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ABSTRACT
Programmable Panel Meter i3 MNeasuring Instrument which

messures quantities in physical such 8s temperature, pressure,
level and flow rate. These value are messured by sensor. This
Instrument csapable to set zero and span value which is displayed

with 6 digits of numbers and units

This Instrument capable to set 3
signel which is produced by sensors
or 4-20 mA

This Instrument consists of

1. 12 Bit A/D Convertor snd

of measuring of 4 characters.
positions of slarm. The‘input

must be standard signal 1-5V

2. Part of processor snd displays used Microcontroller 8031
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2.1 18ﬂﬂﬁaﬁiiiﬂﬂﬁigﬂ ( System of Units of Measurenent, )

2.1.1 Fundsmental snd Derived Units
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A713812 Ao 100 5e&uﬂ11uﬂw1%axﬁuﬂ?uwmnﬁaﬁ%né qzqnﬁwuuﬂﬁoauﬁaaﬁtﬁu
Lng Felafimnafladwmioe Fruavuosniaiedldarlsifnanumanen o and

nﬁe51u%nﬂ1ﬂ1améua53ﬂ1nssuﬂwan§ wid 2 18anlY A0 Fundementsl
Units LAY Derived Units 1uﬂWOﬂaﬁﬁﬁﬂé Fundamental Units ) ﬂﬁ1§ﬂ
AIINETT L3R WAYLIRY  YUIAY0Y  Fupdemental Units fa Wn (foots) w30
(ung Uoud (pounde) wiofilandy (kilograms) warSuiinoti lae aadady
Z419795158070  Primary Fundesmental Units drumesatfuanalandly
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uﬁaﬁuﬁuaeétﬁéﬂnguawn weSvireidy ciamn® $o Derived. Units ysehiuh
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2.1.2 FLUVULDINUIE (Systems of Units)
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uwusqnﬁn 4 DIANLTALTEA uay ¢ Sa71uEULTTEANAING (760 mmHg) UAD IRAUI
wirey Junty

ﬂﬁﬂﬂﬁi% 2 ﬁﬂﬂ“ﬂiﬁ%ﬁ?ﬂguq ﬁ%“ﬂﬂﬂ??ﬂ\1ﬁﬁ1ﬁ Fundamental Units
&1 3 80 A210812, 878 WAYLIAN

ainn1sh 3 141@u0 multiples uar submultiple uacﬂﬁaﬂﬁufﬁu 1u
TuyuLNTUDR  (decimal system) %e1§u1aﬁﬁeqn¥u€ a1 2.1 uanede

multiple UAY submultiple fina1uidn a0

TABLE 2-1 Decima! Muttiples end Submultiples

Name Symbol Equivalent

10
10°
ot
10*
10°
10
10t
10-3
103
10~
107
0
10-1
10-»

tera
piga
mega
kilo
hecto
deca
deci
centi
milti
micro
flano
pico
femto
atto

[ B - B~ B gh&%ﬂ'*zo-{

17140 2.1

maxaueuaaanwvnannwam7d1atﬂaiﬂsuauun ua#uuvﬁﬂ1§§5nlﬁul5ﬂﬁﬁu
TUUULNRTN (metric system) vostleraalud @.a. 1795 uavqnﬂ A.fA. 1875
tryinAnieq 17 lseina Tﬁaauwuﬁwéqu%1nﬁuﬂau7uszunxuﬂsnLﬁuﬁsuungn
v -3 v v v o v v &
o snangrang uanudinlreinAdingy  WALARIFOLAIN agldasnnlung ol
v d o dv't' v o ° v‘lv ‘l
Sradaanss 2 Ysrine Adsldsenfuszumianin  dAwulemelalrzinAvoInuias

Tuserinety trzinadengy  1AEmatsiuifeafurrmesmizenichith

Y a { « © w o a

avanaan TR oInemanduadengy  Rdeduladoniar LudiLuns
(centlmeters)‘&ﬂ%ﬂ%ﬂ (grams) lﬁu Fundemental Units UIARINUTT URY
118 N93NUL 1&vaurifuseny ces  (centimeter-gram-second sbsolute

aystem) Telffunalan



dau1szuu71u1ﬁqniwuﬁ1§1uﬂ a.6.1954 uarlanedelud @.m. 1960 ae
auLiuiesna@inaln 6 uﬁaaénﬁnnvoossﬁu S1 (Systeme International
d'Unites) @0 cang, Alandy, 3u1%, wonuld campere), LAASY (kelvin) Uay
\AULAAY (candels) Tewilm SI iTﬁqniwquﬁunu1suu3uq Lun195nenmrand

] >
Layinalulafl MN919n 2.2 uansne 6 uuaﬂﬁugwuuasﬂsuquvaen111ﬂ1ussnu s1

r
TABLE 2-2 Basic S! Quantities, Units, and Symbols {

Quantity Unit Symbol i
Length meter . m
Mass hilogram kg
Time second s
Eleciric current ampere A
Thermodynamic temperature helvin K
Luminous intensity candela cd

1719 2.2
nl o ‘ . [} d
f1914% 2.3 uansfeulALRAg  (factors) 1un11qmuacnu7an1auutnan

war vy ws99evu cas éwn?nuﬂaatiwéssuu S1

TABLE 2-3 Electric and Magnetic Units

S1 unit
Name and Conversion factors
Queantity and symbol symbol Defining equation* CGSm CGSe*
. ...dN

Electric current. ! ampere A F.= 1071 s 10 10/¢
Electromotive force, E voh v p=IE 10-* 10-% !
Potential. V volt \4 p=1IV 10-* 10-%¢
Resistznce, R ohm 0 R=V/] 10-% 10-%
Electric charge. 0 coulomb C g=1n 10 10/c
Czpezciznce, C farad F C=gQlV 10° 10%/¢?
Electric fieldstrength. E —_ Vim E = Vil 10-¢ 10-% |
Electric fiux density. D — Cim? D= QIF 10 10%¢ !
Permitivity. € —_ F/m e = D/E - 10°Y4=c?
Magnetic fieldstrength. H —_ A/m §Hdl =nl 10°4 -
Magnetic flux. ¢ weber Wb E = dd/d: 10t -
Mzgnetic flux density, B tesla T B=o/F - 10 - {
Induciznce, L. M beory H M= ¢!l 10~ - {
Permeatility. gt —  Hm u=BIH 4z x 107 - !

< N denotes Neumann's integral for two linear circuits each carrying the current J; F_ is the force between the
two circuits in the direction defined by coordinate 2, the circuits being in a vacuum; p denotes power, FF denotes
area.

t ¢ = velozity of light in free space in cm/s = 2.997925 x 10",

177N 2.3



2.1.3 Internstional System of Units

SYUl  MKSA 1ﬁqniwuﬂ1§1uﬂ A.A.1960 108 Eleventh General

Conference of Weight and Messures ﬂﬁﬂ1ﬁ§0 Systeme Internationsl

d'Units (S %aLﬁufsuuﬁqniwu11%unufzuuﬁuq uazt fufiweatuToata 1y

Fundamental Units 1“78Uﬂ S1 15uaﬂe1{1un171aﬁ
o v ° ﬁ a
Units 3103900170 %A1 uaunwsqnuaﬂa131umwswen 2.3

:

uﬁﬂﬂﬂ@ﬂﬁﬂﬂﬂﬂﬁ@ﬁﬂﬂﬂqu1vﬂﬂ S1 NInaa

TABLE 2.4 Fundzmental, Supplementary, and Derived Units

2.2 UdY Derived

dulumgnef 2.4

Quantity Ecaation symbol Dimension Unit

Unit symbol

Fundafen:al

Length L meter

Mass m M kilogram

Time ! T second

Electric current 1 1 ampere

Thermodynamic T (3] kelvin

temperature
Luminous intensity cendela
Supplementary®
Planc angle e. L.y Ly radian
Solid angle 1] {LF steradian
Derived

Area A 1 square meter

Volume Vv ) B cubic meter

Frequency Vs T hertz

Density P LM kilog-=m per cubic
meter

Velocity v LT meter per second

Angular velocity @ LT radian per second

Acceleration a LT-? meter per second

. squared

Anguler acceleration a ILFT ralian per second
squared

Force F LMT-? newion

Pressure. stress P LMT? newion per sguare
meter

Work, energy W L°MT-? Jjoule

Power P LIMT2 . owant

Quantity of electricity o m coulomb

Potential difference, vV LMT-3 volt

eleciromotive force

Electric fieldstrength E e LMT 1! volt per meter

Electric resistance R L°MT-F ohm | .

Electric capacitance c L-3M-TeR farad

Magnetic flux % L°MT-1-t weber |

Magnetic fieldstrength H L1 ampere per meter

Magnetic flux density B MT-3-? tesla

Inductance L LMT-P beary ¢

Magnetomotive force U 1 ampere

Luminous flux lumen

Luminance candela per square
meter

llumination Jux

cd

rad
ST
o
m
Hz (1%)
L$ lm.‘

m's
rad’s
m/s*

rad’s’

N (&g m/sd)

N/m

J(Nm) l
W (3ss) :
Cas

V (WiA)

Vim
0 (VIA) :
F(As'Y)

Wb (vs)

Alm

T (Wb'm?) .
H (V s/A)

A

Im {ed s1)

ed/m*

o rma pien an

Ix im/m?)

* The Eleventh Generzl Conference designzied these units as supplementary, although it could be argued that

they are derived units.

A1T1N 2.4



2.1.4 Ty1VU09WNI83UN

' « 1 v . < a o ﬁ
TYUURUILE IO ﬁQﬂ(ft).ﬂauﬂ—n1a (1B)  WaziuIn  (second) Y
Fundemental Urits 493A21M817,308 4ay¥LIan fIuAI0Y 5L Derived
d L4 ° g'
Units nmmmvﬂﬂ%ammﬂwﬂlﬂu dimension equstion YIRVITIM 2.4
v 1 - ¢ a ' ﬁ 3 [} d - ¢ ﬁ 2
Soldn Arnavuauss navivuogilu 1b/ft”  UAYAIINLTY NSEANWIBLIN ft/s

L4 n‘ s v lﬁ [}
Cude g191en 2.5 uARINITULRIRINKUIBDINAY Tuilluwae s1

TABLE 2.5 Z-glish into S! Conversion

Quantity English. unit Symbol Metric equiralent Reciprocal
Lergth 1 foot ft 30.48 cm 0.0328084

1 inch n. 254 mm 0.0393701
Area 1 squz-e foot fi 9.29030 x 107 cm® 0.0107639 x 10°?

1 sque-e inch in? 6.4516 x 10° mm® .0.155000 x 10°2
Volume 1 cubic feat fi! 0.0283168 m* 35.3147
Mass 1 pound (zvdp) I 45359237 kg, 2.20462 !
Density 1 pound per cubic foot I 16.0185 kg'm® 0.062428 !
Velocity 1 foo! per second fi’s 0.3048 m/s 3.2R084
Force 1 poundal pdl 0.13825§ N 7.23301
Work, energ: } foot-poundal i pd! 0.0421401 ) 23.7304
Power 1 horsepower tp 7459 W 0.00134102 !
Temperature degree F F Sir - 3)9°C — |

i

o
133N 2.5

2.2 N19111ﬂﬁ0{lﬂ7061ﬂ ( Standard of Measurement)

ERTRIRL 12l eﬁuﬂuwnsqwnuaazﬂsaaaa \ELAT

1.) Nﬁﬂifﬁuu1u1§1ﬂ (International Standards)
2.) unnsfwuﬂfuqﬁ (Primary Standards)

3.) nﬂnifﬁuqﬁﬂqﬁ (Secondary Standards)

4.) FIMTTILAITNIU (Working Stendards)

2.2.1 u1€*=1uu1u111n (Internationsal Stsndards)
QnﬁwuﬂTwm‘mmwawaammmm *3wmﬂwu'avnnnﬁaaanuazmm
Lﬁuﬁstls'] Tﬂz.ﬂsannauum (Absolute Measurement) 1%!.1’101!‘1&0»1
Fundamentsl Urtts (nmﬂm 2.2) a’mﬁwu'avnmnu‘mm‘l'm mumw
mm'\ia 33 :-mnm'rm (International Bureau of Wele‘ht.s and
o ﬁ!mll ™ 1!’10 ° [V ) “1 o - [
Measures) ‘Mlim JAINITONITR LB IR ’o‘l’!'ﬁ‘w’fﬂﬂ?zﬁﬂﬂ un'waaumﬂumaﬂm

(HeutaTosiada



2.2.2 uwmsswuﬁsunﬁ (Primary Standards)

nnLnnsnuﬁTaﬂvaeﬂgunnwsnwns:1uuwaﬁﬂn (National Standards
Leboratories) nwuaaumwaq yaslan awuna1uu1m751uuvaﬁwm (NBS) 1%
nsaaaﬁemu 1ﬂtnu7nuwuﬂnisnuu11 awu1u1uaauﬂaaatu1n11ﬂua 1uwaeﬂﬂUﬂ
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u1m151uﬂsuﬂuuaﬂana Fundamental Units ’ vuﬁeﬁuunaa Derived Units
nenauay 1annﬂ7utnﬂuTnaLﬂ1aeaﬂaunsa nwaeﬂﬂumnwsuveﬁwﬂ FeT701
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2.2.3 ¥ATFIUNAENN (Secondery Standards)

fo uﬁmﬁ:1u5waﬁe§uswu ﬂi%quﬁaaﬂﬁﬁﬁnﬂstﬂ?aa§ﬂnﬂoama1wn17n
AATFINL nﬂLﬂuiﬂﬁﬁqanuwlﬂ&TuOﬂﬁﬁﬁﬂiin uavnnmsaaaaunuuwmiswuawcaa
drsddud  mTRudne uaznﬁsﬂsuLnauu1n1jwnqmﬂqu awToriaely
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AATTIULR ST ureavq  dwfuaouifioy uavilfu Reufunssrulgand

v o Y v ve v ﬁ “ f v
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Lnaunaouwn151uﬂ§uqﬁ

2.2.4 YIATFILANTNINL (Working Standard)
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2.3 luTasronInsaiaos mes-s1

2.3.1 anwaenaly
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INgNULIR 8 In
v
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8052 AH
8051 AH
8051
8032 AH
8031 AH
8031

8751 H
8751 H-12

vil2uA1usInaslu . FaReIR/

Tusuneu veuR #adusiuau
8K x 8 ROM 256 x 8 RAM 3 x 16 BIT
4K x 8 ROM 128 x 8 RAM 2 x 16 BIT
4K x 8 ROM 128 x 8 RAM 2 x 16 BIT
14i ROM 256 x 8 RAM: 3 x 16 BIT
148 ROM 128 x 8 RAM 2 x 16 BIT
14id ROM 128 x 8 RAM 2 x 16 BIT
4K x 8 EPROM 128 x 8 RAM 2 x 36 BIT
4K x 8 EPROM 128 x 8 RAM 2 x 16 BIT
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2.3.2 A1sdangmeaniinens sy

zﬂﬁ 2.2 uanedevionlnozunafiutenudnsay erulunisdamemalues
NCS-51 1etTetfatl (Single chip) uﬁaxﬁaﬂaemszqai agdTenouiieniog
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4.2 M9Nnane lITunTuNTTINN ‘

.

ANTUARINALDY Intellegent Display UANILTHImNANGLAY

-

S20% 0-7 LARIATRILAY LAYAANT 8-11 LEAINLILTDINITIA

4.2.1 TU9UNTULER $6IONHTT 8

o dniasosldr1e1uATeuTn 1AT0ILLANINAANIY "PROJECT PROGRAM

MABLE PANEL METER BY INS-32" %ﬁﬂﬁﬂ%ﬁﬂ1ﬂﬂ11 u51Q¥Lﬁﬂéﬂ1Tﬁ301uﬂaﬂ

TUsunsaman

0000 _ ORG 0OQOH
0000 00 NOP

0001 00 ' NOP

0002 00 . NOP

0003 753000 MOV 30H,#00H
0006 753100 MOV 31H,#O0OH
0009 753200 MOV 32H,#00H
000C 753400 NOV 34H,#00H
000F 753500 : MOV 35H,#00H
0012 753600 MOV 36H,#00H
0015 753700 NOV 37H,#00H

0018 753800 MOV 38H,#00H

32



‘001B

CO1E

0021

0024

0026

0028

002A

002C

002D

0030

0031

0033

0035

0037

0038

0038

003D

003F

0041

0043

0045

0047
0049
004B
004D
004E
0050
0052

0053

753900
753A00
753B00
7B00
7D35
7800 TABLE:
7438
EB
300040
93
7930
7€0C
530
531
532
c533
c534
€535
€536
537
538

539
C53A
C53B
E7 DISP:
COEO
7408
24

FA

MOV
MOV
MOV
MOV
NOV
MOV
MOV
NOV

MOV

a3

39H, #00H

3AH, #00H

3BH,#00H

R3,#0C0OH

R5,#35H

RO, #00H

R2,#38H

A,R3

DPTR,#00ACH

MOVC A,@A+DPTR

MOV

MOV

XCH

XCH

XCH

XCH

XCH

XCH

XCH

XCH

XCH

XCH

XCH

XCH

MOV

R1,#30H
Ré&,#0CH
A,30H
A,31H
A, 32RH
A,33H
A,34H
A,35H
A,36H
A,37H
A,38H
A,389H
A,B3AH
A,3BH

A,@R1

PUSH ACC

NGV

ADD

MOV

A,%08H
A,R2

R2,A



0054

0056

0058

005A

005B

00sC

005D

00S5F

0062

0063

0065

Q068

006B

006D

O06F

0071

0073

0075

0077

00AQ

0040

O0A4

0CAS

O0AS

OCAA

OOCAE

OO0AF

00B3

O0B4

8AB3

8882

BOEO

FO

c8

08

DCOS

12006F

OB

BDC3

120100

BBO4E2

7800

BODE

TES0

7F00

DFFE

DEFA

22

2250524F

AA

45435420

50

524F4752

4F

4752414D

4D

41424C45

COMP:

DELAY:

L1

34

MOV 83H,R2

MOV 82H,RO
POP ACC

MOVX @DPTR,A
INC RO

INC R1

DJNZ R4,COMP
LCALL DELAY
INC R3

DJINZ RS, TABLE
LCALL MAIN

CJINE RO,#04H,DISP
MOV RO,#00H
SJMP DISP

MOV R6,#50H

MOV R7, #00H
DINZ R7,L1

DJNZ R6;L2

RET

ORG OOCACH

DB 22H,50H,52H,4FH,4AH

DB 45H,43H,54H,20H,50H

DB 52H,4FH,47H,52H,4FH

DB 47H,52H,41H,4DH, 4DH

DB 41H,42H,4CH,45H,20H



00B8 20

OOB9 50414EA45 DB 50H,41H,4EH,45H,4CH
OOBD 4C

OOBE 204D4554 DB 20H,4DH,45H,54H,45H
00C2 45

00C3 52204259 DB 52H,20H,42H,59H, 20H
00C7 20

00C8 494E532D DB 49H,4EH,53H,2DH,33H
00CC 33

00CD 82222020 DB 32H,22H,20H,20H
£100 ORG ozpon

2100 MAINS

4.2.2 Tlsunsusudum

a v { T a ﬁo a Clvv v o
auﬁﬂaﬁlﬂﬁﬂqﬂqQNQSﬂ 1 l9gy P3.0-P3.1 L1HuUA3LaN Vﬂﬁ%ﬂlﬂﬁuﬁnas

o -] ‘ - ¥~ ( U:
g Sn ua i fuldtus%ained R3-R5 Ml

P3.0 P3.1 tﬁuﬁagaiu
1 0 R3
0 1 R4
1 1 RS
10Q0 IN: ORG 100OH
1000 D2BO SETB OBOH
1002 D2B1 SETB OB1H
1004 ADSO MOV RS,S0H
1006 C2BO CLR OBOH
1008 ACS0 MOV R4,90H
1004 C2B1 CLR- OB1H

100C D2BO SETB OBOH



100E ABSO
1010 7AQ0
1012 D2B1

1014 22

4.2.3 TUTUNTUNITUERINA 1

36
MOV R3,90H
MOV R2, #00H
SETB B!

RET

" v ocaa 4 & s o .
lﬁuTﬂTuﬂﬁuuﬂﬂ¢waﬂﬂﬂ3laﬂquuaﬂkﬂiﬁniﬁﬂlﬂa7 RO ﬁa%ﬂlTNﬁu L1

02H LAA RIS
03§ uAALASTR
04K LA SRS
05H LARIGANT
iagaquuamtasaﬁwtﬁu A ATUFAL
B ATUANY
C  AUANY
D. IWUANS
E  ALUANS
F RUUafd
auu%ﬁﬁagaquuamxnsa 02H MRy
034 Anafy
04H iMNY
0SH MmNy
fruansuassuansnaty  -205 1.8

1020

1020 TEO4

1022 808003

1025 E6

1026 C4

81 R0 PALNASY OZH LARIIT LLANINA LLLOALATA O2H-O5H DaNTINILUARILA

0—1 (A3 1y
2-3 (Faf 1)
4-5 (PR 29
6-7 (I 2)
f

(319
D2H
05H
FiH
ESH

DI1:

ORG 1020H

MOV R6,#04H

MOV DPTR,#08003H
X1: MOV A,@RO

SWAP A



1027
1028
1024
102C
102F
1030
1033
1035
1038
103A
103D
103F
1041
1042
1044
1046
1049
104B
104D
104F
1051
1053
1055
1057
1058

105B

Fé

540F

2404

B41FO1

E4

BA1EOZ2

T40E

B41D02

740D

B41C02

T43F

2420

FO

ES582

7009

758204

E583

9420

F5883

1582

E582

5401

60CE

08

D506CA

22

N3:

N4:

X2

37
MOV @RO,A
ANL A,#0FH
ADD A,#10
CJNE A,#1FH,N1
CLR A
CJNE A,#1EH,N2
MOV A, #OEH

N2

‘CJNE A,#1DH,N3
MOV A, #0DH
CJNE A,#1CH,N4
MOV A, #3FH

ADD A,#20H
MOVX @DPTR.A
MOV A,82H

JNZ X2

MOV 82H,#04H
MOV A,83H

SUBB A, #20H
MOV 83H,A

DEC 82H

MOV A,82H

ANL A,#01H

JZ Xt

INC RO

DJNZ O6H,X!

