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ABSTRACT

This project aim is to find the parameter of PID controller by using “ fuzzy
control theory " via MCS-52  While the MCS BASIC-52 is used as programming
language because of the ablility of control and display in numeric via LCD module.
This project can be applied to control the temperature of process .

This project can automatically stand alone work . The-input signal of
controller , in the standard voitage signal (1-5 Vde) , will be transformed in to
digital form (8 bits) , After the calculation form microcontroller , the standard

current signal (4-20 mA) will be sent to control the process.
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Tank temperature is measured and taken in after

A/ conversion
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Fisher Controls

R
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100 I
m(t)y=m+ 7B e(t)+ 7B J.e(t)dt (2.18)

Taylor Co.Honeywell,Inc,

m(t)=m + Kc.e(t)+ Kc.T i;i J.e(t)dt (2.19)

< d v 4 d |
famaulefis Honeywell JAvhmswanuafosniugui 1 lulns Tnivaises fu
TDC 2000 95 1@ams ( 2.13 ) @2u Fisher Controls 1814 1uTasTilsiwenases {u PROVOX
5 { v & A 4
Mrums ¢ 2.16 ) uas 2.17) aumsh 2.13) Adludunilsiifigadszmediadiumangiu
4 @ ] < a o ‘v
TreinauinsesileTanvae1u3nT Instrument Society of America (ISA) Fafidhsigyiozdnion
o o ¥ @ ' Y @ @ o ' ¢
SnfeanuFuRUTTEnI1NORT Wi Proportional Band tasaMuFuNuFTEHIeATidEn
v o a o
fusaTI3iem
3 A L% \J o 4 v 3
iwefiosmitsnduaieToudimfumFeenauquuuy pr aums (2.13 ) Houlddis T
2
i

m(t)—m = Kc(e(t)—-0)+ —[—j_—c,f(e(t) - 0)dr (2.20)

Traldtamnuanuuosmudsnideauuluaums 2.9) uas 2.10) utlasanlary

JagUlnsas 1 :

JM(S) S _1_
X E(s) Ke(l+ 'm) (2.21)

A a 1 ] @ A - - - ¢, 9 [ 1 ) 1
ﬁ‘{lhﬂiE]»iﬂ’l‘iJf]lll.lU‘U’dﬂ’d’]ui’JuﬂUﬂ UNSINTA A BINIT IR SNzABeUSuIme 1ﬁjkkﬂ

2 a . ' a d ¥ o 4 JEgrp a -
DAT1UYIYNTD Proportional Band HAZAUIAITIBN VAAVBUATOIATUAUUUUUNAB NTUIBU

ninsansesignesihmsvsassignivnuall

2.3 m?mﬂ'mf;;uuuu&’ﬂa"mﬁ'u%un?ﬁauazma?nﬁﬂ Proportional Intergral-
Derivative Controller (PID)
TnuamsaauguduInii 1A I dumosnsugquuuy o1 Ade wednfid nde
o a w < a g d & 4
815uNnTeuBIdaTIMsiasuulay Rae W30 Peract Yaulsravdnieniosnitiumsain
' o { o = . - 4
myslaranthnssuaumsinanlasuasiisanmsnffounlasrsnavsinnudanaa  F

v i b4 l:t - L i "
Tudlusweanyiusaumsi e Finodiudans 1l



de
m(t)=m + Kc.e(t) + [—i—c-J.e(t)dt +Kc.w d(:) (2.22)

= -3 - ar ] =1 &
T, = 0051 n3e dasmulaithuaa, u
: A & =3 Pr4 2 | A g :/'
mTzRsuunTeenLguILY PID sslimuminilisediesuiuudaiio Tdmsatuguily
mnzay daummanaeinfideniiumizsvswnrfiyadudsmdiiviuudortuuazen
Py ] - - ° ¥ 4 2 L 3
'nnanmnimmainﬂNfa:‘nﬂmﬂ7ﬂqﬂ'mf]uuﬂTmmmsn’lumiﬂwmmﬂmimmamn
by ¢ b3 S 9 t v o ~
T8dremsusungmsnl Tudramt Tasumsdusumeyiuivsnnuianan S1uanves
t ¢ Y 1 o .sy (KXY a 4 o A g e/ 1
mﬂmmsm:mnuﬂamﬂﬂnﬁmuaqnnwmnmawmnmmaﬂ'mﬂn'lﬁqnﬂiuum
as llseAinsannszuanmsuanaldsuanudeunaz e I¥anumnevossiims
t Py - o <
AmungMIalia9nTh auuAgurgimudvesvsunallunszinumsanas lusuaunis
- a o < P
uazganginnesnFuNzanasiioz lduanluglin 2-6

. Ti(y, ¢ |

{
f—

T, C )

ta tb t e

|

4

!

|

ety o!

i

i
ta to t——

31l 2.6 mamuau lunszuumsuanasuanudey
fnm ¢, Swauvesidanmaduuanusesuindes iuawsamsudlvsdanaraves
sruunaugy  lasmwizemsud lvuuudadutasfusinfassles adulsfmuaunesing
svssvssnnuianaindul lred unannanuduvesanuanamzisunuaziiunes

2

a,, R a = g oea A A = s w1
Tiumaldimsudlunmzine Snfidillisnnn indesniuquerihdunlsignaruguidaygs



23

9 3 o " a de a8 4 s
nipeennathminedieanuds uasinm ¢, sanaaisnaduuanuasanniuniudy
¥y
S1urnvesswd lvvsuudedunasuuududinfaiufesinnniusne uuasidinaraudh
@ 1 i 4 a 3 2 't a a P !
TdfuaudluRefosdlandrldnhedin  udsuassinfivesnnufananinarfwdivay
d| 4 ' H o w» s 4 4 o Ca
dunaldefiudlenoumbiignasas Mufedunlsiignatugu ldiTuftesnduangauth
P d’ ' a AaAjda oo @ t a’: A 4 [ ctyd
mingigatisanuaeTndnsundnamd lvvesdusssennnaud lvianua s
' Y A oy o o ‘
szdne ldmfisrnuiuiefivsh Itidunlsignaruguadudimuthwingsda lsfimu
mIvuagveuwalasmsuniseuauthminssrgnasasly
4 a v
winsnquuuy  PID  gnldlunszuaumsifisnainedafiorvi on
L4 ) ] = A 1 L4 J"
faturunTsuMInIUquuesgungiinazanududy arsyaumInlinumainesnduy
1 9
@anugiidey) sxiwazseulmissdyaasumulunssuiumsin assuaumsivdai
3 ' & N o d
TRindasoumsatunuuessan Inaazmenuguanufuysinssudyeunas (weurali
[ { ° 1 : =, ¥ &2 g ar P —- 4 @ A
yuthudusu vhy)  Ansennamsiufinuesdasinis lnaseguiz-7 devh Tnuamesiaf
o (-] 1 @ 1 : ) o ]
Wi lgTagesiruiniunsvenadedygnasumumniumssnauaesiiives ldems
< Y < at s W ‘ P
nasunlasesdygpuruniudecimun pssuaumsiitinamedun @nnugiiinn )
- [} 1 ' 14 1 A
TestnfAsziihuuugavinwiedhuas hildedygmsuniy sghelsmudios dndes
@ a o [ dy
AuAuUUY PID  Aunssuaumsgunaiiudanesdeasasasuginsaliaadyg i lud
unasduladygyinsunIudaies
fafduteTonvounfesnruguuuy PID lugeuadvniiulurums (2.19)

fagie Tkl .

A

[ S 4

Y

t ——
7Ufi2-7 uamemamsiufingasinisIna
K d(e(t)-0
m(t) — i1 = Ke(e(t) - 0) + TCI (e(t) = 0)dt + Kc.zb—(e(—d)t—l 2.23)



24

o o o o
Tﬂa‘h’f'ﬂarhnuﬂnuﬁ’mwmmuﬂmqnmmmué’wﬁums (2.9 uaz (2.10 ) utlavalary
uazdagilozld

1
=Ke(l +— + ™8 2.24
E(s) ) ( ) (2.24)

Nammmﬂauuqms‘amuﬂuaﬂuﬂmvﬂﬂnflummgueﬂuﬂwmmamﬂﬂtﬂu'lﬂ'lu'1&’71
vwimstnnam dniusuneTufivesgnissnnTasldinouyes i mss wadildes

Li‘luﬁqmmmﬂaun'lné’mmua*uuumn'n

M(s) s +1
Hs = Kellr =X

(2.25)
TS oS + 1

AB4 TS 8§1UWﬂﬂ7~H3N 0.05 fN 0.1 ?rs;ﬂlﬂsmﬂ’mqmmu PID T)ullﬁ'lllW']S"]llLﬂE]{

ﬂ»ﬂﬂ\lQﬂ‘L’T‘UIWN 'lﬁun amwmvms Proportional Band nmiwnmaawﬂmn a71918
Im ﬂﬂi"mﬂnﬂ'miﬂlﬂﬂﬂ'l’ﬂﬂﬂﬂﬂ%dlﬂ')']ll?ﬁu?iﬂiuﬂ'ﬁ'ﬂ']ﬁﬂ'lﬁ'ﬂﬁﬂiHW]‘U‘EU“YIﬂi’ SUIU

mmsamuﬂquﬂfmqu Mdeyaniir Tyl

2.4  InTeemuguIYFadauoriaeiafin Proportional- Derivative Controller
(PD)
xﬂiﬂqmmuuuuumnn'l%"lun'rmum'm'hﬂﬂiaoﬂmﬂmmnﬁﬂﬁ'zuaawmmum

ﬂﬂ\! MIf1vee msmﬂnnmmm U1B ﬂ%’]d HTTANTTU m:r'lﬁmu

de(t
m(t) =i + Kc.e(t) + Ke.m Z(z‘ ) (2.26)
uasHadducroToulugaundfe
M ( M(s)
= Ke(l+ s (2.27)

