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SYNOPSIS
Every step i s to be meticulously measured in

this worid where survival exists only tor the tiLttest.

Anvthing that 1is created should be exprassed in
gquantum. Even a small Jcb like counting becomes
cumbersome in  an industrial setup where the quantity

involved 18§ large. Undoubtedly eloctronic  devices cater
to  this dire demand.
MICROCOUNT - a wmicrocontrotler based sroduction

data counter is designed to sult different industrial

output. This 1s a versatile counter that incorporates
facilities other than conventlonat counting, such as
total number ot packages, mactiine F i time,
programming facility tLor parameter  values, ook & Rev.

The counting 1Is done by ULhe TIMER/COUNTER inside the

microcontroller HOJ3] wh ot 16 fed with puises from
the transducer which is a proximiby switcl.

The counter along with additional
facilities, makes it a highly robus!t gevioe
suitable fqr automation. ‘The device Lo cguilpped
Wwilh facilitlies for further Imnovations in  terms  of
software and hardwars Lo wma ke It compat ihle  with

the industrial regil il rewent s,
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_INTRODUCT1ON

MICROCOUNT~ Microcontroller based production data

counter does the tunction ot automatically counting
anvy production output. The object s I hat e to  be
counted are sensed by the transducer whiich 1s 4
proximity switch. The proximity switch changes 1ts
output state when it encounters any object in its
active region. The output pulses from . the proximity
switch which represent the number of objects that
had been sensed by the transducer 18 fed to  the
inbuilt c¢ounter in the microcontreller 8031 through a
buftrer. ‘lThe counter starts Uhe counting Process by

incrementing its previous value each time  when a

change of state oCcCurs at ity input .



2.1 WHY A MICROPROCESSOR

A MiC¢roprocessor inherently 18 K11owWn for
its high degree ot acocuracy coupled with speed whioh
are essentilal parameters ot any «fficlent  system. A
simple dedicated chip for counting would only suftice
the main operation of counting. Additional facitities
such as displaving the process ot count Lng, set
target, total production of the  day, machine run time

& wvarioug other provisions coutd be met efficiently only
by a microprocessor.

As microprocessor 1s o a programmable device it
otfers high flexibility by means ot updation and revision
in the sottware. Maximum etficiency could bhe achioved
hy a Dbetter intellectual sottware. A mlcreoproecessor is
highly compatible with computers which ailcs in the
debugging of the software. Miniaturisation Lelng the

order of the davy. the use ot microprocessor  considerably

reduces Lhe slze of doevioe Wit hiou! any negat 1ve
influence on its efficaenoy.

Hence the microprocessor in The design of real
time industrial applications 15 highly indispensible.

—9
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2.2 PHE _ LOGLC _BEHIND _ SELECTING - 8031

The gtandard eight it processcr 8080 LS
devoid of TIMER/COUNTER which Ls vital for our
MICROCOUNT. In ordeyr o teallone  all Lhe tunctions of
MICROCQUNT using 85085 . external interltaces Are
cssential. This incréases the vardwate and  the cost.

The Intel's gd031 nicrocontrol ler bhelongs Lo
MCcs-51 family. 1t is a very popular microcontroller
because of its unigue architecture and powerful
instruction set. As 3031 has  buibt-in TIMER/COUNTER
it iinds wide application 111 thee prosent dav
industrial field. Lo proves plhoolt superlior whet
compared to earlier pDrocessars in having the
totlowing features:

x 8§ bit CPU  optilmized tor control applications

x  Extensive hoolean Drocessing capabilities
* 64 K program Memory address G100

* 64 K data memory addressy spaco

* 128 Byvtes UF an-eihrlp data e A

* 32 Bidirectionally individually

addrossable 1/ Frnes



*x Two sixteen 131t TIMER/COUNTER

*  Full duplex UAR'Y

x 6 source/ 5 vector intoerrapt structdre with
two priority levels

These teatures intinence us to s2lect the

8031 microcontroller.
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2.3 _ABOUY THE MI1CROCOUNT

Our MICROCOUNT 14 desianod o &k e COVTHT
the number of any product ton out put. The MITCROCOQUNT
can be used to count 1tems  sucioax bollles, packets,
ieﬁgth ot paper and also the fength ot The vyari.

The front panel! of the MICROCOUNT has totally
eight 7-segment displays. 'The first four 1s used Lor
numeric display. and the last t o tor slphabel cdisplay.

There arte four push button switches which onables the

counter to be programmed. A lock is  provided so as
to avoild tampering with the programmed detalls.

The transducer emploved in our MICROCOUNT
LS a proximity switoh, all induct ive transducer.
The proximity switah Gives ouboh millses
when it CNCOUHLES any moeta! Oby jea Wit i

1ts active surface.

SENSOR
The sensor used i our MICROUCOUNT Y a
proximity switch., A ¢ hue ahiout i he aperat oo S

ovident trom literal meaning ot PRONIMITY - near Dy,
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Our Sensor 1s basically ai induct ive Craunsducer.

A judicious selection has heen done in  the gselection

of inductive transducer from amaondg b various
transducers like photo SONSOr, capacitive transducerv
and the inductive transducer.
OPERATING PRINCIPLE

An high freguency osciliator getarates an
alternating electro-magnetic Polerlel whiioh radiates

through the active surface  of the proxiumity swiboh,

Active surface is the surface through which the  hiigh

frequency electromagnetic Ficold radiatoes. Tl e loement

that activates the swltch mire b O within b
switching range 0f this surtace. The oscillator
output voltage is demaodifa tod arel foedd Vi a Lri1gger

circuit  ta  an  anpliftied  outpul stage.

Intreduction ot an  elecrtricalls o magneticallwy

conductive material in Lhe ey Lo o b tactive
surface” will vcause the osciliator Lo hooom:e: "damped™.
As a result of this damping the osclltator outlputb
voltage reduces arnd at G4 coelialn L d cranses Lhe

slale.

trigger circuil and hence Lae  output, to  change

_.Uﬁ



SWITCHING FUNCTION OF
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when the actuator

operating distance

Sa (active

switah

output of the proximity
NORMALLY CLOSED (N.C.}
When t.he actuator

operating distance

output of the proximity
NPN output / negative
The load is
positive lines. Tt 1is
switched to negative.
PNP output / positive
The load 1is
negative lines. it 1s
switched to posilive.
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Inductive loads. Additional supprossion L8 not
NeCessary -

Switch on pulse SUppression

At the instant the supply voitage s applied
ro the proximity switch a special suppression c¢ircult
acts to prevent the output from préducinq unwanted
pulses. This also means that the output is inactive
for a momentarv period at switoh 01 .

~Short circuit protection

This protection functions tor the  duration
of Lhe short circult arnd prrevents damage Lo Lhe
switch. Upon removal of the shori clroeuilt ttyes
proximity switch is automatically roset 1nto  normal
operatiorn. Switohing ot capacitive loads, Vi lament
lamps etc 1s possible withowut agddiilona: protectives

measures.

Reverse polarity protection

The proximity swiltoh 1 protoectod against

incorrect polarity connection as slandard.



PROXIMITY SWITCH SPECIFICATIONS

Tvpe : ITNDUCTIVE

MCX-AZ23-223L-P0

Voltage : H5-30 volts LU

Current : 200 mA

The lock 1n our MICROCOUNT  has SWO modes
namely the PROGRAM MODE ar the RUN HOUE . The
program mode is enabled by  opening  lthe 1ok witlohl

enables the supervisor to sel the target ot osroduction.
The parameters Lo be SET in the program moes? UL thie

"FINAILL SELECTION" which 1s Lhe desired Larget of

production and the TPRE-FINAL SEHLECTION”  whi.h s 4

value slightiy less  Lhan  the tinal sejection  value

to  alert the operator of the  bLarget boing  rveached.
The tour push-button gwitches usoed i our

MITCROCOUNT arvco:

1. PARAME'TTBR switoh

2. CURSOR swibah

3. INCREMENTOR  switoh

& b gET/RESEI Bwilbon



PARAMETER SWITCH
MICROCOUNT provides with four Important
parametiers whiloch aro viital tactors thiat
incorporate  tftacilites apart trom o count ing.
The fQur parameters are
al Final seleact ion
bl Pre-Final soclectilion
<) Machine run time
d} Total packages

FINAL SELECTION: The Final scelect ton value
is essentially Lhe targoet production. Wihean 1 he
MICROCOUNT 19 in the RN TR RR RS o5 ot and
ort pressing the Paramet o but 1o SN I
operator can see Lhe Larcet Vel dler This  vaiu 3
displaved for Six seconds At tiren I continueg
displaving the counting sequence.

PRE-FINAL SELECTION It 16 e vatue slroht by
fess than the tinal select ton vordle Lo ol Lhe
operator of the target e ingy reached. while  the
MICROCOUNT 1s counting and  when  the parametlor button
is pressed Twigen the Opaerabor can see b Proeifinag .



selacTion value. ‘I'his Vet bl i digplaved tor H51X

seconds and then It continues displaving the
counting seqguence.

MACHINE RUN TIME This parameter Keeps counting
the time in  hours for which the machine nad Lieen
functioning. When the Pavamet or Lt Lon 15 presgod

thrice the MICROCQOUNT displays macliline e U1 nite- 11
hours. This display. lasts Lor  six  soconds  and  then
continues displaving the counting Seqlirioe . The

machine run time 1s used tor preventive matntainancs.

TOTAL  PACKAGES The MICROCOUN'] keeps counting
single pleces and when Lhe G0t value  ocr o targoet
is reached the total packKaoe Bardne Lel 18
incremented by one. In a4 similar Wiy when o number
of firnal targets are reached t.he total pavkages
parameter has an account ol them. he Parametor
button when pressed Lanr e s Wil romlay bhye:
total packadges tihiat has SIRIERT despatched, P HOLN
seconds  after which & contirues e CONNL N ceguence.
CURSOR & INCREMENTOR SWITCHES Whie it Live Srperrvigor

tnbends to set  the production  dertalls  of Pivee dlay, He



enters  the program mode by uniocking  the COCR. 'The
previous day's target value  may b difterent fron
present day's wvalue. S0 In  order to  alter  the valuos
programmed already, he [PECT oS L hie: Lwo Vital buttons
viz cursor & Iincrementor. The cursor bullton shiftg the
corntrol to the digits whose svalucs are Lo be  altered
in the c¢lockwise direction (i.er) from FM&R to LSE. On
pressing the CULrsor button e Lhe contrat shitts
one digit in Fhe clockwise direction. When the curscor

control 1s  exXercisod on oa patbicuilaer  Jdigit, Lhen that

digit starts bljnking informing the SUpervisor
about the opbtiocn ol alteration ot that digit. Un
pressing  the incorementor button 1he blinking ddigit
gets incremented Iry one tor cach  time  the button
15 pressed. Hence by the ol tect Ive s 53! the
cursor and incrementor buttons Lhe Gesrod it
selection & Pre—PFnal seloction values cat bie

apparently set.

SET / RESET BUTTON This bt ton lavs & dual
role when the MICROCOUNT i S Ui DG ED mwode
this acts as a SET, tunction and  RESET  fLunction in

the run  mode.



SET  FUNCTION Having appare
and Pre-final selection values
incrementer buttons, the value
into the memory for progra
enabled by pressing the sel
mode. Now the counter when T
takes the Final and Proe-ing
had been set.

RESET When the -process
progress and if any detects
item itself are noticead by
defective ltem 1is discarded
resett and the counting starts

LOCK & KEY

The principle behind
an  ordinary switch. When e
target values. The Took is o
mode and then it is lock
starts Iin the un mode ., Th
tampering of the ProGranined
which rendefs Lhe  MICROCOUN'T o

Ver o

ntly seet tae flnal
s ing the CArsor aricl
5 have Lo De stacked
m execution. This is
button in the prograin
urriedc to the 1"Un node
| select ton valuoy that
of counting PG in
! package {or) e
Lhe  operator then Lhe:
and the MICRCGCOUNT is
atresh.
s P Pt similar O
supervisor ety the
prexrieegd S i pLogram
el wher the  oroduction
S ellminalos Htwarited

Dy Lbres Operator

ooy d DS
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2.4 80

31 - AN ARCHITHCTURAL

_QVER VIEW

device

supply

SPECT

The 8031 1s a

has 10 pinsg, T

and operates  wilh

B obhit microcontroller. The:
eolires a0 TV single  power
04 14 Mz clock.

(SER)

AL FUNCTION REG1STER
Accumulator: ACC is
B register : Thisg

multiply and divide

the accumulator register

redgister 15 e cdur neg

operation.

PSW : The Prograi status WOl register
J

contalns program status tntormation.

Stack Pointer : The

bit wilde.

Data pointer : The

16 bit address.

Ports 0O to 3 : Pa,

latches of the ports

Serlial DbData bufler

register, a transmit

register.

Timer register : Reopd

stack pointer  registor S

atapointer (DPTR; boer boiss Uhie
pl, b2 & P3 are thee ER
0,1,4 & 3 raespect ey,

'hils L autually ) sepoerate

buftar and ! e e but o

sl palrs { fHoo, Tee gy and

1t P [SERRUR N I P QSRS IR WS S



for TIMER / COUNTERS 0 & | respectively.

Control Registers : SFRS [P, 1TE, ‘TMOL, "1'CON, T200N,
SCON  and PCON  aroe Lhe wcontiol register .

Port structures : All 3 ports in H031 are
bidirecticnal. Each vconsists of  a  latch, an  O/p

driver and an input buffer,

All  the port 3 pins  ave malblitunctilonal

P 3.0 RXD { serial input port )

F 3.1 TXD ( serial output.  port )

P 3.2 i?ifﬁ:f { external interrupt

P 3.3 . E;E&TI. ( external aterrupt )

P 3.4 TO { Timer / counter ¢ eXtcorhal Lyt

P 3.5 Tl ( Timer / counter | external npat

P 3.6 ;E { external dala  momors Wrltbe  sivobo
P30y gB { external chal a menory read o strobe )

ACCESSING EXTERNAL MEMORY

memory

3

ACCass

i

There are 2 external memory L hee Progra
and Data memory.
SEN ( Program stors enable ) : Read sLrobe Lo

external program memory.

o WR strobe Lo GUUe s cnternal N TR NTN SR



Table:1.

Lpecint Foone

SPECIAL FUNCTION REGISTERS.

