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D.C. Current Source for Electromagnet
Mr. Narot Supavanichsakul

Mr. Pisek Hanpanish

Asst.Prof.Dr. Aree Wichianchali
Applied Physics

1994

Abstract

The design and construction of a constant-current 0-20 Amp,4 KW d.c. power supply

is described. The main power line regulation is controlled by variac transformer via servo-

controller systam. The current is controlled, and stabilization is provided, by the paralle! IGBT

devices. Output current can be maintain constant to better than 1% at anyvalue of 0-20 Amp.

Under normal conditions, after an initial warming up period, a stability of 1 % is measured during

10 hours. This supply is suitable for general electromagnet with the resistant of load between

0-10 ohms.
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duann Slulanrufiasedfrusansenssulnis iisulunmugudumislowniia
~rfaifia (Dynamic Variable) wWiammudsuuassasdumisuasinaaussduamivn aniuda
dmiudumisthldon suanaflsunivewseniisnumainlowfmfadia

enldnruuauwsanaiugy ffamuguguiifdudssdgnadeunsuiiuawissnia
alawdartadeaanindyanaawsen Taundulliirowwmannaulmsead idamuny
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- Truudiaaananlnisg

Tuudisasnanina ﬁas:uumuqugﬂﬁe‘u"auﬂaﬁtyrmmﬂauné’u wdygmdiass
farnrsniaslawnfinrhadesaniudyyradinesegiunhassganamisunlund fs
syanauaniwnuasiuladygasaivmisluwiaunsuluiiiaieesneulms 1dany
qulv's'qmamﬁmsmnman:uuu‘.lu‘lﬂmuﬁv'faem':

3.5 nanmmmwusasAdusinat

fMvainafiiunrsdnraiuniia 'ﬂaﬂmmanuuulﬁﬁqmﬁ'nm:ﬁmu fiouafiauas
msasdiduaisafanidudadmlasanfunurariiiied  uwnlieseunadduaiaatesldin
PMURTA TNV AR AULAIARIRAMN né’nmﬂ‘fuam‘lﬁ’ﬁhgﬂ

Wunsiusimin
- -
adluszidou

I
| N

- o o
r gniiinazud 1 lna

l

duinainas
v

;nlﬁ 3.6 usasfimmAausfialuadduainat

d w W o ) ol
ia E fa ussdudawnsu emf minoidullant
d fa duunuwimdniimiedwavas

® A2 anuFivsunasaiimi nihunduu/Aui

A > o ) A ]
Wwifinruafinsluamadninsaumnufiliznaudmduusuimdn § uazuasia
) [ [ 4 At & Qut Aol ]
Fnizagienngudnenmwringy r damwaudiuieriundassansuasnsus
asflurindy

T=Klg

d - 1] o Qs
o T fa wndemsuwmiiniimiluiiaau-wuas
a o
K fa aanan
| f2 nrumiwuauuyd

O fla dusmimdniimiradiwoied
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sadninadanlusnunaiindnfuhlt Aaunduanaiaudnives  unaniiaailndasuiu
AMUTITAR WAV ABTUALAIUMTINATIINTINS ANUTUAR TN IR RE DRARLLAS

AMTIwaaaluaatia

E =Kdo

3.6 nMsusniszinnzasfaduainas
[ J [ ]
ffuae fmurroutiseandilunadsznan anagvdnemAiniefimnuwsimdn

agsdanafuarmmanuuulanaaiariiese’ auulsanmusnEueA I EwIN

wunanuunaanlailn

3.6.1 AduataaTuuudSudnussushndnla
afvaieafuuudiuiauusuimanlagiumenlaidu 2 wuufa
k] 1 Q@ ; i‘
n) wuramIsEwINLimEndaaunsuiusasmeinieel  uaeafuuuriadasiid

1] I- ¢ L4 ) Qe s z s 3 hd 1
wrindniindaduiunTiug sniuduunTasawNwimdnimunsadiuale feaclfluau

4 » P M 0
Luammm‘nmﬁagmmﬂm%m ua:smﬁmﬁ'\ﬁmwﬁngo

N

nafanaumar

andrvaanwan

P . > a a4
i 3.7 Qmauﬁ'@’n:mumwm‘%‘qua:unﬁammﬁﬁuama{agnﬂm melaanzusiduasfi

' % ™ w &

) wuremIsEwiminueansds dnflsudenduiwaieefiuw samafuuud

mansndiudueiménldadiBarsdansuaaseniarlimunmuguwiniiaad
el . A . a o ™ & e 4 dd e

sasaaailndinniftldasaatfdofinie  Snlfmasdlssuuiisuninafowifiaamsus

a
U3
o

anundisauns py

nafrvaunar E

gﬂﬂ 3.8 uamqmamﬁsmiﬂamflur‘rma:unﬁmamamaﬁmu melaanmzafunsaf
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3.6.2 Anuamasuuanussusinaniaraen
::uumsm:ei’uamu‘nmuamﬂﬂuﬁ'a‘lﬂluﬂaqﬁ'uﬁ'nlﬁuuumimﬁnm'n Ty
fidnursrasmnudame snindamndunwinnrusaunsafuasusndaddnflasauns

