-to-1 [ine multiplexer 55 x b5 20 x 12
54L8253BL Dual 4-to-1 line multiplexer, tri-stata output 55 x 55 20 X 12

[




Digital Circuits
25LS High-Performance Low Power Schottky

Prop Delay' Available Packages
{ns) or Max. Par. | 14 pin 16 Pin 20 Pin
0p. Freg. Diss.

Type Numher Description {MHz) 2 {mwW} | J Wl wl | w
251514 B-bit serial/parallel multiplier 40 MHz 455 X A

25L815 Quad serial adder/subtractor 40 MHz 244 X X

251522 8-bit serial/parallel register 70 MHz 200 X X

251823 8-bit shitt/starage register 50 MHz 190 X X
25L8138 3-10-8 line decoder /demultiplexer 12 3 X X
25L5139 Duil 2-to-4 line decoder/demultiplexer 10 34 X X
2508151 8-to-1 line muitiplexer, compl. outputs 9 30 X X
25L3153 Buat 4-in-1 line multiplexer i0 K] X X
2515167 Quad 2-to-1 line multiplexer 6 a0 X X
25L8158 L5197, inverting G L} X X
25L8160 BCO decade counter, async. ¢lear 40 MHz 93 X X
v 2518161 4-bit binary counter, async. clear 40 MHz 93 X X
2518162 8CO decade counter, sync. clear 40 MHz 93 X X
25L8163 4-bit hirary caunter, sync. clear A0 MHz 23 X *
25L5170 4 % 4 register file, open callector 20 125 X X
2505174 Hex D-type flip-flop 50 MHz 80 X | X
25L817% Quad D-type flip-flop 50 MHz 55 X X

25L5181° 4-hit arithmetic logic unit 12 102

2518150 BCD decade caunter, mode control 35 MHz 90 X X
25L5151 A-Liit binary counter, mode control 35 MHz a0 X X
25185182 BCO decade counter, up/down 35 MHz 25 X X
2515133 4-bit binary counter, up/down 35 MHz 35 X X
25151944 4-hit higdirectional-universal shift register 40 MHz 15 X X
25LS196A 4-bit parallel access shift register 40 MHz 10 X X
25158251 LS151 with tri-state outputs 9 35 X X
25058253 L5152 with tri-state outputs 9 18 X X
2508267 L1567 with tri-state outputs 7 &0 X X
2518258 L5158 with tri-state outputs 7 35 X X

2515299 8-bit shift/storage register 50 MHz 190 X X
255670 L5170 with tri-state outputs 20 150 ¥ X

1, Maximum at 25°C 3. Awailable in 24-pin J or W packaye.
2. Guaranteed minimum at 2570
’ L} Ll
Standard TTL 2’s Compliement Multipliers

Pvailable

Prop Delay' Pwr Diss. Packages

Type Number Description {nsl {mW} N R

2505 4-bit by 2-bit 2's complement multiplier 20 450 X X

2508 4-bit arithmetic logic unit/function generator with output latch 20 450 X X

1. Maximum at 25°C

3-5




Digital Circuits

54/74 SSI| Series

Prop Delay Available Packages
{ns} or Max. Pwr ! 14 Pin
Op. Freg. Diss.
Type Description (MHz) (mW) BC cl
52/7400 Quadruple 2-input HAND gate 0 10 X X
54/7401 Quadruple Z-input NAND gate, open collectors 22 10 X X
54/7403 Quadruple 2-input NAND gate, apen collecters 22 10 X X
54/7404 Hex inverter 1a [1H 4 4
54/7405 Hex inverter, open cotlectors 22 | % X
54/7408 Quadruple 2-inpu'l AND gate 15 19 X X
54/7409 Quadruple 2-input AND gate, open collectors 183.0 19.4 X X
B4{T410 Triple 3-input NARD gate 10 1 X X
B4/T411 Teiple 3-input AND gate 15 19 X bt
54/7412 Triple 3-input NAND gate, open collectors 22 10 4 X
54/7415 Triple 3-input AND gate, open coltectors 18.5 194 X X
54/7420 Aual 3-input NAND gate 10 10 X b4
54/7421 Bual 4-input AND gate th 19 X 4
541427 Dual 4-input NAND gate, open collectors 22 10 X ®
54/7437 Quad 2-input NAND gate 10 10 X X
54/7438 Quad Z-input NAND gate, open collectors 10 10 X X
5447414 Duat D-type flip-flop 25 MHz 43 X X
54/7488 Qvad Z-input exclusive OR gate 14 160 X X
54174136 54/7486 with open collectors 27 150 X X

|
|
i

! Power dissipation is given for V3¢ = 5.0 volts. Propagation delays given are tor the average path. Qperating temperature range, 5400 Types:
-597C to +125°C; 7400 Types: 0°C to +70°C.



Digital Circuits

54/74 MSI Series

Prop Delay Availahle Packages
(ns) or Max. | Pwr' [y i T 16 pin | 24 Pin
Qp. Fren. Diss

Type Description {MHz) [mW) oc|CJ|CL|PD | N|R
54/7447 BCD-to-Oecimal Decoder 22 140 X| X
54/7443 Excess 3-to-Decimal Decoder 22 144 Xl X
54,7444 Excess 3 Gray-to-Oecimal Decoder 22 140 i X
54/7445 BCO-to-Oecimal Decoder/Oriver {30V Breakdown) 30 215 XX
54,7483 4-Bit Binary Full Adder 13 300 Xy X
54/74123 Dual Retriggerable Monastahle Multivibratar 21 230 X{X
54/14145 BCO-to-Decimal recoder Driver {15V Breakdown} 30 215 x| X
94/714150 16-to-1 Line Data Selector/ Multiplexer i 200 XX
54/74151 8-to-1 Line Data Selector/Multiplexer 11 145 XX
54/14152 8-to-1 Line Data Selector/Multiplexer " 130 XX
54/74153 Dual 4-in-1 Line Data Selector/Multiplexer 14 180 KX
54/74154 4.t0-16 Line Decoder/Demuitiplexer pxi 170 X%
54/74155 Dual 2t0-4 Line Decoder/Demultiplexer Z1 250 X[ X
54/74156 Dual 2-to-4 Line Decoder/Oemultiplexer {Open Coll.} 21 250 X1 x
54/74157 Quad 2-tg-1 Line Data Selector/Multiplexer g 150 X[ x
54/74158 Quad 2-to-1 Line Data Selector/Multiplexer {{nv. Data) 9 150 X| X
54/14159 4-t0-16 Line Decoder/Demuttiplexer {Open Coli.} 24 170 XX
54/74160 BCD Decade Counter, Asyne. Clear 32 MH:z 306 XX
54/74161 4-Bit Finary Counter, Asynt. Clear 32 MHz 3045 XX
54/74162 BCD Decade Courter, Sync. Clear 32 MHz 305 XX
54/74163 4-Bit Binary Counter, Sync. Clear 32 MH:z 305 XX
5474164 3-Bit Parallel-Out Serial Shift Register (5.1.P.0) 36 MHz 6% X | X
54/74166 Parallel-Load 8-Bit Shift Register (P.1.5.0.) 26 MHz Z210 XX
54/74166 8-Bit Shift Register with Clear (P.1.5.0.) 35 MHz 360 XX
54/14170 4x4 Register Filg 0 £25 XX
04/714174 Hex D-Type Flip-Flop 35 MHz 225 XX
54/14175 Quad D-Type Flip-Flop 35 MHz 150 A X
54/74180 9-Bit 0dd/Even Parity Generator/Checker 32 170 X1 X
5474181 4-Bit Arithmetic Lagic Unit 17 4410 X%
54/74182 Look-Ahead Carry Generator 13 180 XX
h4/74130 BCD Decade Up/Down Counter 5 MHz 325 XX
54/74191 4-Bit Binary Up/Down Counter 25 MHz 325 XX
54/74192 BCO Decade Lip/Down Counter {Dual Clock) 30 MBz 325 KX
54/74193 4-Bit Binary Up/Down Counter {Oual Clock} 30 MHz 125 XX
54/74194 4-Bit Bidirectional Universal Shift Register 36 MHs 185 XX
54/74195 4-Bit Parallel Access Shift Register 38 MHz 195 LA
54/74198 8-Bit Right/Left Shift Register {P..P.0.} 35 MHz 360 X
54/74199 8-Bit Shift Register (£.1.P.0.) 35 MHz 3640 XX
54/74255 54/74155 with 3-State Qutputs 21 250 XX
54/74283 A-Bit Binary Full Adder with Fast Carry 13 00 X| X

1. Power dissipation is given for ¥ ¢ = 5.0 Valts. Propagation delays given are for the average path. Operating temperature range, 5400 Types:
-85°C to +1257C; 7400 Types: 0°C to +70°C.
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Digital Circuits
8200 MSI Series

Prop Delay Available Packages
{ns) o Max. | Pwr! - -

Op. Freq. Biss 14 in 16 Pin 24 Pin
Type Oescription (MHz} W) DP|OC|CH|DB|CL|DD|MB|MP | N |R
RM/RCETO9 | Cuad Bus Driver {Tri-State Outputs) iB 235 XX
RM/RCBY10 | Quad 0-Type Bus Flip-Flop (Tri-State Qutputs)| 50 MHz 250 Xl X
RM/RCET20 | Bitirectiznal One-Shot 30 250 X| %1 X| X
RM/BRCS200 | Dual 5-Bit Buffer Register 35 MHz 400 X| X
RM/RC8201 | ODual 5-Bit Buffer Register (Inv. Outputs} 35 MHz2 400 x| X
AM/RCB202 | 10-Bit BuHer Register 35 MH:z 400 X| X
RM/RCE203 | 10-Bit Buffer Repister {Inv. Qutputs) 35 MHz 400 X X
RM/RC3230 [ 8-Input Multiplexer 1 134 | X X
RMIRCE231 | 2-tnput Multiplexer {Open Coll. f Dutput) 13 184 Xl X X
RM/RCE232 | B-input Multiplexer 1 XM L I 4 X
AM/RCE233 Z-loput 4-Bit Multiplexer 16 200 Xt X X
AM/RCE234 | ZInput 4-Bit Mulnplexer (Open Coll.) i6 160 L
RM/RC8235 [ 2-lnput 4-Bit Multiplexer {Open Coll.) 16 230 X1 X
RM/RC8241 Quad Exciusive OF Gate 14 225 X
RM/RC8242 | A-Bit Comparator {Open Call.) 14 170
RM/RCR243 |  8-Bit Position Scaler 25 35 Xl X
RM/RCE250 Binary-to-Octal Decader 20 125 LA
RM/RCRIS1 | BCO to Decimal Decoder 20 135 X1 X X
AM/RCB252 [ {9301} BCD to Decimal Decoder 20 135 X
RM/RC3260 |  Anthmetic Logic Element 14 400 Xl X
RM/RCRIE1 Fast Carry Extender 13 115 KX | X
RM/RCE262 | 9-Bit Parity Generator/ Checker 30 200 X1 X
RM/RCA263 | 3-Input 4-Bit Multiplexer 17 378 {4
AM/RCB264 | 3-luput 4-Bit Multiplexer {Open Coll.} 25 400 X X
RM/RCR266 | Z-input 4-Bit Multiplexer 14 200 XX
BM/RCB267 | 2-input 4-Bit Multipiexer (Dpen Coll) 17 200 x| %t X
RA/RCE270 | 4-Bit Shift Register 23 MHz 168 XX 1 X
RM/RCB2TY 4.Bit Shift Register 22 MHz 270 X X[ X| X
RM/RC8273 10-Bit Serial-In, Parallel-Qut Shift Register 35 MHz 340 Xl x| X{ X
RM/RC2274 | 10-Bit Paraliel-In, Seriai-Out Shift Begister 25 MHz 380 X x| x| %
RM/RCR277 Oual B-Bit Shift Register 20 MHz 400 Xl x| X[ X
AM/RCA280 | Decade Counter 25 MHz 185 XX XX
RM/RCE221 | A4-Bit Binary Counter 25 MHz 185 XXX | X
RM/RCE284 | Binary Hex Synchranous Up/Down Counter 30 MHz 315 X | X
AM/RCRZ85 BLCD Decade Synchronous Up/Bown Counter 30 MHz 315 LA A 4
RM/RC280 | Presettable High Speed Decade Counter 60 MHz 130 XX | XiX
RM/RCB231 Presettable High Speed Binary Counter 60 MHz 190 XIX [ XX

' Power dissipation is given for V(i = 5.0 volts; propagation delays are given for the average path. Operating temperature range, RM Types:
-55°C ta +1257C; RC Types: 0°C to +70°C,



Digital Circuits

930 Series DTL

TYPICAL CHARALCTERISTICS

Tpd {as) Available Packages
or Avg. Pwr. [1]1M .
Taggle | Function Noise 4 Pin
TVPOI Fanout | Rate {mW}) Margin
Number Descriptian Function| (Min} | 50% Duty [3'1] - mjofa

[ olalala|=
RM/RCI30 | Dual 4 NAND/NOR gate with nodes” 8 30 8.5/gate 0.5 X X XXX
RM/RCE32 | Dual 4 NAND/NOR huffer 22 40 28/gate 0.5 X X XX %
RM/RCA33 | Dual four expander A WA WA NA A X X x| %
RM/RCE34 | Hex Inverter’ i 30 B.5/gate 0.5 X X XEX|X
RM/RCI35 | Hex taverter’ 8 kil igate 0.5 X X X X
AM/RCII6 | Hex tnverter? 8 30 8:5/gate 05 X| | % Xt X
AM/RC937 | Hex loverter® 8 30 8.5/gate 0.5 X X[ X[ X X
RM/RCO40 | Hex Inverter 2 30 B.5/gate 0.5 X X X X
RM/RC941 | Hex Inverter B 30 3.5/gate 0.5 X 4 X X
AM/RCO44 | Dual 4 NAND/NOR power gate 25 27 22/qgate 0.5 X X X X
RM/RCI45 | Clocked Flip-Flap® 9 52 35 0.5 X[ %] | % Ix
RM/RCH46 | QOvad two NAND/NOR gate3 ] 30 8.5/gate 0.5 X XIX[X| X[ %
RAM/RCA48 | Clocked Flip‘Flﬂpa 9 T3 40 0.5 X X X X
RM/RC949 | Quad two NAND/NOR gate® 7 25 B.5/gate 0.5 X X 4 b4
AM/REIED | Pulse triggered binary Plip-flop 8 30 22 0.5 X X XXX
RM/RC351 | Manastable multivibratar 9 50 15 - X X X|X| X
AMSRCE57 | Qusd 2 input buffers 22 40 28/gate 0.5 h4 X 4 X
RM/RC358| Quad 2 NAND power gates 25 2 22/gate 0.5 X X X X
RM/RCI61| Duatd NAND/NOR gate with nodes® 7 25 8 5/gate 0.5 x| [ %1 | %] %
RM/RCSE2] Triple three NAND/NOR gate3 2 30 8.5/gate 05 L4 X XXX
RM/RCI63 | Triple three NAND/NG R gate® 7 25 8.5/gate 05 X X X X| ¥
RM/RCS38| Monostable multivibrator 10 - - 1.0 X X X X
RM/RC993| Dual RM8453) separats clock, separate 9 52 70 n.s X X X X
RM/ACI94 | Dual RM948? | direet set, no direct clear 9 50 B0 0.5 X X X X
RM/RC997 | Dual RM948*] common clock, common 9 b0 &0 0.5 X X X X
RM/RCY99 | Oual RM9A5% | direct clear, direct set ] B2 70 0.5 X X % X
NOTES

1. Operating temperature range; RM types: -55°C to +125%C; RC types: 0°C 10 +75°C

2. Without collector pull-up resistor, Re
3. GKIIpull-up resistor
4. 2K pull-up resistor



Digital Circuits

RAY | and Il Series TTL TYPICAL CHARACTERISTICS Available
Tpd insh Pachages
or Avy. Pwr. oc
Teqyle Function Noise 14 Pin

Type! Fanaut Rate (mW} Margin | o
Number Descrigtion Functien {Min) 50% Duty {V) Jdiclela
RF30 Single phase SRT flip-flop 15 15 MHz 30 +1.1,-1.8 X XXX
RF31 Single phase SRT flip-flap ? 16 MHz 30 +1.1,-15 KX X
RF3z J-K flip-flop (AND inputs} 12 15 MHz 30 +1.1,-1.5 XIX|XiX
RF33 J-K flip-flop {AND inputs} [ 15 MHz 30 +1.1,-18 XXX X
RF50 J-K flip-fiop {AND inputs 15 20 MHz 50 +1.1,-1.5 XX XX
RF51 J-K flip-flop {AN D inputs) 7 20 MHz 50 +1.1,-148 XX XX
RF52 F-K flip-flop {AND inputs) 12 20 MHz 50 +1.1,-15 XXX %
RF52 J-¥, ftip-flop {AND inputs) 8 20 MHz a0 +.1,-15% XX (XX
RFGO J-K flip-flap {OR inputs} 15 2 MHz 55 +1.1,-15 XX | X|[X
RFE1 J-K flip-flop (QR inputs} 7 20 MHz 55 +1.1,-15 XWX X
RF&2 J-K flip-flop {OR inputs) iz 20 MHz 113 +1.1,-158 XIX (XX
RFB3 J-K flig-flop {OR inputs} [ 20 MHz 11 +1.1,-158 KX (XX
RF100 Bual J-K flip-flop {separate clacks} ih| 35 MHz 55/flip-flop +1.0,-1.5 XX |X]|X
RF101 Bual J-K flip-flup (separate clocks} [ 35 MHz 55/flip-flop +1.0,-15 XXX X
RF102 Dual J-K flip-flop (separate clocks) L] 35 MHz 55/flip-flop +1.0,-15 XX XX
RF103 Dual J-K flip-flop {separate clocks) 5 36 MHz 55/ftip-flop +.0,-1.5 XX |X]|X
RFE11( Dual J-K flip-flap {commoen clock) 1 36 MHz 55/flip-flop +1.0,-15 XXX
REIN Duat J-K flip-flop {comman clock) 6 35 MHz 55/flip-flop +1.0,-1.5 HIK X R
RF112 Dual J-K flip-flop {common clock} 9 36 MHz 55/flip-flop +1.0, ~1.5 XXX X
RF113 Dual J-K flip-flop {comman ¢lock) 5 35 MHz 55/flip-flop +1.0,-14 IX XX
RF130 Dital J-K flip-flop (separate clocks} 1 50 MHz 55¢ftip-flog +1.4,-1.6 XIX|X]X
RF121 Dual J-K flip-flop {separate clacks) g 90 MHz 55/flip-flop +1.0,-1.5 XXX X
RF122 Dual J-K flip-flop (separate clocks) 9 50 MHz 58/1lip-flap +10,-15 XX XX
RF123 Oual J-K flip-flop (separate clocks) 5 50 MHz 65/flip-flop +i.0,-15 XXX X
AF130 Oual J-K flip-flop (commen clock) 1 50 MHz 55/1lip-flop +1.0,-1.8 XXX X
RF131 Dual J-K flip-fiop lcommon clocki 6 50 MHz 55/flip-flop +1.0,-1.5 XXX X
RF132 Oual J-K flip-flop ({tommen clock) 9 50 MHz 55/flip-flop +1.0,-1.5 XX XX
fF133 Dual J-K flip-flop {comman clock) 5 60 MHz 55/flip-flop +1.0,-156 KXW R X
RF200 J-K flip-flap {AND inputs 1 50 MHz b5 +10,-15 KX ix | X
RF203 J-K flip-flop {AND inputs) [ 50 MHz b1 +1.0,-15 XX XX
RF202 J-K flip-flop (AND inputsh 3 50 MH2 55 +1.0,-135 KIX|H X
RF203 J-K flip-flap {AND inputs) 5 50 MHz 11 +1.0, -1.9 X[X]|X]X
ARF210 J-K flip-flop (OR inputs} 11 50 MHz b1 +1.0, -14 XX XX
RF211 J-K flip-fiap {OR inputs) g o0 MKz 55 +1.0,-1.5 XXX 1X
RF212 J-¥ flip-flap {OR inputs) 9 50 MHz b5 +1.0, -1.5 XX X)X
RF213 J-K flip-flop (OR inputs} b 50 MHz RE +1.0,-15 X[XIXiX
RF250 J-K fiip-flop (AND inputs) 1 30 MHz R0 +1.1,-15 XXX X
RF251 J-K flip-flap (AND inputs) G 30 MHz 50 +1.1,-15 XX XX
RF252 J-K flip-flop tAND inputsi 9 30 MHz 50 +1.1,-1.5 XX |X|X
AF253 J-K flip-flop {AND inputsi g 30 MHz 50 +1.1,-1.5 XIXix]|X
RF260 J-K flip-flop {OR inputs} n 30 MHz 55 +i.1,-1.5 X[X1X]|X
RF261 J-K flip-flop {OR inputs) g '30 MHz 55 +1.1,-1.5 XX (X%
AF262 J-K flip-fiop (OR inputs} 9 30 MHz 55 +1.1,-1.5 XIX|X|X
RF263 J-K flip-flop {OR inputs) 5 30 MHz 55 +1.1,-15 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 |l Series TTL (Cont.) TYPICAL CHARACTERISTICS Available
Tpd (ns) Packages
or Avy. Pwr. of -
Toggle Function Noise 14 Fin
Type’ Fanout Rate {m¥) Margin
Number Description Function {Min} 6% Duty vl al%le|8
RF3601 Retriggerable monostable multivibrator
{-55°C 10 +125°C) 0mh 25 100 +1.0,-1.5 XX XX
RF9602 Retriggeratle monostable multivibrator
(0°C 10 +75°C) 1zemA |25 100 +1.0,-1.5
RGA0 Dual 4 input NAND gate 15 a 16/gate +1.1,-1.5 XX X%
RG41 Dual 4 input NAND gate 7 10 16/gate +1.1,-1.5 X|IX|X|X
RG42 Dual 4 input NAND gate 12 10 15/gate +1.1,-1.5% XIX|X|X
RG43 Dual 4 inpul NAND gate B 10 15/gate +1.1,-15 LY A
RG5O Exp. 4-wide, 2-2-2-3 input ADI gate i5 12 ki +1.1,-15 XIX]|X]|X
RGS1 Exp. 4-wide, 2-2-2-3 input AQ| gate 7 12 30 +1.1,-1.5 XX X%
RG52 Exp. 4-wide, 2-2-2-3 input ADI gate 12 12 30 +1.1,-1.5 XX X]x%
RGS3 Exp. 4-wide, 2-2-2-3 input ADI gate 6 12 30 +1.1,-1.5 XIX|X|X
RGGO0 Single 8 input NAND gate 15 12 i5 +1.1,-1.5 XX XX
RGE61 Single 8 input NAND gate 7 12 15 +1.1,-15 XXX X
RGEZ Single 8 input NAND gate 12 12 15 +1.1,-1.5 XIX| X%
RGE2 Single & input NAND gate [ 12 15 +1.1,-15 XX XX
RG70 Dual Z-wide, 2 input ADI gate, one side exp. i5 iz 20}/ gate +1.1,-1.5 XXX X
RGT1 Dual 2-wide, 2 input ADI gate, one side exp. i 12 20/gate +1.1,-1.5 XX XX
RG72 Dual 2-wide, 2 input AQ) gate, one side exp. 12 12 20/gate +1.1,-1.5 XX X)X
RGT73 Cual 2-wide, 2 input AQ[ gate, one side exp. g 12 20/qate +1.1, -1.5 XXX (X
RG&G Oual pulse shaper/delay AND gate 15 1 30/gate +1.1,-1.5 XX XX
RGEY Dual pulse shaper/delay AND gate ? 11 30/gate +1.1,-15 X|X|X|X
RGE2 Dual pulse shaper/delay AND gate 12 1 30/gate +1.1,-1.5 XX XX
RGE3 Dual pulse shaper/delay AND gate [} 1 30/gate +1.1,-15 XX %]X
RGID Exclusive QR gate with complement 15 " 35 +1.1,-1.5 XX XX
RGI1 Exclusive OR gate with complement 7 1 15 +1.1,-15 XX XX
RG92 Exclusive OR gate with complement 12 1 35 +1.1,-18 X|X|¥|X
RGI3 Exclusive OR gate with complament B 1" 35 +1.1,-15 XXX
RG100 Exp. 3-wide, 3 input AQI gate 15 12 5 +1.1,-1.5 XX *
RG101 Exp. 3-wide, 3 input A0l gate 7 12 25 +1.1,-15 KX XX
RG102 Exp. 3-wide, 3 input AQI gate 12 i? 25 +1.1,-1.6 KIX| XX
RG103 Exp. 3-wide, 3 input AD) gate 6 12 25 +1.1,-18 XX XX
RG110 Exp. 2-wide, 4 input AQ) gate 15 12 20 +1.1,-15 XXX |x
RG111 Exp. 2-wide, 4 input AQ| gate 7 12 0 +1.1,-1.5 XX %]
RG112 Exp. 2-wide, 4 input AQI gate 12 12 20 +1.1,-15 XX XX
RG113 Exp. 2-wide, 4 input AQI gate g 12 0 +1.1,-15 XXX
AG120 Expandahle single 8 NAND gate 15 18 15/gate +1.1,-156 X|X|x|X
RG121 Expandable single & NAND gate 7 18 15/gate +1.1,-15 XX XX
RG122 Expandable single 8 NAND gate i2 18 15/gate +1.1,-18 X[X|X[X
RG123 Expandable single 8 NAND gate 6 18 15/gate +1.1,-1.5 XX %X
RG130 Dual 4-input line driver 30 15 306/gate +1.1,-1.5 LA AR B
RG1HA Dual 4 input line driver 3d 15 1G/gate +1.1,-15 XIX|X|X
RG132 Dual 4 input line driver 24 15 30/gate +1.1,-1.5 XIX|X|X
RG133 Dual 4 input line driver 12 15 30/gate +1.1,-1.5 LA R AR B A

pa—y

. Operating temperatare 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 Availalie
Ted (ns) Packages
or Avy. Pwr. 118 14 Pin

Toggle Function Noise

Type! Dascriptio Fanout Rate {mW] Margin
Number Description Funetion {Min) 50% Duty vl i b P 1
RG140 Quad 2 input NAND gate 15 10 15/gate +1.1,-15 X[X|X{X
RG141 Quad 2 input NAND gate 7 10 16/gate +1.1,-15 A XX
RG142 Guad 2 input NAND gate 12 10 156/gate +.1,-15 KX XX
RG143 Quad 2 input NAND gate B 10 15/gate +1.1,-15 XXX X
RG150 4-wide, 2-2.2-3 input AO! expander - 4 5/gate +1.1,-15 x| x| xtx
RG1E1 4-wide, 2-2-2-3 input AQI expander - 4 5/gate +1.1,-15 XXX (X
RG152 4-wide, 2-2-2-3 input ADI expander - 4 bigate +1.1,-1.5 XIXjX|X
RG153 4-wide, 2-2-2-3 input ACH axpander - 1 bigate +1.1,-15 XX XX
RG160 Triple 2 input buss driver 22 15 15/gate +1.1,-15 XIX| XX
RG161 Triple 2 input buss driver 11 15 15/gate +1.1,-18 XIXIX]X
RG162 Triple 2 input buss driver 18 15 16/gate +1.1,-1.5 XXX
RG163 Triple 2 input buss driver 9 i5 15/gate +1.1,-15 XX XX
RG170 2-wide, 4 input AUl expander - 1 G/gate +1.1,-1.5 XX Xlx
RGIH 2-wide, 4 input AQ{ expander - 1 Bfgate +1.1,-15 XX XX
RG172 Z-wide, 4 input AQI expander - i higate +1.1,-1.5 XIX|X{X
RG173 Z-wide, 4 input AOI expander — 1 5/gate +1.1,-1.5 XIX|X1X
RG180 Dual 4 input NAND expander - i 1 +1.1,-1.5 XXX | X
RG181 Dual 4 tnpet NAND expander - 1 1 +1.1,-15 XXX |X
RG182 Dual 4 input NAND expander - 1 1 +1.1,-1.5 X|XIX|X
RG183 Dual 4 input NAND expander - i 1 +1.1,-15 XXX %
RG200 Expandable single 8 NAND gate 11 8 22/gate +1.0,-1.5 XX XX
RGZM Expandable single 8 NAND gate [ 8 22{gate +1.0,-1.5 XXX X
RG202 Expandable single 8 NAND gate 9 8 22/gate +1.0,-1.5 XX XX
RG203 Expandable single 8 NAND gate 5 8 22/gate +1.0,-1.5 X|X|X]|%
RG210 Expandable 2-wide, 4 input AQ! gate 11 7 30 +1.0,-1.5 KIX|XIX
RGN Expandable 2-wide, 4 input AQI gate G 7 30 +1.0,-15% XX XX
RG212 Expandable 2-wide, 4 input AQ! gate 9 7 30 +1.0, -1.5 XX XX
RG213 Expandable 2-wide, 4 input AQ/ gate 5 fi 30 +1.0,-1.5 XXX X
RG220 Ouad 2 input NAND gate 11 a 22/gate +1.0,-1.5 AIXIX| X
RG221 Quad 2 input NAND gate 6 6 22/pate +1.0,-1.5 XXX
RG222 Ouad 2 input NAND gate ] [ 22{gate +1.0,-1.5 XXX X
RG223 Quad 2 input NAMD gate 5 [ 22/gate +1.0,-15 KIXIX(X
RG230 4-wide, 2-2-2-3 input AQT expander — 2 1igate +1.0,-1.5 XIX|XIx
RG22 4-wide, 2-2-2-3 input AQI expander - 2 Tigate +1.0,-15 KIX]XIX
RG232 A-wide, 2-2-2-3 input ADI expander - 2 Tlgate +1.0,-1.5 X[X]|X]X
RG233 A-wide, 2-2-2-3 input AQI expander - 2 7lgate +1.0,-1.5 XX XX
RG240 Oual 4 input NAND gate 11 ] 22/qate +1.0,-1.5 X X]XiX
RG241 Dual 4 input NAND gate 6 6 22/pate +1.4,-15 XXX |X
RG242 Dual 4 input NAND gate 9 3} 22/gate +1.0,-1.5 X[X]|X[X
AGZ243 Dual 4 input NAND gatz 5 6 22/gate +1.0,-15 XXX X
RGZ50 Expandable 4-wide, 2-2-2-3 input AD! gate 1 8 40 +1.0,-1.5 XIX|X1X
RG251 Expandable 4-wide, 2-2-2-3 input AO! gate [ 8 40 +1.0,-1.5 XIX|X[X
RGZ52 Expandable 4-wide, 2-2-2-3 input AD] gate ] ] 40 +1.0,-1.5 KIXIX X
RGZ53 Expandahie 4-wide, 2-2-2-3 input AQI gate 5 8 40 +1.0,-15 XXX [X

1. Operating temperature range, final digits 0 or 1; -55°C to +126°C; final digits 2 or 3: 0°C 1o +70°C.
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Digital Circuits

RAY | and Il Series TTL (Cont.)

TYPICAL CHARACTERISTICS Available
Tpd (ns) Packages
or Avy, Pwr. be 14 Pin
Toggle Function Noise

Type' Fanout Rate Tmw) Margin

Number Description Function {Min} 50% Duty {1 2|Eal8
RGZ260 Single 8 input NAND gate 1" g 22 +1.0,-1.5 KX XX
RG261 Single 8 input NAMD gate G HH 22 +1.0,-1.5 XX XX
RG262 Single § input MAND gate g 8 22 +1.0,-1.5 XXX
RG263 Single & input NAND gate 5 8 22 +1.0,-1.5 XX XX
RG270 2-wide, 4 input ADI expander - 1 Tigate +1.0,-145 XX XX
RG21 Z-wide, 4 input AOl expander 1 7/gate +1.0,-1.5 LXK KX
RG272 2-wide, 4 input AQI expander - 1 1/gate +1.0,-15 K| XX
RG271 Z-wide, 4 input A0l expander - ] 1/gate +1.0,-1.5 XIX| XX
RG280 Expandable dual 4 input AND gate 15 1 38/gate +1.1,-15 ¥ x| x|
RG231 Expandable dual 4 input AND gate i 1" 38/gate +1.1,-1.5 KIX[X{X
RG282 Expandable dual 4 input AND gate 12 1% 38/gate +1.1,-15 XX XX
RGZ83 Expandable dual 4 input AND gate 4 11 38/pate +1.1,-1.5 KX XX
RG240 Dual 2 and 2 input AMD/DR gate exp. - 7 16/gate +1.1,-18 XX XX
RG291 Dyal 2 and 3 input AND/OR gale exp. - 7 15/gate +1.1,-15 XXX
RG292 Dual 2 and 3 input AND/OR gate exp. - 7 15/gate +1.1,-15 XX XX
RG293 Dual 2 and 3 input AND/OR gate exp. 7 15/gate +1.1,-1.5 XX xix
RG300 Expandable 3-wide, 3 input AQI gate n 7 35 +1.0,-15 KX XX
RG301 Expandahle 3-wide, 3 input A0 gate 4 7 35 +1.0,-15 KX XX
RGA0Z Expandabile X-wide, 3 input AQ| gate 9 7 35 +1.0,-1.5 KIX| XX
RG303 Expandable 3-wide, 3 input AQ| gate b ¥ 36 +1.0, -6 KX X%
RG310 Dual 2-wide, 2 input AQI gate, one side exp. 1 7 30/gate +1.0, -1.5 XXX X
RG3T1 Dual 2-wide, 2 input AQ gate, one side exp. [ 7 30/gate +1.0,-15 X|X|X]|X
RG312 Dual 2-wide, 2 input ACH gate, one side exp. 9 7 30/gate +1.0,-15 XX %X
RG313 Dual 2-wide, 2 input ADI gate, one side exp, 5 7 30/gate +1.0,-1.5 XIXIX]|X
RG3I20 Triple 3 input NAN{ gare n G 22/yate +1.0,-1.5 AE| XX
RGIN Triple 3 input NAND gate G [ 22/yate +1.0,-1.5 XK XX
RG322 Triple 3 input NAND gate 9 6 22/gate +1.0,-1.5 XIXIX|X
RG323 Triple 3 input NAND gate 5 [ 22/gate +1.0,-1.5 XIX| XX
RG370 Hex inverter 15 10 15/ inverter +1.1,-1.5 XiX| XX
RG371 Hex inverter i 10 16/inverter +1.1,-1.5 XX XX
RG3?2 Hex inverter 12 10 15finverter +1.1,-15 XIXEX]|X
RG373 Hex inverter 4 10 15finverter +1.1, -1.5 X|X]|X]|X
RG380 Hex inverier 1" G 23 finverter +1.0,-1.5 XX XX
RG381 Hex inverter G [ 22{inverter +1.0,-1.5 HIX| XX
RG382 Hex inverter 9 6 22finverter +1.0,-1.5 XIXIX]X
RG383 Hex inverter 5 G 22/invarter +1.0,-1.5 XIXIX|X
AGT510 Quad 2 input line driver 30 15 3D/gate +1.1, =18 XX %%
RG7911 Quad 2 input line driver 19 15 30/gate +1.1,-15 XXX |®
RG7512 Quad 2 input line driver 24 15 3 gate +1.1,-15 XXX X
RG7513 Quad 2 input line driver 12 15 30/gate +1.1,-15 XXX X
RG7520 Quad 2 input lamp driver 40 mA 15 3/ gate +1.1,-14 X{X|X]|X
RG7521 Quad 2 input lamp driver 20mA 15 3/gate +1.1,-1.5 XIX| %)X
RG75H22 Quad 2 input lamp driver 40 mA 15 30/gate +1.1,-1.5 XIXIX X
RG7523 Quad 2 input [2mp driver 20 mA i5 30/gate +1.1,-15 KX XX

1. Operating temperature ranga, final digits @ or 1: -55°C to +125°C; final digits 2 or 3: 0°C 1o +10°¢
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Digital Circuits

RAY | and Il Series TTL (Cont.)

TYPICAL CHARACTERISTICS Rvailable
Tod {ns} Packages
or Avg. Pwr. ot 14 Pin
Toggle Function Noise
Typa! Fanout Rate {mW} Margin <
Number Description Funetion |~ {Min) 50% Duty {v) 3|8a|8
RL10 Fast fuli addar 10 Pin 90 mW +0.6,-1.4 X|X1X X
RLil Fast full adder 10 15 24ns 30 m\W +0.5,-1.4 XIXTX|X
RL12 Fast full adder 10 6 12ns a0 mw +0.6,-1.3 LARSR A B
RLi3 Fast ful! adder 10 7 1ns 90 mW +0.6, -1.3 X|XVE X
RL20 Dependent carry fast adder 10 Y Pin 126 mW +0.6,-1.4 XEXTX|X
RL21 Dependent carry fast adder 10 15 2503 125 mv +0.6,-1.4 XiX| XX
RL22 Dependent carry fast adder 10 6 22ns 125 mW +0.6,-1.3 XXX
RL23 Dependent carry fast adder 10 JT 13ns 125 mW +0.6,-1.3 XiX{X|X
RL30 Dependent carry fast adder 10 7 Pin 125 mW +0.6,-14 XXX |X
RL31 Depandent carry fast adder 10 |5 25ns 126 miW +0.6,-1.4 Kixix|x
RL32 Dependent carry fast adder 10 6 22ns 125 mW +H0.6,-13 X[X1X|X
RL33 Dependent carry fast adder 10 JT 13ms 126 m\W +0.6,-1.3 KK IX|X
Expander

RL4J Carry decoder 10 7 20 mW +0.7,-2.35 XXX X
RL41 Carry decoder 10 See note 2 20 mW +0.7, -2.35
RL42 Carry decoder i 20 mW +1.7,-2.25 X[X]% X
RL43 Carry decoder 10 P, 20 mW 1.7, -2.25 X{X|XiX
RL60 4-bit storage register 1 25 ns 176 mW +1.1,-1.5 X[XIH X
RLE1 4-hit storage register 11 25ns 175 my +1.1,-15 XIX|X|X
RlL62 4-hit storage register 1 25ns 175 miy +1.1,-1.5 XX XX
RLE3 4-hit storage register i1 25 ng 176 mw +#1.1,-15 XIX|X|X
RL70 4-hit storage register 11 25 ng I?ﬁ mi +1.1,-1.% XIX|X|X
RL7i 4-bit storage register n 25 ns 175 mW +1.1,-1.5 XXX |X
RL7Z &-hit storage register il 25ns 175 m +1.1, -1.5 XXX |X
AL73 4-hit storage register " 25 s 175 MW +1.1,-15 XEXIX|X
RLBD 1B-bit scratch pad memory & 27 ns 250 m\y +1.1,-15 KiXIx([x
aLat 16-bit scratch pad memory g 27 s 250 mw +1.1,-1.5 XXX |X
RL82 16-bit scratch pad memory & 27 ns 250 miy +1.1,-15 XXX |X
RLB3 1G-bit scratch pad memory g 27 ns 250 mW +i1,-1.5 XXX

1. Operating temperature range, final digits 0 or 1¢ ~85°C to +125°C; final digits Z or 3. 0°C 10 +70°C,
2.Pin b, A< 4,005 {add 1 A/1 pfd)



Digital Circuits

RAY 1l Series TTL

TYPICAL CHARACTERISTICS BAvailable
Tpd (ns) Packages
or Avy. Par. oc Pins
Toggle Funetion Noise 14 24

Type! Fangut Rate (mW) Margin

Number Description Function (Min) 50% Duty vt 38 8le
RF3120 Dual J-K flip-flop {separate ciocks) T 75 MHz B5/FF +1.1,-158 XXX
RF3122 Dual J-K flip-flop (separate ¢locks) 10 75 MHz 55/FF +1.1,-18 XXX
RF3130 Dual J-K tlip-flap {common clock) 1" 75 MHz 65/FF +1.1,-1.5 X% X
RF3132 Dual J-K flip-flop lcommon clock) i0 75 MHz 55/FF +1.1,-1.5 XXX
RF3200 AND ingut J-K flipflop 11 75 MHz 55 +1.1,-15 X[X| X
RF3202 AND input J-K flip-flop il 75 MHz 55 +1.1,-15 XXX
RF3210 OR input J-K flip-fiop il 79 MHz 585 +1.1,-1.5 XXX
RF3212 OR inpur J-K flip-flop 10 75 MHz 1] +1.1,-156 XXX
RF3220 Triple tatch flip-flop (sep. neq. edge clacks) 1 b0 MHz B0/FF +1.1,-1.5 XXX
RF3222 Triple latch flip-flop {sep. neq. edge clocks) 10 50 MHz BO/FF +1.1,-15 ¥ X
ARF3230 Dual D-type flip-flop 1 60 MHz 75/FF +1.1,-15 XXX
RF3232 Dual O-type flip-flop ia 60 MHz 75/FF +1.1,-158 XXX
RF3240 Triple latch flip-flop {com. pos. edge ¢lock) 1" 50 MHz T0/FF +1.1,-1.5 X1X[X
RF3242 Triple latch flip-flop {com. pos. edge clock} 10 50 MHz TO/FF +1.1,-1.5 XXX
RF3260 B-channel selector flip-flop N 50 MHz 150 +1.1,-1.5 XXX
RF3252 S-channel selector {lip-fiop 10 50 MH:z 150 +1.1,-1.5 XX x
RG3I150 Cual 4 input NAND gate sxpander - 1 - +1.1,-1.5 XXX
RG3182 Ouat 4 input NAND gate expander - 1 - +1.1,-15 XXX
RG3200 Expandable single 8 NAND gate 1 6.5 22 +1.1,-1.5 XXX
RG3202 Expandable single 8 MAND gate 10 65 22 +1.1,-15 XXX
RG3210 Expandahle 2-wide, 4 input AQI gate 11 5.5 30 +1.1,-1.5 XXX
RG3212 Expandable Z-wide, 4 input AQ( gate 10 55 20 +1.1,-1.5 XXX
RG3220 Quad 2 input NAND gate n 4.5 22/ gute +1.3,-15 XXX
RG3222 Quad 2 input NAND gate 10 4.5 22/gate +1.1,-1.5 KX X
RG323D A-wide, 2-2-3-3 input AQJ expander - 2 7igate +1.1,-1.5 XXX
RG3232 A-wide, 2-2-3-3 input AQI expander - 2 1fyate +1.1,-1.5 XXX
RG3240 Ouai 4 input NAND gate 11 45 22fgate +1.1,-1.5 XXX
RG3242 Qual 4 input NAND gate [ 1.5 22/gate +1.1,-1.5 XXX
RG3250 Expandahle 4-wids, 2-2-2-3 input AOI gata 1 6.0 40 +.1,-15 KX X
RG3252 Expandable 4-wide, 2-2-2-3 input AQ{ gate 10 6.0 a0 +1.1,-1.5 XXX
RGI260 Single 8 input NAND gate 1" 55 22 +1.1,-15 XXX
RG3262 Single 8 input NAND gate 10 5.5 22 +1.1,-1.5 XXX
AG3270 2-wide, 4 input ADJ expander - i gate +1.1,-1.5 XXX
RGI272 2-wide, 4-input AC) expander - 1 1/gate +1.1,-1.5 XXX
RG2300 Expandable 3-wide, 3 input AQ( gate 11 6.0 35 +1.1,-15 XXX
RG3302 Expandatile 3-wide, 3 ingut AOI gate 10 6.0 35 +1.1,-1.5 XXX
RG3310 Dual 2-wide, 2 input ADI gate, one sideexp. 1 8.5 30/gate +1.1,-1.8 X X| X
RG3312 Dual 2-wide, 2 input A0 gate, one side exp. 10 5.5 30/gate +1.1,-15 XXX
AGA320 Triple 3 input NAND gate 11 15 22/gate +1.1,-1.5 Xl ¥ X
AG3322 Triple 3 input NAND gate 10 4.5 22{qate +1.1,-1.5 X|¥| X
AG3II80 Hex inverter 11 45 22{inverter +11,-15 X|X| X
RG3382 Hex inverter 10 4.5 22/inverter +1.1,-1.6 XXX
RG3330 Dual 4 input AND gate, split outputs 1 6.5 30/gate +1.1,-1.5 XXX
RG3392 Dual 4 input AND gate, split outputs 10 6.5 20/gate +11,-1.5 XXX

! Operating tamperature range, final digit 0: -55°C to +126°C; final digit 2: 0°C 1o +70°C.



Digital Circuits

RAY Ill Series TTL (Cont.)

TYMCAL CHARACTERISTICS Available
Tod tos) Packages
or Avg, Pwr. oc Pins
Toggle Function Naise 14 2
Type! Fanout Rate {mW} Margin

Number Description Function {Min} 50% Duty V) 38| 18|=
RG3400 | Quad 2 input AND gate i 6.5 20/gate +1.1,-15 x| x|x
RG3402 Ouad 2 input AND gate i0 6.5 30/gate +1.1,-1.5 XXX
RG3410 | Quad 2 input NOR gate 1 45 30/gate +1.1,-15 x|x|x
RG3412 Quad 2 input NOR gate 10 45 30/gate +1.1,-15 XXX
RG3420 Qual 4 input NAND gate, split outputs i 45 22{gate +1.1,-15 XXX
RG3422 Owal 4 input NAND gate, split autputs 10 45 22{qate +1.1,-156 XXX
RG3430 Single 8 input NAND gate, split outputs 3] 5% 22 +1.1,-15 XXX
RG3432 Single 8 input NAND gate, split outputs 1 5.5 22 +1.1,-1.5 X x| %
RG3440 Dual Z-wide, 2 input ADI gate, split outputs 1" 5.8 30/pate +1.1,-1.5 XXX
RG3442 Dusl 2-wide, 2 input ADI gate, split outputs 10 5.5 30/gate +1.1,-1.5 X[*%]|X
RG3450 4-wide, 2-2-3-4 input AD) gate Ti 5.5 40 +1.1,-1.5 XXX
RG3452 4-wide, 2-2-3-4 input AQI gate 10 5.5 40 +1.1,-1.5 X|X|X
/L3002 10-hit parity generatar/checker 14 25ns 325 mW +1.1,-1.7 X
RL310D 4-bit full adder 10 16 ns 350 +1.4,-1.1 X
AL3102 4-bit full adder 10 15 ns 350 +14,-1.7 X

! Operating temperatura range, final digit 0: -56°C to +125°C; final digit 2: 0°C to +70°C.
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LS00 LS04
LS10 LS20 LS30

Positive-NAND Gates, Hex Inverters

PIN-QUT AND LOGIC DIAGRAMS

LS00
QUADRUPLE 2-INPUT NAND GATE
12 11 10

Vep 49 44 4Y 3B 3A IY

10} [9] 8]
9
»
8
7 [ [
6

(112§ (3] [a] (5] (]
TA 1B 1Y 2A 78 2¥ GND
Paositive logic: ¥ = AB

Die Size ,060 x 067

. L504
HEX INVERTER

1A 1Y 28 2¥ 3A 3Y GND
positive logic: ¥ = A

DCie Size 060 x 067

510
TRIPLE 3HNPUT NAND GATE
12 11 10 Voo 1C 1Y 3C 38 34 3Y

T8 18 24 28 2C 2V GND
positive logic: ¥ = ABC

Die Size ,060 x Q067

LS20
DUAL 4-NPUT NAND GATE

Ve 20 2C NC 26 2A 2¥

n@?@mnu

Hla)

1A 1B NG 1C 10 1Y GND
positive fogic: ¥ = ABCD

Die Bize 060 x D57

2-2

Die Size 080 x 067

LS30
SNPUT NAND GATE

NC -— Ne internal connection

A S C D E
positive logic: ¥ = ABCDEFGH

F GND




Positive-NAND Gates, Hex Inverters

Recommended Operating Conditions

91.5/54LS aLs7N.S Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Voe 4.5 5 5.6 | 4.7% 5 5.25 \%

! High logic level 20 20
Mormalized fan-out from each output, N Low iogic level 10 50
Operating free-air temperature, Ta, -bb 125 a 70 °C

Electrical Characteristics Over Recommended Free-Alr Temperature Range {(Uniess Otherwise Noted)
SLS/SALE ILETILS
i "

Parameter Test Conditions Min | Typ- | Max | Min | Typ™| Max Unit
ViH 2 2 v
Vi 0.7 0.8 A4
V) Veo=MIN, [j==18mA -1.5 -1.5 v
Vou Vee=MIN, Vi —VLmax, lgy=-400uA, V) =0.7v | 25 | 34 271 34 v
VoL Voo=MIN,  Vjy=2v I =4 mA 025 | 04 0251 04 v

lop =8 mA 0.3 ] 0456 v
|| Vcc=MAX, VF?,UV 0.1 0.1 ma,
LiH Vee=MAX, V=27V 20 20 RA
L Voo=MAX, V=04V -0.4 -4 | mA
log Veo=MAX, -15 =100 ] -15 -100| ma
| Voo=MAX, All inputs at OV | L500,04,10,20 0.2 04 0.2 | 04 mA

een {Per Gate) [530 035 ] 05 035] 05
teoL Vee=MAX, Al inputs at 4.5 (Per Gate} 0.6 11 0.6 1.1 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommendea operating conditions for the apolicsble
device type.
**All typical values are at Voe = BY, Ta = 25°C.
thot more than one output should be shorted at a time.

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

Parameter =550 +25°C +125° Unit
Min [ Typ | Max | Min | Typ | Max | Min | Typ | Max
Test Conditlona: C, = 15pF, R, = 2k{} {Sae 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 ] 15
tpy [LS00,04,10, 9 15 3.0 5.0 10 8 14
L3520 101 16 4.0 8.0 12 10 16 ns
LS30 181258 6.0 15 20 10 17
Test Conditions: C, = 50pF, A = 2k!) {Sae Fig. A, page 2-174)
teLy | LS00,04,
10,20 9 15 9 15 10 18 ns
L1530 2 13 8 13 12 18
tpyL | LS0O0,04.10, 11 | 17 10 16 10 16
LS20 12 | 16 12 16 12 18 ns
L530 271 35 21 28 16 23

Note: AC specification shown under —55°C and +125°C are for LS devices only, All S0pF specifications
are for QLS devices only.
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LS01 LSO3
LS0S Ls12 LS22

P

PIN-QUT AND

ositive-NAND Gates, Hex Inverters

With Open-Collector Outputs

LOGIC DIAGRAMS

LS01
QUADRUPLE 2-INPUT NAND GATE
Voo 4Y 4B 4A 3Y 3B 3A

mﬂny

Ls02
QUADRUPLE 2-INPUT NAND GATE
10

12 1 Voo 4B AA 4Y 3B 3R 3Y

B

== S -

Vpe 6A 6Y BA &Y 4A aY

SRR
P-

1A I‘r’ ZA Y A 3
positive logic: Y =

Die Size 060 % .067

2 2 4 5 1¥ 14 1B 2¥Y 2A 2B GND 14 18 1¥ 2A 2B 2Y GND
positive logic: ¥ = AB positive logic: ¥ = AB
Die Size 060 » .067 Die Size ,060 x .067
LS05 LS12
HEX INVERTER

TRIPLE 3-INPUT NAND GATE
VEe IC 1Y 30 38 34 3y

mmmum@m

o

? »

6 i
m£ﬁnm@ﬂ

1A 1B 2A 2B 2C 2Y GNO
positive fogic Y = ABG

Die Size 080 x 067

Dia Size 060 x .0G67

LG22

DUAL 4-INPUT NAND GATE
10

Ver 20

SE @ EE G

14 B NC 1C 1D 1Y GRD
positive logic: ¥ = ABCD

NC - No internal connection

2.4




Positive-NAND Gates, Hex Inverters LSO1 LS03
With Open-Collector Outputs LS05 LSt2 LS22

L. ]
Recommended Operating Conditions

9LS/54LS ILS/7ALS Unit

Min | Nom ; Msx | Min | Nom | Max
Suppty voltage, Ve {See Note 1) 4.5 5 56 | 475 & | B25| Vv
High-level output voltage, Von 5.5 5.5 v
Low-tevel output current, lgy 4 8 mA,
Qperating free-air temperature, Ta ~55 125 70 o0

NOTE 1: Valtage values are with respect to network graund terminal,

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

Parametst Tast Conditions* in QL‘f;:ﬁ.s o | Wi BLf;:?;I:s Wax Unit
Vin 2 2 v
ViL 0.7 08 W
7 Veo=MIN,  1,=-18mA 18 A5 | W
lan Yoo =MIN, VO‘H=5‘5V V=07V 100 1G0 [T
VoL VernMIN N o =4mA 026 04 025 0.4 v

cc ' " |0|_=30'IA 0.3 0.5
N Veoe=MAX, V=70V 0.1 0.1 ma
hn Vee=MAX, V,=2.7V 20 24 LA
i Vec=MAX, V=04V -04 04 | mA
lecH Veoe=MAX,  All inputs at 0V (Per Gatel 02| 04 0.2 04| mA
feoL Vee=MAX,  All inputs at 4.5V (Per Gate) 06 | 11 06| 1.1 ] mA

*Far conditions shown as MIN or MAX, use the appropriate value specified under recormmended operating conditions for the applicable
device type.
**All typical values are at Yo = 5V, T = 25°C,
THNot more than ang autput should be shorted at a time.

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

- N —55°C +25°C +125°C

i Min | Typ | Max | Min | Typ | Max | Min | Typ | Max Unit
Test Conditlona: C, = 15pF, R_ = 2k{} (See Figure 8, page 2174}
tpLH 7.0 16 28 70 14 22 7.0 15 28 ns
tpyL 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 [ 18480, 35 12 20 30 12 21 35 ns
tpHL 6.0 12 25 6.0 12 20 6.0 12 25 ns

Mote: AC spetification shown under -55°C and +125°C are for OLS devices only. Al G0oF specifications
are for 9LS anly,
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LS02 LS27

PIN-OUT AND LOGIC DIAGAAMS

QUADRUPLE 2-INPUT

Do~ o W

23 4 5
Die Size .053 » .053

Voo 4Y 4B 44 3Y 3B A

alm|

NOR GATE

I.T_FLIE

NG @EEE
1¥ 14 B 2Y 2A 2B GNOD
positive logic: ¥ = A+B

1827
TRIPLE 3-INPUT NOR GATE

12 11 10 Yop 1€ 1Y 3C 3B JA 3Y
1] [19) (3] [&]
»,
| D
|5
i sl BjGla)

1A 1B 2A 2B 26 2Y GND
positive logic: Y = A+B+C

2 34 685

Dig Size 053 x 053

Recommended Operating Conditions

aL5/5ILS 9LS/74LS Unit
Min | Nom | Max | Min | Mom | Max "
Supply voltage, Ve 4.5 -] 5 | 475 =] 5.25 Y
. High logic level 20 20
M lized fan- h
ormalized fan-out from each output, N Low logic level 10 >0
Operating free-air temperature, Tg -b6 126 Q 70 G
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. HLS/5ALS GLS/T4LS
Paramater Test Conditions Win [ Typ* | Max | Min | Typr| Wax Unit
Vil 2 2 Vi
VL 0.7 08 | V¥
V| VeosMIN, 1,=-18mA -1.6 15| V
Von Vee=MIN,  Ign=-400uA |V, =0.7V 25 | 34 27 | 34 v
- ToL=4mA 0.25 | 04 0.25| 04
VoL Vee=MIN, IgL=BmA 035 05| ¥
h Veoe=MAX, V=7V 0.1 o1 ma
I Voo=MAX,  V=2.7V 20 20 | pA
I Veg=MAX,  v=04V -~0.4 -0.4 | mA
los Veo=MAX, -15 -100 | -15 -100| mA
. LS0Z2 1.6 3.2 1.6 3.2
lecht = A
ccH Vee=MAX, All inputs at OV 1537 55 a0 50 a0 m
L502 28 5.4 2.8 5.4
: - A
lecL Veoe=MAX, All inputs at 5BV 15027 74 Y 34 5B m

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

davica typé.
**All typical values are at Voo =5V, T
TMot mora than one output thould be s

= 25°C.
rted at & time.

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

Paramet -55°C +26°C +125°C Unit
Min | Typ [ Max [ Min T Typ [ Max [ Min ] Typ | Max

Test Conditions: C, = 150F, R, = 2ki} {See Fig. A, page 2-174)
TpH 5 11 6.0 11 8 13 ns
TPHL 7 14 6.0 12 4 14 ns
Teat Condithona: C, = 50pF, R, = 2kl (See Fig. A, page 2-174)
TPLH 8 13 8 13 10 i5 ns
tPHL 10 15 7 14 7 15 ns
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Positive-AND Gates LS08 LS11 LS2t

PIN-OUT AND LOGIC DIAGRAMS

08 LS1
QUADRUPLE 2-INPUT AND GATES TRIPLE 3-INPUT AND GATES

Veg 48 4 4Y 38 3A 3V
.E:TT.T

1A 1B 1‘f' 28 28 2¢ GND 1314 1 2 1A 18 ZA 28 2C 2¥ GND
positive logic: ¥ = AB positive logic: ¥ = ABC
Die Size .045 x .056 Dis Size .052 x .054

Ls21
DUAL 4-INPUT AND GATES

Voo 20 20 NC 2B 24 v

1M [@E]E]

b

1A 16 NC 1C 1D 1Y GHD
positive logic: Y = ABCD

Die Size 042 x 044

MC - No internal connection

Recommended Operating Conditions

ILS/54LE SLS/74LE
Min | Nom | Max | Min | Mom | Max

Unit

Supply voltage, Ve

4.5 5 55 | 478 ] 5.25 v
. High lagic level 20 20
Normalized fan-out from each output, N Low logic level 3 50
Operating free-air temperature, Ta

-86 125 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* i glf;‘:ﬁ's PR R 9";‘::' ‘,l;s e Unit
Vid 2 2 v
Vi 0.7 0.8 \d
V| VCC=M|N, l|=-13mA -1.5 -1.5 W
You Vee=MIN,  Jgu=-400uA | Viy=2.0V 2.5 34 2.7 | 34 Y
v It =4mA 025 1 04 020 | 0.4 v

oL IgL=8mA 035 056
1| Vee=MAX, V|=7.0V 0.1 0.1 mA
l'IH- Vcc=MAX, V|=2‘?V 20 20 j.IA
[ITH Vee=MAX, V=04V -0.4 -0.4 | mA
lng Vee=MAX -15 -100 | -15 -100| mA
leon Voo=MAX,  Allinputs at 4.5V (Fer Gate) . 1.2 0.6 1.2 | mA
iceL Veoo=MAX, Allinputs at OV {Per Gate) 1.1 2.2 1.1 22 | mA

*Far conditions shown as MIN or MAX, use the appropriate value spacified under recommended operating conditians for the applicable

davice type.

* Al typical values are at V¢

=6V, Ty =25°C,

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

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

Par ~55°C +25°C +125°C Unit
Min T Typ [ Max [ Min | Typ | Max | Min | Typ | Max
Test Conditions: C, = 15pF, R, = 2k{} (Sae Fig. A, page 2-174)
tepLn | LS0B,11 a | a 85 13 9 | 14
LS21 10 | 15 9 14 i |15 | ™
tpuL | LSOB,11 8 | 1 6 10 8 12 e
LS21 5] i1 ] 10 8 32
Tast Conditions: ¢, = 50pF, R, = 2k{} (Sea Fig. A, page 2-174}
tpLn | L5081 11 ] 17 10 15 1] 16 .
L521 12 22 12 20 12 23
ten | L5081 10 | 15 8 12 11 | 16 e
L521 14 22 12 20 12 23

Note: AC specification shown under —5&C and +125 C are for 9LS devices anly.

are for QLS only.

2.8
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Positive-AND Gates
With Open-Collector Outputs LS09 LS15

PIN-OUT AND LOGIC DIAGRAMS

LS09 LS15
GUADRUPLE 2-INPUT AND GATES TRIPLE 3-INPUT AND GATES

Vep 4B A 4Y 3B 3A 3Y ¥ep 1C 1Y 3¢ 38 3A 3y

2 3 4 5 14 1B 1Y 2& 28 2Y GHD 13 14 1 2 14 18 2A 2B 2C 2Y GND
Die Size .045 x 056 positive logic: Y = AB Die Size .052 x .054 posiiive logic: Y = ABC

Recommended Operating Conditlons

GLS/54LS BL5/7ALS Unit
Min | Mom | Max Min | Nom | Max "
Supply voltage, Vor (See Note 1} 4.5 5 55 | 476 ] 5.25 W
High-level output voltage, Yoy 55 5.0 W
Low-level output current, g -55 125 0 70 °C
NOTE 1: Vaoltage valyes are with respect 1o network ground terminal.
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
N HLE/54LS ILS/74LS
Parameter Tesl Conditlons’ Min | Typ=~ | Wax | Win | Typ-| Max Unit
ViH 2 2 v
Vi 0.7 0.8 v
N Vee=MIN, ly=—18mA -1.5 -15 \'i
Van Vee=MIN,  Vou=55Y, Vv, =2.0V 100 100 | pA
B _ loL=4mA 025 | 04 025 04
loH Veoe=MIN, WV =V MAX ToL BMA 035 05 V'
h Veoo=MAX, V=7.0V a1 0.1 ma
lin Vcc=MAX, V|=2.?V 20 20 HA
he Weo=MAX, V=04V -0.4 -0.41 mA
legh Vee=MAX, Al inputs at 4.5V {Per Gate) 06 | 1.2 06 | 1.2 { mA
gL Veoo=MAX,  All inputs at 0V (Per Gate) 1.1 2.2 1.1 22 { mA

*For conditions shown as MIN or MAX, use the appropriate value specified under racommended operating conditions for the applicable
device type. R
** Al typical values are at Vo =5V, Ty = 25°C,

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

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

Test Conditiona: C, = 15pF, R, = 2k} (See Fig. B, page 2-174)
tPLK 141 20 14 21 28 | 42 ns
tpL 10 15 8 12 9 13 ns
Test Conditions: C_ = S0pF, R, = 2k(} {See Fig. B, page 2-174)
LA 307 38 30 3 40 | 54 ns
thyL 16 23 12 17 13 17 ns

Mote: AC specification shown under —5500 and -+125“C are far OLS devices anly. All 50pF specifications
are for AL devices only,
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Schmitt-Trigger Positive-NAND Gates and
LS13 LS4 Inverters with Totem-Pole Outputs

FEATURES

® Operation from Very Slow Transitions

& Temperaturg-Compensated Thrashold Levels

® Temperatura-Compensated Hysteresis, Typically 0.8V
* High Noise Immunity

DESCRIPTION

Each circuit functions as a NAND gate or inverter, but
hecause of the Schmitt action, it has different input thres-
hold levels for positive- and negative-going signals. The
hystaeresis or backlash, which is the difference between the
twao threshold levels, is typically 8OO millivolis.

These circuits are temperature compensated and Gan be trig-

PIN-QUT AND LOGIC DIAGRAMS

13 12 11 10

LS

LS13

g 8

T ILLY)

7

GND B

Vpp 20 2C NG 28 2R 7Y
{3 (21 4] (@3] [

14 18 KNC 1C 1D 1¥ GNO
positive Iogic: ¥ = ABCD

gered from the slowest of input ramps and stitl give clean, i 2 3 4 B 6
jitter-free output signals. Die Size 087 x 057
: NC- Mo intarnal connection
SCHEMATIC {EACH GATE)
Ve LS14
20 k52 10002
NOM NOM 13 i2 1110 9 8
Vpp 6A BY BA §Y AA 4
" l_!_F_F_F! EERERDE
LNP s QuUTPUT
5 " Ve Ptk _J
et )l . 14 -~
D—i— = —y
G EED
GND 14 1Y 2A 2¥ 3A 3Y GND
pusitive logle: ¥ = A
i 2 3 4 b B
| Die Size .067 x 067
Recommended Operating Conditions
9LS/54L5 ILs/TALS Unit
Min | Nom | Max Min | Nom | Max "
Supply voltage, Ve 45 5 | 55 |475| 5 [525| V¥
High-level output current, lgy -400 -400 [ pA
Low-level output current, Ig 4 8 mA
Operating free-air temperature, T, -55 126 0 70 °C




Schmitt-Trigger Positive-NAND Gates and
Inverters with Totem-Pole Qutputs LS13 LS4

| e —————
Elecirical Characteristics Over Recommended Free-Air Temperature Range {Unless Otherwise Noted)

. SLS/54LS 9LS74LS

Farameter Test Conditions Win | Typ | Max | Min | Typ~ | Max Unit
Vs Vee=5V 14 116 |19 |14 ] 18} 20| v
Vir_ Voe=bV .5 B 1.0 5 .8 1.0 W
Ve - Voo Vee=BV 04 ] 08 04 | 08 v
T Vee=MIN, ;= ~18mA 15 51 v
VQH VCC=M|N, |0H='400;1A, VFU.GV 25 3.4 2.7 34 W

— lop =dmA 026 | 04 0.26 | 04
= =2V o] vl

VoL Veg=MIN, vy lo =BmA 035 | 05
lr4 Vee=5Y, Vi=Vrs -0.14 -0.14 mA
IT— Vee=bv, Wi=VTo -0.18 -0.18 mh
iy Voo=MAX, V=7V 0.3 0.9 | mA
IIH VCC=MAX, V|=2.?V 20 20 L(A
I Voo=MAX, V=04V -0.4 -04 | mA
Ios Vec=MAX -5 -100 | -16 ~100 | mA
lecn - = K] 78 | 6 29 ] ® N
VecmMAX, V=0V L1514 86 | 16 g6 ] 16 | ™

_ ) 513 a1 7 43| 7
locw VeemMAX,  vy=4.5v L514 12 | 2 2 ]z | ™

*For conditions shown as MIN or MAX, use the appropriate value specified under recornmended operating conditions for the appticabla
davice type.
** adl vypical values arg at Vo = 6V, Ta = 26°C.
tNot more than one autput should Ge shorted at & time.

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

. —56°C +25°C +125°C Vit
o Min | Typ | Max | Min | Typ | Max | Min | Typ | Max |
Test Conditions: C, = 15pF, R, = 2ki (See Fig. A, page 2-174)
tpLn | LS13 16 | 28 15 22 16 | 30 | ns
LS14 16 | 28 16 | 22 18 | 30 | ns
PHL L5123 22 38 18 27 20 38 ns
LS14 7 | 32 15_1 22 16| 30 | ns
Test Conditions: C, = 50pF, R_ = 212 (See Fig. A, page 2-174)
teLw | LS13 20 | 38 20 [ 27 20 | 38 [ ns
LS14 20 | 38 20 | 27 21 | 38 | ns
tPHL LS13 25 42 25 33 25 42 ng
LS14 21 38 20 27 N 38 ns

Mote: AC specification shown under —BS°C and +125°C are for GLS devices only. All E0pF specifications
are for 3LS only,

PARAMETER MEASUREMENT INFORMATION

————————— — v

INFUT 1.7v 09y

| H ov
p—PHL f—tPLH—=d

[ I VoK
QUTPUT 13w 1.3V
————— YoL

VOLTAGE WAVEFORMS

MQTES: A, The input waveform is supplied by a generator with the following characteristics:
Zout = B0 and PRA < 1 MHz, 1, = 15 ns, t; = 6 ns,

8. C| includes probe and jig capacitance.
GC. At diodes are TN216 or TN3064,
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Schmitt-Trigger Positive-NAND Gates and
LS13 LS14 Inverters with Totem-Pole Outputs

TYPICAL CHARACTERISTICS T

POSITIVE-GOING THRESHOLD VOLTAGE
Vs
FREE-AIR TEMPERATURE

170 o
1.69 |- Vee =5V
1.68
1,67
1.66
1.65
1.64
1.63
1.62

1.61
160
75 50 .25 G256 5O 75 100 125

TR-FrEE-Air Temperature-2C

YT+ — Positive-Going Threshold Voltage — V

HYSTERESIS
Vs
FREE-AIR TEMPERATURE

I I
840 |- Voo = 5v

YT+ — VT — Hysteresis — mV
d
/-]
[ =3

- wd
o
=

5 80 25 0 25 50 75 100135
Tpa Fres-Air Temperature °C

THRESHOLD VOLTAGES AND MYSTERESIS
Vs
SUPPLY VOLTAGE

= 2.0

| Ta 25C

w 1B

£ 16 ko] anm

£ 6 gt

2 1.4 Positive-Going Threshold Waltage, 5
z | T
Sk ] |

[ Megative Gong Threshald Voltage,
s 10 Vr_

=

£ 08 _—

% Hysteresis, YT+ - V77

S 0s y o7

=

E 04

8 0.2

=

=

0
4.5 4.75 2] 525 65
Ve Supply Voltage-V

NEGATIVE-GOING THRESHOLD VOLTAGE
Vs

0.90
0.89
0.88
0.87
0.86
0.85
084
083
0.82
0.81
0.80

VT - - Negative Going Thrashold Votiage -

Relative Frequency of Occurence

FREE-AIR TEMPERATURE

T
-vee = BV

75 -0 26 ¢ 26 50 75 100125

TQ- Free-Air Tamperature-7C

DISTRIBUTION OF UNITS
FOR HYSTERESIS

T
vee = BY
FTa = 25°C

a9% ARE J
ABOVE
.

720 740 760 780 800 820 840 860 880

Vo — Qutput Voltage — ¥

V-|-+-\.I"T;-H ysteresis-my

QUTPUT VOLTAGE
Vs
INPUT VOLTAGE

vee =5V
T = 265°C

\] a 0.8 12 1.6 2

Y |-Input Woltage-V

tData for temperatures below 0°C and above 70°C and supply voltage: below 4,75 and above 5.25 are applicable for 9LE/S41L813, and

9L5/04L514.
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Schmitt-Trigger Positive-NAND Gates and
Inverters with Totem-Pole Qutputs LS13 LS14

TYPACAL APPLICATION DATA

| TTL SYSTEM

L 1D |
1
!
. !
SINE-WAVE ) '
OSCILLATOR -D. - OUTPUT : 1 1!

1

1

1

TTL SYSTEM INTERFACE PULSE SHAPER
FOR SLOW INPUT WAVEFORMS

330 0 0.1 Hz 10 10 MHz

INPUT al )}_____

Al
La N

QUTPUT

MULTIVIBRATOR THRESHOLD DETECTOR

{pen-collector

weut |1 A OUTPUT INPUT n —| l_l
el Hme
] J |

— OUTPUT

PULSE STRETCHER



LS26

Quadruplie 2-Input High-Voltage
Positive-NAND Gate

PIN-OUT AND LOGIC DIAGRAM
{OPEN-COLLECTOR QUTPUTS)

Dig Size .047 x 048

Ver 4B 4Aa 3Y 3B JA 3Y
» [ )
»

HBB

1A 18 1Y 2& 2B 2¥ GND
positive logic: ¥ = AB

Recommended Operating Conditlons

OLS/54LS gLS/74LS Unit

Min | Nom | Max | Min | Nem | Max
Supply voltage, Voo (See Note 1} 45 5 &5 | 475 5 5.25 W
High-level putput voltage, Vigy 15 15 v
Lowlevel output current, g 4 8 mA
Operating free-air temperature, Ta -55 125 0 70 °C

NOTE 1: Voltage values are with respect to netwaork ground terminal,

Electrical Characteristics Over Recommended Free-Alr Temperature Range (Unless Otharwise Noted)

Parameter Tast Conditions” in 9":;::’:3 T T BL_?:;?:S Yy Unit
Vig 2 2 \i
ViL 0.7 08 | v
V) Vee=MIN, h=-18mA -1.56 -1.5 vV

Van=12V 50 50 A
o Yeo=MIN, WL =YL max Vor=16V 1 1 Y

= . . . 4

vou VoerMIN, vV OIS B o] Y
Iy Veoc=MAX, V=7V 0.1 0.1 mA
i Veoe=MAX, WV =2.7V 20 20 HA
I Ven=MAX, V=04V -0.4 04 [ mA
lcon Vee=MAX, Al inputs at OV 08 | 16 08 | 1.8 | mA
leoL Vee=MAX,  Allinputs at 4.6V 2.4 4.4 24 4.4 mA

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

device type.

