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Abstract

, The project refered by this thesis is a part of a project STERILIZER BY HOT
AIR”. Based on principle of “ON-OFF process control , controller unit use a
fnicrocontroller 8031 ~ which has basic command as of temperature can be the MCS-51
family. Basically ~microcontroller 8031 is used as the control unit for timer and data

communication with a microcomputer. The adjustment of temperature is avaiable between

0-200"c in 1 sec - 4 hours.
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RoM  ogmeluszdumedesls  wieduiujuiifimisenrwsrdmiuTusunsuunyy
EPROM szifiuweier'ls wuluussiausnesuends 8051 § ROM stgmeluviig 4 Ala
Tui uidufhuues 8031 wx'hill RoM wuw 4 Alaluvegmoluuensniilumsdies
vond1 lulnsnen Tnsamesiwedfuinedmsy snuisioudayaving 8 finegiyn @Bit 1/0

Port), i Timer/Counters YU1R 16 UNNYR (16 Bit Timer/Counters) uazmﬁaf}mﬁunnauq ?m
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g 1F lansadenidlulasaeu Insamefusazives mnsanfunis o 1 dedwa

(34}

=1

[
o

MCS-51 paalagusin Intel imsmanutiuuuy 8 on wueawi dufivimhn
TUAMSAIUIN (Arithmetic Logic Umt LALU) ﬂznmuqeqﬂna, 8 in
MCS-51 wanmu

¥ ]
- aunsmineeyan AND,OR H58M1 Complement Mauvudias 8 fnuay

o 14 (- Qr A
- s liumizeanuiidmiuTusunsy  (Program Memory) iy

v
=4

miznnuiiiddmiudugamdifiesd Mcss1 demidgege 64 ATaluY (Kiobyte)
(64x1024 'luni) s ideuTusunsunaugumisiien 18

- ansadedumizsanusidmiudeyn (Data Memory) Fulumizsany
dmiunudoyaluseninmshamvesisunsa1dgege 64 Ala'luy

- Tu 8051 waz 8751 Aimizoanudrdmivlysunsusmau 4 Ala'lud (u
8052 uaz 8752 Imibranudrdmiulsunsusuou s Alahnd) egarotuseessaumhiy
'I:J'ﬁ'awianﬁwﬂnnﬁwﬁm%"uTﬂsunsumjmauaﬂsznns'mﬁywnﬂia’qﬁmmmﬁmm:ﬁ’mm
suUMUIINMsUBNeEh i MCs-51 ThauAanain lden

- UWBSMUUUYUIY (Parallel Port) dmiudoyaidunzeensiuou 32 n #
Joyaudaziiniludasededu

- 112993 Time/Counter YU 16 1M 2 %n (8052 & 3 ga) oty Tnus
A9 1ate 4 Tnua
‘ - ¥ Universal Asynchonous Receiver Transmitter (UART) t?'mi'uﬁw"agn
BYNIY (Serial) U Full duplex Hammsnidonglupumssy-dedeyald 4 uuy

- fumdsdwindyonavedasmazariiumvesTisunsy  (nterrupt
Request Signal) 6 uMay FarnniovinsyTasliiusoumueinssasinas (Interrupt
Service Routine) TAANY AU 5 Auna

- ansadenmainldoglulnuaues Ide uaz Power Down Fave
Usendansigida Tl unisviau

Fanndoasinan o Mcs-si Wuiifieninnl$lunsaiuquszuy
ShuiRnnaueudd dndussy1flunessw@er (Single Chip) 1um 40 ¥ Aay

o

: o i ]
aunsesenuuussuimuanivinadn uazmsiiauaussqegnisluisessuifonss
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whimsasisasumdeianainluszuvsurii inishauiswsa naAnISNeTL DY

14

Mcs-s1 s lgsndufinsdeafnuuaninnud i lst Inssadwuazesdilssneuves
-] A d

MCs-51 inrdonouudanezifou Inunsnfenugunisiauees Mcs-s1 Mithiluaw

y
ADINIG

5.2 Tnsandra 8051
8051 (ThilulasmeuTnsamesuuudmfios Seeglunszga Mcss1 dnvaeni

aninonssuves 8051 adstuday HEMOS
[ 5.2.1 BN¥AIZYBY 8051

- §hu cPU i 8iin

- fhwseondammeiuas CLOCK aflud

- Indggnanduazesn @/0) 32 0

- uennaudwedoyaln 64K tasmizsnrmswealusunsudn 64K

- i TIMER ua2 COUNTER #uu16 in i1 2 @2

o - o 1 A r Q o a
- fgnedumesSny 6 umas 5 VECTOR dantivdwunnudwysendy

- 759N MUY FULL DUPLEX lusaizdedeyauuuoynsy

- flumsilszyanauuuyfiu (AND, OR, XOR) 189

mot 8051 s2alsEnoududan GATE A9 (%U AND, OR, NOT #3 GATE
ma'ﬁi’ezQnﬁnmaaﬂumuu“lﬁﬁnﬁﬁmsﬁmudwq WU 299500ASHAMSY  (ntruction
Decoder), NU5H3 MY IUUIRNT (Clock Signal Generator) 1nseadranivluuny 8051 e

Usznsudlediudes seudenlaezunsy
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| nt |
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7% 51 vdenlaezunsulassarisves 8051

Block Diagram #agy) dulnsslvgiq wee 8051 diieednuaizues sos1 (i
nouNIIResSaseneudau 3 daundng Ao

dawft 1 fe cpU (Central Processing Unit) #3oitszutana dauiiefieesiinm
nﬁﬁﬂ%’uﬁtytymmvﬂﬂun1sﬁmiaﬁ'ud1u5uq SenmsanApAUMItBANNS,
gunseifudoyadmiededoyaseninds 8051 Fedaumuguitstasina  (Interrupt
Control) HAEMUAWANTY (Bus Control) Aifudunilavesnesaiuqudas nisedn
dyaunIugueIndIu CPU ﬁ’azmnwﬁfwﬁfgqnm’lﬂaﬂwnamﬁmmmﬁ"q (Instrucion)
audfimsdmusld uazé‘r’muupw‘iﬂ%qi‘fumvzﬁ'wﬁqﬁ'uﬁ'ﬂgq,nmmﬁnﬁ;ﬁi'wmmm

soadammesiie g datunesiamydssamsu (Synchronize) DENYNADY



w cpuU f’:’ﬁaﬂsznaué’oodaudavﬁﬂ??'m?;x?aﬂhdvuﬂszmam (Arithrmetic
LogicUnit) dvufuﬁmﬁ‘aﬁﬂi:umnaﬂaga WU 03N, au g wiemsmisdeyaudnih
wodng linu 13 huS S maesnSemizenwiiinesns

dfl 2 fle i Memory) TuTas TsiwawefiaTsauke 8051 ude
yalhundnzdumivveamizonidesiia 1difor 8 ndnvesnwgi 2 @ Smoirdy 1luv)
é’ﬁuum’nzﬁnmﬁwmmimn'nuihﬂztﬁm’fnga'lﬁszniw 0 9 255 (0000000DO ©4
1111111 Twavg 2) nﬁi‘imnu'qﬁaz:ﬁvﬂauga‘lé’a‘fuﬁu'luiﬂﬂwwmwas' m3AaRBiY
wiwanudecdodidyou 3 ngufs

L. usmasanseiwumisiidesnisindefumizsnnusily 8051 szdade
fuMiaennu§nlsan Program Memory 38 Data Memory lAgegasiinns 65536
umisdnty s nduidazdumtisrsamieaud  sedsdldiduumasdumistuay
§7U 2 Wanue 16 (B2 16 1Y 64 x 1024 65536)

2. foyafiesnmoiousumioennsidumslude 1

3. dygunuguiineds famisonnus susnAUmiATH
AoensenumSeidoudoyn Seszndimelyl

ddl 3 qunsaiBuwmuaziofm Anpur/Output Device) WHudndieridedoyaith
v3seenan sps1 ¥ 8os1 Ardetumouenld gunsaiBunmuaze iy Idus 4 1o
Port, Timer 1, Serial Port M5 v8AnL F TR

1. 4 /O Port fi131 Wi 'nuwﬁaqaﬁﬂzﬁﬁdoﬁ'vﬁauﬁag’nwuaﬂ 4 1/0 Port
v 8031 i lddmiusu.de doyadednarnasasadinioosnsind Mcs-s1 wein §
Aovan 4 wedn Taousnznesneziu-dedoyald s fin wesn Po, P, P2 uas P3 Uw
woimezlhanannnd 1 0619818 1wy woin PO uaz P2 sxlddmiunmsdermdumia
(Address) ¥BIMUIWAIMSMADINIIAARBLUILNGIN PO az‘h’s'%'uﬁﬁagmﬁaﬁﬂdeﬁunﬁw
a8 ouadamdrii b diRatufinawieaiy udslsi Sy Tronaunu
VNdYYIuNILgN (Control) finpasiaumdacddeiilinouiumediemniues uaz
ﬁmm1wv‘i"muﬁvzé'1qa“~:ﬁuﬁ'zutywmu1ﬁn1

2. Time 0 ua¢ Time 1 Hunesiufiswsosmualdimaiuuoy
ToiRavesdanuiidesnniousn o051 wiesum lwfavesdyarsnninmniolu sosifnld

¥ 3
MnnsivzgnenIsdwnusuduvesmaividlae cru
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3. Serial Port W3OWBIMOYNTN CPU szBMIasifoudoyafiy Serial Port
Hhuwwy sinuddeyassgndeesnain sos1 Sealufaziinesninn TXD uarlunisdy
deyardfziuduniiazinmeun rRxD udriaiFoatmiidlu 8 Snfiel cru swlltdnu
a1y

TuTnsaouTnsaimedives 8031,8051 itaz 8751 1iuTaeTaseadhauassitas
f"{w:mﬁauuﬁuunﬂszmﬂmnﬁiwﬁuﬁ
; - 8031 a¢'hili ROM wwn 4 Alaludegnwlu §l¥vedoadonnismhen
Program Memory at,inwuan'mss'wr‘l"muﬂ 64 dlalus

- 8051 9z ROM yuw 4 Alalwiegniblu Srdesmsifudidantuguns
e S umisennsrdnil ﬁ:é’fmﬁﬂﬂsum'uﬁﬁﬂmn’ﬁsw1m§n8m‘hmﬂ"|'wu1ﬁ‘lu
RoM Mauslusunouveansniansessu Al limusaud Tsunsuldios resiiun
TWoulantullunsyBluumioanuina 4 Alalusiusnesdnioueniimunsoinld
Taonisdie ROM Hinwuen udaden EA ves s0s1 Biudygaditianzassmiiu o

- 8751 wwindaamnidving 4 Alaludifuuuy EPROM  (Erasable
Program Read Only Memory) agmaluaessan3 ifuTsunsuddanos W 8751 Yy
Wannsadousidoadliliu EPROM 1RieaTnoldinsesflofiSoniundeaTilsunsy EPROM
(EPROM Programmer) oz 15ensoudlyTusunsufiegiu EPROM 14Tasn1sdredoryaty
NAATIMIIYBY EPROM pendaunisniunsgandilaloma (Ultraviolet) Amunszenlelume
ssoud ineesaely aunmdismualugiienne Data sheety 8751 fivzazarnun
dmsumsnannTusunsy

5.2.2 TiHazIBuAYeaTSTme R M TIAY

ACCUMULATOR

acc dhunenuanes n3essames A

B REGISTER

F3maed B Wluddgn unzms dawluddedumusolidindousuise
s T lumandeya
PROGRAM STATUS WORD

PsSW 1hsznoudluswazidon



(MSB) (LSB)

CY AC FO RS1 RSO OV -P

‘SYMBOL POSITION NAME AND SIGNIFICANC

CY PSW.7 CARRY FLAG

AC PSW.6 AUXILLARY CARRY FALG
(FOR BCD OPERATION)

FO PSW.5 FLAG 0 (FOR GENERAL PRUPOSES)

RS1 PSW.4 REGISTO BANK SELECT CONTROL BITS 1&0
SET/CLEARED BY SOLFWARE TO DETERMINE

RSO PSW.3 WORKING REGISTER BANK (SEE NOTE)

ov PSW.2 OVERFLOW FLAG

- PSW.1 (RESERVER)

P PSWO. PARITY FLAG.

SET/CLEARED BY HARDWARE EACH
INSTRUCTION TO INDICATE AN ODD/EVEN
NUMBER OF ONE BITS INTHE
ACCUMULATOR ., ie. EVEN PARITY.

NOTE - THE CONSISTS OF (RS1, RS0) ENABLE THE WORKING REGISTOR

BANKS AS FOLLOWS.

(0.0) - BANK 0 (O0H-07H)
(0.1) - BANK 1 (08H-OFH)
(1.0) - BANK 2 (10H-17H)
(1.1) - BANK 3 (18H-1FH)

31" 5.2 PSW: PROGRAM STATUS WORD
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5.2.3 Inssasuazmamhnuveanein

8031 i /O woin 8y 4 wein lasusazwesnezdunesnuuy 2 firmn Tas
uaaidoya’ld (SFR PO .P3) i'szaﬁamsﬁumqﬁmmﬁnn uaziWideIn A uSuyn
wesn ouazwesn 2 ldmivAadesumisanusmouen umsld 8031 Aadesumioe -
77U 8UBN
’ noin 0 sz leninmilu Low BYTE vswsamsaveamisanus mousnuaze:
Yi’ms MULTIPLEX fudeyafiezifounies aqfie po szfhuks ADDRESs uas
DATA daunesn 2 szhieamsalurige (MSB) vomieanusiaeuen

E 4 v
VIVOINDIN 3 Manuadudn 2 dnveanesn 1 (8052) sxyhuvatuyi st

L1009
* P10 T2 (TIMER/COUNTER 2 EXTERNAL INPUT)
*pl.1 T2EX (TIMER/COUNTER 2 CAPTURE/RELOED TRIGGER)
P3.0 RXD (SERIAL INPUT PORT)
P3.1 TXD (SERIAL OUTPUT PORT)
P3.2 INTO (EXTERNAL INTERRUPT)
P33 INT1 (EXTERNAL INTERUPT)
P34 TO (TIMER/COUNTER 0 EXTERNAL INPUT)
P35 T1 (TIMER/COUNTER 1 EXERNAL INPUT)
P3.6 WR (EXTERNAL DATA MEMORY WRITE STORBE)
P3.7 RD (EXTERNAL DATA MEMORY READ STORBE)

MNUMe* P10 tag P11 aeaulidmsy sos2

5.2.3.1 Tnssadaveanein
Tugt 53 uaaslaseainees 170 vewmazweinlaounauiion
= 1 é g L4 a7
woinazdndmvemeinuanild DFLIP FlOP Fevzsudoymnondaniudyaw

‘ ) o Ao A
"WRITE TO LATCH” %484 CPU 91 Q %84 D-FLIP FLOP azgafloundviitianshufionsy



aussdygn “READ LATCH” 910 CPU #pan1seiumesn diuadygnuiiniousnyes

1 4
wesnezgnaohndeyaniely  wazvmeinmousaiisrgns i lavaounusiredyn

& » & o o o o ' ’ »
“READ PIN” 38131910 CPU fidsunidaszemuneinlase1wen “READLATCH” (g

71 5.3 Ysznew) daudideduq svenlddyana “READ PIN” gensiwardoasidaie

Joy097n READ LATCH luz1# 5.4

ALAD

LaICr
vee
o [) #eTb0maL
R TS el lhid

wRITE tarcn
10 (43

412041 2 911 ) PORT 2811

Ui 5.3 InssaHaudazinveanedn

ORL

JBC
CPL
INC
DEC
DINZ

CLR PXY
SET PXY

(LODIC AND.e.g., ANL P1,

(LOGIC OR, eg., ORL P2, A)

(LOGIC EX -OR e.g, SRL P3, A

(JUMP IF BIT = 1 AND CLAR CLEAR BIT, e.g., JBC P1.1, LABEL
(COMPLEMET BIT, e.g., CPL P3.0)
(INCREMENT, e.g., INC P2)
(DECREMENT, e.g., DEC P2)
(DECREMENT AND JUMP IF NOT ZER. e.g. DINZ P3, LABEL

