MIEAULLAINILANLDY A lof-Had dmsuszunaiugu

wazasvaduvuIums Iag 15 lu Insneuiunes

DESIGN OF PID-FUZZY CONTROLLER AND MONITORING

"PROCESS SYSTEM USING MICROCOMPUTER

e e
1Y
11g
U

T3l SAuIgns
BAYY  RATZUIURNT
NI UnnTAY

o~y =y Q"
JoSuns Bungns

widsn 9.1 &0, d5u0

.............................

A =) de o ] = [y =
YsganidwustidudruninvesmsanuaundngasdSyan

o=

AINTIURAAT N

AUIH IAINTIUMTIARN

aotiumn TuTadnwszrenmdudgammsaranszle

Ymsdnur 2538

037146



Waanfinus  Umsfinmn 2538

madv  maTulagnmsianunegaamnssy

MUV IAINTIUMIIAAUNNRATIMNTTY
- d

ANININTIUMEANT

AL s

Q) 3 ¥ ¥ L%
ﬁﬂ'l‘l]ulﬂﬂi‘lﬂﬁﬂﬂi&’%ﬂﬂlﬂﬁ] RIPUNHIIANANITLN

!?EN DESIGN OF PID-FUZZY CONTROLLER AND

MONITORING PROCESS SYSTEM USING

- — MICROCOMPUTER

Y o

Hanih
1. W 59 Saudgni 36012103
2. U1Y IBNFY  RATTIUAT 36012131
3. W DANY  UNAT AN 36013276

=y Q{

4. W J¥5uns dungni 36013304

St (2
................................................................. 019158N15nE

( 2158 dnse Fand )



d Qs < ~ 4; [ @
waveiseyaniinus msesnuuudImILguIUY #iled-lad dmsuszuunlugu

uazasrvgouvyIums laeldlulnsneufmes

=] ~ L2 Q" o

Inilag ww 5@ Saudgnd  lavilszdda 36012103

Y

W 1A%y aaszuns  mulseida 36012131
Wi NAWeY  unnsiey  avdsedida 36013276

W Jo5uns dungni  udlsziida 36013304

STAUMSANE Psyanimnssusnansiadia

MUIAINTTUMITARUNNYAAIMNITY

MAIT wa luTagmsIagunNgATIMATIY
= =]
Umsinn 2538

Jdy o d o a (4
o1 sEmugufSyaniinus o dnsen  Fand

UNfineo

Tassa misenuuuiamuguy flef-lad smfuszuumugumensiaeusuiy
mslagllulnsneuiiames aﬁuﬁtﬂumsﬁﬂumqyﬁ FUZZY CONTROL ifiel$mismsiimes
voandnanuquiled (PID CONTROLLER) lawiuerluTnsaoufiuaesildnuiilnaiunm
asruumsWmshoumuidens TaeldTlsunsdouiudansaldanidazan dede
msleasfinuansalunsaiuguye wiedinsudamadnieennluglvesianuias
wunsl  Selasenuiiansai iy iFnusunssuaumsity A1 Tsenu

Snvaizveamsnuguaszuaumstszneuludre Tnuanisaruguuuy PID Control ,
PID-FUZZY Control 1% Manual Control latthdganaduyniiihuussdunionssumnasigiu
wleaiiudygraftasaminnauds Idnadniuasdedygranivquaszuiunsiudygaus iy

2 < . g = 4
wionszuamangu samsulasdygrudmsulasanuiizldgunsalfieenuuuaiistuies
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ABSTRACT

Project - DESIGN OF PID-FUZZY CONTROLLER AND MONITORING PROCESS
SYSTEM USING MICROCOMPUTER is to apply fuzzy control theroy in finding PID Controller
parameter and using general micro computer to control process. The program written for the project is
designed for ease of use and ablity to control and can display output in both numeric and graphic format
which can be seen in general in factory 'process.

There are three types of control in the project : PID Control , PID-FUZZY Control and Manual
Control which can be either voltage or current input from sensor will be convert to digital signal for
calculation. The result signal will be converted back to either voltage or current to control the pro.cess.

The hardware for A/D and D/A was part of the design in this project.
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output U84 controller i input Y93 process Y138 control input (ci) (VST IWITOATNAY
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WUt lanaiifie

IF er = LNAND ce= LNTHEN ci=LP

OR

IF er = SN AND ce = SN THEN ci = SP

OR
o
°

[
nuwIneg: LN = Large Negative

SN = Small Negative
LP = Large Positive

SP = Small Positive



IF THEN
ERROR CHANGE OF ERROR CONTROL OUTPUT
SN LP ZE
A\ \

' ZE SP SN
i
4
JaR \\W.7358 J7iﬂ
CENTER OF GRAVITY
SN LN ' LP
CERTAIN CONTROL
SENSOR ERROR SENSOR CHANGE OF ERROR QUTPUT

3UuaAIN1s INFERENCE
£ A & Yy w o Y i . .
FAUNDUT rule MIHNUANITINAINIBAU ﬂ%s'lﬂgﬂ Membership Function 983 control input
TageziinliniA1ve9 control input NAvIMs Idne'lyl
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5019 DEFUZZIFIER
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g U o [~ a ° g A
WumslFgegavesiissdumaiiuaingn miamsnszvimas 9 uuy ududeon
nsziuies 1 gluuy Smnfansnseiilian L qeganiiiu 2 od1 szdesldyiuuns
LY S W & A Y a 4 A A o Ao @ & a 1 [y
unflygmandnyazniia fin lsAundevenud nn nso@enmsnseinduius dumisedu

4:‘ < g/ o .. d At e (X3 ey a A t et
VIITTUUWUI U INUUINAUA Maximizer il::lﬂu’lﬁ‘YN’lU‘YI?.(ﬂ Lmﬂ'luuﬂizﬁwﬁmwmmms



2-10
=JAJ : L 4'
2. nHEHMUITIUNINGY

' - ° o ° t @ LY [ a '
wifiimdrveamsnszimdmnmssmuaszdvesszaumsiuainsn 13da
v & adtd Y ° P 4 ¥ o q &1 Al 1t o A Y
wiwd Juitanwenas I¥mssnuioadmles uandaliai lisssdaou wuiReady
a { a ' o L Y o o a
IMATIA Maximizer Minaany lidanuimsehmwsudmmuessiledduszdaumsduaunda
(MEMBERSHIP FUNCTION) fifudmmninnna 1 a1 dea 1L Afdmuald andwmiladdu
o = @ ] a a o 1 1
voamsiuaandn fdnvazadoduginianselniadasea &1 1 = 0.5 Audmymeina

14 b d
s o 9 -2

Henduvosveudyanunsduniunazmas 1 W = 1 wzlimasadusevesdygia Mifa

[ e}

4 2
VUNINUA

o o a (Y] ° Yy ¥ 4 e 9
At msdvannu lidasuaunsom 18desnszuaumsuantem luilansudmm
' A ' o 1 s a A& o acad 4 5 t v 1
demiuiveulinduldegluiledsudunn Fuiluisiuuile uazluannsoldmndue

Y Su a a Y
asatuvoalangusunn lumsunzaiy

o 4
3. nITNIEMGUINAN

o J Aw @ da 1 J @ Ao
LﬂUﬂ15llﬂﬂQﬂ1lé‘1wﬂﬂﬁnwu5ﬂ‘lJﬂ']Qﬂﬂuﬂﬂﬁ'lﬂujﬁ‘llﬂﬂlé"lwﬂcluizﬂ'U‘Yl'YIN'I‘H
1 q Y <o Y o ~ 1 a () Py 1
1W5'l$’)']l5']ulu1‘lfﬂ'l‘ll'8‘]JﬂJt’NW\1ﬂﬂfﬂllﬂ%ixﬂﬂﬂ'ﬁlﬂuﬁﬂ'}‘vﬂ uazﬂz‘lmﬂﬂmm"lwmweﬂma

[
A

ot o o3 ° P ] =1 9 1 o a dy an
"hJﬂiimﬁmgluaﬂamﬂum'immummuﬂuuaztﬂummﬁ'"lwa‘uﬂmmmﬂmuimmuq

@ o d

1 o o a [ ' ~ =1 o (]
mgmmmmﬂ%zﬁnwuﬁnumlmw‘n 1 1 WaﬂqﬁﬂzlﬂUﬂ'ﬁﬂiZVI"I'E')EJNHFﬂ‘U 9

v
e o

' @ Y o~ a a ' ady
ﬂ’lﬂqlu‘]f'N"U'ﬂ\ugTV!ﬂ NI 9 vh.j %3ﬂ9\111ﬂ'liﬂg'l]ﬂlw&\iﬂﬂlﬂﬂqmﬂ\u!mazigﬁUU 1uﬂ5mﬂﬂa‘3

Q

) L. o A Q’: oy o Q/ t
wmdou q Aunawng lumsnseimilani szdouinnisdouiunu (OVERLAP) veann

v a ar [~ ~a A (%) i J
HaAdudunn vesszaumaiuandn woud lvanulireitesveudmn dunliezide
' 168 3 adaaa Y [ $
uanssauaniuIsiangalunsswAl (COMBINATION) tazmsiasaflead
ASUAU(DEFUZZIFICATION)
ndcﬂy T 9 ° ' o A o [y
nssNittlsrsuaudmmussmsaseimate q m dumauderdmsuldluszunuey
[ ' yd v :’ ar a v Y o
Audmmadeiliuaniminmasusgudnais (CENTROID) voudazfedduszaums
Whuaan®n
aAda o o [ d 4 P
4. D35 TUNAAY : FuATIZRIBUO AL
a o a0 o A ~ P 1 & A acy
Fumaiinfirvewuunssuitaguinas nSeezSondnetimilsfio n3suid
14 (]
REMAINING COMBINATION/DEFUZZIFICATION 35 ililumminudwmusauazladios
v "y Vo g 3 o a ° Y ' aa )
1 mi Auaudwnaidoalagldamiminmdonnmsassisautunaio q edw 334014

3 (S adg 4 [ o/ a @
manugndeaissniminssuiiagudnaie uazdenadesmsmsdouinussdunynilensu



2-11

A d s A v A 9/ LY ° aY 1 N
xwanJums'ﬂamammm'lummawmté’mw ﬂwwaﬂmiuaxmsmmuw"lnqqmﬂ

@ o 124 a y as 1 a v; Add”d t A 9 as L4
Uszaoufudalifilasfadudt lminazinnil nssudstivaihe dununssuisamgudna

1Ranqa

¥iannN13t1 Fuzzy Control Rule

o W P
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TumseenuL fuzzy controller U HgymdfiyBUNiNABAIIM fuzzy control rule
P & a { 9 a 1 at Y
fmnzay F935nans0lF1dTalua process control 8y 3 T5A20fiU A
v J v
1. 91003 wag Uszaumsalueaive vy
] I}lﬂlu ; Yy a o vy
Fuzzy Controller #1109 183 umssanuuuiiu lagonednu aAnugiasssay
a 2 o A a 1 1 o’;’ o
msalveddnsnugudsuiinsudinamisanaid 1891 Fuzzy Control Wiy Application
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AUANYULYDI process BOANIAW fuzzy set 1AGNITAUINN input , AAu)sanIue woz
output

HuuInnuAnaeINIReiuluNsoanIUY fuzzy controller MAUUVEIADY fuzzy

_mausn fle msoenuuuy control rule 111 1173 compensate dnyaizi hikeans
voanszuumsite 1 d18annthmingfideens

- maitaes fe ilulamumguives Optimal Control Fez 1 Tnsamsuay parameter

o { 1 q’;’ ) {
484 control rule 1AT2UVAN Fuzzy controller mauguegiiuiiullmuthwineiidesns.

—~———

PID Controller

. = w dy
transfer function Y94 contorller HUY PID ngﬂuuumﬂa"lﬂu

o
Ge(S) = Kp+?l+Kd.S (2.1)

H
<4

A [ 3 L3 d o 1 %
&9 Kp,Ki,Kd fi® proportional , integral 1ia% derivative gains mudAugUuuudui ldiusgda

MfUTuNISUY AiD

Ge(S) = Kn(1+——+Td.S) 2.2)

Ti.S
Taof Ti = Kp/Ki tiag Td = Kd/Kp  Ti uay Td gmsumh integral time 118 derivation time
constants ANAIAY

td

ugaluea discrete-time Faftouifostudoulvdmsu PID conwol ilegiife

CS(k) = Kp.e(k) + Ki. TsZe(z)+% Ae(k)+CS(0)

Tunfl  CS(k) A dUAIUAY (control signal)

v o

&

e(k) A0 MAANAIATENINYADIIDUAZAIMINDBAYBIVLIUNIT (process output )

Ts f19 ATUL381 Sampling ’c?m‘s”um'%"mmuau (control)

CS(0) v ﬁﬂlfU’lmﬂ'J1Jﬂ3JuJ‘ﬂmﬂ’TllJNﬂwmﬂlﬂuﬂuﬂ Tastndszfmual3fnenans

ana
oz Ae(k)=e(k)—e(k-1)

mauls parameters ‘umm?mmmu PID Kp, Ki ,Kd EL) Kp ,Ti, Td €1u15092
gn“l%'ﬁ%zﬁﬂﬁ'tﬁﬂ response curve A19997n7 1AL process msmfiafiga (optimum) Tums
ﬂ%"mwiqm?mmuﬂu (controller) 813U process laiidlumsane

TududelUiindnuos on-line gain seheduling ¥OUATBIAIUAN PID FUZZY RULES
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FUZZY GAIN SCHEDULING

Fuzzy rules & Reasoning

Input ) )
control signal Output
PID Controller Process >

+ 7

7141 2-1 UeReTZLIYYBIMSAILANILY PID A2y FUZZY GAIN SCHEDULER

Tﬂmzzflumsﬁw FUZZY RULES li02 reasoning lalfusianm parameter #115U controller N

& (3 1 . . o @
Tav%a Kp.Kd 92gnfmualuguuss [Kpmin , Kpmax | uag [Kpmin , Kpmax | sy
[] 14 ¥
dnifimnzaugndesiuin Tavmsneansaazeziiuluaauns delalil
Kp,min=032Ku  , Kp,max =0.6 Ku
Kd, min = 0.08Ku.Tu , Kd,max =0.15Ku.Tu
eamuazanm Kp ez Kd ssgnimualiegludimsening o uaz 1 Taoidu linear
¥
transformation fage 114
K' p = (Kp- Kp,min)/ (Kp,max - Kp, min)
K'd = (Kd - Kd, min) / (Kd, max - Kd, min)
Tulnsadr9334ee PID parameter 92 QNAMUARIIMANVBY current error (k) HATAWANAIN

(2.3)

suduusn A e

1 integral time constant ‘azgﬂﬁmuﬂ‘lumawm derivative time constant f©

Ti=o.Td - (2.4

lag integral gain sz Igwadt
Ki=Kp/l(o.Td)= K’p/(o..Kd) (2.5)
fi1 parameter K'p, K'd oz o 92nAMUA TRUITAYDY fuzzy rules JULLY

flo Ifex)isAiand A e®isBi,then K'pisCi,K'disDiand o =a ;
i=123,..m (2.6)
Taef AiBi,CiDi fi® fuzzy set ATINURAIUVON sets i D AIAIN mumbership function (MF)

I 1
Y4 fuzzy sets IHANTAMI ek) UazA e(k) gruaaslilugn 22
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NB NM NS ZO. PS PM PB

. e(k),
> Ae(k)

1l 22
'lugﬂﬁ N UNUAT negative , P LINUAT Positive , ZO Uszunaumifiu 0,S UNUAT Small ,
M fi® Medium , Bfi® Big St NM Wmudmy negative -Medium,PB §1M35U Positive
Big iugusuil yamn
FUZZY SET Ci uag Di 0199z i Big fl Small tiag ﬂmﬁnum:mm membership

function e ﬂdﬁ'ﬂg 1 23

P' A
Small Big

| ] | >
0.2 0.4 0.6 0.8 1.0

x = K'por Kd

519 2-3

L'

LY @ ar

fi%4 grade ¥4 membership function 1L tazeidaus X= K'p w3 K'd Tanuduiusiuda
o'l

w smallx) = -1/4Inx or xsmall(n)=e"" For small

w big(x) = -1/41In(1-x) orx big(p) = I1-e*" For big 2.7)
fuzzy rules TUaunIsH 2.6 mw:m"lﬁ'mnﬂ'nui'mm%mmﬂméﬂﬁﬁ’ﬁmuiuﬁfrmgq rule

A28N1TNARDINAANITUDY step response Y94 Process
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c1
i/ \L
Setpoint il b2

a2

»
L

a1
Time

P @ ] . Py
91n31 71 2-4 VTUAAIAIDGIIVOY time response NABINT
a A 9 o & ¥ Yo a0, A et 1 . . P g
NgasuAY a1 153 utludodlddyaal control 91 big tN0H92 1M rise time N32A1T7
] v ¥ 3

Tumsvznaadyn o control 7 big U 1ATHIAIVANLUL PID A251A1 proportional gain
(K'p) eMINTONLUNUAIY fuzzy set Tibig 11aZ derivative gain K'd A28 fuzzy set #i small fin
f3t1uedintegral 9gAMMUARIEANUFURUTIINA AS01 derivative Tuaumsiiz4 dmiuy
IATBIATUANUULPID M3iueIA1 9 small H3091 integral time constant Ti fismall 9z4iu

aa v a an o’/’ ° .
Halinsen integral MN0E1915AMIATYT integral AITIINANTOWBENUZ NI MUATY

.,

TaseadalaomsulSeuieusul

Yo o AA

%‘ﬁg ANUAAD NF) tunning rule PID fa Ziegler - Nichols
GIMZiegler - Nichols rule fi1 integral time constant Ti %Qﬂﬁ‘lm 4 ﬂ'wéﬂmgjwhﬁu
derivative time constant 11D YuABUIAUT 4 Tulnseaduaszihari dind 4 @) fioz
suilamfiunuesdsen integral daviu rule 5oU9A al 511147
if e(k) is PB and A e(k) is Zo, then K'p is Big , K'd is small ,and o =2 .