** 40 typical values are at Ve = 5V, Ta = 25°C.

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

- i —55°C +25°C +125°C ]
o Min | Typ | Max | sin | Typ | Max | Min | Typ | Max Unit
Test Conditions: C, = 15pF, R, = 2k (See Fig. B, page 2-174)
toLu 70| 16 | 28 [70| 13|22 ]|70] 18] 28 ns
L 60 | 12 | 22 |30 | 10 | 18 [ 40 | 40 [ i8 | ms
Test Conditions: C,_ = 50pF, R, = 2k {See Fig. B, page 2-174}
tpLH 12 18 35 12 20 30 12 21 35 ns
teH 6.0 12 25 6.0 12 20 6.0 12 25 ns

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

are for 9LS anly.
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NOR, NAND Buffers

LS28 LS37 LS40

PIN-QUT AND LOGIC HAGRAMS

Ls28
QUADRUPLE 2-INPUT NOR BUFFER
- VLo 4Y 4B 4 3Y 38 3A

13

[1][2)

537

QUADRUPLE 2-INPUT NAND BUFFER

Vop 4B 4A aY 3B 3A 3Y

1¥ 1A 1B 2¥ 2A 2B GND 1A 18 1¥ 28 2B 2¥ GND
Die Size .045 x 052 positive logic: Y = A+B | Die Size .045 x .052 positive logic: ¥ = AR
L
DUAL 4-INPUT NAND BUFFER
Vgr 20 28 NG 28 2A 7Y
{2 53] EX
L L »
1A 1B NC 1C 1D 1¥ GND
Die Size 045 x 052 positiva logic: ¥ = ABCD
Recommended Operating Conditions
9LS/54LS ILB/74LS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Vo 4.5 5 55 | 4.75 5 5.25 \
. High logic leval 60 80
Marmalized fan-out from gach output, M Low logic level 30 50
Operating free-air temperature, Ta -85 | 126 0 70 °C

2.15



LS28

LS37 LS40
e

NOR, NAND Buffers

Electrical Characteristics Over Recommended Free-Alr Tomperature Range (Unless Otherwise Noted)

. SLS/54LS aLE/TALS
Parameter Test Conditions Win | Typ~* | Max | Win | Typ~ | Max unit
Vin 2 2 v
ViL 0.7 08 | V
V) Veoe=MIN, 1j=-18mA -1.5 -1.5 v
Vou VeooMIN,  lgu=-1.2mA [V,L=0.7¥ 25 | 34 27 | 34 v
- ToL=12mA 05| 04 0.75| 04
VoL Vee=MIN, — Viy=2v ToL=22mA 035] 051 ¥
1 VoorMAX, V=7V ] 0.1 | mA
T Veo—MAX, V=277 20 70 | pA
I Veo=MAX, V=04V ~-0.4 -04 | mA
ios Veo-MAX =30 =700 -30 ~100| mA
lecu Voe=MAX, Al inputs at 0V | LS28 0A5 | 0.9 D45| 0.9 mA
ce {Per Gate) 183740 023| 06 0.23] 05
VeoeMAX, All inputs at 5V LS28 1.7 [ 345 1.7 | 345
lecL mA
{Per Gate) LS37,40 1.5 30 1.5 30

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

device typa.

**All typical valuas are at Vo

=BV, Ta = 26°C.

tTNot mare than one autput should be shorted at a time.

Switching Characterlstics, V. = §V Over Recommended Free-Air Temperature Range

Par . —55°C +25°C +125°C Unit
Min | Typ | Max | Min | Typ | Max | Min [ Typ T Max

Test Condltions: C, = 45pF, R_ = B67{) (See Fig. A, page 2-174}
toLn 6 | 10 5 [ 1 6 | 14 | ns
T L 7 15 7 [ 15 | ne
Test Conditlons: C, = 125pF, R, = 66711 (See Fig. A, page 2-174)
1pLH g 16 7 15 8 16 ns
LpHL 14 20 10 18 10 20 ns

Mate: AC specification shown under —55°C and +125°C are for SLS cevices only. All BOpF specifications are for 91.5 devices anly,




Quadruple 2-Input Positive-OR Gate LS32
PIN-QOUT AND LOGIC DIAGRAM
Ls32
QUADRUPLE 2-INPUT OR GATE
12 11 10 Vge 4B 4A 4Y 3B 3A 3Y
[13]) (12} [} (o3 [3] [2]
a
8 » >
7 », »
5}
OB EEEE
1A 18 1Y 2a 2B 2Y GND
3 4 5 positive logic: ¥ = A+B
Dig Size 053 x 053
Recommended Operating Condiions
9LS/54LS oLE/74LS Unit
Min | Nom | Max Min | Hom | Max
Supply voltage, Voo 4.5 5 b6 | 4.75 5 5.25 v
. High lagic level 20 20
Mormalized fan-out from each output, W Low logic level 10 50
Operating free-air temperature, Ty -55 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 9LS/54LS 9L5/74LS
Farameter Test Condltions Win [ Tye~ | WMax | WMin | Typ'*| Max uUnit
Vid 2 2 v
Vi 0.7 0.8 Y
V) Vee=MIN,  I,=-18mA ~1.5 “i5| V¥
VOH VCC=MlN, lOH =—4OUHA. V|L=0‘?V 25 34 2.7 34 W
_ ~ ToL —4mA 0351704 025 | 04
Vou Veo=MiN, - Vig=2V IgL=BmA 5351 051 ¥
T Vee=MAX, V=7V 01 01 | mA
|1H VCC=MAX, V|=2.?V 20 20 ,{IA
n Vee=MAX, v =04V -0.4 -04 [ mA
log' Veg=MAX -15 -i00 | -15 -100 | mA
leoH Veoo=MaX, All inputs at bY 34 6.2 3.4 6.2 ma
lcoL Vee=MAX,  All inputs at 0Y 49 | 9.8 48| 98 | mA

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

davice type.

**All typical values are at Yoo = BY, T = 26°C.

TNot more than one output shauld 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: €, = 15pF, R = 2ki) (See Fig. A, page 2-174)
teLH 7 12 7 11 9 13 ns
TruL 7 1 13 7 2 g | 14 | ns
Test Conditions: CL = 50pF, R, = 2k{} (Sea Fig. A, page 2-174}
tpm 9 14 8 13 10 15 ns
Toni, T 17 10 7 18 | s

Note: AC speeification shown under —55°C and 4125 C are for LS devices only. All G0pF specifications
are for BLS only,



NOR, NAND Buffers With

LS33 LS38 Open-Collector Outputs
PIN-QUT AND LOGIC DIAGRAMS
LS33 LS38
QUADRUPLE 2-INPUT NOR BUFFER QUADRUPLE 2-INPUT NAND BUFFER

Voo 4Y 4B 4A JY 38 3A Voo 4B 44 4y 38 JA 3Y
mm mm
- - » »
Iflizl -
NEAENERE

GHEI(8 )
1Y 14 18 2Y 23 28 GND & 7 @ 1A 1B 1Y 28 28 2¥ GND
Die Size .045 x .052 posilive logic: ¥ = A+B Dle Size 045 x 052 positive Yogic: Y = AB
Recommended Operating Conditions
AL5S4LS ALS74LS Unit
Min | Nem | Max | Min | Nom | Max
Supply voltage, Vee {See Note 1) 4.5 5 55 | 4.75 b | b2 V
High-level output voltage, Vo 6.5 2.0 v
Low-level output current, 1g 22 22 | mA
Operating free-air temperature, Ta -56 125 °C
MNOTE 1: Vaoltage values are with respect to netwark graund terminal.
Electrical Characteristics Over Recommanded Free-Air Temperature Range (Unless Otherwise Noted)
. SLE/SALS SLS/7TALS
Parameter Test Conditions Win | Typ~ | Wax | Win | Typr| Wax Unit
Vin 2 2 v
Vi ©.7 08 V
W Voo=MiN,  I|=-18maA -1.5 -1.8 v
iOH Vcc=M!N, V|L=V1Lmax VOH=5.5V 250 280 J.I.A
laL=12mA 025 | 04 025 04 v
v =MIN = oL
oL VeemMIN,  Vin=2V ToL=24mA 035 05 | V
i) Veo=MAX, V=7V 0.1 0.1 | mA
||H Vcc=MAx, V|=2.?V 20 20 ,U.A
hi Veg=MAX, V=04V -0.4 -0.4] mA
; 1533 18 | 36 THE| 36
- A
lech Veo=MAX, All inputs at OV (538 oo 50 0.9 50 m
lecL Voe=MAX, Allinputs at 4.5V | 1533 69 | 13.8 6.9 1 138 mA
L538 6.0 | 120 6.0 ] t2.0

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

**AN typicsl values are at Voo = BV, Ta = 26°C,

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

P . -55°C +25*C +125°C Unit

= Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max n
Test Conditions: C, = 45pF, B, = 8670} (See Figure B, page 2-174)
teLH 17 25 7.0 17 25 29 37 ns
tPHL 13 22 4.0 9 16 10 17 ns Mate: AC specification shawn
Test Conditions: C, = 125pF, R, = 667{} {See Figurs B, page 2-174} undar —55°C and +125°C
tpLH 30 45 32 42 a4 ) ns ara for LS devicas only.

All 50pF specifications

trrit 22 36 18 35 15 35 ns arg for OLS devices only.
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4-Line To 10-Line Decoders (1-0f-10)

LS42 LS43 LS44

FEATURES
® All Outputs Are High for Invalid lnput 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 decading of valid input logic ensures
that all gutputs remain off far 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
deceders feature inputs and outputs that are compatihle for
use with most TTL and other saturated low-level lagic
circuits.

BALS 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.

| - R . i - — —

ue. | Lsaz L3 FXCESS ALLTYRES

| P oachuepuT EXCESS TINPUT | 3-GAAY INPUT DECIMAL THITPUT

v Joc s alo ¢ B alp &t o8 alo 1t 2 3 4 5 & 7 R @
o ! L L v L L L H H (L L M oL 1 H H H H H H H ) Hh H
TiL L L H|L M L L |t M M 1L[H L W W K H H H hH H
z ! L L H L L H L H |L M M M |H H L H H H H H h H
3L L W HM|[L H H L |L MW L H|H H H L H H H H H h
4 ! L H L L L H H H |L H L L IH H H H L H H H L] H-
s L H L M|[H L L L|H H L L|H H n n H L H n W k
&, L H ¥ L H L T n|H H 1 HiH H H H H H L H h H
rle wow o W|W Lo Lo oHow |u H H H H H H L h H
& H oL L L H L H H [H H H H H H H H H H H L H
#ih L L AlW W L 4 [H L H L|H W H H H H H H H L

" THTL W W W L AL TH OAH M H W B H AW AW
a I| L A H H|H H H L H L L H|H H H H H H H H H H
JIH B oL L H H H H |HM L L L H M H H I+ H H H H oK
Timw M oL WL L L Ltft L L L|H H HH KA HHHRHR
z | H H H L v L L H |t L 1 HIH H H H H H H H H H

|| H H H H L L H L L L H H H H H H H H H H H R

H = high level, L = low level

PIN-QUT DIAGRAM

L542
BCD-FO-DECIMAL DECODER

IWPUTS  QUTPUTS
—_——
Vg A 2L DS W2

quTruUTS

pasitien logee: $ee lunclion 1eble

Die Size .077 x 085

L543
EXCESS-3-TO-DECIMAL DECODER

IHPUTS

BUTPUTS

OUTFUTS

positive logic: see function tabie

Die Size .077 x 065

Ls44
EXCESS-3-GRAY-TO-DECIMAL PECODER

WPETS  ORTPUTS
—in
Veg A B L D 8 B 7

OUTPUTS

pocitive Iogic: 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
I i
- OUTPUT O —] OUTPUT @
eyt & 12 A — g i ]
r WNPUT A {15 ]
i 12
wm ¥ OUTPUT 1 1] QUTRUT 1
A = 8 A a
A 3} b (3}
wm QUTPUT 2 QUTPUT 2
1 T .
A
_ ] = [
ineut g 2% Dc B e g QuTPUT 3 INPUT B m—l} >0 s OUTPUT 3
-
] 5} 154
¢ B g QUTPUT 4 8 OUTPUT 4
- -
8 o GUTPUT § + oy
€ {13 c ] QUTRUTS
INPUT C (ﬂbc £ u | INPUT € —DC 1] i
{7
e 2 OUTPUT & [D £ \ 2 oureut
= H—
-¢ =10 m
8 5 i@
112) [ c QUTPUT 7 _ um OUTPUT 7
INPUT D g ITH) &5 P
z £10} INPUT D _Dc .
z al
E o —{ ¢ OUTPUT 8 D OUTPUT &
3 i11]
(11}
am |3 OUTRPUT 8 ™ OUTPUT 9
D 1
LS43
BCD-TO-DECIMAL DECODERS EXCESS-3-TO-DECIMAL DECODERS
1t
— QUTPUT D
|NPUTA”_|5' >0 A 2
CHITPUT t
o -
!
QUTPUT 2
-
- ' outeut 3
114 D B
INFUTE 4
(5h
] OUTFUT 4
l }
- OUTPUT &
c -
INPUT C [@D& [} '
. ¢ QUTFUTE
u .» T
'
5 OUTPUT ?
t1ZJD =
INPUT D (10}
QUTPUT 8
o
'CV (1
[T OUTRUT 3
LS44
EXCE$$-3-GRAY -TO-DECIMAL-DECODERS



4-Line To 10-Line Decoders (1-0f-10) LS42 LS43 LS4
. ]

Recommended Operating Conditions

9LS/54LE 9LS/74Ls Unit
Min | Nom | Max Min | Mom | Max e
Supply voltage, Ve 45 5 5% | 4.75 5 5.25 \4
High level output current, loy -400 =400 pA
Low-level output current, tgp 4 8 ma
Operating free-air temperature, Ta -65 125 ] 70 C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
N 9LS/54LS 9L5/74LS
Parameter Test Conditions Win | Typ~ | Max | Min | Typ~ | Max Unit
Vin 2 2 V'
ViL 0.7 0.8 \Y
W Voo =MIN, I=-18mA -1.8 -1.5 v
Vcc=M|N, V||-|‘—'2V.
25 35 2.7 3.5 iy
Von Vi =Viimax lgy=-400uA
v Veoe=MIN, WiH=2Y, lgp =4mA 0.25 | 0.4 0.25| 04 N
oL V) =V max ToL=BmA 035] 0.5
Iy Veoe=MAX, V=7V 0.1 0.1 mA
[IY] Veg=MAX, V=27V 20 20 A
i Veoo=MAX, V=04V -0.4 -0.4 | mA
Igs T Voo=MAX -15 -100 | -315 -100 | mA
leg it VeoomMAX, 7 13 7 13 mA
*For conditions shown as MIN or MAX, use the appropriate value specified under recommended apergting conditions for the applicable
device type.

**All typical values are at Voo = BV, Ta = 25°C,
TNot mare than one output should be shorted at a time,
ttlce is measured with all outputs open and inputs grounded.

Switching Characteristics, V_, = 5V Over Recommended Free-Ait Temperature Range

Parameter From To -85°C +25°C +125°¢ Units
{Input] touput) [ win. [ Tyn. | Max.| Min.| Typ. 1 Max. Min.| Tvp. | Max.

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

tpPHL ABCorD Any output 15 26 14 25 15 26 ns
2 gate delay

pHL ABCorD { Any Guiput 17 | 31 17 | 30 12| LE
3 gate delay

PLH ABCarD | Any sutput 11| 27 0| 25 M| 26| ns
2 gate delay

tpLH ABCor O Any output 22 35 17 3o 20 34 ns
3 gate delay

Test Conditions: C, = S0pF, R, = 2ki} (Ses Fig. A, paga 2-174)

UL ABCorD Any Qutput 18 32 12 31 18 33 ns
2 gate delay

tpHL ABCorD Any Output 21 35 22 35 23 36 ns
3 gate delay

t ABCorD | Any Outpur 2t

PHL B.C or 7 gate detay 33 20 3z 21 33 nsg

tPLn ABCorD | Any Output 23 | 36 25 | 28 23 [ 40 | ne

3 gate delay

Meole: AL specification shown under —SEDC ang +125°C are for L5 devices only. All 50pF specificatinns *
arg tor ALS anly.
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2-22

LS51 LS54

LS55 AND-OR-Invert Gates
PIN-QUT AND LOGIC DIAGRAMS
LS51 LS54
DUAL 2-WIDE AQI GATE 4-
Ygp IC 1B 1F 1E tD Y
2 1 14 13

Dig Size .041 x 046

K| 1)
A B L D E Y GNO
itive logic:
= (1A1B-1C) + {1ID-1E-1F} ) . Positive jogic.
2Y = (ZAr0B] + (2C2D) Dhe Size .041 x 046 = {AB) + (CDE) + (FGH} + {l5)
LS55

l%!l!@,

o
iy

IO RED
142&232E2IJZGD
positive logic:

2 114

WIDE 2-3-3-2-INPUT .ﬂOl GATE

I H G F N
i3

"Tf-'@'

Sl
Gl

Die Size .041 x .046

2-WIDE 4-INPUT AQI GATE

2 11413

@Iﬂve Ig_gic:
= (ABCD} + {EFGH)

Recommended Operating Conditions

9LS/54LS ALS/7T4LS Unit
Min | Mom | Max Min | Hom | Max
Supply voltage, Vee 4.5 5 58 | 4.7% [ .25 v
. High logic level 20 20
N lized fan-out f h N
ormalized fan-out from gach output Low logic level 0 30
Qperating free-air temperature, Ta -B5 125 o] 70 °c




AND-OR-Invert Gates LS51 LS54 LS55

Electricel Characteristics Over Recommended Free-Air Temperature Hange {Uniess Otherwise Noted)

Parameter Test Conditions® Wi 9":;:['8 aax | Win QL:::’&S Max Unit
Vg 2 2 v
ViL 0.7 08 | v
W) Veo=MIN, I==-18mA -1.5 -1.5 W
Von Vee=MIN,  lon=-400pA | V) =0.7V 25 | 34 27 | 34 v
N
I Voo=MAX, V=7V 0.1 0.1 | mA
IIH Vcc=MAX, V|=2.?V 20 20 j’.!,A
e Voo=MAX, V=04V -n4 04| mA
los Vec=MAX -15 -100 | -15 -100| mA
LS&1 0.8 1.6 0.8 1.6

lecH Veo=MAX, See Note 1 LS54 0.8 1.8 0.8 1.6 ma
LSBS 0.4 0.8 0.4 0.8
L551 1.4 2.8 1.4 2.8

lceL Voc=MAX, Ses Note 2 L5654 10 | 2.0 1.0 20 ma
LS55 07 ] 1.3 07| 13

*For conditions shown as MIN or MAX, use the appropriate value specified under recommandad operating conditions for the applicable
davice type.
**All typical values are st Ve = 5V, T4 = 25°C.
TMat more than one output should be shorted at a time,
MNOTES:
1. lppH is measured with all inputs groundad, and the outputs open,
2. gy is measurad with all inputs of one gate at 5%, the remaining inputs grounded, and the cutputs open.

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

Par . -55°C +25°C +125°C Unit
Min | Typ | Max | Min [ Typ | Max | Min [ Typ | Wax

Test Conditions: CL = 15pF, R = 2k{} (See Fig. A, paga 2-174}
tpLH a 13 8.0 13 8 12 ns
1PHL 12 17 5.0 13 E] 13 ns
Test Conditions: C, = 50pF, R = 2k{} (Sea Fig. A, page 2-174}
terH 13 18 12 18 13 17 ns
tPHL ib 20 12 18 13 17 ns

Mote: AC specification shown under =55 C and +125°C are for 9LS devices anly. All 50pF specifications
are for GL5 devices only,
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LS73 LS76 Dual J-K Negative-Edge-Triggered
LS107 LS112  LS113 Flip-Flops

#Pin-for-Pin and functional equivalents to 5473, 5476, 54107, 545112, 545113

DESCRIPTION PIN-QOUT DIAGRAMS
These monglithic dual J-K flip-Hiops feature individuai J, K,
clack, and asynchronous preset and clear inputs to each LS113

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 dats will be ac-
cepted. The logic levels at the J and K inputs may be allowed
to change when the clock putse is high and the bistable will
perform according to the function table aslong as mimimum
setup and hold times are gbserved. Input data is transferred
to the outputs on the negative-going edge of the clock pulse.

VOC 2K 2K 2) 2PR 20 70
fi4) (3} (i [11] o) (31 (3]

1CK TK 1) PR 10 10 GND
12 13 14

Die Size 060 x 066

LS73 LS76

1 10 GRD 2K 20 20

1ICK 1 1K ¥pe2iy 2 2) 1CKIFR 1 1} Yoo 2CK2PR 2
- CLR CLR CLR CLR
Dig Size 060 x 066 Die Size 060 % 066
L5107 LS112
! 2 1 2

Voo CLRICK 2K CLR2CK 24 VoCCLRELRZCK 2K 2) 2PR 20

11
[

=

h:

14 15 16 1
1l 10 1K 20 20 GhD

Die Size 060 x 086 Die Size 060 x 066
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Dual J-K Negative-Edge-Triggered LS73 LS76
Flip-Flops L5107  LS112  LSt13

LOGIC DIAGRAM (V)
Q0 — y- — {1
PRESET* CLEAR*
K J
CLOCK
) FRESET CLEAR
LS73 X
LS78 x X
LS X
L1112 X X
L5113 X
LS73, L5107 LS113
FUNCTION TABLE FUNCTION TABLE
(EACH FLIP-FLOP) {EACH FLIP-FLOP)
INPUTS OUTPUTS HPUTS OUTPUTS
CLEAR CLOCK J K a a FAESET CLOCK J K a a
L X X x| L H L X :f ’: O“ ﬁL
M H + o I
H fl L L Qg Op H . " L W L
H i H L H L H 1 L H L H
H L H L H H H H H | TOGGLE
H . W M| ToGGLE H H * X % 8p
bl n * *¥]9 9 H - high level {steady state)
H  high level Lsteady -siate) L - 1ow level {steady state)
L - low fevel fsteady-state} X = don’t care
X - don'rcore | transition from high 10 low level
1 transition from high ta low lewrl Qg the level of Q before the indicated steady siare

input conditions were  estabhshed.
established. TOGGLE: Each output changas 1o the complement
TOGGLE: Each autpur changes to 1he complement ol its previous level on torl :‘155le?“'°“5 {evel on each | clock
il LI NN

1g the level of O befare the indicated steady s1ate Input conditians wire

gach | clock transition

LS76,L5112
FUNCTION TABLE
{EACH FLIP-FLOP)

INPUTS CUTPUTS
PRESEF CLEAR CLOCK__J k| o @
L H E ox | AL
L X X x L H
L L % %X A |w owe
H H i L L feg Qg
H H i oL |le ot
H H 1 L H L H
H H | H H | TOGGLE
H H H X ® 19 Gy

H  high level {steady -siate)

L - lowe level tsteady stated

¥ - don’t care

1 - trangivion from high 1o low level

Qg the levet ot O before the indhcated steady -state input conditions were
eslablished

FTOGGLE. Each putput changes to the complement of its previous level on

each | clock transition.
*This coanfiguration 15 nanstable; that is, it wil! no1 parsist when preset and
clear inputs return to thetr 1nactive {high) fevel.
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LS73 LS76 Dual J-K Negative-Edge-Triggered

LS107 LS113 LS112 Flip-Flops
Recommended Operating Conditlons
BLS/BALS oLS/74LS
Min | Nom | Mex | Min | Nom | Max Unit
Supply voltage, Ve 4.5 5 55 | 4,75 5 5.25 \'d
Mormalized fan-out from each output, N Eﬁ: :23:2 ::::: fg gg
Clack frequency, fonck [¢] 35 0 36 | MHz
Width of clock pulse, twicieck) (High) 15 15 13
Width of preset pulse, tuipresy {LOw) 15 15 ns
Width of clear pulse, twigear) {Low! 1% 113 ns
Input setup time, tsatup 15 15 s
Input hold time, thad 0 0 ns
Operating free-air temperature, Ta -56 125 0: Vg 70 °C

tsetup is the minimum time required for the correct logic level 1o be presant at the J or K input prior to the falling edge of the clock in order
to be recognized and transfarred to the outputs.

thold 15 the minimum time required for the logic fevel to be maintained at the J or K input after the falling edge of the clock in order to
insure recognition. These devicas require no hold time,

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

. 9LS/{64LS5 SLS/7ALS
Parameter Test Condltions Min [ Typ~* | WMax | Min | Typ™ | Wax Unlt
Vin 2 2 Vi
ViL 0.7 0.8 V
WV Vee=MIN, lj=—1BmA, -1.5 -1.5 \s
Veo=MIN, V=2V,
VoH V?|_{:=V||_max. [0‘:=_400HA 25 | 34 2.7 | 34 v
VoL Veoo=MIN, Vig=2V, lgr=4mA 025 04 0.256| 04 v
V1L=V|Lmax I0|_——-BmA 0.35 | 0.50
ar K 0.1 9.1
iy leleek Vee=MAX, V=7V 0.4 04 | mA
Praset or Clear 0.3 0.3
Jor K 20 20
iy [Clock VCC=MF_\X, V=27V 80 80 uA
Preset or Clear| G0 [s11]
Jor K -0.4 -0.4
b Clock Vee=MAX, V=04V -0.8 -0.8 ma,
Presat or Clear -0.8 -0.8
logt Veoe=MAX -15 -100| -i56 -100| mA
lgett Vee=MAX, See Note 1 4 8 4 8 ma,

*Far conditions shewn as MIN or MAX, use the appropriate value specified under recomemended cperating conditlans for the applicable
device type.

**All typical values are at Ve = 5Y, T4 = 25°C,
TNat mare than one output should be shorted at o time.

1 1oc is measured with outputs open, with ¢lock, J, K, and clear grounded and presset at 4.5V, then with clock, J, K, and preset arounded
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 | #in | Typ | Max

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

frax 35 | 50 MHz
s CLRPR 8 | 12 8 12 17 | 15 ns

tpyL  CLR,PR 14 | 19 11 17 13 | 18 ns

tpLH CK 8 12 8 12 10 14 ns

tpuy  CK 13| 18 11 16 17 | 16 ns

Tasl Condltions: C_ = 50pF, R, = 2k(l (See Fig. A, page 2-174}

[ MHz

tpey  CLRPR 10 14 10 15 13 17 ns

tpy.  CLRPR 19 | 24 17 22 18 § 23 ns

tpry  CK 10 14 10 14 14 18 ns

tpHL CK 18 23 15 20 15 20 ns

Note: AC specification shown under -55°C and +126°C are for OLS devices only. All S0pF specifications
are for ILS anly.
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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 O, clock, preset, and clear inputs.

Preset and clear inputs are active-low and operate indepen-
dently of the clack input, When preset and clear are inactive
{high), infarmation at the D input is transferred to the Q
output an the positive-going edge of the clock pulse. Clock
triggering occurs at a voltage level of the clock pulse and is
naot 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 cutput.

LOGIC DIAGRAM {14)

PRESET 14, 10}
1.9
GI.E&R' 3} '."'0
18,0 .
1,
eLoeK oy T
iz, 12)
o

HAecommended Operating Conditions

PIN-QUT DIAGRAM

Die Size .055 x .056

FUNCTION TABLE
(EACH FLIP-FLOP)
INPUTS OUTPUTS
PRESET CLEAR CLOCK D a [}
i H x x H L
H L X X L H
L L X x H* H*
H H b H H L
H H 1 L L H
H H L x|ag 8

H = high fevel {sieady state)

L = low leved (steady state)

X = don't care

T = transition from low to high level

Q, = the ievel of G belore the indicaled steady-siale inpul conditions were
astabished,

*This conhguralion is nonstatde; thal is, il will not persist when presel and

Clear inputs return to their inactive {high) lkevel.

SLS/54LS SLES/74LS Unit
Min | Nom | Max Min | Mom | Max
Supply voltage, Ve 45 |6 | 55 |476| 5 | 525 V
. High lcgic level 20 20
Narmalized fan-out from each output, N Low lagic level 10 20
Clock frequency, fagck 0 30 0 30 | MHz
Width of clock pulse, tyiciockt (High) 17 17 ns
Width of preset pulse, twipreses) (Low) 15 15 ns
Width of clear pulse, tyigean {Low} 15 15 ns
lnput setup time, ¢ High-level data 10 10 ns
kil Low-level data 10 10
Input hold time, thog [#] 0 ns
Qperating free-air temperature, Ta ~5h 125 e} 70 c

teatup is the minimum time required for the correct logic level to ba presant at the 0 input prior to tha rising edga of the clock in order to

be recopnized and transferred to {he outputs,

tholgd i the rminimum time required ior the logic levet 10 be maintained at the D input after the rising edge of the clock in order to insure

recogrition. 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 Otherwlse Noted)

Parameter Tast Conditions® Win u:;:‘_l:s wax | tam 9":::';'5 Mow Unit
Vin 2 2 \'
Vi 0.7 0.8 v
V) Vee=MIN,  1;=-18mA -1.5 -1.b v

Voe=MIN, V=2V,
Vo ViL=ViLmax gy =—400uA 25 | 34 27 | 34 v
VOL Vc(;:MlN, V|H=2V, I0L=4mA 0.25 0.4 0.25 0.4 V
V||_=V||_max I0|_=8mA 0.35 ] 0.50
D input 0.1 6.1
N Ciock or prese{ Vee=MAX, V=55V 0.2 0.2 | ma
Clear 0.3 0.3
D input 20 20
lip  |Clockor prese] Veo=MAX, V=27V 40 40 MA
Clgar &0 60
D input -0.4 -04
hi  |Clockarprese] Veo=MAX, V=04V -0.8 -08 | mA
Clear -1.2 -1.2
logt Voo =MAX -15 -100| -156 =100 mA
fectt Vee=MAX, £l 8 4 8 mA

*For conditions shown 23 MIN or MAX, use the appropriate value specified under recommended operating conditions for tha applicable

davica type.

**Al typical values are st Vcch=
tNot more than ore output sho

5V, Ta = 26°C,
uld be sharted at a time.

1t Igg is measured with outputs cpen with [, clock, and preset grounded; then with O, 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} {Qutput) Min.l Typ. I Max. | Min. I Tvp. IMax, Min.l TVD.LMEX.
Test Conditions: €y = 15pF, R = 2k{l {Sae Figure A, page 2-174)
Frmax maximum | clock 30 | 48 Mz
frequency

PLH setor clear | Qor @ 12| 18 10 | 18 16| 23 ns
CK Low | setorclear | Qor @ 22| 20 18 | 24 21 ] 28

BHL = ns
CK High | satorctear | Daor 29 39 28 k] 27 38

tpHL clock Qor 121 20 12 | 18 B 20| s

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

Teast Conditiong: C = BIpF, R = 2k {See Figure A, page 2-174)

pLH 16 22 13 19 _19 26 ns
CK Low setorclear | Qor Q@ 26 33 21 27 24 3

tPHL — ne
CK High setorclear | Qor G 33 44 20 38 30 41

tpLn clock Qo @ 17 | 24 15 | 22 6] 25( s

tpHL clock Qor @ 22 | 3 18| 26 19 | 28 ns

More: AC specification shown under —ESOC and +‘125°C arg for 9LS devices only. All 30pF specifications
are for 315 only,
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LS75 LS77 4-Bit Bistable Latches

DESCRIPTION These circuits are completely compatible with all popular
TTL or DTL families. All [nputs are dicde-clamped to

These latches are ideally suited for use as temporary
minimize transmission-line effects and simplify system

storage for binary information between processing units

and input/cutput or indicator units. Information present design.
at a data [D_J m.put is transferred to the Qoutput when the FUNCTION TABLE
enable {G) is high and the Q cutput will foliow the data {Each Latch}
input as long as the enable remains high, When the enable INPUTS OUTPUTS
goes low, the information ithat was present at the data in- o G o] [v]
put at the time the tramsition occurred) is retained at the L H L H
Q output until the enahle is permitted 1o go high. H H H L
The L575 feature complementary O and Q outputs from a X L 9 Qo
4-bit katch, and is available in various 16-pin packages. For
higher component dernsity applications, the "L577 4-bit H = high level, L = low level, X = Irrelevent
latch is available in 14-pin flat packages. Qg = the level af O befare the high-to-low transition of G
1.875
3 2 1161514 1 20 W 12 GnD 30 30 4Q
|J|_ii 4] T
a D—| |'D a ano J’D a
G G G G
[s] o] o] a
é MEEM0E
6§ 78 91011 1M 10 20 24 vpg 30 40 ad
ENABLE
Die Size .0B5 x .050 logic: see function table
Ls77 10 20 12 GHND NG 3Q 40
T @
G
oo
[ [ G [ [ [
i 20 34 Vge S0 4D NC
ENABLE
Die Size 085 x 058 logic: see function tahle
FUNCTIONAL BLOCK DMAGRAMS {each latch)
‘LSS - L8717
DATA c DATA
T0 [ s T0 Q
OTHER OTHER -—
LATCH r LATCH
ENABLE L ENABLE




4-Bit Bistable Latches
{8

Recommended Operating Conditions

LS758 LS77

aLS/54LE BLE/7ALS .
MIN | NOM | MAX | N | NOW | MAX | o
Supply voltage, Ve 4.5 & 5.5 4.75 5 5.25 v
High-lewrl putput current, 1gy -400 -400 | uA
Lowy-level output curent, Iy - 4 2 mA,
Width of enabling pulse, 1,y 20 20 ns
Setup time, tg, 20 20 g
Hold time, 1, 4] a ns
Operating free-air temperature, Ta -55 126 1] KL “C
Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
{Uniess Otherwise Noted)
ILS/64LS aLS/7aLs .
PARAMETER TEST COND!TIONST Unit
MIN | TYP{ | MAX | MIN | TYP] | MAX
Vig  High-level input voltage 2 2 W
Vi Low-level input voltage 0.7 G.8 W
Vi hnput clamp voltage Yep=MIN, [|=—8BmA -1.5 -t.5 v
T T Voo=MIN, Vig=2 V,
VoH  High-level putput voltage 2.5 3.5 2.7 1B W
VL=V L max, gp=—340 A
VoL Lowlevel output voltage Voo=MIN,  Vip=2v, Igp =4 mA .25 0.4 025 |04 v
WV =W max loL-8 mA 035 |05
N Inpu.t currs?-m at VeesMAX, V|=7V D input a1 0.1 A
maxifmuem input voltage G mput 0.4 0.4
Iy High-level input current Voo-MAX, V=27V D fnpm 20 20 i
G input a0 a0
L Lowlevlinputcurrent | VeosMAX, vi=0.4v o nbvt 04 04 | A
G input -1.6 -1.6
Short-circurt
los output surrent Voo=MAX —18 =100 | -18 —100 A
loe Supply current Voo=MAX, See Nota 1 LS578 6.4 12 63 12 ma
‘LET77 6.9 13
t  For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 Al typical values are at Wpp =6, Ty = 28'C.
{f Mot more than one qutput should be shorted at a time, and duration of the short-circuit should not exceed one second.
MOTE 1: lgg is tested with all input grounded and all cutputs open.
23



LS75 LS77 _ 4-Bit Bistable Latches

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

ALS/B4LS?S
Paramster From Ta -58°C +25°C +125°C Uit
{Input) {Cutput} Min, | Tvp. | Max, Min. l Typ. [Max, Min, l Tvp.l Max.
Test Condition: C, = 15pF, R, = 2.0k (Sew Fig. A, page 2-174 and Fig. 1, page 2-32) :
PPLH 18 31 15 27 18 |
o] [#] ns
tPLH 12 16 9 17 12 16
IPHL _ . 15 19 12+ 20 15 19
o o ns
tPHL 10 14 7 15 10. 14
tPLH 18 22 15| 27 18 22
Lt} Q ns
tPHL - . 17 21 14| 25 17 21
wPLH — 19 23 16| 30 19 23
G O ns
IPHL 10 14 71 16 10 14
Test Condition: C, = 50pF, R, = 2.0k (See Fig. A, page 2-174 and Fig. 1, page 2-32)
1
PLH o a 22 37 19 33 22 37 ns
tPHL 16 22 13 18 16 22
1] —
PLH o 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
IPHL 21 27 B 23 21 27
tPLH = 23 29 20 25 23 29
G o ns
PHL 14 20 i1 i6 14 20

MNate: AC spacification shown under =85°C and +125°C are for 9LS devices only. Al 50pF specifications are for OLS devices only.

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

9LS/BALETF
Parameter From Ta -565°C +26°C +125°C Unit
{Input} (Cutput} Min. | Typ. l Max. Min. lTvD- F\i’_lﬂx, Min., l Typ. | Max.
Test Conditions: C_ = 15pF, R, = 2.0k (See Fig. A, page 2-174 and Fig. 1 page 2-32)
tpLH . o 8 15 24 11 19 14 23 "
L 12 20 9 17 12 20
tRLH 13 21 10 18 13 2
G a
BHL KL 70 | 18 KDL "
Test Conditions: C, = S0pF, A, = 2.0k (See Fig. A, page 2-174 and Fig. 1, page 2-32)
teLH b a 17 28 15 24 18 28 ns
PHL 16 26 13 22 17 25
27 14 23 1
PPLH G o 17 8 27 ns
TPHL 17 27 14 23 18 27

Mota: AC specification shown under —65°C and +125°C are far OLS devices only, All 5DpF specifications are for 918 devices only.



4-Bit Bistable Latches LS75 LS77

PARAMETER MEASUREMENT INFORMATION

INPUTS QUTPUTS
 —— —— e
o G vco a o
PULSE 1 RL 3 RL
GENERATOR
ol B S Y D S NI SR Y
{5ee Note A} _I. L |Ses Note C)
T 16 $ {See Note B}
g +— s
PULSE
GENERATOR
g CL
{See Mote A} ’-T!:‘ {See Note BI
TEST CIRCUIT
[ 1us | 18 -
_...I;|4—< 10 ns —-—{:lL-—{: 10ns :
| 1 90% 90% % | I i
D INPUT | ) Vet Vryef II Vet
0% A e tsetup IL, l 10% G o
thotld »
I 21005 ) Tle———— fsptup —m el i
r‘_ —-'LI_LS—_EE)ES____ _::_lhu_ld.:-{ _____ 3

G INPUT |
{See Note D} b oo Vief
f— 500 N5 —a-bt— GO0 s —— e ov
|ot—pe— ¢ | tPHL
: | t FLH b— 1PLH —
— tPHL —m! I[ 1 ; VoH
i
OUTPUT Q : : Vref | | Vret
i I | ———— Vgl
i | I b——=—tPHL
I i — — == VOH
_ i | fe—  tPL —d
OUTPUT G | 1 . Vret Vief
p—— tPLH
1 I VoL
| —1PLH

VOLTAGE WAVEFORMS

FIGURE 1.

NOTES: A. The pulse generatars have the following characteristics: Zg,r = 50 2, for pulse generator A, PRAR=B0Q kHz; for pulse
generator B, PRR <1 MHz. Pasitions of O and G input pulses are varied with respect 1o each other to verify setup times.
. C| ineiudes prabe and jig cepacitance.
. All diodes are 1N3064,
. When measuring propagation delay nmes from the D input, the corresponding G input must be hetd high.
. Wief T 13V
Complementary O oustputs are an the 'LS75 only,

=+ mifaw
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Dual J-K Negative-Edge-Triggered
Flip-Flops LS78 LS114

'DESCRIPTION FUNCTION TABLE
These monolithic dual J-K edge-triggered flip-flops feature {EACH FLIP-FLOP)

individual J, ¥, and preset inputs plus common c¢lock and _ AGPUTS OUTPUTS
. ~ PRESEY CLEAR CLOCK J K | a o
common clear inputs. The preset or clear inputs, when low, T A % X X | H L
set or reset the outputs regardless of the levels at the other H L ] X x| L H
inputs, When preset and clear inputs are inactive {high), : ,'; : xL f :; g;
high level at the clock input enables the J and K inputs and H H ' H L|H L
data will be accepted. The logic levels at the J and K inputs H H ¥ L WL H
L H H ¥ H H |TOGGLE
may be allowed to change when the clock pulse is high and H H H X % | 0y Qg
the bistab'ie.wnl perform accorqu 10 the function table a5 H = high lave! {steady state)
long as minimum setup and held times are observad. Input L = low level [sisady sieis)
data is transferred to the outputs on the negative-going edge X = don't care

L = transition from high 1o low level
Q, = the kvel of O bafora the indicated staady-state input conditions were
LOGIC DIAGRAM (). ) ished,
TOGGLE: Each output changes to the compiement of s previous level
on each | clock trangition.
—— *This configuration is nonstable; that is, il will net persist when presat
and clear inputs retum to their inactive (high} level.

of the clock pulse,

FRESET. LEAR

3 4 5 . 1J\|‘E]EEH
Die Size .060 x .066 i

35
-

=

Dig Size 060 x 068

Recommended Operating Conditions

SLE/HALS ILS/7T4LE Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Ve 4.5 5 55 | 475 5 5.25 W
. High logic level 20 20
Mormalized fan-out from sach output, N Low logic level m 70
Clock frequency, Touek o] 35 0 35 | MHz
Width of clock pulse, tyigigck) (High) 15 15 ns
Width of preset pulse, tyy(puesey (Low} 15 15 ns
Width of clear pulse, tyidsan (LowWI 15 15 ns
Input setup time, tsotup 15 16 s
Input hold time, tha M 0 s
Operating free-air temperature, Ta -55 125 Q 70 “C

tagrup 1% the minimum time required for tha correct Iogic level to be present at the J or K input prior 1o the falling edge of the clock in order
to ba recognized and transferred 1o the outputs.

Tholg is the mirdmuen tirme requited for the logic level to be maintained at the J or K input after the falling edge of the clock in order to
ingture recognition, These devices require no held time.



LS78 LS114

Dual J-K Negative-Edge-Triggered
Flip-Flops
e
Elactrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)

Farameter Tast Condltions” Win QL_?;::I:S T -rT sl':::‘:s TPv. Uni
ViH 2 2 v
ViL 0.7 08 | v
vy Vog=MIN,  1=-18BmA -1.5 15| v

Veoc=MIN,  Vip=2v,
Von Ver=ViLmax, lon=-400uA 25 | 34 27 | 34 v
y Veo=MIN, YVig=2¥, lgL=4mA D26 | D4 0.25| 04 v
oL WL =V max lpL=8mA 0.35| 05
JorK 01 0.1
| Voe=MAX, Vi=7V g"; g:g mA
Clock 0.8 0.8
Jor K 0 20
TS z::?t Voo=MAX, V=27V 162(:) 16200 uA
Clock, 160 160
Jor K -0.4 -0.4
e Vee=MAX, V=04V _?:2 _?:g mA
Clock -1.8 -1.6
lgst Veo=MAX -15 -106| -15 -100[ ma
feett Veo=MAX, 4 8 4 8 mA

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

device type.

** a1l typical values are at Ve = 5V, T = 25°C.
1Mot more than ane output should be shorted at a time.

11 Igp is measured with outputs open, with clock, J, K, and clear grounded and preset at 4.5%; then with elock, J, K, and preset grounded

and clear at 4.5

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

Parameter Fram To -55°C +25°¢C +125°C Units
{Input} {Qutput) Min, I Typ. I Max. Min.l Tval Max. Min.J Tve. | Max.
Test Conditions: C, = 16pF, R = 2kt (See Figure A, page 2-174}
fonax maximuw clock 35 bha MHz
frequancy
YPLH clear ar _ g 12 g 12 11 16 ns
QorQ
tpHL preset 15 18 13 17 i3 17 ns
T _ 8 12 8 12 1 15 ns
PLH clock CorQ
TpHL 14 | 19 13 | 18 13] 1| s
Test Conditions: Cy = 50pF, R =2k (See Figurz A, page 2-174)
t clear or . 10 14 10 14 13 17 ns
PLH Qar
PHL preset 19 | 24 1B | 21 18 { 2 ns
t _ Q 14 10 14 13 8 ns
PLH clock QarQ
tpHL 19 24 17 21 17 22 ns

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

LS83A LS283

e =

DESCRIPTION

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

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

The LSB3A and the L5283 are identical in performance;
only the pin out i5 different. They are designed to replace
the B483A and the 54283 respectively. The LS283 is
recommended for new designs, V¢ and ground on corner
pins simplify board layout.

LOGIC DIAGRAM

r ca
Ba

TR
Al

L4

A3 3
B2

R
AZ 2z
T ens=
Al &1

o

T
T

Z-36

PIN-OUT DIAGRAMS
121110 9 8

L583A

GND
; ; moegliny
14 LA £ ﬂ.l By
> 5 " [ 4] "
4 a4 ar
' 3 por i Al B3 ] o
e
(21310 B E) (23 (e
15 16 1 2 vee
Oie S1ze G2 » 068
121110 9 8 L5283
Ve
Eaaay Gonoors
14 5
; X FEEEEEEEEEE
i b (=3
L AT 1 1 ' 1]
TT T 1T
15 16 1 2 Z E@@n
Die Size 062 x 068
FUNCTION TABLE
QUTPUT
WHEN WHEN
co=tL C0=H
INPUT WHEN WHEN
c2=L C2=H
a1,/ Aaz /B2 /=1, 7|=z2 Aez =1 Az2 ez
A3l/B3| /A4l B4l 23| 2alcal /w3l Tal sea
L L L L L I L H L L
H L L | 8 H L L L H L
L H L L H L L L H L
HiH|lLo e o ]w ]l o]lw]n|L
v el wmle e s oelm ||
H L H L H H L L L H
L H H i H H L L L H
H H H L L L H H L H
L L L H | & H L H H L
H L L H H H L L v H
t [ H ] |m | H e ]lL[eln
H H L H I 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 I H H
H H H H L H H H H H

H = high level, L = low level
NOTE:

Input conditons at &1, B1, A2, B2, and CO are used to de-
terming gutputs £1 and £2 and the value of the internal
carry C2, The values at C2, A2, 83, Ad, and B4 are then

used to determine outputs L3, £4, and C4_



LS83A LS$283 4-Bit Binary Full Adders With Fast Carry

. ]
ARecommended Operating Conditions

HLS/5ALS OLS/74LE Unit
Min | Nom | Max Min | Hom | Max
Supply voltage, Voo 4.5 5 55 | 4.76 5 5,25 v
High-level output current, lgy -400 400 | uA
Low-tavel ouiput current, bn) 4 8 mA
Qperating free-air temperature, T -65 126 o Pl °C
Electrical Characteristics Over Recommended Free-Air Temperature Range {Unless Otherwise Noted)
Parameter Tast Candilions™ Hin m‘?;:f‘:s aax | in QL‘?;?;I:S Max Unit
ViH 2 2 W
Vie 0.7 08 v
V) Veo=MIN, 1| =-18mA -156 -15 W
Vou veeowin, -V o2v 25 | 34 27| 34 v
V“_=VH_ max, |OH=—400}JA ! ! b !
v Veo=MIN, Vig=2v, lo =4mA 025 0.4 02504 Vv
oL Wy =V L max loL =BmA 035|056
1 2;" AoTB T yeesMAX, V=7V g:? g:f mA
™ ’C";" ROTB 1 Vee-MAX, V=27V ;g :g A
I Any A or B ) -0.8 -0.8
L e Veo-MAX,  Vy=04Y 04 04 mA,
lost Vee=MAX -15 -100 | -15 -100 | mA
Vo o MAX Allinputs grounded 33 39 77 39
lec ngputs opren Al B low, other inputs at 4.6V 19 34 19 | 34 mA
Al inputs at 4.5V 19 34 19 34

*For conditions shown as MIN or MAX use the appropriate value specified under recornmended operating conditions for the applicable
device tyoe.

**All typical values are at Voo = 5V, Ta = 26°C.

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

Switching Characteristics, V. = 5V Over Recommended Free-Air Temperat.ure Réﬁge

From To —~55°C +25°C +125°C Unit

Parameter (input} foutput} Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max &
Test Conditions: C_ = 15pF, A, = 2kil (Sea Fig. A, page 2-174}
TpLH 15 20 14 15 15 21
r— co Any Z 16 | 21 16 | 22 20 | 27 | ™
toLn . _ 20 | 30 18 | 24 21 | 97
ra— Ajor B Zi 19 | 29 6 | 24 7 12 | ™
teLH E] 14 7 12 11 18
TonL co ca 9 | 14 9 | 12 m |16 |
terH ) ) 9 15 8 13 1 17
TorL Aior B, c4 10 | 14 o | 14 m | e | ™
‘Test Conditions: C, = S0pF, R, = 2ki] {See Fig. A, page 2-174)
tpLy 16 21 15 20 17 22
e o Any & 19 | 25 19 | 25 25 | 30 | ™
TrLn = N 7% | 3@ s 1726 ]
Tone Aior B Zi 24 | 30 18 | 26 % |31 | ™
tpLH 11 16 10 15 12 12
oL co c4 12 [ 17 10 | 16 13 118 1™
PLH T 1] 17 0 | 16 13| 18
Tou Aior B 4 13 | 18 12|16 2 |20 | ™

MNOTE: AC specification shown under —ESGC and +125°C are for 915 devices unly., Al 50pF specifications are for L5 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 comparataors in cascade. The A > B, A <( 8, and
A = B outputs of a stage handiing less-significant bits are
cornected to the corresponding A > B, A< B, and & =B
inputs of the next stage handling more-significant bits. The
stage handling the least-significant bits must have a high-
level voitage applied to the A = B input. The cascading paths
of the '89, and ‘L3856 are implemented with only a two-gate-
level detay 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

Ctie Size 066 % 073

LSB5
DATA INPUTS
N

Voo A3 B2 AZ Al BI AD BA

Al B A2 AT Bl AD

23 i}
AR BB AT A AT BB A
kI W gut QuTouT)

OATA "A<HA=RA™ BA-BA=BA< BGND
INPUTS  —— —
CASCADE INPUTS OUTRUTS

FUNCTION TABLES

COMPARING CASCADING
INPUTS INPUTS OUTPUTS
A3.83 | az.ez | Aai.B1 | aoBo | A»B | a<m =8 A>B | A<B =B
A3-B3 X x X % X X H L L
A3<B3 X X X X X b3 i H L
A3=83 | A2-B2 X X x X X H L L
Az=-83 | A2<B2 X X X X x L H L
A3=B2 | AZ=82 | A1=B1 X x X x H L L
A3=B3 | az=82 | Al<m X ® X x L H L
A3=B3 | AZ=B2 | A1=81 | AD>BO X X X H L L
A3=B3 | a2=-B2 | A1=87 | A0<BO x x X L H L
AZ=B3 | A2=B2 | A1=81 ] an=80 H L L H L L
A3=B3 | A2=B2 | A1=B1 | AG=R0 L H L L H L
A2=B3 | A2=B2 | A1=B1 | A0=Bo L L H L L H
AZ=B2 | A22B2 | Aa1=B1 | ao=Bo x ® H L L H
Az=83 | A2=82 | a1=B1 | AD-B0o H H L L L L
A3=B3 | A2=82 | a1=81 | A0-80 L L L H H L

H = high level; L = low level, X = jrrelevant
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4-Bit Magnitude Comparators

LS85

Al
B

a2
B2

A<E
L-B
AxB

Ak
Bt

a0

Bl -

LOGIC DIAGRAM

®

1151 4
)
AR — |
14 I J
]
12)
i3
i)
13 | :
11 J ’0
oLl ‘PD}D;
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L585

4-Bit Magnitude Comparators

Recommended Operating Conditions

9LS/54LS LS/74LS Unit
Min { Mom | Max Min | Hom | Max !
Supply voltage, Vg a5 | 5 | 855 |a75| 5 [525| WV
High-level output current, lgy —400 —d00 pA
Low-level output current, Iy 4 8 mA
Operating fres-air temperature, Ta ~55 12% 0 Fit) *C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. SLS/54LS ILST4LE
Paramater Test Conditions Win [ Typ | Max | Mm | Ty ] Max Unit
Vin 2 Z v
Vi 0.7 0.8 Y
Vi Yee=MIN, I|=-18mA ~1.5 -15 v
Yoo =MIN, V=2V,
W A 7 K
OH V|L=V|Lmax, |OH=‘400,UA 25 3 2 34 v
v Voo=MIN,  Vy=2V, IoL=4mA 025 | 04 025] 04 1
oL Vi =V max ToL=BmA 0.35| 05
{) [A<B, A>B inputs - 0.1 0.1
atl othar inputs vi=7v 0.3 0.3 mA
A<B, A>B inputs| 20 20
] =
H other inputs V=27V 60 &0 HA
A<B, A=B inputs -04 -0.4
] -
13 all oiher inputs Vi=04V -1.2 -1.2 mA
EOS* -15 ~1031-18 -100] mA
looff 104 20 104} 20 [ mA

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

device type,

**Ajl vypical values are at Ve = BV, Ta = 265°C.
tNat more than one output should be shorted at s time,

t¥ioe is messured 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
: No. of ~55°C +25°C +125°C

From To .
Paramater | nput} {output) ms Min | Typ | Max | win | Typ | Max | Min | Typ | Max unit
Test Conditions: C, = 15pF, R, = 2ki] (See Fig. A, page 2-174)
1 14 14 14
Any AorB | ACE, AXB| 2 20 19 19
PLH - ns
data input 3 25 | 42 24 | 36 24 | 4
A=8B 4 25 50 27 45 28 48
1 1 11 12
Any Aor8 | A<B, A>B] 2 15 15 16
tPHL - ns
data input 3 21 34 20 30 20 33
A=B 4 22 | a8 23 | 45 22 48
tp) N A<BorA=B AB 1 14 27 14 22 14 27 ns
TPHL A<BorA=B| A>B 1 12 | 23 1 17 11 | 22 ns
toLn A=B A=B 2 13 [ 23 13 | 20 12 | 22 ns
tpH|, A=EB A =8 2 14 30 13 26 14 30 ns
thLn A>Bor A-B A<B 1 16 | 26 147122 16 | 35 ns
tpHL A>Bor A=B A< B 1 12 ea | 11 17 11 20 ns
Test Condltiona: C, = 50pF, R, = 2kil {See Fig. A, page 2-174)
1 20 18 20
Any AorB | A<B, A>B| 2 26 25 26
PLH ! ns
data input 3 29 42 28 40 29 42
ATH 4 30 48 32 48 32 48
1 15 14 15
tnL Any AaorB | AYB, AB] 2 18 18 18 s
data inpuit 3 26 36 26 36 26 36
AR 4 38 50 36 48 37 49
P H A<Bar A-B A=B 1 17 | 28 17| 27 18 30 ns
PHL AcBarA=B A=B | 1 14 | 21 14 | 20 15 | 21 ns
tPLH A= B A=B ?___ 17 25 16 24 16 24 s
tRHL A=B _A-B 2 15 | 31 14 | 30 %5 | 32 s
thLH A-BorA=B  A<E T 15 | 27 17 | 26 17 | 30 ns
o A>Bor A=Bl A<E T 15 | 22 14 | 2 14 | 22 s

Mote: AC specification shawm arder —550(3 ang 4-1250(3 are for 9LS devices anly. All BOpF specificalions
are for 9LS only.
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LS86 LS386 Quadruple 2-Input Exclusive-OR Gates

PIN-QUT AND LOGIC DIAGRAMS

LS86 L8386
Vop 4B 44 4Y 28 3A 3Y Voo 4B 9A 4Y 3Y 38 3A
) 1 -
130 § 1E L <

T
5 | | | 6 I. .‘
NZDEBE0 . MR EEEED
1A 18 1¥ 24 28 2Y GND 2 3 4 5 1A 1B 1Y 2¥ 2A 2H GND

Die Size 045 x 056 positive logic: ¥ = AGB = AB + AB | Die Size .045 x .056 positive logic: ¥ = A B = AB + AE

LS86 and L5386 are elactrically fdentical. The'LS386 iz a pin-for-pin replacement for the L3B6.

Recommended Operating Conditions

9LS/54LS SLS/T4LS Unit
Min | Nom | Max | Min | Nom | Max "
Supply voltage, Yoo 4.5 5 55 | 4.75 5 5.25 v
High-teve! output current, lop -400 -400 | uA
Low-level output current, log 4 ] mA,
Operating free-air temperature, T4 -bh 125 [4] 70 °Cc
Electrical Characteristics Over Recommended Free-Air Temperature Range {Unless Otherwise Noted)
. 9LS/54LS 9L5/74LS '
Parameter Test Conditlons Min [Ty | Wax | Min | Typ™'| Wax Unit
Vin 2 2 vV
Vi 0.7 08 | V
v Voo=MIN,  1j=-18mA -5 15} V
VCC"‘-MJN, V|H=2V
W 25 34 2.7 34 W
OH VL=V max, lgy=-400pA
y Vee=MIN, V\y=2V, ToL =dmA 025] 04 {0261 036] 04|
oL Vi =V L max, ToL=BmA 035| 05
T Voo=MAX, V=7V 0.2 0.2 | mA
M VeoosMAX, V=27V 40 : 40 HA
T Veo=MAX, V|=04Y -0.8 —08 | mA
Tost Vee=MAX =15 -106] =18 -100] mA
loott Veo=MAX, 611 10 61| 10| mA

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

** a0 typical values are at Vg = BV, T = 25°C.
TNot more than one output should be shorted at a time,
T1lgc 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
- - e

e = 3Y Over Recommended Free-Air Temperature Range

From -55°C +25°C +125°0 Unit
Parameter {Input} Min | Typ | max | shin | Typ | Max | Min _] Tye I Max n
Test Conditions: C, = 15pF, R = 2k}
tPLH Qther input g 17 8 16 10 18
AorB ns
TorL o low 9 | 14 g [ 13 0 | 14
tpL N Other input 7 14 7 15 10 17
AorB , ns
iPHL kigh 7 15 B8 12 <] 12
Test Conditions: € = 50pF, R, = 2k{) .
iPLH AorB QOther input 11 19 20 10 18 12 ns
EPHL low 13 17 17 11 18 12
IPLH AorB Other_ input 9 16 19 9 17 12 s
TPHL high 12 19 15 9 16 9
Mote: AT spesificatinn shawm Under ;5500 anc +‘|2‘56C arg for S8 devices only. All SOpF specifications
arg tor LS onty.
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LS80 LS92 LS93

Decade, Divide-by-Twelve, and

Binary Counters

DESCRIPTICN

Each of these monclithic counters contains four master-
slave flip-flops and additional gating to provide a divide-hy-
two counter and a three-stage binary counter for which the
count cycle length is divide-by five for the 'LS80, divide-by-
six for the ‘L5892, and divide-by-eight for the 'LS03.

All of these counters have a gated zero reset gnd ‘LS80
also has gated set-to-nine inputs for use in BCD nine's
complement applications.

To use thelr maximum count length {decade, divide-tyy-
twelve, ar four-bit birary]l 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 ‘L3390 counters by con-
necting the CQpn output to the A input and applying the
input count 1o the B input which gives a divide-by-ten
square wave at output Qp.

PIN-OUT DIAGRAMS

L$92

INPUT
A NC Gy Og GNO G B
[ [:]lF[}]I![i]fr
o, 0O 1]
s AR SU
A
" o2l
Fap

IIII[:][][Eiﬂ
INPUT NG NG NG Rpyyp
6 Veo  Ra

L590
IMPUT
A NC Og DpGND Qg O
INUT Ry, KE Ry,
B Ry Voo Ry
LS93

INPUT
A NC O Op GND Og 0O

i

L. o o 0
& ]
o e §
NREEED

INFUT Rpyyy MC NC NC
g Faiz  Vec

2-44,



Decade, Divide-by-Twelve, and
Binary Counters LS90 LS92 LS93
. ____________________________

LS50 LSa0 L1592 LS43
BCD COUNT SEQUENCE BI-OUINARY (52} COUNT SEQUENCE COUNT SEQUENCE
{Sea Note A {See Note B) {See Note C} {Sea Note C}
QUTPUT QUTPUT QUTPUT QUIPUT
COUNT coun % o a = COUNT 5 o o o COUNT 5 o o a
Op 9 Q5 Q4 s 9p %% 2 o % % 9 p 9 95 9
[1] L L L L 0 L L L L 0 L L b L o L L L
1 L L L H 1 L L L H 1 L L L # 1 L L H
2 L L H L 2 L L H L 2z L L H L 2 L L H L
3 Lt L H H 3 L L H H 3 L L H ¥ 3 L L H H
q L H L1 4 L H L 4 L H L L 4 L ¥ L 1
5 L H L H 5 H Lt L 1 5 L H L H 5 L H L H
6 L H H L 3 H L L H [ H L L L & L o H &
7 L H H H 7 H L H L H H L L 7 L H H H
3 H L L L 8 H L H H 8 H L H L 8 H 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 t
RESET/COUNT FUNCTION TABLE 1 H H L H AL H L H H
RESET INPUTS OUTPUT . L83 12 H W L L
2 H H L H
Rai1i Rorzy Pai1) Paizy | 9o 9c Cg G RESET/COUNT FUNCTION TABLE e Wonow L
RESET INPUTS QUTPUT
H H L X L £ L[ L . T 15 H H H H
HoHoX Lt Lt Roin Row{ % 9% Q%
X X H H H L L H H H L oLL 4
x L X L COUNT C X COUNT
L X L X COUNT X L COUNT
L X X L COUNT NOTES: :
X L L X COUNT AL Dutput Qp is connected to input B for BUD count,
8. Quipur Qp is cornected to input A for hi-guinary
Lsau count.
Rqy 1y 1BY C. Output Qp is connacted to input B,
RQIZJ-I?_-ID""——“-—‘S‘ C. H = high leval, L = low level, X = irrelevant
PRSY SHALIN 2y
pUT A D4 y
‘ L592 L3893
¥ sy an PR AALIAE!
—
T o oy et ob e INEUT & L1t ok )
pUT B M cK d K
K ; _._._.-5
{11l
R n i % 117 18 1 alg??e,
eyt g b CK INPUT B __.-._._._-d>cv<
K K
b oletBla Yy & ¥
—@cK
K b aeXa. J oo 3”1‘2
o K Lo ok C
K -
K
.___? 4 P
i)
g a (‘I‘l|0|_J 3 o an J o tn]tié]
cx g ek \obok ¢
oo K K
Fipy, g 120 Rgyqp 6t R 21n
ol i o1 =
Fora {iD: Fowz ‘ED:H__? Roggy 12, —

LOGIC DIAGRAMS
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Decade, Divide-by-Twelve, and
LS90 LS92 LS93 Binary Counters

Recommended Operating Conditions

GLS/G4LS SLS/T4LS Unit
"Min | Nom | Max { Min | Nom | Mex "
Supply voitage, Voo 4.5 5 55 |4.75 | .5 5.25 v
High-ievel cutput current, gy 400 =400 | pA
Low-level output current, ig 4 8 mA
A Tnput [1] 32 [y] 37
Count frequenty, qount {see Figura 1 on 2-46} B input 0 16 ) 16 MHz
A input 15 15
Puise width, t,, B input 30 30 ns
Reset inputs 15 15
Reset inactive-state setup time, tenp 25 25 ng
Operating free-air temperature, Ta ~-55 125 0 70 c
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otharwise Noted)
' 9LS/54L590/92 9LS/74L.890/92
[ t Test Cenditicns*
arameter est Conditions Min | Typ | Max | Min | Typ™| Max Unit
ViL 0.7 0.8 v
Vi Vcc=M|N, h=-18m#A -1.56 -15 v
Ve =MIN, Vin=2V
! . 34 2.7 34 V'
Vou VL=V max, lop=-400uA 25
Y Veoo=MIN, Vig=2V, [ ToL=4mAY 025 04 0.26| 04 v
oL Vi =V max, | (oL=8mAT 035 05
Any reget Voo=MAX, V=7V 0.1 0.1
I A input = _ 0.2 02 | mA
B input Voo =MAX, V1=5.5V 0.4 0.4
Any reset 20 : 20
IIH A input VC(;:MAX, V|=2.7V 40 40 HA
B input B0 B0
Any reset -04 -04
I A ihput Veoo=MaAX, V=04V -24 -2.4| mA
B input -3.2 -3.2
logt Voo =MAX -15 -100| -15 -100 | mA
LS90 ] 15 9 15
= A
lectt Voe TMAX, LS92 9 | 15 g | 15 "

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended aperating conditions for the applicatle
davice type.
“*All typica! values are at Vg = 5W, T = 26°C,
TNoat mare than one output should be shorted at a time.

T g is measured with all outputs open, both Ry inputs grounded fallowing momentary connection 1o 4.5%, and all other Inplits grovnded.
4 Qutputs are tested at specified o plus the limit value of 1y for the B input. This parmuts driving the B input while maintaining full fan-gut
capability.
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Decade, Divide-by-Twelve, and
Binary Counters LS90 LS92 LS93

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

Parameter Test Conditlons* Mmgl'sf:_ﬁ:hsgsmﬂ mﬁLS;;?y:l:.SQS o Unit
ViK 2 2 Vi
V)L 0.7 0.8 N4
V) Yeoo=MIN, 1;=-18mA -1.5 -1.5 W

| VCC=M[N, V|H=2V,

Von VL=V max, lon=-4004A 25 34 2.7 34 \'4

VoL Vee=MIN,  Vip=2V, lgL=4mAY 0.26 1 04 0261 04 v
V|L=V‘Lmax |OL=3mA1] 0.36 0.5

[ Any reset | Veo=MAX, V=7V 0.1 01 mA
AorBinput | Voe=MAX, WV |=5.58V 0.2 0.2

i eerunx, 2y : L
Any reset -04 -0.4

i A& input Voe=MAX, V=04V -24 -2.4 | mA
B input -1.6 -1.6

lggt Veoo=MAX -15 =100 [ -15 =100 | mA

lectt Vog=MAX, 9 I 9 15 | mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating canditions for the applicable
device type,
*=Alj typical values sre at Voo = BV, Ta = 25°C,
1Nat more than one cutput should be shorted at a time.
1 I is measured with ali outputs open, both Rp inputs grounded following momentary connection to 4.5V, and all other inputs grounded.
4| Qutputs are tasted at specified g plus the limit value of 1| for the B input. This permits driving the B input while maintaining fult fan-oput
capability,
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Decade, Divide-by-Twelve, and

LSS0 LS92 LSe3 Binary Counters
L. " ]

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

p ol From To ~55°C +25°C 126G Uni
mrameter {nput) {wtput)  T"Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | "
Test Conditions: C_ = 15pF, R, = 2ki} {See Fig. A, page 2-174 and Fig. 1, page 2-49)
' A Qg 2| 42
frax  LS90 5 o T MHz
A Qs 37 | 42
fmgx  LS92 3 % = MHz
A Qa 32 42
£ LS9
max 3 B OB 16 MHz
tpL 13 | 20 10 | 18 13 | 20
L L590 A Qa 15 | 22 12 | 18 15 | 22 ns
PLH 13| 20 10 16 13 | 20
LS92
Ty A Ca 15 | 22 12 | 18 15 | 22 ns
P 131 26 10 16 13120
L 593 Q
TPHL 5 A A 15 | 22 12 | 18 15 | 22 ns
pLH 35 | 51 37 | 48 35 | 61
LS90 A
TpL %o 37 | 56 M| =0 37 | 56 ns
LM 35 | 54 32 | 48 35 | 64
L5972 A a
L D 37 | 56 34 | 50 37 | 56 ne
tPLA 49 | 76 35 | 70 35 [ 76
L593 A
PHL % 45 | 76 26 | 70 49| 76 ns
e H 13 1 20 10 18 13 | 20
o I 8 Qs 17 | 27 14 | 21 17 127 | ™
tpLH 13 | 20 10 16 13§ 20
L592 B 0
v B 17 | 27 a1 21 17 § 27 ns
tpLk 13 | 20 10 18 13 ] 20
L593 B Q
[ B 17 | 27 14 | 21 7 | 27 ns
P 1 24 | a0 21 ] 32 24 | 39
LS90 B s
TpuL Qc 27 | 42 73 | 35 27 [ 42 | "
LA 13 | g0 10| 16 i3 [ 20
L592 R
tonl Q¢ 17 | 27 4| 21 17 | 27 "
TpLH 24 30 21 32 24 | 39
L593 B Q
tonL C 27 | 43 23 | a5 27 | &1 ns
TpL R 24 | 38 21 32 24 | 39
o | o0 8 @ 27 | 41 23 | a5 27 | 41 ns
tpLH 24 | 25 21 32 24 | 39
o 8 o 27 | &1 23 | a5 27 | &1 ns
tPLH 38 | 67 34 5] 38 | 57
LS93
tPHL B Go 38 | 57 34 | 51 "3 | 57 ns
tomy | LS90 Set-t0-0 Any 30 | 47 26 | 40. 30 | 47 ns
Tor | LS02 Setto0 Any 30 | 47 26 | 40 30 | 47 ns
TPHL L593 Set-ta-0 Any a0 | 47 26 40 a0 | 47 ns
L | | og0 Set-ro-9 Qa, Op 24 | 38 20 | 30 24 | 35 I
ipML Qg. Oc 24 | 47 26 24 24 | a7

Mate; AC specification shown under _65°C and +125“C are for 913 devices onty. All B0pF specifications
are for 915 only. .
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Decade, Divide-by-Twelve, and

Binary Counters
L

Switching Characteristics, V

. = 5V Over Recommended Free-Air Temperature Range

LS90 1592 LS93

From To -55°C +25°C +125°C Unit
Parameter (input) foutput)  ["Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Test Conditions: C, = S0pF, A, = 2k} (See Fig. A, pags 2-174 and Flg. 1, page 2-48}
IPLH 17 [ 25 141 N 17 25
1S90 A
tPHL Ca 19 | 27 16 | 23 19 | 27| ™
tPLH 17126 1412 17 25
LS92 A
tPuL Qs 19 | 27 16 | 23 9] 271 ™
tPLH 7125 14 [ 2 17 25
L5923 A Q
L A 19 | 27 16 | 23 9 | 27 | ™
oL 39 | 56 36 | 52 39 56
L5940 A Q
T e 51 | 58 8 | 54 41 |58 |
tpLH L5927 A QD 39 56 36 52 39 [14] na
TPHL 41 b8 38 | B4 41 joti]
pLH L5923 A 0p .53 | 82 50 | 78 | B3 82 ns
fPHL 03 | 82 50 | 78 583 82
tPLH LS50 8 0g 17 | 256 14 | 21 17 25 ns
TPHL 18 | 27 16 } 23 18 27
teLH 1597 B Qp 17 1 25 14 | 21 17 25 ns
teHL 19 | 27 18_) 23 19 | 27
tPLH 17 | 26 14 | 21 17 | 25
3 0]
o] B B 411 27 16 | 23 io | 27 | ™
fPLH 28| 41 | 26 37 29 41
tpHL £590 B Q¢ 30| 42 27 | 38 30 | 42 ns
tpL K 17| 25 14 | 21 17 25
ar] % 8 B¢ 18] 27 16 | 23 19 7] ™
ieLH 29| 1M 26 { 37 2% 43
toriL LS93 B Qe 30| a2 77 | 38 30 22 ns
tPLH 29 41 26 a7 28 41
ey LS90 B Op B 22 27 738 45 a3 ns
TPLH 28 | 4 26 37 29 LAl
o e 8 %o 30| 42 27 | 38 30 | 42| "
IPLH 43 63 40 58 43 62
i R 8 Qo 43| 62 a0 [ 58 a7 [ a2 | ™
tpHL L5290 Set-to-0 Any 33| B0 30 | 46 33 50 ns
eyl Ls92 Set-ta-0 Any 33| 580 30 | 46 33 50 ns
teuL | L5093 Set-to-0 Any 33| 50 30 | 46 33 | 50 | ns
tPLH Set-to-Q Qs Qp 28 | 40 25 1 36 28 46
——— LS80
L Og, O 33 | 49 30 | 45 33 ] a9 | ™
Mote: AC specification shown under —SSOC ang +126°C are for 9LS devices only, All SOpF specifications
are for 8LS only.
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LS90 LS92 LSse3

Decade, Divide-by-Twelve, and
Binary Counters

RESET 709 _)/V:I—\me
INPUTS 1

INPUT | T Ei
{SEE NOTE B : : L—zm..,,-»l. :..._...,._nwtclnckl w
| p— p——— —
]
: | Veed Vit vlef Vet
AL IR '. N N |
1L PHL l-—-:- Mi#StURE l-—-!— MEASURE |
: 1’ ! 1 I il AT | vy
1
OUTPUT 0, ! Vil ) Vet Vet | ¥ Veet on t et
ELock minpyT | o | ' Lo MEASURE | | "
[*—=t—PHL  p—a—TPHL | b —————— AT 1,9 i o=l oy - MEASURE AT [,
QUTPUT Og i ___\| | i : — & ! v
1f T\~ — Vo
: Vet ) e Vg | : )( Viet : | Vet
| ; . — - L Lo Vao
' t+—=HmeasuRE po—ty
. | 7 T — - Vpy
: Yiel t '*' Vl’ef : 1 Vea ( 1 Vref 0 f0-5 Lsa2
; A\ ;e | ! 1 ]
[ | | — F ; H j o VoL
LTS DU g S pLH MERSURE AT 1,0 {1, }__: MEASURE AT ¢
| | LS9D & L$93 of 2l | - ~ '__"*_;_ e R e ™0
to.p L5920
OUTPUT Oy { f— - y w16

NOTES: A. Input pulses are suppiied by a genarator having the following characteristics:
1, = 1505, 1; = Brs, FRR = 1 MHz, duty cycle = 50%, 24,4 = 50 ohms
B. Each reset input is tested separately with the other reset at 4 5V.
C. Referance waveforms are shawn 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 DUALIN-LINE PACKAGE
# For Use In Data-Handling Systems —H 'NPUT 'NPUTGND K N
8 For Use In Control Systems %I ’ I? l? .
Oy On
DESCRIPTION CLOCK
These monolithic serial-in, serial-out, 8-bit shift registers
utilize transistor-transistor logic {TTL) cireuits 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 inpuis A and B and an internal inverter to farm the - Ei . IZ’ El E .
complementary inputs to the first bit of the shift register. NC NG NG wvep NC
Drive for the internal common clock line is provided by an positive logic: see lunction 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 INF‘U
FUNCTION TABLE 18 EI{] Elz] * ? .
1nputs DOutputs
ATt AT tosg Oh Qu crLock
A B Oy Oy
H H H H
L X L H
S — DEBEEEER
H = high, L = fow, NC NC NG Voo NC
X = irralevant
ty = Reference bit time, clock low positive logie: see function table
th4g = Bit time afrer 8
low-to-high
clock transitions. NC—No Internal Connection
SCHEMATICS OF INPUTS AND QUTPUTS
L591 Ls91
EQUIVALENT OF EACH INPUT TYPICAL OF BOTH QUTFUTS
- vce
vee -=
120 2 NOM
17 kS NOM
INPUT —y -—
=x DUTPUT



LS91-

8-Bit Shift Registers

FUNCTIONAL BLOCK DIAGRAM

{DUAL-IN-LINE] [FLAT PACKAGE)

(12) (10}
ot (12 113} (13}
AL {124
o
o {14} 114y
ceoex PN
Recommended Operating Conditions
9LE/B4LS OLS/TALS
Unit
Min. | Nom.| Max, Win. | Nom.| Max. n
Supply voltage, VCC 4.5 5] 5.5 ; 475 5 525 W
High-level output current, |OH 400 | 400 JTY:y
Lovi-level output current, Ly, 4 | g M
Wickh of clack input pulss, Ty 5 |25 ns
Setup time, tg, (See Figure 1} 26 25 i ns
Hotd time, t, [See Figure 1) 1] 0 ng
Operating free-air temperature, T g 65 125 h_ﬂ—ﬂ h_??q_ 't
Elecirical Characteristics Over Recommended Operating Free-Air Temperature Range
{Unless Otherwise Noted)
ILS/54LS GLS/7ALE
Parameter Test Conditionst Unit
Min. Typ.t | Max. | Min. Typ.3 | Max,
VIH High-level input voltage 2 2 W
VL Lowlevel input voltage 0.7 0.8
Wy Input clamp voltage VCC =Min, Ij = =18 mA -1.5 -1.5
, . Veg = Min, V) =2V :
Vp High-avel output voltage 25 3.5 2.7 35 | W
Lz M me lon T 400 S _ N
Ve = Min, ¥y =2V 0.25 | 04 025! 04
Vo Lonslevel output voltage t v
Wy =% max 0.35 0.5
1L IL
Input current at |
L Ve = Max, V) = 7V : 0.1 0.1 | ma
maxirmum input voltage H
I!H High-leve| input current VCC = Max, VF =27V 20 H 20 i
.ﬂ.l- L.?V\:'.-I_ev.el input current Vo = Max, V) = (av 0.4 o4 | ma
ipg Short-circuit currents Voo = Max 15 -100 | 15 =100 4§ mA
tg Supply current Veo * Max, See Note 1 12 20 12 20 | mA

tFor conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions,
TAN typical values are at Yoo * 5V, Ta = 257C.
4 Not more than one sutput should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 1, lop i measured after the eighth clock pulse with the output open and A and B inputs grounded.
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8-Bit Shift Registers

LSo1

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

9LS/54LS

TYPICAL INP

UT/OUTPUT WAVEFORMS

Parameter 1 From To Unit
| Copu {Dutput -5E°C +26°C 5' +128°C
f —_|_Min [ Tvp. [ max. otin| yp [Max. | Mo [ye. | Max | _
Test Conditions: C, = 15pF, R, = 2.0k(i (See Fig. A, page 2-174 and Fig. 1, page 2-55)

[ fimax] - 1] 18 MHz
ToLh clock oy 26 | 42 24 | 40 6 | 42 ns
ThHL T clack Qy 78 | a5 27 | 40 28 | 45 ns
Test Conditions: C, = 50pF, R, = 2.0ki} (See Fig. A, page 2-174 and Fig. 1, page 2-55)

TeLH clock ! Oy 30 a7 27 45 30 j 47 ns
TenL clack oy | 33 | 52 0| 48 | 33 ] 52 1 ns |
PARAMETER MEASUREMENT INFORMATION
outeRuT -
= LOAD CIRCUIT 1
Vee =8V | Vo = BY I
I
|
o ‘"‘—7 | " |
| ! | See Mote C |
I {8 O - - lh—l—ﬂ—”“ﬂ' :
PULSE I | ! oL |
GENERATOR —al> S L ’I‘ !
{See Note A | INPUT A o Nms:g L L |
2.4V R Qy |
I N
[ B | _r LOAD CIRCINT 2 _:
= L _ _SAMEASLOADCIRCUITS |
TEST GIRCLNT
1 2theu ¥ 8 9 thru 15 16 17 18 19 thru 23 24 26 28 27
CLOGK-PULSE e - -
INPUT I | ] . _ -
iMPUT A ,ﬂ______ ____ﬂ____
OUTPUT Oy ———— == mm —] L ---- e — —-I I—
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LS91 8-Bit Shift Registers

PARAMETER MEASUREMENT INFORMATION

GLOCK

INPUT

WWPUT

AQRS
—l——— — = ———v

| th

————————— 3v

INPUT ! | Vref

AORB bt e ov
—dw—thaid

FROPAGATION DELAY TIMES VOLTAGE WAVEFORMS SWITCHING TIMES VOLTAGE WAVEFORMS

FIGURE 1. SWITCHING TIMES

NOTES: A, The generator has the following characteristics: tydclock) = 500 ns; PRR < 1 MHz; Z
ty =B
B. CL includes probe and j:s capacitance
C. All diodes are TM3084 or INS16
D. V=13V

out = 50 £ t= 15 ns, and



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

DESCRIPTION PIN-OUT DIAGRAM
This 4-bit register features parallel and serial inputs, paral- - Trots
{8l putputs, mode control, and two clock inputs. The register OUTRUTS SEAH g
has three modes of operation: vee 0a o pdeo-=
5]

Parallel (broadside) load ) EFI
Shift right {the direction Q, toward Q)
Shift left {the direction Q; toward Q,)

Parallel lpading is accomplished by applying the four bits of
data and taking the made control input high. The data is
foaded into the associated flip-flops and appears at the out-
puts after the high-to-low transition of the clock-2 input. Dur-
ing Ipading, the entry of serial data is inhibited.