RET



a8

4.2.4 TUsunguuanina 2

ﬁ . “ - ‘ v e
L uTﬂ‘fUﬂTNuaﬂQ'ﬁn')ﬂﬁa@ﬂ'\‘r}ﬂ Tﬂﬂ@ﬁlﬂ\]\lﬂu&'}uﬂ'\‘ia'\Qnﬁuaﬂlﬂ?ﬂ

v
o
+

Tauegs acH-2FH La291 1YuznuaifiLanisa DL 1416 Ast

ACH LAG RN 11 (@M )

4DH LARIAINT 10 (sn 3
AEH LARIAANT 8 (AIn 3)

4FH LANIRANT 8 (AN )

1060 Di2: ORG 1060H

1060 A84C MOV RO, 4CH

1062 8080060 MOV DPTR,#8000H
1065 E6 M2: MOV A,@RO

1066 FO MOVX @DPTR,A
1067 08 INC RO

1068 A3 INC DPTR

1068 B85OFS CJNE RO,#50H,M2
106C 22 RET

v af
4.2.5 lUsunsasuns

qz%nﬁaga1§1uuaﬂnﬂsa son-231  TeelusunsaiineniSendas MoV Ri,
#20H WAy MOV 2EH,#00H GanSnTisunsaily scuanenalutontasa 208~
23H  UATALNTLUTURAN L7128 L UeuANdIENINRRE UP (oL SiuAR LAY wavas
DOWN  L50anA1  #7uAd  LEFT-RIGHT naiSiogonT L Bounsn  Ained ENTER
Ladosazndul i Tusunsaman

TuitenTusunsy  DELAY uTisunamia s L@ RaanToReen LAy

au14le B ueniaTa 248 TanmiATual LCALL DELAY



1070

1070

1072

1075

1076

1079

107A

107C

107E

1081

1082

1084

1087

1089

108C

108D

108F

1092

1084

1086

1097

1098

109B

109C

109D

109F

10A2

10A5

1048

7802
752E00
E7
207001
c4
F52C
A8BO
B8FBOS
04
540F
B40AO2
740D
B8E308
14
540F
B40CO2
7408
782C
D6

C6
207001
c4

F7
7820
121020
752460
121400

E5BO

KEY:

KEY1:

D3:

D1

D2

39

ORG 1070H

MOV RO,#02H
NOV 2E, #00H
MOV A,@R1

JB 70H,D3

SWAP A

MOV 2CH,A

MOV RO,0BOH
CJNE RO, #0FBH,D!
INC A

ANL A, #OFH
CJNE A, #0AH,D1
MOV A, #ODH
CJNE RO,#0E3H,D2
DEC A

ANL A,#OFH
CJNE A,#O0CH,D2
MOV A, #0OSH

MOV RO, #2CH
XCHD A,E&RO

XCH A,@RO

JB 70H,DS

SWAP A

NOV @Ri,A

MOV RO, #20H
LCALL DIt

NOV 2AH,%#60H
LCALL DELAY

MOV A,OBCH



10AA B4AFBO3 CJNE A,#0FBH,05

10AD 021075 LJNP KEY1

10BO B4E303 05¢ CJNE A,%0E3H,06
10B3 021075 LJNP KEYt

10B6 A8BO 06: MOV RO,0BOH
10B8 ES2E MOV A,2EH

10BA BBEBO6 ' CJNE no.#osan.bv
10BD 04 " INC A

10BE B408OB CJINE A,#08H,D8
10D1 7400 MOV A, #00H

10D3 BBE706 D7: CJNE RO,%0E7H,DS8
10D6 14 DEC A

10D7 BAFFO2 CJNE A,#0FFH,D8
10DA 7407 MOV A, #0TH

10DC F52E  p8: MOV 2EH,A

10DE 75F002 MOV OFOH,#02H
10E1 84 DIV AB

10E2 7801 MOV RO,#01H
10E4 D6 XCHD A,@RO

10E5 E7 MOV A,@R1

10E6 F52C NOV 2CH,A

10E8 207001 JB 70H,03

10EB €4 SWAP A

10EC 54FC 03: ANL A,#0FCH
10EE 440C ORL A,#O0CH

10F0 207001 JB T0H;02

10F3 C4 SWAP A

10F4 F17 02: NOV &R1,A

10F5 7820 MOV RO, #20H



10F7

10FA

10FD

10F0

10F2

10F4

{0F7

10FA

10FD

1100

1103

1105

1108

110B

110C

110F

1112

1113

1116

1117

1400

1400

1403

1406

1020

121020

752440

121400

AT2C

7820

121020

852034

852135

852236

852337

E5BO

B4EEO4

121500

22

B4D204

121600

22

B4F601

22

021075

DSFOFD

D52AFA

22

01

07:

DELAY:

010

DIte

41

LCALL DIt

MOV 2AH,#40H
LCALL DELAY
MOV @R1,2CH
MOV RO, #20H
LCALL DIt

MOV 34H, #20H
MOV 35H,#21H
NOV 36H,#22H
NOV 37H,#23H
MOV A,OBOH
CJNE A,%OEEH,O01
LCALL PR2A

RET

CJNE A,#D2H,06
LCALL PR2B
RET

CJINE A,#O0F6H,07
RET

LJMP KEY1

ORG 1400H

DJNZ OFOH,010
DJINZ 2AH,010
RET

ORG 1020H



4.4.6 1Usunsumng

1120
1120
{122
1123
1124
1125
1128
112?
112D
112F
1131
1133
1134
1135
1136
1137
1138
1139
113A
1138
113C
113D

113E

51ﬁ§0é1uu0ﬂlﬂ7ﬁ
51v17aé1uuaaaﬂ7a
v €

waawnaﬁquuaﬂtﬂﬁa

tﬂuaéﬂuuaalnsa

781F
E4
F6
18
B81CFB
752Fél
781F
7942
C270
A270
E6
97
0S
08
08
F1
19
19
19
19
i8

9270

20H-25H

40H-42H

R2-R7

43H~-48H

DIV:

ORG

MOV

CLR

MOV

BEC

42

1120H

RO, #1FH

A

@RO,A

RO

CJNE RO,#1CH,DO

MoV
MOV
MOV
CLR
MOV

MOV

2FH,#31H
RO, #1FH
R1,#42H
T0H
C,70H

A.@RO

SUBB 'A,@R1

INC

INC

INC

MOV

DEC

DEC

DEC

DEC

DEC

MOV

R1
R1
R1

@R1,A

R1

R1

R1

R1

RO

T0H,C



1140
1143
1145
1147
1149
1144
114B
114C
114D
1150
1152
1154
1155
1157
1159
1154
1158
115C
115D
115F
1162
1164
1165
1166
1167
1168
1164
116D

1170

B93FEE

A270

4009

7942

08 D3
09

E7

F6

BB1FF9

7825 D2:
7907

B3

9270

A270

E7

33

F7

19

9270

BOO1FS

A270 D5
E6

33

F6

18

9270

B81CF5

D52FBB

22

CJNE R1,#3FH, D1
MOV C,70H

JC D2

MOV R1,#42H

INC RO

INC R1

MOV A,@R!1

MOV @RO,A

CJNE RO, #1FH,D3
MOV RO, #25H

MOV R1,#O0TH

CPL C

MOV 70H,C

04; MOV C,70H
MOV, A,@R1

RLC A

MOV @R1,A

DEC R!

MOV 70H,C

CJNE R1,#01H,D4
MOV C,70CH

MOV A,@RO

RLC A

MOV @RO,A

DEC RO

MOV 70H,C

CJNE RO,#1CH,D5

DJNZ 2FH,D6

_ RET

43



4.2.7 1U5unTauanLasal

51508é1uu0ﬂlﬂ75

20H-25H

190 (AW oéﬂuuaﬂtﬂsa 30H-35H

“ ‘ Ll
waaunag1uuaﬂta7a

20H-25H

TsenTein wazay  14lvsunamndorty  1ifsung ofidn SuTusunsuay

1§1§1uaotguunu

(1184) 1171
1171
1173
1175
1177
1179
117A
117B
117C
117K
117F
1180

(1196) 1183

7825
7935
€270
A270
E6

37  (97)
F6
8270
18

19
B81FF4

22

4.2.8 Tisunsaan

11A0

11A0

11A2

ﬁaﬁaaéiuuaﬂtnsa
ﬁaqmaé?uuaaxnsa

w €
HaAAUE 07{[ LUINL AT

781F

E4 -

(SUB) ADD: ORG 1171H (1184H)

MOV RO, #25H
MOV R1,#35H
CLR 70H

A4t MOV C,70H
MOV A,@RO

ADDC A,@R1 (SUBB A,@R1)
MOV @RO, A
MOV 70H,C "
DEC RO
DEC Rt

CJNE RO,#1FH,A4

RET
40H-42H
44H-46H
20H-25H

ORG 11AOH

MUL: MOV RO,#1FH

Al: CLR A

44



11A3

11A4

11AS

1148

11AA

114D

11AF

11B2

1185

11BA

11BC

11BD

11BE

11Co

11C2

11C4

11CS

11C7

11CA

11CC

11CD

11CE

11D1

11D3

11D5

11D8

11DA

08

F6

B835FA

7835

752C46

7942

753F00

754300

ES2C

cs

F52C

87F0

E6

Ad

2528

F528

E52C

cs8

F52C

85F028

AB29

18

19

BS3EE4

882B

892A

121171

AB2B

AS2A

A3

A2

INC

MOV

45
RO

@RO,A

CJNE RO, #35H,Al

MOV

MOV

MOV

MOV

MOV

MOV

XCH

MOV

MOV

MOV

MUL

ADD

NOV

MOV

XCH

MOV

MOV

MoV

DEC

DEC

RO, #35H
2CH, #46H
R1,#42H
3FH, #00H
43H, #00H
A,2CH
A4RO
2CH, A
OFOH,@R1
A,@RO

AB

A, 28H
2SH, A
A,2CH
A,RO
2CH, A
28H, OFOH
@RO, 28H
RO

R1

CJNE R1,#3EH,A2

MOV

MOV

2BH, RO

2AH,R1

LCALL ADD

MOV

NOV

RO, 2BH

R1,2AH



11DC 152C . DEC 2CH

11DE 08 INC RO

11DF 08 ' INC RO

11E0 08 INC RO

11E1 08 INC RO

11E2 7600 MOV @RO,#00H
11E4 18 ' DEC RO

11E5 BB32CS CINE RO,#32H,A3
11E8 22 RET

4.2.9 lusungulanaSoy

[ ) 1 o ‘ﬂ' [ 1) d Al [-¥=~) ( o
dunimaliguetiivoniasa  s7H natnuﬁagaag1u7qalnas R2-RS 1o
on 1 ﬂl (- ¥-9% ‘ o8
831 0-7 1ML OIUDALATAN S57H = 03H uazﬁaga?uiaatmai R2-RS A9 O1lH
234 AS5H UAY S6H MIuaNal ua?%Tﬂsunsuiﬁagaaetﬁu 12H F3H 4S5H 67H UAY

[ g 16 a
ArUARING Lﬁuﬂ?lﬂﬂ 12.,34567 ﬁﬁuaﬂlﬂia 57H = OF ﬂﬂsiﬂqﬁﬂﬂuﬂﬂ

L]

11F0 ORG 11FOH
11F0 752EOQOF TT1: MOV 2EH,#0FH
11F3 7904 MOV R1,#04H
11F5 E557 MOV A,57H
11F7 640F XRL A,%#0FH
11F9 6025 | JZ V3

11FB .44F0 ORL A, #FOH
11FD F4 CPL A

1200 75FQ02 MOV OFOH,#02H
1203 84 DIV AB

1204 2402 ADD A,#02H
1206 F530 ° MOV 30H.A

1208 A830 V2: MOV RO,30H



120A A270 V1t
120C E6
120D 33
120E F6
120F 9270
1211 18
1212 B8O1F5
1215 D9F1
1217 A830
1219 740E
121B D6
121C 20F003
121F E6
1220 C4
1221 F6

1222 22 V3

4.2.10 TiTunsadenatan

A7
MOV C,70H
MOV A,@RO
RLC A
MOV @RO,A
MOV 70H,C
DEC RO
CJNE RO,#01H,V1
DJNZ R1,V2
MOV RO, 30H
MOV A, #OEH
XCHD A,@RO
JB OFOH,V3
MOV A;@RO
SWAP A
MOV @RO,A

RET

Y [} r-Y ’ ¢ oo [4 [}
ﬂﬁuﬁuﬁﬂﬂuﬂuﬂvaﬁqﬂuaﬂlﬂiﬁ 57H uasﬁagaagqusaatnas R2-R5 19y

o ' ao [£Y) ' o u P & °
Rdowa 12K F3H 45H 67H agquiaaxnasmenawamwmawau Lo lElUsunsal auia

Vseansuauanouai iy 01234567 uaxﬁﬁﬁagaquuaﬂtasa 57H IM1NY OFH

d (Y-} - o
an1uun17neQ@nﬂuﬂuaan

1223

1223 T52EQF TT2:
1226 7904

1228 E557

122A 64QF

122C 602C

ORG 1223H
MOV 2EH, &0FH
MOV R1,#04H
MOV A,S57H
XRL-A,#0FH

JZ E3



1230

1231

1234

1235

1236

1238

123A

123B

123D

123F

1242

1244

1246

1247

1248

1249

124B

124C

124F

1251

1254

1256

1258

1259

125A

44F0

F4

75F002

84

04

F530

A830 !
o8

8631

7802 E2:
85302F
€210
A270 El:
E6

13

Fé6

8270

08

D52FF5S

DSEC

20F006

ES31

A830

08

D6

22 EJ:

48
ORL A,#OFOH
CPL A

MOV OFOH,#02H
DIV AB
INC A
MOV 30H, A
MOV RO, SOH
INC RO
MOV 31H,@RO
MOV RO, #02
MOV 2FH, 30H
CLR 70H
NOV C,70H
MOV A,@RO
RRC A

MOV @RO, A
MOV 70H,C
INC RO
DJNZ 2FH,Et
DJINZ R1,E2
JB OFOH,E3
MOV A,31H
MOV RO, 30H
INC RO

XCHD A,@RO

RET



49

4.2.11 lU9sunsuilasu D e o waviiBew F s o

Tisensatiay | 97380087 D Tuﬁaga udr i tBeuld iy o vaviiBen F

ﬁ v a < o‘lv av ﬂ
1Y% 0 URayD1d D AWM INULIALNIR 2FH Nﬂa%ﬂl 4 01t H

LAtUonLaTd

ﬁ?tﬂﬁﬂuﬁaﬁaaéquuantnsa .50H-53H

uaﬁiﬁaéﬂuuaﬂnﬂ1a 02H-05H

ﬁagaiuuamnaia S0H-53H \N1NY FFH D3H 94H URY O1H ANANY

iaga?uuaﬂtﬂsa 02H~-05H MANY OOH 03H 94K UAY O1H MANAAY

2FH §ﬁagatﬁﬁﬁu O1H

1260

1260 7850 DTO:
1262 7806

1264 19 Ot:
1265 E4

1266 F7

1267 BOO2FA

1264 F52C

126C E6 07:
126D 306001

1270 C4

1271 S4F0 o2:
1273 BAFO001

1276 E4

1277 BADOO4 . 03:
1274 E4 .

127B 752F01

127E 306001 ' 04:
1281 C4
1282 47 053

ORG 1260H

MOV RO, #5CH

MOV R1,#O06H

DEC R!

CLR A

MOV @R1,A

CJNE R1,#02H,01
MOV 2CH, A

MOV A,@RO

JNB 60H,02

SWAP A

ANL A,#0FOH
CJNE A,#0FOH,03
CLR A

CJNE A,#0DOH,04
CLR A

MOV 2FH,#01H
JNB 60H,05

SWAP A N

ORL A,@R1



1283

1284

1287

1288

1289

128B

128E

F7
306002
08

0S
052C c6:
BSO6DE

22

4.2.12 TusunswivRes o 1Sy F

50
MOV @R1,A
JNB 60H,06
INC RO
INC R1
INC 2CH
CJNE R1,%06H,07

RET

TusunTat nztﬁﬁﬂuﬁagaawn o 1y Forawe o ﬁaﬁﬁﬁauﬁﬁ UALal

LONLATE 2FH ﬁﬁagatﬁwﬁu 01H Ay dLATasnsnyaY

LTy luuonLn9A 02H-OS5H iﬁaga @0 00H 03H 94H UAY O!H MINAAY

way

Tuuoninga 2FH ﬁiaga &0 o1H

Qzﬁwqﬁﬁagaiuuantnsa 02H-05H (NAfU FFH D3H 94H Uay O1H Teasni 1w

LAENIWALAAIATY . 38401 DN

1280

1290

1282

1285

1286

1299

1284A

128C

128E

12A0

1243

12A4

7902 OTF¢
T52E00
E7 PP7:
207001
Cc4
540F PP1:
7013

T40F

207001

c4

47 PP4:

ORG 12S0H
MOV R1,#02H
MOV 2EH,#00H
MOV A,@R1
JB 70H,PP1
SWAP A

ANL A, #OFH
JRZ PP2

MOV A,#0FH
JB 704,PP4
SWAP A

ORL A.@R1



12A5

12A6

12A8

12AA

12AC

12AE

12B1

12B4

12BS

12B8

12BC

12BD

12BE

12Co0

12C3

12C4

12C5

12C8

12C8

12CB

12CD

12CE

12D1

12D2

12D4

12D6

12D3S

12DA

F7

307001

0s

O52E

AB2E

BB8O7E4

B40OE29

E7

307001

C4

207002

19

E7

54F0

307001

Cc4

F1

307001

19

ES2F

600E

E?

207001

C4

S4F0

4400

207001

c4

F7

PP3:

PP9:

PP10:

PP11¢

PP12¢

PP13:¢

PP14:

51
MOV @R1,A

JNB 70H,PP3

INC Rt

INC 2EH

MOV RO, 2EH

CJINE RO,#07H,PP7
CJINE A,#0EH,PP6
MOV A,@R1

JNB 70H,PPS
SWAP A

JB 70H,PP10

DEC Rt

MOV A,@R1

ANL A,#OFOH

JNB 70H,PP11
SWAP A

MOV @R1,A

JNB 70H,PP12
DEC Rt

MOV A,2FH

JZ PP100

MOV A,@R1

JB 70H,PP13
SWAP A

ANL A,#OFOH

ORL A,#ODH

JB 70H,PP14
SWAP A

MOV @R1,A



12DB

12DD

12E0

12E1

12E3

12ES

8008

207001

18

052E

80E4

22

PP100:

PPE:

PP15:

PPS0O:

SJMP PPSO
JB 70H,PP15
DEC R1

INC éEH
SJMP PP12

RET

4.2.13 1UsunTuLURsLLa9%1% 16 Lﬁutamjwu 10

Ly NLAaNFIN 16 (N0 FFOOAB Qs15laﬂ51u 10 LNNY 16711851

12F0

12F0

12F1

12F2

12F8

12F4

12FS

12F7

12F9

12FB

12FC

12FE

{1 2FF

1302

1304

1306

=
LRUEW% 16 tﬂﬁaﬁqﬁuaﬂlﬂiﬂ 30H-32H

g
Laﬂfﬁu 10 Lnuag1uuaﬂtﬂsﬂ 02H-05H

E4

FA

FB

FC

FD

7932

A270

E7

33

F7

8270

18

BO2FF5

7805

4270

E6

HTD:

B4:

ORG 12FOH
CLR A

MOV R2,A
MOV R3,A
MOV R4,A
MOV R5,A
MOV R1,#32H
MOV C,70H
MOV A,@R1
RLC A

MOV @R1,A
MOV 70H,C
DEC R!

CJNE R1,#2FH,B2
MOV RO,#0S5H
MOV C,70H

MOV A,@RO

52



1307

1309

130A

130B

130D

130E

1311

1314

35E0

D4

F6

9270

18

BBO1IF3

DS2CE!L

22

ADDC- A,OECH

DA A

MOV @RO,A

MOV 70H,C

DEC RO

CJNE RO,#01H,B3
DJNZ 2CH,B4

RET

4.2.14 Tﬂ?uﬂ?&lﬂaﬂﬂlaﬂﬁﬁu 10 Lﬁutﬂﬂfﬁu 16

1315

1315

1318

131A

131C

131E

131F

1320

1322

1323

1326

1328

1328

132D

132E

182F

1332

[ ‘
1ALFI 16 nnuag?uuaﬂnmia 30H-33H

&
lﬂﬂfﬁu 10 lﬂﬂaﬁquuaﬂkﬂiﬂ 03H-05H

752B18
7830
€270
A270
E6

13
9270
c3
30E302
9403
30E702
9430
F6

o8
BB34AEA

7803

DTH:

Ci:

ORG 1315H
MOV 2BH,#18H
MOV RO, #30H
CLR 70H

MOV C,70H
MOV A,@RO
RRC A

MOV 70H,C
CLR C

JNB OE3H,Ct
SUBB A,#03H
JNB OET7H,C2
SUBB A,#30H
MOV @RO,A
INC RO

CJNE RO,#34H,C5

MOV RO, #03H

53



1334 A270 C6: MOV C,70H

1336 E6 MOV A,@RO

1337 13 RRC A

1338 F6 : MOV @RO,A

1339 9270 MOV 70H,C

133B 08 INC RO

133C BBO6FS ' CJNE ‘RO, #0€H,C6
133F D52BD6 DJNZ 2BH,CS8
1342 22 RET

4.2.15 lUsunssfsiay 0 a9n

& o v = v v v ¢ ° o
Tﬂﬁuﬂiﬂﬂqxﬂﬂlaﬂ 0 9oaf uajlaaﬂﬂaﬂﬂlﬂq1ﬂunu1ﬁlﬂﬂ MUIL oON
- -4 v ace -G ' oo 4
{aoigen Qﬁlﬂﬂ1{1%u0ﬂlﬂ73 2DH uaxﬂa%aﬂﬂﬁaaﬂuqlﬂﬂ@%qﬂqﬁﬂlﬂaﬂ R2-R7
' ao { S
11y ﬁa%ﬂ1u7Qﬂlﬂ07 R2-R7 NNy O0H OtH O2H O3H O5H Uay
o v o ‘lv a o“lvv ‘lno (1 ﬁ
11 @f3aan Lie ﬁTﬂ?ﬂﬂTNquﬂﬁ Wﬂ@%a U3ALM0F  R2-R7T NAI1tILUYL  10H

30H 51H 10H OOH WRY OOH MINAAYU

1350 ORG 1350H
1350 752D00 RRO: MOV ZDH,#00H
1353 ZA RR4: MOV A,R2
1354 54F0 ANL A,#OFOH
1356 701A JKZ RR1

1358 752R04 MOV 2BH,#04H
1358 7807 RR3: MOV -RO,#07H
135D A270 RR2: MOV C,70H
135F E6 MOV A,@RO
1360 33 RLC A

1361 F6 MOV @RO,A ~

1362 9270 MOV 70H,C



1364

1365

1368

136B

136D

136F

1372

18

BBO1FS

D52BFO

052D

AS2D

BSQOSE1

22 RR1:

4.2.16 Tﬂsunsunwsx%autau 0 tﬁﬁ

55
DEC -RO
CJNE ROy#01H,RR2
DJNZ 2BH,RR3
INC 2DH
MOV R1,2DH
CJNE R1,#0SH,RR4

RET

& v ﬂo " v oa &
Tﬂ?&ﬂ?”uﬁzlaaulaﬂ (0] lﬂ11ﬂl uﬂﬁuﬁutnﬁnuntﬂﬂ1uuaﬂtﬂ7a 2DH Uay

v . oo 4
ﬁGNQ@%%ﬁ?QﬁLﬂD?
[

R2-R4

+ F-x-3 ( . » © “
[} iagaﬁusaatmas R2-R4 111NN 10H 30H Uay S51H 830U UAY

daualULONLASE
L ]

