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ABSTRACT

This paper presents the constant temperature controlled of the oven by using the mixed 4
bit binary rate with ac voltage from ac line. The transmitted signal is modulated with a signal
from microcontroller MCS-51. The operating system is digital PI with proportional integral mode.
The measured temperature from thermocouple will be compared with the setting temperature. The
result is phase difference of ac line signal, it will be used as firing to produce the ac signal and
pass to the driver circuit for generating heat in oven. This system determines the time response
from the process model, controller, algorithm of binary rate the effect controlling than 5% from

the temperature range 40 - 200° C

i



Pafnssuszme

oy

Vs os = a4 va LY o o
Aifvuevounguiinnnimaasatunssouazgnil 1A iimsmivayuuasididals
b 4
Tumsfinunnlasaasa M inoinutaiuiduiogdasldeted
yoyaunnsfaugineiinug sainn fndgassaws Aifldmgsuuni
fnlSnyimsoenuuumaiiauua v Binary Rate Modulation (BRM) UOEIBAT15H1983AI 9
o & -:. L4 1
Fisuifnamudaluanueymnesinzveveunssgauiuodig
YevBURUABN U EMIUA N innduudserufisivayudnude
] ¥ o
gathovevsunuiusninedsh 1A I yuaiuayumatinerinus lundadl

1 dar =4 = o o o o uy o 1 Wy ]
guawazlys lspidufadinninninutaiviidifevenouuadfinseaunnrim

U5y Tad

I



i

UTRATDATHY IV oo snss s s ssasesnesere s I
LN IO I THIBINY Y. eevererreeemeeceemssessss e sssssss s sessessess s s snssssessesanesessssssssssessnseresacesss 1
P YT TUU T M I e reee e eeee e ss s sss s e e I
BTTA O 1o re e vee oo s eneseessmssessessems e sm A 8RS RRR RS8R RS RSRRRERRRR v
B TTURIRIT Nlrrrererrecaeseesssmssmsssessee oo ssrmsee e s st s R R v
TITIDII TN, eeeessessssssssssssssssessssss ettt sessessssses st sssmsssssmssssssssmsssss s s VIII
UNT L UMD Yoo es et e s s e e 1
11 B TUBITUIEY. oo sessses s ses s ssessss s ssesos e 1

1.2 ARQUTE AR UBIMUITY . ooeereerssmtosresrrsssssesssssssses st ssssssssnses 1

1.3 UDUIUAUTIITU TR .ccovvverrereeeseerssresssssssaseeresssssassbeseessessensssssssssessaseecessvesonease 2

1.4 U5 TOBTRAIRTIIE TR TU oo ssseses s msr s smssssss e 2

UNA 2 NG UAEHRANITINNIU. oot 3
2 1 973 aingih & » abaaarasaseee 2. AN X A E 3

2.1.1 Usngmsaiveames TuRlDaRATNT N oo 3

2.1.2 183 TR RUUUINATEIM . oee et 3

2.2 FEUUMITATURN cureenceereessessnessssssssesssssensesesseesisssssssisstessssssessen s ceesocassonss 0

2.2.1 32UUMSAAURUUUBRUAIR ... 6

2.2.2 SEHUAIVRUUUURUTR. ..ot 6

23 m‘i'ﬂmsf'{umwmmmﬁuf'f'ﬂgtmm BRM (Binary Rate Modulation)............. 12

2.4 MTNFI LI AUUAIANIIUFOURANUR s 14

N3 MTEONUUL AT MU BITEUURATURN oo oeesssssses 16

3.1 ATSTATNTYRIU BRM. ......oooeceeeceerecesanmsnscnenensesssessessesismmsmmsssens s ennenneres 17
3.2 WOTPARAGUY. ..oooeeeitiitieeeeeee et ieee ettt 18
3.3 wirsutaaduanaeurae U IURRABA. e 19
3.4 BUTVWNAAIMU. oo et e b b e es b s 19

3.5 MITDOMELL U TS0 oot e e eaeeae s e e e e reenane 20



a5y (Ao)

YNA 4 HAMISIATOU. .o e
4.1 MINAAOUYAWITIARATUD. . ooevreiieeernireieieree e

4.2 MINATOUNITHAUTULNNYY Integral-Cycle Binary Rate Modulation
fudganaTdihnssuaadu. ..o
43 mnagoumlasdyaasuwasniudygualaea. ...,
4.4 somanagevmsnondsmuglddaidfuvanalumieu ...

4.4.1 msnaraumsnendsnuldtuvaalaluaieudodygiu BRM
A [T T e NN\ 1//7/ A0S, . S

4.42 minaceumIvendnuliiuvaaialumieudsdygiu BRM

4.4.4 manageumssondaubifuvaatalumendlodyyin BRM
4.45 manageumssndaituvaaialuamsudisdynna BRM
4.4.6 minagsumssonawmliivveaialumoudodygiu BRM

4.4.7 mynsgeumssonasnuiisuvealalumevatsdyain BRM
p 31/ (o 151 i Ny TSI YRR PR
4.4.8 myngaeumsnondinubituvealalumeudisdya i BRM
FULUD £

4.4.9 msnsaeumsnewdinuiitvvealalumendisdyanu BRM

24

24

26

27

27

29

30

30

31

31

32

32

33

33

34



a151Ry (519)

iy
4411 minageuminensanulituvaainlumeudiodygin BRM
GUIUL £ e 34
4.4.12 msnagoumstenanmifuvaainlumsudedyn v BRM
FUUBY £yt e 35
44.13 manpgeumItiendnliiuveaislumeoudlsdygu BRM
31| (L 131 E A e, YD
4.4.14 msnagouminondaulifuveainluneudiedynyin BRM
¢ TV TR e NS\ /777707 oo N, NSO 36
4.4.15 manageumsnendsulitiuuaalalumeudiedygia BRM
FRVTAT = iyl v A7 AN ' I e~ ORI, |\ VRUOR 36
4.5 wamanareumstendauuugidanasuuuglaliiuvaaia
DRI AW A A ZE =T IR T T 1 I 37
T I ot T LS b LT s oo VAN (AN (AN AN VAN ey v on e el N 0 1 SO 43
TEE1TRRILE W TN S N Y0 (e TRO\ 2 TN NSRRI, Sl (¥ S 44
ST LTI . S TR SV~ 107 >\’ SRR . ¢ . 45
snean n Tsunsy@ i lunsaaugugemall. e, 46
AAHUIN U DATA SHEET.....ccviiverieeenreesieentiieseeis s cne s anssnaenne e 61
MARLAN A HAUNIIIIMIR IBTUNISARIA oo 83
UTEIRBIBUM . eeeee ettt 84

VI



ANV YMTN

=
17N

2.1 nénmsiagamgiilaveromsnlGounlasuenia ...

N - =4 3 @
2.2 uermanuandanFeuiouveanes Tumldanuunasgu

) e 5 o o oo o as o a
4.1 e 1deniiad Iadiwesvesnesdyanasinmes lumddla.......

[ » ¥
42 aringadu T AU 0aUA R IR TIITOU et

[} 3
43 NISNATOUMITIONAIUT YYD BRM H £, AUA Ts, -

VII

27
28
40



a3 UYMN

Wit

2.1 SEUUA UMDY .
2.2 UHUARIRTURUUUL Pootiiniiii e
2.3 MAHAIRAIATURUUUY Foeneniiniriieie et e
2.4 HHUATRAIATURUUUU Dot

2.5 MIMTUH YY1 Binary Rate A1 TWANTZURATY ..o,

2.6 TUHUUFYRIY BRM. ..ccovivieroeieciiiiitiae e ssrmse e

2.7 AATIZOTIHNDMIDUIN BRM ..o oceeoniensveet e canes s essa s

2.8 DIFVIEHAINUTU 1 THRR. oo ee
3.1 TAT98 319N HARDWARE UBITZUL .. vveivieeeeeeeeieeeineageseeeanans
3.2 JUBIWYANOIAIUAUVBITLUD ..o

3.3 NOTYANAEHE BT gt W€ N/ N \C DN TN,

3.4 FQ QPN AR T T o 7 - Aok - A et A o A

3.5 FTNIEAIHIIY A/D COMVEILEL. .. ieeeeeesseeesesssrenseeesessesiassaseesasseresirrarensennes

3.6 1IN L. L1I% & 1 dEeremrranats ¥ @ 4N .T....,

3.7 UM TUSUATUMANNITATUANUYY PID ..

3.8 UAUATH TUTUATUEDOUUL AULODIALC. ... eeevreereeemeeeeraseeeeerereeesemnenmaessseensens

3.9 UHUATH TUSUATUEBOUUY MANUEL.....v.eeeee e eereee e eeeeeeenne

4.1 PUDWYAPVITARAGU. ...

4.2 JUUDITURNUYARRTUE ...t

€

ar

a3 plveadnapathaszadunSoufoutudygugadaguo......ooo

ar

4.4 gUvoadaya It BRM JUMULTA £.ovenicinc e

as

4.5 JUveIdY I BRM FUMULT L, oot

4.6 7UvoAdYANA BRM JUUUUR £

4.7 Fyanumitisndanuduveada lumieudodygia BRM g fo.....

£

4.8 fganumstionaauiuvaads lumeudrodag o BRM gy f,

VI



AIVYMN (410)

]
=4

AN

ar

4.9 FAMINIRINUAVYAIA TUIATOUAILTYYIV BRM JUHUL £

o o

4.10 FaNUMINONTINUNVYAR IR IuA oA 0dya 1 BRM JUNUY £

U oW

4.1 Fganamsemdanuiuvaainlunieudlodynia BRM UUUU £,

(T

ot

4.12 fryanamssendauiuvaain lunteudsodan st BRM jUuu £

[

4.13 Rygnumssondaiuivuaainlunieudsodynio BRM JUMUU £,
4.14 dgmnamsendsauduvama lumeufsdoygne BRM vy £
4.15 Fygnumationdanuiuvanlalumeudisdye e BRM gUuuY ..o
4.16 Fygnamsnonduiueaalalumevdsdyaiae BRM gUunt fo...............
4.17 Fynansnonduivvaalnhumeudodya o BRM gUuuy £ ....ooce..
4.18 Fanunssondinuiveaaiahuneuddayena BRM gy £
4.19 fyanumssondsnuivvaaiahumeudodaynnu BRM gUiuy £
420 SyanamIviondluiuaaln humeuAed s BRM jUMUY £,
4.21 dyapamsnendsuivaaln lumeudrednne BRM iy fig.

s o ¢ 3 &
422 msnadoumuglidiatianenun sslefidua. ...

423 nammsnageuuuyuglila Tavdinuthwuie 100 eermusaiFs

(AN SO LUBTIFURY. ... ovee oo eiecee e e eeensereete s erasasramessemeeneeeesesbes s essans
= o o o o
424 minaaouuuuglidalinuemMuym 65 IWBTIBUA. ..o
= = e LA/

4.25 uaasmnaaeugyia Insfinuthvune 140 sersaidoa (uaaeh 70 alesiguq)....
1 »

4.26 MINATBUMTTIURAINIU(NTEUA)T Y18 BRM 91 £, AUA TS, — TSy oo
[ ¥

427 MSNARDUMTTIWHTIMUT AU T Yy 198 BRM 9 £, AUA Ts, — Toycooveivninnnnne

[ »
4.28 NMINATDUATTTIONAINU(HIRIN)TYANY BRM 91 £, AWUA Ts, = TS,

30
31
31
32
32
33
33
34
34
35
35
36
36
37

38
39
39
41
42
43



1.1 Nnveaniow

msmuauqmwQﬁ“lmmauqn'h’ﬂunuqﬂﬁmnssmmz‘lm%’aﬁﬂuﬁ'fa q ‘'hledn
unsvane  weumuzaylumsalugugamgl lutuusassiaidasinavsansidau
uansaiy  dmsunsmiugulaeii ldumsmuguedieiis 9 wumsaiuguuuy
on — off fezifaralemeregavaniannuiou uiosrldmsmuguuuy P uad 1i'l4l
ATAIITUINMTNIUNAINY *azﬁ]uﬂwﬂmf}mwitﬂmmuﬁaqmnq&ﬁn‘fu Fniufadaun
anudnlumsmngundsn iihiiswiifuvansaanudeulitidssinsnmgage uazds
Tathmnofieguugiitndre Taovldinaidamsmvgumanandygenuy Integral — Cycle
Binary Rate Humstmuandaniwihfimmzassoldfumevmunszuiumsaiuny
wuy P Tnold lulnsneuInsames Mcs-s1 tunsszunanadmiuaiowdsan i iy
YARIARTEU 1ﬁa1ﬂﬁ’d1amngﬁﬁﬁ’mm‘smndmwwqﬁﬁﬁ?ﬂ%’

mseudyanamuytuu vna 4 Snfudyoneeszuaaduen AC - LINE
wnldRamsnffounaesdyana iWihnszuaady 16 plunulunuqugamgihumey
210 40 - 200 seraion dugilnstinrsugamgitudumesluddaviia 1 hms