MOV PX.Y,C (MOVE CARRY BIT TO BIT Y OF PORT X)

(CLEAR BIT Y OF PART X)
(SET BIIT Y OF PORT X)

1
w \J

71 5.4 Midsfis 910 READ PIN
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maAudiFadneemesnn “READ LACTH” msizluvnnsdl cpu sl
FygrafiviveseinAanain #I061asH PORT | i 1 QNABBYNUYY BASE ¥83
TRANSISTOR 1oz dygrumeenily HIGH unv1 BASE veansmdmans Tuvued
nsmdmanhinsumezi bussduiiv: BASE mdeTavtszuma 0.6 Toaw #1u1 BASE
gnAvegfiunesv e CPU Thnseumedn switarhledynnaiivvemefmiialiie
fvmzfuvvemesmily HIGH oy

ngfi 5.3 szdusmedn o uenvnezdiu 1o nefmudaduiiuldueansady
'uastiadeya daunein 2 Huke 10 wednezueansa Fenauaulasdajgrameluiniy
vazhnsAndefumisninsiniouen SFR veaedm 2 e lin/Geusmasnnueninse
uda ud SFR veawedn 0 wldowiih HIGH 1 8 Tn et udeyaidanmaiadeya
yoamaoa 1 (iesnn SR aunsouaasveyalddiliviuilu HIGH ewidamsia
wma lumssudeyannmiienusneuen)

WosN 1, wesn 2 uazwein 3 dmswasuaolu dulunasn o szfhuuuy OPEN
DRAIN OUTPUT ualunsdifildnesn 123 dhisunmzdeanliusoziniy HGH do
Aowie ¥ FET ﬁeﬁmaé’mmmaﬂnqaﬁmszumxaz%“nmszﬁnﬁwmmxﬂu HIGH 91
anuiunaswaieiu @3l 5.3 Uszneu)

Founndsvsanesn o ffe lifimsyasnmslu @zl 5.3 A Uszaew) FET dai

¥ o @ o Y a Y I'd da v oo ] .
VHIMWADR (AIVU) %31‘]5!“801“18171?!7!1;114 1 1'“116137)%9%Dﬂ]JﬂN'Jﬂﬂ'ﬂl]%')ﬂ'lUNDﬂ1‘N

Iy b4 L
nsfiouq FET datiszgninhifmeen asshudhuemnnweinsziilu OPENDARIN
a P ¢ 0. q. Y o Y o g4 o a W s
ns®ou 1 FFE) Tfinesn o sxi i FET ¥ 2 fanganunaifdevi dymesn
0 asouazausalfifurBuymuuuaimdumings ELZINPUT) a1ssidm 8031 seii

Tiyaneiniiseaudygrouiiu HGH

5.3 MIAARBRUNHILANNSIMEUBN

msfarsiumilsanuinouennszila 2 uuude Asdenuldsunsuasueniy
ﬁﬂm'aﬁ'uwu'mmmﬁmwuaﬂ?}xﬁm’faga nsanaenu Tsunsunsusnszanelfygn
PSEN (PROGRAM STORE ENABLE) Hudyanasulisunsunouen diunisardeny
mhummﬁmwuanﬁnﬁuﬂagm:ﬁ RD (P3.7) Uaz WR (P3.6) milousy cpu waq'lf
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L 4
msAaranudeyaniousnez1Flane 16 in (MOVX @DPTR) nie dhuuvy 8 iin
(MOVX @R tiielsinmiidesidusamsavuia 16 iin uemmsalinige (As-A15) szeen
VHINDIN 2
WeARRBRUMItIA IS VEIYBYanuUBAILY 8 in (MOVX A@RD) s:lifinan
@ o - 4 . . o 9 o L}
sTNUY SFR vBanesin 2 A SFR ¥8esn 2 szasioaidoyaduetld dszlomiae

ansoldmein 2 fmuamii (PAGE) veamitsanuia

d' a T e v ° Ter 1] a
mifesRadefumiaanudimauenlntiuegivaniazey 2 Ysznis fe
1. 1i10/BYY EA 983 8031 DIN5 1A

2. e lsAmud Ilsunsumvimes (Pc) SAwnnnd1 OFFFH

dgyaas PSEN
4 ol X o e
wedmsmssideninlusunsuaeuen dygiw PSEN szueaiin 2 asagng 1uy

Fu'lmfia @adusiids MOVX)

Ay 10l ALE

ﬂzli‘lumﬂmﬂumsuamﬁ'uaamﬁ"lpﬁ51 demnsdaseimisausnouen
ALE szupniifl 2 afe nng wdulafia endufividdeinedey Joyalumisnnui
Mmouen MOVX) axtiuluunsdfssuy T ldlhmniaeanuiniouon MOVX) lumsuen
fivlups ALE vzmeiilusast 16 vesnmbeeadamedinesine 191 clock Wiuwsnw
uenld  mslfimmnnsdideanmsisiTsunsy uazdoyaeglumei@elnu  (64K) 15

awnson 14 Tagnssudyano PSEN uag RD 1auld AND GATE

TIMER/COUTER

8031 § TIMER/COUNTER 8 2 #2 fio TO ua¢ T1 dyanal INPUT fssloud
COUNTER thnhwufivensias (1 To 0)fis doushuwad HIGH 1 uniulsifa uazdy
Low 1 uudulefia szdunuiigeqeil COUNTER i@tz 124 veananid

sBaFaIAe; N13M119IVes TIMER/COUNTER utiuifu 3 Tnua danarsely
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Tnua 0

msv'iNm‘1uTnuﬂ'ﬁy‘s’ﬁﬂma{qﬂﬁmuﬂﬁtﬂuumu 13 fin Tasmsfusindifinnin
1 HIGH Tounnq Swidlu o ifin OVERFLOW uavesWdgygnadwassimi Tasuvadn
TF1 n13fiee¥ TIMER/COUNTER ﬁ'u‘laagj‘IuTnm’lm‘i"uﬁmuﬁ'lﬂmn?ﬁmnas' TMOD
it 5.5) '

¥

(MSB) (LSB)

GATE C/T M1 MO GATE CT M1 MO

GATE GATING CONTROL WHEN SET M1 M0 OPRATION MOED
TIMER/COUNYER “X” IS ENABLE 0 0 MCS-48 TIMER “TLX"
ONLY WHILE “INTX' PIN SET SERVES AS FIVE BIT
WHEN CLEARED TIMER “X" IS PRESCALER
ENABLED WHENEVERTRX CONTROL 0 0 16 BIT TIMERCOUNTER THX  AND
BIT IS SET “nx”
C/T TIMER OR COUNTER SELECTOR CLEAR ARE CADCADED THERE
FOR TIME OPERATION (INPUT FROM INTERNALSYSTEM 1S NO PRSCALE
CLOCK) SET FOR COUNTER OPERATION(INPUT FROM TX” 1 0 8BIT AUTO-RELOAD
INPUT PIN) TIMER/COUNTER “THX"HOLDS
A VALUE WHICH
IS TO BE RELOADED
INTO TLX EACH TIME
IT OVERFLOWS
1 1 (TIME0) TLO IS AN EIGHT
BITTIMERCOUNTER
CONTROLED BY STANDARD
TIMER 0 CONTROL BITS THO
IS THE EIGHT BIT TIMER
ONLY CONTROLED BY TIMER
1 CONTROL BIT
1 1 (TIMER 0) TLOIS AN EIGHT
BITTIMERCOUNTER
COTROLED BY STANDARD
TIMER 0 CONTROL BITS THO
IS THE EIGHT BIT TIMER
ONLY CONTROLED BY TIMER
1 CONTROL BIT
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1 1 (TIMER 1) TIMER/COUNTER 1

STOPED
gﬂﬁ 5.5 TMOD: TIMER/COUNTER MODE CONTROL REGISTOR

COUNTER wxvinndiideile TRI-1 uaz IN1-1 uaz GATE-0 w3e INTI-1 dudn
GATE-1 TIMER/COUNTER wzgnmiufualedgyanat INTI vinawuen dselumilunis
Fommwuii A 1$annunhaveaiadondurmmouen TR1 Wuinmunuegniolu
TCON falugilfi 5.6

osc 12 —l
N e /i 2o N Y L TS BT T 2
cA- : 1280 | 8l
_' COrNinn
TP
R1
GATE
wNTT PN

j1/#t 5.6 TIMER/COUNTER 1 MODE 0:13 BIT COUNTER

(158) .58
Lo [ [ oo T me T ows | e T w0 T o]

Symbol Position Meme and Signiticance Symbul  Position Neme snd Signiticance

1Ft ICUH 7 Tener 1 overliow Flsy Setty (3] RIS Biemgd § bdge lay Setby

hardwme on Timet/Couniler
overtlow Cleared by
bantwate when processs
veudirs o sikemygl wnlse

cleived by soflware 1o e
Twnes/Camler ool

"o

o

hundwaie when eaternal
inlesrupt edye delected.
Cleared when  inlenopt
protessed

TR ICOtI6 Tunes t Ran conbrol tat Set/ [} IO 2 Etenugt 1 Type conbial bt
ckared by soltwaie Io hin Sel/cleared by software o
TneCcantet onvoll speuily lalliny edyeliow

TFO  ICOMS lanetDovestiow Flag Setby level biygered extuinal
hardwaeg on Tonet/Cinwiles intenupts
oveitlow Cleated by [ 3N 1CON Y Rdetngd O Edge Heg St by
havcdware when prnxesss huniwaie when esletnst
veclors to mteingd ioudnwe wteoupt cdye detected

IO KANI4 Lenes O Rse contiol 1l Sut! Cheatcd when tetnpt

mocessal

bteangt O ¥ contiol 1m
Set/deainl Ly soltwae (0
speuly ladling edgeflow
fevel biggered extesnal
nilegts

71/ 5.7 TCON: TIMER/COUNTER CONTROL REGISTOR
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[} v »
TuTnua 0 Nezuve THI 5 8 In fu TL1 0 5 0n Taofundedn 3 on wu'lyd

9
Talsuazas I¥usziviiousuns TIMER 1uaz TIMER

nua 1

msiFumieuiuinug 0 sndusTmmesniFeiuuuy 16 On

Tnun 2
uTnua 2 Feamessedlunuy 8 in Taoh TL1 szeunsoInuadeyasin THI
18 Imi (AUTO-RELOAD) illoiialones Inai9n TL1 (g3 5.8) Tavhisalu THI 2l

o ° A A @
Qmﬂauumsmwuauq ﬂ:lﬂuﬂHﬂUTHUﬂ 0

osc -2 —'l
eN-0 T
(8 Bits)

(]
[ £°X] i
CONTROL
ngm—-—] H

GATE TH1
(8 Brts)

7% 5.8 TIMER/COUNTER1 MODE 2.:8 BIT AUTO-RELOAD

Tnua 3

TuTrun 3 fezuen TLO uaz THO ves TIMER 0 19 Tavdasz@sg 4.8) TLO
sz1diinaruguiie GATETRO, INTO uag TFO dau THO gnlfiflu TIMJIER (Tuusudu
Toifia) naeiudrensld TR1 uaz TF1 vee TIMER 1 axtfululvue 3 § THO AN
mMBuReIIMiues TIMER! (TF1) o4 TIMER 0 TuTvun 3 uds TIMER 1 museady
WszninInun 3 uos Inuaduldnieldifiu BAUD RATE GENERATER
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0sC 12 11210sc
umosc-—-—————l
0 WNTERRUPT
dl- : (8 bits) o
10 Pty —— |
WO P
112108c e oo 1 WNTERRUPT
i
e e
TR

31]7'1-5.9 TIMER/COUNTER 0 MODE 8:TWO 8 BIT COUNTERS

5.4 NeimBYNIU

wesmeynsuiifiy FULL DUPLEX fawsodudonaly BYTE #aedldlaoh
BYTE usnéahigngmeenlisin BUFFER usstielsimudeya BYTE usnszgnom'hl
souRimssudeyalu BYTE faewaisauyseiiaciy v8ya BYTE usngoudsTigasiu
Sudeyafinn deyaiiesldlumsdumssiuszgnitn1? o fifoatude sBur

msiBoudeyalyfl sBUF sziihimsTnaadoyal¥fy TRANSMIT REGISTOR uay
71567 SBUF sziiluniseudeyasin RECEIVER REGITOR weoinsyniuuuenisiniu
ponidiu 4 Tnua

Tnua 0 deyaszdmie RXD dudeyanneenszesnnie TXD anusilu
m3de (BAUD RATE) ssgnfimuamuiauilu 1/12 vesnrndesadunesinesvesszunlu

Tnua 0 sxdlunisdadoyaviin 8 in (1ao LSB een'hineou)

Tmum1: dumziudeyaving 10 fin $alsznoudas START BIT (0), Yoya 8iin

d .4 ’ -~ A

(LSB 88nfiBu),STOP BIT luvaziudoya STOP BIT segndald RBs luSemasdmim
#ifny SCON AN lumsdahifmuamodgn1sm BARD RATE)

Inua 21 duesiudoyavure 11 In Uszneudas START BIT (0).doya 8 in
LSB fiew), Toyaiindi 9 Ammsolusunsuld uazdn 1 sTOP BIT iinh 9 wesdoyn
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YoIMIAIANT 151 MOV SBUF, A lumndwSumsSusziSufideile RI-0 uaz REN 1 Tu

Tnua 0 g Inuadug mssudeyasziSuauiiedl START BIT 149741 1oy REN=I
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i 4 ] 1 4
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] L 4
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BYTE iy ADDRESS 9zAsauand1e91n BYTE foyndasninldlasiind o vesdoya
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} 4
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SERIAL PORT CONTROL REGISTOR

1u§1l°7'i 5.10 Hluswazidvaves SFR ?iﬁmﬂﬁmuquwas’waqnsu (SCON) nwlu
scoN 'hifivauatinisden Tnuaminiuuadisumaiing o voadoya (TBS, RBS) uay
‘SERIAL PORT INTERUPT (T1 tiag R1)

(MSB) (LS8
[ smo | smi [sm2 fren]Bs [re8a | n | A |

Whese SMO, SM1 specily the seris! port mode. as follows :

SMO SM1 Mode Description Baud Rete e71B8 s the 9th date DR that will be
0 o] 0 shiftregister 1. /12 tansmitied n Modes 2 and 3. Set
0 1 1 @-DUUART  variable ot cleat by soitware as desired.

] o 2  9-DRUART /64 *RBE  InModes 2and 3,isthe Sthdata bit
o that was ieceived inMode 1,1SM2
fouc/32 =0, RB8 is the stop bil that was
v 1, 3 9btUARTvaiable received. n Mode 0, RBB is not
4 * M2 'enabtesn\embzto.crgguﬁmm;ali used.
ealure in Modes Mode 7 or 7 [ inl Set
SM21s set 10 | hen Riwilinol be ectiveled i 2Dk iamme MW oo Set by
the received 9th data bt (RB8) is 0 in Mode time in Mode 0,0r 2f the
1,1 SM2 = 1 thea Rl will not be aciivated il e ol the stop bit I the other modes, in
vahd slop brl was not received In Mode 0, 8y, sevia) bansmission. Must be
SM2 should be 0. Cleared by software.
*REN enables serial receplion. Set by software «Ri is receive nler Set
o ensble reception Clear by softwaie 10 = igaiaon &
disable reception. [ tatie in Mode 0, or hattway Hrough
the stop brt time in the othes modes,
in any serial reception (except see
SM2) Must be deared by soltwate.

