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MICROCONTROLLER BASED PID HEATER'S TEMPERATURE CONTROL

WATTANIT ONYAB

DILOK SEEDUM

TAWEESAK SUKSAWAD

BUNDIT KAEWARPORNLEUNG
ASST.PROF. PRAPAS PRISUWANA Advisor
ANUWAT JANGWANITLERT Advisor
1997

ABSCTRACT

This Project is a fraction of process controller unit by Microcontroller “8032” so
it is one of microcontroller that has basic command as the MCS-51 family but it has more
than functions i.e analog to digital converter, watchdog timer and six-bidirection user port.
Also microcontroller 8032 uses to control unit and data communication with
microcomputer it uses cooperation between analog and digital circuit. It is based on

principle of “PID process control”
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2.1 NYURUATNANATS

v
ﬂﬁ'ﬂﬂ'lﬂﬁf]\?ﬂyuﬂlﬂﬁﬂ"liﬂ’)ﬁﬂilﬂia‘!‘ﬂ')uﬂ']ﬂmzﬂ']ﬁﬁ']u')iu
2.1.1 szmmuammuﬂﬂ (Close Loop Control System )

L4 ]
LUV u‘fluszuumuquﬁx‘immmmm&mﬁwﬂ

oo

floundy (Feedback Out
Pun)  wulFeudisufiudygetunyaiidesns fyanunnuananiou (Actuating Error

. & (% v [ o v o (Y v
Signal) FuTudgyanuszniig ayanaeunn Audyanadeoundunazszgationldmie

A ' A Y
ﬂ’J‘lJﬂ‘lJ ¥i13) %Sﬁﬂﬂ'lﬂ’J']i]ﬂﬁ']ﬂlﬂﬂf]ui‘ﬂuﬂﬂﬂﬂ

— 3% - | Controller Process

Measuring element
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2.2 AIAIUANUASHLILNG AIUAN (Controller and Control Action)

o o o Y o A [ a = [ J A
AINIUANCITUTYYMIIINNTIA Weyinsils fJ'iJWlEJ‘lJﬂ‘lJﬂ'lLﬂ'lﬂl!']ﬂ Niv

. ' v q’: 1 o 4 a o é v
Set point HaANYBIAWNTBIIZgNAYIEMAA MM NenARdYaaRIURUYIDBNTIgNd

' Q) 4 & e d‘
eon lddmdundeudniinils Tassadremousndinsuguueaslugylii 2.3

Control deviation

Set Point +

)

AU PID

fi1ia (PV)
U9 2.3 Tassadentoludanivg

anuduRusvosnad i dygIuaugueIeen fnualae n1ediuan
14
AnuduRUES i1 Control Action tiiveanily 4 wiiade

ON-OFF ACTION

PROPORTIONAL ACTION (P - Control )
INTEGRAL OR RESET ACTION (I - Action)
DERIVATIVE ACTION (D - Action)

msnaunuez 1 Action uAazwtia n3s natestianaufiuy ON - OFF, P, PI, PID
)4 =} Q’: 9 < o o A o 3 2L W
asaugualsiiodudiaunulianudnguinnsdivesiidnuuzadenieiy  Control

b
Action IMA1H PROPORTIONAL ACTION fio arwdunusssnindyanuniugy v5e

.
@ ar A

L?J'lﬁ")’!‘l’l YOIMUWAILAN  NUTQINARIANTDU e(t) fio
nt) =  Kp=elt) (2.1
o M)

FS) = Kp (2.2)
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WuvProportional i1 Amplifier it s aUSumives Gain Aegufi2. 4 uameieuden

] b4
Inozunsy veemizunIugUULY Proportional  RipANE

+ E(s) C(s)

()

30 2.4 Block Diagram 983M128R20NIUY P

7139 (PV)

&~

elt)

Ty uAIUfY (MV)

>

— Ke(t)

JUN 2.5 wampUaUDINBS Proportion Action
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msfauguuuuiiiauaashigy Proportional Band (%PB) #1 PB e fdgand
Error fivhWdyanaintugunlaouly 100% e PB = 50% muneils $rdaynt Ervor 1fn

4 v 4 v 2
¥4 50% deygnunauguidoulyl 100%  delugaio. 6

PB = Kip*loo (2.3)
‘ M(t) A
e '
100 % . = C
75 % // s 3% D
50% o
25 % A\
0% \ \ =2, e(t)
25% 50% 75 % 100 %
2‘1]‘17; 2.6  Proportional Band
A;  PB = 0% [ Kp = (100/0)
B; PB = 50% ’ Kp = (100/50)
C;  PB = 100% , Kp = (100/100)
D; PB = 200% ’ Kp = (100/200)

nngUii 26 uaaediel PB - dludauenaiw hwesnsudaufianaintietadon

1831 Kp Wiuana'lawes  Proportional Control

AMANLAYDY  Proportional Action
A (3 & g J ° @
1. divan PB ae it ldBasvenegeiu asmiugues laui I luswadians

' J 9/
unietiuld
4'4 A' Y] o $r o w 1 v (Y] A’
2, DY PB 2A519818928A0 ﬂz‘lﬂ'lalﬂﬂ'l’lﬂﬂ'l_lﬂ'l!,ﬂ'mﬂwuﬁﬂﬁ'l\?ﬂuﬂ'lﬂ"uu

ST OMUNA Off Set
4 4 4 , ) A
3. e Inanveslusiva anmuadountfon'lt) FusSeniif Disturbance Sife

Off Set 1Ade
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dlimsaugulidulynudesms 1 2.7 uomenumuioves off set Tuszuums
mmmm‘uﬂauﬂﬁuiﬁa@eéwﬁuﬁu off Set imhezifaduIdmsredauls T
wrgnflounduinFsuifoundusithvsneaneana edlsfiom off set Sheziiadusy
s2UURGNTAY Proportional Control ATieN pBlnnjuazvnzfifin Disturbancelu Talsierag

lausmslasunasues Tnanan e dousuay

F5msud Off Set TuARYUI Process
1. am PB Ii8naq
2. Wion BIAS vesnsAILnudIeiie
3. wisusuthunelng

4. 19m3naunufifl Reset Action

Process Variable

v

JU$2.7 Show Off Set
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Integral Action ( Reset Action )
Integral Action f® AIYEUDWINNYDIMUWAIWAN m(r) vzTanuFuRUTiU

) k4
anuamanieu e(r) a9l

am(t)y 1 .

- T e(t) (2.4)
[dm(e) = %* [e(tyar 2.5)
mi) = % * [ e(t)de (2.6)

i

{ o) N ¥ - [ ] . ]
Taof 7, 1Wua Integral Time Aew159U50A1A Transfer Function v emiasaaw

AUUUY Integral 10

M(s) 1
£(5) T*s
K,
= vewy Q.7
s
Tt K, = A
i Ti
+ E(s) M(s)
e K

;U7 28 vdenlaBzuUnsNuBesTULAILANLUY Integral
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ATHINMIAWANUVY  Integral HUWATUITUTON Reset Control MIsAIVGMIELDT
fygrunvguezulsanuduninsadenaivesradn Wonndwadowdu Step
o v A ‘3’ \ -
oy uAIuANILABY o MyTumMNAIaT a93l 29 amgUANMUIEYeY Integral
. 2 P a J (.3 o - 1 P
time (7;) AonailFlumsivusvesdyanuaiuguaivinamiunade e(r) @

[] ¥ ] [
nlaeuly Aetudie 7, fisnlioonaves Integral Action vzaAnduile 7 HeA1in

i

SP
e(r)

v

JUN 29 WamBUTUBIYBY Reset Action
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Proportional - Integral ( PI)
14 1 4
AINILANVOMUIBAWAUUUL P Huamsoezuant laaeaunisaae 11

mi) =  Kp = [e(r)+Tii | e(z)dz) 2.8)
n3o
M(s) ) 1
E(s) - Kp (HT,-*S)
[+
= Kp > |1+— (2.9)
S
Taof

Kp {luswes Gain
T, dluswes Integral Time

Wil Kp uag T, dhuiiidsy 7 1Tyu‘nzr‘ﬂumsﬂ%'uﬂ?mmsmnﬂmmu Integral
fiunefinadetan  Proportional 3 210 uaasfls Block Diagram 489MtiaeA7URy PI

HOSHOADUNUDIVDY PI Action

+ E(s) M(s)

{R Kp*(l + %)

UM 2.10 vienlapzunsuvesszuAILgUULY PI
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PV
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e(t)
)
> ¢
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t

U7 2.11 waeswanouaUBIYRY P/ Action

AuaULAYDY Integral Action
1. Off set MARIN P Action 929N Integral Action ufounua’ly
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2. We Ti lanlovas wawoe Integral Action wan MIMRamsundeTuld
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Derivative Action ( Rate Action)

MIALAUUULIMINEAVYUIUMST Time Lag 170  mszmusauddeianaia
Tas msnszidamihreufiezinnufianaiaiaiu ﬁafﬂwmzﬁt}ﬁgmmuﬂn%zuﬂimu
SnsimsiAeuntosvesdaygin  ERROR uaz“lummé"vqﬂsﬁanﬂ?mmsﬂ'suﬂmmu{fiw
Rate Action N13AIVANLUL Derivative Action Fhiensoi U oumudweld meeh

A Ay A 9 Y [4 o/ g . . . < 9
ERROR {lu 0 wiefimneh arnruguee lildsuoviwnias faiu Derivative Action §419

FIAUMIAIUAY Proportional

m(t) = Td * dz(tt) (2.10)
N5

M(s)

e) = Td * s (2.11)

Taen 7d Jus19ee Derivative Time

+ E(s) M(s)

v

D

Td*s

P> o
21]71 2.12 UaE]ﬂllﬂﬂzuﬂ'iﬂ‘llﬂs‘iizﬂﬂﬂ’mﬂﬂLL“LI‘U D
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JUN2.13  UAAINDABUAUDIYDY derivative Action

nageziiuil 74 eswhfutisnadrade e(r) udsiffouldeuiidwinfud

] v
anuuvesnsalaoutl & 74 wneevildwauss D Action win

AUTNLAYDY D Action
o . W da . = &
1. wmwedmsyluswand Time Lag 110 9 szgelinisaauguiisgandesmsi§aiu

o kA 2 o
2. 81 7d wnliwaves D szwndiildszuuieszuy v wagyin g vt osnn

3. limuedmiuTdswail Time Lag Y00 q uaz aands Tswen/fouudadldde

wu - szuuaugums va anudu dudu
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Proportional - Derivative Action (PD)

y .
nMInUgNYBIeRIuguuuY (PD) flezeglugduesaums

m(1) = Kp l:e(t) +7d dz(:)J (2.12)
n38
’\;((3) Kp[1+ Td*s] @.13)

Taoh  Kp Wuswoe Gain
7d {Husweq Derivative Time

3 [
ey Kp uag 7d tusgiiuameunsodsyld

VY Kp(1+ Tdx*s) R

1 214 uamsufienlaesunsuyesmsmivauuuy PD

PV
SP

— Td

sUn 2.15 HHAINRADUTUDIYDIATAILANILY PD
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Proportional - Integral - Derivative (PID)
1 4
g a ) 4 o
ﬂ']iﬂ')‘lJﬂ?JLL‘iJ‘lJ PID uu"l.ﬁ'ﬂmmsmmmﬂsmmuammu Proportional ®499#91
VW NTOINIWAVUUY Integral @WISOUAAN OFf Set Lnz Overshoot #19zsh1¥iRAMS

Oscillate UAZNTOIMIAIRUULY Derivative it Idiianansumiasidedesiadaauns
v
¥99 PID Ugiluuudede i

mt) = Kp [e(z)+-T1—l_ [eldat + 14 "Z(t’)J (2.14)

Transfer function A®

1
m(t) = Kp [l+m+Td*s:’
Ki
= Kp [1+T+Kd*s] (2.15)
+ E(s) M(s)
i
R A : Kp l+~—I+Kd*s —
Y
gﬂ“?} 2.16 fuﬁaﬂ"lﬂazuﬂiwmmsmmmmu PID
£y
SPNNY g — NN 7 I/ _—
e(t)
T
Tt
ki

v
—

WH 217 mareumewRIMIAILRUIWLIY PID
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PID CONTROLLER

¥ o ¢ e v o 4 o a9 A
Tagns Mdyanauewiyniisgnna ldlugiaadu o unufissiiunafiderios
aums PID i« liffe

de(t)

Kp [e(t) + —Tl—z_J. e(f)dt + Td 7:] + p(0) (2.16)

s(¢) - m(z) (2.17)

m(t)
e(r)

I

E4
mansewsuedlugilvesaumsaruuandie 1daede 1ui

fe(t)dt = Z;kAt (2.18)
k=]

de(t) [e(n) - e(n— 1]
7 £ W (2.19)

m(n) L, Kp [e(n) y —;—;iekAt o Td{e(n) T e(n v 1)}:] | p(o) (220)

| Srem At

2.3 nMsweu TUsunsunisaiuan

msmuguitesnndygiannudenn  (eor) msmuﬂuﬁsﬁﬂﬁuﬁwmm
uAnAeue e Iniial8n  Process (DV digital input variable)  AUSMTDINS
(DSP digital set point) ilosnnsidaduiiudauuzves analog to digital Tneft
Microcontroller 111 8 bit §fieiaud 0 84 FFH 61 0 a¢fiarmumneiiedl 0% yosdyauiiia
18910 Process uaz fi FRH 92nu089h 100%

f1061971 40 % Aoz lumsdnnnifu [40/100] * 255

msmuguilssnndygrannuidouuy (eror) memnsadouaums 188

DE = DV -DSP

DE = CONTROLLER VARIABLE ERROR
DV = DIGITAL INPUT FROM THE CONTROLLER VARIABLE
DSP = DIGITAL SET POINT
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2.3.1 PROPORTIONAL MODE ’
PNAUNTS P = Kp*e, + p(0) (2.21)
é»ﬁ ~ Kp = Proportional Gain
e, = Error
p0) = Controller Output with no error

14

srensaeusiuaunisnezt U1 daedl

p = PO+ KP*DE (2.22)
POUT = P*ROUT (2.23)
H4 PO = fraction output with no error
KP = Proportional gain (% /%)
P = fucntion of output with no error

ROUT = maximum output
POUT = output

9
AU IIsoR sy Flow Chart laasae il

Input DB

DE = DV- DSP

{

CORR = KP *DE

B

P = PO+ CORR

Output P
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2.3.2 Integral Mode

NTUNIT

!
P = Ki[e,dt + p(0)
0

Kl = integral gain in percent controller output percent-second error

(or, more commonly , per minute )

v v
satuntsmusa@sudiuaunmslunmsdiiulesld software 1@dat

SUM = SUM +DE
PI = KI* DT * SUM
POUT= PI*ROUT

SUM= a nmning sum of errors

Il

K1 the integral gain

time between samples

il

DI

PI = fraction of maximum output

a 9
NAAUNITNENULI9L 1A

PI = KI*DT*(SUM+DE)
PI = KI*DT*SUM+KI * DT * DE

(2.24)

(2.25)
(2.26)

(2.27
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NnaUMsAuTIanNInesu1o1daan Flow Chart 148et

/INPUT DV7
DE = DV - DSP

L

SUM = SUM + DE

1

PI = KI* DT * SUM

!