2}

‘v o v a ° vy o8 (4
2DH  in7NU 03H lNaqﬁTﬂ?ﬂﬂ?NﬂQﬁﬂﬂqﬁﬂ8¥a1u7QﬁLﬂ07 R2-

R4 ﬂﬂﬂﬂlﬁu OOH O1H URY OSH AINAYA

1380

1380

1382

1383

1385

1388

138A

138C

138E

138F

1390

1391

1393

1394

A82D. RLO:
E8
6017
752B04 LL3:
7902 LL2:
c270
A270 LLL:
E7

13

F1

9270

09

B9OSF5

ORG 1380H
MOV RO, 2DH
MOV A,RO

JZ LLa

MOV 2BH,#04H
MOV R1,#02H
CLR 70H
MOV C,70H
MOV A,@R1
ﬁnc A
NOV @R1.A
NOV 70H,C
INC RI

CJNE R1,.#05H,LL1



1397 DS2BEE DJNZ 2BH,LL2
139A DBES DJNZ RO,LL3

139C 22 LL4: RET

4.2.17 IUsuniunﬁudwxamzﬁuau

y oy (Y] v ou ‘ ‘l oc '4 4
ﬂﬁﬁaﬂaqﬂuaﬂlﬂﬁﬂ 67H tnHil O0H qﬂﬂﬂﬁﬁﬁ UFGL610T R2-R4 I
o H

13A0 ORG 13A0H
13A0 ES67 ; HEG: MOV A,67H
1342 7011 JNZ MMI
1344 D270 SETB 70H
1346 7804 MOV RO,#04H
13A8 A270 MM2: MOV C,70H
13AA E6 MOV A,@RO
13AB F4 CPL A

13AC 3400 ADDC A, #0OOH
13AE F6 MOV @RO, A
13AF 9270 MOY TOH,C
13B1 18 DEC RO

1382 B8OIF3 CJHE RO, #01H,MN2
13RS5 22 MMit RET

© ¢ o
4.2.18 1ﬂ7uﬂ7ﬂﬂ1ﬂﬁuﬁ%ﬂﬂﬂuﬂﬂ

g < i o Iy d
Tﬂ?&ﬂ?N%QSWWQWHWuGﬂﬂuﬂﬁquuaﬂlﬂ?ﬁ 20H-23H 511Q8ﬂﬂuﬂﬂﬁﬁlﬂn
° ‘ v 9 [ [ [
ﬂﬁuﬁu01g1ﬁuaﬂlﬂ5ﬂ S7H nw1u1aoua§aquuaﬂtﬂ7a STH [ in1Ni OFH uavd
w LI o ¢ d
ﬂ?ﬂ?ﬂﬂﬂ1ﬂ1ﬂ&ﬂﬂ781ﬁ§ ﬂQSﬂ?%Tﬂﬂiﬂﬁﬁ SPAN, ZERO
LY

Tysungufiarlal s TisunTuntsdent span w58 zERO



13C0
13C0
13C3
13C6
13C8
13CB
13CD
13CF
13D1
13D4
13D6
13D7
13DA
13DB

13DD

756701
75570F
7820
752E07
54D0
64D0
6003
020033
7823
E6
207001
ca
540F
B40EO3
852E57
B40D03
756700
207001
18
152E
BS1FE4

22

NEE:

NN3:

NNG:

NN1:

NN2:

NN5:

NN4 @

ORé 13COH

MOV 67H,#01H
MOV S57H,#OFH
MOV RO, #20H

MOV 2EH,#0TH
ANL A,#0DOH

XRL A,#ODOH

JZ NN3

LJIMP SPAN

MOV RO, #23H

MOV A,@RO

JB 70H,NN1

SWAP A

ANL A,#OFH

CJNE A,#0EH,NN2
MOV 57TH, 2EH
CJNE A,#0DH,NN5S
MOV 67H,#00H

JB 70H,NN4

DEC RO

DEC 2EH

CJNE RO.%#1FH,NN6

RET

57



4.2.19 TUgunsy PR2A

1500 ESBO IM1: NOV A,#OBOH
1502 BAFEFB CJNE A,#0FFH, INt
1505 E54C MOV A, 4CH

1507 BA5601 CINE A,#56H, IM2
1504 22 : RET

150B 75571F 1M2: MOV 57H,#1FH
150E 754C56 MOV 4CH,#56H
1511 754D2D MOV ADH, #2DH
1514 121060 LCALL DI2

1517 121000 IM3:  LCALL 1IN

{51A 8B30 MOV 30H,R3

151C 8C31 MOV 31H,R4

1S1E 8D32 NOV 32H,RS

1520 1212F0 LCALL HTD

1523 1211F0 LCALL TT1

1526 121290 LCALL OTF

1529 7802 MOV RO, #02H
1528 121020 ' LCALL DI

152E 8A30 MOV 30H,R2

1520 8B31 MOV 31H,R3

1522 8C32 MOV 32H,R4

1524 8D33 MOV 33H,RS

1526 ES5BO NOV A,OBOH

1528 BAEEO! CJINE A,#OEEH, INA
152B 22 RET

152€ 021517 IM4: LJINP N2



4.2.20 TusunTy PR2B

1600 ESBO MOV A,OBOH
1602 BAFFFB CINE A,#OFFH,M1
1605 754D2D NOV 4DH,#2DH
1608 754C56 MOV 4CH,#56H
160B 121060 ' LCALL DI2
160E 853020 MOV 20H,30H
1611 853121 MOV 21H,31H
1614 853222 ; MOV 22H,32H
1617 853328 MOV 23H,33H
161A 85343C MOV 3CH,34H
161D 85353D MOV 3DH,35H
1620 85363E MOV 3EH,36H
1623 85373F MOV 3FH,37H
1626 121070 LCALL KEY1
1629 853C34 NOV 34H,3CH
162C 853D35 MOV 35H,3DH
162F 853E36 MOV 36H,3EH
1632 853F37 MOV 37H,3FH
1635 852030 MOV 30H, 208
1638 852131 MOV 31H,21H
1638 852232 MOV 32H,22H
163F 852333 _ NOV 33H,23H
1642 22 RET

4.2.21 llsunsy DEC

xﬁuTﬂsunsuuﬂaexaujﬁu 10 Lﬁutaujﬁn 16 wioutuldiaTosmung

a d . o aas 4
nonnAlLNLaT3 1RENNTAALNDT R2-RS



1700

1703

1708

1707

1709

1708

t170E

1710

1712

1714

1716

1719

171B

171E

1721

1724

4.2.22 1U5unss MULL

121223
8A20
gB2t
8C22
8D23
12125D
B8A30
8B31
8C32
8D33
121318
ES2F
BAC106
756700
121340

22

uTilsunsudos 1ﬁ1unwiqmuasn§udwﬁatan

1800

t1803

1805

1807

1809

1808

180D

180F

1812

1211A0

AA20

AB21

AC22

AD23

AE24

AF25

8S4E2D

121380

LCALL TT2
MOV 20H,R2
MOV 21H,R3
MOV 22H,R4
MOV 23H,R5
LCALL DTO
MOV 30H,R2
MOV 31H,R3
MOV 32H,R4
MOV 33H,RS
LCALL DTH
MOV A,2FH
CJNE A, #01H,M2
MOV 67H, #00H
LCALL NEG

RET

LCALL MUL
MOV R2,20H

MOV R3,21H

MOV R4,22H

MOV R5,23H
MOV R6,24H
NOV_R7,25H
MOV 2DH, 4EH

LCALL RLO
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1815

1818

181A

181C

181E

1821

1824

1827

182A

182D

1830

4.2.23 Tisunsa SUBB

854E2D
AAOS

ABOG

ACO7

854FF0
756700
30F003
1213A0
30F103
121340

22

AM1:

AN2:

MoV

MOV

MOV

MOV

NOV

MOV

JNB

2DH, 4EH
R2,05H
R3,06H
R4,07H
OFOH, 4FH
67TH, #00H

OFOH, AM1

LCALL NEG

JNB

OF 1 H, AM2

LCALL NEG

RET

uTirunsadosfldluldsunsaman (Main Program)

1900

1902

1904

1906

1907

1908

1909

1908

190C

190D

1810

7904

€270

A270

E6

87

¥6

9270

18

19

"B901F4

22

MOV

CLR

MOV

MOV

Ri,.4#04H
T0H
C,70H

A,@RO

SUBB A,@R1

MOV @RO, A

MOV

DEC

DEC

CJNE R1,#01H,A4

70H,C
RO

R1

RET .

l
61 !



[ . v ’
4.2.24 Tﬂ?ﬂﬂ?ﬂﬂﬁiﬂﬁﬂ“iﬂﬂﬂéﬂﬂ??ﬂ

1650
1650
1652
1654
1657
1658
1658
165D
1660
1661
1664
1666
1669
166C
166F
1671
1674
1677
167A
167D
167F
1682
1683
1686
1688
168B

168C

T94F

ESBO

BAFAOS

07

B75B02

7720

B4E206

17

B71F02

T754A

121060

752A60

121400

ES5BO

BAFAQ3

021652

B4E203

021652

ESBO

BAEAO6

19

B94B02

794F

BAE606

09

BO5002

Kie

Dl

D5

D6

ORG 16S0H
MOV R1,#4FH
MOV A,OBOH

CJIJNE A,#0FAH,D1

. INC @R1

CJNE @R1,#5BH,D!
MOV @R1,#20H
CJNE A,#0E2H,D2
DEC @Rl

CJINE @R1,#1FH,D2
NOV @R1,#5AH
LCALL DI2

MOV 2AH, #60H
LCALL DELAY

MOV 4&,0BOH

CJNE A,#OFAH,DS
LINP K1

CJNE A,#OE2H,D6
LINP K1

MOV A,0BOH

CJNE A,#OEAH,D7
DEC Rt

CJNE R1,#4BH,D7
XOV Rt,#4FH
CJNE A,#OE6H,D8
INC Rt

CJNE R1,#50H,D8

62



168F

1691

1683

1685

1698

1698

169E

16A0

16A3

16A5

16A8

16A9

794C
872E
775F
121060
752A30
i21400
AT2E
121060
E5BO
BAEEO1
22

021652

D82

po:

4.2.25 TUTUNTU¥AN (Main Program)

63

MOV R1,#4CH
NOV 2EH,@R1
MOV @R1,#SFH
LCALL DI2
MOV 2AH,#30H
LCALL DELAY
MOV @R1,2EH
LCALL DIi2
MOV A,0BOH
CJNE A,#0EEH,DS
RET

LJIMP K1

-8

Tusunsuwandiuf 1 % ﬁwwﬁwﬁ?v%ugntiwuﬁ ua21AUAY SPAN, ZERO,

d v a
SP-V URY ZE-V 1%2ﬁﬂ8ﬂlaﬂi13 10 Tﬂﬂtﬂﬂ1{1uuaﬂlﬂ7ﬂﬂﬁu

SPAN

ZERO

SP-V

ZE-V

SOH-53H
60H-63H
TOH-73H

78H-7BH

d o [ a
uaz L Burunssnaien 1t lwoninsa sn

0100

0103

0106

0109

010C

O10F

o112

754F20

85564E

85204D

85204C

121060

75570

121000

OM2:

MOV AFH,#20H
MOV 4EH,S56H
NOV 4DH,20H
MOV 4CH, 20H
LCALL DI2
MOV S57H,#0EH

LCALL IN



0115 8B30 MOV 30H,R3

0117 8C3t MOV 31H,R4
0119 8D32 MOV 32H,RS
011B 1212F0 LCALL QTD
O11E 1211F0 LCALL TT1
0121 121290 LCALL OTF
0124 7802 ’ NOV RO, #02H
0126 752E00 MOV 2EH, #00H
0129 121020 LCALL D11
012C ESBO MOV A,OBOH
012E B4F202 CJINE A,#OF2H,OM1
0131 8006 SJMP SET
0133 BAF600 OM1: CJNE A,#OF6H,OM3
0136 020112 OM3: | LIMP OM2
0139 854F3B SET: MOV 3BH,4FH
013C 85S4E3A MOV 3AH,4EH
013F 854D39 MOV 39H, 4DH
0142 B54C38 MOV 38H, 4CH
0145 857030 MOV 30H, 70H
0148 857131 MOV 31H,71H
014B 857232 NOV 32H,72H
014E 857333 MOV 33H,73H
0151 754CAE MOV 4CH, #4EH
0154 754D41t MOV 4DH,#41H
0157 7S4ES0 MOV 4EH,#50H
015A 754F53 MOV 4FH,#53H
015D 855020 MOV 20H, S50H
0160 855121 “ MOV 21H,51H

0163 855222 MOV 22H,52H



0166 855323

=3

NOV 23H,53H

0169 121060 LCALL DI2
016C 121070 LCALL KEY
016F ESBO MA: MOV A,OBOH
0171 BAFEFB CJNE A,ZOFEH,MA
0174 853070 MOV 70H,30H
0177 853171 ' MOV 71H,31H
017A 853272 MOV T72H,32H
017D 853373 MOV 73H,33H
0180 853450 MOV SOH,34H
0183 853551 MOV 51H,35H
0186 853652 MOV 52H, 36H
0189 853753 MOV 53H,37H
018C 857830 MOV 30H,78H
018F 857931 NOV 31H,79H
0192 857A832 MOV 32H,7AH
0185 857B33 MOV 33H, 7BH
0198 754F5A MOV 4FH,#5AH
019B 754E4S MOV 4EH, #45H
019E 754D52 MOV 4DH,#52H
O1A1 754C4F NOV 4CH,#4FH
01A4 856020 MOV 20H, 60H
01A7 856121 MOV 21H,61H
O01AA 856222 . MOV 22H,62H
01AD 856323 MOV 23H,63H
01BO 121060 LCALL DI2
01B3 121070 LCALL KEY
OIBé‘ESBO NOV A,O0BCH

01B8 BAFEFD MAt: CJNE A,#OFEH.MAl



01BB 853078 MOV 78H,30H

O1BE 853179 ' NOV 79H,31H
01C1 85327A NOV 7AH,32H
01C4 853378 MOV 7nﬁ.sen
01C7 853460 MOV 60H, 34H
01CA 853561 | MOV 61H,3S5H
01CD 853662 : NOV 62H,36H
01D0 853763 MOV 63H,37H
01D3 756701 NOV 6TH,#01H
01D6 75570F 3 MOV S7H,#OFH
01D9 752E07 MOV 2EH,#07H
01DC 7837 MOV RO, #37H
O1DE E6 M6: MOV A,@RO

01DF 207001 JB 70H,M1

01E2 C4 SWAP A

O1E3 540F M1i: ANL A,#OFH
O1E5 B4OEO3 CJRE A,#OEH,M2
01E8 852ES7 MOV ST7H, 2EH
01EB B40DO3 M2: CJNE A,#0ODH,NS
O1EE 756700 NOV 67H,#00H
01F1 207001 . M5¢ JB T0H,M4

01F4 18 DEC RO

O1F5 152E M4: DEC 2EH

01F7 B833E4 CJNE RO,#33H,M6
O1FA 853BAF NOV 4FH,3BH
O1FD 853A4E NOV 4EH, 3AH
0200 85394D MOV 4DH,39H
0203 85384C ) NOV 4CH,38H

0206 121650 LCALL UNIT



67

Tusunsunanaiuh 2 ﬁww{jﬁuﬂaoéwtaﬂﬂagamae SPAN, ZERO, SP-V UaY

ZE-V ﬂawaxﬁuxaujwu 16 LAPILIMKIAT ¥ Su © onuTe 1 luaunnT L AunT efe

Tags x @0

Y @9

020C
020€C
020E
0210
0212
0214
0217
0219
021B
021D
021F
0221
0223
0225
0228
0224
022C
022E
0230
0232
0234

0236

Y = MX +C

5ugnﬁ¥uti1u1

t a d

adiaravuanewa 1oty M 13luuoniasa sau-sen

c 13lsuoninsd eaii-66H

ORAG 020CH
AAS0 MOV R2,50H
ABS1 MOV R3,51H
ACS52 MOV R4,52H
ADS3 MOV RS5,53H
121700 LCALL DEC
8B54 J MOV S4H,R3
8C55 : MOV 55H,R4
8DS6 MOV 56H,R5
AAG0 MOV R2,60H
AB61 MOV R3,61H
ACB2 NOV R4,62H
AD63 ) MOV R5,63H
121700 LCALL DEC
8B64 MOV 64H,R3
8C65 MOV 65H,R4
8D6€6 MOV 66H,RS
7856 NOV RO, #56H
7905 NOV R1,#05H
€270 CLR TO0H
A270 Ad4: NOV C,70H

E6 - NOV A,&RO



0237 97 SUBB A,@R{

0238 F6 NOV @RO,A
0239 9270 . MOV 70H,C
023B 18 DEC RO

023C 19 DEC R1

023D B853F4 CJNE RO,#53H, A4
0240 ABS4 ; MOV R3,54H
0242 ACS5 MOV R4,5SH
0244 ADS6 MOV RS, 56H
0246 C2FO CLR OFOH
0248 855420 MOV 20H, 54H
024B 300708 JNB O7H,N6
024E 756700 NOV 67H, #0OH
0251 1213A0 LCALL NEG
0254 D2FO SETB OFOH
0256 8B54 : N6: MOV 54H,R3
0258 8C55 MOV S5H,R4
025A 8D56 MOV 568,RS
025C AA70 MOV R2,70H
025E ABT1 MOV R3,71H
0260 ACT2 MOV R4,72H
0262 AD73 MOV RS,73H
0264 121700 LCALL DEC
0267 8B74 MOV 74H,R3
0269 BCT5 MOV 75H,R4
026B 8D76 . MOV 76H,R5
026D AA7S MOV R2,78H
026F AB79 NOV R3,78H

0271 AC7A MOV R&,7AH



0273

0275

0278

027A

027C

027E

0280

0282

0284

0286

0287

0288

0289

028B

028C

028D

0290

0292

0294

0296

0298

0298

029E

02A1

0244

02A6

02A8

02AA

02AC

AD7B

121700

8B7D

8C7E

8D7F

7876

7905 '

€270

A270 AS:

E6

97

F6
9270
18

19
BB73F4
AB74
AC75
AD76
C2F1
855420
300708
756700
121340
D2F1
8B74 M7
8C75
8D76

855420

MOV RS5,7BH
LCALL DEC
MOV 7DH,R3
MOV 7EH,R4
MOV 7FH,RS
MOV RO, #76H
MOV R1,#05H
CLR 7OH

MOV C,70H
MOV A,8RO
SUBB A,@R1
MOV @RO,A
MOV 70H,C
DEC RO

DEC Rt

CINE RO, #73H,AS5
MOV R3,74H
MOV R4,75H
MOV RS,76H
CLR OF1H
MOV 20H,54H
JNB OTH,N7
MOV 67H,#00H
LCALL NEG
SETB OFtH
MOV 74H,R3
NOV 75H,R4
NOV 76H,RS

NOV 20H,54H

69



O2AF

02B2

02BS

02B8

02BB

02BE

02C!

02C4

02C7

02CA

02CD

02CF

02D1

02D3

02D5

02D7

02D9

02DC

02DF

02E2

02ES

02ES8

02EB

02ED

02EF

02F1

02F3

02F4

O2F5

855521
855622
752300
752400
752500
857440
857541
857642
121120
121350
8A54
8B55
8C56
8A40
8B41
8C42
857D44
857TE4S
B857F46
852D4E
85F04F
121800
7866
7904
€270
A270
E6

97

F6

A6

10

MOV 2tH,S5SH
MOV 22H,56H
MOV 23H, #0C0H
xdv 24H,#00H
MOV 25H,#00H
MOV 40H,74H
MOV 41H,75H
MOV 42H,76H
LCALL DIV
LCALL RRO
MOV S54H,R2
MOV 55H,R3
MOV 56H,R4
MOV 40H,R2
MOV 41H,R3
MOV 42H,R4

MOV 44H, 7DH

MOV 45H,7EH

MOV 46H,7FH
MOV 4EH, 2DH
MOV 4FH,OFOH
LEALL MULL
NOV RO, #66H
MOV Ri,#04H
CLR 70H

MOV C,70H
MOV A,&RO
SUBB A,@R1

MOV @RO,A



02F6 9270 NOV 70H,C

02F8 18 DEC RO
02F9 19 DEC Rt
02FA B863F4 CJNE RO,#63H,A6

Tusunsamanarui 3 ﬁwwﬁwﬁ?uﬁugnziwnwuﬁa ﬁwuvmawn%ugntﬁuﬁauaﬂa
waTaaT%@as Y = NX +C uaznsoqaauﬁugnﬁtiﬁuw f1RIN21 A, B UAE C

9019 LED 4, B umy ¢ av@n uﬁﬁwgoniquﬁu

0306 ORG 0306H

0306 121000 MAIN: LCALL IN
0309 8B40 MOV 40H,RA
030B 8C4t MOV 41H,R4
030D 8D42 MOV 42H,RS
030F 855444 MOV 44H,54H
0312 855545 MOV 45H,55H
0315 855646 MOV 46H,56H
0318 852D4E MOV 4EH, 2DH
031B 85FO0AF MOV 4FH,OFOH
03tE 121800 LCALL MULL
0321 7866 MOV RO, #66H
0323 7904 MOV R1,%#04H
0325 €270 CLR 70H
0327 A270 Ad: MOV C,70H
0329 ES6 MOV A,@RO
0324 27 ADD A,@R1
032B F7 NOV @R1,A
032¢ 9270 ) NOV 70H,C

032E 18 DEC RO



032F 19 DEC R1

0330 B863F4 CJNE RO, #63H,A4
0333 €290 CLR 90H

0335 €291 CLR 9tH

0337 €292 CLR 92H

0339 786E MOV RO,#6EH
0338 121800 ' LCALL SUBB
033E 307002 JNB 70H,Mt
0341 D290 SETB 090H
0343 7877 Mi: MOV RO,#77H
0345 121900 . LCALL SUBB
0348 307002 JNB 70H,M2
034B D291 SETB S1H
034D 787E M2: MOV RO,#7EH
034F 121900 LCALL SUBB
0352 307002 JNB 70H,M3
0355 D292 SETB 92H
0357 C2BO M3: CLR OBOH
0359 C2Bt CLR OBI1H
035B D2Bt SETB OB1H
035D 752F00 MOV 2FH,#00H
0360 8A20 MOV 20H,R2
0362 300709 JNB O7H,M6
0365 756700 MOV 67H, #00H
0368 1213A0 LCALL NEG
036B 752F01 MOV 2FH,#01H
036E 8A30 M6: MOV 30H,R2
0370 8B31 MOV 31H,R3