Shift right is accomplished on the high-to-low transition of
clock 1 when the mode control is low; shift left is accomp-
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, ete.) 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

£
=4
kL

protected.
Die Size 067 x .082
LOGIC HAGRAM
DATA INPUTS
N
A B c o
2 i3 L4} 154
MODE CONTROLIGE o o o g, - — e ——y]
1
SERfaL L1} t H
WNWPUT
CLOCK 1 4g)
RIGHTSHIFT — | 7~
CLOCK 2 fB)
LEFT-SHIFT 4
M
Gp
. OUTPUTS
FUNCTION TABLE
INPLITS OUTPUTS TShifring lefr requires external connection of Q.B to A,
MODE CLOCKS EmIAL PARALLEL . o o o O u:_v B, and Qp to C. Serial data is entered at input O.
CONTROL [Z L} 1(R) A B c D A B C D H = high Ievel_{stead_v stau_a}. L = low tavel {steady stata), X =
H o % x < X x x 1o a a a irralevant (any input, Including transitions)
40 M0 Y00 HDO | | - transjtion from high to low level, T = transition fram low to
M + x X s b 3 d a b c d high level
H. i x x Ogt Opt Opt  d | Ogn Ogn Ope o 8, b, ¢, d = the level of steady-state input atinput, A, B, & or D,
L L H X x x x X | Qap Qo Qoo dop| respectively.
L x4 H XX X X | H Qan Qan 9Cn| Qag. Cgg. Qcg. @po = the tevel of Qa, Qg, Qg, or Op, respec-
L x o L x X X % L Qan Qgn Qen | tvely, before the indicated steady-state Input conditions were
t L L X L3 L3 % X | Gap Cpo Cco Qpo estab|ishad.
Cane 2En. Cen. Opn = the lavel of Oa, O, Oc, or O, respec-
+ L L X x x x LA R Q Qgp Q LA n n n n A
A0 VB0 MCO TDO | sy, befare the most-recent | 1ransition af the clock,
4 L H x * x x * | 2ap Ceo Qoo Qoo
t oL X X X X X |0 Opo Qoo Yog
1 H H ® x x X X | 9a0 Gpo Peo Sno

f
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4-Bit Bi-Directional,
LS95B Parallel-Access Shift Register
L ___________________________________ ]
Recommended Operating Conditlons

9L5/54L8G oLS/74LS Unit
Min | Nom | Max ; Min | Nom | Max
Supply voltage, Ve 4.5 b 556 | 475 5 5.25 \'d
High-level output current, gy —-400 -400 | pA
Low-level output current, Ig 4 8 mA
Clock frequency, Toook 0 20 0 20 ! MHz
Width of clock pulse, t,,ic10ck) {526 Figure 2 page 2-57) 25 25 ns
Setup time, high-level or low-level data, tey,p (see Figure 1 page 257} 0 0 ns
Hold time, high-level or low-level data, tygy fsee Figure 1 page 2-67) | 20 20 ns
Time to enable clock 1, tenanie 1 (see Figure 2 page 2-57} 20 20 ns
Time to enable clock 2, tonapie 2 {see Figure 2 page 2-57) 20 20 ns
Time to inhibit clock 1, tignigie 1 (s€e Figure 2 page 2-57) 10 10 ns
Tirne 1o inhibit clock 2, tigkibiy 2 {528 Figure 1 page 2-57) 10 10 ns
Operating free-air temperature Ty -55 125 0 70 *C
Electrical Characteristics Cver Recommended Free-Air Temperature Range {(Unless Otherwise Noted)
. 9L$/54LS 9L$/7ALS
Paramater Tast Conditions Win [ Typ | Max | Win [ Typ~ | WMax Unit
Vin 2 2 u
ViL 0.7 08 | v
W Vee=MIN, lj=-18mA =15 -1.5 v
Veo=MIN, Vg =2V,
b 4 . 4
VoH VL=V max, lopy=—400pA 2 3 27 |3 v
v Veo=MIN, v |y=2V, foL =4mA 025 | 04 026] 04 |
oL Vi =V max loL=BmA 0.35 | 05
Mede inputs 0.2 0.2
| Veo=MAX V=7 A
! Other inputs ce ’ ! 0.1 0.1 m
Mode inputs | 40 40
I = =2.
H Other inputs VeemMAX, V=27V 20 20 HA
Mode inputs a _ ~-03 -0.8
i Other inputs Vee=MAX, V=04V ~0.4 -04 mA
lgst Veoo=VIAX, -15 -100 | -156 -100] mA
loett Voo=MAX, See Note ! i3 2 13 21 mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommeandea operating conditions for the applicatsie
device type,
**Al} typical values are at Ve = 5, Ta = 26°C,
TNot more than one cutput should be sharted at a time,
t1 lpe is measured with all outputs and cerial inputs open; A B, C, and D inputs grounded; mode contral at 4.5%; and a momentary 3%
then ground, gpplied 1o bath clack inputs.
Switching Characteristics, V., = 5V Over Recommended Free-Air Temperature Range
Par N -55'C +25°C +125°C Unit
. N " )l
Min 1 Typ i Max Min I Typ J_ Max Min | Typ t Max
Test Conditions: G, = 15pF, R, = 2k{} (See Fig. A, page 2-174 and Fig. 1 and 2, page 2-57)

Frnan 20 30 MHz
tpin 28 37 27 35 28 37 ns

tpHL 32 45 30 40 32 45 ns

Test Conditlons: ©,_ = 15pF, R, = 2kil (See Fig. A, page 2-174 and Fig. 1 and 2, page 2-57)

tpLH 32 472 31 40 32 42 ns
tPHL 36 50 34 45 26 50 ns

Mote: AC specification shown under ~65°C and +125°C are for 915 devices only, All B0RF specifications are for 9LS devices onty,

2.56



4-Bit Bi-Directional
Parallel-Access Shift Register LS9s5B

PARAMETER MEASUREMENT INFORMATION

LOAD CHRCUIT

r-—- Tyldatal —I-]

Ty —l-ll f— —] f— s i | v
DATA I
INPUT
| ov
l‘- ‘setup—-‘l {‘-lsglup il b
ot —agad :-I-IJ — thaid
| i v
CLOCK 10R 2 ﬂ Veai ﬂ Vrat /_\_
WPUT , Ik
| 1 ov
I
| H—h1—~— Ty belok
| i VoM
QUTPUTS | Voot i
Op Og Uc ORQp |
! VoL

I
| } |
[ —e— Pk
VOLTAGE WAVEFQRME
FIGLIRE 1 .- SWITCHING TIMES

HWOTES; : .

A, Input pulses are supplied by a generator having the following characteristics: tp = 10 ns, 1 < 10 ns, and Z,,; = S01L. For the data
putse generztor, PRA = 500kHz; for the clock pulse generator, PRR = TMHz. When testing fog., vary PRA. tyidatal & 20 ns,
twiglock] = 15 ns.

B. Vyigf= 1.3V,

SERIAL @ A feee— p— T T T s Vi
INPUT
Vi

MODE Vruf

CONTROL

INFUT I
tonabile ¥ —h—-l

CLDCH 1 |
NPUT 1 Viat

L : l"ﬂ_ tanably 2
CLOCK 2 tinhibit 2*-4.—*-——". ______ vy
INPUT Vraj j Yrai

Yar

Q4 GUTPUT / \ / \
Yol

VOLTAGE WAYEFOQRMS
FIGURE 2 — CLOCK ENABLE/INHIZIT TIMES

NOTES:
A, Input A is at a low level,
B, Wyat = 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, ¥, clock, preset, and clear inputs. A low level at
presst 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 teve! of ihe clock pulse and is not directly related 1o
tha 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
K inputs togethar.

PIN-OUT DIAGRAM

11 12 13 14 |:|.n1 1K 1CK tPR 10 10 GND
Die Size 055 x 056

positive logic: see function 1able

LOGIC DIAGRAM (%)

— O

— O

FUNCTION TABLE
{EACH FLIP-FLOP)

TNPUTE

PRESET CLEAR CLOCK

:

IXIIIr Ir
IXIIIIrrI

L

HIrITerxx>xe

KIIrrxxx|x
Ir-zof®

P 4
o:gg.-

[
orEhzIzeol

H = high lovel (steady state)
L = low kval (steady staie)
X = irelevant
T = transition from low to high level
Qi = the leved o Q before the indicated steady-stale input conditions
wera estabished
TOGGLE: each gutput changes to the complarment of its previous level
on gach T clock transition,
“This configuration iz nonstable; that is, it will ol persist when proset
and clear inputs retum to Lheir inactive (high) lavel,

Recommended Operating Conditions

BLS/54LS BLS/T4LS Unit
Min | Mom | Max Min | Nom | Max
Supply voltage, Voo 4.5 5 55 | 475 5 5.25 Vv
. High logic level 20 20
Normalized fan-out from each output, N Low logic level 10 20
Clock frequency, ook 0 30 0 30 |MH:z
Width of clock pulse, taicieek) (High) 17 17 ns
Width of preset pulse, tuipressy (Low) 15 15 ns
Width of clear pulse, tyilgan (Low} 15 15 ns
Input setup time toemp 15 15 s
Input hold time, theld 0 c ns
Qperating free-air temperature, Ta -55 126 ¥} 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 ocutputs.

thald is the minirmum time required for the logic level to e maintained at the J ar K input after the clock transition in order to insure

regognition. This device requires no hald time.
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Dual J-K Positive-Edge-Triggered _FIip-FIop _ _

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

LS109

Parameter Test Condltions* iR GL:::J:ES Wax | Win 9":::':5 WMex Unit
Vi 2 2 v
Vi 07 08 | v
V) Veoe=MIN, 1 =-18mA -1.56 -1.5 v

Vee=MIN, V)5=2V,
Vou Ve .t e 800uA 25 | 24 27134 v
v VCC=M|N, V|H=2V, I0L=4mA 0.25 04 .25 0.4 v
oL V=V max 1oL =8mA 0.35 | 0.5
JorK 0.1 01
Iy clock or prese Yeo=MAX, V=55V 02 02 mA
Clear 0.4 0.4
Jar K 20 20
il jclock or preset| Veo=MAX, V=237V 40 40 BA
Clsar 80 80
lor K -04 -p.4
hL  |clockorpresetf Veo=MAX, V=04V -0.8 -0.8 mAa
Clear -1.6 -1.6
lost Veo=MAX -15 -100 ] -15 ~100| mA
loctt Veo=MAX, 4 8 4 8 mA

*For conditions shown as MIN or MAX, use the appropriate vatue specified under recommendea operating conditions for the applicakla

device type.

= * Al typlcal values sre at Vieg = BV, Ta = 25°C.
tNot more than one autput should be shorted at a time,
11 Igg is measured with outputs open, clock grounded, and 1, K, preset, and clear at 4.5Y.

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

-55°C +25°C +125°C

Paramater Min | Typ | Max | Min | Typ [ Max | Min | Typ | Max Unit
Test Condlitions: C_ = 15pF, R = 2k} {5See Figure A on page 2-174|
IPLH 12 18 10 15 16 23 ns
. CK Low 22 29 12 18 21 28 ns

P [ cKHigh 29 | a9 16 | 2a 27 | 38
tPLH 13 20 12 i8 13 20 ns
PHL 17 27 14 22 15 24 ns
Test Conditlons; C, = 50pF, B, = 2k{! {Sea Figura A on paga 2-174}
PLY 16 22 13 19 13 26 ns
CK Low 26 33 21 27 24 31 ns

*PHL [ "CK High 33 | a4 29 | 38 30 | a1 | ns
tpLH 17 24 15 22 16 25 ns
teH), 22 AN 18 26 19 29 ns

I5atup it the minimum time required for the correct loglc lavel to be present at the J ar K input prior 1o the rising edge of the clock in
order to be recognized ang transferred to the cutputs.

thold is the minimum time required for the logic lavel to be maintzined at the J or K input after the clock transition in order to insure
recoghition. This devica requires no hold time,

Mote: AC specification shown under —55°C and +126°C are for 9LS devices anly, All 50pF specifications
are for 9LS only.
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L8122 LS123

Single and Dual Retriggerable

Monostable Multivibrators with Clear

FEATURES

B Functionally and Mechanicatly )dentical to 54122 and
54123 )
¥ Retriggerable for Very Long Cutput Pulses, Up to 100%
Duty Cycle
B Qverriding Clear Terminates Qutput Pulse
" Low Power Dissipation:
‘L8122 ... 30 mW Typical
‘L8123 ... 60 mW Typical
® Compensated for Vo and Temperature Variations
® [-C Triggered from Active-High or Active-Low Gated
Logic inputs
® ‘| 5122 Has Internal 10 k&2 Timing Resistor
Diode-Clamped Inputs
= Compatible for Use with TTL or DTL

DESCRIPTION

The "'L5122 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 cutputs are provided. The retrigger capability
simplifies the generation of cutput pulses of extremely long
duration, By triggering the input before the output puise 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 o 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-levei-active
(B} inputs,

‘L5122 FUNCTION TABLE
{SEENOTE 11

INPUTS OUTPUTS
CLEAR|A1 AZ. B1 Bz | Q a
L X X % x L H
® H H X X L H
X X X L x| L H
X X X % L L H
X L X H Ho| L H
H L X t H | L r
H L X Wt |TL r
H % L H H | L H
H ' L t H | L r
H X L H t|JL v
H H | H H |JL r
H B 4 H H L T
H : H H H oL ir
+ L X H H L r
t X L H H 1L I

2-60

Lst22

Fent!
Voo Caxt MC o Cext NG Rime

(3 o 5 fo (55
f

L
2.

I I ca @
o

A1 AT BY B2 CLR GND
Pogic: s98 PuncTiom 1able

M- NG AteFnat CONRAETION.

Dig Size 085 x 071

18123

1 Rewry 1

z
Voo Cewt Cest M 21 CLR 2B 2R

CLA
[+]

[EQII () [e]

20 7 2 Pl NG
Cant ot

Hogic: bed lungtican tabke

Die Size 085 x .07

‘L5123 FUNCTION TABLE

{SEE NOTE 1}
INPUTS QUTPUTS
CLEAR|A B a [+
L X X L H
X H x L H
x X L L H
H L T L 1
H i H IL o
t L H JL 1"




Single and Dual Retriggerable

Monostable Multivibrators with Clear
]

LS122 LS123

NOTES: 1.

H = high level {steady statel, L = low level {steady statel, 1 = transition from |ow 1o high level, | = transition from high to low

levet, H = ane high-level pulse, L = one low-level pulse, X = irrelevant lany input, including transitions)

LIRS

To ute the internal timing resistar of 'LS122, connect Fiqe to Ve,

. An axternal timing capacitor may be connected between Cgyq and Rgyy/Cgyy {positivel,

For accurate repeatable pulse widths, connect an extarnal resistor between Rgy/Cayg and Voo with Rine open circuited,
To abtain varizble pulse widths, connect externat variable resistance between Ry or Ray/Cayr and Ve,

RETRIGGER PLLSE
Ser Noiet

awer 1 ]

|
e b T OB — e

[}
QUTPYT Q l R R
QUTPUT WITHOUT RETRIGGER

CUTFUT PULSE CONTROL USIMG RETRIGGER PULSE

B INPLT I !

CLEAR I—]O‘UTPUT WITHOUT CLEAR

______ al
oLTPLT & l l i

CUTPUT PLILSE CONM FROL USING CLEAR INPUT

MOTE:  Retrigger pulse must not start before 0.22 C,0 din

picofarads) nanoseconds after previous trigger pulse.

FIGURE 1-Typical Input/Cutput Pulses

These manostables are designed to provide the system de-
sigrner with complete flexibility in controlling the pulse
width, either to lengthen the pulse by retriggering, or to
shorten by clearing, The 'L5122 has an internal timing re-
sistar which allows the circuit 1o be operated with only an
external capacitor, if so desired,

The output pulse is primarily a function of the external

Recommended Operating Conditions

TYFICAL QUTPUT PULEE Wil TH

w
EXTEANAL TIMING CAPACITANCE

1900

T —UUTgeaT Pults Width - ny

1 0

Caxt—Extanal Timing Capacrtance—iF

TThese values of resistance excead the maximum recommended for
use over the full temperature tange of the 9L5/54LS" circuits.

FIGURE 2

capacitor and resistar. For Cayt > 1000 pF, the output
pulse width {ty,) is defined as:
ty = 0.4« AT - Cext
where
BT iz in k£ {either internal or external timing resistor],
Cext is in pF,
tyy 15 i NS,

For pulse widths when Ceyxy % 1000 pF, see Figure 2.

91L.5/54LS LS 74LS
Min, | Nom. | Max. Min, | Nom, |Max.- yoie

Supply voltage, Voo 4.5 5] 85 475 5 |5.2% W
High-levat output current, loH |-400 400 | pd
Lawelevel output current, gt 4 8 | mA

A or B inputs high 40 40
Pulse width, 1, A or B inputs low 40 440 ng

Clear low 40 440
External timing resistance, Flayy 5 225 5 360 | k2
External capacitance, Cext Mo restriction Mo restriction
Wiring capacitance at Bgy/Cayy terminal 50 50 1 pF
Operating free-air temperature, Ta 55 I | 125 qa I I 0| °C



LS122 LS123

Single and Dual Retriggerable

Monostable Multivibrators with Clear

Electrical Characteristics Over Recommended Operating Free-Alr Temperature Range

{Unless Otherwise Noted)
OLS/B4LS BLS/74LS
Parameter Test Conditions Unit
Min. | Typ.¥|Max, Min. | Typ.*|Max.
ViH  High-level input voltage 2 2 W
VL Low-level input voltage 0.7 0.8 W
Wy Input clamp voltage Vee = MIN, {| ==18mA ~-1.5 -1.5 W
Ve = MIN, Vi = 2V,
WeyH  High-lewel putput voitage 25 | 386 27| 3.5 v
VL = VL max, toH = =400 pA
Ve = MIN, Wiy =2V, | lgL = 4mA 0.26 | 0.4 0.25 | D4
Vor Low-level putput voltage - W
VL = VL max loL = 8mA 035 | 0.5
Input current at
H Veo = MAXK, V=7V 0.1 0.1 | ma
maximum input voltage
lig  High-level input current Voo T MAX, Wy =27V 20 20 | pA
i Lowlevel input current Voo = MAX, V= hav 0.4 =04 | mA
log Shortcircuit outputcurent? [ Viep = MAX -30 150 =30 F1B0 | mA
Suppiy current ‘La122 6 11 i1
leo Ve = MAX, See Mote 2 A
{quiescent or triggered) ‘L8123 12 20 2 20

TEor conditions shown as MEN or MAX, use the appropriata value specified under recommended operating conditions,
*AN typical values are at Voo = BY, Ta = 25°C.
Frlot rmore than one output should be shorted at a time and duration of the short-circuit shoutd not exceed ane second,
NOTE 2! With all cutputs open and 4.5 % applied to all data and clear inputs, lge is measured after a3 momentary ground, then 4.8V, is

applied to clock.

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

Parameter From To -58°C +25°C +125°C Uni
) {Input) {Dutput} Min. l Tvi. |Max, Min, ‘ Tvp. |Max. Min. | Typ. l Max. "
Test Conditions: C_ = 15pF, R, = 2.0k C,,; = Opt, R,,, = 5.0kf) {See Fig. 3, page 2-61 and Fig. A, page 2-174)
P A a 25 37 22| 33 25 a7 ne
B 32 48 29| 44 32 48
tRHL AT - 33 | 49 30| 45 33| 49 N
B A0 81 37| B6 40 61
PHL claar 9 24 31 18 27 pal N ns
PLH a 33 50 30| 45 33 50 ng
B Qimin) AorB Q 140 | 250 116 | 200 140 | 250 ns
* ol AorB a — — - 40| 4% | 50 — — — Tt
Test Conditlons: C, = 50pF, R, = 2.0k, C.,, = Opl, R, = 5.0k(} (See Fig. 3, page 2-61 and Fig. A, page 2-174)
LM A a 30§ - 43 26 38 30 43 s
B 37 54 33 49 37 24
- A a 38 55 34 S0 g 55 o
B 45 67 41 62 45 67
tPHL claar f_l 28 37 22 32 il 37 i
PLH Q 39 51 35 50 39 b5 15
twQieming AarB Q 166 | 270 127 240 166 | 270 ng

Meote: AC specification shown under —BE5°C and +125"C are for 9LS devices only. All BOpF specifications are for 3LS devices onky.

"For this test Rgyy = 10k, Cayy = 10000F,
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Single and Dual Retriggerable
Monostable Multivibrators with Clear L8122 LS123
L . . __ |

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

the values of external capacitance and timing resistance.
For pulse widths when Cgyq <2 1000 pF.

When Cyyr = 1000 pf, the output pulse width is defined as:
ty =045 ¢ Rye Gy,
where
R is in k&2 {internal or external timing resistance. |
Cayt i5in pF
tyy 18 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.

vee

RT

1\ Caxt

ToCext  To Rext/Cext
terminal terminal

FIGURE 3
TIMING COMPONENT CONNECTIONS
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LS125 Quad 3-State Buffer, Low Enable
L5126 Quad 3-State Buffer, High Enable

QUAD 3-STATE BUFFERS WITH ACTIVE HIGH ENABLES
L3125 L5126
Q

0o E D aQ vop E o] E C 0

Els
5/ Bl
@E
/12
;" ;
</

Recommended Operating Conditions.

9LSI54LS 9LS/74LS Unit
Min. vp, | Max, Min. | Typ. | Max.
Supply vohage 45 | 50| 55 476 | 5.0 525 A
High Level Qutput Igp -1.0 -1.0 | -26 A
Low Lavel Dutput In| 12 12 24 mA
Operating Free Air Temperature ~55 +125 ] Fit G

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

SLE/SALS LSS
Parameter Test Canditions Unit
. Min, | Typ. | Max. Min. | Ty | Max.
Guaranteed lnput HIGH Voltage for
W 1 t H
(K Input HIGH Yaltage Al Inpute 2.0 2.0
Guaranteed bnput LOW Voltage for 0.7 0.8 W
Vip  Input LOW Volrage . h .
All Inputs f
Ve Input Clamp Diode Voltage Voo = MIN, [y = -18mA FO.65 |-1.5 -1.5 W
’ lgH =-1.0mA [van = =W|H O ; .
Vo Output HIGH Voltage | JOH =TT Ve =MIN Vin = ViHor | 24 ] 34 - Y
toH = -2.6mA |V per Truth Table 24 34 W
IGL=12ma  |Veg = = . . 025 | 04
VoL Dutput LOW Yaoltage SL T GC = MITN, Vipy = Vg or 0.25 | 04 h
ToL = 24m#A |V per Truth Table 036 | 0.5 W
lgzH Output OQff Current HIGH Vog = MAX, VouTt = 24 W, Vg = Vi 20 z0 A
IgzL Qutput OFf Current LOW Wee = MAX, WMoyt =04 W, VE= V|| —20 =20 nA
Voo = MAX, Wy = 2.7V 20
Iy Input HIGH Curent cc 1N ki BA
Voo = MAX, Vi = 10V &1 0.1 ik
hiL  Input LOW Current Voo = MAX, Wiy = 0ay -0.4 ~0.4 A
lgg  Cwteut Short Cireuit Vog = MAX V ov 15 oo | 190 | mA
= = - ~ - - ™m
O3 Cuerent iMote 3) ce out 15
icc Power Supply Current, L8125 | Voo = MAX, Vi = 0V, Vg =0V 14 16 mA
Cutpurs LOW L8126 | Vo = MAX, Wiy = OV, VE = 4.5V | 20 20 mAa
| Powar Supply Curreni, L5125 Voo = MAX, vy = 0V, Vi = 45V 20 20 maA
cc Cutputs Oft LE128 | VMoo s MAX, Wiy =0V, Vg =0V 24 24 ma

NOTES: 1. For conditions shown as MIN or MAX, usa the appropriate value specified under recommended operating conditions for the
applicable device type. :
2. Typical limits are at Vg = 5.0V, Ta = 26°C.
3, Met more than one output should be shorted at 2 tima,



Quad 3-State Buffer, Low Enable LS125

Quad 3-State Buffer, High Enable LS126
L _____________________________________________________________

Switching Characterlstics V.. = 5.0V Over Recommended Free-Air Tempaerature Range.

91.5/54L8
Parameters From * To -58°C +25'0 +125°¢C Units
{1nput} {Output} Min l Typ. | Max. Min. J Typi Max. Plir. | Typ. | Max.

Test Conditions: C, = 45pF, R, = 86711 (See Fig. C, page 2-174)

BLH D ] 10 15 & 10 10 14 ns
PHL D o] 13 20 10 16 13 20 ns
tpzH EorE o 13 20 10 16 [E 20 ns
thp| EorE [l 13 20 10 16 13 20 s
Test Conditions: &, — 5pF, R, = 867( {See Fig. C, paga 2-174)

tpLz Eore o] 13 19 10 15 13 20 ns
Tz EorE 13 27 15 23 18 27 ns
Test Conditfonu: C_ = 45pF, R, = 86702 (See Fig. C, page 2-174)

b H D o 13 20 10 15 i3 19 ns
oL D [5) 18 25 18 2t 18 25 ns
[ Eork ] 18 25 15 21 18 25 ns
tpz EarE [5) 18 25 15 21 18 25 s

Nate: AC specification shown uhder —B5°C and +125°C are for DLS devices only. All B0pF specifications are for 9LS devices only.

*For L5125 use E and for L8126 use E.

TRUTH TAELES

L5125 ILE12E
INPUTS INPUTS
. OUTPUT DUTPUTY
E D E o L= LOW Voltage Level
L L L H L L H = HIGH Voltage Level
L H H H H H Xe Dcnl'l't Care
H X 2} L X fba) {Z1 = High Impedanca {off)
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LS132

Quad 2-Input Schmitt-Trigger

Die Size 057 x 067

i3 1211 10 ¢ B

Yoo 48

44

4Y 38 3A  3Y

é
1A 16 1Yy 2A 28 2Y GND

Recommended Opeorating Conditlons

oLS/54LE aLS/74LS
Unit
Min.| Typ.| Max. Min.| Typ.| Max.
Supply voltage, Vi 45; 50| 58 475 50| 525 W
High level output current, lgn =400 =400 b
Low-lavel putput current, 1| 4 B mA
QOperating free-air temperature, Ta 55 125 0 'e
Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
{Unless Otherwise Noted)
+ 9LS/54LS BLS/74LS
Paramater Test Conditions Unit
Min.| Typ. | Max. Min.| Typ.| Max,
VT4  Positive-going threshold voltage Vo =6y 14| 16| 19 t4r 18| 1.9 v
V-  Negative-going threshold voltage Voo = BY 05 08| 1.0 0.8 08F 1.0 W
Hysteresis (V-V} Veop = 0V 04| 0.8 04 08 ki
Vi Input clamp voltage Voo = MIN, iy = =18mA ~0.65 | -1.5 =065 15 v
Vg = MEN, lgH = MAX,
Vg High-level output voltage ce GH 26| 34 27 34 v
V= VT.MIN
Yoo = MIN,
Wiy, Low-level output voltage 025 | 0.40 0.35 | 0.50 W
V= VT eMAX, g, = MAX
Iy TPUtcurmentat Vee = 5v V=¥ 014 | -0.1a A
T+ positive-going threshold cc ' =¥ i : m
lnput current at
IT- . . Voo = 8V, Vi =Vro =018 -0.18 m#
negativa-going threshold
Input cu t at
" put current = Vee = MAX 0.1 a. mA
maximum input voltaga V=7V
Iig  High-level input current Voo = MAX W= 2.7V 20 20 wh
it Low-level input currant Voo = MAX v VL = 0.4V =0.4 -0.4 ma
lps  Shorteircuit sutput current Voo = MAX -15 -100 -5 -100 ma
loccH Supply Current High Voo =MAaX Vg =0V 86| 186 86| 16 ma
legL Supely Current Low Yoo = MAX Viy = 4.5V 2] 21 12 21 mA

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

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

9L5/64L5
Parameter From To 5570 +25°¢C *126°C Units
{Input} {Qutput} Min. ] Typ,J Man. Min. ! Tyg. |MaxA Min.J Tvp. lMaK.

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

TIPLH 16 24 13 20 16 24 ns
AorB Y

tPHL o 16| 24 13| 20 16 | 24 s

Test Conditiona: C, = 50pF, R, = 2.0k {See Fig. A, page 2-174)

tPLH 20 29 17 25 20 29 ns
AorB

AL i Y 20| 29 17 | 25 20} 29 ns

PARAMETER MEASUREMENT INFORMATION

Vee

120 0
NOM

INPUTS
A
B -1~ QUTPUT
c - Y
O —
—— GND

FIGURE 1
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LS132

Quad 2-Input Schmitt-Trigger

TYPICAL CHARACTERISTICS

POSITIVE-GQING THRESHOLD VOLTAGE

1.70
189
158
1.E7
1.66
1.E5
154
163
1.62
181
1.80

W1 ~Positive Going Threshold Volisge—Y

vs
FREE-AIR TEMPERATURE
1 | 1 I I I I
[~ Vo =5v

L 1 na 1 L L L

=76 =00 -26 0 256 B0 76 100 125

g0
340
830
820
B
a
730
780
ra
760
7540

W) VT—Hysteress my

¥ 4,—Frea-Air Tamperature—"C

HYETERISIS

Vi
FREE-AIR TEMPERATURE
T T T T I I I

— Voo = 5V -

) I N | | I I |

~76 -50 -25 0 26 S0 75 100 125

Ta—Frea-Air Tamparature—"C

THRESHOLD YOLTAGES AND HYSTERESIS

20
18
16
1.4
1.2
1.0
08
08
04
0.z

[

Thresheld Veltage snd Hysteresis

Ve
SUPPLY VOLTAGE
t 1017 1T T
 Ta=25"¢

L. Positive-Going Threshald Valtage, VT14+_|

Nagative-Going Thresheld Voltege, VT-

I Hystorsiic, VT+—¥1_

a5 476 § 575 55

2-68

Vee—Supply Yoltage—Y

V- Negative-Going Threshold Valisge-—Y'

Relative Frequency of Joourence

Vo-Output Voltag—V

NEGATIVE-GOING THRESHOLD VOLTAGE

0.ac
0.89
Q.68
0.87
0.86
.85
0.54
0.83
0.8z
0.81
a.80

-75 =50 -26 0 X 650 75 100 125

720 740 760 749¢ ROO 820 840 860

vi
FREE-AIR TEMPERATURE

1 1 T 11 I

1 L N R N | 1 1

- vpo=8v —

TA—Frae-Air Tamparature="C

DISTRIBUTION OF UNITS
FOR HYSTERESIS

Vo =5v
|- Ta=2%C

{1 L. 1

Wre— VT .- Hymtaress—my

OUTFUT VOLTAGE

L]
INPUT WOLTA GE
rT T T T TT1TT1TT
Vor = v
- ta=25€C —
B 4 | -
TS I S N Y I T W

G 0.4 LX) 12 16 2

¥ —Inpat Voltage—V



Quad 2-Input Schmitt-Trigger

LS132

TYPICAL APPLICATIONS DATA

TTL SYSTEM
|
|
MOS.
B -
ete,
t
]
I
SINE-WAVE
OSCILLATOR . o=
|

TTL SYSTEM INTERFACE !
FOR SLOW INPUT WAVEFDRMS

PULSE SHAPER

330 2

0.1 Hz ta 10 MHz

MULTIVIBRATOR

INPUT

QuUTPUT

THRESHOLD DETECTOR

it

FULSE STRETCHER

2-68



LS136 LS266

Quadruple 2-Input Exclusive-OR,
-NOR Gates With Open-Collector Qutputs

PIN-OUT AND LOGIC DIAGRAMS

QUADRUPLE 2-INPUT EXCLUSIVE-OR WITH OPEN-

LS136

COLLECTOR QUTPUTS

2 3 4
Die Size .045 x 056

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

Vop 4B 4A 4Y 18 3A 3Y

0] = 2] 1] Gl 31 (2]
3
,
B 1, [} >

1A 1B 1Y 2A 2B 2Y GRD

QUADRUPLE 2-INPUT EXCLUSIVE-NOR WITH OPEN

LS266

COLLECTOR OUTPUTS

Die Size .045 x .056

Vrc 4B A AY 37 36 3A

FERAEB T E
7
6 I s P

1A 1B 1Y 2¥ 2A 2B GMND
positive logic: Y = A B = AB + AB

Recommended Operating Conditions

9LS/54LS 9L57ALS Unit

Min | Nom | Max Min | Nom | Max !

Supply voltage, Veo 4.5 5 5e | 475 5 5.25 Y
High-level output voltage, Vg 5.5 b5 W
Low-evel output current, lg, 4 8 mA
Operating free-air temperature, Ty -55 125 0 70 °C

Electrical Characteristics Over Recommended Free-Alr Temperature Range (Unless Otherwise Nated)
. 9L§/54LS 9LS74LS
Parameler Test Conditions WMin TTyp™ | Wax | Win | Typ~| Max Unit
Vi 2 2 v
ViL 0.7 0.8 v
vy Vee=MIN, 11=—18mA -1.5 -15 v
Vee=MIN, Vip=2V,
! 1
OH V=V max, Vgu=5.5V oo 100 | uA
v Vioe=MIN, V=2V lgL=4mA 026 | 0.4 025 04 v
ou Vi =V max ToL =BmA 035 056
i Voe=MAX, V=7V 0.2 0.2 | ma
hH Voo=MAX, V=27V 30 I LT wA
e Voo=MAX, V=04V -0.8 -0.8 | mA
lget L3266 fi] 13 8 13
Ve =MAX

L5136 ce ' 61 | 10 6 10| ™

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

device type,

** 40l typical values are at Voo = BY, Ta = 26°C.
tloe is measured with one input of each gate at 4.5V, the other inputs grounded, and the outputs oper.
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Quadruple 2-Input Exclusive-OR,
-NOR Gates With Open-Collector Outputs
. ________________________________________________ ]

Switching Characteristics, V

LS136 LS266

-« = 5V Over Recommended Free-Air Temperature Range

From To ~§5°C +25°C +125°C Unit
Paramater (input) {output} Min | Typ [ Max [ Min [ Typ [ Max | Min | Typ | Max n
Teat Conclitions: C_ = 15pF, R, = 2k(} {See Figure 8 on page 2-174)
BLH Other input 14 18 13 17 20 26
oML AorB low 10 | 16 9 | 14 0| 6] ™
teLH Other input 12 16 13 17 8 12
AorB . ns
oL o high 10 | 16 8 | 13 71 12
Tesi Conditions: C, = 50pF, R, = 2Kk (See Figure B on page 2-174)
eLH Other input N 35 30 35 36 42
AorB ns
tPHL low 16 23 13 19 14 21
[ AorB Other_ input 30 35 3 36 35 41 s
tPHL high - 19 23 13 19 13 19
Note: AC specification shown under —SSOC and +1250C ave for QLS devices only. All 50pF specifications
are for LS oniy,
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15138 LS139 Decoders/Demultiplexers

FEATURES PIN-OUT DIAGRAMS
B | 5138: 3-Line-to-3-Line Decader

1-o0f-8 Demultiplexer

L5132
m 1 5139: Dual 2-Line-to-4-Line Decoder DATA DUTPUTS
.Dual 1-of4 Demul‘tlplexer t 16 15 14 Ve VI Y2 3 W Y6 ¥
B L5138 is expandable to 5-lines-to-32-lines decoder [14] [o]
using 4 L5138’s and one inverter. 2 ] ]
3 LT CHR ()
DESCRIPTION ) v
The LS138 decodes one-of-eight lines dependent on the |2
- n . £ L GIA 2B il bl
conditions at the three binary select inputs and the three 5 ¥ 1 i
enable inputs. Two active-low and one active-high enable é [4] [5] é}
inputs reduce the need for external gates or inverters when 6 7 B § A B ¢, G2AG2D G1, Y7 GND
expanding. A 24-line decoder can be implemented without SELECT  ENABLE DUTPUT

Die Size 063 x 062

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

The L5139 coamprises two individual two-line-to-four-line
decoders in a single package. The activellow enable input
can be used as a data line in demultiplexing applications. LS139

SELECT UTPUTS
These circuits are designed to be used in high-performance ENABLE ,—A—, ,ﬂ?_\

. - Lo N 14 13 12 11
memory-decoding and data-routing applications reguiring i
very short delay times,

15 =N o
16 ]
1 l‘
: I
3 4 5 3 EH;B(:.EIA 1B Y0 1V1 1¥2 1YI GND
SELECT DATA DUYPUTS

Die Size .063 x 069

LS138
FUNCTION TABLE
INPUTS
MITPUTS

ENABLE SELECT

G1 Gz* [ @ AlYD Y1 Y2 Y3 Y4 YSYE YT

X H %X X X|H HHHMHHHH LS139

Lox [x ®x XjH B HHEMEAH FUNCTION TABLE (%)

H L |l L L[t H HHH®HHH

H L L H|(H L HHHHHH NPUTS

- NP QUTPUTS

H L |t H L[fHHLHHHIBHNH EMABLE | SELECT

H L |L H H|HHHLHHHH G 8 alvovivzya

H L |H L LIH M HHLHHH H x X|w H oHH

H L |H L H|H KW HHHLHH W L L|L H HH

H L |H H L{HH®HHH®HLH L L H[H L HH

H L jH H H|H HHHHHHL L H L|lHMHL B
*G2 = G2A + G2B L H H|HHHL
H = high leval, L = low level, X =don’t care H = high level, L = low level, X = don't care

o



Decoders/Demultiplexers LS138 LS139

LOGIC DIAGRAMS
L5138 »:E%:)E'W‘ L5139 ﬁ}ﬂ 1wvo ]
s :;__)LE' ¥ ENABLE 16 ﬂ{‘}- LT
ENABLE — 113) ]
INPUTS {MAEID L i2) '_‘_{D,{E w2
G287, ﬁ' va| oara SELECT m:_eID- [—1 7
1¥3
" {(n ve ’OUTPUTS INPLITS ‘B—b& DATA,
] {12 DUTPUTS
110} ‘—:%:}_ 2Y0
A I == | ¥5 as)
SELECT 12 ) . :‘D’m Ye ENABLE 26 i1
weuts ° 171 14 {—:D;‘_"’ vz
c —{)o—«‘s’ Y7 SELECT A—{ o (o
weuts 1z na:t 2vs |
Recommended Operating Conditions
9LS/54LS gLS/74LS Uit
Min | Nom | Max | Min [ Nom | Max
Supply voltage, Vee 4.5 5] 56 | 4.70 ] .26 A%
High-tevel output current, ion -400 ~400] ua
Low-leve! cutput current, Iy 4 8 ma
Operating free-air temperature, Ta ~65 125 ] 70 C
Electrical Characteristics Over Recommended Free-Air Temperature Aange {Unless Otherwise Noted)
ALS/54L5 SLS/TALS
I *

Prramaster Test Condliions Win [ Typ~ | Max | Min ] Typ" | Wax Unit
Viy 2 2 v
Vi a7 0.8 v
V) Veo=MIN,  [j=-1BmA -T5 5] ¥

Veg=MIN,  Viy=2V,
W 25 34 2.7 34 YV
OH Vi =V max, loy=—400gA
v Veo=MIN,  Vig=2V, loL=4mA 025 | 04 026] 04 [
oL VL=V L max ToL=BmA 035 05
Iy Vee=MAX, V=7V 01 %! mA
|||.| Vcc=MAX, Vi=2.7V 20 20 A
Iy Veo=MAX, V=04V —{.a —0.4| mA
logt Vee=MAX -18 -T00 | -15 ~100] mA
| Voo=MAX, L5138 53 [ 63 | 10 1
ce Qutputs enablad and open | L5139 68 [ 1 58 | 11

*For conditions shown as MIN or MAX, use the appropriate value specified under recommendad gperating conditions for the applicsble
device type.
**All typical values are at Ve =5V, T = 25°C,
TNet more than one output should be shorted at 3 time.
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LS138 LS139 Decoders/Demultiplexers

L5138
Switching Characteristics, ¥_. = 5V Over Recommended Free-Air Temperature Range
Parameter Lﬂ:?ls' (Flnr;Tl} ( To -35C +25°C +125°C Unit
Delay. output) | Min | Typ [ Max [ Min | Typ [ Max | Min | Typ [ Max

Test Condltiona: C, = 15pF, A, = 2k} (Ses Fig. A, page 2-174)

tPLH 2 " 16 10 | 18 13 18 | ns
tpHL Binary Any 17 24 17 | 24 21 27 | ns
tp| M a Select 16 22 16 | 21 21 28 | ns
tPHL 22 30 21 28 24 32 ns
TPLH » 1 16 10 | 18 13 18 [ ns
tPHL 19 26 18 | 25 23 30 | ns
TPLH 3 Enable Any 16 | 22 16 | 22 21 | 27 | ns
tPHL 22 30 20 | 28 24 31 | ns
Test Conditions: C, = 50pF, R, = kI {See Fig. A, page 2-174)

tpLH 2 13 19 12 | 17 14 20 | ns
tpHL Binary Any 23 31 22 | 29 26 33 | ns
tpLH 3 Select 17 24 17 | 23 23 22 | ns
m _ 26 | 36 25 | 33 28 36 | ns
tpLH N 11 16 12 | 18 15 20 | ns
tpHL 23 30 24 | 33 26 34 | ns
thin ; Enable Any 18 T 24 18 | 23 26 | 30 | ns
teHL 26 34 24 32 28 37 ns

Note: AL specification shown under -B5°C and +128°C are for 915 davices only. A1) 50pF specifications are for OLS devices only.

L5139

Switching Characteristics, ¥,.. = 5V Over Recommended Free-Air Temperature Range
Parameter; _of ® From To ~55°C +25°C +125°C Unlt

Delay (inpuit) (output) Min | Typ | Max | Min [ vyp [ Max | Min | Typ | max n

Test Conditions: C, = 15pF, R, = 2ki! (See Fig. A, page 2-174)
teLH 2 12 21 12 17 13 20 ns
tPHL Binary An 13 21 12 17 13 20 ns
toLk 3 Select Y 18 | 28 5 [ 22 17 | 27 | ms
tPHL 18 30 i7 25 18 30 ns
tPiH 12 22 11 15 " 22 ns
TPuL 2 Enable Any 1 | 22 11 | 16 12 | 22 | ns
Tost Conditions: G, = 50pF, R, = 2kil (Ses Fig. A, page 2-174) ’
tPLH 2 15 26 156 N 186 25 ns
tpH) Binary An 16 26 15 21 16 25 ns
toLH 3 Select Y 19 | 33 18 | 26 20 | 32 | ns
oL 21 | 35 70 | 29 21 136 | ne
P H 15 27 14 12 14 27 s
terL 2 Enable Any 4| 27 18| 20 15 1 27 | s

Mote: AC specification shown under _B5°C and +125°C ara for OLS devices anly. All 50pF specifications
arg for LS only,



8-Line-To-1-Line Multiplexers LS161 LS152
FEATURES PIN-QUT DIAGRAMS
® Select one of eight data sources LS151
& Perform parallel-to-serial conversion DATA INPUTS IJ ATASELECT
® | 8151 has complementary outputs:
L5152 has inverting output only veg 4 5 A B C
= L5151 has strobe input .@*@Ef]@ ,
DESCRIPTION
These monolithic dsta selectors/multipiexers contain full o c
on-chip binary decoding to select one-of-eight data sources.
The L5151 has a strobe input which must be at a low logic T i i
level to enable the device. A high fevel at the strobe forces = ﬁ‘[‘;[] ﬂ
the W output high, and the Y output low, 11 12 13 14 3 z 1 ¥ g GND
The L8151 features complementary W and Y outputs mm INPUTS um E
whereas the L5162 has an inverted (W) output only. Die Size 086 x 087
L5152
LS151 L8152
FUNCTION TABLE FUNCTION TABLE OATA INPUTS DATA SELECT
INPUTS CUTPUTS SELECT vee's b 7 }n_—;;\
SELECT [STROBE| meurs [ OUTTVT .|3]_§| %“J]_ﬂ ’L_sllj
B A 5 c B A "
X X x H LM T L L 7
L L L L Lo oo L L H I3
L oL M L |e1 B9 LoH L 53 o ¢
L H L L D2 D2 L OH A o3
L H H L VER oL L e
H L L L pd D4 M oL M BE élﬁ' Hﬂéﬂé‘@
H L H L D& E)_S H H L 3 1m0 11 12 13 4 3 2 1 W GND
H 8 L L 6 De H H R D7 QuUTRPUT
H_# #]| L |or b7 Die Siza .056 x .057 DATAINFUTS
H = High lavel, L = kow level, X = don’t care
DO, 1 .. .07 = \he kevel of the D respective inpul
LOGIC DIAGRAMS

{LE161 STROBE

ontyl  {ENABLE} >
P
Do
o1
D2
D',
DATA
INPUTSS
DS
D8
D7 b
- ——
Q—Do_-n-_b—
DATA |
SELECT < B—{oe L |
{BINARY} —

e e —

DUTPUT W ILS151 only)
OUTPUT ¥
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LS151 LS152 8-Line-To-1-Line Multiplexers

Recommended Operating Conditions

9LS/A4LE aLsT4LS
Min | Nem | Max | Min | Noem | Max Unit
Supply voltage, Ver 4.5 5 5.5 | 4.75 5 525 v
High-level output current, loy 400 -400 | pA
Low-level output current, Jg 4 8 mA
Qperating free-air temperature, Ty -65 125 0 70 °c

Electrical Characteristics Over Recommended Free-Air Toamperature Range {Uniess Otherwise Noted)

. 9L§/54L8 SLE/TALE
Parameter Test Conditions Min | Typ™ | Wax | Win | Typ~ | Max Unit
Vin 2 2 v
VL 0.7 08 v
Wy Voo=MIN, l;=—18mA -1.5 -1.5 Y
Veo=MIN, V=2V,

W 25 34 2.7 34 kY

OH ViL=Viemax Igny=-400uA
v Vee=MiN,  Vip=2V, lgL=4mA 03 | 045 02s] 04 [

oL Vi =V max ToL=8mA ' 036| 06
h Veo-MAX, V=1V 0.1 01 | mA
[ YWeoo=MAX, V=27V 20 20 LA
|||__ Vcc=MAX, V|=0.4V -0.4 -0.4 ma
st Ve =MAX -15 =100 | -i6 <T00] mA
| VeoosMAX,  Outputs open | L5151 6.0 10 6.0 10 mA
cc All inputs at 4.5V L5162 55 | ¢ 56 9

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

**All typical vaiues are at Vo =5, Ta = 25°C.
thot more thart one output should be shorted at a time.



8-Line-To-1-Line Multiplexers LS151 LS152
L ________________________________________ |

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

P . From To ~55°C +25°C +125°C Uit
arameter (input) loutput)  Pmin [ Typ | Max*] Min | Typ | Max?| Min | Typ | Max*|
Test Conditions: C_ = 15pF, R, = 2k(} (See Fig. A, page 2-174)
thLu A B orC W 15 | 22 15 | 23 18 | 25 .
PHL {4 tevels) | (54L$157 only) 19 | 26 18 | 25 20 | 26 | "
tPLH ABorC ¥ 24 32 24 <3 29 36 s
tPHL 13 levels) 21 30 20 28 22 3
tpLH W 12 17 11 17 13 19
Strobe ns
TPHL 5415157 only) 13 20 13 19 . 14 20
TpLH Strobe Y iB8 26 18 26 21 29 ns
tPHL {64L515% anly) 18 27 16 24 17 25
t
FLH Any D w g8 | 13 9 | 14 17 ]
eRL 15418151 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 Conditlons: C, = 50pF, A, = 2k{) (See Fig. A, page 2-174)
tp A B orC W 17 24 17 24 20 27 ns
TPHL {4 Ievels!  { (5408151 antyl 22 3 21 29 22 3
trLH A, B, orC v 26 33 26 32 29 38 ns
tpHL {3 levels) 27 37 25 35 29 38
tPLH W 14 20 13 19 15 21
tPHL Strobe 1545151 only) 16 24 15 23 16 24 ns
IPLH Y 20 2B 20 27 23 30
tPHL - Strobe 5415151 only) 29 35 20 31 21 32 ns
tery W 9 15 10 i6 13 19
tPHIL Any D {541.5151 only) 9 16 ] 12 g 12 ns
tPLH 14 20 14 19 15 21
" Any D Y R T = T2 ™
Mote: AC specification shown under —55°C and +125°C are for 9LS davices only, &ll 50pF specifications *Tentative data, SubiE_CT__

are far ALS anly. to change without notice
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L5153 _ Dual 4-Line-To-1-Line Multiplexer

FEATURES PIN-QUT DIAGRAM

B Permits multiplexing from N lines to 1 line

& Perfarms parallel-to-serial conversion -4 DATA

8 Strobe {(Enable) line provided for cascading {N lines vfg'}%“f M
to n lines)

B NMon-invarting

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
prasent it at the output in non-inverted form.

[1][2] (8] a] 8]
STROBE B “——-———1Y GND
16 DATAINPUTS OUTRUT
SELECY

13 12 11 10
LOGIC DIAGRAM
STROBE 1G n
IENABLE} —e{>————-_._337
10—
e
{5) |
er- {7) OUTPUT
DATA 1 1y
Die Size .057 x .061
1ca 3 =
FUNCTION TABLE
B lzlr: I E
SELECT
SELECT 4 \NPUTS DATA INPUTS STROBE [ OUTPUT
Al14
—-)i >nTa| b B A |Cco €y c2_C3 G ¥
x x x x x x H L
ZCD”N L L L X X X L L
X LU R ox ox o ox L H
vk JLLAL L H X L ® ® L L
—1 L H x, H X x L H
DATA 2
cz 112 9 outpuT H L x X L % L L
| 2Y
- H [ x X H * i 0]
H H x X x L L L
203 113) :

STROEE zc__{>—_, | - - - X X X L o
15) Select inputs A and B are common ta both sections.

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



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

Recommended Operating Conditions

GLS/54LS SLS/TALS Unit
Min | Nom | Max | Min | Nom } Max
Supply voltage, Ve 4.5 5 5.5 | 475 5 5.5 Vi
High-level gutput current, iy -400 =400 | 1A
Low-level output current, oy 4 8 mA
CQperating free-air temperature, Ty -b5 125 ! 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. N LE5/5LS LETALS .
Parameter Tast Conditions Min [ Typ- ] Wax | win | Typ | Wax Unit
ViH 2 2 i
Vi 0.7 03 v
W Veoo=MIN, [j=-18mA -1.5 -1.5 Y
Veoo=MIN, Vim=2V,
Vou ViL =V max, lopi=-400gA 25 34 2.7 34 v
VoL Voo =MIN, Vip=2y, loL=hmA 025} 04 0.25) 04 v
V=V max lgL =8mA 0351 05
I Vee=MAX, V=70V 01 0.1 mA,
hn Veoo=MAX, V=27V o 20 20 uA
I, Vec=MAX, V=04V T -0.4 04 | mA
lost Voe=MAX -15 -100 | -15 -100 | ma |
lgeL 1t Veg=MAX 6.2 10 6.2 i0 ma
*For conditions shown as MIN or MAX, use the appropriate valug specified under recammended operating conditions for the applicable
“‘i‘:ritc:pti:?le\;aluas araat Ve = 5V, Ty = 25°C,
thot more than ong output should be shorted at a time.
ttlgoy is measured with the cutputs open and all inputs grounded.,
Switching Characteristics, V. = 5V Over Recommended Free-Air Temperature Range
From To -55°C +25°C +125°C
Parameter {nput) (outot)  Tpain | Typ | Max | Min | Typ | Max | Min | Typ | Max |
Test Conditions: G, = 15pF, R, = 2Kk(} (See Fig. A, page 2-174)
tpLH Data Y 8 13 8 13 1" 16 s
teHL Data Y 13 18 14 118 17 22 | ns
tPLH Select Y 1z 21 17 | 22 22 28 ns
tPHL Select Y 17 23 16 | 21 21 26 | ns
teLH Strobe Y 14 20 16 | 21 el 26 %
TPHL Strohe Y 17 23 % 121 1 120 25 ns
Tast Conditlons: C, = 50pF, R, = 2k(l (Ses Fig. A, page 2-174)
tpLH Data Y [} 15 i0 | i5 15 22 ns
TPhL Data ¥ 17 23 17 |22 1 | 22 27 | ns
toLH Select Y i8 24 19 | 24 25 30 | ns
thEL Select Y 22 27 19 | 25 24 | 30 | ns
tpLy Strobe Y 7 23 18 1 23 23 28 ns
tPHL Strobe Y 2 27 20| 24 23 28 ns

Mote: AL specification shown under —55CC and 4 125:() are for LS devices only. Al 50pF specifications
are for 9LS only.
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LS155 LS156

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

FEATURES
m  LS156 has open-collector outputs
" Applications:

Dual 2-Line-to-4-Line Decoder

Dual 1-Line-to-4-Line Demultiplexar

3-Line-10-8-Line Decoder

1-Line-to-8-Line Demultiplexer
DESCRIPTION
These circuits feature dual 1-line-to-41ine 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 salect and route asseciated 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 1-10-B-line demultiplexer without external
gating. Input clamping diodes are provided on all of these
circuits to minimize transmission-line effects and simplify
system design.

sTRoBe {20 __
1G
paTalll
1c

LOGIC DIAGRAM

— 7 guTtPuT

1¥0
I8! puTPUT

|4

-l

SELECT QD,__{/\

SELECT “3'D. _.D—
A

B -

[

2G

PIN-OUT DIAGRAM

DATA STAB 1
Voo 3¢ 26 A TYA2V22¥12W0
(4] [13] [a2] [} (0] [2]

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

T iweuts

DUTFUTS

SELECT | STROBE ' pata |
e & 1w | ¢ 10 vy vz v

x x H | X H H H H

L L L - L] L H H H

L H L ! H H L H H

" [ [N H H H L H

H H “ - H H H H L
LSS N I LI R S
[ INPUTS T UTPUTE

SELECT | STROBE | DATa

e 4l 16 o o Ivi_ vz ¥
|x x H x H M ) ] ‘
L L L L 1 H H H

1 L] . T L H L H H

H vl L H H L ]
23 H o L L H H H [N

Lo LA SO L al al H

2-80

3 4 5 6
g Qi 1t 16 B 1¥Y3 1¥Z1Y1 1¥OGND
Die Size 063 x .069 (both types) —_——
DATASTRB |
SELECT OUTPUTS
INPUT
FLINCTION TABLE

3-LINE-TQ-8-LINE DECODER

1v1
(5] guTPUT
1¥2

4 surpuT
1v3

i{}@ OUTPUT
2Ya

:D,L‘Pl OuUTPUT
2v1

DATA 15) Lot 11) QUTPUT
2¢ ElD 2v2
stroee |19 - i12) OUTPUT
SELECT

2Y3

OR 1-LINE-TO-8-LINE DEMULTIPLEXER

T meuTs

QUTPUTS
SELECT STROBE 111} [% FI - (T TR T TR T /|
R DATA
cto8 A Gl Y0 I¥Y_2YZ 2¥3 YD 1YL A2 1va
x LS X Ll L H H H H H H H
L 1 L L L H H H H H H H
L L H L L L H H H H H H
L ] L L H H L H H H H H
L H H L H H H L 2] H H H
H L L L H H H H L H H H
H L ] L H H H H H L H H
H Wb L H H H H H H L H
H H H L H H H H [ad H H L
1G = inpuls 1C and 2C ¢onnectsd logether
103G = inputs 16 and 2G connected together

H = high level, L = iow level, X = don’t care



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

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

SLS/54LS LS/T4LS Unit
Min | Typ** | Max | Min | Typ**{ Max
Supply voltage, Vee 4.5 = 5.6 475 o 5261 WV
High-ievel output current, Ing -400 =400 | pA
Dutput voltage, Vg (L5156 only) 5.5 55 | V
Low-level output, lgp 4 8 il
Operating free-air temperature, Ta =55 126 0 70 C
Electrical Characteristics Over Recommended Free-Air Temperature Range {Unless Otherwise Noted)
. 5LS/54LS ALSTILS
Parameter Test Conditlons Win | Typ™ | Wax | Min | Typ*] Wax Unit
Vin 2 2 v
Vi 0.7 0.8 W
Vi Veo=MIN, Ij=-18mA -15 -1.56 Vv
Veoe=MIN, Vig=2V,
Vo ViL=V i max, lgn=-400uA 25 34 2.7 34 v
! VCC=M|N, V|H=2V, A
OH Vi =V max, Vau=5.5Y (L§156 only} 100 100 | M
y Voo=MIN, Vin =2V, lgL=4mA 0.26 | 04 026 0.4 v
oL V1|_=V||_max Im_=8mA 0.35 4.5
h Veo=MAX, V=7V 0.1 i 0.1 mA
IIH Vcc=MAX, V;=2.7V 20 20 J.&A
hi Veo=MAX, Vy=04Y -0.4 -04| mA
,Jis* Veoo=MAX -15 -100) -15 -100] mA
leort Veo=MAX 6.1 10 6.1 10 mA

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

devica type.

**All typical values are at Ve =5V, T,
+Not mora than one output should be

Ahn 25°C,
shorted at a time.

e is measured with outputs opan, A, B, and 1C inputs at 4 5V, and 2C, 1G, and 26 inputs groundad.
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Dual 2-Line-To-4-Line

LS155 LS156 Decoders/Demultiplexers
D —————————— ]
LS155
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range
Levals Fram To —-55°C +25°C +125°C
Parameter nglc {nput) (output) Min ] Typ | Max | Min ] Typ | Max | Min 1 Typ | Max Unit
Test Conditlons: C, = 15pF, R, = 2k{} (See Fig. A, page 2-174)
tpLH 2 |2C, 16, or 2G Y 11 17 10 16 12 18 s
TPHL 2 12C1G, 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, A, = 2k1} {Ses Fig. A, page 2-174)
teLH 2 |2C, 106G, ar 2| Y 13 19 13 19 15 21 ns
tPHL 2 [2C G, or 26 Y 21 29 18 26 22 3 ns
tpLH 3 AorB Y 18 25 18 25 22 29 ns
tpHL 3 Aor B ¥ 76 | 36 72 30 26 | 36 | ns
PLH 3 1C Y 18 | 73 18 24 22 | 26 | ns
oML 3 C Y 75 | 35 23 | 3 35 | 35 | ns
L5156
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range
Lavels From To -55°C +25°C +125°C
Parameterf o (input) feutputl  ["win | Typ | Max | Min [ Typ | Max | Min | Typ | Max | """
Test Conditiona: C, = 15pF, R, = 2k{} (See Fig. B, page 2-174)
tPLH 2 |2C.1G, or 2G Y 24 34 22 30 24 34 ng
i 7 |2C, 1G, or 2G ¥ 18 | 27 6 | 24 18 | 27 | m™
tpLH 3 Aor B Y 29 40 27 37 29 40 ns
tPHL 3 AorB Y 24 34 22 30 24 34 ns
toLm 3 1C Y 27 | 38 75 | 34 27 | 38 | ms
IPHL 3 1c Y 25 | 35 23 31 25 | 35 ns
Test Conditions: C, = 50pE, R, = 2kl (See Fig. B, page 2-174)
tpLH 2 |2C.1G, or 2G Y 27 | 39 25 | 34 27 | 39 | ns
tpHL 7 |2C.1G, or 2G Y 21 32 19 28 21 32 ns
pLH 3 AorB Y 32 45 30 41 3z 45 ns
tPHL 3 AorB Y 7 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

MNote: AC specification shown under —550C and +12500 are for 9L5 devices only. All 50pF specifications
are for 9LS only.



Quadruple 2-Line-To-1 Line Multiplexers
o

DESCRIPTION

These data selectors/multiplexers select a 4-bit word from
one of two sources and present it at the four autputs. The
L5157 presents true data; the LS158 presents inverted data.

PIN-OUT DIAGRAMS

LS157

LS158

14 13 12 11 10

LS157

14 13 12 11 10

LS158

vie

INPUTS INPUTS
OUTPIT TPUT
aa 4B 4Y ki

i aa 4B

A
Phats
-l ELIT]

SELECTYA 1B 1Y 24 2B 2Y GNOD
o T HYTRGT Y OUTRUT
Die Size .047 x .066 INPUTS INPUTS Die Size .047 x 086 INPLTS INPUTTS
LS157 LOGIC DIAGHAMS
2 LS158
14 14 [2)
4) 14}
iB 13 1Y ™ {3} v
24 1B I 2n 3 :
17 [ ¥a]
&) 2Y 1] 2Y
2B 2B
1 L
aa 412 | an 11
{9 l 19]
(10) k3 g 10
38 ] av
[
(14} (14}
4A — an
112} 112)
PALE:] ay 4 12 ay
[
sTrRogE ¢i15) } sTRoeE g 19! D— {
SELECT S SELECT S
FUNCTION TABLE
INPUTS ouTPUT Y
STROBE [SELECT| A B S4LS167 HLE158
H x x ] i H
L L L % 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 lavel, X = don't care
Low level at S selects A inputs
High level at § selects B inputs
Strobe is active low
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LS157 LS158

Quadruple 2-Line-To-1-Line Multiplexers

Recommended Qperating Conditions

gLS{54L5 BLS/T4LS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Vo 4.5 B 55 | 475 & 5.25 V'
High-evel output current, loy 400 =400 | pA
Low-level output current, tg 4 8 mA
Operating free-air temperature, Ta 1 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
BLS/54LS LS/7LS
p *
arameter Test Conditions Min [ Typ™ | Max | Win | Tye "] Max Unit
ViH 2 2 W
ViL 0.7 0.8 V
v, Voo=MIN,  1;=-18mA -1.5 151 v
Vee=MIN, V=2V,
W, . .
OH VIL-MAX,  lop =400uA 25 | 34 27 | 34 v
v Vcc=M|N, V|H=2V, |O|_“—'4IT\A 0.25 0.4 .25 0.4 v
oL Vi =MAX TgL ~8mA 0.35 | 0.5
S or G input 0.2 6.2
| = =
| A or B input Veo=MAX, V=7V 0.1 01 mA
S or G input 40 40
! = -
M A or Binput| (CCTMAX, Vi=2.7V 20 20 | MA
5 or Ginput -0.8 -0.8
! - Vee=MA ={.
L AorB input ce X Vi=0aY -04 -0.4 mA
lggt Vee=MAX -15 -100 | -15 =100 ]| mA
L5157 a7 16 9.7 16
[ Veo=MAX,
ceft cc L5158 28 | 8 ag | g | ™

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

devics type.

**All typical values are at Voo = 8V, Ta = 25°C.
1Not more than ong output should be sharted at a time.
TH e is measured with 4.5V applied to all inputs and alt gutpus 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

borametor t::r:om To —55°C +25°C +125°C Unit
put) (eutpu) [ sin [ Typ [ Max | Min [ Typ [ Max | Min | Typ | Max

"| Test Conditions: €, = 135pF, R, = 201 (See Fig. A, page 2-174)

::i L5157 Data Y 2 :; ? :g ? :g ns
[ R I e e s 2 e
) :E:': L8157 Strobe Y :g :? 13 :2 Ig fz ns
Pl s | wew | v ool el febut
e | e | v rie e
n :

ol oo | s | v e pelel Jeda ),
Test Condltions: €, = 50pF, A, — 2kQ (58e Fig. A, page 2-174)
e el I ML T I
o R v 0 T g I
wil ey | s | L . L e 8 B
e e I e e B s 3 0
Tl isisr | s | 5 o e T
ml e | e |y el ECe T e

Mote: AC specification shown under —86°C and +125°C are for 9L% devices anly. All 50pF specifications are for OLS only.
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LS160 LS162 Synchronous BCD Decade Counters
LS161 LS163 Synchronous 4-Bit Binary Counters

FEATU_R ES PIN-OUT DIAGRAM

% 4-hit synchronous counters

®  Synchranously programmahle

8 |nternaf look-ahead counting gig OUTPUTS  ppiam ¢

= Carry output for n-bit cascading V(:B%gnm T L0AD
¥ Synchronous or asynchronous clear 5]

B Advanced low-power Schottky technology

B 100% reliability assurance testing in compliance with

MIL-STD-883

DESCRIPTION

The L5160, LS161, L5162 and LS163 synchronous, pra-
settatrle counts have internal look-shead carry and ripple
carry output for high-speed counting applications. The
L5160 and LS162 are decade counters and the L5161 and
LS163 are 4-bit binary counters. Counting or loading
accurs an the positive transition of the clock pulse. & LOW
fevel on the lgad input causes the dataen the A, B, C and D
inputs to be shifted to the apprapriate Q outputs on the
next pasitive ¢lock transition.