OUTPUT PI

|

START

DELAY DT

TIME UP
NO

vy
sl euTuMsaIuInldaeT
PI = PIO+KI*DT *DE
POUT = PI * ROUT

PIO =PI

PIO =PI from previous sample

(2.28)
(2.29)

038463
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2.3.3 Derivative mode

dep
NNTUNT P = KD; (2.30)
ER KD = derivative gain (% per % /s error)

de,
—an)- = rate of error change in percent per second ( or minute )

srewsa@euans lunrssuanldaes
DDE = DE-DEO
DEO = DE
PD = KD *DDE/DT

9
=)

[ [Y
mnﬁumﬂﬁmmsm%mﬂu Flow chart llﬁsllﬂ\‘lu

¢

[

DE = DV - DSP
!
DDE = DE- DEQ
!
DEO = DE
o~
PD = KD * DDE/DT
!
OUTPUT PD
START DELAY DT

<D >

(2.31)



——

B T

Ty T W e o

o FA S

an i R

21
2.3.4 PID Control mode
&' 9 as :ly
M358 Mode %143 mode lAnefl

DDE = DE - DEO
DEO = DE
SUM = SUM +DE
PI = KP*KI*DT * SUM
PD = KP*KD *DDE/DT
P =KP*DE+PI+PD
POUT = P * ROUT

é L . Qo Y
Fudouiuaumseglugtlanuuandieddeil

(2.32)
(2.33)
(2.34)
(2.35)

P,-P,, = KP[DE, -DE, ; #KP*KI*DT*DE, + KP*KD* [DE, - 2DE, , +DE,,]/DT

P, = P, ,+A*DE, -B*DE, | +C*DE,,

A = KP+KP*KI*DT+KP*KD /DT
B = KP+2*KP*KD /DT

C = KP*KD /DT

POUT = P, * ROUT

(2.36)

(2.37)
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é et -] L4 d”
FeeunsoWety Flow Chart mssinldas

START

TEMP

DE = ( TEMP - SETP )/ (255-0)

|

P = PI+A*DE - B*DE1 + C*DE2

I

DE2 = DE1

DEl = DE

i

Pl =P

POUT = 255 - P*255

OUTPUT
POUT

DELAY
TIME NO
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2.3.51808 Block Diagram ¥9435UUAILANLLL PID

Kp
Ki
7d
Set piont
+ e(?) m(t) PV
N i N
W@ Algorithm D/A Process >
MV
Measurement g

3192.18 Block Diagram A15ATUAU PID

2.4 msydSuan PID
Qs | = I'4 A’ o o o d'd:‘
MIUTVAIMININDTYBINIAIUAUUUY PID Lfluﬁamxflummumsamqnmmqw

=3

L d’l 4 o_Aad v 4 I ¥
Turadollay lduuziinasnsuSusn parameter yoamsarugy PID ol lAnansuaussiia

] ] .
Aaslaaat T

~ ad o et at T 1as P [ v A asd 9/
Age  ITMsUSuAlinaiedt ud WiAE IvudisensuiufluitAdfiqe adfieueitezdes

NOITNINAADUEUBIVBITE VMR oLz aulsemsal lunsUsuar  Tuanefiviedised

a a . & ' . . .
AmAMmaAs lUMINITAN Frequency Domain cm*nsagflugﬂmm Gain Margin & PhaseMargin

b4
a

@wou'lvlu Time Domain NflonldemsyUsuiaene 'y
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- 9R3 MDY % (Quarter Decay)

AB1IAD Peak Overshoot DU 2 /D Peak Overshoot SULSN (Maximum Overshoot)

Aa ] Y A [ Y 1 a 2 A g
ﬂlﬂﬂﬂaﬂaﬂﬁug\ﬁlﬂQh—”ﬁU'ﬂ UNITUANITADIURUNINDY A ;l’"fl 2.19 LLﬂﬂ\?ﬂ\?Nﬂu‘l‘Uu

M
1 =

- AYHUIASTIOUZIDY  Integral of Square Error (ISE) #1591 Woeiige

Y
ArtuaaerussousLUUTuaas Iddeauns

[[e@] a

ANNUIAADU

i
It

touiga

SV (t) - MV(¢)

ISE

Tnef e(r)

- ArTlLaAIAUSSOULLY Integral of Absolute Error (IAE) Risie, TouTige
aumsvesRTiAsTN T auTLUL T A

IAE = _[e(t)dt = ﬁaﬂﬁm

- ATTILAA9ET S OUSUDY Integral of Time Mutiplied Absolute Error (ITAE)
nfiantosfige Wufe

ITAE = It*e(t)a’t = ﬂ'aa‘?;qﬂ

4 o s J & A Y
L?EJH‘IL‘U‘VN 4 wﬂanmﬁtmmzsmﬂmmuwﬁzmmmwmmimﬂ"lﬁ’mnv«aﬁaumm
4 -:; = a a9 oA = (] o 1 4 &
‘UBWZ‘U‘UTﬂﬂﬂN TIUUULYN 2 09 LUUN 4 YUBAAD %znmmLmumqanmm‘umﬂ 191IA9

parameter #W  YBINIIAUANLUVY PID o 19dinmosfivih Inansuauessasnsitey

1 v et = a{oclslg'i ulz=|sl =
4 LAITUINSIRUNEINTIN LA DU ﬂJ?Jﬂ']uE)fJ‘qu’ﬂ

Roulvnuudasudowy % uienlend Tumsidhdulgsenine Rise time
S . . Ay o o A o = & S 4 '
MIWay Seting Time vy dmiuleuledn 2 fauuud 4 Wy Wesnniwansuduss

¥ )
YOIITUVL tmiloufy AU vosRsTinaasaNsTosuARE UL Soutase s Uy
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» s y
faouaquanvugia ldvssdstivnazszoumiu awsoszeiueldnednyuedeiiife
) ] & o ot g 4 ' @ A
wouledl 2 Fufudafluaasaussousuuy ISE vudanuamaadouin Adsiivees

o o u’: o Jo dyd ¢ 9 a A
aussauzfezann deumshidastiugasaussouzuuuiiianiosngane  WarouTUDY
v s . . o Y 4 o YA Y Aa A a A o Y
YBITTUUILADIN Rise Time #NooNIN Foihldlgeidensll Overshoot NQe dmiy
A 2 ' @ 1 A 4 Y Vet 1 Y A
wou'lvuwy ITAE Fafumwssnagufumvssanuamianioutiu Mifuldidniosige

ud2 daudou lunuudas ey %

OUTPUT

1.0 beeeeaoi ol S ZETTSU CECPREPRPRPR: PP l ................

A
-+
Y.

a/b=1/4

v

51f 2.19 wampUTUBOISEUUNNBATITBY
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A15199 2.1

] v [ (] []
FAATARIT NITHINEALAT PID o IaMsAIuguaunmiangana1els

3 ' d a vadae ran y {
2.1 auasedns lshmwlumedjiandens liliis landnehes

Fodiue | uuy wuuns | Control Action |  Control Control e
ALY PB( %) Action Ti Action Td
(min) (min),
Zieg - ler AB P 2PBy, - - 25%
PI 2.2PBy, 0.83Py, - damp-ratio
PID 1.7PB, 0.5Py 0.125PLL
Zieg - ler AB P 100kpL / T : . 25%
PI 110kpL /T 33L - damp-ratio
PID 83kpL /T 2L 0.5L
Taka - hashi A P 110kpL / T - - mininum
PI 110kpL / T 33L -
PID 77kpL /T 2.2L 0.45L
Chien A P 333kpL/T - - no over
Hrones PI 286kpL /T 12L - shoot
Rewick PID 167kpL/ T T 0.5L
Chien B P 143ka./ T - - 20%
Hrones Pl 167kpL /T T - Over
Rewick PID 105kpl / T 0.5Py, 0.125Py, shoot
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915199 2.1 ¢9

Elﬂ'ffJ é’mua uuy ‘Y3 Control Action Control Control N
AU PB ( %) Action Action
Ti (min) Td (min)
Chien B P 333kpL/P - - no
Hrones PI 167kpL /P 4L - over
Rewick PID 105kpL / P 24L 0.4L shoot
Chien B P 143kpL /T - - 20%
PI 143kpL /T 23L - over
PID 83kpL /T 2L 0.42L shoot
Fuji A P 100kpL / T - -
Yoshi- PILL/T=1 167kpL / T T+L - mininum
Kawa LT=1 250kpL /T 2L - control
PIDL/T=1 133kpL /T 0.5*%(T+L) 0.125%(T+L) area
LT=1 200kpL/ T 0.25L 0.25L
ST 22
TEMPERATURE FLOW PRESSURE LEVES
Characteristc | 2 nd order 1wl | wlsulannse | 1 st order 1 st order
Response 41, thunang Faun thunan , 1$9 aunane
Time Constant | ‘tury, daunana \&n L&nNIN 180, dunan
Dead Time @n, dunan 1&n &N \an
Controler on-off. P. PI. PID P.PI on-off P.PI on-off .P.PI
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a
UNN 3
a Y ¢ ¢ a a s
WALV IANNA U IS ALITVOITUNAVETA ANT-32
b 4
sazmawou Tsunsuny i das s unmy e msyys
3.1 100D UAYDUVDSHOTAYBY TTL VO (8255)
Programmable Peripheral Interface (PPI) ti‘lu%wweéfmmeumﬁxﬂuﬁﬁw“ﬁamﬁu
wne dmivuesa ANT-32 1wesn 8255 1w 2 Fvimthfidune i liinwesa

BN 24 x2 =48 On Taouvailu USER PORT 1 uaz 2 Sdumuenmnsades

USER PORT 1(U10) usanse FSOOH + 8255 offset addr= actual addr

Port A ANMUILDARTE FSOOH + 00H = FSO0OH
Port B AMMUUBAATT FSOOH + 01H = FSOIH
Port C AMNUILDANATE FSO0H + 02H = F802H

Mode Port AUVUEAASE FS00H + 03H = F803H

USER PORT 2 (Ull) uaaase FCOOSH + 8255 offset addr = actual addr

Port A AUNUILDAATE FCOOH + 00H = FCO0H
Port B ANNUILDARAS FCOOH + 01H = FCO1H
Port C AMNUIUOARSE FCOOH + 02H = FCO2H

Mode Port AMUAUOARTT FCOOH + 03H = FCO3H

4 i o [3 o . o
Aoutiszldnunesa 8255 Fl¥RoehmsfmunInuamsviney (configulation) UBINBTA A,
B uoz C Tiduneiadunmmioeniyn TnownisiSous control code 11/f Mode Port
& y L] 3 1] L] ﬂ'dy 1 o

%3 Mode Port Hawsaleoulaminiulvansasmdlufitieendmmiznsyineuly

é d' T 1 o -4 N Q7
Tnua 0 %?LﬂUIHNﬂVﬂ%ﬁul‘lfs{ﬁzﬂ’JﬂuﬂzQTUﬂfJﬂ'li‘Vl']ﬂ’J'mL‘lTﬂ‘ﬂ ANLLEYASAT control code A9

159N 3.1
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Port Port ¢ YU Port B Port C @ | Control ode
(PAO-PA7) | (PC4-PC7) | (PBO-PB7) | (PCO-PC3) (hex)
Output Output Output Output 80H
Output Output Output Input 81H
Output Output Input Output 82H
Output Output Input Input 83H
Output Input Output Output 88H
Output Input Output Input 89H
Output Input Input Output 8AH
Output Input Input Input 8Bh
Input Output Output Output] 90h
Input Output Output Input 91h
Input Output Input Output 92h
Input Output Input Input 93H
Input Input Output Output 98H
Input Input Output Input 99H
Input Input Input Output 9AH
Input input Input Input 9BH
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3.2 Memory Map YB4BUfaLB5A ANT-32

0000H

8000H

F800H

FAOOH

FCOOH

FEOOH

FFFFH

ANT-32 MEMORY MAP

U2 (0000H-7FFFH) U3 (0000H-7FFFH)