: 71N 5.10 SCON : SERIAL PORT CONTROL REGISTOR

a31AwINun13a9 (BAUD RATES)

. TuTnua 0 A lumsdstinua Budueou fs
MODE 0 BAUD RATE = ( OSCILLATOR FREQUENCY ) / 12

1 4
1} Y Q é L]
TuTnua 2 A2 lumsdetiuegiu SMOD eyl PCON §1 SMOD = 0
ANUS WY 1/64 vBIR D oBATAIAMBS 81 SMOD = 1 mamsaeziiiu 1732 ves
ANUDBDATAIINDS

t 4
A lumsdsluTnue 2 srnldnngassadl

MODE2 BAUD RATE =(2 """ X )/ 64 (OSCILLATOR FREAUENCY)
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[ 4 Vo ) [ 3
Tulnua 2 armiSrlumsdedusgiy sMOD dweglu PCON 81 SMOD = 0 Anusa
WMy 1/64 vewnnudesadamume; & SMOD = 1 anw§nuiy 132 venwd
o0ATABUADS

Q7

< , o v &
anus lumsdaluTnun 2 dnnaldningasdad

MODE2 BAUD RATE = (2 ' X) / 64 (OSCILLATOR FREQUENCY)

Tnua 1 uoz Tnua 3 ewSalunisdgndmualaudnsives OVERFLOW wea
TIMER 1

mM3l¥ TIMER 1 lunsnufia BAUD RATE
eld TIMER 1 dludsuila BAUD RATE a3 19usgiy OVERFLOW RATE

\ ﬂ' L d [-]
uazAmaglu sMoD armSafmanldningas

MODE 1,3 BAUDRATE =(2 ' x )/ 12 (TIMER 1 OVERFLOW RATE )

- »
lunisly TIMER 1 dudasuidanaws lumsdedeyaiisedes souhidnissy
1 4 v
woiiney TIMER1 3%nuld TIMER 1 flusduiianamund i Taowa luisesdn s
' 4 3
TIMER 1/COUNTER fJu TIMER uazeghulnua 2 ¥ TIMER Tulnua 2 i AUTO.

¥
RELOAD 14 ( i¥mluvigewes TMOD = 00108 ) Tunsdifinmun§azdnaldeingas

MODE 1,3 BAUDRATE =(2 - X OSCILLATOR FREQUENCY )/ 32.X 12 X (256-(th1) )
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Taona TH1 sz luges RELOAD fen15e

BAUD RATE fosc SMOD TIMER 1
C/T MODE RELOAD VALUE
'MODE 0 MAX : 1MHZ| 12MHz X X X |x
MODE 2 MAX : 375K | 12MHz 1 X X |X
MODE 1,3 : 625K | 12MHz 1 0 2 | FFH
19.2K 11.059MHz | 1 ] 2 FDH
9.6K 11.058MHZ | O 0 2 FDH
4.8 11.059MHz | O 0 2 FAH
24K 11.059MHz | 0 0 2 F4H
1.2K 11.058MHz | © 0 2 EsH
1375 11.050MHz | 0 0 2 | 1DH
110 6MHz 4] 0 2 72H
-110 12MHz 0 0 1 | FEEBH

. TIMER 1 GENERATED COMMONLY USED BAUD RATES

5.5 BwnBIINT

8031 szliumasiufindyanadumes i 5 sindalugi 5.11

>
.—.m_:’/nn n
L
13
& D
m —D‘/In B—
WNIERAUPT
A ———
"——] >
e {BOC52 AND B3C154 ONLY)

71l 5.11 INTERUPT SOURCE
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VIDUADT NN NIBUBNTINGS 2 1 AiB INTO uaz INT1 demuiso Jusunsulisiy

o

wuunszduiwssAudyie  ( LEVEL-ACTIVATED ) wienszdudisveudoynia
¥ ]
"(TRANSITION ACTIVATED) Yuegfiuiin IT0 uaz IT1 lufmass TCON uWanfidmus
‘Fygrudumes St IE0 uaz IT1 I TCON
A oo a o S0 a W a S O [ .
weldygradumsiinininnsusnuraniiduiiadyyindumesimiszgadm
1 ° a o o
indosTaoersauds (mwlu 8031) vaizh cPU nszTaalibinluBumesswignisndifiuns
a S o ar Y o s IV LY o L4 o
dumeIimilavssAuvesdygna uandumeimides CLEAR deaeiving moludu;
) o o o L4
fiuvosdunassw
b 4 +
Suinesswive TIMER 0 uaz TIMER 1 iHavulaouran TFO uas TF1 Wefady
b4 A »
wesiwituuranssgnindes Tasarsausidenss Tanluvinudi SERVICE ROUTINE
o £ 4 o o ¢;’ o & ' 9 q' 9
dumpiimiveaweineynsy  Matuniameiy  nienndedoyalaoi lusunsudes
[~ A Jo o o A v 9 ° o 4 -
asrudahifludumesiminindmiy Ry wiedds (I tazezdsuinsndsiunandu

daor 7Y o o
DI SNNAVBDINUAS

¥
[

a do a a S & g A a ¥ ) o

uniinudadyanusumesimiansagnnsemdss 14 lavvs inamilousuduow
= o [ o o t o a Lo (: o : A S Ly
nnszilagariaitiununearihdyanudume ST wniussitatunsebume S minm
wgannsodnld Taososwing

unaaiuliadyuduinbsSwitinasA1@I5092 ENABLE M58 DISABLE launts
=1 o i = o o a o o
dymTenduiiniegluiTmaes E dedunnlusaaey E findi 7 fio EA suiilumanioqy

s 3

ENABLE %30 DISABLE wesdnqiaduineisnigndyona  asiuiiedeenisidsy

o ] 4 -1 o : o ar o - ‘N
weiinideshiduflevdn EA d10 wdamiu Sohns ENABLE dugadumedinig

1 4
ADINTT
(MSB) : (LSB)
L EA 1 x Jer2] es [en [ ext T ewo [ exo |
Bymbol Position | Function )
EA €7 disables altinterrupts i EA =0.n0 ntenrupt wili be ecknowledged #EA= 1 each
inlenupt source is individually enabled or dissbled by setling or cClearing K3
- - enable bil.
- [ ] teserved
| 3¢ 2. ES enables o disables the Tkner 2 Overtiowor caplure intessupl BET2=0 the Timer
2 intenupt is disahled.
ES K4 enables o dhsables the Sesial Port inlernugt. ¥ ES = 0. the Sedial Port interrupt I8
. - dissbled :
ETY €3 enables or disables the Tanet | Overfiow Interrupt. 1 E1 1 =0, the Thmer § interrupt
Is disabled.
EX1 €2 enables or disables Exlernalinterrupt 1 ¥EX1=0,Externalinterrupt 1 s disabled.
ET0 €1 enables or disables the Time: 0 Overfiow intetrupt ¥ET0=0,the Timer Oiesrupt
-t is disabled. - ,
EX0 [ ) enables or disables Externalinterrupl 0.#EXO=0,Externalintermupt Ols cisabled. .

310 5.12 IEINTERUPT ENABLE REGISTER
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SOURCE PIORITY WITHIN LEUEL
1. IEO (HIGHEST)
2. TFO
3. IB1
4. TF1
S. RI+TI
6. TF2 + EXF2 (LOWEST)

o o4 =S o

mnemg Srruaudiigilidemedelidygrudumes i ludduanudwaniny
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WINNTIT 1 dyaa
psnaHve T YaNAB UIAB I TN
ar - Jo & Y (] P =3
uranvesdygnadumesSwissgaguitednlutaan 5 mafi 2 veannq uudu
Tmfauazsziinsnsie (POLLING) n1dumeiswinn 5 undeduauuundulyfade
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o o 1 : 2 a S o o - Lo
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SOURCE VECTOR ADDRESS
1ED 0003H
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IE1 0013H

TF1 001BH

R1+T1 0023H

TR2+EXF2 002BH (8032/52)

p1duwmesIManmsuen
o dar l'd ° o - »
nmstumeismimouennseld 2 fumm Ao INT! TasamnsoTusunsubiiiy
wwumsasunasweudyganfeduiuyssdudygan 1dlaodmiendeiin_- m
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| 4 . (]
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DISCHARGE opemnlavii TRANSISTOR (BC549) Fuilu CONSTANT CURRENT
SOURCE Tauil VR 1K iludsunmuiaves PULSE Tau PULSE #ilderildnwaizndw
fudynna SAWTOOTH &evda lnSouiouusaduiin 6 enfSoufonusedunn s
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6.3 N13911974Y8323995 DIGITAL TO ANALOG CONVERTER

112993928 IC # AD 558 Fakmihit wasdynaen DIGITAL il ANALOG
$4m6lu IC # AD 558 92l BLOCK DIAGRAM mws1uau 8 BIT a9edl & uond Tavez
fudyaru DIGITAL fiflviavg 2 Tagezsudygna DIGITAL wenmidsdssuiana
TUCOMPUTER dadqyeiatoenuy OUTPUT 1uu¢iaxugn§ﬂ:tﬂuﬁdmnqu TRANSISTOR
switch Thhnszuaiesae lUgiduvesases RESISTER Sesioiiu LADDER Tavusady
flusnzuandoziiiu VOLTAGE REFERENCE #eegiy 1495 LADDER wiiludnuguiu
urazdnveusiud Wi Tnoiidniymves op-aMp sriiduihunihdusauinvesas
BIT fithandoilliu SUMMING AMP # OP-aMP dufusiin/dounlasusay BIT sediduh
f 57255 whAy 0.02 v azfuminlBuunladuides BIT sxfidiiu 0.02 v waniuly

i
Fovqaunsy 255 A W14 oUTPUT senwnilauvidy sv

5 volts

0to 2.56 volts

=

1 analog ground

system ground

31" 6.4 DIGITAL TO ANALOG CONVERTER
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8.4 N191119149992993 A/D CONVERTER

AN IUYBIN9S A/D CONVERTERS mwwmaning q fie misudasdaenm
ANALOG fiudaianamie DIGITAL Sunngreziuiiesdl 1c Suilundnlng q fie 1c #
ADC 0804 Fufu IC # CMOS vua 8 BIT laul#nnuunnsevesns LADDER 265R
w¥reRuias IC #ADC 0804 AEsmuNsnadie CLOCK Fumaldmoludalnoldhens RC do
Saunsueniin: 4 fu 0 19 Faezld R M1 33 K deswdy C 1 02 oF eduiianiud
15 KH z $am18omgns felk = 1/(1.IRC ) 13w Taomstleunsedu INPUT $hiler 6
489 IC # ADC 0804 Tagde C 1 0.1 uF asnsMAMmetudygIesunIMuasiin 3 Aew
LIR fiu%) 5 fsv1 INTR 1§11 SHORT fu iieassaufursesmousnitel? IC # ADC
0804 vheSuuyy FREE RUNNING 1azfivn 20 fiown SUPPLY seifiud § € fh 10 uF
soans A LT ygIasunIasiiv 8 Fufluyr ANALOG GROUND wazan 10 &4
ifluv1 DIGITAL GROUND éngﬂdauuﬂaanmnﬁulﬁaﬁuﬁmumumsumu el INPUT
il 6 Fufludyanunie ANALOG 0-5 V #w1 OUTPUT 8 BIT Ao 11-18 92N
DECODE lasnisuis 8 BIT h'lalu 2 HEX CHARACTER #1114 QUTPUT senuuilu
DIGITAL Suflutaugiu 2 $1u2n 8 BIT 8onnfi OUTPUT ritedslifanin CONTROL de
1
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NANIINAReI

7.1 HaN13NABBAABI3037 INSTRUMENT AMP fisdufiu A/D

150 1 T(celcius]
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130 /’/
120 '
110}
100 /
qg | ;"

30"
Fusu bit

$ 4 . + b $ $ $ > ﬂ‘ll -‘6
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7.2 HaMINAABIV83I995 D/A CONVERTER

BIT INPUT Vout (voit)
00000000 0

00000001 . 0.019
00000010 0.041
00000011 0.059
00000100 0.078
00000101 0.103
00000110 0.118
11111111 5.08

Mnransnaassziu lddusuBounass lifes 1 BIT sy 189usasud Vour

senffoundaslyfiazdszum 0.02 Vol
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7.3 HaN1INAaeIU993935 A/D CONVERTER

Vin (Volt) Bit (Output)

o 00000000
0.019 00000901
0.041 00000010
0.059 00000011
0.08 00000100
0.102 00000101
5.08 11111111

vnwansnaaesiiuldhdusuldouasiusesdu 1P Wiazdssuma 002 v 9vih
T mau Bir 7 op Wasunedlufias 1 Bit ilidensy 255 step 1 18usedud 1P
Y 5V me Bit 9 O/p i 11111111
7.4 Haminaaed CONTROL HEATER

NnHamsnaaeez 1831 7.2

e B e N 1
Y 4 ‘A/ 4 vd
] 1 H i i ]
v R L - IVfS
ct / rerm
™ \ \\ "
1

Vil Load [\ N N

3UN 7.2 wan13MAaes3393 CONTROL HEATER
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7.5 HON1INARBIVEL1993 INSTRUMENT AMP tfisufiugamssi

Temperature [celcius)

: 1

200
180 T
160

140
120 ;
100 7
80

)
40

20 »"’.
. / ¥V Valy)

H

714 7.3 nansnnuiuiusserIngamgiifauiy O/P ¥8a INSTRUMENT AMP
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luduveen13mABI2993 INSTRUMENT AMP desaufiu AD n1snaaesiels RTD
Wudansfuguunglvesszuuuaziig 18de1us INSTRUMENT AMP tunsnansass
lénsmlurasquingfifioufus oy BIT ves A #ldeomnihuavg 16 Tuduves
o 9/ o o~ 4 o o oo * v o
qungiiezlgmes TulmesifluiaSegamgiisTwessuy  Tunisvsasusieesusiiiden

mes Tuflimesifloudusiau BIT (OUTPUT) a2 1dnanismaasesansl 7.1

14
AIINAABIVEINIT D/A CONVERTER Hunaasamouenssyuylaenistleu INPUT
a s 4 a 4
iy 8 BIT (51910 000000000 T4 11111111 AeflouAniufiay BIT uazgnisifdsumlas
g d ' : . d ;
Y83 VOLT #i OUTPUT malf Vout senffoumlastlssini 0.02 VOLT §a1s19ft 7.2 maft

181% A3mvaitinofHusSas Vout

MIINABBIUDINIT A/D CONVERTER iflunisneassnisusnszuylasnisiley
INPUT il Voltage (Vin) niduinlasiiaz 002 volt 9218 oUTPUT iy BIT nIRIneane
ioifiud INPUT fiag 0.02 volt 924114 BIT 489 OUTPUT wffvuntasiiag 1 BIT Sewadi
Idvzaoandesiunan1saaeunaes D/A CONVERTER — S1fHan1sNaas uedqes
A/D CONVERTER Sufluiiimalauin gamstedi 7.3

dIUNTNARDIVBINDT INSTRUMENT AMP iioufugamgiosalunisnaasasies
nARININAUsZUUNITINuS Ald mos lufimesiiudneiagamgledwesl¥ RTD
Wudansnduiqamginetissiudonungiigedi Volage #18910  INSTRUMENT
AMP (Vout) ﬂzﬁthqifw?aﬂ 9 i1 200 ¢ dlemoudume? Tudwetezd Vour 184
INSTRUMENT AMP 1l58370%4 5 Volt W51 INSTRUMENT AMP 9711314 1%%4 0-5 Vot
e RTD nlavuuawaitld sans 7.3
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FLOW (HART

{  START >

\-——1———4’

+
34H = AA
35H,36H,37H = 00
CLRTFD CLR.TF1

set control port
A=ilp B=olp

1
port B = 00
1
initial LCD
*l'.f
set temperature

yes
@ > 25
noj,

set time

_'J_,.--J\. yes
<~ time >24b——————
"

noe
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| port B =FFH |
1 |

FFH

~_ f i -
~_msct point -

< TF0=0 | funasniy -

"\_\_’,,.r
yes [

1 sec

aw temperature

o
< .
_~aunnns

yes

~

-

b3
<7 AN %\Lno

port
B=00

pl.7 = out
san lwvw

00H

/;/

{umsna key

yes

asunsn 7~
’-’
g

timer
hau

jump start
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Tdsunsumeniniu

ORG 0000H

COMMAND EQU OE0OCOH

READBUSY EQU OBOC1H

WRITEDATA EQU OROC2H

READDATA EQU 0EOC3H

STIME  EQU 241

STEMP  BQU 251

TIME_HIGH EQU OFFH

TIME_LOW EQU OFFH

TMX EQU 53

ST™M EQU 4

ADJ_TEMP EQU §
SSTART:

MOV 34H, #0AAH

MOV 35H,#00

MOV 36H,#00

MOV 37H,#00

CLR TFO

CLR TRO

MOV DPTR #0EOE3H

MOV A,#90H

MOVX @DPTR,A

MOV DPTR,#0EOE1H
MOV A #00H

MOVX @DPTR,A
CALL INIT



LRX:

LR3:

S1:
XI1:

MOV 31H,#0

MOV DPTR#TEMP

CALL IN_MEM
CALL SCAN
MOV RO.#4AH

MOV R4.40

CALL TKEY
MOV A 30H
CINE A #2AH,SO
JMP LRX

: CINE A#23H.SI

IMP XYY

SUBB A,#30H

XCH A31H
MOV B,#10
MUL AB

MOV R4,B
CINE R4,#0,LRX

ADD A31H
MOV 31H,A

MOV B#STEMP
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DIV AB
INZ LRX
MOV @R0,30H
CALL SCAN
INC RO
JMP LR3

XYY

LRX1: MOV 32H,#0
MOV DPTR #TIME
CALL IN_MEM
CALL SCAN
MOV RO,#4AH

CALL TKEBY

MOV A 30H
CINE A, #2AH,S01
JMP LRX1

S01: CJNE A #23H,S11

JMP XYY1

S11:
SUBB A.#30H
X1
XCH A,32H
MOV B,#10
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MUL AB

MOV R4,B

CINE R4.#0,LRX1

ADD A,32H
MOY 32H,A

MOV B, #STIME
DIV AB
INZ LRX1
MOV @R0.30H
CALL SCAN

. INCRO

JMP LR31

XYY

MOV DPTR,#YESNO
CALL IN_MEM
CALL SCAN
CALL TKEY
MOV A,30H
CINE A#31H,VV
JMP READY]1
VV: CINE A #32HXYY1 -

JMP SSTART

READY1:
MOV DPTR,#SET



GH:

GG:

CALL IN_MEM
CALL SCAN

MOV A#1

CALL DELAY_SEC
MOV DPTR.#READY
CALL IN_MEM
CALL SCAN

MOV A #3FH

CALL DELAY_MS

;power on

MOV DPTR, #SSTEMP
CALL IN_MEM

CALL SCAN

JB TF0,COUNT_DOWN
CALL RTEMP
CALL RTIME

MOV A #0FFH
CALL DELAY_MS

MOV A31H
SUBB A,33H

JC XOFF

CALL DIMER_ON
IMP GH
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XOFF: MOV A34H

REX:

CINE A #0AAH,REX
JMP RUNTIME

CALL DIMER_OFF
JMP GH

COUNT_DOWN:

N100:

CLR TRO
CLR TFO
MOV 4CH.#7FH
INC 36H
MOV A,36H
CINE A #STM,N100
INC 37H
MOV 36H,#0
MOV A37H
CINE A#TMX,N100
INC 37H
DEC 32H
MOV 37H,#0

MOV A,32H
SETB TRO
CINE A#0,GG
CALL DIMER_OFF
MOV DPTR,#POWER_OFF
CALL IN_MEM
CALL SCAN
MOV 35H,#11H
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CALL TKEY
CLR TRO

JMP 0000H

RUNTIME:
MOV 34H,#0
MOV TMOD,#01
MOV THO#TIME_HIGH ~ ;65536-10000
MOV TLO,#TIME_LOW  ;LOAD 10 m$S
SETB TRO
JMP REX

»

DIMER_ON:
MOV DPTR,#0EOBIH  ;SEND OFFH FORM PORT B TO ON DIMER
MOV A #0FFH 2
MOVX @DPTR,A ;
RET

DIMER _OFF:
MOV DPTR,#0EOEIH  ,SEND OFFH FORM PORT B TO ON DIMER
MOV A,#00H :
MOVX @DPTR,A ;
RET

RTIME: MOV A,32H
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MOV 4DH,#20H
MOV 4EH,#20H
MOV 4FH,#20H
MOV RO,#4FH
CALL HE

RET

;READ DATA FROM A > D
RTEMP:
MOV DPTR#0OEOBOH  ;READ TEMP FROM A=>D FROM PORT A
MOVX A.@DPTR
SUBB A#ADI_TEMP
: ADD A#ADI_TEMP
MOY 33H,A ;INPUT DATA FROM A=>D TO MEMORY 33H
MOV 40H,#20H
MOV 41H.#20H
MOV 42H,#20H
MOV RO#42H
CALL HE
RET

HE:
KVY: MOV B#10

DIV AB

PUSH ACC
MbV AB
ADD A #30H
MOV @R0O,A
DEC RO



' POP ACC
ORL A #00H
INZ KVY
CALL SCAN
RET

TKEY:
MOV 30H,#0
MOV DPTR,#TABLE_KEY

TK1: MOV Pl #0EFH
CALL CKX
MOV P1.#0F7H
CALL CKX
MOV P1L.#0FDH

CALL CKX

MOV P1#0FEH

CALL CKX

' MOV A,30H
ORL A,#00
JZ TKEY
RET

SET_DATA:
MOV A #00H
MOVC A,@A+DPTR
MOV 30H.A
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NO_D: NOP
JNB P1.6,NO_D
NOP
INB P1.2,NO_D
NOP
JNB P1.5,NO_D
RET

CKX:
MOV A,35H
CINE A#11HMSX
CALL TSP

MSX: JNB P1.6.SET_DATA
INC DPTR
INB P1.2.SET_DATA
INC DPTR
JNB P1.5,SET_DATA
INC DPTR

RET

IMP SSTART



¥
SCAN: PUSH DPH

L1:

PUSH DPL
PUSH 00

MOV A #80H
CALL BLOCK2

MOV B,#8
MOV RO,#40H

MOV A@RO
CALL WRITE
INC RO

DINZ B.L1

MOV A #0COH
CALL BLOCK2

MOV B,#8
MOV RO,#48H
MOV A#0

MOV A,@R0
CALL WRITE
INC RO
DINZ B,LX
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POP 00
POP DPL
POP DPH

RET

IN_MEM:
:DPTR IS OFFSET DATA TO 40 ==> 4FH
PUSH DPH '
PUSH DPL
PUSH 00
MOV R2,#16

MOV RO,#40H

IN1: MOV A#0
MOVC A,@A+DPTR
MOV @RO,A
INC DPTR
INC RO
DINZ R2,IN1

POP 00
POP DPL
POP DPH
RET



93

BLOCK?2:
;A SELECT BLOCK
PUSH DPH
PUSH DPL
MOV DPTR #COMMAND
MOVX @DPTR,A
CALL WAITBF
POP DPL
POP DPH
RET

WRITE: PUSH DPH
' pUSH DPL

MOV DPTR,#WRITEDATA
MOVX @DPTR,A
CALL WAITBF
POP DPL
POP DPH
RET

WAITBF: PUSH DPH
PUSH DPL
MOV DPTR,#READBUSY
RDY1l: MOVX A,@DPTR



INIT:

TSP:

JB ACC.7,RDY1
POP DPL

POP DPH

RET

PUSH DPH
PUSH DPL
MOV DPTR,#COMMAND

MOV A,#38H :DISPLAY 5*7 DOT 1 LINE
MOVX @DPTR,A
CALL WAITBF

MOV A #0FH
MOVX @DPTR.A
CALL WAITBF

MOV A,#t6
MOVX @DPTR,A
CALL WAITBF

MOV A il
MOVX @DPTR,A
CALL WAITBF

POP DPL
POP DPH
RET

e
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MOV B,#01H

LK1: CLR P17
MOV A,#01
CALL DELAY_MS
SETB P1.7
CALL DELAY_MS
DINZ B,LK1

MOV B,#01H
LK2: CLR P17
MOV A #02
CALL DELAY_MS
SETB P1.2
CALL DELAY_MS
DINZ B,LK2
RET

TABLE_KEY: DB "123456789+0#"
TEMP: DB "TEMP =? 4
TIME: DB "TIME = ? "
YESNO: DB "YES=>(1) NO=>(2)"
SET: DB " PFUNCTION SET "
‘READY: DB" POWERON "
CLE: DB " "

SSTEMP: DB " C"0DFH," TIME=
POWER_OFF: DB "<- POWER OFF ->"
$INCLUDE "DELAY.ASM"
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DATA SHEET

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

National
Semiconductor
Corporation

ADCO0801, ADC0802, ADC0803, ADC0804,
ADCO0805 8-Bit uP Compatible A/D Converters

General Description .

The ADCO801, ADCO0B02, ADCO803, ADC0804 and ® Differentia! analog voitage inputs

ADCO0805 are CMOS 8-bit successive approximation A/D  ® Logic inputs and outputs meet both MOS and TTL volt-
converters that use a differential potentiometric ladder— age level specifications

similar to the 256R products. These converters are de- m Works with 2.5V (LM336) voltage reference

signed to allow operation with the NSC800 and INSBOBOA @ On-chip clock generator

derivative control bus with TRI-STATE® output latches di- g gy1o 5v analog input voltage range with single 5V
rectly driving the data bus. These A/Ds appear like memory supply

locations or.1/0 ports to the microprocessor and no inter- No zero adjust required

fa.clng logic is needed. g . . 0.3" standard width 20-pin DIP package

Differential analog voltage mputs. allow Ingroasing\iRq oo 20-pin molded chip carrier or small outline package
mon-mode rejection and offsetting the analog zero input 3 .

voltage value. In addition, the voltage reference input can Operates ratiometrically or with § Vpc, 2.5 Vpc, o ana-
be adjusted to allow encoding any smalier analog voltage log span adjusted voltage reference

span to the full 8 bits of resolution. . .
Key Specifications
Features » Resolution 8 bits
® Compatible with 8080 P derivatives—no interfacing ™ Total eror +Y%, 1LSB, +7,LSB and +11LSB
logic needed - access time - 135 ns m Conversion time 100 us
® Easy interface to all microprocessors, or operates
“stand alone”
Typical Applications
v
M
> Ve 1 T
»l w0 cxn ﬁ—l" }37 -
2o Lil P TAANSOUCER
D) TR CLE N 150pF
- T L 8T RESOLUTION
T b3 |matamure
Sle ! | g
.enoctsson ¢> ; b :: ::: an Vit : >mn — 1 eteon Ty
P ™ Viut-} y
- L Py acno b L—-
< i o2 - » SPAN ADJ _L
L1 P Vagr? —OstesteTion = =
ad 281
e %o oenn
TL/H/5671-1
8080 Iritegaeg Error Specification (includes Full-Scale,
Zero Error, and Non-Linearity)
& f————q)
Part SF:.':; Vaer/2=2.500 Vpc | VRer/2=No Connection
L e g . Number {No Adjustments) (No Adjustments)
I Adjusted
o] —— - ADCO08B01 | +1,1LSB
»a,
tre. oe—— - _{mm ADCO0802 +1,LSB
: ADC0803 | 1, LSB
DATA
ADC0804 +11LS8
ADC0805 +11LSB
TL/H/5671-31
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Absolute Maximum Ratings (Notes122)

i Military/Aerospace specified devices are required, Storage Temperature Range —~65'Cto +150°C
contact the National Semiconductor Sales Office/ Package Dissipation at Ty =25'C 875 mW
Distributors for avallability and specifications. ESD Susceptibility (Note 10) 806V
Supply Voltage (Vcc) (Note 3) 6.5V
Voltage £ H
Logic Control Inputs ~0.3Vto + 18V operat'ng Ratlngs (Notes 18 2)
At Other Input and Outputs —0.3V to (Voo +0.3V) Te:”’a‘g;‘;‘?zﬂgf’ 55-TcM>'-'fr sTa f;?é
Lead T . (Soldering, 10 seco DCO8 - AS
Sualjmsrfegac::ge (plastic)ndS) 260°C ADCO0801/02/03/04LCJ —40°C<Tas +85°C
Dual-In-Line Package {ceramic) 300°C :ggggl{ (())2N/ 03/05LCN —4gg§;A: I'alts): g
& A
S”\'/’a"e “F’,'g:"‘ P :;""‘9" c ADC0802/03/04LCV 0"C<TA< +70°C
apor Phase (60 seconds) 215 ADCO0802/03/04LCWM 0"C<TaS +70°C
Infrared (15 seconds) 220°C Range of Ve 45Vpc 06.3 Vpe

Electrical Characteristics
The following specifications apply tor Voo =5 Vpc, TMins Ta< Tmax and i) x =640 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units
ADCO0801: Total Adjusted Error (Nots 8) With Full-Scale Adj. 41 LSB
(SeeBection 2.5.2) Va
ADCO0802: TotatUnadjusted Error (Note 8) VRep/2=2.500Vpe % . LSB
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. £1 LSB
- (See Section 2.5.2) 72
> ADC0804: Total Unadjusted Error (Note 8) VRer/2= 2.500 Vpe +1 LS8
ADC0805: Total Unadjusted Error {Note 8) Vger/2-No Connection +1 LSB
VRer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kQ
ADC0804 (Note 9) 0.75 11 kQ
Analog Input Voltage Range (Note 4) V(-+) orV(—) Gnd-0.05 Vee+0.05 Vpc
DC Common-Mode Error Over Analog Input Voltage 1 Ve +Y% LSB
‘. Range
Power Supply Sensitivity ‘ Vec=5Voc +10% Over + Yie % LSB
: Allowed Vn( +) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Vcc =5 Vpc and Ta = 25°C unless otherwise specilied.
Symbol Parameter Conditions Min Typ Max Units
Tc Conversion Time foLk = 640 kHz (Note 6) 103 114 1S
Tc Conversion Time (Note 5, 6) 66 73 1/tcLk
fok Clock Frequency Ve =5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle (Note 5) 40 60 %
f CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
N Mode C8=0Vpc. oLk =640 kHz
wwrL | Width of WR Input (Start Pulse Widlh) | TS=0Vpc (Note7) 100 ns
tacc Access Time (Delay froin Falling G =100 pF 135 200 ns
Edge of AD to Output Data Valid)
t41. toH TRI-STATE Control (Delay Cy =10pF,R =10k 125 200 ns
from Rising Edge of RD to {See TRI-STATE Test
Hi-Z State) Circuits)
twi. tar Delay from Falling Edge __ . 300 450 ns
ot WR or RD to Reset of INTR
Cin Input Capacitance of Logic 5 7.5 pF
Control Inputs v
Cout TRI-STATE Output 5 7.5 pF
Capacitance {Data Butters)
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]
Vin (1) Logical 1" Input Voltage Vec=5.25Vpc 2.0 15 Voo
(Except Pin 4 CLK IN)
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

AC Electrical Characteristics (continued)
The following specifications apply for Vog = 5Vpc and Ty < Ta € Tuax. unless otherwise specified.

Symbol [ Parameter I Conditions l Min ] Typ I Max l Units

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately}

Vin (0) Logical “0" Input Voltage Vec=4.75Vpe 0.8 Voe
(Except Pin 4 CLK IN)

In(1) Logical “1" Input Current Vin=5 Vpc 0.005 1 #ApC
(All Inputs}

hn (0) Logical “*0" input Current VIN=0 Vpg -1 -0.005 pApc
(All tnputs)

CLOCK IN AND CLOCK R

Vr+ CLK IN (Pin 4) Positive Going 2.7 3.1 35 Voc
Threshold Voitage

V- CLK IN (Pin 4) Negative 1.5 1.8 2.1 Voo
Going Threshold Voltage

VH CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc
(V1 +)—(Vr~)

Vour (0) Logica! “0” CLK R Output lo=360 pA 0.4 Voc
Voltage Vec=4.75 Vpe

Vout (1) Logical “1” CLK R Output lo=—360 pA 24 Voc
Voltage Vec=4.75Vpc

DATA OUTPUTS AND INTR

Vour (0) Logical “0" Output Voltage
Data Outputs lour=1.6 MA, Vo =4.75 Vpe 0.4 * Vpc
INTR Output lour=1.0mA, Vcc=4.75 Vpc 0.4 Voc

Vour (1) Logical “1" Output Voltage lo=—360 pA, Vec=4.75Vpe 2.4 Vpc

Vourt (1) Logical **1” Output Voltage lo=—10 pA, Voc=4%v5 Vpo 45 Voc

lout TRI-STATE Disabled Output Vour=0Voc -3 rApC .
Leakage (All Data Buffers) Voutr=5Vpc 3 pnApc

IsouRrce Vourt Shortto Gnd, T4 =25'C 4.5 6 mApg

Isin Vout Shortto Veg, Ta=25°C 8.0 16 mApDC

POWER SUPPLY .

e Supply Current (Includes foLk =640 kHz,
Ladder Current) VRer/2=NC, Tp=25C * -

: and CS=5v

ADC0801/02/03/04L.CJ/05 r 1.1 1.8 mA
ADCO804LCN/LCV/LCWM . 1.9 2.5 mA

Note 1: Masd Ratings ind Himits beyond which ge to the device may occur. DC and AC electrical specifications do not apply when operaling

the device beyond its .podﬂod P g conditions. "

Note 22 All voltages are d with resp 1o Gnd, unless otherwise specified. The sepearate A Gnd point should always be wired 1o the D Gnd.