The L3160 and LS161 feature an asynchronous clear. A
LOW level at the clear input sets the O outputs LOW re-
gardless of the other inputs. The L5162 and L5163 have a
synchronous clear. & LOW level at the clear input sets the
Q outputs LOW after the next positive ciock transition
regardless of the enable inputs.

Both count-enable inputs P and 7 must be HIGH to  eount.
Count enable T is included in the ripple carry output gate
for cascading connection.

Die Size 060 x 117 — all 4 types

2-86 IRI\YTHEON I



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

LOGIC DIAGRAMS

L5160 Synchronous
Decade Counter
CLA a
CLEAR "—“D"‘] Dn
CKcz I, 2§
CLacK bt
CF MR
_n
oL
a
I
3
Loan o
? |
ENP " 5 RIPPLE
ENT & i 15 CARRY
L5162 synchronous decade counters are similar; however,
the clear is synchronous as shown for the L3163 binary
counters.
L5163 SYNCHRONOUS
BINARY COUNTER
CLR a [} , )]
cLeaq = A B C ]
P h 14 13 12 n
CLOCK = | 1 1 |
0 [i]
o
a
D vy

L04D o -I__D°:5:>
EMP ;%37 ! RIPPLE
18 = } CARRY

ENT

LS1617 synchronous hinary counters are similar; however,
the clgar iz asynchronous a3 shown for the L3160 decade

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

Recommended Operating Conditions

ILEfFALS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max "
Supply voltage, Ve 4.5 5 55 | 475 | b0 [B625]| Vv
High-levet output current, lop -400 =400 ph
Low-level output current, lgg 4 3 mA
Clock frequency, ok 0 25 a 25 | MHz
Width of clock pulse, ty,icack) 25 26 ng
Width of clear pulse, ty, s 20 20 ns
Datainpus &, B, €, D i} 0
i ; Enable P or T 20 20
S
etup 1ime, typn,p {see Figures 3 and 4} Load 50 50 ns
Clear 20 20
i Datainputs A, B, C, D | 257 25 s
Hal .G :
old time, thotg Other inputs 104 i0
Operating free-air temperature, Ta -55 125 0 70 2

< This applies only for LS162 and L5163, which hava sy nchronous clear inputs.
{ The minimum hald time is a5 specified or as long as the clock input takes to rise from 0.8 V w0 2 WV, whichever is longer,

Electrical Characteristics Over Recommended Free-Air Temperature Range {Unless Otherwlse Noted)

Parameter Test Conditlons” win QL‘?;:::S Wax | Win BL:;“_I:S TP Uinlt
Yy 2 2 W
Vi 0.7 0.8 W
Y Vee=MIN, [y =—18mA -15 ~-1.5 W

Veo=MIN, Vg =2V,
Yo Vi =ViLmax, lop=-300gA 2.5 34 2.7 34 W
v Vee=MIN, V=2V, Lo =4mA 026 | 04 0251 04 v
ot VL=V max, ioL=BmA 035 05
Data or enable P [{N] 0.1
Load, clock, or
{1 |enable T WVen=MAX, V=7V 0.2 0.2 maA

Clear (LE160,161 0.1 0.1

Clear ILS162,163 0.2 0.2

Diata or enable P 20 20

Load, clock, ar

l|p [enable T Veo=MAX, V=27V 40 40 HA

Clear (L3160,161 20 20

Clear [L5162,163), 40 40

Data or enable P -0.4 -1.4

Load, clock, or
I ienable T Veo=MAX, V=04V -0.8 -0.B| mA

Clear(LS160,161} -0.4 -0.4

Clear IL5162,163) -8 -0.8
logt Vee=MAX ~15 -100| -15 -100| mA
lecH Veoo=MAX, See Note 1 18 31 18 31 ma,
lccL Vee=MAX, See Note 2 19 32 19 32 | mA

*Eor conditions shown as MIN or MAX, use the appropriate valug specifisd under recommended operating conditions for the applicable
device type.
“*AH typical values are at Voo = 8V, Ta = 25°C,
tMNot more than one qutput shoutd be shorted at a time.
MNOTES:
1. lgeH is maasured with the laad input high, then again with the load input low, with all other inputs high and all outputs open.

2. lpey 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 —85°C +25°C +125°C u
arameter {input} {output) Min [ Typ { Max | sin | Typ | Max | Min | Typ [ Max nit
Test Condlitions: C, = 15pF, R, = 2k{] (Ses Fig. 1 and 2 and Notes 3 and 4 and Fig. A, page 2-174}
frmax 30 40 MHz
tpLH ) 28 39 25 35 23 39
Clock Ripple carr
T pRie carry 23| 39 20 | 35 23 { 33 | ™
toLH Clock 13 22 10 18 13 22
By O
teuL {load input high)) i 18 24 15 20 18 24 ns
1 Clock
PLH : oL AI"I\«" 0 13 22 i0Q 18 13 22 ns
tPHL {load input lowi 18 24 14 20 18 24
tpLH . 18 25 15 20 18 25
Enable T Ripple ¢
L fpple carry 3] 18 9 | 14 3 | 18] "
teHL Clear Any O 17 32 14 28 17 32 ns
Test Conditions: C, = 50pF. R, = 2k{l (Ses Fig. 1 anc 2 and Notes 3 and 4 and Fig. A, page 2-174)
tpLH . 31 44 28 39 kil 44
Clock Rippl
L oc IRIE £8rrY %6 | 44 23 | 29 7% | 4 | "
tpLH Clock 16 27 13 22 16 27
Any Q
tpHL lhoad mput highl nv 21 29 18 24 21 29 s
tplH Clock 16 27 13 22 16 27
Any O ng
tPHI {load input low) 3| 249 17 24 21 29
tpLH 21 30 18 24 21 30
Enable T Ripple ¢
TPrL ppie carry 16 | 23 12_|_18 16 | 23 |
tpyL Clear Any Q 20 37 17 32 20 37 ns
NOTES:
3. Propagation dalay for clearing is measured from the clear input for the L5160 and LS161 or from the clock input transition
for the LS162 and L5163,
4, AC specification shown wnder —55"\(} and +‘|25°C are for BLS devices anly. All S0pF specifications are for 8L5 only.



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

TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES

CLEAR
L5160 !_l {AYNSCHRONOUS)
CLEAR I
L5162 il syncHRoNOS)
LOAD y L
a_J v . . _—_ - - - - _--C
oara J B - —_—_——_ — — - - = =
INPUTS | ¢ e
v —_ - -—-—Z—Z-Z~-zx
i e e e e e e e e . FIGURE 1
o 1 ]
_.___l_ ______ —_— — — — —
CLOCK L5160, LE162

L1860 m lustrated below is the following sequence:
CLOCK 1. Clear gutputs to zero
LS162 _L_J_I_[—I_I_I_I_LJ'I_I—I_["I_I_I_I_I_I_I_I‘I_J_I_I_ 2. Preset to 8CD sevan
. 3. Count to eight, nine, zero, ona, two, and three

ENAELE P | | 1 I 4, Inhibil

'
T
b
'
¥
]
]

P S OO SO e B
T T |
QUTPUTS —_—— ]
b B
@Il

RIPPLE CARRY
OUTPUT 2 3

| I-—couw'r_—-l-—- INHIBIT

CLEAR PRESET

CLEAR
LS161 l_I {ASYNCHRONOUS)
CLEAR
Ls163 L;J {SYNCHRONOUS)
1
LOAD L
(. I
]
B 1 -_— e = = = = = = = -
DATA _— ) = = = - — = — -
INPUTS - - - - - = - = = = -
c ' b = = - = - - - - - - FIGURE Z
o : b e e e e e e = — L5161, L8163
CL(;‘(:; ' lustrated below is the following sequence:
L h 1. Glear outpuls to zerg
CLOCK LI | L i L | | pERERENE} l L 2. Preset to binary twelve
L5163 : ! 3. Count to thirteen; fourteen fifteen, zero,
enaBlEPr 1+ ] I R one, and two
i 1 4. Inhibit
ENABLET—':I_ ! | IV
1
(e G S pa S e B s
! :
< S B J . fi
OUTPUTS - : '
QC__:'l_ ! :
Y bt N Sa— :
I 1
RIFPLE CARRY h 1 i
QuTPUT pz1zwW w012
F——— COUNT INHIBIT

CLEAR PRESET



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

FIGURE 1

PARAMETER MEASUREMENT INFORMATION

VoL

3V
CLOCK INPUT
LS160 13v 1.3v
L5161 ! | e = ——— — ——— OV
le-t - T
lock
™ ‘wiclock) : av
CLEAR !
INPUT ) 13V 1.3v ] :
‘ _:-___-' _____ R, Y
™ twickear) ! bam tegrup -l
: | 1 av
LOAD 1 1Y 1av 13v
INPUT ] I
! s Iy —— - ——— v
1 | Tsatup
| | m e m e m = ——— - av
DATA INPUTS !
190 1.3v 1.3v
ABC, ANDD ! )
ov
— tpy b= [ -~ PLHI
v
Q OUTRUTS 1 : i | OH
LS161 : 1.3V i : 1.3V
QAANDQDOUTPUTsl [ I - = = ———— VL
L5160 —qtpm.:-'-— : H_ tpLHimeasure at 1,42 of tha} v
— 2 T Y e e voH
| | | { ir
Qg AND Q¢ OUTPUTS
t .
LE160 \ 13V '; : ;v
| ” ! e — ——— = —— . — — — Vg
| |
ENABLE P OR : : \:,
ENABLE T \ | =
1 |
) v
RIPPLE L OH
CARRY \
QUTPUT ]
]

CLOCK INPUT

L5162 '
L5163 ! av
1] [ —
> P —':tm.Hi Vou
QouUTPUTS ! t
1 I v
LS163 ' \1'3“’ ,j' 3
Qp AND Qp OUTFUTS Vo N __ —— —— voL
L5162 —-{ tPHL,‘— |"‘—"'—I tpLH (measure at th42 Of tyrg)
| Ii‘--_-—-_--___ VOH
'
Qp AND Q¢ OUTPUTS 1.3V *_ 1.3V
LS162 S o — ——— VoL
VOLTAGE WAVEFORMS
MOTES:

A, The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zg,¢ =~ 50 L
tp = 1803, tp = 8 ns,
B. Enatrle P and enable T setup times are measured at 1, = 0.

201



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

FIGURE 4
PARAMETER MEASUREMENT INFORMATION

l-———-l-—tu-ma.-k:
av
et _/—\_/_\.._f \__/
INPUT
----- ov
I.._«L_wLH I.._.l_‘pm_

I lmmmnwﬂ I {manumnnnq)

I - | — — = VOH
l
OUTPUT 1.3v : L3V 1
Qg X | VoL

| bk TPHL (= PLH
I ! ! imessure at tnaad | imedture at toez)
T Ry . You
uu;?ur | ] 13 { 13v
° : ! === VoL
| "-—'1- FHL s PLH
| ', } imeature A toep? | imessure 3t theal v
! RN ! oH
OUTPUT
'] ] | 1.3V | 1.3V
' e e - - - = - — VoL
' |
: I-—-|— TPHL r-—-t— LM
{malun 5+ 10 Imamsure a1 1nsg}
! of tn+15!
OUTPUT 1 I [Swa Nots B]
Gp 1 | 1.3
1 I —— e e == = = = — VoL

p—ep= LM e tpHL
]

' imansute at 1ne0 OF b+ 16!

]
RIPPLE : ~Br Nt B — - = — - - — — —
CARRY
13v 13v
OUTPUT _;(—\ i VoL

Tr

NOTES: VOLTAGE WAVEFDRMS

A. The input pulses are supplied by a generator having the following charactaristics: PR = 1 MMz, duty cycle = 50%, 2oy = 508 tr = 15 ns,

1f = & ns. Vary PRR to measure fpay.

8. Qutputs Qg and carry are tested at ty+10 LS160, LE162, and at ty+1g for LE161, LS163 where tp is the bit time when all outputs are low.
TYPICAL APPLICATION DATA

N-BIT SYNCHRONOUS COUNTERS
I his application demanstrates how the lpok-ahead carry circuit ¢an be used to implement a high-speed n-bit counter. The
L8160 or L5182 will count in BCD and the L5183 witl count in binary. Virtually any count mede [moduilo-N, Ni-to Mo,
N1-to-maximum} can be used with this fast look-ahead circuit.

o . > )
INPUTS INPUTS INPUTS INFUTS
TN TN TR T VNN TR
LDA BECD LbABCD LDABCD LDABCOD
H = COUNT
L= DISABLE_‘ ENFP +——ENP ENP ENP
H = COUNT RIPPLE RIPPLE RIPPLE RIPPLE
L=misABLe |ENT CARRY ENT CARRY ENT CARRY ENT CARRY | | TOMORE
ouTPUT OUTPUT QUTPUT OUTPUT b SIGNIFICANT
STAGES
> CK P CK — 3 CK —p CK
@ Q¢ Qa Qg Qa O Qp _ Og
CLR Qp " GOp CLR g "dp CLR_©p ~Op CLR O "Opj
CLEAR
N — N —t
QUTPUTS OUTPUTS OUTPUTS QUTPUTS
CLOCK -




8-Bit Paraliel-Out Serial Shift Registers LS164

FEATURES PIN-OUT DIAGRAM

¥ Gated (Enable/Disable) Serial inputs L5168

¥ Fully Buffered Clock and Serial Inputs

® Asynchronous Clear QUTPLTS £ x
I3 N =}

DESCRIPTION Voe Oy Og 0 0 3

These 8-bit shift registers feature gated serial inputs and an @Elﬂ L—i] (5]

asynchronous clear. The gated serial inputs (A and B) permit

complete control over incoming data as a low at either {or By Oy @ DyCLR

both) input(sl inhibits entry of the new data and resets the AE oo :M

first flip-flop to the low level at the next clock pulse. A AR LD

high-tevel input enables the_ Oth(-?r input which will thfan 1 r_l‘”ﬁé-“é

determine the state of the first flip-flop. Data at the serial A B 0y 0g O fy GND

inputs may be changed while the clock is high or low, but

. . . - - SERIAL  guTPUTS

only information meeting the setup requirements will be INPUTS

entered. Clocking occurs on the low-to-high-level transition

of the clock input. All inputs are dipde-clamped to minimize

transmission-line effects.

9L5/541.S devices are characterized for cperation over the
full military temperature range of —55°C to 1256°C; 9LS/
74LS devices are characterized for operation from 0°C to

70°C.
FUNCTION TABLES
INPUTS QUTPUTS
cLEAR [cLock [ A B |Ga o0g..0H H = high lavel lsteady state}, L = low level (steady stats)
L X X X L L L X = irrelevant lany input, including transitions)
H L X X |Dap Cmg Qug t = transition from low to high level.
H t H H H Gz, Qgn Qan, Opn. Oy = the level of Qg Qg or Oy, respectively, before the indicated
steady state input conditions ware estabiished
H t L X L Qan, Ogn
Can, Qin = the level of Qs or G before the most recent 1 transition of the
H T X L | L Qan Qgp
clock; indicates a one-bit shift,
TYPICAL CLEAR, SHIFT, AND CLEAR SEQUENGES
CLEAR LI L[
At
SERIAL i .
INPUTS :
ook ———) M MM MM AMMNAAnn
| may TN g I S
CUTPUTS (Q _

CLEAR



LS164 8-Bit Parallel-Out Serial Shift Registers

LOGIC PIAGRAM

cLEAR 2 o . . o .
cLock &
{1t
SERIAL {; 5T
INPUTS
1 {5} el 110 {114 12} 13
QUTPUT  OUTPUT OUTFUT OUTFUT OUTFUT QUTRPUT OUTRUT OUTPUT
L a e a a Q Q Qg o]
Recommended Operating Conditions A B ¢ o £ g F H
9LS/54LS aLS/74LS Unit
Min | Nom | Max | Min | Mom | Max
Supply voltage, Veg 4.5 5 55 | 4.78 5 5.25 A
High-level output current, o ' ~400 -400 | pA
Low-level output cusrent, g, 4 8 mA
Clock frequency, fogen 8] 25 0 25 | MHz
Width of clock or clear input pulse, t, 20 20 ns
Data setup time, tenys {see Figure 1) 15 15 ns
Data hold time, tygy (see Figure 1) [ 5 ns
Operating free-air temperaturs, Ty -55 1256 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range {Unless Otherwise Noted)
. . 9LS/54LS SL5/TILS
Parameter Test Conditions Min | Typ™ | Max | Min | Typ~ | Wax Unit
Vin 2 2 v
Vir 0.7 0 | v
V1 Vc(:::MlN, ||:—18mA -1.5 -1.5 W
Vc(_‘;:N“N V|H:2V
v ‘ ‘ ) 35 27 | 35 v
OH VL=V L max, Igg=-400uA 25
v Vea=MIN,  V|4=2V, IoL=4mA 025 | 04 025] 04 |
oL VL=V max I =BmA 035 | 05
|| VCC:MAX, V|:?V 01 01 I'T'IA
Tty WVeop=MAX, V=27V 20 20 P
e Voe=MAX, V| =04V __ -04 IIREAED
lagt Veo=MAX -15 -100} =15 -100 | mA
lco e Voo-MAX 6 | 27 16 | 27 | mA

*Far conditlons shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicabla
device typa.
** 50 typical velues are at Voo = BY, Ty = 25°C,
THot more than one autput should be shorted at a tima,
TTICC is measured with outputs open, serial inputs groundad, the clock input at 2.4V, and a momantary ground, then 4.5% applied 1o clear,

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

Parameter -58% 125°C +125°C Unit
Min | Typ [ Max | Min | Typ | Max | Min | Typ | Mex

Test Conditions: €, = 15pF, R, = 2k{i {See Fig. 1, page 2-35 and Fig. A, page 2-174}
fl'I’I.EIX 25 36 MHZ
tPHL 26 38 24 36 26 38 ns
tpLH 20 30 17 27 20 30 ns
tepL 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
1PHL 29 | a2 27 | 40 29 | 42 | s under -85 C and 1120 ©
PLH 2z 34 20 31 2 34 ns :rﬁ 5er|= spec?ﬁI::tionsv'
TP L 27 39 24 36 27 39 ns. are for LS only.




8-Bit Parallel-Out Serial Shift Registers LS164
. __ _ ______________________________________________ |

FIGURE 1

PARAMETER MEASUREMENT INFORMATION

he— tw[:l!alj _:q
L

CLEAR i
PULSE
GENERATOR
(PR =1 MHz}

1.3V 1.3%

|
]

I

!

|
CLOCK !
PULSE |
GENERATOR |
{PRR <t MHZ )
!

|

!

|

]

|

|

b

1

SERIAL INPUTS
A AND B PULSE

GEMERATOR
{PAR =1 MHz)
1
e B el 13 =l ey
1 L —_——
‘| 15ee Note E) H ) 1| YoH
0, OUTPUT | ! '
{Soe Note &} 1.3v 1.3v 1.3V
VoL

VOLTAGE WAVEFORMS

NOTES: A. Qpa outputis illustrated, Relationship of serial input & and 8 data to other O outputs 5 itlustrated in the typical shift sequence:
B.  Qutputs are set to the high level prior to the measurament of tpry | trom the clear input,



LS170

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

FEATURES

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

DESCRIPTION

The ‘LS170 MS! 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 far addressing the four word locations to either write-
in or retrieve data. This permits simultaneocus 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 stared. 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 he 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 internat 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
l&vals Can Causd nu Chiaoye 0 ke infurmation stored in e
internal latches. When the read-enable input, GR, is high,
the data cutputs are inhibited and rernain high.

LOGIC
WRITE FUNCTION TABLE {SEE NOTES A, B, AND C}

PMN-OUT DIAGRAM

LS170

WRITE SELECT EMABLE OUTPUTS
Vig Wp WEITE READ T 0B

SELLLDL

DT Wa We Gw  GR

oz a2

Di D4 Ap Aa Q4 03

ot

03 GND

DaTh READ SELECT GUTAUTS

passtave loger: ser description

-

Pie 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-
cavery times, permits simultaneowus reading and writing, and
is limited in speed onty by the write time {30 nanoseconds
tymcal) and the read time (25 nanoseconds typicall. The
register file has a nondestructive readout in that data is
not tost when addressed.

READ FUNCTION TABLE (SEE NOTES A AND DI

WRITE INPUTS WORD READR INPUTS QUTPUTS
wg Wa Gy 0 1 2 3 Rg Ra Gr [s}] az Qs Q4
L L L Q=D Qg Cp 8731 L L L WO woez WOB3 WoB4
L H L g Q=D Qg ag L H L WiB1  WiE2  WIBZ  W1B4
H L L Qa Qg Q=0 [97] H L L Waen W2e2 Wapa WZB4
H H L Qg Qg Qg Q=0 H H L WiB1 W3B2  W3B2  W3B4
x X H ay Qg Qg ay x x H H H H H

NOTES: A. H = high level, L = low kevel X = irrelevant,

B. [Q = 0} = The four seiected internal flip-flop cutputs will assurme tha states applied to the four external data inputs,
C. 00 = the level of O 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 Qutputs LS170

FUNCTIONAL BLOCK DIAGRAM

L8170
{15} [ B
01—~ I f 1 0o o,
[} - |
[ ) =» [ ) [ ) 1
WORD ¢ WORD 1 WORD 2 WORD 3 1
O

tn

DATA

INPUTS OUTPUTS

17}

ol

]
£)

2| 013} {14% 14)] 1114 5}

Gw Wp Wa Ag Gf Ra
— — — —"
WRITE INPUT READ INPUT

207



4-By-4 Register Files with

LS170 Open-Collector Outputs
e ——

Recommended Operating Conditions

aLE/S4LS BLS/7ALS
Min. | Nom. | Max. Min. | Nom.| Max. |Unit
Supply voltage, Vi 4.5 5] 58 4.75 5825 | W
High-level output voltage, VoR 5.5 5.5 v
Lowvw-tevel output current, 15 4 8 | mA
Width of write-enable or read-enable pulse, ty, 25 25 113
Data input with respect to
Setup times, high- or low-level data write enable, tgy{n) 0 0 s
Write selaCt with respect to
wirite enable, tg, iy} s ® ¢
Data input with respect to
Hold times, high- or low-level data write enabile, thip) 18 18 s ns
{eee Note T and Figure 2) Write select with respect to 5 5 ns
write enable, thiw)
Latch time for new data, tigich {see Note 2} 25 25 ns
Cperating free-air temperature range, Ta, =65 125 L] M| c

NOTES: 1. Write-select setup time will protect the data written into the previous addrass. If protection of data in the previous aderass is
not required, tg,(w) can be ignored as any address selection sustained far the final 30 ns of the write-anabie pulse and during
thiyw) will result in data being written into thatiocation, Depending on the duration of the input conditians, one or a number
of previpus addrestes may have been written into.

2. Latch time 15 the time allowed for the internal cutput of the latch o assume the state of new data. See Figure 2. This is im-
portant gnly 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)

aLS/BALS OLS/74LS
Patameter Test ConditionsT )
Min. | Typ¥ |Max. Min, | Typf {#ax, | Unit
Wiy High-leve! input voitage 2 Z W
VL Low-ievel input voltags a.7 0| v
Wi WPl oo vuiage Voo = MIN, iy ==18 m&- ~1.5 -1.5 v
Voo = MIN, YoM = BBV,
loH High-level output currant ¢ 20 26 | mA
ViL = Vi max, Wiy = 2V
Voo = MIN,
oL =4 mA 0.256 | 04 035 | 04
VoL Lowlevel output voltage ViH = 2V, v
gL =8mA 0.35 | 0.5
VI = My max
Input current at Any D, P or W 0.1 0.1
I Ve = MAK, V=7V ma
maximum input voltage | Gg or Gy 0.2 0.2
Any D, R or W WA Vi = 27V 20 20 A
| High-level input current W = . =2 m.
IH GR or Gy cc t 40 40
Any D, R, or W .4 -0.4
TyL  Low-level input current Veg =MAX, V=04V ma
Gpg or Gy 0.8 -0.8
I Supply current Ve = MAX, See Note 3 25 40 26 40 | mA

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

*All typical valuas are at Veg = BV, Ta = 257°C.

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

Open-Collector Qutputs LS170
Switching Characteristics Y. = 5.0V Over Recommended Free-Alr Temperature Range.
From To -55°C +25°C +125°C
Parameter Unit
flopst) | {Dutput} | Min. [ Typ.l M. Min.] Typ. [Max. Min | Tvp.l Max.
Teat Conditions: R, = 2.0k, C, = 15pF, (See Figs. 1 and 2 and Fig. B, page 2-174)
FLH Read Any Q 22 | 34 200 30 23 | 34 e
tPHL enable 2z 24 20 30 23 34
LM Read Any 0 26 | 44 251 40 28 | 44 ~
tPHL sefect 27 | 44 24| 40 27 | 44
1PLH Write Any @ 33 a9 30] 45 33 | 49 s
tRHL enablg 29 | a4 25| 40 28 | 44
tPLH Data Any Q 32 49 30| 45 33 | 49 s
tPHL 25 | 39 22| 36 25 | 30
Test Condition: R, ~ 2.0k, C, = 50pF, (See Figs. 1 and 2 and Fig. B, page 2-174)
tpLH Read Any Q 27 | 39 24| 35 27 139 s
tpHL enahle 27 | 39 24| 3% 27 | 39
PLH Read Any @ 32 | 4% 28| 4% 32 | 49 ns
tPHL select 31 ] 49 28| 45 31 |49
tPLH Wirite Any O 37 1 b4 34| 50 37 |54 o
TpHL 32 | 49 29| 45 12 |49
PLH Data Any Q 37 | 54 34| 50 37 (54 -
tPHL 29 | 44 26| 40 29 |44

PARAMETER MEASUREMENT INFORMATION

WRITE-SELECT — 3y

INPUT W or WE Vrat Vet

15ee Mol A3 oy

I..."setupiwl

DATA INPUT v

DY, G2, 03 or 4

See Note 4l v
o8

WRITE ENABLE

INPUT G v

Hangh —-
READ-SELECT v

INPUT Ap or Ag
15ee Note B)

A Vrel Vref
v

REALD-EMNABLE

INPUT Gp
IPH\( v
OUTPUT Yy OH
a1, 02, 03 or 04 Vret Vet vo
“Vou
PHL L————L IPLH

VOLTAGE WAVEFQRMS

FIGURE 1

autpuT {v

.02, 03 or Q4 X Vref \

WARITEENABLE
1NPUT Gy Veel
"—"'i‘PLH tPLH

DA TA INPUT /le N Veet

01,02 030 04
WOLTAGE WAVEFORM 1

OUTPUT v
o1, 02, OF o 04 el
WARITE-ENABLE
INPUT Gy Vrel

PLH 1BHL
DATA INFUT v
M. D2, 03 or D4 ref Vrel

VOLTAGE WAVEFORM 2

FIGURE 2

NOTES: A, High-leve! 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 raferance points,

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

C. tn Figure 2, each select address is tested. Prior 1o the start of each of the above tests, both write and read address inputs are
stabilized with Wpg, = Rp, and Wg = Bg. During the test Gy is low.

D, Input waveferms are supplied by generators having the following characteristics: PRE = 1 MHz, 2,5, = 50 £, duty cyole

= B0%, 1y = 16 ns and 1f < 6 ns,
E. Wipf= 1.3 V.
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LS174 Hex D-Type Flip-Flops With Clear

L$175 Quadruple D-Type Flip-Flops With Clear

. |
PIN-OUT DIAGRAMS

FEATURES Ls174'

B Positive edge-triggered common clock Vee B 6D 5O 50 40 40 CK

® Asynchronous common reset

= Clock-to-output delays of 14 ns

DESCRIPTION

The L5174 is a six-bit register with single-rail cutputs and
the LS175 is a four-bit register with complementary out-
puts. Both consist of D-type flip-flops with & buffered
common clock and an asynchronows, active-Low buffered
clear.

2]
CLR 10 10 20 20 30 30 GND
Information at the D inputs meeting the setup time re- 15 14 13 12 11 10

guirements 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 16 i
transition time of the positive-going pulse. When the clock 1E]
input is at either the high or low fevel, the D input signal
has no effect at the output.

FUNCTION TABLE Dle Size .056 x .085
p
{EACH FLIP-FLOP) 178
INPUTS OUTPUTS
CLEAR CLOCK D | o Gt 15 14 13 12 1110
L X x| v H
H T H H L
H 1 Lt M
H L x| ap Qg

H = kigh level {steady state}
L = low |eval (steady state}
X = irratavant

t = transition from low to high level ﬂ
Qg = the leve! of O before the Indicated steady state .
input conditions were established. Die Size .056 x 085 CLR 10 13 10 20 20 20 GKD
t= L8178 pnly LOGHK: DIAGRAMS
' LS174
10 20 ab 4D Elv 6D
9 |3 14 {6 11 12 I14
CLOCK " 4 - Y
—>Oo——2 ol 51 . o h |
CK D CK D Ck D Ck D CK D CK D
CLEAR CLEAH CLEAR CLEAR
Ff CLEAR [C a |'C CLEAR [C o IO o |’C a
CLEAR ! o d | S | —-— | !
T(DG Iz B K 10 12 15
1Q 20 g 40 sQ B0
L5175
0 2D 30 4
9 |4 |5 12 | 13
CLOCK ——-i Oy ’ r -
a | o | e Q |
ck D cKk -0 cx D cK D
CLEAR GLEAR CLEAR 2 CLEAR
g O g Q g o Q0
CLEAR >0 11 | | ) [ 1 "I [
1 Ia 1z I's &7 I e 14 J15
a1 0 20 3 30 43 40



Hex D-Type Flip-Flops With Clear LS174

Quadrupie D-Type Flip-Flops With Clear LS175
RN
Recommended Operating Conditions
9L S/64LS 9LS/74LS Unlt
Min | Nom | Max Min | Hom | Max "
Supply voltage, Vo 4.5 g 5.5 | 4756 5 5.25 W
High-level output current, lan -400 400 | pA
Low-fevel output current, lgy 4 8 mA,
Clock frequency, foack 0 35 Q 3% | MHz
Width of clock pulse, t,, {Lowi 15 15 ns
Width of clear pulse, t,, [Low) 20 20 ns
R Data input te 10 10 ns
Setup t
up time Clear recovery, t,. ] 12 12 ns
Data hold time, thay 5 5 ns
Operating free-air temperature, Tg -55 125 V] 70 =

tsetup is the minimum time required for the correct logic ievel to be present at the dara input prier to the rising edge of the clock in arder 1@
bea recognized and transferred to the sutput,

thoid is the minimum time required for the logic level 1o be maintained at the data input after the rising edge of the clock in order 1o insure
recognition,

trge i5 the minimum time reguired between the end of the clear pulse and the rising edge of the cioek in order to ransfer High data to the
oupLt.

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

9LS/54L LS/ 74LS
Paramstar Tesi Condltlons” Win L:::“s wax | i T:;" Max Unit
Vg 2 2 v
Vi 0.7 0.8 v
Vi Veg=MIN,  1)=-18mA -1.5 -15]| v
VCC=M1N, V]H=2V,
v

oH Vy =V max, Iom=-400uA 25 | 35 27| 35 v
y Vee=MIN, V=2V, I =4mA, 0.25] 0.4 0.25 | 0.40 v

oL Vi =V max log =BmA 035 | 05
L Veg=MAX, V=7V 0.1 01 | mA
[ Voo =MAX, V=27V 20 20 | uA
h Voo=MAX, V=04V -0.4 -04 | mA
logt Ve =MAX -15 -100 | -15 -100 | mA

L5174 16 26 16 26
lee™ Veg=MAX L5175 11| 18 ] el ™

“For conditions shown as MIN or MAX, use the appropriate value specifisd under recommendsd operating conditions for the applicable
device type.
** Al typical values are at Yoo = 8V, Ta = 25°C,
Thot more than one cutput thould be shorted at a time.

ttWith all cutputs open and 4.5V applied to all data and clear inputs, | ¢ is measured, after a momentary ground, then 4.5V is
applied to clock.
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.5174

Hex D-Type Flip-Flops With Clear

LS175

Quadruple D-Type Flip-Flops With Clear

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

Paramatar From To ~B5°C +25°C +125°C Units
{Input} {Qutput) Min.l Typ. | Max. | Min. I Typ. | Max. | Min. | Typ. | Max.
Test Conditions: C) = 15nF, R =2k {See Figure A on page 2-174)
Tmax maximum clock 35 45 MHz
frequency
oLk clear Q 192 | 28 19| 25 b | ns
(L5175 only)
tPHL clear a 23 29 19 25 22 27 ns
{L8175 only}
PLH clock QorQ 14§ 20 131 17 14 | 19 ns
thHL clock Qor @ 16 | 22 13 ] 18 13 | 18 ns
Test Conditions: C) = S0pF, R = 2k {See Figure A on page 2.174]
tBLH clear 8 21 | 27 22 [ 27 28 [ 35 | n
{LE175 omiby)
LTS clear a 25 33 23 28 25 30 ns
L5175 only}
thLp clock Gor & 16 | 22 15 | 19 17 ] = ns
tpy clock Qord 20 | 28 17 | 23 17 | 22 ns

Note: AC specification shown under —55 C and +125'C are Tor L5 devices only. All 50pF specifications

are Tor 9LS anly.
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4-Bit Arithmetic Logic Unit

LS181

FEATURES

% Providas 16 arithmetic operations

™ Provides 16 logic operations

®  Full look-shzad for high-speed avithmetic operation
on long words

DESCRIPTION

The LS187 is an arithmetic logic wunit {ALUI/Ffunction
generator which has a complexity of 75 equivalent gates on
a monolithic chip. This circuit performs 16 binary arithrme-
tic operations on two 4-bit words as shown in Tables 1 and
2. These operations are sefected by the four function-salect
lines (S0, §1, 52, §3} and include addition, subtraction, de-
crement, and straight transfer, When performing arithmetic
manipwations, the internal carries must be enabled by
applying a low-level voltage to the mode contral input {M}.
A full carry lgok-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-shead circuits, highspead arithmetic
eperations can be perfarmed.

It high speed is not of importange, a ripple-carry input
{Ch} and a ripple-carry output {C,+4) are available.
However, the rippfe-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% complement of the subtrahend is generated
internally. The resultant outpui 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 = B output is internally decoded from the function cutputs
(FQ, F1, F2, F3} so that when two words of equal magni-
tude are applied at the A and B inputs, it will assurme a high
fevel to indicate equality {A = Bi. The ALU shauld be in
the subtract mode with Cq = H when performing this com-
parison. The A = B output is open-collector so that it can
be wire-AND conne¢ted to give a comparison for more than
four bits. The carry output {Ch4) can also be used to
sipply relative magnitude information. Again, the ALU
should be placed in the subtract mode by placing the
function select inputs, 53, 52, 81, 80 at L, H, H, L,
respectivaly.

INPUT En BUTPUT En-nl ACTIVE-HIGH DATA | ACTIVE-LOW DATA
{FIGLRE 1) {FIGURE 2}
H H A =B A =B
H L Az Al
L H ABE A =B
L L AnE 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 Boalean vari-
ables without the use of external circuitry. These logic
functions are selected by use of the four function-select
inputs {30, 51, 82, 33) with the mode-contrel input {M]
at a high level to disable the internal carry. The 18 logic
functions are detailed in Tables 1 and 2 and inciude
exclusive-0R, NAND, AND, MOR, and OR functions.

PN NUMBER 2 1 23 ;22 |21 (20 |18 (18| 9 0 (11| 13 7 16 { 18 | 17
Aclive-low data (Table 1) | Ap |Bg | A1 | By | A2 [B2 | Az {83 | Fg | F1 | F2 | Fa | Cn (Cneg| X Y
Active-kow data (Table 2) | g |Bg | A1 |81 [Az |Bo |A3 |B3 {Fg | F1 |Fo {Fa |Cn|Cnta) F | G

PIN-OUT DIAGRAM
INPAI.ITS UUTPUTS
ViC Al Bl R B2 A3 na”scmu A8 Fl
@El?ﬂl? [13]
i T BT K Gys P ACH
2
A0 a1
%éﬁmﬁé}é .
M AR 8t M F1 F2 GN[I
INPUTS OUTPUTS
Die Size 074 x 085
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Ls181

4-Bit Arithmetic Logic Unit

ALU SIGNAL DESIGNATIONS

The L8181 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.

2011 f23H22) (2120 {191018) (2) (1) {23} {221 {21 {20} (19) (18)
Ap By Ay By A2Bz AzBg AgBo A1 By A2Bz A3 S
{71 —4—] Cn m Cn
L5181 =B — (14} L5181 A=Bp——1{14}
8 M 8] M
Fo Fy F2 F3 Chig X v Fp F1 F2 F3 Cheq G P
9y (1o (11} {(13) (16 11‘%51 9 10 1y 3 sl (17 115}
r I
@34 M2 {(14)(16) l?] Iiil {3044y {12y (14 115y (5] 46)
YpXo Yq X1 Yz Xz ¥3 X3 GpPp G Py G2F2 GaP3
XpF—1m PP—
asq e Ls182 HE}— Cn L5182
Yi—Am & p—ok
Crh+x  Cnvy  Carz Cnix  Chty Cn+z
12} 11kl L)) 112} {11 9
FIGURE 1 FIGURE 2
(FOR TABLE 1) (FOR TABLE 2]
TABLE 1 TABLE 2
ACTIVE-MHIIH DATA ACTIVE LOW DATA
M=H = L; ARITHMETIC OPERATIONS MeH M= L, ARITHMETIC OPERATHONS 1
SELEGTION LOGIC CautH Cu=t SELECTION LOGIC Cp=L LA
%3 52 54 Sp | FUNCTIONS - I garry] 53 52 51 So |FUNCTIOMS fwith taeryt [with ewryt
L L L L F-E Faa F-APLLUST L v LL F-& F oo MapUS | Foa
L L L H|]F-R+g Fads+h FaiavBIPLUS 1 L L L H|F-EF F = af Milug 1 F-ap
L L HL)}FcER Faa4+B Feia+BrPLus L L HL|F:A+B F . af WINUS 1 F-al
L L HH|E=-D F = MINUS 1128 COMPLE [ F 2 ZERD L LHH|F F = MINUS 1 o2 COMPE | F = ZERQ
L H L L|F-E F s P alf FeapLus aBPLUS 1 L ML v |F-A-B F B PLUS (A + B} F=afus s B PLUS
LKL H|F-B E - (& » Bl PLUS a8 F = 1A +8FPLUS &8 PLUS | L HL H|F-F F-aBPLUSIA + T F-aBPLUS 6 - B eLuS
L HHL F-al@Da | F=ambusd NS F =& MIhUG @ L HHL F-'AESB F = A MINUS B MINUS 1 F=h MINUS @
L HHH| F=a8 F = afMINUS + F - A8 L HHH|F:a:F F-a+8 FoiarBiPrusa
H L L L F-R+g F=APLUS Al FuaPLusagPLys oL Lol F-Z%B F~AaPLUS 1A Bl F~APLLS 1A =-RBIALLS 1
Hit L H|F-Z8|F-ariuse F=APLUS BPLUS H L LH|F:aE |F-arLuss ForaAPLUS BPLUS
H L H L[ Fag F=ia+BHPLLS 28 F~a+ D) PLUS 8B PLUS 1 H L H L Fep F-aBPLUS (A + BE F-aBPLUS (& + BEPLUS T
H L HH| FaaB F o AB RHNUS 1 F-aB H L HH|F-a+8 |Fecarp F-1a+@HPLUS
HH L L | Fa1 F - A PLUS A* FeAPLUS &PLUS 1 HHLL|F-0 FzAPLUS & F 2 APLUS & PLUS
H H L H| Fra+B Fxia«B PLUS A Feoa o+ BIPLUS A PLUS T H W L H| F=pF F:aBPFLUS A F=ABPLUS &PLUS
H W HL|Fra+ds |FeasBPusa Fara+ @I PLUS A PLUS T HHHL|E aB F-aBPLUS A F-aBPLUS APLUS
H B HH[FA Fora MINUS I F- A |_HHHH F-a F-a F - & PLUS 1

*Each bit is shifted to the next more slgnificant position.
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4-Bit Arithmetic Logic Unit LS181
LOGIC DIAGRAM
5 8 — —D

33—-“8] '_%} Covd
[
POR X
] b
Az {1£i}
113} -
%ﬁ}
82 (20)
az f21 ]%}
k%
I } B (1} F2
1 |
‘[ 1
g1 22 >
|
| .
Al 123}
| 2 ., [§10)]
F1
4
b |
i
so S0
_l m 1 .......__...{gl FQ
a0 2
4
1) I™p—
" {7 L
Cy
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LS181 4-Bit Arithmetic Logic Unit

Recommended Operating Conditions

9LS/54LS SLS/ 7415

Min | Nom | Max Min | Nom | Max Unit
Supply voltage, Vo 4.5 5 55 | 475 B 5.25 W
High+evel output current, lgy (Al outputs except A = B} -400 -400 | A
Low-leve! output current, lg 4 8 mA
Operating free-air ternperature, Ta -5b 125 G 70 °C
Electrical Characteristics Over Recommended Free-Alr Temperature Range (Unless Gtherwise Noted)
| 9LS/5ALS SLS/74LS ;
Parameter Test Conditlons Min 1 Typ | Max | Min | Typ~ | Max Unit
Vin z 2 v
m 0.7 68 |V
v, Veo=MIN, |;=-18mA 15 5| V
Any Qutput| Yeo=MIN, Vin=2V,
Vo except A= 8| V1 =V, max, lgy=-400uA 25 3.4 2.7 34 A
A=B Vee=MIN,  Vig=2v,
'OH | Guput onty Vi =ViLmex, Vou=5.5V 100 100 [ pA
loL=4mA 026 04 0,25 | 0.4
All Vo=l Vig=2V !
VoL outpus VCC:V ':r;ax 7o ToL=BmA 036 | 06 635] 05 | Vv
CuputG | LTV ToL=16mA 047 | 0.7 047 | 0.7
Maode input 0.1 0.1
Any A orB
I input Veo=MAX, V\=7.0V 0.3 0.3 mA
Any 5 input 0.4 0.4
Carry input 0.5 0.5
Mads input 20 20
Any Aar B [310] 60
| =MA =2, A
H Ary S input Vee X Vi=2iv 80 80 #
Carry input 100 100
Mode input -0.4 ~0.4
Any AprB 1.7 -12
I input Veoo=MAX, V=04V B mA
Any § input -1.6 -1.6
Carry input -2 -2
Any Qutpyt = - - - -
lost | Any Quteut] e ~MAX 15 100 | -15 100 [ mA
Condition A 20 32 20 34
| t =|
ce’ Vee=MAX Condition 8 21 | 3 21 | a7 | ™

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device typa. :
ral tva::I values are at Voo = BY, T = 26°C,
tNot more than one output should be shorted at a time.
TTWith cutputs open, loe is measured for the following conditions:
A, 50 through $3, M and A inputs are at 4.5V, all other inputs are groundad.
B. 50 through 53 and M are at 4.5V, ali other inputs are grounded.



4-Bit Arithmetic Logic Unit

Switching Characteristics, V

= 5V Over Recommended Free-Air Temperature Range

LS181

N From To -55°C +25°C +125°C Unit
aramater (input) {output) Min I Typ l Max | Min l Typ [ Max | Min ] Typ | Max "
Test Conditlons: € = 15pF, R, = 2kQ (See Fig. A on page 2-174)
tpLH 17 | o8 14 | 24 17 1 28
tPHL Cn Cova 16 | 24 13 | 20 % | 24 | ™
M =0V, S0 =53 = 4.5V, 81 =52 = 0V {SUM mode)
tpLH 27 39 24 35 27 39
tppL Any Aor B Cnea 20 | a4 17 | 30 20 | 3a| ™
M =0V, $0=253=0V, 51 =252=45V (DIFF mode)
-~ 77 ] 42 26 | 38 77 | 42
B C
tPriL Any A or wha 78 [ 42 75 | 38 8 4] "
M = 0V, {SUM or DIFF mode}
tpL 15 28 12 24 15 28
oyl Ea Any F 15 | 24 12 | 20 15 | 25| ™
M =0V, 50 =253 =45V, §1 =52 =0V (SUM mode)
teLy 16 33 12 29 i5 33
oL Any Aor B G 18 | 27 16 | 23 8 | 21|
M =0V,50=53=0V, 51 =52 =45V (DIFF mode]
tpLH 23 34 20 30 23 34
Any AorB G
topL ny Aor 20 | 20 17 | 26 20 | 30 |
M =0V, §0 = 53 = 4.5V, §1 = 82 = 4,5V {SUM mode)
tPLH 17 32 14 78 17 32
Any Aor B P ns
tpHy Y _ 23 | a4 20 | 30 23 34
M =0V, 80 =583=0V, 51 =82 =45V (DIFF mode)
. K 20 | 30 23 | 34
ton Any A or 8 P 25 | 37 22 | 33 25 | 37 ] ™
M =0V, 50 = §3 = 45V, §1 = 52 = 0V {SUM made}
tPLH 18 34 15 20 18 34
A; or By Fi
TonL o By ' 16 | 24 13 | 20 61 2] "
M =0V, 580=583=0V,51 =52 =45V (DIFF moda}
tpLR 24 36 21 32 24 36
A or By Fi
tonl. o i 18 | 27 15 | 23 8 22| ™
M = 4.5V {logic mode)
tpLH 20 34 17 30 20 | 34
. . E.
oL A; or B; ' 18 | 33 15 | 29 18 | 33 |
M =0V, S0 =83 =0V, 581 =52 =45V (DIFF made} .
teLH _ 36 56 k] 50 36 66
AorB A=
tom Any A or 8 32 | 50 29 | 45 32 | s0 | ™
Mote: AC specification shown under —SSOC and +‘|’25°C are for 9LS devices onty. All S0pF spacifications are for 9L only.



LS181 4-Bit Arithmetic Logic Unit

. ________________________________________________ |
'Swltchlng Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range

Erom To -§5°C +25C +125°C ni
Parameter (input)  {output) Min | Typ { Max | Min | Typ | Max | Min | Typ | Max it
. Test Conditions: C_ = 50pF, R = 2ki} {See Fig. A on paga 2-174)
tpLH 21 | 33 18 | 29 2i | 33
oL Cn Civra 19 | 20 17 | 28 19 |29 "™
M =0V, 50 =83 = 4.5V, §1 = §2 = OV {SUM mode}
LA 30 | a4 28 | 40 30 | 48
e Any Aor 8 Cnia 73 | 39 31 | 35 23 [ 39 ] ™
M =0V, S0 = §3 = OV, §1 = 52 = 4.5V (DIFF mode)
tPLH ’ 30 47 28 43 30 47
tor Any Aor B Crva 3 |47 2% | 43 3 47 1"
M = 0V, {SUM or DIFF made)
tpLH 18 33 16 20 18 3z
toh| G v F 18 | 29 16 | 25 18 |20 | ™
M =0V, S0 = $3 = 4.5V, §1 = §2 = 0V (SUM mode}
tpLH 18 | 38 16 34 i8 39
tony Any A or B G 21 | 32 19 | 28 2 |32 | "™
M = 0V, §0 = §3 = OV, §1 = §2 = 4.5V (DIFF mode)
Py 26 39 24 35 26 39
e Any Aor® ¢ 23 | 35 71 |3 23 | 35 | "
M = 0V, S0 = 53 = 4.5V, §1 = §2 = 4.5V {SUM mode}
tpLH Any A or B p 20 | 37 g 33 20 37 s
tpHL 26 | 39 24 | 35 26_| 39
M =0V, §0 = 53 = 0V, 1 = §2 = 4,5V [DIFF mode}
tPLH Any A or B P 26 | 39 24 36 26 38 1
TPHL 28 | 42 26 | 38 28 | a2
M =0V, 50 = §3 = 4.5V, §1 = §2 = 0V (SUM mode)
tPLH 21 | 38 19 | 35 21 | 39
A or B F
tonL or B ' 19 | 20 18 | 25 19 | 29 | ™
M = 0V, $0 = $3 =0V, §1 = §2 = 4.5V (DIFF mode)
tpLH ) ) _ 27 41 25 37 27 41
tonL Aior B Fi 21 | 32 19| 28 n ]3| ™
M = 4.5V {lpgic mode)
tpLy ) ) ) 23 39 21 35 23 39
topL Aior B Fi 21 | 38 19 1 34 21 | 38 | °
M =0V, $0 = §3 = OV, 81 = §2 = 4 5V (DIFF mode)
TR _ 39 g1 37 5% 39 81
L Any Aor B A=B 35 | b5 33 | 50 3 | 55 |

Meta: AC specification showwn under —B5"C and +128°C are for OLS devices only. All 80pF specificatians are for LS anly.

PARAMETER MEASUREMENT INFORMATION

LOGIC MODE TEST TABLE
FUNCTION INPUTS: S1=8S2=M=45V, S0=83=0V

OTHER INPUT
NPT SAME BIT OTHER DATA INPUTS [OUTPUT | OUTPUT
PARAMETER | UNDER UNDER | WAVEFORM
TEST APPLY APRLY APPLY APPLY TEET
LEL GND 45V aND
% R ini
FLH Ay B; None None Armaining F; Out-of-Phase
PHL Amnd B, Cp
PLH Aamaining
B; Ay Nons Nons F; Out-ot-Phase
IPHL A and B, Cp,
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4-Bit Arithmetic Logic Unit LS181
-

PARAMETER MEASUREMENT INFORMATION

SUM MODE TEST TABLE
FUNCTION INPUTS: S0=53=45V,. S1=82=M=0V

OTHER INPUT
NPUT SﬁEME " DOTHER DATA INPUTS | OUTPUT DUTPUT
PARAMETER | UNDER UNDER | WAVEFORM
APPLY APPLY APPLY APPLY
TEST TEST
4.5 v GND 45V GND
1 Remai
FLH A, 8 MNane maning Cn F, In-Phase
1PHL A and B
1 Asmaini
FLH 8 A; None i Cn F, In-Phase
1PHL Aand B
1 A
PLH A B; None Nene emamning P In-Phase
1PHL A and B, Cpy .
1 A smainin
PLH B, A, None Nong 9 P In-Phase
tPHL AendB. Cp,
- a -
tPLH A, Nome 8, Remaining EhIning o In-Phase
PHL B A, Cq
R [ A ini
RLH 8 None N ermaIning amaining G JoPhase
TPHL B A.Cq
t an X Any F
PLH Ch None Nang - ¥ In-Phage
tEHL A e o Cn+g
R B R i
PLH a, Mone g, SMANNG | REMMANAI | ¢ 4 | CutsiPhase
tPHL B A Cq
teLH 8, None A, Hemaining | Remaining Cova Oural Phasa
tPHL B A Cq -

DIFF MODE TEST TABLE
FUNCTION INPUTS: 51 =582=45V, S0=83=M=0V

OTHER INPUT
HPUT SAME BIT OTHERA DATA INPUTS |OUTPUT OUTPUT
PAAAMETER | UNDER UNDER | WAVEFORM
APPLY AFPLY APPLY APPLY
TEST TEST
4.5V GND 4.5 v GND N
t Remainum Remainin
PU—_' A None B, 8 ? F, In-Phase
TPHL A 8.Cq
t Femainin Ramaini
PLH g, A, None . ™| F Out-of-Phase
TPHL A 8. Cn
t Aamarnin
FLH A, Noue B; Nong 9 P In-Phase
TPHL A and B, C,
t Remaini
PLR 8; A MNons None " P Ouit-of-Phase
RHL Aand B, C,
1 Aemainin
FLH Ay B, None None a G In-Phase
tPHL Aand B, Gy
[{ ) Remainin
PLH B None A, None 1 6 7 ourotPnae
tPHL Aand 8, Cp
! Remaim Remaiman
PLH A, None 8, ne e A=8B In-Phase
PHL A B.Cy
1 Femainin Remainin
FLH B; By None e " A=B Qut-of Phase
TPHL A 8. Cq
1 Al
PLH Cn None None None Crea (n-Phase
PHL Aand B ar any F
t "Aemainin
FLH A 8, None None "ing Ched Oui-of-Phase
PHL A B . Cph
L] Aamaini
FLH B Mons LT None e Chea in -Phass
PHL ALB,Cp
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L5190 Synchronous BCD Decade Up/Down Counter

LS191 Synchronous 4-Bit Binary Up/Down Counter
PIN-OUT DIAGRAM
FEATURES
| | i i INPUTS  OUTPUTS H‘.l’t.l'l‘S
= omehronous porte oo o o SR
¥ paratiel loa DATA ESMAUE DATA
=  Count enable, parallel load control inputs Voo A CKESMR S € D
®  Cascadahfe (16] [15] f1a] %‘ hz] (1] o)
I l; RIPPLE WAX. N,IﬂD C
DESCRIPTION frack mw .
The L5190 and LE197T are synchronous, reversible up/down
. . . Op Dy i paruk O D
counters having a complexity of 58 equivalent gates. The
L5191 is a 4-bit binary counter and the LS190 is a BCD i[ﬁ‘ééé‘ﬁﬂ.
counter. Synchronous operation iz provided by having all nnmug 0 G wupuc (p GND
flip-flops clocked simultaneousiy so that the outputs change
coincident with each other when so instructed by the |NPUTIJUTPUTSINFUTS OUTPUTS

steering logic. This mode of operatien eliminates the output
counting spikes normally associated with asynchronous
{ripple clock} counters. L5130

LOW INPUT TO LOAD SETS Q, =4, Q. =B, Q. =C, 0y =D

The outputs of the four master-slave flip-ftops 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,

Dia Siza 100 x 077

These counters are fully programmable; that is, the outputs INPUTS QUTPUTS  iNPUITS
may be preset to either level by placing a low on the load DATA ;‘qu oata
input and entering the desired data at the data inputs. The VoL A CKESMN S C D
output will change to agree with the data inputs indepen- .@TTTTT
dently of the level of the clock input. This feature allows | !
the counters to be used as modulo-N dividers by simply LR L e 1040 F
migdiTy oy Ui count iengtil with The preset inputs. | o
a6 OWR M g
The clock, down/up, and load inputs are buffered to ‘[ﬁ&”ﬁéﬁ
lower the drive requirement which significantly reduces m\ﬂ.na A G CRUPOR ungl
the number of clock drivers, etc., required for long parallel B, ﬁ’_El'.anE i
words. INPUT DUTPUTS INPUTS DUTPUTS
Two outputs have been made available to perform the LOW INPUT TO LOAD SETS @, = A, Qs =B, Q- = G, Q= D
cascading function: ripple clock and maximum/minimum L5191

count. The latter owtput produces a high-leve! ourput
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 lock-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 Qperating Conditions

gLS{54LS OLS/T4LS Unit
Min | Nom | Max | Min | Nom | Max

Supply voliage, Voc 4.6 5 55 | 4.75 5 5.25 A
High-level cutput current, lgy -400 -400 | upA
Low-lavel autput current, lg| 4 8 ma
Input clock frequency, fugek o] 20 Q 20 | MHz
Width of clock input pulse, tyiock 25 25 ns
Width of load input pulse, tyigad) 35 35 ns
Data setup 1ime, tewn {see Figures 1 and 2) 20 20 ns
Enable to clock setup time, toptup 20 24 rs
Crata hold time, thy 0 0 ns
Cperating free-air temperature, Ta -55 ’ 125 v} 70 °C

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

N gLS/54LS 9LS74LS
Parameter Test Conditions Min [ Typ™ | Max | Wi | Typ*~ | Max Unit
ViH 2 2 v
Vie 0.7 0.8 A
V) Vee=MIN, h=-18mA -1.5 -1.5 A%
VCC=M|N, V|H =2V,
Vohn VL =Vy max, lgn=-400A 2.5 3.4 2.7 34 Vv
v Veo=MIN, Vg =2v, {gL=4mA 0.25 | 0.40 025 | 040 v
oL ViL=V)max ToL=8mA 036 | 05
Enable 0.3 0.3
= =V A
b Others Vee=MAX, Vi 0.1 0.1 m
Enable 60 80
liH Othars VCC =MAX, V|—2‘?V 30 20 L{A
Enable -1.2 -1.2
|}|_ Dthers Vcc—MAX, V|—0‘4V 04 04 mA
lost . Veoo=MAX -15 -100 | 18 -100 | mA
leott Voo =MAX 20 35 20 35 | mA

*For conditions shown as MIN ar MAX, use the appropriate value spacified under recommended operating conditions for the applicable
device typda.
**AH typical values are st Voo = BV, Ta = 25°C.
tNot more than one output should be shortad at a time.

ttige is measurad with all inputs grounded and all cutputs open.



LS190 Synchronous BCD Decade Up/Down Counter

LS191 Synchronous 4-Bit Binary Up/Down Counter
. ]

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

P " From To -55°C +25°C +125°C Unit
arameler {input) {output) Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max |
Test Conditlons: C, = 15pF, R, = 2k(Q (See Fig. 1 thru 7 on pages 2-115 and 2-116 and Fig. A on page 2-174)
- 20| 28 MHz
n _ 25 | 37 22 | 33 25 37
toun Load  |0a.08.0c.a0 % & 33 |50 B | 54| ™
: & 22 i7
t:::j Data A,8,C,D| Qa,0p,2¢cD TT; gg 35 | 50 38 :E "
I::I: Clock Ripple Clock :g i}; :g gg :g :: "
1 19 | 28 15 | 24 19 | 28
tg:': Clack  1Qa.08,0¢.0p 27 | 40 24 | 38 27 | 40 "
IPLI: Clack Max/Min 2; ;g ig ;i 3(1) 'gg ns
PH
::_—: DownfUp | Ripple Clock g :g gg :: gg :g "
:P'—“ Down/Up Max/Min ;Z g; 3; gg g; :; "
PHL
i:LH Enable Ripple Clock 3: g; ;; gg gg g; "
HL
Test Conditions: C, = S0pF, R, = 2ki} {$4¢ Fig. 1 thry 7 on pages 2-115 and 2-116 and Fig. A on page 2-174)
tPLH 28 | 42 SRl e %
ToL Hoed 3 | 59 T A H1w] "™
1
t:;': Data A,B.C,0|Q4.0p.QcQp i? g: 1§; %2 i[l} g: "~
::LI: Clock Ripple Clock ;g gg :g ;g !123 ig "
H
: 33 28 22 | 33
t::': Clock Q4. 0p.0c,0p :2';3 45 ;g a0 30 45 b+
:PLH Clock Max/Min i; g: 2(1) :g f; :: ns
PHL
trs Down/Up | Ripple Clock - a et ™
tru Down/Up |  Max/Min 2 22 s ] "
tPLH Enable Ripple Clock 27 42 24' 7 2 e ns
T 28 43 95 37 28 33

Mote: AC specification shown under -55°C and +128°C are for OLS devices anly.
All 50pF specifications are far 9LS only.
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Synchronous BCD Decade Up/Down Counter

LS190
Synchronous 4-Bit Binary Up/Down Counter LS191
LOGIC DIAGRAM
Ls130
(14 1
CLOCK
{13} RIPPLE
5
pown/Up ~ >0 — cLock
112) MAXMIN
o+ * OUTPUT
para (181] |
INPUT A 1 )k
_ RESEY B qutrut A,
enasLec 2 —CD b CK
K EA
lC CLEAR
D]
DATA (1)
INPUT B D 3
i :RESE; 2 QUTPUT Qg
> CK
1 K B
CLEAR
paTa (100
INPUT C D AY
PRESET 61
T 1 ae DUTPUT og
1
p——» CK
L %LEA%C_l
i8) -
DATA
INFUT D _—j}
PRESET 7 -
J  op OUTPUT tp
—gpck
a

LOAD !ljc&

CLEAR
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L5190

Synchronous BCD Decade Up/Down Counter

LS19

Synchronous 4-Bit Binary Up/Down Counter

CLOCK &Dc
DOWN/UP -@—Dc

DATA (16}

LOGIC DIAGRAM

L5191

Dc_

INFUT A

EnaBLE 6. 2

'‘DFf

DaTa (1)

INPUT B

para 10

y

%

{131 RIPPLE
CLOCK
121 maxmin
‘QUTPUT
Py
PRESET 12}
J Qs QUTPUT Qp
4 CK
K @p
!CLEAR
%
SRESEL @ autPuT Og
1»—c#>m(
K (_lB

INPUTC

DATA (&
INPUT D

LOAD m—]CD

2114

PRESET

¢ Qp

'S\ outhuT oc




Synchronous BCD Decade Up/Down Counter : LS190
Synchronous 4-Bit Binary Up/Down Counter LS191

LS190 TYPICAL LOAD, COUNT AND INHIBIT SEQUENCES

Iilustrated below is the fallowing sequence:

1. Load {preset} 1o 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,

1
1
1
1 1
B_ [
DATA4 Ve
INPUTS)
1
al .-
I~
L]
1
1
1
[}

SENEEEN
N NEREN
LErL L
Lrrrrenl
NEREEEE
NENEENE

e | ST - - -_-ZZZZZCZ
evoce LML LML UL
1 ]
1 11 1
DOWN/UP | :. ] !
| } X
| LY
ENABLE L _ U [ | |
| i | 1 :
- ] ]
el T LI L A I e I
i H ' ,
G ___ : l J i |I | |
| ! |
ac ! : L [
RN ! ] —
9753 L 1 [ I 1 1 |
- T [N 1 | b
P 1 | '
maxawin_~ 1 0 || 1 L 1
1 ] ]
b i 1 '
RIPPLE -~~~
CLOCK —moad ' LJ_ : - Ly
‘7.1 8 ¢ 1 2 2 (211 0
| II-—COUNT up~—feintitgiTe] - count Dowm—-—-l
LOAD
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LS190 Synchronous BCD Decade Up/Down Counter
LS191 Synchronous 4-Bit Binary Up/Down Counter

L5191 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), zevo, one, and two.

3. Inhibit,

4. Count down to one, zero [minimum), fifteen, fourteen, and thirteen.

DATA
INPUTS ] C

o

I
|
]
|
t
|
|
v
|
|
|
'
|
|
|
|

ceock U UL ULLLITUUL

DOWN/UPF | |

ENABLE | 1. ) |

WIFTL Ll L
w LT L

|
'
F
b
'
]
3
]
]
'
3
[}
|
|
b
I
|

i |
1 | h
- I
Oc T 1 . o f
4 ! ! 1
OD__ T \ | Co I =
n ; T
MaximiN T L 1 | L2 M
RIPPLE = = =i ; L
cLOCK --~ 1, L L
113:114 15 o© 2 2,1 ¢ 15 14 13
| IF—count UP-——I-mmBlTl k—counT nown —|
LOAD



Synchronous BCD Decade Up/Down Counter LS190
Synchronous 4-Bit Binary Up/Down Counter LS191

PARAMETER MEASUREMENT INFORMATION
DATA
INPUT . —<I0NS e 1O NS

{SEE NOTE A} 10!

LoaD
INPUT : av
{SEE NOTE A} = =S - =<1 NS
e~ " YoH
OUTPUT
VoL
FIGURE 1-DATA SETUP TIME VOLTAGE WAVEFORMS
=10 NG —= -— —= be— 10 NS
L I
| SEEER v
See waveform sequences in Figures 4 through 7 for WNPUT X
propagation times from a specific input to a specific {SEE NOTE A} |
autput. For simplification, pulse rise times, raference 10% ! 1
igvels, etc., have not been shown in Figures 4 through 7. : :
-~ —~=-- VoH
- -l
NONINVERTING 1 PLH 1
ouTPUT | 13V 13V
I 1
FIGURE 2- GENERAL VOLTAGE WAVEFORMS ; e tPHL = Vo
|
FOR PROPAGATION TIMES P L VaH
INVERTING 13V 1av 4
QUTPUT
PP e - - - - VoL

NOTES:
A, The input pulses are supplied by generators having the following characteristics: Zgyy = 5012, duty cyele < 50%, PRR = 1MHa.

T 1

1
1
ANY DATA INPUT [ | ] |
. | | |
CORRESPONDING _ _ _ _ _ _| | | i R
1

1 ! ! I | |
QOUuTPUT PLH =~ - - PHL PLH — = el =P

NOTE B: Conditions an other inpuis are irrelevant,
FIGURE 3—LOAD TO QUTPUT AND DATA TO QUTPUT

roap |_J
DOWN/UP | f |
cLocK b I L

ENABLE G I

]
i

f
i

o PLH tpHL—=! = ) e tP(H
RIPPLE CLOCK ! !
1

1

PLH=— b tPHL
MAX/SAIN L | |

MOTE C: All data inputs ara low.
FIGURE 4—-ENMABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TO MAX/MIN




L$190 Synchronous BCD Decade Up/Down Counter
LS191 Synchronous 4-Bit Binary Up/Down Counter

PARAMETER MEASUREMENT INFORMATION {Continued)

LOAD i |

BATAINPUTS™ — — — — — — — — — — — - T
{SEE NOTESG TO I! o o e A o a -
DOWN/UP |
COUNT l | . [ | ,
1
OUTPUTIS) _ _ — = WiLH —=y e tPHL

UNDER TEST _ _ 4 | 1

ENABLE = LOW

F. tatest 2a, Qg. and O outputs of LS190: Data inputs A, B, and € are shown by the solid line, Daa input D is shown by the dashed line.
G. Ta test Qp output of LS190: Data inputs A and B are shawn by the solid line, Data inputs B and C are held at tha low logic level.
H. Tao test Qa. Cp. Qg, and Qp outputs of L3181: All four data inputs are shown by the soflid line,

FIGURE 5—CLOCK TO QUTPUT

LOAD i M

DATA A 1
DATAB,C, AND D [
{SEE NOTE J} e e e e —
DOWN/UR !
COUNT || I:I L
-.{ — tPLH ‘ :-~ PHL -—JI P TR 1 —el  — tPHL
MAX/MIN

ENMABLE = L OW

NOTE |
Data inputs B and C are shawn hy the dashed lina for the LE1920 and the solid line for the L5191 Data input [ is shown by the salig
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 PIN-OUT DIAGRAM
& Separate clock inputs for count-up, count-town '
B Asynchronous parallet load and clear '?,U_Ti_um
INPUTS = INPUTS
#  Cascadable z
DATRE & = = DATA
DESCRIPTION vee A S B S S C D
These monolithic circuits  are  synchronous  reversibie 16] @ EP
{up/down} counters having a complexity ot 65 equivalent I_L_ E
gates. The LS192 is a BCD counter and the LS193 is & N
4-bit binary counter. Synchronous operation 15 provided ! ) ¢
by having all flip-flops clocked simultaneously so that the Ly us Luu.;:um.,'; u,
outputs change coincidently with each other when so Hﬂ‘é‘] [JB__I
instructed by the steering logic. This mode of operation .
eliminates the ouiput counting spikes which are normally DATA u\iﬂjff ggwsun
associated  with  asynchronous {ripple-clock]  counters. '”P UTUUTFUTS mpum’“uwm
The outputs of the four masterslave flip-flops are triggered
by a low-to-high-lavel transition of either count {clock} Low input to load sets O, = A, Qs = B,
input. The direction of counting is determined by which 0. =C and O, - O
count input is putsed white the other count input is high. 151902
All four counters are fully programmable; that is, each 14 12 12 14
output may be preset Lo either level by entering the desired
data at the data inputs while the load input is low. The
output will change 1o agree with the data inputs indepen-
dently of the count pulses. This feature allows the counters
to be used as modulo-M 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 L8193
requirements. This reduces the number of clock drivers, 1% 14 13 12 11 10
etc., required for long words,
These counters were designed to be cascaded without the
need for external circuitry. Both borrow and carry outputs
aré available to cascade both the up- and down-counting
functions. The borrow output produces a pulse eguat 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 overfiow condi- 3 a 5 6
tiont exists. The counters can then be easily cascaded by
feeding the b{?rrow and cafry outputs 1o the Fount-down Diie Size 100 x 077 (both typest
and count-up inputs respectively of the succeeding counter.
Recommended Operating Conditions
GLS/54LE 9LS/TALS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Voo 4.5 5 5.5 | 4.7% 5 5.25 '
High-tevel autput current, lgy 400 400 | A
Low-level gutput current, g 4 8 ma,
Caunt frequency, feount 0 25 0 25 | MH:
Width of any input pulse, t, 20 20 ns
Data setup 1ime, tewp (s2e Figure 1) 20 20 ns
Oata hold time, thag 0 0 ns
Operating free-air temperature range, Ta -55 125 ] 70 °C



LS192 Synchronous BCD Decade Up/Down Counter

LS193 Synchronous 4-Bit Binary Up/Down Counter
LOGIC DIAGRAM
LS192
{ ) QUTPUT
12
———{ = 12 caray
DATA (15 QUTPUT
INPUT A D—
DOWN 3
COUNT @) D‘:— 9rA D—‘—L}— OUTPUT Qp
up M Oa
COUNT
DATA (1}
INPUT B Q
a i2)
H 18 QUTPUT 0g
- /| F)n
[ MM
DATA  {10)
INPUT C =D, o
Cc OUTPUT
T | Qc
Qc
DATA  (9)
INPUT D { &
{14}
CLEAR =+ )
Qpf———— ouTPUT Op
] T
Q
11
toap 1 >




Synchronous BCD Decade Up/Down Counter LS192

Synchronous 4-Bit Binary Up/Down Counter LS193
LOGIC DIAGRAM
LS193
I {13) BORROW
= 1 OUTPUT
—— g 12)_caRRY
i OUTPUT
DATA 115)
INPUT A ’! :"
DOWN {4} (3}
COUNT [ % C;A QUTPUT Qp,
up 5) ¢ E Qs
COUNT i
DATA {1} il — 0,
INPUT B il 3 :
":813 Qg r—{z— OUTPUT Qg
. T
T =
DATA (10
INPUT C e T )
% ———— OUTPUT Qg
il
DATA  {9)
iINPUT D
(14)
CLEAR 2 {>o] {
p———— QUTPUT Qp

AR H

LOAD -——{>

22



LS192

Synchronous BCD Decade Up/Down Counter

LS193

Synchronous 4-Bit Binary Up/Down Counter

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

Paramelar Test Conditions* Min 9"?;:1':3 Max | Hin QL.f;?;I:S Ty Unh
Vi 0.7 08 | ¥
V| VCC=M1N, ||=—13 -1.5 -1.5 v

VCC=M|N, V|H=2V,
Vou Vi Vi max, lop=-A004A 25 | 34 27 | 34 Y
VoL VCC=MIN, V|H:2V, fOL=4mA 0.25 0.40 0.35 0.40 v
\.-'||_=V||_max IOL=8mA 0.35 0.5
0 Voo -MAX, V=7V 0.1 01 | mA
Tin Voo WMAX, V=27V 20 720 | kA
L Veo-MAX, V=04V 04 04 [ mA
lost Veo-MAK 15 5300 | -15 00T mA
oot Voo—MAX 10 34 19 | 34 | mA

*For conditions shown as MIN ar MAX, use the appropriata value spacified under recommended operating conditions for the applicable

device type.