CODE PROGRAM DATA MEMORY
EROM RAM (backup)
2764 6264

27128

27256 62256

U4 (8000h-FTFFH) CODE AND ADTA MEMORY
EPROM EEPROM RAM
2764 2864 6264

U10 (F800H-F9FFH) 8255 USER PORT 1

(FAOOH-FBFFH) LCD PORT

Ul1 (FCOOH-FDFFH) 8255 USER PORT 2

RESERVE
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33 mswann Tdunsunuunsufun e auus
s lUsunsuny BASIC $aufiuniyl ASSEMBLY $aulvinsiday
BASIC32 fulletrantraunanniy wozidlumsnaunuludaufinm Basic Wawse
18 wierldud i airfidesns madendesenianevaeseininnisde
1. MWusunsu Basic duldsunsumdn waz Tusunsunisn ASSEMBLY §iulilsunss
gov laglusunsumun BASIC seiSenTusunsudenlddeside CALL audumieds
Tusunsu ASSEMBLY w359y 154 CALL9000H 1Usunsumn BASIC wiSen
T1sunsy ASSEMBLY #iéuntie 9000H
2. msienldsunsuniyt ASSEMBLY wznszilddae ED.coM #iledluuriu pisk
wnzasaudalddaelsunsy sxast fifleglu pisk wufu Tsunsusesfideuty
msezagludumien lududeufunm BAsIC uazmusLﬁmﬁuﬁmag‘luﬁauﬁxﬁuﬁq
CODE ua¢ DATA 14828 dumisfiminzauiiaose 90000
3. Tilunsuges ASSEMBLY fifendu wevinsuaudass 14, INTEL-HEX FILE
U130 DOWNLOAD awudigasegaundiezdnsdamses tazwdouiiozgn
5 onldennu BASIC sudosnis '
4. nsiWeuldsunsuges ASSEMBLY Hdsfidousiloe
- Tsunsy BASIC 9219 REGISTER BANK 0, 1,2 é’%’f'ﬁm"lﬁtﬂz‘%'ﬂufh”luﬁ'mﬁ'aﬂﬁ'ﬁ\
msl9laiFuans BASIC e #9921 REGISTER BANK 0 thomsdarusidauls'e

- §l¥aunsald REGISTER BANK 3 dodhedase Und BASIC-s2 121d BANK 3

v
~

[} } 4 [
YULIMITY PGM nmiu wazidluddinonondnly BASIC32

Y

= J

- Aldewsald A, DPTR 18 Taedoesrilaesedidnlusunsy BASIC dursonliey

wlageld
- Aldaunsadadumdunlsszninnismisass 181nel¢ ARGUMENT STACK

¥9401H7 BASIC
- Tsunsudes ASSEMBLY wzenuisass snldfleisuuss Basic 18 lasfmuanuie
Us§ileidun A (OPBYTE) uazlddids CALL 30H waswiomnnisSomcud

REGISTER BANK 0 t@ue uazuneiendueeifiu’l3f ARGUMENT STACK
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3.4 AMIFIUBINIHUVAR

BASIC-52 INSTRUCTION SET SUMMARY

COMMANDA

RUN

CONT

LIST

LIST#

LIST @ (V1.1)
NEW

NULL

RAM

ROM

XFER

PROG

PROG1

PROG2

PROG3 (V1.1)
PROG4 [\28))
PROGS (V1.)
PROG6 (VL)
FPROG

EPROG1

EPROG2

EPROG3 (V1.1)
EPROG4 (V1.1)
EPROGS (VL.1)
EPROGS6 (V1.1)

STATEMENTS
BAUD
CALL
CLEAR
CLEAR (S&D)
CLOCK (1&0)
DATA
READ
RESTORE
DIM
DO-WHILE
DO-UNTIL
END
FPR-TO-STEP
NEXT
GOSUB
RETURN
GOTO
ON-GOTO
ON-GOSUB
IF-THEN-ELSE
INPUT
LET
ONERR
ONEX1
ONTIME
PRINT
PRINT #
PRINT @ (V1.1)
PHO.
PHO. #
PHO. @ (VL)
PHL.
PHL #
PHL @ (V1.1)
PGM (VLD
PUSH
POP
PWM
REM
RETI
STOP
STRING
U1 (1&0)
U0 (1&0)

OPERATORS
ADD(+)
DIVIDE()
EXPONENTIATION(**)
MULTIPLY (*)
SUBTRACT (-)
LOGICAL AND (.AND.)
LOGICAL OR (.OR.)
LOGICAL X-OR (.XOR.)
LOGICAL NOT (.OR.)
ABS()

INT()

SGN ()

SOR ()

RND

LOG()

EXP()

SIN()

Cos()

TAN()

ATN()

= > 0= <= <>
ASC()

CHR()

CBY ()

DBY ()

XBY ()

GET

IE
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o
unn4
miﬁﬂyumxmsaammm:‘uumuﬂmmz‘nﬁﬂmsﬁmu
4.1ﬂ'\3§ﬂH']LLﬁ$ﬂTSE]E]ﬂLL‘U‘U
d' 4' 9 LY oy d'd A o Q 9/
IWVUNUNGIVBINUATAIUA NN Y]] Li‘luizuuwummmamﬂagiuﬂszLmq Tusiwerdn

(Slow Process) L‘WiTZﬁﬂﬁ%“ULLﬁ&’ﬂ'lEJWﬁN'IHﬂT]ﬂJ%E]N%’] ”lumsmmuamwnﬁﬁuﬂué’m“lﬂ’f’

- MIARNUYY 3 Tnua fie Proportional mode, Integral mode 482 Derivative mode (PID

mode) 1uﬂ15‘lfl’11‘1_lil‘ﬂﬂﬂﬁu‘l]“’i‘]f'luIﬂiﬂﬂuiﬂiaLﬂﬂitﬂuﬁﬁti SULDVARILAULLUY PID 4
AIufugaNgluesvaalInaLdonlussyy Tﬂﬂumssugxmzuﬂﬂﬂasuqmﬁgmmmmﬂ
anwdoudiusnanlWiidae RTD ﬂsma‘uﬁmq*nwmaﬁmmmuamq%w%ﬂﬁmmmsnmu
(Low -pass filter) m”mﬁﬂm"lwﬂimmmﬂs:uu aunsodeiiulyde lu lnsnouInsiaey
WowSvufusfdoens uas AMUIUAINAUNIS PID TaoAndoriumMITInedryga
aveondiuouideon ué"sﬁﬁ’fagaﬁﬁmm"lﬁ'"lﬂphma%nﬂﬂﬂauTwmﬁa"lﬂﬂs%é'ﬂ"laiu@%u
(TRIAC) Vwwdssmuuivannnuiouiinendsnusudonlurseuy MINuSoriosa
Joyannlulnsnoulnsines Li‘luaumuﬂswmumi‘lmmawsammmsmuau Asuden

laozunswy msﬂw 4.1

—— Actuator

_1 Temp

DAC[™| PHASE CONTROL[™™ SSR HEATER

v

MCS-51
CPU 8032
AHBASIC

«f ADC ! Low-pass filterie_] DIFF.AMP. RTD

A L

Transmitter

=Y

U 4.1 Lmﬂmﬁaﬂ'lﬂazuﬂsmaaswnmuqnqmﬂnu

9
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42 MANMINU

[

ﬁmsmmsﬁmwuaaszunﬂ'zuquﬁ"’wuﬂ‘lugﬂﬁ 4.1 Tuueag gﬂ'lﬁ'ﬁaf:

42.1 RTD {WuA2353 ( Sensor ) 2z Fuigamgives sauduloafiuagna lnf
mﬂﬁufnzgﬂwwﬁmqjmﬁqmws Differential Amplifier uagMIATYYIUTUNIUATY
HUINTOINIWAAINU ( Low-pass filter ) eshemuaend NSIUALNADS ( Transmitter )

422 dyanaIdiinn (1) ssinudh ludalulasaeu Insoes Tasrkunesesuag
fygymeuwdeniiudygiufdeen

423 lulasneunsines (1¥aszna Mcs-51 vuna 8 i) Taeldiued 8032-AHBASIC
FalFmunudnlunsiannsufun e aeund luTasnouInsimes sz Summdon o
Admoaninde (2) u1viimsnlSsufumfidesnts (Setpoint) uALSTMIMAWEYMS PID
718 Tsunsuen'3

424 ﬁ'ﬂumunmaﬁﬂaaﬁ‘hJTﬂiﬂauimmas"ﬁm'smuﬁmphmwsuﬂmﬁ"iynonm
atsadiudyanuerndondatuiiiusdna s nnfanitasondi dyamniuny

v 9

425 dyanuargugautauiiudyanuWaddlenses mareuina  uagdelyl

(] b4
nszdulasuen (TRIAC) evimyhiistendaau i l¥suanauden 2eesludil

P= 3 ] o
TUNIULDAYOADT (Actuator )
4.2.6 vaareaNusousz i mThAnAsundsnu Wi ey udundsanunudeu

' 14 [ o3 Q’l’ Y o’/’ o n’ll 2
uazomanuioug lsmaiudussugaie  szuusianuasgiaumudueeu (1) f

) a 4 = &
(6) awsousunszie idguuglives luswensiinundessms  Feldsunsul3lululas

I'4
AU Inaaes
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UNN 5

a ga d LY a A o
ATDBNLUU N ‘Diﬂcl%ﬂulﬁﬁ)ilﬂ“liﬂﬁﬂjﬂ%uﬂﬂﬂE)iﬂ

51 neswlasdygnudtesadiudygineuden
d A ° a aa & a [ Y o v
TlnsTssamesedinmahouluddSsamoddiszdudyaroiu o uaz 1 udlu
gq 9 a w 9 =t v o ar P o < & @ da
mdszgndldnueiainszdeansidesiudyga Mdudyopueudon Fuiludya il
¥ b4

avILanAIMeTERY dygramailldun gunglanudu uaztihminges Sudu lu
nedlaanseindismusonlfouussdu i fedlugivesdyguateenld  wazlume

[ VY] o o [ aa [ [ <1 Yt W
nounuwsInmnIodsufyanundseadudyanuouiden ldusiuy

auauiiRfiddaues D/A sxadniudiudensd

5.1.IRESOLUTION #io aawannsalumsuiwenseduvosdaananiosniunils
fResmudnuesdygufsasatiueniy Wy e s In wwwneawrheuaTIAIY
uondaygnaewnten 1iflu 256 szdy frauna 12 Infezusnsedudannn 188 4006 sedy
fi1 RESOLUTION maﬂé”yqﬁ'n:uﬁmafj‘lugﬂﬂmtﬂas’wuﬁ Tasvua 8 dn  eelisuviifiy
100/256 §® 0.39% Wudu

5.12 FULL SCALE OUTPUT VOLTAGE ~fesussdugegaiieiiiuldves

9
3 =3 @ a o
Yoy a BUNeN duyANlS D/A vue 8 din weziWougas il

(hate o B qh &)

v A i Vo o B B
VomVer 3 ¥4 T8 "6 730 Y6 T 128 T 256

o
5.1.3 SETTING TIME Aof o 15 lunsulfousedudyanumindy 12 seosiausu
9 v
loBwes DAC 0808 exfifuviiy 150ns mifianuddigrearu§lumsalfouniosmis

& da 4 o d o
HUINADAIY mmmymgmamaeﬂuum
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1 REM PID1.BAS

10 REM *ererssssarsss SET BUTTOM *+sertsssensussans

11 XBY(OF803H)=82H : XBY(OF800H)=0FFH

110 CALL9500H  : REM CLEAR

120 FOR I=1 TO 10

130 CALL 9300H : CALL 9200H  : REM DISPLAY

160 NEXT |

170 CALL9600H  : REM RESTORE

171 CALL9300H  : REM SCANKEY

172 CALL 9400H  : REM SHIFF DATA

180 FOR J=1T0 10

190 CALLO100H  : REM CONVERSE DATA FOR DISPLAY

200 CALL 9300H : CALL 9200H  : REM DISPLAY

230 NEXT J

231 CALL 9300H  : REM SCANKEY

232 CALL 9400H  : REM SHIFF DATA

240 Y=XBY(1818H) : REM READ VALUE_KEY

241 CALL 9200H  : REM DISPLAY

250 CALL 9300H ; IF Y=255 THEN CALL 9200H : GOTO 300

260 IF Y<11 THEN GALL 9200H : GOTO 300

270 CALL 9300H : IF Y=11 THEN CALL 9200H : GOTO 400 : REM GOTO ENTER BUTTOM
280 IF Y=12 THEN CALL 9200H : GOTO 424 : REM GOTO CLEAR BUTTOM

281 CALL 9200H : IF Y=15 THEN GOTO 1500

200 CALL9300H  : REM SCANKEY

291 CALL 9400H  : REM SHIFF DATA

292 CALL9200H  : REM DISPLAY

293 XBY(OF800H)=0FFH : CALL 9200H : CALL 9300H

300 GOTO 110

400 REM#*****x+sssswmmsss ENTER BUTTOM
410 SET1=XBY(1810H) : SET2=XBY(1811H) : SET3=XBY(1812H)
420 SETP=SET1*100+SET2"10+SET3

421 IF SETP<40'THEN GOTO 424 : REM FILL BETWEENT 40 TO 256
422 IF SETP>255 THEN GOTO 424

423 GOTO 430
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424 XBY(1810H)=0 : XBY(1811H)=0: XBY(1812H)=0 : REM*** CLEAR BUTTOM ***
425 GOTO 110

430 XBY(1816H)=SETP : REM STORE SET_POINT INTO 1816H
440 FOR 1=1TO 50

450 CALL 9100H

460 CALL 9200H  : REM DISPLAY

470 CALL 9300H  : REM SCANKEY

480 Y=XBY(1818H)

481 CALL 9200H

490 IF Y=255 THEN GOTO 610

500 IF Y=10 THEN GOTO 110 : REM GOTO SET BUTTOM

510 CALL 9200H

600 IF Y=13 THEN GOTO 711 : REM GOTO RUN BUTTOM

601 CALL 9200H : IF Y=15 THEN GOTO 1500

610 NEXT |

611 XBY (OF800H)=0FFH : CALL 9200H

700 GOTO 440

710 REM *reestassssssRUN BUTTOM - rsmssssssaras

711 XBY(OF803H)=82H : XBY(OF800H)=0FFH

742 KP=1 : KI=0.5 : KD=0.08 ; DT=0.0833 : POUT=1

713 A=KP+KP*KI*DT+KP*KD/DT : CALL 9200H : B=KP+2*KP*KD/DT : CALL 9200H
714 C=KP*KD/DT : CALL 9200H

720 REM R1=10 : R2=47.382 : R0=100 : ALPHA=0.00385

721 SET1=XBY(1810H) : SET2=XBY(1811H) : SET3=XBY(1812H)
722 SETP=SET1*100+SET2*10+SET3

730 ADC=XBY(OF801H) : CALL 9200H

735V=0.01961"ADC  : CALL 9200H

740X1=21.105"V  : CALL 9200H

745X2=X14250  : CALL 8200H

750 X3=021105"V  : CALL 9200H

755X4=25%3  :CALL 9200H

760RT=X2X4  :CALL 9200H

765 Y1=(0.01°RT-1)  : CALL 9200H

780 TEMP1=259.74*Y1 1 CALL 9200H
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785 TEMP=INT(TEMP1) : CALL 9200H

790 XBY(1817H)=TEMP : CALL 9200H

853 CALL 9700H : REM CONVERS TEMP FOR DISPLAY

854 CALL 9100H : REM CONV

855 CALL 9200H : REM DISPLAY

856 CALL 9300H : REM SCANKEY

860 Y=XBY(1818H) : CALL 9200H

861 CALL 9300H: CALL 9200H: IF Y=15 THEN GOTO 1500

870 IF Y=14 THEN CALL 8200H : GOTO 1000 : REM GOTO STOP BUTTOM
874 DE=(SETP-TEMP)/(255-0)  : CALL S200H

876 V1=A*DE : CALL 9200H
876 V2=B*DE1 : CALL 9200H
877 V3=C*DE2 : CALL 9200H
878 P=P1+V1-V2+V3 - CALL 9200H
879 DE2=DE1 : CALL 9200H
880 DE1=DE : CALL 9200H