L4 A = 3 A { s
dodunads o ewITNMTAIRY fuzzy number R membership function 1A97 AaLaAg

Tugh 2-5 dmsudetn o dluz  @e o iy sman
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souga bl Tugdit 24 :AmAndaEAILAN (control Signal) Asazlenilessninides
overshoot ‘ﬁmﬂ ﬁuﬁa m‘%‘mmuqmmu PID A5% proportional gain ﬁm derivative gain “71
QAL integral gain figh S fuzzy rule fimndelli
if e(k) is z0 and /A e(k) is NB , then K'p is small , K'd is Big , and o =5
SuTuEAueq rule zuaaalumsed 2-1 e ldfozaliua proportional gain (K'P) Tunning
rules AW K'duay  Iehlaomsafiz2 uazmsiedt 23 ey lumseld B uny

Big UIag S UNU small

Kp'
Ae(k)

NB NM NS ZO PS . PM PB

NB B B B B B B B

NM S B B B B B S

NS S S B B B S S

e(k) Z0 S S S B S S S

PS S S B B B S S

PM S B B B B B S

PB B B B B B B B

19 ’N‘ﬁ 2-1
Kd'
Ae(k)

NB NM NS Z0 PS PM PB

NB S S S S S S S
NM B B S S S B B
NS B B B S B B B
e(k) ZO B B B B B B B
PS B B B S B B B
PM B B S S S B B
PB S S S S S S S

a
AITNN 2-2
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lﬁ'ﬂ B = BIG
S = SMALL
NB = Negative Big
NM = Negative Medium
NS = Negative Small
Z0 = Zero
PS = Positive Small
PM = Positive Medium

PB = Positive Big

o
Ae(k)
NB NM NS 7O« PS PM PB
NB 2 2 2 2 2 ) 2
NM 3 3 2 2 2 3 3
NS 4 3 3 2 3 3 4
e(k) 20 5 4 3 3 3 4 5
PS 4 3 3 2 3 3 4
PM 3 3 2 2 2 3 3
PB 2 2 2 2 2 2 2
13 ﬁ 2-3

#1939984 ith rules Tuaumsii 2-6 i 9zgn1eTag product ¥8aA MF ludauneuves
rules .
Li=HAi [e)] * MUBi [Aek)] (2.8)
Taofi LLA fie FIIMFYeQ fuzzy set Ai 9zgn1da11ae e(k) waz |ABi Ainf1 MF 89
fuzzy set Bi ﬂzgﬂiﬁlﬁﬂﬂﬁl Ae(k)
winmsveafli fves K'p uazk'd dmfuudas wle axgnimuamiasaiy

membership function ANUFUWHFUOR process Y84 fuzzy rule gananasliluzUf 2-6
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Al
o
i .
Kp.i Kp
A ek)  Ae
17 2-6
a a4 @ g
Taoms 1% membership function Tugu 2-2 i fiNeuludsse
Yo =1 2.9)
i=1 -
Y epr i S o 1 ¥
udIM3 defuzzification 1umadiae Uil
K'p=D.pn, K'pi (2.10a)
i=1
in
Kd=>p,. K'di (2.10b)
i=1
o= 2, B © (2100

i=]

[ 4 . 1 ?
Tufifl K'p i fAemwes K'p Nasafiy grade Wi @113 ith rule (991031N 2-6 )
K'd,i Agnmaluitdestu e K'p, K'diez a gomeld insesnauguuuupiD e

y v ] v
MR parameter 1AM IAIUNNAUNITAIAD TUT HuAsdUaumsh 2.3 uazaunsi 2.5

Kp = (Kp,max - Kp,min)K' p + Kp,min (2.11a)
Kd = (Kd max - Kd,min)K'd + Kd, min (2.11b)
Ki=K’p/(o . Kd) (2.11c)

MENMIYBINS simulation MO A28 process A19¢) rule YBINGHARITOT MY
AISHIMUAGIUYBY Kp 1azeuved Kd ﬂzgﬂ"lﬁﬁﬁaﬁy
Kp,min=032Ku, Kp,max = 0.6Ku
Kd,max =008Ku.Tu, Kd,max=0.15Ku.Tu

Tas# Ku 1ag Tu A9 gain aTperiod ¥9IMNT oscillation 9 stability AINEIAL

fruanio 1 p-control Aag1ii 27
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PV

SP

>

N A

[ 3

Time se
Tu ¢

1l 27
i'?uﬂﬂﬂﬂ'tiﬂ@nttﬂﬂ Software
Taoisniuemgug FUZZY ved IEEE wnilszgnavin 1A -
1. FUZZIEICATION OF INPUT
15792101 input (PV) U813 Process ﬁ"lﬁ'mmfh Degree of membership Tagts19
111)ad input (PV) 484 Process 131 input ¥84 FUZZY LOGIC SYSYEM 18 2 i1l
1.1 ERROR e(k) = SP-PV
1.2 CHANGE ERROR = Ae(k) = e(k) - e(k-1)
SP (SET POINT) = Aidlmneiisdmiedimun
PV (PROCESS VARIABLE) = i1 input 713018 o1, hanlaq
e(k) = fi1 ERROR 1lgiu
Ae(x) = i1 CHANGE ERROR

LY

e(k- 1)= A1 ERROR aAounthilyiu

4 v o

Tﬂﬂmnﬁmﬂiﬁuwm‘fq 2 fafl e(k) 1ae Aek-1) %zﬁmunmphuifumwm
M3 FUZZIFICATION Weglugilves FUzzy INPUT 18 TasmsifivuadaudsSuwney
nvmaamiueindn (Membership function) veaguii2-1 uazgul2- 2 c?agﬂﬁ 2-1 wuiunsv
anuiuminBnues ERROR (o) tozgulit 22 sziffunsmlanuiiuamdnves cHANG
ERROR  Ae(k) Faudazaswlozisiuiumennie LABEL i1y 7 LABEL



NB NM NS zZO PS PM PB

%
100 75 50 25 0 25 50 75 100  e(k)or
Ae

Tﬂﬂ‘ﬁ NB = Negative Big

NM = Negative Medium

NS = Negative Small

Z0 = Zero

PS = Positive Small

PM = Positive Medium

PB = Positive Big

2. RULE EVALUATION

msﬁwmmdmmngﬁgﬂ% Tavodoranuuaundnvesiausi1donms

aSouiiey o1 Fuzzy INPUT funsanuidiuaanda dudrimuaanudfoyues
nguAazng lasngane frzuaaeldfamsed 2.1, m31ef 22, m5e@ 23 szrhein
wls FUZZY INPUT Wa 2 faluduifenlufie ERROR iaz CHANGE ERROR # FUZZY
IF/THEN RULES

3. DEFUZZIFICATION OF QUTPUTS
a4 o A o o dody Y > A 1
Wudupeuiminewadni lannduaey RULES EVALUATION iiovia1
& 8, e S ' 1 ' °
¥09 FUZZY OUTPUT FudevhmanfSouiisuamunganeg uda swmulainddimsfun
Y o & 9) ° 1Y a 92 o
mungmInuge udniuiisanglanguitanldezd Idnamsaiuguszuuianaialasai
A miynveInganImane iz 1dlumsaruguszuy Taeldmsssuuy
° s o 1 1 o [ &
CENTER OF GRAVITY finssinadnseenuuilungagudnasdmiudulsioniyndald
unm K, K uag
nd191n# 141 DEFUZZIFICATION udamadwsveanssnaluglues Fuzzy

A 1 ;U v -]
OUTPUT &4f189 FUZZY OUTPUT #ide luamnsari 119 lunsaaugu Process 1@ lan
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M
<1 °

asssadeniuiyyIumsiszimsdoniives Fuzzy oUTPUT Huansaiall
4lumsaaugy Process 14T
MMl FUZZY OUTPUT szldm K, Ky uaz e 3 i1y
unusaaumsse i 146 oUTPUT Rezdumisiinedi lnunu1dTaoase
Kp = (Kp,max - Kp,min)K' p+ Kp, min
Kd = (Kd max - Kd,min)K' d + Kd, min
Ki=K’p/(a.Kd)
TﬂU‘ﬁﬂ"l Kp,max , Kp,min , Kd,max , Kd,min H1ﬁ1qﬁ'ﬁiﬁ
Kp,max = 0.6 KU Kp,min = 0.32 Ku
Kd,max = 0,15 KU TU Kd,min = 0.08 Ku .Tu
TApf1 KU 1a2TU Ao Gain a2 period U84M5 Oscillation 71 Stability awdey 1ifeIde1
wisiines Kp,Ki,Kd aonufszilasey KpilupB uilae Ki (HuTi uag Kd i Td 91n
PB = 100/Kp
Ti = Kp/Ki = 100/ (PB)(Ki)
Td = Kd/Kp = (PB)(Kd)/ 100

dieldamsiimesdhauuie 3 audafesiumusluauns PID Ae
b Kd
CS(k) = Kp.e(k)+ Ki.Ts ) e(i) + 7 Ae() + CS (0)
i=1

i CSk) Aemdnanauemnni 1 lumsniugu
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TJsuns3 MONITOR .C

* < Include files > */
#include <windows.h>

#include <stdlib.h>

#include <stdio.h>

#include <math.h>

#include "c:\borlandc\project\monitor.h”

/* < Global variables > */
HANDLE hlnst; // Instance of application
HWND hWndMain; // Main window
WNDCLASS WC;

static HMENU  hMenu;
static HBITMAP  hTitle, hPID,hPIDF,hManial,hSCOPE,hKMITL;
static HFONT  hLFont,hMFonthSFont;

int P=1;

int MODE, C_Action=ID_Dir, C_Root=ID_Norm;

char T_PB[8],T_Ti[8],T_Td[8],T_Ts[8],T_SP(8];

char T_HR[8],T_LR(8],T_HA[8],T_LA[8],T_PU[8],T_TU[8];
char T_Name[30],T_Unit{10];

float Temp;

static int I_Ts,Ts_C,RUNN,SET,New;

static int DisplayPV[3600],DisplayCS[3600],DisplaySP[3600],DisplayHA,DisplayLA;
static float  DataPV[3600],DataCS[3600];

static float ~ PB,Ti,Td,Ts,SP,HR,LR,HA,LA,PU,TU,PV,CS,E;

static float  KP,KD,KI,Ku,Kp_max,Kp_min,Kd_max,Kd_min,Kp,Kd,L,E1,E2;

static float  e,d_e,a,b,ui,big,small;

/* WinMain FUNCTION */

#pragma argsused
int PASCAL WinMain(hInstance, hPrevInstance, lpCmdLine, nCmdShow)

HANDLE hlnstance; // current instance



HANDLE hPrevInstance; // previous instance

LPSTR IpCmdLine; // command line
int nCmdShow; // show-window type (open/icon)
{
MSG msg; /] message
if ('hPrevInstance) // Other instances of app running?

if (!InitApplication(hInstance)) // Initialize shared things
return (FALSE); // Exits if unable to initialize
/* Perform initializations that apply to a specific instance */
if ({InitInstance(hInstance, nCmdShow))
return (FALSE);
/* Acquire and dispatch messages until 2 WM_QUIT message is received. */
while (GetMessage(&msg, // message structure
NULL, // handle of window receiving the message
NULL, // lowest message to examine

NULL)) /[ highest message to examine

TranslateMessage(&msg);  // Translates virtual key codes

DispatchMessage(&msg);  // Dispatches message to window

}

return (msg.wParam); // Returns the value from PostQuitMessage

P —— < InitApplication FUNCTION */

int InitApplication (HANDLE hinstance)
{

Rl -< Specify window class information >----——-------- */
WC.lpszClassName = "PID & FUZZY™, // Window class
WC.hInstance = hlnstance; // Instance

WC.IpfaWndProc = (long (FAR PASCAL*)())MainWndProc; // Window function
WC.style = CS_HREDRAWICS_VREDRAW; // Class style

WC.lpszMenuName = "Menu_1"; // Load menu



WC.hCursor = LoadCursor(hInstance,"Cursor_1");
WC.hlcon = LoadIcon(hInstance,"Icon_1");
WC.hbrBackground = GetStockObject(LTGRAY _BRUSH);
WC.cbClsExtra =0;

WC.cbWndExtra =.0;

return (RegisterClass(&WC));

[* InitInstance FUNCTION

// Load Mouse cursor
/[ Load icon

/{ Gray background
// No extra bytes

// No extra bytes

*/

BOOL InitInstance(hInstance, nCmdShow)

HANDLE hlnstance; // Current instance identifier.

int nCmdShow; /[ Param for first ShowWindow() call.

hiInst = hinstance;
/* Create a main window for this application instance. */

hWndMain = CreateWindow(

"PID & FUZZY", /| See RegisterClass() call.

"PID & FUZZY CONTROL", // Text for window title bar.

WS_TILED | WS_SYSMENU | // Window style.
WS_CAPTION | WS_MINIMIZEBOX, // Window style.

0, /| Default horizontal position.
0, /I Default vertical position.
640, /] Default width.

480, // Default height.

NULL, // Overlapped windows have no parent.

NULL, /l Use the window class menu.

hlnstance, // This instance owns this window.

NULL // Pointer not needed.
)i
/* If window could not be created, return "failure” */
if ({hWndMain)
return (FALSE);



ShowWindow(hWndMain, nCmdShow); // Show the window

UpdateWindow(hWndMain); // Sends WM_PAINT message
return (TRUE); // Returns the value from PostQuitMessage
}
/¥ < KMITL DIALOG > */

#ipragma argsused
BOOL FAR PASCAL Aboutl (HWND hDlg, unsigned dMsg,
WORD wParam, LONG [Param)

HDC hDC,hiMemDC;
HBITMAP hOldBitmap;

hDC = GetDC(hDIlg);
switch (dMsg)
{
case WM_INITDIALOG:
return TRUE;
case WM_COMMAND:
if (wParam == IDOK Il wParam == IDCANCEL)
{
EndDialog(hDlg,TRUE);
return TRUE;

}
break;

case WM _PAINT:
hMemDC = CreateCompatibleDC(hDC);
hOldBitmap = SelectObjectthMemDC,hKMITL);
BitBIt(hDC,5,5,600,400,hMemDC,0,0,SRCCOPY);
SelectObjectthMemDC,hOldBitmap);
DeleteDC(hMemDC);
break;



}
ReleaseDC(hDIg,hDCY;
return FALSE;

I* About2 DIALOG > */

#ipragma argsused
BOOL FAR PASCAL About2 (HWND hDIg, unsigned dMsg,
WORD wParam, LONG [Param)

switch (dMsg)
{
case WM_INITDIALOG:
return TRUE;

case WM_COMMAND:
if (wParam == IDOK [l wParam == IDCANCEL)

{

EndDialog(hDlg,TRUE);
return TRUE;
}
break;
}
return FALSE;
}
/* Process Name DIALOG */

#pragma argsused
BOOL FAR PASCAL Pro_Name (HWND hDlg, unsigned dMsg,
WORD wParam, LONG |Param)

switch (dMsg)
{



case WM_INITDIALOG:
return TRUE,;
case WM_COMMAND:
switch (wParam)

{

case IDOK:
GetDlgltemText(hDlg,]JD_Name,T_Name,30);
GetDlgltemText(hDlg,ID_Unit,T_Unit,10);
EnébleMenuItcm(hMenu,S_Mode_PID,MF_ENABLED);
EnableMenultem(hMenu,S_Mode_PIDF,MF_ENABLED);
EnableMenuItem(hMenu,S_Mode_Manual,MF_ENABLED)';
EnableMenultem(hMenu,S_ Parameter, MF_ENABLED);
EnableMenultem(hMenu,S_Save,MF_ENABLED);
DrawMenuBar(hWndMain);
New = 1;
EndDialog(hDlg, TRUE);
break;

case IDCANCEL:
EndDialog(hDlg,FALSE);
break;

}
return FALSE;

}

/* PID Setup DIALOG */
#pragma argsused
BOOL FAR PASCAL PID (HWND hDIg, unsigned dMsg,
WORD wParam, LONG 1Param)
{
switch (dMsg)
{



case WM_INITDIALOG:
CheckRadioButton(hDlg,ID_Dir,ID_Rev,C_Action);
CheckRadioButton(hDlg,ID_Norm,ID_Root,C_Root);
if (SET == 1)
{
SetDIgltemText(hDlg,ID_PB,T_PB);
SetDIgltemText(hDlg,ID_Ti,T_Ti);
SetDigltemText(hDlg,ID_Td,T_Td);
SetDlgitemText(hDlg,ID_Ts,T_Ts);
SetDlgltemText(hDlg,ID_SP,T_SP);
SetDlgltemText(hDlg,ID_HR,T_HR);
SetDlgltemText(hDlg,ID_LR,T_LR);
SetDlgltemText(hDlg,ID_HA,T_HA);
SetDlgltemText(hDlg,ID_LA,T_LA);
}
else
{
SetDlgltemText(hDlg,ID_HR,"100");
SetDlgltemText(hDlg,ID_LR,"0");
SetDlgltemText(hDlg,ID_HA,"100");
SetDlgltemText(hDlg,ID_LA,"0");
}
return TRUE;
case WM_COMMAND:
switch (wParam)
(
case ID_Dir:
case ID_Rev: C_Action = wParam; break;
case ID_Root:
case ID_Norm: C_Root = wParam; break;
case IDOK:
GetDlgltemText(hDlg,ID_PB,T_PB,8);



GetDlgltemText(hDlg,ID_Ti,T_Ti,8);

GetDlgltemText(hDlg,ID_Td,T_Td,8);

GetDlgltemText(hDlg,ID_Ts,T_Ts,8);

GetDlgltemText(hDlg,ID_SP,T_SP,8);

GetDlgltemText(hDlg,ID_HR,T_HR,8);

GetDlgltemText(hDig,ID_LR,T_LR,8);

GetDlgltemText(hDlg,ID_HA,T_HA,8);

GetDlgltemText(hDlg,ID_LA,T_LA,8);

PB = atof(T_PB);

Ti = atof(T_Ti);

Td = atof(T_Td);

Ts = atof(T_Ts);

" SP = atof(T_SP);

HR = atof(T_HR);

LR = atof(T_LR);

HA = atof(T_HA);

LA = atof(T_LA);

I.Ts =Ts;

E=El =E2=0;

SET =1;

MODE = 0;
CheckMenultem(hMenu,S_Mode_PID,MF_BYCOMMANDIMF_CHECKED);
CheckMenultem(hMenu,S_Mode_PIDF,MF_BYCOMMANDIMF_UNCHECKED);
CheckMenuItem(hMenu,S_Mode_Manual,MF_BYCOMMANDlMF_UNCHECKED);
EnableMenultem(hMenu, RUN,MF_ENABLED);
DrawMenuBar(hWndMain);

EndDialog(hDlg, TRUE);
break;
case IDCANCEL:

EndDialog(hDlg,FALSE);

break;



[* - PID_FUZZY Setup DIALOG >

}
return FALSE;

#pragma argsused

BOOL FAR PASCAL PID_FUZZY (HWND hDlg, unsigned dMsg,

{

WORD wParam, LONG [Param)

switch (dMsg)
{ .
case WM_INITDIALOG:
CheckRadioButton(hDlg,ID_Dir,ID_Rev,C_Action);
CheckRadioButton(hDlg,ID_Norm,ID_Root,C_Root);
if (SET == 1)
{
SetDlgltemText(hDlg,ID_PU,T_PU);
SetDlgitemText(hDlg JID_TU,T_TU);
SetDlgltemText(hDlg,ID_Ts,T_Ts);
SetDlgltemText(hDlg,ID_SP,T_SP);
SetDlgItemText(thg,ID_HRzT_HR);
SetDlgltemText(hDlg,ID_LR,T_LR);
SetDlgltemText(hDlg,ID_HA,T_HA);
SetDigltemText(hDlg,ID_LA,T_LA);
}

else

SetDigltemText(hDlg,ID_HR,"100");
SetDlgltemText(hDlg,ID_LR,"0");
SetDlgltemText(hDlg,ID_HA,"100");
SetDlgltemText(hDlg,ID_LA,"0");