**4ll typical values are at Ve = BY, Ta = 268°C,
+Not more than one output should be shorted at a time.

It is measured with all inputs groundad and all outputs open.
Switching Characteristics, V

cc = 3V Over Recommended Free-Air Temperature Range

Paramet From To —55°C +25°C +125°C Uni
arameter {input} {output} Min | Typ | Max | Min | Typ | Max | Min ]— Typ | Max nit
Test Condltions: € =15pF. R = 2k}  {(See Fig. 1 and 2}
fma)( 25 32 MHz
tpLH 19 29 17 26 19 29
Count-u C
PHL P il 18| 28 5 | 24 18 | 28 | °
tpLH 18 28 16 24 18 28
Count-down B
torL ° orrow 8 | 28 16 | 24 18 | 28 1 "
pLH - 27 42 25 38 27 42
Either Count Q
L tther Loun 33 | 51 31 | 47 33 | 51 | ™
Li=THE 29 44 27 4q 29 44
Load Q
teHL o 3 | a4 29 | 40 M | 4] ™
tprL Clear a 24 29 22 35 24 39 ns
Test Conditions: C_ = 50pF, R, = 2k{} (See Fig. 1 and 2)
MHz
tpLH 23 34 21 31 23 34
TpHL Gountup Carry 22 | 32 20 | 30 22 | 32| ™
tPLH 22 32 20 30 22 32
C t-d B
AL ountaten | o 22 | 32 20 | 30 22 32 "
TPLH - 31 47 29 43 31 a7
Either Count G
IpHL fher boun 37 56 34 51 K¥i 66 ns
toLn 33 | a9 31 | a4 33 | 49
Q
r— -oad 35 | 48 33 | 45 35 | 49 | ™
tpHL Clear [s] 28 4 26 40 28 44 ns

Mote: AC specification shown wnder —5500 and +125&‘C are for 9LS devices only.
All 50pF specifications are for BLS only.
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Synchronous BCD Decade Up/Down Counter LS192
Synchronous 4-Bit Binary Up/Down Counter LS193

PARAMETER MEASUREMENT INFORMATION

DUTPUTS
Yoc Qg O 00y
oaTA o up ettt el Lt
PULSE | — b own L oren ) < |
GENERATOR | <AL ]
{5en Mo A} A CARRY |-OPEN H E: |
CLEAR ; L] a, » ¢ oo 1
PULSE l I t5ee Molw CF
GENERATOR t'-‘ ¢ % e =
15en Nota &} o O | T[s« Naw B} I
LOAD CLEAR [ | = I
PULSE | =1
LOAD
GEMERATOR 4 L LGAD CIRCWLIT 1
Sas Nowm &) e e
fSen N 1 1 [mmeme=s—oTTIIIITTD
= = LOAD CIACUIT 2 ‘
1 {5ame a4 Loaed Circyit 14
R piptaplpud et PR
e
LOAD CIRGUIT 2 !
(Same a3 Lowd Corewmt 11 !
= —m—m— e ————
S LOAD CIRCUIT 4 1
(Sarr a1 Lodd Corewt 1] !
—— e e e e o
TEST CIRCWUIT

I
! 90% 90% <----—— - — = - —"—=-"=—"=-"—"—-"—-- i
CLEAR o LA€7 3v } on
) } ov

! — ] iq— 4
| | ! e b
DATA [ | S0% 0%
INPUT { 0% I 1.3v 1.3 I 10% ov
L
[ o—— "-setup—..' |
| ] ety . l—— oo tupy ——dnd v
LOAD | ) 1.3v 80% 1.av %
INPUT —] tppp b— 10% 0% ; | 10% N ov
| | —tr b | h‘““r
| P Pl —————] e "’HL—‘:L _____ VoH
Q Sk 1.3v ’(1 v 1.3¥
ouTruT VoL
VOLTAGE WAVEFORMS
NOTES:

A. Tha pulse generators have the following characteristics: Zg,q = 5002 and for the data pulse generatar PRR < 500K Hz, duty cycle =
50%; for the 1oad pulse generator PRR is two times data FRA, duty cycle = 50%,

B. C_ includes probe and jig capacitance.

C. Dindes are 1N3064,

D. tc and te¢= ¥ ns.

FIGURE 1 — CLEAR, SETUP, AND LOAD TIMES



L5192 Synchronous BCD Decade Up/Down Counter
Ls193 Synchronous 4-Bit Binary Up/Down Counter

PARAMETER MEASUREMENT INFORMATION (Cantinued)

OUTrUTE

av Yee O O 00y cammy woANCW

| ————

DEMENATOR
ey fwiw &)

bl Sl
T
|fima i J-
e Wote W1

' LGHAD CIRCLST 1

=i L e

r----‘--------- - 1

I LOMD CIREUT 7

J_ 1Samy m Lol Coomt 1

= L----------_--_--l

- r---‘-ﬁ--—-—-—-‘ﬂ
LOAD CIACINT 3

ptrms i Liranld Corcprt 1]

-
; LOAD AT &
15ema m Lo Croet 11

T T |
e cs e e me e -

I LOAD CIACIHT §
15w 1 Load Cirewnt 11

1
1
L iy p—— |
[ e Y ]
]
]
o4

k) 4

-
hid
I v

F CARRY

-]
&

||p—)|—0

r
i
1
i
1
1
1
|

&

sl
£ PP
|
3

L] LOAE CIREWAT &

1 Sarw 1 Lowd Crami 11

bernssvmensme s

TEST CIRCUIT

tf—-il-‘-ll--—;,

COUNT
e e Y
INPUT 108 ‘ —_ v
{Sew Nota D)
‘PLH

_f 1.3V

DUTPUT

Qp
(See Note E)

L "
oM
cnnpm:r 1.3\1\_{5
OUTPU - = VoL

1 el Lol o ¢
COUNT \ Sl r
ROwN - ame 3V
INPUT 1 9;);"% '-,f' B vy ? 15 fiauvN 16 1.3V
{See Nate DI | ] T———"- ov
—-I-JI o= teHL | l“‘PLH
1 I
QUTPUT i : Do VoH
dp _* 1.3v \ | 13v
[Sae Howe E} — = VaL
i - P

W,
BORROW - — u— OH
OUTPUT VOLTAGE WAVEFORMS ’ ——— VoL
NOTES: ‘

A, The pulse generator has the fallowing charscteristics: PRR = 1MHz, 2,4, = 5042, duty cyele = S0%.

8. Cy includes prabe and jig capacitance.

C. Diodes are TN3084,

D. Count-up and count-down pulse shown is for the LS1533 binary counter. Count cycle for L8192 decade counter is 1 through 10,
E. Waveforms for outpurs Gpa, QR, and Q¢ are omitted 1o simplify the drawing.

F. tpand tg < 7ns.

FIGURE 2—PROPAGATION DELAY TIMES



Synchronous BCD Decade Up/Down Counter LS192

Synchronous 4-Bit Binary Up/Down Counter LS193
b~~~ ]

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES
LS182

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, ane, and two.

4. Count down to one, zero, borrow, nine, eight, and seven,

CLEAR

LOAD

T e e bbbttt

DATA !
C 1

D
A U AN R TS

COUNT
DOWN

CUTPUTS _ ' [

|

CARRY 1

|

BORROW 1

|
I
|
I
; . L]
n|71|39012F1098?|
sequence |
_ — COUNT DOWN
ILLUSTRATED ~~— —"— COUNTLP
CLEAR PRESET

MOTES:

A, Clear overrides load, data, and count inputs.

B. Whan counting up, count-down input must ba 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

Hlustrated below is the following sequence:

1. Clear outputs to zero.

2. Load {preset} to binary thirteen.

3. Count up to fourteen, fifteen, carry, zera, one, and two.

4, Count down to one, zero, borrow, fifteen, fourteen, and

thirteen.
CLEAR 1
[
LoAD 1 1|
| I
A o . - - -
' |
B L T T e T e e e e e e
DATA< o - ____
C (I L T
[ Vv
o T o e —_—
COUNT L L)
uP [ | || |1||
. | H
COUNT L
DOWN ! b LUy U
. o (] | i | !
0.;\__- | | | 1 |
1 [ | | | |
" R R T I L
QUTPUTS 1 [ | 1 1 ]
Og¢ 1 | | 1 1 :
[ | [ | | | i
ap”— | 1 1 | | 1
[} [ | I |
CARRY ] 1 1 ]_l 1 |
[ I I |
I 1 1

BORROW

! L_I
SEQUENCE '"' l13| | 14 | | "|
COUNT UP coum ooww
ILLUSTRATED /" /=

CLLAN TG

NOTES:

A. Clear averrides 1oad, data, and count inputs,

B. When counting up, count-down input must ba high; when counting
dowen, count-up input must be high.
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4-Bit Universal Shift Register

LS194A

DESCRIFTION

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-conirol inputs, and a direct
over-riding clear line. The register has four distinct modes
of operation, namely:

Parallet {broadside} load

Shift right {in the direction Qp toward Qp}

Shift left {in the direction Qp toward Qa)

Inhibit clock {do nathing)

Synchronous paralle! loading is accomplished by applying
the four bits of data and taking both mode control inputs,
S0 and 57, 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, seria! data
flow is inhibited.

Shift right is accomplished synchronously with the rising
edge of the clock pulse when S0 is high and $1 is low.
Serial data for this mode is entered at the shift-right data
input. When S0 is low and S1 is high, data shifts left
synchroncusly and new data is entered at the shift-lefi
serial input. Clocking of the flip-flop is inhibited when
both mode control inputs are low.

PIN-OUT DIAGRAM

16

VL g Op Qg Qg CLK 51 S0

GibGRRD

O 00 g e ¥
CLEAR

&

e

cmsuwm B [ OSHIFTGND
REGH LEFT
samm. FARALLEL gepiaL
INPUT INFUT

14 13

Die Size .067 x .082

FUNCTION TABLE
INPUTS OUTPUTS H = high " state)
= boval [slendy stale
MODE SERIAL PARALLEL
CLEAR pra— CLOCK Grrrent A 8 © b Qs Qg Og  Cp | L = iow level {sioady state)
oa— " ~ P T % - T - T X = imelavant {any nput, including Lrans!tions)
L T = transition from low to high level
H o x x| oL x X % X X X |Oag Ono Oco OD0 | a b, e, d = the lovel of steady-state input at inputs A, B, C,
H H H i X 4 a b c d a b 3 4 orD, respectively.
H L oH ' % Ho|®x % % X | W Oan Qan Cgn | Qy, Oge Ocq, 2Qpe = the lovel of G, Qa, Qc, o5 .
H L H t b L ¥ % X X | L Oan Qpa QCn respactively, bafore tha indicated steady-siate input
H H L t H S * Kk % X |[Qgn Qoo @on H conditions were established.
H H L t L % x ¥ X X | O Oga CGon b | Qe Qe Doy Goo = the level of Q,, Gy, G, respecthvely,
H L L X x x x % X X |Oag Opp Oco Qoo belora the most-recant T transition of tha clock.
LOGIC DIAGRAM PARALLEL INPUTS
i E <
mooe (5% k) Ll ’§1
CONTROL ™ LD—
WNPUTS |50 1
¥ SHIFT
a'::;f; ] [ 7} LEFT
SERIAL =ty s L SERIAL
INPUT INPUT
Og 50¢
cK bcr
A A
CLR) CLR
CLOCK —&
CLEAR— o= & K] KED 12}
Qg ag Qc 2p

PFARALLEL OUTPUTSE
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LS194A 4-Bit Universal Shift Register

TYPICAL TIMING SEQUENCES
oLoeK_M MMM MMM Loy
MODE - :
SO T
CONTROLS -~ |
INFUTS {S‘--’_’l———l_.___'—_!—-———-
CLEAR [ i ; L
SERIAL (g M Py 1l N e SV
DATA e e W S e il
weuTs L- —
a_ilF1 i :
PARALLEL| B__iL! :
DATA ¢ ifm i
INPUTS ! L ; !
a1 M 1
OUTPUTS - ; L
' S s I ey O s S sy T v B
opTi 5 : B
" F-SHIFT RIGHT— bh—SHIFT —L---INHIB!T-——-
CLEAR LOAD LEFT CLEAR

Recommended Operating Conditions

8LS/54LS BLS/74LS Unit
Min | Nom | Max | Min | Nom [ Max

Supply voltage, Yoo . 4.5 5 85 | 475 5 5.25 W
High-level output current, lny 400 -400 | uhA
Low-leve! output current, lg 4 8 mA
Clock frequency, foiaek 0 30 0 30 [ MHz
Width of clock or clear pulse, t,, 30 an ns
Mode control 30 30 ns

Setup time, tgup Serial and parallal data 16 16 ns
Clear inactive-state 18 18 ns

Hold time at any input, they 0 0 ns
Operating free-air temperature, Ty -53 125 1] 70 °c

Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
Parameler Test Condiions™ i QL-?;::I:S war | min 9":\:":‘ 4:5 Y uni
Viy 2 2 v
ViL 0.7 08 | v
v, Veo=MIN,  =-18mA 15 5] ¥
VCC=M|N, VIH :2V,
VoH Vi =V max, lon=-400pA 25 | 35 27 | 34 v
VDL VCC=M[N, V|H=2V, fo|_=4m.ﬂ 0.25 | 0.40 0.256 | 0.40 v
V||_=V|Lmax |0|_=8ITIA 0.36 0.5

|r VCC=MAX, V|=7V 0.1 0.1 mA
lIH Vcc=MAX, V[=2,?V 20 20 ,U.A
[ITH Veoe=MAX, V=04V -0.4 -0.4 | mA
Tost Voo =MAX 5 100 | 15 100 | mA
loctt Veoo=MAX 15 23 12 23 mA

*Far conditions shown as MIMN or MAX, use the appropriate velue specified under recommended operating conditions for the applicable
deviee type.
**All typical values are 3t Voo = BY, Ta = 2E°C.
tNot mare than one output shoukd be shorted st a time,
tTWith all outputs open, inputs A through D grounded, and 4.5V applied to 50, 57, claar, and the serial inputs, g is tested with a momentary
GND, then 4.5V, applied to clock.



4-Bit Universal Shift Register
L e

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

_ . —-55°C +25°C +125°C

i Min | Typ [Max | Min | Typ | Max | Min | Typ | Max Unkt
Test Conditions: C_ = 15pF, R_ = 2k (See Fig, balow)
fonax a0 | 4o MHz
TPHL 27 34 4 30 7 34 ns
tpLH 14 | 22 11 | 18 14 | 22 [ ms
tPHL 18 26 15 22 18 26 as
Test Conditions: CL = 50pF,. A, = 2k} {500 Fig. below} L
tPHL 31 39 28 36 N 39 ns
tpLH 18 27 15 23 18 27 ns
TPHL 22 3 19 27 22 31 ns

Note: AC specification shown under —56°C and +125°C are for 9LS devices only. All BOpF specifications
are for ILS only.

PARAMETER MEASUREMENT INFORMATION

TEST TABLE FOR SYNCHAQNCUS INPUTS

QUTPUT Vee pavaivRT [ T TouTPUT TESTED
FOR TEST {SEE NOTE E|

FROM A A5V 485V Qg 8t g
OUTPUT 8 45V 45W [sTET MY
UNDER {See Note C} [ 45V A4SV Qg at g
TEST T 1See Notr B) [ 45V 4BV Qg 8t thtq
= = L Serial tnpuy (45Y OV Qp at tnpg

LOAD FOR OUTPUT UNDEHR TEST R Serial lnpnt [ OV 456Y O at \neg

" twiclear)

| i av
CLEAR _13\.'\_/( 1.3V
A ik — ov
il

LS194A

|
|
cLOCK 1.3v ‘l 1.3V 1.3v
o | ]
ttwiclockie| Tsatup Jl" et~ thold
DATA | i
INPUT I 1-Ww3
{SEE TEST : l
TABLE) : |
PHL ot |
. ppepel w .
| | 3t ft————— Voun
OUTPUT Q 1.3v % 1.3v 1.3v
Vol
VOLTAGE WAVEFORMWS
NOTES:
A. The clock pulse generator has the foliowing characteristics: Zgyq = 504 and PRR = 1 MH2, tr % 16 ns and t < & ns,

mmaoom

When testing fqmgay, vary FRA.

. ©| includes probe and jig capacitance.

. All diodes are TNID64 or TNIE,

. A clear pulse i5 appliad prior 1o each test.
- Proplagation delay times {tp and tpy ) are measured at t,41. Proper shifting of data is verified at th+4 with a funetionat test.
. tn = bit time before clocking transition.

th+1 = bit time after one clocking transition.
tn+4 = bit time after four clocking transitions.
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LS195A 4-Bit Parallel-Access Shift Reglister

DESCRIPTION

This 4-bit register features parallel inputs, parallel outputs,
J-K serial Inputs, shiftfload control input, and a direct over-
riding clear. All inputs are buffered to lower the input drive
requirernents. The register has two modes of operation:
Parallel {broadside} load
Shift {in the direction Qa toward Qp)

Parallel loading is accomplished by applying the four bits
of data and taking the shift/load contrel input low, The
data is lopaded into the associated flip-flop and appears at
the gutputs after the positive transition of the clock input.
During loading, serial data flow is inhibited.

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 OUTRUTS
SHIF T (| SERIAL | FARALLEL -
cteanl o [C T 2 1a b ¢ o] %A @8 % T Op
L x x X ¥l » x X L L L L H
H L ' X % |w ow o s a b o 4 4
H ] L XX [X X X X|@ap Upg Qoo Opg Apg
1] H L H (X x X X|Cap Qap Opn Oon 3on
H 2] t L L% % x %] L Oan Qs Ucn Oce
H H H H[x % x %{ o 0Oan Opn Qcn Oca
H H . H oL |% % X %X{0an Dan Uan Ccn Ggn

H = high lewvet {steady state)

L = low level [stoady slate)

X = imglenvant {any input, including transitions)

T = transition from low to high leved

a, b, ¢, d = the level of steady-slate input at A, B, C, or O,
raspechively,

Cag 2en. Ucor C"DO = the level of Ga, O, Of, ar Qp,

PIN-QUT DIAGRAM

Die Size .067 x .082

LOGIC DIAGRAM

raspactively tafrra the indicetad steady sonrn inous SFR1AL
conditions were established. INPUT PARALLEL INPUTS
Qan. Ogn, Qop = the teval of Qp, O, or Og, respec. ~o Iy B 3 )
tively, befare the most-recent transition of tha clogk. K )] P
i2)] 34 i4) 5)
SHIFT/ 18} e
LOAD = i
CONTROL. '
— - !
10 E
CLOCK 19
crear Ob,!
ldFI H F(CLR HCLR
A
cK CK Laex Ly
|8 Oart — s Qpr4 —{> {8 aghq >
{15) i14) 13
Oa Op Q¢
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4-Bit Parallel-Access Shift Register LS195A
L ]

TYPICAL TIMING SEQUENCES

CLEAR _].___j i :' i
SEmAL{;’ : : : :
INPUTS | K ' N ! !
SHIFT/LOAD —T : T
A i i e B
PARALLEL | g | : L i
DATA c | ! L
INPUTS T i I T
D 1 L |
G =T —
B TT03 I e | RIS |
QUTPUTS oo T 7 i
- ! — 1 1 1
ap 777 i e IR oy T sy I
I L—-—-—-SERIAL SHIFT---—-: l— SERIAL SHIFT
CLEAR LODAD
Aecommended Operating Conditions
9LS/54LS ILETILS
Min | Nom | Max | Min | Nom | #ax | o™
Suppty voltage, VYoo 4.5 5 55 | 4.75 5 5.25 '
High-level output current, loy ~4 00 —400 | pA
Low-level cutput current, Igy, 4 g i
Clock frequency, fooek 0 30 0 30 |MHz
Width of clock pulse, tyigock) 18 18 ns
Width of clear input pulse, tytaear 20 20 ns
Shift/load 25 25
Setup time, ey, (see Figure 1) Serial and paraliel data ) 15 15 ns
Clear inactive-state 25 25
Shift/load release time, 1 e (see Figure 1) u] u} as
Serial and parallel data hold time, thqg (see Figure 1) a 4] ns
Operating free-air temperature, Ta -55 125 i} 70 °C

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

Tast Condiions: C_ = 15pF, R, = 2k{! (See Fig. 1 on page 2-132)
T enax 30| 40 MH2
Tep (from clear) 26| 23 26 33 35 | 49 ns
tp g Hrom clik) 121 20 (L 19 21| 31 ns
tpyy (from cli} 20| 26 18 24 241 32 ns
Test Conditions: C, = 50pF, R, — 2kil {See Fig. 1 on page 2-132}
tpir [from clear) 27 | 36 27 36 37| 47 ns
tpry (from elk) 161 2 16 21 24| 31 ns
tppL (from clk} 22| 28 21 27 33| 46 ns

Mate: AC specification shown under —5500 and +125;C are for BLS devices only. All 50pF specifications
arg for SLS only,



LS195A

4-Bit Parallel-Access Shift Register

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

Parameter Test Conditions™ "in 9"_:’::1':3 T T 9"3;:':8 e Unit
Viy 2 2 v
ViL 0.7 08 | v
Vi Voe=MIN, [;=-1BmA -1.5 8] v

Vcc*MiN, V{H=2V,
VOH Vi =V max, lop=-400uA 25 | 34 27 | 34 v
Vou Veo=MIN,  Vip=2V, Lo =4mA 0.25 | 0.40 0.25 | 0.40 v
V“_*V”_max I0L=8mA 0.35 | 0.8D
|| Vcc=MAX, V|=?V 01 0.1 mA,
™ Voo =MAX, V,=2.7V 20 20 | ua
IIL Vcc=MAX_ V|=0.4V -4 -0,4 ma,
logt Veo=MAX ~15 -100 | -1b =100 | mA
leatt Voe=MAX 14 | 21 10} 17 | mA

*For conditions shown as MIN ar MAX, use the appropriate value specifisad under recommanded operating conditions for the applicable
device type,
* A0 typical values are st Voo = BY, Ty = 26°C.
tNot more than one output should be shorted at a time. _
T tWWith all outguts open, shift/load grounded and 4.5V applied to the J, K, and data inputs, leg is measured by applying a momentary ground,
fallowed by 4.5V, to clear and then applying a mamentary ground, followed by 4.5V 1o clock.

2.132

PARAMETER MEASUREMENT INFORMATION
QUTFUT Yoo

AL 15ee Nowe ¢

F R
FIGURE 1 QM QUTPYT

LUNGER TEST
L
T 15ee Hore B
LOAD FOR QUTPUT UNDER TEST
:"—'—“}_tw(l:lear]
1 ! 3V
CLEAR W 13v
P e e e e ——— oV
1 F'— —
i Gatup—] Ly e theg
! = tn -—g —— RV
cLock  1avf | !g1.3v £ 13v \-i ?h.sv \
1 ! H o
1
i-—;—--— wlclk}'“ up_-n:*-—tnom B v
I 1 1
DATA I fi av 1.3v E—\ﬂ- 13v
SEENOTEG) . . Y S o N S N . v
o-tygtup ——-—ed t 1~ tzatup——
| pr——et— roloase o | pr-—w—— tralease
| | iy | e, 3V
SHIFT/LOADR | 13y F13v 1.3v £1.3v
i e —— — — - ov
P—tpHL—= tPLH h—tPH L+
ASSOCIATED ) It == VOH
OUTPUT O 1.3V 1.3V 1.3V
Voo
VOLTAGE WAVEFORMS

NOTES:

moopoe B

om

. Tha clock pulse generator has the following characterlstics: Zo,¢ = 6@ (I and PRR = MHz, 4, < iGns, end 14 % 6

ns, When testing f 5, very the clock FRR,

. €L includes probae and jig capacitance.

All diodes are 1N3084.

. A claar pulsa s applied priar to sach test.
. Propagation dejey timas (tpg y and tpH) ) are measursd et t,4q9. Proper shifting of date {s verTfied st 1,4 with &

funetional test.
4 and K gre tested the same as data A, B, C, and D ipputs except that shift/load input remains high.

. ip = bit time bafore clocking transit[on.

tn+1 = kit time after one clocking transitton.
th+g = bit time after four ctocking transitions,



Presettable BCD Decade Ripple Counter

LS196

Presettable 4-Bit Binary Ripple Counter

L5197

FEATURES

®  BCD, hi-quinary, binary counting modes
#  Asynchronous clear

®  Fully programmable

& May be used as 4-Bit latches

DESCRIPTION

These high-speed monalithic 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 (LST96) or a divide-by-two and a divide-
by-eight counter (LS1%7). 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
autputs cocurs on the negative-going edge of the clock
pulse. These caunters feature a direct clear which when
taken low sets all outputs low regardless of the states of the
clocks,

These counters may also be used as 4-hit latches by using
the count/load input as the strobe and entering data at the
data inputs, The oputputs 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 intemally 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 connecied to the Q,
output. The clock-1 input receives the incoming count, and
a count sequence is oblainad in accordance with the BCD
count sequence function table shown at the right.

2. ff a symmetrical divide-by-ten count is desired for fre-
quency synihesizers (or other applications requiring divi-
sion of a hinary count by a power of ten), the Qy cutput
must be externally connected to the clock-1 input. The
input count is then applied at the clock-Z input and &
divide-by-ten square wave is obtained at cutput Q. in ac-
cordance with the bi-guinary 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, Q.. and Qg outputs. In
this mode, the two counters operate independentiy: how-
ever, all four flip-flops are 1oaded and cleared simultane-
ously.

PIN-OUT DIAGRAM

LS196 LS197

12 11 10

Die Size 082 x .074 {both wypes)

LSi196
FUNCTION TABLES
DECADE (BCD) BI-GUINARY {5-2)
{Sex Note A) {See Note B}
COUNT GUTPUTS COUNT OUTPUTS

g O Qg Oa Qs Cp Oc Og
] L L L L g L L b L
1 L oL LM 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 w 5 H oL L L
B L H H L & H L L H
7 L H H H 7 H L H L
] H L L L B B L H H
S H L L H 9 H H L L

H = high level, L = low leval
NOTES: A. Quiput Q, connected to clock-2 inpul.
B. Output O, connected to clock-1 input,
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LS196 Presettable BCD Decade Ripple Counter

LS197 Presettable 4-Bit Binary Ripple Counter

LS197

The output of flip-flop A is not internally connected to the
succeeding flip-flaps, therefore the counter may be operated
in two independent modes:

1. When used as a high-speed 4-bit ripple-through counter,
output O must be externally connected to the clock-2
input. The input count pulses are applied to the clock-1
input, Simultaneous divisions by 2, 4, B, and 16 are par-
formed at the Qa, Qg, Qp, Qp output as shown in the
function tatxle at right.

2. When used as a 3-bit ripple-through counter, the input
count pulses are applied to the clock-2 input. Simulta-
neous frequency divisions by 2, 4, and B are available
at the Qg, Q¢, and Qp cutputs. Independent use of
flip-flop A is available if the load and clear fungtions
coincide with those of the 3-bit-ripple-through counter.

LOGIC DIAGRAM L5196
DATA A f’ﬂ__.._.az)o__
counyy L - l
LaAD 18}
CLEAR 113 oy =T
cLocx 1 & T
CLEAR
AL ) e j::
patas
=
PRESET -
d ag L]
(L)) ¥
CLOCK 2 —{>CK
K
CLEAR
L
patac 2
patap M
PRESET 12}
4 Op Qo
[ CK
r Ggl |
CLEAR
2-134

cotmt]._OUTPUTE
Op G¢ Op Ga

a L [N L L

1 L [ L H

2 L L koo

3 {L L HH

4 L H L L

8 {L HL W

6 {L H H L

7 L H H on

8 JH L L oL

3 v L L owH
10 JH L H oL
1 JH L H oA
12 H H L L
13 JH #H L H
14 H H H i
15 H H H H

patas ‘U

CLEAR 13y

CLOCK 1 ———

110).

LS197
FUNCTION TABLE
iSae Mote A)

H = high leval, | = low leve
NOTE A: Qutpi G, connacied to
Clock-2 input,

LOGIC DIAGRAM L5197

COUNT! i) “‘_‘—1
LOAD .
g PRESET {51
Bl

Qa

| S

CLEAR

DATA B
4._.!:D°‘ﬁ_‘
PRESET (8l
Qp Cp
clockz2 @ T
CLEAR
L™ k']
patac 2 ) —\
1.—':'_/"
PRESET {2}
Qe
ot T
CLEAR
"y
DATA I+ ‘

12}
—— agp




Presettable BCD Decade Ripple Counter LS196
Presettable 4-Bit Binary Ripple Counter LS197

F

Recommended Operating Conditions

OLS/54LS gLS/7ALS Unit
Min | Nem | Max | Min | Nom | Max
Supply voltage, Voo 4.5 5 55 | 475 5 575 \4
High-level output current, gy -400 =400 | unA
Low-level output current, fg 4 8 mA
Clock-1 input 0 5
Count f H
ount frequancy Clock-Zinput_| © 0 MHz
Cloek-1 input | 20 20
) Clock-2 input 30 30
Pulse width, t,
s wiatl: tw Clear 15 5 n
Load 20 20
. High-level data |tw ficed)
Input hold time, 1 .
put ol time, Thoid Low-level data |tw fioaa) ns
) High-level data | 10 10
Input setup time, t
PUL SETUR TIME: Tsenp Low-ievel data | 15 15 e
Count enable time, tename {see Note 1) 20 20 ns
Operating free-air temperature, Ty -55 125 0 70 °C

NOTETL:

Count enable time is the interval immed iately 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)

ALS/54LS SLS{TaLS
Parameter Test Conditions” Win ] Typ~ | Max | #in [ Typ~| Max Unit
Vil 2 2 v
Vi 07 0B | v
v, Veo=MIN, 1= -18mA a5 a8 [V
Y =MIM, V|H=2V,
Vou V::LC=\.I"”_max_ | on=-400uA 25 | 3.4 27 | 34 v
v VeerMIN,  Vig=gv, | loL-3mAT 0.25] 0.40 025] 040 | ;
oL V)=V max g =BmA : 0.35| 0.50
Data, count/load [ | 0.1
Clear, clock 1 0.2 02
h Clock 2 of L5196 VocTMAX, Vi=7.0v 0.4 04 | ™A
Clack 2 of LS197 1 0.2 0.2
Data, count/load 20 20
Clear, clock 1 40 40
WM Gk Zor L5158 Veg=MAX,  Vi=27V B0 g “°
Clock 2 of L5197 40 AD
DCata, count/load -0.4 -0.4
Clear -0.8 -0.8
liL | Clock 1 Vee=MAX, V=04V -2.4 =24 mA
Clock 2 of L3196 -2.8 -2.8
Clock 2 of L8197 -1.3 -1.3
lggt Voo=MAX -16 ~100| -15 —100 | mA
leott Voo=MAX 12 | 20 12 | 20 | mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating comditions for the aﬁplicable'
device type,
**All typical valuas are at Ve = 5V, Ta = 26°C.
tTHot mare than one cutput should be shorted at a time,
N1Qpa outputs are tested at specified 15 plus the timit value of 1) for the clock-2 input. This permits driving the clogk-2 input while
maintaining full fan-out capability.

ttlgg is measured with all inputs grounded and al! outputs open,



LS197 Presettable BCD Decade Rippie Counter
LS196 Presettable 4-Bit Binary Ripple Counter

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

B From To -55°C +25°C +125°C Unit
arameter {input) foutput)  ["min | Typ | Max | Min | Typ | Max | Min | Typ | Max |
Test Condltions: C_ = 15pF, R = 2k {See Fig. A on page 2-174 |
frax | L5196 Clock 1 Qa 45 | 70 MHz
fmax | L5197 Ciock 1 Qg a5 { 60 MHz
tpLH 10 15 ] 1 10 15
L5196 Clock 1 Q ns
e o A 14 | 19 17 78 12 | 19
tpLH 10 15 8 12 10 156
L5197 Clock 1 Q ns
temy A 14 | 19 12 | 18 14 | 18
tpLH 13 18 " 15 13 18
LS196 Clack 2 Q ms
TPHL B 16 | 22 14 | 19 16 | 22
tPLH 12 18 10 15 12 18
15197 Clock 2 Q ns
e °° g 5 | 21 13 | 18 165 | 21
tpLH 24 37 22 34 24 37
LS196 Clock 2 ns
tPHL © Qc 3 43 29 40 31 43
tPLH 24 37 22 | 34 24 | 3
L5187 Clock 2 ns
tPHL Oc 28 37 26 34 28 37
17 | 18
PLH | ) 5196 Clock 2 Op 131 21 13 L 21 |
tPHL 18 | 23 16 ;| 20 18 | 23
1PLH 36 55 34 50 36 55
L8197 Clock 2 a ns
tpuL P 22 | &0 40 | &6 42 | 60
1pLH 14 | 22 12 [ 18 14 | 22
L5196 A,B,C,D |Qa, Qg acQ ns
tPHL A 28:0cAp 23 | 38 21 | 34 23 | 38
tpLH 23 | 22 21 18 23 | 22
L5197 A B C D |0s,050c.0 ns
tor ATBCHD 23 | 38 21| 3a 23
TpLH 22 34 20 30 22 34
L5196 Load An ns
thHL Y 33 | 49 I 45 33 | 49
tpLH 22 34 20 30 22 34
LS1 Load A ns
tohL 97 o3 e 3 | a9 31 | 45 33 | 49
PHL | L5196 Clear Any 34 | 49 32 | 45 34 | 49 ns
tpuL | LS197 Clear Arvy 34 49 32 45 34 | a9

Note: AC specification shown under —65°C and +1267C are for GLS devices onlv. All ROoF specificatinns
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

From To -55"C +25°C +125°C Unit
Parameter (nput) (output) Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max "
Test Conditions: C, = 50pF, R, = 2k} {See Fig. A, page 2-174)
frnax | L5196 Clock 1 Cp 48 74 MHz
fmax | L5197 Clock 1 Qp 48 [ MHz
:"L“ L5196 Clock 1 Qa ‘1‘; ;g :; ;g :‘; ig ns
FHL
:"'—“ L8197 Clock 1 Qa :‘; gﬂ :; ;g :‘; gg ns
PHL,
:"L“ LS196 Clock 2 Qg ;g 33 :; ;g ;; 33 ns
PHL
I"'—H LS197 Clock 2 Qg :g 32 :: ;2 112 gg ns
PHL
L | L s106 Clock 2 ¢ 28 | 47 96 | a8 28 | 42 ns
pHL 5 48 3? 44 35 48
PLH 18197 | Clock 2 Qe 28 | 42 25 | 38 28 | 42 ,
tPHL 32 | 42 29 | 38 32 | 42
PLH | Ls196 Clock 2 Qp 17 |26 18 2 128 1 o
tPHL o lg2 | 27 19 | 24 22 | 27
L | 5197 | Glock 2 A 40 | 60 37 | 54 a0 | s0_|
tepL 48 85 43 59 46 65
:"'-H L$196 | A.B,C.0 |0a, 08.0c.0 ;3 i; ;i gg ;? f; ne
PHL
I"‘-"‘ LS197 | A.B.C.0 |Qa.08.00.0p ;; f; ;2 g; g; i; ns
PHL
TPLH LS196 Load Any 26 38 23 34 26 39 s
PHL 37 54 34 49 37 54
1
PLE | | o197 Laad Any 26 39 23 | 34 26 39 s
tPHL 37 54 34 49 37 54
tPHL | (5196 Clear By 38 4 35 49 38 54 ns
teHL | LS197 Clear Ay 3 54 35 49 38 54

Mote: AL specification shown under —55°C and #125°C are for 9LS devices anly. All 50pF specificationg are for LS anly,



Dual Monostable Multivibrator with

L8221

Schmitt-Trigger inputs

FEATURES

m L5221 is Dual Version of 5405123, One Shot on a
Monaolithic Chip

® Pulse-Width Variance is Typically Less than + 0.5% for
98% of the Units

B Pin-Dut is Identical to the LS123

DESCRIPTION

The ‘LS221 is monolithic dual multivibrators with per-
formance characteristics virtually identical to those of the
15123, Each muitivibrator 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 Vo noise of typically 1.5 volts is also privided
by internal latching circuitry.

Onee fired, the outpurs 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 averriding clear. Input puises may be of any duration
relative to the output pulse, Output pulse length may be
varied fram 36 nangseconds to the maximums shown in the

above table by choosing appropriate timing components,
With Rgyy = 2 k&l and Cgyy = 0. an output pulse of typi
cally 30 nanoseconds 15 achieved which may be used as a
d-c-triggerad reset signal, Qutput 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-
tiort and is virtually independent of Voo and temperature,
In most applications, pulse stability will only be limired by
the accuracy of external timing components,

Jditter-free gperation is maintained over the full temparature
and Ve ranges for more than six decades of timing ca-
pacitance (10 pF to 10 uF) and 2 k&2 to 70 k2 for B4LS221
and 2 kil to 100 k&L for the 74L.5221). Throughout these
ranges, pulse width is defined by the relationship: ty{out} =
CaxtRext 72 = 0.7 CuxtRext. In circuits where pulse
cutoff 15 not critical, timing capacitance up 1o 1000 uF
and timing resistance as low as 1.4 ki may be used. Also,
the range of jitter-frez output pulse widths is extended it
Voo s held to 5 volts and free-air temperature is 25°C,
Duty cycies as high as 90% are achieved when using maxi-
mum recemmended RT. Higher duty cyeles are available if a
cartain amount of pulse-width jitter is allowed.

Pin assignments for this device is identical to that of the
L5123 so that the '1.S221 can be substituted for those
products in systems not using the retrigger by merely chang-
ing the value of Rexy andfor Cgxt.

Dia Size .QBS5 « .071

1Rextt 1
VCC Cent Cext

20 2 ZFHQ,“."
Cent  Cent

Positive Logic: Low input to ¢lear resets C Jow and Q high
regardlass of d-c levals at & or B inputs.
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Dual Monostable Multivibrator with

» "
Schmitt-Trigger Inputs Ls221
FUNCTION TABLE
{EACH MONOSTABLE}
INPUTS OUTPUTS
CLEAR A 8 a a vee
L X X L H Raxt
X H X L H
+0
X x L L H
H L t JL U -T
H t H M L]
ToCext  To Raxt/Coxy
Also see description and switching characteristics Tatminal  Terminal
H = high level isteady statéll L= onehighlevel TIMING COMPONENT CONNECTIONS
L = low lavel {steady state) pulse
T = transition from low to hwgh level L M= one low-level FIGURE 1
L = wransition from high to low level pulse
X = irrelevant
SCHEMATICS OF INPUTS AND QUTPUTS
EQLIVALENT OF EACH TYPICALDF ALL P
INPUT hd OU\':' UTS
VOC— e — cc
1005
Ragy NOM
INPUT g+ -
4 3
p b & GUTPUT
777
Input &: Req = 25 ki NOM
tnput B: Rgq = 15.5 kit NOM
Clear: Rgq= %25 kil NOM
Recommended Operating Conditions
LS/5ALS 9LS/74LS
Unit
min, | Nom. | Max. Min, | Mom.| Max.
Supply voltage, Vo 45 5| 85 4.75 5 15.25 v
High-level output current, IgH -4} 400 | uA
Low-level output current, Iqj 4 8 | mA
Schmit, B 1 1 Vi
Rate of rise or fall of input pulse, dv/dt
Logic input, A 1 1 W s
Aor B, 1y 40 40
input pulse width wiin) ng
Clear, tyylelear) 40 40
Clear-inactive-5tate setup e, Tsetyp 15 15 ng
External timing resistance, Ry 14 Fit] 14 100 | kit
External timing capacitance, Cuxy 0 1000 o 1000 | uF
AT =2k 67 67
Output duty cycle %
A1 = MAX Raxt 20 1]
Operating fres-ar Temperature, Ta ~55 125 O ratl °G
2139



LS221

Dual Monostable Multivibrator with
Schmitt-Trigger Inputs

Electrical Characteristics Over Recommended Operating Free-Air Temperature Range

{Uniess Otherwise Noted)
A LS/BS aLE/72 S )
Paramatear Test Conditions’ Linit
Min. | Typ.{ Max. Min. | Tye¥ | Max.
Fositive-going thresnolg
VT4 . Vo = MIN 10y 2 10| 2| v
voltage at A input
Magative-going thrashold
Vo Voo = MIN 07| 10 08| 1.0 v
vipltage a1 A input
Fositive-going threshold
Ve ) Ve = MIN 1wl 2 el 20 v
woftage at B input
MNagative-going threshold
V1o . W 2 MIN 07| 08 03| 08 v
voltane at B input
Y Input clamp voltage Ve = MIN, I =—18mA -1.5 —1.5 W
Von High-leve! sutput voltage Voo = MIN, IgH = -400 xA 25| 3.5 27| 35 v
gy =4mA 025 D4 025§ 04
VoL Low-level output voltage Vop = MIN v
IgL =8mA 35| 05
Input current at
I Voo =MAX, V=7V 0.4 0 | mA
Maximum input voltage
Iy High-level input current Voo = MAX, Wy =23V 20 20| uA
Input A 01,36 10.36
i Low-level input current Input B | Ve =MAX, V) =04V -0.44 044 | mA
Clear +0.54 F0.54
ipg  Shortgircuit autput curranf Voo = MAX -30 -100 -15 -100 | mA
Quiescent 4.7 11 4.7 "
lon Supply current Ve = MAX ma
Triggered 19 27 19 27

TFor conditions shown as MIN or MAX, use the appropriate value specitied under recommendad operating conditians.
AN typical vabues are at Vpp = BY, Ta = 268°C
$hot more than one output shouid ba shorted at a time and duration of the short-gircuit shoufd not excesd 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 Ta -85°C +25°C +125°C
Parameter . - Unit
iInput] | Dutput} Min. | Typ. |Max. Min, | Typ. | Max. Min.| Typ. l Max.
Test Conditions: R, = 2.0k, C_ = 15pF, C,,, = B0pF, R., = 2.0k{! (See Fig. 1 on 2-139)
TWiout) | aoB | o [ 77 Jim I 175 | 70120150 | 77 [18[ 175 | ns
Test Conditions: A, = 2.0k, C, = 15pF, C... = 0, A, = 2,0kf) {See Fig. 1 on page 2-139)
™Wigut) | aws | aer 2 [ s0] a0 | 0] a7] 70 [ 22 [s0] 80 |
Test Conditions: R, = 2.0k, C, = 15pF, C,,, = T00pF, R.,, = 10k{l {See Fig. 1 on page 2-139)
TWiauil J AorB | QorQ ‘ §00 I 725 ] 870 [ 600 [ 670 l 750 | 620 | 750 I 870 L ns
Test Conditions: A, = 2.0k, C, = 15pF, C,, = 1pF, .., = 10kil (See Fig. 1 on page 2-139}
TWioud | 4o [ cord Jeo [27] 85 | eo]er[7s [ 60 [77] 85 | ms
Test Conditions: R, = 2.0k, C_= 15pF, C,,, = 80pF, R.,, = 2.0k{} {See Fig. 1 on page 2-139}
A [n] 43 74 45 Fit 48 74
tPLH s
B W) 38 59 36| 58 38 5g
A a 53 84 50 | @0 53 84
TPHL = ns
B a 43 69 40| &g 43 &g
tPHL Clear Q 38 53 3B 55 3g 59 ns
teLH Clear a 47 &9 a1| 65 47 69 n

Note: AC specification shown under —55°C and +125°C are Tor 9LS devices only, Alt 80pF specifications are for 9LS devices only.

PARAMETER MEASUREMENT INFORMATION

Twlin} .
& INPUT W
\le"a
— ov

f——
Pe— =60 ns —=

3V

CLEAR 1 Nz /
— e — W

PLH — [ L

Vou
1.3 Sk 1.3
QOUTPUT VoL

be -t~ tPLH
— YOH
O DUTPUT 1.3V Ky

TPHL - o

vaL

B input is high
TRIGGER FROM A, THEN CLEAR

/ v

124

= VOH
¢ OUTPUT 13 5k1-3 v
tuvtout) —] oL
_ a—— twiout} VOH
QoUTPUT }i 1.3 1.3

VoL

A INPUT

B and ciear inputs are high
TRIGGER FRQM A
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Dual Monostable Multivibrator with
LS221 Schmitt-Trigger Inputs

PARAMETER MEASUREMENT INFORMATION

13 1.3
B INPUT _Sk o
3V

CLEAR .13y y
v

TPHL v—~+ TPLH
VOH
@ oUTPUT I 3&1,3 Vo

PHL Vv
OH
a _DUTP_UT 1.3v 1av
B input is low, VoL
TRIGGER FROM B, THEN CLEAR-CONDITION 1
v
B mPUT_]B’ \ ov
=B ng

CLEAR v

o
VoH

aQ ouThUT / _\ voL

A input iz low
TRIGGER FROM B. THEN CLEAR—CONDITION 2

E INPUT
=50 ns
CLEAR
13
TRIGGERED
_____ Y
0 ouTPUT ke
NOT TRIGGERED
AMPULIEIOW ) ¢ AR OVERRIDING B, THEN TRIGGER FROM B
3v
jﬁw 1.3
B INFUT ’§
=50 nz oV
=80 ns
—F* av
CLEAR 1.3 1.3
- v
/ Vou
aouTPUT \ VoL
A input is fow

TRIGGERING FROM POSITIVE TRANSITION OF CLEAR

MOTES: A, Input pulses are supplied by generators having the following characteristics: PRR = 1 MHz, Z5,y =50 {1ty = 15 ns, 11 < 6 n3.
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8-Line-To-1-Line Multiplexer
With Three-State Outputs

FEATURES

u  Selects one of eight data sources

®  Performs parallel-to-serial conversion
= Complementary 3-state outpufs

PIN-OUT DIAGRAM

LS251

DATA INPUTS DATA SELECT

DESCRIPTION 2116 15 veed 5 6 17 A B L
. - . . 1 13 2) i
This manolithic data selector/multiplexer contains full 3 .
on-chip binary decoding to select one-of-gight data sources 4 TR TR E ]
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 perrmit a nurmber of outputs to be 8 T CI ‘|’ ’]: i
connected 1o & cormmon bus. Whean the strobe input s high, ié]
. 3 5 7
both outputs are in g high-impedance state in which both 7 [}”.? 0 %! |]
. . —_———f —— O
the vpper and lower transm_ors of egch totemn-pole oUtput DATA INPUTS OUTRUTS &
are off, and the output neither drives nor loads the bus Die Siz6 055 x 057 o
1 ! .
significantly. When the swobe 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 comman bus to opposite logic levels, the autput
control circuitry is designed so that the average output
disable time is shorter than the average output enable time.
Recommended Operating Conditions
9LS/54LS SLS/7ALS Unit
Min | Nom | Max Min | Hom | Max
Supply voltage, Ve 4.5 3 55 | 475 B 5.25 v
High-level output current, ipn -1 =26 | mA
Low-level output current, I ] B mA
Operating free-air termperature, Ta -h5 126 0 70 o0
STROBE - LOGIC DIAGRAM
{ENABLE} {>
oo 141
o 3
FUNCTION TABLE
p2 B INPUTS OUTPUTS
SELECYT |STRORE| _
o3 S suteyT v £ 8 s =
DATA (6} P H z oz
INFUTS™) 1, 115} CUTPUT W L L L L po DO
L L H L o1 D1
(14 L H L L oz D2
os L H H L D3 D3
B4
113} ! WL oL L os D4
D& e e H L M| L |Ds D8
(12) M H H L L DE D6
D7 : . H H H L oy o7
==,
A P H = high tage: levsl, L = low logic level
M A | ¥ — imelevant, Z - high impedance [off}
DATA J/A‘D“m B 00, D1 ... 07 = the level of the respective [ input
SELECT g 19 Bc ‘
IBINARV}IC e — =
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L8251

8-Line-To-1-Line Multiplexer
With Three-State Outputs

- __________________________________________]

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

Paramater Test Conditlons® "in QL.?;::ES Wax 1 Win QL?,;L‘,I:S Mo Unit
ViH 2 2 v
ViL 0.7 08| ¥
V| VCC=M|N, ||=-13I"I"IA -1.5 -1.5 v

Voo=MIN,  Vin=2V,
W, 24 34 2.7 3.4 v
OH VIL=MAX,  Igy=MAX
v Veo=MIN, V=2V, lgL=4m4, 025 | 04 025 0.4 v
oL Vi ~MAX, ToL =BmA 035 05
Vee=MAX, Vo=2.9V 20 20
| A
0 foff) V=2V VooDAv 20 /| H
I Voo=MAX, V=7V 0.1 01 | mA
IIH VCC=MAX, V|=2.?V 20 20 pA
i Veo=MAX, V=04V -0.4 -04 | mA
logt Voo —MAX 05 2100 [ 15 <100 mA
Condition A 6.1 10 8.1 10
Veoo=MAX
lectt cc Condition B 70| 12 71 1z | ™

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

device type.

“*All typical values are at Voo =5V, Ta = 25°C.
thNot mora than one output should be shorted at a time.

ttloe is measured with the cutputs 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 —§5°C +25°C +125°C it
Parameter finput) {output) Min | Typ [ Max | Min | Typ [ Max | Min | Typ [ Max n

Test Conditlons: C, = 15pF, R, = 2k{! ({Sea Fig. A, page 2-174)
tPLH A B, orC v 23 32 23 34 27 42 s
tPHL {4 levels) 21 20 20 28 24 34
teLK A B arC W 16 | 24 17 25 N £
tpyL {3 levels) 16 | 25 15 24 17 26
teLH 11 17 1% 20 18 26

Any D ¥
topL n 12 | 17 1| 16 4w | 0| "
teLp 9 | 18 10 17 13 19

Any D W
tpriL n 5 | 10 5 | 10 5 | ]|
t2n g | 13 B 12 16 16

Strob Y
tz, robe 12 | 18 1 | I8 s ] 2]
tzH 11 17 14 21 11 17
T2l Strobe W 17 | 19 12 | 18 3] 18]
Test Canditions: € = 5pF, R, = 2k} (Ses Fig. C on paga 2-174}
thz 10 15 8 13 7 12

Strob Y ns
Nz robe 7 [ 11 6 | 1 8 | 13
thz 13 | 18 11 16 10 15

Stroby W — -y =
iy rove 7 [ 6 | 10 7 1 1a] ™
Test Condditions: C, = S0pF, B, = 2k{l (See Fig. A, page 2174)
tpLH A B, orC v 25 34 26 37 33 44 s
tpHL {4 levels) 27 35 25 32 28 37
L A B orC W 17 | 25 18 26 22 3 s
tpHL (3 levels} 18 27 18 27 20 20
tpLH Any D Y 13 20 14 22 20 28 ns
tpHL 18 23 16 21 19 25
teLH Any D W 10 17 11 18 14 2] ns
teHL 7 13 5] 12 6 12
tzy Strabe v 11 18 11 17 13 19 s
tz 18 | 24 17 23 20 27
tzH Strobe W 13 19 17 23 15 21 ns
tzL 14 21 16 22 17 23

Mote: AC specification shown under —SSOC and +1268°C are tor BLS devices onby,
All BOPF specifications are for 8LS only,
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LS253

Dual 4-Line-To-1-Line Multiplexer
With Three-State Outputs

FEATURES

®  Three-state version of L5153

= Non-inverting

¥ Permits multiplexing from N lines to 1 line
®  Performs parallel-to-serial conversion

DESCRIPTION

The L5253 is a highspeed dual 4-line-to-1Jine muitiplexer
with commaon select inputs and separate output control
inputs for each half. Each hali can select ane bit of faur
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
common outputs disabled {at a high-impedance statel
the low-impedance of the single enabled cutput will drive
the bus line to a high or low logic level.

FUNCTION TABLE

SELECT ouTPUT
INFUTS OATA INPUTS lconTRAUPYTPYT
B A £o__ & £z 3| ¢ ¥
X x ® 3 X % H z
L L L X X o L L
Lo H ¥ X S L H
L H X L X X L L
L H X H % X L H
H L x X L X L L
HoL X X H S L H
HH X * X L L L
H H L3 X x H L H

Address inputs A& and B ane common to both sections.

H = high kevel, L = low level, X = imelevanl, Z = high impedance (off)
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PIN-QUT DIAGRAM

£
OUTRUT &
CONTROLZ  DATA

Voo 26 %

e, 2
IBEE[E'EI
At L¥ 110 W

Die Size .057 x .061

DATA 1
1c2 L

B
SELECT{
A{14l

DATA 2

LOGIC DIAGRAM
QUYPUT "

CONTROL ——{> ]

1G
() r—

[1co

10'-{5} x|

7} ourrut
== 1

1c32 !

121[: i C

o>

{10)
co

2

L I

o QUTPUT

zczhzl
203"3‘ )

oUTPUT (15} £
CONTROL
2G




Dual 4-Line-To-1-Line Multiplexer
With Three-State Outputs LS253

Recommended Operating Conditions

9LS/54L5 9LS/7ILS Unit
Min Nom | Max Min | Nom | Max
Supply voltage, Vi 4.5 5 5.5 4.75 5 5.25 A
High-level output current, lgy o -1 -2.6 | mA
Low-level output current, lgy 4 8 mA,
Operating free-air temperature, Ty, _ -65 125 0 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. 91.8/54LS 9LS/74LS
Parameter Test Conditions Min [ Typ™ | Max Min | Type | Max Unit
Vin 2 2 v
Vi 0.7 MPB W
V) Voo =MIN,  1;=-1BmA 8 A8V
Voe=MIN,  Viq=2V, |
Vou Vi Vi) max, lon-MAX 24 | 34 24 | 3 \Y
v Voo =MIN, ¥ q=2V, loL=4mA 0.25 | 0.40 025040
ot Vi =V max loL =8mA 0.35 | 050
; Voo =MAX, V=27V 20 20 A
0ottt Vig=2V Vo-04v ~20 o] ¢
i Vec=MAX, V=7V I 0.1 T 7707 | mA
e Vee=MAX, V=27V T 20 20 | uA
m Veo=MAX, V=04V -0.4 ~0.4 | mA
Tost Vo =MAX 15 100 | -15 -100 | mA
Condition A 7 12 7 12
lectt Vee=MAX Condition B g5 | 14 gs | 14 ™

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

devica type.

**All typical values are at Ve = BV, Ta = 25°C.
tiot more than one output should be shorted at a time,
1l is measured with the outputs open under the following conditions:
A, ANl inputs grounded.

B. Qutput control at 4.5, all inputs grounded.

Switching Characteristics, V,

. = 3¥ Over Hecommended Free-Air Temperature Range

From To —55°C +25°C +125°C Uit
Parameter (input) (sutput) Min | Typ [ Max [ min | Typ | Max | Min | Typ | Max n
Test Condltions: C, = 15pF, R, = 2k} {See Fig. A, page 2-174}
TPLH 9 15 7 12 ] 15
k) ns
tPHL Data 14 22 12 17 14 22
tpLH 20 30 18 25 20 30
Select hi s
oL v {20 [ a1 8 | 27 20 | 31
tzH Cutput v 12 21 i 16 12 21 ns
tzL Cg_ntrc:ﬂ 15 23 i3 18 is 23
Test Conditions: €, = 5pF, A = 2k} (Sae Fig. C on page 2174}
thz Qutput v __1 @9 16 7 1B 9 16 s
t 7z Contral 13 22 12 19 13 22
Test Conditions: ©, = 50pF, A, = 2k{l (See Fig. A, page 2-174)
tPLH 13 20 10 16 13 20 ns
tePHL Data Y 18 27 © 15 21 18 27
PiH 24 35 21 29 24 35 ns
tpHL Select v 24 36 21 29 24 36
tzH Cutpurt v 15 26 13 20 16 26 e
tzL Control 19 28 15 21 19 28
Mote: AC specification shown under ~55”C aned 1-12!—}0(? arg for LS devices only. Al 50nF specifications are for BLS only.
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Dual 2-Line-To-4-Line Decoder/Demultiplexer
LS255 With Three-State Outputs

PIN-OUT DIAGRAM
FEATURES T
®  Three-state version of L5155 CONTROL
" Applications: SELECT  yrppymg
DATA | INPUT,
Dual 2-Line-to-4-Line Decoder VOC 20 26 A 2Y32¥22¥12YD
Dual 1-Line-to-4-Lineg Demultiplexar [i5]

3-Line-to-8-Line Decoder

1-Line-to-8-Line Demultiplexer
DESCRIPTION
The LS255 fegiures duat 1-line-tod-line demultiplexers
with individual strobes and common binary-address inputs
in a single 16-pin package. When both sections are enabled
by the output conirols, the commaen binary-address inputs

sequentially select and route associated input data to the It 16 B Y3 1¥2 1¥1 1¥OGND
appropriate autput of each section. The individual controls DATA | sﬁ"i,irc; OUTRUTS

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 gt 2C is not inverted through its outputs.
The inverter following the 1C data input permits use as
& 3-to-8line decoder or 1-to-B-ine demuliplexer without
external gating. Input clamping diodes are provided on all
of these circuits to minimize transmission-line effects and
simplify system design.

DUTPUT
CONTROL

FUNCTION TABLE
3-LINE-TO-8-LINE DECODER
OR 1-LINE-TO-8-LINE DEMULTIPLEXER
INPUTS GUTPUTS
ZELECT JCONTRAOL| paTa
B A 1G i 1o Y1 1Yz 1wl
k3 X H X ? z z ¥
L L L P L H [ H
L H - H H L n " Dle Size .063 x .063
H L L H H H L H
H H L H H H H L
x x x L H H H H
IMPLTS QUTPUTS LOGIC ™
SELECT [CCRMTROY DATA nTenT OGIC IAGRA
B L) 26 2 2¥0 V1 2¥2  Iva CONTROL {2) 17 auTeuT
* 3 H 3 : 2 z = 1G ";’_‘D* ¥
L L L L L M H H
L B B B L oara I e yStoumeur
2] L L L H L] L H i v
H H L L H H H L 1] 5 oUTRUT
x x x H W H H " "“13 j S
- o . SELECT 13} 1¥2
FUNCTION TABLES B _|>°__‘4 et ”
-
2-LINE-TO-4-LINE DECODER D_ ourur
OR 1-LINE-TO-4-LINE DEMULTIPLEXER
weuts | CUTPUTS
(21 oUTPUT
CONTROL ,_;‘3_
e e I I R U U ) seLecT(13) 2va
ct B A 6t 2¥0 2A¥1 2¥T I¥I 1¥0 W1 1¥Z 1¥3 A _D"’_‘_'{>—
x KX H z z ¢ ¥ & =z 2 2 - 118} QUTPUT
L oL L £t H H H H H H H v
LoLoH L W L H H H H H H DATA (18] | | M
L b oL L H H L H H H H H P L_ED’_ 203;'PUT
L H M L H H H L H H H h autPuT ?j }
HouoL L H B o HoHOLoHOHH controL 1 — 12 output
H L H L H H H H H L H H F1e] 2va
H o OH L L H H H H H H t H
W H M L |H H H H H H H__4

tC = inpuls 1C and 2C connected logether
3 = inputs 1G and 206G connected together
H = high level, L = low level, X = irelevant, 2 = high impedance (off)
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Dual 2-Line-To-4-Line Decoder/Demultipiexer
LS255 With Three-State Outputs

Recommended Operating Conditions

BLS/54LS ALS74LS Unit
Min | Hom | Max | Min | Nom | Max
Supply voitage, Ve 4.5 B 55 1475 5 525 W
High-tevel output current, loy - -26 | mA
Low-level output current, I 4 8 mA
Operatip_g_fﬁg_—air temperature, Ta ~55 125 ] 70 °c
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
Parameter Test Condltions*® win 9":::55 TP T 9"15_;:_':5 e Unit
Vid 2 2 v
Vi 0.7 0.8 iy
W Ve =MIN, ly=-1BmA -1.8 -1.5 W
VCC=MIN- V*H =2V,
Vou ViL =V max, lon=MAX 24 34 2.7 34 v
v Voo=MIN, V=2V, lgL=4mA 025 | 04 6.25 | 0.4 v
oL VL=V max loL=BmA 0.35 0.5
Vee=MAX, V=27V 20 20
10 fort v?:=2v Vo=04V =70 o <A
]' VCC:MAX, V|:?V 0.1 0.1 i,
[ Veoo=MAX, V=27V 20 20 LA
e Vee=MAX, V=04V -0.4 -0.4 mé
Iggt Veoe=MAX -15 -100 _—_1_5__ -10071 mA
Condition A 3] 10 5] 10
leett Vog=MAX Condition B w7 W] ™
“For_ conditlons shown as MIN or MAX, use the appropriate value specifisad under recammended operating conditions for the applicable
“i‘irltc\fp?g;e\'ralues are at Ve = BV, Ta = 25°C,
tNot more than one ocutput should be shorted at a time.
Ttlge is measured with the cutputs open under tha following conditions:
A, A, B, and 1C inputs at 4.5V, and 2C, 16, and 26 inputs grounded.
E. Same as Condition A except inputs 16 and 26 at 4.5V,
Switching Characteristics, V.. = 5V Over Recommended Free-Air Temperature Range
From To —-55°C +25°C +125°C
Paramster (input) r eutput)  ["Min | Typ | Max | Min | Typ | Max | Min | Typ [ Max | O™
Test Conditions: C, = 15pF, R, = 2k} (See Fig. A, page 2-174)
I CIRY] A, B, 1C v 15 2 13 18 15 21 ns
1PHL or 2C 18 24 16 22 18 24
teLH AaorB v 18 24 18 22 15 24 s
tPHL {3 lavels} 22 29 20 26 22 29
tzH Output ¥ 12 18 10 15 12 18 s
tzL Control 14 20 12 18 14 20
Test Conditions: CL = 5pF, R, = 2ki{l {See Fig. C on page 2-174}
tHz Qutput ¥ 11 18 9 15 1 18 ns
tLz Control 17 23 16 20 17 23
Test Conditions: C, = 50pF, R, = 2k{} (See Fiy. A, page 2-174)
tPLH A B 1C v 19 27 18 22 19 27 ns
EPHL or 2C 22 30 20 28 22 30
tPLH AorB v 23 30 20 28 23 30 ns
tPHL (3 fevels) 26 34 24 32 26 34
tZH Output v 16 22 14 20 16 22 ns
tzL Contral 18 25 16 23 18 26

Note; AC specification shown under -B5°C and +126°C are For OLS davices oy,
Al 50pF specifications are for 9LS anly.




LS257 LS258

DESCRIPTION

These data selectors/multiplexers sefect a 4-bit woard from
one of two sources and prasent it at the four outputs.
The LS257 presents true data; the LS258 presents inverted
data. With Qutput Control HIGH, the outputs are forced
to a high impedance state.
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Quadruple 2-Line-To-1-Line
Multiplexers With Three-State Outputs

FUNCTION TASLE

INPUTS OUTPUT ¥ |
OUTPUT
A 8 Ls2s7 Ls2s8

controL|PELECT

n X % X z z

L L L X L H

L L H x - L

L H % L J L H
i L H 14 H J H 1

H - high level, L = low level, X

Low level at S selects A npuls.
High lavel at 5 salects B inputs,

PIN-OUT DIAGRAMS

wralavant, 2 high smpedance (ofl)

LS257

-

2invurs  NeuTS

L QUTPUT . OUTPUT
=81

a8 4y 1A 3B 3¥

SO0

14 13 12 11 10

Dig Size 047 x 066

Ls258

NPU

d

INPUTS
UUTPUT

:

Ets
2
%)
b
B
[
-

= 0UTRUT
=] conTRoL

BE
4=

l

[z &

(5]
—.
: _5—8)

Dig Size D47 x .066




Quadruple 2-Line-To-1-Line
Multiplexers With Three-State Outputs LS257 LS258
L ______________________________________________________________________________________________________________ |

LOGIC HAGRAMS

L5257 LS258
outeur 115} ouTpuT 118)
CONTROL ) CONTROL
1A 1a 12]
4] 14)
1B A3t 1Y 1g B 1Y
24 18 oa 18 i
¥l 17}
op 161 av og 8 2y
1 [
1A {11 3A 111}
19} 19}
1B 119) ¥ - 110} ¥
ey -
44 {14) aA {14)
112) 112}
Y ay
as 1131 4 ap 13
4 4
seLECT iU »-cD— seLect AL »cD-A
Recommended Operating Conditions
aLS/54LS SLETALS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Voo 4.5 S 5.5 14.7b6 5 5.2 W
High-leve! output current, gy -1 =26 | mA
Low-level output current, I 4 8 i
Qperating fres-air temperature, T -66 125 0 70 °c




Quadruple 2-Line-To-1-Line
LS257 LS258 Multiplexers With Three-State Outputs
L . ____________________________________________________

Elecirical Characteristics Cver Recommended Free-Alr Temperature Range (Unless Otherwise Noted)

P Test Conditions® SLS/54LS LETALS Unit
arameter est Conditions’ Min | Typ** | Max Min | Typ** [ Mex
ViH 2 2 v
VL 0.7 0.8 v
v, Voo-MIN,  T)=-18mA -15 S5V
VCC=M|N, V|H=2V;
Y, 4 34 2.4 3.1 W
OH Vi =V max, lng=MAX ?
v Voo=MIN, V=2V, lpL=4mA 021 04 025} 04 v
oL Vi =VLmax ToL-8mA 035 05
Vee=MAX, Vig=2¥
' 20 A
lozn Vg=2.4V ® .
Vec=MAX, V=2V,
| =20 -20 A
ozL Vo=0.4V 2 .
S input _ _ 0,2 0.z
h Any other VeemMAX, V=1V 0.1 0.1 mA
S input _ _ 40 40
Ly By other Veoo=MAX, V=27V 35 55 [7E:%
S input . _ -0.8 -0.8
h Any other VCC—MAX' V|_0‘4V -0.4 -0.4 mA
lost Voo =MAX -15 -100 | -15 -100 | mA
All :_u;puts 54 10 5.9 10
ig
All tl:;utputs LS257 9.2 16 9.2 16
O
All ol::.puts 10 17 10 17
o
lee tt Veo=MAX mA
All :Iut:uts 4.1 7 41 7
ig
All (l)umuts LS258 6.9 11 8.2 11
[l
All ulfputs 7.0 12 7.0 12

*For conditions shown as MIN or MAX, use the appropriate value specifisd under recommenden operating conditions for the applicable
device type.
**All typleal values are at Vo = BY, Ty = 26°C,
THot more than ene output should be shorred at a time.

ttlgp is measured with atl outputs open and all possible inputs grounded white achiaving the stated output conditions.
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Quadruple 2-Line-To-1-Line

Multiplexers With Three-State Outputs LS257 LS258
Switching Characteristics, ¥, . = 5V Over Recommended Free-Air Temperature Range
From To -55°C +25°C +125°C it
Parameter {Input) {output) Min I Typ I Max | Min | Typ | fMax | Min l Typ [ Max n
Test Conditlons: C, = 15pF, R, = 2k} (See Fig. C on page 2-174)
v 8 | 15 6 | 12 8 | 15
PLH
LS257 D A
T atz ny o 5 7 T2 o 15 ns
tPLn ] 0 | 17 a 14 10 | 17
o L5268 Data Any 515 = = T ns
tPLM R 1z | 18 14 | =
[ A
tor L5267 Select ny 12 T 12 18 T4 21 ns
teLH 13 21 12 18 14 21
L8258 Select A
tPHL elac Y 12 A 10 | 18 12 | 2r | ™
zH Qutput 2] 20 10 18 12 | 21
v WS Control Any 7 | 19 0 | 16 12 e ™
tzH Output 12 21 10 13 12 21
T i Control Any 13 | 21 11 [ T8 ERE
Tast Conditions: €, = 15pF, R, = 2k} {See Fig. A, page 2-174}
thg Output 12 18 LNE i2 | 18
] %7 Control Any 2 | 21 0 | 18 27 Tz | ™
tHz Gutput 11 18 E] 15 11 i8
L5268 A
1z Control m 10 18 8 15 10 18 n
Test Conditions: €, = 50pF, B, = 2k{! {See Fig. A, page 2-174}
LM | (5257 Data Any 12 | 19 10 ] 17 12 1189 1
TPHL 13 | 20 11 17 13 20
pLH 14 22 12 ] 19 14 22
LS268 Data An
oL, ° Y L g | 17 i e | "
PLH | ) 5057 Select Any 18 1 75 16 | 23 18 | 25 | o
tPHL 18 | 25 16 | 23 18 | 25
Ly 18 25 16 | 23 12 | 28
L5258 Select An ns
e Y 6 | 25 TS 6 | 25
tzn Cutput 16 75 14 | 23 16 | 25
£ 1 15287 A
o Control ny 6 ] 24 CREL 6 | 24 |
170 Cuiput 16 25 14 | 23 16 | 25
L3258 A
= 525 Contral my 17 | 25 15 | 23 7 25 1

Mote: AC specification shown under _5500 and +1250C are for L5 devices only,
All b0pF specifications are for L5 only.



Ls261

2-Bit By 4-Bit Parallel Binary Multipliers

FEATURES _

®  Fast Multiplication . . . 5-Bit Product in 26ns Typ

= Power Dissipation . . . 110mW Typical

B Latch Outputs for Synchronous Operation

®  Expandable for m-Bit-by-n-Bit Applications

B Fuliy Compatible with Most TTL and Other Saturated
Laow-Level Logic Families

5 Dijode-Clamped tnputs Simplify System Design

DESCRIPTION

These low-power Schottky circuits are designed to be
used in parallel multiplication applications. They perform
Binary multiplication in two'scomplement form, two bits
at a time,

The M inputs are for the multiplier bits and the B inputs
are for the multiplicand. The Q ogutputs represent the
partial product as a recaded base4 number. This recoding
effectively reduces the Wallace-tree hardware requiremants
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 preduct to generate two's complement.

The leading {most-significant} bit of the product is in-
verted Tor ease in extending the sign to square {left justify)
the partial-product bits.

The SLS/B54L261 is characterized for operation over the
full military temperature range of —58°C to 125°C; the
OLS/741.5261 for operation from 0°C to 70°C.
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PIN-OUT DIAGRAM

L5261 OUTPUTS
~—
Ve 8 By By My Mg g Dy
MmN
By 8, By My My 0
0y
83 84 MZ 04 0302
méééﬂu
My 0y O3 0 GND
LATCH  N— —
CONTREL 6 gyrpuTs
Die Size .086 x 071 0y 2 0;
FUNCTION TABLE
NPUTS OUTPUTS
LATCH
MULTIPLIER | _
CONTROL 04 03 02 o1 Qo
M2 M1 Mo
G
L X x x|og o3y oz; o1, g,
H L L L] w L L L L
H L L H ]| B4 BA B3I B2 Bl
H L H t | B4 B4 BI B2 B
H L H# +w | B84 B3I B2 EB1 B8O
H H L L | B4 B Bz B1 B&0
H H L % | 8¢ B4 Bz B2 B1
H H H L | B4 B4 B3I Bz B
H H H #H | H L L L L

H = high level, L = low level, X = irrelevant

Gao . UUG = The togic level of the same output before the high-to-
fowe transition of G.

B4 . .. BQ = The logic leval of the indicated multiplicand (B} input



2-Bit By 4-Bit Parallel Binary Multipliers LS261
LOGIC DIAGRAM
‘.‘ﬂ- on
g 11 Dc [D ) -
w2 Poed> %-—
L
gy _CD___
»ﬂ @z
g2 2 0 'I—_
Ml]“” _
E B
M '
{12 |_
M2 (4} ~ (4} 0
| D——F
.
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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, Veo 4.5 5 5.6 | 476 5] 525 W
High-level output current, lgy -1 ~1 mA,
Low-level output current, {gy 4 B mh
Width of enable pulse, t,, 25 25 ns
X Any M input 174 174
Setup time, tpup By Binput | 154 15 s
] Any M input 0l 04
Heid time, thoig Any B Input 1 o1 ns
COperating free-air temperature, Ta -bb 1256 0] 70 °C

}The arrow indicates that the falling edge of the enable pulse is used for reference.

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

LS /74
Parameter Test Conditions™ Hin 9L$;:1'Ls (TP T 1..“:;:3 Mo Unit
Vi 2 2 v
Vi 0.7 02 | v
Vv, Vee=MIN,  [j=-18mA -1.5 151 v
VCC=M|N, V|H=2V,
W ) 4 . .
OH VL=VLmax, lgn=-TmA 25 3 2.7 34 M
v Voo=MIN, Viy=2V foL=4mA 025 | 0.4 0251 04 |
oL Vi =¥y max I =8mA 035 | 05
li Vee=MAX, V=7V 0.1 01 | mA
™ Voo=MAX, V=27V 20 |20 A
" Voc=MAX, V=04V -0.4 -04 | mA
logt Veg=MAX -15 -100 | -15 -100 | mA
Vec-MAX, Al inputs at OV
|
oo Gutputs open 22 3 22 40 mA

*Far conditions shown as MIN or MAX, use the appropriate value specified under recommended cperating conditions for the applicable
device type.
** 4l typical valuss are at Voo = 5W, Ta = 26°C.
tHNot more than gne gutput should be shorted at a time.