AT UGN IlogNABIIEY

d - oar
1.2 Jaguszasnnuidy

Tdnaiinidasuil ideuensnuqueumgilusevdemaiinnsnigu Tao
MITHENTRYN MUY Integral — Cycle ~ Binary Rate c?fﬁ":’mﬂs:mﬁﬂﬁ'nﬁ’qﬁ

12.1 sonuuuuazaivanmsniugy Tasmswaudyyiaiuy Integral — Cycle
Binary Rate fudnanaidnszuaerduy

1.2.2 sonuuy naraiesmstendinuituvaasanuieumusadiui 14
Sunnndauvesnsaandyanaluu

1.2.3 Anyunaliamsaruguileundu P1 dimiunisalugugungiinielu

ey TaomsilszurananinluInsaeuInsmed MCS - 51



124 WeWanumaiansniugu lasmseaudyny sy Integral - Cycle  Binary
gt oy A o oy W Qs Ai [}
Rate THUUsEANTNMNISHIONGIRR tasensnlseyndld AIuAUATTEILILDY 9 15U

msaunuANuda uazauguanduve e fudy

1.3 UYLIUAUDITIHIIY

131 deuTlsunsuadumsnandyannlunitowe 4 5n Taolulns
aouInsamss MCS - 51

132 @euTdsunsumunumstlounduuuy pI Taslulnsneninsawmed
MCS — 51 iinanevauesIanndon luiidimua

133 muauqquﬁ%ummu'lﬁ’gqmi 40— 200 sasraIBod

134 weuldHvuin 1x1x 1 gmnadues 198nmesuna 3 Alaind

(Y = gt o a 3 =
uazasIosuguuinsmes luddilasiin g

1.4 Uszlevuimanazlasy

14.1 gwsmh il FauiumeuTaeia W idesniilse@ninmgega
4 a 1 ot ¥ w S '
14.2 gunsonrugualesisudamsnsmasnulifivvaalannuieulumensd
a VoA
azpoALazABIied
143 aunsoasyausmunsnlasunlasvesgangiistadeiioa il

IHDUTNINABBALIIR]

/N



UNA 2

NYEUazHaNNITINY

=]

2.1 MIIARUKYN

k1]

ginsainsTaguupiivasdsson udssdszianedondnmsilaouulag
G o 9 1 o w oA ' H’: ¥ ¥ o/ £y u‘:
auauliammsvessindg lansanslinfusoudedaeigeuinaiedu  anlaioi
asafigaingiimanuss Idifans luaved Iihmunisnldsunlawesgaingi

m19fi 2.1 wdnnmsiagamgii Taverfomsifounlasnuansa Wi

o3 uinos H#anNM3IA i’aqf'zl’l-ﬁ' ¥3IM5ia
mosTufidla | gungi—= mesTusila TYPEB 600 — 1700 °C
—» ysundouldih
S 0-1600°C
R 1-1600°C
K -200 — 1200 °C
E -200 - 800 °C
] -200 - 800 °C
T -200 - 350 °C

L3 o[ I
2.1.1 Unagmsaivesnesluatidlainaman

an{d [=)

P ] L4
2.1.1.1 lumes Tusmlagfioafuguvgiiniina fie guvginiasadenians

w
»

Wity gampiivugana amanoe Iifnaseusunden Iihidaiu
2.1.1.2 mysevumed Tudilladhdaoiu wait 187e qumgiind
2.1.1.3 mwiemaﬁnﬁ'ﬂﬂaﬁaaafﬂﬂﬁ'u%ﬁ'u HunisTad 9 veegungil
2.1.1.4 msaepynsumes lunila usandeulrtihiiAatuszdiunasnes

wmes ludiuilausdasya

2.1.2 meslumlidariimnnsgiv
meslualilaviia S (Type S Platinum 10% Rhodium VS. Platinum)
w3 Tundilariia S sauiisipwaIRiy LazaowIniein Tans ey 90%
YAl + 10% veaTsifon amisaiagampilldgaia 1400 °C Fadewmes Tl

y
yiiail lanatodiusiia s



4

modTusUdaria s famnsoldenlanne iy Oxidizing Has nert 143 Tao
amnsonuganilIf 1400 °C

wiefums Mamlusseznadu q annsonu1ana 1482 °C ua limuzdmivy
ALY Recing, Vacuum nisanmanditlevesTans 1w axis daned taz'le
'uaq'l'fmzc?mzﬁﬁﬁmqnw%’s’a‘nuifuaq $adufudealdnsilessuday Protecting Tube Aty
wovelans 19u egiiflonuSani fieumglige 9 danmsuvena@inoswesds uns

= &

wanmiufedaanysnldiufigamgiige q mldusundowlwihiinving sinmsliased
dovnaumendamslen 20 1 dumauvealndoussdvwaamidluwa oy
faiautiann 1 msndnuasiifafumed Tusllannuuyiifdunmmes Tsidoy

meslustlitlariia R (Type R Platinum 13% Rhodium VS. Platinum)

mes Tudlitfortia R awsuaniinin wanddy asauiinin wadty 87% +
Tsidon 13% wafi Wi Wwila R Weniyngeniwila s

mosluslitaviia B (I'pye B Platinum 30% Rhodium / Platinum 6% Rhodinm)

mos ludlillawiia B eswiniiein waidty 70% + 5oy 30% asawinin
WaAtY 94% + 15IR0N 6%

modTusilaviia B sxlfusundoudniioda s uazsiia R udgumniafisy
nhfeudasaasmmunimse afiguugiggaldte 1704 °c Tuaanzidiu
Oxidizing 39 Inert t1a Timanzeuivns 1¥uluan 1z Reducing 38 Vacuum waztuanidi
leovesTansuaze lanzwuiRedfiuriia R uaz S

mesinsitlavtia J (Type J Iron VS. Constantan)

ar I=Y o o @
mat lusdiTlaviia T areuanidomin wasaisauiiaie Constantan (Tansmay

STUIN 60% VDINDANAL + 40% VBUING)

»
=]

f}mﬂnﬁ'ﬁﬂﬂamaﬁnﬁﬂlﬂawﬁﬂ 7 murzdmsvanmauRitu Vacoum, Oxidizing,
Reducing M6 Inert fiaungil hifiu 760 °C Timmnsdmivaiiisangidind o°c uosi
qan 538 °C mofiiihumaneziiia Oxidation Sru8asrgandnnduin dmfugungifigandy
538°C ﬂxw’fﬂﬂ%'mnmﬂﬁuﬁ'ﬂxﬂﬂwm“lmgjilz*ﬁ'mmqmﬂ%ﬂuﬁumﬁyu

masiumlitlasiia (Type K Chromel VS. Alume})

medTudasiialnmifiauanionTanseousznin fifa 10% + Tasdoy
90% wazawauivnlanshausendn Uifia 95% + 5% vesdIuATuIEEnINegiliios,
wsmiiauasFanoy aunsathuldivannzaniiiiy oxidizing 3o Inert 18Aniiwiiad
amnsonugungi e 1260 °C uaziigamgiidia 250 °C lugnmauidessumsudsed

L) =Y o [y =Y
Tavasanauvaanuiinnwdou med lusdawiia K feunsaldonlas



Jona9szde e 1dmed Tudidlawila K dudalasnsaniy

1. Tuanrzauiidiu Reducing viedumsldamaduiusenite oxidizing tas
Reducing

] ¥
2. aanzannid levesdideseimsTansisgueames lusuitla Taommiz
»
ABVIINATUBINIIAG
= [y ' o
3. gz auiiiu Vacuum sncdulugnszezioaidu o
maﬁuﬁ’ﬂfﬂwﬁﬂ T (Type T Copper V8. Constatan)
o ar o o o a0 ] - & :,

dhumes lusillaimuzdmiumsiagangisinhgaitonidavoanir wuin

veunes lusUidariia T NMennsuwd uasmsaiminnouauauuay ueamnsiFnu
o w o o o ] = a H U a A

Unfaunsairgamaililieita -184.°C udgamgiinuinialddinigiiadu uazaansals
ulue m'mﬁlﬂu Vacuum, Reducing, Oxidizing, N30 Inert 144

ms 1Frundesduianunisudsd lnsastsi i daunauveunes ludida

3

waou1y1d Sz fuaudnumsil

MmN 2.2 uamgaauianSsuisureanes inmhilaviaunasgu

¥ila duway dgungdldonce | usundoulwihild mv

B | waiAniu - 30% 5oy 0 To 1820 0 To 13.814
WAy — 6% Isthow

R | wadiu —13% lsideoy -50 To 1768 -2.26 To 21.108
waauy

S | wardiry - 10% Istaou -50 To 1768 -0.236 To 18.698
waRy

7| min/aouduaulau -210 To 760 -8.096 To 42.922
Tnswa / egiva -270 To 1372 -6.458 To 54.875

T | NOWAY/ AOUAUAUUAY -270 To 400 -6.258 To 20.869

o = o ar o [y o o5
asdagangiiluimeuginseims Yagaingiisz 1dmes Tuflitla «iia 1 Falszney
=) 1 L3 J ) ar é ¥ z or ‘y’
dwwlany 2 siaiihdelanzansisduieurolaienigeutndieiy  drlaensasad
gangdantu  ssimldinans vavesnszua Ifhawnisaldonlaavesqungiifdatoyn

¥ 1
aonaod v Inausandeu T deruns .0

E_ = 5037T+3.042x 10°T-8567x 10°T'+1.335x 1071’ (2.1)



6

E

Ao usunaou lWihildnnmes Tudldlastia J Wegungiid1ads 0 eem

u

;
(AL e

nnaums2.1)  usuaasu lWihveunes ludida szilasunlaslagasany

3
S T=T =2

Ad‘.w 0 - o v d‘l d‘ = .:? = nd? ¥ 3
gampiniadun Wegungiimgauzi lusundou IWihimaduinunnduau Taoe

o as o =t wa 1 : < "
Tuszuuidenmes Tualilasiia J mszliguauifnude usundeu e minngs wezdm

msingungiannsoialaas 0 1 750 ssmuwaifod inavesamanain 2.2 nlesidud

2.2 320UM3AIUAN (Control System)

fmuny  mnede  dmfisuladygianiugumungnuaiveansnuaui 14

s Baranth muidaiduiledsu Ussianvesszuumsaivgu wialdiy

2.2.1 szuumsniunuuuuglila (Open - Loop Control System)
::’ = = = o =)
zyumsmuaulszani Wumsaugui liiimsuSouiiouemynivsy
wniflowdn 1y Tag Plant Mowidasiaeh dszuugnsuniuanaeuonazinlyi Plantla
annsoma ldmuidmugudan  Tagliawnsamsud lviidiuvesdinivguedieiun
¥ 3 L
vula duiuanumiud e e MWNUDITTUUTUEYAUMIAIN HAZMIAIANTANNT M3

o ar = :: 3 o
ﬂfﬁJﬂilﬂ'l?'ﬂ']&'iuilz'E)"Iﬁtll.';]ﬂ’]ﬂ?]@uhlﬁuﬂﬂﬂ

2.2 5:1J1Jﬂmqmmugimﬂ (Close — Loop Control System)

szuuMsAIuRNuUUgUYa uaasdagili 2.1

INPUT OUTPUT

Plant >

\

Controller

Measurement |

UM 2.1 szvuatuauuuugYia
dy =t o o a1 = ar

sruumvaulszianil Snmstleundunineminmundidmniudinuguuesssuy

ﬁl = = ) dl.:: ¥ oo =t = ]
worSouionmnad TavodeinSouifisunasanar lugaamsvesmsnivgumisiiou
ol :Iy| = ai =t ] Y 3 =1
nautiar Aawatn (error) dzilasumlasmumsnlSeuivumaaeanar Hisveusmuni

l E ' ¥ '

mswldsumaasanar duiuduidy Plant veamsarpumstlounduil Taenaludaes

(] £ £
Maudesas hinei Feziuegiunuuvesdiniuagu awisouaiinugu 1adal



“’amnqmmu P (Proportional Controller)