4 1 o ' a 3 )
Yeiievouniosniuquuuy D limunsofiszudrdanmafiannenei1d oeldians

“ = X 1 : P w ' =] 4
nIIBUNINOMMIUNEITaszudasenign Tnua 1yl 0d W lrfienuinFesnaunuuuy PD



25

{ a { J t .74 ' ] i
munsofivzlisanuneiigaiuniuuudadiusdufordaiuia lfoo idmiiaiog 1112y

NIVUMIAIVAUULUGY

2.5 InTeemURUIUYAABA Digital Controller
< ' @ 4
nnh Idnanuudluaunts (2.25) WuieiFudreTonveunfosnunulugaamas iy
[} o a an d o o [ 3K P
uewmen  sdnlsimuaumsveansomnuuuudtasaihumyi lusod s naums
g ] tn 1 L 1 A
(2.19) i’%mﬂumiﬂimmmz'ln'lé’tmnmqmnmiﬂmummimmm]mmuamaan
a4 A < g L o Ly ] J o : .:1’ t
uIssITveNATeNRILRuEMandey  fivz lAnSuness Tunoufiezouludauiddun
J { 4 L [
aums (2.19)uﬁmWsﬁmmmamﬁﬁms‘xﬂaﬂuuﬂmﬂmﬂswmauﬁ'zﬁﬂzﬁwansz'nuwu
nidunSfanasiaeindiiings 7,7, gngauasmsTaemisasveenuenny it des
d s 1 ' o - I -
waswilausmzdanvowenudaTao lides i inafusunitamasaeinfinuds  Sos
¥ < ‘S oa aw a o 0 > < &4 s 4
ﬂaaxﬂavuuﬂaqmmauﬂsnauazmasm:rlnnm'umamwtnemQnsﬂnuu'lﬂmmsaqmu
= [~] d’; 4: 4 @ § y = 1
fuuuveweneziuesiuuuuiitimus UnATuATanILquAinanilgnidunt
3 d o H [
Interacting Controller in583n7uAuf ¥y Tas Tsiwaves Taosia Tusuduuuuiday sgwls
4 d -
Amueslinfesnruguuneuuuitudymi Tasmsuny Ko/T, #8in0Y Ki War Ke.T, &8
v
INBY Kd HaswIslins SMeauan Ke,KiKd
a L - - é { A J
qahedunnuduiusveaniounesiaiv Tumuniisfesdounasauthnae
4 o { 4 < &
veunTesnIunu laomsnRouadlug i 2-8a dedlunuumsndsuudaswuusiuduly
| - = o/ : A 9/ Y s s 1 ey q’
mMEana1Auaa iUz 2-8b dafunsosnruquesdesliiune Snfinseanuianaiai uas
- s 2 d o < v ad 4 < <
nimxﬂamnﬂuﬁ:unmﬂaauuﬂaﬂunuwnmqaemJmmmqﬂfmﬂnmmﬂﬂugﬂw 2-8¢
mjlﬂﬁuuuﬂmﬁmaaanﬁ'lu'x,ﬂuﬁﬁmmﬁuazmsm'a‘lﬁ'&ﬁﬂﬂmmﬁumadamﬂhnuvm
. A & g 3 a ) v & o < a1
ATEUINMY mam:uﬁ'ﬂtymaumﬂmwwmamaqaqwuﬂumuﬂiﬂQnﬂmﬂmﬂumm

ashdAsANUAANAIARING1

NEW SET POINT
de(t)
dt r(o ...................... OLD sa PO‘NT

{a) b o



26

e(t)

()

m(t)

t——>

(©

NEW SET POINT

it

OLD SET POINT

(d) S

: ) .
JUfl 2-8 wamsnanssnuvssmadsundasauthve

' 2 : t o P ' ar L 4’
syrusvesigezimiuleauthninediamnsoua e 1§aans 1U5

de(t) dlr(D—c(D] _dr(f) de(t)
o dt s dt

(2.28)

Y ' { a3 1 1 [ “ ' o e LY)
yaziauthnueldbouduaIniudraunesoin iy lRadwnsovufivulasenu 1y
vuziRntungdnsuAnafdinaniousdnen  midaniiselfindasniununuyeutasn

niouuululas Tnmafosdosrilafanfounednfinfissiiunadedunlsiignaugy

i

Py o dar
2.6 TEM-TUADN
7 d' { v ) J <y od - :
Jaymddn-sniduilygmficdyuazifadusielunszuiums Taenfia ldyniaand

A - - 1 ]
wIosnunuiims g Tnuaniuquuuusunifasuegde



3
~

- - { b s -:‘5 na‘ 2w y
auuaNgungiveunaInmativenssunumsanas luSunils dasuniusuil
yenszvylloufguingiineenveanszuumsdis infesniugu pI waz PID flesh
- : 4 - [ o < { v 4
madlandalon InheduTaafudagraussiuay dfundiduiunlfussduien
= a P [ ' o 9 ' LN . A
msia sugmvginnesniusumiuriuilmueideams usdauuandwulsiignaiy
a v oA d‘{ i A o 9 - a 1o P i .
qudehimuduminla indesmuguiedosduninsamdanatnldoufimeesnilu 15 psig
o y y I~} ) 3 1 i 5
figaiindalohfesdanfrgamnzaniuasssumsaugu isunsafisshes 151480
' - v d o = y g
wdnszumssguenmilennmsnsugudaraaiiunsmlluglil 20 Tugfinaedldiiy
" A 2 a @ o a a o ¢ gt ' d o =
NieNanlagaduliinruquuiegunginesenidens idmauthvang e
' a 1 A = -~ o P Y o
fRanamegaaen inTesntuguineufivzud (TremsdunSinsasRanaa ) senfinie

=

¥ ] v ' '
genunfuudhndr limnsafendanhendilldudr  wasiimaniosniunuosqungd
a A 2 S o v ‘oA - o4 4 4
swdundinsauinduan liflsiussduundiswd Taulndvzalszinm 20 psig Aigailisunien
l i a (= = A o e P4 a W I
aaufu Liswnsafissiumiinueeniigaoudail Wnase1ilugilio-e #as gadudeniiy
a - aw o da <~ <¥ = a W d’d
HAW9INNTIIDUNIAaveuRTsnsuguAanaa ldmeduilunanunazaasdudailse

« = - a  dw
QALTYNI FIGN-IUADN

Tig) C

Set point

T(),C

vo(t)




2.0

1.5

m(t)
psig

——

A )
JU#2-9 uanswassuaueslunssumsnILguYsInssUIuMsanasuanuiou

y t
uazluvasiiguudhgunginud 1dndunmudugunginesnveanssuaunisnisy

¥
<

3 S P o d’ < Py J Y 11 1
Audiosintuuaaslugld 2-10 sUfinaasgungiinesnifududgauthvunsuaskuiay

] g < 1 A - t £ A L4 t
Tuandndnadlantugasy Feluanumihuiwdnindaly1duds meeafisduludlen

D

t 9 o “  d 1 & a 1 . ] .
INF1IURTBIRIUAULLABITUNTINTAMTANBgALBDIITENauDIN 20 psig Uil 15 psig

3 =2 a o 03 ¢ qv s Y - P | 1
mntiudnsufivzflandlld lunmiissih IgamginwesnifiamsjauasvoLivave s
< a > 4 P
dhvineld$aunis  msudlulunsdifidm-uddn TromsilfouTnuamsnunu U
a 4 o - - &' o | LY a
arufuAeiisinTeeniuguiss nganisduniinsanniuinldsu Tnuamsaiugundu Ty
o v A A d A s ¥ ada 1 - f o
A lulififinisufivzaaminnesnas i dodovesmsnsziuuuiinde lulimsifounnsdl
d’ o S 4 ' o 4 ! ) ¢ v 2 a a8 3
flvzfintuidela son Isimuaesnruquaumnesigunsaiflesdiulunsdifadida-
XY @ ar L725] “ “ A 9 \1 P
watn13de  mstlesdulaesalulifosngamsduniinsavsunsseniuqudisnfiniesn
g 15 psig@0mA) n3B 3 psigma) TiEN-GuAn TnvufietunszuaumsuuuLuns
A &
(Batch process) n?ﬂ"lumsmuquuuuuﬂmﬂﬁ (Cascade control)uﬂzmﬂqﬂﬂiﬁIﬂQUf]NﬂJuQﬂ

4 ' P4
HognaIugunmunTesnIuRuiunnTIM .

T(t).C

T(H,C

set point

t ——



1.0

vp(t)

22

m(t),
psig 15 - N

t ——

y .
U7 2-10 usrasmaneva e lunssumsAIuguYeInssUMILam B sua e oy



30

=
UYNNS
STVUMIAIUYIUUUPID 39ufy FUZZY (PID- FUZZY CONTROL)
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#1981 Time response NABIMT
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Set point Tauazlaifia Oscillate

8.2 MANMIATUANNLY PID éia FUZZY GAINS
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-ERROR ; e(k) = SP-PV %
-CHANGE OF ERROR ; Ae(k) = e(x) - e(k-1) %
7§19 Fuzzy Set 83 e(k) 1az Ae(k)

28

— NIt N NS iR rs PAL M

<(k) or delt)

Tay NB = Negative Big

NM= Negative Medium
NS = Negative Small
ZR = Zero
PS = Positive Small
PM = Positive Medium
PB = Positive Big

419 Fuzzy Set ¥99 KP ugz KD

38

i Soull {3iy

10 x=KPm Kb

Tay KP = Proportion fuzzy gain
KD = Derivative fuzzy gain
M@ = (U x 130 X, (1) = ¢~ d1$U Sman
g = (-1/4)m (1-x) 138 X, (1) = 1- ¢+ dnsy Big
Ty Zisgler - Nichols Rule a1 Integral time constant (Ti) ezﬁﬂ'nﬂu 41 Y99

Derivative time constant {fUD
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fl1 oC DI9IANTUIRIY Fuzzy number 111 MF (@87

