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%‘Wm Present State Next State FF2 FF1 FFO
Y Q2 Ql Qo Q2 Q1 Qo0 D2 D1 DO
0 0 0 0 0 0 1 0 0 1
0 0 0 1 1 0 0 1 0 0
¢ 0 1 0 X X X X X X
0 0 1 1 X X X X X X
0 1 0 0 1 0 1 1 0 1
0 1 0 1 1 1 1 1 1 1
0 1 1 ¢ X X X X X X
0 1 1 1 0 0 0 0 0 0
| 0 0 0 1 1 1 1 1 1
1 0 0 1 0 0 0 0 0 ]
1 0 1 0 X X X X X X
1 0 1 1 X X X X X X
1 1 0 0 0 0 1 0 0 1
1 1 0 1 1 0 0 1 0 0
1 1 1 0 X X X X X X
1 1 1 1 1 1 1 0 1

5.1) alliend State Diagram 18999315
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6.1) aiditi1s Timing Diagram 289943731/7 6.1 (18 AzUNN)

HIGH

(4) D{(5) DJ(G) oj(?) —

Do

J
K
SH/LD ———CQ 74L.8195

cLk 19 >

(13) |(12)

’(15) (14)

QO 1 QZ Q3

191 6.1

say

SH /LD

CLK LT L1

nau

J o . ' v -
6.2) AN39453U7 6.1 UaT Timing diagram 4@ 6.1 viwihfimieauasasduailale (2 Azuiuw)
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APPENDIX

Decoders/Demultiplexers

General Description

Thess Schottky-clamped cirouits are designed to be used in
high-performance memory-decoding or datarouting sppl-
cations, requiring very short propagation dolay times. In
high-performance memory systems thess decoders can bg
used to minimizo the offects of system decoding. When
used with high-speed memorios, the delay timas of these
dacoders are usually less than the lypical access time of the
memory. This means that the offoctive system delay intro-
duced by the decoder is negligible.

The L3138 decodos one-of-aight lines, based upon the con-
ditions at the three binary sslect inputs and the tivee enable
inputs. Two active-low and one active-high enable inpuls
reduce the need for edernal gates or invertors when ex-
panding. A 24-line decoder can be implermnentad with no ax-
ternal inverters, and a 324ine decoder requires only one
inverter, An enable input can be used as a data input for
demultiplexing applications.

The 15138 comprises two sopamte two-ine-to-fowrding de-
coders in a single package. The active-low enabis input can
ba usaed as a data line in demultiplexing applications.

Al of these decoders/demultiplexers feature fully buffered
inputs, presanting orly one nomalized load to #s driving
circul. All inpuls are clamped with high-perlormance

&National Semiconductor

Jung 1988

54L.S138/DM541.5138/DM74LS138,
54L.5139/DM54LS5139/DM74L5139

Schottiy diodes 10 suppress ne-ringing and simplify system
design.

Features
m Dasigned spadcifically for high speod:
Memory decodus
Data transmisgion systems
u L5138 3-to-8ine decoders incorporates 3 enable in-
puts o simplfy cascading and/or data reception
® L3139 containg two fully independent 2-to-4-ing decod-
ars/demuitiplexers
® Schotiky clamped for high performance
m Typical propagation delay {3 levels of logic)
LS138 21 ns
L5139 2 ms
m Typical power dissipation
18138 32 mwW
L5138 34 mW
m Alternate  Mitary/Aerospace  devices (54018138,
541 813% are avallable. Contact a National Semicon-
ductor Sales Office/Distributor for specifications.

Connection Diagrams

Dual-in-Line Package
DATA OLITPUTS

’

vee YO Y1 Y2 Y3 v4e Y6 Yo
s bis fia Jis 2 151 Lo s

Ll

[T 1]
]1 2 3 |a ]5 6 7 la
A 8 C G2 GIB Gt Y7 GNO

b - -’ + OUTPUT
SELECY

ENABLE
TLFMEIN =Y
Order Number 54L5138DMGB, 54L5 138FMQB,
54L.3138LMOB, DM54L5138J, DM54LS13BW,
DM74LS138M or DM74LS 138N
Ses NS Package Number E204, J18A,
M16A, N16E or W1SA

Dual-in-Line Package
SELECT DpATA OUTPYTS

ENABLE - \
Voo G2 A2 B2 2Y0 2Y1 ¥z a¥a

;!5 i‘.‘i L 3 li? 111 I'(D IS

b & 4 4

?‘If?

