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Abstract

The remote equipment whit out human control. The system must
have high reliability and main terminal must be know status of every
subscriber terminal.

The propose of this thesis is controlled from main terminal to
each subscriber terminal by line 1ink and will display status of
controlled equipment. In this paper the main terminal is personal
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A ufflvoedygruuniAna / (8ms1uem*16) n1sn MURAISRT VAL ADY TUTUNTHAT YOI NS

aeudbd 1 mosBenthoun vualit  DLAB

[
tUu

"1" A ntiundednvoy LSB voufiavnTlubie

WOTWULN D LAY 3F8 uardeAvow MSB luliewoswwinuiay 3F9 %qéwva¢ﬁ1u11azﬁéw&¢ﬁ

,:5 ? diLf s | 'i.p ‘) %ﬁ; N
m rm
q, o4 g; = iy fnuum{n
50 2304 900
75 1536 600 -
110 1047 a7 0.026
134.5 857 359 0.058
150 768 300 -
300 ’33;1 180 _ -,
600 192 oCo -
1200 26 060 -
1800 64 ¢ 043> -
2000 58 o, 0.69
2400 48 030 -
3600 32 ‘020" -
4800 24 018 -
7200 18 oto -
9600 12 ooC -
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§aimoduamednusdrpBoms (Line Status Registor)

Y. . v
Wuaasnusvovd ofom s lauinsnvseaiumwn odaed

i hoen3s 3IFD

Tsrv a3 2 4 g

i ’ ) ! , l ,———- data ready (DR)
. ~— averrun error (OR)
i i

parity error (PE)

framing crror (FE)

break interrupt (BI)
FimmoiloaRaing
Tx shift register empty
=0

v .
fv 0 Bridw 1" ndavifidoyn e g sd imeduazdnfiaz 1du "0 fle cPU
éwuﬁayaiUu51

U 1 8du "1 wdeedrifim overrun error Ao CPU JcidiﬁdwuﬁagniUuﬁﬂ

-

[ . -4
vogaﬂnutnﬂuw
fv 2 fdu "1 udeedthm parity error Su
&
Ov 3 81idu 1" udAmedrihe framing error Su
Ov 4 4unin break interrupt feayidu 1" tﬁa?ﬁﬁagaxﬁqutﬁu "0"
1IuNdN L3S mvacfodny
« o . v i » ! 4 a ¥ m "
v 5 ﬂzLﬁuﬁwﬁﬂvuonqwwwauﬁazfumagaawnawuﬂaaws Ouflezgnigntinidu
1ﬂoﬂn1xdedwuiagnaﬁnﬁaaﬁu9€ﬁ1maéiuaqﬁu§€ﬂLmaélﬁaw§auﬂaqu
fv 6 aztdu 1" 1Ho8UtBiaimpding LUa  Sovonitwiondww Ea

v 7 az1lu "0" mmom



§4et L moTduL wnoffwn (IIR-Interrupt Identification Registor)

sefinanwmuaaaiuddgeg 4 sedu Ao

1 ﬁnwuxnww%uﬁaynannﬁwuﬁaaws

2 nywionudoya

3w F8imod Tonben miudeing

4 #nrurvouiniiy

e A abioen T5uL o S Snanwhonfuar Wy SuiliaanuanAgiounin so
ﬁaun11uuuwuvacuﬁaz0wﬁﬁva

N On 0 Busredrfinisduimosdwindots f110u i ol 1aifin 981 mo T Twen
B 1-2 uASNAEMINI B3 BuLmeF SR L iedutiun a1 niddula

fn 3-7 fadu "o

UOMAIA IFA

finr o 3 2 1 0
L o $bnm 10wnod Tudieny
maduwneiiwaln o
ndunnd iwAn 1
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9§ﬁ;ma§5uj;Onnwgbuxmaéfwﬁ (INTRPT-Interrupt Enable Registor)
au coMi1flons DLAB 1du "0 woiw 3F9 aziduddaimoSun (Oan1sSuimosdwi

| ")
Lg1A A Tan AN s BuL mofSwivdo LA 1E Tauntan wusan Wi Sd L moFB%eaumine

ﬂuuﬁazﬁnﬁﬁoa

fimuanoin 379 DLAB = 0
TSR AN AT R (D e BT f s
S 1= ownadunod ina
nanfauiutoys
—— 1 = BunOaDwRE T THA
loafaidmanding
t = DundaBwnod indaniuz
mﬁ'uiagaﬂnu'mfmun

18 L o s
1= Bundabwned indsouzluen

- 0
.0
- 0
=\o
{ " ‘\“ﬁ.u "
4 il .', '
b 2 ‘b2
¥ L. \ i
0 0 \ gene LiiAa hnnn gudoyainiimaod
: NS 4
1 1 0 sz ITuoys | overrun error ANIU: AIURDENT
4
INEWHINORIT | parity error
framming error
break interrupt
o . > - e . ' LY - I3
iy 0 . w03 manfouiutoys | fdoyaididy | nIswdoyarindvided
7 e P TR P .
¥y 0 fimw | loadsiimned londsTimnad | Buiimnodimun
: A IMTUR TN fmiusiiny | Bwneding IR wie
Fouaaluoaloads
(' L : : a-n ) )
| FImAp IR MUY
EIFENT IR TR | NP2 ‘
i 4 G R T 'n'mnc.; r l niMu
Ungiag QO; -{%mg‘?. 15 W "‘ i h
IR T enbendy | Bune s "b\unuffw‘
% Ad T ) oo v Y
R T nn seusTuiny cls dwmTinne furaIs nue
38
DSR ynaluen ":
Rl i
NIIIWOUN WA H
Pl 3
f lavmis
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On 0 (B Widu " 1" Ldaﬁaqn175uwLaaﬁutma%%wﬁnwsw?au?uﬁaﬂn

On 1 Enhidu "1" fodioent 181 Dadui mosdwigd L mos Tondedng

Gw 2 tanlindu 1 tﬁaﬁaqnwsﬁuwLaaﬁutma%%wﬁawnﬂnwuznws%vﬁaynawn
auflomny

o 3 s du "1 (Hokioen38un i Gadui motSwiandnius Ta i

fv 4-7 nwmatiidu 0" idwe

§§ﬂggaigqg§u1ylau‘(mgdem control register)

§$ﬂtma§ﬁq551%tﬁaﬂﬁ%ﬁgﬁu%agauwLﬁaLﬁuLﬁusﬁaﬁﬁwfun1uqunwTnﬁowuuoqiu
LB Manvuawesvneetidimesiat Ao 3rc %aﬁﬂﬁ14%ﬁﬁﬂu§%ﬂkma%ﬁQaﬁRQWNHNWU
dq&

n 0 Gwaﬁnqwuuuﬁuﬁunwanuauﬂmwwm DTR tﬂaﬁwﬁﬂéwtﬁu "y Laﬂﬁvwﬁ
DTR az1h¥unrenmatinidu "0 was B howisia 1w "0” Laﬁﬁvwﬁ DTR atla¥uniy
nwaiiidu “1¢

On 1 Owaﬂnqwuuuwuﬁﬁﬁwwwm RTS 1unsfwog DTR

v 2 Gwﬁﬂ%aquauuwtawﬁvw 1 (OUT 1) %eazfimatnioufubn 0

in 3 Gwaﬂﬁnqueuvwxaﬁﬁvw 1 (0UT 1) %qa:ﬁuatwﬁauﬁubw 0
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On 4 Onflag e mdun1an muAleToUdMiuN1 TATIaEDY 8250 (Hotn 4 G
mtimin 1 Rty Aaful usefido %agnﬁ SOUT vt 1h¥un1iEwiEiUuandn 1"
vidoynduym  SIN  avldfunisuundaoon iagavactawﬁwwﬁd?ﬁﬂtma?nziﬁfunws
ﬂaunﬁuuwﬁ«%%ﬂ{maéﬁagaﬁuww #ulonaiCTS, DSR,RLSD uay RI azihfunisuunsen
awnszuuuﬁﬁwwwma1ueu1utﬁu & DTR, RTS, OUT1 uar OUT2 \zﬁatiwﬁuﬁwwﬂmaqgﬁ

»
lﬂuﬁqu FartluSemsradoussuuia

wo famnmay 3FC

L] 4 3 2 1 0
| L—— data terminal ready (DTR)
L request 10 send (RTS)
e —— OUT |
ouT 2 -3
loop
-0
- 0
=0
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§§ptma§uﬁgqﬂn1ux1uxau

& + .
885 moTatlay | du i davdorug s nia duun AUt | o WAy s Tad s 2w

founlA _#nuzvesdoynazuandwifofidoyaidu "1 uaza:iﬁ‘bnws?n%ﬁﬁs&ﬁsdwuﬁagn

¥ 8 movilly wodnfdn L Suwosvvna1ay 3FE ﬂaganwuﬂu@ﬁﬁtmaé&tﬂu&qa

wniauemnie IFE
gp 7 ¢ s 4 3 2 1 o0

| l——— delta clear o send (DCTS)
delta data sct ready (DDSR)
trailing edge ring indicator (TERD)

delta rx linc aignal detect (DRLSD)
clear o send (CTS)

data set ready (DSR)

ring indicator (R}

L receiver line signal detect (RLSD)

v [ '
On 0 OvBiBatwiwdasentTiviiswvasuostigyia CTS nanafde 1fown CTS ves
8250 15Luﬂuunnwuzwﬁ«awnﬁﬁﬂgiﬁénuﬂnwuzﬂiUu51 Gmﬁﬁazuan51UL%wua:Lﬁaﬂﬂgdwu

faelh¥unns®idv  "0" uarazlbdumisizn 1" (fofinasivBoudnnusfdrvy CTS

on 1 avlloubn o uﬁtﬁuﬁwﬁuamqﬁnwuznwsLuﬁuuuUnqvauvw DSR

-

14 0 '
On 2 Onflidudwudmeindagonn  RI %QLOuﬁuywwaq 8250 ‘lafuniviuBuu
wungsnoaur  "1"  wniduoow 0"
n 3 Onfuudlouln 0 uékﬁuﬁwuamqanwuznﬁvLuguuanvad line

signal detector éqtﬂuuwﬁuﬁm RLSD

OnatﬁuﬁmwﬁmmauwﬁLuuﬁﬁuﬁwwwmﬁvw

On 4 CTS
tn 5 Gwatﬁuﬁwwﬁmnauwﬁ1uuﬁﬁuﬁmwwmﬁw1 DSR
om 6 ﬁwatﬁuﬁwwﬁmnauwﬂLuuﬁﬁuﬁwwwmﬁvw RI
Ow 7 OwiiAulgonueouwd uiiulnannfien  RLSD
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adqﬁﬁﬂﬁ 4 udy MCR 15¥Uﬁ17t%nw§awﬁﬂﬁgu (1o0p) mﬁqﬁﬁauiagnﬂuﬂn 4
agiufiouly RTS 1w MRS Bownlubw 5 aziwflouwfiu DTR T MCR Younlubwm 6
aiwffouty OUT, W MCR Joynludv 7 azuwlowiu OUT, u MCR

24a moFUniwoda wiudafulloun (RECEIVER BUHHER REGISTER) 1u
@ﬁﬂxma4ﬂﬁu¥un17€h§ogaﬁu1awnﬂwuéaawsﬁwwwm wosnin vAgD  WHNULAYLOM L ATH
3F8 wush DLAB = 0 Mwn%ﬁyéﬁuﬁagnﬁuwawnﬂwuﬁwwﬂmgaﬁwsﬁutao

§ﬁﬂiga§19aa¢ﬂhy?yﬁgﬁqﬁaga (TRANSMITTER HOLDING REGISTER)

Lﬁﬂ%%ﬂLﬂ@éﬁﬂtﬂﬂ%ﬁﬁﬁfuﬁaﬂayn %%ﬂtmaéﬁas%uiagaaﬁn%ﬁg Taunhvuawo Ty Uu

varuiny 3F8 1Slo DLAB = 0 ﬁnawﬁvnuwﬁwaéw&ﬁ;Waazﬁuﬁaaaniuﬁqawuﬁaﬁﬁsﬁogn
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RTU Speacification

Port List
1.8253 Time
* . Watch Dog Timer
: Diagnostic Time

+ Ccontrol Timer

: Data In/Out
+ 1 Control Port
: Se-Counter

: Se-Status

Port

Port

Port

Port

Port

" Port

Port

Address
Address

Address

Address
Address
Address

Address

3.Analog To _Digital Converter

: Multiplex Switch

: Analog to digital

: Digital to Andlog
4.Control System

: Reset CPU

: OFF System

: RTU Address

: Set RAM

5.Monitor

: Out RTU Status

: In RTU Status

Port

Port

Port

Port

Port

Port

Port

Port

Port

Address
Address

Address

Address

Address

Address

Address

Address

Address

44H

45-46H

47H

40H

41H

42H

43H

4CH

4DH

4EH

50H

51H

FFH

FEH

48H

49H
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Memory Program
1.Intitial Program
2.Function Address

: Function 0
: Function 1
: Function 2
: Function 3
: Function 4
: Function 6
3.Function Buffer
: Function 0
: Function 1
: Function 2
: Function 3
: Function 4
: Function 5

4, Communication Buffer

: Communication-Buffer
: Communication-Buffert
5.S5tack

6.Set_Function

7.Function Data
: Function O
: Function 1
: Function 2
: Function 3
: Function 4

: Function 5

Address

Address

Address

Address

Address

Address

Address

Address

Address

Address

Address

Address

Address

Address

Address

Address

Address

Address
Address
Address
Address
Address

Address

0000-07FFH

1000-17FFH
1800-1FFFH
2000-27FFH
2800-2FFFH
3000-27FFH

3800-3FFFH

6100-62FFH
6300-64FFH
6500-66FFH
6700-68FFH
6900-6AFFH

6B00-6CFFH

6000~6E10H
6000-6DFFH
FDOO-TEFOH

8000H =

TFFFH
TFFEH
TFFDH
TFFCH
TFFBH

TFFAH
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RTU Hardware

Enwznigee RTU fiu MTU

RTU 1

N RTU 2

MTU

RTU 3

RTU 4

- #
w I
K] Ii‘
A +
« "
v
v b
- il f
Pl
14




RTU Blockdiagram .
|
|
— Line Interrupt
Z-80 8251 Status Handdle
CPU
INTO INTH
NMI 8 Bit
ADC HUX. RTU Status
8253 Switch |— '~ Status
INT1 — : DAC
Demux.
Switch Analog Input
16 Channal
To Analog 16 CH.

Output 16 CH. Hold

’7n blockdiagram afunulsdafl

1.CPU

}

1% 7-80 1Uu CPU System 4 MH, 16 Kbyte RAM uaz 16 Kbyte ROM
iaty ROM asléuawn Address 0000-3FFFH uat RAM avil 2 429 Ao Address 6000H-

800DH uar EOOO-F7FFH



2.8253 (Port 44-47H)

1%1du timer arustnoumin 2 dau Ko

- Watch Dog Timer az%d{aawiﬁlﬁaiu Intrerupt CPU ﬁa:l%uuuu Non
Maskable Interrupt #ed cPU mauauaqﬁuﬁﬁ(a?aguﬂﬁﬁuﬁnﬁﬁuwﬁag Watch Dog
Timer aazﬁaugn CPU Reset mulu 16 Machine cycle(M1) Mﬁuawnﬁﬁmmwm Wctch
Dog Timer ’an 8253 Active f1van CPU i Reset Wctch Dog Timer mulu 16
Machine (M1) dugnmuenn Counter ’7n IC 74193 azav WOT lusiauvaslnulweoon
ININNG Ldaqawn CPU “Liidansn Reset WDT 1évu  udmedn CPU onaxy LBumfo ROM
o1aa 1HuA1E Ba 1 dudunsusoszuumouenld

Snduntaarde 2 13 Hovans Interrupt A% CPU mamnnT Test Truusiigs
1%u Test RAM, ADC-DAC nh9vh Interrupt ﬁastﬁuuuu Maskable Interrupt k@a
W CPU #1u1gn  disable 151uﬂm=#nﬁﬁqagﬂunWﬁﬁﬂmaﬁU MTU o¢ tiloeannagwma
Diagnostic test faghuiamann  Aaminludatawssnishinsiodu  MTU ;znﬁﬂﬁtﬁu
(aanuee RTU Bdufifoenisiisoemvions

3.8251 (Port 40-41H)

1%10u  Serial Port o dianory MTU ‘messde Rx Ready Uiy interrupt
handle i%e\hdedanna INT Tuven CPU Lﬁaﬁ%agaéqﬁagaéqL%wuwwwoﬁwuéaﬁws (o
CPU. mou¥unny interrupt udisy disable interrupt 3198 VI Thanoda
415 uasfr  Address #5uifaun limseru Address vaw RTU uda CPU 87uamaude
pavhenanasudeiuwAaly  set 1 Status %t Counte' 17 bit u%vv:x%wénw%wﬁ