2314 Fuzzy Set 83 oC

il

funouitz  RULE EVALUATION
fnuangaen Teesrdemanuilumindnvessaudsi 1dnnmanfoufeus
Fuzzy mpur funsanuiiuaindniufamnusanudidyveengudaznge
FUZZY IF/THEN RULES
#7881 RULES
1. IF e(k) = NB AND Ae(k) = NB THEN KP =B ,KD=§, C= S

2. IF e(X) = NS AND [_\e(k) = PM THEN KP =S ,KD= B, &= MS

k4
=

TABLE 984 I/P - O/P RULES uaad 1daail

IQ Change of error

NB | oM NS ZR 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

error ZR S S S B S S N
PS S S B B B S S

PM 3 B B B B B S

PB B B B B B B B




Change of error

NB NM NS ZR 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
error R B B B B B B B
PS B B B S B B B
PM B B S N S B B
PB S S S N S S S
- 04 T o Ch;nge of error
NB NM NS ZR PS PM PB
NB 2 2 2 2 2 2 2
NM 3 3 2 2 2 3 3
NS 4 3 3 2 3 3 4
error ZR 5 4 3 3 3 4 5
PS 4 3 3 2 <) 3 4
PM 3 3 2 2 2 3 3
PB 2 2 2 2 2 2 2
M o
YUHNBUN3  Defuzzification of Output
e Fuzzy Output #12033 Center of Gravity
TABLE #1#1 KP, KD 4ag O narad IRl
&e(k)
-100 | 75 -50 -25 0 25 50 75 100
-100 | 0751 074 | 072 1 074 | 075 | 074 | 072 | 0.74 | 0.75
-75 0.4 0.6 072 ] 074 | 074 | 074 | 0.72 0.6 0.4
50 | 028 | OS5 0.5 072 ] 072} 072 0.5 0.5 | 0.28
-25 026 | 0.26 0.5 0.6 0.74 0.6 0.5 0.26 | 0.26
e(k) 0 | 024{026|028| 04 [075]| 04 | 028 026] 0.24
25 026 1 026 | 05 0.6 | 074 0.6 05 | 026 | 0.26
50 028 | 0.5 0.5 072 ] 0721 072 0.5 0.5 0.28
75 0.4 06 10721074 074 | 074 | 072 | 06 2.4
100 § 075 1 073 | 072 1 074 | 074 | 074 { 072 | 0.74 | 075

Table of KP
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e(k)
-100 | .75 -50 =25 0 25 50 75 100
100§ 0.24 | 026 | 028 | 0.26 | 0.24 | 026 | 0.28 | 0.26 | 0.24
751 06 | 06 | 05 (026|026]|026] 05| 06| o6
50 10721072} 05 | 05 | 028] 05 ] 05 | 072 | 072
25 1074 1074 | 072 | 06 | 04 | 06 | 072 | 074 | 074
0 1075] 074|072 074|075 | 074 | 072 | 074 | 075
25 10741074072 | 06 | 04 | 06 | 072 | 074 | 074
50 10721072 ] 05 | 05 | 028 05 | 05 | 072 | 072
75 | 06 | 06 | 05 [026|026]026) 05 | 06 | o6
100 1°0.24 | 0.26 { 0.28 | 0.26 | 024 | 0.26 | 0.28 | 026 | 024
Table of KD
e(k)
-100 | 75 1 50 | 25 | o 25 | 50 | 75 | 100
-100 | 2 ) 2 2 2 2 2 2 2
g5 {2751 275) 25 | 2 2 2 2.5.1 2757 275
-50 | 35 | 3.33 25| 25 94 JelreS | 3&3 WBs
25 | 425 3.6 [ 333 | 275 | 225|275 | 333 | 3.6 | 425
0 5 425 35| 3 3 3 3.5 1425 5
25 1 4251 3.6 | 335 275|225 275 | 333 36 | 425
50 f 35 | 333 25 | 25 2 [02s |25 | 333 33
75 | 275 | 295 1 a5 2 2 2 | 25 | 275|275
100 | 2 2 2 2 2 2 2 2 2

Table of
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3.3 waAMIYBS Ziegler and Nichols
A '
IWBNIA Optimum gian UAY Optimum period ( Ku Uae Pu)
1‘1?3“3 Ultimate Sensitivity method
_“c
ms
1. Wrzuumunuiiluuuyaassula ¢ Closed 1oop )
2. i3 Ti 9A (max) 4z Td MA (0 ¥38 min ) 19 P Action TumsaIuguedufiva
& e o s o ‘
3. asesnaent PB Iiisgen ¢ $1ee kp W I3Wahe ) udrassaed) PB asun ang
< 1 4 . 9 A a 144 < '
naguauthniufisguansuaues aar PB Iidawuios sudemiifianldousuthnue
Tuh@indey 9xvi1 1 process ifmmsinisdaiiiosluaasnn pB Tusmsifu Fondr PBu ¢

Ulitimate proportional band )

PV

WA
g

Time sec

4. mmuran lumsunde IimAY Pu ¢ Ulimate period )
5. a1 Pou uaz Pu vt 1A Y19 uramad PB, Tivay Td

#13W Uldmate Sensitivity method

slUamMsAIAN | PB Ti Td
P 2PBu o | 0
Pl 2.2PBu | 0.83Pu 0
PID 1.7PBa 05Pu | IR Pu
kp=0.6kn




8.4 uasmM Fuzzy Outputs (KPKD, O ) iy Kp, Kd, Ki Gaius

Kp = (Kp,max - Kp,min) KP+Kp,min
Kd = (Kd,max - Kd,min) KD+Kd,min M

Ki=Kp / (0L*Kd)

Tﬂﬂ‘ﬁ Kpmax = 0.6 Ku
Kp,min =0.32 Ku
Kd,max = 0.15 Ku*Pu
Kd,min = 0.08 Ku*Pu
Ku = Ultimate gain
Pu = Ultimate period

1NMINARB 1A 147E Ultimate sensitivity method 481 Ziegler - Nichols 1&Hany

NARBIAIgL

R

<2
1
o~
(=]
1 -
R
fam)
<o

UJ5UTi —00 , Td=0
#1851 Feed 484 Recorder 14# 200 mm/ hr IATLYLYBY period 6.6 mm
14 Ku =25
°~1ﬁ’uﬁ1mmﬁhmqq EER
Pu = 6.6 *(3600/200) R 120 sec
Kp=06Ku =06*25=15
Ti=Pu2 =120/2 =60 sec
Td = Pu8 = 1208 =15 sec
wnusrlu (1) 11 TABLE ¥4 Kp, Kd, uas Ki 18%aid
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TABLE OF Kp,Kd,Ki

Kp ae(k)
;100 75 | 50 | 25 | o 25 | 50 | 75 | 100
-100 | 13.25 [ 13.18 | 13.04 | 13.18 | 13.25 | 13.18 | 13.04 | 13.18 | 13.25
75 1 108 | 122 113.04| 13.18 | 13.18 | 13.18 | 13.04| 122 | 108
-50 | 9.96 | 11.5 | 11.5 | 13.04 ( 13.04 [ 13.04| 115 [ 11.5 | 9.96
25 | 9821 982 | 11.5 | 122 {1318 122 | 115 | 982 | 8.32
0 | 968 | 982996 | 108 |1325| 108 | 996 | 9.82 | 9.68
25 1982|982 115 | 122 |13.18] 122 | 11.5 [ 982 | 9.82
50 | 996 | 11.5 | 11.5 | 13.04 | 13.04| 13.04| 11.5 | 11.5 | 9.96
75 1108 | 122 | 13.04| 13.18 | 13.18 | 13.18 | 13.04 | 122 | 108
100 | 13.25] 13.18| 13.04 | 13.18 | 13.25 | 13.18 | 13.04 | 13.18 | 13.25

Kd Ae(k)
1001 75 | 50 | 25 | o 25 | S0 | 75 | 100
-100 | 290.4 | 294.6 | 298.8 | 294.6 | 290.4 | 294.6 | 298.8 | 294.6 | 290.4
75 | 366 | 366 | 345 |294.6| 2988|2946 345 | 366 | 366
-50 |391.2|391.2| 345 | 345 2988 345 | 345 |391.2| 3912
-25 |3954(395.4{391.2] 366 | 324 | 366 |301.2|395.4 | 395.4
0 1397.513954 3912|3954 |397.5|3954|391.2|395.4 | 397.5
25 [395.4 3954 |391.2| 366 | 324 | 366 |391.2|395.4]| 3954
50 1391.2| 366 | 345 | 345 | 298.8| 345 | 345 | 3012|3912
75 | 366 | 366 | 345 | 294.6]298.8|204.6| 345 | 366 | 366
100 {2904 | 294.6 | 298.8 | 204.6 | 290.4 | 204.6 | 298.8 | 294.6 | 290.4
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Ki ae(k)
100 75 | 50§ 25 | o [ 25 | s0 | 75 | 100
-100 | 0.302 | 0.295 | 0.284 | 0.295 | 0.302 | 0.295 | 0.284 | 0.295 | 0.302
<75 | 0.116 | 0.148 | 0.197 | 0.295 | 0.295 | 0.295 | 0.197 | 0.148 | 0.116
-50 [0.0720.101 | 0.153| 0.197 | 0.284 | 0.197 | 0.153 | 0.101 | 0.072
-25 {0.057 | 0.068 | 0.101 | 0.148 | 0.238 | 0.148 | 0.101 | 0.068 | 0.057
0 | 0.047 | 0.057 | 0.072| 0.098 | 0.147 | 0.098 | 0.072 | 0.057 | 0.047
25 10.057 | 0.068 | 0.101 | 0.148 | 0.238 | 0.148 | 0.101 | 0.068 | 0.057
50 }0.072) 0.101|0.153 | 0.197 | 0.284 | 0.197 | 0.153 | 0.101 | 0.072
75 10.1160.148 | 0.197 | 0.295 | 0.295 | 0.295 | 0.197 | 0.148 | 0.116
100 §0.302 | 0.295 | 0.284 | 0.295 | 0.302 | 0.295 | 0.284 | 0.295 | 0.302




e(k)

e(k)