}

*/



return TRUE,;
case WM_COMMAND:
switch (wParam)
{
case ID_Dir:
case ID_Rev: C_Action = wParam; break;
case ID_Root:
case ID_Norm: C_Root = wParam; break;
case IDOK:
GetDlgltemText(hDlg,ID_PU,T_PU,_8);
GetDlgltemText(hDig,ID_TU,T_TU,8);
GetDlgltemText(hDlg,ID_Ts,T_Ts,8);
GetDlgltemText(hDIg,ID_SP,T_SP,8);
GetDlgltemText(hDlg,ID. HR,T_HR 8);
GetDlgltemText(hDig,ID_LR,T_LR,8);
GetDlgltemText(hDlg,ID_HA,T_HA,8);
GetDlgltemText(hDlg,ID_LA,T_LA,8);
PU = atof(T_PU);
" TU = atof(T_TU);

Ts = atof(T_Ts);

SP = atof(T_SP);

HR = atof(T_HR);

LR = atof(T_LR);

HA = atof(T_HA);

LA = atof(T_LA);

I_Ts =Ts;

E=El=E2=0;

SET = 1;

MODE = 1;
CheckMenultem(hMenu,S_Mode_PID,MF_BYCOMMANDIMF_UNCHECKED);
CheckMenultem(hMenu,S_Mode_PIDF,MF_BYCOMMANDIMF_CHECKED);
CheckMenultem(hMenu,S_Mode_Manual MF_ BYCOMMANDIMF_UNCHECKED);



EnableMenultem(hMenu,RUN,MF_ENABLED);
DrawMenuBar(hWndMain);
EndDialog(hDlg, TRUE);
break;
case IDCANCEL:

EndDialog(hDlg,FALSE);
break;

}

break;

}
return FALSE;

}

r* Manual Setup DIALOG >--------ceeeemnnnme

#pragma argsused
BOOL FAR PASCAL Manual (HWND hDlg, unsigned dMsg,
WORD wParam, LONG [Param)
{
switch (dMsg)
{
case WM_INITDIALOG:
CheckRadioButton(hDlg,ID_Dir,ID_Rev,C_Action);
if (SET == 1)
SetDlgltemText(hDlg,ID_SP,T_SP);
return TRUE;
case WM_COMMAND:

switch (wParam)

{

case ID_Dir:

case ID_Rev: C_Action = wParam; break;

case IDOK:
GetDlgltemText(hDlg,ID_SP,T_SP,8);



SP = atof(T_SP);

SET = 1;

MODE = 2; )
CheckMenultem(hMenu,S_Mode_PID,MF_BYCOMMANDIMF_UNCHECKED);
CheckMenuItem(hMenu,S_Mode_PIDF,MF;BYCOMMANDIMF_UNCHECKED);
CheckMenultem(hMenu,S_Mode_Manual, MF_BYCOMMANDIMF_CHECKED);
EnableMenultem(hMenu,RUN,MF_ENABLED);

DrawMenuBar(hWndMain);
EndDialog(hDlg, TRUE);
break;

case IDCANCEL.:

EndDialog(hDlg,FALSE);
break;
}
break;
}

return FALSE;

}

[* < MainWinProc FUNCTION > */

LONG FAR PASCAL MainWndProc (HWND hWnd, unsigned msg,
WORD wParam, LONG 1Param)

HDC hDC,hDCT,hMemDC;
HBITMAP hOldBitmap;
HFONT hOldFont;

static HBRUSH  hRedBrush,hOldBrush;

static HPEN hBlackPen,hGrayPen,hYellowPen, hGreenPen,hOldPen;
PAINTSTRUCT  ps;

static FARPROC  IpfnProcName,lpfnProcPID,lpfnProcPIDF,IpfnProcManual;
static FARPROC  1pfnProcKMITL,lpfnProcINS,IpfnProcContent;

RECT RECTI;



POINT Polygpts[4];
static LOGFONT If;

int IDM;

unsigned Px,Py;

static int t=582,i=1,m=1 k=2,z=1,count=1;
static int First = 1;

switch (msg) {
case WM_CREATE:

MODE =1; RUNN=0; New=0; Ts_C=0; SET=0;
hMenu = GetMenuthWnd);
SetTimer(hWnd,1,1000,NULL);
hKMITL = LoadBitmap(hlnst,"KMITL");
hTitle = LoadBitmap(hlnst,"TITLE");
hPID = LoadBitmap(hInst,"PID");
hPIDF = LoadBitmap(hInst,"PIDFUZZY");
hManual = LoadBitmap(hInst,"MANUAL");
hSCOPE = LoadBitmap(hlnst,"SCOPE");
hRedBrush = CreateSolidBrush(RGB(255,0,0));
hYellowPen = CreatePen(PS_SOLID,1,RGB(255,255,0));
hGrayPen = CreatePen(PS_SOLID,1,RGB(128,128,128));
hGreenPen = CreatePen(PS_SOLID,1,RGB(0,255,0));
hBlackPen = CreatePen(PS_SOLID,1,RGB(0,0,0));

If.IfWeight = FW_NORMAL;
If.IfCharSet = DEFAULT_CHARSET;
if IfPitchAndFamily = FF_ROMAN;
If.IfHeight = 14;

hSFont = CreateFontIndirect(&If);

If.IfWeight = FW_NORMAL;
If.1fCharSet = OEM_CHARSET;



If.IfPitchAndFamily = FE_ROMAN;
If IfHeight = 27,
hMFont = CreateFontIndirect(&If);

If.IfWeight = FW_NORMAL;
If.IfCharSet = OEM_CHARSET;
If. fPitchAndFamily = FF_ROMAN;
If IfHeight = 35; |
hLFont = CreateFontIndirect(&If);
break;
case WM_COMMAND:
switch (wParam) {
case F_New : .
IpfnProcName = MakeProcInstance(Pro_Name,hlnst);
DialogBox(hlnst,"DLG_Name",hWnd,lpfnProcName);
FreeProclInstance(lpfnProcName);
InvalidateRect(hWnd, NULL,TRUE);
UpdateWindow(hWnd);
break;
case F_Exit:
IDM = MessageBox (hWnd,” End Work", "End",
MB_OKCANCEL | MB_ICONQUESTION);
switch (IDM) {
case IDOK: PostQuitMessage(0);
break;
case IDCANCEL:
break; }
break;
case RUN:
IDM = MessageBox (hWnd,"Start Control PROCESS",
"CONTROL PROCESS",
MB_OKCANCEL | MB_ICONQUESTION);



switch (IDM) {
case IDOK: RUNN = 1; P=0;
break;
case IDCANCEL:
break; }
break;
case S_Mode_PID:
IpfnProcPID = MakeProclnstance(PID,hInst);
DialogBox (hInst,"DLG_PID" ,hWnd,lpfnProcPID);
FreeProclInstance(lpfnProcPID);
InvalidateRectthWnd, NULL,TRUE);
UpdateWindow(hWnd);
break;
case S_Mode_PIDF:

IpfnProcPIDF = MakeProcInstance(PID_FUZZY hlnst);
DialogBox (hInst,"DLG_PIDF",hWnd,lpfnProcPIDE);
FreeProcInstance(lpfnProcPIDF);
InvalidateRectthWnd NULL,TRUE);
UpdateWindow(hWnd);
break;

case S_Mode_Manual:
lpfnProcManual = MakeProcInstance(Manual,hInst);
DialogBox (hInst,"DLG_Manual",hWnd,lpfnProcManual);
FreeProcInstance(lpfnProcPIDF);
InvalidateRectthWnd, NULL,TRUE);
UpdateWindow(hWnd);
break;
case S_Parameter:
if (MODE == 0)
{
lpfnProcPID = MakeProcInstance(PID,hInst);



DialogBox (hlnst,"DLG_PID" hWnd,lpfnProcPID);
FreeProcInstance(lpfnProcPID);
}
else if (MODE == 1)
{
IpfnProcPIDF = MakeProcInstance(PID_FUZZY hlnst);
DialogBox (hInst,"DLG_PIDF",hWnd,lpfnProcPIDF);
FreeProcInstance(lpfnProcPIDF);
}
else if (MODE == 2)
{
IpfnProcManual = MakeProcInstance(Manual,hInst);
DialogBox (hInst,"DLG_Manual",hWnd,lpfnProcManual);
FreeProcInstance(lpfnProcPIDF);
}
if (RUNN == 1)
EnableMenultem(hMenu,RUN,MF_ENABLED);
InvalidateRectthWnd, NULL,TRUE);
UpdateWindow(hWnd);
break;
case H_Content:
IpfnProcContent = MakeProcInstance(Content,hInst);
DialogBox(hInst,"DLG_Content",hWnd,lpfnProcContent);
FreeProcInstance(lpfnProcContent);
break;
case H_About:
IpfnProcKMITL = MakeProclInstance(About1,hInst);
DialogBox(hInst,"DLG_KMITL",hWnd,lpfnProcKMITL);
FreeProclInstance(lpfnProcKMITL);
IpfnProcINS = MakeProcInstance(About2,hlnst);
DialogBox(hInst,"DLG_INS",hWnd,IpfnProcINS);

FreeProclInstance(lpfnProcINS);



break;
}
break;
case WM_PAINT:
hDC = BeginPaint(hWnd,&ps);
if (First == 1)
{
IpfnProcKMITL = MakeProcInstance(Aboutl,hInst);
DialogBox(hinst,"DLG_KMITL" ,hWnd,lpfnProcKMITL);
FreeProcInstance(lpfnProcKMITL);
hMemDC = CreateCompatibleDC(hDC);
hOldBitmap = SelectObjectthMemDC hTitle);
BitBIt(hDC,50,0,540,64,hMemDC,0,0,SRCCOPY);
if New = 1)
{
SetTextColor(hDC,RGB(255,255,0));
SetBkMode(hDC,TRANSPARENT);
PrintText(hDC,280,40,"%s",T_Name);
PrintText(hDC,470,40,"%s",T_Unit);
}
if (MODE == 0)
{
SelectObjectthMemDC,hPID);
BitBIt(hDC,45,64,550,113,hMemDC,0,0,SRCCOPY);
if SET==11RUNN==1)
{
SetTextColor(hDC,RGB(0,0,255));
SetBkMode(hDC, TRANSPARENT);
PrintText(hDC,395,72,"%0.3f",PB);
PrintText(hDC,395,100,"%0.3f",Ti);
PrintText(hDC,395,128,"%0.3f",Td);
PrintText(hDC,290,128,"%d",I_Ts);



PrintText(hDC,540,72,"%0.2f" HR);
PrintText(hDC,540,100,"%0.2f",LR);
if (C_Action == ID_Dir)
PrintText(hDC,280,72," %s","Direct");
else PﬁntText(hDC,27 1,72,"%s","Reverse™);
if (C_Root == ID_Norm)
PrintText(hDC,285,100,"%s","No");
else PrintText(hDC,280,100,"%s","Yes");
SetTextColor(hDC,RGB(0,255,0));
PrintText(hDC,151,71,"%0.3f",SP);
SetTextColor(hDC,RGB(255,0,0));
PrintText(hDC,540,127,"%0.2f" , HA);
PrintText(hDC,540,155,"%0.2f",LA);
}
if (RUNN == 1)
{
SetBkMode(hDC,TRANSPARENT);
SetTextColor(hDC,RGB(0,0,255));
PrintText(hDC,151,127,"%0.3f" E);
SetTextColor(hDC,RGB(128,255,255));
PrintText(hDC,151,155,"%0.3f",CS);
SetTextColor(hDC,RGB(255,255,0));
PrintText(hDC,151,100,"%0.3£",PV);
}
)
else if (MODE == 1)
{
SelectObject(thMemDC,hPIDF);
BitBIt(hDC,25,64,590,113,iMemDC,0,0,SRCCOPY);
if (SET == 1 Il RUNN == 1)
{
SetBkMode(hDC,TRANSPARENT);



SetTextColor(hDC,RGB(0,0,255));
PrintText(hDC,158,72,"%0.3f",PU),
PrintText(hDC,158,101,"%0.3f",TU);
PrintText(hDC,426,156,"%d",I__Ts);
PrintText(hDC,561,72,"%0.2f",HR);
PrintText(hDC,561,100,"%0.2f",LR);

if (C_Action == ID_Dir)

PrintText(hDC,290,72,"%s","Direct");
else PrintText(hDC,283,72,"%s","Reverse");
if (C_Root == ID_Norm)
PrintText(hDC,300,100,"%s","No");
else PrintText(hDC,298,100,"%s","Yes");
if (RUNN ==1)

{

SetTextColor(hDC,RGB(0,255,0));
PrintText(hDC,158,128,"%0.3f",SP);
SetTextColor(hDC,RGB(255,0,0));
PrintText(hDC,561,128,"%0.2f" HA);
PrintText(hDC,561,156,"%0.2f",LA);
SetBkMode(hDC,TRANSPARENT);
SetTextColor(hDC,RGB(0,0,255));
PrintText(hDC,288,127,"%0.3f",E);
PrintText(hDC,410,72,"%0.3f",PB);
PrintText(hDC,410,100,"%0.3f",Ti);
PrintText(hDC,410,128,"%0.3f",Td);
SetTextColor(hDC,RGB(128,255,255));
PrintText(hDC,288,155,"%0.3f",CS);
SetTextColor(hDC,RGB(255,255,0));
PrintText(hDC,158,156,"%0.3f",PV),

}
else if (MODE == 2)



{
SelectObject(hMemDC,hManual);
BitBIt(hDC,120,64,400,113,hMemDC,0,0,SRCCOPY);
if (SET == 1 Il RUNN == 1)
{
SetTextColor(hDC,RGB(0,255,0));
SetBkMode(hDC, TRANSPARENT);
PrintText(hDC,184,140,"%0.3f",SP);
SetTextColor(hDC,RGB(0,0,255));
if (C_Acq'on == ID_Dir)
PrintText(hDC,459,140,"%s","Direct");
else PrintText(hDC,451,140,"%s","Reverse");
}
if (RUNN == 1)
{
SetTextColor(hDC,RGB(255,255,0));
SetBkMode(hDC,TRANSPARENT);
PrintText(hDC,315,140,"%0.3f",PV);
}
SelectObject(hMemDC,hSCOPE);
BitBIt(hDC,25,184,590,250,hMemDC,0,0,SRCCOPY);
SelectObject(hMemDC,hOldBitmap);
if (SET == 1)
{
hOldBrush = SelectObject(hDC,hRedBrush);
hOldFont = SelectObject(hDC,hSFont);
DisplayHA = HA;
Temp = HA - DisplayHA;
DisplayHA = DisplayHA * 2;
if (Temp > 0.5) DisplayHA++;
Polygpts[0].x = 586;
Polygpts[0].y = 405-DisplayHA;



Polygpts[1].x = 586+6;
Polygpts(1].y = 405-DisplayHA-6;
Polygpts[2].x = 586+6;
Polygpts{2].y = 405-DisplayHA+6;
Polygpts[3].x = 586;

Polygpts[3].y = 405-DisplayHA;
Polygon(hDC,Polygpts,4);
SetTextColor(hDC,RGB(255,0,0));
SetBkMode(hDC, TRANSPARENT);
PrintText(hDC,594,405-DisplayHA-7,"HA");
DisplayLA = LA;

Temp = LA - DisplayLA;
DisplayLA = DisplayLA * 2;

if (Temp > 0.5) DisplayLA++;
Polygpts[0].x = 586;

Polygpts[0].y = 405-DisplayLA;
Polygpts[1].x = 586+6;
Polygpts[1].y = 405-DisplayL A-6;
Polygpts[2].x = 586+6;
Polygpts[2].y = 405-DisplayLA+6;
Polygpts[3].x = 586;

Polygpts[3].y = 405-DisplayLA;
Polygon(hDC,Polygpts,4);
SetTextColor(hDC,RGB(255,0,0));
SetBkMode(hDC,TRANSPARENT);
PrintText(hDC,594,405-DisplayLA-7,"LA");
SetTextColor(hDC,RGB(0,0,255));
SetTextAlign(hDC,TA_RIGHT);
PrintText(hDC,77,199,"%0.2f" HA);
PrintText(hDC,77,399,"%0.2f" LA);
SelectObject(hDC,hOidFont);
SelectObject(hDC,hOldBrush);



.
DeleteDC(hMemDC);
EndPaint(hWnd,&ps);
break;
case WM_TIMER:
SetRect(&RECT1,25,64,615,177);
hDCT = GetDC(hWnd);
PrintText(hDCT,40,50,"%d" ,P++);
if (RUNN == 1)
{
Process(count);
InvalidateRect(thWnd,&RECT1,0);
UpdateWindow(hWnd);
hQldPen = SelectObject(hDCT,hBlackPen);
MoveTo(hDCT,t,405-DisplayCS[m]);
z=0;
for(i=m; i<k-1; i++,z+=2)
LineTo(hDCT,t+2,405-DisplayCS{i]);
MoveTo(hDCT,t,405-DisplayPV[m]);
z=0;
for(i=m; i<k-1; i++,z4+=2)
LineTo(hDCT,t+z,405-DisplayPV([i]);
MoveTo(hDCT,t,405-DisplaySP[m]);
z=0;
for(i=m; i<k-1; i++,z+=2)
LineTo(hDCT,t+z,405-DisplaySP[i]);
t-=2;
if(t<82){ t=82; m++; )
z=0;
SelectObject(hDCT,hGreenPen);
MoveTo(hDCT,t,405-DisplaySP[m]);

for(i=m; i<k; i++,2+=2)



LineTo(hDCT,t+z,405-DisplaySP[i]);
z=0;
SelectObject(hDCT,hGrayPen);
MoveTo(hDCT,t,405-DisplayCS[m]);
for(i=m; i<k; i++,z+=2)
LineTo(hDCT,t+2z,405-DisplayCS[i});
z=0;
SelectObject(hDCT,hYellowPen);
MoveTo(hDCT,t,405-DisplayPV[m]);
for(i=m; i<k; i++,z+=2)
LineTo(hDCT,t+2,405-DisplayPV[i]);
k++; count++;
}
SelectObject(hDCT,hOldPen);
ReleaseDC(hWnd,hDCT);
break;
case WM_DESTROY:
DeleteObject(hKMITL);
DeleteObject(hTitle);
DeleteObject(hPID);
DeleteObject(hPIDF);
DeleteObject(hManual);
DeleteObject(hSCOPE);
DeleteObject(hSFont);
DeleteObject(thMFont);
DeleteObject(hLFont);
DeleteObject(hRedBrush);
DeleteObject(hYellowPen);
DeleteObject(hGrayPen);
DeleteObject(hGreenPen);
DeleteObject(hBlackPen);
PostQpitMessagc(O); /! Send WM_QUIT if window