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

From To —55°C +25°C +125°C Uni
Parameter {input) toutput) Min h Typ [ Max | Min I Typ ! Max Min | Typ ! Max nit
Test Conditions: C, = 15pF, R, = 2k{} (See Fig. A, page 2-174)
teLH 25 1 39 22 | 35 25 3%
Enable G Any Q s
thhL Y 23 | 24 20 | 30 23 | 34
TpLH . 28 | 44 25 | 40 28 | 44
Any M input Any 2 ns
tPHL Y Y 25 | 39 72 | 35 25 | 39
e H . 30 46 27 42 30 46
A Any O
TPHL ny B input i 27 | 41 24 | 37 77 | 4] "
Test Conditions: G, = 50pF, R, = 2ki1 (See Fig. A, page 2-174} _
TPLn Enable G Any O 30 | 44 26 | 40 30 44 1
TPHL 2B 39 24 35 23 39
tpLH Any M input Any Q 33 49 29 45 33 49 ns
AL 30 | 44 26 | 40 30 | 44
tPLH Any Binput | AnyQ 36 | 51, 31 |_az /1 51|
tPHL 32 46 28 42 32 46

Mote: AC specification shown undar -B5°C ang +128°C are for BLS devices only.
Adl 50pF specifications arg for QLS anly,



Quadruple S-R Latches LS279

FEATURES

®  Functionally and Mechanically {dantical to 54279
B Features Low Power Dissipation of 13 mW Typical

FUNCTION TABLE

IEACH LATCH} H = high eval
L = low tevel

INPUTS | OUTPUT Qg = the.level of G before the indicated input conditions were
st & a e.stabllshed. . ) )
*This output level is pseuds stable: that is, it may not persist when
H H Qp the 5 and B inputs reteen to their inactive thight level.
L H H tFor latches with double §inputs:
H L L H = bath § inputs high
L L H* L. = ane or both § inputs low

PIN-OUT DHAGRAM

3 2 1161514

6 7 8 910 11

logic: see fupction tabla

Die Size 066 x 060

Recommended Operating Conditions

ALS/BALS 9LS/74LS
Min. | Nom.| Max. Min. | Nom.| Max. | Unit
Supply voltage, Ve (5er Note 1) 4.5 5| 9.5 4.7% 5 | 5.25 W
High-level output current, koK =400 =400 [ A
Low-leval output current, I 4 8| ma
Operating free-air tempergture, Ta -5 1285 o 70| ¢

HOTE 1. Vaoltage vatues are with respect to network ground terminal,



LS279 Quadrupule S-R Latches

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

aLS/54ALS M S/7ALS
Parameter Test Conditionst
Min, | Typt | Max. Min, | Typ¥ |Max. | Unit
Iy High-level input voltage 2 2 v
VL Low-level input voltage 0.7 0.8 v
V| Input clamp voltage Ve = MIN, I ==-18mA -1.56 -1.5 W
Voo =MIN, Wi = 2V,
VR High-level output vottage 26| 35 271 35 v
VL = VL max, lgy = =400 uA
Veg = MIN, Vg = 2V, l lgL = 4mA 0.25 | 0.4 0.25 | 0.4
Vo Low-lavel output voltage v
VL = V(L max | 1oL = 8 mA 0.35 | 0.5
Input current at
h Voo = MAX, V=7V a1 0.1 { mA
maximym input voltage
Iy High-level input current Voo = MAX, Wy =27 20 201 ua
Iy Lowlevel input current Vep = MAX, V) =04y 0.4 -0.4 | mA
o Short-cirewit output current® [ Vo = MAX =30 130 =30 130 | mA
lge Suppiy current Voo = MAX, See Mote 2 K¥:} 7 3B 7| ma
tFor conditions shown as MIN or MAX, use the appropriste value specified under recornmended operating conditions,
FAll typical values are at Voo =5V, Ta= 25°C,
$Not more than one putput should be shorted at a time. _
NOTE 2. lgg is measured with all R inputs grounded, all § inputs at 4.5 V, and al) outputs open,
Switching Characteristics V.. = 5.0V Over Recommended Free-Air Temperature Range.
From To -65°C +26°C +#126°C
Parameter Unit
{Input} {Qutput} Min. [ Typ. | Max. Min. | Typ. | Max. Min. l Typ- 1 Max,
Test Conditions: C, = 15pF, R = 2k(} (See Fig. A, page 2-174)
tpLM 5 = 15 26 12 22 15 26 ns
PHL g a 12 19 al| 8 12 19 ns
M 5] ] 18 isg %, T s 3% a3
Test Conditions: C, = 50pF, R, = 2.0k (See Fig. A, page 2-174)
tPLH 5 Q 19 30 16| 26 i9 30 ns
1PHL g Q i6 23 12 19 16 23 ns
IPHL R [ 22 io 19 3 23 ki ng

Mote: AC specification shown under =68°C and +125°C are for BLS 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

LS295A
e

PINQUT DIAGRAM

w Three-state version of LSS58 parallel-access shift
reglster

DESCRIPTION

This 4-bit register features paralle! inputs, parallel outputs,
and clock, serial, mode, and output control inputs. The
register has three modes of operation:

Parallel {broadsida) load
Shift right (the direction Qp toward Qg
Shift left {the direction Qp toward Q)

Paraite! loading is accomplished by applying the four bits of
data and taking the mode contrel input high. The data s
lgaded into the associated flip-flops and appears at the out-
puts after the high-to-low transition of the clock input.
During paraltel toading, the entry of serial data is inhibited.

Shift right is accomplished when the mode control is low;
shift left is accomplished when the mode controf is high by
connecting the output of each flip-flop to the paralle! input
of the previous flip-flop (Qp to input C, ete.} and serial
data is entered at input D

\I\[‘pen the output is high, the normal fogic levels of the four
olitputs are available for driving the {oads 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

0 MODE GND .
CONTROL .

Die Size 067 x 082

outputs then present a high impedance and neither load nor
drive the bus bus line; however, sequential operation of the
register is not affected.

LOGIC DIAGRAM
DATA INFUTS
M,

MODE g,
CONTROL Dy d>
sentaL '
INPUT
INPUTS CUTPUTS
MCOE PARALLEL
conTRoy | SHOSK | SERML T m—m 0 g dc Gp CLOCK
W H X ¥ X x % | Qag Cpg Ogp Yoo
] 1 X ) b - B ) [ d
H 1 x Dpt Qgt Gpt d | Opn Scs Qe d OUTPUT I8},
L H X XX X ¥ Oap 9gg 9o Qpo| CONTROL >
L } H x X x o H  Qa, Ogn Qg
L 4 L x x X x| L 0, Opn Ogn
Whan the Buiput control it low, 1he oulpuly ae diksblad 1o e high-inipedsnce 1tats,
howmvar, ssquentidl spersticn of The regizters is not s ectad.

15hifting ledt axtemal
entersd at input O.

H = high level (steady atale), L = ow level {staady state), X = imalevant (sny input,

inciuding ransiticns)
= transifion from high 10 aw level.

a, b, ¢, ¢ = the level of staady-state input at inputs A, B, G, or D, respectively.

Chape Qe Qe Qe = the ievel of O, Oy, Qe or Oy, respactively, belore the indicated
sheady-state input conditions wera astablished.

Qs Qgne ipe G = 1t loval of Oy, G, Q. or Op, raspectively, befom the mast-recent
transition of the clock.

-
DUTFUTS
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4-Bit Bi-Directional Shift Register
LS295A With Three-State Outputs

Recommended Operating Conditions

‘9L$/54LS 9LE/7ALS Unit
Min | Nom | Max | Min | Nom | Max
Supply voltage, Voo 4.5 5 55 |4.75 5 5.25 V
High-level output current, loy . ~1 -2.6 1 mA
Low-leve} output current, lg| 4 8 mA
Clock frequency, fuaek 0 30 0 30 |MHz
Width of clock pulse, tyigock: 20 20 ns
Setup time, high-leve! or low-level data, tsptup 10 i0 ns
Hald time, high-level or low-level data, thog 10 10 ns
Operating free-air temperature, Tp, -bb 126 0 70 °C
Electrical Characterlstics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. ILS/5ILS 9LS/74LS
Parameter Test Candllions Win | Typr | Max | W | Typr=| Wax Unit
Vin . 2 2 A
VL 0.7 0.8 \i
Vi Voo =MIN, h=-18mA -1.5 -1.5 W
Vee=MIN Vig =2V,
¥ ! 4 34 27 34 v
OH V,L=Vr|_max, IQH =MAX 2
v Veoo=MIN, V=2V, loL=4mA 0256 | 0.4 0.25 | 0.40 v
oL VL=V max lgL=BmA 035 | 06
Vcc=MAX, V|L=V|Lmax,
: 20 20 A
lozn Vo=2.7V , H
VCC=MAX, V]H=2V,
[ - -20 A
ozL V=04V 20 K
Iy Voe=MAX, V=7V o1 o1 mA
™ Voo=MAX, V=27V 20 20 A
Ly Veoo=MAX, V=04V -0.4 -04 | mA
lpgt Voo =MAX -i5 -100 | -1B 100 | ma
Condition A 14 23 14 23
lectt Vee=MAX Eondition 8 i5 | 26 5 [ 21 ™

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the appiicable
device type.
** 41l rvpical valuas are at Vero = GV Ta = 3570
tMNot more than one output should be shorted at a tirme.
ttlgc is measured with the cutputs open, the serial input and mode control at 4.5V, and the data inputs grounded under the following conditions:
A, Qutput control at 4,8V and a mormentary 3V, then ground, applied to clock input.
B. Qutput cantrol and clack input grounded.

Swiching Characteristics, V_, = 5V Over Recommended Free-Air Temperature Range

' Tce
Parameter —ss%C 125¢ +125% Unit
Min | Fyp | Mex | Min | Typ | Max | M | Typ | Max

Test Conditions: C, = 15pF, R, = 2k} {See Fig. A, page 2-174)
fmax 30 a0 MHz
ipLH 29 38 27 35 29 33 ns
tPHL 37 48 35 45 37 48 ns
tzH ' 12 21 10 [ 18 12 21 ns
121 12 21 0] 18 12 21 ns
Test Conditions: C, = 15pF, R, = 2k} (See Fig. C on page 2-174)
tuz 2 32 19 28 21 32 ns
tLz 26 36 24 32 26 36 ns | Note: AC specification shown
Test Conditions: C, = 50pF, R, = 2k{2 (See Fig. A, page 2-174) ' under —55°C and +125°C
ey 32 42 30 39 32 42 ns are for 9LS devices anly.
tPHL 40 52 38 49 40 52 ns All 50pF specifications
171 15 25 13 22 16 35 s ara for LS davices only.
tzL 15 25 13 22 16 25 ns

" 2160°



Quadruple 2-Input Multiplexers with Storage LS298
FEATURES PIN-OUT DIAGRAM
B Selects One of Two 4-Bit Data Sources and Stores Data
h L5294
Synchronousky with System Clock. 5 8 JTRUTS v ab DATA
® Applications: —_—— § ﬁl PUT
Dual Source for Operands and Canstants in Arvithmetic Voo Op l:'B O¢ dp 8 =8

Processor; Can Release Processor Register Files for
Acquiring New Data.

Implement Separate Registers Capable of Parallel
Exchange of Contents Yet Retain External Load
Capability.

Universal Type Register for Implementing Various

Shift Patterns; Even Has Compound Left-Right
Capabilities,

DESCRIPTION

These monelithic quadruple two-input muttiplexers with
storage provide essentially the equivalent functional capa-
bilities of two separate MS! functions (84157/74157 or
54L5157/74L5157 and 54175/74175 or 54L5175/74L5175)
in a single 16-pin package.

When the word-select input is low, word 1 {A1, B1, C1,
01} is applied to the flip-flops. A high input 10 word select
will cause the selection of word 2 {AZ, B2, C2, D2}, The
selected word is clocked to the output termginals on the
negative-going edge of the clock pulse.

LOGIC DIAGRAM

EELLLbG
D, 0 Op O gﬁ WS
B2 L1

A2 A1 B C2 D2 D

oI

B2A2A1E1 BZDZEHGND

I]ATA INPUTS

FUNCTION TABLE

INPUTS QUTPUTS
WORD CLOCK|f Qs ©Op Q¢ Qp
SELECT

L 1 al b1 cl di

H ) a2 b2 2 dz
X H Qa0 Qo Oco Qpo

= high |evel {steady state)

loww level {steady statel

=irrelevant {any input, including transitions}

1 = transition from high 1o low level

al, a2, awe. = the leval of steady state input at A1, AZ ot

= - E
1

i3 Qp0. Qpg etc. = tha lavel of Qp, Qg, etc. entared on the
WDHB ”“ 18 maost recent 4 transition of the ¢lock inpuk.
SELECT »—cD— 8 O %
a2 ‘2’ —a> Ck
R
B1 6]
4 {tat
a ~<{:> I
gz & 4ok
[
o 1
[ i3
[ = '_CD s oo %
ez & K
R
m i
12
r—(b s  opp— Y%
16
b2 LK
R
11 |
CLOCK
V

Mryrarmiz inpual achivdied by a trans ton fiom 3 nigh Sevel tooa low [eeel
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LS298 Quadruple 2-Input Multiplexers with Storage

Recommended Operating Conditions

91.5/54LS aLS/T4LS Unit
Min | Nom ; Mex Min | Nom | Max
Supply voltage, Yoo 4.5 B 56 [ 47% 5 525 W
High-level autput current, lgy —400 -400 | pA
Low-level output current, lo 4 8 mA
Width of clock pulse, high or low level, tyy 20 Pl ns
Setup time Data 15 19 ns
P HMe, tsetup Word select 25 25
. Data 5 5
Hold time, thot Word select 0 0 ns
Operating free-air temperature, T -bb 125 0 HH °C
Electrical Characteristics Over Recommended Free-Alr Temperature Range (Unless Otherwise Noted)
9L5/54LS LS/ TALS
iti .

Parametar Test Conditions Win [ Tye~ [ Max | Win | Fyp™ | Wax Unit
Vin 2 2 v
VL 0.7 08 | V
V) Veo=MIN,” [j=-18mA NG 5| Vv

Veo=MIN, V=2V

L ’ 2, 4 ; .

OH VL=V max, op=-400uA g 3 2.7 34 v
v Veo=MIN, V=2V, lgL=4mA 025 [ 04 025 04 [

oL VL=V max ioL =BmA 035] 05
I Veo=MAX, V=7V 0.1 0.9 | mA
fin Veoo=MAX, V=2V 20 20 | pA
|“_ VCCEMAX, V|=0.4V -0.4 -0.4 mA
logt Voo =MAX -6 -4 -5 -42 mA
leett Voo =MAX, 13 1 13 21 mA

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

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

TMNot mare than one output should be shorted at a tirne, _
t1With all outputs open and all inputs except clock low, 1q e 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
-55°C +25°C +125°C
Par t Unit
Min § Typ | Max | Min | Typ | Max | Min | Typ | Max

Tast Conditions: C, = 15pF, R, = 2ki: {See Fig. A, page 2-174)

IpiH 20 N 18 27 20 31 ns
tpHL 23 35 21 32 23 35

Test Conditions: C, = S0pF, A, = 2ki} (See Fig. A, page 2-174)

tPLH 23 36 A 32 23 36 ns
tpur 26 40 24 37 26 40

Mote: AC specification shown under —55°C and +1258°C sra for OLS devices only, All S0pF speoifications
arg 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
autputs 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 g 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 Cutput Enable signals to 3-state devices whose outputs
are tied together are designed so there is no overlap.

PIN-CUT DIAGRAMS

L8365 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 B2 07 09 0z 0 03 03 TRUTH TABLE Vg E2 Dy 07 Dz 0z D3 0y
NPUTS | GuteuTs _NPUTS | o ireurs
Ey E; D E; E» D
L L L T L L LU 3]
L L H H L L H L
H X X z} H X X 12
X H X {2} X H X 1z
Ey Dy Oy 05 05 Dy Op GND E; Dy 04 05 05 D5 O GND
L5367 L5368
HEX 3-STATE BUFFER HEX 3-STATE JNVERTER BUFFER
SEPARATE 2-BIT AND 4-BIT SECTIONS . SEPARATE 2-BIT AND 4-BIT SECTIONS
Yo 5 Dy 04 D2 0; D3 0g TRUTH TABLE Vog Et Dy 0y 0y 0y D3 03

INPUTS

OUTPUTS INPUTS | outruTs
E D E D
L L L L L M
L H H L W L
H X N H X ()

fz Oy 04 Dy Og Dg Dp GND EE 0y Gy Ug Og Dg Og GND




L$365 LS366 Hex Buffers, Tri-State, Common Enable

LS367 LS368 Hex Buffers, Tri-State, 4-Bit and 2-Bit
Recommended Operating Conditions
GLS/54LS ILS/TALS
Min | Nom | Max Min | Nom | Max Unit
Supply Voltage, Voo 4.5 5 55 1475 o 5.25 W
High-Level Output Current, Igy -1 -2.8 mA
Low-Level Quiput Current, lg 12 24 A
Operating Free-Air Temperature, Tg -Gb 26 1 Q 75 °C
Electrical Characteristics Over Recommended Free-Alr Temperature Range (Unless Otherwise Noted)
Parameter Test Conditions* T QL:'::?:S warx T Win 9":11':5 Mo Unit
ViH Guarantesd !nput HIGH Voltage far Al Inputs 20 2.0 W
V“_ Guaranteed Input LOW Voltage for Al Inputs .7 2.0 B V'
Veo Voo=MIN,  ljy=-18mA -0656|-1.6 —0.66|-15| Vv
Vou Veo=MIN, Viy=V |y or Vi | lop="1.0mA 2.4 3.4 y
per Truth Table lgu=-2.6mA 24 | 31
VOL VCC=M|N, V|N=V|H ar V|L IOL=1 2m A 0.28 04 0.25 | 0.40 v
per Truth Table Iy =24mA. 035 | 05
lozH Vao=MAX, V=24V, VE=2.0V 20 20 | wA
ToztL VecoMAR, Vou=0.4V, VE=2.0V -20 T20 | uA
» Voo=MAX, Vin=2.7V 20 20 | uA
Vcc-_'MAX, V|N=?.0V -1 =1 ma
IS Voo=MAX, V=04V -0.4 -0.4 | mA
lagt Voo=MAX, Vgur=0V -30 -100 | -30 =100 | mA
Tec Vee=MAX, V=0V, VE=4.5v |15366/367 135 | 24 135 ] 24 |
L L5366/368 18] 2 1.8 21 -

*For conditions shown as MIN or MAX, use the appropriate value specified under recommended aperating conditions for the applicable
device type.
**All typical values are at Ve = 5V, T4 = 25°C,
TMot more than one output should be shorted at a time.

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

-B5°C +26°C +125°C i
Parameter _From . To T T T T T T Unit
1npuz} L utput) whin l Iyp | Max rMin l 1¥p 1Max Min | [R%] IMax
Test Conditions: C_ = 45pF (S5ee Fig. A, page 2-174)
e {LB365/367) . o 9 14 7 10 4 i4 s
tpyy 1LS3I65/267} ! ! 12 | 20 0 16 12 20
pLy L5266/368] o o g | 14 7 10 9 4 e
o {LS366/368} ' ! 12 | 20 10 16 12 20
= 1 20
tzy = o, 12 | 20 10 16 z ns
t7L 20 | 36 18 30 20 38
Test Conditiona: C, = 5pF, R, = 667(1 (See Fig. C, page 2-174)
tz = 12 |20 0 18 12 20
E G; ns
thz 19 | 27 17 23 EE] 27
Test Conditions: C_ = 125pF, (See Fig. A, page 2-174)
oy (LS365/367) 5 o 12 [20 | 10 [ 15 12 20 e
tpr L ILS365/367) : f ERES 15 [ = 15 | 26
tpLy 1LS366/368) 5 o 12 | 20 10 15 12 20 e
tpy 'LS5366/363) ! ! 15 26 15 21 15 20
tzy . o 1% | 26 13 20 16 26 .
tz71 24 | a2 21 35 24 40

Mote: AC specification shawn under —65°C and +125°C are for 9L8 devices oniy. All BOpF specifications are for LS only.
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4-Bit Cascadable Shift Registers with
3-State Qutputs LS395A

FEATURES PIN-QUT DIAGRAM
B Thrae-State, 4-Bit, Cascadable, Parallel-In, ”
Paraltef-Qut Registers LS395A 25 —
oururs 3, B
®  Schottky-Diode-Clamped Transistors v m :D = § EE
I . P e =1
m  Low Power Dissipation . . . 75mW Typical {Enabled} @@ @ T
m  Applications; N-Bit Serial-To-Parallel Converter
M-Bit Paraliel-To-Serial Convarter 84 O Gp Op Oge [
N-Bit S$torage Register JULEAR  DUTHUT CONTR
= Pin for pin compatibls with L$395 e 8 ¢ n%ﬁ?{
DESCRIPTION
These 4-hit registers feature parallel inputs, parallel aur- n
puts, and clock, serial, foad/fshift, cutput control and § 5'5 %
direct overriding clear inputs., =] %g PARALLEL
INPUT3

Shifting is accomplished when the load/shift control is
low. Parallel loading is accomplished by applying the faur
hits of data and taking the |oad/shift control input high.
The data is loaded into the associated flip-flops and appears
at the outputs after the high-todow transition of the clock
input. During parallel loading, the entry of serial data is
inhihited.

When the cutput control is low, the normal logic levels af
the four outputs are available for driving the loads or bus
lings. The outputs are disabled independentiy 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 [oad nor drive the bus line; however, sequential
operation of the reigsiers 1s not affected. During the high-
impedance modg, the output at Og: is stil available for
cascading.

The BLS5/54LS39%A is characterized for operation over
the full military temperature range of -55°C to 125°C;
the QL5/74L53854 is characterized for operation from .

0°Cto 70°C,
FUNCTION TABLE
INFUTS 3STATE OUTPUTS CASCADEI
LOAD/SHIFT PARALLEL ' QUTPUT
CLEAR CLOCK | SERIAL Ga Qp 0Q¢ Op
CONTROL ABCD Qp
L X X X XX XX L L L L L
H H H X X X X X| Qag Qo Qco Qpol Qpg
H H 1 X a bcd a b c o d
H L H X X X X X| Qap 0Opo Qrog Qpo Qdpp
H L 1 H XXX B Qan Qpy Qcn acy,
H L 4 L X X XX L Qan 98n Qcn Qrp
When the cutput cantrod is high, the 3-state autputs ave disabled 1o the high-impedance state;
however, sequential operation of the registars and the output at Qp are not affected,

H = high leval Isteady state), L = |ow level {steady state], X = irrelevant {any input, including transitions)

} = transition from high to low level.

a0, Qpa. Qog. Apg = the level of Oy, Og, G¢, or O, respectively, before the indicated steady state input conditions were established.
Qan. VBn. Qen. Qo = the level of Op, O, G, or On, respectively, before the most recant 4 transition of the clock.



4-Bit Cascadable Shift Registers with
LS395A 3-State Outputs

Recommended Operating Conditions

SLS/SALS SLS7ALS Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Voo 4.5 5 585 | 475 4] .25 W
High-level output current, loy ’ -1 -2.6 | mA
Low-level output current, [g 4 8 ma
Clock frequency, foiaek 0 25 0 256 | MHz
Width of clock pulse, tyicigek) 25 25 ns
Setup time, high-leve! or low-level data, Tsatup 20 20 ns
Hold time, high-level or low-level data, the 10 10 ns
Operating free-sir temperature, Ta -E5 125 0 70 °C
Electrical Characteristics Over Recommended Free-Alr Temperature Range (Unless Otherwise Noted)
» 9L5/54LS 9LS/74LS ) )
Parameter Test Conditions* - - = r—= - Unit
Min Typ**| Mox Min | Typ**| Max
VIH 2 2 v
Vio 0.7 a8 v
V) Voo=MIN, 11==18mA -1.5 -1.5 v
VOH VeetMIN, - Viy2v, 24 | 3a 24 |31 v
Vig —Viemas,  lopp-MAX
Veo=MIN Qa.Qp lgL=12mA 026 |04 0.25 ]040 v
VL=V max, | Q¢ Qp too=24mA 0.36 | 050
VoL Myy=2v ap tgL=4mA 026 |04 0.26 | 0.40 v
toL=BmaA 035 | G50
fozh ng;:ﬁx' VIH=2Y, g:”gg 20 20 uh
o | S e BE
[ Vien=MAX, V=TV 0.1 1 mA
HH Viep=MAX, V=2.7v 20 20 A
e Voe=MAX, V) =ELay -0.4 0.4 mA,
[ lost VoeMAX 5 -100 | -15 06 | mA
icatt VogeMAX Conddition A i s WG 1 <8 A
' Condiition B 15 |25 15 [25

*For conditions shawn as MIN or MAX, usa the appropriate vatue specified under recormmended operating conditions for the applicabte

device type.

**AIl typical values are at Ve = BY, Ta = 257G,

tNat mare than one output shoutd be shorted at a time.

trlcg is measured with the cutputs open, the serial input and mode control at 4.5Y, and the data inputs grounded under the fallowing

conditians:

A, Qutput control at 4.8V and a momentary 3V, then ground, applied to clock input.
B. Output cantroi and glock input grounded.
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4-Bit Cascadable Shift Registers with

‘3-State Outputs L$395
L _________________________________________ ]

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

P -B5°C +25°C +125°C Unit
Min J Typ I Max | Min rTvp—r Max Min l Fyp -f Max
Test Conditions: C, = 15pF, R. = 2k[} {See Fig. C, page 2-174)
frax 25 ki MH:z
Clear to
PHL 27 40 23 35 27 40 ns
auttut

tPILH 27 40 23 35 27 40 ns
tPHL 24 35 0 30 24 1 ng
tpZH 17 25 13 20 17 25 ns
tpZL 28 41 24 36 28 4 ns
teHZ 15 22 " 17 15 22 ns
tpLz 19 27 18 22 19 27 ns
Tast Conditlons: C, = 5.0pF, R, = 2k{2 (See Fig. C, page 2-174)

thz 13 | 22 1 17 13 22 ns
1z 8 | 27 75 23 18 27 | ™
Test Conditions: C, = 50pF, A, = 2k{} {See Fig. G, page 2-174}

tPHL - 30 44 26 39 30 44 ng
LA 30 a4 26 iy 30 44 ng
PHL 27 38 22 34 27 a5 ns
tpzH 20 29 12 24 22 27 ns
tp7L 31 45 27 40 30 45 ns
bz 18 26 14 20 19 26 ns
P17 22 | 32 18 27 22 32 | ns

Mota: AC specification shown under =86°C and +128°C are for SLS devices anly. Al B0pF specifications
are for LS devices only.

LOGIC DIAGRAM

CATA INPUTS

Pt
£ Al

3 5] {st 16}

LOAD/ {7
SHIFT W
iz - *

SERIAL
INPUT w el e
t

ELOCK :D: J
ogD— s 0 10 5

0

. @ ck o —cpck
Rl i B '% R 1
tLA CLR CLR £LA

;

CLEAR LJCV i _ g
ouTPUT 1 D
coNTROL ) 4 3 az [

2 g O

v
Y
T

ﬁ'
k-

U, |q

W
J5TATE QUTPUTS CASCADE
ouTPUT
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LS670

4-By-4 Register Files with 3-State

Outputs

FEATURES

M Separate Read/Write Addressing Permits Simultaneous
Reaxding 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 Qutputs

DESCRIPTION

The LSE70 and MS| 15-hit 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 1o either write-
in or retrieve data. This permits simultaneous writing into
one {ocaiion and reading from another word iocation.

Four data inputs are available which are vsed 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-enahle signal. Data applied at the inputs shouid 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 fatch 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 tramsferred to the latch output. When the write-
enable input, Gyy, is high, the data inputs are inhibited and
their levels can cawse no changs 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 acquisttion 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—elimjnates re-
covery times, permits simultaneous reading and writing,
ang is limited in speed only by the write time {27 nano-
seconds typicall and the read time (24 nanossconds typi-
call. The register file has a nondestructive readout in that
data is not iost when addressed.,

13 14 15 15 1 2 3 4

Die Size .090 x 088

WFIITE SELECT ENABLE DUTPUTS

DATA
D1 wA wg WRITE READ 01 02

m i Eb

D1 Wa Wg Gy Gg

I—DZ Gz

B

Dz Rg Ra Q4 03
0z DF
DATA  READ SELECT OUTPUTS

Positive Lagic: See Description
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4-By-4 Register Files with 3-State

Outputs LS670
LOGIC

WRITE FUNGTION TABLE (SEE NOTES A, B, AND C} READ FUNCTION TABLE (SEE NOTES & AND D)

WRITE INPUTS WORD READ INPUTS OUTPUTS

Wp Wa Gy 0 1 2 3 Reg Ra Gp s3] az Q3 04

L L L ja=0 ap Q5 g L L L | WOBT  WOBZ WOBZ  WOB4

L H L Qg c=p Qg Qp L H L | WiB1  WIBZ  WIB1 w14

H L L Qg Qg Q=D Qp H L L | WZB1  W2BY  W2B3  W2B4

H H L 0p Qp Qp a=D H H L | w3B1  W3BZ W3B3  W3R4

% * H Qg Qp o'y} Qp * x H z zZ z z

MOTES: A, H = high level, L = low level, X = irrelevant, Z = high impedance (off}
. (2= DO = The four sefected internat flip-flop outputs will assume the states applied to the four external data inputs,
. Qp = the level of Q before the indicated input conditions were established,

. WOE 1T = The first bit of ward 0, etc,

o0®w s

FUNCTIONAL BLOCK DIAGRAM

1164 T
o1 —{>o [ - ’—] s,

(LR
s [ )
T
WORD 1 WORD 2 WORD 3 7
11}
02 -—Pxo
CATA
INPUTS
CUTPLTS
|
12|
012 / T ! ] -
—az
- = = =
. -ﬁ -E ;
—
i |
[
(53] T
04 o [ T I - 9 0
H N | BL) "
ja DY | 1D Dl
1
11z D3| 04 ] 111 &k
Gy Wp Wy FB 4GRr FRa
— or— o
WRITE INPUT READ INPUT



LS670

4-By-4 Register Files with 3-State

Outputs

Recommended Operating Conditions

OLS/54LS LS/ 74LS u
nit
Min. | Nom. |Max. Min. |Nom. |Max.
Supply voltage, Vi 4.5 5] 55 475 B 526 W
High-level output current, 1o -1 -2.6 mA
Low-level output current, lgyp 4 8 ma
Width of write-anable or read-anable pulse, ty, 25 25 ng
Data input with respect (o
Setup times, high- or low-level data 10 10 ns
write enable, t
{see Figure 2) setupii)
Write select with resprect to
15 ib ng
write anable, toarap i)
Data input with respect to
15 15 ns
Hald times, high- or low-level data write enabta, tho|d(p}
{see Mote 2 and Figure 2} - Write select with respect to
& 5 ns
write enable, thal diw)
Latch time for hew data, tigyoh (see Note 3) 26 25 ng
Operating free-air temparature range, T4 -B§ 125 a 70 Yo

MQTES 1. Voltage values are with respect to network ground terminat,
2. Writg-select setup fime will protect the data written into the previous address. If protection of data in the previcus address is

nat required, teerup(w) can be ignored as any address selection sustained for the final 30 ns of the write-enable puise and

during thg giw) will result in data being written into that lecation, Oepending on the duration of the input conditions, one o¢

a number of previous addrasses: ray have been written inta.

3. Latch time is the time allowed for the interpal output of the latch to assume the state of naw 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
L ]

Electrical Characteristics Over Recommended Operating Free-Air Tomparature Range
{Unleas Otherwise Noted)

LS670

9LS/54L8 aLS/F4LE
Paramater Test Conditionst - Unit
Min, | Typ+ | Max. Min. | Typ~ | Max.
V4 High-lavel input voltage 2r 2 v
ViL  Lowslavel input voltage a.7 0.8 WV
V) Input ckamp voltage Ve = MIN, 1] = =18mA -1.5 -1.5 W
v =MIN, ViH=2V, |lgH = ~1mA 2.4 3.4
VoK High-level output voltage ce ! o v
VL = VyLmax IgH = —2.6mA 24 1 31
Voo =MIN, Vg =2V, |IgL = 4mA 0.25 | 04 0.25 | 0.4
VgL Low-level output voltags v
VL = Vi max loL = BmA 035 | 0.5
Off-state output current,
lozH Voo = Max, Vig =2V, Vo =27V 20 20 | uA
high-leve! vol tage apphed
OFf-state DUTRUT Current,
oz Voo =MAX,  vig =2V, Vpo=04v -20 =20 | »A
low-level voltage applied
Any, D, R, or W a4 aa
Input cuerrent at Voo = MAX,
h Gy Q.2 0.2 | mA
MaERITUm input voltage V=7V
GR 0.3 0.3
Any D, R, or W 20 20
Voo = MAX,
4 High-level input current Gy A0 40 | uA
V=27V
GR 60 60
Any D, R, or W -0.4 0.4
e Law-level input current Voe =MAX Gy -0.8 -0.8 | mA
Gi -1.2 -1.2
lgg  Short-cirewit outputcurrent # | Ve = MAX -30 Fi3o -30 -130 | mA
Ice Supply currant Voo = MAX,  SeeNote d 20 | 80 30| 50 |mA

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

*All typical values are at Ve = 8Y, Tp = 25°C.
FMat more than one output shauld be shorted at 2 time.

NQTE 4:

all address inputs are grounded and all Qutputs arg open,

Maximum ¢ is guaranteed for the following worst-case conditions: 4.5' is applied to all data inputs and both enable 1nputs,
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4-By-4 Register Files with 3-State

LS670 Outputs
L -

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

Paramotor From To -55°C 2570 +125°C Unit
aram {Input} {Output] Min. | Typ. ] Max. | Min. 1 Typ. Max. Mlin. i Typ. —|—Max,
Test Conditions: C_ = 15pF, R, = 2.0k(} (See Figs. 1, 2, 3 on pages 2- 172 and 2-173 and Flg A on page 2-174)
By 0t Fead 7% | 44 ] a0 26 a5
Any Q R e e I e S ns
T Select 28 | 49| 5 | 45 28 50
Wi 3 4 26 a5 30 50
f o)y rite Any @ 0 9 ! s
[tpr anable 3 o4 28 | &0 E}] 55
L. VY AN U S |
4
g st Any Q 28 | 49 25 & 28 50 s
=y % | 44 23 a0 i 76 a5
Teat Conditions: C, = 5pF, R, Dl(ﬂ (See Figs. 1, 2, 3 on pages 2-172 and 2-173 and Fig. C on page 2-174)
tZzh T T8 T 39 IERES T8 20y ’
ol Read 25 | 44 -2 R B A i5
Any O ns
thz enable 32 | 54 30 50 33 55
1z 19 39 16 35 19 40
Test Condltions; C, = 50pF, R, = 2.0k( {See Figs. 1, 2, 3 on pages 2-172 and 2-173 and Fig. A on page 2-174) '
! i
[ Read Aoy O LRI ! 77 3 3 50 -
= Setect HEREN 29 49 KE] 55
i Y t NI
PLH E—— Yurite Any 0 | 3 o | 30_ _9_ _— _5_._ __5_5__. ns
o enable I35 ‘ 59 32 & 3G B0
JE A I R 3T T3 o] g 3T 77ES
PLH Data Any Q } ns
e 30 | 48 27 a4 3 50

Note: AL specrfication shown under ~557C and +125°C are for BLS devices only. All 50pF specitications are for LS devices only.

RFAD —_ — e AV
ENABLE 3}\1 v juv
oy
~-tHz ~] sy i-tzu- $1 and
WAVEFORM 1 §7 closed, V ' Sicloted | o
{See Note A} $2 open ! voL
o],
0.5V Vou
E—
WAVEFORM 2 51 open, i
{See Note A} 52 closed 13V ov Sand 'OV
$2 ¢losed

YOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS

FIGURE 1

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-
ut. Waveform 2 s for an output wath internal conditions such that the outpot is high except when disabled by the read-
enable input,
E. When measuring delay times from the read-enable input, both read-select inputs have been established at steady states.
€. input waveforms are supplied by generators having the following characteristics: PRRE = T MHz, Zyy,, = 50 42, duty cycte =
50%, tr = 15 n3, 1, < 6 ns.
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4-By-4 Register Files with 3-State
Outputs

LS670

PARAMETER MEASUREMENT INFORMATION

WHRITE-SELECT

INPUT Wa or Wg 1.3 1.av

S¢r Mot Al
Tastup{ W]
r_ ] b thaiiwt
DATA INPUT
Ot D2 D32 or Da 1.av
(Sar Note At

WRITE ENABLE
TNPRIT Gy

READ-BELECT
INPUT A or R
[See Mom B

OUTPUT
&1, @2, Q3. or T4

VOLTAGE WAVEFORMS (81 AND S2 ARE CLOSED}
FIGURE 2
NOTES: A,
measured from the sarme referance points.
8. When meaturing delay times from a read select input, the read-enable input is lowe.

o

kY

oy

v

o

v

ov

VOH

Voo

High-level input puises at.the select and data inpots arg ilustrated; however, times associated with low-level pulses are

C. Input wavetormns are supplied by generators having the following characteristics: PRR = 2 MHz, Zout = 90 11, duty gycle =

B0, t < 16 ns, 1, = B ns.

o v
BATA INPUT
DY, D2, D3, or D4 13
oy
- 3w
WRITE-ENABLE
INPLT Gy 13v
— av
|y |- tPHL ]
_ T Vot
OUTPUT
01,02, 04, or 28 F 1Ay L 1.3y
T T T T VOLTAGE WAVEFORM {51 AND 52 ARE CLOSED) vol
v
BATA INPUT
D1, 02, D3 or D4 13V /
— v

WRITE ENABLE
INFUT Gy

OUTFUT
o1, 02 03, or (A

VOLTAGE WAVEFORM 2 ($1 AND $2 ARE CLDSED}
FIGURE 2

NOTES: A, Each selact address i5 tested. Prior to the start of sach of the abova tests both wiite and read address inputs are stabilized with

Wpa =FRp and Wg = Rp. During the test GR is low.

8. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, 2,5 = B0 (1, duty cycle <

50%, 1, = T8 ns, 1y % & ns,
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FIGURES A, Band C

SWITCHING TEST CONDITIONS

TEST
POINT Voo

FROM OUTFUT RL

UNDER TEST

L
(See Note &l I

{Ses Motz B)

LOAD CIACUIT

—————— av
INFUT 13w 1.5v
! ! oy
I [
1) - PHL*H
*tPLH= mPHL= —vou
IN-PHASE : ! H !
QUTRUT 13 J.3v
! Vo
IPHL FiPLH

. VoH
' 1
OUT-OF PHASE 1.3v 1.3y
DUTPUT
— - —wvoL

VOLTAGE WAVEFOAMS

FIGURE A — FOR TOTEM-POLE OUTPUTS

Veo

From outeur  TRL ey
UNDER TEST PIHNT

Gy,
Se¢ Mote A

LOAD CIRCLNT

-—— — - —av
INPUT 1.3v 1av
oy

1
I

I'“PLH‘T PHL=
1 1

1

'

1

1

1

Il 1 v
IN-PHASE T | OH
DUTPUT 13V av

i VoL

-

:‘"PHL“': PLH#

5 | Yo
OUT-OF PHASE 1.3 vav
DUTEUT < vl

WVOLTAGE WAVEFORMS

FIGURE B — FOR OPEN-COLLECTOR OUTPUTS

TEST
FOINT

A QUTRUT
NUER 1RST

CL A=

152e Note 4)

LOAD CIRCUIT

OuUTPUT v
CONTROL 1.3 1.3V
(Low-level | F :
wnabling) 1 ' ,,__. --------- i
—lzL— camy LT st ann
WAVEFUHM 1 | 51CLOSED. Y, 1.3 v i | SLETOSED ) o
(See Nat2 G ! 52 OPEN — T
1 == 5m---VoL

—tHz— 120 g 5y 0.6V
I

WAVEFORM 2 51 gREN V4 I_:’l' _____ Yo
(See Mote T 52 CLQSED 1.3V 51 AND T1Ev
______ o $2 CLOSED
VOLTAGE WAYEFORMS

FIGURE C — FORTHREE-STATE OUTPUTS

NOTES:
A, Cy_inciudes probe and jig capacitance.
B. All diodes are TN30D64.

C. Waveform 1 is for an output with internal conditions such that the outpur is low except when disabled by the output control. Wave-
form 2 is for an output with internal conditions sugh that the output is high except when disabled by the output cantrol,

mo

and 1, = 100 ns.

2-174

. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily,
- Allinput pulses are supplicd by generators having the foillowing characteristics. t, = 15 n3, ty < B8 ns, PRR = 1 MHz, Zy,, = 50 02,



250514
250515
261522
251523

26158122
2815123
2515128
2515139
25L51%1
2515163

25L5157
2515158
2515160
25L5181

2515162
2515163
2518170
2518174

25L81756
2505187
2515190
2515191

25L5192
25L5193
25L5184A
25L5195A

2515251
26L5253
251 5257
25L5268

2515299
2515670

25LS
HIGH-PERFORMANCE

LOW-POWER SCHOTTKY

8-bit serial/paral'el two's complement multipliar
Quad serial adder/subtractor . .
B-bit serial/parallel register with sign extender
8-bit shift/storage register with synchronous clear .

Single retriggerable monostable multivibrator with clear . . . .

Dual retriggerable monostable muttivibrator with clear
3-ta-8 line decoder/demultiplexer .
Bual 2-to-4 line decoder/demultiplexer .

8-to-1 line multiplexer, compl. outputs .
Dual 4 to 1 line multiplexer

CQuad 2-10-1 line multiplexer |

L8157, inverting

BCD decade counter, asvnchroncus clear
4-bit binary counter, asynchronous clear

BCD decade counter, synchronous clear |
4-bit binary counter, synchronous clear |
4 % 4 register file with open collectors.
Hex D-type flip-flop with clear

Quad D-type flip-flog with clear .

4-bit arithmetic logic unit .
BCD decade up/down counter, synchronous .
4-bit binary up/down counter, synchrarous

8CD decade up/down counter, synchronous,
4-bit binary up/down counter, synchronous .
4-bit universal shift register

4-bit parallel-access shift register

8-0-1 line maltiplexer with tri-state putput .

Dual 4-ta-1 line data selectors/ multiptexers with tri-state autput .

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 tristate outputs

Page

3-2
36
310
315

................ 318

318
321
32
3.24
326
328
3.28
330
3.30
330
3.30
3-38
342
342
344
3.50
3-50
368
3-58
3.66
366
373
376
379
379
383
3-86

31



8-Bit Seriai/Parallel Two’s

251514 Complement Multiplier
FEATURES
= Two'? Complemeant l\'llullti.pli‘cation Without Correction Ve Y Xa X5 Xg X3 K W
u Magnitude Only Multiplication EF] ﬁ?] Ela [%!
m Cascadable for any Number of Bits
= 8-Bit Paraltel Multiplicand Data Input
o Serial Multiplier Data Input
» Serial Data Qutput for Multiplication Product
a 25 MHz Minimuam Clock Frequency LS
® 100% Relability Assurance Testing in Compliance
With MIL-STD-883
e HE
GLR X3 X2 Xt Xp & CP GND
FUNCTIOMAL DESCRIPTION

The 25L514 is an B-bit by 1-bit sequential logic element
that performs digital multiphcalion 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 conirolled via the clear input.
When the clear input s LOW, all internal flip-flops are
cleared and the X latches are opened to actept 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

The muoltiplication of an m-bit multiplicand by an n-bit
multiplier results in an m + n bit product. The 2561514
must be clocked for m + n clock cyeles to produce thiz
twa's complement product. Likewise, the m-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 succesding
device when cascading. Likewise, a made input (M) is used
to indicate which device contains the most significant bit.
The made input is wired HIGH or LOW depending on the
position of the 8-bit slice in the total X word length.

¥7 Xg LT3 My 3 Ky ® o
13 ] T v
£ o} [E E o E
- + + + 4 + + !
Az Ag As, By A3 ¥ EX) Ap
CLEAR
ADDER!SUHTHALIOR AND REGISTERS
Yo=Y -

i [ K SU?
o Q 5

* | E—
=3

_ CLR
Recommended Operating Conditions
Military Commercial
Units
Min. | Nam | Max. AMin. | Nom.| Max.

Supply Woltage, Ve 4.75 5 |56.25 4.5 5| 55 W
High-level Quitput Current, Igy =1 -1 méa
Low-level Output Current, by a 12 S 12 maA,
Operating Free-Air Termparawre, Ta =55 128 0 70 °C
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8-Bit Serial/Parallel Two's

Complement Multiplier 25814
Electricat Characteristics Over Operating Temperature Range (Unless Otherwise Notad)
Military Commercial
Paramaters Test Conditions (Note 1) Typ.
Min, | (2} | Max. Min. | Typ. |Max. Units
Voo = MINL lgp - 1.0mA b—
Viom Output HIGH Voltage ce OH 251 34 27| 34 v
Vi = ViHor VL s
T
W = MIN, | =8.4dma ) 0.4 0.49
VoL Dutput LOW Volage cc oL m W
. Wip = Vg or VL | .
oL = 12dmA 0.45 0.45
Guaranteed input logical HIGH
ViH  Ioput HIGH Level 2.0 2.0 W
voliage for all inputs
Guarardged input Ingical LOW
VL Input LOW Levet uar npuE fogt 03 0.8 v
voltage for all inputs
W Input Slapmp Voltage Vo = RMIN, Ly = =18mA -1.2 -1.2 v
¥, M Lo.48 ko458
"L papur LOW Current Ve = MAX. Vi = 04y Sl -2 12 A
t urrern = - =1 m,
o i ce N P -6 | ~1.6
Y a2z | -3.2
X, M 20 _# i 2
"H ot HIGH Curren Voo MAKX, vy <27y e SRR — - 30 30 A
nput Lrrent [ VN - P a0 0 B
Y BO B0
Iy Inprat HIGH Current Voo = MAX, Vg = 5.8V 1.0 1.4 mAa
Output Short Circuit Current
1 W, = MA. ~40 -100 -3 —100 mai
50 inote 4l ce
oo Power Supply Cuvent Voo = Max, a9t | 165 91 | 155 ma
Switching Characteristics, V.. = 5V
Fram To +25°C
Parameter Units
{Input} {Qutput} Min. ! Typ. | Max. :
W !
N N l
Test Conditions: C, = 15pF, R, = 2k} (See Fiy. A, page 2-174) .
oLk Clock ! ¥ EEED ns
tPHL Clock / ¥ EE 20 ns
Pl Clear |I X } 17 25 ns
t Setup ti 1 32
= up. me Y ta Clock ns
th Hald time ! 0 ns
: Set up time I 18 B
8 zon X to Clock i
| th Hold time e ns
I Set up time 13
3 - Xi o Clear —— e — ns
th Hold time 0 ng
. Clock Pulse Clock Hi 15 ng
1w Width Clock Low 15 ns
touy Clear Pulse Width 20 ns |
to I Clear Recovery Time 18 ns
Froax ; hax. Clock Fregquency 25 40 WMHz
33



251.514

8-Bit Serial/Parallel Two's
Complement Multiplier

FUNCTION TABLE

Inputs Internal | Output .
clrler| k | m | % |y | vy § Function
— — L — - —_ — Most Significant Muoltiptier Device
— — I C5 H — - — - Devices Cascaded in Muitiplier String
L — — — cp — b L Load New Multipticand and Clear Internal Sum and Carry Registers
H — — — — - - - Device Enabled
H t - — - L L AR Shift Sum Register
H t - - - L H AR Add Multiplicand to Sum Register and Shift
H t — - - H L AR Bubtract Multiplicand from Sum Register and Shift
H k — — — H H AR Shift Sum Register
H I= HIGH
L= LOW

1 = LOW to HIGH transition

C3 = Connected to 5 output of higher order device
QP = X; {atches open for new data (i = §, ¥}

AR = Qutput as required per Booth's algorithm

DEFINITION OF FUNCTIONAL TERMS

X0, X1, X2, X3, Xa, X5, X5, X7 The eight data inputs for
the multiplicand (X) data.

¥ The serial input for the multiplier {Y) data—least signifi-
cant bit first.

8 The serial output for the product of X - ¥ —least signifi-
cant bit first.

CP Clock. The huffered common clock input for the serial/
parallel multipiier. All functions occur on the LOW-to-
HIGH transition of the clock.

34

CLR Clear. The buffered common clear for all flip-flops
within the device. When the clear is LOW all flip-flops are
cleared. Atlso the buffered X-input latch enable, When the
clear input is LOW, the X latches will accept new X-input
data.

K The surm expansion input to the serial/paraliel multiplier.
Allows for cascading devices,

M The mede control input for the most significant hit of
the muitinlisr
determine the most significant bit.

It ig nzed in ponjunction with cascading o



8-Bit Serial/Parallel Two’s
Complement Multiplier

25L514

APPLICATIONS
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25L.815

Quad Serial Adder/Subtractor

FEATURES.

Four Independent Adder/Subtractors

Use with Twe's Complement Arithmetic

Magnitude Only Addition/Subtraction

Advanced Low-Power Schottky Processing

100% Retiabilsty Assurance Testing in Compliance With
MIL-STD-883

DESCRIPTION

The 25L515 is & serial/parallel two's complement adder/
subtractor designed for wuse in association with the
251514 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 & plus
B and the subtract function is A minus B. The clear func-
tion sets the jnternal carry function to logic one in subtract
mode. This least significant plus one is seff propagating in
the subtract mode as long as zerpes are applied at the LSB's.

LOGIC DIAGRAM

{One of Four $imilar Functions)

Voo Fa 54 Bg LY Ax By D3 Fz CLA
. T ﬂ % %
. [
—~CLOCK CLEAR

! [
ayclolatcls
[+ Fy L1 By Ay AR By 52 Fz  GND

Note: Pt is marked Jor orientation

The 2&6LS515 is particularly usefu! for recursive ar non-
recursive digital filtering or butterfly networks in fast
fourier transforms.

CLOCK ~———{ >0 TO 3 OTHER
A N . ADDER/SUBTRACTIONS
> —JI >’|,__” o 0 a Fq SUM
1 c
Do D>
4 ]
SET
&)
S ——-Do—o e Q-+
ADD CLAR
SUBTRACT
. TO 3 OTHER
CLEAR M ADDER/SUBTRACTORS




Quad Serial Adder/Subtractor

25L815

Recommended Operaling Conditions

Military Commercial . 3
N - = Units
Min. Typ. Max. | Min. Typ. | Max.
Supply Valtage Voo 4.5 5 5.5 4,75 50 |5.25 v
High-Level Jutput Current Ly ~440 —440 i A
Low Level Outpgt Current I B 8 J]_ A
Operating Free Air Temperature —55 +125 | @ +70 l g

Electrical characteristics Over Operating Temperature Range (Unless Otherwise Noted)

Military Commercial
Ty,
F: D ipti Test Conditions {Note 1} Min. {Mote 2) | Mex. | Min Ty, | Max. Units
e = MIN ., 15y = —44004 256 27
Vou Clutput HIGH Yoltage CC_ oH Valts
L M Ve vy
] T Vee = MIN lq) = %.0mA 0.4 04
| w Output LOW Vol roee ) oL — Valts
j oL ¥ e Ve vy, ToL - S0mA U35 0.45
! Guaranteed input logcal HIGH e
| ¥ Input HIGH Level . ] 20 20 Valts
: I voltage for all inputs
Suarantzed input logeal LOW
VPL Inpue LOW Lavel o7
| | waltage for atl inputs o _
vy | Input Clamp Vaohage 1.5
i 1 iy — o]
Input LOW Current -0.36

{Nate 3}

i Input HIGH Currant Voo =MAX, Wy =27V 0

[hote 31 _

I Input HIGH Current Voo » MAX, ¥y = 7.0V 0.1

1 OLIlDUt Short Circur " _ MA;I T T a0 _85_—

5e ConentiNotea) | TOETHAN |

\ Fower Supply Current |, _ max e | 75 a8 |75 a !

= . M.
cc {Note B) e l |

Notes: 1, For conditions shawn as Min, or Max., use the appropnate value specified under Electrical Characterishes for the applicable device type,
2. Typical limits are at Yo = 5,0%, 2587 ambient and maxmum loading.
3. Acwal input eurrents « Input Load Corrent = dnput Load Factar (See Loading Huktes).
4
B

Wot more than one output should be shorted at a time. Duration of the short circuit test should nat excced one socoand,
Allinputs HIGH, messured after a LOW-te-HIGH clock transinan,
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25L515

Switch Characteristics V. = 5.0V, T, = +256°C

Quad Serial Adder/Subtractor
" - ]

c

G

X = Don't Care
NC  =MNo Chanpe
H = HIGH

L = LOW

t

3-8

= LOW-to-HIGH Transition

= Data In the Carry Flip-Flop Before the Clack Transitign
= Data tn the Carry Flip-Fiop After the Clock

DEFINITION OF FUNCTIONAL TERMS

From Te +25°C
Parameters - )
|input} {Dutput) Min. l Tyn. I Max. Units
Tast Conditions: C,_ = 15pF, R, = 2k} {Ses Fig. A, page 2-174)
{PLH Clock F 14 2 ns
tPHL 14 22
tPHL Clear F 20 30 ns
g Set ul:»:t'ﬂue__~ A8, s 1Q s
th Haold time a
1 Clear Recovery time 25
th Clear Hold time 0 ne
. Clock Pulse Clock HIGH 17 ns
pw Width LOW | 17
thw Clear Pulsa Width 20 ng
fhax Max. Clock Frequency 30 a0 MHz
FUNCTION TABLE
Internat

External inputs Paint Output AyA2A3A,
CP CLR § A Bl € €| F | Function B1.82,83,B4
x L L X x|L L L $1.52,83,51
X L H X x|n w T
L H X X X |NC NG NG
H M X X X |NC NC NC
t M L L L|r L L F1.F2,Fa.Fa
t H L L L|H L H
*H L L H|L L H CP Clock
t H L L H|H H L
t H L H Lt L H Add
+ " L H ocly w L CLR Clear
T H L H HlL H L
1 H 3 L H HIH H H
t H H L LiL L H
t H H L L{H M L
+ H H L H|L L L
t H H L H|H L H
+ H HH L|L H L Subtract
T H H ®H L |H H H
+ H H H H | L L H
+ H H H H|H H L

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 cutputs of the
adder/subtractor.

The clock input for the device. All internal
flip-flops chanoe 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 10 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-  C = CpHG={AR+BRWR-B W I+ilA +BgW +B,Wg)

Tukey Fast Fourier Transform (FFT) algorithm is shown D = CrtiD=lAR-BgWg+B W+ J(A ~BgWW-B\Wg!
below. Here we assume A, B, C, D and W are all complex

numbers such that: The four rmultiplications can be implemented using four

25LS14 serial-parallel muktipliers {the appropriate number
A = AptiA of bits must, of course, be used). The additions and the
B8 = Bg+g) subtractions are implemented ysing the 2501515 guad serial
W o= Wgtiw, adder/subtractors. This diagram depicts only the basic data

flow; binary weighting of the numbers, rounding, truncation,
The outputs C and D are alse complex numbers and are etc, must be handled as required by the individual design
evaluated as: parameters.

FAST FOURIER TRANSFORM (FFT]) BUTTERFLY

261522 _ - 14 26L515 o 1/4 251515
SpotaediN LR Q0 = R 25L514 5 | 4 (a_ B F |5 (A v B] F = Cp

e X B A

f 4 $

Wrempld
B
Agoalin  2BLS22 Qg
B i L]
x &
BiWg
Y oomse s 15 VEZLSIS pb—m g
B Q »|v 25514 B 1/4 251515 c

[y 251522 Qg o s ™ aes ™o

B X A

_ & [

ﬁ W|+'
B
Ay —Fa]IN 25L522 |
5 I i L b
x B A
BRW
n R¥L 1/4 26L815 = 1/4 25L515

»{v L3514 5 o LA ¢ o CE F—e 0,

An FFT butterfly connection for complex arithmetic inputs and outputs.



251822 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 B-bit Serial/Parallel register with 3-
state outputs, Data may aiso be loaded in a serial manner
from inputs Da or Dy under control of a multiplexer
select input A register enable function also provides parallel
lgad, shift and hold functions,

The 26L822 has a sign extend function which is specif-
ically designed for use with the 250514 eight by one
serial/parallel twa's complement multiplier. Typical shift
frequency is BOMHz, The 251522 is packaged in a standard
20-pin package.

LOGIC DIAGRAM

5 g

200335558

E oy oYq DYz DYp Op L+
12

CLOCK

|LE2Z CLEAR

RE EF Dg DYy DYs D¥y DYy OF CLR GND

HNote: Pin 1 is marked for arierdation.

REGISTER
ENABLE "1
SERIAL‘: i ;
PARALLEL 2 .[__D_
SIGN #
EXTEND 18
Py

17
MUX __ [
SELECT '19%& [
3

CLEAR u—g—np.
CLOCK °'i1_b"
THREE
STATE o——;D:s -+
CONTROL
o€ :
a 16 5

3-10




8-Bit Serial/Parallel Register with Sign Extend 251522

Recommended Operating Conditions

L Military Comimercial Uni
— nit
Min, | Typ.| Max. Min. | Typ. | Max.
Supply Voltage Voo 45) 50| 55 | a4l so|szs| v
- Q -0.44 -0h.44
High Level Qutput Current gy o méa
Dy =1.0 =26
Low Level Output Current by | 4 8 4 8| ma
QOperating Free Air Temperarurg -B5 ] +i25 4] 70 | °C
Electrical Characteristics Over Operating Temp. Range {Unless Otherwise Noted)
Military Commercial
Tvp. Linit
Description Test Conditions INote 1} Min. | {2} | Max. Min. | Typ) Max.
[or | = —440uh 25 27
Voo = MIN. O OH a -
YoRr Chutput HIGH Voltage Y
Wiy = Vg o Vi DY loH = -1.0mA 24 2.4
oY, Ign = ~2.6ma 2.4 2.4
Ve = MIN. | =4.0mA 0.4 0.4
VoL Cutput LOW Vaoltage ce oL ™ A
Vi T Vg o VL gL = 8.0mA 0.45 0.45
Guaranteed i t logical HIGH
VN Input HIGH Level varantese input logica 2.0 2.0 v
woltage for all inputs
Guaranteed input togical LOW
VL inpur LOW Level ) a7 0.3 W
woltage for alt inputs
———
V) Input Clamp Vol tage Ve =MIN, Hiy = -18ma -1.5 -1.5 W
| SE 1.08 -1.08
uI\qL o 3 |17 LOW Current Voo MAX., Vi =04V | § Co.72 ~0.72 | mA
ate
Others ~0.26 -0.36
i W =MAX,, Vi = 2.7V SE 60 ca
1H Input HIGH Current ce s YIS s | a0 40 | ua
(Mote 3} {Except DY) -~
Gthers i 20 20
SE [ 63 0.3
Vg = MAX., W gy = 6.5V |
Iy Input HIGH Current & . 0.2 0.2 | mA
{Except DY)
Others | o1 6.1
OFf State {High Impedance) Vg - 2.4V I a0 40
o Voo = MAX. — — RA
Dutput Current {DY;} Vi = 0.4V —100 -100
Qutput Short Circuit
| W = MAX, -30 -85 -30 -85 A
sc Current (Note 43 cc T
lee Powwer Supply Current Voo = MAX, 40 55 40 65 | mA

Motes: 1. For conditions shawn as MIN, or MAX,, use the appropriate value specified under Electrical Characieristics for the applicabde device
wpe.

. Typicat limits are at Yep = 5.0V, 25" C ambient and maximurm {oading.

. Actual input currents = Unit Load Current » Input Load Factor (See Loading Rulesh.

4. Mot more than one cuthut should be sharted at a time. Duration of the shart circuit test should not exceed one second,

[



251822 8-Bit Serial/Parallel Register with Sign Extend

Switching Characteristics V.. = 5V, T, = +25°C

From To +25°C )
- Units
Paramaters {Input} {Qutput) Min, i Typ. ] Max.
Tast Conditlons: C, = 50pF, R, = 2k(} {see Fig. C on page 2-174)
t 168.% 24
PLH Clock DY; ng
tPHL 18 26
tPHE, Clear D 23 30 ng
t 15,5 24
FLH Clock Qg ng
tPHL 18 26
tPHL Clear Qg 23 30 ns
Test Conditiona: T = 15pF, R, = 2k{l (see Flg. C on page 2-174)
1ZH 13 21
t e 18 26
2L, QE 0Y; ns
tHZ 13 21
0wz {- 18 26
ZH l 18 26
5 . 3 32
zL SER/PAR oY, ,L ns
tHZ i 18 26
wz ! 23 3z
5 Set Up Time AE To Ciock L 20 |
1 Set Up Tims SE To Clock [ 10 !
1 Set Up Time 5 To Clock [ s i
; 1 na
1 Set Up Time DADE 1o Clock | 15 i
fe Set Up Time DY, Ta Clock J 15 E
is Ciear 10 Recovery To Clock ' g0 i
15 Set Up Time S/P To Clack |IEE T .
f H
h Hold Time Any Input 0 |
th Clear Hoid Time o ﬁ ns
. HIGH 8.0
tpw Clock Pulse Width ns
Lo 8.0
Tpwy Clear Pulse Width 20 i ng
frnax Max. Clock Freguency 50 T MHz
FUNCTION TABLE
INPUTS CQUTPUTS
Register | Serialf | Sign Mux
Muode Ctear |Enable | Parallel | Extend | Select OE* | Clock DY [OYg |DYs DYy |DY3 ([DY2 | DYy | DYp |Qp
el L X X X X L X L L L L L L L [ L
r )
oo ] o« x % % H| x zlzjz|z|z|lz|z]| z|L
Parallel Load H L L X X X 1 D7] Dg| D5 | Dg | D3 ) Dz | Dy | Dp| Do
H L H H L L t Oai{Y7n 1 Y6n | ¥5n | Yan 1 Yan Y20 ) Yin [ Yin
Shift Right
A B B H o1 H L H Ll * | PeiX¥7n!¥6n |60 |Yan | ¥3n [Yon | ¥1n | Yin
Sign Extand H L H L X L t Yon | Y70 Y60 { Yon [ Yan | Y30 1 Yon | Yin [ Yin
Hald H H X X X L t MC | NC| NC{ NC | NC| NC| NC| NG| NG
L = LOW H = HIGH
t = Clock LOW-to-HIGH Transition MNC= Mo Change
X = Don't Care Z = High Impedance Qutput 3tate
"When the OE input is HIGH, ol inputfoutput terminals are at the high-impedance state; sequential opmatian or clearing of the register is not

affected.
D7, Dg . . - Dg = the level of the steady-state input at the respective DY, tarminal is loaded into the flip-flop while the flip-flop ourputs {except
Qpl are isolated from the DYy terminal,
D, Og = the level of the steady stale inputs to the gerial multiplexet input.
¥ 7n: Y6n - - - ¥0n = the level of the respective Gy, flip-flap prior to the |ast Clock LOW-to-HIGH transition,
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8-Bit Serial/Parallel Register with Sign Extend

25522

DEFINITION OF FUNCTIONAL TERMS

pY;

Qg

§/P

Da. Dp

CLR

The multiplexed parallel inputfoutput 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
1o 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
iDa and D) is enabled to enter data during the
serial shift right. The Q7 flip-flap {OY7) is nor-
mally considered the MSB of the register for
arithmetic definjtions,

The serial inputs to the device,

Multiplexer Select, When 5 is LOW, the D pa serial
input is selected. When 5 is HIGH, the Dg 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.

cpP Clock. The clock pulse for the register. Register
operations occur on the LOW-to-HIGH transition
of the clock pulse.
OE Qutput Control. When the QE input is HIGH, the
cight DY outputs are in the high-impedance state.
When OF is LOW, data in the eight flip-flops will
he present at the register parallel outputs unless
S/P is LOW.
LOADING RULES (in Unit Loads)
Fan-Out
LOwW Qutput
Input/ nput Qutput Lo
Qutput_ Pin No.'s Unit Laad  HIGH 4md, Bma
RE 1 1 - - —
5/P 2 1 — — —
[=F 3 1 — — —
DYy 4 .3 60130 11 22
bYs 5 0.3 50/130 11 22
OYs3 & 0.3 50130 11 22
DYy 7 0.3 500130 11 22
OE 8 1 - — —
CLR 9 1 — — —
GND 10 - - - -
cp 11 1 - — —
Qp 12 - 22 1 22
DYg 13 0.3 500130 11 22
DYy 14 0.3 601130 11 22
DYy 15 0.3 50130 11 22
DYg 16 0.3 50/130 11 22
Dg 17 1 - - —
5E 18 3 - — —
S 19 2 - - -
Yoo 20 - - — —

Low-Power Sehottky TTL unit load is defined as 20pA measured at
2.7V HIGH and -0.38mA measured at 0.4V LOW,



APPLICATIONS
CERNTROIL
INPLITE
L H
) & &
EF ar HE & T FRE
L—5 —35
— va 0 D&
— CLR PRLERD el [LA PALRFE
P (=
— 2L —g UL
vy Oy Gvs Dyq DY) ©¥: O¥| GYg Dy Livg D¥g Y4 ¥y Ovy DY Cvp
LEAR
CLOCK
TE
WIS Yie Yip iz Y vimo Yy YE FTOovE W5 Y4 V2 ¥r V1w
Tt B3 a5 LG
b“’”; Gl LewER RY iF
IEBIT DSTL GUS
251822 5L 527
FUNCTION
SYSTEM UPFER BYTE LOWER BYTE Tio
OPERATION
SE s/ | RE 0E SE S/P | RE Dascription
H H L X X L L Load from Bus
Load lower byte and
extend |ower by te sign
7 elock cycles to
to upper byte L H L H X X H )
extend sign
X L L X X X X Loadf fram Bus
Load upper byte and
extend vpper byte sign 8 clock cycles 1o extenn
while shifting value to upper by e sign and shifl
lower byte position H H L H H H L. uppar by te into lower by ta
position
Read 18-bit waord 1o Bus X X x L x x X L Linload

Two 26LS22 B-bit registers can be used to perform the sign
extend associated with twa's complement 8-bit bytes for
arithmetic operations in a 168-bit machine. If the upper hyte
value is 1o be used, it is shifted o 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
T

Diagram shown for HIGH data only. Qutput 2. Cross-hatched area is don't care condition.

transition may be opposite sense,

Motes: 1.

3-14



8-Bit Shift/Storage Register with Synchronous Clear

25L.523

FEATURES

Synchronaus Clear

Three-State Outputs

Common input/Output Pins

Advanced Low-Power Schottky Processing

106% Reliahility Assurance Testing in Compliance With
MIL-STD-883

DESCRIPTION

The 2BL523 is an B-bit universal shift/storage register
with 3-state outputs. The function is similar to the
25L529% 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, Shiftright and Load Data. The 251523 has a
typical shift frequency of SOMHz, The 250523 is pack-
aged in a standard 20-pin package.
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25Ls23

8-Bit Shift/Storage Register with Synchronous Clear

Recommended Operating Conditions

Mititary Commateial i
- - Unit
Min, | Typ.| Max. Min. | Typ.| Max_
Supely Veltane Vo 45 | BOi 55 478 | 50525 [ v
Qp—C 1.4 044
High Level Cutour Current lgp I i mA
| D p-bvy i T —26
Lenee-Level Qutput Currant loy | 40| B0 40| BU | ma
Operating Fres Air Tempararure Tg [ -58 125 o m| e
Electrical Char istics Over Operating Temp e Range (Unleas Dtherwise Noted)
Military Commercial
Dwzcription Test Conditions (Nots 1p Min. 12t Pdax. Mir. | Typ. | Max. | Units’
Voo -MIN, | G, Uz Ion = Moes | 25 | 2.3
W Dutput HIGH Voltage WM = W or | =-1.0ma& | 24 W
oH _ IN = VIH Ovg-Dv7 |LOH | I[
VoL | Iy = —2.BmA | i 2.4
Ve = MIN. Iop = 4.0ma 025: 04 fnas| o4
Ve Quipur LOW Voliage o i oL ! e W
Wyp = Vg VL [ gy = 8.0ma 035( 045 0.35 | 0.45
o Guarantesd inpar lagical HIGH ! 1
Wiy InpLer HEGH Level i npur tog! 20 i 20 | W
wiltaga for all nputs | i
Guarantead input logical LOW
i Tnput LOW Levsl ) 9 || 0.7 o8 W
H voltage for all inpurs :
:\."| Inpust Clamp ol tage Voo =MIN., gy = -18ma 1B -18 W
he 5. 59 , -0.8 -5
Iny ] - - mé
tore 3| M LW Current Ve - MAX, vy = 0.4y oy 3 ——
] W = MAK, Wiy = 2.7V S0.5 40 4
Input HIGH Current o " 0. 31 e h
INote 3t lExcm! Bl Al athers 20 0
[VeC = MAX. iy =559 | 5g.8 n.z 0.2
I Ingut HIGH Cuirent ce” = - 51 - A
[Except DY || Al athuyrs o 0.1
OHt-Stata (High impedancal Vi = 0.4 —100 =108}
o Vo = MAX. Py
Ouiput Cuirent Vg = 2.4y 40 400
| Output Share Sircust Cureant v Max a0 . 10 a5 1 a
L = . - —BE -, - m
5C IMNare 4} ce
leo Pawer Sunply Currant Vg = AKX, {Nota B B 57 38| 57 | ma
Motes: 1. For conditions shawn as MIN. or BAX .,

2. Typical limitg are ot YVor = 500, 26°C ambient and mosmunn ading.

3. Acwal input currgnes = Unit Load Cutrent % Input Load Factor [see Loading Rules)

4 Mot more than one gutput should be shorted at a rime. Duration of the shart cirguit test should not exceed one seeond.
5 lgp—measurad wath clock input HIGH and cutput contrals HIGH,

Switching Characteristics (T. = - 25°C, V.. = 5.0V}
From To +I8°C
Patarneiers | {lnput] {Quiput} M. | ] Man. | Units.
Tast Condifions: C, = 15pF, A, = 2kil {See Fig. A, page 2-174)
EP LH Cloek Cipol Q7 ;i
PHL = s
'PLH
Clock oY —
YPHL i ' 21
1y ;. 50 Setup Prier to Clock 2(_1“_‘ N
1y S, 5|, Setup Prior to Clock 20
T Clock Pulse Width 26 ng
1h Hold Time 3.0
lg Clear Setwp Prior 1o Clock 20
; 20
1 I 5. S ov;
121 1%
— 70 n5
] Gy. Gy oY,
ZL 18
Trmasx Mazimum Frequency 50 mHz
Tead Conditions: = 5pF, R, = 2 (See Fig. C, page 2-174)
22
‘L2 3.5 |5 DY, [
HZ i 0
Lz ] 20 "
tHZ G1.62 i el 6
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8-Bit Shift/Storage Register with Synchron’ous Clear 251823

TRUTH TABLE

Fune INPUTS Foutrors | HPUTS/QUTPUTS
unenon
Sg | 5L | CLEAR [CLOCK | Sp 8 ’ Gq Ga ’ 0g Q7 !DY{] DYy DYz DYz DY4 DYs DY DYz
Clear x | x L t fNote 1] | L L jLot v v v v v L uoL
1 L
| X X ® X X X ! H L NC nNC | 2 z z z z z z z
Quput l || ’
comtrof X x X X x X L H NG NE | z z z z z z z z
oniro H
| x % b P X X | H H {NC NC g Z z 2 z . z z z
Hold ‘x X H X Lt it ot lme Ne[NC NG NG NC NC NG NG NC
M Load Nete 2} | X | X H ' t H H L L|a H | a&a B ¢ o E F G H
O | Shift Right HL b H t H L L Lyt DVg] L DYg D¥y DYy DYz DYs Dvg DYg
D | shify Right \H x H t M L L L | H OVg} H DYp BYy D¥p DYz DYq DY5 DY
E | Shift Left x L H 1 L H L L ID¥; L |D¥y; DYz DYy D¥gq D¥g OYg DYy L
Shift Left !x H H l t L H L L lDY, H DYy DYy DYy DYgq DYg D¥g DY H
L=LOW Z = High Impedance T = Transition LOW-ta-HIGH Motes: 1, Erther LOW to observe outputs.
H= HIGH X =Don’t Care NC = No Change 2. In this mode DY are inputs,

DEFINITION OF FUNCTIONAL TERMS

Sk Shift right data input to Q7 G1, G2 Active LOW input to contrgl three-state out-
put in active LOW AND configuration,

SL Shift left data input to Qp
Clear Active LOW synchronous input forcing the
Qg through Q7 register to see LOW condi-  Qp, 07 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";t': hchang;ng Séaj[e to ;e“ Sta:ft_as de- DYg—-DY7 Input/Qutput line dependent on mode and
n. - i
seribec by mods and input data conditio output contral. Input only with mode select
50. S1 Mode selection control lings used to control LOAD. Qutput in all other modes but sub-
input {output during load) conditions ject to output select (G4, Gok
APPLICATION
MPUT/OUTPUT DATA
Dg €& Oz O3 04 Dp g Of Dg L‘|9 B D11 Dig Uy bid Dis
SHIFT Owg 0¥y D¥z D¥3 D¥e D¥s D¥g DYy Ovg O¥q D¥2 OY3 DYy D¥s DV O¥F SHIFT
RIGHT m—— 5y LR A 5 f————— LEFT
L] INPUT
) | € LE AR CLK —-——-—d CLEAR CLK
251523 51523
B G for— 3g G 0—|
— 5 Gz fo—e —] 57 &2 O—e
Ly o; g ar
SERIAL ] SERIAL
auTeul QUTPUT
LEFT HIGHT
CLEAR
CLOCK
QUTPUT
COMTARAOL
MUUE{
COMTRAOL

16-Bit Cascaded Parallel Load/Unload Stift Right/Left Registar
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2518122 25L5123

Single and Dual Retriggerable

Monostable Muitivibrators with Clear

FEATURES

® Retriggerable for Very Long Output Pulses, Up to 100%
Duty Cycle

® Qverriding Clear Terminates Qutput Pulse
% Low Power Dissipation:

2515122 . . . 30 mW Typical

2518123 . ., 60 mW Typical
B Compensated for Vo 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 Vo compared to 2LS/74LS
4400l source current
100% reliability assurance testing in compliance with
MIL-5TD-283

DESCRIPTION

The 25L5122 and 25L8123 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 simptifies the generation of output pulses of extremely
leng duration. By triggering the input before the ouiput
pulse is terminated, the ocutput pulse may be extended.
The overriding clear capability permits any output pulse to
be terminated at a predstermined time independently of
the timing components R and C. Enough Schmitt hysteresis
is provided to ensure jitter-free triggering from the B inputs
with transitfon rates as slow as 1 volt per second. Figure
1illustrates triggering the one-shot with the high-level-active
{B) inputs.