M&Amdodooﬁsu.hmuy.hornvochndelnwlcdbnakdenvonmonvw

Note 4: For Vip(—)2 Vm(ﬂmddhlouweodowmbooooooooo.Twomdﬁ:ﬁodumudlouchmbghp\n(muockdouvn)mwmd
mmmmmmmmmmummawwwmmvmm.Bomu.d\mgmm-uowvccmmu.svp.
as high level analog inputs (5V) can cause this input diode to y at ok 0 and cause errors for analog inputs near full-scale. The
wummmvmduudmmThlsmomMnslongumomalogvmdonnou:cudthumvonloobynmmmmv.mmn
eodo\vlb-cornctTommnmovoclo5VDck\pmvdhoo:ummlmmcnmﬁoammmwoll.mvxmm
variations, Initial tolerance and loading. )

Note §: Accuracy is guarameed at foyx = 640 kHz. At higher clock i y can deg! For lower clock frequencies, the duty cycle limits can be
exianded 20 long a3 the minimum clock high time interval or minimum clock low time interval is no leas than 275 ns.
Nm.:wmunWﬂmm.uplosMpmmhvwwmmmmcbdmmmmtonmlmmmmm
start request is internally latched, 3ee Figure 2 and section 2.0.
mﬂ:'rholsmbmbmnmownsmmwmuaomhwmmmmmmmmmmmwm
mmhlmlmwmo-hnolmummwmmtommmofmmm-(mﬂmw-m).
le:Nmo'MoAleMlzmm((mmﬁQnZin.Toobuhmcooonom-vmbghpmvdmmmnonz.S-ndeni
umtmvm/zpinnmomumoumm«mmmvwwwmEm»mmzzkmmmmmem
resisior is 16k. Total ladder input resistance is the sum of the two equal resistors.

Note 10: Human body model, 100 pF discharged through a 1.5 kN resistor.
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Typical Performance Characteristics

LOGICINPUT THRESHOLD VOLTAGE (V)™

feyx M)

Y

QUTPUT CURRENT (mA}

Logic input Threshold Voltage

vs. Supply Voitage
» -S5°C < Ty < 125°C
v
L
1 ¥ ] 7 /
5 .
' A
¥
4
13
450 475 so0 525 550
Veg - SUPPLY VOLTAGE (vgg)
H3 -
fcrk vs. Clock Capacitor
1500 i T IT
o
ACT !g;_
Rs 59
NN N
A \ \
VIREN
. = 204 \
N
NN
]
1] . 190 1000
CLOCK CAPACITOR (pF)
Output Current vs
Temperature
¢ Vec*SVpc) |
) 111}
DATA QUTPUT |
N BUFFEAS
s T
] Vs::: fi. Voe
™~
s -
-
3
“ismK
2 Vour* 84 Voc
-5 -2 9 23 38 )5 W0 18

T = AMBIENT TEMPERATURE {°C)

BELAY {m}

LINEARITY £AROR (LSH)

ige - POWER SUPPLY CURRENT (mAg !

200

® = N ow

14

32

L2

[ 1)

-8

Delay From Falling Edge of
RD to Output Data Valid
vs. Load Capacitance

"

] 00 A 8
LOAD CAPACITANCE (pFf)

Full-Scale Error vs
Conversion Time

Toe MWigux

= i
@ 0 10s 120 48
Te. CONVERSION TIME (us)

Power Supply Current
vs Temperature (Note 9)
-y ‘L l L
- - Congg _
Atassy aotasm—tee S iy
1993 AND ADciggsVCc - 037
LLe
8

|11 Veo=asy

H
feLk» b
&1
[N
-5 0 25 8 1 e
Ta - AMBIENT TEMPERATURE (°C)

AT

CLX IN THRESKOLO VOLTAGE (V)

OFFSET ERROA(LSH)

LINEARITY ERROR (L58:°)

CLK IN Schmitt Trip Levels

vs. Supply Voltage
s

-~

b3 Vi, >

oot
2

-$5°C To < 0125°C
23
vy -
19 -
15
[T IS R Y T V- T €

Ve - SUPPLY VOLTAGE (Vpe)

Effect of Unadjusted Oftset Error

vs. VRer/2 Voltage

|
=TT

[—IXT THE SPANIS

I ASSUMES V,
- $OA A ZERD ADL IF

Viwlo) » Vigl-1= 8V, 4
“2mV. 1
 THIS SHOWS THE NEED

DUCE!

H

s i ¢

H
9

(1} " 1.9

»
-

Vagrf2 (vpe)

Linearity Error at Low
VRer/2 Voltages
5 )

T
F'1usme

T T 7
UVRgs/) —
86

(26RO AND FULL- _|
SCALE ADJUSTED)
i 4 I

o

n
T
1038 VALUE (mV) l

LI SR

[\ ot o OOBTR 07T

T s
74

ARy

.'i

K| I

Y|
.
|

|

H
VReF/2 VOLTAGE (Vpe)

b2 ]

TL/H/S8T1-2
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

TRI-STATE Test Circuits and Waveforms

ton, Cy = 10 pF

tn tyn, Cp = 10 pF ton
v Vee
Vee & —]t
Vee Wi
H L] 0%
AO— 10
o outruT _ ono —F{1%%
DATA —
[4] ouTRUT [._‘“
& b 90% Vee T
l oArA t OATA /
ourTrvls oUtPUTS
= = = = Gno - I voL 1%
¥=20ns =208 TLH/5671-3
Timing Diagrams (All timing is measured from the 50% voltage points)
START

CONVERSION

a \ /

L] z

'——ODJ
W f—
—=] WRANL “ausY"
DATA IS VALID IN
ACTUAL INTERWAL L 4 )
bl NOT BUSY: j OUTPUT LATCHES
CONVERTER
[——— 17082 g ¢ o INTEANAL Tp ————]
(LAST DATA WAS READ)
(LAST DATAWAS NOT AERD) 7 INT ASSERTED
-
Output Enable and Reset INTR
iNTA RESET » -

DATA
ouTPUTS

- e M e

|

Note: Read strobe must oceur 8 clock periods (8/1¢y x) after assertion of interrupt 1o guarantee reset of INTA.

p———————NOTE

ace

ULA ]

-

TRISTATE

TL/H/58T1-4

3-20




102

Typical Applications (continued)

6800 Interface

DATA

<]
vMA
", p¢e—————qim
::: B
e EE : »
~ ]

Absolute with a 2.500V Reference

v

M:3
y Vel
' T
O—— vintt vee
T’ L rlg
AN T :E n
4
O Vil vagsn bd
v T "
¥ . (L) (2]
. AR
«
. *For low powar, 306 also LM385-2.5 < =
H
E Zero-Shift and Span Adjust: 2V<Vy<5V
vee
3 (3743

Yee
= =
a
Fm——————— -
- I LI |
| g |
Yl Vaer [T T |
> 41)
1A= Tt ') \
] ~g |
T3 2ER8 - I SETEVOLTAGE AN
cantvoLtast, Y, e |} stssscnonze |
VWA VWA
» L_L. —_———e
- = —

2vge
Lh @ 21R0 AG)

N Vgt T
.
Vi T "t 3
bILEN
1)

Ratlometric with Full-Scale Adjust

veo
g
o
:n
pr————y
| ; " ] '
= Vigte e ¥ |
] Loy 3
M
] T v ]
= = [} § J
[V Lodm |
' 1[ 1
I
[ ]
Vit vapst 4 : '-'L :
I 1 [E—
= sedes ortignat
v #s abost
Nota: bsfore using caps 8l Viy of VRep/2, =

see section 2.3.2 Input Bypass Capacitors.

Absolute with a 5V Reference

v“'v:‘l.l’
! 1
O——f viuiv) vee i
1
J;‘”l & :
T 8
. ] 9 ]
Sm |
] 1
1B
(R Sl
O Vit Vagsl : _l_ :
| I |
GITIGNAL
78 ADJUST
Span Adjust: OV V)N<3V
vee
tvpe)
. Vintel vee T
L T 3»
m.
17203
T T i g
. TW o AN
= "T"m I
TL/H/S871-8
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Typical Applications (continued)

Directly Converting a Low-Level Signal

Vinted

.

W3 Vs sitay

Vit

Yoo
s vor)

I

Veo

AD

Yars?

Vagpf2=128 mV
1LS88=1my
VoacsViN<(Vpacg + 256 m

n

1 mV Resolution with pP Controlled Range

V)

R Vint)
Y

8 817 DAC

250 vge
MCRO DACT™ Vint ) Vatel?
oacsn o Aty

T
T

VRer/2= 256 mV

Yee
5 vpo)

A

A pP Interfaced Comparator

vee
X740

O=——=1viat*} veo

O——tvimt } Vagsit

.

? ot

For: Vin{+)> Vin( =)

Output = FFex

For: Vin(+)<Vind -}

Output - 00ugx

Yee

Wi 0<Vpac<25v =

Digitizing a Current Flow

a4 puty scanef

VA~
v

190 voe

vee om0 8t ——- o %0a0
8vog) & VWA~
<
e
Vii-} Yee
>
<
Qim
<
. 4 o
e g >
R0 Vinl*h Vper
an
<
Pl
‘b

1

TL/H/5871-8
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Typical Applications (continves)

Self-Clocking Muitipie A/Ds
W Ot CLA B
3 oan g " | cin Pry
S
e s
anm
L B O] CLER
E 104
A o2
*Use a lasge R value >R
to reduce loading
at CLX R output. q
o NORE THAN & ABRITIONAL
2. A/ USE A CHOS SUF IR MOT FR1)
.-

Self-Clocking in Free-Running Mode

i O——Vinli*t asn
e L X s: "
cxm .
a an ™ g 1
i R
]

T e

*Alter power-up, a momentary grounding
of the WR input is d 16 g P

External Clocking

~o
ferx ] 1k in

100 kHz s fcy ks 1460 kHz

1P Interface tor Free-Running A/D

>

Operating with “Automotive” Ratlometric Transducers

Yeo
Ve

xon Yoo ver

1]
ne 3 Vit 0°
ADS 4
b3 o
j:a [T

ik

172180884
Vags?

T Vee

'“——)‘_l.

Vin(—)=0.15 Vg
15% of Voo S Vxprs85% of Ve

o i ]
.
W - 0w .
AESET
18TAgE
. AT CTR
) /=0 :
$m L w
<
o
"
L] anm
pommng T T
s any
vo.n
—-I l—-n g
vg? [ PREVENTS RO
2 DURRE AR
BATA WPBATE
'I
aser 2 ifgie) nisit

Ratiometric with VRer/2 Forced

[11%)
20R
Viale Ve
<
»
) %....
L = S
A <
VT LA
_I_— et} Yagsnt
K4
= Lt S
T i

TL/H/EE71-7
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Typical Applications (continued)

1P Compatible Differential-Input Comparator with Pre-Set Vg (with or without Hysteresis)

r—-

-]

"y
Vintt oo

Vit

Vapst

oTur

11

ey

(41

T

*See Figure 5 to select R value

DB7="1" lor Vin( +)>

Vind =)+ (VRer/2)

Omit circultry within the dotted area if
hysteresis is not needed

2 LEN3A
._u.wf
.

"

3

e s e

L

v oA,
> 1R o¥

Handling + 10V Analog Inputs Low-Cost, P Interfaced, Temperature-to-Digital Converter
© Wfoct vee
p ::“. s Vgel
1Y 1N <
M Vsl Yeo
. .
. -
e T sl | 3 -
& = s VWA 15 Vit vie 1
A Sw” v} lan T""
ap
-
—] Yt Vot
> 1R
1 $e—vmt) vars2 ; Tamax
*Beckman Instruments #694-3-R10K resistor array = ':_‘L:
uP Interfaced Temperature-to-Digital Converter
vee
B Vet
3 It
Ia A g Viwte) vee
W) - g 114
>
1 1 T ’-.E 3a
. - <
v mw v
Wi hd
" - L,
TN D G Vigt-} Vagpt on e
Lo 3 s & Tamax I
1or ® ADs
*Circuit values shown are for 'CSTAS + 126°C b I WL 4
**Can calibrate each sensor to allow easy replacement, then n® S -
A/D can be calibrated with a pre-set input voltage. A N = = <
y 1
TL/H/SETY-8
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Typical Applications (Continued)

Handling 1 5V Analog inputs Read-Only Interface
uP U3
uvv‘:g) f\
Q
LYY 1 BATA !

+

|||-—|

L4

Lo)e

Analog Self-Test for a System

3 TLorseri- Lol convennion TULM/S671-34
*Beckman Instruments # 694-3-R10K rasistor array
pP Interfaced Comparator with Hysteresis Protecting the Input
-~ Veo
. (3 Voo
Vingle) s (o
. by
Vin o83 }—» ourrur i v: x
= P i 70
an A=AV, (0} Vee! .
7 . 100F
\ Z N ..
=15 ¥pe _i® -
Vit : Vags, j - A/D
Diodes are 1N914
Vs -‘- r Vo (=)
“::jDo—» U = TL/HISE71-9
n
(]
L T A Low-Cost, 3-Decade Logarithmic Converter
- TL/#H/5671-35

o~

¢
Viut*) e
Ot
. J'.'."‘."-"’»
svsTEm | O== CHANREL s M Vit R
8 TEST ANALDG ae
roints | Oued wux
t [
O
{ Vigl )
w
i O~ -[: Varanpgy
i = t Wvpch
t 1‘ 1' 1‘ CHARNEL & Jﬁ-. -
SELECT I»
[ P
FROM OUTIOT -L
POAT OF P TL/H/5671-38 <

*LM389 ransisiors
A. B, C, D = LM324A quad op amp
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, Typical Applications (Continved)

3-Decade Logarithmic A/D Converter

A.B,C, D= LM324A

“Ym
FisaV 10 -1V Vinl*)

A Vial ) Vgt p—

=3

u.rI_ bITP
<

W oy W € L o
It Samans i ™ 1o
“"L " 4
W) L 2

Multiplexing Differential inputs

:m{?_ Vigled
Od
n ; >
o— R,
* (45 l - a
"""é ) b e "
O— UK
= ‘.,[ a cosesz
- ol
a0 P
>
Cﬂl 1 Vil )
fc=20 Hz O
Uses Chebyshev implementation for steeper rol-off s I -
unity-gain, 2nd order, low-pass fitter -L—— Vil ) 1 gc‘n.u:’u
Adding a separate fiiter for each channel increases = oy g
system response time if an analog muftipiexer PORT OR P
i3 used

Output Buffers with A/D Data Enabled

_L_O -1 3 P OF O3
- an 0.7, ™
BATA® DATA VS DATA DUT BATA 893
[+ o mstar™ f -
ST - [ e e LIR s [~
.L—O L] I—O »e
j T 5] G}
D o 0
TL/H/SET1-10
*A/D output data is updated 1 CLK period *Allows output data to set-up at falling edge ot TS
prior to assertion of INTR

Increasing Bus Drive and/or Reducing Time on Bus
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Typical Applications (continved)

Sampling an AC Input Signal

fy AN
(7]
PLTER “:.“
¥ ’ SUNT b LD ——{ Vi)
;3 (2]
-ure-na
[ S
3 ] - I wn ™
LOWPASE, MULTIFOLE conrRoL &
HLTER I hd
Vit
i1 :

—aa

xR

Note 1: O h possible [keep fa > 21(—60)] 1o eliminate input frequency folding

(mwwmmmwoﬂwm«.