Ti ae(k)
-100 { 75 | -50 | -25 0 25 1 50 | 75 | 100
-100 | 43.9 1 447 | 459 | 447 | 439 | 447 | 450 | 447 | 439
75 | 93.1 | 824 | 662 | 447 | 447 | 447 | 662 | 82.4 | 93.1
50 11383 1113.91 752 | 662 | 459 | 662 | 752 | 113.9] 1383
25 | 1723|1444 | 113.9 ] 82.4 | 554 | 824 | 113.9] 1444 | 172.3
0 1205.9)1723| 1383 110.2| 90.1 | 110.2 | 138.3 | 172.3 | 205.9
25 117231444 | 113.9| 824 | 554 | 82.4 | 1139 144.4 | 1723
50 1138311139 752 | 662 | 459 { 66.2 | 75.1 | 113.9] 1383
75 1931 | 824 | 662 | 447 | 447 | 447 | 662 | 82.4 | 93.1
100 ] 43.9 | 447 | 459 | 447 | 439 | 447 | 459 | 447 | 439

Td A e(k)
-100 | 28 | -50 | .25 0 25 | S0 | 75 | 100
-100 1219 | 223 | 229 | 223 | 21.9 | 223 | 229 | 223 | 219
75 § 33.8 30 264 | 223 | 227 ( 223 | 264 30 33.8
-50 | 393 | 34 | 30 | 264 (229|264 30 | 34 | 393
25 1403 1 403 | 34 | 30 | 246 30 | 34 | 403 | 403
0 | 4L1]403 | 393|366 | 30 | 367 | 393 | 403 | 41.1
25 | 403 [ 403 | 34 | 30 | 246| 30 | 34 | 403 | 403
50 [ 393 | 34 | 30 | 264 | 229|264 30 | 34 | 393
75 | 338 30 | 264 | 223227 223|264 30 | 338
100 § 219 | 223 | 229 | 223 { 219 | 223 | 220 | 223 | 219
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Initial
SV=50 C,PV=50%

3
L gt
y

Time=0

Inport PV
every 2.5 sec

A

Calculate DV

y

( Display PV.DV >

|

<5V Change 7>
<Time = 1057 =

Process

4

Calculate Error, Error

4
Select Kp,Ti,Td by
Fuzzy

v

Calculate by PID

y

Qutport MV to process

I
I
v

Exit

ALGORITHM m1571914983 CONTROLLER
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Tsunsuudnuy MCS-52 § ¥y PID-FUZZY CONTROLLER !

1 REM  This program is for 4] project

2 REM KAKERKRRERARI KRR ENRERREERRURRCFE LR ERRRF R R R R R RO R ALK

3REM * Design of PID-FUZZY Controller
4 REM * for Temperature control
5REM * by using Microcontroller

6 REM KRKERARRRKEERRRRRREFRRER KRR R RERERRRREERRRREARRK KRR

10 REM *sxxsxsxssxssss /O Sefting Routine *=*xssssxsxxxxxrrzss
20 PA=0F300H : PB=0F801H : PC=0F802H : PP=0F803H

30 XBY(PP)=91H : RANGE=100 : XBY(PC)=COH

35 REM *+sakssraxaxsaxesssx Main Program =»*sirsnaknss x
40 GOSUB 1100 : GOSUB 4200

50 GOSUB 2000

50 GOSUB 2500

70 GOSUB 5500

900 GOTO 50

1100 REM ##=ssaxaxiax | CD Display & Sefting **=swsxxisnxxsss
1110 WCOM=0FAOQGH : RBUSY=0FAQ1H : WDAT=0FA02H

1120 XBY(WCOM)=01H : GOSUB 9000

1130 XBY(WCOM)=06H : GOSUB 9000

1140 XBY(WCOM)=0CH : GOSUB 9000

1150 XBY(WCOM)=14H : GOSUB 9000

1160 XBY(WCOM)=38H : GOSUB 9000

1199 REM *===xsxxsx Constant Display (LINEL) =*xksxmsxxxusns
1200 XBY(WCOM)=82H : GOSUB 9000

1210 FOR I=1 TO 4: READ SHOW1

1220 XBY(WDAT)=SHOW1 : NEXT I

1230 DATA 53H,56H,20H,3DH

1240 XBY(WCOM)=8DH : GOSUB 9000
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1250 XBY(WDAT)=0DEH : GOSUB 9000

1260 XBY(WDAT)=43H : GOSUB 9000

1299 REM ***wsxsxxx Copstant Display (LINE2) ****xssmssnxx
1300 XBY(WCOM)=0C2H : GOSUB 9000

1310 FOR K=1 TO 4 : READ SHOW3

1320 XBY(WDAT)=SHOW3 : NEXT K

1330 DATA 50H,56H,20H,3DH

1340 XBY(WCOM)=0CDH : GOSUB 9000

1350 XBY(WDAT)=0DEH : GOSUB 9000

1360 XBY(WDAT)=43H : GOSUB 5000

1399 REM #*xsxxxxxx* Constant Display (LINE3) **xxxxernxsuxs
1400 XBY(WCOM)=092H : GOSUB 9000

1410 FOR M=1 TO 4 : READ SHOWS

1420 XBY(WDAT)=SHOWS : NEXT M

1430 DATA 4DH,56H,20H,3DH

1440 XBY(WCOM)=09DH : GOSUB 9000

1450 XBY(WDAT)=25H

1499 REM wwassassssss Constant Display (LINTA) #s5sxsxnniionn
1500 XBY(WCOM)=0D2H : GOSUB 9000

1510 FOR N=1 TO 4 : RBAD SHOWG6

1520 XBY(WDAT)=SHOWS : NEXT N

1530 DATA 44H,56H,20H,3DH

1340 XBY(WCOM)=0DDH : GOSUB 9000

1550 XBY(WDAT)=0DEH : GOSUB 9000

1560 XBY(WDAT)=43H : GOSUB 9000

1600 RETURN

2000 REM *#*x#xax* Tnterrupt Part every 10 seg mwmwmmiasexnx

2010 TIME=0: CLOCK 1: ONTIME 0,2030: DO
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2020 WHILE TIME<10 : RETURN
2030 A=TIME

2040 ON A/2.5 GOSUB 8100,8110,8120,8130,8140

2050 ONTIME A+2.5,2030 : RETI

2499 REM ***#**xxx* Cajculate Error & Delta Brror ******xxkxx

2500 ERRO=(SV-TEMP0)*100/RANGE : ERR1=(SV-TEMP1)*100/RANGE

2502 ERR2=(SV-TEMP1)*100/RANGE : ERR3=(SV-TEMP3)*100/RANGE

2504 ERR4=(SV-TEMP4)*100/RANGE
2510 ERR=ERR4 : DERR=(ERRO-ERR4)
2540 GOSUB 3000

2550 RETURN

2099 REM *****xxxxxxxxx Kpn TiTd selection ok R K 3K K KoK

3000 U=INT((100-ABS(ERR))/25) : V=INT((100-ABS(DERR))/25)

3010 ON U GOSUB 3100,3120,3130,3140.3140
3020 RETURN

3100 ON V GOSUB 4000,4010,4020,4030,4030 :
3120 ON V GOSUB 4040,4050,4060,4070,4070 :
3130 ON V GOSUB 4080,4090,4100,4110,4110 :

3140 ON V GOSUB 4120,4130,4140.4150,4150 :

RETURN
RETURN
RETURN

RETURN

3999 R&M KEKRERERRERRKRKRKE Kp,Ti,Td table KKK RA KRR R RN LRREKE N

4000 KP=12: : TD=27 : RETURN

4010 KP=13 : : TD=25: RETURN

4020 KP=13 : : TD=24: RETURN

4030 KP=13: : TD=22: RETURN

4040 KP=11: : TD=34: RETURN

4050 KP=12: TD=30: RETURN

4060 KP=13 : : TD=26 : RETURN

4070 KP=13: : TD=24: RETURN



4080 KP=10 : TI=137 : TD=38 : RETURN

4090 KP=11: TI=105 : TD=38 : RETURN

4100 KP=12: TI=80 : TD=30: RETURN

4110 KP=13 : TI=59 : TD=26 : RETURN

4120 KP=10: TI=172 : TD=40 : RETURN

413.0 KP=10: TI=137 : TD=38 : RETURN

4140 KP=11: TI=106 : TD=35 : RETURN

4150 KP=12 : TI=78 : TD=30 : RETURN

4199 REM *****x Set Point Initial Setting & Display *****xx
4200 SV=50 : XBY(WCOM)=87H : GOSUB 9C00

4210 XBY(WDAT)=30H : GOSUB 9000

4220 XBY(WDAT)=35H : GOSUB 9000

4230 XBY(WDAT)=30H : GOSUB 9000

4240 XBY(WDAT)=2EH : GOSUB 9000 .

4250 XBY(WDAT)=30H : GOSUB 9000

4299 REM ****xxxx* PV Ipitial Setting & Display ***x**#**xixx
4300 PV=50 : XBY(WCOM)=0CTH

4310 XBY(WDAT)=30H

4320 XBY(WDAT)=35H

4330 XBY(WDAT)=30H

4340 XBY(WDAT)=2EH

4350 XBY(WDAT)=30H : RETURN

4999 REM ****xxxx Set Point Setting from Keyboard **¥*#***
5000 IF (XBY(PC).AND.4H)=4H THEN RETURN ELSE CLOCK 0
5010 XBY(WCOM)=80H : GOSUB 9000 : XBY(WDAT)=7EH : GOSUB 9000
5020 IF (XBY(PC).AND.1H)=0H THEN GOSUB 8900

5030 IF (XBY(PC).AND.2H)=0H THEN GOSUB 8910

5040 GOSUB 5210
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5070 IF (XBY(PC).AND.8H)=0H THEN GOTO 6000 ELSE GOTO 5020
5199 REM ***sxxxaxa%sx* Set Point Display ******xxxsxxsxsss
5210 XBY(WCOM)=87H : GOSUB 9000