41U tflo Line Status an set 8251 a:qnﬁmvwmawn CPU NI Line Stards
| i

azah count auuuaaﬁuauﬁagaﬁ?udu |

RE

|
|
|



4.L1ine Status

vilu  Counter 16 bit %ogn set oy CPU (flo CPU ®1u Address #
MTU d9197anuda liimsaiu Address vovmu awnaua:éwuﬁayaaunﬁwazﬁd control %as
Lﬁuaﬁuquﬂaaﬂagaﬁazfudu (flo Line Status 0n set dunnn output AL iUy "1"%u
at1U Enable mono stable vminasa¥edun o RD,CS,C/0 Tunanisdonu 8251 o
8251 iﬁfuﬂagaawnﬂwuﬁaaws sardunnn monostable  #azdewluidu  clock wes
counter 16 bit e counter wﬁnwsﬁuawuquﬁaﬂaﬁﬁqlﬁwuwiwwuauﬁaﬁu ﬂuﬁduﬁ
8251 a:gnﬂmaanqwn CPU aunsz il counter Wuauidu "0" avde pulse sonly
Reset line status (oven CPU éwﬁwu?aaw*ﬁwcag (o CPU CENRRERRUDHLN
MTU azdounsandovdl line status Aowindnufodiv31andolsi

5.Interrupt Handle

(Uwiadanisnasdedynna interrupt awannséquq1Udu CPU  TaulzImadiv
ﬂawuaﬁﬁwiuﬂuﬁaéunww interrupt LHIIIN 2 uvavAuiu Ao

1.37n 8251 U Data u1sn MTU ((awe byte uﬁnxﬁwﬁu)

2.37n 8253 Beranfinrfiounan1s test TyuuLan
Faz WA NaEndy L fuemiauandy

6.RTU Status

i Ou Port HHUARNANIULNNSMINIIAN N BaUsEnoUBae LED 8 bit A%
uﬂmqﬁnwuzﬁwcqﬁﬁa

Dg udaw Communication Error

Dy udmy RAM Fail

D, udny ADC-DAC Error

Dy udmy Reserve

D4 udms Function Fail

Dg udmw Function Fail

Dg uday Function Fail

Dy udmy Watch Dog Timer Fail
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éqﬁ11ﬂﬁﬁ11m Error wn bit agUu "1" wdaue  Port 5aan set 1NN
Diagnostic test uazﬂuvuvumwsﬂmﬁagaﬁﬁﬁ uas Port ﬁazﬁaﬁuuwﬁqdwuiwxunﬁwq
UINIINTEUY Lﬁaﬁzuughm Error %wxnéqﬁwuiwﬁéwuﬂﬁszuua:gnﬁaaan uh status
\uﬁﬁaﬂhﬂquamqagLﬁaUSziundﬂunWﬁmﬁqaﬁauuﬁWU

7.Analog to Digital Converter and Digital to Analog Converter

(du  Port ﬁﬂgnauqqunxdquqimu CPU agd1udoya’nn ADC Port | oD
yaNIUsENIAND  uAzar  out Joyapanmiv  DAC Port 1@au31UﬂqueugUnsﬁﬁxﬁu
Analog ﬁmuﬁauﬁazwﬁnws&amaﬁqunsﬁﬁLﬁu Analog fu CPU wtmovifon channal
Aou  Tmunisdvionaludie Multiplex Switch tﬁa&aﬁnWSéwuﬁayaaanUnxﬁ Analog
uardedoyniuiie Demultiplex switch lﬁa&aqnwséq%agaaaniUﬂquqqunxé Analog

8.Multiplex and Demultiplex Switch

JUstnausau Analog Switch éoazgnnququimu CPU o CPU Fountsadinmo
ﬁUQUﬂT& Analog azﬁaqéuiagaaanuwLﬁanéwéwaz&mﬁaﬁu channal 1@ multiplex
Switch avwitonfggnnu Analog 37n channal ﬁgnt%aniuﬂ%ﬁu ADC 1 Sou uavlin Su
Digital o CPU sndnuwpentU uar  Demultiplex Switch szuwviondggnw
Analog ﬁuﬁawn DAC aaniuﬂ%ﬁquns& Analog ﬁgnn%an

Multiplex uat Demultiplex Switch ﬁqnﬂquauﬁmu 74154 @y 4 bit @4
TAIVAN Multiplex switch uar 5 bit Uun:ﬂ?uquﬁmu Demultiplex Switch

9.Hold

azurionagn Analog  31n Demultinlex Switch in hold 15 (%W 1atch
ugeduilidu analog 13 vflo cPU 1UMH41ugutﬁaU3zTUﬁhﬁunwwnququmolﬂau #anny
hold a:ﬁﬁnum:n%wuﬁunwsUs:Qﬁad capaciter 9o o CPU duusefuoonun hold
Hold azuHuTQﬁuauuw hold WA seBuas apunanas L§oun Botiuitio CPU duusatiu
aanu1ﬂ1uauaanuwﬂqueuqunv& analog WA hazdnsalunenduwld  uasifie CPU

i B N y . M ,
qusyunﬁuuwﬁazﬁ¢§ayaaanu15n wwﬁﬁﬁénumznﬂﬁnquan%maLﬁauhugu



Analog output

Write DAC

AITINA IS IrsunvuaAn Boud Rate

Dip. Switch 1 Dip. Switch 2
Baud Rate| sfawns | Adawaa

Fruduvn 8171615 2 716(514]3[2]1
600 0Co - 1114010 0 0101010]010|0
1200 060 & ojt11i4co O‘ 1]10{0]0|0(C|0
1800 040 < olof1jo 0 ojt1iolojofoj0
2000 03A 0.69 Olof1i1 1 0}1]0]010]010
2400 030 - oo} 0 0)j1i{0(0}j0{0|0
3600 020 — 0j0t110 0 0§11]101010{0{0
4800 018 = ojofjoj 0 0j0]110y0]0}0
7200 010 - ojotot d 0101110]0[0]0
9606 00cC - ojojoto 0 njojoytjojofo
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RTU Software

MAIN PROGRAN

( START )
INTERRUPT SYSTEM

3

N
\
\
N
CHECK <
L\ ND)
FUNCTION 1-6
4 ON
AN
\
v

CALL FUNCTION 1-6




Interrupt routine

Interrupt for Communication

INTERRUPT FOR
COMMUNICATION

D1
1

PUSH REGISTER

1
LD B, 2
1

CALL SERVICE @

5

N
COMMUNICATION

oK

CALL CODE D
i D

N
o

y

CLEAR RTU STATUS

POP REGISTER

—— ——

call DECODE

33




SERVICED
PUSH REGISTER
Y
READ ADDRESS
N
N ADDRESS -
§ > SEND ADDRESS
\\TURE
READ OPCODE N ¥
N,
1 COUNT CHECK SUM
READ CHERK 'l
/}\ READ OPCODE
4 Y
HAVE
pATA SAVE TO ‘BUFFER
Y ¢
COUNT CHECK SUM
READ HEADER
Y
READ CHECK SUM
N ¥

READ LENGHT

Y

SET LINE STATUS

SET ERROR

SAVE TO BUFFER

34



SAVE TO BUFFER

‘

SERVICED

35

READY

# ]

SET RTU STATUS |

SAVE TO BUFFER

READ LENGHT

AN
¢ LENGHT Y
«  T0
\LARGE
Y

N

SAVE TO BUFFER

bty

READ DATA

J

T

Y

POP REGISTER

( RET )

READ CHECK sun

.4}//42ECK\
sun
p oK 7

b4

'\iii ERROR



ECODE
° START

PUSH REGISTER

!

READ COMMUNICATION
BUFFER

¥

caLlL CODER NUMBER

RET

CoDE o
START

! PUT NUMBER OF
[ DATA TO BUFFER

1
PUT ADDRESS
TO BUFFER

I J

CODE © TO BUFFER
¥
PUT CHACK SUNJ
1
CALL SENT

! "IH!I"

1
PUT OPCODE FOR
l

36



CODE!
START

coo

PUT HEAD BOX

1
PUT CHACK SUN
1
PUT HEADER
1
PUT RTU STATUS
¥
PUT CHACK SUM
¥
CALL SENT
RET

E2
STARRT

DETEC FUNCTION TO ON

CODE3

!

SET FUNCTION ON

START

DETEC FUNCTION
T0 OFF

1

SET FUNCTION OFF

T

RET

37




CODEM4
START

DETEC FUNCTION TO
RECIVE DATAa

[

Y

READ DATA

FORM BUFFER

v

PUT DATR TO
FUNCTION DATA

CODEB
START

Y

DETEC FUNCTION 7O

SEND DATH

f

PUT HEAD BOX

Y

PUT CHACK Sun

!

PUT HEADER

{

PUT LENGHT

1

SEND DATA FORM

FUNCTION_BUFFER

1

. PUT DATA

NEXT

Y

1

PUT CHACK Sunm |
¥

caLL SEND

RET



CODE

CODE £

D
START

READ FUNCTION
AND CODE

¥

PUT HEARD BOX
1

PUT OPCODEL
AND FUNCTION

Y

b §

PUSH CHACKSUN

¥

CALL SENT l
—

RET

START

OUT POUER PORT A

CODE F

¥
CPU RESET

™\,

G

OUT POUER PORT+! ]

!

i 1
SYSTEN orr]




SEND

DO-CoODED

START

TRANSFER DATA FORM
BUFFER TO BUFFER!

¥

READ NUMBER OF
DATA FORN BUFFER

READ DATA
FORM BUFFER
k]

SEND DATA | 4

TO0 LINE

{ sTarT ) g

TRANSFOR DATa FORM
BUFFER! TO BUFFER

I S
cALL SEND |

<TRET

40
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INTERRUPT FOR DIAGNOSTIC TEST

CaLL SET

Y

DIAG-TINE
_TL ;
\ r ™
NEXT H/Rﬂﬂ E caLl TEST Rnh} > NEXT N4
1&

7,“'
CallL TEST RDC,

TEST RAN

i

HRU
ERROR catL copg 4 !

(

‘ RET )

READ DATA

URITE DaTa
T0 RaN

READ DATA
FORM RAN

/s
/

RTR

CORRECV‘“"’] UIRT OLD DaTa

N

CalL sET ERR

NEXT

N
f

CALL SET_DIAG

41
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TEST ADC
START

SELECT CH. o
k]
0UT B8R TO DAC
Y
READ DATA
FORM ADC
¥
A = B8R-DATA IN

CALL SET ERROR

RET

SET ERROR
START

4
READ RTU STnTUSJ

[

i, —— <

RESET BIT 1

HAVE ERROR
Y
URITE RTU STaTUS

‘ RET




Communication Protocol

43

Start of Text| Address |Opcode Function| Have Data Check Sum
1 Bit 7 Bit 4 Bit 4 Bit 1 Bit 7 Bit
Header Lenght Data Field Check Sum
TE 16 Bit 8 Bit

function 1m

-Start of Text

& a . 3 , y )
LUNOWuTﬂWﬁQ‘UlﬁDUOﬂ?Wl%ﬂﬂﬁ?t%uauﬂﬁﬁﬁﬂma

-Address

fivewua 7 Owm  (Uu  address wod RTU Qnshif MTU lﬁu%ﬁmmaiu

-0Qpcode

address wos RTU 1ﬁauandwﬁa¥auwa1n RTU ﬂaﬂaﬂunvﬂﬁ RTU lﬁuémmma

favmm 4 On  Bear (Bufanwue code Waown19y MTU wda RTU w1

~-Function

fifewun 4

-Have Data

i1 On

-Check Sum

n

o oo
fridu "0

M3 u data field

£910ugquoni1ag v u function 1a

wdnal1 il data s

wfoirdu data wos

. v
Tunsifune code LlBnszvalu function iU "07 Havue

fridu 17 udaeidnil data

-

!

. y » o ¢
a:uwﬁagaﬂaQIann start of taxt fiv have data ¥1UINAU UAIUINARWE T

-Heéder

lﬁu%aya%éQWUL%ankum%u block wo4 data field

~-Lenght

-4 v .
I [ o w a
fiviavun 16 Own lUumwuanawu?u%ayawquumwﬁquw

0n7mﬁ1uﬁq1uLﬂamﬁqaaauaawugnﬁauwaﬁ data




44

~Data Field

rflauauinndu 1engh£

-Check Sum

azuﬁ%agaﬂu data field aqwumuwuvnﬁuuﬁaéu 8 bwqa%wuiu«@am7aa
HDURINONHDY

Opcode List

1.Code"0"  Check how much RTU uar check address wov RTU 49l o
mIavdDUAI WS oMY  RTU (o RTU 145U code”0” Ascds code”0” nduswion
Rudy address moundusniag

2.Code"1" Report own status RTU ©13d9 code o L oy n1 537 peu
ANUENITNINN ﬁmuazxaw%agaaﬁn RTU Status dwan v wdo MTU p193r0H UL e
MIIVADUANIUE NIV INU

3.Code”2"  Command ON  MTU acde code filuwdoufiu function $ounns
W RTU w3 1ffo RTU 1ddufiazvianays set Uldnusvoe function T ON

4.Code"3"  Command OFF  MTU 3rdy code fluwdouitu function #indos
N1 RTU w1 udlo RTU 184ufiszwanny set d@nnuzwos function T OFF

5.Code"4" command data MTU av% data wovumar function Teudwenu
code fi iflo MTU set % function % ON uda MTU finsdiowl$ data ud function
&um1u1u

6.Code”"5"” Scan RTU’s result xﬁa MT!) fioenis data aan RTU MTU &g

-~

i 73

fovdy code luwdoudu function 77deunty data 31n function 1n ay data ¥
b .
1henfiae touwantsmavwwoe RTU TNwmay function  1R0l& data audaeninnsg
plot curve onNMIIWIiIeD xﬁaﬂﬁéﬂiﬁﬁuﬂﬁnm%qQHDUﬂqwugnﬁaqﬂaunwvwﬁawuvau RT!)
> N 1 ]
1aserandadu
7.Code"6-C" aran90714%
:‘I ’

8.Code"D" Reques data check sum MTu w80 RTU avds code 4N o

v v ' v o L v, b .
msqaﬂoUﬁagaawn check sum uaa1u9nmae lWﬂMWnWTﬁdvaﬁaﬁ15ﬂﬂwaﬁq
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\ v . .
9.Code"E" reset RTU MTU azde code luisiodoens i fuminisnenuyon
RTU 1w
10.Code"F" OFF system MTU 3tdy code {luilemasnisdia RTU #atiunon

[ . b7
nsruvlunsifl i Ain error #arwiednu dowu L fgduls



Start

¥
g . .
tgAUIU Terminal ﬁqwumu51?1u¢1uua

Manu udme Terminal uazdanigiu Terminal

. »
Manu udme Function wew Terminal %idonhiwn

daunu

Terminal fi¥n

SYSTEM ONLINE

Check Status Port chect nr«np hey Board

Ccommunication

b—

%U%agaawn Terminal

HILARASHD

46
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1 7]
[J o . v
1. 15A MU Terminal AIVLALAT$IUNIUMA
v [ £ 13 v
nsvagaIMtyuilarvInas 1gaauan Terminal Aioeninefadavumann  Address
o s av ,
Terminal wawum Ho 127 Address Lwotimyudngzuurov il Terminal R unu
. T
S RNte 1auuﬁmq3ﬂuuuéq&
Total Terminal : 127

Total Terminal Worlable

2 Manu udme Terminal uardmnisiu Terminal
TusruuivIaIuesequalaLiifiue - Terminal Bur umlu Manu iy 2
Treminal twsagfovifotinnianasnai o : TAuN AT LY AsH L 1A woRae

ko
~

v Tremini] ffang 9l Manu Wil Function It Aonnss nacatl

Terminal Contact

Remote TErminal Unit : 1

Remote Terminal Umt : 2

Remote Manipulation

]
v

-m9i8on Remote Terminal 1 w¥n 2 svivunishanofoarstu Terminal fhn B

[4] L 3 .
E i H \.Dﬂﬂla\lﬂﬂ'\ﬂﬂ'\‘f taan function
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. , . a " . o
-n15180n Terminal Manipulation 3¢iUunisimnisiuiy Terminal fun

1 Remote Terminal Unit 1

2 Remote Terminal Unit 2

winsi8on Terminal 413 dmnnsiu Terminal 1eiauld Arrow Key Up-Down

" “ x
florBon Terminal uannardu Manu

1 Status Terminal
2 Reset Terminal
3 OFF System (Terminal)

nisi8dn Function

a . ¥ ,
1.18onuunuiay 1 azLUunWﬁwa@ Status wod Terminal flun 19w Status

-~

Communication, ROM wio Watch Dog Timer %9 BT ouwudami a1 nn1 s N nho.
573 Lv0ANEANAIARINNIS NN Terminal nag  Set A1 ld ovou e lu Main
Terminal (Computer) fumsnu (n%ungWﬁﬁmunwsna ")

2 Reset Terminal 1Uun s Reset Main Board ¥od Terminal 5uq inuw
Léurﬁqwuﬂwﬁ Ao sofuande  Bansfifl Function sivqvos Terminal ﬂuwﬁowuag ny

1

Res%t Terminal st infiwanonisviviwued Function {wmanieia

« “:, ¥ A N 14
| 3.0FF System t0un1s OFF Terminal wugdestuuiay fewnuaduiiaits

b1
Maih Borad uagwn Function 1w Termina) \uassiow OFF 6nu
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winifiniuBuuwlatilotfon Terminal Manipulation udandiunsnlgnisna Key