KillTimer(hWnd,1);
break;
// Pass other messages to the default window function
default: return (DefWindowProc(hWnd, msg, wParam, 1Param));

}

return OL;

/* < PrintText FUNCTION > */

void PrintText (HDC hDC, short x, short y, char *szFormat, ...)
{
char szBuffer'[256];
char *pArguments ;
pArguments = (char *) &szFormat + sizeof szFormat;
vsprintf (szBuffer,szFormat,pArguments);

TextOut (hDC,x,y,szBuffer,Istrlen(szBuffer));

r* Process FUNCTION >. *f
void Process(int Index)
{

unsigned char In_value,Out_value;

float inv,outv;

I/ READ DATA 1/

In_value = inportb(0x30A);
inv = (In_value-51.0)*(100.0/(255.0-51.0));
if(inv<0) inv = 0;
if(inv>100) inv = 100;
if (C_Root == ID_Norm)
PV =inv;
if (C_Root == ID_Root)

PV = sqrt(inv);



Ts_C++;

if (Ts_C ==1_Ts)
{
Ts_C=0;

/I PID MODE 1/
if (MODE == 0)
{
El =E;

E =SP-PV;
E2 = E2 +E;

CS = (100/PB) * (E + ((Ts*E2)/(Ti*60)) + ( (Td*60)*(E-E1)/Ts ) );

I/ PID & FUZZY MODE //
if (MODE == 1)
{
El =E;
E =SP-PV;
E2 =E2 + E;
[[---mmmm - Value of error---------------
e = E;

if((e)>=(-100)&&(e)<(-6))
a=l;

else if((€)>=(-6)&&(e)<(-4))
a=((-4)-(e))/2;

else if((e)>=(-4)&&(e)<(-2))
a=((-2)-(e))/%;

else if((e)>=(-2)&&(e)<0)
a=(0-(e))/2;

else if(e>=0 && e<2)
a=(2-€)/2;

else if(e>=2 && e<4)
a=(4-e)/2;



else if(e>=4 && e<6)
a=(6-¢)/2;

else if(e>=6 && e<=100)
a=l;
[f--—m—e- Value of delta error-------—-—---
d_e = (E-El);
if((d_e)>=(-100)&&(d_e)<(-6))
b=1;

else if((d_e)>=(-6)&&(d_e)<(-4))
b=((-4)-(d_e))/2;

else if((d_e)>=(-4)&&(d_e)<(-2))
b=((-2)-(d_e))/2;

else if((d_e)>=(-2)&&(d_e)<0)
b=(0-(d_e))/2;

else if(d_e>=0 && d_e<2)
b=(2-d_e)/2;

else if(d_e>=2 && d_e<4)
b=(4-d_e)/2;

else if(d_e>=4 && d_e<6)
b=(6-d_e)/2;.

else if(d_e>=6 && d_e<=100)
b=1;

ui=a*b;

big=1-exp((-4)*ui);

small=exp((-4)*ui);

Kp=kp();

Kd=kd();

L=Ifa();

Ku = 100/PU;

Kp_min = 0.32*Ku;

Kp_max = 0.6*Ku;

Kd_min = 0.08*Ku*TU;



Kd_max = 0.15*Ku*TU;
KP = ((Kp_max-Kp_min)*Kp) + Kp_min;
KD = ((Kd_max-Kd_min)*Kd) + Kd_min;
KI = (KP*KP)/(L*KD);
Ti = KP/K]I;
Td = KD/KP;
PB = 100/KP;
CS = (100/PB) * ( E + ((Ts*E2)/(Ti*60)) + ( (Td*60)*(E-E1)/Ts ) );
}
I MANUAL MODE //

if (MODE == 2)
{
CS = SP;
}
I/ OUT DATA //

if(CS>100.0) CS = 100.0;
if(CS<0.0) CS = 0.0;
outv = CS;
if (C_Action == ID_Dir)
Out_value = (outv * ((255.0-51.0)/100.0)) + 51.0;
if (C_Action == ID_Rev)
Out_value = (outv * ((51.0-255.0)/100.0)) + 255.0;
outportb(0x308,0ut_value);
} // end of Time sampling Count
e OUT DATA TO DISPLAY & SAVE-------—--—-—- /I
DataPV[Index] = PV;
DataCS[Index] = CS;
DisplayPV[Index] = DataPV{Index];
Temp = DataPV[Index] - DisplayPV[Index];
DisplayPV[Index] = DisplayPV[Ihdex] * 2.
if (Temp > 0.5) DisplayPV[Index]++;
DisplayCS[Index] = DataCS[Index};



Temp = DataCS{Index] - DisplayCS[Index];
DisplayCS[Index] = DisplayCS[Index] * 2;
if (Temp > 0.5) DisplayCS[Index]++;
DisplaySP[Index] = SP;
Temp = SP - DisplaySP[Index];
DisplaySP[Index] = DisplaySP{Index] * 2;
if (Temp > 0.5) DisplaySP{Index]++;

}

Vi FUZZY RULE OF Kp*
float kp( )

{

float p;

if(((e)>=(-100)& &(e)<(-4))&&((d_e)>=(-100)&&(d_e)<(-4)))
p=u3();

if(((e)>=(~-100)&&(e)<(-4)) & &((d _e)>=(-4)&&(d _e)<(-2)))
p=ul(;

if(((€)>=(-100)&&(e)<(-4)&&((d_e)>=(-2)&&(d _e)<0))
p=ul();

if(((€)>=(-100)&&(€)<(-4)) &&((d _e)>=(0)& &(d_e)<2))
p=ul();

if(((e)>=(~-100)&&(e)<(-4)) & &((d_e)>=2&8(d_e)<4))
p=ulQ);

if(((€)>=(-100)& & (€)<(-4))&&((d_e)>=4&&(d _e)<=100))
p=u2();

if(((e)>=(-4)&&(e)<(-2))&&((d_e)>=(-100)&&(d _e)<(-4)))
p=ul2();

if(((€)>=(-4)& & (e)<(-2))&&((d_e)>=(-4)&&(d_e)<(-2)))
p=u3();

if((€)>=(-4)&&(e)<(-2))&&((d_e)>=(-2)&&(d_e)<0))
p=ul(); .

if(((e)>=(-4)&&(€)<(-2))&&((d_e)>=(0)&&(d_e)<2))

p=ul();



(((e)>=(-4)&&(e)<(-2))&&((d_e)>=2&&(d_e)<4))

p=u2();

if(((e)>=(4)&&(e)<(-2))& &((d_e)>=4&&(d_e)<=100))
p=u8();

if(((€)>=(-2)&&(e)<(0))&&((d_e)>=(-100)&&(d_e)<(-4)))
p=ul6();

if(((e)>=(-2)& &(e)<(0))&&((d_e)>=(-4)& &(d_e)<(-2)))
p=ul2();

if(((e)>=(-2)& &(e)<(0)) & &((d_e)>=(-2)& &(d _e)<(0)))
p=u3();

if(((e)>=(-2)&&(e)<(0)) & &((d_e)>=(0)&&(d_e)<2))
p=u2();

if(((e)>=(-2)&&(e)<(0)) & &((d_e)>=2&&(d_e)<4))
p=u8();

if(((€)>=(-2)&&(e)<(0))&&((d_e)>=4&&(d_e)<=100))
=u16();
if(((e)>=(0)&&(e)<2)&&((d_e)>=(-100)& &(d_e)<(-4)))

p=ul60);

if(((€)>=(0)&&(e)<2)& & ((d_e)>=(-4)&&(d_e)<(-2)))
p=ul50;

if(((€)>=(0)&&(e)<2) & &((d_e)>=(-2)&&(d_e)<0))
p=u90;

iF(((€)>=(0)& &(e)<2)&&((d_e)>=(0)&&(d_e)<2))
p=u5();

if(((e)>=(0)&&(e)<2)&&((d_e)>=2&&(d_e)<4))
p=uld();

if(((e)>=(0)& &(€)<2)&&((d_e)>=4&&(d_e)<=100))
p=u16(;

if(((e)>=2&&(e)<4)&&((d_e)>=(-100)&&(d _e)<(-4)))
p=ul5();

if(((e)>=2& & (e)<4) & &((d_e)>=(-4)&&(d_e)<(-2)))
p=u90:



If(((e)>=2&&(e)<4)&&((d_e)>=(-2)&&(d_e)<0))

p=ul(;

if(((e)>=2&&(e)<4)&&((d_e)>=(0)&&(d_e)<2))
p=ul();

if(((e)>=2&&(e)<4)&&((d_e)>=2&&(d_e)<4))
p=u5();

if(((e)>=2& &(e)<4) & &((d_e)>=4&&(d_e)<=100))
p=ul4();

if(((e)>=4&&(e)<=100)&&((d_e)>=(-100)&&(d _e)<(-4)))
p=u90;

if(((e)>=4&&(e)<=100)&&((d_e)>=(-4)&&(d_e)<(-2)))
p=ul();

if(((e)>=4 & &(e)<=100)&&((d_e)>=(-2)&&(d_e)<0))
p=ul();

if(((e)>=4& &(e)<=100)&&((d_e)>=(0)&&(d_e)<2))
p=ul();

if(((e)>=4& &(e)<=100)&&((d_e)>=2&&(d_e)<4))
p=ul(); T

if(((e)>=4&&(e)<=100)&&((d_e)>=4&&(d_e)<=100))
p=u5();

return(p);

}

/I FUZZY RULE OF kdA
float kd( )
{
float d;

if(((e)>=(-100)&&(e)<(-4))88((d_e)>=(-100)&&(d_e)<(-4)))
d=u130);

if(((e)>=(-100)&&(e)<(-4))&&((d_e)>=(-4)&&(d_e)<(-2)))
d=ul4();

i(((e)>=(-100)&&(e)<(4))&&((d_e)>=(-2)&&(d_e)<0))
d=u160);



if(((e)>=(-100)&&(e)<(-4)) &&((d_e)>=(0)& &(d_e)<2))
d=ul6();

if(((e)>=(-100)& &(e)<(-4))&&((d_e)>=28&&(d_e)<4))
d=ul5();

if(((e)>=(-100)&&(e)<(-4))& & ((d_e)>=48&&(d_e)<=100))
d=ul3(;

if(((e)>=(-4)&&(e)<(-2))& &((d_e)>=(-100)& &(d _e)<(-4)))
d=ul();

if((@>=(-H&&(e)<(-2))&&(d_e)>=(-4)& &(d_e)<(-2)))
d=u50);

if(((e)>=(-4) & &(e)<(-2))& &((d_e)>=(-2)&&(d _e)<0))
d=ul4();

(((e)>=(-4)&&(e)<(-2)) & &((d_e)>=(0)&&(d_e)<2))
d=ul15();

if(((e)>=(-4)&&(e)<(-2))&&((d_e)>=2& &(d_e)<4))
d=u90);

if(((e)>=(-4) & &(e)<(-2))&&((d_e)>=4& &(d_e)<=100))
d=ul();

if(((e)>=(-2) & &(e)<(0))&&((d _e)>=(-100) &&(d_e)<.(-4)))
d=ul(;

if(((e)>=(-2)&&(e)<(0)& &((d_e)>=(-4)&&(d_e)<(-2)))
d=ul();

if(((e)>=(-2)&&(e)<(0)) & &((d_e)>=(-2)& &(d _€)<(0)))
d=u5();

if(((e)>=(-2)&&(e)<(0))&&((d_e)>=(0)&&(d_e)<2))
d=u90);

if(((e)>=(-2) & &(e)<(ON&&((d_e)>=2&&(d_e)<4))
d=ul();

if(((e)>=(-2)& &(e)<(0)) & &((d_e)>=4& &(d_e)<=100))
d=ul();

if(((e)>=(0)& &(e)<2) & &((d_e)>=(-100)& &(d_e)<(-4)))
d=ul();



if(((€)>=(0)&&(e)<2)&&((d_e)>=(-4)&&(d_e)<(-2)))
d=ul();

if(((e)>=(0)& &(e)<2)& &((d_e)>=(-2)&&(d _e)<0))
d=u2();

if(((e)>=(0) & &(e)<2)&&((d_e)>=(0)& &(d _e)<2))
d=u3();

if(((e)>=(0)&&(e)<2)&&((d_e)>=2&&(d_e)<4))
d=ul();

if(((e)>=(0)& &(e)<2)&&((d_e)>=4&&(d_e)<=100))
d=ul();

if(((e)>=2&&(e)<4)&&((d_e)>=(-100)& &(d_e)<(4)))
d=ul();

if(((e)>=2& &(e)<4) & &((d_e)>=(-4)&&(d_e)<(-2)))
d=u2();

if(((e)>=2& &(e)<4)&&((d_e)>=(-2)&&(d_e)<0))
d=u8();

if(((e)>=2&&(e)<4)&&((d_e)>=(0)&&(d_e)<2))
d=u12();

if(((e)>=2&&(e)<4)&&((d_e)>=2&&(d_e)<4))
d=u3();

if(((e)>=2& &(e)<4)& & ((d_e)>=4&&(d_e)<=100))
d=ul();

if(((€)>=4&&(e)<=100)&&((d_e)>=(-100)&&(d_e)<(-4)))
d=u4();

if(((e)>=4&&(e)<=100)&&((d_e)>=(-4)&&(d_e)<(-2)))
d=u8();

if(((e)>=4&&(e)<=100)&&((d_e)>=(-2)&&(d_€)<0))
d=ul6();

if(((e)>=4&&(e)<=100)&&((d_e)>=(0)&&(d_e)<2))
d=ul6();

if(((c)>=-;1&&(c)<= 100)&&((d_e)>=2&&(d_e)<4))
d=ul2();



if(((e)>=4&&(e)<=100)&&((d_e)>=4&&(d_e)<=100))
d=ud();
return(d);

}
/i FUZZY RULE OF ALFA

float Ifa( )

{

float I;

if(((e)>=(-100) & &(e)<(-4)) & &((d _e)>=(-100)& &(d_e)<(-4)))
1=(a*b*2)+(a*(1-b)*2)+((1-a)*b*3)+((1-a)*(1-b)*3);

if{((e)>=(-100)& &(e)<(-4))&&((d_e)>=(-4)& &(d_e)<(-2)))
I=(a*b*2)+(a*(1-b)*2)+((1-a)*b*3)+((1-a)*(1-b)*2);

if(((e)>=(-100)&&(e)<(-4))& &((d_e)>=(-2)&&(d _e)<0))
I=(a*b*2)+(a*(1-b)*2)+((1-a)*b*2)+((1-a)*(1-b)*2);

if(((e)>=(-100)&&(e)<(-4))&&((d_e)>=(0)&&(d _e)<2))
I=(a*b*2)+(a*(1-b)*2)+((1-a)*b*2)+((1-a)*(1-b)*2);

if(((e)>=(-100)& &(e)<(-4))& &((d_e)>=2&&(d_e)<4))
I=(a*b*2)+(a*(1-b)*2)+((1-a)*b*2)+((1-a)*(1-b)*3);

if(((e)>=(-100)&&(e)<(-4))& & ((d_e)>=4& &(d_¢)<=100))
I=(a*b*2)+(a*(1-b)*2)+((1-a)*b*3)+((1-a)*(1-b)*3);

if(((e)>=(-4)& &(e)<(-2)) & &((d_e)>=(-100)& &(d_e)<(-4)))
I=(a*b*3)+(a*(1-b)*3)+((1-a)*b*4)+((1-a)*(1-b)*3);

if(((e)>=(-4)& &(e)<(-2))&&((d_e)>=(-4)&&(d_e)<(-2)))
I=(a*b*3)+(a*(1-b)*2)+((1-a)*b*3)+((1-a)*(1-b)*3);

if(((e)>=(-4)& &(e)<(-2))&&((d _e)>=(-2)&&(d _e)<0))
I=(a*b*2)+(a*(1-b)*2)+((1-a)*b*3)+((1-a)*(1-b)*2);

if(((e)>=(-4)& &(e)<(-2))&&((d_e)>=(0)&&(d_e)<2))
l=(a*b*2)+(a*(1 -b)*2)-6:(( 1-a)*b*2)+((1-a)*(1-b)*3);

if(((e)>=(-4)&&(e)<(-2))& & ((d_e)>=2& &(d_e)<4))
1=(a*b*2)+(a*(1-b)*3)+((1-a)*b*3)+((1-a)*(1-b)*3);

if(((e)>=(-4) & &(e)<(-2)) & &((d_e)>=4& &(d_e)<=100))
I=(a*b*3)+(a*(1-b)*3)+((1-a)*b*3)+((1-a)*(1 -5)*4);