881 P1=P : CALL 9200H

890 POUT=265-P*265 : CALL 9200H

991 IF POUT<O THEN POUT=0  : CALL 9200H

992 IF POUT>264 THEN POUT=255 : CALL 9200H
994 FOR I=1TO 10

995 XBY(OF800H)=POUT : CALL 9200H

996 NEXT |

998 GOTO 730

1000 REM ***ssssssssusursSTOP BUTTOM -+ enssrsrunss
1005 CALL 9800H : REM CLEAR

1010 FORI=1TO 10

1020 CALL 9200H : REM DISPLAY

1030 NEXTH

1040 CALL9900H : REM RESTORE

1050 FORI=1TO 10

1051 CALL9100H : REM CONVERSE DATA FOR DISPLAY
1060 CALL 9200H : REM DISPLAY

1070 NEXT |
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1080 CALL 9300H :REM SCANKEY

1090 Y=XBY(1818H)

1100 IF Y=10 THEN GOTO 110

1101 IF Y=15 THEN GOTO 1500

1110 XBY(OF800H)=0FFH : CALL S200H

1200 GOTO 1000

1500 REM **#sressserasssssREGET BUTTOM*H* rrssressuness
1510 XBY(OF803H)=82H : XBY (OF800H)=0FFH

1520 POUT=0: P1=0 : DE=0: DE1=0: DE2=0: P=0
2030 XBY(1810H)=0 ; XBY(1811H)=0 : XBY(1812H)=0
2040 XBY(1813H)=0 : XBY(1814H)=0 : XBY(1815H)=0
2050 GOTO 10



ORG 8000H

CON_TROL1 EQU OF803H
CON_TROL2 EQU OFCO3H

PORTA1 EQU OF800H
PORTB1 EQU OF801H
PORTCH EQU OF802H

PORTA2 EQU  OFCOCH
PORTB2 EQU OFCO1H
PORTC2 EQU OFCO2H

BUFFER ~ EQU 1800H
SETPO  EQU 1810H
SET.P1  EQU 1811H
SETP2  EQU 1812H
SET.P3  EQU 1813H
SET_P4  EQU 1814H
SETP5,  EQU 1815H

SET_POINT  EQU 1816H
PO EQU 1817H
VALUE_KEY EQU 1818H
CLEAR SET EQU  1820H
CLEAR STOP EQU  1830H

TEMP1 EQU  1840H
TEMP2 EQU 1841H
TEMP3 EQU 1842H

SETB RSO
SETB RS1



CLRA

MOV R1A
MOV R2A
MOV R3A
MOV R4 A
MOV RSA
MOV R6 A

MOV DPTR#SET_POINT ;READ OLD SETPOINT
MOVX A@DPTR

MOV ROA
SETP1: INCR3
.CJINE R3 #0AH,SETP2
MOV R3,#00H
INCR2
CJINE R2,#0AH,SETP2
MOV R2,#00H
INCR1
SETP2: DJINZ RO,SETP1

MOV DPTR #PO :READ OLD PO
MOVXA@DPTR

MOV ROA
POLD1: INCR6
CJUNE Re,#0AH,POLD2
MOV R&,#00H
INCRS
CJUNE R5,#0AH,POLD2
MOV RS,#0CH
INCR4
POLDZ: DJINZ RO,POLD1



MOV DPTR #SET_PO
MOV RO, #19H
MOV R7.#06H

SPO: MOV A@RO
MOVX @DPTRA
INCRO
INC DPTR
DJINZ R7,SPO

RET

;——CONVERSE DATA FOR DISPLAY:

ORG 9100H

SETB RSO
SETB RS1

MOV DPTR #SET_PO
MOV RO,#19H
MOV R7 #06H
GET: MOVX A@DPTR
MOV @ROA
INCRO
INC DPTR
DJNZ R7,GET

MOV DPTR #BUFFER
MOV R7 #06H

MOV RO, #18H

CONV: PUSH DPL



PUSH DPH

MOV DPTR #SEG_TBL
MOV A@RO

ADD ADPL

MOV DPLA
MOVXA@DPTR

POP DPH
POP DPL

MOVX @DPTRA
INCRO

INC DPTR
DJNZ R7,CONV

RET

DISPLAY:

ORG 9200H

SETB RSO
SETB RS1

MOV DPTR#CON_TROL2
MOV A #82H
MOVX @DPTRA

DISPLAY: MOV RO, #00H
MOV DPTR #BUFFER

DIS1: MOVX A@DPTR
MOV R7 A



PUSH DPL
PUSH DPH

MOV DPTR #PORTC2
MOV ARO
MOVX @DPTRA

MOV DPTR #PORTA2
MOV AR7
MOVX @DPTRA

MOV DPTR #OFEEEH
DELAY: INCDPTR

MOV ADPH

ORLADPL

JNZ DELAY

POP DPH
POP DPL

INCDPTR

INCRO

CJUNE RO,#06H,DIS1
RET

——————SCAN KEY:

ORG 9300H

SETB RS0
SETB RS1

MOV DPTR #CON_TROL2
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MOV A #82H
MOVX @DPTRA

MOV RO #04H
MOV R1,#00H
MOV R2,#00H

‘RO is couter
:R1 used for store digit
:R2 used send digit

MOV R3,#00H

SCAN_KEY: MOVAR2

FIND:

GO:

F1:

F2

MOV DPTR #PORTC2
MOVX @DPTRA
MOV DPTR #PORTB2
MOVX A@DPTR

ANL A #0FH

CINE A#OFH,FIND
SJMP NO_KEY

MOV R3A
CJINE R1,#00H,GO
MOV A,#00H
SIMP F2

MOV A, #00H

ADD A#01H
DECR1
CJINE R1,#00H,F1

CJNE R3,#00001110B,F3

ADD A#00

MOV DPTR #VALUE_KEY

MOVX @DPTRA
RET
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F3: CJNE R3,#00001101B,F4
ADD A#04
MOV DPTR #VALUE_KEY
MOVX @DPTRA
RET

F4: CJNE R3,#00001011B,F5
ADD A#08
MOV DPTR#VALUE_KEY
MOVX@DPTRA
RET

F5: ADD A#12
MOV DPTR#VALUE_KEY
MOVX @DPTRA
RET

NO_KEY: INCR2
INCR1
DJNZ RO, SCAN_KEY

MOV A #OFFH
_ MOV DPTR #VALUE_KEY

MOVX @DPTRA

RET

;————————SHIFF DATA

ORG 9400H

SETB RSO
SETB RS1



P

MOV DPTR#SET_P2 ;SET3
MOVXA@DPTR
MOV R3A

MOV DPTR#SET_P1 ;SET2
MOVXA@DPTR
MOV R2A

MOV DPTR #VALUE_KEY
MOVXA@DPTR

CJINE A #OFFH,LOOK1
SIMP LOOKED

LOOK1: CJNE A #10,LOOK2
SIMP LOOKED

LOOK2: CINEA#11,LOOK3
SIMP LOOKED

LOOKS: CINEA#12,LO0OK4
SIMP LOOKED

LOOK4: CJINE A #13,LOOKS
SIMP LOOKED

LOOKS: MOV DPTR#SET_P2
MOVX @DPTRA

MOV DPTR#SET_P1
MOV AR3
MOVX @DPTRA

MOV DPTR#SET_PO
MOV AR2
MOVX@DPTRA
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LOOKED: RET

—————CLEAR SET:
ORG 8500H

SETB RSO
SETB RS1

MOV DPTR#SET_PO
MOV RO,#19H
MOV R7 #03H
N N MOVXA@DPTR
MOV @ROA
INCRO
INC DPTR

DJNZ R7 A1

MOV DPTR#CLEAR _SET
MOV RO #19H

MOV R7 #03H

A2: MOV A@RO

MOVX @DPTRA

INCRO

INC DPTR

DJUNZ R7 A2

CLRA

MOVR1A
MOV R2A
MOV R3A

MOV DPTR #BUFFER
MOV RO #18H
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MOV R7 ,#03H
MOV A@RO

MOVX @DPTRA

INCRO

INC DPTR

DJNZ R7A3

RET

ORG 9600H

SETB RSO
SETB RS1

MOV DPTR#CLEAR _SET

MOV RO #19H

MOV R7 #03H
MOVX A@DPTR

MOV @ROA

INCRO

INC DPTR

DJNZ R7 Ad4

MOV DPTR#SET_PO

MOV RO,#19H

MOV R7,#03H
MOV A@RO

MOVX @DPTRA

INCRO

INC DPTR

DJNZ R7 A5

RET

ORG 9700H



ADC2:

ADCH1:

ADC3:

SETB RSO
SETB RS1

MOV DPTR #PO
MOVXA@DPTR ;RECIVE TEMP FROM BASIC

MOV R4,#00H
MOV RS, #00H
MOV R8,#00H

MOV ROA

INCR6
CJINE R6,#0AHADC1
MOV R&, #00H
INC RS
CJUNE R5,#0AHADC1
MOV R5,#00H
INCR4

DJNZ ROADC2

MOV DPTR #SET_P3
MOV RO#1CH
MOV R7 #03H

MOV A@RO
MOVX @DPTRA
INCRO
INCDPTR
DJNZ R7 ADC3

RET
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———CLEAR STOP.

Al

ORG 9800H

SETB RSO
SETB R51

MOV DPTR#SET_PO
MOV RO #19H
MOV R7,#06H
MOVX A@DPTR
MOV @ROA
INC RO
INC DPTR
DINZ R7A11

MOV DPTR #CLEAR_STOP
MOV RO, #19H
MOV R7 #06H
MOV A@RO
MOVX @DPTRA
INCRO
INCDPTR
DJNZ R7.A22

CLRA

MOV R1A
MOV R2 A
MOV R3A
MOV R4A
MOV RS A
MOV R6 A



MOV DPTR #BUFFER
MOV RO, #19H
MOV R7,#06H
MOV A@RO
MOVX @DPTRA
INC RO
INC DPTR
DJNZ R7A33
RET

ORG S800H

SETB RSO
SETB RS1

MOV DPTR #CLEAR_STOP

MOV RO,#19H

MOV R7 #06H
MOVXA@DPTR

MOV @ROA

INC RO

INC DPTR

DJINZ R7 A44

MOV DPTR#SET_PO
MOV RO #19H
MOV R7 #06H
MOV A@RO
MOVX @DPTRA
INCRO
INC DPTR
DJNZ R7 AS5

RET
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ORG SAOCH

SEG_TBL: DB 3FH,06H,5BH,4FH,66H,6DH,7DH,07H,7FH,6FH

;MM“M“INITIAL SERIAl- PORT“M"*&‘“.Q&M“

ORG 9BOOH

MOV TMOD,#20H ; TIMER MODE2 AUTO-RELOAD 8 BIT

MOV TH1,#0E8H ;BAUD RATE 1200

MOV TL1,#0E8H

MOV SCON #50H ;SERIAL MODE1,1 START,8 DATA.1 STOP BIT

SETB TR1 ;START TIMER1
CLREA

CLRES

CLRTI

RET

;**mﬁiﬁ“tSEND Twp TO SERIAL PORT"*"“"**""““!M“"**

ORG 9COOH

SETB RSO
SETB RS1

MOV DPTR #SET_P3
MOVX A@DPTR
ADD A#30H

MOV DPTR #TEMP1
MOVX @DPTRA



SERIAL:

WAIT:

MOV DPTR#SET_P4
MOVX A@DPTR
ADD A#30H

MOV DPTR #TEMP2
MOVX @DPTRA

MOV DPTR#SET_P5
MOVXA@DPTR
ADD A#30H

MOV DPTR#TEMP3
MOVX @DPTRA

MOV R7,#03H
MOV DPTR #TEMP1

MOVX A@DPTR
MOV SBUF A

JNB TIWAIT

CLRTI
INC DPTR
DJINZ R7,SERIAL

RET

END
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General Description

The DACO0808 series is an 8-bit monolithic digital-to-analog
converter (DAC) featuring a full scale output current settling
time of 150 ns while dissipating only 33 mW with +5V sup-

" plies. No'seference current (Ingr) trimming is required for

most applications since the full scale output current is typi-
cally 1 LSB of 255 Iper/ 256. Relative accuracies of bet-
ter than +0.19% assure 8-bit. monotonicity and linearity
while zero level output current of less than 4 pA provides
8-bit zero accuracy for Iger22 mA. The power supply cur-
rents of the DAC0808 series are independent of bit codes,

. and exhibits essentially constant device characteristics over
" the entire supply voltage range. N

The DAC0808 will interface directly with popular TTL, DTL

NNational Semiconductor

DAC0808/DAC0807/DAC0806 8-Bit D/A Converters

.. @ Full scale current match: +1 LSB typ

.or CMOS logic levels, and is a direct replacement for the .

MC1508/MC1408. For higher speed applications, see
DACO0800 data shest.