Symbol Name
*ACC Accumulator
‘B B Register
‘PSW Program Status Word
SR Stack Pointer
DPTR Data Pointer 2 Bytes
DPL Low Byte
DPH High Byte
PO Port O
*P1 Port 1
P2 Port 2
*P3 Port 3
‘P interrupt Priority Control
*E Interrupt Enable Control
TMCD Timer/Counter Mode Contral
*TCON Timer/Counter Control
*+ T2CON Timer/Counter 2 Control
THO Timer/Counter 0 High Byte
TLO Timar/Counter ¢ Low Byte
TH1 Timer/Counter 1 High Byte
TLY Timer/Counter 1 Low Byle
+ TH2 Timer/Counter 2 High Byte
+TL2 Timer/Counter 2 Low Byte
+ RCAP2H T/C 2 Capture Reg. High Byle
+RCAP2ZL T/C 2 Capture Reg. Low Byte
*SCON Sartal Control
SBUF Serial Data Buffer
PCON Powsr Control

* = Bit addressable
+ = BO52 only

_19_
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Address ]
—

QEOH i
0FoH |
ODOH 1
a1H [

B2H
83H
8OH
90H

OAOH ;

0OBOH |

0B&H ‘

DABH
89H
88K

oG8 .
8CH i
BAH ‘
80+ :
a8H |

OCDH

CCCH |

ocer |

OCAH |
98H ;
ggH |
87H i

[




T2 P1.0,[::
T26X P11 ]
‘ P12
P13

S, Pva g
P1.s (]

s e O
Pt.7 ]

. R§T (T
RXD P3.0 (]
TXO P31 T
iNTO P3.2 (3
iNT1 P33 O
T0 P3.4 O

T1 P3.S
WR P36 [
RO P37 O
XTAL2 O
XTALY (O

Vg O

O e WA W R -
A R

—h e ok wh wd ek e sk
3 P TR TR,

400 Ve

397 PO.0 ADO

35 RO ADY

3713 P0.2 AD2
. 36 D PQ,3 AD3

IS{) PO4 AD4
34 ] PO.S ADS
3137 PO.8 ADS
327 PO.7 AD7
NI ENMVp’
30 {0 ALE/PROG
29 [0 PSEN
200 P27 AIS
270 P2.6Atd
263 P25 A1)
25[ ) P2.4 A12
2411 P23 A1
231 P22 A10
2200 P21 A9
217 P2.0 AB

*EPROM only

* ‘D%?gt g(_)ng%ct reserved

N CONFIGURATION

_20_
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P2O-P27T

PO.O-PO.T

________ — e e —
vee (- PORT 2 i
pAsid ORIVEAS |
Vs :
= [ Tx T
o w —_— I
| 35 I
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! =z RAM PORT 2 !:!HOOMM R '
! LATCH | : '
@ i | |
| | |
> | :
: - 1 :
| | !
! i
i | | .‘
i STACK | ‘ hoeie l
POINTER | ROCHAM | A |
i i | aDGR |
' [ REGISTER [N
| — —
AEGISTER AN -
I |<r_/ BUFFER <—> | |
— S SR ; !
| PCON [sCON] TMOD] TCON ‘ —_—d .
| [T2CON| THo | TLp | Thi ‘ ! —_ ‘ !
TLY [ THZ- | TLzr | AR i | e i
| NCAFIL | sBUF e | ‘_,'_,?_' ViNcREREN rn'\ o
INTEARUPT, SERIAL
| { PORAT AND TIMER . —_— ‘
F — BLOCKS _J i PROGFH AN / b
l | . COUNTEHA \_ﬁ ,
FEEN & : e
ALE wp! TiIMING |5 | A - T .
anD |3% ] ™ e R >
g CONTROL “’\I e - h . v
ast gg j:}; [ r$> Ve N L
| 4
. PORT 1 POATT
f LATCH LATCH I
i POAT 3 !
ORIVERS ’
- —— e

P1.0-P1LT PIC.PI;

Fig:4. ARCHITECTURE CF

_2’_.4

f_ “Rewident . on 2352 BID2 only

5031



2.5 PROCESS IN A NUTSHELL

The MICROCOUNT has v prinelpal Briocis.,

ThHey are listed as tollows
*  3ENSCR
*  BUFFER
*  MICROCONTROLLER 8031
* LSER KEYBOARD

*  DISPLAY

The SENsor - proximity Swiltoh Lhiat Gt

Lhe trace ot Mertesillo Uy pect s Wb P bt
surltace into - electrical ] s, fhese Pru e ale
Jiven through a bhuitfer Lo tnbui L ottt oer
ot H031 microcontroller., It Huflor Drovidoes
1solation betweorn Ll Lransducey & Ehies
microcontroller and also avoids loading el tocts
For cach input’ pulse Lo Uhe Mmicrocontro lel
Lhe counter increments 1Ls value by cne . Thie
counter has an account Ol the numbe O
pulscs emanating from the Sensor., iy in Lture
16 the number of items tao e counted.

The user kevboard COMPU LS g 01 Sour
swiltcheys, are connected () (T Moorocant o o



These switches are elrticiont Ly il s E

program the microcontroller that roncars un with
a plethora of industrial tacilities.

The output from the microcontrollbo ig Glvaorn
toe the display through the Aol Interface. Thus
the number ot ilems Lraverse:d Lirrongll Lhe  sornisor

is displayed.



LNA020Y I 30 (avyIVIG AIOTY &9

- l¢08
Avid sid Taujowwwwu_:T ¥334Ng g—— w¥osN3IG

dyvog A
Y¥3ISTN




FOLLOW CH AR

(START )

INITIALISATION
OF PORTS

@ | <

T NPUT SCAN

™M/c ON TIME

L

COUNTING OF
PRO2UCLTS

L Y(E.S ‘@ NO




DISPLAY
SET VALUES

>

1




ADDRESS
HOOO
HOO3
6006
6008
LU
OO
LOOE
6G1L0
6013
6014
6017
6018
GOL1A
601D
601k
021
6022
6025
6026
65029
6020
VRS

ADDRES S

65031
6034
6036
6038
6038
603k
603F
6040
6043
G044
GOA5D
6016
049
03 A
6H04dE
6HOAE
HOAF
HOLO
HOL 1
6054
0L
HULHG

OPCODE
THY0rt
121900
7400
904540
FG
B04510
FoO
904511
FO
904514
FC
7401
04512
FO
G04522
FO
9035240
FO

THBCOO

T5B8A00
T5890h
pZ2sc

OPCOLE
750000
1800
7901
901000
309005
[

FO
026045
ES8

o

AJ
309105
E¢

10
026050
L8

FO

AJ
3092005
iy

FO
026058

MAMON L
MOV 90, BT
LOALL ta0u
MOV AL HOO
MOV DPUR, Babin
MOVN e DR, A
MOV DPTR, #4514
MOV @DPTR, A
MOV DPTR, #4511
MOVN «ldPTE, A
MOV DPTR, #1011
MOV a«DPTR, A
MOV AL ROL
MOV DPYIR, BEH1 2
MOVY eDPTR, A
MOV DPIR, #4524
MOVX @BDPTR, A
MOV O DEPIR, H1hes
MOVY eDPTR, A
MOV 80, #00
MOV 8a, #00
MOV B4, #05
SETB 8¢

MNEMON LG
MOV O, #00
MOV RO, HOO
MOV O RLE,HO
MOV DEPTR, BLOO
JND 90,6043
MOV AL R
MOVX @DPTR, A
LJMP 0045
MOV AL,RO
MOV @DPTR, A
TN DPIR
JNB O, 6041
MO N, R
Movy @DP TR, o
LIMP 6050
MOV AL, RO
MOVY «wDPTR, A
INC DPTR
JNB Y, 6059
MOV AL RL
MOVY @DP1TR, A
LJME 60458

[N AL AT ToxN

INT AL S &
IN T AT Il
COUN R

RS S LOTAN



ADDRESS
6059
6054
6008
605C
605F
6060
6061
6064
6065
60606
6067
606A
5068
6E06eC
606F

6070 -

6071
6072
6075
6076
5077

607A
6078
607C
607F
6080
60823
6086
608G
608A
608D
6090
6093
6096
6097

609A
609D
60AQ
60A1

H60Ad
LOAY

60AA
60AR
60AE

OPCODE
B8
FO
A3
309305
E9
FO
026066
E8
FO
A3
309405
E9
o
02607%
ng
FO
A3
309505
ES
FO
02607C

E8

FO
901000
EO
B40103
026093
901005
EO
B40003
026093
pze2CC
901001
EO
B40103
026281
301004
EO
B40103
026111
901000
EO .
B40103
0260B6

MNEMONIC

MOV © A, RO
MOVX @DPTR, A
INC DPTR

JNB 93,6064
MOV A ,RI
MOVX @DPTR, A
LJMP 6066
MOV AL,RO

MOVX @DPTR, A
[NC DPTR

JNB 94,606¢F
MOV A, RL
MOVX @DPTR, A
LJMP 6071

MOV A,RO
MOVE @DPTR, A
INC DPTR

JINB 95,607A
MOV A,R1
MOVX @DPTR, A
LIMP &07C
MOV AL RO

MOVX @DPTR, A
MOV DPTR,H#1000
MOVX A,@DPTR
CJINE A, #01,608¢6
LJMP 6093

MOV DPTR, #L0GUDL
MOVX A,@DPTR
CINE A,#00,6049u
LJMP 6093

LJMP &20C

MOV DPTR, #1001
MOVX A,&DPTR
CJINE A,#01,6090
LJIMP 6281

MOV DPTR, #1100
MOVX A, @&DPTR
CINE A,HOL,bLOAY
[LJIMP 61F1

MOV DPTR, #1000
MOVX A,@DPIR
CJIJNE A, #01,0608]
LJMP 60B6

CHEC

&

k. FUR FPROGRAM

KUN  MODE

PROGRAM

RUN

MODE

MODE



AUDRESS
60BO
608 3
60B6
6E0BY
60DC
6OBD
60BE
OO0BF
60C0O
60C3
60C4
60C7
60C9
60CA
6OCH
6000
60D Y
6004
60D/
60D8R
60D9
60DC

GOLE
60EZ
6005
60E7
60E8
60EB
b0EC
60EF
60F0Q
60F1
60F2Z
BOF 3
60F6
60F7
60FA
60FC
6HOED
6100
6103
6104
6107
610y
610B

OPCODE
B6C28C
026031
150000
904503
EQ

FC

0cC

EC
903201
FO
903200
7400
FO
1225FD
903501
EO
9045F0
904503
EC

FO
BCBBO3Z
0260EZ

26111
904500
7400
FO
904503
FO
904504
EO

FD

0D

ED
903201
0
903200
1400
FO
12250
Q03501
of§]
904501
QY.
904504
ED

MNEMONITC

CJUNE @RO, #CH, H0 4

LJIMP 6031

MOV DO, ROO

MOV DPTR, B4LU0
MOV A, &DPTR
MOV R4, A

INC R4

MOV A, R4

MOV DPTR, #3201
MOVX @DPITR, A
MOV DPTIR, #3200
MOV A, #00
MOVX -@DPTR, A
LCALL 25FD

MOV DETR, #3501
MOVX A,@DPTR
MOV DPTR, #4510
MOV DPTR, #4503
MOV A, R4

MOVX @DPTR,A
CJNE R4, #B3, 60D
LJMP 60EZ

LOMP 6l

MOV DPTR, #3500
MOV AL HOO
MOVY @DPTR, A
MOV DPTR, #4509
MOVX &@DPTR, A
MOV DPTR, #4504
MOVX A,&@DPTR
MOV RS, A

INC R5

MOV A, RbH

MOV DPTR, #3201
MOVX @whP'I'R, A
MOV DPTR, #3200
MOV AL HOO
MOVX @DPTR, A
LCALL 25FD

MOV DPIR, #3001
MOVN AL, @wDPTR
MOV DPTR, 8450
MOVX @DP'TR, A
MOV DPTR, #4500
MOV AL RS



ADDRESS
610C
610D
6110
6113
6116
0lle
6118
611C
611F
6120
6123
6124
6125
6126
6127
61L2A
6128
6b1l2E
6130
6131
6134

6137
61348
6133
613C
6L
6140
6141
6142
6l4h
6148
6148
614E
6150
6151
6154
6155
6158
6159
615A
6158
615C
615
6160

OPCODE
FO
BDO903
026116
0261F1
904501
7400
FO
904504
Fo
G0G4504
EO

FE

Ok

EL
03201
FO
903200
7400
FO
1225FD
903501

EO
904502
FO
904505
EE

PO

00
BE3CO3
026148
0261F1
304502
7400
FO
S04505
F0
904506
EO

FE

OF

EF
903201
FO
903200

MNEMONI O

MOVX @DPTR, A
CINE R5H,H#09,61134
LJMP 6l1l6

LJIME 6111

MOV DPTR, #4401
MOV AL RO
MOVN @DP'TR, A
MOV DPTR, fidh04
MOVX @DP'TR, A
MOV DPTR, #1050
MOVX A,@2DPTK
MOV RG, A

LNC ROG

MOV A, Rb

MOV DPTR, #3201
MOVX ®DPITR, A
MOV DETR, #3200
MOV ALH00
MOVX @DPTR, A
LCALL 25FD

MOV DPTR, #3501

MOVX A,@DPTR
MOV DPTR, #4507
MOV @DPTR, A
MOV DPTR, #4504
MOV AL R®

MOVN @DPTR, A
NOP

CINE R6,#3C, 6148
LIJMP 6148

LJMP 61F1

MOV DPTR, #4502
MOV AL #00
MOVX @DPTR, A
MOV DPTR, #450%
MOVX @DPTR, A
MOV DPTR, #4506
MOVX A, @DPTR
MOV RY7,A

INC R7

MOV A, R7

MOV DPTR, #3201
MOVY @DPIR, A
MOV DPTR, #3200

o
SN

1M

(BEESIN



ADDRESS
6163
6165
6166
6169
616C
616D
6170
6171
6174
6175
6176
6179
617C
617L
6182
5184
6185
6188
6189
618C
6180
618E

518k
6190
6193
5194
6197
6199
619A
619D
61A0
6£1A1
61Aa4
61A5
61A8
61A9
61AA
61AD
65180
61B3
6186
61B8
61B9
61BC
618D

OPCODE
7400
FO
1225FD
903501
EO
904507
FO
904506
BF

FO
BF3CO3
02617F
0261F1
904507
7400
FO
904506
FO
904508
EO

FC

0c

EC
303201
FO
903200
7400
B0
1225FD
903501
EO
9304509
O
904508
EC

FO
BC6403
0261B3
0Z261F1
$04504
74060
O
804509
FO
904504

MNEMONIC

MOV A, #00
MOVX @DPTR, A
LCALL 25FD

MOV DPTR, #3501
MOVX A,@DPTR
MOV DPTR, #4507
MOVX @DPTR, A
MOV DPTR, #4506
MOV AL R7

MOVX @DPIRKR, A

CJNE R7,#3C, 6170

LJMP 617F

LJIJMP 61F1

MOV DPTR, #4507
MOV A, #0O0
MOVX @DPTR, A
MOV DPIR, #4506
MOVX @DPTR, A
MOV DPTR, #4508
MOVX A,@DPIR
MOV R4.,A

INC R4

MOV A, KR4

MOV DPTR, #3201
MOVX @DPIR, A
MOV DPTR, #3200
MOV A, #00
MOVX @DPTR, A
LCALL 25FD

MOV DPTR, #3501
MOVX A,@DPTR
MOV DPTR, #4509
MOVX @DPTR, A
MOV DPTR, #4508
MOV A, R4

MOVX @DP1TR,A
CJNE R4, #64,6180
LIMP &1B3

LIMP 61F]

MOV DPTR, #4508
MOV A, #OO
MOVX @DPTR, A
MOV DPTR, #4509
MOVX @DPTR, A
MOV DPTR, #4504

!