‘i FS 3 |4 |s |r Ia
ENABLE A1 BT Y0  1¥Y1  1Y2  1¥3 GND
Gl et em —
SELECT DATA CUTPUTS
TLFIEH1 -2

Order Number 54L.81300MQB, 54LS139FMQOB,
S4L5130LMQB, DMS54L5139J, DM54LS139W,
DM74LS 1390 or DM74LS138N
See NS Package Number E20A, J16A,
M16A, H16E or WisA

B 1995 Nalonsl Sawicondator Corparaion TLAF B

HED-BW0S Prated in . G A,
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'LS139 Electrical Characteristics
over recommended operating free air temperature range (unless otharwise noted)
Typ
Symbol Parameter Conditions Min (Note 1} Max Units
Vi input Clamp Voltage Voo = Min ) = —18mA 15 v
Vou High Level Output Vg = Min, lon = Max, DM54 25 34 v
Voltage Vi = Moo Ve =Min-+ | pygs | 27 34
Voo Lowr Level Outpat Ve = Min, foy = Max DAMB4 025 0.4
Voltage Vi = Ma, Vg = Min DM74 035 05 v
o = 4 mA, Voo = Min DM74 0258 04
th input Current @ Max Voo = Max, V) = 7V 0.1 A
Input Voltage
[ High Level Input Current | Voo = Max, V) = 2,7V -] pA
W Low Level input Curront Yoo = Max, V) = 0.4V ~,36 mA
log Short Clecust Voo = Max 3. T2 ~20 - 100 A
Oﬁfﬂ.ﬂ Cument (Note 2} DM 4 D — 400
les Supgly Currert Voo = Max (Nota 3) 88 k1| mA
Hota I Al typicais are at Voo = SV, T, = 25'C.
Nata 2 Not mora than one cutput shoukd e shortad at a time, and the duration should not axcesd one second.
Hotas 3 loc is meagorad with ol ouviputs enabled and open.
L8139 Switching Characteristics
at Voo = 5Y and Ty = 25°C (See Section 1 for Tast Waveforms and Output Load)
From {Ilnput} By = 2k
Symbol Parameter To {Cutput) €y = 16 pF Cy =~ SO pF Units
Min Max Min Max
tpiy Propagation Delay Time Salect fo 18 27 ns
Low to High Level Cuiput Quipt
teri Propagation Delay Tine Select to 57 40 s
High to Low Lavet Output Cutput
tpt Propagation Detay Time Erabie t 15 57 ns
Low to High bevel Output Outpnrt
tpry Propagation Delay Tme Enable 1o 54 40 ns
High to Low Lave! Output Quitput
Function Tables
L5138 L5139
Inputs Outputs Inputs Outputs
Enable | Select Enabie Select
G |G2 |C|B(A|YO|YT|Y2(¥Y3I|(VYa|YE|Ye|¥7 G B A YO Y1 Y2 ¥3
X| H[X[X|X|H|H|H|H|H]IH|[H|H H X X H H L] 134
X [X[XIX|H|HIH|H|HIH|[H|H L L i L H H H
Hl L |[F|LJLE[L [H{H[H]|H|H|H|H L L H H L H H
M|l L |LILIHH|[LIH[H[H|H|H]|H N M L H H L H
H| L |LIHIE[H[H]L[H|H|MH|[H]|HK i H H H H H L
H|l L [L|H|H|H |H]{H|L|H{H|H|H - T -
Pl B Y I O P P O v I S I e H = High Leavel L = Low Lavel. X = Don't Gam
H L |HILIH|H[H|{HB[H|H|L[H|HK
H L (HHILIH|HHR|H|H|H]|L|H
H L(HHH H | HHB|H|H|H|H|L

12 = G2A + GZB
H = Figh Lavel, | =

Low Lewvel, X = Don't Care
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DM74150
Data Selectors/Multiplexers

General Description

These data selectorsimultiplexers contain full on-chip
gecoding to select the desired data source. The DM74150
selects one-oi-sixieen data sources. The DM74150 has a
sirobe input which must be at a LOW logic level 0 enable
these devices. A HIGH level at the strobe forces the W out-
put HIGH and the Y output {as applicable} LOW.