¥ »
grasuguuuuisivnadiudadiiuvinavesm Eror Tuvaiziu Tases

1)

Gt
=

] »
Tinnsendeaum wTeuur Wuwedrdamih dagdd 22 msmunuuuuidygyavess

e 1 e 1 P o ¥ ey J & W .
ﬂ’)‘Uﬂll‘i]Sﬂﬂ’lm'lﬂ'lJﬂ']I.ﬂ'I‘HlﬂUﬂﬁﬂ’l’)&’ﬂ'l‘i‘i’l'lﬂullﬁzfm']Wll‘]ﬂﬁEl!Jﬂﬁﬂﬂﬂﬂ'lHuQ 1an1e

msvhaunazanzedsudvuad i dyanavesiiniugy wiimuandw hlsnduth

wenanz vy

A A
K, Sl —
e P - Action s
—> —>
e(t) Controller m(®)
-Kp A KZIKI

FUR 22 uEAWEUANAINIIUILL P

o ar Y o o d r ;::
msrhauresiauguesiu W ludnvazaruduiusseniumsnlasunlas

YD Manipulating-Variable 11azn15iasuni/asve Eror uaasfaanish 2

m=K xe+P, 2.2)
m = Manipulated Variable
Kp = Gain of Proportional Controller
e = Actuating Error
P, = Controller Output with No Error

n30 a1 lunes Wumduaiamuguuus hivasnuianais

AnBzTHINIUYDe Proportional Control 8311018 il Ao

1. &1 Error 018U 0, soniymeziimneiioii p,

2. &1 Brror iU 0, d3UMA 9 1% V04 Brror 1 K, szgmiiidnToavesnan
P, ?;uﬁ"umsmmn‘lﬂ%nnﬁm?aé’faunﬁ'u

fo - wulseszuumssedauadesnm Cldunde) e K, ianies 9

Joiify - 931AA Offset

Offsct Muude maNuIaRssEIdyanadianuauthwneianiznd

¥
MsM9R Offset M1 1A Ao



1. U5y s, vesimuguandgygaaiidumiviiidesns
» »
2. Ysuavum lunea Gonmsiuuuiiiniuns Reset)
auauiandfyveansaauguuuy P fio S1min Sumuoadinigy Ao Actuating
- o Y 4 vy N . s gt 1 a o
Error §1010, 101ymuesdanlunudeidun Manipulating Variable Afifngemulufae lnai
v & v <
IWrzvuaruguiszuuaouTUe 1A IA157
¥ r

msarquuuivnedmiunszuIunsill Disturbance Svu1ATiNIN Deadtime

Nales 9 uag Capital Lag Svmnahunai
. & v o d' ar - o

Deadtime flo  srwramiunavasidyaaniugudounasleunsens

Foyaneiveadalsnszummsisunfounlas

Capital Lag fio anudlunmsaovaues

G'f'amuqmmu I (Intergral Controller)
L4
[ s o " A
faguiiidpvazmahoueuusay awseufluianuaamnion  lu
[l ¥
snvasiidudaduTnoasefuviiavesnt Eror avay SAs10IMYEINITABLTUBIIL ALY

U89 Integral Time A431H 2.3

A
; I- Action
0t——3 0
» Controller >
et m
g
T;s

$UR 2.3 UARLNUATHAIN VAL |

Anpazanuduwiiseninms/aounlaivel Actual Controller Output Mit1a1

@1 q ueras lafaaunsh 3

m() = K, [¢ ()dt + p(0) (2.3)
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BOVARY RATH MODULATION
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DMAX =  ¥BUIUAYBIA UG LHIINNT 200°C A5aiuA 413

DMIN = weuwavreamusnuiivegail 40°C asafiun 82
» . L4 ¥
Fufu DMAX — DMIN = 413 - 82 = 331 (Husmnehi simhnheii lddhaumsniung
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P,=P, ,+AX DE-BX DE, .+ C+DE,_, (3.18)
T}
A = K+(K XKXDT)+(KXK/DT) (3.19)
B = K +(2XK XK,/DT) (3.20)
C = K XK,DT (3.21)
1 DE, = itherror
f K, = Proportional Gain
K, = Integral Gain
K, = Derivative Gain
DT = Delay Time -

1 1 <y d o Y .o ¢ o g o a/ N av ¥ »
MK, K, K, DT dummrimeiiududesdmuaniiuau Tdsunsudmsun p 7 ldesey

»
TugdvewlefiFuasmimbanunuluaums
Por=P; X Royr (3.22)
AR, = ANeMHNGaga FalaunIny 255 (8 bit D/A)

] b o

APy, = ANBTINN

gzt 3.8 uerzud 3.9 Wumsuaaumuninldsunsudesveelvua Automatic
uaz Tnua Mamual auswy Swsas Inuasedoasmuantyianusudu udar lsemstiou

] »
Awsiwesnsuiuluudas Tnua amiulasem IR 188y e immBRM mudeants
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Ky = K,* (1 + (0T ) +(T DT
Ky = K,* {1 #(Z'T, D7)

K, = K,*TyDT
'

PMN1= K1 *EN
DMN1 = PMNL [ 381

QT
DMNZ »PMNZ 1331

1

FIIN3 = KI"ER
DMNS = PMN3. 334

b 4

P=PP + DMN1 - DMNZ + DMN3

EN >=331 >~ oy ——
Q‘ 100 P = 100
i No i
EN'es 331 g e Yo
. " P 10/’1::‘-—01 Pap
ﬁo No
ppep - . 4 7
/ TMP=P*300/100
£ ;

5191 3.7 ununmves Tsunsundanmsaruguiuy PID
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4.2 p1IINATBUMINAY ”tyﬂunmuuu Integral - Cycle Binary Rate Modulation U

daanalvvhnssuaedy

¥
Tugwfiszdmsnagey Tasmadh IsunsumsyszutavesluTasneuInsamed
MCS - 51 TuTvua Manual Tassiasdaliidenaigduuy BRM £, £, £, sudwu Taovims
¥ » ) [
atra Aot dya ey sine uas pulse AagU# 4.4 Saguit 4.6 eazainlutilidiug

ssfummdeants ualums ldanusaes 1ddygrar BRM uuy pulse

= Z.00v —-S28Y OO 2 STD_W

@

51U 4.4 nermaglldyg e BRM jUuuvi £,
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ar

dmSugil 4.4 - 4.6 vwusasdyyia BRM guuuud £ f uaz £, audidy Inoka
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daumsnaendesdyarai 1 HuFyanufifendt Integer - Cycle dugesdyanui 2 i
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14 4.5 uermaga/dayro BRM quuuui £
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&L Do 2SS0V e O LD .- £2  sTOP

ot

51 4.6 usrmegddyane BRM sluuuhi £

4.3 managsulasdyanaemnasniiluiyaufsnen

4 o i o 9 o o s 4
mynagevludiuiinssi Taothendauldiuuaatannuieu Hoansnlosiaud
Y ] = 1 » = Fy o at <& 8
amudaudn q  sriimsswsgamgiinelumeudaomes luidda 1 Faldrmumsves
o as Voo e = ] o o o o
Foyromseiu Taoled AD 594 fanemldeziimizoiiuiiaflied dwmsuFoumeuivam
quungiionmesTufimed  wienfudeudysnadmiznnlndygnaoumeniiudygu

A%a0a Land FIRIN1519% 4.1

H Pt o o o ar o v
a151ed 4.1 s ldendiad Taadimesvenaesumnedgrasinmes Tudliauazai

s ldnmizsudasduanaesuasniiudinen

gaungi (e uvadion) AD 594 (mV) Digital

30 310 65

40 402 82

50 512 106
60 600 124
70 705 145
20 799 164
90 903 185
100 1010 207
110 1125 230
120 1220 250
130 1321 270
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gaHgil (@smwaiTom) AD 594 (mV) Digital
140 1415 290
150 1510 315
160 1600 347
170 1830 383
180 2020 413

J o £y, Vaer
4.4 mannageumsnewdisnmuugldlaldfuvaaialumon

»
msnpaeviidimualulvug Manual uuugdila Tﬂﬂmaﬂzﬂuuwm BRM u Ts,

] Ts, AWy ummmi'lmmﬂu'lﬂﬁmmwawem1ﬂmm‘§’aunuamwnumnﬂw

annz lumiou i]‘lﬂﬂ']iﬂﬂff‘i]ﬂvlﬂﬂﬂﬂﬁﬂ'ﬁ’lﬂﬂ 4.2 meﬂ'liFlﬂ\HlﬁﬂQTHmuﬁﬁiﬂJ'Iﬂl Integral —

cycle Tuynjtuyuvesdaya st BRM Semsmaneudhniadedumiade 441 wdatade

» .
4415 uazdFaynnal Integral - cycle AMFUULY BRM A £, 19 £, naasdagili 4.7 oudla

H e w4 4 oS e A4 H
gﬂﬁ 421 fuatAY ‘mmillﬁmmm‘.‘:ﬂﬂ"lclﬂﬂﬂmmmuu nnﬁwawuﬁmmqunuumm

9472 50 177 HAsNUAULLINEUYBIRE 1 FUN

] . ¥ ]
maan 4.2 uaasmussdu Ifhndvessaatannudeuigluuudyee BRM

suuaneg
Scan Time (Ts:msec) juuvy BRM AMTIGT (Volts) gamgd °C)

1 £, 0 0
1 £ 0.72 37
2 £, 6.18 54
4 £, 263 65
6 f, 57.0 71
7 f, 72.1 83
8 £, 83.7 92
10 £, 95.8 105
11 f, 97.9 111
12 £, 105.9 120
15 T 1392 127
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Scan Time (Ts:msec) g'dmm BRM AMTINU (Volts) qmnqﬁ Co)
16 f, 154.5 138
17 f, 171.1 145
18 f, 183.9 159
19 ) 190.2 166
20 f 204.2 177
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442 menageumsnewanulinuuaaialumoudieduyan BRM uny £
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U7 4.10 uemadyanamsiondsnunuvaaa lumsudledaga BRM jluv f,

4.4.5 minageunstisnisnulifuvaalalumeudiodygyia BRM juuvy £

91 4.11 urasdygrumstiondanuiveaas umeudiodya o BRM juuy §
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447 msnageumsnondnuldivvaalalumeudiedygia BRM jluuy f,
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4.4.10 mynagaumsnondnudivvaaa humenaodyyia BRM gUuww £,

U 4.16 namedyanumssondsuiveaaia humeudodoyanu BRM juuy £,
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» 3
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o 1 a1 et - s a3 Fd o w1 = o &
aupasnt 20 wd uaz nedidud Tenesgadind s wesisud Asnmnniime i q Ao
GAIN(K,) =9 ,Integral Time (T) = 200 3"l ,Sample Time(DT) = 150 TUN

91037t 4.23 dumsuaawansuausifinuthmne 100 sswaiFos Insfimua
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Scan Time nSZUE (A) wsadu (V) | maslrdhow
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Ts, 0.165 45 0.7425
Ts, 0.645 12.6 8.127
Ts, 1.39 245 34.055
Ts, 233 39.0 90.87
Ts, 3375 53.6 18.09
Ts; 442 63.0 300.56
Ts, 5356 79.8 427.4088
Ts, 6.105 89.0 543.345
Ts, 6.585 95.0 625.575
iy Ts,, 6.75 96.5 651.375
s Ts,, 6.915 100.0 691.5
Ts,, 7.395 107.6 795,702
Ts,, 8.14 119.0 968.66
Ts,, 9.08 132.0 1,198.56
Ts,s 10.125 147.0 1,488.375
Ts,q 11.17 162.0 1,809.54
Tsyy 12.106 175.0 2,118.55
e, 12.855 184.5 2,371.7475
Ts,y 13335 191.0 2,546.985
Ts,, 13.5 204.0 2,754
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MANUIN 1
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Temperature Control in oven with Integral - Cycle Binary Rate Modulation

s 3t ok 3 2 ok o s s o e ol s o ok ok o ool o s e e o o ok s ok ok e ok s sl b ke ol e s o e ol aleade e ol ol e s A o ok o S s s e s ke S st sl e ol ok 0K e okoRok R

IEMO EQU 0ASH
IRCON EQU 0COH
T2CON EQU 0C8H
CRCL EQU 0CAH
CRCH EQU 0CBH
ADCON EQU 0D8H
ADDAT EQU 0DSH
DAPR EQU 0DAH
P4 EQU OE8H
B EQU OF8H
P5 EQU OF8H