Features
m Relative accuracy: £0.19% error maximum (DAC0808)

& 7 and 6-bit accuracy available (DAC0807, DAC0806)
m Fast settling time: 150 ns typ
a0 Noninverting digital inputs are TTL and CMOS compati-
ble
M High speed muitiplying input slew rate: 8 mA/us
“m Power supply voltage range; £4.5V to +18V
| Low power consumption: 33 mW @ +5V

90800vQd/.0803vA/80800VvA

Block and Connection Diagrams Duakn-Line Package
L ] 138
ALLAT AY M OAS A AT A U
? ? ? ? ? ? ? ? scoren - L. comremsanion
. 2 15
contaa CURREKT TWITCHES o Order Number “'-’- :"'H
—-- TTITITIT1 T & DACO0808, DAC0807, - '"‘T [ Veeet)
1 s e 13
I X YPry e ] I NASC!!CW:J—O oo or DAC0806 0] oacem —Yee
= T See NS Package was a1 -3 Fus 2 as unn
Yeern L Number J16A, . 3 11
nefta O 22— L LA
HeN CURRENT O vee M16A or N16A S 3
SOUACE PAIR prymd LW
Yagr(-) O [ ]
s :::::::C“. 0O COMPEN 1 Ty ( 2 e A | .
¢L i } TW/H/6687-2
* Yee TL/H/5687-1
N L VA A 2 §mall—0utllne Package
1 Vet 18f—as Ls8 ~
Vagr ()2 151=A7
Yogr ()3 14f—a8
COMPENSATION—{ 4 134~aS
- MG (NOTE 2)=15 — 12—as
cno—{e 11f=as3
ve—{7 10f=4a2
0=48 -4t uss
TUH/5687~13
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS
RANGE J PACKAGE (J16A)° N PACKAGE (N16A)* [ SO PACKAGE (M16A)
DACO808LCN{ MC1408P8 DACO0808LCM
7-bit 0°'CSTaA< +75C DACO0807LCJ| MC1408L7 | DACO807LCN| MC1408P7 DAC0807LCM
6-bit 0°C<Tas +75°C DAC0806LCJ | MGC1408L6 ] DACO806L.CN| MC1408P6 DACO0806LCM

*Note. Devices may be crdered by using either order number.
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Power Supply Voltage
Vce
Vee
_ Digital Input Voltage, V5-V12
Applied Output Voltage, Vo
Reference Current, l14

DAC0808/DAC0807/DAC0806

Power Dissipation (Note 3)
ESD Susceptibility (Note 4)

Reference Amplifier lnputs, V14, V15

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required. .
please contact the National Semiconductor Sales
Otfice/Distributors for availabliity and specifications.

+18 Vpc
~18 Vpc

—10Vpc to.+18 Vpg
~11Vpgto +18 Vpc

5mA
Vee, Vee
1000 mW
" TBD

Storage Temperature Range

Lead Temp. (Soldering, 10 seconds)
Dual-in-Line Package (Plastic)
Dual-In-Line Package (Ceramic)
Surface Mount Package

Vapor Phase (60 seconds)
Infrared (15 seconds} .

Operating Ratings

Temperature Range
DAC0808LC Series

A,

. 0STA< +75°C

—

-—65°C to +150°C

260°C
_300°C

215°C
220°C

TN S Ta < Tmax

Electrical Characteristics

(Voo = 5V, Ve = —15 Vg, VRer/R14 = 2 mA, DACOB08: Ta = _55'C o +125°C, DAC0808C, DAC0807C, DACOBOEC, Ta
= 0°C to +75°C, and all digital inputs at N : T

high logic level unless otherwise noted.)

Symbol Parameter Conditions Min Typ Max - Units
E Relative Accuracy (Error Relative (Figure 4) o - 1= %
to Full Scale lo) i Lo s
DAC0808LC (LM1408-8) X +0.19 """ %
DAC0807LC (LM1408-7), (Note 5) +0.39 %
DACO806LC (LM1408-6), (Note 5) +0.78 %
Settling Time to Within ¥, LS8 ) Ta=25°C (Note 6),. . 150 |~ ns
(Includes tpy 1) * (Figure 5) /A
tpH, tpHL | Propagation Delay Time Ta = 25°C, (Figure 5) . 30 -~ 100 ns
TClo Output Full Scale Current Drift i b “f- - 420 - ppm/*C
MsSB Digital Input Logic Levels (Figure 3)
Vin High Level, Logic 1" 2 Voe
Vi Low Level, Logic “0°" .. - : 0.8 Voo
MsB Digital input Current - (Figure 3) T .
High Level Vig = 5V - 0 0.040 mA
Low Level Vi = 0.8V ° —0.003 -0.8 mA
l1s Referencs Input Bias Current (Figure 3) -1 -3 pA
Output Current Range (Figure 3)
Vgg = —5V | 0 20 2.1 mA
Vge = —15V, Tp = 25°C 0 20 4.2 mA
1o Qutput Current Vger = 2.000V, '
* R14 = 10009, .
(Figure 3) 1.9 1.99 2.1 mA
Qutput Current, All Bits Low (Figure 3) 0 4 pA
Output Voltage Compliance (Note 2) E, < 0.19%, Tp = 25°C
Vgg= ~5V, Iggr=1mA —0.55,.+0.4 Voc
Vge Below — 10V -50, +0.4 Voe
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Electrical Characteristics (Continued) .
Vee = 5V, VEg = —15Vpc, VRer/R14 = 2mA, DAC0808: T4 = —55°C to + 125°C, DAC0808C, DAC0807C, DACO806C, Ta

= 0°C to +75°C, and all digital inputs at high logic leve! unless otherwise noted.)

Symbol Parameter . Conditions Min Typ Max Units
SRIger Reference Current Slew Rate - (Figure 6) : 4 8 mA/ps
Output Current Power Supply ~5V < Vgg <'=~16.5V 0.05 2.7 pAIV
Sensitivity . - .
Power Supply Current (All Bits | - (Figure 3) o
Low) ; )
Icc - . 23 22 mA
g o - —4.3 -13 - mA
Power Supply Voltage Range |, TA = 25'C (F/gure 3)
Vee - - - 4.5 5.0 5.5 Voc
Veg ) f —4.5 —-15 - —16.5 Vpe
Power Dissipation
All Bits Low Vee = 5V, Vgg = -5V 33 . }.r170 mw
LRI 1 Voo = 5V, Vgg'= —15V 2 106 i 305 . mw
All Bits High Veg = 18V, Vgg' = —5V 90 4. - mwW
. Veg = 15V, VEg'= —15V - 1600 ) L, mwW

Note 1: Absolute Maximum Ratings indicate limits beyond which damage o the device may occur. DC and AC electrical speaﬁcauons do not apply when operaﬂng
the device beyond its specified operating conditions. S AR W
Note 2: Range control is not required.

Note 3: The i power ipation must be di d at el and is di d by T jmax, 9a. and the ambi 0 , Ta. Tha

power ipation at any temp. Is PD - (T JMAX — TA)/OM or the number given in the Absolute Mab Ratings, whi is lower. For this
device, Tymax = 125°C, and.the typical junction-to- of the duaHn-line J package when the board mounted is 100°C/W, For the dual-m~
éne N package, this ber | t0 175°C/W and for the small outline M package this number is 100°C/W..
Note 4: Human bodynmdel 100 pF discharged through a 1.5 kO rescsmr
Note 5: All clrent switches are tosted to guarantee at least 50% of rated Cument. u wame - -

Note 6: All bits switched, ~ b
Note 7: Pin-out numbers for the DALOBOX represent the dual-ln fine padzage The small outline package pinout dmets from the dual-in-line package.

Typical Application B :

DIGITAL MO~ sacoam
WPUTS 43 0—

veg e -1V
TL/H/5687-3

FIGURE 1. + 10V Qutput Digital to Analog Converter (Note 7)

90800vA/£0802vQ1/80800VA




DAC0808/DAC0807/DAC0806

Typical Performance Characteristics
Ve =5V, Vgg = —15V, T4 = 25°C, unless otherwise noted

1 - LOGIC INPUT CURRENT (4A)

g ~ QUTPUT CURAENT {mA)

POWER SUPPLY CURRENT (mA)

Logic input Current vs
Input Voltage

A1 THROUGH AS

L
~12-10-8-8-4-202 4 & $101214 1618

V| ~ LOGIC INPUT VOLTAGE (V)

Output Current vs Quiput
Voltage (Cutput Voltage
Compliance)
1 ALL 8ITS "0N"~ I l
24 t : 1
Veg »~15V [Vgg= -SV
! | f lig=2mA
18 -
12 | — 114 1
o H i
0.4 Y= 02mA
I 1

9
-4 -1 -6 -2 2 0§ 18 1410
Vg - OUTPUT VOLTAGE (V)

Typical Power Supply
Current vs Vgg

ALL $1TS HIGH OR Low ]
1gg WITH Iy « 2 mA

=t

l

lgLE M‘TH g 1mA
s

. ' 1
T
Igg WITH g2 02 mA
Tl
lcg

]
0 -2 -4 -8 -3 ~10-12-14-16-18-20
Veg ~ NEGATIVE POWER SUPPLY (V)

R VR A

* 19 ~ OUTPUT CURRENT (mA)}

OUTPUT VOLTAGE (V)

POWER SUPPLY CURRENT (mA)

Bit Transfer Characteristics

L 7
1 har2ma t
Al
A2
AL T A
T AS T
AnAnmEyyEL.
AN RLEar
TN

~12-10-8-8-4-20 2 ¢ § 0 101214 1818

L SRR

-~

Vi - L0GIC INPUT VOLTAGE {v}

Output Voitage Compilance
vs Temperature

N
SHADED AREA INDICATES.
PEAMISSISLE QUTPYT
VOLTAGE RANGE FOR ¥
VEE"-15V,13q 22 mA

-50 ] 50 190 150
TEMPERATURE ("C)

Typical Power Supply
Current vs Voo

ALL BITS HIGK OR LOW
blyge2m ; i

leg

L]
02 &4 6§ 0 10 12 14 19 1820

Vg - POSITIVE POWER SUPPLY (V)

~ Logic Threshold Voitage vs _

. Temperature . -
g T

e M ‘

< 1 P

S 14

s v I~ -
-3

;u N
= 1

o

gu

o s

g

z

[

Pl |

~5§ =37-19.-1 17 35 S3I 11 9 107125
Ta - TEMPERATURE ('C)

Typical Power Supply
Current vs Temperature

2 IRt 8r7s RiGH OF Low
18 HhacimA]

—

(7] feg
54
49
10

7} fee
18
0

POWER SUPPLY CURAENT {mA}

50 0 st 1w a0
TEMPERATURE (°C)

Reference Input
Frequency Response

]

] I
¢
o a 1]
0

CRIN N

=

RELATIVE QUTPUT (4B}

0.1 [ &1 1 k] 10
1= FREQUENCY (MH2)
TL/H/5687-5

Unless otherwise specified: R14 =
R15 = 1 kfl, C = 15 pF, pin 16 to
Vee: Ry = 500, pin 4 to ground.
Curve A: Largae Signal Bandwidth
Method of Figure 7, VRer = 2 Vp-p
offset 1 V above ground.

Curve B: Small Signal Bandwidth
Method of Frgwre 7, R = 2500, VREer
= 50 mVp-p offset 200 mV above
ground.

Curve C: Large and Small Signal
Bandwidth Method of Frgure 9 (no op
amp, R = 50M), Rg = 509, VRer =
2V, Vg = 100 mVp-p centered at OV.
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DAC0808/DACUBLY/VACUBUS

Test Circuits
v .
3 . Vi and |4 apply to inputs A1-A8.
3 ‘ The resistor tied to pin 15 is to temperature compensate the
. B bias current and may not be necessary for all applications.
"oy aer A2 A3 A4 A5 A6 A7 | A
AIO—:- ts an |0=K(A—1+-"‘+— Ad Ao RS _+_£)
40— ) 2 4 8 16 32 64 128 256
oGiTaL | MO—4 gactm
weuTs “OT:' SEMES . where K.= Vaer
::glﬂ adreur R14
ol - and Ay = 1" if Ay is at high level
O 3 An = “0"if Ay is at low level
+
”'I |“I e
= vee TL/H/5687-6
FIGURE 3. Notation Definitions Test Circuit (Note 7)
“se
Al
.—_()—n e
EE—C.: | ST
'_—‘"—0"‘:‘ CO:J:I:’(I
as " —Om=y 070 14V OUTPUT
"1 = b ] (l:'o.mn :
—'_OE‘ v /. -
S S
o Al
™ AS A1ALL AT
Vuu.il'l S
3
—o- o4
=0 O-T
O~ OT
—c-
.08 2] v fo
“ 10
po o
12
e ———ta
iss :
P8l
Ww 4
Vee TL/H/S687-7
FIGURE 4. Relative Accuracy Test Circuit (Note 7)
v
LA S & R 24 h
" ( \ 14V
— IAV—/ \—-
= s Ve LUTR U 4L
] " " LIV ey CLAMP LEYEL -
f= O AAA—
1 L. Seaer st Tom
n " w | Tu.f . :(':v(l;ll:ur:'
= OACSSSE e — 5:“ =
:: sehus | 4. FOR SETTUING TiME ¢ + -m-rvi
o o % —o O GefiCh0 LW FO MO Yo se
12 0 -T_""""
= = l = r—
3 1ok .. TRANSIENT k a0
b NS (LOW CAPACITANCE, nesronse P4 1B oN0
_E' i FAST RECOVERY DIODG} ] ’—-hn _—l -
= Vee = TL/H/5687-8

FIGURE 5. Translent Response and Settling Time (Note 7)
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Test Circuits (continued)

Ve

DACO808

]
SCOPE 7 A

C SLEWING

Vee
R4 =2 AlS
13
] 1 i I
Al 0—-. ‘Vng; J_L
R14
A2 O—
7 18 RS
A3 Qi
] 2
a4 0—
DACOS0S
A5 O~—
10 4 = To "L
en
A7 O—
12 16
A8 O~ —O] AL

SEE TEXT FOA VALUESOF C

TIME
a1y
d Ay dt Vee
TL/H/5687-10
. . = 5. FIGURE 7. Positive Vggr (Note 7)

FIGURE 6. Reference Current Siew Rate Me.asurement (Note 7)

o Vee e

.t

R14 2 A15

*

g{ DACOSGS

.