ESC n1Tyvenuzey  Program  Asgoansannmidelivnaii uaz\uvaag% Manu nastfon

Terminal Ao

Terminal Contact

Remote Terminal Unit : 1

Remote Terminal Unit : 2

Remote Manipulation

, a o '
wio i ¥1an 9B natinsonn Key  Help #aszudadfiaifnns1aenulwsay

Function fmauar i Buawednaish Manu fenann
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3,Manu udsy Function wow Terminal #ifontan

Remote Terminal Unit 2

Function 1 Noused

Function 2 Noused

. Function 3 Noused

Function 4 Noused

Function 5 Noused

Function 6 Dreamer

k4
umar  Function srudmeBevouinunisfulingouuoy Function fiuq wugivu 2

1. Function 1-4 andglunauiingli 2 A el on Ao

-

Turn OFF Turn ON

v L]

Function Turn ON aytdun1s OFF Function thuuvitie  drwinigndy Turn

' , i ., . A < . & .
ON ®lwde  Status of Terminal for Function Communication (AUTA% L Dudn
Usuanin  Function %oy Terminal Function Aaunai ON agvm:ﬁ%qeaﬂn Status

Communication usfniBon Turn OFF a¥ Set 13denarsazon clear
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2. Function 5-6 ﬂﬁéo%unﬁuﬁ 8o

Data Command Scan Function Terminal

13 P ) N .

- nh9tAon Data Command aztUunwsﬁ4ﬁa§a1U1§ Function wow Terminal
% o y
UUN 1muvagaﬁqnaquuu1aﬂn Key Board zuia 1 Byte

- Scan Function Terminal agiOua"del% Terminal dqﬂaﬁavau Function
puaadanide Main Terminal a73vdesunaivnils 89 Terminal en MURRIINENIIVON

. »
Block Data $ivna121u Lenght of Data 1u Format wodnsde Data Heaviivunabhe
um 256 Byte fiv 1 Kbyte
4. Online System
fois 899 uliu Function veuumar Terminal tdaSaudquayinnounisdvosls
+ d p . .
Sngruevwile  Ndwnsnifon Online System 1Wodn Proaram At l@panann Loop 2o
qaaﬁﬁquwwhnwvva§uﬁagaawn Port BAedrsh Terminal *zdwIN wnfinsvNau
v 3 »

fiawa @4 Function wovw Terminal tiuihefiu  uaz Check nisna Key 0auinin

1 v
puanardy Terminal $n  ofuiuladail

1.8tatus Port Communication AL LUUAN TN LD Program 1imui §u
Check Status Port ﬁwuﬂnﬂﬁﬁ%ayaxﬁwuw (Terminal dsu) ﬁaz%u%aﬁﬂﬁqnéwquw

. E4
U HAYUURDAN W nﬁﬂﬁémauau Terminal Lﬂ?gqﬁufiﬁ nwwwniﬁﬂﬁaga1ﬁ1uwﬁm:1Ut§ﬂ

nishm Key Board

-

2.Check n14n@ Kek Board 1Uun19m 9nuaoN Program ﬁmunwnvwﬁwﬁnwvnq
KeyiﬁazLﬁunwxuﬁaaﬁqdwaxﬁnwwéauwuaxivLﬁthuBn wiinaowew Computer NIsu#AY
Manu Terminal Susnddoentsdiasoty Terminal 1@ winlusinavna Key naynduly
Check Status Port Communication on

I p1gvi9tueey Function Online System az3u Loop Widoun vnidlnsnm
[

[ o " 0
Key Nasudmy Manu (wosa¥uanfiemaly



Program softwave #lgyiusdy

RTU SOFTWARE

H
12
13
14
HS
16
17
18
19
20
21
22
23
24

25

0000

0000

0001

0002

0003

0004

0005

0007

F3

AF

00

00

20 FB

€3 6D 00

00FF

00FF

00FF

00FF

00FF

0OFF

0031

0071

0081

8000

DELAY:

WOTL TIM

WOTH TIM

DIAGO TIM

DIAGY TIM

DIAG2 TIM

DIAG3 TIM

WDT MODE

DIAGO MODE

DIAGT MODE

FUNC ADD

ORG

0I

XOR

DEC

NOP

NOP

JR

JP

EQU

EQU

EQU

EQU

EQU

EQU

- T EQU

£EQU

EQU

EQU

0000H

NZ,DELAY

INIT

OFFH
OFFH
OFFH
OFFH
OFFH
OFFH
31H

71H

B1H

8000H

52

i

I
|

-DATA FOR EACH FUNCTION STORE Begow
. f

:FUNC O 1IN

;FUNC 1 IN TFFE

(FUNC 5 IN TFFA

TFFF

|
)
It

i
I

!



26
27
28
29
30
51
32
33
34
35

36
37
38
39
40
41
42
43

44

45

TFF8

TFF6

TFF4

TFF2

TFFO

TFEE

0040

0043

0042

004D

0044

0048

00FF

004E

004F

0050

0000

;USE TO SAVE ADDRESS OF

;BUFFER FOR EACH FUNCTION

FUNCO STA EQU TFFEH
FUNC1 STA EQU TFFBH
FUNC2 STA EQU TFF4H
FUNC3 STA EQU TFF2H
FUNC4 STA EQU 1FFOH
FUNC5 STA EQU TFEEH
;PORT LIST

SE PORT EQU  40H

SE STATUS EQU 43H

SE COUNT EQU  42H

=

ADC PORT EQU  4DH

TR

i
:PORT FOR DIAG AND WDT TIMER '

TI PORT EQU 44H

;PORT FOR IO STA,INT PORT,RAM I ],

“
4,

L3}

RTU STA EQU 48H

;PORT FOR READ ADDRESS RTU,ROM
RTU ADD EQU  OFFH |
DAC PORT sEOU 4EH

SW PORT FQU  4FH

;50 FOR RESET CPU

;51 FOR TURN OQOFF SYSTEM

POWER PORT EQU  50H

: INTERRUPT VECTOR

INT VEC EQU  OCH

53



46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

654

65

66

67

68

69

70

1000

6100

1800

6300

2000

6500

2800

6700

3000

6900

3800

6B00O

6000

6000

€000

C800

D000

D800

EQOO

E800

Fooo

F800

;MEMORY LIST

FUNCO

FUNC1

FUNC1

FUNC1

FUNC2

FUNC2

FUNC3

FUNC3

FUNC4

FUNC4

FUNCS

FUNCS

COMMU

COMMU

:MEMORY MAP

RAM1

RAM2

RAMYI

RAMA4

RAMS

RAMGE

RAM7

RAMS8

ADD
BUF
ADD
BUF
ADD
BUF
ADD
BUF
ADD
BUF
ADD
BUF
BUF

BUF1

ADD
ADD
ADD
ADD
ADD
ADD
ADD

ADD

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

EQU

FOR
EQU
EQU
tEOU
EQU
EQU
EQU
EQU

EQU

1000H
06100H
1800H
06300H
2000H
06500H
2800H
06 T00H
3000H
06900H
03800H
06BOOH
06D00H

06000H

RAM
0COO0QH
0C800H
ODCOOH
0D80OOH
OEOOOH
O0E80OH
O%OOOH

0F800H

54



71

72

73

74

75

76

7

78

79

80

82

83

84

85

86

87

88

89

90

91

92

93

94

55

SXXEXARXXXFXX 5 INTERRUPT VECTOR TABLE¥SX¥:¥ ¥4 ¥x8Xxx¥%%x%

0010

0010

0011

0012

0013

00

06

00

07

;ADDRESS OF COMMUICATION

ORG CO10H
DB 00
DB  06H

:ADDRESS OF DIAGNQSTIC

0B 00

0B OTH

CEREAXLRRREEARAXAARXINTERRUPT MODE 14X ¥£XXXXFITXXXXIAXES

0038

ORG 0038H

CXEEEXFXFEAXEXRXSXIRESET WOT TIMER¥ X4 XXX XXXLEXELLI RS

0066

0066

0068

0068

D3 44

CO E1 00

ED 4D

;NON MASKABLE

; INTERRUPT ROUTINE
ORG 0066H

QuT (TI PORT),A
CALL SET WOT

RETI

;u*nxnxzxnuuxuxINI] 1ALX*X¥¥1$X*!*¥***1%X!X****T*i

006D

0070

0072

0075

31 EO TF

3¢ FF

32 00 80

D3 48

INIT:

LD SP,O7FEOH

Lo A,OFFH
TRESET FUNCTION

LD (FUNC ADD),A

OUT (RTU STA) A

81



95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

0077

0078

0078

00TE

0081

0084

0087

0084A

008D

0090

0093

0096

0099

009C

009F

00A2

00AS5

00A8

00AB

OOAE

21

22

21

22

21

22

21

21

22

21

22

CD

FE

FD

FC

FB

FA

00

F8

00

F6

00

Fa

00

F2

00

FO

00

EE

FO

TF

1F

TF

1F

1F

61

TF

1F

67

TF

69

TF

6B

TF

00

-

; INITAIN DATA FOR

56

;EACH FUNCTION TO "0’

XOR

LD

LD

Lo

Lo

LD

A

(FUNC ADD-1),A
(FUNC ADD-2),A
(FUNC ADD-3),A
(FUNC ADD-4),A
(FUNC ADD-5),A

(FUNC ADD-6),A

;SAVE START OF

; BUFFER FOR

;EACH FUNCTION

LD

Lo

LD

LD

LD

LD

L0

LD

LD

LD

LD

Lo

HL, FUNCO BUF
(FUNCO STA),HL
HL,FUNC1 BUF
(FUNC1 STA),HL
HL,FUNC2 BUF
(FUNC2 STA),HL
HL,FUNC3 BUF
(FUNC3 STA),HL
HL,FUNC4 BUF
(FUNC4 STA),HL
HL,FUNC5 BUF

(FUNC5 STA) ,HL

,SET SERIAL PORT

CALL

SET SE



117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

00B1

00B4

00B7

00BS

o088

008D

00BE

00C1

00C3

00C6

00C8

00CB

00CD

00D0

00D2

00D5

0007

00DA

00DC

00DF

co

co

ED

ED

3A

CB

cC

cB

cC

cC

cB

cc

CB

CC

CB

CC

18

E1

FB

3k

47

5E

00

47

00

aF

00

57

00

5F

00

67

00

6F

00

DD

00

00

00

80

10

18

20

28

30

38

LOOP:

:SET
CALL
;SET
CALL
;SET
LD
LD
IM
EI
LD
BIT
CALL
BIT
CALL
BIT
CALL
BIT
CALL

BIT

CALL

BIT

CALL

JR

57

WDT TIMER
SET WDT
DIAGNOSTIC
SET DIAG
INT VECTOR
A,INT VEC
I,A

2

A, (FUNC ADD)
0,A

Z,FUNCO ADD
1,A

Z,FUNC1 ADD
2,A

Z,FUNC2 ADD
3,A

Z,FUNC3 ADD
4,A

Z,FUNC4 ADD
5.A |

Z,FUNC5 ADD

LOOP

TREEEXEXIXFIFILIFIIAIFEND MAINFFI XL ETXTIXXXIRFIRRIFES KKKt

00E1

00E?2

F5

3E

31

SET WDT:

PUSH AF

LD

A,WDT MODE



140

141

142

143

144
145
146
147
148
149
150
151
152
153
154

155

156

157

158

{59

160

00E4

00ES

00E8

OOEA

00EC
00EE
00EF
00F0
00F1
00F3
00F5
00F7
00F9
00FA
00FB

00FC

O0FE

0100

0102

0104

0106

D3

3E

03

3E

D3

F1

c9

F5

3E

03

3E

D3

F1

C9

F5

3E

D3

3E

D3

3E

D3

47

FF

44

FF

44

CE

41

37

41

71

47

FF

45

FF

45

SET SE:

SET DIAG:

;SET
ouT
LD
;LSB
ouT
LD
iMSB
ouT
POP
RET
PUSH
LD
ouT
Lo
ouT
POP
RET
PUSH
LD
i SET
;LOW
ouT
LD
;LSB
out
LD
;MSB

ouT

WOT MODE 0
(TI PORT+3),A

A WDTL TIM

(TI PORT),A

A WDTH TIM

(TI PORT),A

AF

AF

A, 0CEH

(SE PORT+1),A
A,3TH

(SE PORT+1),A

AF

AF

A,DIAGO MODE
DIAG TIMER
MODE 0O

(TI PORT+3),A

A,DIAGO TIM

|
(TI PORT+1),A

A,DIAGT TIM

(TI PORT+1) A

4

58

!
F



161

162

163

164

165

166
167
168
169
170
171
172
173
174
1756
176
177
178
179
180
181
182
183

184

0108

010A

010C

010E

0110

0112

0114

0115

0116

0118

011A

0110

011F

0120

0121

0122

0124

0126

0128

0129

012B

012C

012D

012E

3E

D3

3E

D3

3t

D3

F1

_C9

DB

cB

CA

08

C9

C5

47

0B

cB

28

78

D3

C1

C9

C5

F5

B1

47

FF

46

FF

46

41

4F

16

40

41

47

FA

40

01

WAIT IN:

WAIT OUT:

WAIT O:

DECODE:

LD

59

A,DIAG1 MODE

:SET DIAG TIMER HI

:MODE 0

OUT  (TI PORT+3),A
LD A,DIAG2 TIM
:LSB

OUT  (TI PORT+2),A
LD A,DIAG3 TIM
'MSB

OUT  (TI PORT+2),A
POP  AF

RET

IN A, (SE PORT+1)
BIT 1,A

JP Z WAIT IN

IN A, (SE PORT)
RET

PUSH BC

LD B,A
R4 A, (SE PORT+1)
BIT 0,A

JR Z,WAIT O

LD A,B

OUT  (SE PORT),A
POP  BC

RET

PUSH BC

PUSH AF



185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

012F

0132

0133

0135

0137

0139

013A

0138

013E

0140

0141

0142

0145

0147

0148

0149

014C

014E

014F

0150

0153

0155

0156

3A

4F

06

C8

10

AF

B9

cC

28

3C

B9

cC

28

3C

B9

cc

3C

B9

cC

28

3C

B9

00

04

39

FC

AC

69

D7

62

58

g2

54

60 LD A, (COMMU BUF1)
LD C.A ‘
LD B,4
DET OP: SRL €
DJNZ DET OP
XOR A
cP C

:CHECK HOW MUST RTU
01 CALL Z,CODEO
JR Z ,END DECODE
INC A
cP C
;CHECK RTU STATUS
01 CALL Z,CODE1
JR Z,END DECODE
INC A
cP C
;ON FUNCTION
02 CALL Z,CODE2
~JP Z,END DECODE
INC A
cP C
;OFF FUNCTION
02 CALL Z,CODE3
JR Z,END DECODE
INC A

cpP C



208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

2217

228

229

230

231

0157
015A
015C

015D

015E
0161
0163

0164

0165
0168
016A

0168B

016C
016F
0171
0172
0173
0176
0178
0179
017A
017D
O17F

0180

cC

28

3C

B9

cC

28

3C

B9

cc

28

3C

B9

cC

28

3C

B9

cC

28

3C

B9

cc

" 28

3c

B9

EB

4D

0D

46

8C

3F

8E

38

90

31

92

2A

02

03

03

03

03

61

; COMMAND DATA

CALL Z,CODE4

JR Z,END DECODE
INC A

cp C

;SCAN RTU'S RESULT
CALL Z2,CODES

JR Z,END DECODE

INC A
CP C
;CHECK ROM {

CALL Z,CODES6 *
JR Z,END DECODE
INC A y
cP C i“
;ON LINE SYSTEM ;
CALL Z,CODE7 }
JR Z,END DECODE
INC A

cPC |

CALL Z,CODES8

ING A

Ccp C

CALL Z,CODE9S

JR Z,END DECODE
INC A

cP C

I! 1'
JR Z,END DEOODEl h



232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

0181

0184

0186

0187

0188

0188

018D

018E

018F

0192

0194

0195

0196

0199

019B

019C

019D

01A0

01A2

01A3

01A4

01A7

01A9

01AA

cC

28

3C

B9

cC

28

3C

B9

cc

28

3C

B9

cC

28

3C

B9

cC

28

3C

B9

cc

28

F1

C1

94

23

96

1C

98

9A

0E

C4

07

C6

00

03

03

03

03

03

03

END DECODE:

CALL

JR

INC

cP

CALL

JR

INC

cp

CALL

JR

INC

CP

CALL

62

Z,CODEA
Z,END DECODE
A
c

Z,CODEB

Z,END DECODE !
k;

A

i

C

|
i
:}gl
q}

(
Z,CODE 1

'
Z.END DECODE
A

C i

Z2,D0 CODED

;REQURIES DATA

; CHKSUM FAULT

JR Z,END DECODE
INC A
CcP C
CALL Z,CODEE
~:RESET RTU
JR Z,END DECODE
INC A
cP C
CALL Z.CODEF
:OFF SYSTEM
JR Z,END DECODE
POP  AF
POP  BC



256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282

283

01AB

c9

RET

63

cXEXX¥¥X%XX3CODE FOR CHECK RTU WORK* XXXt XX ¥t s kX xrs ¥y

01AC

01AD

01AF

01B3

01B5

0188

0189

01BC

01BE

01CH

01C2

01C5

01C8

01CB

01CD

0100

01D3

0105

0106

cxxxexxxxxxxx3xxCODE FOR REPORT RTU

01D7

01D8

01DA

01DE

01EQ

01E3

F5

0D

DD

3E

00

AF

DO

DB

DD

AF

DD

DD

0D

CB

0D

CD

0D

F1

C9

F5

0D

oD

3E

0D

AF

ES

21

03

17

17

FF

77

77

TE

86

BF

77

c8

E1

E5

21

08

I

00 6D

00

01

02

03

02

03

04

03

00 6D

00

CODEG:

CODE1:

PUSH

PUSH

LD

LD

Lo

XOR

LD

IN

LD

XCR

LD

LD

ADD

RES

LD

CALL

POP

POP

RET

AF

IX

IX,COMMU BUF
A,3
(IX+0),A

A

(IX+1),A

A, (RTU ADD)
(IX+2),A

A

(IX+3),A

A, (IX+2)

A, (IX+3)
7,A
(IX+4),A
SEND

IX

AF

STATUS,*F kX2t xEXKE

PUSH

PUSH

LD

LD

LD

XOR

AF
IX

IX,COMMU BUF



284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

01E4

01E7

01E9

01EC

O1EE

01F1

01F4

01FT

01F9

O1FC

01FE

0201

0202

0205

0207

020A

020C

020F

0212

0215

0217

0218

DD

0B

0D

3E

DD

DD

DD

cB

0D

3E

DD

AF

DD

3k

0D

DB

DD

0D

cD

DD

F1

C9

17

77

10

77

TE

86

FF

11

43

77

17

01

11

49

17

717

c8

E1

01

02

03

02

03

04

05

06

07

08

09

03

LD

IN

LD

LD

LD

LD

ADD

SET

LD

LD

LD

XOR

LD

LD

LD

IN

LD

LD

CALL

pOP

« POP

RET

(IX+1),A

A, (RTU ADD)
(IX+2),A

A, 10H
(IX+3),A

A, (IX+2)

A, (IX+3)
7,A
(IX+4),A
A,TEH
(IX+5),A

A

(IX+6),A
A1
(IX+7),A

A, (RTU STA+1)
(IX+8),A
(IX+9),A
SEND

IX

AF

SxXXk2X¥x2¥Xx¥%¥CODE FOR SET FUNCTION ON**txxtxttXtttxt*L

0219

021A

0218

021D

0220

F5

C5

06

04

3A 00 60

CB

2T

PUSH

PUSH

LD

Lo

SLA

AF
BC Y
B.4

|

A, (COMMU BUF1) |

A



312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

0222

0224

0226

0228

022A

0228

022C

0220

022F

0230

0231

0233

0234

0235

0237

0238

0239

023B

023C

023D

023F

0240

0241

0243

0244

0245

0246

0249

10

06

CB

10

47

AF

B8

28

3C

B8

28

3C

B8

28

3C

88

28

3C

B8

28

3C

B8

28

C1

F1

c9

3A

C8

FC

04

3F

FC

17

1D

23

29

2F

35

00

87

80

CHK FUN2:

END CODEZ2:

FUNG ON:

DJNZ

LD

SRL

DJNZ

LD

XOR

cpP

JR

INC

cP

JR

INC

cpP

JR

INC

CP

JR

INC

cP

JR

INC

cP

JR

POP

POP

RET

Lo

RES

CHK FUN1

B,4

A

CHK FUN2

B,A

Z,FUN1

Z,FUN4
A

B
Z,FUNS
BC

AF

A, (FUNC ADD)

0,A

ON

ON

ON

ON

ON

ON

65



340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

66

0248 32 00 80 LD (FUNC ADD),A
024E 18 F3 JR END CODE2
0250 3A 00 80 FUNT ON: LD A, (FUNC ADD)
0253 CB 8F RES 1A

0255 32 00 80 LD (FUNC ADD),A
0258 18 €9 JR END CODE2
025A  3A 00 80 FUN2 ON: LD A, (FUNC ADD)
025D CB 97 RES 2,A

025F 32 00 80 Lo (FUNC ADD),A
0262 18 DF JR END CODE2
0264  3A 00 80 FUN3 ON: LO A, (FUNC ADD)
0267 CB 9F RES  3,A

0269 32 00 80 LD (FUNC ADD),A
026C 18 D5 JR END CODE2
026E 3A 00 80 FUN4 ON: Lo A, (FUNC ADD)
0271 CB A7 RES  4.,A

0273 32 00 80 LD (FUNC ADD),A
0276 18 CB JR END CODE2
0278 3A 00 80 FUN5 ON: LD A, (FUNC ADD)
0278  CB AF , ~RES 5,A

027D 32 00 80 LD (FUNC A%D),A
0280 18 C1 JR END CODéZ

TEFRREAXXRXX25XCODF FOR SET FUNCTION OFF¥s*ftsrtxvxxsxs

0282 F5 CODE3: PUSH  AF
0283  C5 PUSH  BC |

r
0284 06 04 LD B.4 |
0286  3A 00 60 LD A,(COMMU BUF})
0289  CB 27 CHK FUN3: SLA A ?}!ﬁ



368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

380

391

392

393

394

395

0288

028D

028F

0291

0293

0294

0295

0296

0298

0299

029A

029C

0290

029E

02A0

02A2

0244

02A5

02A6

02A8

02A9

02AA

02AC

02AD

02AE

02AF

10
06

CB

47
AF
B8
28
ac
B8
28
3C

B8

3C

B8

3C
B8
28
3C

B8

C1
F1
C9
3A

C8

17

1D

23

2F

00

C7

CHK FUN4:

END CODE3:

FUNO OFF:

DJNZ

LD

SRL

DJNZ

LD

XOR

CP

JR

INC

cpP

JR

INC

CcP

JR

INC

cpP

JR

INC

cP

JR

INC

CcP

JR

POP

POP

RET

LD

SET

67

CHK FUN3
B,4

A

CHK FUN4
B,A

A

B
Z,FUNO_OFF
A

B

Z,FUN1 _OFF
A

B
Z,FUN2_OFF
A

8
Z,FUN3_OFF
A

B
Z,FUN4_OFF
A

B
Z,FUN5_OFF
BC

AF

A, (FUNC _ADD)

0,A



396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

02B4

02B7

02B9S

02BC

02BE

02C1

02C3

02C6

02Cs8

02CB

02CD

02D0

0202

0205

0207

02DA

02DC

02DF

02E1

02E4

02E6

02E9

32

18

3A

CB

32

18

3A

Cc8

32

18

3A

" cB

32

18

3A

CB

32

18

3A

CB

32

18

00

F3

00

CF

00

E9

00

01

00

OF

00

DF

00

D5

00

E7

00

CB

00

EF

00

C1

80

80

80

80

80

80

80

80

80

80

80

FUN1 OFF:

FUN2 OFF:

FUN3 OFF:

FUN4 OFF:

FUNS5 OFF:

-~

LD

JR

LD

SET

JR

LD

SET

LD

JR

Lo

SET

LD

JR

LD

SET

LD

JR

LD

SET

LD

JR

(FUNC ADD),A
END CODE3 l
A, (FUNC ADD)
1,A

(FUNC ADD),A
END CODE3 1
A, (FUNC ADD)
2,A

(FUNC ADD),A
END CODE3

A, (FUNC ADD)
3,A

(FUNC ADD),A
END CODE3

A, (FUNC ADD)
4,A

(FUNC ADD),A
END CODE3

A, (FUNC ADD)
5,A

(FUNC ADD),A

END CODE3

ool iy

cEEEFRF 22552 3CODE FOR COMMAND DATA#XEXXXXXXEXLXEXLXITIE

02EB

02EC

02ED

D2EE

02F0

Fb5

C5

D5

06

04

3A 00 60

CODEA4:

PUSH

PUSH

PUSH

LD

LD

AF
BC
DE
B,4

A, (COMMU BUF1)

o0

= s 2

o e e i o= e e S




424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

451

02F3

02F5

02F7

02F9

02FB

02FD

02FE

02FF

0302

0303

0304

0305

0308

0309

030A

0308

G30C

-¥xtxxxxrx¥xxx3%CODE FOR SCAN RTU’S

0300

030€¢

030F

0310

0311

0314

0316

0319

0318

031D

C8

10

06

cB

10

47

04

11

B

90

5F

3A

12

01

Ct

F1

C9

F5

C5

D%

ES

I

06

3A

c8

10

06

27

FC

04

3F

FC

00 80

05 60

00 6D

04

00 60

27

FC

04

CHK FUNT:

CHK FUNS8:

CODES:

CHK FUNS:

69

SLA A

DJUNZ CHK FUN7
Lo B,4

SRL A

DJNZ CHK FUN8
LD B,A

INC B

LD DE,FUNC ADD

LD ALE
SUB B
LD E.A

LD A, (COMMU BUF145)

LD (DE),A I
POP  DE

POP  BC

POP  AF

RET

RESULT#xx:zxzxxx*ﬂ{

PLUSH AF {%wﬁ

]

1
PUSH BC 'Wf.
PUSH DE |

PUSH HL v il

R
o oe,comwu sul fi"
.0 B4 Ep!ﬂ
Lo A, (coMMy BURLY "
SLA A L
DJNZ CHK FUNS

LD 8,4 i




s o s

|
|

452

453

454

455

456

487

458

459

460

461

462

463

464

466

467

468

469

470

471

472

473

474

031F

0321

0323

0324

0325

0326

01329

0328

032C

0330

0332

0333

0334

0337

0379

0338

033F

0340

0341

034?

0745

CB

10

47

AF

B8

A
—

3C

B8

21
28
3C

B8

B8

21
28
3C

B8

3F

FC

00 61

23

00 63

00 65

00 67

Ok

00 69

07

CHK FUNG:

SRL A

DJNZ CHK FUN6

LD B,A
XOR A
CcP 8

:PUT FUNCTION 0

LD HL,FUNCO BUF
JR  Z,DO CODES
INC A

cP B

:PUT FUNCTION 1

LD  HL,FUNC1 BUF
JR  Z,DO CODE5
INC A

cP B

:PUT FUNCTION 2

LD  HL,FUNC2 BUF
JR  Z,DO CODES
INC A

cP B

:PUT FUNCTION 3

LD HL,FUNC3_BUF
JR  Z,DO CODES
INC A

cP B

:PUT FUNCTION 4

LD  HL,FUNC4_BUF

JR Z,00 CODE5S

70



475

476

477

478

479

485

486

487

488

489

490

491

492

493

494

495

496

497

498

0347

0348

0349

034C

034E

0350

0351

0356

0358

0359

035A

0358

0350

035F

035F

0360

0361

0362

0363

0364

0365

3C

B8

21

”8
-

3E

12

13

3E

13

08

13

78

F6

12

1B

47

1A

80

13

00 68

00

06

02

FF

DO CODES:

INC A

CP B

;PUT FUNCTION §

LD HL, FUNC5 _BUF

JR Z,D0_CODESD

Lo A,06
LD (DE),A
INC DE

LD A,02
LD (DE),A
INC DE
+PUT RTU ADD

IN A, (RTU_ADD)

LD (DE),A
INC_ - DE
;PUT OPCODE
LD A,B

OR 50H

LD (DE),A
;PUT CHKSUM
DEC DE

LD B,A

LD A, (DE)
ADD A,B
INC DE

INC DE

Lo (DF ), A
e DE



4933
500

501

502
503
504

505

506
507
508
509
510

511

512
513
514
515

516

517

518

519

520

521

{1 46t

0363

0369

036A

036C

036D

036E

036F

0371

0372

0373

0374

0375

0376

0377

0378

037A

0378

037C

037D

037F

0380

0382

3E

12

13

3E

47

13

3E

4F

12

AF

F5

F1

86

ED

F5

AF

B9

20

B8

20

F1

TE

01

FF

AQ

F7

Fd4

STORE D:

:PUT HEADER
LD A,TEH
LD (DE),A
INC DE

+PUT LENGHT MSB

LD A,01
LD (DE),A
LD B,A
INC  DE

yPUT LENGHT LSB

LD A, OFFH
LD C,A

LD (DE),A
INC  DE

XOR A

PUSH AF

(PUT  DATA AND

:COUNT CHKSUM

POP  AF

ADD A, (HL)

LDI

PUSH AF l‘
XOR A ' ;
cP C

“L

JR NZ,STORE D 1

|

cpP B ‘]
|

JR  NZ,STORE D | ,

I

POP  AF | I




522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

§
§ a
4%y

:PUT CHKSUM
0383 12 LD (DE),A
0384 CD C8 03 CALL SEND
0387 E1 POP  HL
0388 01 POP  DE
0389 C1 POP  BC
038A F1 POP  AF
0388 C9 RET

cx¥1xxxx2x3x5x3CODE FOR CHECK ROM* XXX XXX ¥ XXX ¥ ¥XXXTLXA
038C ' 00 CODEG: NOP
0380 C9 RET
CEEXXEEX5EX2X5XCODE FOR ON LINE SYSTEMRXX X rft¥r s xxtexx
038 00 CODET: NOP
038F  C9 RET
SEXEFEXIXXKRLRKXKCODE FOR RESERVEF XXX XX XX XXXXXXXXXRKI KR
0390 00 CODES: NOP
0391 €9 RET
cXxXFxxx1355xXCODE FOR RESERVEX* XXX XX XXX XXX KXXXRXRELXKE
0392 00 CODE9: NOP

0393 C9 RET

-~
-

DXXXXXEAXFAX04RCODE FOR RESERVEF¥# 4 X ¥ XXX KXXXKKAXXAKERE
0394 00 CODEA: NOP

0395 C9 RET
SEXXXAXXXX222XCODE FOR RESERVEF XXX XKXXXXXXFXKLXXXXTXLR
0396 00 CODEB: NOP

0397 Cc9 RET

SEXXXXEXRFXX¥2CODE FOR RESERVEXXXXEXXXXKXFXXLRXAXLRKLAKE

0398 Q0 CODEC: NOP



549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

0399

C9

RET

74

SREEEEXXKFXL22X2CODE FOR RETRY AGAINF# ¥ ¥ XXXFXXXTXXEXEN

039A

039A

039D

039E

039F

03A0

03A1

03A4

03A7

03A8

03AA

03AC

03AD

03AE

03BO

0381

03B2

03B3

0384

03B5

03B7

0389

03BA

CD

C9

F5

C5

D5

11

3A

4F

06

3E

12

13

0B

12

80

47

13

79

E6

F6

13

C8 03

00 6D

00 60

00

03

FF

OF

DO

BO CODED:

CODED:

CALL

RET

PUSH

PUSH

PUSH

LD

LD

LD

LD

LD

LD

INC

SEND

AF

8C

DE

DE,COMMU BUF
A, (COMMU BUF1)
C,A

8,0

A,03

(DE) ,A

DE

; PUT ADDRESS

IN

LD

ADD

LD

INC

A, (RTU ADD)
(DE),A

A,B

B,A

DE

; PUT OPCODE AND

© FUNCTION

L0 A,C

AND  OFH |
or ' oDOH

LD (DE),A
INC

DE l\



574

515

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

581

592

593

594

595

596

597

598

599

600

75

;PUT CHKSUM
03BB 80 ADD  A,B
03BC 12 LD (DE),A
03BD CD C8 03 CALL SEND
03C0 D1 POP  DE
03C1 C1 POP  BC
03C2 F1 POP  AF
03C3 €9 RET

“E¥AXEXXE1X2XX3XCODE FOR RESET RTURX$#x¥ ¥ X3 £ XXXXXXXXRXER

03C4 D3 50 CODEE: OUT  (POWER PORT),A
CEFXXEXERRXRXKEXCODE FOR OFF SYSTEM*¥s ¥ (XXX XXX XX 5 XKE%K
i

03C6 D3 51 CODEF: out (POWER PORT+1},A

CEXXXXRERLXXRELLXAXSEND DATA TO MTUS KX KAk kXS X kX XRXRRS

03C8  E5 SEND: PUSH HL
03CS F5 . PUSH AF

03CA C5 PUSH BC

03CB D5 PUSH DE

03CC 21 00 6D LD HL, COMMU BUF
03CF  4E LD C, (HL)

0300 23 _INC KL

03D1 46 © LD B, (HL)

0302 . 23 INC  HL

0303 DB 43 SEND D: IN A, (SE STATUS)
03D5  CB 47 BIT 0,A

0307 28 FA JR Z,SEND D

0309 7E SEND D1: LD A, (HL)

030A CD 20 Ot CALL WAIT ouT

030D CD 16 Of CALL WAIT IN



601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627

628

03E0

03E1

03E2

03E3

034

03E6

03E7

03E9

03EA

03EB

03EC

03ED

AF

0B

B9

20

B8

20

D1

C1

F1

E1

C9

F3

FO

INC

XOR

DEC

cpP

JR

cpP

JR

POP

POP

POP

pPOP

RET

76

HL
A

BC '
c

NZ,SEND D1
B

NZ,SEND D1
DE

BC

AF

HL

SXXXERFEXLXXXINTERRUPT FOR COMMUNICATION®XE¥Xtxxtxstttxs

0600

0600

0601

0602

0603

0604

0605

0607

060A

060C

060E

0611

0613

0615

0617

¥

F3

F5

C5

D5

ES

06

ch

CB

20

cD

10

18

DB

CB

02

25 06

47

07

9t 03

F4

09

49

C7

RECEPT: -

EXECUTE:

ORG

DI

PUSH

PUSH

PUSH

PUSH

LD

CALL

BIT

JR

CALL

DJINZ

JR

IN

0600H

AF

BC

DE

HL

B,2
SERVICED
0,A
NZ,EXECUTE
CODED
RECEPT
RETU O

A, (RTU STA+1)

0,A



629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644

645

646
647
648
649

650

651
652
653

654

0619

0618

061E

061F

0620

0621

0622

0623

0625

0626

0627

0628

0629

062C

062E

0631

0633

0635

0636

0639

063C

063D

063E

0641

0642

0643

D3

48

CD 2D 01

E1

D1

C1

F1

FB

ED 4D

F5
C5
D5
ES

21

co
0t

ED

B3
c2
cD
82

57

C0
17
23

CcD

00

00

16

FF

40

Cé

20

16

20

60

01

06

01

01

01

RETU 0O:

SERVICEO:

ouT

CALL

POP

POP

POP

POP

EI

RETI

PUSH

PUSH

PUSH

PUSH

LD

LD

CALL

LD

IN

77

(RTU STA),A
DECODE

HL

DE

BC

AF

AF

BC

DE

HL

HL,COMMU BUF1
0,0

WAIT IN
C,RTU ADD

B, (C)

:RTU ADDRESS TURE 7|
[}

cP

JP

CALL

ADD

LD

;READ

CALL

LD

INC

CALL

B
NZ, BUSY

i
WATT OU}

A,D |

DA
OPCODE B m 1 |
WAIT IN ’%f “
(HL), A

HL 1

WAIT OuUT



655

656

657
658
659
660
661
662

663

664

665

666
667
668
669

670

671

872

673
674
675
676

677

0646

0647

0648

0648

064E

064F

0650

0651

0653

0655

0656

0658

065A

065C

065E

0661

0662

0664

0667
066A

0668

066C

066F

82

57

28]

CD

7

23

5F

cB

CB

BA

28

DB

CB

D3

C3

B

cB

CA

CD

77

23

Cb

FE

16

20

BF

BA

09

49

87

48

F3

TF

F3

16

20

TE

01

01

06

06

01

01

RED DATA:

78

ADD  A,D
LD D,A
;READ CHKSUM
CALL WAIT IN

CALL WAIT OUT

LD (HL),A
INC  HL

LD E.A
RES 7,A
RES 7,D
:CHECKSUM

cpP D

JR  Z,RED DATA
:SET COMMU ERROR
IN A, (RTU STA+1)
RES 0,A

OUT  (RTU STA),A
JP READY

LD ALE

HAVE DATA FIELD ?
BIT  7.A

JP Z,READY
:READ HEADER

CALL WAIT IN

LD (HL),A

INC  HL

CALL WAIT ouT

CP TEH



678

679
680
681

682

683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698

699

700
701

702

0671

0673

0675

0677

0679

0678

067E

067F

0680

0683

0684

0687

0688

0689

068C

068D

068F

0690

0692

0694

0696

0697

0699

0698

069D

28

DB

CB

D3

18

cD

77

23

CD

57

cD

77

23

cD

5F

3E

4A

06

cB

10

B9

30

DB

cB

D3

08

49

87

48

78

16

20

16

20

02

02

39

FC

08

49

817

48

01

01

01

01

HEAD OK:

CHK LENG:

LY

79

JR  Z,HEAD OK
:SET COMMU ERROR
IN A, (RTU STA+1)
RES 0,A

OUT  (RTU STA),A
JR  READY

:READ LENGHT

CALL WAIT_IN

LD (HL),A

INC HL

CALL WAIT oOUT

LD D,A

CALL WAIT_IN

LD (HL),A

INC HL

CALL WAIT oOUuT

LD E,A
LD A2
LD c,D
LD B,2
SRL C

DJUNZ CHK LENG

cpP C

JR NC,LENG OK
:SET COMMU ERROR

IN A, (RTU STA+1)

i
.

RES  0,A ljf

ouT (RTU STA),A



703

7104

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

127

069F

06A1

06A3

06A6

06A7

06A8

06AB

06AC

06AD

06AE

06AF

06B0O

0682

06B3

06B5

0688

068B

06BC

06BE

06CO

06C2

06C4

06C6

06C9

06CC

18

OE

CD

17

23

cD

81

4F

1B

AF

BB

20

BA

20

co

CcD

B9

28

DB

cB

D3

18

cD

cb

CD

52

00

16 01

20 01

F1

EE

16 01

20 01

35

49

87

48

2D

16 C1

16 01

16 01

LENG OK:

LENG O:

BUSY:

JR  READY
tb ¢,0

CALL WAIT IN
LD (HL),A
INC HL

CALL WAIT OUT
ADD  A,C

LD C,A

DEC  DE

XOR A
cPE

JR NZ ,LENG_O
CP D

JR NZ,LENG‘O
CALL WAIT IN
CALL WAIT OU}
cp C

JR Z,READY

;SET COMMU ERROR
!

80

IN A, (RTU BTA+1)

j

}

RES O0,A

OUT  (RTU. STA),A",

JR  READY
CALL WAIT IN
:READ OPCODE
CALL WALIT IN

CALL + WAIT IN

;

H




728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

06CF

0602

06D5

06D7

06D9

06DC

06DF

06E1

06E3

06E6

06E9

06EB

O6EE

06F1

06F3

06F4

06F5

06F6

06F7

40

CD

cB

28

cD

CcD

FE

20

cD

cD

D3

cD

ch

D3

E1

D1

C1

F1

c9

16

16

TF

1A

16

TE

10

16

43

16

42

01

01

01

01

01

01

01

01

READY:

LY
-

;READ CHKSUM

CALL
CALL
; HAVE
BIT

JR

;READ
CALL
CALL

cpP

WAIT IN |
WAIT IN

DATA FIELD 2,
7,A

Z ,READY
HEADER

WAIT IN

WAIT IN

TEH

yHEADER NOT FOUND

JR
CALL
; READ
CALL
NS&T
ouT
CALL
CALL
;SET
ouT
POP
POP
POP
POP

RET

NZ,READY
WAIT IN

LENGH OF DATA
WAIT_IN
LINE BUSY
(SE_STATUS),A
WAIT_IN
WAIT_IN
LINE BUSY

(SE COUNT),A
HL

DE

BC

AF

TR

81



747

148

749

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

172

773

82

XXXEEXEXR5K35INTERRUPT FOR DIAGNOSTIC TEST#sttsrrsssstx

0700

0700

0701

0702

0703

0704

0705

0707

0709

070C

070F

0711

0714

0717

0719

071¢C

07T1F

0721

0724

0727

0729

072C

072F

0731

0734

0737

F3

Fb

C5

D5

ES

DB

CB

21

cC

c8

21

cc

cB

21

cc

cB

21

cC

cB

21

cC

cB

21

cC

CB

FE

47

00

5B

4F

00

58

57

00

58

5F

00

58

67

00

58

6F

00

5B

77

Co

07

C8

07

DO

07

D8

07

EO

07

E8

07

ORG
DI
PUSH
PUSH
PUSH
PUSH
: PORT
IN
BIT
LD
CALL
BIT
LD
CALL
BIT
LD
CALL
BIT
LD
CALL
BIT
LD
CALL
BIT
LD
CALL

BIT

0700H

AF
BC

DE

HL

SET RAM

A, (OFEH)
0,A
HL,RAM1_ADD
Z,TEST_RAM
1,A

HL,RAM2 ADD
Z,TEST RAM
2,A

HL ,RAM3_ ADD
Z,TEST_RAM
3,A

HL,RAM4 ADD
Z,TEST RAM
4,A

HL ,RAM5 ADD
Z,TEST_RAM
5,A

HL , RAM6_ADD
Z,TEST RAM

6,A



774

775

176

177

778

179

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

197

798

799

800

801

0739

073C

073F

0741

0744

0747

074A

074C

074E

0751

0754

0755

0756

0757

0758

0759

CERRERRAXEXXRXERIXXEXLATEST RAMIX XX XXXXFIXFXTRXILIAXE *ft
I

0758

075C

078D

075E

0760

0763

0765

0766

0767

0768

076A

21

cC

cs

21

cC

co

DB

FE

C4

oy

FB

E1

D1

C1

F1

ED

F5
c5
D5
1E
01
3E
56
77
BE
28

CcB

00
58
TF
00
5B
85
49
FF
D7

F8

4D

FF
00

80

05

8B

FO

07

F8

07

07

0t

00

04

TEST RAM:

TEST:

LD

CALL

BIT

LD

CALL

CALL

IN

CP

CALL

CALL

EI

POP

POP

POP

pPOP

RETI

PUSH

PUSH

PUSH

LD

Lo

LD

LD

LD

cp

JR

RES

83

HL ,RAM7 _ADD
Z,TEST RAM

7,A
HL,RAMS_ADD
Z,TEST _RAM
TEST_ADC

A, (RTU STA+1)
- Al
OFFH if |

NZ,CODE1

SET DIAG

HL 4 [

' E:H‘c :;(u 4

DE o o ! il
' |

8C j

AF "y

AF
BC

DE

E,OFFH

BC, 400H

A, 80H

D, (HL)
(HL),A

(HL)
Z,NEXT_BYTE

1,E



802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828

829

076C

076F

0770

0771

0772

0773

0774

0776

o777

0779

077A

0778B

o77cC

0770

OT7E

0780

0781

0783

0784

0785

0786

0787

0789

078A

078C

078E

078F

0791

co

72

23

08B

AF

BS

20

B8

20

D1

C1

F1

c9

F5

DB

A3

D3

F1

C9

F5

D5

1E

AF

D3

16

TA

D3

)

7D 07

ED

EA

49

48

FF

4F

89

4E

B1 07

NEXT BYTE:

SET ERR:

TEST ADC:

CALL

INC
DEC
XOR
cP
JR
cP
JR
POP
POP
POP
RET
PUSH
IN
AND
ouT
POP
RET

PUSH

*  PUSH

LD
XOR
ouT
LD
LD
ouT

CALL

84

SET ERR
(HL),D
HL

BC

A

c
NZ,TEST
-
NZ,TEST
DE

BC

AF

AF

A, (RTU STA+1)
E

(RTU 8TA),A

AF !

AF

DE

E,OFFH

A

(SW PORT),A
D, 89H

A,D

(DAC PORT),A

WAIT ADC



830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

0794

0795

0797

0799

0798

079D

079F

07A2

07A3

07A4

0TAS

07A6

0TA8

O7AA

07AC

OTAF

0781

0783

0785

07B7

0789

0788

92

28

30

FE

30

CB

ch

D1

C1

F1

c9

FE

38

c8

co

D3

DB

CB

20

DB

C9

0B

0D

FD

05

93

7D

04

F8

93

70

F1

40

43

4F

FA

4D

Lines Assembled :

07

071

853

SuB

JR

JR

cpP

JR

RES

CALL

ADC GOOD: POP

POP

POP

RET

MORE: cP

JR

RES

CALL

JR

WAIT ADC: ouT

WAIT ADC1: 1IN

BIT

JR

RET

D

Z ,ADC GOOD
NC ,MORE
OFDH
NC,ADC_GOOD
2,E

SET ERR

DE

BC

AF

4
C,ADC_GOOD
2,E

SET ERR
ADC_GOOD
(ADC. PORT) , A
A, (SE STATUS)
1,A

NZ,WAIT ADC1

A, (ADC PORT)

Assembly Errors : O

85



Absolute Maximum Ratings wotwes 182
1t Mithhary/Aerospace specilled devices are required,

coniact the Natlona! Semiconductor Sales Ollice/
Distributors for avadabilily and specifications.
Supply Voliage (Vee) (Note J) 8.5v
‘10itage

~0.3Vio + 18V

togic Control Inpuls
A{ Other Input and Qutpuls
Load Temp. {Soldaring, 10 seconds)

~0.3V 10 (Ve + 0.3V)

Dual-In-Line Package (plastic) 260°C
Dual.In-Lina Package (cergmic) 3J00°C
Surfaca Mount Packago“{
Vapor Phasa (60 seconds) 215°C
Infrarod (15 soconds) 2200C

Electrical Characteristics

Storaga Temporature Rango
Package Dissipation at Ty~ 25°C
ESD Suscaptituhity (Noto 10)

-65°Clo ¢+ 150°C

Operating Ratings wotes 15 2)

Temperature Ranga
ADCO0801/02Ly
ADC0801/02/03/04LCY
ADC0801/02/03/05LCN
ADCOBO4LCN
ADC0802/03/04LCV
ADC0802/03/04LCWM

Rangn of Vo

Tan S T Tuaax
=55CsTa ¢125C
~40'CaTyrs ¢+ 85C
-40°C<Ta% +85°C
0°CsTaz+70°C
0CsTaa 4 70°C
0'CsTag +70°C
4.5 Vm ‘OGJVDC

The lollowing specilications apply o Voo & Vg, Ty € Ta S Tiuax 8nd Igy x — 640 kHz unless otherwiso specifiod.

-

oav/i0800Qy

875 mw
800V

£0800AV/50800QV/£0800QV /2020

\ Parameter Conditions Min Typ Max Units
:‘/ ADCO0801: Total Adjusted Eror (Note 8) With Fufl-Scale Ad;. L. LS8
{Sao Section 2.5.2} ‘
ADC0802: Tolal Unadjusted Error (Note 8) Vner/22.2.500 Vpe % LS8
ADCO0803: Total Adjusted Error (Noto 8) With Full-Scale Adj. <, LS
2 ’ (Sea Section 2.5 2} =n g .
ADC0804:; Yotal Unadjusted Error (Note 8) VRep/2=2.500 Vpoc 2 LS8
ADC0805: Tolal Unadjusted Error (Nota 8) | Vage/2-No Connection . 21 LS8
“/ngs/ 2 Input Rasistance (Pin 9) ADC0801/02/03/05 25 v kit
\ ADCO0804 (Note 9) 0.75 k()
Analog Input Voltaga Range (Note 4) V(+) or V(- Gnd-0.05 Vee +0.05 Voc
OC Common-Mode Error Over Anslog Input Voltage Y LY, LSO
Range
,  Power Supply Sensitiity "1 Voo =5Vpe £10% Over Ve Y LS
Aliowed Viy{ +) and V(- )
Vottage Rango (Nota 4)
AC Electrical Characteristics
Thae following sdocilicalions epply for Vo =5 Vpc and To = 25°C uniess otherwise specified.
Symbol Parameler Condltlons Min Typ Max Units
Tc Conversion Time fcyx = 640 kHI (Note 6) 103 114 us
e Conversion Time (Note 5. 6) 66 73 RIUETS
fcux Clock Frequency Vee = 8V, (Note 5) 100 640 1460 AHz
Clock Outy Cycla (Note 5) 40 60 %
x CR Conversion Rato in Free-Running INTR hed to WR with 8770 9708 conv/s,
Modo TS5 =0vpc. lox~ 640 kHz ,
wi@f, | Width of Wi Input (Start Pulse Widin) | TS =0 Vpe (Note 7) - 100 ns <
tace Accoss Time (Delay from Falling Cy =100 pF ’ 135 200 s
Edge of FID to Output Dala Vatid)
Uy, b TRI-STATE Control (Delay C_ =10 pF, Ay = 10k 125 200 ns
from Rising Edge of RO 1o {Soo TRI-STATE Test
- Hi-Z State} Circuits)
wi bRl Delay tfrom [Falling Edgo 300 450 ns
ot WR or AD to Reset of INTR
Cin !nput Capacitance of Logic 5 , s | eF
Control Inputs f
Cour TRI-STATE Output 5 1.5 pF
Capacinance ({Data Bulfors) I
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of 8 Schtt trigger circunt and is tharelore specilind <eparately)
Jipe {1} Logical " 1" Input Voltage Vg = 5.25 Vo 20 15 Voc
(Excapt Pin 4 CLK IN)

+
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ADCUBO1/ADCOBOZ/ADCOBO3IADCOBOQIADCOBOS

