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2. aude State Diagram T999asiuAa Ul Avua i anuzFusuaesniniu Ae 0011

2.1) 29a5riuAnudy (Johnson counter)

2.2) 2A7UUUIL (Ring counter)
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54LS83A/DM54LS83A/DM74LS83A
4-Bit Binary Adders with Fast Carry

General Description

These full adders perionr. the addition of two 4-bit binary
nimbers. The sum () outpuis are provided for sach bit and
the resultan? carry (C4) 8 cbtained from the fourth bit
Thess adders feature full internal look ahesd acroes all four
bits. This provides the system designer with partial look-
ahead periormancs at the economy and reduced package
count of a rippie-cary implementation,

The adder logic, including the carry, is implementad in its
true form meaning that the end-around carry can be accom-
piished withcut the need for loge or level inversion,

Features
W Full-carry look-ahead across tha four tits
W Systems achieve partial look-ahead performance with
the economy of ripple carry
® Typical add times
Fwo 8-bit words 25 ns
Two 16.bit wordsg 45 ns
= Typical power dissipation par 4-bit adder 5 mw
B Alternate Military/Acrospace devico (E4LSS3A) is avail-
abie. Conact a National Semiconductor Sales Ottice/
Distributor for spacificatons.

Connection Diagram

Duakin.Line Package

GND  B1 At £1

12 11 10 ]

al

EIL

2 B2

B4 4 ca o
1% 15 14 13
s Ca co
—t B4
- A4
L3 A2 283
t 2 3 4
Adq L3 a3 83

5 6 7 8

Voo Iz B2 A2

T A IRR7R 1

Order Number S54LS83ADMCB, 54LS8SAFMQB,
DM541L.583A4J, DM54L.SB3AW, DM74LS83AWM or DM74LSE3AN
See NS Package Number J18A, M16B, N16E or W16A
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DM74150, DM74151A
Data Selectors/Multiplexers

General Description

These data selectors/imultiplexers cortain full on-chip decod-
ing to seloct the desired data source. The 150 selects
one-of-sixteen data sources; the 151A selecls one-of-eight
data sources. The 150 and 151A have a strobe input which
must be at a low logic level to enable thase devices. A high
level at the strobe forces the W output high and the Y output
(as applicable} low.

The 151A features complementary W and Y oulpuls,
whereas the 150 has an inverted (W) output only.

The 151A incorporales address buffers which have sym-
metrical propagation delay {imes through the complementary
paths. This reduces the possibility of fransients occurring at
the output(s) due to changes made at the select inputs, even
when the 161A oulputs are enabled (i.e., strobe low).

Features

® 150 selecls one-of-sixtean data lines

® 151A selects one-of-eight data lines

® Performs paraliel-to-serial conversion

B Permits mulliplexing from N lines {o one line

m Also for use as Boolean funclion generator

u Typical average propagation delay time, data inpulio W

output
150  1inms
151A 9ns
m Typical power dissipation
180 200 mW
151A 135 mW

w Allernate Military/Aerospace device (54150, 54151A) is
avgilable. Contact a Fairchild Semiconduclor Sales
Office/Distributor for specifications.

Connection Diagrams

Dual-in-Line Package
DATA INPUTS DATA SELECT

Voo €6 E9 E10 E7Y E12 EYZ Et4 E1S A B C

N

24 123 p22 F21 320119 118 J17 J16 §15 J14 |13

[

123456789[101![12

E7 &8 E5 €4 E3 E2 EY EQSTROBEW D GND
— 4 OUT DATA
DATA INPUTS SELECT

DS006505-

Order Number 541500QMB, 54150FMQB,
DM54150: or DM74150N
See Package Number J24A, N24A or W24C

Dual-n-Line Package
DATA INPUTS DATA SELECT

7 ]