3
AN

LN

TIME

CLOCK



ADDRESS
61C0
61C1
61C2
61C3
61C4
61C7
61C8
61CB
61CD
51CE
61D1
61D4
61D5
61038
61D9
61DhC
61DD
61DE
61EL
61E1%
61E7
61EA

6LEC
61ED
61F0
51F1

61F4

61F6
61F9
61FA
61FD
61FF
6202
6203
6206
6209
620A
620C
620F
65210
6212
6215
6216
6219
621C

OPCODE
EO

FD

0D

ED
903201
FO
903200
7400
FO
1225FD
903501
EO
90450B
FO
S0450A
ED

FO
BD6403
0261E7
0261F1
90450A
7400

FO
904508
FO
858A10
E510
903201
FO
858C11
E511
903200
FO
1225FD
903500
EO
F511
903501
EO
F510
502001
EO
B51009
902000
EO

MNEMONI1C

MOVX A, @DPTR
MOV RH, A

INC RS

MOV A, RS

MOV DPTR, #3201
MOVX @DPTR, A
MOV DPTR, #3200
MOV A, #00
MOVX @DPTR,A
LCALL 25FD

MOV DPTR, #3501
MOVX A,@DPTR
MOV DPTR, #4508
MOVX @DPTKR, A
MOV DPTR, #4504
MOV A, RO

MOVX @DPTR, A
CJINE R5,#64,61E4
LJMP B61E7

LIMP 61F1

MOV DPTR, #450A
MOV A, #OO

MOVX @DPTR,A
MOV DPTR, #450B
MOVX @DPTR, A
MOV 10,8A

MOV A, 10

MOV. DPTR, #3201
MOVX @DPTR, A
MOV 11, 8C

MOV A,l11

MOV DPTR, #3200
MOVX @DPTR, A
LCALL 25FD

MOV DPTR, #3500
MOVX A,@DPTR
MOV 11,A

MOV DPTR, #3501
MOVX A,@DPTR
MOV 10C,aA

MOV DPTR, #2001
MOVX A,@DPTR
CINE A,10,6222
MOV DPTR, #2000
MOVX A,@DPTIR

-32-

RUN  'TIME

COUNTING

CLOCK

STARTS



ADDRESH
6210
6220
6222
6220
6226
6229

622C

622D
6230
6232
6435
6238
6238
623C
6431
62472
6245
624"/
6249
6248
624D
6241

6451
6253
6255
6258
6259
625A
6258
625K
625F
6262
6264
6265
6468
6268
626
6261
GATO
473
G274
A5
SRS
bATA
6270

OPCODE
BH1102
296
902004
EO
BhloocC
S02003
EQ
B51105
C297
026245
121800
901004
EO
B40103
026026
02602F
7905
TAFF
TBFF
DBFF
DAFA
DIre6

D296
D2D7
904510
=0

04

FO
903201
FO
903200
7400
FO
1225FD
903501
EO
504511
FO
904510
10

o
BC6HAVG
7400
904510
o

MNEMON LU

CINE A, 11,6244
CLR 96

MOV DPTR, #2004
MOVX A,@DPIl'K COUNTI NG
CJINE A, 10,6235
MOV DPTR, 2003
MOVX A,@DPI'K
CJINE A,11,643%0
CLR 97

LIMP ©id4h
LCALL Lyoog

MOV DPTR, #1000
MOVX A,@DP'TR
CINE A, H#01,6244
LJMP 6026

LIMP 602F

MOV R1,#0H
MOV  R2,#FFE
MOV  R3, #1F
DJIJNZ R3,624C
DJNY RZ2,6249
DINZ R1,6247

SETH 96

SETB D7

MOV DPTR, #4510
MOVX A, @DPTR
INC A

MOVX @DPTR, A
MOV DPTR, #3201
MOVX @DPTR, A
MOV DPTR, #340G0
MOV A, 00
MOVX @wDP'TR, A
LCALL 25FD

MOV DPTPR, #3501
MOVX A,@DPTR
MOV LPIR, #1011
MOVY @DPTH, A
MOV DIPTR, #4014
MOVX A, @DPITR
MOV R4, A

CJINE R4, #64,6470
MOV AL HOOD

MOV BPTR, #4510
MOVX @DPTR, A

-:2,%\_

LN

PROGKRESS



ADDRESS OPCODE MNEMONLC

6£27E 026026 LIMP 6026
6281 901001 MOV DPTR, #1001
6284 E0 MOVX A, @DPTK
6285 .  B40106 CINE A, #01, 6261
6288 904512 MOV' DPTR, #4512
65288 ED MOVX A, @DPTR
628C 04 INC A , RPN
628D FO MOVX @DPTR, A FrINAL Stob FOTTON
6281 904512 MOV DPTR, §4%i2 DES LAY
6291 EO MOVX A, @DDPTR
62972 B4010A CINE A, #01,629¢F
6295 FO MOVX @DPTR, A
296 12140 LCALL 1400 i et e
gjgg 121508 LCALL 1500 PRE-FINAL  SELEUCTLOUN
629C 0262C9 LIMP 62C9 LESPLAY
6291 B4020A CINE A, #02,62A0
62A FO MOVX @DPTR, A
6UAT 121200 LCALL 1200
62A6 121500 LCALL 1500
H2AY 026209 LJMP 6209
6 AL B4030A CUNE A, #03, 6200
OUAF FO MOVY @DPTR, A RUN TIME DESPLAY
6B 121600 LCALL 1600 o
6283 121500 LCALL 1500 TOTAL  PACRAGED
6286 0262C9 LIMP 62C9 DLSPLA:
6289 B40407 CINE A, #04,6207
6 2BC FO MOVX @DPTR, A
62BD 121700 LCALL 1700
62C0 121500 LCALL 1500
6203 B40503 CINE A, #05,6209
62C6 7400 MOV A, #00
6208 FO MOVX @DPTR, A
6£4C9 026031 LJMP 6031
6ACC 501001 MOV DPTR,#100:
620K EO MOVX A,@DPTR
6200 B4010C CINE A, #01,62001
62D3 Q04520 MOV DPTR, #1520
62D6 E0 MOVX A,@DPTR
62D 04 LNC A
6208 FO MOVX @DPTR, A
6209 904521 MOV DPTR, §4521
62DC 7401 . MOV A, #01
62D FO MOVX @DPTR, A
6E2DF 904521 MOV DPTR, §4521
6212 EQ MOVX A,@DPIR

~34 -



ADDRESS
62E3
62E6
62E9
62EC
6ZEF
62F0
62F3
62F6
H2F9
62FC
62FF
6301
6304
6305
6308
6308
630C
630F
6312
6313
6314
6315

6318
6319
631C
631F
6322
6325
6328
6328
632E
6331
6324
6336
6339
633A
632D
6340
6341
63472
6343
6345
6346
6349
G34A

OPCODE
B40103
0262EC
026031
504520
EQ
B40103
026436
B40203
026308
B40306
7401
904520
FO
0262DF
g01002
EO
B40106
904522
EQ

G4

Fo
904522

EQO
B40103
02633D
B4G403
02637A
B40303
026380
840403
0263ED
B40506
7400
904522
Fo
026308
902000
ED

FA

C1
540F
E'B
90L003
EO
B40101

MNEMONIC

CINE A, #01,62E9
LJdMP 6&62LC

LJMP 6031

MOV DPTR, #4520
MOVX A,@DPTR

CINE A, #0L,64t0 , , ‘
SELRECTLON

LJMP 6436

CINE A, #0272,0621C PARAMETE
LIMP 6308 SETTING
CINE A, #03,6305

MOV A, §iCl

MOV DPTR, #4540
MOVX @DPTR, A
LJIMP 62DF

MOV DPTR, #1002
MOVX A,@DP1R
CINE A,#01,6415
MOV DPTR, #4522
MOVX A,@DPTE
TNC A

MOVX @DPTR, A
MOV DPTR, #4522

MOVX A,@DPIR
CINE A, #01,631F
LJMP 633D

CINE A, #02,6325

LJMP 637A =LA
CINE A,#03,6340 PRE-FINAL
LJMP 63B0 VALUE
CINE A, #04,6331

LJMP 63ED

CINE A,#05,6334
MOV A, HROC

MOV DPTR, #4547
MOVX @DPTR, A
LIMP 6308

MOV DPETR, #2000
MOVX A,@DPTR
MOV RZ2,A

SWAP A

ANL A, #OF

MOV R3,A

MOV DPTR, #1003
MOVX A, @DPTR
CJINE A, #01,6341

OF
R

SETTING  OF



AUDRESS
634D
6348
6351
6354
6356
6358
6359
6358
65350
635D
6360
b3E3
6364
636D
6366
6367
6365
6G36A
636D
636F
b3/l

6371
6375
6376
6377
63TA
6370
637E
637F
&34l
6384
6385
H386
6H38Y
638A
638D
6390
6392
6393
6395
6397
6398
6399
639C

OPCODE
0B
502000
BBOAQ2
7800
TCAD
EA
540F
4C

Fo
121200
121500
EB

¢4

FB

EA
540F
4B
S02000
FO
121200
121500

EB'

Cc4

FB
026420
902000
EC

A
540F
BB
901003
EO

B40101 |

OB
902000
BBOAOZ
7B0O0
TCOA
BEA
5410
ac

o
121200
121500

MNEMON [ C

INC R3

MOV DPTR, §2000
CJUNE R, H0A, 6000
MOV R3,H#00
MOV R4, #AO
MOV A, RZ

ANL A, #HOF

ORL A, R

MOVX wwDP TR, A
LCALL 12400
LCALL 1500

MOV AL RZD

SWAP A

MOV R3,A

MOV A, RZ

ANL A, fOL

ORL A,R3

MOV DPTR, B0l
MOV @DPTR, A
LCALL 1200
AL 1HOuU

MOV AL, RS

SWAP A

MOV R3, A

LJMP 6420

MOV DPTR, #200u
MOVX A,eDPTR
MOV RZ3, A

ANL A, ffOF

MOV R, A

MOV DPIR, #i003
MOVX A,@DPTR
CINE A, #OD, 6385
ENCG R3

MOV DPITR, #2000
CJNE R3,HBOA, O3S
MOV " R3.,#00
MOV R, HOA
MOV AL RZ

ANL A, #PO

ORL A ,R4

MOVX @lPTR, A
LCALL 1200
LCALL [500



ADDREESS
639F
63A0
6372
63A3
6H3AC
63AY
H3AA
63AD
63B0O
63B3
6384
63B5
6386
63B8
©3B9
63BC
638D
63C0
6H3C1
6304
63C7

6309
63CR
63CC
63CHE
63CF
6300
63D3
636
63D7
6308
6309
63DA
63DC
63DD
63E0
63EK1

63E4
63E7
6318
63E9
e3EA
63ED
B3

OPCODE
EA
54F0
4B
302000
FO
121200
121500
026420
902001
EO

A

C4
540F
F'B
301003
EOQ
B40101
0B
902001
BBOAO2
7800

TCAQ
EA
540F
4C

O
121200
121500
EB

C4

FB

EA
540F
4B
902001
FO
121200
121500
EB

C4

FB
026420
S02001
EO0

MNEMONIC
MOV A, R2

ANL A, #FOC

ORL A,R3

MOV DPTR, #2000
MOVX @DPTR, A
LCALL L2000
LCALL 1500
LJdMP 64240

MOV DPTR, #2003
MOVX A, @DPTR
MOV R2, A

SWAP A

ANL A, HOF

MOV R3,A

MOV DPTR, #1003
MOVX A,@DPIR
CINE A, H#01,630!
INC R3

MOV DPTR, #2001
CJIJNE R3I,HOA, 63004
MOV R3,f00

MOV R4, #AQ
MOV AL RZ
ANL A, H#0OF
ORL A,R4
MOVX @DPTR, A
LCALL 1200
LCALL 1500
MOV A,R3
SWAP A

MOV R3,A

MOV AL RZ
ANL A, #0OF
ORL A,R3

MOV DPTR, #2001
MOVX @DPTR, A
LCALL 1200
LCALL 1300

MOV A,R3
SWAP A
MOV R3,A

LJMP 420
MOV DPEPR, fu00 1
MOVN AL @DPTR



ADDRESS QPCODE MNEMONLC

63F1 FA MOV RZ,A

63F2 540F ANL A, #OF

p3iF4 . FB MOV R3,A

63FH 901003 MOV _DPTR, #1003
63E8 £Q MOVY A, BDPITR
63F9 540101 CINE A, #01,06400
63FC 0B INC R3

63FD 902001 MOV DPIR, 2003
6400 BBOAO2 CINE R3,HBOA, LAOYL
403 7B00 MOV R3, #00
6405 TCOA MOV R4, #0A
6407 EA MOV A,R2Z

6408 54F0 ANL A, #FO

£40A 4cC ORL A,R4

6408 FO MOVX @DPTR, A
640C 121200 LCALL 1200

640F 121500 LCALL 1500

6412 EA MOV A, RZ

65417 54F0 ANL A, f#F0O

6415 4B ORL A,R3

6416 502001 MOV DPTR, #2001
6419 FO MOVX @DPTR, A
6420 901004 MOV DPUR, HLUU
6423 ECQ MOVX A,@DPTK
6424 B4010C CJUNE A, H#OL, 61050
6427 904521 MOV DPTR, Bd4bat
6472A 7400 MOV A, #OO

642C FO MOVX @DPTR, A
6420 904522 MOV DPTR, #1520
6430 7401 MOV A, H#01L

6432 0] MOVY @DPIR, A
6433 026561 LJUMP 6561

6436 901002 MOV DPIR, #1004
6139 EO MOVX A, @DPTR
G3A B4010C6 CINE A, H#HOT, G
643D 904523 MOV DPTR, #4500
6440 EO MOVY A, 2DPTR
641 04 LNC A

64472 FO MOVX @DPIR, A
6443 904523 MOV DPTR, #4503
6446 EO _ MOVX A, @DPTR
6447 B4010C3 CINE A, H#01, 6440
644A 026468 LJMP 6468

64410 B40203 CINE A, H#02,6453
6AB0 0264A8 LIMP 64A8



ADDRESS OPCODE MNEMONILC

6453 B40303 CJINE A, #O3, 6154
6456 0264DE LJMP 64DE

6459 B40403 CINE A, #04,6451
645C 026518 LJMP 651B

645F B40506 CJNE A,#05,6468 e
6462 7400 MOV A, #00 SEITLNG Ol
6464 904523 MOV DPTR, #4500 FINAY vallh
65467 FO MOVX @DPTR, A
6468 026436 LJMD 6436

65460 902003 MOV DPTR, 200G
646F EOQ MOVX A,@DPTR
646F FA MOV R2,A

6470 C4 SWAP A

6471 540F ANL A, f#OF

6473 FB MOV R3,A

6474 901003 MOV DPTR, #1007
6477 EO MOVX A, @DPTK
6478 B40101 CJNE A, H#01,647¢
6478 OB INC R3

647C 902003 MOV DPTR, 2003
647F BBOAOZ CINE R3,#04a,6481
6182 7BO0 MOV R3, HOU

6484 TCAQ MOV R4, #AC

6486 EA MOV A,R2

Y, 540F ANL A, H#OF

b8y 1C ORL A, R4

HatA FO MOVY @DEIR, A
6188 121200 LCALL 1200

648F 121500 LCALL 1500

6491 EB MOV A,R3

6492 c4 SWAD A

6493 FRB MOV R3,A

6194 EA MOV A, RZ

£495 540F ANL A, #0r

6497 4B ORL A,R3

6498 902003 MOV DPTR, #2000
6498 FO MOV @DPTR, A
649C 121200 LCALL 1200

649V 121500 LCALL 1500

61A2 EB - MOV A, RY

64A3 cd SWAP A

64A4 FB MOV R3,A

65445 02654E LIMP 654K

6H1A8 902003 MOV DPTR, #2003

-4 i



ADDRESS
£4AB
64AC
64AD
64AF
64B0
64B3
6484
&4B7
6488
64BB
64BLE
654007
64C32
64C3
64Ch
64C6
64C7
54CA
£4CD
64CE
64D0
6401

ADDRESS
64D
6405
654D8
6408
64DE
64E1
64E2
64E3
644
64E6
64E7
64EA
64EB
64EF
64EF
HAFZ
6dFYH
&4/
HAF9
6AbFA
6AFC
HAF

OPCODE
EO

FA
540F
FB
9010C3
EO
B40101
OB
SCQ2003
BBOAO2
7BOO
TCOA
EA
54F0
4C

FO
121200
121500
EA
54F0
4B
902003

QOPCODI
F0
121200
121500
02654E
902004
EO

FA

C4
540F
FB
901003
10
B40101
OB
902004
BBOAOZ
7B0O0Q
TCAQ
EA
540F
4c

FO

MNEMONIC

MOVX A,@DPTR
MOV RZ,A

ANL A, #0OF

MOV R3,A

MOV DPTR, #1003
MOVX A,@DPTR
CJINE A, #0Ll,6184
INC R3

MOV DPTR, #2004
CJNE R3,HOA,OGCU
MOV R3, KOO
MOV R4, #0A
MOV A,RZ

ANL A, #FO

ORL A,RA4

MOVX @DPTR, A
LCALL 1200
LCALL 1500

MOV A,R2

ANL A, #FO

ORL A,R3

MOV DPTR, #2000

MNEMONLC
MOVX @DPTR, A
LCALL 1200
LCALIL 1500
LJMP 654F
MOV DPTR, #2004
MOVX A,@DPTER
MOV RZ,A

SWAP A
ANL A, BOF
MOV R3, A
MOV DPTR, #1004
MOVX A,a@DDPITR
CINE A, #O0L,61kb
INC R3
MOV DPTR, B2004
CJINE R3, #uAn, ot
MOV K3, 00
MOV R4, BAC
MOV AL RY
ANL A, HOF
ORI, A,R4
MOVX @DPITR, A