*******t#t#****#**#t#******##*****#*#**************##*#**********#************

MONITOR INTERFACE

*****t********#t*****#*#***#********************#*#*****#****t****************

ceSTXT EQU 002H
cedRO16 EQU 005H
ccGETI10 EQU 013H

ccLTIME EQU 021H
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ccLINK EQU 040H
COMMAND EQU 030H
MON EQU 200H

o ke e ok e ok e e e ok ok ok ook ok ok ok ok e sl e ok e e sl ok e ke ook e skl ok e sk ok b e ke R ok ek ok ok ok R e R ek kol R ok ook ko kol ok ok

RAM DEFINITION

30k ok o 1 ok e o o sk ke o e o ke ke e s o 36 2000 ok o o oK e o S ool e s ok ok e o o ol ko 2k ook ok o o s vk ok oo ke sk sk ok ke ke ok ok skl ke Xk

ORG 040H
MODE DS 2
TMP DS 2 : QUTPUT
DSP DS 2 : SETPOINT VALUE
KP DS 2 ; GAINK
PP DS 2
P DS 2 : PROPORTIONAL VALE
DE DS 2 : DE = DSP - DTMP
EN DS 2 : PRESENT ERROR
ENI1 DS2 : PAST ERROR 1
EN2 DS 2 : PAST ERROR 2
TD DS 2 ; DERIVATIVE TIME
T1 DS 2 . INTEGRAL TIME
DT DS 2 : DELAY TIME
DT_TI DS 2
DT_DT DS 2
K1 DS 2
K2 DS 2
K3 DS 2
PMIN1 DS 2
PMN2 DS 2
PMN3 DS 2

Channel DS 1



Adval
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DS2 ; 8 bit measured AD value

o0 o0 o0 ke o ol e ol e o ol e s e o ol e ol e ol e s e sl ke e e ke ke Sk ke Ak ok ek ke ok Ak ol sk ke v ke ok ek ok ek R kool ek sk ok ok Sk e ek

SYSCLK

ORG
ST:

MODEL.:

1100H

MOV ADCON #01000000B
MOV Channel,#0

MOV DPTR#CLR

MOV COMMAND, #ccSTCT
LCALL MON

MOV DPTR#TXTMO
LCALL MON

MOV DPTR#TXTMO
MOV COMMAND, #ccSTXT
LCALL MON

MOV DPTR, #TXTM1

MON COMMAND,#ccSTXT
LCALL MON

MOV DPTRF#TXTM2

MOV COMMAND,#ccSTXT
LCALL MON

MOV DPTR, #ccSTXT
LCALL MON

MOV COMMAND #ceSTXT
LCALL MON

MOV COMMAND, #ccGET10
LCALL MON

MOV MODE, @RO0

MOV RO#MODE

MOV COMMAND, #ccdROL6
LCALL MON

; Switch on SYSCLK on P1.6



MOV  AMODE
CINE A#19,AUTO

LCALL M_DISPLAY

49

I~ & ) » )
: WUNSADN NIZN UL Auto N5 Manual

MANUAL MODE & AUTO MODE

S22 RSN RREERRRRRRT R R RRERRIRRERREREIRIARIRERERERNRRRERNERNERERNERNRNERNESHNN

MANUAL :

AUTO:

SETP :

LCALL ADBIT
MOV PI1,Adval
MOV P5,Adval+l
MOV DPH#20
MOV DPL,#0

:Converter Subroutine

= i 4 a o o
apudoyafiemtd Ui p, uag Ps amdray

» r
MyuAAT Pointer ¥ 1WA ie MON

MOV COMMAND #ccLTIME ; fmuanisniaanauilusiccL Time

LCALL MON
SIMP MANUAL
CINE A#7, MODE!
LCALL A_JSPLAY

MOV A,DSP
MOV B,#10
SUBB AB
MOV DPH,#50H
MOV DPL,A
MOV A,DSP
MOV B#0
MOV RS #122
MOV R6#0
LCALL GE
ORL A,B
NS SETP1

. floundirluasaeeey ADBIT Bn

-A57908VUA1T MODE 1Ay 7 3ol

alSusr Dsp Idugns 10

-A1MUA Pointer = 5,000 OR ACC



SETPI:

SETP2:

AUTO1L:

AUTO2:

MOV DSP+1,#0
SIMP SETP2
MOV DSP+1.#1

MOVX A,@DPTR
MOV DSP,A
LCALL ADIOBIT
MOV P1,ADval
MOV P5,AdvAL+1
MOV R3,ADval
MOV R4,ADval+1
MOV A,DSP
MOV B,DSP+1
CLRC

SUBB A,R3

XCH AB

SUBB A,R4

MOV DE+1LA
MOV DE,B

ANL A#11111100B

JZ AUTO2
MOV A,DE
MOV B,DE+!
LCALL NEG
MOV DEA
MOV DE+1,B
MOV BDE,C
MOV ADE
MOV B,DE+]

;. Converter Subroutine

;DE = (SP-ADval)*100/300

50



MOV R3,#100
MOV R4,40
LCALL MUL
MOV 042H,A
MOV 043H,B
MOV R3#75
MOV R4,#1
LCALL SIGN_DIV
MOV DE,040H
MOV DE+1,041H
MOV EN2,EN1
MOV EN2+1,EN1+1
MOV ENLEN
MOV ENI+1EN1+1
MOV EN,DE
MOV EN+1,DE+]
MOV AEN

MOV B,EN+1
MOV R3,#100
MOV R4,#0

CLR C

SUBB AJR3

XCH AB

SUBB AR4

JB PSW.7,ABI3
MOV EN#100
MOV EN+1#0
AB13 MOV PP.P;
MOV PP+1,P+1

51

;EN2=EN1
:EN1=EN

:EN=DE

. 1fSourfivusil EN >= 100 nioli

- PP=P
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-**#*************#*#**t******t****’t*****t****tt******t**t****#*t*t*t**#******t***#****
[

DT - TI = SIGN_DIV(DT, T)

.*#*******#**************t***t****************#*t***************#****#**#*****t**#*****
?

MOV 042H,DT
MOV 043H,DT+1
MOV R3#3

MOV R4,#232
LCALL SIGN_DIV
MOV 042H,040H
MOV 043H,041H
MOV R3,TI

MOV R4,TI+1
LCALL SIGN_DIV
MOV DT _TI,040H

MOV DT TI+1,041H

o ) a s 1
. ifua1 DT 1ifduivie 42 oz 43

-**t********#*t*#****#*t****‘#t*#*t*****#*t*#.**##*****#**t*****##**#***t***##*t**t*t**
3

¥

TD_DT = SIGN_DIV (TD,DT)

-***ﬂ*****t**##i##*tt***#t**********t*********#********t*##**#t*****ttt**#****#t###****
H

MOV TD#0
MOV TD+1,#0
MOV 042H,DT
MOV 043H,DT+1
MOV R3#3
MOV R4,#232
LCALL SIGN_DIV
MOV R3,040H
MOV R4,041H
MOV 042H,TD
MOV 043H,TD+1

- fmuassuAuli TD=0

=1 1 o [}
- fuan DT Bluduniis 42H, 430

. s DT Ty 42H uaz 43H dnasa
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.CALL SIGN_DIV
MOV TD_DT,040H
MOV TD_DT+1,041H

.********#***********t*#**t******#*#t**#***titt*#t***‘**#*********#*****#****#**t******
)

K3 =TD DT * GAIN

.*t********t***t**##**#****!###*1*****#*tt******t#tt*******#***tt*****t**#***#**#t*****
]

MOV A,TD_DT "~ .fuArTD DT Blu AB
MOV B,TD_DT+1

MOV R3KP - 11171 TD_DT x KP
MOV R4#0 N

LCALL MUL funadns B 1u K3
MOV K3,A

MOVK3+1B

.#**************t**#***##*****#t**t*****#*#*tt******?*tt***t**t*tt*****t*t********##***
»

K1 =(TD DT +DT_TI+1) * GAIN;

.***t**t#*t***#*t***#t*#l****t*tt***#*tt**t*****###*******t#ttt********t*#****t#*tt****
1

MOV ATD_DT . 1fus1 TD_DT 1u AB
MOV B,TD_DT+1

MOV R3,DT_TI - (fuf1 DT_TI 14 R3 lag R4
MOV R4,DT_TI+I

ADD AR3 .TD DT +DT_TI+1
XCH AB

ADDC AR4

XCH AB

ADD A#l

XCH AB

ADDC A#0

.



54

XCH A,B

MOV R3,KP ; ﬁ1ﬁ1ﬁ1¢’fﬂmﬁuﬁ1 GAIN fip KP

MOV R4,40 '

LCALL MUL

MOV K1,A < RumR B kL

MOV K1+1,B
;*****t***t**t*#*t**#tttt*tt***l**t#*#*t##*****a*****t*#tt*‘t**#**#***t**t****#t*tt#*#t
K2=((2*TD DT+1)* GAIN

.*****ttt*#*********t**t***i#*#i****t#*******t*tt#**t#**t**t*******#**#**#***#******##*
]

MOV A,TD_DT .1ifum TD_DT 13w AB
MOV B,TD_DT+1

CLR C

RLC A . TD_DTx 2

XCH AB

RLC A

XCH AB

ADDC Aj#l ; (TD_DT x 2)+1

XCH AB

ADDC A#0

XCH A,B

MOV R3KP  thiit 18pufum KP (GAIN)
MOV R4,#0

LCALL MUL

MOV K2,A funadnia1ai e k2

MOV K2+1,B
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ke o oo s o Al o T ok e e o ok e sk ok kR g ko ok Rk ok Rk ko kR ok Rk R ok Rk ook ok kR Rk Rk K
3

PMNI1 = K1*EN

FI I T Ity s e e e s e R R AR D R L £ 22 EE A ELEE 2L LR A R R 2 b EAER R EEE L L L Lt
3

MOV AK] irua1 K1 131u AB
MOV BKI+1

MOV R3,EN .ifiud1 EN 131U 3, R4
MOV R4,EN+1 '

LCALL MUL :ENx Kl

MOV PMNLA ifulu PMN 1

MOVPMN1+1,B

e i i kol o ol o ok skl ool o ot oot ol o9 o ook ol sl o ol ol ok SR ol o ol ke kR e ok ek e ek ke Ok R ek e R Rk R R
N )

PMN2 = K2*ENI

L

T e T T LT rargppngrpapnpre et e TP T T IS SRS PR P PRS2 322 SRS LL LS R ESEES L EL L E S ES LS LS Sty
4

MOV AK2 k21000 AB
MOV B2+ '

MOV R3,ENI -EN1 (fiulu R3, R4
MOV R4,EN+1

LCALL MUL : K2 x ENI

MOV PMN2,A

MOV PMN2+1,B

-***t*#t*$$t**#*****t*tt***#***t*-#*#**ttttttt*******t##****tttt*t****#***#***t*t******
H

: PMN3 =K3*EN2
;**t*****t******#‘t**t*****.‘*****“ﬁ************‘#‘**.********’*“*************‘**#***
MOV AK3 -x310ulu AB

MOV B,K3+1
MOV R3,EN2 . EN2:Aulu R3, R4

MOV R4 EN2+1
LCALL MUL ;EN2x K3
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MOV PMN3 A - UAHAANS 14 PMN 3
MOV PMN3+1,B

-**tt!*t!#tttt*#*ti*#*#*****’**t*!tttt#t#ttt*t#*t****tt##****‘**t**#*******************
¥

P =PP + PMN1 - PMN2 + PMN3

jryryappergrgngnpnprpepeerer T T VR P T I T SR EE AL AL S LRI LSS L SR L LR S LR EA L E L E R LA S R L L L Ll
¥

MOV P,PP : fud PP lu P

MOV P+1,#0

MOV AP fud1 P Blu AB

MOV B,P+1

MOV R3,PMNI sifus1 PMNT 131U R3, R4

MOV R4,PMNI+1
INB BEN,AUT04 - 7529201 BIT BEN
CIR C
ADD A,R3 . PP + PMNI
XCH AB
ADDC AR4
SIMP AUTOS
AUTO4: CLR C
SUBB AR3 ; (PP + PMN1) - PMN2
XCH AB
SUBB AR4
AUTOS: MOV BP,C
XCH AB
MOV R3,PMN2
MOV R4,PMN2+1
JNB BEN,AUTO6
CLR C
ADD AR3



AUTO6:

AUTOT:

AUTOS:

AUTO9:

XCH AB
ADDC AR4
SIMP AUTO7
CLR C
SUBB AR3
XCH AB
SUBB AR4
MOV BP,C
XCH A.B

MOV R3PMN3
MOV R4,PMN3+1
JB BEN,AUTOS

CLR C

ADD AR3
XCH AB
ADDC AR4
SIMP AUTO9
CLR C
SUBB AR3
XCH AB

. SUBB AR4

MOV BP,C
MOV P+1,A
MOVP,B

v Jagy LY
. HAANTN 1A 720U PMN3

57
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EEFERERENNERERERRRERARE BN RN BB R BTN RRR RN R ERR RN R AR RSN R AR R Rk R N AR Rk R R ok
3

IF(P>=100) { P =100}

RATAL IR AL R R LA AL P PR EE L 2L LR R0 Ry gyt R e g e
r

AB7:

MOV AP
MOV B,P+1
MOV R3,#100
MOV R4,#0
CLR C

SUBB AR3
XCH A,B
SUBB AR4

JB PSW.7,ABl14
MOV P #100
MOV P+1,#0

J d' L] 3
y AN UAYN

; ATIVABUAT P >= 100 1 Carry

; flag

ALt E L L LA LA E LS R EREE AL R RS R LSRR EE R EE R RS B LT TR T T T T
+

TMP = P*300/100

RERE L LI RS2 L 2R R R PRt i b R R PR PR RS SR LR E RIS R Y RN T R Y
'

ABI5:

MOV AP
MOV B,#0
MOV R3#300
MOV R4#0
LCALL MUL
MOV 4ZHA
XCH AB
MOV 43HA
MOV R3,#100
MOV R4#0

LCALL SIGN DIV -

MOV TMP,040H

" 4
; MINNTHUAYY

. P * 300
- wadu13lu 420

; v wagmfidumiga1in 438

- MAIMITAIY 100

ifuAwadns 131y T™P



ADIOBIT:

BSYI:

BSY2:

MOV TMP+1,041H
MOV P4,TMP
MOV DPH#DT+1
MOV DPLADT

MOV COMMAND #ccLTIME

LCALL MON
LIMP AUTOl

RET

MOV A,Channel
ORL A,#00010000B
ANL A%00I11111B
MOV ROA

MOV A, ADCON
ANL A#11000000B
ORL ARO

MOV ADCON,A
MOV DAPR #0

JB ADCON.4,BSY1
MOV AADDAT
RL A

RL A

ANL A#3

MOV Adval+l,A

MOV DPTR#TABLEL
MOVC A,@A+DPTR

MOV DAPRA

JB ADCON.4,BSY2
MOV AADDAT
MOV Adval+0,A

59

»
ool ]

- RTINS HU NG

; Fetch channel number

; Mode: single conversion

; Save

; Fetch old mode word

; Reset AD part

; And set anew

; Ard set as mode

; Start conversion 0 — 5.0 volt

: Wait until ready

; Fetch result

; Shift high — order bits to

; low — order bits

; Two most significant bits

; Store most significant byte of 8 bits
; and use as table offset

; Fetch new AD converter range
; Start conversion

; Wait until ready

; Fetch result

: is low — order byte of 10 bit value
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RET
END

« 80 3 o0t 2 4 o030 s o e e ok s ke sk e ol sk e e s i ot o o Sl N ke A R KB AR oA ol A 00 Sk 6ol ke e ol ol Skl 2 e ik ok S ol i i ol e e a0 e k8 0 5 ok 26 o o8 Sk e Sk ke o ok o ok ok
¥

¥

+ e s i e ol ook ok ok ke ol e ok ke ok ok koo sk ok R kR ok Rk R ko Rk R Rk Rk Rk Rk kR kR ok kR kR kR ke kR Rk kR kR Rk Rk kR kR kR
?
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MANUIN Y

DATA SHEET

in - '
tel 80C31BH/80C51BH/87C51
| MCS™® 51 :
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER

Automotive

8 Extended Automotive Temperature ® Programmable Serial Port

Range (—40°C to + 125°C Amblent) ® TTL- and CMOS-Compatible iogic
m High Performance CHMOS Process Leveis
m Power Control Modes m 64K External Program Memory Space
® 4 Kbyte On-Chip ROM/EPRCM m 64K External Data Memary Space
m 128 x 8-bit RAM = IDLE and POWER DQWN Modes -
a 32 Programmable 1/0 Lines s ONCE Mode Facilitates System Testing
u Two 16-Bit Timer/Counters ® Available in 12 MHz and 16 MHz
® 5 Interrupt Scurces Versions
% Quick-Pulse EPROM Programming m Availabla in PLCC and NIB Barkanss
w 2-Level Program Memory Lock EPROM e @ S Sl
m Boolean Processor

The MCS? 51 CHMCS micracontroller groducts are faericated on Intet’s reliable CHMOS precess and are
functionally compatible with the standarg MCS 51 HMOS microcontroller products. This technolegy combines
the high soeed and density characteristics of HMOS with the low pawer atfributes of CHMOS. This combina-
tion expands the sffectiveness of the powerful MCS 51 micrccontroller architectirs and instruction set.

Like the MCS 51 HMOS micrecontrciler versions, the MCS 51 CHMCS micrecontroller groducts have e
foilowing features: 4 Kbytes of EPRCM/ACM (RTCS1/80C518H respectively); 128 bytes of RAM: 321/Q linss.
two 16-bit Gmer/counters: a five-source two-ievel interrupt stucture; a full duplex seral port and on-chip
ascillator and clock circuitry. In additicn, tha MCS 51 CHMOES microcontroller products exhibt low operaing
power, along with two icftware selectable moces of reducad activity for turther power reduction—idle and
Power Down,

The Idle mede freezes tha CPU whila alicwing the RAM, dmer/counters, sefial port. and interrupt system ‘o
continue functicning. The Power Cown mode saves tha AAM contents Su freezes the oscillator, causing ail
other chip functions to be inoperatve. 4

The 87C51 1s the SERCM versien of the 8GCZ 18H. It contains ¢ Kbytes of an-chp progrars memary that can
be siectncally programmed, and can ¢6 erased Ly 2xposure 1 uiraviciet lignt. The B7CS1 SPRCM amay Uses
a moaified Cuick-Pulss Pragramming aigerithm, by which Ti@ 2ntire 4 Kbyte array can te programmed in about
12 seccads.




62

AUTOMOTIVE 80C31BH/80C51BH/87C5 ln‘te] .

7907 P1.0~21.7 i

o A

1
VC': ;
Ves! PCAT O #ORT 2 ) |
= GRIVERS ORTVERS | ;
= 1 . ' !
1 i | | i '
Wk 17 1
} 13 FORT 8 PORY 2 pecu/ jt— .
1 oy LATCH LATCH ROM '
|
! - .
' 1.
Y/ A i | ¥
I PACGRAM P
’ ACOR, :
RECSTIR 1
' STACK )
1 POINTER : V!
' i
') NP :
1} qeesma .
! PC N i
\NTERRUPT, STRUAL PCHT, HERDEENTER A
! AND TMER LCOKS i
} ; ,
\ PROGRAM C> P
ZOUNTER '
' = N
I 4 ; '
PSEN 2z :
yr—— -
T T JCONTROL =S NY , :
RST ———| vz ;
1 5 i
; b PORT 3 | H
PORT 4 ¥ :
| LATCH LAICH X !'
l i3 i 3
1 . .
: PORT 1 L‘ PORT 3 ]
! asc- OAVERS BAVERS X
' FS
LS
X7

770419-t |

Figure 1. MCS? 51 Microcontrolier Architectural 3lock Dizgram



intel. N

80C31BH/80C51BH/87C5}
PRODUCT OPTIONS

Imel's extendsd and automotive temperature range
products are designed to meet he naads of those
apphications whose gperaling requiremsnts axceed
commercial standards.

‘with the extended temperature range option, opera-
tional characteristics are guaranteed over the lem-
purdiung ungs of —<G°C iv + 8570 dmbient Fur ihg

AUTOMOTIVE 80C31BH/80C51BH/87C51

automotive temperature range option, cperational
characteristics are guaranteed over the temperature
runga of —40°C to + 125°C ambient.

The automotive and extended lemperatura versions
of the MCS 51 microcontroiler product families are
available with or without burn-in options as listed in
Table 1.

As shown in Figure 2, lemperature, bum-in, and
cackags cplions are identified by a one- or wo-lettar
prefix to the part number.

|

i
! .

i

* B2\

i PROGRAM VENORY OPTION:
i

' rExample:

| program mermory.

31 = RCMLESS
H 51 = ROM
H PO0CRAN WEMORY OFTION:
¢ 0 A0M/ROMLESS
7 = £PROM
i PaCKACE TYPE OPTION:
1 P=PLASTIC DIP, 40 PIN
N = PLASTIC, LEADED CHIP CARRIER (PLCL). 44 PIN
. TEMPERATURE QPTION:
H SEE TASLE !

! ANBOCS! indicates an automotive temperabxo- range version of tha 8CCSt in a PLCG package with 4 Khyla RCM

270419-2

!
i

Figure 2. MCS? 51 Microcontroiler Product Family Nomenciature

Table 1. Temperature Options

Temperature Temperature Jperating Burn-in E
Classification Designation » gTempesailys, Options
I *C Amblemt
Extended ; T [ 4010 =85 Standard
| L b —s0t0 -85 Extended
Automotive A —aDto=125 Standard
3 ! —agro-1258 Extended
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Pin (PDIP)
"EPRCM en'y
**0o not connect resarved pins

Ciagraims are tor pin reference only. Package sizes are not to scale. !

274191 f

Pad [PLCC)

Flgure 3. Pin Connections

PIN DESCRIPTION

Veeo: 3uppty veltage curing normal, Idle, and Power
Cown operations.

Vgs: Circuil ground.

Vege: Vs51—(EPAOM PLCC only) secondary
ground. Provided to recuce ground bounce and im-
prove powar supply bypassing.

NOTE:
This pin is not 2 substinnte for the Vgg pin (pin 22).
For AOM and ROMless, pin 1 is ressrved—do pot
connect.

Port 0: Port 0 is an B-bit open drain bidirectional 1/0
port. As an cutput port each pin can sink 8 LS TTL
itrputs, Fuil O pints el fave 1y wiitiurr i thhem Roal,
and in that stats can be used as high-impedance
inputs, ’

Port 0 is also the multivlexed low-order address and
data bus during accesses to exterral memory. In this
app-cation it uses strong intemal pullups when emit-
ting °s.

Port 3 also receives the code bytes during EPACM
prograrmmng, and culputs the cede bytes during
pregram verification. External pullups are required
durng program verification.

Port 1z Port 1 is an 8-bit bidirectionat /T port with
internal puliups. Pert 1 pins that hava 15 'wrilten o
them are putled high by the intemal sullups, and in
hat state can be used as inputs, As inputs, Port |
s that are extemally be.ng suted 0w wal sourca

~

curent (l;;. on the datasheet) because cf the inter- -
nai putlups,

Port 1 also receives the low-order acddress bytes
during EPRCM programming and program venfica-
ton. 5

Port 2 Port 2 is ar 8-bit bidirectional 1/0 port with
intemal pullups. Port 2 pins that have 13 written to
them are putled high by the internal pullups, and in
that state can be usaed as input® As inputs, Port 2
ping that are axtemmally being pulled low will source
curent (I, on the data shest) becauss of the inter-
nal putlups.

Port 2 emits the high-order address byle curing
fetchas from external Program memory end guring
accasses to axternal Data Memory that uss 16-bit
address (MOVX @0OPTR). In this application it uses
strong internal pullups when emitting 1s.

Ouring accesses to external Data Memory that use
8-bit addresses (MOVX 8Ri), Port 2 amits the con-
tants of the P2 Special Function Register.

Pert 2 alsa recewes some control signals and the
high-order address bits during SPROM programming
and program verification.

Part 3 Port 3 is an A-hit bidirectonal 1/0 port with
intemmal pullups. Port 3 ping that have 15 wntten o
them ara pulied high by the internal pullups, and in
that state can be usad as inputs. As inputs, Port 3
pins that ara axternally being puiled low will source
current (ly. cn the dalasheet} because of the pull-

ups.
! i
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Port 3 aiso servas the functicnsg of vanous special
foatirae of the AMOCS St misrocontrolter family, as

listed below:

PIn | Name f Alternate Functlon

2348 "HXD ! Seial Input Line

P31} TXD i Sarial Cutput Line
232} INTO | Extemnal Interrupt 0
paal INTT | External Interrupt 1
(P4 TO | Timer 0 External Input
| P35 ; T ; Timer 1 External Input !
F3.6) ¥n | Eximrnai Outa Memory Write Strobe |
£3.7] BOD | External Data Memory Read Strobe

Port 3 also raceives soma control signals for
EPAOM programming and program verification.