V¢ D4 D5 D6 D7 A 8 C

18 p15 {14 113 {12 §11 §10]9

1 2 13 |«

[
TIT

D3 D2 01 D0 Y W STROBE GND
SRS ———" A S———

DATA INPUTS  OUTPYTS
SO0BA46-2
Order Number 54151ADMQB, 54151AFMQB,
DM54151AJ, DM34151AW or DM74151AN
See Package Number J16A, N16E or W16A

w

S19X31dNINN/SI010918S kled VISLY/INA ‘0SLy/ING
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Function Tables
54150/74150
Inpute Outputs
Select Strobs W
D c B A s
X X X X H H
L ih L L L Eo
L L L H L 158
L L H L L B
L L H H L B3
L H L L L [Z]
L H L H L 5
L H H L L Ee
L H H H L B
H L L L L =3
H L L H L B9
H L H L L Ef0
H L H H L Ei1
H H L L L E2
H H L H L [ZK]
H H H L L Eid
H H H H L EfS
H = High Level, L = Low Laval, X = Don't Care
B.5 .58 =the complerment of the level of the respective E input
54151A/75151A
Inputs Outputs
Selact Strobe Y w
c B A s
X X X H L H
L L L L Do Do
L L H L D1 b1
L H L L D2 ()
L H H L D3 (1)
H L L L D4 [
H L H L DS D5
H H L L D6 Dé
H H H L D7 b7
H = High Level, L = Low Level, X = Dont Care
DO, D1...D7 = the leval of the raspective D input
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&National Semiconductor

54L.S138/DM54LS138/DM74LS138,
54L.$139/DM54LS139/DM74LS 139
Decoders/Demultiplexers

General Description

These Schottky-clamped circuits are designed to beused in  Schottky diodes to suppress line-ringing and simplify system
high-performance memory-decoding or data-routing appli-  design.

cations, requiring very short propagation delay times. In

high-performance memory systems these decoders can be  Features

used lo minimize the effects of system decoding. When g pegigned specificatly for high speed:

used with high-speed memories, the delay times of these Memory decoders

decoders are usually less than the typical access time of the Data transmission systermns

memory. This means that the effective system delay intro- W LS138 3-to-8dine decoders incorporates 3 enable in-

duced by the decoder is neglyigibfg puts to simplity cascading and/or data reception

The LE138 decodes one-of-eight lines, based upon the con- g | §139 contains two fully independent 2-10-4-line decod-
ditions at the three binary select inputs and the three enable ers/demultiplexers

inputs. Two aclive-low and one active-high enable inputs - iah

reduce the need for external gates or inveriers when ex- . ?ch;g:w::a;npig?; ehllg (ge'refsg?;a:f? ic)

panding. A 24-line decoder can be implemented with no ex- prS 1 389 291 gi ay g

ternal inverters, and a 32-line decoder requires only one LS138 21 ns

inverter. An enable inpui can be used as a data input for N L
demultiplexing applications. " Tyfgg 8p°g§rr:‘2smatton

The LS139 comprises two separate two-line-to-four-line de- 15138 34 mW

coders in a single package. The active-low enable input can i .

o N A litary/ 138,
be used as a data line in demultiplexing appkcations, " S‘I:fg;?; arg‘asa%aﬁgosgoagfac ¢ :engf; nal (ggﬁicf:-
All of these decoders/demultiplexers feature fully buffered ductor Sales Ofﬁce/DEst}ibutor for specifications.
inputs, presenting only one nomnalized load to its driving
circuit. Al inputs are clamped with high-performance

Connection Diagrams

Bual-in-Line Package
Dual-in-Line Package

SELECT DATA QUTPUTS
DAYA QUTPUTS ENABLE -~ pe = -
vee v0 w1 v v; . ve e vee G2 A2 B2 2¥0  2v1 2v2  2v3
¢ Im ]15 14 13 [12 ‘11 lm [9
135 !15 |14 l13 112 In |1o ‘9 é J; & (l)
I 2 3 |a ]5 s |7 e !1 2 3 ]4 Is [s |7 ]a
A 8 [ G2A G28 Gt Y7 GND ENABLE At B1 1¥0 1Y1 1¥2 1Y3 GND
N — “ - 7 QUTPUT G1 N d ~ od
SELECT ENABLE SELECT DATA OUTPUTS
TL/F/6301-1 TLF/I8391.2
Order Number 541 $138DMQB, 54L.8138FMQB, Order Number 54LS138DMQB, 54LS139FMQB,
5415 138L.MQB, DM54L.S138J, DM54L.S138W, 541.$139LMQB, DM541.5138J, DM54L.S138W,
DM741.5138M or DM74LS 138N DM74LS5139M or DM74LS 139N
See NS Package Number E20A, J16A, See NS Package Number E20A, J16A,
M16A, N16E or W 16A M16A, N16E or W16A