ADDRESS OPCODE MNEMONLC

64FE 121200 LCALL L2000
6501 121500 LCALL 1L0u
£504 EB MOV AL, R3

6505 C4 SWAP A

6506 FB MOV R3,A

65507 EA MOV AL, RY

5508 540F ANL A, #OF

650A 4B ORL A,R3

6508 902004 MOV DPTR, 2004
650F FO MOVX @DPTR, A
650F 121200 LCALL 1200
651 121500 LUALL 1500
65515 EB MOV A, RD

56516 C4 SWAP A

6917 FB MOV K3, A

6518 02654E LJMP 654k

65518 902004 MOV DPTR, #2001
651E EO MOVX A, @DPTR
6551F FA MOV RZ,A

6520 540F © ANL A, HOF

6522 FB MOV R3,A

6523 901003 MOV DPTR, #1003
6526 EQ MOVX A, &DPTR
6527 B40101 CINE A, #01,652D0
652A 0B INC R3

6528 902004 MOV DPTR, #2004
652E BBOAO2 CJINE R3,#0A.653°2
6531 7B00 MOV R3, #00
6533 TCOA MOV R4, HOA
6535 EA MOV A, RZ

5536 54F0 ANL A, H#FO

65538 4C ORL A, R4

6539 FO MOVX @DPTR, A
653A 121200 LCALL 1200
6530 121500 LCALL 1500
6540 EA MOV A, RZ

6541 H4F0 ANI, A, H#EU

65473 4B ORL A,RZ

65544 S02004 MOV DPUIR, #2001
6547 FO MOVX @DP'TR, A
65548 121200 LUALL 1200
£548 121500 LCALL 1500
6541 501004 MOV DEPTR, #0041
6hhl EOQ MOVE A, @DPTR

6552 B4010C CJNE AL f0L, 0600l



ADDRESS
65H5
655¢
6HHA
LHOB
HhHLE
HHE0
GG
it
5050
HH6H
6hob

ADDRESS
1500
1503
1505
1507
1509
1508
150D

ALDDRESS
150F
1512

ADDRERS
Lo
1903
15905
La0Y
1909
L90B
190D
19or
1912

ADDRLESS
1260
1203
1205

OPCODIY
904521
7400
FO
J04L43
1401

v 0
901005
EO
B40103
026031
026026

QpPCODLE

75D010
7902
TAFF
7TBFF
DBFE
DAFA
DIF6

OPCODE
TH000
22

OPCODE
7HDO10
7905
TAFYF
TBEY
DBFE
DAFA
DSE6
750000
22

CPCODE
T5D010
7450

F0B8A1

MNEMONT U

My DEPTR, B
MOV A, OO
MOVN wDPTR, A
MOV DPTR, HdDu s
Moy ALHOL
MOVX @DPITR, A
MOV DPTR,#L00L
MOVX A,elPi'k
CJJNE A G, Lhob
LdMbE 6031

LJMP GOZG

MNEMONLC
MOV DO, H1O
MOV R1,#02
MOV RZ, #FL
MOV - R3, #FLD
DJINZ RI, 150U
DJINZ RZ, 1HOY
DINZ KRI1, 1500

DELAY

MNEMONTC
MOV DO, #00
REY

MNEMONLTC
MOV DO, H1Lo
MOV R1, H0Y
MOV RZ, #1117
MOV R3, HEL
DJINY R3S, 1 uow
LJNZ Rz, Loy
DJINZ RL, Lot
MOV DO, FOU
RET

DAY

MNEMON U
MOV DO, #L1O
MOV AL, #S0
MOV DR, i

ROUTINE

Ll N



ADDRESS
1208
1209
Laoc
1208
120F
1419
1211
1213
1216
1217
121A
1218
121¢
1Z21E
1221
L2224
1445
L2286
1229
1228
124k

ADDRESS

1230
1231
12432
1233
1235
1238
1439
123¢
123D
123k
1240
1243
1244
1217
Liadd
S ]
La4A
1248
124D
1250

OPCODE
£0
4062000
TFOY
EQ

FE

c4a
540F
900200
93
90B8RO
FO

EFE
540F
900200
93’
90BB20
Fo
902001
DFE3
902003
TEO1

OPCODLE
EO

FE

C4
540F
900200
93
90B8Z0
o

EE
540F
506200
93
908820
IS0

OR8]

0o

U
DEES3
TH5D000
272

MNEMON LU

MOVX @DPTR, A
MOV DPUR, #2000
MOV R/, Huz
MOVN A,wDP'lR
MOV RO, A

SWap A

ANL A, o

MOV DPTR, #0400
MOVU A,EA+DPIR
MOV DPTR, #B820
MOVX @DPTR, A
MOV A,R6

ANL A, #0F

MOV DPTIR, #0100
MOVCE A, eA+DU IR
MOV DPTR, 820
MOV @DPTR, A
MOV DPIR, #2001
DINZ R7, 12016
MOV DPTR, #2005
MOV R7,H01

MNBMONLIU
MOVX A, w@DPTHR
MOV Rb, A
SWAP A
ANL A, #0OF

MOV DPTR, #0200
MOVC A,@A+DPIK
MOV DPTR, #BB20
MOVX @DPTR, »
MOV AL RGO

ANL A, #OF
MOV DPI'R, #0200
MOVC A, @wA+DP'I'R
MOV DPTR, #B820
MOVX @DPTR, A
NOP
N2
NUP
DUNZ RY, L4350
MOV DO, H00
RE'T

ISP LAY RoOUTING

I'OR

PRE-FINAL
VALULE



ADDRESS OPCODE MNEMONG O

1400 750010 MOV DO, #10
1403 7490 MOV A, {90
1405 SOBB821 MOV DPTR, #089
1404 e MOVN DR, A
1409 502003 MOV DETR, 00
Laoo TEO2 MOV RV, hOY
L4301 0] MOVN A, @DPlR
140F FE MOV R6, A
1410 C4 . UWAP A IS AY ROUTINL
1411 540F ANL &, ROF Uk U INAL
1413 900200 MOV DPTR, 0200 AL
1416 93 MOVC A, @A+DPTR
1417 90BE20 MOV DPTR, 8820
141A E0 MOVY @DPTR, A
1418 EE MOV A, RG
141¢ 540F ANL A, #OD
1411 900200 MOV DPTR, #0200
1421 53 MOV A,@A+D i
1422 SOBE20 MOV DPUR, #BEZC
1425 FO MOVX @DPTR, A
1426 902004 MOV DPTR, #2001
1429 DFE3 DJINY R7,140L
ADDRESS  OPCODE MNEMON L ¢
1428 902005 MOV BDPTR, H20GGH
L42E TF01 MOV. R7,#01
1430 EO MOVX A, @DbiK
1431 FE MOV RO, A
1432 ¢4 SWAP A
1433 H40F ANL A, 01
1435 900200 MOV DPTR, {0400
1438 93 MOVC A, @A+DPTR
1439 90R820 MOV DPTR, §B820
143¢ FO MOVX @DPTR, A
1430 EE MOV A, RO
1438 540F ANL A, #0I
1440 900200 MOV DPTR, § 0G0
1443 93 MOV A, @A+D ]+
1444 SOBB20 MOV DPTR, RS
147 1O MOVN wDP 1, A
1118 o N
BT 00 NOP

1 3da 0o NP

LD NFE3 DANZ R, 14350
I THDLOOO MOV DO, OO0
1450 22 RET



ADDRESS OPCODE MNEMONILC

1600 75D0LO MOV DO, #10

1603 7490 MOV A, #90

160% 908821 MOV DPTR, ¥BB2Z

1608 FO MOVX @DPTR, A

1609 904508 MOV DPTR, §4505

L6 TEO2 MOV R7, K02

160E EO MOVX A,@DPTR

160F FE MOV RG, A

1610 . C4 SWAD A e o

1611 540F ANL A, #OF psTLAY ROUTTNE

L6l3 900200 MOV DPTR, BO200 FOR RN

1616 93 MOVC A, @A+DPTE LM

1617 90B820 MOV DPTR, #B820

161A FO MOVX @DPTR,A

1618 EE MOV A, RG

1671C 540F ANL A, #OF

161E 900200 MOV DPTR, #0200

1621 93 MOVC A, @A+DPTR

1622 9OB820 MOV DPTR, §B8ZO0

1625 FO MOVX @DPLR, A

1626 904509 MOV DETR, #1509

1629 DFE3 DINYZ R7, 160k
CDDRESS  OPCODE MNEMONLC

1620 $02007 MOV DPTR, §2007

162K 701 MOV R, H#0OI

1630 EO MOVX A,@DPTR

L1631 FE MOV R6,A

1632 o SWAP A

1633 540F ANL A, #0F

1635 300200 MOV DPUR, §0Z00

L6638 93 MOV A, @A+DPTR

1639 9OBB820 MOV DPTR, #B820

163C O MOVX @DPLR, A

163D EE MOV A,R6

1631 5A40F ANL A, #OF

1640 900400 MOV DPTR, #0200

| KSR S 93 MOVC A, eA+TDPTR

1644 YOBE20 MOV DYITR, #1820

b6 FO MOVXN @DPTR, A

1648 00 NOP

1649 00 NOD

P6dA 00 NOP

leodl DELES LDJN7 RY7,Lo30

1640 THBOOV MOV DO, #00

L6 50 22 RET



ADDRESS
1700
1703
1705
1708
17709
1740cC
170E
170F
1710
1711
1713
1716
1717
L71A
1718
L71cC
171E
1721
17122
1725
1726
1729

ADDRESS
172B
172E
1730
1731
1732
1733
1735
1738
1739
173C
1730
173K
1740
1743
17744
L7
1748
1719
174A
1748
1740
1750

OPCODE
TH5D0L0
7490
90BB21
FO
904514
TF02
EO

FE

C4
540F
900200
G953
90B820
FO

EE
540F

900200

93
90B820
FO
904511
DFE3

OPCODE
902009
7701
EO

FE

C4
540F
900300
93
90B820
0

EL
540F
300300
93
908820
1o

0o

00

00
DFE3
75D00OC
44

MNEMONIC

MOV DO, #10

MOV AL #S0

MOV DPTR, #B8A1
MOVX @DPTR, A
MOV DETR, #4511
MOV R7,#0Z
MOVX A,@DPTR
MOV R6,A

SWAP A

ANL A, #0I

MOV DPTR, #0200
MOVC A, @A+DPTK
MOV DPTR, #B82U
MOVX @DPTR, A
MOV ARG

ANL A, #0F

MOV DPTR, #0200
MOVC A, @A+DPTR
MOV DPTR, #BB20
MOVX @DPTR,A
MOV DPTR, #4511
DINZ R7,170E

MNEMONLC

MOV DPTR, #4009
MOV R, H#01
MOVX A,@DPTR
MOV Rb6, A

SWAP A
ANL A, HOF
MOV DPETR, #0300
MOVC A, @A+DPTI
MOV DPTR, #B820U
MOVX @DPTR, A
MOV AL KG6
ANL A, HOF
MOV DPTR, #0300
MOVC A, @A+DPTR
MOV DPTR, #B820
MOVX @DPTR, A
NOP
NOP
NCP
DJINY R, 1730
MOV DO, #00
RET

__‘16*
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FOR  TOTAL
PACKAGES



ADDRESEH OPCODL MNEMON T

1800 THDoLO MOV DU, i
1803 7490 MOV AL HGO
1805 90B&21 MOV DEP IR, s
B8 FO MOVN @D, A
Py 303500 MOV DETR, #ah0n
Lot TEQOZ MOV R, RO
Lsul EO MOVN A @DPlE
Lok 'k MOV OKOG, A
1810 4 SWAEF A lsel Ay ROUTDTTINE
1811 540F ANL A, KOF VUK CURRENT
1813 900200 MOV DPIR, #0200 GUANT LY
1816 93 - MOVC A, @A+DPITE -
L1y 90BB20 MOV DPTR, #B82G
Lol A 0 MOVX @DPTR, A
1818 EE MOV . A, RO
La b 540F ANL A, fOF
181F 200200 MOV DPTR, #0200
1821 93 MOVCOC A, ®A+DPI'R
L8272 SOB8BA( MOV DPTR, H#B820
tHAE FO MOVX @DPTR, A
1826 903501 MOV DPTR, #5501
1829 DFE3 DIUNZ RY,1HOE
ADDRIESS QPCODE MNEMONLC
1448 903502 MOV DPTR, #3002
FB2E TFO1 MOV R7,H#H01
1830 EO MOVX A,eDP[R
L83l FE MOV RB, A
1832 C4 SWAP A
1833 54 Q0F ANL A, BOF
1835 S00300 MOV DPTR, #0300
1848 93 MOVC A, @A+DPIR
1839 90B820 MOV DPTR, #B820
L83 FO MOVX @DPTR, A
183D EE MOV A, Rb
18 3E 540F ANL A, #OF
1840 300300 MOV DPTR, HU 30O
1843 93 MOVC A aA+ DUk
le44d 90B820 MOV DRTR, #3500
8.7 FO MOVN @DPTIR, A
1848 oo NOF
La-19 o6 N
RS 060 N
PEAR DEES DNy, RV, Td o
ot YHDO0O SOV DO, Fon
IRTRERY) aa R



ADDRESS OPCODE MNEMONITU

ALED Y5D0oLs MOV DO HILE

2600 303200 MOV DPTR, 3

2603 EC MOVX A, @DPTR Commenss
2604 Y MOV, RIA

2605H A3 INC DPTR

2606 150 MOVA A,&UPTR VO L O
2607 FA MOV R7Z, A o
260& ?DOO MUY R?'#QU hHexadeotinal
260A /BO3 MOV R3, H03 ‘
260C 7CEB MOV R4, H#E8 Lo
2608 BA20 MOV 20, R2 (e med
2610 8921 MOV 21,R1 va fue
2612 B90303 CJNE R1,#03,2618

A61H 022621 LJMP 2621

2618 20D703 JB DY, 261t

26118 022620 LIJMP 262D

2615 02264E LIJMP 264l

A6 BAEBOZ CJINE RZ, fimy, 2oy

A621 V22620 LdME 20620

AV 20D7F4 JB LY/, 20610

202A 02262D LJMP 264D

PASYAD) BAEBQGO CUONE R, HEHB, 26050

2630 30Db70cC JNB DY, 203t

2633 Cz2D7 CLR D7

2635 T4FF MOV A, REE

2637 aC SUBB A, R4

2638 ZA ADD ALRZ

2639 04 TNC A

2638 i9- DEC R

At 022642 LJMP 46124

4B63F EA MOV A,RZ

2640 9C SUBE A, R

2641 FAa MOV RZ2,A

26472 CADY CLR 137

2644 E9 MOV A, RI

2645 9B SUBB A,R3

2646 F9 MOV RI1,A

LR i 20D704 JB DY L2040

AbhdA oD INC RbB

uHdB V2260 LJMP 260

A64F AAZDQ 4 MOV RZ, 40

Z26H50 A92Z L MOV RIL, 21

Abh2 TE6 MOV Ry, 6

dbbd TEOO MOV O ORY,HOU



ADDRESS
2656
26508
265B
265EF
2660
2662
2663
2664
2665
2666
2668
2669
2668
266C
LOOFE
2670
2671
A672
2675
2676
2674
26718

2670
267F
2681
2682
2684
46850
2688
2689
268C
268E
268F
2690
2691
2693
2694
2697
2698
26499
269A
269C
206490
26A0
26A1

26A4

OPCODE
8420
BA6400
30D711
C2D7
T4FF
SE

2A

04

FA
C2D7
E9
9401
F9
022672
A

SE

FA
20D704
or
022656
AA2ZOD
7800

8A20
Cc2D7
EA
940A
FA
20D704
08
02267D
AA20
EA

£8

C4
54F0
A
G03501L
FO

ED

C4
54F0
4F
503500
EO
75D000

272

MNEMONIC
MOV 20,R2
CJINE R2Z,H#64,206500D
JNB D7,Z266F
CLR D7
MOV A, HELE
SUBB A.Rb
ADD A,R2
INC A
MOV RZ,A
CLR DY
MOV A, RL
SUBB A, #01
MOV R1.,A
LJMP 2672
MOV AL RZ2
SUBB A, R6&
MOV R2,A
JB D7,2679
INC R7
LJMP 2656
MOV RZ, 40
MOV RO, #00

MOV 20,R2
CLR D7

MOV  A,R2
SUBB A, #0A
MOV R2,A

JB D7,268C
INC RO

LIJMP 267D
MOV R2, 20
MOV A, R2
MOV A, RO
SWAP A

ANL A, {tFO
ORL A, RZ

MOV DPTER, #3501
MOVX @DPTR, A
MOV ALRS
SWADP A

ANL A, HFO
ORL A, R7

MGV DPTR, #2500
MOVN &DP'TR, A
MOV DO, #00

Rl

-4y-



ADDRESS OPCODE CODE Fox

0200 F3 0

0201 60 1

0202 Bb 2

0203 P4 3

0204 66 4

06205 D6 5

0206 D7 6

0207 70 7

0208 E7 3

0209 76 G

020A 00 BLANKING THE DISPLAY
0208 37 E

020cC D6 S

020D 17 F

020E 67 k

020F 05 I

0300 93 C

0301 87 T

0302 37 ¥

2002 BC TO DISPLAY PSS
2005 DC TC DISPLAY FS
2007 EF TG DISPLAY Hr
2009 12 TG DISPLAY P
3502 01 T DIspLAY (T
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FORD.C.OPERATION

Technical Principles

Operating Principle

An HF.-Osclllator generates an alternating elactto-magnetic
fisld which radiates through the “active surface” of the
proximity switch. The osciliator outputvoltage is demcduiated
and fed via a tigger circuit to an cmplified output stage.
Introduction of an elactrically or magnetically conductive
material In the reglon of the “active suface” will caused the
oscillator to become “damped”. As o result of this domping
the osciliator output voitage reduces and at g certain level
causes the tigger circult, and hence the output, to change
state.

s

HF Atematng  HF .Oscilaler  Demodulator  Cutput External
Electro-Magnetic  wits sensng cal Tngger creun Ampliber Load
Fieky

Mounting

Flush Mounting

The "cctive surtaca” may be flush with the metal In which the
swifch in mounted Proximity switches of this typpe con be
mounted next tc che another without spacing.