5230 SVI1=INT(SV/100) : SV2=INT{(SV-SV1*100)/10)

5240 SV3=INT(SV-100*¥SV1-10*SV2)

5250 XBY(WDAT)=8V1+48 : GOSUB 9000

5260 XBY(WDAT)=SV2+48 : GOSUB 9000

5270 XBY(WDAT)=SV3+48 : GOSUB 9000

5280 XBY(WDAT)=2EH : GOSUB 9000

5290 XBY(WDAT)=48 : GOSUB 9000 : RETURN

5300 XBY(WCOM)=87H : GOSUB 9000

5310 XBY(WDAT)=45H : GOSUB 9000 : REM ====> Display 'B’
5320 XBY(WDAT)=52H : GOSUB 9000 : REM ====> Display 'R’
5330 XBY(WDAT)=52H : GOSUB 9000 : REM ====> Display 'R’
5340 XBY(WDAT)=4FH : GOSUB 9000 : REM ====> Display 'O’
5350 XBY(WDAT)=52H : GOSUB 9000 : REM ====> Display 'R’
5360 RETURN

5500 REM**xxxxxxxxxs* PID) Algorithm *¥* ke aaasshte sk nie
5510 FD1=ERR2-ERRO : FD2=ERR4-ERR2 : SD=FD2-F1

5520 DTERM=TD*(FD2-0.5*SD)/5 : REM ** Use Newton's Method**
5530 ITERM=(BERRO+2*ERR 1-+2*ERR2+2*ERR3+ERR4)

5540 MV=KP*(ERR+ITERM+DTERM)*(RANGE/100)

5550 IF MV>100 THEN MV=100

5560 IF MV<0 THEN MV=30

5565 MYOUT=INT(MV+25)/(100/204)) : IF MVOUT>255 THEN MVOUT=255
5570 IF MVOUT<=51 THEN MVOUT=51

5575 XBY(PB)=MVOUT

5580 MV1=INT(MV/100) : MV2=INT((MV-100*MV1)/10)



5590 MV3=INT(MV-100*MV1-10*MV2) : MV4=INT((MV-100*MV1-10*MV2-MV3)*10)
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5600 XBY(WCOM)=97H : GOSUB 9000

5610 XBY(WDAT)=48+MV1 :

GOSUB 9000

5620 XBY(WDAT)=48+MV2 : GOSUB 9000

5630 XBY(WDAT)=48+MV3 : GOSUB 9000

5640 XBY(WDAT)=2EH : GOSUB 9000

5650 XBY(WDAT)=48+MV4 : GOSUB 9000 : RETURN

6000 XBY(WCOM)=080H : XBY(WDAT)=20H : GOTO 2010

7999 REM **¥xxxxkxxxrkxx NPORT FROM A/D***Exrxkakmaxrssss

8000 XBY(PC)=40H : REM wr=0 : xby(pc)=0cOh:rem wr=1

8010 FOR Z=1 TO 64 : NEXT Z : REM delay 100 ms

8020 XBY(PC)=80H : REM rd=0

8025 PBUFF=XBY(PA) : IF PBUFF<51 THEN PBUFF=51

8030 PV=((PBUFF-51)/40.8)*20*RANGE/100 : XBY(PC)=0COH : REM rd=1

8040 BP1=INT(PV/100) : BP2=INT({(PV-100*BP1)/10)

8050 BP3=INT(PV-100*BP1-10*BP2) : BP4=INT((PV-100*BP1-10*BP2-BP3)*10)

8060 XBY(WCOM)=0C7H

8070 XBY(WDAT)=48+BP1 : XBY(WDAT)=48+BP2

" 8080 XBY(WDAT)=48+BP3 : XBY(WDAT)=2EH

8090 XBY(WDAT)=48+BP4 : RETURN

8999 REM ***x#xxxkxxdxxxx GRT & CALCULATE DATA ®*®kx¥kxxsix

8100 GOSUB 8000

8110 GOSUB 8000 :

8120 GOSUB 8000
8130 GOSUB 8000

8140 GOSUB 8000 :

: TEMPQ=PV :
TEMP1=PV :
: TEMP2=PV :
: TEMP3=PV :

TEMPA4=PV :

GOSUB 8500 :
GOSUB 8500 :
GOSUB 8500 :
GOSUB 8500 :

GOSUB 8500 :

GOSUB 5000 :
GOSUB 5000 :
GOSUB 5000 :
GOSUB 5000 :
GOSUB 5000 :

RETURN
RETURN
RETURN
RETURN
RETURN

8500 REM EXRERRRRREEBAREXRRXKE AR KRR DISPLA Y *H*kwrknmknknetns

8510 XBY(WCOM)=0D7H
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8515 IF SV>PV THEN GOSUB 8700 ELSE GOSUB 8800

8520 DV1=INT(DV/100) : DV2=INT((DV-100*DV1)/10)

8530 DV3=INT(DV-100*DV1-10*DV2) : DV4=INT((DV-100*DV1-10*DV2-DV3)*10)
8540 XBY(WDAT)=48+DV1

8550 XBY(WDAT)=48+DV2

8560 XBY(WDAT)=48+DV3

8570 XBY(WDAT)=2EH

8580 XBY(WDAT)=48+DV4

8590 RETURN

8699 REM *»**sxasxsx DY CALCULATE & DISPLAY *##ssssxssnxas
8700 DV=SV-PV : XBY(WCOM)=0D6H

8710 XBY(WDAT)=20H : RETURN

8800 DV=PV-SV : XBY(WCOM)=0D6H

8810 XBY(WDAT)=2DH : RETURN

8399 REM#*x*xsxrxxuxsxen Change Sefpoint **x»sssnsximmsxix

8900 FOR DELAY1=1 TO 100 : NEXT DELAY1: SV=SV+l

8905 IF SV<=RANGE THEN RETURN : GOSUB 5300 : SV=RANGE : RETURN
8910 FOR DELAY2=1 TO 100 : NEXT DELAY?2 : SV=SV-1

8915 IF SV<=0H THEN SV=0: RETURN

8900 REM **xwsssxuxxssxs CHECK BUSY FLAG *##tnkwnxwnxwinknn
9000 DO : WHILE XBY(RBUSY)>=80H : RETURN
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1ioU¥us TABLE ves PID-FUZZY Winsnzasiady

TABLE OF Kp, Ti, Td

-100 | .75 -50 -25 0 25 50 75 100

;100 | 115 | 113 [1145] 11.5 | 115 { 11.5 | 11.45 113 | 11.5

<75 | 8.62 10 | 101411022 11.5 {1022] 10.14| 10 8.62

-50 | 848 9 942 | 1022 11.5 | 10.22] 942 9 8.48

25 | 848 | 87 | 942 {1022 115 | 1022 942 | 87 8.48

ek) | o 87 | 87 | 942 [ 1022 11.5 | 1022] 942 | 87 | 87

. 25 848 | 87 | 942 11022 115 {1022) 942 | 87 | 848

50 8.48 9 942 11022 11.5 | 10.22| 9.42 9 8.48

75 8.62 10 [10.14 11022 11.5 { 1022 10.14] 10 8.62

100 | 11.5 | 11.3 | 1145 11.5 | 11.5 | 115 | 1145 113 | 11.5

-100 | 75 -50 -25 0 25 50 75 100

-100 [ 100.1 ] 102.2| 104 | 1022} 1006 10221 104 | 10221 100.1

75 | 2102 183.5 | 153.6(102.2] 102.2] 102.2]| 153.6 183.5] 210.2

-50 |301.91260.5{173.7 | 147.2| 104 | 1472|1737 260.5 | 301.9

25 |388.2]339.8|260.5 [ 183.7 | 127.7 ]| 1837 | 260.5 339.8 | 388.2

e(k) 0 |437.8]388.2|301.9|2453| 175 | 245.3]|301.9] 3882 437.8

25 |388.2|339.8 2605 183.7 | 127.7 | 183.7 | 260.5 339.8| 388.2

50 }301.9)260.5|173.7|147.2| 104 | 1472} 173.7 | 260.5 301.9

75 21021835 153.6] 102.2| 1022 102.2] 153.6 | 183.5 2102

100 1 100.1 [ 102.2{ 104 | 102.2] 100.6{ 10221 104 102.2 | 100.1
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Td ae(k)
-100 | -75 -50 25 0 25 50 75 100
<100 | 88 {896 | 92 | 896 88 [896]| 92 | 896 8.8
75 | 132 | 12,04 106 | 8.96 | 896 | 8.96 | 10.6 | 12.04 132
-50 | 1564} 13.6 12 106 | 92 | 106 12 13.6 | 15.64
25 | 158 | 158 | 13.6 | 12.04| 984 | 12.04] 13.6 | 158 15.8
0 16441 158 [ 15.64| 14.6 12 14.6 | 15.64| 158 | 16.44
25 158 | 158 | 13.6 [ 12.04{ 9.84 | 12.04| 136 | 158 | 15.8
50 }15.64| 13.8 12 106 | 92 | 10.6 12 13.6 { 15.64
75 13.2 ] 12.04 | 106 | 8.96 | 8.96 | 8.96 | 10.6 | 12.04 1 132
100 } 88 | 89| 92 | 896 | 88 | 896 | 92 | 896 | 838
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2SI 5.1 Be 5.4 dlumsmunulaalnun P
#10 Speed 800 mm/hr (0.75 min/em)
suiitun
i Set point (SPYAsun1n s0°C iy s0°C , 60°C 11w 70°c uas 70°c iy 75°C
suuiimyuiududhg sp Ini Taoldiao = 8%0.75 = 6 wafi
i Set point (SP) 1WAvunn 75°C iy 65°C
suuiimsuiududig sp Iny Taoldinen = 107075 = 7.5 wid]
U
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#18 Speed 800 mm/hr (0.75 minjcm)
WU

= o ° o, ° ° a ° ° =] ° °

¥ sP aldgunn s0°c i 60°c, 60°c i 65°C | 65°c i 70°C uas 7o c
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wiuN
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f1-5.1

General Description

The ADC0801, ADGC0802, ADC0803, ADC0804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or 1/0 ports to the microprocessor and no inter-
facing logic is needed.