B1995 National Semisonductor Corporaion TL/E/8391 FAD-B30MI05/Printed in U, 8. A,

‘AR L]TIP/INC/REL]TPGINA /RFL]TIVG

s1axaldNnINWan /s1ap023n AL LKL /INCI/ALLIIPCINA /AR L]TIHG
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’LS139 Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min (N1¥: 1 Max Units .
Vi Input Clamp Voltage Voo = Min, b = ~18 mA -15 v
Vo High Levet Output Ve = Min, lgy = Max, DM54 25 3.4 v
Voltage ViL = Max, Vi = Min DM74 27 34 -
Vou Low Level Output Voo # Min, o = Max DM54 0.25 0.4
Voltage Vi = Max, Vi = Min DM74 0.35 05 v
oL = 4 mA Vo = Min DM74 0.25 0.4 -
I input Current @ Max Voo = Max, V= 7V 01 mA
Input Voltage _
Iy High Level Input Currant Vog = Max, Vy = 2.7V 20 pA _
I Low Level Input Current Voo = Max, Vy = 0.4V ~0,36 mA
ios Short Circuit Voo # Max DMS54 -~ 20 -~ 100 mA
Output Current (Note 2) DM74 20 —100 _
lec Supply Current Ve » Max (Note 3} 68 11 mA
Note 1: All typicals are af Vog = 8V, Ty = 25°C.
Note 2: Not mora than one output should be shorted at a time, and the duration should not excead ons second,
Note 3: lop is measured with afl oulputs enebled and open.
’LS139 Switching Characteristics
at Voo = 6V and T4 = 25°C (See Section 1 for Test Waveforms and Output Load)
From (Input) Ry = 2k
Symbol Parameter Te (Output) Cy, = 15 pF C, = 50 pF Units
Min Max Min Max _
tpLH Propagation Delay Time Select to 18 27 ns
Low to High Level Qutput Quiput _
1P Propagation Delay Time Select to 27 0 n
High to Low Level Output Output s
tpLH Propagation Delay Time Enable to 18 27 n
Low to High Level Qutput Cutput S
P Propagation Delay Time Enable to 24 40
High to Low Level Output Output ns
Function Tables
15138 L5139
Inputs Outputs Inputs Outputs
Enable | Select Enable Select
G1/G2*(C|B[A|YO|Y1|Y2|Y3 Y4|Y5|YE|Y7 G B A Yo Y1 Y2 Y3
X H|IXIX[X|H| H|H|H{H|H|H|H H X X M H H H
LI X IXIX|IXIH|HIH|H|H]{H|H[H L L L L H H H
H LJLjLfL] L | H|H[H{H|IH[H]|H L L H H L H H
H L |LjL{HH|L|H[H|H|H[H|H L H L M H L H
Hl L ([LIH|LIH]|H|LUL]JH|{H|H|H[H L H H H H H L
H| L [LIHIHH|[H|[H|[L|H|H]|H|H ) y
H tlrlelil v lulainlelululn H = High Level, L = Low Level, X = Dont Care
M| L IHILIH[H[HIHIH|H[LIH]H
H| LiHHILIH[H|H|[H|H | H|L|H
H| L[ HHHH|H|H|H|H]IH|HIL

" G2 = G2A + GZB
H = High Level, L. = Low Level, X = Don’t Care
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UNIVERSAL 4-BIT

SHIFT

REGISTER

The SNS4/74LS195A is a high speed 4-Bit Shift Register offering typical
shift frequencies of 39 MHz. It is useful for a wide variety of register and
counting applications. It utilizes the Schottky diode clamped process to
achieve high speeds and is fully compatible with all Motorola TTL products.
o Typical Shift Right Frequency of 39 MHz
* Asynchronous Master Reset
» J, K.Inputs to First Stage
o Fully Synchronous Serial or Parallel Data Transfers
¢ |nput Clamp Diodes Limit High Speed Termination Effects