Non-Aush Maunting

The “octive surface” must have o free zone in which no metal
Sresent. The distance between two adjacent proximity
fches must be equal fo at lsast one switch diometer.

Td"’ T’de'?d‘de

WV / } é
" '““2-”.l /;LJ‘J e

o Meta (2) Ind. proximity switch

Fiush mounting

Nan-Flush mounting

Active Surface

is the surface through which the high frequency electro-
magnetlc field radiates. The eiement that actuates the switch
must come within the switching range of this surface.

Torque Ralings

For proximity switches in
threaded cylindrical hou-
sings it is racommended

that the torque settings ( Max.

shown are not exceedsd Thread Torque
when fightening the fixing M 8x1 | 4 Nm
nuts. This ensures that no M 12 > 1 10 Nm
mechanical or slectical M 18 1 25 Nm
damage occurs, M8 > 1 | 40 Nm

Installations with Protective Condult

For use In demanding conditions such as Machine Shopsata.,
it Is advisable to install proximity switches with profactive
condult over the connection cabies. The cabie exit sleeves on
Visolux proximity switches are designed tc allow fixing of
protective condulty by clamping in the middie for tha Sleeve.

S

Installaton with Protectve condut

Actuation

Actualing Elements

Inctuctive Proximity switches can be actuated by cimost ary
component made of metal.

in the Product Specifications the Normal Switching Distanca
Sn is shown for operation with.a square actuating element
manufactured in 1 mm thick ST 37 steel. The sides of this
actuater are equal in length to the diameter of the switch in
auestion. Smalier sizes of actuctor or use o other metals wil!
cause ¢ reduction in switching distance. Use of thin fcils can
however increase the switching distance. .

Reduction Factors

Ceviations from ST 37 as the actuctor material arshown Betow
percentage reductions of the switching distance Sh

e ——— S T

Al
Cu| Ms CrNr 837

SIS

+ >

Hh)‘uukun-‘-nwel'«l‘sn
Switching Distance

-




systems P>

INDUCTIVE PROXIMITY SWITCHES

Nominat Swilching Distance Sn

is the stated value for a proximity
switch operating under tightty
controlled conditions. Devia-
Hons caused by fluctuations in
temperature or supply voltage
are not considered.

Real Switching Distance St

Is the stated wvalue for an
Individual proximity switch

. operating of 20°C with nominal

supply voltage. This value must
be within the range of 90% to
110% of Sn.

Useable $Switching Distance Su

is the stated value for a proximity
switch operating within the
temp range — 5°C to + 70°C
and also with 80% 1o 115% of
supply voltage. This vaiue must
be within the range of 81% fo
124% of Sn.

Operaling Distance Sa

is the stated value fora proximity
switch operating anywhere
within its specified voltage and
temperature limits and at which
value functioning of the switch Is
guaranteed. This value will be
within the range 0% to 81% of Sn.

Actuator Approach

Inductle proximity switches
axhiblt a varlation in switching
characteristic according to
whether the actugtor element
approaches the active sutoce
ina parpendicular or horlzontal
direction. A smaller switching
distance is necessary for
switches operated by actuators
with hortzontal approach paths.,

Hysteresis

The threshald levels of the triggercir
provide o difference betwoen switc
point. This difference ls known as Hysteresis $ and helps

(T Actuator Element
@ Active Surlace
@ Proximity Switch

@ Inductive
Proximity Switch

@ Actuator Element
M Switching Curve

cultinthe proximity switch
h on point and switch oftf

provide a defintte switching action without hunting.

Electrical Values

Supply Yollage

The supply voltages stated for CONIROL SYSTEMS proximity
switches are selected to match the needs of todays market,
The values given in the Produc! Speclfications are the Umlts
which will ensure reliable operation at all times A C. Ripple
above and below these values Is permitted with the statad
limits.

Ripple

The supply voltage may have o superimposed peak 1o peak
ripple voltage on 1. The value s given as @ percantage of
supply voltoge.

No load current

Is the current of the proximity switch without an externalioc
connected.

Maximum Output current

is the maximum permissibie foad current through the cutpy’
of the proximity switch. This value 1s valid for the complete
range of supply voltage.

Voltage Drop

is the maximum voltage drop with rmaximum current flowing
through the output.

Leakage current

is the residual current that flows through the lood with th
ocutput switched off.

Switching frequency

is the maximum number of successive switching cperation
caused by a cyclical charge befween damped an:
undamped states This value defines the maximum rat
petween successive actuation signals.

j

is the maximum deviation from the Real Switching Distance.
within the permissible temperature range -25°C i + 47070
This value will not exceed % 10% of Sr.

Temperature Drift

switching functions
Normally open (N.O.)

when the actuator elernent s within the Operating Distan
Sa. (active surface damped) the output of the proxim
switch is on.

Normally closed (N.C.}

When the actuator element is within the Opearating Distan
Sa {actlve surface damped) the output of the proxier
switch is off, :



FOR DC OPERATION

Complementary Function (Antivalent)

The proximity switch has fwo outputs, one with normally open
function and the other with normelly closed function

_ NPN Outpul/Negative Switching

The load 1s connected betwaen output and positive lines 11s
energised when the output is switched fo negative

PNP Output/Posltive Switching

Tha load Is connected between cutput and negative lines. It is
energised when the output is switched to positive

3
l
¢ i g}
- - R - ,4141‘... -

[P — PSR —

NPN-Cutput PNP-Outpul
Conneclion identification to indian
Cenelec Standard EN 50044 standard
3 wire Proximity Swilches
Brown Positive Line Red
Blue Negative Line Black
Black Switched OQuiput Green

4 wire Proximity Swliches

Brown - Posilive line Redd

Blue - Negalive Ling Black
Q‘:Ck = Switched Output N.O Green

rack = Switched Qutput N.C. Yellow

Proximity Switches with Terminais

1 = Positive Line

2 = Switched Quiput N.C.

3 = Negative Line

4 = Switched Qutput N.O.

Brown Rod | Brown Red,

Brack, Grean -7 F'\ 5 |ack Green
<. > whits
NP
.

B Alock Rlue BlIOCk

PRE N N0 PP Complementary

[eiack Green J
Blue Blgck
e Tees

Biue ‘Block

NPN - NC orNQ NPN Complementary

Cphome in ming

Switching Combinations

By conmacting proximity switches as shawn in the connectiorn
diagrams below it is possible to select o variely of switching
posibilities without the need for acdcfiicnol confactars o
realeays

AND Connection

Pracise noto [

Each proximity switch
has a maximum voltage

PRy oo
drep of 25 Vo oand 5{‘@];1 I [ {f:"+
therefore the switching T
voltage requirement of |
the load (Relay, Cor- : 0 bS]
tactor et ) must pe 1 ﬁ e L‘_,r%i &

o each proximily AND Swinenng  AMD Swiiching
switch connected the wrn PRE wiih NPN
maxirmum output cure L. S —
rent avaiighle to drive
the load must be
reduced by 20 mA.

OR Connection :
flease note: l@} ;...1'
Use of biocking dicdes i ‘
toisolate oulputsmeans

that when wiring proxi- f’(*\‘};f;'u

mity switches with UG CBEL e i

infegral indicator LED's

not all LED's will illumi- CHSwithing R Swriching
with PHF with NEN

nate when one switch is
switched on

Protective Measures
switching Inductive Loads
CONTROL SYSTEMS proximity switches contain an Intermn:

suppression circuit to lirit the effects of switching inductiv
loads. Additiona! suppression is not necessary

swilch On Pulse Suppression

At the instant the supply voltage is applied to CONIRC
SYSTEMS proximity switch a special suppression circult acts !
prevent the cutput frem producing unwanted pulses. Thisals
means that the output is inactive for a momantary pertod ¢
switch on

short Circult Protection

All CONTROL SYSTEMS proxImity switches with the letter ) ©
the end of the order number have internat short cireu
protection. This protection tunctions for the duration of th
short circuit and prevents damage to the switch, Upc
rermnoval of the short circuit the CONTROL SYSTEMS proximi
switch is automatically reset into normal operotlon“

switching of capacitive toads, filament llamps etc 15 possib
without additional protective measures

Revetse Polarity Protection

CONTROL SYSTEMS proximity switches are protected agair
incofrect polarity connection as standard.

{a)



National
Semiconductor

| 54L.S09/DM54LS09/DM74L.S09

Quad 2-Input AND Gates with

General Description

This device contains four independent gates sach of which
. pericrms the logic AND function. The open-collector out-
, Puts require external pull-up resistors for proper logicai op-
* eration.

Features

B Alternate Military/Aerospace device {54LS09) is avail-
able. Contact a National Semiconductor Sales Offices
Distributor for specilications.

Open-Collector Outputs

Pull-Up Resistor Equations
Ve (Min) — Voy

" =
MAX Ny {lon) + Na (i)
Ao, = GG (Max) - Vo,

MIN =

foL ~ Ng (i)

Whare: Ny (Inn) = total maximum output high current for ail
outputs tied to pull-up resistor
Nz (i) = total maximum input high current for all
inputs tied to pull-up resistor
N3 (I} = tctal maximum input low current for afl
inputs tied to pull-up resistor.

Connection Diagram

Dual-In-Line Package
Vec 84 A4 ¥4 81 Al Y3
11 13 12 1 10 ] 8
1 lz |3 5 5 § ]?
a1 81 Y1 a7 82 Y2 GND

Order Number 541.508DMQB, 54L.509FMGB, DME4L
See NS Package Number E204,

Function Table

TLIF/5348-1
509, DMS4LS09W, DM74L.S09M or DM74LS09N
JT14A, M14A, N14A or W14B

¥ AB
| Inputs ‘ Outpuﬂ
La e | v |
oL T L
‘ L] L
H C L
H J H H ;

iy

H High Logic Lo

L aw Loge Lowe!

6087



L309

T

Absolute Maximum Ratings nee)

i Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and speclfications.

Supply Voltage v
input Voltage 7V
Output Voltage 7V

QOperating Free Air Temperature Range
DMS4LS and 5415
DM74LS

Storage Temperature Range

-65°Cto 1 125°C
0°Cto + 70°C

-65°C1o +150°C

Recommended Operating Conditions

g

Nole: The “Absalute Maximum Ratings ' are those va!uesg
bayond which the safety of the device cannol be guaran!
toad The device should not be operated al these limits. Tre:
parameiric values defined in the “Elsctrical Characlenstics™
table are not guaranteed at the absoluts maximum ratings”
rhe “Recommended Operating Conditions " table will defing
the conditions for actual device operation

Symbol Parameter l— DME4LS09 —I DM74LS09 Units
| Min | Nom Max Min I Nom 1 Max
Voo Supply Voltage 45 | 5 5.5 475 | 5 525 . 0V
Vil High Level Input Voltage | 2 2 \ l
Vi Low Level input Veltage 1\ o7 : 0.8 iV
Vor High Level Qutput Voltage 55 55 ¥
byl Low Level Cutput Current 4 . : 8 e
Ta Free Air Operating Temperature 1\ —55 125 0 } | 70 e

Electrical Characteristics over recommended operating fres air temperature range {unlass otherwise noted)

! \
Symbol [ Parameter Conditions Min Typ Max Urs
{Note 1)

vy Input Clamp Voltage Voo = Min = 7 16 mA -1.5 i
IcEx High Level Output Ve = Min Vg = 5.5V 100

Currant Vg = Min -
Voo L ow Level Qutput Voo — Min gL < Max SRR 0.25 : 0.4

Voltage Vi, - Max DM74 0.35 05

loL == 4mA, Voo © Min | DM74 0.25 0.4

i Input Currant @Max Voo = Max, V) o R

Input Voltage B
14 High Level Input Current Voo = Max, V) = 2.7V 20 e
i Low Level Input Current Voo = Max, v = 0.4V --0.38 kS
[Iolal] Supply Current With Voo = Max 24 .

Cutputs High ’ +8 ’
leoL i Supply Current With Voo = Max

| Outputs Low : 4.4 88 -

Switching Characteristics atVeg = 5V and T, = 25°C (See Section 1 for Test Waveforms and Cutput Lox

R, = 2k
Symbol Parameter CL = 15pF C = 50pF Upitt
T T
Min ! Max Min ) Max
t Propagation Delay Time
PLH pagan Y 5 20 8 &5 -
Low to High Level Cutput
{PHL Propagation Delay Time ‘
4 ; .
High to Low Leval Output \ s ; 5 Z "
Mote 1: All typicals are at Voc = 5V, Tp = 25°C.
216
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National
Semiconductor

54L.S14/DM74LS14 Hex Inverters
with Schmitt Trigger Inputs

General Description

This davice contains six independent gates each of which
performs tha logic INVERT function, Each input has nyster-
asis which increases the noise immunity and transforms a
slowly changing input signal to a fast changing, jitter free
output.

Connection Diagram
Dual-In-Line Package

Veo Ab YE Ab Y5 Ad Y4

R PR P R PR PR
S S

T ’
Al ¥1 Az Y2 A3 Y3
Order Number 54L514DMQB, 541.514FMQB,
E4LS14LMGB, DM74LS14M or DM74LS14N
See NS Package Number E20A, J14A, M14A4, N14A or W14B

Function Table

Y - A
Pnput ‘ Qutput ‘
A Y ‘
L H |
H i L

H  High Logic Leval
L - Low Loge Levol

TL/FB353-1

2-26




bsolute Maximum Ratings vt |
Military/Aerospace specified devices are required, Note: The "Absolute Maximum Ratings™ are those values |
ase contact the Natlonal Semiconductor Sales bayond which the safely of the device cannot be guaran- ‘
Mice/Distributors for avallability and specitications, teeg. The device should not ba operatad at these himits. The
mply Voltage 7V paramelric values defined in the "Elactrical Characteristics " ‘
1 Voltags v table are not guarantesd at the absolute maximum ratings. |
. ) The “Recommondsd Operating Conditions'' table will define
rating Free Air Temperature Range the conditions for actual device operation. |
%4LS -55°Cto +125°C
OM74LS 0"Cto + 70"C

xage Temperature Range -65°Cto +150°C i

ecommended Operating Conditions |

| ' [
Lymbol Parameter >4Ls14 OM74LS14 Units
Min | Nom } Max Min Nom Max
e Supply Voltage 45 | 8 | 55 475 5 525 Y
T
k- Positive-Going Input | :
1.5 1.6 2.0 1.4 1.6 tg i %
Threshold Voltage (Note 1) > vl i
- Negative-Going Input :
0.6 2.8 : 1.1 . 0.8 1 : W
Threshold Voltage {Note 1) | 0.5 .
i nput Hysterasis (Nete 1) C04 0.8 1 0.4 0.8 j_ v i
b High Levei Cutput Current -04 | -0.4 mA !
3 Low Levai Cutput Curront ; 4 ! 8 L mA
. : : | 1
1 Frae Air Operating Temparaturs i - 55 125 o} F B !
Electrical Characteristics over recommendad operating Iree air temperature range (uniess otharwise noted)
9 '
. Typ ;
bol Parameter Conditicns Min Ma Units
p on {Note 2) * '
Input Clamp Voltage Vac - Min g - - 18 mA : LY.
» High Leval Output Voo = Min lop — Max . S4LS | 25 3.4 y
Voltage Ve o Max DM74 27 -
). Low Level Output Voo - Min o - Max 54L8 0.25 C.4
Voitage Vi -~ Min DM74 0.35 0.5 v
Voo = Min oL 4 mA . DM74 ( 0.25 0.4
I
= . . ! I
k. Input Currel?tat Vg — 5V, V= Vr . DM74 : Cone N,
Positive-Going Threshold 0 i ~
= = 4
k- Input (?urrentl at Voo = 5V V) = VT D7 —o18 A
Negative-Going Thrashold |
1 Input Current @ Max Voo = Max, V) = 7V DM74 o A i
Input Voitage Voo - Max.V) - 100V | 54LS !
L T
13 High Level input Currant Voo = Max, Vi = 2.7V i 20 uA
k Low Level Input Current Voo Max, V) = C.av -0.4 mA
L: Short Circuit Voo - Max 5415 -20 ~100 mA
: Cutput Current {Note 3) | om7e @ 20 -160
?@. Supply Current with Voo - Max 8.6 : e A
Cutputs High o . R
ﬁ-_-;:_ Supply Current with Voo - Max 12 51 i mA
_ Qutputs Low e -
Mt Voo - 5V
Noba 2: All typicals aro af Vo - 5V, Ty - 25°C
1ot 3: Nol more than one outpul should be shorted at a tme, and the duration shou'd ~ol exceod cne second

2-27



LS138+L3139

National
Semiconductor

54L5138/DM54LS138/DM74LS138,
541.5139/DM54LS139/DM74L.5139

Decoders/Demultiplexers

Genera! Description

These Schottky-clamped circuits are designed to be used in
high-performance memory-decoding or data-routing appli-
calions, reguiring very shorl propagation delay times. In
high-performance memory systems these decoders can be
used to minimize the effects of systern decoding. When
used with high-speed memories, the delay times of these
dececders are usually less than the typicai access time of the
memory. This means that the effective system delay intro-
duced by the decoder is negligible.