IF((()>=(-2)&&(e)<(0))&&((d_e)>=(-100)&&(d _e)<(-4)))
I=(a*b*4)+(a*(1-b)*3)+((1-a)*b*S)+((1-a)*(1-b)*4);
H((()>=(-2) & &(e)<(0))&&((d_e)>=(-4)&&(d _e)<(-2)))
I=(a*b*3)+(a*(1-b)*3)+((1-a)*b*4)+((1-ay*(1-b)*3);
if(((e)>=(-2)&&(e)<(0))&&((d_e)>=(-2)&&(d _e)<(0)))
I=(a*b*3)+(a*(1-b)*2)+((1-a)*b*3)+((1-a)*(1-b)*3);
If(((€)>=(-2)&8(e)<(0))&&((d_e)>=(0)&&(d_e)<2))
I=(a*b*2)+(a*(1-b)*3)+((1-a)y*b*3)+((1-a)*(1-b)*3);
if(((e)>=(-2)&&(e)<(0))&&((d_e)>=2&&(d_e)<4))
I=(a*b*3)+(a*(1-b)*3)+((1-a)*b*3)+((1-a)*(1-b)*4);
((()>=(-2)& 8(e)<(0)) & &((d_e)>=4&&(d_e)<=100))
I=(a*b*3)+(a*(1-b)*4)+((1-a)*b*4)+((1-ay*(1-b)*5);
H(((€)>=(0)&&(e)<2)&8((d_e)>=(-100)&&(d _e)<(-4)))
[=(a*b*S)+(a*(1-b)*4)+((1-a)*b*4)+((1-a)*(1-b)*3);
H(((€)>=(0)&&(€)<2) & ((d_e)>=(-4)&&(d_e)<(-2)))
I=(a*b*4)+(a*(1-b)*3)+((1-a)*b*3)+((1-a)*(1-b)*3);
If(((€)>=(0)&&(e)<2)&&((d_e)>=(-2)&&(d_e)<0))
I=(a*b*3)+(a*(1-b)*3)+((1-a)*b*3)+((1-ay*(1-b)*2);
i((()>=(0)&8(e)<2)8E((d_e)>=(0)&&(d_e)<2))
I=(a*b*3)+(a*(1-b)*3)+((1-a)*b*2)+((1-a)*(1-b)*3);
if(((€)>=(0)&&(e)<2)&&((d_e)>=2&&(d_e)<4))
I=(a*b*3)+(a*(1-by*4)+((1-a)*b*3)+((1-a)*(1-b)*3);
If(((€)>=(0)&&(e)<2)&&((d_e)>=4&&(d_e)<=100))
I=(a*b*4)+(a*(1-b)*5)+((1-a)*b*3)+((1-a)*(1-b)*4);
H(((€)>=2&&(e)<4)&&((d_e)>=(-100)&&(d_e)<(-4)))
I=(a*b*4)+(a*(1-b)*3)+((1-2)*b*3)+((1-a)*(1-b)*3);
if((()>=28&(e)<4)&&((d_e)>=(-D&&(d_e)<(-2)))
I=(a*b*3)+(a*(1-b)*3)+((1-a)y*b*3)+((1-a)*(1-b)*2);
I(((e)>=2&&(e)<4)&&((d_e)>=(-2)&&(d_e)<0))
I=(a*b*3)+(a*(1-b)*2)+((1-a)*b*2)+((1-a)*(1-b)*2);
If(((©)>=2&&(e)<4)&&((d _e)>=(0)&&(d_e)<2))
I=(a*b*2)+(@*(1-by*3)+((1-a)y*b*2)+((1-a)*(1-b)*2);



if(((e)>=2& &(e)<4)&&((d_e)>=2&&(d_e)<4))
l=(a*b*3)+(a*(1-b)*3)+((1-a)*b*2)+((1-a)*(1-b)*3);
if(((e)>=2&&(e)<4)& &((d_e)>=4&&(d_e)<=100))
I=(a*b*3)+(a*(1-b)*4)+((1-a)*b*3)+((1-a)*(1-b)*3);
if(((e)>=4& &(e)<=100)& &((d_e)>=(-100)&&(d_e)<(-4)))
l=(a*b*3)+(a*(1-b)*3)+((1-a)*b*2)+((1-a)*(1-b)*2);
if(((e)>=4&&(e)<=100)& &((d_e)>=(-4)&&(d _e)<(-2)))
1=(a*b*3)+(a*(1-b)*2)+((1-a)*b*2)+((1-a)*(1-b)*2);
if(((e)>=4&&(e)<=100)& &((d_e)>=(-2)&&(d _e)<0))
1=(a*b*2)+(a*(1-b)*2)+((1-a)*b*2)+((1-a)*(1-b)*2);
if(((e)>=4&&(e)<=100)& &((d_e)>=(0)&&(d_e)<2))
1=(a*b*2)+(a*(1-b)*2)+((1-a)*b*2)+((1-a)*(1-b)*2);
if(((e)>=4&&(e)<=100)&&((d_e)>=2&&(d_e)<4))
I=(a*b*2)+(a*(1-b)*3)+((1-a)*b*2)+((1-a)*(1-b)*2);
if(((e)>=4&&(e)<=100)&&((d_e)>=4&&(d_e)<=100))
I=(a*b*3)+(a*(1-b)*3)+((1-a)*b*2)+((1-a)*(1-b)*2);
return(1);

}

float ul()
{
float m1;
ml=(a*b*big)+(a*(1-b)*big)+((1-a)*b*big)+((1-a)*(1-b)*big);
return(m1);
}
float u2( )
{
float m2;
m2=(a*b*big)+(a*(1-b)*big)+((1-a)*b*big)+((1-a)*(1-by*small);
return(m2); '
}
float u3()



{
float m3;
m3=(a*b*big)+(a*(1-b)*big)+((1-a)*b*small)+((1-a)*(1-b)*big);
return{m3);
}
float ud()
{
float m4;
mé4=(a*b*big)+(a*(1-b)*big)+((1-a)*b*small)+((1-a)*(1-b)*small);
return(m4);
}
float uS( )
{
float m5;
m5=(a*b*big)+(a*(1-b)*small)+((1-a)*b*big)+((1-a)*(1-b)*big);
return(m5);
}
float u8( )
{
float m§;
m8=(a*b*big)+(a*(1-b)*small)+((1-a)*b*small)+((1-a)*(1-b)*small);
return(m8);
}
float u9( )
{
float m9;
m9=(a*b*small)+(a*(1-b)*big)+((1-a)*b*big)+((1-a)*(1-b)*big);
return(m9);
}
float ul2( )
{

float m12;



m12=(a*b*small)+(a*(1-b)*big)+((1-a)*b*small)}+((1-a)*(1-b)*small);
return(m12);

}
float ul3()

{
float m13;
m13=(a*b*small)+(a*(1-b)*small)+((1-a)*b*big)+((1-a)*(1-b)*big);
return(m13);
}
float u14()
{
float m14;
ml4=(a*b*small)+(a*(1-b)*small)+((1-a)*b*big)+((1-a)*(1-b)*small);
return(m14);
}
float ul5()
{
float m15;
m15=(a*b*small)+(a*(1-b)*small)+((1-a)*b*small)+((1-a)*(1-b)*big);
return(m15);
}
float ul6()
{
float m16;
m16=(a*b*small)+(a*(1-b)*small)+((1-a)*b*small)+((1-a)*(1-b)*small);
return(m16);

}



1Jsunsy MONITOR.H

#define F_New 510
#define F_Exit 520
#define RUN 600

#define S_Mode_PID 711
#define S_Mode_PIDF 712
#define S_Mode_Manual 713

#define S_Parameter 710
#define H_Help 810
#define ID_PB 102
#define ID_Ti 103
#define ID_Td 104
#define ID_Ts 105
#define ID_SP 106
#define ID_HR 108
f#tdefine ID_LR 109
#define ID_HA 111
#define ID_LA 112
#define ID_Dir 114
#define ID_Rev 115
f#tdefine ID_Norm 117
#define ID_Root 118
#define ID_PU 119
#define ID_TU 120
#define ID_Name 121
#define ID_Unit 122

int PASCAL WinMain (HANDLE, HANDLE, LPSTR, int);

BOOL InitApplication (HANDLE);

BOOL InitInstance (HANDLE, int);

LONG FAR PASCAL MainWndProc (HWND,unsigned, WORD,LLONG);



BOOL FAR PASCAL Aboutl (HWND,unsigned, WORD,LONG);
BOOL FAR PASCAL About2 (HWND,unsigned, WORD,LONG);
BOOL FAR PASCAL Pro_Name (HWND,unsigned, WORD,LONG);
BOOL FAR PASCAL PID (HWND,unsigned, WORD,LONG);

BOOL FAR PASCAL PID_FUZZY (HWND,unsigned, WORD,LONG);
BOOL FAR PASCAL Manual (HWND,unsigned, WORD,LONG);

void PrintText(HDC hDC,short x, short y,char *szFormat, ...);
void Process (int);
float ul(void);
float u2(void);
float u3(void);
float ud(void);
float uS(void);
float u8(void);
float u9(void);
float ul2(void);
float ul3(void);
float uld(void);
float ul5(void);
float ul6(void);
float kp(void);
float kd(void);
float Ifa(void);



MONITOR .DEF

NAME PID & FUZZY

DESCRIPTION 'This is software of PID & FUZZY CONTROLLER'

EXETYPE  WINDOWS

STUB 'MONSTUB.EXE'
CODE PRELOAD MOVEABLE DISCARDABLE
DATA PRELOAD MOVEABLE MULTIPLE

HEAPSIZE 4096
STACKSIZE 8192

EXPORTS
MainWndProc @1
About!l @2 -
About2 @3
Pro_Name @4
PID @5
PID_FUZZY @6
Manual @7
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BURR-BROWN

ADCS74A

Microprocessor-Compatible
ANALOG-TO-DIGITAL CONVERTER

FEATURES

o COMPLETE 12-81T A/0 CONVEATER WITH
REFZIENCE. CLOCK. AND &, 12-, QR 16-3IT
MICI0PAGCZSIAR 3US INTEAFACE
IMPR0OVED PSIFOAMANCE SECOND SOQUACE FOR
574A-TYPE A/D COMVEATERS

288 Maximum Canversion Time

1E0ns 3us Aczess Time

Ao Input: Sus Cantention Quring Aead Qperation

tiiminatad

e FULLY SPECIFIED FOR OPEIATION QN =!2V OR

=13V SUFPLIES
o NO MISSINE COOES OVER TEMPSIATURZ
0°C to —75°C: ADCST4AJH, KH Graces
—35°C 0 —125°C; ADCST4ASH. TH Grades

DESCRIPTION

ze ADCS74A is a 12-bit sucssssive aparaximation
azalog-io-digiai converter, utilizing state-of-the-art
CMOS and laser-trimmed bigolar die custom-
designzd for {recdom {rom latck-up and for opti-
mum AC performancs. It is compiets with 2 seif-

contained =0V referenss, intemnal clock, digital
intzr{acs for microprocsssor sontrol, and thras-stats
outputs.

Thz refecance ¢ircul

t. sontaining a duried zaner, i
r-trimmed for i rz coefficient,
The clock oscillator is surrzai-controlied for sxesi-
l2at stabtiity over temperature. Full-scaie and offser
srTors may be sxizrnally-trimmed o zero. Intern

analog input signal ranges of 9V to +I0V, OV 10
—10V, =3V, and =!0V,

The coavertzr may e sxisrnally programmead to
provids 3- or 12-dit rzsoiution. Ths conversion tize
for 12 bits is factory sez for 29us typical. *

Qutput data are avaiiabie in 1 paralle! format from
TTL~ompatidle thre=-state output buffers. Output
¢ata are coded in straight dinary for uaipolar input
signals and bipoiar offse: dinary for bipolar input
signals.

Tae ADCS72A, avaiiable in both indusirial and mii-
itary temperaturs rangss, requires supply voltdiges of
+5V and =12V or =ISV. Itis packaged in a hermedc
28-pin side-brazed csramic DIP.

CINTACL e,
INPUTS
- o STATUS
3IPOLAR | < > I
JFFSET ] asc ¥ ! : o r—'
AANSE HH h

pai} i - §§' — .

i | TP asnure I 2
107 AAMEE O—— i i I A

- z wat 1 [ zL_ )n
Srne S " QUT?'JY

EFERENCE ] H
[E 1004 =
REFERENCE ™
surrur - H ||

Internauonal hirsart tadusiessl 2ew - PO Jox 1400 - Tucsen Arizang AST24 - Tol, [607) 7461111 - Tws: §10-352-1111 - Cadte I8ACIAP Taler: 55-6431

R

w e

.

DO
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SECIFICATIONS

Z.E,ECTR'CAL Seen e e e e e FOUS . V.
Gee 290G, Yoo & =12V 0OF «15V, Veg = =2V of =15V, Veae = +5V uniets otherwrse soecified.
1 ﬁ:—-— - ADCST4AIM, ADCIT4ASH ADCSTAAKH, ADCSTAATH
- < MM ™ MAX MIN TYP MAX UNITS
RESCLUTICN { 12 * Sits
T
AMALOG [ |
yosage AaNges. JUmopoier 0to~10,0t0 +20 . v
Biooiar =8, =10 . v
Imoecance. 910 S0V, =5V 1 7 L [ &3 M M . [{2}
210V OV t0 =20V . H 7.5 10 128 . M . e
| T
DIGITAL 1CE. ZS. A/C, AL V8
Ovet “gmonrature Aangs
youges: LaGi< ! -2 5.5 . : v
Logie S -0.5 0.8 * * v
Curtent, 3.0V € Vem ss.0v -5 L -5 ° ¢ ° uA
cacactance $ * of
[FaansFER CHARACTERISTICS
ACTURACY
A -25°C
Lnearty ErvCf = =12 Lsa
umpear Stiset Error (acjustasie to 2era) =2 . LS8
Hsarar Sriset Zeror (aciusiRdie 10 IWT) =0 =4 Lsa
2yi-Scate Cauoration Etrof " .
(aCiustacte 10 2870} =03 . % ot FS'*
No Migsing Caces Resoluton 1" 1?2 8us
\nnecent Suantization Svor =1 M Ls8
T T Twas
wneanty £r7or J. K Grages =t =12 %of FS
S. T Graces = . % of FS
Fut-3cre Sanorauon Error
ynout imua aciustment™ J. K Graces - =05 =04 % of F$
S. TGnces =33 =0.5 %ot FS
Agjustec 10 2870 &t -2802: J. K Grices =222 =0.12 %ot FS
S. T Grazes =0.5 =025 % of F§
Ng Missing C3aes Resotution 1 12 Sits
BOWER SUPPLY SENSITIVITY
Cungs i Full-Scale Casipration
“135V < Ve < —16.5V or =114V <Y € =126V =2 A Ls8
6.8V < Veg € —13.5V of =126V < Ve < =114V =2 =1 LS8
-4 5V < Veoae < =55V =112 Y Lsa
CONVERSION TIME™® A
31 Cyeie 10 5] 7 i ‘ i us
-3 Cocre 15 « 28 vl . . s
ORIFT S
Unroorar Ciset: 3. K Graces : =10 =5 pem/ C
S, T Graces =5 =25 pom/*C
Change ovar Temoerature Aangs, All Groes *2 A &1 LS8 |
Sicoiar Ciiset, All Graces =10 =5 pem/*C
Change over Temoerature Aange: J. X Grgces =2 =t Ls8
S, T Grages =4 =2 LS8
FulleScaie Canoratian: J, X Grages =45 =25 pom/°C
S, 7 Grages =50 =225 pom/*C
Shange over Temasrature Aange. L X Grades =3 =5 LS8
S. T Gnces =20 =10 Lss
ouTPuUT
OIGITAL 03 — OBa, STATUS) l l
Qver “gmoerature Aange
Cutout Cces. Unipolar Unioolar Straignt Binary (US8)
Qizolar Bioolar Oftset Sinary (BOB)
Lagic Lavers. LIGIC O (leme ® 1.$mA) -0.4 . v
LIGIC ! (Frame = F00uA) -2.4 N . v
Leaxage. Data 3u3 Cripign-Z Stats -5 [:R] -5 . . . uA
Cadacizance s . of
INTERNAL REFERENCE YOLTAGE .,
varage +3.3 +10.0 +10.1 . N - v
| Sourca Current avauais tor Extarnat Loaas™ 20 . mA




ELECTRICAL (CONT)

T, m=28°C. Voo * =12V OF «~13V, Yyq @ =12V O =15V, Vioeq * <5V yniess otharwise 10ecilied.

*Same specihCaUON a3 JrEge 18 he immediste ‘e,
NOTZES, (1) Althoughn thus guaranteeq threanold 1 Nigner thean

the stanased TTL susrantesd tever (=2.3V), Sus losaing 1s much legs, TyCi2a1insLl 2orreey o

0.2¢ of & stangard TTLi0d. (2] Witn fixed 5001 resistor from AES QUT to REF IN Tris carametes 13 2130 40)u3(2019 L 2870 ot = S°C (3ee "SI0~ Exemg s
Ll

Scare sng Oftset Acjustments” section).

aoies. (4) See "Controlling the ADCET4A” sectiol

ABSOLUTE MAXIMUM RATINGS

Yz to Cigreal Common .......... « VA
Veq 10 Oigatal Cammon .
Yisaw to Digital Common ...
Anaiog Cammen o Cigial Cammon ..
Controt thouts (CZ. €S, AL 1278, A/CY

20V 1o Analog Common .
REFOQUT....

.. Gto~16.5V
. 0to —16.5V
. Qo e?V

to Cigitst COMMON Leuuerneennecaoncoes ~0.5V 10 Vioas 9.5V
Anaiog Inputs (ASF IN, 8P CFF 10Vw)
10 Anaiog Cammaon v M T =188V,

. Incetinite Short to Common,
Momaentary Short 10 Ve

. *2ev

(3) 7S n thus soecitication 1ao1e means Full-3ciie Ranga, That s, Jor & <10V ingut rafge. FS means IV tor s s .

range. 7S meens iCV Use of the tarm Full Scate tor thess soscifications instesd af Full-3Caie Range 13 CINSITENT wilh Cther vensary 574 3rC S734 3 2
aoraleg informaton cancerming Sigiial uming, !5} Sxternar ioacing must Je corsisnt 250 Sonven
When SuOIyYING an external I03C ana coersing oA =12Y susohes, & Sufter AM3hGer LSl e IrIVGes 'Or the

theator

rence Quidul.
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SUCCESSIVE APPROXIMATION RIGISTIR
~N

MODEL . ADCIT4AIH, ADCSTAASH ADCSTAAKM, ADCST4ATH i
MIN ™ ! MAX MI . 1
| Nof T L Max
POWER SUPPLY REQUIREMENTS \ '-
voiage: Yoo 114" I -18.9 . .~
Vae -t1.4 -16.8 . . \
Vioas -t$ -5.8 . v
Current: lec - u 15 . . v H
tes k4l H i . . b H
hoowe 7 | 15 . . ~ o
25wer Oissigetion (=15Y Suoohes) 515 i 0 . . ! :‘ :
! . ¢
TEMPERATURE RANGE (Amaient) T ——
Soecihcation: i, K Grages 0 i «75 . T~
‘ S. 7 Grages N ~55 i ~125 * . - !
Storage ~85 1 -15C . . ! o
<

Grwp Tempersture: J, K. L Graces ........ o — 4 +100°C Vee @ @ 082
S. T.UGEGES . curuncanrcncnanes . #150°C i=
Power OILSIDBUON - .rverrnenressessneassssenransanss 1000mw 8IPOLAR @ COMPARATCR ‘EL‘® o081
Lssa Temperature, Solaarng . =300°C, 1036 QFFSET "“‘""L_ gH
TRerMal RESITENCE, fuaeeeensrnerresnsanromnaninncnses 48 Cw 10V 3ANGE @_—15‘“ | | FGs) oo s
CAUTION: These devicss sre sensitive to eiectrostatic discherge. . sk | $ [ AL
Aograpnste 1.C. handling procedures snauid de oilowed. 20v aanGe (14 = f conxy
MECHANICAL
S
INCHES T VILIMETERS 2 —_— rs NCTZ. Leads in irue posihion
o [Thain | max | win MAX { . . witten 0107 [.25mm} A at MMC at
A 11.386)1.414136.20138.92 P i seating mane.
C ] .108] .1aa1 2.74| .22 i .
® | 0161 0211 _0.38] 0.53 o : Pon ~umpers sRQwn for reference
F 1 038 .0601 0.89] 1.32 1 . Aty Num3ers may not oe maned
Qg !.100 BASIC | 2.54 BASIC — A —— on dackage.
= | .036] 0841 0.211_ 1.83 N
4 .008| .012f 0.201 0.30
% | -1201 .2401 3.08] 8.10 3 — ~ !
L 1.600 BASIC 115.24 BASIC AR : t CASZ. Caramc, nerme:
" ] to° T 10° il i i T L MATING SonnESTIR B |
— — : i i I . tra2)
N ] 0231 .0001 0.84| 1.82 ;l —_— ! - Seatng Stana ', WEIGHT 18 5rams(C !
LS T —G— et l
; -




DISCUSSION OF
‘SPECIFICATIONS

LINEARITY ERROR

Linearity error is defined as the deviation of actual code
rransition values {rom the ideal transition values. Ideal
qransition valuzs lic on 2 line drawn through zero (or
minus {ull scaie for Sipoiar operation) and plus full scale.
The zero valus is locatsd at an analog input value
12158 vefore the first code transition (000w to Q0lu).
The full-scale value is located atan analog value 3/2LS8
peyond ihe last cods transition (FFEn to FFFu) (see
Figure X').

e
_ RuLLSCME
FPF. | CALIBAATION f_—'
. , ERAQR i
| ROTATES v
F7l ¢ | THE . :
- 4 |LINE \ ' t
- : ,
2 . ! -
N ' :
2 QRFSET } iy
= g M
g "1 s 7 Vo
¥ 7Fi. ¢ SHIFTS —4 4 ! '
FOoTHEUNETTTT _—
m-’f TH : — N
0. pman | MIOSCALE T}
— —(3IPOLAR N L
00 | TRANSITIONI; ,  ZEAG) 1 '
3 il —
VASI= = yeag o 2L — _ful
20 ospsen: U SFULLSCALE  SCALE
|=FULL  SausRATICN CALISRATION
SCALE  TAANSITOM TRANSITION
ANALES IHPYT

FIGURE 1. ADCS72A Transfer Characteristic
Terminoiogy.