Ve Q

CONNECTION DIAGRAM DIP (TOP VIEW)

9 9 0 G CP PE

[16] f1s] [14] [s] [12] ] [0] [o]

D

L] [2

MR J

PIN NAMES

NOTES:

s [«] Is][e] [2]Te

K P Py P2 P3 GND

Parallel Enable (Active LOW) Input

Parallel Data Inputs

First Stage J (Active HIGH) Input

First Stage K (Active LOW) Input

Clock {Active HIGH Going Edge) Input
Master Reset (Active LOW) Input

Parallel Outputs (Note b)

Complementary Last Stage Output (Note b)

a. 1.TTL Unit Load (U.L.) = 40 pA HIGH/ .8 mA LOW
b. The Output LOW drive factor is 2.5 U.L. for Military (54) and § U L. for Commercial (74)
Temperature Ranges.

NOTE:

The Flatpak version

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

LOADING (Note a)
HIGH LOW
05Ul | o025UL.
o5uL | oezsUL
05UL.| 62sUL.
0.5UL{ o025UL.
05UL. | o25UL.
o5uL. | o025UL.
10UL | 525UL.
0UL | 525 UL.

SN54/74LS195A

UNIVERSAL 4-BIT
SHIFT REGISTER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

D SUFFIX
SOIC.
CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ  Ceramic
SN74LSXXXN  Plastic
SN74LSXXXD SQIC

LOGIC SYMBOL
9 4566 7

115 14 13 12

Vec=PRN 18
GND=PIN8

FAST AND LS TTL DATA

5-366



FUNCTIONAL DESCRIPTION

The Logic Diagram and Truth Table indicate the functional
characteristics of the LS195A 4-Bit Shift Register. The device
is useful in a wide variety of shifting, counting and storage
applications. It performs serial, paraliel, serial to parallei, or
parallel to seria! data transfers at very high speeds:

The LS195A has two primaty modes of operation, shift right
Qo Qq)and parallglioad whichare controlled by the state of
the Parallel Enable (PE) input. When the PE input is HIGH,
serialdata enters the firstflip-flop QQ via the J and K inputs and
isshifted onebitinthedirectionQg Q4 _ Qs Qgafollowing
each LOWto HIGH clock transition. The JK inputs provide the
flexibility of the JK type input for special applications, and the
simple D type input for general applications by tying the two

swaThAdnm ; 40 Section: i 8
SN54/74LS195A
LOGIC DIAGRAM B
PEJ K P Py P2 Ps MR CP
® #@ ol ® ® ® @ 047%
& &
ACpGy —— R Cp ——R CD +—— R Cp Qg
Ld>cp Lacp L cp L cp

LS o s ooft s mH >s o

Vec=PIN1B ® ® ®‘|
O eI NUMEERS G o @ a3 g

pinstogether. When the PE input is LOW, the LS195A appears
as'four common clocked D flip-flops. The data on the paraliel
inputs Pg, P4, P2, P3 is transferred to the respective Qg, Q4,
Q2, Q3 outputs following the LOW to HIGH clock transition.
Shiftleftoperations(Qz Q) canbe achieved by tying the Qn
Qutputs to the Pn—4 inputs and holding the PE input LOW.

All serial and parallel data transfers’ are synchronous,
occurring after each LOW1to HIGH clock transition. Since'the
LS195A utilizes edge-triggering, there is.no restriction on the
activity of the J, K, Py and PE inputs for logic operation —
except for the set-Up and release time requirements.

A LOW on the asynchronous Master Reset (MR) input sets
all Q outputs LOW, independent of any other input condition.

MODE SELECT — TRUTH TABLE

OPERATING MODES INPUTS OUTPUTS

MR | PE | J K|Py|Q Q Q Q3 Q3
Asynchronous Reset L X X X X L L L L H
Shift, Set First Stage H h h h X H ") a1 92 a2
Shift, Reset First H H I | X L qo Q4 Q a2
Shift, Toggle First Stage H h h | X q0 qo qq q2 a2
Shift, Retain First Stage H h | h X qp 40 q4 @
Paraltel Load H | X X | pp Pg Py p2 p3 _ P3

L = LOW voltage levels
H = RIGH voltage ievels
X=Don't Care

t= LOW voltage level one set-up time prior to the LOWto HIGH clock transition.
h = HIGH voltage level one set-up time prior to the LOW-to HIGH clock transition.
Pn (dp) = Lower-case letters indicate the state of the referanced input (or output) one set-up time prior to the LOW to

HIGH clock transition.