Ditferential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In-addition, the voltage reference input can
be adjusted to allow encoding any smaller analog voltage
span to the full 8 bits of resolution.

Features
® Compatible with 8080 uP derivatives—no interfacing

&Nationa.l Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

m Differential analog voltage inputs
@ Logic inputs and outputs meet both MOS and TTL volt-

orks with 2.5V (LM336) voltage reference

\;ge level specifications
]

= On-chip clock generator

m 0V to 5V analog input voltage range with single 5V

supply
m No zero adjust required

® 0.3" standard width 20-pin DIP package

& 20-pin molded chip carrier or smalt outline package

& Operates ratiometrically or with 5 Vpg, 2.5 Vpg, or ana-
log span adjusted voltage reterence

Key Specifications
# Resolution
® Total error

+1,LSB, £, LSBand +1LSB

December 1994

8 bits

Z-80% iz 3 regimiared Tademark of 230G Cop.

logic needed - access tme - 135 ns u Conversion lime 100 us
B Easy interface to all microprocessors, or operates
“stand alone"
Typical Applications
v
A ; I
a vee P2
_—":c ¥ aca u
e} « ™ TRARSBUCER
df e i 1 verr esaLumon
< Ll 2. | evemany otsmen
" 12 > ANALDG WPYUT
any Ble oes vtot 1 1] < VELTAGE AANGE
o o 0 o5 Lad - >m" - SEE SECTION 241
Vs AL Vi) |- ]
:: bd acno 2 4
* %2 s AN A0S l
" Vagrd O StESECTION = =
Wl Wt
S bse bcuo 7
V) TL/H/B871-1
8080 InSee® Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
——te Full
Part Scale VREF/2=2.500 Vpc | VRep/2=No Connection
K p—e——p- Y Number (No Adjustments) (No Adjustments)
Adjusted
] E—— am ADCD801 | =Y, LsB
oeag,
e Ot (ATX ADC0802 +141LSB
: ADC0803 | =1, LSB
DATA
ADCO0804 x1LS8
ADC0805 *1LSB
TL/H/S671-31
TRI.STATE® s a of Natiorad 5. Comp.

©199% Navanal Semiconcuctor Coporaton  TL/H/SET!

- ARD-BIOM11S/PramedinU, S. A

stap8Au0) /v sjqnedwo) 47 ug-g

508000V /¥08000aVv/£0800AV/20800AV/10800QV
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13

Absolute Maximum Ratings (otes1a2)
If Militery/Aerospace specified devices are required,

Storage Temperature Range —65°Cto +150°C

please contact the- Natlonal Semiconductor Sales Package Dissipation at Tp = 25"C 875 mW
Oftice/Distributors for avallability and specifications. ESD Susceptibilty (Note 10) 800V
Supply Voltage (Vcc) (Note 3) 6.5V
Voltage rati i
Logic Control Inputs —0.3Vto +18V 25 :r:‘:er:‘g ‘zat NgSs (Notes 1 &12_) et
At Other Input and Outputs -0.3Vto +0.3 ang MINS TAS TMAx
Lead Temp. (goldering :% seconds) Vee v ADC0801/02LJ, ADC0B02LJ/883 —55°C STA< +125°C
Dual-In-Line Package ADCO801/02/03/04LCJ ~40°C<To< +85°C
- ge (plastic) 260°C
DuakIn-Line Packa i ADC0801/02/03/05LCN —40°CSTa< +85°C
ge (ceramic) 300°C
Suet Mount Pack ADCO804LCN 0°'C<TA<+70°C
tiace lhount Package c ADC0802/03/04LCV 0°CSTA< +70°C
:/?por Phases (60 :decondS) 2 g. S ADC0802/03/04LCWM 0°CGSTA< +70°C
nirared (15 seconds) Range of Veo 4.5Vpc 10 6.3 Vpg

Electrical Characteristics

The following specifications apply for Veg=5 Vpe, TMINS TA<Timax and Iguic =640 kHz unless otherwise specified.

Parameter Conditions Min Typ. Max Units:
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. +Y, LSB
{See Section 2.5.2) =74
ADCO0802: Total Unadjusted Error (Note 8) VRep/2=2.500 Vpe Y Ls8
ADGC0803: Total Adjusted Error (Note 8) With Fuil-Scale Adj. ey LSB
(See Section 2.5.2) 2
ADC0804: Total Unadijusted Error (Note 8) VREF/2=2.500 Vpg +1 LS8
ADC080S: Total Unadjusted Error (Note 8) Vrer/2-No Connection +1 LSB
VRer/2 Input Resistance (Pin 9) ADCO0801/02/03/05 2.5 8.0 kN
ADC0804 (Note 9) 0.76 1.1 k2
Analog Input Voltage Range {Note 4) V(+) or V(—) Gnd-0.05 Ve +0.05 Vpe
DC Common-Mode Error Over Analog Input Voltage Ve +% LS8
Range
Power Supply Sensitivity Vec=5Vpg £10% Over +Yie + Y Ls8
Allowed Vin{+) and Vin(—)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Veg=5 Vg and Ta=25°C unless otherwise specified.
Symbol Parameter Conditions Min |I” Typ Max Units
Te Conversion Time fork = 640 kHz (Nots 6) 103 114 1S
. Tc Conversion Time (Note 5, 6) 66 73 1/fcik
felk Clock Frequency Vec =5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle % {Note 5) 40 60 %
CR Gonversion Rate in Free-Running INTR tied to WH with 8770 9708 conv/s
Mode CS =0 Vpg, fork =640 kHz
'W@WmL | Width of WR Input (Start Pulse Width) CS=0Vpg (Note 7) 100 ns
tacc Access Time (Delay from Falling Cy =100 pF 135 200 ns
Y Edge of RD to Output Data Valid)
typ4. lon TRI-STATE Control (Delay C_=10pF, R =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)
twi. tRy Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR
Cin Input Capecitance of Logic 5 7.5 pF
Control Inputs
Court TRI-STATE Output 5 7.5 pF
Capacitance (Data Buffers)
CONTROL INPUTS (Note: CLKIN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately}
Vin (1) Logical “1" Input Voltage Vee=56.25Vpe 20 15 Voc
{Except Pin 4 CLK IN)




1-5.3

AC Electrical Characteristics (continueq)
The following specifications apply for Vcg = 5Vpc and Tuiy < Ta € TmAx, unless otherwise specified.

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

CONTROL INPUTS [Note: CLK IN {Pin 4) is the input of a Schmilt trigger circuit and is therefore specified separately]

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

Iin (1) Logical “1" Input Current ViN=5Vpe 0.005 1 #Apc
(All Inputs)

Iin (0) Logical “0" Input Current ViN=0Vpe -1 —0.005 #Apc
(All Inputs)

CLOCK IN AND CLOCK R

v+ CLKIN (Pin 4) Positive Going 2.7 3.1 3.5 Voc
Threshold Voltage *

V- CLK IN (Pin 4) Negative 15 1.8 2.1 Voc
Going Threshold Voltage

VH CLK IN {Pin 4) Hysteresis 0.6 1.3 20 Voo
(Vr+)=(Vr-)

Vour (0) Logical *0"* CLK R Output l0=360 pA 0.4 Voe
Voltage Vec=4.75Vpo

Vout (1) Logical “1" CLK R Output lo=~360 pA 2.4 Voe
Voltage Vec=4.75 Voo

DATA OUTPUTS AND INTR

Vourt (0) Logical “0" Output Voltage
Data Outputs lout=1.6 MA, Vo =4.75 Vpo 0.4 Voe
INTR Output loyr=1.0 MA, Ve =4.75 Vpe 0.4 Voc

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

Vout (1) Logical “1* Output Voltage lo= —10 A, Vec=4.75 Vpg 4.5 Ve

lout TRI-STATE Disabled Output Vour=0Vpg -3 rApc
Leakage (All Data Buffers) Voutr=5Vpc 3 #Apc

IsouRce Vour Short to Gnd, Tp=25C 4.5 6 mApc

ISINK Vourt Short to Vg, Ta =25°C 9.0 16 mApc

POWER SUPPLY

lec Supply Current (Includes foLk = 640 kHz,
Ladder Current) VRer/2=NGC, Ty =25'C

and CS =5V

ADCO0B01/02/03/041.CJ/05 1.1 1.8 mA
ADCO804LCN/LCV/LCWM 1.8 2.5 mA

Note 1: Absolste Maxi Ratings ind Ireets beyond which damage to the device may occur. DC and AC slectricat spedfications do not apply when operating
the device beyond its specified operating conditions.

Nots 2: All voltages are measured with respect to Gnd, untsss ctherwise specified. The saperate A Gnd point should aways be wired to the D Gnd.

Note 3: A zener diode exists. intarnally, from Vg to Gnd and has a typical breakdown voltage of 7 Vpg,

Nota 4: For Vin{—)Z Vin(+) the digital cutput code will be 0000 0000, Two on-chip diodes are tied 1o each analog input (ses block diagram) which will lorward
conduct for analog Input voltages one diade drop beiow ground o one diode arop greater than the Veg supply. Be carefis, dunng testing at low Vg levels (4.5V),
a8 high level analog inputs (SV) can cause this input diode to condy pecially at ek d temperwtures, and causs errors for analog inputs near full-scale, The
spac allows 50 mV forward bias of ether dode. This meens that as long 3 the analog Viy does not exceed the supply voltage by more than 50 mV, the output
code will be coarrect. To schieve an absokste 0 Vg to § Vpg input voltage range will therefors require & minimum supply voltage of 4.850 Vg over tamperature
variations, initial tolerance and loading.

Note S Accuracy Is guarameed at foyx = 640 kMz. At higher clock frequencies sccuracy can degrade. For lower clock frequencias, the duty cycle Imits can be
extended 80 long a3 the minimum clock high tme interval or minimum clock low time interval is no fess then 275 ns.