25L58122 FUNCTION TABLE

{SEE NOTE )
INPUTS DUTPUTS
CLEAR|A1 A2 B1 g2 | C a
L X X X x | L H
X H H X X | L H
X X X L x | L M
X X X X L | L H
X L X H H | L H
H L X t H{JL ar
H L X H t | JL r
H % L H H | L H
H X L t H |11 1
H X L H t |JL r
H H L H H | L r
H + + H H |JL r
H ! H H HO| L 1
t L X H H |[TL r
4 X L H H|JL 11
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2615122

Rgars
Wep Cext WU Cypyg MO Ay 0

(o] [7]

BZ CLA O GND
lggic: cew function tabite

AT A B

NC—Ma internal connagLion

Diz Size .085 » .07

2618123

T Rawty 1
Vet Cear G 10

Nolcicle

2
20 CLR 2B 2A

W0 20 7 2Ry GRG
CLR Geut Cent

hogic: swe luncricn wable

Die Size .085 x .071

2BLS123 FUNCTION TABLE

ISEE NOTE 1)
INPUTS QUTFUTS
CLEAR| A e a Q
L X b4 L H
X H X L H
x X L L H
H L t JL ar
H : H Iu g
1 L H JL r




Single and Dual Retriggerable

Monostable Multivibrators with Clear

25L5122 25LS123

NOTES: 1.

H = high level (steady statel, L = iow level {steady statel, T = tramsition from low to high level, | = wransition from high to low

level, H = ane high-level pulse, L = one how-leve! pulse, X = irrglevant {any input, including transitionst,

LR N

. To use the internal timing resistar of 2508122, connect &, 10 Ve,

. An external timing capacitor may be connected betwesn Caywy and Byt Caxq (POSiITive),

For accurate repearable putse widths, connect an external resistor between Rpyt/Cayy antd Vo with Ripy open circusted.
Ta obtain variable pulse widths, connect external variabte resistance between Binp or Rax/Caxt and Voo,

RETRIGGER PULSE
1508 Nate)

ainput I I
;
[ JFY P T p———
1
sulPYT @ [ _____
CUTPLGT WITHOLIT RETRIGGER

DUTFIT FULSE CONTROL LISING RETRIGGER PULSE

B INPUT I I

CLEAR l—lnuTPuT WITHOUT CLEAR

______ al
QUTPLT O i

OUTFUT PULSE CONTROL USING CLEAR INFUT

MOTE: Retrigoer pulse must not start before 0L22 Cgeq lin

picafarads] nanoseconds after previous trigoer pulse,

FIGURE 1-Typical tnput/Output Pulsas

These monostables are designed to provide the system de-
signer with complete flexihility in controlling the pulse
width, either to lengthen the pulse by retrigyering, or to
sharten by clearing, The 2505122 has an internal timing re-
sistar which allows the circuit to be operated with only an
external capacitor, if so desired.

The gutput pulze s primariiy a function of the external

Recormnmended Operating Conditions

TYRICAL QUTPUT PLILSE WIinTH

wr
EXTERKAL TIMING £ AL TANCE
U] =

e e 200 b

— Ry = 160K i il
Tt

A

I oy

=
L=

vy

[— T
T i It B ol P
T w7 LAY
T f 1M
Wi = 25
—1

i
LY
3

1 g Lt Buine indeh a

=
|

B w ]

Capp=F aternid Tinmiy Caparacaniz al

T These values of resistance exceed the maximum recommended for
use aver the full tamperature rangs of the OLS/A4LE" circunts.

FIGURE 2

capacitor and resistor. For Cpyxy - 1000 pF, the output
pulse width (ty,} is defined as:
tyw = 0.4« BT+ Cext
where
R isin kL2 feither interna!l or external timing resistor),
Ceaxt is in pF,
tyy 15 iN N3,

For pulse widths when Cayt = 1000 pF, see Figure 2.

Mititary Commercial
Unit
Min. | Mom., Max. Min. { Noem. (Max.-
Supply voltage, Voo 4.5 7] b5 4.75 5 |5.25 v
High-tevel output current, |oy —440 —440 | ph
Low-level output current, 1oy 4 8 4 3 | ma
A or B inpute high 40 40
Pulse width, 1y A or B inputs low 40 40 ns
Claar low 40 40
Extarnal timing resistance, Ruxy 5 25 S 360 | k52

External capacitance, Cayy

Mo restriction Mo restriction

Wiring capacitance at Ry, /Cayy terminal

1 &0 | pF

Operating free-air temperature, Ty

-55 | [ 125 o] [ 70]-c
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Single and Dual Retriggerable

25LS122 2505123 Monostable Multivibrators with Clear
. — - - - ]

Electrical Characteristics Over Recommended Opearating Free-Alr Temperature Range
{Unless Otherwise Noted)

Military Commarcial
Parameter Test Conditions’ Unit
Min. | Typ.¥{Max, | Min. | Typ.*[Max.
ViH High-level input voltage 2 2 v
VL Lowelevel input voltage a7 0.8 v
Wy Input clamp voltage Vog = MIN, Iy = -18 mA -1.5 -1.6 W
Voo s MIN, Viy = 2V,
Vo Migh-tevel cutput voltage 251 35 27| 2386 v
VL = V] max, I = —440 A
Ve = MIN, ViH=2V, | loL =4 mA 0.25 | 0.4 026 | 04
VoL  Low-levet output vottage v
VL s VL max loL =8mA 0.36 | 045 0.35 | 0.45
trput current at
I Vog T MAKX, V=7V 0.1 0.1 | ma
maximum input yoltage
iy High-level input current Voo = MAX, V)= 2.7V 20 20 | wA
I Lowlevel input current Voo = MAX, Vy =04V -0.4 —0.4 | mA
log  Shortcircuit outputcument’ | Yoo = MAX -15 -85 -15 -85 | mA
Supply current 2515122 6 H & LA
oo Voo = MAX, See Mate 2 m
Iquisscent ar triggerad) 2515123 12 | 20 12 20

TFor conditions shown as MIN or MA X, use the appropriate value specified under recommaendad operating conditions.

FAIL typecal values are at Ve = 5Y, Ta = 25°C.

FNot mare than ane output should be shorted at a time and duration of the short-circuit should not exceed one second.

NOTE 2; With atl gutputs open and 4.6 W applied to all data and clear inputs, log is measured after 3 momentary ground, then 4.5 V, is
applizd to clock.

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

From To +26°C
Parameters Unit
|Input} 1Output) Min. | Tyn. ! Max.

Tes Conaitions: G, = 15pF, R, = 2.0k C..; = 0pF, R,,, = 5.0 k1)
{See Fig. 3, page 3-19, and Fig. A, page 2-174)

. A a 20 30 o
PLH 8 26 18
. A 5 28 ap
PHL ne
B 35 a8
1
PHL Claar ?. 18 22 ns
PLH &) 25 40 ns
1 Qmin) AorB Q 116 200 ns
1,0 AorB a 40 | 45 5.0 ns

*For thistest Ry, = 10k, C, 4 = 1000 nF.
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Decoders/Demultiplexers

255138 2515139

FEATURES
m 25| $138: 3-Ling-to-8-Line Decoder
1-0f-8 Damultiplexer
B 251 5139: Dual 2-Line-to-4-Line Decoder
Dual 1-of-4 Demultiplexer
B Higher Speed compared to 9LS/54LS and 9LS/74LS
B BmA sink current over full military temperature
range
s 50mV improved Vo compared to 9LS/74LS

®»  AA00A source current

®  100% reliability assurance testing in compliznce with
MIL-STD-883.

DESCRIPTION

The 25L5138 decodes one-of-gight lines dependent on_ the
conditions at the thres binary select inputs and the three
enable inputs. Two active-low and one active-high enable
inputs reduce the need for external gates ar inverters when
expanding. A 24-line decoder can be implemented without
external inverters and a 32-line decader requires only one
inverter, An enable input can be used as a data input for
demultiplexing applications.

The 2515139 comgprises 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 demuitiplexing applications.

These circuits are designed to be used in high-performance
memaory-decoding and data-routing applications requiring
very shart delay times.

25L5138
FUNCTION TABLE
IRPUTS OUTPUTS

ENBBLE | SELECT

G1 G le B AlYD YY) Y2 ¥3 YA ¥ ¥E_Y7
X h |x x X|H HHHHKHEGBRH

L % |[X % X|HHHHHHHH

M L |t Lt t|L HHHHHHH

H L |L L H|H L H®HHHHH

H L L H L H H L HHHHH

H L L H HIH H H L HH®HH

H L |H L L]|H HHHLHHH

M L |H L H|H HHHHLHH

H L |H H L|{HHHMHHHHLH

M L |H H H|H H HHHBHL

*G2 - GIA +G2B

Y = high level, L = low level, X = don’t care

PIN-OUT DIAGRAMS

& 7 B

Die Size 063 x 069

25LS138
DATA DHI‘PUTS

ver YD VI Y2 Y3 Y9 VR V6
S,
T e

o Wi

L Gre GFBGY P

hohhbhe

P n 8 €, G2AGZB G1, Y7 GND
SELECT ENARLE OUTPUT

14 13 12 1 ENABLE

Die Size 063 x 069

2505139
SELECT DATA OUTPUTS

Voo 26 2A 28 2\"0 2Y1 2\"2 Y3
(2] i3 1

16 1A 1B IY0 1Y1 1¥2 1YIGND
ENABLE SELECT DATA QUTPLTS

25L8139
FUNCTION TABLE (%)

INPUTS
EM&OLE | SELECT
G ]

QUTPUTS

Yo ¥1 Y2 ¥3
H H

FrT

-

j - S A4
I r~Tr =|p

H
L
H
H

I-~ITITX
T IITIZI

1
H
H
Lt "

H = high tevel, L = low level, X = don’t care
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25L5138 25LS139 Decoders/Demultiplexers

LOGIC DIAGRAMS

2505138 25L5139
i 115}
¥o = }L‘” 1v0
i ,_DE:I' Y1 ENABLE iG ﬁ{} DE %1
EnaRLE |G 13t |
4 —w—d} Y2 1)
INFUTS  1G2. | 121 1¥2Z
G285 Ty 2y DATA SELECT ‘Aa{)= {— i
INPUTS 1B S0 W3 LaTa
:.Dﬁ_‘_”yg QUTPUTS
4 " (:uzr 20 [ ouUTPUTS
Aﬂbc {> :L}_ e st i
SELECT 2} P y = ——\i9 v ENABLE 26 —{> { 2v1
meuts 18 bl s ar LI
— ¥7
cOpe Lot et P T AER e
ZB—-DO—-
Recommended Operating Conditions
Military Commarcial Unit
Min | Nom | Max Min | Nom | Max !
Supply voltage, Ve 4.5 5 55 | 475 5 5.25 v
High-leve! autput current, lgy —440 440 | pa
Low-l_evel output current, kgL a0 8 4 8 mA
Operating free-air temperature, Ta -56 125 | 0 [ °¢
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
T Military Commercial
Parameter Test Conditions Win [ Typ™ | Max | Min | Typ | Wax Unit
Wiy 2 2 A
ViL [N 08V
7 Veo=WMIN, | 1j=-18mA TE - B
Voe=MIN, WMin=2V,
V 25 34 2.7 34 WV
OH Wy =V max, lgn= —440uA
N Vee=MIN,  Vig=2V, 15 =4mA 0251 04 0251040 |
oL V=V max Top =8BmA. 03 [ 645 035 | 045
I Veo=MAX, V=7V _ 0 01 | mA
™ Voo~ MAX, V=27V 20 20 A
Iy Veo=MAX, V-04V 036 “036| mA
|osi Vcc“—MAX -156 -85 - 15 -85 mA
Ve -MAX, 3515138 63 | 10 63| 10 |
lcc s m
Cutputs enabled and open 25L5139 6.8 1 5.8 1

*For conditions shown as MIN or MAX, use the appropriate value specified under recommendad operating conditions for the applicable
device type,
**Al typical values are at Woe ~ 6V, Ta = 26°C.
ThHot mare than one output should be shorted at a time.
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Decoders/Demultiplexers
e

25L5138
Switching Characteristics, V. = 5V, T, = +25°C
Levals +25°¢C
Parameter of From To
Delay {input) joutput! Min 1 Typ I Miax Unit
Test Conditions: C_ = 15pF, A = 2k(! {(See Fig. A, page 2-174)
tpLH 5 10 15 ns
TPLH Binary Any 14 20 ng
tPLH 3 Seiect 15 23 s
TeLH 18 27 0s
thLH 5 i0 15 ns
eLH
Enable Any 15 23 ns
TPLH 3 12 18 ns
tpLH 18 27 ns
25L5139
Switching Characteristics, V. = 5V, T, = +25°C
Leavels +25%
Parameters of From Ta
Delay {input} {output) Min l Typ | Max Unit
Teat Conditions: C, = 15pF, R, = 2kQ (See Fig. A, page 2-174)
pLH 5 10 15 ng
tpLh Binary 12 18 s
tpLH 3 Select Any 13 20 ns
LpLH 14 21 ns
tPLH 2 9 12 ns
teL 4 Enable Ay 11 16 s

25L8138 2505139
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25L.8151

FEATURES )

Select one of aight data sources

Perform parallel-to-serial conversion

2508151 has complementary outputs

2505151 has strobe input

Higher Speed compared to 9LS/54LS and 9LS/TALS

8mA sink current over full military temperature

range

50mV improved Vg compared to 9LS/74LS

440 A, source current

8 100% reliability assurance testing in compliance with
MIL-STD-883

DESCRIPTION

These monalithic 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 ievel to enable the device. & high level at the strobe
forces the W output high, and the Y output low.

The 25LS151 features complementary W and Y outputs.

LOGIC DIAGRAMS
STROBE

I
{ENSBLE] i
( o0
o |
D2
D3
DATA
INPUTS D4
(1]
D6 =
07—
DATA J/A l: [
SELECT -« B

_D._..L_b—._
(slNAnYJl C—p q

2.24

8-Line-To-1-Line Multiplexers
|
PIN-OUT DIAGRAMS

2508151

DATA INPUTE DATASELECT
e
Vep 4 5 6 7

A B L

a

@@II@*’T

C

GND 9
Die Size: .056x 057 8
25LS151
FUNCTION TABLE
ouTRUT ¥ INPUTS QUTPUTS
SELECY [ STROAE
QUTPUT W ¥ oW
C B a 5
x x X H L H
LoL oL L oo oo
Lt L hH L ot D1
L WL L b2 62
L H H L 03 D3
HoL L L D4 Da
H L H s bs G5
oA L % o6 DB
H H H L o o7

H - high level, L = low lavel, X = don't cara

Do, D1

07 = the kvel of Ihe D respective inpul



8-Line-To-1-Line Multiplexers 25LS151
Recommended Operating Conditions
Military Commerchal Uit
Min | Nom | Max | Min | Nom | Max |
Supply voltage, Ve 4.5 5 56 | 476 5 5.25 V
High-level output current, gy —440 4401 ub
___Low-level output current, lg 4 8 4 8 ma
Operating free-air temperature, Ty -55 125 o] 70 °c

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

. Military Commercial
Parameter Test Conditions” Min T Typ™ | Max | Win [ Typ~ ] Max Unit
Vip 2 2 v
KT Voo=MIN, [j=- 18BmA -15 15| v
VeeMIN, V=2V,
Van ViL Vi max fon= —4404A 25 | 34 2.7 | 34 v
v Voo=MIN, V=2V, 1o =4mA 0.256 | 0.40 c40 v
oL VL=V max foL=8mA 03 | 045 035 0.45
I Voo-MAX, V=7V 0.1 01 | mA
TH Vee=MAX, V=27V 20 20 [ uA
N Vee=MAX, V=04V T oA4 TO4{ mA
log T _ Voo=MAX =15 -85 [ -15 -85 | mA
\ T Vee=MAX, Qutputs open 60 | 10 col 10l ma
ce All inputs at 4.5V B

*For conditions shown as MIM or MAX, use the appropriate value specified under re¢ammended operating conditions for the spplicable

davice type,

** Al typical values are at Vog = 5V, Ty = 25°C,

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

Switching Characteristics, V.. = 5V, T, = +25°C

From To +25°C
Parameter {input} foutput) M | Tvp I [Ty Unit

Test Conditions: C, = 15pF, R, = 2k{} (See Fig. A, page 2-174)
tpLH A BorC 272 a1 ns
T {4 levels) Y 20 | %0
tpLH A, B orC 16 23 | oo
tpLH {3 levels) w 22 3z
tPLH 22 33

Strob Y
tren robe T 57 ™
TpPLH 13 20

trab W

Toin Strobe 7 75 s
LE-TRT| 17 26

Any D Y
toLm v % ) 23 |™
tpLy 10 15
TPLH Any D w 10 15 ns

3-2B



25L8153 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

m  Strobe (Enable} line provided for cascading {N lines
to n lines)

®  MNon-inverting

®  Higher Speed compared to 9LS/54L.8 and 9LS/74LS

®  Brn& sink current over full military temperature
range

B 50mV improved Vg compared to 9LS/74L8

B 440uh source current

B 100% reliability assurance testing in compliance with
MIL-STD-883

DESCRIPTION

The 25L5153 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-invertad form.

LOGIC DIAGRAM

STROBE 1G {1

(ENABLE] —{>> =

1Co e

{51 o |

11 (71 OUTPUT

DATA 1y

DATA 2 4

STROBE 2G
tenagLE) 15

SELEL

10218 H

1c3 1) e
B 2 5*_"*
l Alm!l: D

oo 19! 2

201 111}

% oUTPUT
ez 12 y 2v

1
2(:3{ 3l
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B EEEE]
STROBE B ———-/~— 1Y GND
16 DATA INPUTS OUTPUT

SELECT

13 12 11 10

3 4 5 6
Die Size .057 x .06

FUNMCTION TABLE
SELECT
INPUTS DATA INPUTS STROBE [ QUTPUT
] A <o [ ] 2 3 L) ¥
x x x x X X H L
L L L * X X [ L
L L = x x x L H
L H x L * * L L
L H x H X * L H
H L L X L X L L
H L x * H x L H
H H x x X L L L
_H H X x x H L H

Select inputs A and B are common to both sections.

H = high level, L = low leval, X = don’t care



Dual 4-Line-To-1-Line Multiplexer 2505153
. ________________________________________________________________ |

Recommended Operating Conditlons

Military Commercial Unit
Min | Nom | Max Min { Nom | Max
Supply voltage, Voo 4.5 5 5.5 4.75 5 5.5 Vv
High-level output current, loy 440 =440 | ud
Low-leve! output current, Iy, 4 2 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 Win | Typ | Max | Min [ Typ* | Max Unit
ViH 2 2 W
\m .7 0.8 W
Vi Vee=MIN,  1j=-18mA -15 -16] Vv
Weo=MIN, Wig=2V,
Vou Vi -V max, lon= —440A 25 ] 34 2.7 3.4 Y
VoL Vep=MIN, ViH=2Y, Igp =4mA 0.25 | 0.40 0.40 Y
VJL=V|L_ma>< |O|__:8ITIA 0.3 0.45 .35 0.45
I Voo=MAX,  Vp=7.0v 0.1 0.1 | mA
i Vee=MAX, V=27V 20 20 HA
Iy Voo=MaX, V=04V T -0.36 -0.36] mA
TosT Voo WAX 15 —85 | -15 —85 | mA |
I'CCLTT VCC=MAX 8.2 10 6.2 10 mA
*TFor conditions shown az MIN or MAX, use the appropriate value specifiad under recommandes operating conditions for the applicable
device Type.

**All typical values are at Voo = BY, Ta - 25°C,
THat more than one output should be shorted at a time.

11 lgoL is measured with the outputs open and all inputs grounded.

Switching Characteristics, V¢ = 5V, T, = +25°C

Parameter (ianm - 2C Unit
put) {output} Min l_ Typ | Max
Test Conditions: C,_ — 15pF, R, = 2kil (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 hH
TpLH Strabe Y i3 n20] ns
tPLH Strobe Y 15 20 ns
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25L8157 2505158

Quadruple 2-Line-To-1 Line Multiplexers

DESCRIPTION

Thase data selectors/multiplexers select a 4-bit word from

FEATURES

Higher Speed compared to 9LS/54LS and 9LS/74L8

one of two sources and present it at the four outputs, The X BmA sink current over full military temperature
25L5157 presents true data; the 26LS158 presents inverted range
data. &  S0mV improved Vg compared to 9LS/74LS
& 440uA source current
B 100% reliability assurance testing in compliance with
MIL-STD-883
PIN-OUT DIAGRAMS
26L5158
HPUTS INPUTS 2 INPUTS INFUTS
A~ OUTRUT ouTeur 2 OUTPUT ovruT
lﬁlvsnss:w 14 1312 11 10 vmgﬁ'\‘iwanmav
I

Pt

1¥ 2A 28 2Y GND
UTPUT v GUTPUT
1NPUTS

Die Size .047 x .066

Die Size .047 x 066

1A 1k [ 14 JE 1

I
ENDENE
SELECTIA 78 1Y 2A 28 Y GND

“HUTPUT Y OUTPUT
INPUTS INPUTS

LOGIC DIAGARAMS
25L8157
25L5158
14 2 14 12
L1
1B 13 1¥ 18 13}
24 A5} ] 2A 5) [
{7} D—m
2p 18! — v e _ — Y
iin — AT "—I_)_Jy
. i 8~ |
{8} {9l
am {10} 3y 28 (10} av
114) 1 )
14, 14
8 1 a2 |
12} {121
13 4y 13)
B 1 a8 | 4y
[
sTROSE 6115 D_ STRORE G- 2! D__
SELECT & SELECTS 1
FUNCTION TABLE
INPUTS auTPuUT ¥
STROBE SELECT A B 25L8157 ] 25L8158
H X X X [y H H = high levet, L = low level, X = don't care
L L L % L H Low level at § selects A inputs
L L H X H L High te\_-'el at.S sefectg B inputs
L b 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 25L8157 25LS158
.

Recommended Operating Conditions

Military Commercial Unit
Min | Nom | Max Min | Nom | Max n
Supply voltage, Vo 45! 5 1 65 |a7| 5 |B25] WV
High-level output current, Iy —440 —A40 | pA
Low-level ocutput current, fo 4 g 4 8 mA
Operating free-air temperature, Ta 55 125 4] 70 °C
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. Miiktary Commarcial
Itions*

Paramater Test Conditions Win [ Tye= | Max | Min | Typ=| Max Unit
ViH 2 2 W
ViL 0.7 08 | V
v, Voo=MIN,  1,=-18mA -15 15| Vv

Voe=MIN,  Viq=2V,
Vou VICNMAX, o= —4A0A 25 | 3.4 27 | 34 v
v Voo=MIN,  Vin=2v. ToL=dmA 0.25 | 040 025|640 [
oL VIL=MAX loL BmA 0.3 | 045 0.35 | 0.45
5 or 35 input 0.2 0.2
1 = =
| [AorBinput] 'CCTMAX. V=7V 0.1 01 | ™
Sor G input 40 40
| YWeo=M =2.
W ["aorB input ce=MAX, V=27V 20 20 KA
S or Ginput -0.8 -0.8
| =M =],
I [ RorBimpuy "CCTMAX, V)=0.4v 04 —0a] ™
lost Vee=MAX -15 85 | -15 -85 | ma
2518157 9.7 16 9.7 16
Yee=MA
leett ce=MAX 75L5158 48 | 8 ag s | ™

*For conditians 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 = BV, Ta = 25°C.
tNot more than one output should ba shorted at a time.
it g is measursd with 4.5 applied to all inputs and aill outputs gpan.

Switching Characteristics, V. = 5V, T, = +25°C

From To +25°C
Parameter (input) {output} Min Tvp f Max Linit
Test Conditions: C_ = 15pF, R, = 2k (See Fig. A, page 2-174)
P v. 5 0
2515187 Dat. ns
TrLE BLS16 ata i = 12
T
tPLH 75LS158 Data Y; ; :é ns
FLH
! 1
_ELH) 2615157 | Strobe v, E L
PLH 5 .
L Y. 8 i2
trob
= 25L5158 Strobe i s > ns
TPLH ] 55
lect '
Trin 25151567 Selec ; = - ns
“PLH i pii]
I )
TrLH 25L5158 Select v, = 2 s
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2518160 25LS162

Synchronous BCD Decade Counters

25L8161 25LS163

Synchronous 4-Bit Binary Counters

FEATURES

4-hit synchronous counters

Synchronousty programmable

tnternal look-ahead counting

Carry output for n-bit cascading

Synchronous or asynchronous clear

Advanced low-power Schotiky technology

100% reliability assurance testing in comphance with

MiL-STD-883

Higher speed compared to 9L$/54LS and 9L5/74LS

B BmdA sink current over full military temperature
range
S0mV improved VgL compared to 9LS/74L8

m 440uA source current

DESCRIPTION

The 25L5160, 251.5161, 25LS162 and 25L.5163 synchro-
nous, presettable counts have internal look-ahead carry and
ripple carry output far high-speed counting applications.
The 26LS160 and 2515162 are decade counters and the
25L5161 and 2505163 are 4-bit binary counters. Counting
or loading occurs on the positive transition of the clock
puise. 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
outpusts on the next positive clock transition.

The 255180 and 25L5161 feature an asynchronous clear.
A 1LOW level at the clear input sets the Q outputs LOW re-
gardless of the other inputs. The 2515162 and 25L5163
have a synchronous clear. A LOW level at the clear input
sats the Q outputs LOW after the next positive clock tran-
sition regardless of the enable inputs.
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PIN-OUT DIAGRAM

wES guTRUTS
g EE ; ENABLE
#2on

vie Oa 0g O¢ Op 7 LOAD

(1] (51 (&)
¢ o,
E

CLEARCK A B )
v N
DATA INPUTS

ABL

Dh Sive 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
far cascading connection,



Synchronous BCD Decade Counters 25LS160 25L5162
Synchronous 4-Bit Binary Counters 25L.5161 25LS163

LOGIC DIAGRAMS

25L5160
Synchronous Decade Gounter

RIFFLE
5 ,__05 CARRY

26LS8162 synchronous decade counters are similar; how-
ever, the clear i5 synchronous as shown for the 26L5163
binary counters.

2515163 SYNCHRONDUS
BINARY COUNTER
CLR o
CLEAR *—y—>— ®a !
e e 14 1
CLOCK 1>

Ldan D
enpgéz)i—-
£ T ol

25L5161 synchronous binary counters are similar; howevef,
the clear is asynchronous as shown for the 2515160 decade
counters,

RIPFLE
CARRY
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25L8160 25LS162 Synchronous BCD Decade Counters
25LS161 25LS163 Synchronous 4-Bit Binary Counters

Recommended Operating Conditions

Mifitery Commercial Unit
Min | Nom | Max Min | Nom | Max
Supply voltage, Viee 45 5 55 |475 5 535 |V
High-level output eurrent, Igy —~440 440 | pA
Low-level output current, loy 4 8 4 8 mA
Operating free-air temperature, Ty, -5.5 126 0: 70 c

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

Parameler Test Conditions” in I..:T::Y hax Mmcml;r:l;r::ialmu Unit
Vi 2 2 | ¥ v
Vi a7 0.8 W
Wy Weoe=hIN, h=-18m#A -1.5 -1.5 v

VCC:M|N, V|H:2V, .
VoH VL=V max, low= —4406A 2_.5 34 2.7 34 W
v Veoo=MIN, Wig=2y, [ boL=4mA 0.25 | 0.40 0.25} .40 v
oL V|L=V||_m3>€, I EOL:S’“A 0.35 .45 0.35 | 045
Data or enable P [V 0.1
Load, ctock, or
Iy |enable T Veo=MAX, V=7V .2 0.2 ma,

Clear [L5160,161 0.1 0.1

Clgar (LE162,163 0.2 0.2

Diata or enabie P 20 20

Load, clogk, or
firienabla T . Veoe=MAX, V=2.7V 40 an A

Clear ILE160,161 20 20

ClearlLS162,163 40 40

Data or enable P -04 -0.4

Load, cleck, or
{1 |enabie T Veoe=MAX, W= 4y ik AR ma,

Clear (LS160,161) -0.4 -4

Clear{LS162,163) -0.8 -0.8
lost Veoo=MAX -15 -8& -15 -85 mA
leeH Yeo=MAX, See Note 1 18 3 i8 31 mA,
loel Vee=MAX, See Note 2 19 32 18 32 mA,
*For conditions shown as MIN or MAX, use the appropriate value specified under recommended oparating conditions for the applicable

devica type. o
*=All typical values are 3t Ve =8V T4 = 26°C.
tNot more than one output shauld be shorted at a time.

NOTES:
1. {ocH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs opar.

2. \pp| is measurad with the clock input high, then again with the clock input low, with all other inputs low and &ll cutputs open.
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Synchronous 4-Bit Binary Counters

25LS160 25L5162

Synchronous BCD Decade Counters

25L8161 25LS163

Switching Characteristics, V. = 5V, T, = + 25°C

From To +25°C
Parametars {Inputs) {Dutputs} Min l Typ [ Max Unit
Test Conditlons: C_ = 15pF, R, = 2k{l (see Fig. A on page 2-174)
t 25 35
FLH Clock, Carry ns
TPHL 20 35
1 lock {Load 10 18
PLH Clock [Loa a ns
=M input High) 15 20
1 LCloek {Load 10 18
FLH ock {Lo o s
thHL Input Low) 14 20
1 15 20
PLH Enabte T Carry ns
tpHL ] 14
Clear a 14 28
1 ns
PHL {Nate 1)
. Clock 25
tpw Pulse Width ns
Clear 20
Data A BC,D| 20
ENMABLE P 20
Set up timea Load, ng
% i 20
Enmable T
Clear (Note 2} 20
th Hald time Any input 3 ns
frnax Maximurm Fraguency 30 40 MHz
NOTES:

1. Measured from ciear input on 26L8160 and 25L5161. Measured from clock input on 28LS162

and 26LS163.

2. Applies to 2505162 and 2605183 only,
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25LS160 25LS162 Synchronous BCD Decade Counters
2515161 2515163 Synchronous 4-Bit Binary Counters

TYPICAL CLEAR. PRESET, COUNT, AND INHIBIT SEQUENCES

CLEAR
2ELS160 ]_J {AYNSCHRONOUS)
CLEAR |
2505162 L isyncuronous)
LOAD E Lf
A — - - --Z-ZZ°:Z
: — o e e — —
para J B : N
NPUTS | ¢ _J ; I _-_ - - - _-_ - - _°_Z
5 L r—— = — = = = = = = -
— . m i e — — = s — —
CLOCK : 2518160, 25L5162
25LS160 : | | llustrated below 15 the following sequence:
CLOCK i f F 1. Clear outputs to zero
2518162 ! 2. Preset to BCD seven
! ! . 2. Count 1o eight, nine, zero, one, Iwo, and three
ENABLE P [ ] 4. Inhitit
[ :
ENABLE T A : 1
P :
ea” T T L L TLF
e ~ T [ -
OUTPUTS R '
ce__ 1 :
i — — 1 H ]
ap__ ] | :
— .
RIFPLE CARRY L ;
QUTPUT 'y 8 9 0 1 2 3
1 1 F COUNT } INHIBIT

CLEAR PRESET

CLEAR

25LS5161, 2505163

o NN i el S S i ie ' i :
25LS161 iustraled below is the following sequence:

' 1. Clear outpuls 1o zeno

cLock 1 [ LM LU LML LML LT 2 Preset fo pmary tweive

2615161 LI iasvncHRONOUS!
CLEAR |
25L5163 L] svyneHRonoUS)
1
LoAD g .
. ! s = = = = = - - =
|
1 _—— = — = = — —_— —_— —
pata J & ———b - — — —
o —— ——_- - —___
NPUTS | . : . - - - - - -~ C-- -
| —_— —_— — r— . em— ey e m— — ———
] i e e _
]
1

2618163 Lo 3. Count to thirteen; fourteen fifteen, zero,
ENABLEP I one, and two
i . 4. inhibit
ENABLE T —':I ! | I
|
CY et B A Y W e I
. -
W i L._ .
OUTPUTS !
—_——
—_—— ! )
]
" e B | .'
1 I
RIPPLE CARRY ! 1 i
OUTPUT 112 13 14 15 0 1 2
F— COUNT———f—— INHIBIT—

CLEAR PRESET
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Synchronous BCD Decade Counters 25LS160 25L5162

Synchronous 4-Bit Binary Counters 25LS161 25L$163
- - - -

FIGURE 1
PARAMETER MEASUREMENT INFOAMATION

b tyiciock}
| f
CLOCK
INPUT
L-—-IL— tPLH e 1ppy r
| | (measure at ty+yl | {measure at th+2)
b ' ‘ | - -~ — VOH
! | b
OU;PUT ' -/1.3\1 | \1'3\{ \
A | |
J | 45 | Voi
| b —eb— tPHL jo——ed— tPLH
: 1 I {measure at tni4) | lmeasure at t,,42)
. : VOH
DUTPUT ! ' ! | ’
Q ' | 1.3V i 1.3v
8
|' ! 45 — - - - - = VoL
| 1 pe——=t— 1PLH
| II | (measure at tpeg) | {measure at tyeq! Vo
OUTPUT f | ! i !
ac I | 1.3v I 1.3V
]
' ’ 3 — - = - - — - — - Vou
i
| be——st— PHL ——+— tPLH
| | | Imeasure at 10410 | (measure at t,y4g)
| O tnt16! VOH
QUTPUT ! / {See Note B) f
ap ' | 1.3v S1.3V
I : {o— - — — — — — — — VgL
jo——=— WLH b tpHL

{measure at tn+() O Uy+ 16!
RIFFLE !

| - -{SeeNoteB} — -- — — ~ — — — — VOH
o A N
3 VoL

VOLTAGE WAVEFORMS

MNOTES:
A, The input pulses are supphied by a genarator having tha following characteristics: PRR = MHz, duty eycle = 50%, 24y =~ 508
t; = 15 ns, tf = 6 ns. Vary PRA to measure frgy.

B. Outputs Gy and carry are tested at 1490 2505162, and at 1,+16 for 25L8 163 where 1, is the bit time when all outputs are low.
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25L.S160 25L5162 Synchronous BCD Decade Counters

25L$161 2505163 Synchronous 4-Bit Binary Counters

FIGURE 2

PARAMETER MEASUREMENT INFORMATION

CLOCK INPUT av
2518160 1.3V 1.3v
25L5161 ! !
e —— — — ———— ——— OV
:"‘tw{clock]"'{ v
CLEAR ) '
WNPUT 1.3v 1.3V | :
)
i ‘}— - e e e mm v
*tei{ctear) : :._ tsatup _.JI av
0AD ) I
LOA ! X 13v 1.3v
INPUT ) | " ' "
] | e e — —— — — —— - ov
1 | l""‘setup-‘{
I L - e — - 3V
DATA INFUTS I
1§ 13v av
ABC. ANDD I !
' ov
"‘JtPHL:‘" | _": 1PLH:._
0 QUTPUTS ] : | | VOH
2518161 ! 1.3v | ! 1.3V
Qa AND Qp QUTPUTS | I A - — VoL
25L5160 —= tPHLb— | e tp i at tn12 0F toia)
: 1 1 [P S AR A L VT
Qg AND Qg OUTPUTS : I T,
2515160 , hav ! !
| v 1 VoL
! 1 v
ENABLE P OR | | !
ENABLE T
i | ov
1
b v,
RIPPLE , OH
CARRY ¢
OUTPUT )
v
: oL
3v
CLOCK INPUT
2518162 |
2515183 oL tem e T T T T T T T T T T ov
{1PHL —": PLHI VoR
@ OUTPUTS ! |
25L5163 : \1.3\; : ]( 1.3v
Ca AND Qp OUTPUTS ] _————— —— _———_——— Vv,
s kil P e gz rted
; I
OR AND Gg OUTPUTS \1 av ’(.,1_ av
2515162 S _____ - —— VoL
VOLTAGE WAVEFORMS
NOTES:

A Tha input pulses are supplied by generators having the following characteristics: PRR = 1 MHz, duty cyela < 0%, 2, =~ G0

1= 15 ns, tf < 6 ns.

B. Enable P and enable T setup timas are measuired at tp, = 0.
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Synchronous BCD Decade Counters

25L5160 25L.8162

Synchronous 4-Bit Binary Counters

25L8161 25L5163

N-BIT SYNCHRONOUS COUNTERS

TYPICAL AFPLICATICN DATA

This application demonstrates how the look-ahead carry circuit can be used to implement a high-spead n-bit counter. The
25015160 or 26L5162 will count in BCD and the 25L8163 will count in binary. Virtually any count moda imodulo-N, N1-to

Nz, Ny-to-maximum) can be used with this fast look-ahead circuit,

TO MORE
> SIGNIFICANT
STAGES

INPUTS INPUTS INPUTS INPUTS
— Y A, e
Eal hl F A L . I L]
LDABCD IDABCD LDABC D LbABC D
H = COUNT
| EN P —en P NP P
L= pisaBLe B € £ EN
H = COUNT RIPPLE RIPPLE RIPPLE RIPPLE
L - pisagLe "JEN T CARRY EN T CARRY EN T CARRY ENT CARRY |—»
cuTPUT QUTPUT OUTPUT OUTPUT
et CK —4= CIC —¥ Ck I» CK
CGp  Op Qa  Op Op Qp Qa Qp
CLR Gp Op CLR 0 9p CLR Qm ~Qp cLR %8 9D
CLEAR
S N et e e
OUTPUTS OUTPUTS OUTPUTS OUTPUTS
CLOCK
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25L8170

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

FEATURES
u Separate Read/Write Addressing Permits Simultaneous
Reading and Writing
Fast Access Times . ., Typicaliy 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 QOpen-Collector Outputs with Low Maximum Off-State
Current: 20 A

DESCRIPTION

The 25L5170 MSI 18-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 1o 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 ievel is applied at the data input for that
particular bit locattan. The lateh 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 1o the tatch output. When the write-
enable input, Gyy, is high, the data inputs are inhibited and
their levels can cause no change in the information stored in

I3 b
the intorng tatohes.

Wien ibw ead-enaiie input, GR, is
high, the data outputs gre 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—g¢ata-entry addressing separate from data-
read addressing and individua! sense line—eliminates re-
covery times, permits simultaneous reading and writing,
and is himited in speed only by the write time {30 nano-
seconds typicall and the read time (25 nanoseconds typicall.
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
25L5170 are buffered 1o lower the drive requirements to one
Series 54LS/74LS standard load, respectively, input-clamp-
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PIN-OUT DIAGRAM
2618170

WRITE SELECT ENABLE OUTPUTS
DATA ~——m——
vee DI wa Wp WArTe ReaD m

R

wg Gw Gpg

o2 a2

Fg Ra

hbhlns

04 03 GND

DATA HEAD

SELECT

OUT PUTS

STER ST A A A e

-mmmwmm@m

Due Size: 090 x 068

ing dicdes minimize switching transients to simpiify system
design. High-speed, double-ended AND-OR-INVERT gates
are ermployed 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.
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4-By-R Register Files with

Open-Collector Outputs
.

25L8170

LOGIC
WRITE FUNCTION TABLE |SEE NOTES A, B, AND C}. READ FUNCTION TABLE (SEE NOTES A AND D)
WRITE INPUTS WORD READ INPUTS QUTPUTS
W Wa Gy 0 1 2 ! Ry Ra Gg al Q2 a3 Q4
L L L Q=D Qg Qg Qg L L L WOB1 woBz2 WOB3 WOE4
L H L Qg Q-0 Qp Qa L H L w181 wig2 Wwi1B3 wig4
H L L %y} g Q=D H L L w21 W2BZ  W2B3 w24
H H L Qg Cp Qg a=D H H L W3E1 Waig2 W3iB3 W3B4
X X H Og Qg Qn Qg X x H H H H H
NOTES: A. H = high level, L = law level, X = irrelevant.
B. {Q =D} = The four selected internal flip-flop outputs will assume the states apptied 1o the four external data inputs,
C. Op = the lavel of Q before the indicated input conditions were astablished,
D, WOB1 = The first bit of word 0, ete.
FUNCTIONAL BLOCK [HAGRAM
1153 [ T
ot o - - f 1 LAl
3 Lln a —l— T o
[ ) [ X [ ) I,
WORD O WORD 1 WORD 2 WORD 3
—
4
[l [
o2 ———me- > > 191
az
D Q —LD [ T
L
[ ) | Jo
CATA
INPUTS CUYFUTS
’ |
L
PRt -— | - I
[ P LN
o o
"' o i 4 'ﬁ ] 'i '
-
i
L
&3]
D4 Lo - - - I LT
oo ]
oL J - LAs = 4 )
T
oz ns| ha il | e
Gy wg Wa ] GR  Ha
WRITE tNPUT READ INPUT
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4-By-R Register Files with
25LS170 Open-Collector Outputs

Recommended Operating Conditions

Military Commercial

Min. | Nam. | Max. Min. | Nom.|Max. |Unit

Supply veltags, Voo 4.5 5| bS5 475 E |B.25 Ay
High-level cutput voltage, Vo 5.5 5.5 W
Low-level output current, gy 4 3 4 8 { mA
Width of write-2nable or read-enable pulse, 25 25 LH)
Data input with respect to
. B . 1Q 10 ns
Setup times, high- or low-level data write enable, tgy (D)
Write select with respect to
15 15 ns
write enable, 1z i)
Data input with respect 1
P pect s 15 15 ns
Hold times, high- or low-tevel data write enable, thin)
{see Mate 2 and Figure 2} Write select with respect tn 5 5
ng
write enable, thiw
Latch time for new data, tigch tsee Note 3) 25 25 ns
Operating free-air temperature range, T a ~-55 125 Q 70 |"C

NOTES: 2. Write-select setup time will protect the data written intg the previous address, |f protection of data in the previous address is
not reguired, 1y, ¢4} can be ignored as any address selection sustained Tor the final 30 ns of the write-2nable putse and during
thiw} will resutt in data being written inte that location. Oepending on the duration of the input conditions, one or a number
of previous addresses may have been writlen inta,

3. Lateh time is the time allowed for the intermal 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 tocation immediately after that lacation has received new data,

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

Military Commarcial
Parameter Test Corditionst - .
Min. | TypF iMax. Mia. | Typd | Max. |Unit
VR High-level input voltags 2 2 v
VL Low-level input voltage 07 nea v
Vg put clamp valtage Voo = MIN, ly==18mA -1.5 -1.5 | v
Yo = MIN, Vop = 5.5V,
IoH High-level cutput current ce 0 20 20 1 mA
VL = Vi max, Vg = 2V
Voo = MIN,
oL = 4 mA 0.25 | 0.4 026 | 04
VoL Lowlevel output voltage Vig =2V, W
oL = 8 mA 035 | 0.5
VL = V) max
Input current at Any DR, or W 0.1 01
I Voo = MAX, V=7V i
maximum input voltage | G or Gy 0.2 0.2
Any D R, or W 20 20
Iiy  High-level input current Voo = MAX V=27V maA
GR or Gy 40 40
Any D, B, orW =04 -0.4
hiL  Lowwleval input current Vep =MAX, V=04 mA
G or Gy 0.2 -0.8
Il Supply current Ve = MAX, See Note 8 26 44 iz 40 | mA

TFRor conditions shown as MEN or MAX, use the appropriate value specified under recommended aperating conditions.
+AH typical values are at Vige = BV, Ty = 25°C.

MNOTE 4. lpg is measured under the foliowing worst-case conditions: 4.5 V is appimd to all data inputs and both enable inputs, all ad-
dress inputs are grounded, and all cutputs are open.
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4-By-R Register Files with

Open-Collector Outputs

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

25L8170

From To +25°C Uoi
1
Parameter {Input) 1Qutput} Min Tvp ‘ Max N
Test Conitions: C, = 15pF, R, = 2k(! (See Fig. 1, page 3-41 and Fig. B, page 2-174)
tLH Head A @ 20 30
vy ns
oL enahle 20 30
PLH Read 25 40
Any O ng
PHL select 24 A1)
1, Write it} 45
FLH n Any O ns
to enhable 26 40
1 30 45
PLH Data Any O ns
oL 22 35
PARAMETER MEASUREMENT INFORMATION
OUTRUT 4
WRITE-SELECT 3V 1,02, 03 0r 04 Vref
INPUT W, or We Ve Vet —
See Mite A} av
tsetupiwi
]* e Thald W} WRITE-ENABLE
DATA INPUT el INPUT Gy Vet
01,02, D3 of D4 \raf Vinf -
{See Note A} le—={ tPLH PLH
* = TholdiD) W N L
- tagtupi D) DA TA INPUT }V
T ] oV VYref Vraf
1
WRITE-ENABLE Vyaf Vral D1, B2, D3 or D4 R
INPUT Gy / av
tratah o VOLTAGE WAVEFORM 1
READ-SELECT / av
INPUT Rp of Ry
{S0e Note B} )l Vret Yeet a3 03 or 04 Vraf /
READ-ENABLE
WRITE-ENABLE
INFUT GR INFUT Gy / Vrsf
PLH PHL
QUTPUT "
01,02, Q3or 04 DATA INPU v v
1PHL D1, 02, D3 or D4 el i
FIGURE 1 FIGURE 2

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

are measured from the same reference paints,

B. When measuring delay times from a read-sefect input, the readenabie input is low. When measuring delay times from the
read-enable input, both read-select inputs have been established at steady states,
€. In Figure 2, each select address is tested, Prior to the srart of sach of the abowve tests, both write and read address inputs are
stabilizad with Wa = R and Wg = A, During the test Gy i3 lowy.
D. Input waveforms are supplied by generators having the following characteristics: PRA < 1 MHz, 2,4 = BO £2, duty cycle <
50% t, = 15 ns and t§ % 6 ns for,
D. W =13 V.



25L8174 Hex D-Type Flip-Flops With Clear
25LS175 Quadruple D-Type Flip-Flops With Clear
FEATURES PIN-OUT DIAGRAMS

B Positive edge-triggered common clock

Asynchrongus common reset

Clock-to-output delays of 14 ns

Higher speed compared to 3L$/54L.8 and 31.5/741.5

BmA. sink current aver Tull military temperature

range

50mV improved Vo, compared to 9LS/74L8

A4 A source current

u  100% reliability assurance testing in compliance with
MIL-STD-883,

DESCRIPTION

The 25015174 is a six-bit register with single-rail outputs
and the 25L5175 is a four-bit register with complementary
outputs. Both consist of D-type flip-flops with a buffered
common ¢lock and an asynchronous, active-Low buffered
clear,

Information at the O inputs meeting the setup time re-
guirements is transferred to the O outputs on the positive-

Y 3

HWUBHHE

CLR 10 1D 20 20 3D 30 GND

15

14 13

12 1110

going edge of the clock pulse. Clock triggering occurs at a
particular voltage level and is not directly related 1o the
transition time of the positive-going pulse. When the clock
input is at either the high or low level, the O input signal
tias no effect at the output,

FUNCTION TABLE (EACH FLIP-FLOFP)

INPUTS CUTPUTS
CLEAR CLOCK D a at
L X x|t n
H t oW L
H 1 L| L H

H L x| 4y Op

15 14 13 12

Die Size 056 x 085

1110

H - figh level (steady state)

L = boww level {skeady stared

X = irrelevant

I = wransition from iew to high level

Op = the level of O before the indicated steady siate

input conditions were established, LOGIC DIAGRAMS
t - 25LS175 only 2515174
D 20 ao a0 50 :14]
o |z 14 16 11 Rk | 14
CLOCK _‘{>C ’ . » > —
Fouil | O 1 Follll| 1
CK D CK D CK D CK D CK D CK D
CLEAR CLEAR CLEAR CLEAR CLEAR
LEAR a l’c CLEAR I’C a [O
I I I 1 |
CLEAR . 4 . 4
PO i2 |5 E 10 KB 18
{v] 20 a0 aQ 5 -]
25LS8175
1D 20 3D 4D
£} 4 |5 . 1z 13
oLocK >0 ro +— +—
cK b CKk D cK D CcK D
CLEAR CLEAR CLEAR CLEAR
o] g o [=] g g
CLEAR — >0 |- | S I L1 I l
1 LERLE IR | EEILEE 113 |15
a1 W 20 3¢ 24 ag 40
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Hex D-Type Flip-Flops With Clear 25L.5174
Quadruple D-Type Flip-Flops With Clear 25L.8175

Recommended Operating Conditions

Military Commercial i
Min | Nem | Max Min | Nom | Max Unit

Supply voltage, Vg 4.5 5 55 | 475 5 5,25 Y
High-level output current, Iy —440 =440 | uA
Low-level output current, I 4 B 4 8 mA
Clock frequency, forack 4] 5 0 35 | MHz
Width of clock pulse, 1, {Low) 15 15 i3
Width of clear pulse, t,, (Low) 20 20 ns
Setup time Data inpy? tep 10 10 L
Clear recovery, t. | 12 12 s

Data hold time, they 5| 5 ns
Operating free-air temperature, Tg -55 125 0 70 “C

tgetup 15 the Minimum time required for the carrect logic lewel 10 be present at the data input privs ta the rising erge of the clock in arder o
be recognized and transferred to the output.

thold 15 the minimuam rime required for the log level 10 ba maintained at the duta input alter the rising edge af the clock inconder iy insurs

recognition.

trag 15 fhe minimum rime required between the encl af the clear pulse and the nsing edge of the clock m order o transfer High dara o the O
output.

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

- Military Commercial )
Parameter Test Conditions™ Min [ Typ- | Wax | Win | Typ| Max Unit
Vin 2 2 v
Vi — 0.7 0.8 v
\l'r| VCC—-MIN, I|=—‘IBmA____ _ 15 ~1.8 W
VCC=MIN- VIH::’V. V[=V| or V'L
W H
OH VL=V max, {on=—440uA 25 34 2.7 34 v
v VoemMIN, - Vi =2V, lop =4mA 0.25 | 0.40 040 |
oL Vie=Viemax VieVigor Vi | 1g =BmA 0.35 | 0.45 0.46
Iy Voo =MAX, V=7V 0.1 [ [RiT4Y
I|H VCCPMAX, V| =27V 20 20 ,uA
e Veg=MAX, V=04V 026 o3| ™A
lagt Vee=MAX -15 -85 -15 -85 mA
25L8174 16 26 16 26
JreTT = |
ce VocmMAX 755175 11 ] 18 e ] ™

*For conditions shown a5 MIN or MAX, use the appropriate value specified under recammencdlea operating conditivns for the applicabile
device type.
**Alt typical values are at Voo ~ BV, Ta = 26°C.
THot more than ane gutput should be shorted ar a time.
tHdth all cutpus open and 4.56% applied to all data and clear inputs, |pe s measured, after a momentary ground, then 4.5V is

applied to clock,

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

Parameter (iF,.,rom To N +aye Unit
put) {output) Min | Typ [ Max

Test Conditions: C, = 15pF, R, = 2k} (See Fig. A, page 2-174}
Fmax 35 | 45 MHz
IPLH (L5175 only} Clear a 19 25 ns
L Clear Q 20 35 ns
tp H Clock [6] 14 23 ns
TPHL Clock o 13 20 ns
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25LS181

4-Bit Arithmetic Logic Unit

FEATURES

m  Provides 16 arithmetic operations

w  Provides 16 logic operations

& Full look-ahead for high-speed arithmetic operation
on long werds

®»  Higher speed compared to 9L5/54L5 and 3L.S/74LS

= 8mA sink current over full military temperature
range

m  EOmV improved Vo compared to 91.5/741.8

N 44044 source current

m 100% reliability assurance testing in compliance with
MIL-STD-883.

DESCRIPTION

The 2615181 is an arithmetic logic unit {ALUY/funstion
generator which has a complexity of 75 equivalent gates on
a monalithic chip. This circuit performs 16 binary arithme-
tic operations on two 4-bit words as shown in Tables 7 and
2. These operations are selected by the four function-select
limes {80, 81, 52, 53} and include addition, subtraction, de-
crement, and straight wansfer. When performing arithenetic
manipulations, the internal carvies must be anatled by
applying a low-level voitage to the mode control input {M}.
A full carry look-ahead scherne is made available in these
devices for fast, simultaneous carry genaration by means of
two cascade-putputs {pins 15 and 17 for the four bits in
the package. When usedl in conjunction with the 182, full
carry ahead Jook-shead circuits, high-speed arithmetic
operations can be performed.

I high speed is not of importance, a ripple-carry input

{Ch} and a ripple-carry output (C,ig} are available,
However, the ripple-carry delay has also been mimmized so

The 25L5181 wiil accommodate active-high or active-low
data if the pin designations are interpreted as follows:
Subtraction is accomplished by 1°s complernent addition
where the 1's complement of the subtrahend is generated
internaily. The resultant output is A-B-1 which reguires an
end-araund or farced carry to provide A-B.

The 25L5181 can also be utilized as a comparator. The

A = B output is internally decoded from the function outputs
{FO, F1, F2, F3} so that when twa words of equal magni-

tude are applied at the A and B inguts, it will assume a high
leval to indicate equality (A = Bl The ALU should be in
the subtract mode with Cq = 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 (C..4) can also he used to
supply  relative magnitude information. Again, the ALU
should be placed in the subtract mode by placing the
function select inputs, 83, 32, §1, S0 at L, H, H, L,
respectively.

INFUT €, |OUTPUT EHM—PCTNE-HK;H DATA [ ACTIVE.LOW DATA,
IFIGURE 11 (FIGURE 2}
H H | 4B & E
H L P P
t H i A8 AR
t - _l' !I A B A= B

These circuits have been designed to not only inCorporate
all of the designer's requirements for arithmetic operations,
bt atso provide 18 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 {50, 1, 82, 83} with the mode-control input {M}
at a high level 1o disable the internal carry. The 16 logic

that arithmetic manipulations for small word lengths functions are detailed in Tables 1 and 2 and include
can be performed without external circuitry. exclusive-OR, NAND, &ND, NOR, and OR functions.

PIfd NUMBER 2 1 23 [ 22 |21 120 (19 |18 L] w1 13 7 16 15| 17
Active-high data (Table 1} [Ap [Bg [A1 | By | A2 B2 |Az (B3 [ Fo] Ft |F2 | F3 |Cn [Chea] X Y
Active-low dala (Table 2) |Ag |Bg | Ay | By {Az |Bz |Az |Bx |Fo |F1 |F2 | Fa |Co|Chea| F | &

PIN-OUT DIAGRAM
NPUTS OUTRUTS
I_"_N__'ﬂ

Die Size 074 x 085
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4-Bit Arithmetic Logic Unit
I

ALU SIGNAL DESIGNATIONS

The 25L5181 can be used with the signal designations of ejther Figure 1 ar Figure 2

2515181

The logic functions and arithmetic operations obtained with signal designations as in Figure 1 are given in Table 7; those
obtained with the signal designations of Figure 2 are given in Table 2,

12V 11 123H221 129420) (19118} 12} {0 (23) 122) 2N {200 (19 {18)
Ag Bg Ay By AzBs A3B3 A08p A1 By A28z A3 B3
7 —e—q Cy in Cn
25L8181 A=BIF—1i14) 25L58181 A=B ——1{14]
18} M 8 ]
FoF1 Fa F3 Chig X v Fo Fq F2 F3 Casq G P
12} (10} 11y {130 (1610 {17) 115) 19y {10 (11 113 18} 17 NA6)
! {
13) 14) 21 14151 (5) 1T 131 {4 142y (14 isl 1516}
¥o Xp ¥i X4 Yo Xz ¥3 X3 Gy Pg Gq Py Gz Py Gz Pa
Xt—1n P p—1(7)
_dec, 54182 v G 54182
13
h3l Yo G p—1{10n
Chtx Coty Chtz Crtx Caty Chez
1z 11 91 2y 11} 2]
FIGURE 1 FIGURE 2
{FOR TABLE 1) {FOR TABLE 2)
TABLE 1 TABLE 2
ACTIVE HIGH BATA CACTIVE LOWDATA
M H M= L aRI THMETIC OPERATIONS R WY L ARITHMIETIC OPERATIONS
SELECTION LOGHE o h I SELECTION LOGIC GneL Cn-H
53 572 5y Sp | FURCTIONS Ina carryl [F—— 53 §7 51 Gp |FUNCTIONS [with carry| Lywith carryh
L £ L L F-& F:a F-arust LoLoL L F R FooASINDS F-a
L L L H F-2-B Feh+@ F=1a4BIPLLS [T 1] F nH kNS F . ag
L L HL F- BB F-~a-8 Fo~id+ B PLIIS T L L kL [N F . aH MINUS 1 Foalf
L L HHEF-0 F2MINUS 1 I2<COMPL | F - ZERO LU H P FoMmmUs 10 COMAL | R - 2ERD
LHLL|F-AB F=aPLus aB F-aPug aBPLLS LH L L Farg |F.oarusia B FoapPusias BrpLrs
LHLHJF-F Fozia+ g1 PLUS Fo=ia+BIPLUS BB PLLS jLH LA E FraBPLLS ta v I FooABPLUS A « B P
L oA | F-a{@p [Famuusammuus [ F-amnuse | LHRWL|F-ADE ]r-nuwusemmus\ F-AMINUSE
L HHH| Ffaaf FoaBmMiNUs F-aE ] L H v H [ Fra+H F-a+H Fzia s BEPLLUS
He L L|F-E:+p |[Frarusan F - & PLUS A48 PLUS 1 5 ML oL L | k=3B F -8 PLUS (&4 BI F o~ &PLUS 14 4 BFPLUS 1
Hu v W | F-a()8 |F:aPLysB FeAPLUSEFPLUSY ML oL A[F-al8 [F-abLusn F - APLUS B PLUS
H L H L F-H F -6+ BIPLUS AR FooolasBIPLUS BB PLUS T ML oML F.B F -8B PLLS 18+ B1 P aBPLUS oA+ B PLUS T
H L HH|Fs+a8 F o AR MINUS + F=aB ML MH|[F-a-8 {r.a.8 Fo-ia+BPLLS
H H L L F=t F - aPL1s A F-APLUSAFPLUST HOH oL L F-a F=abugsas F - APLUS & PLUS 1
H H L H|F-a+8 |F=i1a-pPLUSA F=ias+BIPLUS A PLUS | H o H L M| F:af F-ABPLUS & F-ABPLUS A FLUS 1
HHHL|F-a+8 F-la+@PLUS A Foda+ BVPLUS A PLUS | H H H L | F-aB FealPLuga F-all PLus & FLUS |
HHHH|Fra F = a MINUS 1 F-a HHWHH|[F-a Fra F-APLUSY
*Each bit is shifted 1o the next more significant positian,
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255181 4-Bit Arithmetic Logic Unit

LOGIC DIAGRAM

53 2 L/
52
51 15 ] 117}
so 1& . GORY
116}
83 {18) Cntd
(15} POR X
a3 {191
{3
—— F3
82 1200
a2 121}
A D LLIZP
':DL- )
- T -
122} -}
B% —0—4{> —
] :Llﬂ—
L 08, o
[
Al 23}
| Ny \!—-\ “0' F

Ll

L~ ' L
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4-Bit Arithmetic Logic Unit

25L5181
Recommended Cperating Conditions
Military Commercial Unit
Min | Nom | Max | Min | Nom | Max

Supply votiage, Ve 4.5 5 5h | 475 5 525 v
High-level output current, Igy (All outputs except A = B) —444 ~440 | uA
Low-level gutput current, Ig) 4 8 4 8 mA
QOperating free-air temperature, Ty, -55 125 0 70 °C

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

. Military Commercial .
Paramatar Tesl Conditions Min | Typ™ | Max | Min | Ty~ | Max Ur|‘|t
Vi o 0.7 0.8 vV
V| VCC:M|N- I|=—'|8mf-\ -1.5 -1.5 W
Any Qutput | Veo=MIN, WV y=2V,
Vo except A = 8| Vi =V max, loy=—4400A 2.5_ 3.4 2.7 3.4 \Y
= Voo =MIN ViH=2V
| A=E cC ’ H . 1 A
OH - louwutonly | v =y, max, Vi=Vig or V| 100 00 | u
Vo, | AUeweus| VEGIMIN, - Vig=2V, :2:;22 g-ig g-ig v
Vil-v = . .
oupueg | HTYILME VSV ior Vi e G ~ [ 055 0.55
Maode input [P [
Any &arB
h input Veoe=MAX, W) =65V 03 ) 03 mA
Any § input .4 0.4
Carry input 0.5 0&
Mode input 20 20
Any A or B 6D 60
| Veoo=MAX, V=27V A
W Ray s mpuy * ©C oo 80 8o | ”
Carry rmput 100 100
Mode input -0.36 -0.36
AnyAor B
'8 tnput Veoe=MAX, W =05V 1.08 1.08 ma
Any 5 ingput -1.44 -1.44
Carry input -7 -2
Any Output = - _ - —
Iogt e:g’chAFLUB Voo=MAX 18 85 15 85 | mA
Condition A 20 32 20 34
= - A
e Tt Veg=MAX Condition B 21 | 35 21 | 37 | ™

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

davice type,

* Al typical values are at Ve = BV, Ta = 26°C. .
tNot more than ane gutput should be shorted at a time.

THWith cutputs apen, loe is measurad for the following conditions:

A, 50 through 52, M and A inputs are at 4.5V, all other inputs are grounded.

B, 50 through 53 and M are ar 4.5V, all other inputs are grounded.
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25L8181

4-Bit Arithmetic Logic Unit

Swltchihg Characteristics, Vm = 5V, T, = +25°C

From To +25°C
Parameter 1 input) outout)  ["im T Fyp [ e | O™
Test Conditions: C_ = 15pF, R, = 2k{} {See Fig. A, page 2-174)
TPLH 14 25
tpHL Cn Cnea 13 14 ns
M =0V, 80 = §3 =45V, §1 = 82 = 0V {SUM mode}
TpLH 24 33
vy Any AorB Chia 17 3 g
M =0V,50=253=0V, 51 =52=45Y {DIFF mode)
TpLH 24 35
tpH Any A or B Crea 29 35 ns
M =0V, (SUM or DIFF moda)
IpLH 12 19
tonL Ch Any F 2 T8 ns
M = 0V, $0 = $3 = 4.5V, §1 = $2 = 0V {5UM mode}
tpPLH 12 25
toL Any Aor B G 15 33 ns
M=0V, 50=583=0V, 81 =252=45Y (DIFF mode}
ey 20 25
B8
g Any Aar G 17 25 ns
M =0V, 50 =83 =45V, 51 =52 =45V [SUM mode}
telLH 14 70
A B F
tonsL ny A gr 55 26 ns
M=0V,50 =53 =0V, 51 =52 =45V {HFF made}
tpLH I . 30
tenL Any AorB P 75 26 ns
M =0V, 50 = 53 = 4.5V, §1 = 82 = 0V (8UM mode)
L _ _ 15 28
e A or By F, 3 19 ns
M = 0V, 50 = §3 = 0V, §1 = 82 = 4.5V {DIFF mode}
tPLH _ _ 24 20 |
TpHL A| or BI FI 15 19__] ns
Vi - 4,5V liogic motde)
tPLH ) ] 17 3t
tPHL Ai or B, Fi B 26 | ™
M =0V, 50=253=0V, 51 =52=45V |DIFF mode)
1PLH Any Aor B A=B = 50 ns
PHL my Aor 29 | 45
LOGIC MODE TEST TABLE
FUNCTION INPUTS: §51=82=M=45V 80=53=0V
OTHER INPUT
INPUT SAME BIT OTHER DATA INPUTS CUTPUT OUTPUT
PARAMETER UNDER UNDER WAVEFORM
APPLY APPLY APPLY APPLY
TEST TEST
485 v GND 45V GND
tpLH Remaining
A, B; Mone Maone F, Out-af-Phaze
TpHL, Aand B, O
‘PLH Bi Ai Mone None Remaining Fi Qut-of-Phase
TPHL A and B, Cn
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4-Bit Arithmetic Logic Unit
L ______________________________________________________ ]

SUM MODE TEST TABLE
FUNCTION INPUTS: 50=83=45V, 81 =82=-M=0V

2515181

ATHER INFUT
INPUT SAME BIT OTHER DATA INPUTS QUTPUT CUTFUT
PARAMETER UMDER - UNBGER WAVEFORAM
APPLY APPLY APPLY APPLY
TEST VESY
45V GND 4.5V GND
t Rernainin
PLH A B, Mone g Cy F, In-Phase
PPHL A and B
t Remainn
PLH B A Nene ! c, 3 In-Phase
tpHy A and B
1 Rermainin
FLH A g Mane None s P In-Phase
PHL Aand B, C
[T T T " Hemaiing |
PLH B, A Mane Mong asing P 1n-Phase
o) Aand B, C,
t Remainin Reamainin
FLA A Nore B ¥ ! G In-Phase
terE B A Cn
t Rernainin Remainin
FLH B, Mang Ay aining ¢ 5 In-Phase
PHE B ALy
t All All Any F
PLH Ch Mone Mone v in-Fhase
PHL 8 8 o Corrg
t Remainin. Remainin:
tPLH A Naone E; B i AC 9 Chia Cur-of-Phase
PHL edi]
Pk Femaining Remaining
B; Mone Ay Ched Out-of-Phase
PHL 8 A Cp
DMFF MODE TEST TABLE
FUNCTION INPUTS: 81=52 =45V, 80=53=M=0V
OTHER INPUT -
INPUT OTHER DATA INPLYS QUTPUT CUTPUT
PARAMETER UMNDER SAME B-I-T UNDER WAVEFORM
TEST APPLY APPLY APPLY APPLY g
45y GND 45V GND Test
Pl Femaining Remainmg
A Mone B F; In-Phase
TFHL A i B.C, '
1, b i T B T
PLH B'r 2, - Remaininyg RAermaining . Out-of Phase
| teHL A B.C,
PLH Aemawing T
A Mane E Iy P . :
Ph | oRE A andB, 0, In-Phase
PLH o Bemaming
B; A Mong M F -0f-Ph
PHL ! ~ ane A o B C, Out-of-Phage
'PLH o Remaining
A E. Moana N G -
PHL ' . ! e AandB,C, In-Phase
tel H ° Rernaining
: MNaone A N e} .af-Phas
_‘LH_L'_ | ong AandB,C, Cutaf-Phase
[ T Fis oo
PLH A, None & emarming  ;  Remaining A=E In-Phase
. A 8. Cp,
i T Remainin Remainan:
I FLH g A Mone 9 g A=8 Out-of-Phase
PHL N i A B Ch
PLH Al N [3
L L —y C Mone MNone ] n+d A
tPHL :} ! A and B ane arany F In-Phase
pLH Remaining
i ann A B, None Maone . [ Cut-of-Ph
tppL o | A B, G, rd ueoltnese
TPLH Remaining
:H Nope A I .
PHL i ane ABC, Covg In-Fhase
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25L5190

Synchronous BCD Decade Up/Down Counter

25L8191

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

W Higher speed compared to 9LS/54LS and 9LS/74LS
®  8mA sink current over full military temperature

range

50mV improved Vg compared to 9LS/74LS

410 A source current

u 100% reliability assurance testing in compliance with
MIL-STD-883

DESCRIPTION

The 25L5190 and 25L5191 are synchronous, reversible up/
down counters having a complexity of 58 equivalent gates.
The 251.5191 is 2 4-bit binary counter and the 26L5190 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 ciock)} counters.