The DM74150 features an inverted {W) cutput only.

Features

B 150 selects one-of-sixieen data lines

B Performs paraliel-to-senaf conversion

M Permits multiplexing from N lines {0 one line

B Aiso for use as Boolean function generator

& Typical average propagation delay ime, data input to W
ottput” 11 ns

M Typical power dissipation: 200 mW

Ordering Code:
Order Mumbser | Package Number Package Description
DMT74150N Nz4A 24-Lead Plastic Dual-in-Line Package {PDIP), JEDEC M3-011, 0.600" Wide

Connection Diagram

DATA INPUTS BATA SELECY

2l

Yoo EA OED E10 EV1 E1Z ES3 EM4 E95 A B C

24§23 122 | 2% | 20 p19 |18 J17 1@ §u5 |4 |13

Function Table

Inputs
Select

74
o
§
=

i

s-'.&s?sstw

T
E7 EE E5 E4 £3 Ez EY EOSVROBEW D GND

- d OUT Nata
DATA INFLYS SELECT

',alsz

E10
Ent
E12
E13
E1d
E15

T I r X ax2x2rrre e
TrrIrxTrerMr eI T XO
ITrrIIFEeIIIIcrcre > 8 xo
r+IIXre I~ T Ir Ir- I ™R
L Y et N o conl el Y Y el Y mdl s e of I . )

t
o

X

H = HIGH tevel
L= LOW Level
X = Dont Care
EB, E7 ...E15 = the complement of the level of the respective E input

© 2001 Fairchild Semiconductor Corporation DS006546

www. fairchildsemi com
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UNIVERSAL 4-BIT
SHIFT REGISTER

The SN54/74LS195A 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
cbunting applications. It utilizes the Schottky diode clamped process to
achieve tigh speeds and is fully compatible with all Motorola TTL products.

« Typical Shift Right Frequency of 38 MHz

* Asynchronous Master Reset
* J, Kinputs to First Stage
e Fully Synchronous Serial or Parallel Data Transfers
+ input Clamp Diodes Limit High Speed Termination Effects
CONNECTION DIAGRAM DIP {TOP VIEW)
Voo @ @ O O3 Oy COF PE
[18] [&] [1e] (58] [te] [] [oo] [o]
NOTE:
The Flatpak varsian
) has %o same pincuts
{Connectiin Disgram;) as
the Dual In-Line Package.
1] [2] o] [a] Ls] [e] [2] (e
WR J K P Py P2 Py GNO
PIN NAMES LOADING (Note-a}
HIGH Low
E Parallel Enable (Active LOW) ifiput oSUL. 025 UL.
Fg-Pa Paraliel Data Inputs sSUL. 025 UL,
J First Stage J (Active HIGH) Input 0.5U.L. 025UL.
K First Stage K (Active LOW) Input 05Ul 025 UL
ce Clock (Active RIGH Going Edge) Input 05UL. 0:25 UL,
MR Master Reset (Active: LOW) input 05UL. 0.25 U.L.
Qo-Qa Parallel Qutputs (Note b) 1W0UL | 5{25 UL
Q3 Complementary Last Stage Output (Noteb) 10 U.L. | ${25) U.L.
NOTES:

a.1 TTL Unit Load (U.L) = 40 wA HIGH! 6 mA LOW
b. The Qutput LOW ditve factor is 2.5 U.L. for Military (54) and 6 U L. for Gommerciel (74)
Temperatures Rangas.