Thus. for a converter connected for bipolar operation
and with a full-scale range (or span) of 20V (=10V), the
2670 value of —10V is 2.2mV below the first code transi-
tion (000w to 001x at —3.99756V) and the plus full-scale
value of =10V is 7.32mV above the last cods transition

{FFEuto FFFu at ~3.36288) (see Table [). :

NO MISSING CODES
(DIFFERENTIAL LINEARITY ERROR)

A specification which guarantess no missing codes
requires that svery cods combination appear in a mono-
tonicaliy-increasing segusncs as the analog input is

increased throughout the range. Thus, every input code
width (quantum) must have a {inite width. {f an input
quantum has a value of zero (a differzatial linearity error
of ~1LSB). 2 missing code will occur.

ADCS7A KH and TH grades are guaranteed to have no
missing codes to 12-bit resolution over their respective
speciiication temperature ranges.

UNIPOLAR OFFSET ERROR

An ADCST2A connected for unipolar operation has an
analog input range of OV to plus full scale. The first
output code transition should occur at aa analog-input
value | 2LSB above 0V Unipotar offset error is defined
as the deviation of the actual transition value from the
ideal waive. The unipolar offset temperaturs coefficent
speciiies the change of this transition value versus a
change in ambient temperature,

BIPOLAR OFFSET ERROR

A D converter speaiiications have hstoricaily defined
bipoiar ofiset as the lirst trunsiuon vaiue above the
minus fuil-scale vaive., The ADCSET4A specification,
however. follows the terminoiogy dsfined for the 574
coavertar several vears ago. Thus. bipolar offset is
located aear the rmidscaie values of OV (bipoiar zeroj at
the outout code transition 7F Fu to 300k.

Bipoiar offser zrror for the ADCST2A s defined 2s the
deviation of the aciual transition vaiue from tae iczal
traasition valus iocat=d |. 2LSB beiow OV, Tne bipolar
offse: temperaturs cosfficient specilies the maximum
change of the code transition vaius versus a changs in
am3isnt lemperature.

FULL SCALE CALIBRATION ERROR

The last output cods transition (FFZ4 to FFFu) occurs
for an analog input value 3/2LSB below the nominal
full-scale vaiue. The full scale calibration error is the
deviation of the actuat analog value at the last transition
point from the ideal value. The {ull-scale caiibration
temperaturs coefficient specifies the maximum change of
the code transition value versus a change in ambient
temperature.

POWER SUPPLY SENSITIVITY

Electrizal specifications for the ADCST4A assume the
application of the rated power suppiy voltages of =5V
and =12V or =!SV. The major effect of power suppiy

TABLE 1. Input Voliages, Transition Values. and LSB Values.

Binary (81N Qutout i inout Voitage Range sna LS8 Values
Analog tnout Yoitage 3arge | Defined As: 1 =0V | =8V ! ow=-wv | Q-2V
One Least Sigrrnicant 31t (L83} FSR 20v v i v 20V
ke Fa Ea re r.
n=3 T8 1Imv 39 CBmv | 39 G6mv 78.13m
n=12 | 4 88mv 2 Mamyv Leamv 4 88mv
Cutbul Trans.n0n Values l
FFE. 10 FFFa - Fuit-3caie Canbration -10v - 3,288 -5V - 372LS8 =10V - /2,58 «20V - JUS3
TFFF.tc 80C. Migscate Cabbration (Bipotar Otisert) 0 - w2LS3 0 -~ 1/2LS3 -5V - 2LSB -0V =12LS3
000. 0 COt. Zero Cahibration {= Fuil-Scate Canoranon) -0V - ;LS8 -5V « 172158 0= t/2LS8 0 - w2Lss




voltage deviations lrom the rated values will be 2 small
changs in the full-scale calibration value. This change. of
course. results in o proportional change in all code tran-
sition valuss (i.e. a gain error), The specification describes
the maximum change in the full-scale calibration value
from the inutial value for a change \n cach power supply
voltags.

TEMPERATURE COEFFICIENTS

The temperature coetficizats lor full-scale calibration,
unipoiar oifset and bipolar oifset specify the maximum
change from the —25°C value 10 the vatue at Tuis 0F Tuax.

QUANTIZATION UNCERTAINTY

Anaiog-to-digital converters have an inherzat quantiza-
tion =rrof, of =! 2LSB. This error is a fundamemal
prozeniy of the quantization procsss and cannot be siim-

nated,

CODE WIDTH (QUANTUM)

Cods width, or quantum, is defined as the range of
analog input values for which a given otuput code will
occur. The ideal code width is [LSB.

INSTALLATION

LAYOUT PRECAUTIONS

Anaiog (pin 9) and digitai (pin 15) commons arz aot
connezizd together internally in the ADCST4A, but
shouid be connecied together as close o the unit as pos-
sible and to an anaiog common ground plane benzath
the sanverter on the component side of the Hoard. In
addition. a wide coaductor pattern should run directly
{rom pia 9 to the analog suppiv common. and a separate
wids conductor pattern {rom pin 15 to the digital supply
common.

If the single-point system comraon cannot be esiabiished
direz:ly at the converter, pin 9 and pin 1S should still be
connected together at the converter: a single wide con-
duczor pattern then connects these two pins to the sys-
tem common. This single common path will typically
carry about L.SmA of current out of the coaverter. Code-
dependeat currents do not flow in analog (pin 9) or digi-
tal {pin 15) commons. DC currsnts that flow are typically
~7mA inpin 9 and —5.5mA in pin IS,

Coupiing between anaiog input and digital linss should
be minimized by careful layout. For instancs, if the lines
must cross. they should do so at right angles. Parallel
analog and digital lines shouid be separated from sach
othsr by 1 pattern connecied to common.

If =xternal full scale and offset potentiometers are used,
the poteatiometers and associated resistors should be
located as close 1o the ADCS74A as possible. If no trim
ad;ustments are used, the fixed resistors should likewise
be 1s slose as possible.

POWER SUPPLY DECOUPLING
The power supplics should be bypassed with 104 F tanta-

lum bypass capacitors located close t0 the converier 1
obtain noise-frez operation. Naise on the power supply
lines can degrade the converter’s performancs. Noise and
spikes from a switching power supply are especially
troublesome. .

ANALOG SIGNAL SOURCE IMPEDANCE

The signal sourcs supplying the analog input signaf 1o
the ADCS74A will be driving into a nomunal DC inpy
impedancs of either Sk{) or 10k{1. However. the outpy
impedancs of the driving sourcs should be very low, syey
as the output impedancs provided by a wideband, fug;.
settling operational amplifier, Transieats in A D inpyr
current are caused by the changes in output surrent of
the wnternal D A converter as it tasts the various by,
The output voltage of the driving sourcs must remun
constant whiie furnishing these fast curreat changes. |t
the appiication requires a sampie hold. <elect a sample

hold with suificizat bandwidth to praserve the accuricy
or use a separate wideband buffer amphtisr 10 lower the
output impedancs,

RANGE CONNECTIONS

The ADCS7¢A offers four standard input ranyss: OV 1o
=10V.0V 10 =20V. =3V, and =I0V. If 3 10V input range
is required, the analog input signal shouid be connecied
to ;s i3 of the converter. A signaireguinaga 20V range
is connscizd (0 pin 4. In eitner case the other pin of the
two is left unconnezied. Full-scaie and offset adjust-

ments are described deiow.

To operate the converter with 2 10.24V (2.5mV LS3) or
20.28V (SmV LSB) input range. insert 2 20002 potenti-
omster in series with pin i3 for the 10.24V range. or a
50002 potentiometsr in series with pin [ for the 20.48V
range. Use a fixed 500, 1% resistor for R: (Figurss 2 and
3). Offset adjustment is still performed as descrived
beiow. Fuil-scale adjustment is psrformed as described
below but with adjustment performed using the input
poteatiometar instead of Ra.’

ol FULL-SCALE
= yMPOLR  ADJUST
N s

st M1
g T S Ane——(o ) er 0
100k0) 1008 AQCST4A

T (e

-y

oo
]

8IPOLAR OFFSET

10V AANGE
ANALCS 0 @_
meyt -7 I
‘o N
20V RANGE
1
—()

i
v ANALCG COMMON

COMPARATOR

FIGURE 1. Unipolar Configuration.
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FIGURE 3. Bipolar Configuration.

CALIBRATION

OPTIONAL EXTERNAL FULL-SCALE AND
QFFSET ADJUSTMENTS

Offset and {ubl-scale 2rrors may be trimmed to 2670 using
external offser and full-scale trim pot:nuome'.:: con-
pecied 1o the ADCST4A as shown in Figures 2 and 3 for
gripoiar and bipotar opsration.

CALIBRATION PROCEDURE—
UNIPOLAR RANGES

If adjustmznt of unipoiar offse: and full scale is not
required. repiace R; with 2 S00). 16z metal film resistor
and connect pin 12 to pin 9. omitting the adjusiment
network.

If adjustment is rcquxred connect the conversr as
shown in Figure 2. Swezp the input through the 2nd-
soint Lransmon voltage {0V < [/2LSB: +1.22mV for the
10V range. —2.224mV for the 20V range) that causes the
autput code to be DBO ON (high). Adjust poteatiomete

R, until DBO is alternately toggling ON and OFF thh
all other bits OFF. Then adjust full scale by applving an
input voltage of nominal full- scale value minus 3/2LSB,
the value which should cause all bits to be ON. This

TABLE Il. ADCS74A Control Line Functions.

value is =9.9961V for the 10V rangs and +19.9927V for
the 20V range. Adjust poteatiometer R until bits DBI-
DBI! are ON and DBO is toggling ON and OFF.

CALIBRATION PROCEDURE—BIPOLAR RANGES'

If external adjustments of fuli-scale and bipolar offset
are not required, the potentiometers may be replaced by
S00. 15 metal fiim resistors.

If adjustments are rsquired, connsct the converter as
shown in Figurs 3. Tnc calibration grocedure is similar
to that descmibed abovs {or unipoiar operation, excspt
that the offszt adjustment is performed with an input
voltage whicn is | 2LSB above the minus full-scale value
(—4.9988V for the =5V range, =9.9976V for the =10V
range). Adjust R, for DBO to toggic ON and OFF with
all ather bits OFF. To adjust {ull-scaie, apply a DC input
signal which is 3 2LSB beiow the nominal plus full-scale
value (—4.9963V for =3\ range, —3.9927V for =IOV
rangs) and adjust R: for DBO to togglz ON and OFF
with all otier bits ON.

CONTROLLING THE ADCS74A

The Burr-Brown ADCS™44A ¢an be 2asily interiaced to
most ...u:roaroc'ssor svsizms and other digital systems.
The micsoorocsssor may take full sontroi of sach con-
version. ar :h: coaverizs may operats in a stand-aione
mods. controiisd only by the R T input. Fuil control
cconsists of seieziing an 3- or 12-sit coaversion eycle,
initiating the con g the ouptut data
when readv—ch 20051A #er 12 bits 2:l at oncs. or 8 bits
fol‘o“c" v 2 dus if : b .-Jus.u'., ‘ormat. The five
controi : A; R.C. and CZ) are all
T7L C‘- 2 :'.'.aav.:ai:. T'n: furciions of the control
inputs are descrided ‘n Table 1. The contrai function
truth tadle is listed in Tabis [T

STAND-ALONE OPZRATION

For stand-aions operation, controi of the converter is
accompiishzd by a singie control linc connested to R.C.
in this mode CS and A, ara connected to digital com-
mon and CE and i2 3 ars connected 10 Viagic (V).
The output data are preseated as 12-bit words. The

12" = convertd

Byin Adcress
Snort Cycle

L, Pmn &

byte).

1208 P Sata Moce Sarect
R 4]

L i3 = 8 buts)

P

Dengnation [} i Function

CT 1P 5y Crup Enacie Must B MIGR {17) 10 eiNer inate & CONVErsian of read Quisu: 3atd G-1 ac5e May Se usea (0 vubate 3
tactive mgnj cenversion.

TPy Crio Select Must De fow (“07) 12 mitner snhiale 3 COnversicn 3r reag Quisul 2a3l3 ‘-0 845e may e usec o Itkiale 3
1aGlive 10w conversion

RZirngy Seac/Convent Must Be low {"07) 18 1ninate esther 8 of 12-51t canversions -3 @23 May Se usec 10 wmhate 3 convernon Must
Lotz reaq) e ign (717 10 reag outout 2aa. 0-1 edgs mav de usec 10 kA reac zzeranon.

In tR@ SI3-CONvart Made, A, SHCIS §-Iut 1A = 17 of 12-a11 1&g = C77 €3Avarsion msle When reading autauf

gata in 2 8-011 Byles, A, 3 “07 accesses 8 MSBs mgh Jyte) 3nS A, = 3

- . )
Wnan reading outout asta, 12/8 = 17 anaotes all 12 sutut Sis simultaneousty 1273 = 07 wiil enaote the MSB's
or LSS's 23 Qetermned Dy the A, line.

aczesses 4 L5233 anc traming “0s” (low




TABLE [II. Contral {nput Truth Table.

TABLE IV. Stand-Alone Mod= Timing,

| R/E ] 24 | Operstian

a
m
4

None
None
IMitsate 12-01t c3nvernion
Inttiste =91t 220version
2-01t 23rveryion
® 3-21t sSnversion
12-51 23rvargion
trutiate 8-21t 2onversion
Snaoie 12-01 Suisut
Eraoie I MS33 zary
Enacre ¢ L.SB1 s 4
iramng 2erca

%0000 KN
CM R X MM N R X

Y o
(=3

Poeoos<oo-x|q
SO X -0 -0 - NN

o

stand-alone mode iy used 1 svstems containiag dedi-
cated input ports whica da not require full us :nterface
capabiiity.

Coaversion is initiatag 5y a high-to-iow traasition of
R C. The threz-state data output buffers ars snabled
whea R Cis Righ and STATUS is low, Thus, tnere are
W0 possibie modes of operation: conversion zan be
initiated with s:ther positive or negative pulses. In sither
case the R C puise must remain low for 2 =
$Onsec. '

Figure ¢ illustrates uming whea convession L JF
by an R C puise which goes low and ret

outputs go to the high-impedance state in response 1o the
faliing edgs of R. C and ars snabled for sxiernal acgess
of the data afier compistion of the conversion Figure 5
illustrates the timing when conversion is initiatsc by a
positive R. C pulse. In this made the ouptut daza from
the previous conversion is snabled during the zesitive
portion of R, C. A new conversion is stared or rae fal-
ling edge of R.C, and the thres-stats outpuls raturn 1o
the high-impedance state until the next oczurrsnce of a
high R:C puise. Table IV lists timing spesificatons for
stand-aione opsration.
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FIGURE 4. R C Puise Low — Outputs Eaabies After
Conversion,
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FULLY CONTROLLED OPERATION

Conversion Length

Coaversion length (§-bit or 12-5i1) is deiermined by the
state of the Aq input, which s latcaed upon receipt of 4
conversion start transition (dzsc Sed below), If A i
latened high, the conversion caa uzs for 3 bits, The fuy
12-01t conversion wiil aczur A isiow. Ifail 12 dits are
r2ad [oilowing an $-bit conversion. (he 3LSBs (D3g
D82) wiil bz iow (logic 0 ang 535 will e hugh (logia 1y,
Auis latensd Secause it g aisc :nvolved in snabiing tne
output duifzrs. No other zonirei inputs are latcheg

CONVERSION STAAT

The zoaverter is commandad 1o iniiate conversion by
iransition occurring on aay ol taree logic mnputs (Cz,
CS. and R O as shown in Tadiz Ul Conversica i
initiated by the last of the thess ‘0 rzacn the raguires
state and taus all :nres may be ¢ namically controlisd, if
nessssary, ail three may change staes simultansousiy,
and the norunal delay time is the same regardless of
which iaput actually stars conversion. If 1t is desired
that a particular input escablish tha actual star: of ¢oa-
version. the other two shouid b2 stabie a minimum of
50nse< prior to the transition of tha: input. Timing raia-
tionships for start of conversion timing are illustrated in
Figurs 6. The specifications for uming are contained in
Tabie V. -
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FIGURE 5. R:C Pulse High — Outputs Snaoies Caly
While R, C Is High.

FIGURE 6. Conversion Cycle Timing. *



L «
~ “TABLE V. Timing Specifications.

T Symool | Parameter ! Min Typ Max Units
- Convert Mode
* toss $7S cetay irom CE 100 2200 ns
’ taeg CZ Puise wicin s¢ 20 ns
lese &3 10 CE saruo L) 20 . ns
tmse £3 tow quning CE mign s 20 T s
tanc as€ to CZ setup %0 [ ns
tme /€ tow quning CZ mgn 50 0 ns
[Ty Ae:3 CE setuo 0 0 ns
[y A, cabg cuning CZ mign 0 20 ns
t Conversion nme, 12 2t gycte s 20 2% s
4 atevaie 10 n 17 us
Read Moge
<00 Aczess ime trom CZ 5 150 ns
[es Sata vana arter CE iow 25 hi} ns
[ Qutzut lloat 2eay 100 150 ns
t53m 2310 CZ setud s0 0 ns
tsnn R/ 10 CE setus 0 0 ns
T3aa A, 10 CZ setuo s0 25 ns
losa €S valig attar CZ low 9 0 as
oo &3 nign atter CZ iow ] 0 ns,
lman Xa caug 3:107 E 10w 50 25 ns
Tas $73 2eay atter cata vane 30 £00 1000 as

NCTE Specthcauons are at =25°C ang measured 3t $0% ieves Ot lransiions.