0372 8C32 MOV 32H,R4



0374
0377
037A
037C
037F
0381
0384
0387
038A
038D
0400
0400
0403
0406
0409
040C
040F
0412
0415
0418
0418
041E
0421
0424
0427
042A
042C
042F

0432

1212F0

1211F0

7802

121020

ESBO

B4F203

02013C

BAF603

020400,

020306

854F3B
854E3A
854D39
854C38
754F20
754E41
754020
754C20
121060
855820
855921
855422
855B23
121070
ESBO

BAFEFB
852058

852159

Mit:

M21¢

ALARM:

Mi:

73

LCALL HTD
LCALL TT1

MOV RO, #02H
LCALL D11

MOV A,OBOH

CJIRE A,#OF2H,M1t
LJMP SET

CJNE A,#0F6H,M21
LJMP ALARM

LIMP MAIN

ORG 0400H

MOV 3BH, 4FH

MOV 3AH, 4EH

MOV 39H,4DH

MOV 38H,4CH

MOV 4FH,#20H
MOV 4EH,#41H
MOV ADH, #20H
MOV 4CH, #20H
LCALL DI2

MOV 20H, 58H

MOV 21H,59H

NOV 22H,SAH

MOV 23H,S5BH
LCALL KEY

NOV A,OBOH

CJNE A,%#OFEH,M1
MOV S58H,20H

MOV 59H,21H



0435 85225A MOV 5AH,22H

0438 852358 . NOV SBH,23H
043B AAS8 MOV R2,58H
043D ABS59 MOV R3,59H
043F ACSA MOV R4,5AH
0441 ADSB MOV R5,5BH
0443 121700 ' LCALL DEC
0446 8B6C MOV 6CH,R3
0448 8C6D MOV 6DH, R4
044A 8DGE MOV 6EH,RS
044C 754E42 MOV AEH, #42H
044F 121060 LCALL DI2
0452 855C20 NOV 20H, 5CH
0455 855D21 MOV 21H,SDH
0458 855E22 MOV 22H,SEH
045B 855F23 ‘MOV 23H,5FH
045E 121070 LCALL KEY
0461 ESBO O1: MOV A,OBOH
0463 BAFEFB CJINE A,#0FEH,01
0466 85205C MOV SCH,20H
0469 85215D MOV SDH,21H
046C 85225E MOV SEH,22H
046F 85235F MOV SFH,23H
0472 AASC NOV R2,5CH
0474 ABSD MOV R3,5DH
0476 ACSE NOV R4,SEH
0478 ADSF MOV RS,SFH
0474 121700 LCALL DEC

047D 8B7S " MOV 75H,R3



047F
0481
0483
0486
0489
048¢C
048F
0492
0495
0498
049A
049D
04A0
04A3
04A6
04A9
04AB
04AD
O4AF
04B1
04B4
D4BS6
04B8

0306

8C76
8D77
754E43
121060
856820
856921
856422 .
856823
121070
ESB0 02:
BAFEFB
852068
852169
852264
852368
AAGS
AB69
ACBA
AD6B
121700
8B7C
8CTD

8D7E

75

MOV 76H,R4
NOV 77H,RS
MOV 4EH,#43H
LCALL DI2
MOV 20H, 68H
MOV 21H,69H
MOV 22H, 6AH
MOV 23H,6BH
LCALL KEY
MOV A,OBOH
CJNE A,#OFEH,02
MOV 68H,20H
MOV 69H,21H
MOV 6AH,22H
MOV 6BH,23H
MOV R2,68H
MOV R3,69H
MOV RA,6AH
MOV R5,6BH
LCALL DEC
MOV 7CH,RS
MOV 7DH, R4
NOV 7EH,RS5

ORG 0306H
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ICL7109 12 Bit Bmary
A/D Converter for

Wi lcroprocessor lnterfaces

FEATURES

» 12 bl tinery (plus polarity and overrange) dual
slope integraling enafog-1p-diglie! converter.
Byle-o-ganized TTL-compatible three-stale oulpuls
and UART handshake mode for simple para’lel or
serial inlerfacing to microprocessor systems.
RUN/ROLD input enc STATUS outpul esn be used
fo monior and contro! conversion timing.

Troe differential input and differential reference.
Low nolse — typlcally 15,V p-p.

TpA typical inpuf current.

Operates at up {o 30 conversions per s>conu.
On-chip oscillalor operates with inexpensive
3.58MHz TV crysia! giving 7.5 convers'ons §-r
second for 60Hz rejection. May also be >perzied as
RC oscllfator for other clock frequenciss.
Fabricated using MAX-CMOS™ fechno! gy
combining analog and digita! functions on a sir. ;;Ie
low power LS! CMOS chlp.

o All inpuls fully profecied agains! static dlscharg £

\f
.

GENERAL DESCRIPTION .

The ICL7109 is & high performance, low power m!egra!m—-
AD converter designed to ezsily interface with m::vo-i
processors.

The oulput czta 112 bits, polarity and overrange) may ot
directly accessed under control of two byle-enable inpuats
end & chip select inpul for 2 simple paralie! bus interfsce A i
" UART hzndshake mode is provided 1o aliow the ICL7102 .0
work with industry-standzrd UARTSs in providing serialdz'a
transmission, idea! for remote date fogging applications. The
RUN'HOLD input 2ng STATUS output eliow monilotir.g and
control of conversion timing. ’

The ICL7109 provides the user with the high accuracy, for
noise, low drift, verszlility snd economy of the dugl-sioge

. integreting A/D converter. Fealures like true ditferentis

input. and referenct, drifl of less than 1uV/°C, meximum ~
input bies curren! of 10pA, end typical power consumplicn °
of 20mW make the ICL7103 en etuactive perchanne!

elternative 1o analog multiplexing for many dats acquisition ¢

o b Lsreb .
. -

——

no special handling preceulions necessary. epplications. !
q:
PIN CONFIGURATION AND TEST CIRCUIT: 7 K
tSee Figure 1 or typics! connection 1o 8 UART or Miciotomputer] = : s
L . .
. :
. T0? ViEw M
' GND 1GND W v ac +sv B
- 2 $TATUS REF IN- 33 - S 1
. mon [Q3roL REF CAP - 35 s OIFFERENTIAL 1
ORDER :E 40R REF C&P - 37 F:—:_:___.numsuc: .
erie s 2 REF N+ 3¢ TV < 1-
. ownrrs |Gepn N Myt BTV VA< INPUT HIGH :
5 q78100 miOM = INPUT LOW . )
LG bo COMMON 23 = GND . , .
= wis ¢
-i @By wcLries p c‘J; A5, £ 4
LOwW 5 1186 . BUF X
omota_| 1288 REF OUT 35 = REFIN-
eYTE | T{13 b4 v 2t 14 - Vs
DUTPJITS -Z ¥ B3 SEND 27 Y} Q =—es REF IN @ .. . /
e m2 aUmF150h 2¢ s F /
-] e Bt BUr OSC DUT 28 v .7
‘ 1 TESY OSCEELZ[—CND  2ang) g i 4
S BYTE 1 (BN ost outas .- -2 i
el e - com'nov.-[-c 3s HEER oSt N :sn' L) A e .
. Lo . weurs Lo cEnoD v ODE 71 TVCRYSIAL . - K /
. PUEECEE T o ;77 . “Raa 254 FOR €2V REF - F
. - ' Lt - .. - = ZHANFOR 2.0V REF 2 4
s P 7T .t - '(OUTLINE DWGS DL JL PY S
- e s ) .
ORDERING INFORMATION -~ 0”77 .0 - .. - .
- Y K4 s | -t . P - e
Part Tomp Range - Packape Order Humber . P . -2 . .
. . b O
] 7108 | —55°Cfo 9125°C| 40-Pin Ceramic DIP | CLTIOOMDL  § - IR
4 7100 | —20°C o «85°C | 40-PinCeramnlc DIP | CLTIORIDL -~ 1~ .. W .
1 708 | ~20°C10 +85°C | 40-Pin CERDIP ICL7I00UL B .. N 1
7108 ] ©Cc1o70°c 4oPinPasiciP | ici7i00ceL T - N
Al . V. L NELARY. 5
P T - L A . T e



MAXIMUM RATINGS ™

B RV L

B Positive Supply Voltage IGND to V‘) eleaad
] Negative Supply Voltage lGND toV7) ...

.,...-.......................+62V b ..
.....-9V¢ ienenN

. Reference lnput Voltage {Lo or Hn) (Note 1) .
Digital input Voliage " ;
(Pins 2-27) (Note 2) .....x..-...........-...

Power Dnss:pahon (Noted)"- " - - . L.
Ceramic Packege ...... teeneendeniasatastgeracnnane ceeees 1W@<h55‘ . ..
. Plastic Package [ ... leal eeeesnes : cretenenaas 500-7»W@+70’ ST
Operating Temperature “---° " - - '. s
Ceram.c Package (MDL) “...........i. . —ss°c<'r.<+125°c :'-i
. R SRR (101§ PP . “5‘C<TA<‘|'85.C O
Plasthackage (CPU..............2...'.',.. 0°C<STpagL470°C . . -
SforageTemperature ceesnal R TR PR PYPP PP PR PP . 55 C < Ta<+125°C -
Lead Temperature fsoldering, 60 S6€) .. L. iuvuiirueneliconennrenneens $300°C 7

iresses above those fisted under “Absolute Maximum Ralings™ may cause permanent c2:nage 10 the devices. This is & stress
5 functional operation of the Gevices a! these or any other conditions above those indicated in the operalional sections of the
i. not implied. Exposure 10 absolute maximum rating conditions for extended periods may s!fect device reliability.

FERATING CHARACTERISTICS

rs with V° = 45V, V- = -5V, GND = 0V, Ta = 25°C, unless otherwise indicated.
s shown on page 1.

LECTION
. - HAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
 Reading Vin = 0.0V =0000s | =0000s | +0000s | Octal
Full Scale = 403.6mW Reading
. heading Vin = VRer 37778 | 3777 40008 Octsl
. VREF = 204.8mV ° . £000e Reading
iy thkf2x deviation Full Scale = 409.6mV to 4.096V
.itaight line fiv . Over full operaling temperature -1 *2 41 Counts
. . range. oS
e gitferesce Full Scale = 403.6mV to 4.036V )
tor equal pce. and Over full operating temperature -1 ‘=2 +1 Counts
A rzar full scale) range. i
aode Rejectin Ratio] CMRR | Vem 21V Vin = OV 50 VIV
. Full Scale = 409.6mV
on Mode Ri nge VCMR { Input Hi, Input Lo, Common V-=15 1 . V=10 1 v
zlue not en Vin = OV T8 uV
3% of time) Full Scale -~ 403 6mV
‘11€71 at Input ik Vin = 0 All gevices 25°C 1 10~ pA
ICL7103CPL 0°C < TA'S 470°C 20 100 pA
ICL7109IDC -25°C < Ta < 485°C 100 250 pA
ICL7108MDL ~55°C < Ta < +125°C 2. 5 nA
3 Dt Vin = OV 0.2 1 gV/°C
.ot Temperature Vin = 40B.9mV = > 7770 *
¢ reading R .
Ext. Ref. 0 ppm/°C .. 1 5 ppm/cC
tent V° to [ .
: Vin = 0, Crystal Osc. 700 1500 uA
3.58MHz test circuit .
tent V' io VT Isupp Pins 2-21, 25, 26, 27, 29, open 700 p 1500 pA
slage VReF Referred to V°, 25k .
i between V° and REF OUT -2.4 -2.8 -32 v
» np. Coefficient 25k{} between V* and REF OUT 80 ppm/°C
..on Mode Range Ve IN HI, iN LO, COMMON V=415 ::tg‘:': ve-rof Vv

4.97



ICL7109

INTERSIL

V' 6l —— 8V
SVt 1 V* TRC 65| CnD—{ 1 GND REF IN- ¥ |——————————c =~ =~ GND
. Ba 2 OSC CONTROL ©OSC & 17 2BUTOSCOUT  REFCAP-ML— o EYTERNAL
GND 3 GND EFEYS -4y — Zs1aTUS REF CA® - 37— REFERENCE
~sv—14 ARD cLsiat i a\'n REF N = 3 LCH] M -
512 cL8337 N —] 15 MBEN M HI3E [l AN Ly
—RBR1 . SES 3¢ = %2 . 510 3« | -
g . j>t cow 33 LONRsr
— 1 PE CRLM L . P— B:-212P0LOR NT 33—
—{ FE ° 213} s A2
s ot TERIL & —al f818s pUF 32
«8vy—11¢ $FD TRE 24 1~ ~4 v JEST REF OUT 25— Rt 2001102V REF
. ORR 12 w [BEW Vo2t 1= SV 20011 2v REF
——1 20 RRI . DRW®W 21 m0DE KUNHOLD 2¢ |- -5V OR OPEN
“TG'_; TBRL 23 2 TLLOAD CSCSEL 24 [ GND
" TeRt 2 715END oscouT b
rrrv b TRO yetf-CcND osC Nz O 3.8¢ WKy
ouTPUT $04 LOWEST POWEE CONSLWFTeON, ——I.J CRYSTAL
MEaly TRRLTBRE IWPUTE SMOULE Mav] 16000 ILTIDE
CHDS UARY PuUL LY RIBIEIONE TC -3V CvOS AD CONVIRTER .
Figure 1A. Typical Connection Disgram UART Interlace - To transmit kiest resoft, send &ny worg 1o UART
|——|Dl-—' . ' ( :
’ - -
2 3 . . —sv—{ea v - REF IN - 38 — —oz~=CND *
XTALY KTAL? eno-41 enp RETCAP -3 [ gy EXTCRRAL
“sv—41%0 ., . . st L . .REFCAP + 31 S '\E'i"m-‘i
ROV 21 . -~ ) R REF N + 3¢ 'R
s 58S 35.3¢ - —-. . N HI3S - ,,..“
- §WY papP oTER - INLO M
| ¢ o . cov x| AT
GND —17 EA =) - - - . INY 32— —"
~s @B st a2 —
~¢ PSER- P33 26 MUNTDTD sursol— s
—L 11 ALE P12 28 — 2 STATUS RLF OUT 29— Ren DK T2V AEF,
-sv—{2% PROG P11 2¢ e u {(BEN -~ v aeh--sv . 2000112V REF.
—sy—12t vOD #0277 - 1 HBEN . SEND 74—
~sv —130 TL . - -z T . .- 34 .aroscoOUTashe S L e e
-3V —{ 40 VCC i - - Sps-e12roL00 OSCSELM-END  ° . - .
o 12-19 SRR Cem e ——=.
. DBS-DEY 15 J{eres - - ©! D:_u MM
GND —{ 20 8wD ED1e — i wODL 2% | ‘ CRYSTAL
. slasa ooy cLos -
LT ‘ WO AD CONVERTER . @ - - . o

DIGITAL SECTION
PARAWETER SYMBOL CONDITIONS MIN TYP ™ MAX UNITS

Outpul High Voltage Vou four = 100uA 35 43 v -
Pins 2-16, 18, 19, 20

Output Low Voltege VoL lour = 1.6mA 02 0.4 v

Ovutput Leakage Current Pins 3-1€ high impedance .0 bud pA

Control 170 Puliup Pins 18,19, 20 Voyr = V™ -3V

Current | MODE input et GND . s ph

Contro! 170 Loading HBEN Pin 12 LEEN Pin 18 5 4 pF

Input High Voltage Vi Pins 16-21, 26, 27 £
referred to GND 2.5 A

input Low Voltage Vi 7 Pins 18-21, 26, 27 3
referred 10 GND 1 \

tnput Pull-up Current Pins 26, 27 Vout = V° -3V S . ph

Input Pull-up Current Pins 17,24 Vour = V' =3V 25 uh

Input Pull-down Current Pin 21 Vouy = GND 43V s whA

Oscillztos Output High Oon  {Voui = 2.5V 1 3 mA

Current Low Oot Vout = 2.5V 1.5 mA

Bulfered Oscillztor  |Hioh| BOou [ Vour = 25V . 2 mA

Output Current Low BOoL | Vour = 2.5V [ mA

| MODE Input Pulse Wicth tw " 50 . ns

JHNole 1

"Note 21 Dut 1> the SCR structure inherentin the process used o 12bricste these Sevices, cohnecting any drgitzl inputs or outputs fo voltapes .

Note 3:  Thit limi refers 10 that of the pachzge 8nd will not be oblained dunng norms! operation.

NPt volizpes may exceed the supply voliapes provi ided lhe input current is hia i1ed 10 21pp

grenter then V° or kess then GNDmey cause destructive Gevice lgtchup. For this reasonitis recommended thal no inputs from sources
othe 1 then the $5me power supply be appliec 10 the ICLT103 before its pawersupply is established.anc tha!in multiple supply systems
the supply 1o the ICL710F be activated first. :

Figure 3B:Typicat Connot(ion Diagram Patatiel lnlerhce With M;CS-I.E mcvocompulu
LD

-




TABLE 2 Pm Aasignrmn! and Funcbon Dncriphon ot e

L Tt

¢ ggsdL - ] * - DESCR¥TION . 0 T DESCRIPTION : 7 - "~ ] v
1‘.’ : nglm Ground ov, Gromd ntum lor al AR input LowZ- Direct output mode whers | .
7 * |oigiatlogie - T . o T <R EEADAD Pin 201, HBEN Pin 18 anat | -
SIS Output High during lnlegm!e and deints-| - [BER ®in 18 act as hpub directly
prate untl dats s latched. "_-_'.-.--~ T M conlronmp py‘b outputs. ‘e
Outpul Low whén analog ‘section 1 ‘in .. | input Pulsed High - Causes Irnmodllh
Auto-Zero configuration, entry into handshake mode and output of
. Potarity - HI for Positive Input. -.. . JestzasinFigured. . --
Ry i Overnange - Hi if Overranged. - | . e ¥ ;7 7 {input High : Enables Egﬁs *an 200,
e Bi1 12 [(Most Significant Bi i . Tias ABER (Pin 19!, and m‘(hn 18 as out-
. T . Bt11 ] o - __"‘__’——' H i S N .'_; puts, handshake mode wil! be ente-ed and
by Bit 10 s : so ] AN e 7, ¢ Tldaa output as in Figures 7 .nd 8 at con-
AT T three . LT version cornplehon. :
I Z’: —tee 1 .. state 22_|OSCIN Oscillator Input
<) - - ;. - Joutput 23 _|0SC ouT Oscillator Outpm -
B {1 A B7 iHi=tue - - dats 24 JOSC SEL Oscillator Select - Input high configures
CqBe Biu® §- .o oot bits ” OSC IN. 0SC OUT. BUF DSC OUT asRC
£s 8§ - oscillator - elock will be same phase and
B4 - B4 I* T e . lduty cycle as BUF OSC OUT.
E3 B3 § . L ° X \ - Input low conhgures OSC IN, OSC OUT
£2 Bitg { 7. . o it . % - |forerysist oscillator - clock frequency will
X B 1 |ieast Sicnificant Biv © " % | be 1/58 of frequency at BUF OSC OUT.
. TE_ST input Kigh - Nonnat Openbon. 25 |BUF OSC OUT | Butiered Oscillator Outpt
.. input Low - Forces all bit| outputs Ngh 26 |RUN'HOLD tnput High - Conversions continuously
',‘ . Note: This input is uud for tes( purpcses B f - . | performedt every 8182 ciock pulses. '
N * {only. . . Input Low - Conversion in-progress com-
i Low Byte Enable - Wih Moge 1Pin 2itlow,| - w & . | pleted, converler will stop in AuttrZero 7
<, . [ ano CE/LOAD (Pin 20) low, taking this pin| .. § -] “=  ° =™ { counts belors integrate.
=" ] low activates low omter br.'e Sutputs B1-B8 21" {SEND Input - Used in handshahke mode toindizate
KRN - . i - - ¢ « [ abiiity of an extemnal tevice 10 accept data.
Tl - With Mode (Pin 2Dhigh, this pin sarves as 28 v Analog Negative Supply - Nornirally <5V
et lbwbstfgnou!prdu;edlnhandsm&e ol —— with respect 1o GND (Pin 1), -
. . mods. gures 7, 8 .- 3 T
AT Frgh By Enable - Wan Wode Pstiow] - 29 [REF OUT g;v:;o'r;;en \\r;n:‘a;; ?m.npm Nominaity 28V
RN I ano CE/LOAD (Pin 20! fow, taking this pin] :
’, 1 | low activates mgh o'de« bﬁe OU..W” pof. |30 |BUFFER Butter Amplilier Output R
N 811 POL OR. > - 31 [AUTO-ZERD [ Auto-Zerc Node - tnside foil of Caz
L s g R B 32 [INTEGRATOR [ integrator Output - Outside 1oil of Cint
T D With Mods (Pin 21""9'1 this pmwves-s 33", [COMMON | Analog Common - System is Auto-Zeroed
I A & h-gh byte flag output used in hanr.‘shlke . to COMMON
- mode. See Figures7,8.9. (3 [INPJT LO Difterential Inpul Low Side
#. |CELOAD Crip Enble Load- With Moge (Pin 211 tow, 35 [INPUT HI Diterential Input High Side
;e R a%nothﬁ‘gf%mﬁi 3% |REF IN+ Diffenta! Relerence Input Positive
: ' . . isabRa \ - PV P! 37 |REF CAP + Reflerence Capacitor Positive *
% B . ’ 33 {(REF CAP- Relerence Capacitor Negative
Bl I || - With Mode (Pin 213 high, this pin serves as 39 {REFIN- | Diflerential Relerence Input Negative
: DL & |uloedstrobe usecin handstiake mode. Q |V Positive Supply Voliage - Nominally +5V
] o See Figures 7,8, 9. with respect to GND Pin 1),
Lot A dng:ul levela are pasmve from ¢ . e sl - . o
"JA!LED Dsscmmon o ER IR RN

tlog Section . del A R
:pure 2 shows the’ equwa!em c-rew! o! the Amlog Scohon

sy

{vzinecied to v, the Circui will perform conversions atarste

£, M Y,

:

2, cle). Each measuvement cycle is divided info three phases
§ shown in Figure 3. They are (1) Auto-Zero (AZ) (21 S|gnal
igmle UNT) and (3} Dem(egmc (DE)
.‘_..M&anPh:u, Lo Y ST

p:?—; Puﬂng 8U10-2870 three lhlnge happen. Flrs! lnput hlgh

223
~

=T :.r 4nd low are gisconnected from their pins and Internally

L

Em.. th.«rlod to anelog COMMON. Second, the teference ca- -

L6 1ICLY D9, 'Vitien the RUN/ROTD input s feft open or 8

&

" s limited only by the nolse of the sysiem. [n any case, the

.: 1ermined by the clook bequency (8152 clock periods per = -

3&& ERctor Is charped 1o the refecenca voltage. Third, s fesd ;-

-.__,

= ek oop Is tlosad around the system 1o charge the euto: -
_'_4‘;3';2 qg.?%cl!ﬂ' Cu 1o’ c.o.-npcmlo Jor oﬂsﬂ vgltapes ln‘

~"the butfer amplifier, Infegrator, and comparatof. Since

the comparator Is Included in the foop, the AZ accuracy

: oflsei reforred to the input Is less lhm 10V,

2

SJgnnl lnlogruu Pbuo . .
During signal Integrate the uutozero loop I opened the

‘internal short Is removed and the internal input high and

low ase connecied 1o the exismal pins. The converter

" then integrates the differantial voliage between IN Hl and

IN LO for 8 fixed time of 2048 clock pariods. Note that

" this differential vollage can be within the common mode

L of the lntegraied &ana! h 6etonnln9d.

range of the Inputs. At ths end of this phlsc the polarlty .
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3. De-Integrate Phase -
The fing! phase Is de-Inteprate, or reference Integrate. In-
put low is internally connected 10 analog COWMON and
Input high is connected ecross the previously cherped
(Curing sulozero) reference cepacitor. Circuilry within
the chip easures thel the capacitor will be connecled

- with the correct polarity to cause the inlegralor outpuito
) L retum 106 2ero crossing (esiablished In Aulo Zero) with &
+tixed slope. Thus the time o7 the ouript {0 retirn lozero
*{represented by the number of clock. pe-lo:!s counied) Is
proponlonzl to the lnpm signal.