SEE TEXT FOR VALUES OF C

Vee
TL/H/S687~11
FIGURE 8. Negative Vper (Note 7)

Appiication Hinfs

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voitage 1o a current, and a turn-around
circuit or current mirror for feeding the ladder. The reference
ampidiar input currrent, 144, must always flow into pin 14,
regardless of the set-up method or reference voltage potarity.
Connections for a positive voltage are shown in Figure 7.
The reference voltage source supplies the full current 144,
For bipolar reference signals, as in the multiplying mode,

fig
a1e
VREF
7 l'u
15]

5
A O— Lo e
X% : ) When Vg =0, 114 = 20mA
Al O—'- )
A4 O—t opacoses |13 VREF- . Vs

9 —O V Vo= — + == AlR
#50— SERIES et <l Bar-ryy Rs ) 0
a6 O—
s ,
A8 O— —O Vg . L.

4 .

iy

: o

TUHIS687-12
FIGURE 9. Programmable Gain Amplifier or
Dlgital Attenuator Clrcuit (Note 7)

R15 can be tied to a negative voltage corresponding to the
minimum input level. It is possible to eliminate A15 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 kQ2, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Vgg or
ground, but using Vgg increases negative supply rejection.

3-21

90800vQ/.0800vQ/80800VA



e

DAC0808/DAC0807/DAC0806

Application Hints (Continued)

A negative reference voltage may be used if R14 is ground-
ed and the referenca voltage is applied to R15 as shown in
Figure 8. A high input impedance is the main aavantage of
this method. Compensation involves a capacitor to Vgg on
pin 16, using the values of the previous paragraph. The neg-
ative reference voltage must be at feast 4V above the Veg
supply. Bipolar input signals may be handled by connecting
R14 to a positive reference voltage equal to the peak posi-
tive input leve! at pin 15.

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V sup-
ply which drives logic is to be used as the reference, R14
should be decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 uF to ground. For reference voltages greater than 5V, a
clamp diode is recommended between pin 14 and ground.

It pin 14 is driven by a high impedance such as a transistor
current sourcs, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to ‘a range of —0.55 to
0.4V when Vgg = —5V dus to the current switching meth-
ods employed In the DAC0808.

The negative output voltage compliance of the DAC0808 is
extended to — 5V where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 k) between pin 4 and ground will
yield a voitage output of 256 levels between 0 and
—4.980V. Floating pin 1 does not affect the converter
speed or power dissipation, However, the value of the load
resistor determines the switching time due to increased volt-
age swing. Vaiues of Ry, up to 5000 do not significantly
affect performance, but a 2.5 kQ load increases worst-case
settling time to 1.2 ps (when all bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than -8V,
due to the increased voltage drop across the resistors in the
reference current ampiifier,

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift, Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DAC0808 is essentially constant with temperature due to

the excellent temperature tracking of the monolithic resistor
ladder. The reference current may drift with temperature,
causing a change in the absolute accuracy of output cur-
rent. However, the DAC0808 has a very low full-scale cur-
rent drift with temperature.

The DAC0808 series is guaranteed accurate to within + Vs
LSB at a full-scale output current of 1.892 mA. This corre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LS8 (8 pA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1
mA, allowing some mismatch in the NPN current source
pair. The accuracy test circuit is shown in Figure 4. The 12.
bit converter is calibrated for a full-scals output current of
1.992 mA. This is an optional step since the DAC0808 accy.
racy is essentially the same between 1.5 and 2.5 mA. Then
the DACO08B08 circuits’ full-scale current is trimmed to the
same vaiue with R14 so that a zero value appears at the
eror amplifier output. The counter is activated and the error
band may be displayed on an oscilloscope, detected by
comparators, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of +14 of one part in 65,536 or +0.00076%,
which is much more accurate than the +0.019% specifica-
tion provided by the DAC0808.

MULTIPLYING ACCURACY

Tha DAC0808 may be used in the muttiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference current in the multiplying
mode ranges from 16 pA to 4 mA, the additional error con-
tributions are less than 1.6 pA. This is well within 8-bit accy-
racy when referred to full-scale,

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DACO0808 is monotonic for alf values of reference current
above 0.5 mA. The recommended range for oparation with
a DC reference current is 0.5 to 4 mA.

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which corresponds 10 a low-to-high transition
for all bits. This time is typically 150 ns for settling to within
+ 4, LSB, for 8-bit accuracy, and 100 ns to ¥, L.SB for 7 and
6-bit accuracy. The tum OFF js typicaly under 100 ns.
These times apply when Ry < 5000 and Co < 25 pF.
Extra care must be taken in board layout since this is usually
the dominant factor in satlsfactory test results when mea-
suring settling time. Short leads, 100 uF supply bypassing
for low frequencies, and minimum scope lead length are all
mandatory.
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ﬂNational Semiconductor

ADC0808/ADC0809 8-Bit uP Compatible A/D Converters

with 8-Channel Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compati-
bie control logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channe! muitiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero and full-
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

Features

® Easy interface to all microprocessors

u Operates ratiometrically or with 5 Vpg or analog span
adjusted voltage reference

® No zero or full-scale adjust required

= 8-channel multiplexer with address logic

o OV to 5V input range with single 5V power supply

m Outputs meet TTL voitage level specifications

& Standard hermetic or molded 28-pin DIP package

m 28-pin molded chip carrier package

m ADCO0808 equivalent to MM74C949

| ADCO808 equivalent to MM74C948-1

The design of the ADCO80B, ADC0B0S has been optimized  1<€Y Specifications '
by incorporating the most desirable aspects of several A/D % Resolution 8 Bits
conversion techniques. The ADC0808, ADC0809 offers high ~ ® Total Unadjusted Error £, LSBand +11SB
speed, high ‘accuracy, minimal temperature dependence, = Single Supply \ 5 Vpg
excellent long-term accuracy and repeatability, and con-  m Low Power 15 mW
sumes minimal power. These features make this device g Conversion Time 100 us
ideally suited to applications from process and machine
control to consumer and automotive applications. For 16-
channel multiplexer with common output (sample/hold port)
see ADC0816 data sheet. (Sea AN-247 for more informa-
tion.)
Block Diagram
START cLock
NN\ PSR SR S |
| EXD OF CORVERSION
o | conrRoLaTIMING | T axttrauen
| l
= | l ; (
o= §cHANNELS } |
1 ANALOG INPUTS — MuLTIRLEXING |
o] sWTCHES SAR. {
I COMPARATOR ' ™ :
b | sare® (o
— | amr [ fesromn
~ { I tusfen O
0 [ ! -
: SWITCH TREE !
g {
3-3IT ADORESS ~| Ol AGORESS L - {
San LATCH ] i i :
AODRESS 0t n:n:::n |
LATCHENARLE 154R RESISTON LAODER ! See Ordering
1 1 l—:— _;_l information
o1
Voo GND AEKe REF(-) QUTPUT
ENABLE
TUH/5672-1
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ADC0808/ADC0809

Absolute Maximum Ratings (otes 182
It Milltary/Aerospace specified devices are required,
please contact the National Semiconductor Safes
Oftice/Distributors for availability and specifications.

Supply Voitage (Vcg) (Note 3) 6.5V

Voltage at Any Pin —0.3Vto (Ve +0.3V)
Except Control Inputs

Voltage at Control Inputs —0.3Vto +15V

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
Storage Temperature Range -65°Cto +150°C

Package Dissipation at T4 =25°C 875 mwW
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 11) 400V

Electrical Characteristics

Operating Conditions (otes 142

Temperature Range (Note 1) TMINSTAS Tmax
ADCO0808CJ ~55°C<Ta< +125°C
ADC0808CCJ, ADCOBOSCCN,

ADC0809CCN —40°C<TaA< +85'C
ADC0808CCV, ADC0809CCV -40°C < Tp < +85C
Range of Vg (Note 1) 4.5Vpct0 6.0 Vpe

Converter Specifications: Voc=5 Vpc=Vaer+. VRer(-y=GND, Tmin<TaASTiax and fo =640 kHz unless otherwise

stated.
Symbol Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C 371 LSB
{Note 5) Tauin to Timax EA Ls8
ADCO0809
Total Unadjusted Error 0°Cto 70°C +1 LSB
(Note 5) Tain to Tmax 1Y, LS8
" Input Resistance From Ref(+) to Ref(—) 1.0 2.5 kQ
Analog Input Voltage Range | (Note 4) V(+) or V(—) GND-0.10 Vee+0.10 Voc
VREF(+) Voltage, Top of Ladder Measured at Ref(+) Vec Veg+0.1 \
v Y N T ]
R—EFEPZ'—RE—F(—I Voltage, Center of Ladder Vee/20.1 | Vees2 | Veo/2+01 | v
LN
VREeF(-) Voltage, Bottom of Ladder Measured at Ref(~) -0.1 0 v
hn Comparator Input Current fo =640 kHz, (Note 6) -2 +05 2 pA

Electrical Characteristics

Digital Levels and DC Specifications: ADC0808CJ 4.5VIVee<6.5V, —55°C<Ta< +125°C unless otherwise noted
ADCO0808CCJ, ADCO808CCN, ADCOB0BCCV, ADCO809CCN and ADCO809CCY, 4.75 SVeo<5.25V, ~40°C<Tpo< +85°C un-

less otherwise noted -

Symbol I Parameter - l Conditions l Min Typ I Max Units
ANALOG MULTIPLEXER
IOFF(+) OFF Channel Leakage Current Vec=5V, Vin=5V,
Ta=25°C 10 200 nA
Tumin 10 Tmax 1.0 BA
lofF(—) OFF Channel Leakage Current Vee=5V,ViN=0,
_ Ta=25'C —200 ~-10 nA
Tmin to Tmax -1.0 pA
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Electrical Characteristics (continued) Ce
pigital Levels and DC Specifications: ADCO808CS 4.5V<Vco<5.5V, ~55°C<Ta<+125°C unless otherwise noted
ADCOB08CCJ, ADCOB0BCCN, ADC0808CCV, ADCO809CCN and ADCOBOSCCYV, 4.75<Vcc$5.26V, —40°C<TAS +85°C un-
less otherwise noted - . - e
Symbol ! Parameter Conditions ] Min ] Typ l Max Units
CONTROL INPUTS
VinNGY) Logical “1" Input Voltage Veg—1.5 Vv
Vin() Logical “‘0" input Voltage 1.5 \'
ING) Logical “1" Input Current Vin=15V . L0 pA
{The Control Inputs}
N Logical 0" input Current Vin=0 -1.0 pA
(The Control Inputs)
Ice Supply Current 3 fou =640 kHz 0.3 3.0 mA
DATA OUTPUTS AND £0C (INTERRUPT)
VouT() Logical “1" Output Voltage lo=—360 pA Veo—0.4
VouTo) Logical *‘0" Output Voltage - lo=16mA / 7045 \
VouT Logical “0" Output Voltage EGC lo=12mA : 0.45 v
lout TRI-STATE Output Current Vo=5§V \\ 3 pA
Vo=0 -3 Y BA

Electrical Characteristics
Timing Specifications Vcc = VRer(+) =5V, VRer(~)=GND, t,=1=20 ns and T4 =25°C unless otherwise noted.

Symbol Parameter Conditlons Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
tWALE Minimum ALE Pulse Width (Figure 5) 100 200 ns
s Minimum Address Set-Up Time (Figure 5} 3 25 50 ns
ty Minimum Address Hold Time (Figure 5) 25 50 ns
o Analog MUX Delay Time Rg=0Q (Figure 5) 1 2.5 nS
From ALE
tH1, tHo OE Control to Q Logic State C =50 pF, Ry = 10k (Frgure 8) 125 250 ns
tiH. toH OE Contro! to Hi-Z Cy =10 pF, R =10k (Figure §) 126 250 ns
te Conversion Time fo =640 kHz, (Figure 5) (Note 7) 90 100 116 nS
fe Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) 0 8+2uS Clock
Periods
Cin Input Capacitance At Control Inputs 10 15 pF
Cout TRI-STATE Output At TRI-STATE Outputs, {Note 12) 10 15 pF
Capacitance
Note 1: Ab Maxi Ratings indi fimits beyond which damage to the device may occwr, DC and AC slectrical spacifications do not apply when operating
the davice beyond its specified operating conditions.
Note 2: All gos are d with respect 10 GND, untess othewise specified.

Note 3: A zener diode exists, internalty, from Vo to GND and has a typical breakdown voltage of 7 Voc.

Note &: Two on-chip diodes are tied 1o each analog input which will forward conduct for analog input voltages ons diode drop below ground of one diode drop
greater than the Voen supply. The spec aflows 100 mV forward bias of sither dioda. This means that as long as the analog V)N does not exceed the supply voltage
by more than 100 mV, the output code will be comect. Ta achisve an absolute OVpc to SVpe wiput voltage range will therefore require a minimum supply voitage of
4.900 Vpg over . rlati initial and loading.

! Note §: Total unadjusted error inciudes offset, full-scale, linearity, and mudtinlexer emors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust.

However, it an ail zero code is desired for an analog input other than 0.0V, or if a namow full-scale span axists ({or example: 0.5V o 4.5V tull-scale) the reference
voltages can bo adjusted to achieve this. Sde Figure 13.

Nots 8: Comparator input current is & bies current into or out of the pp itized L The bias current varies directly with clock frequency and has
fittle temperature dependence (Figure 6). See paregraph 4.0.

Nots 7: The cutputs Of the data register are updated one ciock Cycle befors the rising edge of EOC.

Note 8: Human body model, 100 pF dischanged through a 1.6 kAl resistor,

e
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ADC0808/ADC0809

Functional Description
Multiplexer. The device contains an 8-channel single-end-

ed analog signal multiplexer. A particular input channel is *

selected by using the address decoder. Table | shows the
input states for the address lines to select any channel. The
address is tatched into the decoder on the low-to-high tran-
sition of the address latch enable signal.

TABLE |

SELECTED ADDRESS LINE
ANALOGCHANNEL | ¢ | B | A
INO L ||t

IN1 L | L | H

IN2 L H L

IN3 L { H | H

N4 JH L | L

INS H| L | H

ING H | H | L

IN7 H | H|H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its 8-
bit analog-to-digital converter. The converter is designed

to give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the succes-
sive approximation register, and the comparator. The con-
verter's digital outputs are positive true.