——
AC Electrical Characteristics (conted)
The lollowing spocitications apply lor Vee = SVpc and Ty = Ty 2 Tuax. unless otherwise spociliod,
Symbol ] Parameter I Conditions l Min l Typ ] Mazx [ Unltg
CONTROL INPUTS [Note: CLK IN (P 4) 15 the input of a Schatt lnggar cucwt and 1s thoralore speciliod separately)
Vin (0) Logical 0" input Voltage Vec=475Vpg 0.8 oo
(Except Pin 4 CLK IN) - -
hn (1) Logical “1* Input Cutrent Vire =5 Voc 0.ws 1 BAGG b 4
(Al Inputs)
lin (0) Logical “0” Input Curront .« Vi =0 Voe -1 -0 005 nApe
{All Inputs) :
CLOLK IN AND CLOCX R
Vy+ CLK IN (Pin 4) Positive Going 2.7 3.1 35 Voe
Threshold Voltage
Vy= CLK IN (Pin 4) Nogative 1.5 1.8 2.3 Voc
Going Threshold Voltage
VH CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voc
(Vr+)—(Vy-)
Vour (0) Logical “0"* CLK R Output 1o =360 nA 0.4 Voe
Voitage Vee=4.75 Ve : :
Vour (1) Logical 1" CLK R Output lo= —360 uA 2.4 Voo *
Yoltage Voo =4.75 Ve
DATA OUTPUTS AND INTH
Vour (0) Logicat “0" Putput Voitage
Cata Qutputs loyt= 1.6 MA. Veo = 4,75 Ve 04 Voc
INTH Output lour= 1.0mA, Ve = 4.75 Vpe 0.4 Vo
Vour (1) Logical 1" Qutput Voltage lo= <360 uA, Voo = 4.75 Ve 2.4 Voo
Vout (1) | Logical "1” Output Voltage lo= =10 uA, Voo = 4.75 Voc ) . . Voo
lout TRI-STATE Disabled Output Vour=0Vpe . =3 . HApC
Leakaga (All Data Bullors) Vour ™5 Voc - 3 pAnn
ISOURCE Vour Short to Gnd, T = 25°C 4.5 6 mAne  |”
Isik Vour Short 1o Ve, Ta = 25°C 9.0 16 mApe - 7 .
POWER SUPPLY * :
lec Supply Current (Inciudes F o = 640 kHz,
Ladder Current) VYRep/2=NC, T, =25'C
and TS = 5v .
ADC0801/02/03/041L.CJ/08 1.1 1.8 mA !
ADCOBO4LCN/LCV/LCWM [ 1.9 2.5 mA
Hote 1: Absohste Maxinum Ratngs ndca1e kmily beyond wivch gamage 10 the device may 0ot DC and AC ¢lactneal £pecibcabons oo not 80Dty whan 0occarg
e device bayond s speciind opacsbng conditions. - '
Nele 2: Al voliages sre measwed with 10306Ct 10 Gd, Less Otherwise s0ecified. The seps7816 K°Gnd pomt shoukd always be wwed 1o the 0 Ghd
Note 2: A zener dilode erists, internady. from Vg 10 Gad 8nd hat & typecal ireskoown voiage of 7 Voc. : .
Nots 4: For Vi{ )2 Vil + ) the dupa! ouiout code wi be 0000 0000, Two on-chvp dodes are bad to esch 2n2i0g Inout (300 DIOCK Gagram) wigh wel Jorward
CONOUCT [0r 8Nn310Q INDUL vOIIAGAS 0Ne TGS OrOp BEIOW Ground of One thode G0 freater than ihe Vor suoply Be carohd, Gumg 1eskng ot low Veg tovols (¢ V),
43 hagh bevel 3n8i0q 1OUtS (5V] €an cause tivs wput diode 10 CONTUCI-21DOClly it stwvaled lomparatves and COUSE eerprs fov ANSI0g MOuUts near tull-scale, The
$09C aiows 50 mV lorward bres of aither 0ode, This means thal a3 long 83 e anslog Vuy 00s nol ercesd the 0Py vOrage by more than S0 mV, the outout
€000 wil be corect. To acteve 80 absolute 0 Ve 10 § Ve ot voltege r8nge wdl iherelore (eoues 2 rremum SUODlY vortl g4 of 4 950 Voo over lemoenanse
vanahons, bvual tolersnce and loading .
Nole §; Accuracy 1s Quarsnised st fox ™ %40 LHZ, Al hagher Clock freouencres SCONBCY CON dograde For lownr Cloch bnguancres, the duty Cycse brrwts can be
2010nCed 30 10ng a3 18 mirsmum Clock hgn Lme intervel o Mmeramum iack low e misrval by no lass nan 275 ng,
Hols 6: Wah gn s3yncivonous sian Dulsa, U0 10 B CIOCK DONOTS Mmay De (e ed buiore the mismal cloCk Ohases e rop (0 BIAN Ihe COMvarsOn pocess. The
51871 1eauest 13 intarriatly Iaicnad, 364 Finse 7 and becton 2.0,
Note 7: The €T inout 13 835urmad 10 bracket the Wi 51008 mput 8nd therelore Urng 13 Grpendent 00 tha (7 pulse widlh An At srdy wide puite retih wil hotd
NG COnvarier it ¢ 18381 MO0 81D 1he sian of CONver 200 13 Invtialed by 1he 10w 10 Mmgh tranunon of ihe W ouse (see g daagramsl,
Hots 4: None of tnasa A/Ds inquwas 8 1040 a0pss! (300 ection 2.5.1). To oblawn 1000 code al Othar ANaI0] NDUL vOHAGES $90 SeCON 2.5 ana “yure S
NOLe 9: The Vagr/2 pan 13 1na Conter Dot Of & two (83310¢ dwider Connecied hom VEC 10 0r0und. EaCh 1eation 1 2 20, 05 ¢ A0t 1o tho ADCDBOILCS atrara enzh
To1310f 1 18R Total AGHEr w3ina 18BS1ANCE 6 118 Suvn Of the Iwo squal (Psrsions
Hote 10: Human body moant, 100 n‘ discharqed Hvougn a | S AT resesior J
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TRI-STATE Test Circuits and Waveforms
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Typlcal Applications (contnued)
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Typical Applications continves)
Olrectly Converting s Low-Level Signal A uP interfaced Comparator
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Typical Applications (Conunusd)
Self-Clocking Multlple A/Ds - External Clocking
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" Typical Applications (coniinuen
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Typical Applications (Contioa)

Handling &5V Analog Inputs
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Typical Applications (continued)
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Typical Applications (Continueg)
. Sampiing an AC laput Signal
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A porfect A/D transler charactanstc (starcaso wavelorm) is
shown in Figure 1a. The horizontal scale is analog input
voltage and the particular poinis labaled ara in steps of 1
LSB (19.53 mV with 2.5V lied o the Vagg/2 pin}. The digial
output codos that correspond 1o thosse inputs ara shown as

0-1,D.9nd D+ 1, For the portoct A/D, not only will conlor.

valuo (A-1, A A+1,, ., ) anglog inputs produco the cor-
rect oulput ditigal codos, but also each riser (the lransitions
betwoen sdjacent output codos) will bg located t Y, LSB
awsy from each centor-value, As shown, lhe nisors are idoal
8nd'have no widih. Corroc! digital oulput codas will be pro-
vided for a range of analog nput vollagas that extend t Y
LS8 irgm’the idoal center-values. Each tread (the tange ol
analog input voltage that provides the samo digital output
code) is therefore 1 LSB wida,

Figure 16 ‘shows 8 worst case error plot for the ADC080Q1.
All centor-valuad inputs arg guaraniosd to produce the cor-
roct output codos and the adjacent risers aro quarantaed lo
be no cioser !0 the centor-valua points than Ve LSB. In

Transler Function

g
-
s
s
S 8t - ——
. Vol
x k :
H 1
D I
- B T
]
i )
+
:
)
L)

"

A=l ) A
" ANALOG INPUT (¥

other words. il we apply an anaiog ;npul aqual 19 tho cenlor.
valuo : Y, LSB, we guaraniae that tha A/D will produco the
correct digital code, The maxnmum range of the poston of
the code Iransiion 15 g atod by the honzonlal arrow and 4
'$ guaranioed 10 be no more than '/ LSB,

The arior curva of Figirs Ic shows & worst case arior plof
for the ADCOBO2. Hare wo guarantos thal if wo apply an
analog inpul equal 1o the LSB analog voltaga contor-value
tha A/D will produco the corroct digial codo.

Next 10 6ach anster function 1s shown the cor1esponding
orror piol. Many poople may be more lamuliag with orror ploty
than translar tunctions. The analog mpul voltage 1o the A/D
is providad by either a knear ramp or by the discrole output
stops of a high resolution DAC, Notice that tho arror is con-
tnuously displayed and includos the quantization uncertan.
ty of the A/D. For examplo tho orror at point 1 of Figure 14
is + LSB bocause the digial code appeared Y2 LSB in
advanco of tha centervalue of the tgad. Tho etror plots
always have 8 constant negative slops and the abrupt up-
sido stops are always 1 LSB in magnitude.

Error Plot
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8) Accuracy= 20 LSB: A Perfect A/D
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Functional Description (continvog)

2.0 FUNCTIOHAL DESCRIPTION

ihe ADCOB0! seres contains a circuit oquivalent of the
2560 nolwork. Analog switchas are soquencod by succes-
Sive 8pproximation logic 1o malch the analog dilforence in.
put vollago [Vip(+) ~ Vy(~)l to 8 corresponding 1ap on
tha R notwork. Tha most sigruficant bil is lastod first and
atter B compansons {64 clock cyclas) a digilat 8-bit binary
codo (1111 €111 = fyll.scalo) is translorred to an output
131ch and thon an intorrupt is assortod (INTH makes a high.
to-low ransiion). A conversion in ptocass can ba nlorrupt.
ad by 1ssuing a socond starl command. The dovico may bo
operated in the froo-running mode by connocting [NTH 10
the WR input with T8 = 0. To ansuro start-up undor alf pos.
stdle conditions, an oxtornal WR pulse is required during the
st power-up cycle,

On tho high-to-low transition of the WR input ths intornal
SAR lalches and tho shifl rogistor stagos are resot. As long
as tho T3 input ang WA input romain low, the A/O will re-
main in a resel slaie, Conversion wil start from 1 1o 8 clock
periods alter at loast one of these Inputs makes a low-1o-
high lransttion.

A lunclional diagram of the A/D canverter 13 $hown in Fug.
wvre 2. All of tho package pnouts aro shown and tho major
logic conlrol patns are drawn in haavier woight bnes

The convartor 1s startod by having C3 and WR simutia.
naously low Tius sats tho siart thp-tiop (F/F) and the rosutt.”
g “1” lovel rosels tha 8-but shull 1ogistor, te3ots tha Intor-
et (INTR) F/F and inpuls a "1 10 the O fop, FIF 1, wineh
1s al Ihe input ond of the 8-bit shull ragstar, Intornal clock
signals than transter this “1" 10 tha O oulput of F/F 1. The
AND gato, G1, combinos this 1" output wilh 8 ctock signal
lo provida a rosot signal to.tho start F/F._ If the sot signal 1
no longor presant (orthor W or T8 1s 2 1) the stant F/F s
fosol and the B-bit shift reqisior thon can have the "1™
clockod in, which starts tha convarsion procoss. Il the set
signal were to stll be prasont, this rosot puise would hava
"o offoct (both oulputs of the start F/F would momentarily
ba ata "1 lavol) and the 8.bil shit rogistor would continue
1o bo held in the r0sal moda. This logic theruloro allows tor
wido T8 and WH signals and the converter wil stan altor al
loast one of these signals roturns high and tho inlornal
clocks again provide a rosot signal lor the start F/F,
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Functional Description (contnvea)

Alter tha “1” is clocked through the 8-bit shift register
{which completas tha SAR saarch] it appears 8s the input to
the D-type taich, LATCH 1. As so0n as ftus 1" is output
ltom the shitt ragister, tha AND gate, G2, causes the now
digital word 10 transfer 10 the TRI.STATE oulput lalchos.
When LATCH 1 is subsequanily anablod, the Q output
makes a hign.to-low transition which causas the INTR F/F

10 sat. An inverting buller than supplies the INTH input sig-*

nal,

Note that thus SET contro! of the INTR F/F remains low fot
B of the axlernal clock periods (as tho internal clocks run at
‘s of the fraquency of tha axtarnal clock). !f tho data output
is_continuously enabled (TS and RO both heid low), the
INTR output will st signal tha end of conversion (by a high-
to-fow Iransition), because tho SET input can control the O
output of tho INTR F/F oven though the RESET input is
constantly sl 8 ““1” level in this oparating mode. This [NTR
outpul will theielora stay low for the duration of tho SET
signal, which is 8 periods'of tho external clock {roquoncy
(assuming the A/D Is not slarted during this interval),

Whon o;gu in {ba Jree-rynning or_continuous convor-
$ion mode (l pin_tiod 1o WH wirod low—sde
mﬁ%mwa.bw
\WERYMOT ST Tho INTR signal, This rosets the SHIFT REGIS-
TER which causos the input 10 the D-typo lalch, LATCH 1,
to go low. As the latch enable input is still presont, the J
outpul will go high, which then sllows the INTR F/F 1o be
RESET. This reducos the widlh of the resuiting INTH output
pulsa to onfy a low propaguxlon Gelays (approximately 300
ns),

When data_ia to ho read, the combination of both &5 and
BD being jout c.usé”IR&INTH'F/F 1o be raset and Lhe
TRI-STATE oulput laiches will be enablod lo provide the 8-
bit digital outputs. ¥

2.1 Dighat Control Inputs
The digital contro! inputs (TS, AD, and W) meet slandard
T2L logic voltage levels, Thase signals have beon renamed
when compared 1o the standard A/D Start and Output En-
able labels. in addition, thase inpuls are activo low (o allow
an elsy interface lo microprocer; s0r” conlrol busses, For
norfiicroprocassor basad spptications, the TS lnput (pn 1)
can be grounded and the standard A/D Start function is
obtained by an aclive low pulso applied at the WH input (pin
3) and the Outout Enable lunction is caused by sn aclive

low pulse at the AD Input (pin 2),  +

2.2 Analog Differsntial Voltage Inputs and
Common-Mode Relection .

This A/D has additional applications llexibility dua 10 the
anatog differential vollage input. Tha Vin(~) input (pin N
can be usod lo automatically sublract & fixed vollage valuo
from the inpul reading (tare corraction), This is also uselul in
4 mA-20 mA curronl loop convorsion, In addilion, common-
mode noise can be reduced by use of the dillerential input.
The uma intervat batwoan sampling Vin( + ) and Vind =) Is 4-
'y clock penods. Tha maximum error voltage due 1o this

—

shght umo difieronce botwoen the Input vohage Sampley
givan by

a5
AV, (MAX) = (Vp) {21 m} (—— )
leuk

whote;

3V, is tho aror voltage dun to sampling dolay

Vp 13 tha poak vatue of tha common.-modo voltage

lem 18 the common.mode lrequency
As an example, 1o koep this arcor 10 ¥/, LSB (~ 5 MV) when
operating with 2 60 Hz common-mode 11oquancy, loy ang |
using a 640 kHz A/D clork. Ic k. would allow & poak vaks ‘
of the common-mode voltaga, Vp, which is given by.

_ [8Vemax liceil
P Tty (45

or
(5 x 10=3) (640x 103)
(6 28) (60} (4.5)

which gives

Vp ™ 1.9V,
The allowod range of anslog mput vollages usually places
more savere rostrictions on inpUt common-mode noise lev.
els. »
An analog input voltage with a raduced span and a relatively
large z0ro offsat can be handled oasily by m.aking use of the
dillerential input {see section 2.4 Reference Voliage).

2.3 Analog inpuls
2.3.1 Input Current

Normal Mode

Dus to tho internal swilching action, displacemant curents
will flow at Iha analog inputs. This is dua to on-chip steay
capacitanco to ground as shown in Figure J.

Trag
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L 1o tom Cotnay ® $3101
FIGURE 1. Analog Inpul Impedance
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Functional Description (continuea

110 vollage on s capacranca 1s switchod and will result in
;urrents entenng tha Vin{ ) nput pn and leaving the
sl = ) input which will depend, on the analog diflerential
nput vollage lavels. Theso currant lransients occur at the
loading odge of the internal clocks. They rapdly docay and
do nol causa orrors as the on-chip comparalor is strobed at
the end of he clock period.

Fault Mode

1t the voliage source appliod lo the Viy(+4) or Viy(~) pin
gxcoads the allowed operaling range of Veg + 50 mV, larga
input currants can liow through a parasitic dioda (o the Vg
pin. I thasa currents can exceed the | mA max allowed
spoc, an exlernal diode (1N914) should be added to bypass
this current o tha Ve pin {with the current bypassed wilh
this diodo, tha vollage al the Vin{+) pin can axceed the
VG vollago by the forward voltage of this dioda}.

2.3.2 Input Bypass Capacliors

Bypass capacilors at the inpuls will averago theso chargos
and csusa a DC current 10 flow through the outpul rasist.
ances of the analog signatl sources. This charge pumping
action is worsa for continuous convorsions with the Vi + )
input voltage at lull-scafe. For continuous conversiqns with
2 640 kHz clock fraquency with tha Vi { + ) input at 5V, this
DOC current is at a maxtmum of approximataly 5§ pA. Thers-
fore, bypass capacilors fhould nol bae used al the analog
npuls or the Vage/2 pin'lor high resistance soutcos (> 1
k{1). Il input bypass capacitors are necessary lor noise filler-
ing and high source resistante is desirable 1o minimize ca-
pacitor size, the detrimental ellecte of the voltago drop
across this inpul resistance, which is due 10 tho average
value.of tha input current, can bo aliminateg with a full-scale
adjustmont whila the given source rasistor and input bypass
capacitor ara both in ptace. This is possible because the
average valug of the input curronl is a precise knear func-
tion of the differenhial inpul voltage.

2.:i.3 Input Source Resistance

Large values of source resistance whora an input bypass
capacilor is not usad, will nol causs errors 8s tha inpul cur-
rents settle out prior 1o tha companson time, If 3 low pass
filter ig required In the system, use a low valued series resis-
tor (S 1 ki) for a passive RC seclion or add an op amp AC
i’cig'a Towj ass {ifter, Forﬁlmowca resislance apphica-
tions, (€ 1 kM), 8 0.1 uF bypass capacilor at the inputs will
prevent noise pickup due 1o serins lead inductanca of a long
wira, A 1001} saries rasislor can ba used 1o isolale this ca.
pacitor—both the R and C are placed outside the feedbach
loop—-from the oulout of an op amp, if used.