" Differential Input, ..

. The inpul can accep! differential voltapes anywhere within
2he common mode range . of the input ,amphber, or
spec«f:cs"y from 3 0 volis below the posmve Supply 1015

b L) AT N AP

NUMBER OF COUNTS 70 ZERD CROSS!
PhOPDRTIONLI. TO Vax

AFTER ZERD CROSEING, -
AWALOG SECTION WiLl

BL IN AUTOZERD
CONFICURATION

"t b oy

positive when most of Its swing has bqen used up by thel
positive common mcde vollage. For these critica! epplice-.
tions the infegralor swing can be reduced to less then the’
secommended 4V full sczle with some loss of accuracy. The
mtegmor oulput can swing within 0. 3 volis of elther supply
without Iost o! linearily.

e .
The ICL7)0° has, howevet ’bee's ophmlzed 101 Operahon

‘with analog .common near digital qround “With” powe_g,

supphes of +5Vend -5V, this ellows a £V fuli scale integrator,

" swing positive or hegaﬂve mtxxmulng the performance of

volts ebove the negauve supp!y, In th.s range the system has o

‘> 2 CMRR of 86¢8 fpnul Ho-vever since’the integrator also

- "$wings with the commph Fnde voltage, care shust be -

) _exercised 1o essure the inieg'ztm o.:.p..d does nol saturate.

A worst case condition would be 2 tarpe positive common |

_mode volmge witha ‘near full-scafe ne;ahve ditferentia! }npm. :

o vo!uge Tbe ‘negative input s-gnal drives the mlegmlor

e .
IS

v

the nnelog‘sed-on b
Dmerznhal Referince i
The referencevoliege oan be genercledenywhere mlhmthe
power supply voltags of thé converier, The main source of

common mode error Is a roll-over voltage caused by ghe
_seference capaclior- losing or gammg “Cherge 10 sty

.

-1 _..

- ‘capacity on fis nodes. I there is 3 targe common mode
-wplitage, the reference cepacitor tan gain cherge (meeBSO s

voltagel when ealled up to deinteprate & positive signal b’
_lose charge (decrease voltage) when cslied upto deintlegrate - ;'

b neative inpulsignal. This difference :me!erenceiouﬂor.
3 dnput’ uomg)\m gpive 8 ;all_-over error. However Ly>

e - CepTa
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e re!e-enoe capacito: large enough in Ged. While their dielectric sbsorption characteristics vary
”n tothe stray capacutance thiserrorcanbeheldto . - somewhat from unif to_unit, selected devices should gfve

,n 0.5 count for, the worst cese,

dmon (see , !es.s than 0.5 count of error due to d.electm: nbsorphon

onent Values Selection below), 7, e 3 Aulo-Zcm Capacuor e -_.._._....:_: .
, roltover error trom. these spurces is mln!mlzad by " The size of the suto-zero capac»tot has some Infiuence on
ving the reference common mode voluge near of al . ghe noise of the system; 8 big capacilor, giving less noise.
l”"°9 COMMON. . SToaT T tis L @+ U However, it cannot be increased without limits since it in
Componenl Value Selection . .. " .. paraliel with ihe integrating capacitot forms an R-C time
P e conslannhaldglermmes the speed of recovery from over-
For optimum performance of the ana!og secion, care must - ‘foads and more imporiant the errof that exists at the end
'ﬂ ‘bé tahen inthe selection of values for the m!egratorcapac:lor _ofan au!o-zevo cycle. For 409.6mv full scale ‘where noise’_
;3 8nd resistor, autc-2e10 capacitor, reference voliage, and is_very impo-{anl and the integrating resistor small, a
convers»on rate. These values must be chosen to suul the - °  yalue of Ca2 twice Cint is optimum. Similarly for 4. 035V
atticular application. ,: .. e o ooT LT full scale where recovery is more important than noise,'s ~
The most important cons»derahon is that the integrator “valve of Caz equs! o halfl of c,m is recommended.
» oulpuTswing Tor fuli-scale inpUTTbe as large as possibie. For For optimal rejeztion of stray pickup, the outer foit of Caz
T examp e, with 25V supplies ang COMMON connected to should be connected 1o the R-C summing junction and
GND, the nominalintegrator output swing atfull scateis =4V, . the inner foil to pin 31. Similarly the outer foil of Cint
. Since the integrator output can go 10 0.3V from either supply should be connzcted to pin 32 and the inner foil tothe R-C
withoul significantly atlecling linearity. & 4V integralor summing junction. Teflon®, or equivalent, capacitors are
-" output swing allows 0.7V for variations in output swing due recommended above 85°C for their low leakage
to component value and oscillator tolerances. With 25V charactetistics.

_supplies and a common mode range of 1V required, the
. component values should be selected 1o provide *3V
mlegrator output swing. Noise and rollover errors will be
N shghﬂy worse than in the 24V case. For largercommon mode
. vollage rénges, the integrator output swing must be reduced
“further. This will increase both noise and roflover errors. To
~" improve the performance, supplies of 26V may be used. 3 oy / ;
.- 1. Integrating Resistor - count in this instance. Again, Teflon®, or equivalent
& , capacitors should be used for temperatures above §5°C
. Boththe bufler emphﬁer and the integratorhave aclass A for their low leakage characteristics. .
outpu! stage with 1004 A of quiescent current. They sup- K

4. Reference Capacilor
A 1,F capacitor gives good results in rnosl spplicstions.
However, where a large common mode voliage exists (i.e
the reference low is no! at analog commoniand 8 403.6m\
scale is used, a larger value is required 1o prevent roll-over
error. Generally 104F will hold the roli-over error to 0.5

5. Reference Voltage - | - ' e e
The analog input required to generate a full scale output

'7 . ply 20u.A of drive current with negligible non-finearity.

e

. .The inlegrating resistor should be large enough toremain N )
in this very linear region over the input voltage range, but of 4096 counts is Vin = 2VReF. Thus for a normalized scale,

. small enough that undue lezkage requiréments are not 8 reference of 2.038V shouid be used for a 4.998V tull
..placed on the PC bozrd. For 4.095 volt full scele, 200k is scale, and 204.8mV should be used for & 0.49%V tull
_ near optimum and similarly a 20k{1 for a 403.6mV scale. scale. However, in many applications where t-e A/D is

. For other vzlues of tun scale voltage, Rint should be sensing the output of a transducer, there wilf ex sta scale
" chosen by the rela! factor other than unity between the sbsolu.: output

voliage 1o be measured and a desited digital output. For

RINT = M instance, in a weighing system, the de signer'mig™ like to
2% . have a full scale reading when the voltage from the trans-
2. Integrating Capacitor ducer is 0.682V. instead of dividing the input Jown to
< . The integrating capacitor Civy should be selected 1o give 409.6mV, the input voltage should be measured directly
the maximum integ-ator outpul voltage swing without and a reference voltage of 0.341V should be used. Suit-
_ saluraling the integralor (zpproximately 0.3 volt trem able values for integrating resistor and capacitor are 34k
. either supply). For the ICL7108 with *5 volt supplies and and 0.15,F. This avoids a divider on the input. Ancther

. . @&nalog common connested to GND, 2 x3.510 %4 voltinte- advantage of this system occurs when a 2ero readmg is *
1 ratoroutput swing is nominal. For 7-1/2 conversions per desired for non-zero input. Temperature and weught
5.7 - second (61.72KHz ciock frequency) as provided by the measurements with an offsel or tare are examples. The
Sy crystal oscillator, nominal values for Cint and Caz are offsel may be introduced by connecling the vollage
;. 0.154F and 0.33,F, respectively. If ditferent clock fre- output of the transducer between common and analog
= --_Quencies are used, these values should be changed to high, and the offse! voltage between common and analog
3% " maintain the integrator output voltage swing. In general, low, observing polarities carefully. However, in proces-
‘E:. B the value of Cint is given by .sor-based systems using the 1ICL7109, it may be more
& (2048 x clock period) (20,4) _ efficient to perform this type of scaling or tare subtraction

digitally using software.
6. Relerence Sources

integrator output vonage swing c.
addnt-onal requirement of the integrating capacitor is The stability of the reference vollage is & major factor in

=that it have low dielectric absorpticn to prevent roll-over . the overali absolute accuracy of the converter. The reso-
& 81707S. While other types of czpacitors are adequate for - fution of the ICL7109 at 12 bits is one part in 4096, or
.= this epplication, polyprapylene capacitors give undetee- - 244ppm. Thus if the reference has & temperature coef-
é— ;:;able errors at rezsonabdie costup 10 85°C. Forthe military  ~ ficient of 80ppm/*C fonboard reference) a femperaturg
e""Perature range, Tefon® capacitors are recommen- difference of 3°C will introduce a one-bit absolute error,

; R AR X )

S - B
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For this reason, It Is recommended thal sn exiernal high-
quelity reference be used where the ambient temperature Is
not conirolied o1 where hiph-asccuracy absolule messure-
ments are being made.

The ICL7109 provides & REFerence OUTput{pin 28} which
may be used with 2 resistive divider 1o generate 3 suliable.
reference voltage. This output will sink up to.abom 20mA
without signlficent variation In outpui voliage, and Is pro-
vided with  puliup bies device whinl, sources about 10.A
The outpul voltage Is nominally 2.8V below V¢, and has 2
temperaiure coetlicient of = BIppm/°C typ. When using the
onboard reference, REF OUT (Pin 23; should be connected
1o REF— (pin 38), and REF 4 should be connecied 1o the
wiper of & precision polentiometer belween REF OUT and
V*. The circult for 8 204.8mV reference Is shown in the test
clicult. For 8 2.04BmV reference, the fh ed resisior should be
rernoved, and 2 25k precision polent.ometer belween REF
OUT and V* should be used.

Note that If pins 29 end 38 are tied together and pins 3% and
£0 sccidentally shorted {e.p., during testing), the reference
supply will sink enough current to destroy the device. This
c&n be avoided by placing 8 1k resis{or in series withpin 39,

DETAILED DESCRIPTION

Diglta! Selection :
The diglta! section includes the clock osciliator end scaling

circuit, 8 12-bit binary counter with output laiches and TTL- -

compatidle thiee-stzte outpul drivers, polarity, ovei-tange 3
. and control fogic, ant UART handshake logic, as shown In,

the Block Diagram, Figure 4. .

Throughout this description, fogic fevels will be referred to

as “iow™ or “high". The actual logic levels are defined in

Table 1 “Operating Characteristics”. For minimum power
*econsumption, all inputs should swing trom GND (low)to V+*

(hiph). Inputs driven from TTL getes should have 3-5k0 pull-
_ up resistors added for ‘rriaxlmurrg nolse immunity.

. MODE fnput * ‘
" The MODE input Is used 10 contro! the output mode of the

-~ f

g2

converter. When the MODE pinis fow ot leH open tthis input -

Is provided with 8 pulldown resistor 1o ensure 8 fow level 52 |
when the pin is lett open), the converter Is in its “Direct %,
output mode, where the outpul dats is directly .ccessib)e'{f',:'-
under the control of the chip and byle enable inputs. When i -
Ahe MODE input is putsed high, the converter enters the <~
UART handshake mode and oulputs the dats in two bytes, - .
then returns 10 “direct” mode. When the MODE input is lett 7>

" high. the converter will outpul data inthe handshahe mode at -
the end of every conversion cycie. (See sectiop entitied .
~Handshake Mode” for further details). K

STATUS Ouvtput

During 8 converslon cycie, the STATUS outpul goes high st -
the beginning of Sipna! Integrate (Phase I}, and goes low |
one-half clock period afier new data from the conversion
has been stored in the oulppl laiches. See Figure 3 for
detslls of this timing. This sipnal may be used as 3 “dals
valid” flag (deia never chanpes while STATUS is low)fo drive
interrupte, or for monitoring the siatus of the converier. -

_RUNHOLD tnput ‘
When the RUN/HDLD Input is high, or feft open,the circuit .
wi'l continususly perform conversion cycles, updating the
output taiches afier zero crossing during the Deinteprate
AFlase 11D poriion of the conversion cycle (See Figure 3. In

. this mode of operation, the conversion cycle’ will be »

performed in 8182 clock periods, regerdiess of the resulling -
value. T iR
If RUN/FDOLD goes Tow at ‘sny time during Deintegrate -
(Phase 111 afier the zero crossing has occurred, the circult
will immedialely ferminate Deinfegrate and jump to Auto-
Zero. This fealure can be used 1o eliminate the time'spent in -
Deintegrate after the zero-crossing. # RUN/HOLD stays or
goes tow, the converter will ensure minimum Auto-Zero
time, and then wait in AutoZero until the RUN/ROLD input .
goes high. The converter will begin the Integrate (Phase 1i) °
portion of the next conversion (and the STeTuS output will
po highseven clock periods efierthe hiphlevetls Gelected 8t
RUN/HOLD. See Figure S for Cetaits.
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'DEIN'.T TEAMIN, 13D
AT ZERO cl:‘umo

Ntlbﬂ

AN Usmg me RUN/FI'O—'D input in this manner sllows an easy
o '.:’.‘conve"‘ on demand” interface 1o be used. The converier may
X5 be held 8t idle In auto-zero with RUN/RDLD low. When
22+~ RUN/HOLD goes high the conversion Is started, and when
HRY. the STATUS output poes low the new data s valid (or trans-
ferred 1o the UART - see Handsheke Mode). RUN/RDLD may
now go fow terminating Deintegrate and ensuring & minimum
Auto-Zero time before stopping te wait for the next conversion.

1 -
o T

* Alternately, RUN/HOLD can be used to minimize conversion
.. lime by ensuring that it goes low during Deintegrate, sfter
-¥'¢ zero crossing, and goes high after the hold point is reached.
~:.The required activity on the RUN/HDLD input can be
S22 brovided by connecting it 10 the Butfered Oscillatpr Output.

{n this mode the conversion time is dependent on the input
* value measured. Also refer to Intersil Applicztion Bulletin
A032 for 8 discussion of the effects this will have on Auto-

' Zero performance.

k
r; . If the RUN/HOLD input goes low and stays low during Auto-
- Zero (Phase 1), the converter will simply stop at the end of
3 &y Auto-Zero and wait for RUN/HOLD to go high. As above,
.&; Integrate (Phase 1} begms seven clock periods after the high
%J: = leyel is detected.

‘r

\: -
' Direct Mode

& - When the MODE pin is lefl a! a8 low level, the data outputs
“(bits 1 through 8 low order byte. bits 9 through 12, polarity
% “andover-range high order bylel a-e accessible under control
* of the byte and chip enable terminals as inputs. These three
inputs are all active low, and are provided with pullup
resistors to ensure an inactive high level when leff open.
When the chip enable input is low, taking 2 byte enable input
low will allow the outputs of tha! byle to become active
... \three-stated on), This allows z variety of paralle! data

accessing techniques to be used. 2s shown in the section
entitied “Interfacing.” The timing requirements for these
outputs are shown in Figure 6 anc Table 3.

. Table 3 - Direct Mode Timing Requirements

SYMBOL { DESCRIPTION MIN TYP MAX | UNITS

taga Byte Enable vigth | 350 | 220 ns
Data Access Time
from Byte Enzble 210 350 ns
Data Hold Time
trom Byte Enable 150 300 ns
Chip Enable Wioth] 400 260 ns
Data Access Time
from Chip Enable § 260 400 ns
Data Hold Time
from Chip Enable 240 £00 ns

L - J

l-_-—_—.-'j—-'—--

..". =TT T e #—bu—an ’

/

1]

_J

BT WAL

DATA

DATA VALID

DATA
VALID

).--

- o= & HiIGH MPEDANCE

Figure 6: Direct Mode Output Trming -~

It should be nofed that these control inputs sre,
asynchronous with respect fo the converter clock - the cata
may be accessed atany time. Thus it is possible to access the
data while it is being updated whichcouldead to scrambled
¢ata. Synchronizing the access of data with the conversion
cycle by monitoring ihe STATUS output will prevent this.
Data is never updated while STATUS is low.

Handshake Mode .

The handshake oulput mode is provided &3 an ellernztive
mears of interfacing the ICL7102 to digitz! systems, where
the A/D converter becomes active in controlling the flow of
data instead of passively responding 1o chipand byle enable
inputs. This mode is specifically designed to allow a direct
interface between the ICL7109 and industry-standard
UARTs (such as the Intersil CMOS UARTSs, IM5402/3withno
external logic required. When triggered info the handshake
mode, the ICL7109 provides all the control and flag Yignals
necessary 1o sequence the two bytes of data into the UART
and initiate their transmission in serial form. This greatly
eases the task and reduces the cost of designing remote data
acquisition stations using serial data transmission to
minimize the number of lines to the central controliing
processor. -

Entry into the handshake mode js controlied by the MODE
pin. When the MODE termina! is.held high, the ICL7109 will
enter the handshake mode after new data hzs been storedin
the output latches at the end of every conversion periormed
(See Figures 7 and 8i. The MODE terminal may also be used
1o trigger entry into the handshahe mode ondemand. Alany
time during the conversion cycle, the low to high transition of
8 short pulse at the MODE input will cause immediate entry .

433
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2 >12ke mode. I this pulse occurs while new data

:ivd. the entry into handshake mode is delayed
3.5 is stable. While the converter is In the hend-
¥. the MODE input is ignored, ang although
X vl slill be performed, data updating will be
25 .-~ Figure 81 untif the converter completes the
. o0 clears the handshake mode. .-

MODt = high, the chip and byte enable terminals |
.becon. . ompatible oulputs wpich provide the control *
signal: . ' | outpul cycie (See Figures 7, 8, and 8),
Inher. . .node, the SEND inputls used by the converter
esanr

.. . -roftheadility of the receiving device (such as
& UAR | ,.iepldata, SN

F igure.” .- the sequence of the output cycle with SEND
hetd h, "t hancshake mode (Internal MODE high) is
entere 3y the datalatch pulse (since MODE remains high

the CE .+ ~.», {BEN and terminals are active as

outpulss . rugh level at the SEND input is sensed on the
‘same tie ‘.winternal clock edge. On the next low to high
internal ¢ . edge, the CEZLOAD and the RBEN outputs
" eassume | . evel, and the high-order byte (bits 9 through
12,POL ... LR outputs are enabled. The CE/LOAD output

remains 1., .. one fullinternal clock period only, the data
outputs i, i v active for 1-1/2 internal elock periods, and
" the high 1,3 caable remains low for two clock periods. Thus
the CEZLLSAD sutput fow level or fow 10 high edge may be

werierenters the handshake modé. orwhenthe

, - byte enable a5 'n-n'éutéut' _m:a'y'be'us_e'c’! 23’8 byte identifi-
“eation fiag.” With "SEND ‘remalining” high the_converter

compietes the output cycle using CE/LOAD and LBEN while

" the low order byte outputs (bits 1 through B) are activated.

The hendshake mode is terminated when both byles are
sent ot T Ly .
Figure & shows an output séquence where the SEND inputis
used 1o delay portions of the sequence, ot h_an_dsh:ke.. to
ensure correct data transfer. This timing disgram shows thy
relationships «that occur wusing an industry-standard
IM6402/3 CMOS UART to interface to serizl data channels,
In this interface, the SEND input to the ICL7108 is driven by

. the TBRE (Transmitter Butler Repister Emply) output of the

UART, end the CE/LOAD terminal of the ICLT109 drives the
TBRL (Transmitter Butfer Register Load) input 1o the UART.
The cata outputs are parallel:d into the eight Transmitter
Butler Register inputs.

Assuming the UART Transmitler Bulfer Register is empty,
the SEND input will be high when the handshake mode is
enfered afier new data is stored. The CE/LOAD and HBEN
terminals will go fow after SEND Is sensed,-and the high
order byle outputs become active. When CE/LOAD goes
bigh at the end of one clock period, the high order byte data
is clocked into the UART Transmitter Butler Register. The
UART TBRE output will now go low, which halis the output
cycle with the ABEN output low, and the high order byte
outputs active. When the UART has transferred the dzta to
the Transmitter Register and cleared the Transmitter Butfer

used &8s a 3y, Nronizing signal to ensure validdata, and the Register, the TBRE returns high. On the next ICL7109
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ICL7108

internal clock high fo fow edpe, the high order byte outpuls
sre diszbled, and one-hall internal clock later, the REEN
outpul returns high. At the same time, the CETOAD end
TBEN oulputs go low, ang the low order byte outputs
become active. Similarly, when the CE/LOAD returns high at
the eng of one clock period, the low order Sate is clocked into
the UART Transmitter Buffer Register,end TBRE again poes
fow. When TERE returns o & high it will be sensed on the
next ICL7103 internz! clock high to low edpe, disabling the
Oats oulputs. One-half internal clock later, the handsheke
mode will be cleared, end the CE/LOAD, HBEN, and LBEN
terminals return high snd stay zctive (e long 25 WODE stays
highl. :

With the MODE input remzining high as in these examples,
the converier will oulpul the results of every conversion
excep! those completed during @ handshzhe operation By
tripgering the converter inte handshahe mode with & low 10
high edge on the MODE input, hzndshake oulput sequences
mzy be performed on demand. Figure 8 shows 8 hendshale

" output sequence triggered by such an edge. In addition, the

SEND input is shown gs being low whenthe converler enters
handshahe mode. Inthis case, the whole oulpul sequence is
controlied by the SEND input, and the sequence for the first
thigh orderl byte is similar 10 the sequence for the secor-d
byte. This diagram slso shows the output sequence takir.y
longer than a conversion cycle. Note thal the converter shill
makes conversions,” with the STATUS output “2nd
RUN/RDLD input functioning normelly. The only difference
i that new data will not be latched whenin handshake mode,
and is therefore lost. ——y

.