FAST AND LS TTL DATA
5-367
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DECADE COUNTER;

SN54/74LS290
SN54/74L.S293

4-BIT BINARY COUNTER

The SN54/74L.5290 and SN54/74L5293 are high-speed 4-bit ripple type
countets partitioned into two sections. Each-counter has a divide-by-two sec-
tion and either a divide-by-five (LS290) or divide-by-eight {LS293) section
which are triggered by a HIGH-to-LOW transition on the glock inputs. Each
section can be used separately or tied together (Q to CP)to form BCD,
Bi-quinary, or Modulo-16 counters. Both of the counters have a 2-input gated
Master Reset (Clear), and the. LS290 also has a 2-iniput gated Master Set

DECADE COUNTER;
4-BIT BINARY COUNTER

LOW POWER SCHOTTKY

(Preset 9).

e Corner Power Pin Versions of the LS90 and LS93

¢ Low Power Consumption . . . Typically 45 mW
* High Count Rates. . . Typically 42 MHz
¢ Choice of Counting Modes . . . BCD, Bi-Quinary, Binary
¢ Input Clamp Diodes Limit High Speed Termination Effects
CONNECTION DIAGRAM DIP (TOP VIEW)
Vec MR MR CPy CPp Qp @
[1e] [13] [l [u] [w] [s] [5]
NOTE:
The Flatpak version
> LS290 has the same pinouts
(Connection Diagram) as
the Dual In-Line Package.
Ll Lo Lo [ s TeJ
MS NC MS Q2 Q@ NC GND
Vee MR MR 51 EI;o Q Q3
[1a] [] [2] [] oo} [51 [o]
D) Ls293

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
4 CASE 646-06

« D SUFFIX
W soIc

s CASE 751A-02

ORDERING INFORMATION

SNS4LSXXXS  Ceramic
SN74LSXXXN  Plastic
SN74LSXXXD  SOIC

Lo Lel Lo LT Ts] TeJ [T

NC NC NC. Q3 7 NC GND

PIN NAMES

Eg Clock. (Active LOW going edge) Input to +2 Section.

cP1 Ciock (Active LOW going edge) input to =5 Section (LS290).
cPt Clock (Active LOW going edge) Input to-+8 Section (LS293):

MR1, MR2 Master Reset (Clear) Inputs
MS1, MS2 Master Set (Preset-9, L$290) Inputs

Qo Output from +2 Section (Notes b & ¢)
Q1,Q02,Q3 Outputs from.+5 & +8 Sections (Note b)
NOTES:

2) 1 TTL Unit Load (U.L) = 40 pA HIGHA .6 mA LOW.

LOADING (Note a)

HIGH LOW
0.05 UL 15U.L
0.05UL. 20UL.
0.05U.L. 10U.L.
05U.L 025U.L.
05U.L 0.25U.L.
10 UL §(25)U.L.
10UL 5§25 U.L

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

<) The Qg Outputs are guaranteed to: drive the full fan-out plys the CP{ Input of the device.

FAST AND LS TTL DATA
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Section:

SN54/74L.5290 @ SN54/74L.S293

LOGIC SYMBOL
L5290

10—q CPg

11—q CPy
MR Qg Q1 Qo Q3

10—

"n—q

Ls293

CPp
cP

1
MR QpQi Q203

121 1213 9 5 4 8
Voo =PIN 14 Voo =PIN 14
GRB =PINT L
NC=PINS 2,6 NC=PINS1,2,3,6
LOGIC DIAGRAMS
s, :‘C?D LS290
MS3 @ 1
—® 3 g} —J ab¢l | aoHA LRSDQ
CPg—qcp _ —dce _| trdep _ e
CQO KepQ Kepd s EIDQ
cPy ® Vog =PIN14
wr, 2, GND=PINT
! =
MRy 1 ® @ O = PINNUMBERS
® Q Q4 Q 0
LS293
— @' N JQ Ja JoQ
CPg—=dqcp _ —dcp _ o o _
Kep0 Kop@ Kepl Kgl
® T b b
E:—P1 Voo =PIN 14
® GND=PINT
321 = > O] ® O =PINNUNBERS
'O % A Q@ Q3
FAST AND LS TTL DATA
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Section:

SN54/74L.S290 @ SN54/741.5293

FUNCTIONAL DESCRIPTION

The LS290 and LS293 are 4-bit ripple type Decade, and
4-Bit Binary counters respectively. Each device consists of
four master/siave flip-flops: which are internally connected to
provide a divide-by-two section and a divide-by-five (LS290)
or divide-by-eight (LS293) section. Each section has a
separate clock input which initiates state changes: of the
counter on the HIGH-to-LOW clock transition. State changes
of the ‘Q outputs do not oceur simuttaneously- because of
internal ripple delays. Therefore, decoded output signals are
subject to decoding spikes and should not be used for clocks
or strobes. The Qq output of each device is designed and
specified to drive the rated fan-out pius the CP1 input of the
device.

A gated AND asynchronous-Master Reset (MR1 - MR2) is
provided on both counters which overrides the clocks and
resets (clears) al! the flip-flops. A gated AND asynchronous
Master Set (MS4 - MSp) is provided on the LS290 which
overrides the clocks and the MR inputs and sets the outputs to
nine.(HLLH).

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

Ls290 .
A. BCD Decade (8421) Counter — the CP4 input must be

externally connected to the Qg output. The CPg input

receives the incoming count and a BCD count sequence is

produced.
B. Symmetrical Bi-quinary Divide-By-Ten Counter — The Q3
output must be externally connected to the CPg input. The
input count is then applied to the CPq input and a
divide-by-ten square wave is obtained at output Qp.
Divide-By-Two and Divide-By-Five Counter — No external
interconnections are required. The firstflip-flop js used asa
binary element for the divide-by-two function (CPg as the
inputand Qg asthe output). The- CP4 inputis used toobtain
binary divide-by-five operation at the Q3 output.

18293

A. 4-Bit Ripple Counter — The output Qg must be externally
connected to input CP4. The input count pulses are applied
to input CPq. Simultaneous division of 2, 4, 8, and 16 are
performed at the QQ, Q4, Q2, and Q3 outputs as shown in
the truth table.

B. 3-Bit Ripple Counter — The input count pulses are applied
to input CP4. Simultaneous frequency divisions of 2, 4, and
8areavailableatthe Q1, @2, and Q3 outputs. Independent
use of the first flip-flop is-available if the reset function
coincides with reset of the 3-bit ripple-through counter.

LS290 MODE SELECTION LS293 MODE SELECTION
RESET/SET INPUTS QUTPUTS RESET INPUTS OUTPUTS
MR | MR2 MSy msz Q O Qz Q3 MRq MR2 Qo Q1 Q2 Q3
H H L X L L L L H H L L L L
H H X L L L L L L H Count
X X H H H L L H H L Count
L X L X Count L L Count
X L X L Count
L X X L Count
X L L X Count
TRUTH TABLE
$290 OUTPUT
COUNT
BCD COUNT SEQUENCE Qg Q4 Qy Qs
COUNT OUTPUT ¢ Lot L
Qy O Q Q3 1 H L L L
0 L L L L 2 L H L L
1 H L L L 3 H H L L
2 L H L L 4 L L H L
3 H H L L 5 H L H L
4 L L H L 6 L H H t
5 H L H L 7 H H H L
6 L H H L ] L L L H
7 H H H t 9 H L L H
8 L L L H 10 L H L H
9 H L L H 11 H H L H
NOTE: Output Qgis connectedto Input CPy 12 L L H H
for BCD count. 13 H L H H
H = HIGH Voit Level I L ’ H H
= loltage Leve! 1
L= LOW Voltage Level 5 H H H H
X=Don't Care Nate: Output Qg connected to input CP4.
FAST AND LS TTL DATA
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