The L5138 decodes one-of-eight lines, based upon the con-
ditions at the three binary selact inputs and the thres snable
inputs. Two active-low and one active-high enable inputs
raduce the naod for external gates or inverlers when ex-
panding. A 24-line decoder can be implemanted with no ex-
ternal inverters, and a 32-line decoder requires only one
inverter. An enable input can be used as a data input for
demultiplexing applications.

The [.5139 comprises two separate two-line-to-four-line de-
coders in a single packapge. The active-low snabla input can
be used as a data line in demultipiexing applications.

All of these deccders/demultiplexers feature fully buffered
inputs, presenting only one normalized Icad to its driving
circuit. Al inpuls are clamped with high-performance

Schottky diodas to suppress line-ringing and simplity system
design

Features
= Dasigned specifically for high speed:
Memory decoders
Data transmission systerns
m L8138 3-tp-8-line decoders incorporatas 3 enable in-
puls 1o simplify cascading and/or data reception
B 15139 containg two fully indapandent 2-to-4-ling decod-
ars/demultiplexers
M Schottky clamped for high performance
N Typical propagation delay (3 levels of logic)
LS138 21 ns
LS135 21 ns
m Typical power dissipation
L5138 32 mw !
L5139 34 mw .
® Alternate  Military/Aercspace  devices  (54L.5138,
545139} are available. Contact a National Semicen-
ductor Sales Offica/Distributor for specifications.

Connection Diagrams
Dual-in-Line Package

Dual-in-Line Package

SELECT DATA OUTPUTS
DATA OUTPUTS ENABLE -
. veg G2 A2 B2 2Y0  2Y1 2v2  2V3
Ve YO Y1 Y2 ¥3 ¥4 Y5 YE

115 |1s 14 |13 |12 I” [10 |9

115 [15 Iu |13 |1a |11 |1o ]9 J] (L
vz s e s e J7 e I
A B C G24 G2B G1 ¥7 GND ENABLE A1 Bl 1¥0  1¥T  1¥2  1Y3  GND

- OuTPUT G

SELECT ENABLE SELECT DATA OUTPUTS

TL/F/6381-1 TL/FABIsI-2

Order Number 54LS138DMQB, 54LS138FMQB,
S54LS13BLMQB, DMS4LS 1384, DM54L.5138W,
DM74L.S138M or DM74LS 138N
See NS Package Number E20A, J16A,
M16A, N16E or W16A

Order Number 54LS139DMQB, 54LS139FMQB,
S4LS139LMQB, DM54LS139J, DMS54LS139W,
DM74LS139M or DM74LS 139N
See NS Package Number E20A, J16A,
M16A, N16E or W1BA

2-150
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te Maximum Ratings wote)

6E1STeBELST

Aerospace specltied devices are required, Note: The "Absolute Maximum Ratings'™ are those values
ntact the Natlonal Semiconductor Sales hayond which the sataty of the device cannct be guaran-
tributors for avallabllity and specifications. tood, The davice shauld nat bo operated at these kints. The
age ra% parameltric values defined in the “Electrical Characteristics”

. fable are not guaranteéad at the absolute maximum ralings
18 IaY . . \ y
: The “Aecommended Operating Conditions' tabie wili defing
‘rae Air Temperature Range the conditions for actual device operation.
and 5418 55°C1ro - 125°C

0"Cto +70°C !

mperature Renge —65°Cto +150°C

imended Operating Conditions

DM54LS1368 DM741.5138 [
Parameter } . — Units
Min ‘ Nom | Max | Min Nom Max |
Supply Voltage 45 5 55 4.75 5 . 5258 % ‘
I T
High Level Input Voltage i 2 | J 2 i v ‘
+ } !
Low Level Input Voltags 0.7 ‘ 08
High Level Qutput Currant 0.4 —04 1 oma
I
Low Level Output Current 4 . g . mA :
Free Air Operating Temperature | -55 | 125 : 0 ! 70 G
Electrical Characteristics
imended oparating free air temperature range (unless otherwise noted)
T !
Paramater Conditions Min yp Max Unlte
. . {Note 1) -
T T
Input Clamp Yoltage Voo = Min j = —18 mA [ W
T t T -
High Level Output Voo = Min oy = Max, | DM54 2.5 3.4 : y
Voltage ViL = Max, Viy = Min OM74 27 a4
Low Leval Output Voo = Min, gL = Max, DMS54 025 | 04
Voltage i Vil = Max, Vg = Min DM74 0.35 0.5 Y
loL = 4mA Veg = Min | DMT74 . 025 0.4
Input Current @ Max Veo = Max, V) = 7V i : 0 e
Input Vollage i
} -
High Level Input Current Voo = Max, v = 27V 2C A
Low Level Input Current Voo = Max, V| = C.4V -(.3¢ mA
Short Circuit Voo = Max DM54 —-20 —*Q0 A
Qutput Current {(Note 2) DM74 .20 —-00 )
T
Supply Current Vo = Max (Note 3) : 83 1C me

yeicals are gt Voo - 5V, Ty = 25°C
Tore than one outpul should be shorted at a time, and the duraten should rot Qxcead 2ne hecenc,

5 measured with all outputs enabled anc ppen

2-151
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Semiconductor
54LS155/DM54L.S155/DM74LS 155,
54LS156/DM54LS156/DM74LS156
Jual 2-Line to 4-Line Decoders/Demultiplexers

95187+55157

i
ieneral Description Features '
hase TTL circuits feature dual 1-line-to-4-ne demultiplex- @ Applications:
rs with individual strobes and common binary-address in- Dual 2-tp-4-line decoder :
uts in a single 16-pin package. When both sections are Dual 1-t0-4-line demultiplexer
nabled by the strobes, the common address inpuls se- 3-10-8-line decoder
uentially sefect and route associated input data to the ap- i-to-8-line demuttiplexer
"opriate output of each section. The individual strobes per- 8 Individual strobes simplify cascading for decoding or
it activating or inhibiting each of the 4-bit sections as do- domultiplexing iarger words
red. Data applied to input C1 is inverted al is outpuls and | Input clamping diodes simphfy system dasigr
ita applied at C2 is true through its outputs. The inverter m Choice of oulpuls:

lowing the C1 data input psrmits use as a 3-10-8-line de- Totern-pole (LS155)
der, of 1-to-8-line demultiplexer, without external gating Open-collectar (LS156)

vt clamping diodes are provided on these circuits to mini-

ng SO " ® Aiternate Military/Aerospace device {55.8155/158)
‘e transmission-line eflects and simplify system design.

available. Contact a National Semiconductor Sates O
fice/Distributar for specifications,

nnection Diagram and Function Tables
Dual-In-Line Package

SELECT OUTPUTS Order Mumber 541L.5155DMQB, 54LS155FMQB,
. cé';A 572235 m:m po P o o 54LS155LMQB, DM54L.5155J, DM54LS155W,
DM74LS155M, DM74LS 155N, 54L.S156DMQE,
RCH |15 lm I" |12 In 15 9 S4LS156FMQB, DMS4LS156J, DMS4LS156W,
é & (L (L DM74LS156M or DM74LS 156N :
? See NS Package Number E20A, J16A,

—{E‘.zéz _ ] M16A, N1GE or W1BA
;—0 B B A a

2-Line-to-4-Line Decoder or
i-Line-to-4-Line Demultipiexer

b s el
{G' c1 B oA ] , Inputs i Outputs B
A T ? (r ? ! Select = Strobe | Data | '
S R E |5 - t, ]3 ; oGt et 1o avr o1vz oty
H e - ‘ T — o B
4 STROBE SELECT 173 1Yz vy 1Yo GHD I H oM j .H B
G1 INPUT i L H | L ! - H
2] OUTPUTS L H M L H =
LU ) | . H . H H . ]
I 1 I f
3-Line-to-8-Line Decoder or . ; E ‘ : : : -
1-Line-to-8-Line Demultiplexer L i — .
Inputs J Outputs Lo Inputs i Outputs
! ' v } e
< Groatal @ () @) (3 9) (5 (& () - Select | Strobe | Data
! B A G2 €2z | 2Y0 2¥Y1 2Yz 2Y3
VAl Gt 2Y0 2Y1 2Y2 2Y3 1Y0 1¥1 1¥2 1¥3! " X o - " H N v
L X H H H H H H H H H., -’ L . L L H o =
LoL LoH H H H H W=l . R i o -
4L jH L H H H H H R S0 D o o , Ho
bbb pH H L H K o H H M ; ‘ P H b v L
HOoL ' H H OH LK H oH s opd2 Loy H -
L L H H H H L H ® H X X! x  H | H H bR
HioL o[ H H OH H H L H H ‘
L! L H H H = H H * = ‘ wputs DY ana e cennected fogethor
H L i H H H M H H o L ‘G rpuls G ane 32 confocted together

I (s L FENTST § v el X don’l carg
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. . r e - »n
3155 Switching Characteristics : e
tc=5Vand Ty = 25°C (See Section 1 for Test Waveforms ang Output Load) ' ti'l
7 T R T Y
I From {input) | — ~-—RL - 2ka e f
mbol Parameter To (Output) CL = 15pF i i C_ = 50pF Units 8:
| | Min Max ' Min | May
— e e oy MR MR e -
N ! Propagation Dalay Time I A, B, C2 G1 ‘ | . | 22
| Low to High Level Qutput | orG2toY i | ' | | . s
L Propagation Dalay Time ! A.B, C2 Gt | [ _ ! ! '
| High to Low Level Output I orG2to Y 27 ; =5 e
9 P i S N N —_—
J [ Propagation Delay Time AorB | | s i | s . }
! Low 1o High Level Output l to v ! | ‘ \ i s
‘ Propagation Deiay Time ‘ Aor8 ! | |
i | . | 27 [ | 35 ns
| Highto Low Level Qutput i oY | ; X i
\ . - ! ‘ | | w ? S
| h .
Propagat.ron Delay Time | o3 | | o0 [ I 24 ; ne
Low 1o High Level Qutput | oY i i 1 |
T T —
| Propagation Delay Time | C1 I | 35 ne
| Highto Low Level Output | toy ‘ i J ‘ o
:ommended Operating Conditions
! | — R —
i i D 1 '
el | Parameter F MS4LS 156 _-— DM74LS1 5? Units
| | Min . Nom Max . Min | Nom [ Max
T T T Ll ‘ I’ B
Supply Voltage a5 3 55 , 475 5 © 525 W
J X _;__ —— ;—+ d —— e — — - T —
l High Lavel Input Voltage | 2 i = e i ¥
J Low Level Input Voitage | | Yooy | 0.8 v
I High Level Output Voltage ‘[ i " o55 | ! | =5 % v
e 2 Y
J Low Level Qutput Current I‘ 4 I Fo8 . mA
: ) - ! e e
J Fre¢ Air Operating Temperature | 55 | J_1il_ 6 e 7‘__1771‘0_____17 _c
156 Electrical Characteristics
scommended operating free air temperature range {unless otherwise no‘ed)
: ‘ ) e _Tﬁ ——— .
o | Parameter | Conditions Min yp Max Units
i i {Note 1)
T e —— T .
{Input Clamp Voltage Voo - Min | 18 mA ; 15 ¢
— | v T T e
i High Level Output Voo - Min, Vg - 5.5y i | 100 .
I Current VL Max, Vig  Min —_—— T ‘__
Low Level Output | Voo - Min, g - Max . DMS4 0 L 0.25 G4
| Voltage Vi Max. Vi Min OM74 L ' 5.35 | G5 ‘ J
e — i
L o SmAVoo Mn | DWre o e2s | oa
| input Current & Max Ve Max, v 7y i o A
| lnput Voitage I o _ﬁ__*___‘
j High Leve! input Current ‘ Voo ¢+ Max, v 2.7V ;
Low Level Input Current l Voo Max, v 70.6‘.’ :
[ Supply Current Voo - Max (Note 2) ) » -
Nitypicals ara at Ve 5V, Ta  25°C
kg 15 measurad with all Qulpuls apen. A, B, and C1 inpuly 4l 4 BYand U2 G ang G ogroundied
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LS161AsLS163A

National
Semiconductor

General Description

These synchronous, presettabie counters feature an inter-
nal carry look-ahead for application in high-spesd counting
designs. Tha LS15" A and LS163A are 4-bit binary counters.
The carry output is gecoded by means of a NOR gate, thus
praventing spikes during the normal counting mods of oper-
ation. Synchronous operation is provided by having all fiip-
flops clocked simultansously so that the oulputs change co-
incigent with each other whan so instructed by the count-
anabla inputs and internal gating, This mode of operaticn
aliminates the output counting spikes which are normally
assoclated with asynchronous (ripple clock) counters. A
butfered clock input triggers the four flip-flops on the rising
{pasitive-going) edge of the clock input waveform.

These counters are fully programmable; that is, the outputs
may be preset to either lavel. As prasetting is synchronous,
setting up a low level at the load input disables the counter
and causes the oulputs 1o agree with the setup data attor
the naxt clock pulse, regardloss of the levels of the enable
input. Low-to-high transitions at the ioad input are perfectly
acceptable, regardiess of the logic levels on the clack or
enable inputs. The clear function for the LS181A 15 asyn-
. chronous; and a low level at the clear input sets all four of
the fiip-flop outputs low, regardiess of the levels of clock,
load. or enable inputs. The clear function for the LS183A is
synchronous; and a low level at the clear inputs sets all four
of the flip-flop outputs low after the next ¢lock pulss, regard-

clear aliows the count length to be medified easily, as de-
coding the maximum count desired can be accomplished
with one external NAND gate. The gate output is connected
to the clear input to synchronously clear the counter to all
low outputs.

less of the ievels of the enable inputs. This synchronous

[P

54.S161A/DM54LS161A/DM74LS161A,
54L.S163A/DM54LS163A/DM74LS163A
Synchronous 4-Bit Binary Counters

The carry look-ahead circuitry provides for cascading coun-
ters for n-bit synchronous applications without additionz
gating. instrumental in accomplishing this function ars twe
count-enable inputs and a ripple carry output.