SN54/74LS195A

UNIVERSAL 4-BIT
SHIFT REGISTER

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE $48-08

D SUFFLX
SOIC
CASE 751B-03

ORDERING INFORMATION

SNE4LEXXXS  Ceramic
SN74LSXXXN  Plastic
SN74LEXXXD SOIC

LOGIC SYMBOL
9 45 6 7

115 14 13 12

Vog=PH 6
GND=FINE

FAST AND LS TTL DATA
5-366




FUNCTIONAL DESCRIPTION

The Logic Diagram and Truth Tabkie indicate the functional
characteristics of the LS195A 4-Bit Shift Register. Thedevice
is useful In a wide varisty of shifting, counting and storage
applications. It performs serial, parallel, serial to paraliel, or
parallel to serial data transfers at very high speeds.

The LS185A has two primary modes of operation, shift right
{Qp  G41) and parallelipad which are controfled by the state of
the Parallel Enable (PE) input. When the PE input is HIGH,
serial data enters the first flip-flop Qg via the Jand Kinputs and
isshifted cnebitinthedirection Qg Q4 __ Qo Qsfollowing
each LOWto HIGH clock transition. The JK inputs provide the
flexibility of the JK type inputfor special applications, and the
simple D type input for genera! applications by tying the fwo

pins together. Wheri the PE inputis LOW, the LS185A appears
as-four common clocked D flip-flops. The data on the parallel
inputs Pg, Py, P2, Pa is transferred to the respective Qg, C4,
Q2, Q3 outputs following the LOW to-HIGH clock transition.
Shiftleftoperations (U3 Q2) canbeachievedbytyingthe Qy
Outputs to the Pp—q inputs and holding the PE input LOW,

All serial and parallel data transfers are synchronous,
oceurring after each LOW to 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 upetation —
except for the set-up and release time requirernents.

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

MODE SELECT — TRUTH TABLE

INBUTS OUTPUTS
CPERATING MCDES -

MR |PE | J K|IPy |Q Q <G Q3 Q3
Asynchrenous Reset L X X X X L L L L H
Shift, Set First Stage H h h h X H do a4 qz az
Shift, Reset First H h I | X | L & ® 9 g
Shift, Toggle First Stage H ki h | X q0 6o 94 92 97
Shift, Retain First Stage H h | h | X | o o 9 9@
Perallel Load [al | X | X | I pg P P2 p3  P3

L = LOW voltage levels
H = HIGH voktage levsls
X =Dont Care

1= LOW voltage {avel one set-up time prior to the LOW to HIGH cloek transition,
h = BIGH voltage level one set-up titme prior to the LOWto HIGH clock transifien.
Pn {Gn} = Lower case leiters indicate the state of the ralerenced input (or output) one set-up time prior tc the LOW to

HIGH ¢lpck transition.

FAST AND LS TTL DATA
5-367

(Preset 9).

* Comer Power Pin Versions of the LS9Q and |.593

Low Power Consumption ... . Typically 45 mW

High Count Rates . . . Typically 42 MHz

Choice of Counting Medes . . . BCD, Bi-Quinary, Binary
Input Clamp Diodes Limit High Speed Termination Eftects

* v e P

CONNECTION DIAGRAM DIP {TOP VIEW)

Vo MR MR CPy CPp QOp Q3
[l [5] [] [] [o] [5] [o]
NOTE:
The Flatpak-version
LS220 hes the sama pinouts

e 3 T e A T Y LI TE e N B, LT
sectlon can be used separately or tied together (Q: to CPjto form BCD,
Bi-quinary, or Modulo- 16 counters. Both of the counters have a-2-input gated
Master Reset (Clear), and the L5280 zlso has a 2-input gated Master Set

{Connection Diagram) as

the Dual In-Line Package.