The 256R ladder netwerk approach (Figure 7) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Menotonicity is particularly important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be.catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voitage.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + 14 LSB
and succeeding output transitions occur every 1 LSB later
up to fuli-scale.

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voitage. For any SAR type
converter, n-iterations are required for an n-bit converter.

Figuré 2 shows a typical example of a 3-bit converter. In the ~

ADCO0808, ADC0809, the approximation technique is ex-
tended to 8 bits using the 256R network.

CONTROLS FROM S.A.R,
1

REF{H) Oy

"\
|

1%4R

256R

AR

N
N—

10
) =~ COMPARATOR
INPUT

REF(~} Ouoeerd

T/ H/5672-2

FIGURE 1. Resistor Ladder and Switch 1ree
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Functional Description (Continued)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion puise. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EQC) output to the SC input. If used in this
mode, an external start conversion pulse should be applied
after power up. End-of-conversion will go low between O
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
uitimate accuracy of the entire converter. It is also the

EYE

110 {DEAL CURVE

+
Le-FULLSCALE
-4 ERAOR= 172158

Lo NONLINEARITY = 172 LSB

P

NONLINEARITY = -1/21S8 . |

A/D OUTPUT CODE

ZERO ERROAR=-1/4LSB * .

000 L
0 18 23 I3 4 5B A I
ViN AS FRACTION OF FULL-SCALE

Vin

FIGURE 2. 3-Bit A/D Transfer Curve

numnzmn{ | i

ERROR

INPUT OV
VOLTAGE

comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabilized comparator
provides the most effective method of satisfying all the con-
verter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed throught a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.

INFINITE RESOLUTION
1 PERFECT CONVERTER
1o 4112158 1DEAL 3-81T CONVERTER
w ToraL_y . P
S 11 | uwAnjusTED™ T S
.ERROR |
5 19 . -1158
£ ABSOLUTE
3 m ACCURACY
o
I m ~1/2158 :
: QUANTIZATION
0a1 ERROR 1

000 Vin
U3 12 2838 4R SR G IR

Vin AS FRACTION OF FULL-SCALE

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE

- FULL
SCALE

TL/HI5672-3

FIGURE 4. Typical Error Curve
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ADC0808/ADC0809

Connection Diagrams

‘Duai-in-Line Package

N3 =1 28—z
N4 —{2 2711 .
. INS=—{3 260
N6 —] 4 25— ADD A
' n7—{s 24400 8
START 6 23}—A00 ¢
toc—7 22}—ALE
- 2"5s 21-2""usg
OUTPUT ENABLE —{9 204-2"2
cLocK —10 194—2"3%
Vo1 18274
Voer (#) 12 174-2"4sg g
GND—{13 16 f—Vper (=)
2771 154—2"6
& TL/H/5672;11
Order Number ADC0308CCN, ADCO809CCN,
ADC0808CCJ or ADC0808C.
Package J28A or N28A

See NS

Timing Diagram o
Ay

i

Molded Chip Carrier Package

< a o |
3889LUL
I R Y Y I
25 24 23 22 21 20 19
INO =326 . 1824 . .
!NI'— 27 72
N2 a8 ) BT = Veer (=)
N3y ) A5f=—2"8 .
Nefo - 14}=2"7
NS f 3 13§=GND
IN6 =44 12}=Veer (+)
NS5 6 7 8 5 10 11
P T T
™~ = O w Wy
2580488
& z3
5
3
o
" B N TUH/5872-~12
Order Number ADC0808CCV or ADC080SCCV
See NS Package V28A .

.

- .
CLOCK I I | I l | I I l I -

STARY sox 4 sox
ws—i £
ALE m-[ 0%
Aw, ! -l
% ae—| ! - 7
STABLE ADDRESS
:* \
ADDRESS 0% +sox i
R e %
sansog : stans 1}\/
<]
[%1]
COMMARATOR T A X
Ut I
(NTERKAL NODE) :
A .,,_jj
outryr P / \
ExARLE
foc

,,,_.._
o
-4

TRISTATE
summ ———_——-—-——_-—-D—

FIGURE S

TL/H/5672-4
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Typical Performance Characteristics

15 T
fe = 1200 kHz

oA

TYPICAL Iy (uA}
=

f = 640 kHz
-05 Pad
-1 I = 1200 kHz
s |
] 125 25 35 5

Vin V)

FIGURE 6. Comparator ljy vs Vij
(Vec=Vrer=5V) .

ts tHe t4, CL =10 pF

<
o
©

QUTPUT
ENABLE

TRI-STATE Test Circuits and Timing Diagrams : ‘

Ta=85C

L} 125 25
Vi (V)

(L

TYPICAL Rgy (ki)

L
TL/H/SET2-5

FIGURE 7. Multiplexer Roy vs Vi
(Vec=Vrer=5V)

tu1, CL=50 pF

90%
S0%

QUTPUT o
ENABLE

oL 10k
|, ouTPUT

i— _ o

fl1o%
l‘-—-tm 04
Vo 90% :
50X

FIGURE 8

toms tHo ton, Cp =10 pF’ tho, CL="50 pF
Vee Voo 4 "
vee
SUTPUT 90% 90%
10 ENABLE 0% 50%
GNO _—q—_-]‘ %1 10%
oUTPUY o
! ENABLE a f=—10H tHO
.
: { Vop —————
i Cg cC
l I— . ouTRUT / 50%
* —e - 10%
= = Vo
TL/H/5872-6
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ADC0808/ADC0809

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADC0809 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. !n ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scale which
is not necessarily related to an absolute standard. The voit-
age input to the ADC0808 is expressed by the equation

Vin__ Dyx
Vis=Vz Dmax—Dmin
Vin=Input voitage into the ADC0808
Vis =Full-scale voltage
Vz=Zero voltage
Dx=Data point being measured
Dpax = Maximum data limit
Dpyin = Minimum data limit

A good example of a ratiometric transducer is a potentiome-
ter used as a position sensor. The position of the wiper is
directly proportional to the output voltage which is a ratio of
the full-scale voltage across it. Since the data is represent-
ed as a proportion of full-scals, reference requirements are
greatly reduced, eliminating a large source of error and cost
for many applications. A major advantage of the ADC0808,
ADCO809 is that the Input voltage range is equal to the sup-:
ply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the multiplexer inputs, (Figure 9).

m

< . ¢
Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; however,
many types of measurements must be referred to an abso-
lute standard such as voltage or current. This means a sys-
tem reference must be used which relates the full-scale
voltage to the standard volt. For example, i
Veeo=VRer=5.12V, then the full-scale rangs is divided into
256 standard steps. The smallest standard step is 1 LSB
which is then 20 mv. .

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into 8 times in & conversion. These voltages are
coupled to the comparator via an analog switch tree which
is referenced to the supply. The voltages at the top, center
and bottom of the ladder must be controlled to maintain
proper operation.

The top of the ladder, Ref(+). should not be more positive
than the supply, and the bottom of the ladder, Ref(—),
should not be more negative than ground. The center of the
ladder voltage must also be near the center of the supply
because the analog switch tree changes from N-channel
switches to P-channel switches. These limitations are auto-
matically satisfied in ratiometric-systems and can be easily
met in ground referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply must
be timmed to match the reference voltage. For instance, it
a 5.12V is used, the supply should be adjusted to the same
voltage within 0,1V.

Vee
) l [_. REFI4)

4
£

*
Z

REF(~}
GND

Mss
DIGITAL
0UTPUT
Qout PROPOATIONAL
TO ANALOG
INPUT
ViIN _ Vin
Lss ——
Gour= VRer Vco
478V < Voo =VaersS.2sv

|||—>—l

ADCOS0t

* Ratiometric transducsrs
TL/H/56872-7

FIGURE 9. Ratlometric Conversion System
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Applications Information (Continued)

The ADCO808 needs iess than a milliamp of supply current
g0 developing the supply from the reference is readily ac-
complished. In Figure 17 a ground referenced system is
shown which generates the supply from the reference. The
tuffer shown can be an op amp of sufficient drive to supply
<he milliamp of supply current and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12.
The LM301 is overcompensated to insure stability when
loaded by the 10 uF output capacitor. :

%1

The top and bottom ladder voltages cannot. exceed Voo
and ground, respectively, but they can be symmetrically less
than Vg and greater than ground. The center of the ladder
voltage should always be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., size of
the LSB steps decreased) by using a symmetrical reference
system. In Figure 13, a 2.5V reference is symmetrically cen-
tered about Voc/2 since the same current flows in identical
resistors. This system with a 2.5V reference allows the LSB
bit to be half the size of a 5V reference system.

FIGURE 10, Ground Referenced

Conversion System Using Trimmed Supply

v Vee
VREF < REF(+}
VREF(+) O— la7
Vin{ O o
Ot l,:q
r— AEF(-)
&—{ GNO

ms8

Sour

LS8

AQCCS08

Vee
SUPPLY Vee
MSB
VRer REF(+) DIGITAL
. ouTPUT
Ut REFERENCED
O—{ w7 10
vindo— ¢ GROUND
L]
o Ino
I— REF(-) Ls8 "
» GND Qoytr = %F
S ociie 475V € Veg = Veer S 5.25V

DIGITAL OUTPUT
REFERENCED TO
GROUND

Vin
VRer
4.75V < Veg = Vpgr < 525V

TUH/IS672-8

FIGURE 11: Ground Referenced Conversion System with
Reference Generating Vcc Supply
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ADC0808/ADC0809

Applications Information (continveq)

19-15Vpg

LM3298

€

1000 pF

REF(+)

+ 10uF
- seLie

l TANTALUM
“@——Pp- GND

—
—
)

REF{~)

FIGURE 12. Typical Reference and Supply Circuit

sV
o )
N | Vee
375V nerla) Ms8
a7
L
= # DIGITAL UTPUT
. PROPORTIONAL TO
y Saur ANALOG INPUT
) 1.25V S VN < 375V
< tng
L=cLE PP
25v
REFERENCE Rg Lse
GNO Ra=fg
‘Ratiometric transducars
: TL/H/5672-9
FIGURE 13, Symmetrically Centered Reference
3.0 CONVERTER EQUATIONS 4.0 ANALOG COMPARATOR INPUTS

The transition between adjacent codes N and N+ 1 is given
by:

N 17,
Vin= {(VREF(J-)_VREF(-)’[ZE“‘EE] —VTUE} +Vagr-) (2)

The center of an output code N is given by:
N.
Vin { (Vnssu)-VnE;(—))[;gg} tVTuE} +VRer(-) @

The output ¢ode N for an arbitrary input are the integers
within the range:

Vin—Vaer(—
NN TREF(S) 556+ Absolute Accuracy @
VREF(+)~ VReF(-)

where: Vi = Voitage at comparator input
VREF(+)=Volitage at Ref(+)
Veer(— y= Voltage at Ref(—)
VTue = Total unadjusted error voltage (typically
VREF(+)+512)

The dynamic comparator input current is caused by the peri-
odic switching of on-chip stray capacitances. These are
connected alternately to the output of the resistor ladder/
switch tree network and to the comparator input as parnt of
the operation of the chopper stabilized comparator.

The average value of the comparator input current varies
directly with clock frequency and with Vin as shown in Fig-
ure 6.

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

It input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. It will then take on the character-
istics of a DC bias current whose effect can be predicted
conventionally,

2-60
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© Typical Application

’

READ

ADGRESS
DECOOE
(AD4-AD15)*

SV SuPPLY (E

GROUND "=

500 kHz =] CLX 0 J I :
5,000V == VReg(s) £0C INTERRUPT
0.000V ~—~4VReF(-)
2~V p—p 087 ms8
START 2= ——p 088
ALE 2-3 p——=p> 085
24— 084
ADQ~— A 2-5 p——sp> 083
A~ Adcoes 7t f——0m2
AD2—{C 2-1}——p 081

7-$ p———>p> 080 LS8

Vee | 7= Vind
IGND .
-5V
< ANALOG
INPUT RANGE
e
o Vin 1

*Address latches needed for 8085 and SC/MP interfacing the ADCOB08 to a microprocessor

MICROPROCESSOR INTERFACE TABLE

INTERAUPT

TL/H/5672-10

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
Z-80 RD WR INT (Thru RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMA*$2eR/W | VMAepeF7W | TRQOA or IRQE (Thru PIA)
Ordering Information
TEMPERATURE RANGE —40°C to +85°C —~55'C to + 125°C
Emor | % VaLSBUnadjusted | ADCO80BCCN ADCO808CCV ADC0808CCJ ADC0808CJ
+1LSB Unadjusted | ADCO808CCN ADCO809CCV
Package Outline N28A Molded DIP { V28A Molded Chip Carrier | J28A Ceramic DIP | J28A Ceramic DIP
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SIEMENS

1

Phase Control IC.

Features

@ Reliable recognition of zero passage
© Large application scope

@ May be used as zero point switch

® LSL compatible

® Three-phase operation possible (3 ICs)

@ Output current 250 mA
@ Large ramp current range
@ Wide temperature range

L3

TCA 785
Bipolar IC

P-DIP-16-1

Type Ordering Code

Package

TCA 785 Q67000-A2321

P-DIP-16-1

This' phase control IC‘is intended to control thyristors, triacs, and transistors. The trigger pulses
can be shifted within a phase angle between 0 and 180 . Typical applications include
converter circuits, AC controllers and three-phase current controllers.

This IC replaces the previous types TCA 780 and. TCA 780 D.

’EEz 15D02
[ #{]o1
S0 BUL

Ve []5 2] ¢,

a (] 0[] Co

1 IEP003S6

Pin Configuration
(top view)

Semiconductor Group

Pin Definitions and Functions

Pin Symbol | Function’

1 GND Ground

2 Q2 Output 2 inverted
3 QU Output U

4 Q2 Output 1 inverted
5 Vsyne Synchroncus voltage
6 ! inhibit

7 QZ Output Z

8 V Rer Stabilized voltage
9 Re Ramp resistance
10 Cio Ramp capacitance
11 Vi Control voltage

12 Ci2 Pulse extension
13 L Long pulse

14 Q1 QOutput 1

15 Q2 Qutput 2

16 Vs Supply voltage

—

0Q Q4



SIEMERS TCA 785

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage Vs). A zero vcltage detector evaluates the zerc passages and transfers them to the
synchronization register. ’

This synchronization register.controls a ramp generator, the capacitor Cio of which is charged
by a constant current (determined by Rs). If the rédmp voltage Vio exceeds the control voltage
P (triggering angle o), a signal is processed to the logic. Dependent on the magnitude of the
control voltage ¥11, the triggering angle ¢ can be shifted within a phase angle of 0 to 180 .