2.3.4 Noise
The leads 1o tho analog inputs {pin 6 and 7) should be kept
as short as possible to minimiza input noise counling, Both
noise and undesired digital clock coupling 1o thesae inputs
can cause system etors. Tha source resistance for these
inputs should, in general, be kep!t bolow 5 ki, Larger values
ol sourca resisiance can cause undosired syslem noiso
oickup. input bypass capaciors, placed from the analog in-
puts to ground, will erminate sysiem noiso pickup but can
cieale analog scale errors as thoso capacilors will average
the Iransient input swilching currants of the A/D (see sec-
ton 2,3.1,). This scale ersor depenos on bolh a large source

_

: S.OBOOGV/VOBOOGV/EOQOOGV/Z;)SOOOV/l 08004V

res'stance and the uso of an wput bypass capacior, Thes
ai1of can ba elrwnated by dong a tufl scate aduusiment ol
e A/D (adjust Vage/2 tor a propar full scate reading —see
sechion 2.5.2 on Full-Scale Adjusiment] with tha souGo e
s1513nCO and inpu! bypass capacitiay n placo

2.4 Relerence Voltage -

2.4.1 Span Adjust

For marimum apphcalions NMoxibihty, these A/Os have been
desgned lo accommodale a 5 Vpg. 2.5 Vg of an agjusted
voltago reference This has bean actweved in the desnn of

tha IC as shown in Figwre o

Yoo Warst
"
»
v 0——'
LA oicITaL
! [4L14 119
| AwALOC
{ IM“N cimguits
ACnD |t bLag 18

TLueaTray
FIGURE 4. The Vperenence Design on the IC

Notice that ihe rolerenco voltage for the IC is ether Y of
thg vollage applicd 10 the Vg supply pin, of is equat fo the
vollaga 1hat is externally forced at the YRer/2 pin This al-
lows for a ratilomatic vollage talerenco using the Veg sup-
ply, 3 5 Vpg teferenca voltage can be used for the Voo
supply of 8 voilage luss thaa 2.5 Vpc can bo appbed o the
Vhpe/2 nput lor incroased apphcation Hexioly, The nier..
nal gain 1o the Vpre/2 input is 2, making tha tull-scale difer.
ontial input vpiaege twice (ha voltage al pin 9.
An example of the uso of an adjusied reference voltage is lo
accommodaloe 3 reduced span—or dynamic volinge ranqe .

of the analog input voliage. ildhe analog.innul yvollage were,
1o tange tro, 19 3.5 Ve, ins! 1OV 165 Vpe,

the span would ba 3V as shawn in Figure 5. With 0.5 Vp¢
applied 10 Ihe V(- } pin 10 absorb the olfsal, the referenca
vottage can be made equal to ¥, of tho IV span or 1 5 Vpe.
The A/D now will encode the Vi 1 ) signal rom 0.5V to 3.5
V with the 0 5V mnput corresponding 1o zero and tha 3 5 Voo
npul corresponding to tull-scale Tha full 8 bits of resolution
arg theirctore apphed over s reauced anatog mput voriage .
tange

3N
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Functional Descripfion (contnvea
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b) Accommodating an Analog input from

0.5V (Dlgital Out = = 00yex) to 3.5V
{Olgital Qut = FFyex)
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FIGURE §. Adapting the A/D Analog Input Voltages to Malch an Arbitrary Input Signal Range

2.4.2 Reforence Accuracy Requirements

The converter can ba operaled in a ratiometric mode or an
absolute mode, In raliomolde converter applications, lhe
magnitude of the reference vollage is a factor in bolh the
output of the source transducer and the oulput of the A/D
converter and thorelore canceis out in the final digital output
codo. The ADC0805 is specifiod particutadly for use in ratio-

maelric_applicalions with no adjusiments required, In ebsb:

lute convorsion applications, both the initial value and the
lemporature stability of the reference vollage are important
factors in the accuracy of the A/D converier. For VRer/2
vollages of 2.4 Vpc nominal value, initial eriors of <10
mVpe will cause conversion errors ¢f %1 LS8 duo 1o the
@sin of 2 ol the Vpge/2 Input. In reduced span applications,
the Initlal valuo snd the stabilily of the Vg /2 input vollage
become even more important. For example, if the span is
reduced lo 2.5V, the analog input LSB voltage value is cor-
respondingly reduced lrom 20 mV {5V span) to 10 mV and
1 LS8 al the Vagp/2 input becomas § mV. As can be soen,
this reduces the allowed inttial lolerance of the relarence
vollage and requires correspondingly loss absolule change
wilth lomperaturo variations. Nolo that spans smaller than
2.5V place even lighter requiremants on the initial accuracy
and stability of the roelerenco source. .
In ganeral, the magnitudo of the relerence vollage will re-
auwe an inilial adjusiment. Errors due to an impropor value
ol relerence voltage appesr as full-scale etrors in the A/D
transfor function, IC voltage regulalors may he used for rol-
erences il the ambient temperature changes are not excos-
3ve. The LI3268 2.5V IC referenco diode {lrom iHNational
Semuconductor) has a tamperature stability-of 1.8 mv typ
16 mV max} over 0°C=T,u +470°C: Olher temperatre
range parts aro also available. i

2.5 Errors and Relerence Voitage Adjustments

2.5.1Zero Ercor ¢ .

Tho zero of the A/D does nol requiro adjustiment, If tha
minimum analog inpul vollage value, Vinpung. is not ground,
a z0r0 offsot can ba done. Tha converter can ba mads to
output 0000 0000 digital code for this munimum input voltage
by biasing the A7D V(=) inpul at this Vinging value (sea
Applications soction). This uiifizos tha ditforential moda op-
eration of the A/D,

The zero ercor of the A/D converter relates 1o the locaton
of tho first risor of the ransfar luncton and can bo mea.
sured by grounding the Vi, (—) input end epplying & smal
magnitudo postlive voltage o tha Viy (+] input, Zero amor
1s Ihe dillarence between the actual OC input vollago thatis
necessary 1o just cause an oulput digital coda transition
lrom 0000 0000 to 0000 000! and ihe 1deal Y LSB valua
(LS8 = ‘9‘ mV lor Vep/2 7~ 2.500 Voc).

2.5.2 Ful-Scale

The tull-scale adjusiment can ba mado by applying a ditter.

ential input voltage that is 1Y, LSB loss than the dosited
analog {ull-scalo voltage range and then adjusling tha mag-
nitude of the Vee/2 Input (ping or the Vrr supply it pin 91s.
not used for a digital oulpul code that is just changing lrom
1111 1110 1o 1111011, .
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_Functional Description ontnuca

2.5.3 Adjusiing for an Arbitrary Analog Input Vollage
Range

1t tho analog 2ero voltage of tha' A/D Is shilled away liom

.yround {for examplo, 10 accommodato an analog inpul sig-

nal thal does no! go to ground) this new zoro refatonco

should be property adjusted first. A ViN(+4 ) voltage that

oquals this dasired 2er0 1elorance plus Y4 LSG (whaero the

LSB is colcuialad for tho dasirod analog span, ' LSB = ana.

10g span/256) is applied 1o pin 6 and tho zero roference

voltage at pin 7 should then be adjusled lo just obtain the

00ugx 10 Oty x code transition,

The lull-scale adjustment should then be mado (with tho

proper Vin(—) vollaga applied) by fotcing a vollago 1o the

Vil + ) Input which is givon by:

[ (Visax = Vi)
256

Vg (+)Isadj = Viyax—1.5

where:

Viuax = The high and of the analog input rango
and

Vin = the low end (the olfset zero) of the anslog range.
{Both are ground referenced.)
The Vage/2 (or Vg voltage is than adjusted to provide a
code change from FEpgx 10 FFygx. This complates the ad-
justment procedure.

2.6 Ctocking Option

Tha clock for tha A/D can ho dorived from the CPU clock or
an exlarnal RC can be added lo provide soll-clocking. The
CLK IN {pin 4) makes use of 8 Schmilt trigger as shown in
Figure 6.

A\
(434 =
"
1 o
' CL T TRC
cu|‘- N T W R>10 kf}
[4
I wo
. TL/HISETY ]

FIGURE 6. Sell-Clocking the A/D

Heavy capatitive or DC loading of the clock R pin shouid he
avoided as this will disturb normal converier operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
er ctock inputs from a single clock R pin of 1 converter, are
atiowad. For largor clock line loading, a CMOS or low power
TTL butter or PNP input logic should be used 1o minimize
he loacing on the clock R pin {do not use 8 standarg TTL
bulter),

2.7 Restart During a Conversion 4
I the A/D is restarted (U5 and W go low and relurn high)
dunng a conversion, tha convertar is tesel and a new con-
varsion is started. The vutput data lalch is not updated if the

Y

CONVEersIONn in process v Not Allowed (o be compieted thero-
fore the dala of ihe pravious conversion tAMans i this
1aich Tho iINTR outpul simply remans pt the *1” level

2.8 Contlnuous Conversions —= e

For oparaton in tho Iree-unning mode an wmihning pulsa
should be usad. lollowing powes-up, [0 ensute Cuciat 0para-
hon In this apphcation, the c3 NP 1S groundeTt And (NG
Wh input 1s tied to the JIITR gutpul. Tms &1 ang TR
nodo should be mofiientanily :lo;'éoq‘ 40 logic low lnilgwing a
powaer-up cycle to guaranize og¥ranon

2.9 Oriving the Data Bus

This MOS A/D. liko t40S mucroprocessors and memones,
will require a bus drnver whan the tolal capacitance of the
data bus gets large. Other cirtunry, which rs tiod to the data
bus, will add lo tho lolal capacihve loading, even in TRI.
STATE (high impedanco rnode). Backplane bussing aliso
greatly adds to the stray capacitance of Ihe data bus
There ato some aliarnatives available to the desgner lo
handle this problem, Basically, tho capacitive loading of the
dala bus slows down the response tima, even though DC
spocilications are sill met. For syslems operating with 3
relatively slow CPU clock lrequency, mote Lime s available
in which 10 establish proper logic levels on the bus and®
therelore Higher capacitive loads can be driven (sea typical
characterislics curves),

Al hugher CPU clock Irequencies lime can be extended for
170 1eads {and/or writes) by insering wai stales (BORO) or
using clock extending circurls (6800), A

Finally, il time is short and capacuive loading is hegh, extes-
nal bus drivers must be usod. Thase can be JRI.STATE
bulfers (low power Scholtky such as the OM74L5240 sernes
is recommanded) or spectal higher drive current products
which are designod as bus diivers High current bipolar bus
drivars with PNP inputs ara recommanded.

.2.10 Power Supplles

Noise spihes on tho Ve supply fine can cause conversion
ncrors as tha comparator will respond 1o this nois? A low
inductance tantatum GLiter capacitor should bo used close 1o
the converter Vcg pin and values of 1 uF or graater are
recommended ! an uniegulaiad vollage 13 avalablo in the
sysiem, a separate LMJ340LAZ-5 0, TO-92, 5V voitage requ-
lator for the converter (and other analog circuitry) wil greally
reduce digital noise on the Ve supply.

2.11 Wirlng and Hook-Up Precaulions .

Slandard digijabwia wrap sockets are nol sahsfactory lor
breadboaroing this A/D converter, Sockels on PC boards

can be uséd and all logic signal wires and leads should be |

grouped and kepl as far away as possible lrom the analog
signal leads. Eyposed loads to the analog nputs can cause
undasired digial noise and hum pickup, theralore sineldod
leads may be necessary in many applicalions

0av/2¢e020v/10800QY
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FIGURE 8. A/D Tester with Anslog Error Output

VawaLoc

O 1%t ansio0g
fx20n voctace

.

Yanareg outewt

N oICITAL °".‘:"’“ 0 yxpta BIsitTag
teryy s1c 11314 outrur
R TUIHISEY - 19
FIGURE 9. Baalc "Digital™ A/D Tester
+ TABLE 1. DECODING THE DIGITAL OUTPUT LEDSs
OUTPUT VOLTAGE
TERV
FRACTIONAL BINARY VALUE FOR CENTER VALUES
HEX BINARY WITH
Vaer/2=2.560 Voe
MS GROUP LS GROUP VMS GROUP® [ VLS GROUP®
[

F 1 1 1 15/16 15/256 4,800 0.300

3 1 1 1 0 7/8 7/128 4.480 0280 ;'

0O v 1 0 1 13716 . 137256 4,160 0.260

C (1.1 0 o 3/4 . 1764 L~ 2.840 0.240

8 |1 o 1, 11716 . w26 | . 352 0.220

A 1 0 4 0 . 5/8 57128 3.200 0.200

9 1. 0 0 1 9/16 9/256 2/880 0.180

8 1 0 0 0] 2 1732 2/560 0.160

7 o 1t 1 7716 71256 2.240 0.140 '

6§ o 1t 1 o 3/8 37128 1.820° '0.120

5 o 1t 0 5/16 2/256 1.500 . 0.100

« o v 0 o 124 1764 17200 | 0.080

3 0o o0 1 1 16 3/256 0960 ! 0.060

2 1o o 1 9 178 17128 0 640 | 0.040

1 0 0 o0 1216 17256 0.320 ; 0622

2 o 0 0 9 0 | b} .

‘Cesotay Ovtont = VMS Giowo » VLS Growo

Y/108000V

508Q04v/ VOBbOGV/EOSOOOV/ZOBOQG
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& | Functional Description (contnued
O
Q —1‘ > O—- I
S .
-r ———d YW 1t
8 ———a TOED uu°
e} L3
O ) AAA
0
- N - A n 1
(o2} 1 44 Yee " iy [T
o —’-o " cixa ﬂ__.\
8 —m ves —‘“_‘:: = pssny®
(&} Ctam LA e e I YT T THe
o L m (1} . M
< T e " O8I 114
~ snags O S Yowtey [1}] " or1m”
g WIS o— 7 Yingey " > sunr
8 13001 7 X1/ ] "o _.*_____’ [ YITi
Q = 9 vran L “—-“—o s nzes®
Q ocap 011 ——‘————_’onm
<<
~
- w
v 3
o o
Q
o] ouvt Vee B Py T e -
< o " L e DY TR .
. T 1 " ———-—-—-—_¢ s014 10
) "":;" T . U SN
! COmranatoa . M g 4057 110
A , n L e — e P Ry Y11 (L]
" uJ———ﬁ...._‘ s010 1
8 1 i
*; TNNuUser1-20
Hote 1: *Pin numbery lor the OPB228 system controller, Others are INSS0B0A
Hote 2: P 2) of the INS8228 must be bed 10 + 12V IVough 8 1 kN resiticr to gonerate the AST 7
nUUCLON whon an interrupt 13 SChNOwIdged a3 tequwed by the ACCOMOSTYING S8MOM progeam,
FIGURE 10. ADCO801-INS8080A CPU Intertace
SAMPLE PROGRAM FOR FIGURE 10 ADCO0801~-INSB080A CPU INTERFACE
0038 €30003 RST 7: Jup LD DATA
. [ .
3
- - . -
0100 210002 START: LX1 H 02004 ‘HLpairvill point to
;dota stornge locntions
0103 310004 RETURN: LXI SP 0O400H i Initialize steck pointer (Hote l)
01086 70 MOVA, L iTost Fof bytes en'ered
0107 FEOF CPIOFH (11 =16, JNP Lo /
0109 . CA1l301 J1 CONT o usérprogram
‘ 010C D3EO OUTEQH ® iStortA/D .
o ' 0l0E FB . . El, ’ i Enable interrupt
010F 00 “100P: ° HOP :Loopuntilendor
0110 C30F 0l JXP LODP iconversion
0113 i CONT': .
L L * .
. . (User progrom to .
. . process data) .
L] L) ] L
L] * - ’ . .
0300 DB EO LDDATA: INEOH iLond dsta 1nto accunulator
0302 77 40V N, A :Storedata
0303 23 . INXH i Incrsment stornge pointer
I 0304 €3 0301 JMP RETURN .
Note 1 The siach pownter must be cvnonsonnd because s RST 7 IFUCION Dushes tha PC oMo Ins siach
" Mate 2: A a0Oest Used ware Brteliarty cROsEN.