Note 2: Consider the amplitude errors which are i d within the p of the filter,
-

70% Power Savings by Clock Gating

L A MOy i S e X

L]
e an ©r erm 111 rcon U
. v | Y LY £ -
a —-l
¥ [ ;] e
b 17 1N 1ies
To A {C takes = 30 )

Power Savings by A/D and Vrer Shutdown

Vee
" 0 avpo
w m
. I"' 7 N
. conTRay L2
Yee
e
b
$
+—*%
o = N
»PCOUTABL . L eed  {
. SEyde o [Emewy S e
" Y
e
(U 35

TL/H/S5878-31
*Use ADC0801, 02, 03 or 05 for lowest power consumption.
Note: Logic inputs can be driven 10 Ve with A/D supply et zero volta.
Bulter provents data bus from overdrving oulput of A/D when in shutdown mode.
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A pertact A/D transfer characteristic (staircase waveform) is
shown in Figure 1a. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the Vrep/2 pin). The digital
output codes that correspond to these inputs are shown as
D—1, D, and D+ 1. For the perfect A/D, not only will center-
value (A—1,A,A+1,. . . .)analog inputs produce the cor-
rect output ditigal codes, but also each riser (the transitions
between adjacent output codes) will be located + % LSB
away from each center-value. As shown, the risels are ideal
and have no width. Correct digital output codes will bs pro-
vided for a range of analog input voltages that extend * VA
LSB trom the ideal center-values. Each tread (the range of
analog input voltage that provides the same digital output
code) is therefore 1 LSB wide.

Figure 1b shows a worst case error plot for the ADC0801.
All center-valued inputs are guaranteed to produce the cor-
rect output codes and the adjacent risers are guaranteed o
be no closer to the center-value points than + %, LSB. In

Transfer Function
H
8
gotr T
2 H
a
2 °r TT 4
gb t o ] : :
-t = J 3
1 ! 2 E ]
P 2R 9¢y
A= A Ast

ANALOS INPUT (Vg

other words, if we apply an analog input equal to the center-
value * Y, LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be no more than %; LSB.

The error curve of Figure 1c shows & worst case erfor plot
for the ADC0802. Here we guarantee that if we apply an
analog input equal to the LSB analog voltage center-value
the A/D will produce the correct digital code.

Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at puint 1 of Figure 18
is + v LSB because the digital code appeared 4 LSB in
advance of the center-value of the tread. The error piots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude.

Error Plot

1138

A-t A A hd
ANALOG INPUT (Vi)

a) Accuracy= 10 LSB: A Perfect A/D

Transfer Function

Error Plot

A-1 A At
ANALOG INPUT [Vyy)

b) Accuracy= % LSB

"
o
a "
1
5 ]
S of r rje
2 H B !
—
2 [ !
280+l p 1 H
v : 1
D < T
A=1 A Aey
ANALOS INPUT (Vy)
Transter Function
-
g |
20 o o
E —
2 s} L H
2 1
g , —1
go-tf 1 !
{ !
i H
A-1 A Al

ANALOG INPUT (V)

c) Accuracy = + % LSB

Error Plot

-
NN L

1180

L

1138
3 A-t" A Aed

ANALOS IRPUT {Vyyy)

TL/HIS8T1-12

FIGURE 1. Clarifying the Error Specs of an A/D Converter
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Functional Description (continued)

2.0 FUNCTIONAL DESCRIPTION

The ADCO801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference in-
put voltage {Vin(+) — Vin(—)] to a comresponding tap on
the R network. The most significant bit is tested first and
after 8 comparisons (64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scaie) is transferred to an output
latch and then an interrupt is asserted (INTR makes a high-
to-low transition). A conversion in process can be interrupt-
ed by issuing a second start command. The device may be
operated in the free-running mode by connecting INTR to
the WH input with TS=0. To ensure start-up under all pos-
sible conditions, an externa! WR pulse is required during the
first power-up cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the TS input and WH input remain low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-

A functional diagram of the A/D converter is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic control paths are drawn in heavier weight lines.

The converter is started by having TS and WR simulta-
neously low. This sats the start flip-fiop (F/F) and the result-
ing “1" level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a *1" to the D fiop, F/F1, which
is at the input end of the 8-bit shift register. intemal clock
signals then transfer this 1" to the Q output of F/F1. The
AND gate, G1, combines this **1" output with a clock signal
10 provide a reset signal to the start F/F. If the set signal is
no longer present (either WH or C5is a “1”) the start F/F is
reset and the 8-bit shift register then can have the “1"
clocked in, which starts the conversion process. If the set
signal were to still ba present, this reset pulse would have
no effect (both outputs of the start F/F would momentarily
be at a 1" level) and the B-bit shift register would continue
to be held in the reset mode. This logic therefore allows for
wide CS and WR signals and the converter will start after at
least one of these signals returns high and the internal
clocks again provide a reset signal for the start F/F.

high transition. L 4 . .
17 » RESET SHIFT AEQISTER
"% = BUSY AND QUIESCENT STATE
INPUT PRDTECTION
FOA ALL LOGIC WPUTS
(L1 Th s e
TO INTERNAL
waRy ¢
(73}
(189 ] —l
Lo r START CONVERUON
Voo (Vatpi O <} ‘_ng N
P g <+ aa—
%: ¢ e I* AESET o 0
[ LADBIR g sap lgeed T
Vagrn O >  ano LATCH SHIFT A Lc—ﬁ/
woreny [ arcisvem | NESET
< ‘-—
<- F—
(]
3 [
[ Vioum I o
-FSW CLKA
= vee _1
e
LATER
)
Vint) O Jr [ XXX |
TRISTATE®
Ving |¢'; OUTPUT LATOMS p
e LI
w TR | —=J— .
N2 N i wIr
DIGITAL OUTPUTS }‘l Comv. CoweL.
1 TRLSTATED CONTADL L— Datferx
TImore n:j) 1=+ GUTPHT ENABLE
mod ” RESET
TU/H/5671-13

Note 1: T3 shown twice for clarity.
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FIGURE 2. Block Dlagram

$0800QVv/¥0800QY/€0800QV/208000V/108000V



ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

111

Functional Description (continued)

After the “1” is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this 1" is output
from the shift register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output

* makes a high-to-low transition which causes the INTR F/F

to set. An inverting buffer then supplies the INTR input sig-
nal.

Note that this SET contro! of the INTR F/F remains low for
8 of the external clock periods (as the internal clocks run at
14 of the frequency of the external clock). if the data output
is continuously enabled (C3 and RD both held low), the
TNTR output will still signal the end of conversion (by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F even though the RESET input is
constantly at a ““1" level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which Is 8 periods of the external clock frequency
(assuming the A/D is not started during this interval).
When operating in the free-running or continuous conver-
sion mode (INTH pin tied to WR and TS wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type latch, LATCH 1,
to go low. As the latch enable input is still present, the a
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resulting INTR output
pulse to only a few propagation delays (approximately 300
ns).

When data is to be read, the combination of both CS and
RD being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-
bit digital outputs.

2.1 Digital Control Inputs

The digital control inputs (C8. RD, and WR) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output En-
able labels. In addition, these inputs are active low to allow
an easy interface lo microprocessor control busses. For
non-microprocessor based applications, the TS input (pin 1)
can be grounded and the standard A/D Start function is
obtained by an active low pulse applied at the WR input (pin
3) and the Output Enable function is caused by an active
low pulse at the RD input (pin 2).

2.2 Anaiog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the
analog differential voltage input. The Viy(—) input (pin 7)
can be used to automatically subtract a fixed voitage value
from the input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input.
The time interval between sampling Vin(+) and Vn(—) is 4-
1, clock periods. The maximum error voltage due to this

slight time difference between the input voltage samples is
given by:

4.5
AVg(MAX) = (Vp) (27ricm) (rc:( ).

where:

AV, is the error voitage due to sampling delay

Vp is the peak value of the common-mode voltage

fem is the common-mode frequency
As an example, to keep this error to %, LSB (~ 5 mV) when
operating with a 60 Hz common-mode frequency, fem, and
using a 640 kHz A/D clock, fcik. would aliow a peak value
of the common-mode voltage, Vp, which is given by:

[AVemax (foLx]

VP = T miem) (4.5)
or
(5 % 10 -3) (640X 103)

(6.28) (60) (4.5)

Vp =

which gives
Vpa 1.9V,

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise lev-
els.

An analog input voltage with a reduced span and a relatively,
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voitage).

2.3 Analog Inputs
2.3.1 Input Current .

Normal Mode

Due to the internal switching action, displacement currents
will flow at the anatog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.

IcHARGE

s s et e e e e i e 2 o e ]

Vm(‘)' ™
* igiscuance | ‘on =
-— | CoTmAY
{12pF)
Vipt-) ]
= — ' —-—
- L 3 J
TUH/5671-14

fonol SW1and SW2 m 5k
1=ron CsTRAY ™ S KN X 12pF = 60 ns

FIGURE 3. Analog Input Impedance
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Functional Description (continued)

The voltage on this capacitance is switched and will result in
cyrrents entering the Vin(+) input pin and leaving the
V!N(—) input which will depend on the analog ditferential
input voltage levels. These current transients occur at the
leading edge of the internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clock period.

Fault Mode

It the voltage source applied to the Viny(+) or Vin(—) pin
exceeds the allowed operating range of Veg + 50 mV, large
ir&pul currents can flow through a parasitic diode to the Vec
pin. It these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Vg pin (with the current bypassed with
this diode, the voltage at the ViN(+) pin can exceed the
Vce volitags by the forward voltage of this diods).

2.3.2 Input Bypass Capacltors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through thg output resist-
ances of the analog signal sources. This charge pumping

~ action is worse for continuous conversions with the Vin(+)
ihput voltage at full-scale. For continuous conversions with
a 640 kHz cfock fequency with the Vin(+) input at 5V, this
DC current is at a maximum of approximately 5 pA. There-
fore, bypass capacitors should not be used at the analog
inputs or the Vrer/2 pin tor high resistance sources ( >1
k). if input bypass capacitors are necessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the detrimenta! effects of the voltage drop
across this input resistance, which is due 1o the average
value of the input current, can be eliminated with a full-scale
adjustment whi‘['e the given source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out prior to the comparison time. !If a low pass
filter is required in the system, use a low valued series resis-
tor (< 1 kQ}) for a passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-
tions, {< 1 k1), a 0.1 pF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a Jong
wira. A 10002 series resistor can be used to isolate this ca-
pacitor—both the R and C are placed oulside the feedback
loop—{rom the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
. as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 k). Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source

resistance and the use of an input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D (adjust VRer/2 for a proper tull-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibliity, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpg or an adjusted
voltage reference. This tas been achieved in the design of
the IC as shown in Figure 4.

Vee Vrer)
o
L.
n‘h iy
b3
$
Vagrn O~ DIGITAL
(1 CIRCYITS
S
l
3
[ #{ } ocoot eincurts
b
L
i»
ATHD | CLITA
A 7
TL/M/SB71-15

FIGURE 4. The Vaererence Design on the IC

Notice that the reference voltage for the IC is either % of
the voltage applied to the V¢ supply pin, or is equal to the
voltage that is externally forced at the Vrer/2 pin. This al-
lows for a ratiometric voltage reference using the Vcg sup-
ply, a 5 Vpc reference voltage can be used for the Voo
supply or a voltage less than 2.5 Vpg can be applied to the
VRee/2 input for increased application flexibility. The inter-
nal gain to the Vrep/2 input is 2, making the full-scale differ-
ential input voltage twice the voltage at pin 9.

An example of the use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltage range
of the analog input voltage. if the analog input voltage were
to range from 0.5 Vpc to 3.5 Vpg, instead of OV to 5 Vpc,
the span would be 3V as shown in Figure 5. With 0.5 Vpg
applied to the Vin(—) pin to absorb the offset, the reference
voltage can be made equal to ¥; of the 3V span or 1.5 Vpc.
The A/D now will encode the Vn(+) signal from 0.5V t0 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpg
input corresponding to full-scale. The full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range.
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Functional Description (continued)

*Add H VRgs/2 < 1 Vpg with LM358

10 draw 3 MmA to ground.
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b) Accommodating an Analog Input from

0.5V (Digital Out = = 00ygx) to 3.5V
(Digital Out=FFygx)

FIGURE 5. Adapting the A/D Analog input Voltages to Match an Arbitrary Input Signal Range

2.4.2 Reference Accuracy Requirements

The converter can be operated in a raliometric mode or an
absolute moda. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADC0805 is specilied particutarly for use in ratio-
metric applications with no adjustments required. In abso-
lute conversion applications, both the initial value and the
temperature stability of the reference voltage are important
factors in the accuracy of the A/D converter. For Vpep/2
voltages of 2.4 Vpc nominal value, initial errors of +10
mVpc will cause conversion errors of +1 LSB due to the
gain of 2 of the VRer/2 input. In reduced span applications,
the initial value and the stability of the VRgr/2 input voltage
become even more important. For example, if the span is
reduced to 2.5V, the analog input LSB voltage value is cor-
respondingly reduced from 20 mV (5V span) to 10 mV and
1 LSB at the Vrer/2 input becomes 5 mV. As can be seen,
this reduces the allowed initial tolerance of the reference
voltage and requires correspondingly less absolute change
with temperature variations. Note that spans smaller than
2.5V place even tighter requirernents on the initial accuracy
and stability of the reference source.

In general, the magnitude of the réference voltage will re-
quire an initial ‘adjustment. Errors due to an improper value
of reference voitage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences Iif the ambient temperature changes are not exces-
sive. The LM336B 2.5V IC reference diode (from National
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV max) over 0°C<Ta<+70°C. Other temperature
range parts are also available.

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, Viyguiny. i not ground,
a zero ofiset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D Vin(—) input at this Vingwy) value (see
Applications section). This utilizes the ditferential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location
of the first riser of the transter function and can be mea-
sured by grounding thd Viy (—) input and applying a small
magnitude positive voltage to the Vi (+) input. Zero efror
is the differencé between the actual DC input voltage that is
necessary to just cause an output digital code transition
from 0000 00Q0 to 0000 0001 and the idea!l Y4 LSB valve
(Y2 LSB = 8.8 mV for VReg/2=2.500 Vpc).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a difier-
ential input voltage that is 14 LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the VReg/2 input (pin 9 or the Vg supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,
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Functional Description (continued)

2.5.3 Adjusting for an Arbitrary Analog input Volitage
Range
If the analog zero voltage of the A/D is shilted away from
ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be properly adjusted first. A Vin(+) voitage that
equals this desired zero reference plus Y, LSB (where the
LSB is calculated for the desired analog span, 1 LSB=ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00HEX to 01Hex code transition.
The full-scale adjustment should then be made (with the
proper Vin(—) voltage applied) by forcing a voltage to the
Vin(+) input which is given by:
[ (Vmax — Vmin)

Vin(+)Isadj = V -1.5
N(+) | = VMax 256

" where:

Vuax = The high end of the analogfinput range
and .

Vain = the low end (the offset zero) of the analog range.
(Both are ground {elgrenced.)
The VRgr/2 (or Vcc) voltage is then adjusted to provide a
code change from FEgx to FFex. This completes the ad-
justment procedure.

,2.6 Clocking Option
The clock for the A/D can be derived from the CPU clock or
‘an external RC can be added to provide sell-clocking..Jhe
CLK IN {pin 4) makes use of a Schmitt trigger as shown in
Figure 6. > )

L3

J

f = 1
CLX=I1RC

<
L ¥4
1 .
cuu:( Ny P S R 10 kN2
o
I >
TL/HIS671-17

FIGURE 6. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
er clock inputs from a single clock R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
TTL bufter or PNP input logic should be used to minimize
the loading on the clock R pin (do not use a standard TTL
butfer).

2.7 Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated it the

conversion in process is not allowed to be completed, thero-
fore the data of the previous conversion remains in this
latch. The INTR output simply remains at the “1” level.

2.8 Continuous Conversions

For operation in the free-rinning mode an initializing pulse
should be used, following power-up, 19 ensure ciscult opera-
tion. In this application, the CS input is grounded and the
WR input is tied to the INTR output. This WR and INTR
node should be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus.
There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can ba driven (see typical
characteristics curves).