RESET: Resst input. A logic high on this pin for two
machine cycles while tha oscillatar is running resets
i devics, An mierndl palidown resistor permits a
power-on reset to be generated using only an oxter-
nal capacitor to Y-

ALE/PROG (EPROM Onty): Address Latch Enable
walpuil syt fue iriviing G ow byle ol o address
during accesses to extamal memory. This pin is also
tha program puise input (PRGG) during E°ROM pro-
grameming.

i irormat operation ALE is emifted at a constant
rate of 1/6 the oscillator frequency, and may be
usad ‘or extemal $ming or clocking purposes. Note,
however, that one ALE pulse is skipped during sach
aczess 1o extenal Data Memory.

PSEN: Program Store Enable is the Read swobe
to Extemal Program Memory. When the
87C51/80C51BH is executing from .ntemat Frograrm
Memory. PSEN is inactive (high). When the device is
sxecuting code from Extermal Program Memory
PSEN is activated twica each machine cycle, except
that two PSEN activations 2ra skipped <during 2ach
access to Extemal Data Memory.

FA/Vap: Exdamal Ancess enabls. £A must be
strapped to Vgs in order to =enable the
A7C51/B0C518H to fetch code from External Pro-
gram Memory lccations stating at COCCH up lo
OFFFFH. [Note. however. that if sither of the Lock
Bits is programmec. the lc-c levet at 53 is internaity
tatched during raset] (EPROM oniy.}

EA must be strapped to Voo for internal program
axecution.

Yoo {(EPROM Only): This gin also receives the
12.75V programming supply vollage \Vep) aunng
EPROM programming.
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Figure 4. Using the On-Chip Oscillator

i '
i e —f 2tz |
; ExtEmaL |
i LESALLATOR rXTAL ! !
n SCMAL |
| n |
i L !
} - 270419-5 l
Figure 5. External Clock Drive

XTAL1: input to the inverting oscillatar amplifer and
input to the intemal clock generating circuits.

XTALD: Cusmput from the inverting oscillator amptifi-
er.

OSCILLATOR CHARACTERISTICS

XTALt z2nd XTAL2 ara tha wnput and output, raspec-
tively, of an inverting amplifier which can be cortig-
ured for use as an on-chip oscillator, as shown in
Figure 4.

Ta drive the davica jfrom an extemal clock sourga,
¥TAL1 should be driven, whila XTAL2 is laft uncon-
nected, as shown mr Sgure 5 Thers arg na ssguics-
ments on the duty cycta of the axtemal clock signal,
since tha input 10 the intornal clecking cirouity s
through a divide-by-two flip-fiop, but minimum and
maxdmum hign and low times specified on the Data-
3756t must 58 observed. ’

IDLE MODE

in 1dle Mode. the CPU puts itself lo sisep while all
\ha on<hip canpharals ~emain acthwe, The moda ig
invckea by scitware. Tne comamt of e on-chip
AAM and all the Special Functions Redisters remain
unchanged during this mode. The ldie Mode can be
terminatsed by any enabied interrupt or 9y a hard-
ware reset .

it should be noted that when ‘die is termmated by a
hargwars reset, the device normally resumes pro-
gram sxscuticn, rom whers it left off, up to two ma-
chine =ycles befors the intemnal reset algerithm
takas control. On-chip hardwara inhibiis access to



AUTOMOTIVE 80C31BH/80C51BH/87C51

intal.

Tabile 2. Status ot the External Plns Durtﬁg Idle and Power Down

Mode ';’:31'::;’ ALE | PSEN | PORTO | PORTI PORT2 PORT2 ’
idle Internal 1 1 1 Daa Data | Daa__| Daa |
idle External 1 1§ Foat “Daia | Address Datz |
Power Down Internal 0 6 | Data Data Data Data |
Power Cown External 1] Q ! Float Data Data Data |

NOTE:

For more detailed information on tha reduced power modes refer 10 currant Embedced Apniic'atlons Handbook, and Applica-

tion Nt AP-252, "Dasigreng with the S0CS18H.”

intarnal RAM in this event, but access to the port
pins is not inhibited. To eliminate tha possihiiby of 2n
unexpected writa to a port pin when Idle is terminat-
ed by reset. the instruction following the cne that
invckes Idle should net be one that writes o o pont
pin or to external mamory.

POWER DOWN MODE

In the Power Dewm moede the escillater is stopped,
and the instruction that invokes Power Down is the
last instruction executed. The on-chip RAM and
Special Functon Registers relain their values unti
tha Power Down mooe is terminated.

The only exit irom Power Down is @ hardware rasst
Ravat madefinas tha SFRs but does not change the
on-chip RAM. The reset shouid not be activated be-
fore Ve is restored to its normal operating tevel and
must oo hels achive Iong oncugn o aliow he cscilia-
tor to restart and stabilize.

DESIGN CONSIDERATIONS
» A[ power on, ma voitage on vgg and AST must
come up at the same tima for a proper stast-up,

= Rafora antaring tha Paowsr Qown mada tha con-
tents of the Carry it and 8.7 must be equal.

& Whan the Idle mede is terminated by a hardware
raset, the device nommally resumes program exe-
ation, from wham it tett otf, up to two machine
cycles before the intemnat reset algorithm takes
control. On-chip hardwara inhibits access to inter-
nal 8AM in this avent, but access o the port pins
in not inhibited. To efiminate the possibility of an
unexpected write when Idie is terminated by re-
33t ihe nsiucticn following the one that invokes

Idle should not be one that writes to a port pin or |

to external memory.

s An external oscilator may encounter as much as
a 166 pF joad at XTALLT when it stasts up. This is
dua o interaction botween the amplifier and its
teadhack capacitance. Once the external signal
meets the Vy_and Viy specifications the capaci-
tance will not excead 20 pF.

* For EPROM versions exposure to light when the
device is in operation may cause lcgic gmors. For
this reason, it is suggested that an opaque label
be piaced over the window when the die is ox-
posed to ambient light.
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PROGRAM MEMORY LOCK
(EPROM Only)

The 87C51 contains two program memory lock
schemes: encrypted Verify and Lock Bils.

encrypted Verify: Thg 37C51 implements a 32-
byte EPROM airay that can be programmed by the
customer, and which can then be used o encrypt
the program code bytes during EPROM verification.
Tha EPROM verification procedurs is performed as
nsual, except that each code byte comes out logicak
ly X-NORed with one of the 32 key bytes. The kev
tytas are gone throunh it gagquence. Therefore, lo
read the ROM code, one has to know “1e 32 key
bytas in their proper sequence. ,

Lock Bits: Also on tha chip are two Lock Bits which
can be left unprograrmmmsd (U} or can be pro-
grammed (P) fo gbtain the following addilional fea-
tures: -

Bit1 | Bit2 Additional Features |
u U none
i P U | Externally fetched code can not

access internal Program Memory.
s Further programming disabled.

u P |{Reserved for Future definition.)

P P |+ Externally fetched code can not
access intemal Program Mamory.
* Further programming disahied_
* Program verification is disabled.
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When Lock Bit 1 is programmed, the logic level at
the E& pin is sampled and latched during resei. It
thy devicw s puwered up without g reset, the latcn
initializes to a random value, and holds that value
unil ressl i3 activated. it is necessary that the
latched value of EA ba in agreement with the current
logic levet at that pinuin order for the device to func-
Hon properly.

ONCE MODE

Tha ONCE {("“or-circdit emulation’) moda facilitates

sty and debugging-of systems using the 87C51

withcut the 87C51 having to be removed from the

circuit The ONCE moda is inveked by:

1. Putt ALE low while the device is in reset ard
PSeNis high:.

2, Hold ALE low as RST is deactivated.

White the device is in ONCE mode, the Port 9 pins
go into a float state, and the other port pins and ALE
and PEEM are weakly puifad high. The cociffater of-
cuit remains active, While the 87C51.is in this mode,
an emulator or test SPU can be used ‘o drive the
circuit, Normal operation s restored whaea a vormai
reset is applied.
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ABSOLUTE MAXIMUM RATINGS” NOTICE: This 1s a production data sheel The spectfi- i

caliohs are subject o change withoul notica.

3

"WARNING: Strassing the device beyond the “Absoluta

Ambient Termperaturs Under Sias —40°C lo +125°C

Storage Temperature .......... —85'Cto +150°C Maxirum Aatrgs™ may cause permanent amage,

Voltage on SA/pp AN Vs ... OV 1o + 100V Tiwon ary SUess ratings only. Cperation beyond the
. - = “Operalting Conditions™ 15 not recommended and ex-

Voltage on Any Cther Pinto Vgg .. ~0.3V to +6.5V rendtest exposure beyond the ~Operaong Conditions™

lgLpect/Opin oo 15 mA may alfect dewvca relizbility.

Powaer Dissipation. ................. ... ... 1.5W

{Based on package heal transfer ffmitations, not de-
vice power consumption}.

Typical Junction Temperatura (T} ........ +135°'C
(Based upon ambient temperature at + 125°C)
Typical Thenmal Heasistance Junction-lo-Ambient

{81a):
= = 75°C/wW
PLCC....... & . .. ...~ 45°C/W -

DC CHARACTERISTICS:
Ty = —40°C to +125°C; Voo = 5V z10% (5V =20% EFPROM Only: Vg = OV)

: Symbol Parameter Min i TRl ﬂcswr:csmm unit] T i
v, Input Low Veltage (Except EX; 235 | 0.2 Ve —0.25 v !
iV Input Low Voitage 1o EA o ! 02Vec—0.45 | V !
AT/ Input High Voitaga {Except XTALY, BSTL! 0.2V 10 ! Voo +0.5 v !
S Input High Voltage (XTALt, RST) 6.7 Ve +0.t Voo +0.5 v
iVoL | Output Low Voltage (Ports 1. 2. 3) ! 0,451 V oilg = 1.0mAID
iTCU | Output Low Voitage (Port 0, ALE. PSER) | ! 0.45(} V g =32mA@ |
Yo | Output High Voitage bo2e V gy = —30 pA
: i Por3 1. 2.3, ALE. PSEN) | osve | V Jlgn = —10uA |
:Vour | Cutput Migh Voltage (Port 0in I 24 | v bigy= —800pA |
i | ERER Sligjdode) | odves | V flow = -80pA® !
T i Logical 0 Input Cuent (Ports 1. 2.3) | i i @A | Vi = 045V ’
. ;Logical 1-to-0 transition current | -750 BA W |
i{Pons 1,2 3) i _'_f
iy i lnput Leakage Casrent {Port 0) | ! +10 A IV =N oy
flog : Power Supply Currant i
: ! Active Mode @ 12 MHz (%) 115 25/20 mA !
: 'dle Mcce @ 12 MHz \9) ; 1.3 /5 mA ® .
: i Power Down Mode ! 3 100475 aA | Veg = 22V 10 5.5v!
AAST ! Internal Resst Pulidown Resistor A . 200 K !
JI0 | Pin Capacitance i 10 pF :
NOTES:

1. "Typrcals” are tased on a fimited number of samples taken from earfy manufactunng lots and are not guarantaed. The
valuas listed are at room temp, 5V.

Z Caacitive waditg on Ports O and 2 may cause sousiows noise Julses 0 be suparimposed on the Vg 5 of ALE and Ports
1 and 1. The noise i dus I extemal bus capactance discharging Mo the Por 0 and Port 2 pins when these pina make i-
10-0 ransitons durng bus operatdons. In the worst cases (capacriva lcading > 1Q0pF), the ncisa pulse on e ALE pin may
excead 0.8V, In sucn cases it may be deswable to qualify ALE with a Schmnt Tiéagern, of use &n adorass laih milh & Sulidil
Trgger STROBE inout

3. Capacitive loading on Porls G and 2 may <ausd D@ Vigm ot ALE and PSEN W momemanly Al Secw B8 U.F Vou
scecificado:r whan the address bits are stabiliing,
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NOTES: (Continued) -
4. Pins of Ports 1, 2 and 3 source a transitlon current when they are being extemally diven lrom 1 o 0. The transiion
current reaches its maximum value when Vi is approximately 2V,
5. ICCMAX at other lrequencies is given by:

Active Mode: 87C51 ICCMAX = 0.94 x FREQ + 13.71

80Cx18H ICCMAX = 1.47 X FREQ + 2.36

idlg Mode: ICCMAX = 0.14 X FREQ + 3.81
where FREQ is tha external osciflator Iraquency in MHz. ICCMAX ig given In mA. Seae Figure 8,
B, See Sgures 7 teough 10 lor log \set conditions. Minimum Vog for Power Down is 2.0V,
7. Uncer steady state (non-transient) conditions, iy must be extemally imited ax foilows:

Maxdimum gy per post pin: 10 mA
Maximum tey per 8-bit port R

Port 0: 26 MA

Ports 1, 2, and 3: 15 mA,

Maxdmum total |y for all cutput pins: 71 mA

If icy, exceads the test condifion, Vot may axceed the related specification. Pins are not guaranteed [0 gink cumert greater
than the iisted test conditions.
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within frequency specifications of the .
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Yeo
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My bl
Vg ey —4 XTaLz t
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Mode. Ali other pins are disconneciac
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EXPLANATION OF THE AC SYMBCOLS

Each timing symbwol has 5 characters. The first char-
acter is always a ‘T (stands for time). The other
characters, depending on their positions, stand for
the name of a signal or the. logical stetus of that
signal. The following is a list of aff thy characters amd
what thay stand for.