LOW POWER SCHOTTKY

- J SUFFIX
CERAMIC
CASE 632-08
14

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX

[PRapp—

sANNANS : ia Section: wth 15
SN54/74LS195A
LOGIC DIAGRAM B .
PEd kK Py P Py Pa MR CF
@%@@ ® ® ® @ O ®
& & P &
R Cp Q- ——RGD L+ rCn H—Hoﬂﬂs
Lepcr o gp Lgcp Lcbcp
—>—8 g '8 L= G M8 G
Yoo =PIN1B @ @ @“
{g?-;:“y:mm % Qy % G G
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DECADE COUNTER;

SN54/741.5290
SN54/74LS293

4-BIT BINARY COUNTER

The SN54/74L.5290 and SN54/74L.5293 are high-speed 4-bit ripple type
counters partitioned into two sections. Each counter has a divide-by-two sec-
tion and either a divide-by-five {LS280) or divide-by-eight {L.S283) section
which are triggered by a HIGH-to-LOW transition on the clack inputs. Each
section can be used separately or tied together (Q to CP}to form BCD,
Bigquinary, or Modulo-16 counters. Both of the counters have a 2-inpit gated
Master Reset (Clear), and the: LS290 aiso has a 2-input gated Master Set

DECADE COUNTER;
4-BIT BINARY COUNTER

LOW POWER SCHOTTKY

(Preset 9).

* Comer Power Pin Versions. of the LS90 and LS93

« | ow Power Consumption ., |, Typigally 45 mw

* High Count Rates . . . Typiclly 42 MHz

+ Choice of Counting Modes . ., BCD, Bi-Quinary, Binary

* Input Clamp Dicdes Limit High Speed Termination Effects

CORNECTION DIAGRAM DIP (TOP VIEW)
Voo MR MR CPy

Chyp QO Oy
[14] [] D] [a] [w] (5] [}

j Trie Flatpek vetsion

LS290 has the same pincuts
{Connection Diagram; as
tha Dua! In-Line Package.

Cih L Ll Tel [T e Ti]

M5 NC MS 0; @ NC GWD

VCCMRMR51E|30093

[1s] [s] [ [w] Dol [s] [5]

LS293

J SUFFIX
CERAMIC
CASE B32-08

N SUFFIX
PLASTIC
CASE 645-08

D SUFFIX
SO
CASE 751A-02

ORDERING INFORMATICN

SNS4LEXXNXS  Ceramic
SN7ZALSYXXN  Plastic
SN74LSXXXD  sOiC

L L2 L] Te s TeJ T
NE N M g

03 NC GND
PIN NAMES
E_q Clock (Active LOW going edge) Input to.+2 Section.
CP1 Clack (Active LOW going edge) Input t& +5 Section (LS280).
P Clock (Active LOW going edge) Input 1o +8 Section (LS293),

MRY, MR2 Master Reset (Clear) inputs
MS1, MS2 Mastef Set (Preset-9, LS290) Inpuls

Qo Qutput from =2 Section (Notes b & ¢)
01,Q2, Q3  Outputs from +5 & +8 Sections (Note b)
NGTES:

) 1-TTL Urit Lead (U.L.) = 40 wa HIGH! .6 ma LOW.

LOADING (Note a)

HIGH LOwW
005U.L. 15UL.
ROS VL, 20UL.
0051, 10UL.

0.5U.L 0.25UL,

0.5 U.L. 0.23 UL

10 UL, S(25) UL

UL S5(25UL

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

€) Thve Qg Ckiiputs ara guanriteed to drive the Rl fan-out plus ther CPy Input of the davice.

FAST AND LS TTL DATA
5-1
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LOGIC SYMBOL

SN54/74L.S290 e SN54/74L5293

1.S5290 LS293
g
MS
10 —gCPg 10— CPy
4 CPy 11— CPy
MR OQ-Q1 Qo Qg MR Gy Q03
1243 8 5 4 & 121 89 5 4 38
Veg=PIN14 Ve =PIN14
GND =PINT GND = PN 7
NC =PING 2.6 NC=PING 1,2,3,6
LOGIC DIAGRAMS
O 1.5290
MS4
Ms2©@ I
— ® 5 S| _I-—jJ a4l i aokn |—_R‘°u
CPg—~——cp _ FacP _| treer _ qop
g9 Kep® Keg?| |4 T Scp0
o ' Voo SPINt
@ GND=PIN 7
_:g; =1 O] @ (O =PINNUMBERS
@ Qp 9 Qz 03
L5293
_ Jary s oa ! Q P!
CPy cP _ I—( [ R _ P _
K
KepQ &2 Kop? Kep@
1 i 1 hj
2 Vee =PIN 14
1
5] GND=PINT
withe 'S ® ') () =PM NUMBERS
MRy @ G o
] X Q2 3
FAST AND LS TTL DATA