Osclilator

The ICL7103 is providéd with a verselile three terminal
oscillstor 1o generate the internal clock. The oscillator may
be overdriven, or may be opereted as an RC or crystal
psciliator. The OSCILLATOR SELECT input changes the
internal configuration of the oscillator $o optimize it for RC
or crystel operation. -

‘hen the OSCILLATOR SELECT input is high or fett open
{the input is provided with & pullup resistor), the oscillator is
configured for RC operztion, #nd the internal clochk will be
of the same frequency and phese as the signz! a2t the
BUFFERED OSCILLATOR OUTPUT. The resistor and
czpzcitor should be connected as in Figure 10. The circuit
will oscillzte el a frequency given by §= &5/RC. A 1000
resisior is recommended for esefuf ranpes of {requency. For

. oplimum B0H2 fine rejection, the cepacilor value should be
chosen such thay 2045 clock periods is close 10 an integral
mulliple of the 60Hz period. =

Josc » ASRC
Figure 10: RC Oscitlstor i

c ATk e - .

7 Vhen the OSCILLATOR SELECT inputis low'e feedbach de-
- _wvice and outputl and inpul capacilors &’ added to the

%,

oscillator. In this configuration, s shown jn Figure 1
T s e R VRS S R L 1

e =

CRY$TAL .

‘ Figure 11: Crytte! Oscillator

oscillator will operate with most crystels in the 1 1o SMH2

sange with noexternalcomponents Tahingthe DSCILLATOR

SELECT input low also inserts & fixed +58 Cwider circuit

belween the BUFFERED OSCILLATOR OUT=UT 2nd the

internal clock. Using &n inexpensive 3.58MHz TV crystal, this
division ratio provides an integration time given by:

. » 58
T = (2046 clock periods) X (3.55,',”2) = 33.18Bms

This time is very close 10 two 60H2 periods or 33.33ms. The
etrcr is less than one percent, which will give better than

-40dB 60Hz rejection. The converier will pperate reliably at

conversion rales of up 10 30 per second, which corresponds
10 & ciock frequency of 245.8hHz2.

If 81 any time the oscillator is 10 be overdriven, the over-
driving signalshould be applied a1 the OSCILLATOR INPUT,
&nd the OSCILLATOR DUTPUT should be le!t open. The
internat clock will be of the same frequency, Guly cycle, end
phase as the inpul signal when OSCILLATOR SELECT is left
open. vhen OSCILLATOR SELECT is 21 GND, the clock will
be & factor of 55 below the input frequency.

When using the ICL7103 with the IMB203 UART, itis possible
1o use one 3.58MHz crysta! for both Devices. The BUFFERED
OSCILLATOR OUTPUT of the ICL7108 may be used to drive
1he OSCILLATOR INPUT of the UART, saving the neec fora
second crysial. However, the BUFFERED OSCHLATOR
OUTPUT does not have 2 grezt dez! of rive, and when driv-
ing more than one sizve Cevice, externzl bulfering shouidbe
used. -
Test Input .
When the TEST input is taken 10 2 level halfway betweenV*
and GND, the counter output latches are enabled, sllowing
the counler contents 10 be examined ényﬁme.

When the TEST input is connected 10 GND, the counter
oulputs are &l forced into the high state, 2nd the internal
cloch is disabled. Whenthe inpul returns to the 172 (W' —GND)
voltage {or 10 VI end one cloch is applied, all the counter

testing of the counter and fts outpuls. . . "7 -
INTERFACING -~ =+ .
Direc! Mode - . . : . .

Figure 12 shows some of the combinations of chip‘enzble
&nd byte enable control signzls which may be used when
interfacing the ICL7102 10 paralle! date lines. The CEZLOAD
input may be tied low, 2llowing either byte to be controtied

* by its own enable as in Fipure 12A. Figure 328 shows 8

7. _configuration where the 1wo byle enables are connectec

together. In this configuration, the TE/LOAD seives asp
chip enable, and the HBEN and LBEN may be connecter 10

-GND or serve as 2 second chip enable, The 14 data oubts

.. . will 8!l be enabied simultaneously. Figure 12C sho's the

.. FISEN and LBER as flag inputs ;end TEFLOAD assnaster

" enable, which cowd be the READ strobe av_qilabl_ei-f’_‘ mos*

T microprocessorsfi TN T T
) -

et

T TR -
SFrEEA
T ey

_outputs will be cioched 10 the fow state. This allows ezsy



ARCHITECTURAL OVERVIEW
OF THE MCS®-51 FAMILY OF MICROCONTROLLERS

INTRODUCTION

The 8051 is the origins! member of the MCS®.51 family, and is the core for all MCS-51 devices. The features of the
805! core are:

z

¢ B-bit CPU optimized for control applications
e Extensive Boolean processing (single-bit Jogic) capsbilities
® 64K Program Memory address space

64K Dats Memory address space

4K byies of onchip Program Memory

128 bytes of onchip Dais RAM

32 bidirections! and individusBly sddressable 1/0 lines
Two 16-bit timer/counters

o Full duplex UART

& 6-source/S-vector interrupt structure with two priority Jevels

* On-chip clock oscillator

The basic architecturs! strocture of this 8051 cose is shown in Figure 1. > .
EXTERNAL
INTERRUPTS
l | ax
TWER 1
} ROM
INTERRUPT | ‘128 BYTLS &%%r;‘rstn
coxtroL I RAM TMER O fe—

M i

&

CPU

N
L 3 » -
SN2 N2
BUS STRUL
oS¢ CONTROL '_':) 4 1/0 PORTS PORT

™D RXD

”H'—;-
aHHH

PO P2 P1 P}
- .
* ADDRLSS/DATA

270251-1

Figure 1. Block Diagran. of the 8051 Core
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Flgure 2. MCS®-51 Memory Structure
CHMOS Devices MEMORY ORGANIZATION IN

Functionally, the CHMOS devices (designated with
*C" in the middle of the device name) are all fully
compatible with the 80S], but being CMOS, draw less
current than an HMOS counterpart. To further exploit
the power savings sveilsble in CMOS drcuitry, two re-
duced power modes are added:

¢ Softwzre-invoked 1dle Mode, during which the CPU
is turned ofl while the RAM 2nd other on-chip
peripherals continve operating. In this mode, cur-
rent drew is reduced 10 about 35% of the current
drewn when the device is fully sctive.
Sofiware-invoked Power Down Mode, during which
8!l on-chip ectivities are suspended. The on-chip
RAM continues to hold its data. In this mode the
device typically draws Jess than 10 pA.

Although the 8BOCS1BH is functionslly compatible with
its HMOS counterpart, specific differences between the
two types of devices must be considered in the design of
an application circuit if one wishes to ensure complete
interchengeability between the HMOS snd CHMOS
devices. These considerations are discussed in the Ap-
plication Note AP-252, “Designing with the
80CSIBH™.

For more information on the individual devices and
features Jisted in Table 1, refer to the Hardware De-
scriptions end Data Sheets of the specific device.

5-3

MCS¢e-51 DEVICES

Loglcal Separation of Program and
Data Memory

All MCS.51 devices have separate address spaces for
Program and Deta Memory, as shown in Figure 2. The
Jogical separation of Program and Dzta Memory allows
the Dat2 Memory 1o be sceessed by 8-bit addresses,
which can be more quickly stored and menipulated by
an E-bit CPU. Nevertheless, 16-bit Datz Memory ad-
dresses can also be generated through the DPTR regis-
fer.

Program Memory can only be read, not written to.
There can be up 1o 64K bytes of Program Memory. In
the ROM dnd EPROM versions of these devices the
lowest 4K, BK or 16K bytes of Program Memory sre
provided on<hip. Refer 1o Teble } for the amount of
on<hip ROM (or EPROM) on each device. In the
ROMless versions all Program Memory is external.
The read sirobe for external Progrem Memory is the
signa) PSEN (Program Store Ensble).
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MCSe-51 ARCHITECTURAL OVERVIEW i

Datas Memory occupics 8 scparaic address space from
Program Memory. Up 1o 64K bytes of external RAM
can be addressed in the external Data Mcmory space.
The CPU generates read and write signals, RD and
WR, as needed during external Date Memory accesses.

Exl:m:l Program Memory end external Dxte Memory
may be combined if desired by applying the RD and
PSEN signzls 1o the inputs of an AND gate and using
the output of the gate as the read strobe fo the external
Progrem/Dats memory.

Program Memory

Figure 3 shows a mep of the Jower part of the Program
Memory. After resel, the CPU begins execution from
Jocstion 0000H.

As shown in Figure 3, each interrupt is assigned 8 fixed
Jocation in Program Memory. The interrupt causes the
CPU to jump to that Jocation, where it commences eac-
cution of the service routine. External Interrop 0, for
example, is assigned 1o location 0003H. If Exfernal In-
terrupt 0 is poing 1o be used, its service routine must
begin a1 Jocation 0003H. If the interrupt is not going 10
be used, its service Jocation is available as general pur-
pose Program Mcmory.

o) \'\\
P
[oceeM {003 3M)
—_— [ 1]
— os23M
WICREUPT
10caTIONS) Y] 0018w
] t ENILS
—— OC13KH
— 000BM
— 0003M
RESTT — 0000H

270251-3

Figure 3. MCSt-51 Program Memory

The interrupt scrvice Jocations sre spsced ut 8-byte in-
tervals: 00038 for External Interrupt 0, 000BH for
Timer 0, D013H for External Interrupt 1, 001BH for
Timer 1, eic. If en interrupt service soutine is short
enough (es is often the casc in control applications), it
csn teside entirely within thet E-byie interval. Longer
scrvice routines can use s jump instruction 1o skip over
subsequent interrupt Jocations, if other interrupts arc in
use.

5-4

The Jowest 4K (or 8K or 16K) bytes of Pro;nm Mem-
ory can b ¢ither in the on-chip ROM or in an externsl
ROM. This sckection is made by strepping the EA (Ex-
ternal Access) pin to either Voo or Vss.

n the 4K byte ROM devices, if the EA pin is strapped
1o Vog, then program fetches to addresses 0000H
through OFFFH arc directed to the internal ROM. Pro-
gram fetches 10 s3dresses 1000H through FFFFH are
directed 10-external ROM.

In the 8K byte ROM devices, EA = Vg sclects ad-
dresses 0000H through 1FFFH to be internal, and ad-
dresses 20008 through FFFFH 1o be external.

In the 36K byic ROM devices, EA = Ve selects ad-
dresses 0D000H through 3FFFH to be internal, and ad-
dresses 4000H through FFFFH 10 be eaternal.

X the EA pin is strapped to Vss, then all program
fetches are directed 10 extcrnal ROM. The ROMiless
perts must have this pin externally strapped to Vgg 10
enable them to execute properly.

The read strobe to external ROM, PSEN, is used for all
externa) program feiches. PSEN is not sctivated for in-
ternal program feiches,

u:s‘—st [ng fe ]
® rs o WSTA.
6
= N
) S—
LaICH ADDR
/
o R »
= &
270251-4

Figure 4. Executing from External
Program Memory

The hsrdware configurstion for externs] program eae-
cution is shown in Figure 4. Note that 16 1/0 lines
{Ports 0 and 2) arc dedicated to bus functions during
externa) Program Memory feiches. Pon O (PO in Figure
4) serves as a multipleaed address/dats bus. 1t emits
the Jow byte of the Program Counter (PCL) as an ad-
dress, and then gocs into a flost siste awuiting the arriv-
al of the code byte from the Program Memory. During
the time that the Jow byte of the Program Counter is
valid on PO, the signal ALE (Address Laich Enable)
clocks this bylc into £n address latch. Mcanwhile, Port
2 (P2 in Figure 4) emits the high byte of the Progrsm
Counter (PCH). Then PSEN strobes the EPROM and
the code byte is read into the microcontrolicr.
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Program Memory sddresses arc always 16 bits wide,
even though the actusl amount of Program Memory

used may be Jess than 64K bytes. External program .

execution sacrifices two of the 8-bit ports, PO and P2, to
the function of addressing the Program Memory.

Data Memory

The night hslf of Figure 2 shows the internal and exfer-
nal Data Memory spaces available to the MCS-51 user.

Figure 5 shows » hardware confipurstion for scoessing
up 10 2K bytes of extergal RAM. The CPU in this case
is executing from’ inteinal ROM. Pon 0 serves as a
multiplexed address/data bus to the RAM, and 3 lines
of Port 2 are being used 1o page the RAM. The CPU
generates RD and WR signels as nesded during exter-
nal RAM accesses.

LU A -ale SN
(T xn »o DATA
. & M
LI e
Witk SXTTRRAL LAYCH :’) fav
8OV 4it + .
ADOR

e

o

]

Py 2 7
&0 Pact
Wi @ vo [ e

—1_1 @

w _u
3]

702515

Figure 5. Accessing Exiernal Dats Memory.
{{ the Program Memory Is Internal, the Other
Bits of P2 are Avallable &35 /0.

Therc can be up to 64K byies of external Data Memo-
ry. External Dats Mcmory addresses can be either 1 or
2 bytes wide. One-byie addresses are ofien used in con-
junction with onc or morc other 1/0 lines to page the
RAM, es shown in Figure S. Two-byte addresses can
aluo be used, in which case the high sddress byte is
emitied at Port 2.

fing=csesece rru
o atcresin, g | accisseit
urPrr o & sORICT | @y DRICT
128 8 ADDRISSMC | ADORLSSWC
s OmY .
[Tl [t
7 ATTISSIBLL \_sbrm
1owia | &y omect fuscnon |TORTS
128 [axd momICt RIS TR | STATVS AND
ADORESSING Soenno, 813
R
®1CSTINS
Stats PONTIR
ACCUMU_ATON
(3]
270251-6

Figure &. Internal Dats Memory

Internal Data Memory is mepped in Figure 6. The
memory space is shown divided into three blocks,
which are generally referred to as the Lower 128, the
Upper 128, and SFR space.

Internel Data Memory sddresses are alwzys one byte
wide, which implies an sddress space of only 256 bytes.
However, the addressing modes for internal RAM can
in fact accommodate 384 bytes, using a simple trick.
Direct addresses higher than TFH eccess one memory
space, and indirect addresscs higher than 7FH access 8
different memory space. Thus Figure 6 shows the Up-
per 128 and SFR space occupying the same block of
addresses, 80H through FFH, although they are physi-
cally separate entities.

R
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Figure 7. The Lower 128 Byles of Inlemnal RAM

The Lower 128 bytes of RAM are present in all
MCS-51 devices as mapped in Figure 7. The Jowest 32
bytes are grouped into 4 banks of 8 registers. Program
instructions call out these registers as RO through R7.
Two bits in the Program Status Word (PSW) select
which register bank is in use. This allows mose efficient
usz of code space, since register instructions are shorter
than instructions that use direct addressing.

"e

HD Br-ADORISSABLE
SPACTS

AVALABLI At SlaCx
SPaCl w¢ DIVICLS WITH
25¢ OYICS Rav

N0 WPLIMTNTID M 805¢

BoM
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Figure 8. The Upper 128 Bytes of internal RAM
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Figure 10. PSW (Program Status Word) Register in MCS®-51 Devices

The next 16 bytes above the register banks form a block
of bit-addressable memory space. The MCS-51 instruc-
tion set includes & wide selection of single-bit instruc-
tions, and the 128 bits in this ares can be directly ad-
dressed by these instructions. The bit addresses in this
arca are OOH through 7FH.

All of the bytes in the Lower 128 can be sccessed by
cither direct or indirect eddressing. The Upper 128
(Figure 8) can only be accessed by indirect addressing.
The Upper 128 bytes of RAM are no! implemented in
the 8051, but are in the devices with 256 bytes of RAM.
(Sec Table 1). .

Figure 9 gives a brief Jool. at the Speciel Function Reg-
ister (SFR) space. SFRs include the Port latches, tim-
ers, periphers] controls, elc. These registers cen only be
sccessed by direct addressing. In general, all MCS.51
microcontrollers have the seme SFRs as the 8051, and
81 the same addresses in SFR space. However, enhance-
ments to the 8051 have additional SFRs that are not
present in the BOSY, nor perhaps in other proliferations
of the family.

Fru .
3 RIGSTIR-MAPPLD PORTS
[{:2] ACC
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H O OF 8+ ARL ALSO
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[ 1] PORY 3
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L-PSW
AOM PORT 2 (re.)
-
(1] PORT A
.
[
B0H PORY O
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Figure 9. SFR Space

Sixteen addresses in SFR space are both byte- and bit-
sddressable. The bit-addressable SFRs are those whose
address ends in O00B. The bit addresses in this ares are
80H through FFH.

THE MCS®-51 INSTRUCTION SET

All members of the MCS-51 femily execute the same
instruction set. The MCS-5] instruction set is opli-
mized for 8-bit contro! applications. It provides » vari-
ety of fast addressing modes for sceessing the internal
RAM 1o facilitate byle operations on sma!l date struc-
tures. The instruction set provides extensive support for
one-bit varisbles #s a separate data type, allowing direct
bit anipulation in contro! and logic systems that re-
quire Boolean processing.

An overview of the MCS-5] instruction set is presented
below, with & brief description of how certain instruc-
tions might be used. References to “the assembler™ in
this discussion are to Intel’s MCS-5] Macro Assembler,
ASMS]. More deteiled information on the instruction
set can be found in the MCS-51 Macro Assembler Us-
er's Guide (Order No. 9800937 for ISIS Systems, Order
No. 122752 for DOS Systems).

Program Status Word

The Program Status Word (PSW) conteins several
status bits that reflect the current state of the CPU. The
PSW, shown in Figure 10, sesides in SFR space. It con-
tains the Cerry bit, the Auxiliary Cerry (for BCD oper-
stions), the two register bank select bits, the Overflow
flag, s Parity bit, and two user-definable status flags.

The Carry bit, other than serving the functions of a
Carry bit in arithmetic operations, also serves as the
“Accumulator™ for 8 number of Boolean operations.
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"“Table 8. Conditional Jumps In MCS¢-51 Devices

There is no Zero bit in the PSW. The JZ and INZ
instructions test the Accumulator date for that condi-
tion.

The DINZ instruction (Decrement and Jump if Not
Zero) is for Joop control. To execute a Joop N times,
Jozd a counter byte with N and terminste the foop with
8 DINZ to the beginning of the Joop, as shown below
for N = 10:

MOV COUNTER,? 10
LOOP: (begin loop)

(end loop)
DINZ COUNTER,LOOP
{continue)

The CINE instruction (Compare and Jump if Not
Equal) can also be used for Joop control as in Figure 12
Two bytes are specified in the operand ficld of the in-
struction. The jump is executed orly if the two bytes
are not equal. In the exemple of Figure 12, the two
bytles were the data in R] and the constant 2AH. The
initia] data in R1 was 2EH. Every time the Joop was
executed, R1 was decremented, and the Jooping was to
continue until the R] data reached 2AH.

Another application of this instructior. is in “greater
than, less than®™ comparisons. The two bytes in the op-
erand ficld are taken as unsigned integers. )f the first is
Jess than the second. then the Carry bit is se1 (1). If the
first is greater than or equal to the sccond, then the
Carry bit is cleared. .

CPU TIMING

All MCS-51 microcontrollers have an on-chip oscillstor
which can be nsed if desired as the elock sdurce for the
CPU. To use the on-chip oscillator, connect a crystal or
ccramic sesonstor between the XTALD and XTAL2
pins of the microcontroller, and eapucitors to ground as
shown in Figure 13.

Addressing Modes Execution
Mnemonic Operation T )
R Dir | ind | Reg | imm | Time(us
JZ el Jump A =0, Accumulatoronly N
JNZ  re! JumpitA+# 0 -- Accumulator only 2
DJNZ <byte> el - Dectemen! end jump i notzero | X 4 X 2
CJNE A, <byle> re! Jumpil A ¥ <byte> X’ ) X 2
CINE <byle>,¢dsatarel | Jumpil <byte> + ¢data X X ’ 2’

"

270251-1%

Figure 13. Using the On-Chip Osclliator
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Figure 14. Using an External Clock
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Examples of how 1o drive the clock with an externel
oscillator are shown in Figure 14. Note that in the
BMOS devices (805, etc.) the signal at the XTAL2 pin
actually drives the internal elock generator. In the
CHMOS devices (BOC51BH, eic.) the signal et the
%TAL! pin drives the internal clock genenator. If only
one pin is going 10 be driven with the external oscillator
signal, male sure it is the right pin.

The interne) clock generetor defines the sequence of
states that male up the MCS-$1 machine cycle.

Machine Cycles

A machine cycle consists ‘of s sequence of 6 stxtes,
numbered S) through §6. Each state time lests for two
oscillator periods. Thus a machine cycle tekes 12 oscil-
Istor periods or 1 ps if the oscillstor frequency is
12 MHz .

I3

Each state is divided into a Phase ) hall and 2 Phace 2
half. Figure 15 shows the feich/execute sequences in

N

[ 3] LU‘SJ l“LtS L“lﬂ
PPz Py P2 (PY P2 P P2 r2 Lol gl ]

81
P P

IILI) “Ll& L“
ne cBishcl 2 "2

L]
|
| READ OPCODE
I
[

READ NEXT !
— OPCODE
(D!SCARD)

I — N\

- -

() Tdyle, Ycyche instncton o g INC A

— RLAD OPCODL.

l RELAD IND 'VTLI

RLAD NIXT OPCODE.

|
-------- [v s [o [ s [ [} .

(B] 2-brta, Ycyoie Insinuction, ¢ 5. ADD A #dals

| RLAD OPCODL.
READ NEXT

| OPCODE {DISCARD)

] READ NIXY OPCODE AGAIN

| ~ ' '
....... [w]e]w[suls[u]sn]ule[u]ls]w] ___

i
(C) 3-byte, Jcyche butucion s g INC DPTR

RIAD OPCODL
MO¥E)  prap NERT
! OPCODE (DISCARD)

i 1
[] KREADNEXYYOPCODE AGAIK.
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! oAt
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' ACCESS EXTERRAL MEMDRY |
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Figure 15, State Sequences in MCS®-51Devices
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stafes and phases for various kinds of énstructions. Nor-
mally two program fetches are generated during each
mechine cycle, even if the instruction being executed
doesn't require 1. If the instruction being executed
doesn’t need more code bytes, the CPU simply ignores
the extra fetch, and the Program Counter i not incre-
mented.

Execution of a one-cycle instruction (Figure 15A and
B) begins during State | of the machine eycle, when the
opcode is Iatched into the Instruction Register. A sec-
ond feich occurs during $4 of the same machine cycle.
Execution is complete at the-end of State 6 of this ma-
chine eycle.

The MOVYX instructions tal.e two machine cycles 10
execute. No program fetch i generated during the sec-
ond cycle of 8 MOVX instruction. This is the only time
program fetches are skipped. The fetch/esecute se-
quence for MOVX instructions is shown in Figure
15(D).

The fetch/execute sequences are the same whether the
Program Memory is internal or external to the chip.
Execution times do not depend on whether the Pro-
gram Memory is intermal or external.

Figure 16 shows the signals and timing involved in pro-
gram fetches when the Program Memory is external. If
Program Memory is external, then the Program Memo-
1y read sfrobe ESEN is normally activated twice per

machine cycle, as shown in Figure 16(A).