A:Address.

C:Clocik.

C:lnput data.

H:Logic leve! HIGH.

kinstruction (program memory contents).

For example,

70

-
in l‘el .
L:Logic level LOW, or ALE.
P:PSEN.
Q:Qutput data
R:RD signal.
T:Tima.
\alid.
WD signan.
X:No longer a valid logic level.
Z:Float

Taye = Tima from Addrass Valid to ALE Low.

Tipy, = Time from ALE Low to PSEN Low.

AC CHARACTERISTICS: (Ta = —40°C to +125°C; Voo = 5V £10% (5V £20% EPROM Qoly):
Vgg = OV; Load Capacitance for Port 0, ALE, and PSEN = 100 pF: Lbad Capacitancs for All Other

Outputs == 80 pF}

EXTERNAL PROGRARNM AND DATA MEMURTY CHAHACTERRS MCS

Symbol | vl ) P l 12 MKz Osc Variable Oscillator Units
Min Max Min Max
1 ToLeL | Oscillator Froquency MHz
87C51/80C518H/80CI1BH 3.5 12-16

LI ALE Pulse Width 127 2ToroL—40 . NS

P TaviL Address Valid to ALE Low 28 Tero, —55 ns -

by oax Address Hold After ALE Low 48 T~ 35 ns
Tuuv ALE Low to Valid Instr In 224 4T —110 ns
Tupt ALE Low to PSEN Low 43 Terey —40 ns
TpLPH PSEN Pulse Width 205 3Tcicy—45 - ns
Teuv PEEN Low 1o Valid Instr In 135 3Tcrer—118 ns
Texnt Irput Instr Hold After PSEN 0 0 ns
Texiz Input mstr Float After PSEN 59 Terer—25 ns_ |
Taviv Address Valid to Valid Instr In © 312 5TeycL— 105 ns
TpLaz PSEN Low to Address Float | 10 10 ns
Tren | AD Pulse Width 200 6TcreL— 100 ns
Twiwn | WH Pulsa Width 400 6T o —100 ns
TALDV R Low to Valid Data In | 252 5TeLcL— 165 ns
Trupx | Data Hold Atter RD High oo | 0 ns
TRHOZ Cata Float Atter AD High ' I 97 2ToroL —70 ns

{ Tiupy | ALE Low to Valid Data In ! 517 8TooL 150 | ns

| Tavpy | AddressVaiidtoValidDatatn | 585 OTcLeL—165 °  ns

P Tuwe | ALE Lowto AD or WH Low ! 200 ! 800 | 3Terer—50 | 9ToroL+50 ;  ns

P Taywry - Address Valid 1o SD or WA Low | 203 AT —130 ! ns
Towwx | DataValidto WA Transiion | 23 | TercL—60 ns
Twiox | Data Hold After WR High 33 TeyoL — 50 ns
TaLaz | HO Low to Address Fioat i 0 0 ns
Twhi | BD or WR High to ALE High 43 | 123 | Tacr—40 | Tocr 40 ns |
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EXTERNAL PROGHAM MEMORY READ CYCLE

Ty,

Teree, y
F— Tavyp —ste— YLL!V —y

iR / NTT Teuw ! \,
.
T Tz Ty — PXIZ
PORT 0 b AG-A7 INSTR e X avear  —{

Tavry

PORT 2 D { AB =415 X AE-ALS

27041812

EXTERNAL DATA MEMORY READ CYCLE

ALE_/—\. . i \ ,

Ton h
SN/ AR i | W
Tirwm {' Taram 1
g - T e /]
AYLL

= Toax —=, Tz oe— Trgy —— ‘—-T-ﬁmoz
’ Tewox = -1

PCRT O :)—4 oo e DATA N $)HA0-A7 FROM PCL $——=~{INSTR. 1M

T, T
VDV

PCAT 2 ) PZO—P2.7 OR AB=A1S FROM DPH X AB-A1S FREM PCH
. 27041913

EXTERNAL DATA MEMORY WRITE CYCLE

ALE 4’—_—__\_/

Twwen
rsew / \ ,
Tiw TwLen
wR - Ton, e T \ ﬁ
= Tuax ™~ Famax
FORT O :}-( oo enon. X OATA OUT FO. CLETTED e
[ {)
. Tavwt,
PORT 2 ) P2.0-P2.7 OR AB—-A LS CROM DPH X AB-A1S FROM PCH

! . 27041914
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EXTERNAL CLOCK DORIVE

intel.

EXTERNAL CLOCK DRIVE WAVEFORM

rSymbo! Parameter Min; Mox | Units IE
1/Tcrer, | Oscilator Frequency | 3.5 12 | MMz !

35[ 16 | .
Toucx | High Time 20 ns
Towex | Low Time 20 ns l mareay
Toin_ | RiseTime do_leo] s i
1Tecuoy | Fall Time 20 | ns [

. SERIAL PORT TIMING--SHIFT REGISTER MODE

INSIRUCTION | L] ! t

L--!m.——t

12 MHz Vartable ',

Symbol Parameter Oscillator Oscitlator Units

Min | Max Min T Max i

Txixy | Serial Port Clock Cycte Tima 1.0 12Tclch Bs i

Tavis | Output Data Setup to Clock Rising Edga 1 700 10Tgr oy — 133 os |

Tynox | Output Data Hold After Clock Rising Eaga | 60 2Ty oo =117 os !

Txupx | Input Data Hoid After Clock Rising Edge | 0 R ns |

Txnpv | Clock Rising Edge to input Data Valid 700 10T —133) ns
SHIFT REGISTER MODE TIMING WAVEFORMS

Face] W)/ LX) \Lf 92 [P ot 1IN N

BEERR TN 21 G !

[=%: = 4 l [
r-'m:“. Y,
SvTrr ata AN X D, D G 5 L d :
wmTE ,:, sour -‘ Fantre ’—"r 3 sr; k] :
wouT £ata D) @ I 4 70 4 5, m-m-m-m !
n_!__._n P N
crriem 270339-15!

AC TESTING INPUT, QUTPUT WAVEFORMS

FLOAT WAVEFORMS

i
!
i VecT9S
i
1
|

0.43Y

0.1v 09
3.2¥==0.1

X

27T0412-38

AC inputs dunng lesting ore driven ol Vo — 0.5 for a Loge ™1™
and 0,45V 171 a Logee ~0,” Tinwng MEssurnoens 6o mace it Vi
min for a Legee =17 and Vg max jor 3 Logic "0,

Vi aag Y

100 @V crangs rom e Ceoed Yo/ Vo e oohurh, 10 o

2 E20maA

i Y oapt Y Yot
H v TMING REFERENCE o~
B LCAD >‘ SCNTS -
: . Yo t01 ¥

2704198
! For ming purposas 8 port oo i3 no Tongar llostng when a 100 ;

t
|
1
]
mV ch from ond voilage oCtura. Bnd Doging to fost when &
ange
b
1
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EPROM CHARACTERISTICS to identily the device. The signalure bytes identify
(EPROM Only) tha device as an 87C51 manufactured by Intel.

The 87CS51 is programmed by a modified Cuirk. Table 3 shows the logic levels for reading the signa-
Pulse Programming aigorithm. It differs from clder e byle, and lor pregramming the Program Memo-
methods in the value Used tor Vpp (Programming ry, thae Encryption Tahls, and the Lcck Sits. The cir-

Supply Voltage) and in the width and number of the cuit configuration and waveforms lor Quick-Pulse
ALE/PROG putses. Programming are shown in Figurss 11 and 12. Fig-
ure 13 shows the circuit configuration for normal

The B87C51 centains two signature oytes that canbe  Program Maemory vedfication.
read and used by an EPROM programming system

Table 3. EPROM Programming Modes

MODE AST i PSEN 5‘5‘% i \F;:: [ p27 | p2s | paz | p3s |
Read Signature A 0 IS o ! 0 0 0
Program Code Data 1 0 vhe Vop 1 ,’ 0 1 1
Verity Code Data 1 o 1 1 o | o 1 1
Pgm Encryption Tabla 1 0 o* ] Vpo 1 ) T o !
Pgm Lock Bit 1 1 0 0* Vop 1 1 1 1|
Pgm Lock Bit 2 1 o | o Vpp 1 1 o o |

NQTES:

“17 = Yalid high for that pin

0" = Valid [ow lor that pin

Vpp = 12,75V + 025V

Yoo = 5V *20% during programming and vesification

*ALE/PROG receives 25 programming puisas while Vpp is held at 1275V, Each programwdng pulse & jow jor 100 py
(=10 w5) and high for a minimum of 10 ps. .

!
! +5v :
| i
; Yee i
§

i
E AD—=AT AR Po K PGM_DATA ‘
| !
k 1
! } = RST :VVPP Le- +12.75v

i ALE, 25 1C0 PULSES TO GHD
; | P L i/PRGC >

i A fe—0
! P

!

- i

. !

LT—-XTALZ P2.6 [ ) i
i

4=§ MH2 1
O o i
210 - H

| XTAL 1 _rra A3=All , ;

Ygg !

2i0419=:9

Figure 11. Programming Conflguration
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e |

)
—_—

ALE/PROG :

[“\—— 25 PULSES “—I
1

ALE/PROG : l ” ” “ ”-_-
Q

I \A 10 12 um—l l

[ —

270419-20

Figure 12 PROG Waveforms

Quick-Pulse Programming
(EPROM Only)

The satup for Microcontrolier Quick-Pulse Program-
ming is shown in Figure 11, Note that the 87C51 is
running with a 4 to 6 MHz oscillator, The reason the
oscillator needs to be running is that the device is
executing intemal address and program data trans-
fors,

The address of the -EPROM location to be pro-
grammed is applied 1o Ports 1 and 2, 2s shown in
Figure 11. The code byte to be programmed into
that location is applied to Port 0. RST, PSEN, and
pins of PorsZandSspecxﬁemeabtaSamwdat

the “Program Code Data" levels indicated in Tabls .

2. Then ALE/PRDG is pulsed low 25 Bmes as
shown in Figura 12,

To program the Encryption Table, repeat the 25-
pulse programming Sequence for addresses O

through 1FH, using the “Pgm Encryption Table™ lev-
als. Don't forget that after the Encryption Table is
programmed, verity cycles will produce only ancrypt-
ed data.

To program the Lock Bits, repeat the 25-pulse pro-
gramming sequance using the “Pgm Lock Sit” lav-
els. After ona Lock Bit is programmed. further pro-
gramming of the Code Mernory and Encryption Ta-
ble is disabled. Howaver, the cther Lock Sit can stil?

be programmed.

Nota that tha EA/\pp gin must nat ha allowad tn an
above the madmum specified Vpp lavel for any
amount of ime. Even a narow ghich above that voit-
age level can cause permanent damage to the de-
vica. The Vpp scurce should be weil regulated and
free of glitches and overshoot

4 XTALY

Yss

i}

+3v !

H

f

10k |

Yoo 28 5
PON !

PO | DATA '

| S
bt ¢ AE=AT

270419-21 !

Figure 13. Program Verification
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Program Verification
(EPROM Only)

If Lack Bit 2 has not been programmed, the on-chip
Program Mermory can, be read out for program verifi-
cation. The address of the Program Mermony iocation
to be read is appliad to Ports 1 and 2 as shown in
Figure 13. The other pins are held at tha “Verify
Coda Data” levels indicated in Table 3. The con-
tents of the addressed location wilt ber emitted~on
Port 0. Extemat pullups ars required on Port © for
this operation. Detalled timirg specifications are
shown in later sections of this datashaaet

 the Encryplion Table has bean programmed, the
data prasented at Pért O will be the Exclusive NOR
vi tha peograsm byte with one of the ancryption bytes.
The user will have to know the Encryption Tzhie
contents int order to comrectly decode the verification
data. The Encryption Table itself can not ba read
out .