The STATUS output indicates the currsni statz of the
converter BV being in a mgh statz oniy during conaver-
sion. During this time the thrze statz output uifzrs
remain in a high-impedancs state, and thersiore data
cannot e read during ccaversion. During this permod
additional transitions of the thres digital inputs which
control conversion wiil be ignorsd, so that conversion
cannot be prematursiv terminated or resiaried. How-
ever, if A, changes state 2fizz the beginning of sonver-
sion. any additional siari conversion transition will latch
the new state of A.. possibly resulting in an incorrect
conversion length (8 bits vs 12 buts) for that conversion.

READING OUTPUT DATA

Aflter conversion is initiated. the output data buffers
remain in a high-impedarce state until the following four
logic conditions are simuitancously met: R, T high, STA-
TUS low. CE high, and CS low. Upon satisfaction of
these conditions the data lines are enabled according to
the state of inputs 12 § and A,. Sez Figure 7 and Table V
for timing relationships and specifications.

In most applications the 12 *§ input will be hard-wired in
sither the high or low condition. aithough itis fuily TTL-
and CMOS-compatible and may be actively drivea if
desirsd. When 12.8 1s Righ, all 2 output lines (DBO-
DB1i) are enabled simultaneousiy for {ull data word
transfer to a 12-bit or 16-bit bus. [a this situation the A,
state is ignored.

When 12 § is low. the data is presentsd in the form of
two $-bit bytes, with seiection of the byte of interest

—
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FIGURE 7. Read Cycle Timing.

accomplished by the state of A, during the read cycle.
Connection of the ADCS574A to an 3-bit bus for transfer
of left-justified data is illustrated in Figure 8. The 4,
input is usually driven by the least sigaificant bit of the
address bus, allowing storage oY the output data word in
two consecutive memory locations, .

When A is low, the byte addressed contains the $MSBs.
When A, is high. the byte addressed contains the 3LSBs
from the conversion {ollowed by four logic zeros which
have been forced by the control logic. The left-justified

Ward 1 Waord 2 L
Processar | 287 , D@6 ! 08s | 084 ; 583 | 082 | ost | oso cs? | 036 | oBs } o8¢ | 083 | J82 | 081 | o8O
Canverter | CB1Y | C310 | 39 | 288 | £87 | CB6 | D85 | 0B« o8y jos2 o8t | oss | o | o [ [

FIGURE 3. 12-Bit Data Format for 8-Bit Systems.



formats of the two 8-bit bytes are shown in Figure 8. The ) o RD ER 1 N G lN FO_ R M_AT!O N -

~design of the ADCS74A guarantess that the A. input--

* may be toggled at any.lime wi}h no damage lf) the con- Uneanty | Resowtien, Puk -
venter: the outputs which are tied together as illustrated Temoer Error. | Nomnmng [ Scue
H nl ime. ature Max (Tum | Codes (Tua| TC, ma
in Figur.c 9 cannot be enahled at the same urn-: oaet Renge o Te o=l .)
In the majonty of.apphcauons th_e rc:?d operation will be AOCSTaAdH | - OClo —1LSE o Py
attempted only after the conversion is complete and the -73C .

STATUS output has gone fow. In those situations ACCST4AKH 0'7'35.12 =1/2LS8 12 Sus 223
requiring the sarliest possible access to the data. the read AOCSTIASH| =-55°C fo -iss  Bire =50
may be started as much as LISusec (ton max = tus max) -125°C
before STATUS goes low. Refer to Figure 7 for these ADCST4ATH '5‘5;55_; =8 1283 228
timing relationships.
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FIGURE 9. Connection to an 8-bit Bus.




32

o

DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DA 1

rg National

/73 Semiconductor
P Corpcration

MICRO-DAC™ DAC1208, DAC1208, DAC1210, DAC1230,
DAC1231, DAC1232 12-Bit, uP Compatible,
Double-Buffered D to A Converters

General Description

The DAC1228 ana he DAC1230 senes are 12-bit muitiply.
ing D to A converters designeag to Interface cirectly with a
wige vanaty of micrccrocessors (8080, 3C48. 8085, Z-30,
atc.). Coucte Sutfenng inout regisiers and associated con-
trol lines allow nesa CACs to accear as a two-byte “stack™
in the system s memory or I/C sgace with ac accitional in-
terfac:ing logic recurec,

The CAC1228 senas srovices all 12 wncut ines '3 ailew sin-
gie butienng fcr maximum throughcut 'wnen usag mth 16-Sit
processers. These insut lines can alsc Se exterrally config-
ured tc permit an 3-Cit 2ata interface. The SAC1220 series
can be usea witn an 8-bit data bus direcity 2s «t internally
formulates ihe 12-oi1 DAC data frem s 3 gt lines. All of
these OACs accect leftqustitied cara from the grocessor.

The aralog sacucn is a precisicn silicen-snrcmium (Si-Cr)
R-29 laader netwerk ana twelve CMCS current switches.

Features

Uneanty scecified with zero and full-scale adjust only
Oirec: interface to all peoular microprocessors
Ooutte-zutiered. single-cultered or tlow through digital
data nputs
Logic :nputs which meet TTL voltage level scegs (1.4V
logic threshald)
‘Werks with = 10V reference—{ull 4.quadrant
muiticucaton

caraies stana-alone (wittout uP} if cesirec
All pants guaranteed 12-tit monotonic
DAC1220 seres is pin compatible with the DACJ830
senes 3-tit MICRC-0ACs

Key Specifications

An invertes 3-25 lacder structure is useg win the binary  ® Current Setling Time 1 us
weigntad currents switcnea Setween ta gy . and igutz B Rescwtion 12 2its
maintaimng 2 cansiant current in each izccar ieg indepen- g Uinsanty (Guaranteed
gent of the swica state. Speciat circuitry provices TTk logic over temoerature) 10, 11, or 12 Sits of F3
input voltage lavei sompatibiiity. ¥ Gar Temocs 1.3 som/*C
The DAC12C8 sanes and DAC1230 seres arz the 12-bit  m gw Power Cissipation 20 mW
mempers of a family of microprocesscr comaatble DACS g gingie Power Supply 5 Ve to 15 Ve
(MICRO-0ACs™;, For applications recuinng other resolu- =
tions, the CAC1000 series for 10-tit and DACI830 series
tor 8-nit are avaiaoia alternatves.
Typical Application
2 cantaot sus = Yoo

E_ g

wAL FULL. 3TaLt

WAt :uiu‘sr

BYTE CEVTES 't‘ = l

XFER

Py

PIISI!IZ!!
Lo}

A 1H

(oatatus NICRO-3ACTH
it nes

15V

- -1iv
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Absolute Maximum Ratings

It Miiltary/Aerospace specified devices are required,
contact the National Semiconductor Sales Oftice/
Distributors for availabllity ang specifications.

{Notes 1 and 2)

Supply Voltage (Veg) 17Voe
Voltage at Any Digital Input Ves to GND
Voltage at Vgez Input =25v
Storage Temperature Range ~63'Cio < 150°C
Pacxace Dissipation at To = 25°C 500 mw
{Note 3)
OC Voitage Applied 1o louTy or Inyts
{Note 4) =100 mVto Vcc
£50 Suscestability 800V

Electrical Characteristics

Operating Conditions

Lead Tamperat;re (Sotdenng, 10 seconds)

Temperature Range
DAC1208LCy, Cac12o9Lcy,
DAC1210LCy, CaciazoLc.,
DAC1231LCY, DACI2321Cy
DAC1208LCJ-1, DAC1209LC -1,
DAC1210LCy-1, DAC: 230LCe-1,
BAC1231LCJ-1, DAC1232LCy. 1

Range of Vo

Voltage at Any Digitat tnput

300°C
TMIN 2 Ta € Tiax

~4C0C < Ty € +85°C
0C<Tog +70°C

4.75Var 10 16 Voo
Veo to GNO

Vaz7=10.000 Voo, Vee=11.¢ Voo to 15,75 Vg unless otherwise noted, Boldface limits apply from Ty to Tuax (see

Note 13); all other fimits T, = T, = 25°C.

¢ezIavasieziovarsoces Iva/01z10va/60z10va/soz ova

1

i T Tested | Design
Parameter , Conditions Notes (Not{apw) Limit ll Limit Units
(Note 5) ! (Note 6)
Resoution ] 12 V12 | 12 Bits
Linsanty S:ror 1 Zero and Fuli-Scaie 47,12 ; !
{Enc Point Linearity) | Adiustea }
DAC1208, DACI 220 0.012 j 0.012 ‘e of FSAR
CAC1208. DAC1231 0.024 ’ 0.024 % of FSR
i CAC1210,DAC1232 0.050 | o0.05 % of FSR
Qitlerenual Nen-Linearity l’ Zero anc Full-Scale 4,7,13 ; i
| Adjusted {
i DAC1208, DAC1230 c.018 ’ 0.018 % of PSR
it DAC1209. DAC1231 0.024 i 0,024 % of FSA
| DAC1210. DACT222 | 0.050 | o.08 % of FSR
Manatonicity | 4 12 1 12 | 12 Bits
Gain Sreor (Min) | Using Internal Rzy 7 =01 ! 00 i | %offFsSAa
 ar— i Vig = 210V, =1V 1 poyepe
Gain Srror (Max) i 7 =01 | -02 | ! %ofFSA
Gan Srror Temoco ! 7 18,474 | +86.0 ! pomofFS/°C
Power Sucply Rejection l All Dignal Inputs i Ve . /
LB i 7 30 | =30 ] | 2om of FSRV
Referencs inaut Resistance (Min) ’ 13 15 , 10 ’ 10 ’ Kk
Reterence Incut Sesistance (Max) | 15 i 20 | 20
Outout Feecinrougn Error Vazz =20 Vp-p, = 100 kHz
All Data Inputs Latched 9 3.0 mVp-p
Low
Outout Cacacitance All Data tnputs gy, 200 pF
Latched High  1oyr; 70 pF
All Data Inputs gyt 70 pF
Latened Low lout? 200 pF
Supaty Current Orain 13 | I 20 | a5 mA
Outzut Leakage Current :
lcuty All Cata Inputs Latehed 11,13 0.1 1s 15 nA
Low
lour; All Data Inputs Latched 11,13 0.1 15 15 nA
High
Dignal ingut Thresnolg Low Thresnold 13 0.8 o.8 Voe
MHigh Threshold 13 2.2 2.2 Voe
Digitat Inpyt Carrents Digital Inputs <0.8Y 13 ~200 | -200 wApe
Digital Inputs >2.2v 13 10 10 #Apc




DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DAC1232

Electrical Characteristics (continuea)
“‘gegr = 10.000 Vpc, Voo ™ 11.4 Vo to 15.75 Vpg unless otherwise noted. Boldface limits apply from Tyin 10 Tyax (see
iecte 13); all other limus Ty = T, = 25°C.

i See T Tested Design
Symbol l Parameter Conditions Note (Notyep‘lO) Lmit Limit Units
| {Note 5} | (Note6)
AC CHARACTERISTICS
1 i CureniSetungTime | Vy = OV.Viy =5V ] i 1.0 | | us
tw | Wnte and XFZR I Vi = OV, Vi = 5V 8 ‘ 50 I 320
i Pulse Wigtn Min. i 320
tos ;  Data Setuo Time Min. | Vi = OV, Vi = 5V 70 l ) 320 |
: | 320 |
ton ~ Data Hoia Time Min. | ViL=0V. Vi = 5V 30 ! 0 | "
i i l 90 i ™
s i Control Setup Time Min. | Vi = OV, Vj = 5V I 60 l 320 i
' | 320 |
lox Control Hold Time Min, | Vy_ = OV, Vi = 5V i 0 | 10 |

Note 1: ACsSite Maximum Ratngs n0ICaie imIts D9y0NG which Gamage 10 the device may occur DT anc AC s1eCnsar $30Chcaons €O NOL asary wien coaraiing
Me cevice Sevona its specit:ec operating condions.

Note 2: Alt vortages are maasurad with resosc: 10 GNC, unless otherwise soecifisc.

Note 3: This 520 mW soecificauon acones for atl pagxages. The low nmngic power diSSI0auoN of Ius D2 (AnG 1he 1a<t that therg IS NO way 10 SIgMhcanTy medly
the powar cissicaten) ramoves concern 1Cr hast sinang,

Note 4: 300 15yTy and gy MUst §2 10 Ground o the virtval ground of an obarational amohher The ineanty wror 18 dagraded by aporowmatery Vag =~ Vazs. For
examoie, it Yazz =10V ther 2 1 mV oftset. Vs, on loyty of loyTs will introguce an acomonal 0.01% kneanty errar.

Note §: Tes:ac ang guaranteed 1o Nanonal's AOCL {Average Outgong Quatity Levet),

Nate 6: Design hmits are guaranteed tut nct 100% tested. Thase Lmuts are not used 1o caiculate oulgong quabty levers. Guaranteed for Ve = 11,4V 19 15,75V
anc Vags = =10V to =10V,

Note 7: Tre unit FSA stancs tor tull-scaia range. Lineartty Error and Powar Suoply Rejecacn soecs are Lased on Sus unt 1o ona

Vags vawe 10 naicate the vue partormance of e part. The Lineamy Ercr speciicanan of the DAC1208 s 0.012% of FSR(max). This guaraniess :rat aher
pertormung a 2#r0 and uil-scaig acisiment e 1ot of the 4096 anaiog voilage cutouts will aach be wittun 3.012% x Vagr of & straignt hne whic™ 223538 trough
2810 anc mit.scaie. The unit som ot FSA(gars cer mwibon of full-scate range) ang pom of FS(pans per milion of tub-scasel are usac for convenience 12 =efne s0e=s
of very smaii Dercentage vaiues. iypiCcal O gner acturaly Sonventers. In s nstance. 1 pom of FSR = Vage/ 108 § e conversion tactor 10 drowce an aciual
outout voiage Quantity, For examoie, ine gain eMror temocs spec of =6 0om of FS/°C represents a worsi-case fud-scaie gain error Change with temoerature from
—4C°C 0 ~35°C of =(6)(Vazs/108)(125°C) or 20.75 (167 3) Vaer wheh s £0.075% of Vegz.

Note 8 This sces imphes tnat all cans are Guarantsed 10 008raLe with 3 wime pulse of Transtar pulse WAt (ty) of 329 aS. A typcal Dant wilt 00erate with tyy of onty
100 ns. The entire wnte Duise Must 0CSur witnin e valk Cata interval for the specified tw. s, low aNa 1g to apory,

Note 9: 73 acteve tfus low teedthrougn in the O oacxage, the user must ground the metai ic. It the Iid is lant fioatng the feedtnrougn 18 typicaly § mv.
Note 10: Tyohcars are ai 25°C ano recresent the mast likety parametnc narm,

Note 11: A 10 nA isakage current with Rey = 20k and Vags = 10V comesponas 10 a 2er0 erroe of (10X 10-¥x 20+ 103X 100% 10V or 9,002% of FS.
Note 12 ~uman body mooal. 100 pF discharged Mrougn a 1.5 kit resistor.

Note 13: Tested ht for ~ 1 suffiz cans apcnes ony at 25°C.

Connection Diagrams

Dual-Iin-Line Package Dual-in-Line Package .
. . n
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Ewitching Waveforms
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Typical Performance Characteristics

Digital Input Threshold

Digital Input Threshold vs
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Gain and Linearity Error
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DAC1208/DAC1209/DAC1210/DAC1230/DAC1231Ibﬁ.C1232

Definition of Package Pinouts
CONTROL SIGNALS (all control signais ara level actuated)
T35: Chip Select (active low). The TS will enable WR1,

WR1: Wnte 1. The active low WR1 1s used to load the digital
data bits (D1) into the input latch. The data in the input latch
is latched whan WR1 is high, The 12-bit input latch is split
into two latches. One holds the first 8 bits, while the other
holds 4 bits. The Byte 1/Byte 2 contro! pin is used to select
both laiches when Syte 1/8yte 215 high or to overwnta the
4-bit inout latch when in the low stata.

Byte 1/Byte 2: Syte Seauence Control. When this control is
high, all 12 locatons of the input latch are enapled. When
low, onty the four least sigrificant locations of the input latch
are enaolec.

WHR2: Wrte 2 (active low). The WA2 will enable XFER.

XFER: Transter Control Signal (acuve low). This signal, in
comzmnaton with WR2, causes the 12.-oit cata which is
avatiaoie in the insut latches te transter to the DAC register.
Dig to Dlyy: Digital Incuts. Clg is the least significant digutal
inout (LS3) ana Diyy is the most significant digital input
(MS3).
louts: SAC Current Output 1. igyry is @ maximum for 2
digital coge of all 1s in the DAC register, and is zero for all
0s in the DAC register.
loutz: DAC Current Qutput 2. igytz Is & constant minus
lcuTi. O lcut: TlouTtz=censiant (for a fixed reference
voltage). This consiant current is

1

/
Vgzs X {1 ~
AE ( w0es)

diviced by the reference input resisiance.

Rpp: Feeddazk Resistor. The feedback resistor is provided
on e IC chip for use as the shunt feedack resistdr for the
external op amo which is used 1o provide an cutput voitage
for the DAC. This on-chip resisicr should aiways be used
(not an external resistor) since it matcnes the resistors in
the on-chip R-2R lagder ana tracks these resistors over
temperature.

Vrer: Reference Voltage inout This input connects an ex-
ternal precision voltage source to the internal R-2R ladder.
Vgz= can be selected over the range of 10V to —10V. This
is also the analog voltage input for a 4-quadrant multiplying
DAC application.

Vee: Digial Supgly Voltage. This is the power supply pin for
the pan. Voo can be from 5 Vpc to 15 Vpe. Operation is
optimum for 15 Vpg.

GND: Pins 3 and 12 of the CAC1208, DAC1208, and
DAC1210 mus: be connectec to ground. Pins 3 and 10 of

azfya

[
(LYt
1

AnaLOG BUIPUL

10441 AEEPONIL

Angitay st
3) End Point Test Atfter Zero
and FS Adjust

the DAC1230. DAC1231, and DAC1232 must be cennected
to ground. It 1s imporiant that loyt, and loufz are at ground
potental for current switching applications. Ary Zifterence
of patential {Vos on these pins) will result in a lineanty
hange of
cnans Vos
3 VRer

For examole, if Vazz = 10V and these grouns 3ins are 9
mV ofisa: from igyT, and louT,. the lineanty ¢crangs will be
0.03°%.

Definition of Terms

Resolutlon: Resoluion is defingd 2s the reczrscal of the
numpar of discrete stecs in the CAC outout. it 1s direclly
related to the numoer of switcnes cr oits withir =g CAC. For

examate. the DAC:208 nas 212 or £CE6 stecs a~< theretore
has 12-bit resoluticn.

Linearity Errar: Linearity error 1s the maxim ™ deviation
from a Straignt line sassing rCUGn the enczzinis of e
DAC :ransfer charactenstic. 1t 1s measurec 27ar adjusung
for zara ang full-scaie. Lineanty error s & Sara™ gla/ ntnnsic
10 the cevice and cannot be externally adjusise.
National's fineanty tes! {a) ang the Sesj straichi wne test (&)
used by otner suocners are illusirated Sew The bes
straigni line (b) reguires a specidl 1210 and =% agjusimen
for eacn pan. wnich 1§ almost wmaossible ice s user (c
determine. The ena soint test uses a stanca:s 1210 78 ad
justment procedure and is @ musn more stngent test fo
DAC finearity.