5-2
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SN54/74L.S290 » SN54/74L.5293

FUNCTIONAL DESCRIPTION

The LS290 and LS293 are 4-bit ripple type Decade, and
4-8it Binary counters respectively. Each devige consists of
four master/slave flip-flops which are internally connected to
provide a divide-by-two section and a divide-by-five (LS290)
or divide-by-eight (LS293) section. Each section has a
soparate clock input which initiates state changes of the
counter on the HIGH-to-LOW clock transition. State changes
of the @ outputs do not occur simultaneously because of
internai ripple delays, Therefore, decoded outptt signals are
sublect to decoding spikes and should not be used for clocks
or strobes. The Qp output of each device is designed and
specified to drive the rated fan-out plus the CP4 input of the
device.

A gated AND asynchronous Master Reset (MR1 - MR2) is
provided on both counters which overrides the clacks and
resets (clears) all the flip-flops. A& gated AND asynchrongus
Master Set (MS1 - MS2) s provided on the L5290 which
overrides the clocks aind the MR inputs and sets the outputs to
hine (HLLH).

Since the output from the divide-by-two section is not
internally connected 1o the succeeding stages, the devices
may be operated in various counting modes:

L5290
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 8CD count sequence is
produced.

B. Symmetrical Bi-quinary Divide-By-Ten Counter — The Qg
output must be externally connected tothe CPg input. The
input count & then applied to the TP input and a
divide-by-ten square wave is obtained at output Qq.

C. Divide-By-Two and Divide-By-Five Counter - No external
interconnections are required. The firstflip-flop is used asa
kinary alement for the divide-by-two function (CPg as the
inputand Qg asthe output). The CP4 input is usad to obtain
binary divide-by-five operaticn at the Q3 output.

LS293

A. 4-Bit Ripple Counter — The output Qg must be externally
connected to input CP4. The inputcount pulses are applied
to input CPp. Simultanecus division of 2, 4, 8, and t6-are
performed at the Qp, Q4. Q2, and Q3 cutputs as shown in
the-truth table.

B. 3-Bit Ripple Counter — The input count pulses are applied
to input CP1. Simultaneous frequency divisions of 2, 4, and
8 are available atthe Q1, Q2, and Q3 outputs. Independent
use of the first flip-flop is available if the reset function
ceincides with reset of the 3-bit ripple-through counter.

L$290 MCDE SELECTION L5293 MODE SELECTICON
RESET/SETINPUTS OUTPUTS RESET INPUTS QUTPUTS
MRy | MRz | M3y MS2 Qp o Q7 Qs MRy MRz Qy 4 Q2 Qs
H H L X i 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 Ceount
L X L X Count L L Count
X L X L Count
L X X L Couint
X L L X Count
TRUTH TABLE
LsS290 COUNT QUYPUT
BCD COUNT SEQUENCE oo @ &z o
COUNT OUTPLT a Lot L L
Qp @ Q Q3 1 H L 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 3 H L H L
4 L L H L B L H H L
5 H L H L 7 H H H L
-] L H H L ) L L L H
7 H H H L g H L L H
a L L L H 10 L H L H
.8 H L L H il H H L H
NOTE: Output Qg is connected te Input CPq 12 L t H H
for BCD éount. 13 H L H H
H = HIGH volt Laval " " H H H
= oltage Level
L = LOW Voitags Level 15 H H H H
X = Don't Care Note: Qutput Qg connected ta inpit CP4.
FAST AND LS TTL DATA
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