The outputs of the four master-slave flip-flops are triggered
on a low-ta-high-level transition of the clock input if the
gnable 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 inpot is high, The

direction of the count is determined by the level of the
downfup 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 erther level by placing 3 low on the load
input and entering the desired data at the data inputs. The
autput will charge to agree with the data inputs indepan-
dently of the level of the clack input. This feature allows
the counters to be uwsed 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 reguirement which significantly reduces
the number of clock drivers, etc., required for long parallei
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 clack output produces a low-level output
pulse equal in width to the low-leve! 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 counrer
if parallel cfocking is used, or ta the clack input if parallel
enabling is used. The maximum/minimum count cutput can
be used to accomplish look-ahead for high-speed operation,

PIN-OUT DIAGRAM

25L5180

25151

Qie Size 100 x 077

INPUTS  DUTPUTS (NPLTS
,m_,.L._ ——,

DATA S:GMAXJ"AI DATA
Ve A CKESMINS € D

BENE R

% RIFRUF WAX 1CaD {
RETCEN

i O CH-LP O

e

Am Cp 04 G PN/YPAOC Op GND
ENABLE

INFUTOUTPUTSII\PUTS OUTPUTS
LOW INPUT TOLOAD SETSQ, = A, 0, =B, Q: =C. Oy =D
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Synchronous BCD Decade Up/Down Counter 2515190
Synchronous 4-Bit Binary Up/Down Counter 25L.8191

Recommended Operating Conditions

Military Commergial

Win | Nom | Max | Min | Nom | Max | ~"
Supply voltage, Voo 4.5 5 55 | 4.75 5 5.25 v
High-level ouiput current, lpy -440 =440 1 uA
Low-level output current, Iy 4 8 4 8 mA,
input clock frequency, fooc. ¢ 25 0 26 | MH:z
Width of clock input pulse, tyideck) 25 25 ns
Width of toad input pulse, tyigad 25 26 ns
Data setup time, Lseyy {see Figures 1and 2) 12 12 ns
Enable to clock setup time, tsetyp 20 20 ng
Data hotd time, thog 0 0 ns
Operating free-air temperature, Ta -b& 125 0 70 *C

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

P t Test Conditions* Military Commercial Unit
arameter @st Londitions Min [Ty | Mex | Min [Typ—| Max |
ViH 2 2 W
o 0.7 08 | V
V; Vcc=M|N, I|=\-18mA -1.5 ~-1.5 W
Voc=MIN, V=2V
v ' 4 7 .
o Velay o, T - -4404A 25 | 3 2 3.4 Y
v Vcc:MlN, V|H:2V, |OL:411‘IA 0.25 0.40 0.25 0.40 v
oL Vi =V max loL-BmA 030 | 0.45 0.30 | 0.45
Enable 0.3 0.3
I Others Vee~MAX, V=7V o1 o1 ma
Enanlc T B0 60
1 =8 =27 A
H Owers_] " C A 1 20 % | *
Enable _ _ -1.08 -1.08
[IT% Ohers Viog=MAX, V=04V A 0.4 A
I(_‘)ST VCC =MAX . 1.5 1 .__'S.E L .:_]_5 -85 mA
oot Voo -MAX 30 [ 3 20| % | mA

*For conditions shown as MIN or MAX, use the appropriate value specified under recommenden operating conditions for the applicable
device type,
“* Al typical values are at Ve = 5V, Ty = 25°C.
t Mot more than one autput should be shorted at a time.

tthec s measured with all inputs grounded and all outputs open
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25L8190

Synchronous BCD Decade Up/Down Counter

25LS191

Synchronous 4-Bit Binary Up/Down Counter

Switching Characteristics, V.= T, = +26°C

Parameter o (outau - n—l+::;c = unit
Test Conditions: C, = 15pF, R, = 2k(} (see Fig. 1 and 3 thru 7 on pages 3-56 and 3-57
and Flg. A on page 2-174)
tmax 25 | 35 MHz
:::t Load  |0a,Q8.0c,0p ;g gg ns
:::t Data A,B,C,0|Q,08,0c,0p 12; gg s
::':: Clack Ripple Clock ::‘ ;? ns
:::': Clock  [Qa.Qg.C0c.Qp : : g; ns
:::': Clock Max/Min gg :g ng
:: :': Down/Up | Ripple Clock ;g :g ns
:: :t Down/Up Max/Min : ; gg ns
:: :': Enable Ripple Clock :2 123 ns
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Synchronous BCD Decade Up/Down Counter 2515190
Synchronous 4-Bit Binary Up/Down Counter 255191

LOGIC HAGRAM
2508190

cLocK &Dc

) 4 (13) RIPPLE
DOWN/UP —Dc i CLOCK
{12} MAX/MIN
D': - _y ) OUTPUT
>

DATA 115
INPUT A

ENABLE 6 -2 IL lr—d:» K
ED) s
CLEAR '—‘

a1 13 outeuT Oy

d—dbcx

DATA (1)
INPUT B D —
PRESET 2
f 1 og 2 sutPuT 0g
—a> Ok
o _
)| K Gp
CLEAR
{1
paTa {10
INPUT C 1 2,
PRESET i6)
QUTPUT
= J Qe Q¢
1

oaTa 9
INPUT D i »

LOAD ljl'c{>




25L.8190 Synchronous BCD Decade Up/Down Counter
25L.5191 Synchronous 4-Bit Binary Up/Down Counter

LOGIC DIAGRAM
25L.8191

CLOCK {24)

- {13} RIPPLE
DOWN/UP ——{>o +{ CLOCK
* : (12} maxmm
» { ouTPUT
D"T |

P 1
pata {151 | |
INPUT A ; _] ):: 1
PRESET {3)
DO+ PRESET oureur as
enaBtec 9§ —{} P CK
i | } K Qp
CLEAR —I
DATA {1
INPUT B ] )D A
1 ",’RESSE 12! auTtPuT ag
> ci
-
1> K G
CLEAR _|

paTa U9
INPUT € D——*—T——“—"‘"—“——b
PRESET 18}
f Jog OUTRUT Q¢
1
p H>CK
™

A4 —
1 ) i K Qc
|‘]}_ CLEAR —l
DATA (9]

INPUT O 1 P
|
1
1

D——'ﬂ QUTPUT Qp

LOAD “-QCD—
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Synchronous BCD Decade Up/Down Counter 25L8190
Synchronous 4-Bit Binary Up/Down Counter 25L.5191

25.5190 TYPICAL LOAD, COUNT AND INHIBIT SEQUENCES

tHustrated below is the following sequence,

1. Load {preset} to BCD seven,
2. Count up o eight, nine {maximurm}, zero, one, and two.

3. {nhibit.

4 Count down to one, zero {minimum}, nine, eight, and seven.

powteLe | ::
enasLe | x _.,_.._.__.J—l—
o L P -
e | L I
w2 R
A ] ‘ii 1 : 1
CLOGE —eea T DA T L
ul,_coum urp ——{»lNHIan.{ |—counT cown »—4

[NaT=]

2515191 TYPICAL LOAD, COUNT AND INHIBIT SEQUENCES

Hlustrated 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 (minimam), fifteen, fourteen, and thirteen.

E o —
pata ) ——-— — = - = — — — —

CLOTK LFLFU‘LJ’LFU‘U’LI‘LI’LFU"U‘L.
T e

LT TH - IO i
LT i I s I e PR B A B N
ag 1 T I fj) S— L

I [
@iy .
maRMIN -7 1 |

L L]
13 TS 1% ¢ 1 2 -2 .21 o 15 14 13
i N — coums up —hnmreitl b—-count oown—q

LOAD
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255190 Synchronous BCD Decade Up/Down Counter

2515191 Synchronous 4-Bit Binary Up/Down Counter
X e

PARAMETER MEASUREMENT INFORMATION

DATA - —Z10NS —~ w10 NS
INPUT v sl
{SEE NOTE A) 301 A

LoAD

INPUT . T

{SEE NOTE A} - =210 NS o EONS o
PUT

ouT VoL

NOTE:
A. The inputs pulses are supplied by generators having the following characteristics: Zour = BOLL, duty cycle = 50%, PRR = 1 MH:z.

FIGURE 1-2ATA SETUP TIME VOLTAGE WAVEFORMS

LOAD ] |
1
1
ANY DATA INPUT | : |
! .
CORRESPONDING _ __ _ _ T | | ] ]
L}

QOouTPUT

1 1 ' |
PLH - - = ™~ IPHL PLH - = = e tPHL

NOTE : Conditions on other inputs are irrelevant,

FIGURE 2-LOAD TO OUTPUT AND DATA TO QUTPUT

LOAD ‘ I
DOWN/UP [ I |
cLooK 1T 1

]
]
ENABLE G 1 !
IPHL == le— . e PLH tpL—

— 1PLH

RIPPLE CLOCK

' !—I—’
L= = IPHL
MAX AN ] l I

NOTE: All data inputs are low.

14

FIGURE 3—ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE CLOCK, DOWN/UP TQ MAX/MIN



Synchronous BCD Decade Up/Down Counter 251 5190
Synchronous 4-Bit Binary Up/Down Counter 2518191

PARAMETER MEASUREMENT (NFORMATION (Continued)

LOAD LJ L]

DATAINPUTS_"'-"'""'__'_"'_____'l
(SEE NOTES G TO 1}

DOWN/UP |

COUNT Ly
! [P w—— IPHL
QUTRUTIS! , _ 1 tPLH {

- I
UNDER TEST _ _ ) J 1

EMNABLE = LOW

E}F .

NGTES:
F. Te test Qp, Op, and Q¢ outputs of 26L.5190: Data inputs A, B, and C are showm by the solid line. Data input D is shown

by the dashed line.
G. Te test O output of 2505190 Data inputs A and T are shown by the solid line. Data inputs B and C are held at the low

{ogic level.
H. To test Qa, Og, Qg, and Op outputs of §4.5191: All four data inputs are shown by the solid line,

FIGURE 4-CLOCK TO QUTPUT

wao || LT

DATA A |

DATAB.C, AND D |
ISEE NOTE J) e e e - —

DOWN/UP L

COUNT L_! ‘ . |
—} = 'PLH = (— PHL — =t — e tPHL

MAX/MIN | I I

ENABLE = LOW

NOTE It
Data inputs B and C ars shown by the dashed lineg for the 25151930 and the 2olid lina for the 26LS5191: Data input D 15 shown
by the solid line for both devices.

FIGURE 5-CLOCK TO MAXIMIN
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2505192 Synchronous BCD Decade Up/Down Counter

2505193 Synchronous 4-Bit Binary Up/Down Counter

FEATURES

= Separate clock inputs for count-up, count-down

s Agynchranous paraltel load and clear

B Cascadable

m  Higher speed compared to 3LS/54LS and 91L8/74LS

®  BmA sink current over full military temperature
range

® 50mV improved Vg compared to 9LS/74LS

B 440uA source cutrent

B 100% reliability assurance testing in compliance with
MIL-5TD-883.

DESCRIPTION

These monalithic circuits are synchronous reversible (up/
down) counters having a complexity of b equivalent gaies.
The 2515192 is a BCD counter and the 25L5193 is a
4-hit binary counter. Synchronous operation is provided
by having all flip-Hops clocked simultangousty 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
assgciated  with  asynchronous  {rippie-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 efther level by entering the desired
data at the data inputs while the load input is low, The
output will change o agree with the data impuis ingdepen-
dently of the count putses. This feature allows the counters
o e used as moduwlo-N dividers by simply maditying the
count length with the preset inputs,

A clear input has been provided which forces all outputs to
the tow leve! 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,
ate., required for long waords.

These counters were designed to be cascaded without the
need for external circuitry. Both borrow and carry outputs
are available 1o 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 averflow condi-
tion exists. The counters can then be easily cascaded by
teeding the borrow and carry outputs 10 the count-down
and count-up inputs respectively of the succeeding counter.
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PIN-OUT DIAGRAM

Tt
OuTPUTS (WPLTS OUTRUTS

Low nput to load sets O, = A, Gy = B,

Q. =C, andQ, =D

2515192

15 14 13 12 L

Die Size: 100 x 077 {both types)




Synchronous BCD Decade Up/Down Counter 259192

Synchronous 4-Bit Binary Up/Down Counter 25LS193
- _____________________________________________}

Recommended Operating Conditions

Military Commerclal

Min | Nem | Max | Min { Nom | Max Unit
Supply voltage, Ve 1.5 5 55 | 4.76 5 5.25 v
High-level output current, lgy 440 440 | pA
Low-level output current, igp 4 B 4 8 mA
Count frequency, foaunt [} 25 a 25 | MHz
Width of any input pulse, t, 20 20 ng
Data setup time, tgy,, (see Figure 1) 20 20 ns
Data hold time, thya o] 0 ns
Operating free-air temperature range, Ta ~55 126 ¥} 70 *C

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

Parameter Test Conditions® Military Commereial Unit
Min | Typ'“ | Wax Min | Typ** | Max

Vin 2 2 V

Vit 07 0.8 Y

v, Von=MIN, 1,=-18 5 A5 ¥

Vee=MIN, S V=2V,

VOH V:’::::V”_max, |0H=- —44[},!.0‘5\ 25 34 27 34 v

VoL VCC-‘M'N, VIH =2V, |O|_:4I'\1A 0,25 0.40 0.25 0.40 v
V|L=V||_ma><_d_u___“ _'_D_LijA____ 0.30 | 045 0.30 | 0.45

1 Vieo=MAX, V=7V 0.1 2.1 ma

Iy Voo =MAX, V=27V 20 20 | uA

I Voo =MAX, V=04V -0.4 0.4 | mA

S iget Ve -MAX ' 15 85 | -15 85 | mA

lgg 1o Vec=MAX — T T T EREED 18] 34 | mA

*For condivions shown as MIN or MAX, use the appropriate value specified under recornmended aperating conditions for 1the applicable
device type.
* A typical values are ot Voo = BY, Ta = 26°C.
1Mat mare than one outpui should ke shorted at a time

Trlce is messured woth Al inouts groundsd and ali sutpuis open.

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

o To —25°C H

Parametars finput) (output) | Wi | Typ [ Max | U
Test Conditions: C, = 15pF, R, - 2k(!

{See Fig. 1 & 2 on page 3-62 and 3-63 and Fig. A, page 2-174)
- 25 35 MH2z
tPLH o 2 L
L Tount-up Carry 7 @] ™
%
tz: ': Count-down Barrow 1 ? ;2 ns
Py i > >
Either Count a

r— ither Coun 20 32 n
tPLH 2 2
oLH Load aQ 29 a0 ™
tPHL Clear a BB




2505192 Synchronous BCD Decade Up/Down Counter

25L8193 Synchronous 4-Bit Binary Up/Down Counter
LOGIC DIAGRAM
2615192
(13) BORROW
3> " OUTPUT
= 1
DATA (5 =D 02 carmv
INPUT A & ouTPUT
DOWN 44 ' (3)
COUNT > ——— OUTPUT Qg
()
upP Ne
COUNT -
DATA {1) —
INPUT B ]
' a (2)
18— OUTPUT O
s a
D D
DATA {10
INPUT C =D
(6)
= ‘1’_0 ——— OUTPUT Q¢
Qg
DATA {9}
INPUT D
{14
CLEAR —Hat—{>e] n
QUTPUT Qp
woap M o>




Synchronous BCD Decade Up/Down Counter 2505192

Synchronous 4-Bit Binary Up/Down Counter 2515193
LOGIC IAGRAM
265193
{(13) BORROW
] » OUTPUT
1" 132) carry
i OUTPUT
DATA  (15)
INPUT A FD'A
DOWN (4) (3
COUNT o > QUTPUT Qp
uP o
COUNT
DATA (1)
INPUT B D
2 ouTPuT 0g
DATA  (10)
INPUT C
(6}
QUTPUT Q¢
DATA  (9)
INPUT D
{14)
CLEAR ——{>o] )
—— —— QUTPUT Qg
LOAD -H—]L‘D




2515192 Synchronous BCD Decade Up/Down Counter
2515193 Synchronous 4-Bit Binary Up/Down Counter

PARAMETER MEASUREMENT INFORMATION

DUTPUTS
Yoo Op O 00
e e i e i e et
pata (> ue r t
PULSE L-oown BORROW OPEN I |
GENERATOR | Hy I
See Nate &t A canpy Fowen |
a | o ll [l VI VI 1
CLEAR B 5 I P
PLILSE c g \ 152t Hote €1 t
GENERATOR oL |
1See Note Al ° G I To—— |
LOAD CLEAR O p—% | = |
PLILSE o Loan 1 = i
GENERATOR L LOAL CIREUIT T
e Mats 41 __L —— i o 2 2
s - an e
= = r LOAD CIREINT 2 !
' !Gamne a5 Losd Circut 11
e ————————————]
prememmes—eme s —ean o
WAL CIACUIT 2
iSdme an | nan e 11 ‘
= m = mr—————————
_.—I LOALF CIRCLIE & ]
Lo oo Sl )
TEST CIARCUIT

—_——— — —_—— e — e e — 3w
CLEAR ] 90 90% |
" 1.3V 10

T v

] -t el
|1

|

|

|
DaTA 1 | BOF: e
INFUT | 10% \ 13V 1.3v
o ‘st .__..i

e [t Iy
LOAD

10, ] |
INPUT —aef el b 105 ‘
i

—
| —— pL —————I'-l
2 Sk 1.3V )(1.3\;
auTeUT

VOLTAGE WAVEFGRMS

NOTES:

A. The pulsa generatars have the following characteristics: Zgyy = 50D and for the data pulse generator PRR < 800KHz, duty cycle =
50%; for the load pulse generator PRA is two times data PRE, duty eycle = 50%.

B. C| includes probe and jig capacitance. ’

C. Diodes are 1N3064,

D trand t¢ = 7 ns,

FIGURE 1 — CLEAR, SETUP, AND LOAD TIMES

e



Synchronous BCD Decade Up/Down Counter

25L5192

Synchronous 4-Bit Binary Up/Down Counter

25L8193

PARAMETER MEASUREMENT INFORMATION {Continued)
ODUTRUTE

av Yec U O Gy 9y canmy sORROW
&

L ————————————

h
-

maLSE H b ur bl

GENERATOR N

e Batraas &1

Bl
Lol ol

. " F Al
l_ ey Pt
f.l:‘\ Ly

15 fuans B

e!k

p—

| IR |

»
£
»
»
=
— e o e

L‘ LOAD CIREWT 1
4 PRy g
LOAD l'"----""'-"-""""'""
I LOAD CINELIT 7
_L 5o m Lot Cusut 11 '
= Ltecsoncmunannanasd
= o
E I LOMD CIREWIT ¥
154t v Lol Corsunt 10
b o g o
P-—-‘------------i
e L} LoD CimeuaT 4
1 ISeme  Lowd Carunt 41 1
LAl e
e ———— -y
—{ LOHAD CIRCANT & .
et a4 |, i Dot 10 [
i i |
P -y

' LOAD DRCHT & [}

! Carm o Lowd Cumwt 10 L}

L i e T |

-4
;FPPDO
T
-

[ s

TEST CIRCINT

CDUNT

oo - IV
18
INPUT o 1.3V 9 1.3V 16 1.3v ov

{See Note O
QUTPUT |

op f— 1.3V

{See Nate EF

| 1
CARRY Yon
oy
DUTPUT = vo

tp =] L] foat— t
COUNT T I r
DOWN o ':_ _ ! - 3V
NPUT 1 e 5 3 fq1avy 9 5 fravd s 1.3V
{See Note D} [ ( T
—-JI o tPHL ! I“‘PLH
| |
CUTPUT |
N | 1 ;| Von
[»] 1.3v ) ] 1.3v
iSae Note €1 == Yoo
| PLH
!PHL—J--J :
I [ v
1
BOA ROW ]| om
1.3v
ouTRUT VOLTAGE WAVEFORMS - —— VoL
NOTES:
A. The pulse generator has the following characteristics: PRR = 1MHz, Zgy, ¢ = 5082, duty tyele = 50%.
8. Cingludes probe and jig capacitance,
C. Diodes are 1MN30D84.
. Count-up and count-down pulsa shown is for the 25L.8193 binary counter. Count cycle for 2615192 decade countar is 1 through 10.
E. Waveforms for outputs Qa, Op, and 0 are omitrad to simplify the drawing,
F. tyand t§ = 7ns.

FHIURE 2-PROPAGATION DELAY TIMES
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2515192 Synchronous BCD Decade Up/Down Counter

2515193 Synchronous 4-Bit Binary Up/Down Counter
m

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES
2515192

Hlustrated below is the following sequence;

1. Ciear outputs to zero,

2. Load {preset! to BCD seven.

3. Count up to eight, nine, carry, zero, ane, and two.

4. Count down 1o one, zero, borrow, nine, eight, and seven.

cLEar _ ] | _. e
o g T
a o V- C-_C-----Z-cz
‘sjﬁ“ﬁ;:::::::::;::;::;
DATA © : :: _________________
ln_;_;t::::::::::::::::
COILJPNT — .____,__. ___l_[_u —l_‘]_'_hi\J—:\_Im. e
T LML
ATIL LT L
St B i O B

OUTPUTS | ! ' ' | |
ac” T [ L —

Qo_ |- i [ A |
CARRY . ! . : L . : .
BORROW : ' Do i .

. ’ I
Tak . _1 -
1) 7] o 4 w1z 1T U ¥ B¥ 7
Lk B i
CLEAR PRESET

NOTES:

A Clear overrides load, data, and count inputs.

B. When counting up, count-down input must b2 high; when counting
cown, count-up input must be high,



Synchronous BCD Decade Counter 2515192
Synchronous 4-Bit Binary Up/Down Counter 2515193

TYPICAL CLEAR, LOAD, AND COUNY SEQUENCES
25181853

Hlustrated below is the following sequence:

1. Clear outputs to zero.
2. Load {presetl to kinary thirieen,
3. Count up 1o fourteen, fifteen, carry, zero, one, and two,
4. Count down to one, zero, borrow, fifteen, fourteen, and
thirteen,
cear _ [l.__ _ . _ S
LOAD R T
S
5 L ;_"r—— L ol el e
DATA- - - . - __
1 . . - R . _
o
COUNT — - - ., i
up : L Ly
CGUNT u.-—\_p—l\_.—....__,.--._.l__ _.-..I— e = — : ———
o T SpupEginli
ea” T LT L SN B N S R A
1 1 . ' . I
S RN R SRR S ORI iy
QUTPUTS T ——
Q¢ _ _i 1 1 . 1 |
[ [ . I
QD_ 1 1 [ 1 _ -J
[ [ 1 1 - _ !
CARRY Ca i L o o i
[ 1 1 1 1 !
BORROW [ o T ! !

2

. 1
SEQUENCE 13| |-14 15 0 1 2’| |,1 a 15 14 ’l
- COUNT UP - - — COUNT DOWN - —
ILLUSTRATED — — —"—

CLEAR FRESET

NOTES:

A, Chear oversides load, data, and count inpu s,

B. When counting up, count-gown input must be high; when counting
down, count-up input must be high.



25LS194A 4-Bit Universal Shift Register
25L.S195A 4-Bit Parallel-Access Shift Register
FEATURES

®  Higher spaed compared to 9LS/54LS and LS/ 74LS

2 8mA sink current over full military temperature
ranhge

& 50mV improved Vg compared to 3LS/74LS

® 440uA source current

¥ 100% reliability assurance testing in gompliance with
MIL-STD-883.

DESCRIPTION

The 25L5194A and 25L5195A are 4-bit registers that ex-
hibit fully synchronous operation in all operating modes.
The 25L5195A can either parallel load all four register
bits via the parallel inputs (A, 8, C, T or shift each of the
four register bits right ong place, The shifting or parallel
loading is under control of the shift/load input (5/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, Qa,
i5 loaded via the J and K inputs in the shift mode.

The 251.5194A operates in four modes under control of
the twa select inputs, Sgand Sq. The four rmodes are parak
lel load (data comes from the paraltel inpuis), shift right
idata comes from the Hip-flop 1o the left, with the Qp bit
input from R}, shift left {data comes from the flip-flop to
the right, with the O input fram Ll and hold or do nothing
{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 ali outputs to the LOW state (Qp HIGH)
independent of any other inputs,

Eecause all the fip-flops are D-type they do not catch 0's or
1's, and the only reguirements 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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PIN-OUT BHAGRAM

25L5194A
VCEQp Qp Qp Op CLE 351 S0
bt
]

RENTY TR

[T

CLEaE n

H L] u 14 0 H
9
BBOEEM0E
CLRSH!IFTA B C D SHIFT GND
RIGHT ———v—~—— LEFT
SERIAL PARALLEL gppsa

inpuy  INPUTS ppyy

15 14 13 12

16

9
3 4 5 6 7
Dig Size D67 x 062
25181954
ouTPUTS =
Y & swiFt/
Vop Oa Op Og Op 3p = LDAD

S3ao%ad

e Bp b ok

c1ean smens| |

[LLIH

A

BI_EARJ K A B C 0GND
SEHI.M. INFUTS PARALLEL
INPUTS

15 14 13 12

e Size 067 x 082




4-Bit Universal Shift Register 25L.5194A
4-Bit Parallel-Access Shift Register 25L.S195A

25151944
LOGIC DIAGRAM

LOGIC DIAGRAM PARALLEL INPUTS
A E o
MooE (s iz @ ]
CONTROL @ T e —
INPLITS <.;u----{>nLEE
SHIFT
f:r.l;fgr 21 } 7l LEFT
SERIAL mis SEF;IAL
INFUT IHPLT
50
K
il
CLi
crock .
CLEAR '3 juz
Qp
PARALLEL DUTPUTS
25L51944
FUNCTION TABLE
INFUTS AUTPUTS
CLEAR MCDE CLOGK SERIAL FARALLEL a Q a a
81 so0 LEFT RIGHT A B € D A g Yc D
L X X X X X > X X x L L L L
H X X L x X x X X x Can  Spo %rg Coo
H H H H X X a b« o a b [ d
H L K t X H X% XX Uan Ygn Ogn
H L H T X b XX % x| L Qa, G Ugp
H H L 1 2] X x x X x ar QCn O, H
H H L * L X X X X X| Q@, Qg5 COp, -
H LL X X X X X X X | 0a9 Qg Qpe Qpo
H = high level (steady statet
L = low level isteady state}
¥ o= irrglevant fany input, inctuding transitions)
t = transition from low to hugh level

a, B, ¢, o = the level of steady-state input at inputs A, B, C, or D, respectively.

OAO' O‘BO' OCO' 2000 = the level of QA, O‘B' Oc, or OD' respectively, before the indicated
steady-state input conditions were established.

Qpne Cgne Ao Qoy ¢ the ievel of Qa, Qg Op, resnectively, 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

25L8195A
LOGIC DIAGRAM
SERIAL
INPUT PARALLEL INPUTS
_’,"? a B C D
@2 3] 1a) (s) 6} 7}
SHIFT/ '91Dch
LOAD
CONTROL
r i
- ' Cj |
CLOCK (19}
creap LY r .
LR | CLR CLR CLR
Qs R R R QOp
— CK CK —3CK —'q>CK
>1s aple s ag4 —{>s ac¢H¢ “{>—s apl
(15) (14) (13) 112_11 c"nm
Qp Qg Q¢ Qp-9
PARALLEL OUTPUTS
25LS195A
FUNCTION TABLE
INPLITS QUTPLTS
CLEAR SHIFT/ CLOCK EERIAL PARALLEL o a o a it
LOAD / ®|la B ¢ of™™ ™ "¢ “b "D
L X x X X X X X X L L L L H
H L 1 x X a b c d a b [ o d
H H L X X | X X X X |04 O Qe Qpp Cpg
H H t L H | X X X X |Qu Qg %n 9cn Qgn
H H t fL L | X X X X |L 0a Oy %en Qen
H H t |H H | X% X X X |H Qa Qgy Qcn Qgq
H H t | L | x x x x|o, oi, %n 2n Qe
H = high level {steady state}
L = low tevel {steady statel
X = irrelevant {any input, including tramsitions}
t = transition from low 1o high leva|

a, b, ¢, d = the level of steady-state input at A, B, C, or D, respectivaly.

Qs Apo- Qoo Qg = the level of Oy, Op, Qe, or Op, respectively, before the indicated
steady-state input conditions were estabilishad.

QAnr Qgn- OCn = tha leval of QA' Qg ar OC' respectively, befors the most-recent
transition of the clock.
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4-Bit Universal Shift Register 25LS194A
4-Bit Parallel-Access Shift Register 25LS195A

Recommended Operating Conditions

Military Commercial
Win | Nom | Max | Min | Nom | Max | "™
Supply vottage, Voo 4.5 =) a5 4.75 5 5.26 W
High-leval output current, gy —440 4401 LA
Low-level output current, 1g, 4 h 8 4 i mA
Clock frequency, Toock 0 35 Q 35 | MHz
Width of clock or clear pulse, 1, 20 120 ns
Made control 1 30 30 ns
Setup time, typ Serial and parallel data 16 16 ns
Clear mactive-state 18 18 ns
Hold time at any input, thog 0 4] ns
Qperating free-air temperature, Ty |_—55 125 0 70 °C
Elecirlcal Characterlstics Over Recammended Free-Air Temperature Range {Unless Otherwise Noted)
. Mitinary Commercial
Parameter Tesl Conditions Win ] Typ~ | Max Win [ Typ | Max Unit
ViH 2 2 v
WL 0.7 0.8 v
Vy Vee=MIN, I=-18mA -1.56 ~1.5 v
Ve =MIN, Vig=2V, ]
Vou V::f;\f"_max, Lot~ 4404A 25 | 35 27 | 24 ¥
VoL Voo =MIN, Vig=2V, loL=4mA 0.25 | 0.40 0.25 | 040 v
V|L=V|Lmax |0|_=8mA 0.30 | 045 0.30 | 0.45
1 Veo=MAX, V=7V 0.1 01 mA
‘lH VCCZMAX, Vl=2?V 20 20 HA
L Vog=MAX, V=04V -0.4 -0.36| mA
tost Vee=MAX -15 -85 -15 -B5 mA
26L51944 15 23 15 23
leett Vog=MAX P5L5105A a1 2 ramcTE s }

*For conditions shown as MIN or MAX, use the appropriate velue specified undar recommanded operating conditions for the applicahle
device type.
**All typical values are at Ve =5, Ta = 25°C.
‘tNet more than one output should be shortad at a time,
T HWith all outputs open, Inputs A through D grounded, and 4.5V applied te S0, 51, clear, and the serial inputs, 1¢g is testad with a momentary
GMND, then 45V, applied to clock.

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

From To 251.51944 281 5195A Uni
nit
Paramater {Input} | Cutput) Minl Typ i Max | Min [ Tvp[ Max
Test Conditions: C, = 15pF, R, = 2.0k(2 {See Fig. 1 & 2 on page 3-71 and Fig. A on page 2-174)
1 13 21 12 2 ns
FLH Clock o,
oy 12 18 12 1 ng
PHL Clear 9 17 26 17 26 15
[ Clock i7 16 03
LA Pulse Width
tpw Clear i7 12 ns
1 . Mode Control | 25 25 ns
Set up time
t, Data Input 16 15 s
1 “Clear recovery | Clock 20 30 115
th Hoeld tima Cata 0 0 ns
Shift/Release Time
tr - 10 ns
{26L 51984 only}
fmax Maximum clock frequency 35 55 3| EB& hiHz
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25L.S194A 4-Bit Universal Shift Register
25LS195A 4-Bit Parallel-Access Shift Register

25L5194A
TYPICAL TIMING SEQUENCES

cLOCK M LML rUNUU U U UL UL U

MODE  rgo--77— L
CONTROL ! ' :

S 1
NPUTS (ST L L :

CLEAR "I " ; L5
SERIAL (g _ ' 1 L i U e B
DATA L S e T e W e W e
inpuTs Lt = — : :

P - |
PARALLEL | B __ibLi | i .
oamh e L | s ;
INPUTS 4 i o ! !
QA*_Z.;L_J;'_"I:__F_I o I 1.
gl 1 TI1 P [ :
UTPUTSYee-1 MM
oY S o W s N s AN oy T L
I ' SHIFT RIGHT ~ ~—SHIFT ——INHIBIT —
CLEAR LOAD LEFT CLEAR
25181954

TYPICAL TIMING SECUENCES

Clock _ ML 1L Ll L L

1 1
cLEAR T L[S 1 T [
! ! 1 1
semaL [} : 1 : :
ineyTs | K : 1 1 : |
L] | |
SHIFT/LOAD T 7 |
1 1 1 1
P - Iy
t | 1 |
PARALLEL B ! | Ly 1
I 1 1
DATA c ' i 1
INPUTS T | | I
D ! 1 L |
| 7 T 0
Callli [ 1 |
1 1 1 1
as 2223 N pama! I !
CUTPUTS Iooa T 7 i
€ 2] ! — 1 |  —
I 1 1
ap i | I 1 | | —
| | 1
| p—SERIAL SHIFT —— —» —— SERtAL SHIFT - —  —
CLEAR LOAD



4-Bit Universal Shift Register 25L.S194A
4-Bit Parallel-Access Shift Register 25LS195A

25L8194A

%= tyiciear)
} | 3v

CLEAR 1.3 1.3V
| - —_

!
)
| -—
|
|

tn l—" {See Note F1 k—’

1.3V 1.3v

|
L'“"l Thold

CLOCK 1.3v

[ i
tstwiclock)d ‘setup

DATA I I
INPUT 1 1.3V I 1.3v 1.2
(SEE TEST \ |
TABLE} | |
tpL  ——ep |
( petpt Hed 1 !
[ 1 —(¢ f————~— Vou
ouUTPUT Q 1.3v }{1,3\: 5,; 1.3v
VoL
VOLTAGE WAVEFORMS
WNOTES:
A. The clock pulse generator has the fallowing characteristics: Zg = 50 {2 and PRR = 1 MMz, 1= 15ns
and 15 = 6 ns. When testing fingy, vary PFRR,
B. A clear pulse is applied prior to each test.
C. Vg = 1.3V,
Proplagation delay times (tpy and tpyy( ) are measured at tpa . Proper shifting of data is verified
at tp+q with a functional test.
tyh = bit time before clocking transition,
tn+1 = bit time after one clocking transition,
th+4 = bit time after four clacking transitions,
FIGURE 1
25L5195A
LOAD FOR OUTPUT UNDER TEST
I“'——"ﬁtw{clear]
| | w
CLEAR 1.3V 1.3V
I 1
———————————————————————— av
| | o —
! ‘se:ul: = ta+1 = 1041
"y tn ———- 3V
CLOCK 1.3v : 1.3v 1.3v 1.3V
[ I ' } av
BTt twielk) bt 1
T teruped | thold Ptsemp.r:— thatd y
| | v ] ; 3
DATA ! 1.3v 1 X1.3v 1av | Frav
(SEE NOTE G} : N S I A av
P-Ysetup—= P tsetup—
: H ot — trelease | p——m+— tralaase 2y
] I | |
SMIET/LOAD | 1a3v F1av| 1.3v)
| | e — i — av
—tpHL —= b tp 4= b tpHL -+

ASSOCIATED [ 1~ b von
QUTPUT Q 1.3V 1.3V S‘ 13V
MOTES: VOLTAGE WAVEFORMS

. The clock pulse genarator has the following charecteristics: Zg,y = 50 {2 and PRR = MHz, 1, % 16 ns, and ;= 6
s, When testing fog, vary the clock PRR.

B. € imcludes probe and jig capacitance.

C. Al diodes are 1N 3064

o

E

»

. A claar pulse is applied prior to each tast.
. Propagation delay times {tp q and tpH} are measurad at t,4q. Proper shifting of data is verified at t,1 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 rarmains high.
G. tn = bit time before clocking transitian.
Tn+1 @ bit tirma after one clocking transition.
th+4 = bit tima 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

B
5
LLOCK
SHIFT 8y Ay Ap Az Ag B Ag Ay ag Ag ApAqg SHIFT
RIGHT LEFT
w I | 1] L] o
R A4 B ¢ D L R &4 B ¢ O L AR A B & D L
— s = so — Sv
5 ZELS104A 5y ZGERIAdA 59 ZELE1S4A
e P e
cLh 94 Og O o cR s Op O¢ 9p clr Oa Qg Op dp
CLEAR T T T
SHIFT SHIFT
LEFT ———r  RIGHT
BT DUT
Bg By By By By B Bg By Bg By @qp Biq
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8-Line-To-1-Line Multiplexer
With Three-State Outputs

FEATURES

®  Selects one of eight data sources

Performs parallel-to-serial conversion

Complamentary 3-state outputs

Higher speed compared to 9LS/S4LS and SLS/74LS

8mA sink current over full military temperature

range

50mV improved Vg compared to 9LS/74L8

AA0uA source current

B 100% reliability assirance testing in compliance with
MIL-5TD-823.

DESCRIPTION

This monolithic data selector,moltiplexer contains full
on-chip binary decoding to select one-of-eight data solirces
and features a strobe-controlled three-state output. The
strobe must be at 2 low logic level to enable this device.
The three-state outputs permit a number of outputs to be
connected to a comman bus. When the strobe input is high,
both outputs are inoa high-impedance state i which both
the upper and lower teansistors of each totem-pale output
are off, and the ooutput neither drives nor loads the bus
sigrificantly. When the strobe i3 low, the outputs are
activated and aperate as standard TTL totem-pole outputs,
To minimize the possibility that two outputs will attempt
to take a common bus 10 opposite logic levets, the outpot
control ciicuitry is designed so that the average output
ciisable time is sharter than the average output enable tirme.

LOGIC DIAGRAM

25L5251
e N

PIN-OUT DIAGRAM

DATANPLUTS DATASELECT

——
Yecd 5 6 7 A B C
[ie] ) () () (3 ) ()
I ||4 |I 0 I.‘If. ul 1 II!
|-E-) L
[ i [%0) * - "
S O I I
01RIGIE) () (832 (6]
302 1 0 ¥ W % GhD
—— &
DATA INPUTS QUTPUTS E

Die Size: 066 x 057

STROBE o)
ENABLE) — —  —{>> ’
{4} |
Do
__;‘:Elj___
py A3 -
5212 | L
a1l .
DATA v
INPUTS™y 1, U158} —
! pg 1141 ]I |
l' T
i pe 13} j
| !
! b7 12 | :
L Y :
an AT
1 Al ! i
\ N D“—I N :
DATA J/ 8 !
SELECT i p 108 p _BJC !

{BINARY) |
e

FUNCTION TABLE

INPUTS AUTPUTS
| STROBE
cset.:l:'rA 3 ) v W
15} -
'OUTPUT Y % K X " 7 7
QUTPUT W L L L L Do Do
L L H L m o
L H L L oz B2
L H H L o3 O3
H L L [ D4 Ga
H L H L o5 D5
H H L s D6 D6
H H H L o o7
H = high logie level, L~ low logic level

X - imelevant, Z = hwgh impedance {off)
00, B ... D7 = the leval of the respactive D input

3-73



8-Line-To-1-Line Multiplexer
25L8251 With Three-State Outputs

Recommended Operating Conditions

OLS/54LS aLs/ 74 s Unit
Min Nom | Max Min Nom { Max "
Supply voltage, Voo o o 4.5 5 55 | 4.75 5 15.25 W
High-level qutput current, |5y -1 =26 | mA
Low-level output current, Ig) o 4 | 8 4 8 mA
Operating free-air temperature, Ta -55 125 g 70 °C
Electrical Characterlstics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
K GLE/5ALS 9LETALS
Paramater Tesl Conditlons Win THye™ | Wax | Win | Tyor | Max Unit
Vim 2 2 W
V] S S I 08 | v
[vi ] VeerMiIN 4=-18mA 1 -1.5 BRI
Voo BN, v =2y, 42
__Vo” VIL-MAX, Iy -MAX 24| 34 24 | 3 v
Vv Ve =MIN, V=2V, lQ'-:‘i'_‘_‘A___ 1 02_5 0.40 G25 | g4n y
L vemmax [T Bma -~ Todo|das 0.30 [ 0.45
Vo =MAX, Vo -2.7Y 20 20
| ottt V=2V V=04V -0 =
W Voo -MAX, W =TV XN 01 | mA
I Voo =MAKX, V=27 20 20 A
e Ve sMAX, V=04V 04 -0 | mA |
last Yoo =MAX 15 -85 | -15% -85 | mA
. TCondition A 61} 0 61| 10
. Ve oA X SEE T PO Sl
leatt e lCOncI:tlon ) 71 |8 ’“ 72 | ™A

*For conditicns shown as RIS ar MAX e the approoraie vlug specified under recommendea operating canditians for the applicabls
devica type.
**AIL typical values are at Vo = BY, Ta - 257C.
# Mot more Than pneg oulpaT should be shorted at a teme,
Trle g is measarad with tha owrpats open g ol duta ond sesect inpurs al 4 54 undur tha laliswing conditions
A Strabe groanded
B. Strobe au 4,64

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

Fram To +25°C

Parameter {knptrt} {Outout} Min [ Tvn ! Mav | tinir
Test Conditions: C, = 15pF, R. = 2k} {See Fig. A, page 2-174)
Y . B,

PLLH AB o G ¥ 29 44 ns
e {4 levals) 20 30
1 B

PLH A B o C w 16 24 s
P (3 levals) 21 32
1, 4 24

PiH Any D Y ns
tpHL " 17
! 12

PEH Any D W 8 ng
TorL 3 4
T 12

ZH Strabe Y 2 ng
tzL 12 19
1 4 16

ZH Strobe W ns
17 13 18
Test Conditions: C, = 5pF, R = 2k{2 {See Fig. C, page 2-174)
HZ Strobe Y 2 z 0§
Lz 10 18
t 7 2

HZ Strobe w ! i ns
Wz 10 18

-



Duali 4-Line to 1-Line Data
Selectors/Multiplexers

2515253

DISTINCTIVE CHARACTERISTICS

® Permits multiplexing from N lines to 1 line

& Perforims parallel-to-serial conversion

® Provides three-state outputs for data bus organization
data bus organization

B 100% reliability assurance testing in compliance with
MIL-STD-883

DESCRIPTION

This dual four-input multipiexer provides the digital equiva-
lerit of 2 two-pole, four position switch with the posi-

tipn of hoth switches set by the logic leve!s supplied to
the select inputs & and B. Each section of the 2515153
has a separate active-LOW epable {strobel input that
forces the output of that section LOW when a HIGH leve!
is applied regardless of the other inputs.

The 2505253 feawures a three-state output to interface
with bus organized systems. Each section of the 2515253
has a separate active-LOW output controf that disables the
output driver {high-impedance state} of that section when
a HIGH logic level is applied regardiess of the other inputs.

PIN-OUT DIAGRAM

LAGIC SYMBOL

DATA 2 CUTFUT

26 SEL 203 22 201 200 2Y

eLLLELT

2515263 J

AEANENOE

1G B 1C3 1C2 IC1 1o 1Y GND
SEL
DAaTAl  OUTPUT
Die Size: 067 x 061
LOGIC HAGRAM
26 3 2¢2 200 200 A B 3 1C2 I 1 16

S S——

OuUTPUT
2y

G = Dutput Enable

QUTPUT
ik
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Dual 4-Line to 1-Line Data

2515253 Selectors/Multiplexers
- ___________________________________|]

Recommended Operating Conditions

Military Commercial
Min. | Nom. [ Max. Min, | Nem.| Max. Units
Supply Yaltage, Voo 4.5 5| 85 4,75 5|5.29 W
High-level Qutput Current, ipH 1.0 1.0 mé
Low-level output current, 1oL 4 B 4 2] ma
Operating free-air tamperature, T a, 55 125 1} 70 °C
Electrical Characteristics Over Operating Temperature Range {Unless Otherwise Noted)
Military Commercial
Parameters Test Conditions (Mote 1} Min. | Typ. |Max. [ Min. | Typ. | Max. Units
Vi Guaranteed in|.:|L|t Iggical HIGH 2 2 y
voltage for all inputs
Guaranteed input lomcal LOW 0.7
ViL ; v
waltage for alt inputs 0.8
v, Vg = MIN, [y = -18mA -15 -5 v
Ver = MIN, T = -1.0mA 24| 34
Vau v
Vin = Vg = Vi Iy » —2.6ma 24 3.2
v Vg S W, Vg = 20V ]| TgL = amA & [0% G35 07 v
oL Vi = V)L MAX ToL = 8MmA 030|045 030|045
TR Ve = MAX, V=04V -0.36 036 mA
Iy (& Ve = MAX. Yy = 2.7V 20 20 HA
1 Vg - MAX, V) = 7.0V o o A,
| N Vg = 24V 20 20 A
o ce ' Vi - 04V —20 70 K
Isc Vg = MAX. 15 B | -16 g5 mA
oo Wi = MAX (Mote B 7 12 7 12 mA
Switching Characteristics V.. = 5V, T, = 125°C
From Te +25°C
Paramaters {input) {Output} Min | Typ | Max Lnits
Test Conditiona: C, = 15pF, A, = 2k (See Fig. A, page 2-174)
t 10 15
PLH c; Yi - ns
tpHL 7 12,
t Select 20 30
PLH Y ng
TPHL {A or B} 15 23
t iR 23
ZH G; ¥, ns
t7) 15 22
Test Conditions: C, = 5pF, R, = 2k0) (Ses Fig. C, page 2-174}
t 12 1
HZ g s
LWz 12 18
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Dual 4-Line to 1-Line Data

]
Selectors/Multiplexers 255253
FUNCTION TABLE
INPUITS QUTPUTS |
LS253
Select Data Qutput (;-512?131
Control e
B A CpCi1CzC3 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 b L L
H H X X X H L H
H = HIGH
L=LOW
¥ = Don"t Care
Z = High Impadance
NOTE: A & B are common te bath 4 input muMiplexers.
DEFINITION OF FUNCTIONAL TERMS:
1G;j, 2C; Data Inputs, The four data inputs to each multi-
plexer;i=10,1, 2, and 3.
1Y, 2¥ 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 setected for the gutput.
G  Output Control. An active-LOW three-state
control used to enable the output, A HIGH level input
forces the putput to the high-impedance {off} state.
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25L5253

Dual 4-l.ine to 1-Line Data
Selectors/Multiplexers

WORD A WORD B WORD C WORD D WORD E WORD F
e, —pm, et e——
i
H
j
i
r
j
H
{
2 L e
; B
1A 2434 A 16 ZB3E4E 10O 4C1 162 163 2o 207 22 203 GO 101 IE2ICE A0 201 267 20R
—% 16 == 16
' a
2515287 2515253 IRLSIET
—e 8 B
W2 3Y Ay [ P * o
H 1Y 2¥ 1Y 7Y
T o i
s A — - H
—ar ol —
DATA —
sus R T ———
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Quadruple 2-Line-To-1-Line

Multiplexers With Three-State Outputs

25LS257 25L5258

FEATURES

Higher speed compared to 9LS/54LS and 31.8/741.8
B 8mA sink current over full military temperature
range
50mY improved Vo compared to 9LS/74LS
4400 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 25L5257 presents true data; the 25L5258 presents
inverted data. With Qutput Contrel HIGH, the outputs are
forced 1o a high impedance state.

FUNCTION TABLE

INFUTS OUTPUT ¥
T
COD:Z‘;UJL SELECT A B L5257 LZ25A
[ W * X 7z 7
L L L b L "
L L H * L
L by " L L H
L H X H H 1

H  nigh leval L bow lavel, X arrglavant, 7

Low level al 5 selects A npuls
High tevel al § satects B inputs.

PIN-OUT DIAGRAMS

=

8

QUTPUT
=] ¢ontan

1 15 ST JA b i
(031410
]
SELECT 1A 1B 1V 24 7B 2Y GND
e L T

13 12 11 10

Die Size .047 x 068

25L5258

QUTPUT

]
=l—[Z] contRoL

E*ﬁ,

ﬁﬁal@lq

SELECT JA 18 1¥ 24 28 2Y GND

SORUTPUT. Y DUTPLR
INPUTS INPUTS

14 13 12 11 10

Die Size .047 x .066

rtugh - pedance 1olt;
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Quadruple 2-Line-To-1-Line
2515257 25L$258 Multiplexers With Three-State Outputs

LOGIC DIAGRAMS

2518257 5L8258
ouTPut 115} ouveut 119
CONTROL D CONTROL
14 14 21
ia) 14
1B 2 : v 15 3 ¥
24 8 2p 1)
7 (7}
g 161 2v 25 18 2y
L
34 {11} 34 D1
19) to}
3B {30) 3¥ 18 {10 3¥
- L o
aa 14 PR
(12) 12}
2 113) ay 4 113 ay
L
seLect U >-.4>J seceer A2 H:D'

Recommendead Operating Conditions

Military Commercial Unit
Min | Nom | Max Min | Nom | Max
. Supply voltage, Voo 4.5 5 55 {475 5 5.25 v
High-leve! output current, lpy -1 -2.6 | mA
Low-level output current, lg| 4 8 4 8 mA
Operating free-air temperature, Tga 55 125 0 Eall °C

>



Quadruple 2-Line-To-1-Line

Multiplexers With Three-State Outpufs 255257 25LS258
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
. Milltary Commerclal
Parametar Tesi Conditions Min T Typ | Max | Win | Typ= | Wax Unlt
Vil Guaranteed input logical high voltage for all inputs 2 2 W
VL Guaranteed input logical low voltage for all inputs 0.7 .8 W
V| VCC=MJN, h=-18mA -156 -1.5 A
" Vee=MIN, V=2V, Igy = -1.0mA 24 | 34 v
OH Wy =V max, lon =MAX ToH - —2BmA 24 | 3.1
v Veo=MIN,  V|q=2V, IoL =4mA 025 | 0.40 025|040 [
oL VL=V max loL =BmA 0.30 | 0.45 0.30 | 0.45
Vec=MAX, Viq-2V
I
OZH VO=2.4V 20 20 IlJI.A
VeemMAX,  V|q=2V,
| ‘ - -
ozL veloay 20 20 | waA
S input 0.2 0.2
| Vep=M =
! Any other ce=MAX. V=7V 01 0.1 mA
S input _ _ 40 40
M yo— Veoo=MAX, V=27V 30 20 72
5 input _ _ -0.8 -0.B
e Ay oner | JCCTMAX. V=04V -0.4 a4 ™A
ogt Ve =MAX -15 -85 -16 -16 -85 mA
Al outputs 50 | 100 59 | 100
high
Ao ns 2515257 82 | 135 92 | 135
AN oot 10 | 163 10 | 163
o
logH Voo =MAX mA
All o.urputs 4.1 8.0 41 8.0
high
All outputs 251 5258 6.2 | 11.0 82 ] 110
loww
All outputs 70 | 112 70 | 112
aff

“Far condltions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable
device typa.
** A1l typical values are at Vo = 5V, Ta = 25°C.
TNot more than one cutput shauld be shorted at a time,

tHee is measurad with all outputs open and all possible inputs grounded while achieving the stared output conditions.



Quadruple 2-Line-To-1-Line
25L.S258 25LS257 Multiplexers With Three-State Outputs
e

Switching Characteristics, V. = 5V, T, = 25°C

Parameter (::gm) (ou.{:ut} Min [+:':;cj_ Max Unit
Test Conditions: C, = 15pF, A ~ 2Kk (See Fig. A, page 2-174)
tE:T 25U5267 |  Data Any 3 1; ns
IE:H 2505258 Data Any 2 :3 ns
::;'z 2518267 Select Any :; 12 ns
IE:': 2515258 Select Any :; 12 s
2 o | O | any o]
2 2515258 g;.:f:;_ Ay :? 12 ns
Test Conditions: G, = 15pF, R, = 2k{} (See Fig. A, page 2-174}
:':ZZ 2515257 g::frit, Any o
o | o | o [T
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8-Bit Universal Shift/Storage Register 255299

FEATURES PIN-OUT DIAGRAM
®  Four operational modes
& Three-state outputs
® Common input/output pins
®  Cascadable shifting '-‘I:I: 51 S ﬂ'.-‘ DY; D¥50¥30¥t CP Sp
B Advanced Low-Power Schottky processing T T T T T T
B 100% reliability asswrance testing in compliance with

MIL-STD-883 SL Gy DYy D¥g Bvg Dy GLk
DESCRIPTION o sk
The 25L5299 is an 8-bit universal shift/storage register with Cq ‘2 O¥g O¥g DYy Dvg Qg CLR

3-state outputs. Four modes of operation are possible—

Hold {store), shift left, shift right and locad data. EHIBIE -
Paraliel toad inputs and register outputs are multiplexed to So 51 Gz bYg D“‘ 0Y2 DYy Oy CLR GND
reduce the nummber of package pins, Separate continuous

cutputs are also provided for flip-flop Qgand Q7. These
devices can be cascaded to N-Bit words.

The 25L5299 has a typical shift frequency of 50 MHz; and
is packaged in the standard 20-pin BIP package.

A separate active-l OW asynchronous clear input forces all
flip-flops to the LOW state whenever this clear input is

LOW,
LOGIC DIAGRAM
31 50
(9 [t
{
SHIFT
SHIFT T a8 leer
AIGHT : SEAIAL
5Emm_“” i |J!E—_| INFUT
INPUT -
12y
CLOCK, }
18 | : | .
gl @i ] YL IQH;
CLEARA
—— Y
auTPuT { &1 2 |
CONTROLS 6;' = —— b
L
171 1331 181 ina | ot r181 a1 1181
BT B:Og £i00 o EsQe FOF GG HQJH



250L5299

8-Bit Universal Shift/Storage Register
-~ ]
Recommended Operating Conditions

Milltary Commercial Unit
Win | Nom | Max | Min | Nom | Max |
Supply Voltage, Vg 45| 5 55 | 475 5 | 525 vV
High-Levet Output Current, 1 gy -0.44 | -1.0 044 | -2.6 { mA
tow-Level Qutput Current, I 4 8 4 8 mA
Operating Free-Air Temperature, Ty -55 125 0 70 °c
Electrical Characteristics Over Recommended Free-Air Temperature Range (Unless Otherwise Noted)
™ -
Parameter Test Conditions* Miliary Commercial Unit
Min | Typ™ | Max Min | Typ*® | Max
VIiH Guarantesd input logical HIGH voltage for all inputs 2 2 W
Vi Guaranteed input fogical LOW veltage for all inputs a7 0.8 v
v Vieo=MIN_ 1= -18mA -1.5 -1.5 v
v Vog=MIN. Qp.8; | lgp-0d4ma | 256 2.7 v
OH VINSViQor Vi | DYgDYy | Igy=-1.0mA za y
IoH--26mA 24
v Voo =MIN, I = 4.0mA 0.25 | 0.40 0.26 | 040 v
oL VIN=Vi oF VL IoL = 80mA 0.30 | 0.46 0.30 | 048
5n. 8 0.2 0.2
0 =1
1 Veap=MAX., V| = 5.5V
I ["Al athers ce N 0.1 0.1 mA
S0, 8 40 4an
1 Q™1 Veo=MAX., Vi = 2.7V
H Airothers ce N 20 70 KA
S$q. B ~0.3 =08
0 °1
1 =MAX., Vo = 0,
'L AN oRers Vee Vin =08V 64 2a ] ™
V= 0.4V —100 ~100
! Van = MAK, g A
@ cc Vo= 277 0 40 i
log Voo =MAX., See Note 3 —30 ~B5 ~-30 -85 A,
Tee Voo = MAX, See Note 4 38 57 38 | 57 mA
Motes: 1. For canditions shown as MIN, or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable
device type.
. Typical i e e Vip - 30V, Z5°C ambiant ana maximum ioading.

B W ota

3-84

. Not mare than ane output should be shorted at a time. Duration of the short cirguit test should not exceed one second.
. lgc — measured with clock input HIGH and output controls HIGH.



8-Bit Universal Shift/Storage Register
-

Switching Characteristics, ¥V

e = W, T, = +25°C

2515299

P From To +25°C Unit
arameter finput) {output) Min I Typ ] Max
Test Conditions: C_ = 15pF, R, = 2k{} (See Fig. A, page 2-174)
tPLK 13
Clock . ns
tHL & 23
t 18
PLH Clock DY; ns
tuL 21
thHL Clear DYp-DY; 25 ns
thHL Clear Qp or Q7 27 ns
t 20
ZH 51,50 DY; ns
Iz 19
tzH - = 20
G Y;
tZL 1 Gg M) i 8 ns
Sy, Sq Set-up Prior
t 20 ns
§ 1o Clock
SR, 5 Set-up Prior
t ’ 20 ns
$ 1o Clock
tow Pulse Width {Clock) 25 ns
th Hold Time 3 ns
Frnax I 50 MHz
Test Conditions: C, = 5pF, A, = 2k (Ses Fig. C, page 2-174)
t 22
Lz S1. So DY; ns
thz 20
t = = 20
Lz Gy, Gp DY, ns
14z 16
TRUTH TABLE
INPUTS QUTPUTS INPUTS/OUTPUTS
FUNCTION —
SR |SL |CLEAR [GLOCK| Sg 516162 Qo Q7 |DYg DYy DYz DYz DYz DYg DY¥g DYy
Clear X X L X {Mote 1} L L L L L L L L L L [
X X x X X X |H L NC NC 2 Fd 2 Fd Z Z Z Z
Qutput
Control X X X X X X|L HJ NC NC z 2 Zz z z Z Z z
r
ontee x (x| x x |x x|uH|ne welz 2z 2z z z z z 9z
Hold X X H X L L|{L L | NC NC |NC NG NG NC NC NC NC NC
M| Load {Note 2} X X H T H HjpL L A I A B < D E F G H
O | Shift Right L [ x H + H L|L L|L oDvglL DYy DY) DYs DYy Dyy DYs Dvg
O | Shift Right H % H 1 H LiL L|nH Dvg DYp DY; DYy DY DYy DYg DYg
E | Shift Left X |L H 1 L H{L L|DYy L (DY DYy D¥3 DYs DY DYg DYy L
Shift Left X |A H t L HL L|DYy H DYy DYz O¥g DYy DYg DY DYy H
L= LOW Z = High Impedénce  t = Transition LOW-to-HIGH Notes: 1. Either LOW 10 observe outputs.
H=HIGH ¥ = Don't Care NC = No Change 2. In this mode DY are inputs,
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25L8670

4-By-4 Register Files with 3-State Outputs

FEATURES

B Separate Read/Write Addressing Parmits Simuftaneous
Reading and Writing
Fast Access Times . . . Typically 20 ns
Organized as 4 Word: of 4 Bits
Expandable to 512 Words of n-Bits
For Use as:
Scratch-Pad Memaory
Buffer Storage Between Processors
Bit Storage in Fast Multiplication Designs
» 3-State Qutputs
The 25L5170 is Similar But Has Open-Collector Outputs

DESCRIPTION

The 26LS670 MSI 16-pit TTL register file incorporates
the equivalent of 98 gates. The register file is organized as
4 words of 4 bits each ang separate on-chip decoding is
provided for addressing the four word locations to either
write-in or retrigve data, This permits simultanecus 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 waord is determined
by the write-address inputs A and B in conjunction with a
write-gnabie 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-leve! is applied at the data input for that
particular bit location. The tatch inputs are arranged so that
new data will be accepied only if both internal address gates
inputs #re high. When this condition exists, data at the D
input is transferred to the laich output. When the write-
S ic h‘:nh
G, iz high,

tha gdoio inputs are inhibiled

pnabla inout,
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 ocutputs are inhibited and go into the

high-impedance state.

WRITE SELECT ENABLE

DATA
Vee DI wA Wwg WRITE READ G1 @2

LT

D1 Wa Wp Gy Gg

auTe UTS

D2 az
D3I P4 Rg Ry Q4 Q3
Elalntatt

bz D3

DATA READ SELECT OLITPUTS
Positive Logie: See Dlescription

The individual address lines permit direct acquisition of
data stored n 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 regd-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 timas, permits simultaneous reading and writing, anc
is limited in speed only by the write time (27 nanoseconds
typicall angd 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 2515 standard
load, and input-clamping diodes minimize switching tran-
sients to simplify system design. High-speed double-ended
AND-OR-INVERT gawes dare empioyed for the read-address
function and have high-sink-current three-state outputs. Up
ta 120 of these outputs may be wire-AND connected for
ingreasing the capacity up to 512 words. Any number of
these registers may be paralleled to provide n-bit word length.

LOGIC
READ FUNCTIOMN TABLE {SEE NOTES A AND D) WRITE FUNCTION TABLE {SEE NOTES A, B, AND C)
READ INPUTS OUTPUTS WRITE INPUTS WORD

Rg Ry GR a1 oz 03 (oY Wg Wa Gy 0 1 2 3

L L L lwoB1 | WOB2 | wWOBZ | wWOB4 L L Lo |a=D Qg Qo Qg
L H L [WIBT | WiBZ | W1B3 | w1g4 L H L Qo Q=D Qp Og
H L L |wze1 | weBz | w2B3 | wap4 H L L Qg Gg Q=D Gq
H H L |wsmi | wagz | w3B3 | w3Ba H H L Qo Qg Gy | Q=D
X X H z z z z X X H Qg Cg Qg Qp
NOTES: A H = thigh level, L = low level, X = irrelevant, Z = high impedance {off}

B {Q=0]=

The four selectad internal flip-flop outputs will assume the states applied to the four external data inputs.

C. Qg = the level of O before the indicated input conditions were established,

D. WOB1 = The first bit of word 0, ate.
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4-By-4 Register Files with 3-State Outputs 25L.5670

FUNCTIONAL BLOCK DNAGRAM

D‘“S]B
(1)
Dz —~fyo - A
D O a
4 G 1 4
DaTA
et s DUTPUTS
- |
[
] [ —f
b3 =P - ! L : 7 g
|| b afy | odf || TQ ba ]
) s 1Ty G G | Tl A
1
|
[
{3} o [ F '
04 = ro— ] { 8 0
L 4 Lo L & *~ =]
DO [ D | THDE | D
1
L,
a1 anl nal {4y nm| s
Gw Wg  Wa Rp Gr Ra
. —
WRITE INPUT READ INPUT
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2508670 4-By-4 Register Files with 3-State Outputs

Recommended Operating Conditions

Military Commercial
- - Unit
Min. [ Nom.|Max. Min, | Nom. !Max.
Supply voltage, Wi 4.5 5| 65 4.7% & |5.26 W
High-level outhut current, o4 -1 =26 mA
Low-level autput current, lg)_ 4 g 4 2 mA
Width of write-enabla or read-snabla pulse, 1, 25 25 ns
Data input with respect to
Setup timas, high- or low-level data 10 10 ng
write enable, 1,
{sze Figura 2| ! setuplD)]
Write sefect with respect to
18 15 ns
write anable, tgerpiw}
Data input with respect to
) 15 15 ns
Hotd times, high- or low-leval data write enable, the|diD}
isee Notwe 2 and Figure 2 Write select with respect 1o
5 5 ns
write enable, thgidiw)
Latch time for new data, taieh (506 Note 3) 25 25 ns
Operating free-air temparature range, Ta, ~55 125 1] 70 c

MOTES 1. Voltage values are with respect to network ground terminal .

2. Write-select setup timae will protect the data written into the previous address, |f protection of data in the previous addrass is
not required, teapgniw) can be ignored as any address sefection sustained for the final 30 ns of the write-enabie pulse and
during thoidw will result in data being written intg that Iocation. Depending on the duration of the input conditions, one or
a nuimber of previous addresses may have been written inta,

3. Latch time is the time allowed for the internal cutput of the latch to assume the state of new data. See Figure 2. This is im-
partant only when attempting to read from a location irnmediately after that location has receved hew data.
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4-By-4 Register Files with 3-State Outputs
. ]}

25L.8670

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

Mlitary Cammercial
Paramatar Test Conditions? Unit
Min, | Typ® | Max. Min. | Typ# | Max,
Vin  Highevel input voltage 2 2 A
ViL  Lowlevel input voltage 0.7 0.8
V) Input clamp voltage Voo =MIN, I =-18maA -15 -1.5 v
Veo = MIN, Vg =2V, | ==1m#A 24 | 34
Vol High-tevel output voltage ce H QH W
VL = ViLmax IgH = —2.6mA 24 | 31
Y, = MM, Vg =2y, |1 =4mA 025 | 04 025 | 04
Vo Lowlevel output voltage cc '1' " oL v
YL = Vi max 151 = BmA 035 | 045 0.25 | 0.45
Off-state output current,
1ozH Voo = MAX, Wy =2V, vg=27V 20 20 | kA
high-tevel voltage applied
Off-s1ale cutput current,
lozL Voo =MAX, Vg =2V, V=04V -20 ~20 |uA
low-level voltage applied
Any, D, R, or'W 0.1 a1
Input current at Voo = MAX,
Y ) Gy 0.2 02 |mA
maximum input voltage V=7V
GRr 0.3 0.3
Ay B, R, or W 20 20
Voo = MAX,
4 High-tavel input current Gy 40 40 | kA
Vy=2.9V
Gr 60 80
Any O, R, or W -0.4 -04
I Low-level input current Veor =MAaX Gy ~(.8 ~0.8 | mA
) GR -1.2 -1.2
lgs  Shortcircdit output curcent § Ve = MAX ~15 -85 -16 -85 |mA
lpe Supply current Voo *MAX,  SesMote d 30 | BO 30 | 50 [mA

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

*All typicat values are at Ve = 5V, Ta = 25°C.
fNot more than one auipur should be shorted at a time.

NOTE 4:

all address inputs are arounded and all cutguts are open.

Maximum 1oe is guaranteed for the following worst-case conditions: 4.5V is applied to all data inputs and hoth enable inputs,
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25LS670

4-By-4 Register Files with 3-State Outputs
e e O S

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

v

v

av

o

av

ov

Iy

v

VO

VoL

From To +25°C _
Parameter - Unit
{Input) {Qutput} Min. | Typ. [ Max.
Test Conditions: C_ = 15pF, A, = 2.0k{] (See Fig. 1 & 2 on page 3-50 & 3-91 and Fig. A on page 2-174}
PLH Read 23 40
1 Any O ng
PHL Select 25 48
1 Write 26 45
PLA Ay 13
tPHL enable 28 50
b 25 45
PLH Data Ay G — ns
PHL 23 40
Test Conditlons: C, = SpF, R, = 2.0k (See Fig. C, page 2174}
t 15 35
2 Read 77 | 40 n
t &3
ZL Any O
tHz enable 30 50
ns
Lz 16 35
WRITE-SELECT
INPLIT Wa or Wp 1.3V 1.3V
|5ee Note A}
_’I taatupi W)
i Thofd{ W}
DATA INPLIT 4
DL D2 D3, or D4 1.3v 1.3
[See Note A}
[+—-+thaldi D}
——lsetyp( D)
WRITE.E i
ITE.ENABLE
INPUT Gy 1.3V 7 13V
o Haih =
READ-SELECT .
INPUT Ry or Rp 1.3 1.3v
{See Mote B}
TFHL
QUTPUT
01,42, Q3, or' 04
VOLTAGE WAVEFORMS (51 AND 52 ARE CLOSED)
FIGURE 1
NOTES: A, High-leval input purses at .the select and data inputs arg illustrated; however, times associated with tow-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,

50%, ty = 15 ns, 1, % 6 ns,
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. Input waveforms are supplied by generators having the following characteristics: PRR = 2 MHz, 25,,; = 50 {2, duty cyele =



4-By-4 Register Files with 3-State Outputs 25LS670

3v
DATA INPUT
01, D2, D3, or DA 1.3v

ov

av
WRITE-ENABLE
INPUT Gy 1.3V
| ov
-+ in - tPHL =]

_ VOH
ouTPUT
1, 02,03, or Q4 1.3V 1.3V

--- voL

- VOLTAGE WAVEFORM 1 (81 AND 52 ARE CLOSED)

ki

DATA INPUT
D1. D2, D3 or D4

WRITE ENABLE
INPUT Gy ‘
=t e
oUTPUT
M, 0z, 03, or Q8 13w

1.3V

- o

FIGURE 2

NGTES: 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 = Ra and Wg = Rg. During the test Gg s low.

B. Input waveforms are supplied by generators having the following characteristics: PRR = 1 MHz, Zy,; = 50 2, duty cycle =

50%, ty = 15 ns, 1, = 6 ns,
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Packaging Information

Plastic Packages

14-PIN PLASTIC DIP
DB/BD

A3 DIAX .0
DEEP (PINNO. 1
1CENTIFICATION

2% F d— 025 nom

16-LEAD PLASTIC DI
BM/MB

760
740 |
S TN N
8.031 DA x 010 P]
280 HEERPINNO. 1 (' 120
-240 gloemmmnomh

AT AP ]
265 | _-Jl— oz
200
r—"—%—j MAX. 4 3
i _1625 ‘35_';".;&.;.4 i Seatlng
S
i O
T o MiN
' hoa3ms |-
AL 022 o ,!l'LNDM#" 100 ! '”6
D18 oo Cr TYP
Metal Package
14-LEAD METAL DIP
218
" .688 —"1 025R
7 PR
g 145
Y -1 .,
MAX 310
___ e . — 2
" 88 j.:‘gﬁli Lo [ 0
| = S e S
45°TYP _ _.L 7 _r
135LMAX 100§ 035 MIN
| ‘ 050 T\'P 10 -ll/ gTve
100 TYP -| — l— T TYP __g;%Tw |__-33°
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Packaging Information

Ceramic Packages

14-LEAD CERAMIC DIP 16-LEAD
DC/J CERAMIC PACKAGE
oM
e e .785
S 50 | .oe8
e ’Hallh'\\aﬁﬁmx
27 ! _0X%R 281 1 025 R
245 NOM " 21 . G- 028
— i 16
| i .085 1k 005 MIn r";|r oés
045 SR
200 MAX a0
| - 750
160 ' 011 - g0
MIN — Ll 200 ] e ]
ﬁﬁu} s [ a1 MAX FRE L .l= on
¥ | | Rﬁ | T h EIT 15 ]
T | gz Aloogr g~ M
098 .. ~ ... G 7 e
MAX
100 TYP
24-LEAD
CERAMIC PACKAGE
R/J
D65 .
g - 0z (=005 MIN
Y -’I l‘ PRI UL TR W T
¥ 12 ]
575
518
H 13 24 'ﬂ%ﬁ
AP AP A S P
225 129
MAX 063 3

100 TYP - -

LR

. b2
418



Packaging Information

Flat Packages

Ceramic
14-LEAD CERAMIC 16-LEAD CERAMIC
FLAT PACKAGE FLAT PACKAGE
cJo/w cL/W
o Tvo D0IMIN ht:'l:re 3&2 °“5 MAX
18 === 1 12';':“:." _1L[_ :T: i 16I-:+ [
D|15 = Hﬂ:&—-l 260 | m— —— —
_{__ [ — — ! '2‘0 | Bn——— —
A ?I IB _:-___l IL_ 03[ J i —— 3?1
T == R R —— —
a0 |_370 | ] Cowwm | = E— ;
004 1750 2557 . gy — os—  |_
| Tyl Gy
0s0 L L
9'.:»5 === lm__
' 0% 289 L
Bo4 ‘247 ‘ “3; :_gg
14-LEAD CERAMIC 24-LEAD CERAMIC
FLAT PACKAGE FLAT PACKAGE
CK CN/W
= g;_g Typ D04 MIN 050 MiN 045 MAX
Ry ot T_T_P in 1
g:: i 114 = ’_L T E_=1. 74 —Ts
e l‘ m = —
008 ;m |.3?0 [ 05 MAX o1 =/ =
‘w I m D13l= _
12 13 == J_

ﬁg % 4 '
TYF .055
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Flat Packages

Packaging Information

Metal
13-LEAD METAL 16-LEAD METAL
FLAT PACKAGE FLAT PACKAGE
K L

| PINNO.1\ JE— . —ie———

S —— p— == ==, 37

L= =7 == e

| |, Tk [ - 25 .
050 i 182 | R A - a7 MAx
TYP MAX : [ |
ves = = = ?.‘r—dﬁ_._.‘_._
- . .00 ., 039
MAX] -_J:“ _ J;g% “(jﬁ? o

- = BB

022 TVP

| |
14-LEAD METAL 24-LEAD METAL
FLAT PACKAGE FLAT PACKAGE
J{TO-86) LIE] N

i PIN NO.\ _'014 LPNNOY -

L o e b o1t =——{|l == .
260 3-— -:: : 015 — === i
240 1 3 .am2
A= e = = 3%
[ T = =7

L 2L “ + s H==————
. - D& i X
' v | 550 -
f— - ~— 550 MAX ;
065 MAX 070 006
e —————m C i I
obe 1 =
004 | A1 1000 |
9
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Beam Lead

Packaging Information Mechanical Outline Drawings

—- 0.045 BSC —
g
2.0025 ~BEAM LEAD
© NITRIDE LIP
o T 0on TYR
= 8.0075 TYP
~ = 0.0025 TYP
;__1"‘_
0.004
E-.L 0.003 16 PLACES
T Tg
4o 0005
- Stoe 16 PLACES
b
0.001 Tye| O01TVR
dhes™ B-00TSTYE
e - B |
0.053 L SILICON
.
16 BEAM CHIP -+ 0.0005 TYF

NOTE: 1. METALIZATION DOWN
2. COUNTER CLOCKWISE BEAM ORDER

MECHANICAL OUTLINE 9

NOTE:

- .. 00G685C _ _
%

0.005

; YR

0 ?STYP'L -0.0025 : “boa 20 FLACES
°°|— - 0.004

iy — 22 50 pLACES
- _|,_ /'[ L 0003
b BEAM LEAD
" NITRIDE LIP
0.001 TYP
‘ouozswp

0 4075 TYP

-

FO 0071 TYP
YP

- SILICON

- D.G00E TYP

20 BEAM GHiP

ElA STANDARD
1. METALIZATION COWN
2. COUNTER CLOCKWISE BEAM QRDER

MECHANICAL OUTLINE 12

4-6



RAYTHEON COMPANY
SEMICONDUCTOR DIVISION

350 ELLIS STREET

MOUNTAIN VIEW, CALIFORNIA 94042
(415) 968-9211 TWX:910-379-6481

Printedin U.S.A. July 1977