3.36
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Functional Description (continued)

The standard conlrof bus signals of the 8080 (B, A and
+R) can be diractly wired 10 tho digital contro! inputs of the
A/D and the bus liming roquirements ase mel lo allow both
starting the convortor and oulputting the data onlo the data
bus. A bus driver should be used for largor microprocessor

: syslems whoio Lhe data bus leaves the PC board and/ot

must drivo capacilive loads largor than 100 pF,

4.1.1 Sample 8080A CPU Interfacing Clrcultry and
Program

The lotiowing sample program and associsled hardware
shown in Figure 10 may be used lo input data Irom (ho
convertor lo the INSBOBOA CPU chip sel (comprised of the
INSB0B0A microprocessor, the INS8228 system conlrollar
and the INS8224 clock genarator). For simpticity, the A/D is
conlrolied as an 1/0 device, specilically an 8-bit bi-direction-
al port locatod a! an arbitrarily choson port sddrass, EO. Tho
TRI-STATE output capability of tha A/D sliminaios the nead
for a peripheral intertace devica, however addrass decoding
1s still roquired 10 generale the appropriate 3 lor the con-
vortes,

1113 imporiant 1o nolo that in sysioms whara the A/D con-
vortor is 1-0l-8 or less IO mapped dewicas, no addrass
decoding cucudry 15 necessary Each of tho B addross tils
(AD 10 A7) can be dwectly used as T3 inputs—one for aach
170 dowca,

4.1.21HS8B048 Interiace

The INS8048 intertaco lechnique wilh the ADCO80! senes
(see Figure 11) is simpler than the BOGDA CPV intortace.
There are 24 1/0 fines and thrao last input hnes in tho 048,
With (hesa extra I/0 lines avadable, ons of the 170 lings (bit
0 of port 1} is used as tha chip solect signal to the A/D, thus
olminating the use of an external address decoder. Bus
control signals AD, Wi and INT of the 8048 are tied directly
lo Ihe A/D. Tho 16 converted data words are stored at on-
chip RAM locations lrom 20 to 2F (Hex). The AD and WH
signais are genoratad by reading from and writing into a
dummy addross, respectively. A sample inledace program
is shown below,

I “y o I- Svac .
Y et Yieee ‘it 3
- ey L L PP i—:r . * P e
o | ¥ Hou N -
L) A L o4)
YV LAl P
(1] L——*—‘l’ll
24 W ! [ 1)
wwsaa gy |t ou secwns
L} e
- SLTMWANS A nxlil-m_{ ,1
(LYo 4 (1} [ d
w1 [ lim =
21 1, ! a senpfd
» . nuu"—’ Viutel
, /> tarys _*v..«.y (7]
]
- TL/r75811 028
FIGURE 11, INS8048 Inlerface
SAMPLE PROGRAM FOR FIGURE 11INS8048 INTERFACE
04 10 Jup 10H :Programstartsat oddr 10
ORG 3H
04 50 JNP S0H :Interrupt jump vector
ORG 104 :Malnprogren
99 FE ANRL Pl, FOFEH +Chip select .
81 MOoVX A, 8P1 i Read inthe Ist data .
’ itoresst the intr
8901 START: oRL PL, »1 .56t port pinhigh
B8 20 HOV RO, #20H :Data address
© BOFY, Xov R1, JOFFH : Duowy address
3410 Xov R2, 710H :Counterfor 16 bytes
23 FF AGAIN: xov A, #OFFH :Set ACC for {ntrloop
99 FE ANL Pl, 40FEH 1 5end CS (b1t Dot PL}
9l MovXx #R1, A 1 Send ¥R out
035 2] I :Enable {nterrupt
96 21 LOOP: JNZ Loor :Woit forintorrupt
EA LB DJNZ R2, AGAIN ;Ifl6bytesare read
00 JA0P s8otouser'sprogram
[o]o] HOP .
ORG 504
a1 INDATA: HOVX A, JdR1 :Input dota, CSstill low
AO AoV 4RO, A !Storo {nwemory
18 Inc RO iIncrecent stornge counter
8901 . ORL Pl, ») :Reset CSsignal
27 CLR A :Clenr ACCto got out of
23 . - RE'{R the Interrupt loop

¢

o S08ODOVNOGOOOV/EOBOOOV/ZOBOQGV/L08030\’
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Functional Description (conunves

4.2 Interlacing the Z-80

The Z-80 control bus is stightly ditferent lrom that of the
8080. Goneral AU and WH strobes are prowdoed and sepa-
tate memory reauest. MAEQ, and 110 roquest, IORD, sig-
nals 8ra used which have 10 be combinad with tho genaral-
ized strobos 10 provide the equwvalent 8080 signals, An ag-
vantage of operating the A/D in I/0Q space with the 2-80 is
that the CPU will automatically insert one wait state (the D
and WH strobos ara extonded one clock period} to allow
more lime for tho 170 devices o respond. Logic to map the
A/D In 1O space is shown in Figure 13,

1] -8 UJ
e an
m)
[}
e TL/HIS8T1-2)

FIGURE 13. Mapping the A/D as 8n I/0 Device
for Use with the 2-80 CPU

Additional /0 advantages oxist as soliware DMA routines
are availablo ond use can be made of Ihe oulput dala trans.
far which exisis on the upper 8 address lines (A8 1o A15)
during 170 _Input Instructions. For example, MUX channel
solettion for tho A/D can be accomplished with this operat-
ing mode,

4.3 Interfacing 6800 Microprocessor Derivatives

(6502, elc.) §

The conlrol bus for the 6800 microprocessor dorivatives
does not use the AD and WH strobe signsls. Instead it em-
ploys a single R/W Jire and additiona! timing, if neadod, can
be derived lom tho ¢2 clock. All I/0 devices are memory
mapped in the 6800 syslom, and & special signal, VMA,
indicates that the current address is valid. Figure 14 shows
an interface schomatic where the A/D Is momory mapped in
the 6800 system. For simplicity, the TS decoding is shown
using %, OMB092. Nolo that in many 6300 systems, an al-

ready decodad 475 hina 1s brought out 1o 1he common bus o
pin 21. This can be trod dwectly 1o the T3 pm of the Asg
provided that no other dewces are addrassed al HX Aooq:
4XXX or BXXX, '
The lollowing subroutine parforms assentiatly the sam,
funchion as i the case of tha 8080A intorface and it can by
caftod lrom anywhote in the usor's program,

In Frgure 15 the AGCOB01 senas is inteviaced lo the 146809
microprocessor 1hiough (the arbitranty chosen) Port B of (he
MC6820 or MC6821 Porpheral Interfaca Adapior, (Pia}
Hate the TS pin of the A/D is grounded since the Pia i
slioady memory mapped in tho M6800 system and no (3
decoding is necessary. Alto nolico that the A/D output dayy
linos are connocted lo the microprocessor bus under pro-
gram control through the PIA and therelore the A/D R [
can bo grounded.

A sampla interface progrem equivelent to the previous one
is shown below Figure 15. The PIA Data and Contiol Aegls
tars of Port B are located at HEX addrosses 8006 snd 8007,
rospoctively,

- - T
. REEENY LA
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DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog

Converters

General Description

The DACCB00 senes are monolithic B-bit high-speed cur-
rent-outpul digital-to-analog convarters (DAC) leaturing typs-
cal settling times ol 100 ns. When used as a muiliplying
DAC. monolonic performance over a 40 lo | rafcrence cur-
rent range is possible, The DAC0B00 sertes also leaturas
high compliance complementary curronl outpuls lo aliow
difterential oulpult vollag&s of 20 Vp-p wilh simpla rgsiciog
loads as shown In Figure 1. The relerence-lo-full-scalo cur-
tont malching of better than £ 1 LS8 eliminates the noed lor
full-scale trims in mos! applications white the nonhinearities
of better than 20.1% over tamperalure minimizes sysiam
err0r accumulations.

The nolse immune inputs of the DACOB00 serigs will accepl
TTL levels with thoe logic thrashold pin, Vi ¢, grounded.
Changing the V(¢ polential will allow direct inlerface to oth-

The DAC0000, DACCBO2, DACONOOC, DACO8B0IC and
DACOB02C arae a duect ieplacement lor tha DAC-08, DAC.
08A, DAC-08C, DAC-0BE snd DAC-08H, raspoctivaly,

Feafures

Fas! selting oulput current 100 ns
full scale error - +11S8
Nonfineanty over tempersluro $0.1%
Full scale current drift 210 ppm/°C

-10Vio + 18V

[
-

-

»

= High outpul compliance

w Complementary curren! oulpuls *

® Interface dweclly with TTL, CMOS, PMOS and othars
® 2 quadrant wide tange muﬂipl;'ing capy&ilily'_ o

]

n

[

V/ide power supply range £4.5V 10 218V

er logic tamilies. The porformance and charactenstics of the Low power comgumption 23 mwW at £5v
device are essentially unchanged over the full24.5V o Low cost
1 18V power supply range; powar dissipation is only 33 mwW
with 25V supplies and Is, independent ol tho logic input
siates. . .
Typical Applications V- .
- * (117
NCIEAL 19eylg
g 138
1402 23 0 08 1 W
° 1 1"
j T ? T ? T ? T tour
X . ¥ mtcvaonnu, (O
h pacores Vour 1818 Vee
"
13
3 " 13 ] -
1'1,' }-J p.r___l: ‘out
g [ = '
vieeld v -
-~ TLIMI8888 -1

FIGURE 1. £20 Vp.p Output Digital-to-Analog Converter (Note 4)

Orderiné Information

Temperature Otder Humbers
Non-Linesrity Range L
. J Package (J16A)" N Package (N16A)° SO Package {M16A)

20.1%FS -55C < Ta s +125°C | DACOB0O2LJ | DAC.08AQ

£0.1% FS 0CsTaz +70°C DAC0802LCY { DAC-08HO | DACOB02LCN | DAC-08HP DACO802LCM

z0.19% FS | —~55'C < Ty o +125°C | DACOB0OOLJS | DAC-080

=0,19% F$§ O°C . Tpu ¢70°C DACOB00LCJ | DAC-0BEQ | DACOBOOLCN | DAC-08EP DACO800LCM

=0.39%FS C 2 Tas +70C DACO0801LCY | DAC-08CO | DACOBOILCN | DAC-08CP DACOBOILCM
*Dewices may Do orOared by using wher OrTr Hurnde,

4.6
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Absolute Maximum Ratings wote 1) o
I Milltary/Aerospace specilied devices aro required, Lead Tamp, (Scidering, 10 seconds) 8
contact the Nallonal Semlconductor Sales Office/ Dual.in-Line Package (plasuc) 260°C 8
Distributors for availabliity and specitications. Oual-In-Line Package (coramic) 300°C 5
Supply Voltaga (V* - v -} ¢ 18V or J6V Surtace Mount Package B
Power Dissipation (Note 2} 500 mw ‘Va‘po: Pha;" {60 seconas) 215°C g
Ralerence inpul Dillerential Vollage nirared (15 seconds) 220C - g
(Vid o vi5) vV tov?* . . —
Rafarance Input Common-Mode Range Operating Conditions ot 1) S
(Vi4,V15) vV oV Min Hax Unitsg >
Relerence Input Current SmA Temperature (T ,) g
Logic Inputs V= 1ioV- plus IV DACOB802L ~55 +125 *C [
nalog Current Oulpul_sivs:‘- =15V} 25mA 5 DACOB0OOL ~55" +125 ‘C 8
ESO Suscapribifity (Nota 3)~ ™™ . oy DAC0800LC 0 +70 °c
Storage Temperatyre -65°Clo +150°C DACOBOILC 0 +70 c
DACO0802L.C 0 +70 *‘C
Electrical Characteristics the lollowing specifications apply for Vg = £ 15V, 'Rsr; = 2mAand Tiay € To <
Tumax unless otherwise spocified. Oulpul characteristics rofer to bolh Iyt and B‘—_,?
DACO802L/ DACOBOOL/
symbol Parameter Condltions DACO8G2LE DAC0800LC DACosone 1,
Min | Typ | Max [ Min Typ | Max | Min Typ | Max
Resolution 8| 8 [ 8|8 8 8 [ 8] 8 s [, Bis
Manoltonicity 8 8 8 8 8 [ ] 8 1 s~prals )
s glNonlinganty 2041 £0.19 2039 %FS
. Seliling Timeg To £ %, LSB, A Bits Swmitched 100 35 100 | 150 ns
“ON“ of "OFF”, Ty = 25°C
DACO0800L 100 135 ng
DAC0800LC 100 150 ng
SLH.  [Propagation Oelay Tow=25°C
tPHL Esch Bit 35 60 35 60 35 60 ns
All Bits Swilchad  ° 35 60 35 60 J5- 60 1 ns
“Cleg  {Full Scalo Temoco £10 | =50 210 | 250 210 | 280 {ppm/C
.2c Output Voltage Complignce|Full Scale Current Change -10 18 |-10 18 f-10[ 18 v
<Y LSB, Royr> 20 MN Typ .
:34 « [Fult Scate Current Vagr = 10.000V, R14 = 5000 k1 |1.984] 1.992 |2.000] 1.94 199 | 2.04 {1.94( 1,99 | 204 mA
R15w 5,000 k11, Ty = 25°C 5
:1g Full Scate Symmetry Irga=lpce 2085]+40 1 [ 280 220 218] jaA
'S Zero Scale Curant 0.1 10 02 | 20 02 | 40 | uA
*3R Output Current Range V== -5y 0 20 210 20 ] 2.1 0 20| 23 mA
V= = ~8Vio - 18V Q0 2.0 42] 0 20 4.2 0 2.0 42 mA
Logic lnput Levals
.. Logic “0" Vie=ov 08 0.8 0.8 v
.- Logic 1" 20 20 20 v
Logic Input Current Vic~ov
. Logic ~0" ~10VE Vi +0.8V -20|~-10 -20| -10 -20] =10 pA
- Logic” 1" 2VIViyg + 18V . 0.002{ 10 0002{ 10 0.002| 10 ul
c3__ |Logic Inout Swing V- = —15v -10 18,110 18 [-10 1| v
-un__ lLogic Thrashold Aangs  Jve= ¢ 15V - 10 5 (~10 13.5 {-10 135( v
- Releronce Bias Current - -10][~30 -1.0]-30 0] -30] wA °
Lt Reletence Input Slew Aata [(Figure 12} 4.0 | 8.0 40 8.0 401 80 mA/us
:5Steg o [Powar Supply Sensifivity {45V V + 18V 00001] pHY 00001} 0.01 0.000%{ 0.01 | /%
*3Sleg.. -4.5VLv- 18V 00001{ 004 0.0001| 001 0.00011 0.01 | *+/%
- lrpe = IMA
Powaer Supply Current Vg = 5V, Ingr = t mA
¥ 23 | a8 22 | 38 23 | 38| ma
~431~58 -43( ~58 -43 | -58] ma
Vg =5V, ~15¥. Ingg ~2mA
. 24 Js 2.4 38 2.4 Ja mA
-hde|-78 -541-78 -34|-73] ma
Vg 215V, Inge * 2mA ! I .
l ' 25 | 38 ’ 25 | 38 25 281 ma |
| -65(~-78 -55(~78 ;o351 -78] mA !
i
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DACO0800/DAC0801/DAC0802

Aon e A

" Electrical CharacteristiCs (Continvea)
The loflowing spocifcations spply tor Vg = t15V. lngr = 2mAand Tyun 2
characteristics sefer 1o both loyt and Tout.

Ta € Tuax unlass otherwse spocshiod. Oulpg

; DACOB02L/ DACO200L/
Symbot Parameter Conditlons OACO802LC DACO800LC OAC0801LC Unhs
Min Typ Max Min Typ Max Min Typ | Max
Po Powet Discipaticn £S5V, lqgr = | MA .33 -48 ix] 48 k k] 48 mw
5V, 15V, Ingr = 2 MA 108 | 136 108 | 136 108 | 136 | mw-
£ 15V, Ingr = 2MA 135 | 174 135 | 174 135 | 174 | mw -

Hate 1: Absohste Maxwmwm Ratngs indscate Mg beyon whah damage 10 the deve may ocCw DC and AC atactinc sl 3pacd€aions 60 nat AnOly when oD stng

N6 Jence DOyond s SpacHied OPMalng CONGGONS.

Note 2: The massnum juncton tempe sture of the DACSCT, DACOBO1 and DACHS02 1s 129°C For operang ot sleveied lerpershnes, Bavicas m e Dual Inting
J package must be deraind based on s Mermal revsisnce of 100°C/W., junclion-10 amtment, 178°C/W tor the moided Cual In Line H oachage snd 1D0°C/W Sor e
Smad Outime M packaga.

Note 3; Humsn body madsl, 100 pF dacherged through 8 1 3 k0 resntor. -

Mote 4: Pin-out numbers (o the DACDBOX (ecresant the Dual-inLine package The Smat Outine pachsge pvioul Gllary trom ine Duai-in Line pachage

Connection Diagrams
Dual-in-Une Package. Smalt Qutline Package
":::',:':::—'- . U 1L courgutation v 1 1618, 38
- RS .
crris 2 Yagsi-) Yee*)—2 15|~8; =7 bt

v Y Y vagrr o (-)—3 1ef-0g -

o 1 ; COMPENSATION —] 4 138

oyt =1 p—v
. i THACSHOLD CONTROL, ¥ ¢ —{ 3 124-8,
.y g~ %—-u (811 - . N .

. r ur 16 V-8 .

e Y v {7 1049,

1 1
83 g p-—o8 by 18 918, WS -
. u-—'4 % L
. JUrsae. e o
Top View
TLH/5088 -1 -
Top View R H
See Ordering Informalion -
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Typical Performance Characteristics
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Typical Applications (continvea)
LU UZINL e 2] ]
- 1 Irg = hid A .22
I TR R T Ragr 256
ig + by = tyg for o
fogic states .
For tvad reterence, TTL operakon, ‘
typecal vakues agg
Vagr ~ IOOZXN.
Rngr = £ 0008 .
R1§ = Rqeyp . ’
Ce = 001 uF
Vie = OV (Grounat
° TLM/3888-§ ;
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Typical Application‘s (Conynuod)
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FIGURE 6. Basic Unipolatitiegative Operation {Nole 4)
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FIGURE 7. Baslic Bipolar Output Operalion {Hote 4)
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FIGURE 9. Positive Low Impedance Outpul Operation (Note 4)
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Typical Applications (contnues)
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FIGURE 13, Accommodaling Blpolar References (Note 4)
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