If an sccess 10 extermal Dats Memory occurs, 2s shown
in Figure 16(B), two PSENs are skipped, because the
address and data bus are being used for the Date Mem-
ory sccess. .

Note thst 8 Data Memory bus cycle takes twice as
much time as a Program Memory bus eycle. Figure 16
shows the relative timing of the addresses being emitied
21 Ports 0 and 2, and of ALE and PSEN. ALE is used
10 Iatch the Jow address byte from PO into the address
fstch.

IR

ONE MACHINE CYCLE — ONL MACHINE CYCLE
In[_nln]u]ss[uln|uln|u|ss|“

]
]
]

NIy

L

—

|

;s_m_f :1 LS

-——dnow b

[ SR

)
; ()
ko : v WITHOUT A
! ] M MOVX.
vapcrooTY . pcnour X porout Xy pcrour )T ecHOUT  XPCHOUT
f } ] i ]
- —2) D) 9, & &
. (] ’ ] '
{rcLomn {rcLour {eciomn {rcLour
VALID VALID VALID VALID
t cveLe cYcLE? !
[uls:lululss[u saluln]ul:slu
ae—J 1 1 1 I
i r 1
pem—d L1 [ N R
) ! 1 . L (8)
' '  — R ' WITH A
. . ' ' MOVX.
r2pcriouTY ' pcrounn X ' DPHOUY ORP2OUT X Tecuour X rcHout
T —4 v
ADDR\____ b
ro LMo~ C o)y
trcou { avorour trciour
vALID VALID VALID
270251-16

Figure 16. Bus Cycles In MCS®-51 Devices Executing from External Program Memory
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MCse-51 PROGRAMMER

' GUIDE AND INSTRUCTION SET

MCS®-51 INSTRUCTION SET -

Table 10. 8051 Instry/ction Se1 Summary

Interrupt Response Time: Refer 10 Hardware De-
scription Chapter.

Instructions that Atfect Flag Settings(T)

Instruction Flag Instruction Fisg
C OV AC C OV AC

ADD X X X CLRC (o]
ADDC X X X CpPLC X
suBB X X X ANLCHt X

MUL 0O X ANLC./bt X

DIV 0 X ORLCbit X

DA X ORLCHit X
RRC X MOVCDbIt X

RLC X CJINE X
SETEC 1

{1)Note that operations on SFR byte address 208 or
bit addresses 209-215 (i.e., the PSW or bdits in the
PSW) il alo afTect flag settings.

Note on fnstruction sef 2.8 sddressiag modes:

Rn — Register R7-RO of the currently se-
Jected Register Bank.

— §-bit intona! data Jocation®s address.
This could b an Internal Dats RAM
Jocation (0-127) or a SFR lie, 170
port, contro} register, stafus sepister,
elc. (128-255)).

— B-bit internal dets RAM location (0~
255) addressed indirectly through reg-
ister R1 or RO.

¢data - B-bit constant included in instruction.

¢ dete 16 — 16-bit constant included in instruction.

2ddr 16 — 16-bit destination address. Used by

1 LCALL & LIMP. A branch can be
anywhere within the 64K-byte Pro-
gram Memory sddress space.

— 11-bit destination sddress. Used by
ACALL & AJMP. The branch will be
within the seme 2K-bytc page of pro-
gram memory as the first byte of the
following instruction.

— Signed (two's complement) 8-bit offset
byte. Used by SIMP and all condition-
a) jumps. Renge is —128 to +127
bytes selative to first byte of the fo)-
Jowing instruction.

— Dirscct Addressed bit in Internal Data
RAM or Special Function Register.

direct

€Ri

8ddr 11

rel

bit

All mnemer A copyrighled @inte! Corporation 1880

—
Mnermonic Description Byte o;:'::::’f
[ARITHMETIC OPERATIONS

ADD ARn Add register 0 1 12
Actumuator

ADD  A.Gvect Adddirect byle 10 2 12
Accumulstor

ADD A€Ri  Addindeect RAM 1 12
to Accurnulator

ADD A.¢dsta Addimmedisie 2 12
data 10
Accumnutalor

ADDC #.Rn Add register 0 1 12
Accumuislof
with Camry

ADDC A.dvect Add direct byte 10 2 12
Accumulator
with Carry

ADDC £.€Ri  Addindvect 1 12
RAM to :
Accumulsior
with Carry

ADDE 4.¢dala Add immediale 2 12
dats 1o Acc
with Carry

SUBB £.Fn Subtract Register 1 12
from Acc with
borrow

sUBB A.6rect Subtract direct 2 12
byte from Acc
with bortow

suUBB A, €RI Subtract indirect 1 12
RAM fiom ACC
with borrow

suRB 4.¢data Subtract 2 12
fmmediate data
from Acc with
borrow .

INC I3 Increment 1 12
Accumulstor 3

INC B~ ‘increment register 1 12

INC Gretl increment direct 2 12
byle

ING eFi increment direct 1 12
RAM

DEC # Decrement ] 12
Accumulator _j

DEC B~ Decrement 1 12
Register E

DEC crect Decremeont direct 2 12
byte

DEC €&Fu Decrement 1 12 o
Indirect RAM -
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MCSe-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

Table 10. 8051 Instruction Set Summary (Continvad)

621

Mnemonic Description °;:':;L°' Mnemonic Descripion  Byte Opciato"
ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continued)
INC DPTR Incremant Data 24 RL A Rotate 12
Pointer . Accumulatos Left
MUL AB Muitiply A8 B 48 RLC A Rotate 12
Div AB Divide Aby B 48 Accumuiator Left
DA A Decima! Adjust 12 through the Carry
Accumulsior RR A Rotste 12
LOGICAL OPERATIONS Accurnutator
ANL ARn AND Register to 12 Right
Accumdator RRC A Rotate 12
ANL Adirect AND drect byte 12 Accumuiator
1o Accumutstor Right through
ANL A.€Ri AND indrect 12 the Carry
RAM o SWAP A Swep nibbdles 12
Accemulator within the
ANL A ¢dets AND immediate 12 Accumulator
dats t0 DATA TRANSFER
Accumalator MOV ARn Move 12
ANL direct,A AND Accurrusdsior 12 repister to
10 direct byle 4 Accurmstator
ANL dject,?date ANDimmediate 24 MOV Adirect Move direct 12
data to twect byte byte to
ORL ARn OR register 0 12 Acarmxdsior
Accurnulator MOV  AER: Move indirect 12
ORL Adirect OR grectibyle t0 12 RAM 10
Accumuistor Accurnulstor
ORL AERiI OR indrect RAM 12 MOV A vdste Move 12
o Acturmulator immediste
ORL A sdata OR immediate 12 datato’
datsto Accumulator
Accumulator MOV RnA Move 12
ORL duectA OR Accumulstor 12 Accumulator
1o direci byte {o register
ORL direct,# data OR imnediste 24 MOV  Radirect Move direct 24
date 15 direct byte byte to
XRL ARn Exclusive-OR 12 register
register to MOV  Rnedata  Move 12
Accuzsdsion immaediste tsta
XRL Adirect Exclusive-OR 12 1o register
direct byle to MOV drectA Move 12
Accumuiator Accurmufator
XRL AE€Ri Exchssive-OR 12 1o Gwect byle
indirect RAM 10 MOV dwectRn Move repister 24
Accumulator 1o divect byte
XRL A,¢data Exclvsive-OR 12 MOV directdirect Move drect 24
immedale dals tO byte to direct
Accurmudsior A MOV direcl&Ri  Move indhect 24
XRL diect,A Exciusive-OR 12 RAM to
Accumulator 10 drecibyle
Girect byte MOV crect, ¢ dala Move 24
XAL direct,#dsta Exclusive-OR 4 {mmediale deta
immediste data to drect byte
10 duect byle MOV  €RIA Movse 12
CLR A Clear 12 Accumuiator 1o
Accumuistor Indirect RAM
CPL A Compiement 12 All mnemonics copyrighted ©lnte! Corporation 1980
Accumuiator
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MCS¢-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

Tabie 10. 8051 tnstruction Set Summary (Continued)

Mnemonic Description Byte O;:!:;Lor Mnemonic Description . Byte Ops:lrl:::,or
DATA TRANSFER (Continued) BOOLEAN VARIABLE MANIPULATION
MOV  eRidirect Move drect 2 24 CLR C Clear Carry 1 12
byte 0 CLR bit Cloar duect bit 2 12
indirect RAM SETB C Set Carty 1 12
MOV e€Ri,¢dats Move 2 12 SETB  bit Set drect bit 2 122
immedate CcPL [} Complement 1 12 -
data to Cairy
indirect RAM cPL bit Complement 2 12
MOV DPTR,¢#dsta16 Load Data 3 24 drect bit
Poinfer witha ANL C.bit AND drect bit 2 24
16-bif constant to CARRY
MOVC A €A+ DPTR Move Code 1 24 ANL C./bit  AND complement 2 24
bylte relative 1o of direct bit
DPTR 1o Acc 1o Carry
MOVC A€A+PC Move Code 1 24 ORL C.bit OR dwect bit 2 z4
byte relative to to Canry
PCto Acc ORL C./bit  OR complement 2 24
MOVX A E€Ri Move 1 24 of direct bit
Externa! 1o Carry
RAM (8-bit MOV Cbit  Move drectbit 2 12
addr) to Acc © Camry
MOVX A eDPTR Move' 1 24 MOV bitC Move Carry to 2 24
External direct bit
RAM (16-bit Jc rel Jump ¥ Camry 2 28
addr) to Ace s set
MOVX €RiA Move Acc 10 1 24 JNC rel Jump it Canry 2 24
Exierns! RAM not set
(8-bit eddr) JB bilrel  Jump K direct <] 24
MOVX €DPTR,A Move Acc 1o 1 24 Bitis set
Externs! RAM JNB bitrel  Jump i drect 3 24
(16-bit 8dar) Bilis Notset
PUSH direct Push divect 2 24 JsC bitre!  Jump il drect 3 24
byte onlo Bitissst 8
stack N clear bit
POP  diect Pop direct 2 24 PROGRAM BRANCHING
byte from ACALL eddr11 Absohste 2 24
stack Subrouime
XCH ARn Exchange 1 12 Call
register with LCALL eddr16 Llong 3 z¢
Accumulstor : Subroutine
XCH Adiect Exchange 2 12 Call
diect byte RET Retum trom 1 24
with Subrouting
Accumuylsior RETI Return from 1 24
XCH AE&Ri Exchsnge 1 12 interrupt i
induect RAM AJMP  addii1  Absokite 2 24
with Jump
Accurnulator LIMP  addri6 Long Jump 3 24
XCHD A.G6RI Exchange low- 1 2 SIMP 1ol Short Jump 2 24
order Digit (relative addr)
h":’& RAM Al mnemonics copyrighted €inte! Corporation 1960
witl



mtel MCSe-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

Table 10. 8051 Instruction Set Summary (Continued)

Mnemonlic Description  Byte 0;::;01 Mnsmonic Description Byte O;mor
PROGRAM BRANCHING (Continued) . PROGRAM BRANCHING (Continued)
JMP  GA4DPTR Jumpindrect 1 24 CINE Rn,edetaret Compere 3 24
relative to the mmedisie 10
DPTR regisier and
JZ et Jump it 2 24 ‘ Jump if Not
Accumulator N Equal
is Zero CINE eRi¢datarel Compare 3 24
INZ  rel Jump 2 .24 immediste 10
Accumulsior indrect snd
is No! Zero Jump #f Not
CJNE Adrectrel Compare 3 24 Equal
drect byle to DINZ Rntel Decrement 2 24
Ace snd Jump register end
f Not Equa! Jump H Not
CINE A, ¢datarel Compare 3 24 2er0
immediate 10 E DJINZ  duectrel Decrement 3 24
Acc end Jump duect byle
# Not Equa! : and Jump ¥
Not Zero
NOP No Operation 1 12

All mnemonics copyrighted ©inte! Corporstion 1880
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Mcse-51 PROGR&AWMER'S GUIDE AND INSTRUCTION SET

Table 11.inmi-vction Opcodes in Hexadecimal Order

Hex Number o nd -Hex Number

Code _ ofBytes Mnemonic * Code  of Byles Wremonlc Operands
0o 1 NOP 33 1 RLC A .
o1 2 APIP code % 34 2 ADDC Aecala

02 3 uMP code 8 t9" 35 2 :ADDC Adats addr

03 1 RA A 36 1 "ADDC AER0

04 5 ING A 37 1 ADDC AER1

05 2 NG dsta 847 38 i ADDC ARD

06 1 NG eR0 38 1 ADDC AR1

07 1 e €¢R1 3A 1 ADDC AR2

08 1 NG R2 3B 1 ADDC AR3

08 1 NG R1 ac 1 ADDC AR4

0A 1 NG R2 3D 1 ADDC AR5

oR 1 e R3- 3E 1 ADDC ARG

oC 1 NG R4 3F 1 ADDC AR7

oo 1 ™C RS 40 2 JC code 8ddr

oL 1 NG R6 a1 2 AIMP code addr

oF 1 me R7 42 2 ORL data nddr A

10 3 5C b agrv . co0e 8ddr 43 3 ORL dals pdd, ¢ cdata
1 2 ACALL coda s> 44 2 ORL A ¢data

H4 3 LCALL code prF 45 2 ORL Adsta addr

13 1 RRC A ‘ 46 1 ORL AER0

4 1 DEC A 47 1 ORL ACR1

1% 2 DEC dats 8% 48 1 ORL ARD

16 1 DEC 6RO 49 1 ORL AR

7 1 DEC €¢R1 4A 1 ORL AR2

1’ 1 DEC RO 4B 3 ORL AR3

1® 1 DEC R1 4C 1 ORL AR4

1A 1 DEC R2 4D 1 ORL ARS

B 1 DEC R3 4E 1 ORL ARS

1C 1 DEC -7} 4F ] ORL AR7

10 1 DEC RS 50 2 JNC code addr

1€ 1 DEC R6 51 2 ACALL code addr

IF 1 DEC R7 52 2 ANL data addr A
oy 3 Js bt adyy, code aodr 53 3 ANL date addr, ¥ data
23 2 AIMP code #¥5 54 2 ANL A0 dats

by 1 RET 55 2 ANL A.cate addr

<3 1 RL A 56 1 ANL A RO

4 2 ADD Addr's £7 1 ANL A&R1

a8 2 ADD A.Cate 8390 58 1 ANL ARD

&6 1 ADD AERD 59 1 ANL AR1

22 1 ADD AER1 5A 1 ANL . AR2

28 1 ADD ARD 1) 1 ANL AR3

P 1 ADD AR1 5C 1 ANL ARL

2A 1 ADD AR? 5D 1 ANL AR5

<B 1 ADD AR3 SE 1 ANL ARG

&8 1 ADD AR4 5F ] ANL AR?

<0 1 ADD ARS 60 2 2 code addr

i 1 ADD ARG 61 2 AIMP code addr

<F 1 ADD AR7 62 2 XRL Oats addr A

» 3 JNB it ek, C000 88! 63 3 XRL dats addr ¢ dsts
N 2 ACAIL code AND! 64 2 XAL Aedaia ]
32 1 RET! 65 2 XRL Adataadd  |°

"l“"t

a1}
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Teble 11. Instruction Opcodes In Hexadecimal Order (Continued)

c':;' . :'u:;:: Mnemonic Operands C":;e :u:;:: Mnemonic Operands

66 1 XRL A€R0 09 1 SUBB +.R1

67 1 XRL AGR1 pA 1 SUBB AR2

66 1 XAL ARO (2] 1 sUBB AR3

69 1 XRAL AR1 oC 1 suBB AR4

6A 1 XRL AR2 oD 1 SUBB ARS

6B 1 XRL AR3 BE 1 SuBB ARG

6C 1 XAL AR oF 1 suUBB AR7

6D 1 XAL AR5 AD 2 ORL C./bit addr

6E 1 XRL ARG At 2 AP code addr

6F 1 XRL AR? A2 2 MOV C.bil addr

70 2 JINZ code addr A3 1 INC DPTR

n 2 ACALL code addr Ad 1 MUL AB

72 2 ORL C.bitaddr AS reserved

73 1 JMpP €A+ DPTR AB 2 MOV € R0 data addr

74 2 MOV Asdata AT 2 MOV’ ¢R1,05s add

75 3 MOV dals add:, @ data AB 2 MOV RO,data addr

76 2 MOV €R0 ¢ data A9 2 MOV R1,data addr

Iy 2 MOV €R1,9dsta AA 2 MOV R2.date sddr

78 2 MOV R),vdate AB 2 MOV R3,dats add

79 2 MOV Ri.#dats AC 2 MOV R4, dsta addr

A 2 MOV 2, edate AD 2 MOV RS, deta pddr

7B H MOV R3,¢data AE 2 MoV R6.data addr

(> 2 MOV Re,odsts AF 2 MOV R7.date addr

70 2 MOV RS5.¢dsta BO 2 ANL C./blt addr

7€ 2 MOV R6,vdata B1 2 ACALL code addr

7F 2 MOV R7,008 B2 2 crL bit eddr

80 2 SIMP cods 80dr B3 1 CcPL c

81 2 AIMP code sddr B4 3 CINE A, data code addr
82 2 ANL Cbaaddr BS 3,  EINE A date add:,code addr
83 1 MOVC ACA+PC B6 3 CINE € RO, ¢ data,code addr
84 1 DV AB 87 3 CJINE ¢ R, deta,code sddr
85 3 MOV date 839, Gsia adds 88 3 CJNE RO, ¢ dats,code addr
86 2 MOV Cals 833, €RO BO 3 CJINE R1,¢ data code add
87 2 MOV dsts 803,86 R BA 3 CJINE R2,¢ data,code addr
88 ” MOV dats 899 RO :1:) 3 CJNE R3,¢ dala.code addr
89 2 MOV dsis 833 R BC 3 CINE R4, dela code addr
BA 2 MOV date ag3t R2 BD 3 CINE RS, ¢ data,code adde
8B 2 MOV aats 8941, R3 BE 3 CINE R6,# data,code addr
6C 2 MOV dete 8031 R BF 3 CINE R7,¢ data,code add
6D 2 MOV data &901,R5 (o] 2 PUSH dala eddr

8E 2 MOV dals 8331,R6 (a3 2 AP code pddr

8F 2 MOV dats 8901, R7 c2 2 CLR bit addr

0 3 MOV DFTR.¢ Osla [ox] 1 CtR Cc

o1 2 ACALL code 8cdr c4 1 SWAP A

82 ¢ MOV bit 8da,C cs 2 XCH Adats sddr

03 1 MOve ASA+DPTR c6 1 XCH A.CRD

o 2 sUBB A.vcata c? 1 XCH A.CR1

o5 2 SUBB A data addr cs 1 XCH ARD

L] 1 sUsB A SRO ce 1 xCH AR1

7 1 SUBB AGR1 CA 1 XCH AR2 4

98 1 SUBB ARD CcB 1 XCH AR3
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Table 11. Instruction Opcodes In Hexadecima! Order (Conlinued)

C'::e :’u:;:: Mnemonlc - Operands CH:;e :":;:: Mnemonic Operands
cc 1 XCH AR4 E6 1 MoV AERO

Cco 1 XCH AR5 E7 1 MOV ASGR1

CE 1 XCH ARS E8 1 MOV AROD -
CF 1 XCH AR? €9 1 MOV AR1

Do 2 POP dela addr EA 1 MOV AR2

D1 2 ACALL code addr EB 1 MOV AR3

D2 b4 SETB bit eddr EC 1 MOV AR4

D3 1 SETB c ED 1 MOV ARS

D4 1 DA A EE 1 MOV ARG

DS 3 DINZ date eddr,code addr EF 1 MOV AR7

Ds 1 XCHD AERD FO 1 MOVX eDPTR.A
224 1 XCHD A ER1 F1 2 ACALL code addr
o]:] 2 oz RO.code addr F2 1 MOVX ¢R0.A

D9 2 DINZ R1,code addr F3 1 MOVX eR1,A

DA 2 DinNzZ R2,code addr F4 1 cPL A

DB 2 DNz R3,code addr F5 H4 MOV dats addr A
DC 2 DNz R4.code 80dr F6 1 MOV €RO,A
{els] 2 DINZ RS5.code addr F7 1 MOV eR1,A

DE 2 DiNz R6.cods addr F8 1 MOV RO.A

DF 2 Dinz R7.code addr Fo 1 MOV R1A

Fo 1 MOVX A eDPTR FA 1 MOV R2A

1 3] e ASNP code addr FB 1 MOV R3IA

E2 1 MOVX AERO FC 1 MOV R4A

E3 1 MOVX AGR1 FO 1 MOV RS5,A

E«4 1 ClR A FE 1 MoV R6,A

ES 2 MOV Adais eddr FF 1 MOV R7,A




National
Semiconductor

LM78XX Series Voltage Regulators

Genera! Description

The LM78XX series of three termina! regutators ks svailable
with severs! fixed outpul vollages making them useful in a
wide tenge of applications. One of these is loce! on card
reguiation, eliminating the distribution problems essociated
with single point regulation. The voliages svailable aliow
thess regulators 1o be used in logic systems, instrumenta-
tion, HiFi, end other sohd state electronic egquipment. Al-
though designed primarily as fixed voltage reguatators these
devices tan be used with exiernal components to obtain
adjusiable voliages and cunents,

The LM78XX series is available in 8n aluminum TO-3 pack-
age which will aliow over 1.0A load current if adequate heat
sinking is provided. Current bmiting is included to limit the
peak outpul current to a safe value. Sale ares protection for
the outpul transistor & provided 1o limit intema! powet dissi-
pation. If internat powes dissipation becomes too high for
the heat sinking provided, the thermal shutdown circuit
takes over preventing the IC fiom overheating
Considsrable effort was expanded 1o make the LM78XX se-
ries of regulsiors easy 10 use and mininize the number

of exiemal components. It is not necessary 1o bypass the
output, fthough this does improve transient response. Input
bypassing is needed only if the regulstor is located far from
the fitter capacitor of the power supply.

Fo- output voltage other than 5V, 12V end 15V the LM117
series provides an output voisge renpe from 1.2V to S7V.