Both count-enable inputs (P and T) must be high to count
and input T is fed forward to enable the ripple carry output .
The ripple carry output thus enabled wil| progluce a high-lev:
sl output pulse with a duration approximately equal to the |
high-level portian of tha Ga cutput. This high-level cverflo
ripple carry pulse can be used to enable successive cascac
ed stages. High-to-low level transitions at tha anable Por ™
inputs may occur, regardiess of the logic level of the clock.
Thase counters feature a fully independent clock circy
Changas made to contrel inputs (enable P or T or lpad) tha:
wili modify the cperating mode have no effect until clocking
occurs. The function of the counter (whether enabled, dis
abled, lcading, or counting) will be dictated solely by t
conditions maating the stable set-up and hold times.

Features

Synchronously programrmable

internal look-ahead tor fast counbing

Carry output for n-bit cascading

Synchronous courting

Load control line

Dicde-ciamped inputs

Typical propagation time, clock 1o Q output 14 ns
Typical clock frequency 32 MHz

Typical power dissipation 83 mW

Alternate Military/Aerospace device (54L816"
54L5163) is available. Contact a National Semiconduz
tor Sales Office/Distributor for specilicaitons.

Connection Diagram

pDual-in-Line Package

RIELINS DUTPUTE

FAARY - ENaBLE
noTent Ga Ca or a 1 g
1 15 14 13 12 " ' K

|
A

1 F 3 A 5 3 [ IH
CLBEas CLOUn A 3] c TOENABLE LT

CATA INPLTS

TLAF3aT -

Order Numbers 54LS 16 TADMGB, 54LS161AFMQB,
54L5161ALMQB, 54LS163ADMQB, 54L.5163AFMQB.
54L5163ALMGB, DM54L5161AJ, DMS4LS161AW,
DM54L5163AJ, DM54LS163AW, DM74LS161AM,
DM74L5161AN, DM74LS163AM or DM74L5163AN
See NS Package Number E20A, J1BA,
M16A, N16E or W1BA
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]
wlute Maximum Ratings ot =
Try/Aerospace specified devices are required, Note: The “Absoluts Maximum Ratings" are those velues | 5:
t contact the National Semiconductor Sales beyond which the safely of the device cannot be guaran- @
vistributors for avallablilty and speclfications. feed. The device should not be operated at these hmits. The ; E

inltage 7V PEraMENc values defined in the “'Elsctrcar Charactarstics” =

fage 7v fable are not guarantsed at the absolute maximum ratings. | &1
. The “Recommended Operating Conaitions " tatie win defing  R=

1 Frea Air Temperature Range the conditions for actual device cperaticr ‘

~Sand 5418 =55°Cto +125°C '

e 0*Cte +70°C

‘Temperature Range -685°Cto ~150°C

‘mmended Operating Conditions

N | OMS4LS161A ! DM74LS161
B Parameter e B — ——————  Units
| Min Mom | Max Min | Nom Max
Supply Voltage ' 5 ! 55 1 avs

High Level tnput Voltage
T
| Low Level Input Voltage

| High Level Sutput Current

Low Level Qutput Current

| Clock Frequency (Note 1}
S hatabid S Y UL S
Clock Frequency (Note 2)

T

I Pusewiath | Crock
(Note 1) Clear k ; 1

| Pusewidth | tiock ! ! N .

e e BN+ A SN U
(Note 2; Cloar Poas : 25 | i :
T\J,H-—-_‘v_,—n—-‘ — —— ——————

Setup Time Data ‘ | 1

D (Note 1) Enable P ' 5

| | Load

Setup Time Daty
(Note 2) Enable P

‘ Load
| Hold Time Data
(Note 1) | Others
1
¢ Hald Time i Data
| (Note 23 -
| Others

Clear Release Time (Note 1) ~
LClear Release Tima (Note 2}

Free Air Operating Temperature
T1SRRRL 2 2R Ta - 25°C and ver
PSCPRRL 2RI Ta - 25°C and g

e
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National
Semiconductor

54L.S244/DM74LS244 Octal TRI-STATE®
Buffers/Line Drivers/Line Receivers

+ General Description

These buffers/line drivers are designed to improve both the
peorformance ard PC board dansity of TRI-STATE buffars/
drivers employed as mamory-addrass drivers, clock drivars,
and bus-oriented transmittars/receivers. Featuring 400 mv
of hysteresis at each low current PNP data line input, they
provida improved noise rejection and high fanout outputs
and can be usad tc drive terminated lines down to 133(1

Features

® TRI-STATE outputs drive bus lines diractly

& PNP inputs reduce DC loading on bus lines

u Hysteresis at data inputs improves noise margins

B Typical lo. (sink current)
5418 12 mA
74L8 24 mA

& Typical I (Source current)

5418 12 ma
74LS 15 mA

B Typical propagation delay times
Inverting 0.5 ns

Noninverting 12 ns
Typical enable/disable time 18 ns
Typical power dissipation (enabted)
Inverting 130 mwW
Moninverting 135 mw

Connectioh Diagram

Dual-In-Line Package

Vee 28 1YT 284 1Y2 23 1¥3 242 1vd g1

|20 |19 |1s i f1e

i'ﬁS Ild r13 12 I1T

| |

e

P

EERERBE Ta s
1G 141 2Y4 a2 2v3

Order Nurnber 54LS244DMQB, 5

[e |7 |s E i—m
1A3 2Y2 1A4 2¥1 GND

TLAH 84421

4LS244FMQB, 5415244LMQS,

DM74LS244WM or DM74LS244N

See NS Package Number E20A

Function Table

| Inputs

L Low Logre Lovel

H  High Logic Lavel

x Erthar Low ar High L
Z Higr: Impedance

,J20A, M20B, N20A or W204A

Qutput :

O | e
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Absolute Maximum Ratings (ot

F Milltary/Aerospace specified devices are required,
Pesse contact the National Semiconducter Sales
OMtice/Distributors for availablility and specitications.

500 Voltage v
ot Voltage Y%
“meezing Free Air Temperature Range
s4ls S G - 1ese
M7418 Ctlo - 70°C

Srage Temperature Range -65°Cto 1 15070

g Conditions

Note: The “Absoiute Maximum Ralings " are those values
bevond which the safety of the device canno! be guzran- |
lead. The device should not be operaled at these hmils. The '
LAr&MeInc values definad in the "Elocirical Charactarstics ™
‘able are ot quaranteed at the absolute MAXIMUT ratings I
The “Recommended Operating Conditions ™ table wiil dofine
he conoitions for actual device cparation.

DM74L5244

Srmbol Parameter s — e 24LS244 e e g ‘ . —-- —  Units
*' Min | Nom | Max  Min Nem | Max
e LM Nem o Max Raisls S
. - = i t e |
e Supply Voltage 15 ] 55, 475 5 Cooheds v
| : _ R R e _l_uf,__T_, et
e | High Level Input Voltage ' 2 ‘ 2 | | v ,
r—— i i ‘ ——— e T — ———
", | Low Level Input Voltage ) c7 \ 0Ee v
—— : +— I L i — —
o | High Level Output Current i -2 | | 15 A :
| S R s i | i .
) | Low Level Qutpul Current | | 12 ! | 24 ma
- ! b— L | i | T
[ | Frea Air Operating Temperature - 55| 25 G ! i 70 | G

i
" Electrical Characteristics over recommended o

perating free ar temperature range (unless otherwise noted) |

[

T
i T
brmol | Parameter J Conditions | Min I (No:':*) © Max ; Units
i | i) ;
, - e | S
' | InputClamp Voitage [ Voo o Mint - 1ema ‘ ‘ 15 | |
| —_— — +_. e el
g Hysteresis (Vp, - vr ) Yoo - Min ! 02 | o4 o
4 Data Inputs Oniy . | .
' 28 High Leve! Qutput Voltage Vo M Vi Win P onara 27 |
‘ Vi - Max, Igy T mA ; '
| Voo Min Vg Mir i 54L5/CM74 24 | 34 i Doy
: * VL = Max, an I mA i ) .
; - A A
: L Voo Min Vg o Min S4LS/0OMT4 P
. | Vii 05V, Ipgy  Max i
[ — e T e e - S — S .
. -ow Level Output Voltage T Voo Min ' 12mA | 54LS/DMT4 ; . Cf,
| ViL Maco g Max . DM74 j cs v
[ Ve Min | i
— T s T
nX Off-State Output Current, Voo - Max 1w 27y ‘ . A
High Level Voitage Applied 4 Vil Max ! . " :
[ . . S el -
=  OftState Output Current, | ¥iH M Ve o D4y . - [ o
-ow Level Voltage Applied ) ) o i . Jr I '
i Input Current at Maximum | Voo Max IV 7V IDM74) ! ) o i
TUVONGY__ g ovisals) I
- High Level Input Current | Voo - Max Voo 2TV e : . ﬂ__i:‘”/ L _uA
] ~ow Level Input Current I Voo - Max I Vi 0w o -0.5 | | -z00 i
‘ ‘ ) - 50 .
L3 Snart Cireuit Qutput Current I Vo Max (Nota 2) ——f— 225 14
: -40 X
— e e b o ._t._ S
] Supply Current + Voo Max, T Outputs ng_r_ o ) 13 __Eﬁ,ﬁ
| Ouipats Gpen oL e Law = a8 mA
—— : | I,
| . Ouiputs Disabled i 32 54
AL ocals ara et Ve SV Ta @ 25°C

WY 2 morg than gnn OUDUL SMoult D SNartog 8t @ Yme. aod tha

CUrAbON ANGLLI N0 Gal e S see o)
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ILS245/DM541.8245/DM74LS245
II-STATE® Qctal Bus Transceiver

neral Description j

%

e octal bus transceivers are designed for asynchro-
two-way communication between data buses. The
ol function implementation minimizes external ttming

ements,

tevice allows data transmission from the A bus to the B

orfrom the B bus to the A bus depending upon the logic

+at the direction control (DIR} input. The enable input

4n be used to disable the device so thal the buses are x
“ively isclated.
Jtures n

Jirectional bus transcewer In a high-gensity 20-pin
kage
“STATE oulputs drive bus lines directly

PNP inputs reduce DC loadmg on bus nes i
Hystaresis at bus inputs improve naise margins

Typical propagation delay times, port-to-port & ng

Typical enable/disable times 17 ns

loe (sink current;

5418 12 mA
F4LS 24 mA
lon (source current}
5418 12 mA
7aLs 15 maA ,

Alternate Military/Aerospace device (54L8245) 18 avaii-
able. Contact a National Semiconducter Sales Officns
Districutor for specifications.

#nection Diagram

Dual-in-Line Package

EMNABLE ;
Voo G B1 a2z 83 B4 BS -3 a7 Bs
[20 19 1B 17 16 15 '14 |13 ,12 l11 !
|
N ,C] rﬁ- !
|
I NS NGNS FJ W 77 1N
I
- - |
TN LT J’S AN VANV AN Y/ /7 |
- !
p— .
|
'1 I 2 I 3 4 Is ' 3 7 8 g 10
DiR Al AZ AJ Ad AS AB AT AB GND B ‘

Order Number 54LS245DMQB, 54L5245FMQB, 541.5245LMQB, I
DM54L5245J, DM54LS245W, DM74LS245WM or DM74LS245N
See NS Package Number E20A, J20A, M20B, N20A or W20A ‘

unction Table

Direction

Operation ; ‘

| BdatatoApus | i
1

: Enable ;
& Control |
DIR : ‘
L L
L H A data to 8 bus
L H X ' Isoiation
ol righ Level | Low Lave, X e

2-273




L5245

Absolute Maximum Ratings inot;

i Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage 7V
Input Voitage
DIRor G 7V
Aorg 5.5V
Operating Free Air Temperature Range
DMS54LS and 54L3 ~-55°C 1o +125°C
OM74LS o°Cto - 70°C
Storage Temperature Range -65°Cto +150°C

Note: The “Absolute Maximum Batings'™ aru those ve.
beyond which the safety of tho cowice cannot 58 gués
tead. The device showld not be operaled at these imis ™
paramelric valugs defined in the “Elgctrical Charactsrisi:
table are not guaranteed at the absolute maximum rars
The “ARscommended Cperating Conditions" tablo wili ¢
the conditions for actual device oporation

Recommended Operating Conditions

Symbol Parameter DM54L5245 PMNLSNS Ur:[:i
Min Nom Max Min ¢ Nom Max

Voo Supply Voitage 4.5 5 5.5 4.75 ‘ 5 :':‘25 | -
ViH High Level Input Voltage 2 2 ‘ |

ViL Low i_evei Input Voltage 0.7 ' 0.8 )
loH High Level Cutput Current 12 ‘ 15 : -
loL Low Level Cutput Current 12 1 24 -
Ta Frea Air Operating Temperaturs —55 125 o L

Electrical Characteristics over recommended operating free air temperature range (unless otherwise nate:

- . Typ
l a o
Symbo Parameter Conditions Min (Note 1) Max
V) Input Clamp Voitage Veg = Min, || = —18 mA 1.5
HYS Hysteoresis (Vy, — V1) Voo = Min 0.2 0.4
T
Yor High Level Qutput Voltage Voo = Min Vig = Min . DM74 27
ViL = Max, lpy = —1mA ' ’ .
Ve = Min, vy = Min { DM54/DMT4 ' 2a - !
Vu_ = Max, ‘DH = —3mA | V
Voo = Min, Vi = Min | DMsa/DM7a |
Vﬂ_ = 0.5V, lOH = Max
VoL Low Level Output Voltage Voo = Min loL = 12mA | DM74 0.
ViLT Max o DM5a 0.
Vi - Min o e e
DM74 [
lazH Off-State Output Current, Voo = Max | Vp = 2.7V . an
High Levet Voltage Applied | Vi = Max : "
lozL Off-State Output Current, Vi = Min Vo = 0.4V 3 .-
Low Level Voltage Applied 2
Iy Input Current at Maximum Ve - Max | AorB V) 58V o
Input Valtage DIRor G v Tv “ 0.
L High Level Input Currant Voo = Max, V) = 2.7V : 20
e Low Level Input Current Voo = Max, V) = 0.4V i
[fok:} Short Circuit Output Current Voo = Max (Note 2) 40
lec Supply Current Cutputs High Voo = Max © 48 . TC
Cutputs Low 62 8
Cutputs at Hi-2 64 as

Note 1: All lypicals are at ¥ = 5V, Ty = 25°C

Note 2: Not mora than one cutput should be shorted at a ime, not o 8xcaed one second duraton
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DM54LS373/DM74LS373,

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
sesigned specifically for driving highly-capacttive or relative-
'y low-impedance loads. The high-impedance state and -
sreased high-logic fevel drive provide these registers with
he capability of being conneacted directly to and driving the
2us lines in a bus-organized system without need for inter-
‘ace or pull-up components. They are particuiarly attractive
‘or implementing buffer registers, 1/0 ports, bidirectional
sus drivers, and working registers. (Continued)

Connection Diagrams

Dual-In-Line Packages

T% National -

54L.S374/DM54L.S374/DM741L.5374
TRI-STATE® Octal D-Type Transparent
Latches and Edge-Triggered Flip-Flops

Features

TeELEST

w0
Lo
~J

b

m Choice ol 8 latches or 8 DO-type fhp-flops ' a s.ngic .

package

TRI-STATE bus-driving outpuls

Full parallei-access for [oading

Buffered control inputs

P-N-P inputs reduce D-C loading or: data lnas
Alternate military/aerospace device (54LE374) 15 avan-
able. Contact a National Semiconductor saies office/
distributor for specifications.