Power Supply Sensitivity: Power supply se~sitvity is
measure of the eflac: of power sucply changes 2 the DAC
tull-scaie outdul

Settling Time: Fuii-scale current setiling time -ecuires 29
to full-scale or full-scaie to zero outsut change. Seming tme
is the time requiraz from a code transiticn ua the CAC
output reacnes wimin = ¥4 LSS of the final cutzui vaive.
Full-Scale Erron Sull-scale error is 2 measur2 ¢f tne ouldy
errer oetween an icaal DAC and the actial s2wice cutsy
Ideally, for the DAC1208 or DAC1230 senes. iutl-scate
Vag=—1 LSB. For Vpg==10V and unizcia’ coeratior
VEULL.SCALE = 10.0000V—2.44 mV =8.9673. Full-scal
error 1$ adjusiable ¢ zero.

Ditterential Non-Linearity: The difterence Setween an
two consecutive codes in the transier curve Hrem the thec
retical + LS8 is ditferential non-linearity.

Monotonic: If the cutout of a DAC increases *r increasin
digital input code, then the DAC is monotenic. A 12-bit DA
which 15 monotenic to 12 bits simply means :nat input i
creasing digital incut codes will procuce an Ircraagng an
log outzut.

et
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b) Shitting FS Adjust to Pass
Best Stralght Line Test
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Application Hints

1.0 DIGITAL INTERFACE

Thase DACs are designed 10 zrowde all of the necessary
digital input circuitry to permit a direct intertace lo a wide
vanety of microprocessor systams. The timing and logic lev-
ol convention of the input caniel signals allow the DACs to
be treated as a typical memary 2ewica or 1/Q penpheral with
no external logic required in most systems. Essentially
these DACs can be maoped as a two-byte stack in memory
{or 1/0 space) to receive ther 12 bits of input data in two
succassive 8-bit cata wnnng secuences. The DAC1230 se-
ries is intended for use in sysizms with an 8-bit data bus.
The DAC1208 sanes provides all 12 digital input lines whicn
can be exthrnally configurea 1o Sa controlled from an 8-bit
bus or ¢an be driven directly from a 16-bit data bus.

All of the digital inputs to these DACs contain a unique
threshold regulator circuit to maintain TTL voltage level
compatibility independent of the applied Vog to the DAC.
Any input can also be driven from higher voltage CMOS
logic lgvels in non-microprocessor based systems. To pre-
vent damage to the chip from static discharge, all unused
digital inputs should be tied to Vg or ground. As a trouble-
shooting aid, if any digital input is inadvertently feft floating,
the DAC wiil interpret the pin as a logic 1",

Oouble butfered digttal inputs allow the DAC to internally
format the 12-bit worg used to set the current switching R-
2R ladder network (see section 2.0) from two 8-bit data
write cycles. Figures 1 and 2 show the intemnal data regrs-
ters and thewr controlling togic circuitry. The timing diagrams
for updating the OAC output are shown in sections 1.1, 1.2
ana 1.3 for three possibia control modes. The method used
depends stnctly upon the particular applicaticn,
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‘Application Hints (Continued)

1.} Automatic Transfer

the data) occurs. .

.. The 12-bit OAC word is automatically transferred to the DAC regster and the R-2R ladder when the second write (the 4 LS8s of

'
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1.2 Independent Processor Transter Contral

system whare ther XFZA lines would be ted 'cgather.

8\ e /N

In this case a secarate aadress is deccded to grovice the XF2:
word but nct change the analog output untl some time later, most useful for

\

ANALOG QuTPUT
UPOATED

AMALQG JuTPUT
LATCKED

)

signal. This ailows the processor 10 load the next required CAC

OVERWAITE THE &.0T
INPUT LATCH ANG TAANSFER
ALLTT TITSTQ THE O/A
TLH/5630-7

the simultanecus uccating of saveral DACs in a

O

/\—-—-———-———-—--—-—

tyre yiviel \
Lo\ e oo oo o o amn o - —
IF5A

ANALOG QUTPUT
UPRATED

WRY ANO WAZ \ / ARALGG QUTAUT
LATCHED

ol s N3

LOAQ §-MT INPUT
LATSH (&81T inpyT
LATCH ALSO CHANGED)

QVERWAITE 4017
INPUT LATCH

TRANSEER 1237 JAC
WQAD T0 THE S/A

TL/H/5690~3

1.3 Transfer via an Externat Strobe

This method is basically the same as the previous coeration exceot the XF=1A signal is provided by a device other thanthe
processor. This ailows the DAC to hold the cede for a conditional analog output signal which will be required on demand from an
external monitcring device (an analog voltage camparator for instance).
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1.4 Left-Justified Data Format

It is important to realize that tha input registers of these
DACs are arranged to accept a left-justified data word from
the microprocessor with the mast significant 8 tits coming
first (Byte 1) and the lower 4 bits secand. Laft justficaton
simply means that tha binary paintis assumed ‘o be located
to the left of the most significant tit. Figure J shows how the
12 bits of DAC data should be arranged in 2 8-bit registers
of an 8-bit processor before baing wntten to the CAC.

]——-m lv\'l—%—-—w W ——i

l L1 *OACHATA{—LH XX !]

- —

wrel

YTEL

TL~/%550.10
X = don't care

FIGURE 3. Laft-Justifled Data Fermat

1.5 16-8Bit Data Bus Interface

The CAC1208 seriss provides ail 12 digital input lines to
permit a direct parallel interface to a 16-bit data bus. In thus
instanca, double buftenng is not always necassary (unless a
simultaneous updatung of several DACs or a data transfer
via an extarnal strobe 1s desired) so the 12-bit DAC ragister
can be wired to flow-through whereby its Q outputs always
reflect the state of its O inputs. The extemal connections
required and the timing diagram for this single butfered ap-
glication are shown in Figure 4. Note that either left or ngnt-
jusufied cata from the processor can be accommodatad
with a 16-01t data Jus.

1.6 Flow-Through Operation

Through primanly designed 1o provide micrcorocassor inter-
faces compatibility, the MICRC-DACs can easily be config-
ured to allcw the anaicg output to contnuously raflect tha
state of an apolied digital input. This is mest useful in apgii-

Interface Timing
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Application Hints (Continuea)

cations where the DAC is used in a continuous teedback
cotrci loop and is driven by a binary up/down counter, Or in

unction generation circuils where a ROM is conunuously

providing OAC data.

Only the DAC1208, DAC1208, DAC1210 devices can have
all 12 inputs flow-through. Simply grounding T3. WAR1, WR2
and XF=3 and tying Byte 1/Byta 2 high allows both internal
registers to follow the applied digital nputs (flow-through)
and directly affect the DAC analog output

1.7 Address Decoding Tips

It is possible to map the MICRO-DACs into sysiem ROM
space to altow more efficient use of existng accress decod-
ing hardware. The DAC in eftect can share the same ad-
dresses of any number of ROM locations. The AOM outputs
will only be enabled by a READ of its aodress {gated by the
system READ swobe) and the DAC will onty accept daia
that is written to the same address (gated dy ihe sysiem
WRITE strooe).

The Byte 1/Byte 2 control function can easily be generated
by the processor's least significant accress bit (AO) by plac-
ing the DAC at two cansecutive address locations and utiliz-
ing double-byte WRITE instructions whicn automatically in-
crement or decrament the address. The TS anc XFZR sig:
nals can then be decoded from the remarning address bits.
Care must be taken in selacting the actwal accress used
tor Byte 1 of the DAC to prevent a camy (as a result of

incrementing the address for Byte 2} from propagaling
through the address word and changing any of the bits ce-
coded for T3 or XF=A. Figure 5 shows how to prevent this
effect.

The same problem can occur from a borrow when an auto-

docremented address is used; but only if the processor's
address outputs are inverted betore being decoded.

1.8 Control Signal Timing

When interfacing thesa MICRO-DACs o any microproces-
sor, there are two important ume refationships that must be
considered to insure prooer operation. The first is the mini-
mum WR strobe pulse width which 1s specified as 320 ns for
Veo=11.4V 10 158.75V and operation over temperature, Sut
typically a puise wicth ol only 250 ns is adequate. A seccnd
consideraton is that the guaranteed mimmum data hoid
ume of 50 ns snould be met or errongous dala can te
latcned. This hold tme is dsfined as the length of time data
must e heaid valid on the gigital inputs after a qualified (via
TE) Wa strobe makes a low to high ransition 10 iaten tne
applied data.

it tne controlling device or sysiem does not inherently meet
these hmuing specs the DAC can be treated as a slow mem-
ory or penipheral and utifize a tecnnique to extend the wnte
strobe. A simple extension of the write time, by adding a
wait state, can simultanecusly hold the write strobe acive
and cata valid on the bus i¢ sausfy the minimum WA puise

Write Address Bits

Cycls 15 2 l 1 l o
First ROATRNG \M &/ & I
(Byte1) | Decoded to

Second Aadress DAC 1 ¢
(Byte 2}

Iy

*Starang with & 0 orevents a carry on ACIress incrementng,

**Useq 2s Syte 1/57ia2 Controt.

FIGURE 5
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FIGURE 6. Accommodating a High Speed System
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Application Hints (continueq)

2.0 ANALOG APPLICATIONS

The analog output éignal lor these DACs is derived from a
conventional R-2R current switcring ladder network. A de-
tailed descnption of this network can be found on the
DAC1000 senes data sheet. Basically, output Igyry pro-
vides a current directly proportional to the product of the
applied reference voltage and the digital input word. A sec-
ond output, Igyrz will be a current proportional to the com-
plement of the digstal input. Specifically:

Vage . O
foutt = —2= X oee

Vmes 4095 - D
ICUTZ = _5:_ W ——
R 4096

where D is the decimal equivalent of the applied 12-bit bina-
fy word (ranging from 0 to 4095), Vger 1s ihe voltage ap-
plied to the Vgzr terminal and R is the internal resistance of
the R-2R laccer. R is nominally 15 k.

2.1 Obtaining a Unipolar Output Voltage

To mantain linearity of output current with cnanges in the
apciied digital coae, it is imporiant that the voltagas at both
of the current output pins be as near grounc potential {0
Vpe) as possible. With Vpez = = 10V every millivoit appear-
ing 2t either loyry of loytz will cause a 0.01% linearity
error. in mest aoplications this output current is converted te
a voitage by using an 0p amp as shown in Figure §.

The inverting input of the op amp is a virtual ground created
by the feedback from its output through the internal 15 kQ
resistor, Rep. All of the output current {determined by the
digital input and the reference voltage) will flow through Rep
1o the output of the amplifier. Two-quadrant operation can
be obtained by reversing the polarity of Vagr thus causing
louTs to flow into the DAC and be sourced from the output
of the amplifier. The output voltage, in either case, is always
equal 10 loyT1 X AFyp and is the opposite polarity of the ref-
erence voltage.

The reference can be either a stable OC voltage source or
an AC signal anywhere in the range from —10V to + 10V.
The DAC can be thought of as a digitally controlled attenua-
tor: the output voltage 1s always less than the applied refer-
enca voltage. The Vpzz terminal of the device presents a
nominal impedance of 15 kl 10 ground to external cireuntry.
Always use the internal Rgy resistor to create an output
voltage since this resistor matches (and tracxs with tamper-
ature} the value o! the resistors used to generate the output
current (loyr).

The selected op amp should have as low a vaiue of input
bias current as possible. The product of the bias current
times the feedback res:stance creates an outout voltage er-
ror wnich can be significant in low reference voltage apgti-
cations. 3I-FET™ op amps are highly recammenced for use
with these DACs becausa of their very low input current.

FULL.SCALE ACUYST

u ]
15V O ver £a
DAC1208
10
Vagr O—1 louT2
GNO  GND

lJ 12
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ESTRAY

1114

2

Vgs ADJUST
(ZERD ADJUSTMENT)

~15v

TL/H/S690-18

Vout = =(loutt ¥ Rep)
=Vaqc=(D)

4096

for0 < O 5 4095

FIGURE 9. Unipolar Output Contiguration
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Application Hints (entnued)

width. If this does not provide a sutficient data hold time at
the end of the write cycte, a negativa edge triggered one-
shot can be inciuded betwean the system wnte strobe and
the WH pin of the DAC. This is illustrated in Sigure 6 lor an
exemplary system which provides a 250 ns WR strobe time
with a data hold time of only 10 ns.

The proper data set-up time cnor to the latching edge (low
1o high transition) of the WR stroba, is insured if the WH
pulse width is within spec and the data is valid on the bus for
the duration of the DAC WR stroze.

1. Digitai Signal Feedtnhrough

A typical micrgprocessor is a tremencous potential source
of high frequency noise wnicn can be coupled to sensilive
analog circuitry. The fast edges of the data and address bus
signals generate frequency ccmponents of 10's of mega-
hertz and may causa fast transients to appear at the DAC
output, even when data is latcned internally.

in iow frequency or DC acglicatons, low pass filtenng can
reduce the magnitude of any fast transients. This is most

easily accomplished by over-compensating the DAC output
amplifier by increasing the value of its feedback capacitor.

In applications requiring a fast output response from the
DAC and op amp, filtering may not be feasible. in this event,
digital signals can be completely isolated from the DAC
circuitry, by the use of a OM74LS374 latch, undl a valid
TS signal is applied to update the OAC. This is shown in
Figure 7. .

A single TRI-STATE? data butfer such as the OM81LS95
can be used lo isolate any number of DACs in a system.
Figure 8 shows this isolating circuitry and dacoding hard-
wars for a multiple DAC analog output card. Pull-up resis-
tors are used on the buffer outputs to fimit the impedance at
the DAC digital inputs when the card is not selected. A
urique feature of this card is that the DAC XF=H strobes are
controlled by the data bus. This ailows a very flexible update
of any combinaton of analog outputs via a ransfer word
wmch would contain a zera in the bit position assigned to
any of the DACs required to change to a new output vaiua.
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FIGURE 7. Isolating Data Bus from DAC Circuitry to Eliminate Digital Noise Coupling
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- Application Hints (Contnued)

Transrent rasponsae and sattling time of the op amp are im-
portant in fast data throughput applications. The largest sta-

* bility problem is tha leeaback pole created Dy the fegcback

resistance, Rgy, ana the outout capacitance of the DAC,
This appears lrom the op amp output to the (—) input and
includes the stray capacitance at this node. Adcition of a
lead capacitance, C¢ in Figure 9. greatly reduces oversnoct
and ringing at the output for & step change in DAC output
current.

2.1.1 Zero and Full-Scate Adjustments

For accurate conversions, the input offset voltage of the
outout amplifier must always be nuiled. Amolifier offset er-
fors create an cverall degradation of DAC lineanty.

The fundamental surcose of zeroing is to make the voitage
appearing at the CAC outputs as near 0 Vpg as possitle.
This is accomplisnes 57 shorung out Rey, the amplifier teed-
back rasistor, ana acjusting the vag nutling gotentiometer of
the op amg until the cutput reads Iero volts. This is cone, of
course. with an acalied digitat code of all zercs if loyt is
driving the oo amg (ail ones for lgyTa). The sncrt around
Rey is then removac and the canvener is zero acjusted.

A umique feature of this series of DACs is ‘hat the full-scale
or gain error is guaranteed to be negative. The gain arar
specification is a measure of haw closa the value of the

[s#ULLSCALE
AJusT

internal leedback rasistor, Rgp, matches the R-2R ladder
resistors. A negative gain error incicates that Ry, is a small-
or rasistance value than it should te. To adjust this gan
error, some rasistance must always be added in seri@s with
Rey. The 500 potentiometer shown is sufficient to adjust
the worst-case gain errcr for these devices.

2.2 Blpolar Output Voitage from a Fixed Reference

The addition of a second op amp to the unipolar circuit can
generate a bipolar output voltage from a fixed referencs
voltage. This, in etfact, gives sign significancs to the MS3 cf
the digital input word te allow two quadrant multiptication ¢f
tha reference voltags. The potanty of the reference can aiso
be reversed to realize full 3-quacrant multiplicaten. This cir-
cuit is shown in Figure 10.

This configuration features several improvements Qver ex-
istng circuits for a Dipelar cutcut shown with othar multipry-
ing DACs. Cnly the oftset voltage ot amplifier 1 atfects ths
lineanty of the DAC. The offset voitage error of the secsre
op amo (aithcugh a cons:ant output arror) has no aftect 2a
lineanty. In adaiuon, this configuration offers a non-intarac-
tive positive anc negative full-scale calibration procegura.
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FIGURE 10. Bipolar Qutput Voltage Configuration
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2.2.1 Zero and Fuil-Scale Adjustments

To calibrate the bipolar output circuit, thrae adjustments are
raquired. The first step is o set all of the digitat inputs LOW
(to forca loyry to Q) then null the Vos of amplifier 1 by
sgtting the voltage at its inverting input (pin 2) to zerg volts.
Next, with a code of all zercs stlt applied, adjust **~fufl-
scale adjust”, the refarenca voitage. for Voyr = £|{VRer
ideail. The potarity of the outcut voltage at this time will be
opposite that of the applied referencs. Finally, set all of the
digital inputs HIGH and acpust “+ fuil-scale adjust” for
. 2047

. Vout = Yaes 048"

.

The polarity of the output will be the same as that of the
refarence voltage.

3.0 APPLICATION IDEAS

In this section the digital input word is represented by the
letter O and is equal to the decimal equivalent of the 12-bit
binary input. Hence O can be any integer value between 0
and $095.

Composite Amplifler for Good DC Characteristics and Fast Qutput Response
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' . High Current Controlier

DAC1208/DAC1209/DAC12 10/DAC1230/DAC1231/DAC1232
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Ordering Information

Part Number Non-Linearity Package Ten;;;:‘::ure
DAC1208LCJ 0.012% | J24A Cerdip | —40°Cto +85°C
DAC1208LCJ-1 0.012% J24A Cerdip | 0'Cto +70°C "
DAC1209LCJ 0.024% . J24A Cardio ~40°Cto +85°C
DAC1209L.CJ-1 0.024% J24A Cerdip _ 0°Cto ~70°C-
DAC1210LCY 0.050% J24A Cerdip -40°Cto +85'C
DAC1210LCJ-1 , 0.050% J24A Cerdio 0°Cto +70°C
DAC1230LCJ © 0.012% » J20A Cerdip © —40°Cto +85°C
DAC1230LCJ-1 0.012% J20A Cerdip 0*Cto +70°C
DAC1231LCY 0.024% J20A Cerdip ~40°C 1o +85°C
DAC1231LCJ-1 0.024% J20A Cerdip 0*Cto +70°C
DAC1232LCJ 0.050% J20A Cerdip ~40°Cto +85'C
DAC1232LCJ-1 0.050% J20A Cardip 0°Cto +70°C
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