For every half wave, a positive pulse of approx. 30 us duration appears at the outputs Q 1 and
Q 2, The pulse duration can be prolonged up to 180 via a capacitor Crz. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180 will result.

Outputs UT and W2 supply the inverse signals of Q 1 and Q 2.

A signal of ¢ +180 which can be used for controlling an external logic,is available at pin 3.
A signal which corresponds to the NOR link of Q 1 and Q 2 is available at output Q Z (pin 7).
The inhibit input can be used to disable outputs Q1, Q2and TT A T2 .

Pin 13 can be used to extend the outputs ¥T and W2 to full pulse length (180 — ?).

¥
i . —
" =‘=Pulse
. Extension
E L12
¢ 5
' Vse [> Synchron. 1%
A3 Register Q1
Detector 4 K
E )l v 15
16 ' Q2
s 8 fischarge Logic |2 | —
T Q2
A+ . |Monitor ]
= . > Qu
- } - De | T o 0z
PO |
Controt
1 Comparator
GND
: l ;’Téa |
1 Discharge
9 8 10 1 Transistor 5113
- : - V11 ' .. -
R Voo Comm= (= Control Inhibit Long-Pulse
? stab -0 —/Voltage Commutation
_J_. IEB00358

Block Diagram

Semiconductor Group 2



SIEMENS TCA 785

Synchronization voltage

Vio Ramp peak voltage
Y40 Ramp voltage

N
A
\

Vi1 Control voltage

| !
l-/‘l' #‘7, !“/! Vig Min. ramp voltage =V
ﬂ | | ,-I oV
| : 1 : | L
R L TN,
I 1 B L
l l | ! Vis- Q2, Pin 1210 GND

Vie- Q1,Pin 1210 GND

4

V, - Q2, Pin 1310 GND

= -

T

-

Vi » Q1,Pin 1310 GND

___._F____ L

|

I

i
3
R

1ED00353

o —
< —-—
o]
Q

Pulse Diagram
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SIEMERNS TCA 785
}
Absolute Maximum Ratings
3
Patameter Symbol Limit Values Unit
min. max.

Supply voltage Vs -0.5 18 \
Output current at pin 14, 15 Ia - 10 400 mA
Inhibit voltage Vs -0.5 Vs A2
Control voltage Vi1 -0.5 Vs \Y
Voltage short-pulse circuit Vis -0.5 Vs \%
Syrichronization input current Vs —200 + 200 uA
Out_put voltage at pin 14, 15 Va Vs V
Output current at pin 2, 3, 4, 7 Ia 10 mA
Output voltage at pin 2, 3, 4, 7 Va Vs V
Junction temperature g 150 C
Storage temperature Teg -85 125 C
Thermal resistance .
system - air R sa 80 KW
Operating Range
Supply voltags . Vs 8 18 A
Opérating frequency f 10 500 " Hz
Ambient temperature Ta -25 85 C
Characteristics
831{s518v;—25 C<Ta<85 C; f=50Hz
Parameter Symbol Limit Values Unit| Test

| min. typ. max. Circuit
Supply current consumption Is 4.5 6.5 10 mA |1
S1.,. S6 open |
Vn=0V
C1wo =47 nF; Rs =100 kQ
Synchronization pin 5
Input current Is oms 30 200 pA |1
R 2 varied.
Offset voitage AVs 30 75 mV |4
Control input pin 11
Control voltage range Vi 0.2 V10 peak VvV 1
Input resistance R 15 ko |5

Semiconductor Group . 4



SIEMENS TCA 785

" Characteristics (cont'd)
8sVs<18V,;-25 C<Ta<85 C;f=50Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Ramp generator

Charge current Io 10 1000 pA

Max: ramp voltage Vio V2-2 vV |1

Saturation voltage at capacitor | Vio 100 225 350 mV {1.6

Rarip resistance ' Re 3 300 ka |1

Sawtooth return time i 80 us |1

inhibit pin 6

switch-over of pin 7

Outputs disabled Vst 3.3 2.5 AV

Outputs enabled ‘ Ven |4 3.3 vV o1

Signal transition time re 11 5 pus |1

Input current Jon 500 800 pA |1

Ve=8V

Input current . —JeL |80 150 200 pA |1

Ve=1.7V

Deviation of J1o JET -5 '3 % |1

R s = const.

Ve =12V, Cio=47 nF

Deviation of f10 J1o - 20 20 % |1

R 9 =const. N

Vs=8Vto 18V e

Deviation of the ramp voltage

between 2 following

half-waves, Vs = const. AV10 max =1 %

Longd pulse switch-over

pin 13

switch-over of S8

Short pulse at output Vian 3.5 2.5 Vo1

Long puise at output IZET8 2.5 2 AVARR I

Input current [13n 10 pA |1

Va=8V ’

Input current — I3 45 65 100 uA {1

Via=17V

Quiplits pin 2, 3, 4, 7

Reverse current Iceo 10 pA | 2.6

Va=Vs .

Saturation voltage Veat 0.1 0.4 2 vV |26

la=2mA o}

[

Semiconductor Group 5]



SIEMENS

TCA 785

Characteristics (cont'd)

8sVs<18V,~25 C<Ta<85 C;f=50Hz

Parameter

Symbol

Limit Values

min.

typ.

max.

Unit

Test
Circuit

Outputs pin 14, 15
H-output voltage

—Ia =250 mA

L-output voltage
la=2mA

Pulse width (short pulse)
S9 open

Pulsé width (short pulse)
with Ci2

o

Viansn

Vaans.

I

Vs =3

0.3

20

530

Vs—2.5

0.8

30

620

Vs —=1.0

40

760

us

us/

3.6

2.6

Interpal voltage control
Reference voltage
Parallel connection of
10 ICs possible

TC of reference voltage

Vrer

OREF

2.8

3.1

2x10-4

3.4

5x10~4

11/K

Samicenndiictar (Srovin



SIEMENS

TCA 785.

2
4

' Appﬁlication Hints for External Components
Ramp capacitance Cioc 500 pF
Triggering point

Charge current

] «
Pulse Extension versus Temperature

780

p.s/ nF
660

[ IO O S B Y
O TN 00 ThA ©
O O O O o o

Pulse Exlension ————=

240

* 00
L)

b))

-

[=2]
O O

I3 —40

e =

Lo =

Vi1 x Rs x C10

The minimum and maximum values of J1o
are to be observed

Ramp voltage VrRerx K xt 2
Vidwmax = Vs =2V  Vig =

Rox Cio

IEDCO360

=15V

C‘2= InF

~20

) Attention to flyback times

2K=110£20%

Semiconductor Group
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SIEMENS TCA 785

3

Output Voltage measured to + Vs

[EDO0361

3.7

35

13 15V ' A ‘

11 W
] . 7,

. 2.9 - =+
*”5'1’14/1527 -2-5 [_ -

i ' R
25— -+ - — - - = -———'%'4‘85 °C
23 — " 2 - = t
2.1 / I |
’ f
[ 19 - = i
175 ;
15 : i
|
1
|

=N
1"

t 1.3
11

0.2

0

0 100 200 300 400 mA 500

Supply Current versus Supply Voitage

¥

1ED00362
v 8.5
i mA L
7.9 s '_
Is A -257C
P
7-3 ’d
. |
6.7 | I KZS C
S SN Pk A N O O ‘lz
”
! ac e
6.1 iz 85 'C
1
P I
* G5 » 1 4
c !
. ]
4.9 ’
i
Y43 ;

8 10 12 1% 16 18V?20
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SIEMERNS TCA 785

lp==10nF
: - s
S9
L
Is
S0 Hz 1kQ (250 kR Zero )7
2 1k 5 Detector
{> Synchron. 1 6x10 k<
8 Vems #1 Ry Register . 501—0—:—'
==0.33 uf f *
's + 16 | T 15 |52 Vs
CEL T T 8 Discharge ] Logicj2 }S3
?100 nf | = . . A+ [Monitor N'e N
; .— = I i ‘L > l 7 1S5S
o Y
I @ —P@ +
E Control
11 Comparator
GND —' \l
fADischargo
9 18 10 11 Transistor 3
. .
| Iy} (Lo 0V to eS8
A e _’l v, N
Ay Q&S Rumﬁ) A 10 kQ | I
! i 10 kQ
: e AN $
i OVS VS VS OVS
E 1£500363

itis necessary for all measurements to adjust the ramp with
the aid of Ci0o and R s in the way that 3V< Vempmaxs Vs — 2 V
e.g. Cio=47nF; 18 V:Ra=47kQ; 8 V: Re= 120 kQ

¥

3

Test Circuit 1

3
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The remaining pins are connected as in test circuit 1

Test' Circuit 2

O 5

o—o—o—l——mcs
« |
L1

1ES00365

"

b

The remaining pins are connected as in test circuit 1

Test'Circuit 3
1

]

]
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SIEMENS | TCA 785

Vs/mV 75

1
A
0
75
Vel
0
—_— f

100 kR
X Pin§

kLE]SL_ [
N i 1

' Remaining pins are connected as in test circuit 1
The 10 uF capacitor at pin 5 serves only for test purposes

]
i
5

[ES00366

1kQ

i 1 22
}‘—:l——‘”—"l:}‘—’o <

i
Test Circuit 4
i
‘ -+
{ pin 3 5= Oscillator
| 1@
‘ | Pin 11
¢ ® -0 0S5V
]11 y
h— ]
ﬁ A 1£5003638
lESOO-3_6—7-
1
Test Circuit 5 Test Circuit 6
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7 kQ RSYNC
220 kQ
% 1N4005
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[] N\ ]47k9
BAY 61 .
_2 % % Te E
470 uF BAY 61| 150
3
== N XY |3 Bl }Z
16 V- BAY[BAY| TXC10
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0.22 uF 6 LK /Erm k2
2oy~ | DDV ) o
_8 Ji'n
22k

100 |47 pF
kR

X
h=)

1ES00373

App;Iication Examples

Triac Control for up to 50 mA Gate Trigger Current

L3

]

A phase control with a directly controlled triac is shown in the figure. The triggering angle of
the 'tnac can be adjusted continuously between 0 and 180 with the aid of an external
potentlometer During the positive half-wave of the line voltage, the triac receives a positive
gatd puise from the IC output pin 15. During the negative half-wave, it also receives a positive
triggier pulse from pin 14. The trigger pulse width is approx. 100 us.

Semiconductor Group
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Fully Controlled AC Power Controller
Circuit for Two High-Power Thyristors

Shown is the possibility to trigger two antiparalleled thyristors with one IC TCA 785. The trigger
pulse can be shifted continuously within a.phase angle between 0 and 180 by means of a
potentiometer. During the negative line half-wave the trigger pulse of pin 14 is fed to the
relevant thyristor via a trigger pulse transformer. During the positive line half-wave, the gate of
the second thyristor is triggered by a trigger pulse transformer at pin 15.
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Haif-Controlled Single-Phase Bridge Circuit with Trigger Puise Transformer and Direct

Control for Low-Power Th

yristors
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{alf-Controlled Single-Phase Bridge Circuit with Two Trigger Pulse Transformers for

.ow-Power Thyristors
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MAC223FP

) Series
MAC223AFP
nacs Series
scon Bidirectional Triode Thyristors ,
ggned primarily for full-wave ac control applications, such as lighting systems,
3;mro|s, motor controls and power supplies; or wherever full-wave silicon-gate- ISOLATED TRIACs
ed devices are needed. THYRISTORS
e Volt 800 Vol 25 AMPERES RMS
«sute Voltages 0 B0 101 200 thru 800 VOLTS

£ dlused and Glass Passivated Juncions for Parameter Uniformity and Stability
41 Rugged Thermowatt Construction for Thermal Resistance and High Heat
agcipation

_re Tnggering Guaranteed in Three Modes (MAC223FP Series) or

10t Modes (MAC223AFP Series)

" CASE 221C-02-

s STYLE 3
UM RATINGS
Rating Symbol Value Unit
certive Peak Off-State Voltage, Note 1 {Tg = —~401t0 + 125°C) VDRM Volts
25ine Wave 50 to 60 Hz, Gate Open
MAC223-4FP, MAC223A4FP . 200
MAC223-6FP, MAC223A6FP < 400
MAC223-8FP, MAC223A8BFP 600
MAC223-10FP, MAC223A10FP 800
sate RMS Current (Tg = +B0°C) Full Cycle Sine Wave 50 15 60 Hz, Note 2 T(RMS) 25 Amps
= Nonsrepetitive Surge Current (One Full Cycle, 60 Hz, Tc = 80°C, Tsm 250 Amps
sxeded and followed by rated current =
=1 Fusing (1 = 8.3 ms) 12 260 AZs
« Gat2 Fower (t = 2 us) - PGM 20 T Wans
+age Gate Power (Te = +80°C, t < 83ms) PGAVI 0% Wati
w Gate Current {1 < 2 ps) IGM 2 Amps
% Gste Voltage (t < 2 ps) VoM =10 Volts
_'Slsolation Voltage (TA = 75°C. Relative Humidity < 20%) Visol 1500 Volts
“#aung Junction Temperature T -401t0 +125 °C
“ige Temperature Range . . Tsig -40to +150 °C
nting Torque - 8 in/tb

1. Ratings apply for open gate conditions. Thyristor devices shail not be tested with 2 constant current soutce for blocking capability such that the

voltage applied exceeds the rated blockng voltage.

2L The case tempersiure reference point for all T¢ measurements is & point on the center lead of the package as close #s possible 10 the plastic body.
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NINYIAN 2530.

(2] DAUGLAS V. HALL , “MICROPROCESSORS AND INTERFACING” , SECOND
EDITION, PRINTED IN SINGAPORE , 1992.