At higher CPU clock frequencies time can be extended for
170 reads {and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
butfers (low power Schottky such as the DM74LS240 series
is recommended) or special higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the Vcg supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Vo pin and values of 1 uF or greater are
recommended. }f an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu-
lator for the convertier (and other analog circuitry) will greatly
reduce digital noise on the Vcg supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signa! wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, tharefore shielded
leads may be necessary in many applications.
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Functional Description (Continued)

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (it used) should
both be returned to digital ground. Any Vper/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converter. Zero errors in excess of ¥, LSB can usually be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs
to display the resulting digital output code as shown in Fig-
ure 7.

For ease of testing, the Vrer/2 (pin 9) should be supplied
with 2.560 Vpg and a Vg supply voltage of 5.12 Vpc
should be used. This provides an LSB value of 20 mV.

i a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpg (5.120-1'% LSB) should be applied to
the Vin(+) pin with the Vin(—) pin grounded. The value of
the VRer/2 input voltage should then be adjusted until the
digital output code is just changing from 1111 1110 to 1111
1111. This value of VRer/2 should then be used for all the
tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (L.S). Table | shows the fractional
binary equivaient of these two 4-bit groups. By adding the
voltages obtained from the “VMS" and "VLS" columns in
Table |, the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester

Vaer/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter. The effects of quantization error have to
be accounted for in the interpretation of the test results.

For a higher speed test system, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voitage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to read the difference voltage,
"A=C", directly. The analog input voltage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog error (Y axis) versus analog input
{X axis). The construction details of a tester of this type are
provided in the NSC application note AN-179, “Analog-to-
Digital Converter Testing”.

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides Y, LSB steps for the 8-bit A/D
under test. If the results of this test are automaticalty plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the p'lot is not neces-

*sary and the testing speed can be increased by establishing

internal. limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, & common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the results
of 16 successive conversions, then returns to the user's
program. The 16 data bytes are stored<n 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware detzils are pro- ~
vided separately for each type of microprocaessor.

4.1 Interfacing 8080 Mléroproeessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives ot the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for TS and the MEMR and MEMW strobes)
or it can be controlled as an 1/0 device by using the 7O R
and /O W strobes and decoding the address bits A0 —»

A7 (or address bits AB — A15 as they will contain the
same 8-bit address information) to obtain the TS input. Us-
ing the 1/0 space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input to the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in 1/0
space is shown in Figure 10.
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b when an i upt is ped as required by the ying sample program.

FIGURE 10. ADC0801~-INS8080A CPU Interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE

0038 €3 0003 RST 7: JIMP LD DATA | ]

[ ] * L]

w» L] L ] .
0100 210002 START: LXI H 0200H :HLpairwill point to

;dgta storage locations

0103 310004 RETURN: LXI SP 0400H :Initialize stack pointer (Note 1)
0108 7D MOVA, L ;Test #of bytes entered
0107 FE OF CPIOFH X 1t #=16. IJMP to
0109 CA 1301 JZ CONT " suser program
0locC D3 EO OUTEOH ; Start A/D
010E FB EI s Enable interrupt
0l0F 00 LOOP: NOP :1Loopuntil endof
0110 C30F Ol JMP LOOP s conversion
0113 . . CONT: hd

[ ] L L] L]

. . {User programto .

. . process data) .

L ] L] L] L

L ] [ ] L]
0300 DB EO LD DATA: INEOH : Load data into accumulator
0302 77 MOV N, A s Store data
0303 23 INXH : Increment storage pointer
0304 Cc30301 JMP RETURN
Note 1: The stack poinlov-muslb.“ ioned b aRST?7 tion pushes the PC onto the stack.
Note 2: Al ad used were y chosen.
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Functional Descriptian (continued)

The standard control bus signals of the 8080 CS, RD and
WR) can be directly wired to the digitat contro! inputs of the
A/D and the bus timing requirements are met to allow both
starting the converter and outputting the data onto the data
bus. A bus driver should be used for larger microprocessor
systams where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU interfacing Circuitry and
Program
The following sample program and associated hardware
shown in Figure 10 may be used to input data trom the
converter to the INSB080A CPU chip set (comprns€¢o
INS8080A microprocessor, the INS8228 system controller
and the INS8224 clock generator). For simplicity, the A/D is
controlled as an 1/0 device, specifically an 8-bit bi-direction-
al port located at an arbitrarily chosen port address, EO. The
TRI-STATE output capability of the A/D eliminates the need
for a peripheral interface device, however address dacoding
is still required to generate the appropri?te CS for, the con-
verter.

It is important to note that in systems where the A/D con-
verter is 1-0f-8 or less 1/0O mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(AO to A7) can be directly used as CS inputs—ona for each
1/0 device.

4.1.2 INS8048 Interface
The INS8048 interface technique with the ADC0801 series
(see Figure 171) is simpler than the 8080A CPU interface.
There are 24 1/0 lines and three test input lines in the 8048.
With these extra 170 iines available, one of the 170 lines (bit
0 of port 1) is used as the chip select signal to the A/D, thus
ellmmanng the use of an external address decoder. Bus
s-RD, WR and INT of the 8048 ars tied directly
to the A/D. The 16 converted data words are stored at on-
chip RAM locations from 20 to 2F (Hex). The RD and WR
signals are generated by reading from and writing into a
dummy address, respectively. A sample interface program
is shown below.
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FIGURE 11. INS8048 Interface
SAMPLE PROGRAM FOR FIGURE 11INS8048 INTERFACE

0410 JMP 10H t Program starts at addr 10
ORG 3H

04 50 JMP S0H ; Interrupt jump vector
ORG 10H ; Main program

. 99 FE ANL P1, #OFEH ; Chip select
8l MOVX A, GR1 ; Read in the 1st data
;toreset the intr

89 01 START: ORL Pl, #1 : Set port pinhigh

B8 20 MoV RO, #20H : Data sddress

B9 FF MoV R1, #0FFH : Dunmy address

BA 1O MOV R2, #10H s Counter for 16 bytes

23 FF AGAIN: MOV A, #OFFH ; Set ACC for intr loop

99 FE ANL Pl, #OFEH ; Send CS (bit 0.0f P1)

91 MOVX @Rl1, A : Send WR out

05 EN I ; Enable interrupt

96 21 LOOP: JNZ LOOP ;Wait for interrupt

EA 1B DJNZ R2, AGAIN ;1£18 bytes are read

-00 NOP : 80 touser's program

00 NOP
ORG 50H

81 INDATA: MOVX A, @Rl ;s Input data, CSstill low

AO MOV @RO, A : Store inmemory

18 INC RO : Increment storage counter

89 01 ORL Pl, #1 ; Reset CS signal

27 CLR A ; Clear ACCto get out of

93 RETR s the interrupt loop

3-37
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Functional Description (continued)

4.2 Interfacing the Z-80

The 2-80 control bus is slightly different from that of the
8080. General RD and WH strobes are provided and sepa-
rate memory request, MREQ, and 170 request, IORQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in 1/0 space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
more time for the I/0 devices to respond. Logic to map the
A/D in 1O space is shown in Figure 13.

L] LI J
oAl AD
wn 3
"
[ 201~ TL/H/5671-23
FIGURE 13. Mapping the A/D as an 170 Device
for Use with the Z-80 CPU

Additional 170 advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during 1/0 input instructions. For example, MUX channel
selection for the A/D can be accomplished with this operat-
ing mode. .

4.3 Interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it em-
ploys a single R/W line and additional timing, if needed, can
be derived fom the ¢$2 clock. All 170 devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figure 14 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the TS decoding is shown
using %2 DM8092. Note that in many 6800 systems, an al-

ready decoded 475 line is brought out to the common bus at
pin 21. This can be tied directly to the T3 pin of the A/D,
provided that no other devices are addressed at HX ADDR:
4XXX or 5XXX.

The following subroutine performs essentially the same
function as in the case of the 80B0A interface and it can be
called from anywhere in the user’'s program.

In Figure 15 the ADCOB01 series is interfaced to the ME800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 -or MC6821 Peripheral Interface Adapter, (PIA).
Here the CS pin of the A/D is grounded since the PIA is
already memory mapped in the M6800 system and no T3
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprucessor bus under pro-
gram controf through the PIA and therafore the A/D RD pin
can be grounded.

A sample interface program equivalent 1o the previous one
is shown below Figure 15. The PIA Data and Control Regis-
ters of Port B are located at HEX addresses 8006 and 8007,
respectively.

5.0 GENERAL APPLICATIONS

The following applications show some interesting uses for
the A/D. The fact that one particular microprocessor is used
is not meant to be rastrictive. Each of these application cir-
cuits would have its counterpart using any microprocessor
that is desired.

5.1 Muitiple ADC0801 Series to MC6800 CPU iInterface

To transfer analog data from several channels to a single
microprocessor system, a multiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 series, the
differential inputs allow individual span adjustment for each
channel. Furthermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-
sor's total system servicing time by the number of channels,
since alt conversions occur simultangously. This scheme is
shown in Figure 16.
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FIGURE 14. ADC0801-MC6800 CPU Interface
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Functional Description (continued)

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC8800 CPU INTERFACE

0010 DF 36 DATAIN sTX TEMP2 ; Save contents of X
0012 CE002C LDX #3002¢ : Upon TRQ low CPU
0015 FFFFF8 STX $FFF8 3 Jumps to 002C
0018 B7 50 00 STAA $5000 ; Start ADCO801
001B OE CLI
00l1cC 3E CONRVRT WAL sWalt for interrupt
001D DE 34 LDX TEMP1
O01lF 8C 02 OF CPX #3020F ;18 rinal data stored?
0022 27 14 BEQ ENDP
0024 B7 50 00 STAA $5000 ; Restarts ADCO801
0027 08 INX .
0028 DF 34 STX TEMP1
0024 20 FO BRA CONVRT
002C DE 34 INTRPT LDX TEXP1
002E B6 50 00 LDAA $5000 ; Read data
0031 A7 00 STAA X ;StoreitatX
0033 3B RTI
i 0034 0200 TENMPL FDB $0200 : Starting address for r
T ; data storage
0036 00 00 TEMP2 FDB $0000 :
0038 CE 02 00 ENDP LbX #$0200 :Reinitialize TEMP1l
003B DF 34 STX TEMP1
003D DE 36-- LDX TENP2
O03F .. 39 RTS : Return from subroutine
; Touser's progran
Note 1: In order for the P 10 service subx and i the stack ponter must be dimensioned in the user's program.
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FIGURE 15. ADC0801-MC6820 PIA Interface
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Functional Description (continued)
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Note 2: Numbers of lelters in brackels refer (o standard M6800 system common bus code.

ADDRESS
0010
0012
0015
0018
001B
00l1C
001D
0020
0022
0025
0027
0029
0024
002C
002E
002F
0031

FIGURE 16. Interfacing Multiple A/Ds in an MC6800 System
SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

HEX CODE
DF 44

CE 00 2A
FFFF F8
B7 50 00
OE

3E

CE 50 00
DF 40

CE 0200
DF 42
DE 44

39

DE 40
A6 00
08

DF 40
DE 42

DATAIR

INTRPT

MNEMONICS
STX TEMP
LDX #$002A
STX $FFF8
STAA $5000
CLI
WAI
LDX #35000
STX INDEX1
LDX #80200
STX INDEX2
LDX TENP
RTS
LDX INDEX1
LDAA X
INX
STX INDEX1
LDX INDEX2

COMMENTS

; Save Contentsof X
: Upon TRQ LOW CPU

s Jumps to 002A

: Startsall A/D's

:Wait for interrupt
s Reset both INDEX

:land2to starting
; addresses

TL/H/S671-26

; Return from subroutine

; INDEX1 — X

: Read data in fromA/Dat X

: Increment X by one
+ X — INDEX1
: INDEX2 ~—» X

3-41
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Functional Description (continuea)

SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONICS COMMENTS

0033 A7 00 STAA X :Store dataat X

0035 8C 0207 CcPX #30207 :Have al1 A/D's been read?
0038 2705 BEQ RETURN : Yes: branch to RETURN
003A 08 INX 1 No: increment X by one
003B DF 42 STX INDEX2 1 X — INDEX2

003D 20 EB BRA INTRPT : Branch to 002A

003F 3B ° RETURN RTI1

0040 50 00 INDEX1 FDB $5000 ; Starting address forA/D
0042 0200 INDEX2 FDB $0200 : Starting address for data storage
0044 00 00 TEMP FDB $0000

Note 1: In order for Ihe microprocessor to service subroutines and interrupts, the stack poinier must he dimensioned in the user's program.,

For amplification of DC input signals, a major system error is
the input offset voltage of the amplifiers used for the
preamp. Figure 17 is a gain of 100 differential preamp
whose offset voltage errors will be cancelled by a zeroing
subroutine which is performed by the INS8080A microproc-
essor system. The total aliowable input offset voltage error
for this preamp is only 50 uV for ¥, LSB error. This would
obviously require very precise amplifiers. The expression for
the differential output voltage of the preamp is:

2R2
Vo = [Vin(+)=Vin(—)] [1 [F 2 SpD

8BRS/ L

SIGNAL GAIN
2R2 .
(Vos, = Vos, — Vos; & xRx) (1 + TRT)
\ U J J
DC ERROR TERM GAIN

where lx is the current through resistor Ry. All of the offset
error terms can be cancelled by making +IxRx = Vogi +
Vosa — Vosz. This is the principle of this auto-zeroing
scheme.

The INS80B0A uses the 3 I/0 ports of an INS8255 Pro-
gramable Peripheral Interface (PPI) to control the auto zero-
ing and input data from the ADC0801 as shown in Figure 18.
The PPl is programmed for basic /O operation (mode 0)
with Port A being an input port and Ports B and C being
output ports. Two bits of Port C are used to alternately open
or close the 2 switches at the input of the preamp. Switch

SWt is closed to force the preamp’s differential input to be
zero during the zeroing subroutine and then opened and
SW2 is then closed for conversion of the actual ditferential
input signal. Using 2 switches in this manner eliminates con-
cern for the ON resistance of the switches as they must
conduct only the input bias current of the input amplifiers.

Output Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
each output bit create a D/A converter. During the zeroing
subroutine, the voltage at V incr or decr as 1e-
quired to make the differential output voltage equal to zero.
This is accomplished by ensuring that the voltage at the
output of At is approximately 2.5V so that a logic "'1" (5V)
on any output of Port B will source current into node Vy thus
raising the voltage at Vx artd making the output differential
more negative. Conversely, a logic "'0"" (OV) will pull current
out of node Vyx and decrease the voitage, causing the differ-
ential output to become more positive, For the resistor val-
ues shown, Vx can move + 12 mV with a resolution of 50
pV. which will null the offset error term to Y, LSB of full-
scale for the ADC0801. [t is important that the voltage levels
that drive the auto-zero resistors be cofistant. Also, for sym-
metry, a logic swing of O\ to 5V is convenient. To achieve
this, a CMOS bulfer is used fdr the logic output signals of
Port B and this CMOS package is powered with a stable 5V
source. Bu"er\ampliﬁer At is necessary so that it can

.source og sink the D/A output current.
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Functional Description (continued)

Note 1: R2 - 49.5 A1
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Note 2: Switches are LMC13334 CMOS analog switches
Note 3: The 9 resistors used in the auto-2ero section can be 2 5% lolerance

FIGURE 17. Gain of 100 Ditferential Transducer Preamp
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A flow chart for the zeroing subroutine is shown in Figure
79. It must be noted that the ADCO0801 series will output an
all zero code when it converts a negative input [Vin(—) 2
Vin{+)). Also, a logic inversion exists as all of the 1/0 ports
are butiered with inverting gates.
Basically, if the data read is zero, the differential output volt-
age is negative, 8o a bit in Port B is cleared to pull Vx more
negative which will make the output more positive for the
naxt conversion. If the data read is not zero, the output volt-
age is positive so a bit in Port B is set to make Vy more
positive and the output more negative. This continues for 8
approximations and the differential output eventually con-
verges to within 5 mV of zero.
The actual program is given in Figure 20. All addresses
used are compatible with the BLC 80/10 microcomputer
system. in particular:

Port A and the ADC0801 are at port address E4

Port B is at port address ES

Port C is at port address E6

PP control word port is at port address E7

Program Counter automatically goes to ADDR:3C3D upon

acknowledgement of an interrupt from the ADC0801

5.3 Multiple A/D Converters In a Z-80 interrupt
Driven Mode

In data acquisition systems where more than one A/D con-
verter (or other peripheral device) will be interrupting pro-
gram execution of a microprocessor, there is obviously a
need for the CPU to determine which device requires servic-
ing. Figure 21 and the accompanying software is a method
of determining which of 7 ADC0801 converters has com-
pleted a conversion (INTR asserted) and is requesting an
interrupt. This circuit allows starting the A/D converters in
any sequence, but will input and store valid data from the
converters with a priority sequence of A/D 1 being read first,
A/D 2 second, etc., through A/D 7 which would have the
lowest priority for data being read. Only the converiers
whose INT is asserted will be read.