Note 6: With an asynchronous start puise, up to 8 clock pericds may be required before the internal clock phases are proper to start the conversion process. The
start request Is internatly fatched, sse Figure 2 and section 2.0,

Note 7: The TS input Is assurmad 10 bractet the WR strobe input and therslore timing is dependent on the Wi pulsa width, An arbitrarlly wide puisa width will hold
the converter in a reset mode and the start of conversion is indiated by the low to high tranaition of the WR puise (sse tming diagrams).

Note 8: None of these A/Os raqures a zero actjsst (see section 2.5.1). To obtaln zero code at other analog input voltages see section 2.5 and Flgure 5.,

Note 9: The Vzer/2 pin is the center point of a two-resistor divider connected fram Veg 10 ground. In all versions of the ADCOB01, ADC0802, ADC0803, and
ADCDB0S, and in the ADCOS04LC, each resistor is typicaly 16 k2. in all versions of the ADCOA04 except the ADCDBO4LCY, esch resistor is typicaily 2.2 kQ,
Note 10: Human body model, 100 pF discharged through a 1.5 k) resistor.
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Typical Performance Characteristics

LOGIC INPUT THRESHULD VOLTAGE (V)
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TRI-STATE Test Circuits and Waveforms

tH tin, CL=10pF ton ton, C, = 10 pF
Vee —‘ﬁ Vee Vee
Ve —1 3
Ll 0ATA o b 100
] outryt onp ——3 |10% X
- — W Mo 0ATA
o, 100 v ourryT
[ s N “T
ouTey:
= = = - N0 * Vo ———F 1%
t=20ns t=20ns TL/H/EET1-3
Timing Diagrams (Al timing is measured from the 50% voltage points)
START
CURVERSION
o [
wR l
-—4)—]
— Il fe— “eUsY”
N DATA IS VALID IN
ACTUAL INTERNAL N

STATUS OF THE 7 “NOT SUSY™ QUTPUT LATCRES

CONVERTER
F———— 170 05 g1k INTERNAL Tg
(LAST DATA WAS READ)
(LASTOATAWAS MOTREAD) _'7 INT ASSERTED
] 2 Tgx
Output Enable and Reset INTR
TNTR ALSET
iNTR
Vo= ___
g Qg /
m Y i /
ot
DATA TRISTATES
P e ! L e -

Note: Read strobe must ocour 8 clock periods (8/1¢yx) after assertion of Imterrupt to guarantse reset of INTA.

—-I tace

S

—-1

K. o

TL/H/S671-4
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Typical Applications (continued)

6800 Interface

BATA

——={ D
T
e—r—

Absolute with a 2.500V Reference
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8vs0
Ot Vipto) Vee T
1
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*For low power, see aiso LM385-25

Zero-Shift and Span Adjust 2V<V|y<5V
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Note: before using caps at Viy of Vrez/2, =
see section 2.3.2 Input Bypass Capechtors.

Absolute with a 5V Reference
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Typical Applications continved)

Directly Converting a Low-Level Signal A pP Interfaced Comparator
g IS p
v,
o5
. Viat) Ve Ot it} Vee
¥ >
" < )
= : T
WS Vs sizmy w v
vistd Vaesl uem O——{ vyl Yags? —1
m in =
“18 Vo O AAA g AT:}" A For: Vin(+)>Vin(—)
Vor Output = FFPex
wg AW " Vagr/2=256 mV For: Vin{+)<Vie(=)
= o Output = 00wex
1 mV Resolution with uP Controlled Range
VRer/2=128 mV ,’gd
1 LSB=1 mV
VoacsVin< (Vpac+256 mV)
: Vet Yee
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Ym T touf < s
<
Ao
L
5317 0AC Vi > L3R Ype
% MERE-DACTY “
SaceeR [Voue e i 4 { :;:A-l ""unn
10 ® 208
0ATA -— I J.'_' -
208 0<Vpac<asy = 7 = )

Digitizing a Current Flow
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Typical Applications (continued)

Self-Clocking Muitiple A/Ds

M Qe LK R
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Self-Clocking in Free-Running Mode
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*After power-up, a momantary grounding 3
of the WH input Is needed to guarantee operation.
3 Operating with “Automotive” Ratlometric Transducers
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Typical Applications (continued)

1P Compatible Differentiat-input Comparator with Pre-Set Vgg (with or without Hysteresis)

wia

O— VY fhoiet
s

O Vit Yrer

2:233’1 5

[ + .V'e:d
t:l
" LY
v
. L =
< ' = =
[y ‘:'}‘ L
I - s 13 yomve
= = 11 Co00H J[.

*See Figure 5 to select R value
DB7=""1" for Vin{ +)> Vin{=) +(Vagr/2)
Qrmit circuitry within the dotted area If

hysteresis is not needed

Handling = 10V Analog Inputs

AAA,

0V

L4 A g

*Beckman Instruments #694-3-R10K resistor array

*Circuit values shown are for °C<Tp< +128°C

*“Can caibrate each sensor to sliow easy replacement, then
A/D can be calibeated with a pre-sat Inpat vokage.

v
0 o

P

Low-Cost, 1P Interfaced, Temperature-to-Digital Converter
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Typical Applications (Continued)

Handling £ 5V Analog Inputs
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TL/H/5671-30

*Beckman instruments ¢€694-3-R10K resistor array

1P interfaced Comparator with Hysteresis

+

Vin

Vags

Vgt

Vg

A

Vres2

= SUTIVT

TL/H/S5671-35

Analog Self-Test for a System
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Read-Only Interface
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Protecting the Input
Yee
(3 Ve

15 Yoo
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Diodes are 1N914
Yoo (=)

TU/H/E671-8

A Low-Cost, 3-Decade Logarithmic Converter
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*LM389 transistors TL/H/S671-07

A B.C.O = LM324A quad op amp

10
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Typical Applications (continued)

3-Decade Logarithmic

A, B,C, D= LM324A

Yin
H8av 10-18v)

A/D Converter

AAA intet

(38 -

Noise Fiitering the Analog Input
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Muttipiexing Differential Inputs
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Qutput Buffers with A/D Data Enabled
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*Allows output data to set-uo at falling edge of £S5
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Typical Applications (ontinved)

v
L]

Sampling an AC Input Signal

fyy MAX
(7]
A “":.“
SIRT b ¥ weis —naed] Vigis)
(21
NTI -t 'y
= L] e v mr—b
LOWPASS, MULTIPOLE conTasL Y
MR |
I
L. momon
—fref— T L
—} oy ”
Note 1: Oversample whanaver possible [keep fs > 2f(~60)] to eiminate input frequency folding
(afiasing) and to allow for the skirt responsa of the filter.
Note 2: Consider the amplitude errors which are introduced within the passband of the filter.
70% Power Savings by Clock Gating
foix
laadind % asm
L Yee
A
F o - ’ ."' nas
LR CII_,I el e | QK qx
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LT IR Ry L]
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L] =T °<}
14 Mexz 0y .
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- TL/H/SET1-11
*Use ADCOB01, 02, 03 or 05 for lowest power consumption,
Nota: Logic inputs can be driven to Voo with A/D supply at zero volts,
Buffer prevents data tass from gverdriving output of A/D whan in shutdown mode.
y
12
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January 1995

&National Semiconductor

DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog
Converters

General Description -
The DACO0800 series are monolithic 8-bit high-speed cur- The DAC0800, DAC0802, DACO800C, DAC0801C and
rent-output digital-to-analog converters (DAC) featuring typl~  DAC0802C "are a direct replacement for the DAC-08, DAC-
cal settling times of 100 ns. When used as a mulliplying  08A, DAC-08C, DAC-08E and DAC-08H, respectively.
DAC, monotonic performance over a 40 to 1 reference cur-

rent range is possible. The DAC0800 series also featwres Features

high compliance complementary current outputs to allow ® Fast settling output current 100 ns
differential output voltages of 20 Vp-p with simple resistor -

loads as shown in Figure 1. The reference-to-full-scale cur- ® Full scale error £11S8

rent matching of better than + 1 LSB efiminates the need for ™ Noniinearity over temperature *—‘0-1:‘/"
full-scale trims in most applications while the noninearities ™ Full scale current drift =10 ppm/°C
of better than *#0.1% over temperature minimizes system ¥ High output compliance ~10V to +18V
error accumulations. m Complementary current outputs

The noise immune inputs of the DAC0B00 series will accept = B Interface directly with TTL, CMOS, PMOS and others
TTL levels with the logic threshold pin, Vi, grounded. B 2 quadrant wide range multiplying capability

Changing the Vi ¢ potential will allow direct interface to oth- B Wide power supply range- +4.5Vio 18V
er logic families. The performance and characteristics of the  m Low power consumption 33 mW at £5V
device are essentially unchanged over the full£4.5V 10 g Low cost

+ 18V power supply range; power dissipation is only 33 mW

with +£5V supplies and is independent of the logic input

states.

Typical Applications

1oy
DIGITAL INPUTS
mss Lss
81 &2 83 84 35 @3 87 9t Pd
" 2
g ? ? ? ? ? lout <
o “Sﬁlllllﬂlz‘ —0
DACHINN Vour T020 vey
A 15 S
3 16 12 18 —0
N L1uf }J B.v._!:_ out
':E‘ é’ ce =
v ASTef v
TUH/E688=1
FIGURE 1. =20 Vp.p Output Digital-to-Analog Converter (Note 4)
Ordering Information
Non-Uinearity Te:;perature Order Numbers
ange J Package (J16A)* N Package {(N16A)* SO Package (M18A)

+0.1% FS 0°C < Tp £ +70°C DAC0802L.CJ | DAGC-08HQ | DAC0802LCN | DAC-08HP DAC0802LCM
+0.18% FS | —55°C < Tp € +125°C | DACO800LJ | DAC-08Q
+0.19% FS 0°C £ Tp € +70°C DACQ800LCJ | DAC-08EQ | DACO8OOLCN | DAC-08EP DAC0800LCM
+0.39% FS 0°'C < Tp € +70°C DACO0801LCN § DAC-08CP DAC0801LCM

*Devices may be ordered by using eithar order number,

31995 National Semsconducior Corporalion  TL/H/5886 RAD-S30MI 1S/Pantad n UL & A

siaptaau0) Hojeuy-oi-1eybiq yg-8 20800vA/10800VA/00800VA
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Absolute Maximum Ratings (vote 1)

it Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (V+ - V=) +18V or 36V
Power Dissipation (Note 2) 500 mW
Reterence Input Differential Voltage

(Vi4to Vis) V=tov+
Reference Input Common-Mode Range

(Vi4, vis) V=toV+
Reference Input Current 5mA
Logic Inputs V= toV— plus 36V
Analog Current Outputs (Vg— = —15V) 4.25mA
ESD Susceptibility (Note 3) TBDV

Storage Temperature —65°Cto +150°C

Electrical Characteristics The following specifications apply for Vs = % 15V, Ingr = 2 mA and TN < Ta <

Lead Temp. (Soldering, 10 seconds)
Dual-in-Line Package (plastic)
Dual-In-Line Package (ceramic)

Surface Mount Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

Operating Conditions note 1)

Min
Temperature (T o)
DAC0800L —55
DAC0800LC 0
DACO0801LC 0
DAC0802LC 0

Tmax uniess otherwise specified. Output characteristics refer to both loyy and TouT.