Reading the Signature Bytes

(EFROM Only) .
The signature bytes are read by the same procaedure
as a normoal verificationrof locations 030H and 031H, -
gxcept that P3.6 and P3.7 need to be putied to a
logic low. The values returmed are;

(030H) = 89H indicates manufactured by Inte!
(031H) = 57H indicates 87CS1

AUTOMOTIVE 80C21BH/80CSTBH/87C51

Program/Verify Algorithms
(EPROM Only)

Any algorithm in agreemsnt with the conditions list-
ed in Table 3, and which satisties the fiming specifi-
catons, 15 swfabie.

Erasura Characteristics
(EPROM Only)

Erasure of the EPROM begins to occur when the
chip is exposed to light with wavelengths shorter
thar approximately 4,000 Angstrems. Since sunlight
and fluorescent lighling have wavslengths in this
range, axposure to these hght sources over an ex-
tandad time {about 1 week in sunfight, or 3 years'in
room levet Ruorescent lightingy could causa inadver-
tent arasure. It an application subjacts the device to
this type of exposurs, it is suggested that an opaque
label be placed over the window.

The recommended erasura procedure is exposure
to ultraviolet fight (at 2537 Angstroms) to an integrat-
od doso of at least 15 W-sec/om?, Exposing the

EPROM ta an ultravialet lamp of 12000 wW/em2 "

rating for 30 minutes, at a distance of about 1 inch;
sheutd be-sufficient.

Erasure leaves the amray in an all 1s state.

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS:

(Ta = 21°Cto 27°C, Vo = 5V £20%, Vgg = OV)

Symbot Parameter L Mirr i Max Units, |
Vep Programming Supply Voltage 12.5 } 13.0 v
Iep Programming Supply Current | 50 mA
1/Tower Oscillator Frequency - 6 MHz
TavaL Address Setup to PRCE Low 48TecL
TGHAX Address Hold After FROG 48Ter oL
Toval Data Satup to PRCG Low BTocL |
TGHDX Data Hold After PRCG 48TcLoL
TeHSH | P27 (ENABLE) High lo Ves i a8Touer
TSHGL [ Vep Setupto PRCG Low 10 ps
TarsL Vep Hold After PROG L 10 I us
Taian PRCG Width 50 i 110 us
Tavay Address to Data Valid | 48Toer

i Tewov |  ENABLE Low lo Data Valid | a8TcLcL |
Teuoz Data Float After ENABLS : b} | 48TcicL
TaHaL i PROCG High to PROG Low [ 10 ' us {
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SEMICONDUCTOR TOSHIBA PHOTOCOUPLER

TLP250
rOSHIBA
TECHNICAL DATA GaAtAs IRED & PHOTO-IC
{TLP250)
TRANSISTOR INVERTER Unit in mm
INVERTER FOR AIR CONDITIONOR
IGBT GATE DRIVE
POWER MOS FET GATE DRIVE
a ]
The Toshiba TLP250 consists of 2 GaA¢€As light emitting diode and e
a mtegra.ted photodetector.
This unit is 8-lead DIP package.
TLP250 is suitable for gate driving circuit of IGBT or power MOS LIRS
FET.
¢ TInput Threshold Current : Ip=5mA (Max.)
¢ Supply Current (IcQ) : 11mA (Max.)
¢  Supply Voltage (Vo) : 10-35V )
¢  Output Current(Ip) : £0.5A (Min.) b 23kl
®  Switching Time (t,LH/tpHL) : 0.54s Max.) .
L Isolation Voltage 1 2500Vrms (Min.) 2241m.98 -
® UL Recognized : UL1577, File NoE67348
&  Option (D4} type
VDE Approved : DIN VDEO0G884/06.92, Certificate No.76828 |
Maximum Operating Insulation Voltage : 630Vpy JEDEC
Highest Permissible Over Voltage : 4000VpR =
ETAJ -
(Note) When 2 VDE0S884 approved type is needed,
please designate the “Option (D4)" TO_SHIBA 1800
®  Creepage Distance : 6.4mm (Min.) Weight : 0.54g
Clearance : 64mm (Min,)
SCHMATIC PIN CONFIGURATION (TOP VIEW)
Iec
3 jee 10 s
1
I (D) 205 17
+ —< Vg .
-
T VKT 3L 6
- —C v
-— 0
Ip 6 4[] 15
(Tr2)
* * 2 GND NG

A 0.1xF bypass capcitor must be 5
connected between pin 8 and 5 (See more 5).

TRUTH TABLE

=1 U d 00N
%

@m beredn b :""mmmm“:'m”mﬂm'mz TLPZSO—]
T CORPORATION for I BacTiaad or other g parthey wi T [ N
o e b oy iaion o minawin teter sy beriial peapary o et 13y of TOUWAA CORPORATION o o @ 1996 -4 -8
g duu-ﬂ:. -wllnn“ ﬂ-—-mu.nza that cesialt with s before DOMMMI!“-:M
raarthouy Ngh ety st Py, ard i s whidh mag haveien e threstiming O CHical sopcaion. Inchefing but TOSHIBA CORPORATION
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rOSHIBA TLP250
TECHNICAL DATA
{TLP2501
ABSOLUTE MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL | RATING UNIT
Forward Current Ip 20 mA
@ |Forward Current Derating (Ta= 70°C) AIp/ATa -0.36 mA/°C
& |Peak Transient Forward Curent (Note 1) {  Ippp 1 A
Reverse Voltage : VR 5 v
Junction Temperature (T 125 °C
“H” Peak Output Current (Pw= 2.5us, f= 15kHZXNote 2) IorPH - 15 A
“L” Peak Qutput Current (PwS 2.5us, £=<15kH7Z)(Note 2) Iopr, T +15 A
=1 _ (TaS70°C) 35
g Output Voltage (Ta=85°C) Vo % v
E Supply Voltage g:i ;:,g)) vee 2? v
a Output Voltage Derating (Ta= 70°C) AV /ATa —0,73 Vi°C
Supply Voltage Derating (Ta=70°C) AVpoo/4aTa -0.73 Vi*C
Junction Temperature (Tp 125 °C
Operating Frequency Note 3} f 25 kHz
Operating Temperature Range Topr -20~70 °C
Storage Temperature Range Tsig =56-~-125 °C
Lead Solder Temperature (10s) Teol 260 °C
Isolation Voltage (AC, lmin., RH.S60%, Ta=25°C) (Note 4) BVg 2500 Vrms

Note
Note
Note
Note

Note

1 : Pulse width Pyw=1us, 300pps
2 : Bzporenential Wavefom

3 : Exporenential Wavefom, IgpH= - 1.0A (S2.543), IOPL= +1.0A (S2.5us)

4
7 and 8 sherted together.

: Device considerd a two terminal device : pins 1,2,3 and 4 shorted together, and pins 5, 6,

S : A ceramic capacitor (0.1.F) should be connected from pin 8 to pin § to stabilize the
operation of the high gain linear amplifier, Failure to provide the bypassing may impair
the switching proparty. The total lead length between capacitor and coupler should not

exceed lem.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBOL | MIN. | TYP. MAX. UNIT

Input Current, ON Ir (ON) 7 8 10 mA |

Input Voltage, OFF VP (oM 0 — 0.8 \'

Supply Voltage Voo 15 - 30 | 20 v

Peak Output Current Iopr/IOPL - — £0.5 A

Operating Temperature Topr ~20 25 70 | 85 °C
TLP250 -2
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rOSHIBA TLP250

TECHNICAL DATA

{FLP250) .
ELECTRICAL CHARACTERISTICS (Ta= - 20~70°C, Unless otherwise specified)

ITEST .
CHARACTERISTIC SYMBOL gIR TEST CONDITION MIN. |TYP.*| MAX. | UNIT
UIT .
Input Forward Voltage Vp — {p=10mA, Ta=25°C 16 18 N4
Temperature Coefficient of A\ .
Forward Voltage AVp/aTa] — [Ip=10mA IS —20] — mV/°C
Input Reverse Current In — [VRr=5V, Ta=25°C _— 10 | A
Input Capacitance Cr — V=0, f=1MBz, Ta=25C _— 45| 250 pF
Tp=10mA
“H” Level | Iopm | 3 Ky —05 | —-15| —
Output Current X%C=30V . 8‘% A
. » F:
“L™ Level | Iopr, 2 Ve =25V 0.5 2| —
\i = A =
“H" Level| Vog | 4 Bfgéooali‘;:‘;ﬂil BVl 1 | 128l —
Output Veoltage = ]'.5V - T v
s CC1=+1oV, VER1=-
“L” Level | Vor, 5 Ry, =2008, Vp=0.8V — | =14.2|-125
Vco=230V, Ip=10mA 7
“H” Level| Iocg | — [Ta=25°C
Voo =30V, Ip=10mA — 4 1
Supply Current CC Iy ! mA
Voc=30V, [p=0mA
— o — 7.5] —
“L" Level | IoCL — [fa=25C
Voe=30V, Ip=0mA — —_ 11
Threshold Input |“Output Vool = +15V, VERy=—15V
Current L—B” | FLE | — B'Z5500, vo>ov — | L2 &/ maA
Threshold Input |“Output v Vool = +15V, Vg1 =-15V 0.8
Voltage g1~ | 'FHL Ry,=2000, Vo<0V B =1 -
Supply Voltage Voo — 10 — 35
Capacitance Vg=0, f=1MHz .
{nput-Output) Cs — [ra=25C = | 10| 20| »F
. Vg =500V, Ta=25°C e 1110 ]
Resistance (Input-Output) Rg — RE=60% 510 10 0

* All typical values are at Ta=25"C (*1) : Duration of In time=50us

TLP250 -3
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SEMICONDUCTOR

rOSHIBA TLP250

TECHNICAL DATA

{TLP250)
SWITCHING CHARACTERISTICS (Ta = —20~70°C, Unless otherwise specified)

TEST
CHARACTERISTIC SYMBOL CCIR- TEST CONDITION MIN. |TYP.* | MAX. |UNIT
UIT
Propagation L—H toL.H fp=8mA P — 0.15 | 0.5
Delay Tim —
elay e H—L toHT, 6 [Vcor=+16V, VEp1=—16V|—— 0.15 | 0.5 .
Output Rise Time te obid) — -_—
Output Fall Time te RLTEPP - -
Common Mode Transient '
. . VoM =600V, Ip=8mA ’
Immunity at High Level CMH 7 = — =5000f -~ - |Vips
Output ] Voc=30V, Ta=25°C
Common Mode Transient
. Vo =600V, Ip=0mA
Immunity at Low Level CML T 5 i | 5000 - - {V/us
Output Voo=30V, Ta=25C
* All typical values are at Ta=25°C
TLP250-4
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{TLP250)
TEST CIRCUIT 1 :

10 s
[l 1
1 ]

i s

TEST CIRCUIT 3 : IOPH

8
1[] Iz J_ v
] = 0.1.F CC‘::-
SR B o R
4[] - for
TEST CIRCUIT 5 : VoL
8
1 [ ]I
_L__E :l = 0.1uF —.:VCC]'
vV T——[ ]_ Ry,
VoL
o[ H
1 -
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TEST CIRCUIT 2 : 10PL
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[
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TEST CIRCUIT 4 : VOH
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. SEMICONDUCTOR
rOSHIBA TLP250

TECHNICAL DATA

{TLP25)
TEST CIRCUIT 6 : tp(H, toHL, tr. tf

T hs ! A s B
JUr 0.1.F hif g
br g L cel
Ry, Vo ==
L/ /
! LE
10002 [ H ). Al [P
TEST CIRCUIT'7 : CMK, CML
8
1 |: } !
swlE I“-ll‘F
] T dVee
Ao'oB i
j_ H—v0
ni g
VoM
7O gy
600V

.v 90% |
CM 10%# {1 . oy = 4800V
e ML = "t (us)

SW: A(Ip=3mA) 480(V)
(VA CMH = "t

CaL

Vo f\—av
SW: B(lp=0)

Cuy, (CMH) is the maximum rate of rise (fall} of the common mode voltage that can be
sustained with the output voltage in the low (high) state.

TLP250 -6
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SEMICONDUCTOR

rOSHIBA TLP250
TECHNICAL DATA
(TLP250)
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