The key to decoding circuitry is the DM74LS373, 8-bit D
type flip-flop. When the Z-80 acknowledges the interrupt,
the program is vectored to a data input Z-80 subroutine.
This subroutine will read-a peripheral status word from the
DM74L5373 which contains the logic state of the INTR out-

‘puts of all the converters. Each converter which initiates an

interrupt will place a logic 0" in a unique bit position in the
status word and the subroutine will determine the identity of
the converter and execute a data read. An identifier word
(which indicates which A/D the data came from) is stored in
the next sequential memory location above the location of
the data so the program can keep track of the identity of the
data entered.

-
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FIGURE 19. Flow Chart for Auto-Zero Routine
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INTERRUPT SERVICING SUBROUTINE

LOC
0038
0039
003A
003B
003E
0040
0042
0044
0045
0046
0048
004B

* 004C

004D
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0051
0052
0055
0057
0059
005A
005B
005C
005D
0080
0061
0062
0063
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FIGURE 21. Multiple A/Ds with Z-80 Type Microprocessor .
SOURCE &
STATEMENT COMMENT
PUSH HL s Save contents of all registers arfected by -
PUSH BC : this subroutine.
PUSH AF : Assumed INT mode £ earlior set.
LD (HL) ,X3E00 s Initialize memory pointer where datawill be stored.
LD C, X01 sCreglisterwill be port ADDRof A/D converters,
OUT X00, A ; boad peripheral status word into 8-bit iatch.
INA, X00 ; Load status word into accumulator.
LDB,A : Save the status word.
TEST LDA,C s Test tosee 1f the statusof all A/D’'s have
CcP, X08 : been checked. If so, exit subroutine
JPZ, DONE
LDA,B ;Test asingle bit in status word by looking for
RRA ;a®1® tobe rotated into the CARRY (an INT
LDB,A s1sloadedssa®l®). If CARRY is set thea load
JPC, LOAD ; contents of A/D at port ADDR in C register.
NEXT INCC + I£ CARRY 13 not set, increment C register to point
JP,TEST s tonext A/D, then test next bit in status word.
LOAD INA, {(O) s Read data from interrupting A/D and invert
XORFF : the data.
LD (HL) ,A : Store the data
INCL
LD (HL),C s Store A/D identifier (A/D port ADDR).
INCL
JP,NEXT ; Test next bit in status word.
DONE POPAPF s Re~establishall registers as they were
POPBC s before the interrupt.
POPHL
RET ;s Return to original program

c9
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‘ MOTOROLA

LM124, LM224,
LM324, LM324A
LM2902 i

Specifications and Applications
Information

v

QUAD LOW POWER OPERATIONAL AMPLIFIERS

The LM124 Series are low-cost, quad operational amplifiers
with true differential inputs. These have several distinct advan-
tages over standard operational amplifier types in single supply
applications. The quad amplifier can operate at supply voltages
as low as 3.0 Volts or as high as 32 Volts with quiescent currents
about one fifth of those associated with the MC1741 {on a per
amplifier basis). The common mode input range includes the neg-
ative supply, thereby eliminating the necessity for external biasing
components in many applications. The output voltage range also
includes the negative power supply voltage.

e Short Circuited Protected Outputs

QUAD DIFFERENTIAL
INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

J SUFFIX N SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632-08 CASE 646-06

{LM224, LM324,

e True Differential input Stage LM2902 Only)
® Single Supply Operation: 3.0 to 32 Volts &
. e D SUFFIX
: 10 Ma 4A S
e Low Input ‘Bllas Currents: 100 nA Max (LM324A) L b ASTIC PACKAGE
e Four Amplifiers Per Package ' CASE 751A-02
e Iriternally Compensated SO-14
e Common Mode Range Extends to Negative Supply
e Industry Standard Pinouts PIN CONNECTIONS
S
O1ut - i O:t
MAXIMUM RATINGS (Tp = +25°C unless otherwise noted) Inputs [2] i3) Inputs
LM124 1 Gl B)] 4
LM224 v VEE.
Rating Symbol | LM324A | LM2902 | Unit cc {4 0 I
Power Supply Voltages Vdc Inputs E :Q] inputs
Single Supply Vee 32 26 2 [: E] 3
Split Supplies Vee. VEE =16 =13 Out : o
u t
Input Differential Voltage Range (1) VIDR *32 =26 Vdc 2 &2 L ;
Input Common Mode Voltage Range VICR -031t032 | -031026 | Vdc {Top View}
input Forward Current (2) WE 50 - mA
vi< —0dV) ORDERING INFORM
NF
Output Short Circuit Duration tg Continuous ATION
- - Device | Temperature Range Package
Junction Temperature TJ °C
Ceramic Package 175 Lmi244 -55t0 +125°C Ceramic DIP
Plastic Packages 150 LM2902D SO-14
Stgrage Te:’aperature Range Tsig °C LM2302J ~40to +85°C Ceramic DIP
eramic Package -65to +150 .
Plastic Packages -55t0 +125 LM2902N Plastic DIP
Operating Ambient Temperature TA °c LM224D S50-14
Range LM224J ~25t0 +85°C Ceramic DIP
LM124 -5510 ~125 - y) ;
LM224 2510 -85 _ LM224N Plastic DIP
LM324 010 +70 _ LM324AD S0-14
LM324A Oto +70 - LM324AN Plastic DIP
LM2902 - —40to +85 LM324D 0to +70°C S0-14
{1) Split Power Supplies. : o :
{2) This input current will only exist when the voltage is negative at any of the input leads. LM324J .| Ceramic DIP
:‘:::rnmilo?;(\zut states will reestablish when the input voltage returns to a voltage greater LM324N Plastic DIP

. MOTOROLA LINEAR/INTERFACE DEVICES
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'

Bias Circuitry
Common to Four

{One-Fourth of Circuit Shown) Output Amplifiers
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CIRCUIT DESCRIPTION

The LM124 Series is made using four internally com-
pensate,;d, two-stage operational amplifiers. The first stage

SINGLE SUPPLY

3.0 V to Vcc(Max.)
. —‘l'l—o Vee

o — S
ol
oF—L—T°
e — e o

———————% VEge/Gnd

o

of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and
the differentidl to single ended converter Q3 and Q4.
The first stage performs not only the first stage gain
function but also performs the level shifting and trans-
conductance reduction functions. By reducing the trans
conductance a smailer compensation capacitor {(only 5 pF)
can be employed, thus saving chip area. The transcon-
ductance reduction is accomplished by splitting the col-
lectors of Q20 and Q18. Another feature of this input
stage is that the input common-mode range can include
the negative supply or ground, in single supply operation,
without saturating either the input devices or the dif-
ferential to single-ended converter. The second stage con-
sists of a standard current source load amplifier stage.

Each amplifier is biased from an internal-voltage regu-
lator which has a low termnperature coefficient thus giving
each amplifier good temperature characteristics as well as
excellent power supply rejection.

SPLIT SUPPLIES

=1.5V 0 VEE(Max.)




127

LM124, LM224, LM324,A, LM2902

t

.,.-n

FIGURE 7 — VOLTAGE REFERENCE

MC1403

FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER
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LM158, LM258,
LM358, LM2904

Specifications and Applications
' Information

DUAL LOW POWER OPERATIONAL AMPLIFIERS .

Utilizing the circuit designs perfected for recently introduced
Quad Operational Amplifiers, these dual operational amplifiers
feature 1) low power drain, 2} a common mode input voltage range
extending to ground/VgEg, 3) Single Supply or Split Supply operation
and 4) pin outs compatible with the popular MC1558 dual operational
amplifier The LM158 Series is equivalent to one-half of an LM124.

These amplifiers have several distinct advantages over standard
operational amplifier types in single supply apphcations. They can
operdte at supply voltages as low as 3.0 Volts or as high as 32 Volts
with quiescent currents about one-fifth of those associated with ths
MC1741 (on a per amphfier basis). The common mode input range
includes the negative supply, thereby eliminating the necessity for
external biasing components in many apphcations. The output voltage
range also includes the negative power supply voltage.

Short Circuit Protected Outputs

True Ditferenuial input Stage

Single Supply Operation: 3.0 to 32 Volts

Low Input Bias Currents

Internally Compensated

Common Mode Range Extends to Negative Supply
Sipgle and Spht Supply Operation

Similar Performance to the Popular MC1558

DUAL DIFFERENTIAL
INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

H SUFFIX
METAL PACKAGE
CASE 601-04

OCuwut 8

tnputs A inputs 8

MAXIMUM RATINGS (T4 = +25°C unless otherwise noted)

LM158
LM258
Rating Symbol LM358 LM2904 Unit
Power Supply Voltages Vdc
Single Supply Vce 32 26
Split Supplies Vee. Ve -16 - 13
Input Differential Voitage Range (1) Vipr : 32 : 26 Vdc
Input Common Mode Vollage Range (2) VieR -0.31032 | -0.31026 Vdc
Input Forward Current (3) hE 50 - mA
Vi< -03vVI)
Output Short Circuit Duration s Continuous
Junction Temperature T °c
Ceramic and Metal Packages 175
Plastic Package 150
Storage Temperature Range Tag °c
Cerarmic and Metat Packages -65 to +150
Plastic Pdckage -55 10 +125
Operating Ambient Temperature Range Ta oc
LMm158 -5510 +125 -
LM258 ~2510 +85 -
LM358 Oto +70 -
LM2904 - ~40 to +85

{11 Sphit Power Supplies

the al:?lule Maxunumanpul voltage s egual 10 the supply voltage,
(3 Thay

than Q03 VvV

121 For Sunply Voltages less than 32 V for the LM1587253 338 andg 26 V tor the LA12904,

DUl current il only exist when the voltage i1s negative at any of the input Jeads.
Normal ottt states wit! reesiatihsh when the input voltage returns to a voltage greater

Veg/Gna
{Too View}
J SUFFIX \’
CERAMIC PACKAGE ["@
CASE 693-02 8 1
1
] ! N SUFFIX
8 PLASTIC PACKAGE
) CASE 626-05
D SUFFIX
PLASTIC PACKAGE Q‘
CASE 751-02 8 e
SO-8 1
——
Outwput A E 8 Vee
E; 7] oumput s
inputs A
B EIE‘
- inputs 8
VEE/Gnd [a E
(Top View}
ORDERING INFORMATION
Temperature
Device Range Package
LM158H ) Metal Can
LM158J =5510 +125°C Ceramic DIP
LM2904D SO-8
LM2904H . Motal Can
LM2904) ~4010 +85°C [ amic DIP
LM2904N Plastic DIP
LM258D S0-8
LM258H . Metal Can
LM258J N5t +85°C T amic DI
LM258N Plastic DIP
LM358D SO-8
LM358H y Metal Can
LM358J 0to +70°C Ceramic DIP
LM358N Plastic DIP




LM158, LM258, LM358, LM2904

REPRESENTATIVE CIRCUIT SCHEMATIC
{One-Half of Circuit Shown)
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Bias Crrecuitry
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CIRCUIT DESCRIPTION

The LM158 Series is made using two internally com-
pensated, two-stage operational amplifiers. The first stage
of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and
the differential to single ended converter Q3 and Q4.
The first stage performs not only the first stage gain
function but also performs the level shifting and trans-
conductance reduction functions. 8y reducing the trans-
conductance a smaller compensation capacitor {(only 5 pF)
can be employed, ‘thus saving chip area. The transcon-
ductance reduction is accomplished by splitting the col-
lectors of Q20 and Q18. Another feature of this input
stage is that the input common-mode range can include
the negative supply or ground, in single supply operation,
without saturating either the input devices or the dif-
ferential to single-ended converter. The second stage con-
sists of a standard current source load amplifier stage.

Each amplifier is biased from an internal-voltage regu-
lator which has a low temperature coefficient thus giving
each amplifier good temperature characteristics as well as
excelient power supply rejection,
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L M158, LM258, LVI358, LM2904

APPLICATIONS INFORMATION

FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 ~ WIEN BRIDGE OSCILLATOR
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SEMICONDUCTOR
TECHNICAL DATA

; o ' MOC3020

6-Pin DIP Optoisolators MOC3021 -

Triac Driver Output MOC3022
MOC3023

These devices consist of gallium-arsenide infrared emitting diodes, optically coupled
to a silicon bilateral switch.
They are designed for applications requiring isolated triac triggering.

UL Recognized File Number E54915 A) . 6-PIN DIP
Output Driver Designed for 240 Vac Line OPTOISOLATORS
Viso Isolation Voltage of 7500 V Peak TRIAC DRIVER OUTPUT

Similar t¢ MOC3010 and MOC3011 \
Standard 6-PiN Plastic DIP
VDE approved per standard 0883/6.80 {Certificate number 41853}, with additional
approval to DIN IEC380/VDE0806, IEC435/VDE08OS5, IEC65/VDE0860, VDE110b, covering
all other standards with equal or less stringent requirements, including IECZO4
VDEO0113, VDE0160, VDE0832, VDE0O833, etc. —g83
® Special léad form available (add suffix “T" to part number) which satisfies VDE0883/
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads. ’ CASE 730A-02
e Various lead form options available. Consult “Optoisolator Lead Form Optlons" data PLASTIC
sheet for details.

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

. Rating l Symbol Value | Unit COUPLER SCHEMATIC
INFRARED EMITTING DIODE
Reverse Voltage VR 3. Volts
Forward Gurrent — Continuous Ig 60 mA
Total Power Dissipation @ Ta = 25°C Pp 100 mwW 1 6
Negligible Power in Triac Driver 3 .
Derate above 25°C 1.33 mwrC .
d 2 as
OUTPUT DRIVER
Off-State 6utput Terminal Voltage VDRM 400 -|  Volts e ' ‘
Peak Repe‘itive Surge Current ITsm 1 A
(PW = 1 ms, 120 pps)
Total Power Dissipation @ Ta = 25°C Pp 300 mw
Derate above 25°C 4 mwWrC 1. ANODE
2. CATHODE
TOTAL DEVICE . ) 1LNC
Isolation Surge Voltage (1) Viso 7500 Vac 4. MAIN TERMINAL
(Peak ac Voltage, 60 Hz, 5 Second Duration) . . 5. SUBSTRATE
Total P_owiar Dissipation @ Tp = 25°C Pp 330 mw 6 m:oé::mﬁm
Derate above 25°C ) .44 mwWrC
Junction Temperature Range Ty ~40 to +100 °C
Ambient Operating Temperature Range Ta -40to +85 °C
Storage Temperature'Range . Tstg -40 to +150 °C
Soldering, Temperature {10 s) —_ 260 °C

{1) iIsolation surge voltage, Vis0. is an internal device dielectric breakdown rating.
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MOC3020, MOC3021, MOC3022, MOC3023
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Figure 3. Trigger Current versus Temperature
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Figure 5. dv/dt versus Temperature
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TEST CIRCUIT IN AIGURE 7

dvidt, STATIC [V us)

0 04 08 12 16 2
Ry, LOAD RESISTANCE (kf2)

Figure 6. dv/dt versus Load Resistance

1 The mercury wetted relay provides a high speed repeated puiss to
the D.U.T.

2. 100x scope probes are used, to allow high speeds and voltages.

3. The worst-case condition for static dv/dt is established by triggering
the D.U.T. with a normal LED input current, then removing the
current. The varisble RTEST sllows the dv/dt to be gradusily
increased until the D.U.T. continues to trigger in response to the
applied voltage pulse, even after the LED current has besn removed.
The dv/dt is then decreased until the D.U.T. stops triggering. TRC is
measured at this point end recorded.

Vmax = 400V

ot < 088 Vmax _ 282
T e

Figure 7. Static dv/dt Test Circuit
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