Max

+125
+70
+70
+70

Units

260°C
300°C

215°C
220°C

*‘C
*C
‘C
°C

DACQ800L/
Symbol Parameter Conditions DAC0802L.C DACO0800LC DACOSOILC | ;s
Min | Typ | Max|Min| Typ | Max |Min| Typ | Max
Hesolution 8 8 8 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 8 8 ‘8 Bits
Nonlinearity +0.1 +0.19 *0.39] %FS
t Settiing Time To + % LSB, All Bits Switchad 100 | 135 100 | 150 ns
“ON” or “OFF”, Ta=25"C
DACO800L 100 | 135 ns
DACO800LC 100 | 150 ns
#PLH, Propagation Delay Ta=25°C
tPHL Each Bit 35 60 35 60 35 60 ns
All Bits Switched as 60 35 60 35 60 ns
TClgg  [Full Scale Tempco- +10 | £50 £10 | =50 =10 | =80 [ppm/°C
Voc Output Voltage Compliance|Full Scale Current Change -10 18 {—-10 18 |—-10 18 \
<14 LSB, Royur>20 MO Typ
[ Full Scale Current VRer= 10.000V, R14= 5,000 kf1(1.984) 1.992 [2.000[1.94] 1.99 | 2.04 [1.9¢] 1.99 [ 2.04 | mA
R15=5.000 kl, T =25C
less Full Scale Symmetry lesa—lgs2 +0.5 | +4.0 +1 | 280 *2 | 16| A
Izs Zero Scale Current 0.1 | 1.0 0.2 | 2.0 0.2 | 4.0 2A
lesm Output Current Range V- = -5V 0 20 J 211 0 2.0 2.1 0 2.0 2.1 mA
V- =-8Vto —18V 0 20 1421 0 2.0 4.2 0 2.0 4.2 mA
Logic input Levels
ViL Logic “0" Vic=0V 0.8 0.8 0.8 v
Vi Logic “1" 2.0 20 2.0 v
Logic Input Current Vic=0v
IiL Logic 0" —10VSVin< +0.8Y —~20|~-10 —-201 —~10 -20] -10 BA
I Logic "1 2VSViNE +18V 0.002{ 10 0.002| 10 0.002| 10 nA
Vis Logic Input Swing V== —15V -10 18 |—-10 18 |—10 18 \
VTHR Logic Threshold Range Vg= =15V -10 13.51—-10 13.5 {—10 13.5 \
lsg Reference Bias Current -1.0|-3.0 -=1.0] -3.0 =1.0} -3.0| pA
dl/dt Referencae Input Slew Rate |(Figure 12) 40 | 8.0 4.0] 8.0 4.0| 8.0 mA/us
PSSigs + |Powsr Supply Sensitivity  [4.5V<V+ <18V 0.0001} 0.01 0.0001] 0.0t 0.0001} 0.01 | %/%
PSSlgs .. ~4.5V<V-<18V 0.0001{ 0.01 0.0001| 0.01 0.0001] 0.01 | %/%
lrgr=1mA
. Power Supply Current Vg= £ 5V, Iggpe= 1 mA
i+ 23 | 3.8 23 3.8 23 3.8 mA
- ~43|-5.8 —-431 —5.8 =431 —-58]| mA
Vg=5V, - 15V, lngr =2 mA
I+ 24 | 38 2.4 3.8 2.4 3.8 mA
- —64|-7.8 ~64| ~7.8 —-64 | ~78|] mA
Vg= = 15V, Ingr=2 mA
I+ 25 | 38 2.5 3.8 2.5 3.8 mA
I -65{-78 -85 ~78 -6.5] 78] mA
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Electrical Characteristics (continued)
The following specifications apply for Vg = +£15V, Iger = 2 mA and Ty S Ta S Tax unless otherwise specitied. Output

characteristics refer to both Ioyr and ToyT

DACO8QOL/
Symbol Parameter Conditions DAC0802LC DACO800LC DACOsOILC Units
Min | Typ Max | Min | Typ Max | Min | Typ Max
Po Powaer Dissipation +5V,IrgF=1mA 33 48 33 48 33 48 mwW
5V, 15V, lgge=2 mA 108 136 108 136 108 136 mw
+ 15V, lpgp=2mA 135 174 135 174 135 174 mw

Note 1; Absokste Maximum Ratings indicate Imits beyand which damage to the device may occwr. DC and AC electrical spacifications do not apply when operating

the device beyond ta specified cperating condtions.

Note 2: The maximum jnction temp-rature of the DAC0800, CAC0801 and DAOJBOzls 125°C. For oparating at elevated tamperatures, devices in the Duatin-Une

J package must be derated based on a th

of 100°C/W, } b

Small Outine M package.

Nota 3: Human body model, 100 pF discharged through a 1.5 kil resistor.
Note 4: Pin-out aumbers for the DACNS0X represent the Duakin-Line package. The Smail Outine package pin-out differs from the Duak-In-Line package.

Connection Diagrams
Dual-In-Line Package

175°C/W for the molded DuakIn-Line N package and 100°C/W for the

Smaell Outline Package
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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Typical Applications (continued)

IRgS > 2 mA Onmmnd

—_—

My us
LRIAE N R NN |

DBITAL 1BPUTS

fo

TUH/5688-17
B1 B2 B3 B4 B5 B6 B7 Bs|logmA|lgmA| Eo Eo
Full Scale 1 1 1 1 1 1 1 1]1992]0.000]—9860| 0.000
FullScale—LSB |1 1 1t 1t 1 1 1 0]1984(0.008]|-9920{ —0.040
HalfScale+lSB |1 0 0 0 0 0 0 1 {1.008]0.984|—5040|—4.920
Half Scale. 1 0 0 0 0 0 0 0 1.000/0.992 5000 —4.960
HalfScale—LSB | 0 1t 1 1 1 1 1 1 ]0.992]1.000|—4.960] —5.000
ZeroScale+LSB|{ 0 0 0 O 0 0 O 1 [0.008])1.984]—0.040|—9.920
Zero Scale 0 0 0 0 0 O O 0 }0.000/}1.9892| 0.000 |—9.960
FIGURE &, Basic Unipolar Negative Operation (Note 4)
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FIGURE 7. Basic Blpolar Output Operation (Note 4)
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FIGURE 8. Symmetrical Otfset Binary Operation (Note 4)




Typical Applications (continued)
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Typical Applications

Veer

(Continued)
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FIGURE 13. Accommodating Bipolar References (Note 4)

FOR TURN “ON™, V) =20V

FORTURN ~0FF". Vi -00v YL O

50uF
i h.
MINIMUM * &
CAPACITANCE \ 0.t uf

HPS082-2000
SCHOTTXY DIODES
v Vour
oSV O 1 X PROSE
A B

N Rrer 5 5 7 8 8 101 12
Vaer O—AAA—{ 14
;
DACIs0S
; ars 04T
18
13 k] 18

p

L

]
15v

FIGURE 14, Settling Time Measurement (Note 4)

TL/H/5686-7




-0.9

3

Typical Applications (continued)
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Note. For 1 ps conversion time with 8-bit resolution and 7-bit accuracy, an
LM361 compargtor replaces the LM319 and the reference current is doubled
by reducing R1,.R2 and R3 to 25 kN and R4 to 2 MN.

TU/H/5686-8
FIGURE 15. A Complete 2 s Conversion Time, 8-Bit A/D Converter (Note 4)
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DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog Converters
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Physical Dimensions inches (miimeters) (Continued)

Molded Small Outline Package (SO)
Order Numbers DACO800LCM,

DAC0801LCM or DAC0802LCM
NS Package Number M16A
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LIFE SUPPORT POLICY

NS Package Number N16A

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant

into thebody, or (b} support or

sustain life, and whose

failure 10 perform, when properly used in accordance

support device or system whoss

2. A critical component is any component of a life

failure to perform can

be reasonably expected to cause the faikure of the life.
support device or system, or ios affect its safety or

with instructions for use provided in-the labeling, can effectiveness.
be reasonably expected o result in a significant injury
to the user: o
S Nationak Semiconductor Nationa Semsiconductor
Corperation Eurcpe Hong Xong Ud, Japen Lid,
1111 West Bardn Roed Fax (+48) 0-160-530 65 86 13th Floer, Straight Block Tob: 81-043-200-2309
Aslington, TX 76017 Emak: cnjwge Ocean Centra, 5 Canton Rd. Fex 81-043-290-2408
Tek: 1(800) 2729050 Dautsch Tek: {449) 0-180-530 65 65 Tsimshatsui, Kowioon
Fax 1(800) 7377018 English  Tek: (+45) 0-180-532 78 32 Hong Kong
Frangais Te: {+49) 0-160-532 93 8 Tet: (852 2737-1600
nafano  Tet (+49) 0-180-534 18 80 Fax (852) 2736-9960
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