'LS373
ENABLE
Vee 80 80 7 Q 80 &0 50 50 G
izo |19 |1a |17 |1s st lu [m [12 1 Order Number
‘ DM54LS373J,
5 5 — R % DM54L5373W,
G PG G p—y—t G DM74LS373N or
OE OE OF OF DM74LS373WM
& 3 i I See NS Package Number
J20A, M20B, N20A or
W204
a D D o @ D D a
)| 1 T
o B W B M =
|1 iz I:; l¢ Is Ia 17 [a Tg ]10
OUTPUT 10 10 20 20 30 0 et 40 GND
CONTROL
TLAF/BA3T
L5374
Vee 8 a0 0 ra v D 50 50 CLOCK
120 l|9 118 II? I16 l!ﬁ |M {%3 112 ry
I] |:] I:’ Order Number
a__ o D O 0__ 0 D _ O Y 541 5374DMAB,
CK «Jo—p—Cp>» CK CK O—T"OI CK 54L.8374FM0OB,
T e o d O 54L8374L.MQB,
S 2 o DM54L5374,
— i DM54LS374W,
s — — 3 I DM74LS374WM or
K o b CK CK «f b CK DM74LS374N
OIE c’[E 015 OTE i See NS Package Number
A, M208B, N20A
[ G e | e20n sz0m w0
\1 lz la |4 ]s |e ]7 [5 ]g |1o
CUTPUT hie] 10 20 2Q ag ] e) a0 40 GND
CONTROL o ikbant




L53739L5374

General Description continueq)

The eight latches of the DM54/741.8373 are transparent D- A buffered cutput control input can be dsed 0 pl*:ei
type latches meaning that while the enabie (G} is high the Q eight outputs in either a normal logic state (high or low
outputs will follow the data (B) inputs. When the enabhle is lavels) or a high-impedance state. in the ngh-img
taken low the output will be latched at the level of the data state the outputs neither load nor drive the bus ling
that was set up. cantly

The eight flip-flops of the DM54/741.5374 are edge-trig- The output control does not affect the intarai operss
garad D-type flip fiops. On the positiva transition of the the latches or flip-flops. That s, the old data can be re!
clock, the Q outputs wili be set to the logic states that were or new data can be entered aven while the cutputs

sat yp at the D inputs,
Function Tables

DMS4/74LS373 DM54/74L5374
. — U DY . . _ -
OQutput Enable | i Qutput ' j
- : D tput . i R
Contro{ G Qutp | Control i Clock i e Oute i
L H H H L i - - ﬁ]
L H L L i L T L - i
L L X Qg i | L ! L 1 * - l
H X X z | i H X | % Do
H - High Level (Stoady State), L Low Level (Stoady State), X Don't Cara
T = Transition trom low-to-high lavel, Z  High Impedanco State
Qp + Tho laval of the outpul bofore stoady-state :nput conditions waro ustabhshod
Logic Diagrams
DM54/74LS373 DM54/74L5374
Transparent Latches Positive-Edge-Triggered Flip-Flops
ouTPUT _ (1) GuTPUT _ t1
CONTROL o> CONTROL ‘CD—W

5] 3

[=1]

I
ARy
!l

o]

{4} (4]

20
(7)
i
ap D 20 o [
9= . (5) —c> Ck .
Q 3a o ST
8 ‘ ;
(8, H
wn [ [ 4D o 3 i
5 . »—-ob X ;
Q 40 a . 7 o
(13
113
so o [ 50 o —
8 5 LI —p K k{> e
Q o
(14) .
(14
80 D 4 50 ! o] i
= G 8> CK i
_ (15 . ]
3 &0 o PO
(7 o ;
bi:] [ 1 170 —272 5 1 4
— & i ]
_ (18) —<p> ox .
S i a o e
(18) o :
L o B0 o 1 ¥
8 (19 —p> Ck . H
_ 1% -g
z 80 | S x
ENABLE (11} 111 ;
a cLock — o
TL/F/B2T1=3 Tt i
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olute Maximum Ratings seenote)
Wrtary/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales
Mize/ Distributors for avaltability and specifications.
7V
v
65°Cto + 150°C

et Yollage

"y 2iage
smperature Range

rec Air Temperature Range
Sand 5415

MIAFIE

55'Cto + 125°C
0*Cto + 70°C

secommended Operating Conditions

Note: The “Absofute Maximum Ratings™ are ihose values
beyond which the safely Of the device cannot be guaran.
teed. The dewice should not be operated at these lirmits. The
paramelric values defined in the “Electrical Characterisiics ™
tabile are not guarantead al tha absoilute maxirnim raliings.
The "Recommended Operating Conditions ' lable will define

the conditions for aclual device operation.

] e
kmdol Parameter : DM54L53?3‘ PMNLS&‘?.’! Units
. Min Nom Max Min Nom Max .
L , Supply Voltage 4.5 5 55 475 5 525 v
‘, : High Leve! Input Votage 2 2 V
i Low Level Input Voltage 0.7 08 v
- ¢ High Level Qutput Current i - 26 mA
= . Low Level Output Current 12 24 mA
N . Pulse Width Enabie High 15 1 s
{Note 2) Enabie Low 15 i
x Data Setup Time (Notes 1 & 2) 51 5L E
. Datz Hold Time {Notes 1 & 2) | 200 : 200 rs
Y Free Air Operating Temperature | —55 | 125 G } 70 "o
o Tre semnod [ LY indicates the falking edge of the clock pulse is used for raference,
Wi, 25Cand von o SV
5373 Electrical Characteristics
wy -z:ommended operating free air temperature range (unless olherwise noted)
Wrmdoi Parameter Caonditions | Min Typ Max Unite
i (Note 1)
input Clamp Voltags Voo = Minlp - — 18 mA | —15 v
- High Level Oulput Voltage Voo = Min DME4
: - 2.4 34 .
i lon = Max : \y
Vi - Max DM74 [
i Vi - Min ’ 2.4 3.1
A Low Level Output Voltage Voo = Min DM54 0.25 0.4
oL+ Max
Vi ¢ Max ‘ -
Vi = Min CM7e 0.35 05 y
laL - 12 mA CMT4 94
—— Veo = Min .
Input Current & Max Veo & Max, Vo 7Y oA —a
Input Voltage - e o
. High Level Input Current Voo = Max, V) = 2.7V 20 . uA
. Low Level Input Currant Voo = Max, V) @ 0.4V - 0.4 mA
) 1 Off-State Cutput Voo = Max, Vo = 2.7V
i Current with High Vi o Min V) - Max 20 uA
Level Output
voltage Applied R
b Off-State Output Voo = Max, Vo = 0.4V
Current with Low Vi = Min V)~ Max - 20 A
Lavel Qutput
Voltage Appliod _ I
Shert Circuit . Voo = Max DMS4 50 —-225 mA
Cutput Curront {Note 2) DM74 50 - 025
- Suppiy Current | Vee = Max 24 40
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r MC140010B |

@ MOTOROLA I Quad 2-Input NOR Gate
| MC14002UB

Dual 4-Input NOR Gate

— MC14011UB

UB-SUFFIX SERIES CMOS GATES ! Quad 2-Input NAND Gate
The UB Senes logic gates are constructed with P oand N c.hanne\ | Mc14012UB
enhancement mode devices 0 a single monolithic structure [Com- Dual 4‘"\pr NAND Gate

plementary MOSI, Their primary use 15 where low power dissipation

and/or high noise immunity 15 desired. The UB set of CMOS gates Mcl4023UB |

are inverting non-buffered tunctions, |

! Triple 3-input NAND Gate

Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc ‘
MC14025UB

Triple 3-Input NOR Gate

Ngise Immunity = 45% of Vpp typ
Supply Voltage Range = 3.0 vde to 18 Vdc
Linear and Dscillator Apphications

Capatle ot Driving Two Low-power TTL Loads,
One Low-power Schottky TTL Load or Two HTL Loads
Over the Rated Temperature Range
Double Diede Protection on All Inputs CMOS SSI
# Pin-tor-Pin Replacements for Corresponding CDaoo0
Series UB Suffix Devices
‘ ® Formarty Listed without UB Suffix

; J UB-SERIES GATES

LOGIC DIAGRAMS |

|
|
‘.
|
r —

(LOW-POWE R COMPLEMENTARY rMOSH

——

I: L Crramig Package
P Plastic Prcxaga
A Extendad Dperating

MC14023UB
Tripte 3 Input NAND Gats

MC1402508
M 14012ZUB

Trimie 38 NOR G
Duai 4 Input NAND Gate rele 3 dnput are

Tamiparaturs Aenga 1
l— € Limiies Oearating i

' Tamperature Fange ‘

—_—

MC 1430108 MC1a002UB MCMDLLUBD
Qusd 2-(nput NOR Gate Dusl 4-Input NOR Gate Qurd 2 Input NAND Gate
2 ! i
1 A 1
3 a 2 .
2 1 ! :
5 N - N L SUFFIX P SUFFIX |
:D—a 5 e CERAMIC PACK ATE FLASTIC FACKAGE
& 5 u cast 632 GANE B4k :
8 i i
10 0 l a |
9 " "3 12 ORDERING INFORMATION i
12 11
:Do-—— 1 12 L waj}‘ MC1aXX XUB Suttx Lenomn
L )
\ |

PO S]

I | A
8- 8 — —
| ] Thit device £ontaini Circuitry to Proiect H
- E} a £ e MpuTs against damage due 1O rugh 11am4 i
2 ‘ . voitages or electric fields: Powever, 113 aghised
10 13 that normal precautions De taken 0 avond I‘
1 apphcation o! any woilage Righer than maxy |
12 @— ‘@f e mum rated voltages 10 thrs high impedance I
{ circuit, For proper aperation it recommended |
that V,, and Vg be comtraned 16 the range !
Vop - P 18 Vgg € (V.0 9t Yout) € VDO !
v “Pn7 Unused nputs must always be tied tw an
55 : apprapriate oG voliage ievel  le.g, mthet |
L tor Al Devices Ves or VDo) i
e ———— T _—

45



LIVIUDY UD-DCRICD UAITCOD

MAXIMUM RATINGS (Voltages referenced to Vgs)

Rating Symbol Value Unit
OC Supply Valrage Voo 05t 18 Ve
input Voltage, All Inputs Vi 05w Vpp +U5 Ve
DC Cusrent Drain per Pin I 10 mAge
Cperaning Temperature Fange — AL Device Ta -850 +125, oc
CL/CP Deve -40 10 *85 i
Storage Termperature Range Tsig -65 ta +150 1 “C
ELECTRICAL CHARACTERISTICS
Voo Tiow" 25°C Thigh®
Charactenstic Symbol vdc Min Max Min Typ Max Min . Max Unit
Cutput Voltage O Levet VoL 50 005 0 005 - 005 vac
V.n ¥ppeorD 10 0G5 o 00s 00%
15 D05 o 00s - Q05
1 Level VO 50 4.95 495 50 495 Vs
Vin OorVip 10 995 495 10 9.9% -
15 14 95 14 95 15 14 35
Input Vealtage ® 0 Lewel | ViL Wete
Ivg = 4.5 vdel 50 1.6 Ioz2s 18 10
(v = 9.0 vde) 10 20 4 50 10 246
iV = 135 vacl 15 2.5 675 2.5 5
X 17 Level ViH
Vg = 0.5 vdcl %0 40 4.0 275 4.0 Wde
(Vg = 1.0 vde) 10 80 B.O 5 50 : 8.0
Vg = 1.5 vas) 15 12.8 - 12.5 825 - 12.5 -
Qurput Drive Current (AL Devicel [Fe¥] mAce
Vom <5 Voo Source 50 -1.2 -1.0 -1.7 -07
IVom 46 vecl 50 -0.25 - -0.2 -0.26 - -0.14 -
tvgp * 95 vdct 10 -0.62 . -05 =08 -0.35
Vo - 139 vac) 15 -18 -15 -35 - -1
Vg - 04 Vo Sink 191, 50 064 - 051 088 - D36 - e
IWg » 05 Vel k] 18 13 225 - 08
(VOL"S"’U“ 15 42 - 3a 88 - 24 -
Quiput Drive Current (CL/CP Devicel lon mAdC
tVom = 2.5 Vde! Saurce 50 -1.0 -08 -1.7 . -06
Wou = 46 vda! 50 -0.2 -0.16 -0.36 -012 .
(VoH = 9.5 V) 10 -05 -0.4 -09 - -0.3 -
Won = 135 Vel 15 -14 . -1.2 -35 -10 _
, Moy =84 Vdc) Sink lou 50 052 044 088 . 036 mALe
VoL =05 vac) 0 13 i 225 09
tvgL 7 15 Vel 15 36 - 30 83 24
input Current {AL Devicel Iin 15 - +Q1 + 0 G000 N - 10 sAde
Input Current (CL/CP Devicel Lin 15 . +Q3 =000001 | 03 - 10 el
N Input Capacitance Cin - - - 50 75 oF
(V,, " 0
Quiescent Curtent {AL Devicel oo 50 - 0.25% - 0.0005 0.25 - ¥ 5 nAde
[Per Pachagel 10 050 0.0010 050 - 15.0
1% 1.00 - 0.0015 1.00 00
Quiescent Current (CL/CP Devicel o0 50 - 5.0 0.0005 1.0 15 sAdc
1Per Packagel 10 - 20 0.0010 20 150
15 - 4.0 - 0.0015 4.0 - 300
Totat Sueply Current** t T 50 ty = 2.3 uA/kHz) 1+ IDR/N uAdic
(gynarrnc plus 0“!2‘;&“!_ 10 . I7 < (0.6 uAJKHZ) |+ inp/N
er Gate. C; = 50 pF| 15 IT = (08 uAKkHZI + Inp/N
"Tiow = -55°CDTor AL Device, -407C for CL/CP Davice 1To calculute total supsly current at 10ads other than 50 oF
T = +125°C for AL Davi o¢ 1 P i
high or wvice, +B5°C for CL/CP Cevice, ITtC) - IpisBpF + N X 10°3(C - 50)vp!
#NGlM immunity oecitied for worst-cam inout combination,
Noise Margin tor both "1"and "0'" levet = whera: by s in uA (par package), & inpF_ Yoo in Vde, !0 xHz
0.8 Vdc min® Vpp = 5.0 Vdc is input frequancy and N iz number of gates pear package.
1.0 vde min® Vopn = 10 Vdc *  **Tha formulas given mre for the typicsl characteristics only at
1.0Vdc min® Vop = 15 Vde 25°C
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CMOS UB-SERIES GATES

SWITCHING CHARACTERISTICS® (C_ =« 50 pF. T » 25°Ct

Vpp .
Charscteristic Symbol Vdc Min - Ty Max Unit

Quiput Rise Time tTLH At

TR = (3.0 ne/BF} C +30 ns 50 - 180 360

T H = {16 m/pFIC + 35 ns 10 - 20 ! 180

TTLH = (5.1 mefoF) C + 30 ns 15 - £5 130
Qutput Fall Time TTHL n

L = (1.5 ns/pFl ) + 25 3 50 - 100 200

tTHL = 075 ns/pF} CL + 125 s 10 - &0 100

1THL = (055 ms/pF} C +9.5 ns 15 - a0 80 )
Propagstion Delay Time P PHL ns

1pLH. tPHL = (1.7 ns/oFi C L+ 30 ms 5.0 - 90 180

tPLH. tPHL = 1086 nsipF) C + 22 ns 10 50 100

tpyH. tPHL = (050 nsipFl C + 16 ns 15 40 80 j

FIGURE 1 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Pulee
Genarptar

Dutpul
Inverting

10 vgg !
* Al unuted inputs of AND, NAND gatet must be YL STLH ‘
connectes 10 VoD - g
Al unused inputs of OA NOA gates mus! De 1
connected 1o Vgg. H

1
MCT4001UE CIRCULT SCHREMATIC I MC 1400208 CIRCUIT SCHEMATIC
[1/2 of Device Shown) N
3
|
1
13
—
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CMOS UB-SERIES GATES

ucunnus‘cmcuw SCHEMATIC MC14012UB CIRCUIT SCHEMATIC MC14023U8 CIRCUIT SCHEMATIC
11/4 ot Device Shown) (1/2 of Devics Shown} (173 of Device Shown)
vavgp Tavep
Voo T -
o= M MR MR nd nE F
=1 1o SE T U
r_\—-ja——o 3,410, 0 ] =
e * *“‘}
L PR PR R Ry
18813 O— :] JJ ’T
3,10 ' [
__—_J J —t
2.8 11 O— J a1, %2 o - [l
411 i i
rves D 1 | :
[ARE] o-—————‘J 3.3.13 o |
Tvae ?vas
MC14028U8 CIRCUIT SCHEMATIC FIGURE 2 — TYPICAL VOLTAGE AND FIGURE 3 — TYPICAL VOLTAGE
{1/3 of Devigs Shown) CUURRENT TRANSFER CHARACTERISTICS| TRANSFER CHARACTERISTICS versus
TEMPERATURE
b TR ENE F
14 ¥op Wl e
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L Sy | i "
TV i ‘: \:ur::nrn:( wl: o 10 4 €3 09 W w ;A i
- Vo, T VOLTAGE reach
FIGURE & — TYPICAL OUTPUT SOURCE FIGURE B — TYPICAL OUTPUT SINK
CHARACTERISTICS CHARACTERISTICS
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