Features

8 Outost current in excess of 1A

® Intema! therma! overioad protection

® N> extemal components required

1 Output transistor safe area protection

= intema! short circuit curtent fimit

& Available in the eluminum TO-3 pachage

Voltage Range
LM7805C 1
LM7812C 2V
LM781SC 15v

XX8LW

Schematic and Connection Diagrams
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LM78XX

»

)
Absolute Maximum Ratings
M Milltary/Asrospace specified devices sre required, Naxdmum Amnction Temperature
plesse contsct the National Semiconductor Esfes {X Package) 150°C
Office /Distributors for avallability and specificstions. (T Package) 150°C
Input Voltegs (Vo = 5V, 12V and 15V) asv Storage Temperature Range -—65°C to + 150°C
Intemna! Power Dissipation (Nots 1) intemnally Limited Lead Temperature (Soldering, 10 sec)
Operating Temperature Range (Ta) 0"Clo +70°C TO-3 Package K 300°C
noe TO-220 Package T 230°C
Electrical Characteristics LM78XXC qote 2)0:C < Tf's 125°C unless otherwise noted.
Output Voliage (1% 12v 15v
Input Voltage (unfess otherwise noted) 0V 1wy 23 Uniy
Symbol Parameter Conditions lllnj Typ]lu Min l 'ryp] Max | Min ] Typ J Sax |
Vo Outpat Voltage Tj=25C.5mA< lp S 1A 48 5 521185 92 125{144 15 56| V
Pps 15W,5mA s oS 1A 475 5251114 126 [ 14.25 s75| v
Vaun € Vin S Viuax (75 < Vs 20)[ (145 Vin < 27)| (17.5 < Vi < 30) v
8Vp {Une Reguistion lo = 500 mA]Tj = 25°C 3 8 4 120 4 10Fkmv
AV (P<Vin<28) | 145< Viys30) | (17.5 < Vi < 30) v
0*C< Tjs +125°C 50 120 0| mv
AVin BsVne20) | (5sVins27) | (185 Vs 3 v
los 1A T)=25C 50 120 150 | mV
AVin (O5sVns20) [(14bsVin<2T)| (17.7sVins30) | V
. rC<sT < +125°C 25 60 75 | mv
AVin (BsVins12) | (165 Vix < 22) (20 Vi € 26) v
Vo |LoszRegulation |Tj=25C [SmA<ios 154 10 50 12 120 12 150 | av
250mA < I £ 750 mA 25 60 % | oy
EMASInS A OCS TS +125C 50 120 150 | WV

o Owlescent Current  |ig < 1A Tj = 25°C () [} B | m

0CsTjs +125C 85 85 BS | mA

Alo Owescent Curtent  {5mA < lp < 1A 05 0.5 05 | mA
Change Tj= 25°C.lg s 1A 10 1.0 10| ma

Vi € Vin $ Visax (75sVins20)| (148 Vs 27)| 17.86sVins30) | V
oS 500mMA O'C s Tj< +125°C 1.0 1.0 10 | mx
Vi € Vin S Viuax <Vins25) [(185< Vs 30) | (17.5<Vins30) | V
VN Outpr: Noise Voliage|Ta = 25°C, 10 Hz < S 100 kHz 40 75 90 oV
AV [Rpple Rejoction lbs A Tj=25Ce | 62 80 55 72 84 70 ¢
aVoun {= 120 Hzq Io < 500mA 62 &5 54 ¢
0rCs Ts +125C

Ve € Vin € Vivax {6 < Vy < 18) (15 Vs 25) |(1B5SVins 285)

Ro Dropout Voliage Tj= 25°C.lou7 = 1A 20 20 20 v
Outpt Resistance {1 = ThHz L] 18 19 mh
Short-Crcuit Current |Tj = 25°C 2 15 1.2 A
Peak Ouipit Current |T) ~ 25°C 24 24 24 A
Average T1Co! Voun [0°C £ T| S +125°C.lo = SmA 06 1.5 18 mviv

Vin Input Voliage
Requved to Msintsin |Tj = 25°C.1p S 1A 75 146 177 v
Uine Repulsation

Note 3: Theme’ resntance of the TO-3 pachkage (K. KC) is typically °CAW junchion 10 caes and 35°C/W case 1 smbisnt Thems' resntance of the YO-220
package (T) & fymecaly £C/W ponction 10 case enc S7C/W cass 1o sdient

Hole 2: Af cha-astsriscs 819 Medsred with capesior 9croes the Inputl of 027 uF, Bnd 8 Lapachor 8C0ss the outpud of U 1uF. Al charscteriaics sxept 'cl'"
volape ond rOpie tRestion 18TIC 810 Meesirsd 1y Pulse fechniues §, £ 10 Mi-Ouly Cytle £ B%) Outost vohape thanges tus o changes th Pusms
tenperalre mus® be taden irtc acount separsiely,

et
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Typical Performance Characterlistics
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National
Semiconductor

LM79XX Series 3-Terminal Negative Regulators

General Description

The LM78XX serfes of 3-termina! reguistors Is avaliable with
fixed outpul voltages of -5V, — 12V, and — 15V. These de-
vices need only one exiemal component—ea compsnsation
capeciior a1 the outputl. The LM78XX series is packeged in
the TO-220 power packsge and ts capable o! supplying
1.5A of output cumrent.

These regulators employ fnternal current kmiting safe area
protection snd therra! shutdown for protection egainst vir-
tually 8!l overload congitions.

Low ground pin current of the LM78XX series allows output
voltage 1o be easily boosied above the prese! value with 8
tesistior Onider. The low guiescen! cument drain  of

these devices with 8 specified meximum chenge with line
and load ensures good reguistion In the voltage boosted
moda. .

For applications requiring other voltages, see LM137 data
shoel.

Features

B Therma!, short circuit and safe area protection
| High rigple rejection

B 1.5A oulput current

u 4% prese! output volage

Typical Applications

+ 15V, 1 Amp Tracking Regulstors

=0 Vo {1 14V

Vo L30T 15V
|
|
|
I
I
ceee 1 R G ,
nt 1ne801
-
i
I
l [ 4]
A
+
{ " a2
(<3 o_.u L ?: L L3} 25.F L e
8.F—— "
OUTPUT TRIM 1 1 1h4D0Y
I0-15 BV

[ 314

W

Loss Ragulston a2 8 = 1A

Ot Rppie Coy = 3000 pF, | = 1A

Yemperslre Stabidty
OviprtNome t10Mz < f < 10 MM

-0 Vouy §-113Y
Performance (Typicat)
TLIAITIA0-4

(- 15) €+ 18)

40 my a2mV
100 pViree 100 5 Vrrra

S0 mv Kmv
150 yVrme S0 pVirns

*Resislcr isrance of Re enc RS determerm maiching of (<) end (~)

CULARS.

**pigcesanry Only i rae sapply Rer capatiiors a8 more than 3° Srom rege-

ators.

XX6LW1
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LM79xX

Absolute Maximum Ratings

H Military/Asrospace specified devices are required,
please coniact the Nationa! Semiconducior Sales
Otfice/Distributors for avaliablilty and specifications.

Input Vollage
Mo = 5V)
(Vo = 12Vand 15V)

Snput-Output Ditferential
(Vo = 5V) 25v
(Vo = 12Vand 15V) 30v
owe! Dissipation (Note 1) internally Limited
Opersting Junction Temperature Range 0*Cto 4125°C
—-35V Storage Temperature Range ~-65°Cto 4 150°C
- 40V Lead Temperature (Soldering, 10 sec.) 230C

Electrical Characterlstics conditions unless otherwise noted: lout = 500 mA, Gy = 22 F, Cour = 14F,
0°C < Ty < +125°C, Power Dissipstion £ 1.5W.

Part Number LM790SC
Outpul Voltage v
Unlts
Input Voltage (unless otherwise speclfied) - 10V
Symbol Parameter Conditlons Min l Typ ] Max
Vo Oulput Voltage T, = 25°C -48 -50 -52 v
SmA < loyr S 1A, -4.75 -525 v
P < 15w (-20s Ving =7) v
Avg Line Regulation Ty = 25°C. (Not6 2) 8 \ 80 mv
(-25<Vins =7) v
2 15 mv
(~12< Vi< -8) v
AVp Losd Regulation Ty = 25C.(Note 2) my
SmA<oyr S 154 . 15 100 mv
250 mA < Joyt < 750 mA 5 50 mv
b Ouiescent Current Ty = 25°C 1 2 mA
Alg Ouiescent Current With Line 05 mA
Change (-25<sVinS =7) | v
WiahLoed, 5mA < loyp < 1A 05 mA
Vn Output Noise Voltage Ta=25C,10Hz < f < 100 Hz 125 pv
Ripple Rejection {= 120 Hz 54 66 d8
('1BSV|N$ -8) \
Dropout Vollage Ty=25C.lon = 1A 1.1 v
lonax Peeh Output Cunent Ty= 25C 22 A
Aversge Temperature logr = SmA, 0.4 mv/C
Coetficient of 0C < Ty<100°C
Output Voltage
Typlcal Applications (Continves)
Varlable Output
-J— €3 S
— L L:» R I
+ o
- — $0LID
TANTALUM q: x “ 1ANTALYN
1 S
et i LMrsxxct ——O OUTPYT
TLTI0-2
“improves tansient response 81! 1ipple rejection Do not incveass beyond 30 pF.
Ri <+ R2?
Vo - vacr (2155%)
Selezt R2 81 108ows
LVI90sCT 3001
LV12CT 7500
WInscT
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Electrical Characterlstics (Continued) Conditions unless otherwise noted. foyy = 500 mA, Ciy = 2.2 pF,
Cout = 1 pF,0°C < Ty < +125°C, Power Dissipstion = 1.5W.

Part Number LM7812C LM7915C
Output Vollage 12y 15V
Input Voltage (untess otherwise specified) -1V N -23V
Symbot|  Parameter Conditions Min | Typ [ Max | sin [ 1yp | max
Vo Outpunt Voltage T,= 25°C -115 -120 -125]| ~144 =-150 -156 v
5mA < lgyt S 1A -114 -1261 -1425 ~-15751 V
P < 15W (-27<Vin<'-145) | (-30 < Viy < ~17.5) v
AVo Line Regulation Ty = 25°C. (Note 2) 5 80 5 100 mV
(=308 Viy$ —145) | (-30 s Viys —17.5) v
3 30 - 3 50 mv
-22 < VNS -16) (~26 < Viyy £ - 20) \4
AVo Load Regulation Ty = 25°C.(Note 2) 15 200 15 200 my
SmA < loyr < 1.5A 15 200 15 200 mvV
250mA = loyr £ 750mA 5 75 5 75 Y
o Ouiescent Current Ty= 25°C 1.5 3 15 3 mA
Alp Quiescent Cunent With Line 05 0% mA
Chanpe (~30 s Viys —145) (~-30 sViy < —17.5) v
With Load, S mA < loyt s 1A 0.5 05 mA
Vp Output Noise Voltage | Ta = 25°C,10Hz < 1< 100Hz 300 ars pv
Ripple Rejection = 120Hz i 54 70 54 70 [ [:]
(-25< VN -15) (=30 € Vs —17.5) v
Dropout Voliage Ty = 25°C, loyr = 1A 11 BEX! v
Iouax | Pesk Output Cunent | Ty = 25°C 22 22 A
Average Temperature | loyy = SmA, -08 -10 mvrC
Coetiicient of 0C < Ty 100°C
Output Voltage
Nots 1: For calaistons ©f junciion tempeate fise Gut 10 powmer Guasipalion, therms! juncton to 1650} I8 SO°C/W {no hes! sink) 878 SCIW

(niniie heat sind)

Note 2 Reguiston it meassed 8t § CONSIT pCHo™ teTHerslsrs by puise lastg wn 8 low Outy Cycle Changes in ovixs vollage Gue 1o heatng efiects st be

talen Inic sccount

Typical Applications ontinved)

Fixed Regulator

T T Lo

- t
Tt |,
)
-y LunIxCY

*Requved I 160881 is 66048160 WO, 15307 CB-
pachor by more then 37, For welue given £8-
peciior must be 8ok Waaium 25 pf slumeumn
slactrohyt may be suhetoted

TRogures for sladxt?y For vaive gven, capesRor
must be eokd tsllem 25 pF srnru elc-
Volylk may be pubatusied Vahume grven may Do

increased withow, bmit

Fo tatpul capssts~ce I eacess of 100 pF. 8
Ngh cunenl Ea0e kom DA 0 et
(184001, otc) o prolect the regulsty from

momeniary Input shons

Dual Trimmed Supply

= Le 33V
ovTuT
TLIHITIRS-D 4]
[T 1]
<+
1.4
< - ]
> $1 K Inazt
- INPUY [ 11144 - ~38v
TLAITIN0-4

XX6LN1
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LM79XX

Typlcal Applications (contiwed)
High Stablitty 1 Amp Regulator

- VYoun §°)
1 2]
+ [ ]
—t ©) L 82
— b ot . w
) ] <
+ ‘; .
< ®?
>
A2 61 s 1 e o™
—r= 124 8383 3 ot : —_—tt
N 2
ns e
1LY At 2Ry
. >
? -
— ,.\ NN Vot
Load anc bne roputation < DOT% sialeiy 2 02% T /HI2340-8
1Determre Zoner cuvent
1150ld maim
*5olect resston 0 el OUIPS woltage 2 PO/ C Washing suppested
Current Source L
=T s,
townn ' 1 B4 eyl 1% ]
a2 e W, RC L=
$0L10 .
Tacaww "o ) S A |
3 Wk
> nre
YT —d
outryl
14
. - —
oy = ymA o0 TLAHITI0-T
Light Controllers Using Silicon Photo Celis
- o
M 4
i [y é sV - 15V
+ suid
é (D Jima
MAZ TURK ON
CURRSNT
IL/RITI40-8

*Lamp brighiness increase untz | = (g (T TmA) 4 SV/RS
1Necossery o) ¥ 12w Ol Wier capachor s move $haen 2° &om LMTP0SCT
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Typlca!l Applications (contrwed)

XX6LN1

Q sV - 15V
§ ( sute
H) s
o1 MAX YURN-ON
™es? CURRENT
14
R
TLINTIED-8
“Lamg brightness Incrasses umti { = SV/R1 {1 can be 98! 88 fow 83 1 pA)
TNacatsa‘y Only ¥ 19w supply hller capesiy m more Shen 2° from LM7905CT 2
Connection Diagrams
TO-3Package TO-220 Package
Y wryt e T ——

[ T outet
INPUT — —-— eyt

>

[434] e
. TLIHIT340- 10 TUIRIT40-74
Bottom View Top View
Order Number L M790SCK, LM7912CK or LM7915CK Order Number LM7505CT, LM7812CT or LM7815CT
See NS Package Number KCO2A See NS Package Numbar TO3B
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Schematic Dlagrams
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‘LM79XX
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Schematic Diagrams (Continved)
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54138,/74138  3-Line-to-8-Line Decoder
Schottky TTL High- Speed TTL Low-Power Schotthy TTL Starderd TTL Low-Powsr TTL
Package Package Packige . Package
ice T Device T Device T Device T Device T
Device Type 7 P el R mcA P TR MicH YPe FETR M[cF, P TP IMcr
TL SH54S138 SNSLL S (38 J 1 jw 4
SNILS I SnTaL S M 21U~ Ty
/iR o o ) "
FARCALD IR/ R oasin, wans | 0o P
WOTOROLA SwIaLS 134 &3
N CuMuLSin [
NSC OMILS 139 (3 SwssL S1H K
PHUPS NS138 Tt w7eL 538 J].p
534514 Fafes] e 1
SGENCS WIS 138 FIi8., e S0 A7)
SEMENS
FUATSY — L
HTACH ~CveL$ ) LAY
MTSUESH MS 13 P 11 AL S XE] Py
1 |
[ NEC i H.S3 X
TOSHEA - ,
Electrical Characteristics SNS4LS138'SN74LS138 Pin Assignment (Top View)
absolute meximum ratings over operating [0 CaraoursuTs
free-ar Raperature range vee ‘vg Y1 YR Y} e ¥y -8
I.oon e Voo ) ™ Oversimg Seear | 3mais ~35C e 125°C 16tlisifiafiiat]ralj11410 9
[ - T b WWpE R Te R sereLs 8°Cta WC » L
Storage #-owa’ve renge ~48Tro 1S8°C .
s vy Y2 v3 ve v§
recommended eperarating conditions 4
a " -
SHSSL SN ShTa 5138
S NOW MAT Leae  MOW MAX uneT 8 .C C23 cyp O v positive fagis:
T <oy waoe. Voo (X} 5 ssjer 8§ sml v i I l 1 e hncian udie
- y-awt DIn1 csreNl On &0 ap)] -4 = =d
a2l Grent o) 0 DBED rii2iiaflefisi|e 'I B
Sameing Yoo lemowaiva, Ty -38 i e w! T ﬁ-ﬁ,—yiu—vm—ﬁ—"wmn“
electrical characteristcs over recommended operating sELECT L
free-sir temperature range Function Tabie
PARAMETER o TEST CONDITIONS Y Taww Tveg max fumey *g1331LSIN
™ - gr evel epul voltage 2 v
[ L owr sl “Oul vollage e8| v 7Y WEUTS 3 oUTPUTS
. B - f - - S v
Yo te%o woitsos :cc_zv ‘_’v"{‘:‘u r— ! . T O € 8 A | Ve Vi Vg V3 Ve Vs Vg VI
cowm MO et e CONT N b= v X WK X K|W W H & W H WA
Vast S OM= &G ATSUNS [ 2T 34 A ilx % x|n wowesuenn
= Veu=1V. N
e3 Lowwvel outat veiiag :“_.‘:‘ v"_:“ e o3 v # oLlL € LU K uuH R NN
- e S ————— . — Moot fL L oMK L onH N
oA wisoe VeC = MAR, VRV 0] =4 H o« LjiL ® LM N L HHNXNBNB N
L] LfL # % M H L B X «
o NGrwesl TOul GsTent Voo WA X, V=2,V x| .4
- T rg—— VecsUin Vyeo &V Y I W S T S N O T U SR
o8 Swrieront outpul cwtent & Ve zMAR F) -1 ~a :: t : : : : : : : : : : :
ss Saoh ewmar Voo = WAX.  Ouviovts wnasied A D " Clw w wlnwewnwun
e ceen
2 LI 2 . e G ~C28sC28 -
f.om Baoery setect n @ Heongs vl L »lw Wvel, K «wreieeant
~ Aoy atout vee= V. 1] n . e .
reemt woeu| 3 " al ™ Functionsl Block Diagrem
crsr. | : 2 sl 2
> € ~atle LR v n .S H
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54147 /74147 10-Line Decima! to 4-Line BCD Priority Encoder
Schottky TTL High-Speod TTL Low-Power Schettey TTL Standard TTL t.ow-Power TTL
Package Package R Package . Packege R Package
A Device T Device T +—{ Device T Device T
Device Type foreTulr| V< (P [CIP M Y cTrIMe e CTP M) P IETRMicr
e SNyt el IR
T.l. S g §147 Nt SNte. 8T EDE
FAIRCHILD
MOTOROLA F
Oarsa:a? Y
NS C YRR
PHILIPS Iy 7T 1 -
’ wea?
SIGETICS S
SIEMENS :
FUJITSY B "
HITACHI : HE 14047 [
1
MITSUBISHI "I X0
NEC -
TOSHIBA
Electrical Charscteristics SNS54LS147,SN74L5147 Function Table -+
sbsoluts mezimum catings over cperating fros-air terperaturs range ‘147
Suory vorage. Vg Tv | Omwateg boewe_ |SHGS| -S5T n 15T *SoUTS 3 OUTPUTS
o swiage v | teeoratiss cange | 587008 g w0 ITC T 2 2 4 35 8 T 8 2|0 C 8 A
Siwep wowwwe rwgs | T W 1N H H H HHHHBNHIRHHH
recommended cpereting coneitions X X x x x x x x Ljv w n L
X X X X X X X t HliLU M H H
snB4LS187 ENI4LS8T X X X X X X L H oM L L L
u»nounuuunounux“ X X X X XL HH#H[HLLH
Sucery vorage VoG | ey 3 3sjew 3 sAL Y x X X X L W H ¥ #lH L HL
Wy o anma arvtign Tl e X X X L HHHHHIHNLNHR
L ow—ws atot et 10e 4 o X X L H ®H H M s HINH K L L
Opar meg roeve tompwatse. Ty -4 -3 L m| < X L H H H H N H HIH H L H
olectrical chersclaristics over recommended eperating L O H-H ® B M H &8 Hix M H L
free-air tomparature range iz TR L N oy
P ARANETIR & TE5T Covomons 1| ww_vvegwas [UNT LA g '
Yy S TeM e 1 z Functional Block Disgram
vy Lowrew ol wiage [ K] v
vy et slamo vorlage Voo =MW, 4= —ilmA 18] ¥ > .
(7T Vo2V, | 0"
Vom M-l oo cetage Vg <0 BV, lgu<-eeizh 27 34 v —— .
. voe = MN, VoIV,
VoL Lowind o voitege Vg 5.V, 1o, = a8 0.8 &5 V , "
L] 2t ot € somena wps W | VOC VWA, Vo TV 6.1] ma ¢ IE
L A ot
™ m' w' " .:". VeCeMAR, ¥ LIV 2] s o
Cow-tvet Any rout 3,
" ot e .:.,. ° Voo WAR, Vs AV 0.4 =a ’ | .
10§ Sroriormwt aima murent & | Veg *MAR -z il -—0—{2-:_'
\ Vog vMAL, [ Consien 2 | A i
cc  Swor arvy Seo Mote | Cordion N ED N
1oy - —ovm | YeCoW. [ -_o-.r§
Py Fom dmy ® by et vavg: | aans 1%2::4 12 1] b
PLm FOPM [ Owrwum [\ =0V, u ] »
Yy o dmy 3 Am etns s LG 1" a1 ™ ‘ﬁ
Pin Assignment (Top Yiew) _— 1]
- ® ot -ty ot t —O———rf ~ .
t Y a O 0 " . —l
L] - - - - " - L] - .
’ ——1
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L] [] T () < -
*147 10-UNE-TO-4 PRIORITY ENCOOER
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3 -
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S54244/74244 Octal Buffers/Line Drivers/Line Receivers

Schttky TTL High-Speed TTL Low-Power Schottky TTL Starcard TTL Low-Power TTL
vackage Package y Package . Package . Package
Device ice T ice T Device T Device Type
Tree Lo ToTmEF| 070 TP [T mEr| 7 7™ [c[PMEF e TP IMEF C[PIMEF
HE I p T
T.1 e ST b T
FAIRCALD
MOTOROLA - ;
]
NS C
PHLIPS .
SIGNETICS
SIEMENS 5
FUTSU
HTACH
MITSUBISH
§
NEC 1
|
TOSHBA {
EBlectrical Oharactenstics SNS4LS244/SN74LS244
Sboshots Basmmsn rotmgs over operstng (ree-or loeperaivre ronde Pin Assignment (Top View)
Swory wiiam VCC W |  Osesrec berst Sl S] T 1o 1T
trput vo 1008 SV | weowaies ovm is-nu. €T » WT
Interertier valioge W $rorage e we shrt Toret i 5T 10 1IMT @
dod oporaiang 1 - =
- LSSALS244 KT 5244 wat
fidal FOM w®AX | MN NOM mAX
Swwsy votises. VCC_ ° X s ssfens [ sn| v h3 o A -
g -tevet outpud et SO0t 32 . i3] = m_.’? el (s)fe)fe) o] fel o
Low-tesl OulA Swrrent. 0OL 12 M| a8 (3
Oovsng kerw wegwsnre. 14 5 25 [] Tl € r
dectrical choracteristics aver rocommended eperating = / /l /
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