T=Kip
Woulwinutwladwim
T=Kd
warlaauns
EF=Ko»

supflaslianudninisming nrusenfuneef unie wazanuh aglué'nutu:v‘i‘n
Ky
wwrumM e i@ duasa fuuufiudowlaiw

V=Kao+ L‘—h;+R.
dt

Wa v fa Teliaefitlaulifuuainat
Ko fia mnsfliaslavidaundu
L fia Sudruawiasaniuuaad
R fla amudumufinzsauaiasd

sumTlawilinzasaiaatie
dw
Tg=J7+Bm+Tf+ Tr
t

fla Ty fia wndafidufialasuaiaad
J A2 mamwuadlmawirawsadasssamaaiuainaa
B fa dulssBmfuas anaaudutls
T fla wndafsamunislu
T, fa usnflalnaa



unila
Taulasranlnsamad (Mcs - 51)

4.1 Tassassanmilaanssauns MCS-51

1

1.

12.
13.
14.

1
2
3
4
5
6.
7
8
9
0

gnumewanm 9 sy MCS-51 estlsznaudy
.14 HMOS uas cHMOS inaluladl luasaanasinudlsundsimalnawe 5 T
. BRgfuwrad 8 ia reseasdaiaiaat uasnnuwiy
. TAUA (BANK) Timaaill 4 ga udargaiifisaat 8 @
- fldrduns/dniu awie 16 fia 2 78 uazdmiviues 803278052 4 3 1@
. fiwafa lale wuuswmsasfiamadiuim 4 wasa
wa'%'mLmum@mumm‘mﬁaﬂdmnwmﬁusimuu Full Duplex ﬂmﬂm'ﬂga
. witsipinstasesiunm 1 lulasdundl daunisldnienas 12 wanadad
. wamiasedayanieuanlyd 62 Alalud usz uaaiasaluunumesuanid 64 Alalud
. mmmﬁwummﬁagiaga*uu’m‘luw‘n%aﬁﬂ‘lﬁlﬂuem
. il"navloﬁrﬁﬁmuwanmn%'ugﬂ’&'ﬁa:ﬁ’mumaa'lﬁﬁa 128 duniidda
Tanahdwasiwdfionld 5 unss usz 6 unds (§miL 8032/8052) wiaudums
alwsladd (Priority) 18 2 32éu
dlunrmaaieanmalinuuuuydu (Boolkean) 16 dmiunmlifunwaiugu

& a o
fidqnauasnrmisianiiildniol 4 lulaviunf
s ¥
duamiadamaaittlonssuulowFuasadues - -
ALU Timer/Counter o
Port
Accumulator
Register(s) 1)
Pont
Internal
Internal ROM Interrupt
RAM Circusts
Clucx
l Stack Pointer | Cwreut

[ Program Counter l :

o
U 4.1 unwn e lulasnaulnsaaat



8751H aglunguimdnany 8051AH mualtsunlddisssuuWieuimoesy
Tunsueandwuasgaaniilaisa vanflannfiuaasluaimeinedu Mdinalulsd HMos
ué")ﬂ'@ﬂngaﬁuﬁlﬁmﬂ‘[ﬂaﬂ CHMOS fhlsswdandarmldinnnit 4 winwas cMos Hida
wwa$ 80C51,80C31 uas 87C51

4.2 MTAVIATNINHMSATLNENTDI MCS-51

P3.1/TXD
P3.2/INTO
P3 3/INT1
P3.4/10
P3SMT1
P3.6/WR
P3.7IRD
XTAL2
XTALY
VvsS$

;njﬁ 4.2 'leasunsu1nyal 8051 uuu DIP

mrienanusnemeateuanasil Mcs-51 fimmuisndunridanausantlasnsmy
289 MCS-51 g 4 ngu fa
1. furriuundsine Wi uasmuudygawim
2. NJUIUAMNATAURTBUR
3. MU
4. N wadauuuTuIUUAzARATY

snrasiiwini laeamiad ﬁuagiﬁ'umsﬁae‘ﬁé”:wavleﬁn*fu%am%mn%vﬁumﬁ 32
fl 39 a:ﬁmﬁ'\ﬁ‘lﬁtﬂma:umﬂuaﬂtaialza:iaga v\‘%aa:ﬁmﬁ'ﬂﬁti’]unéwﬂwa%muumnmu

Tuandsamirflnudasiasliad

Vss (11 20) dhindmiudasinma

Vee (11 40) iwidaundwlwnsuaasawa 5 v

PORT 0 (11 32-39) yhwirfhiluwada 1/0 8 fiaunu Open Drain Bidirectional Saanunie:
fulnaafifiuasle 8 &2 madoud 1- Wiwafaflaaiiunimlsonsan
(Float) 1uaswafafl vilivheuiuduwnisamuBufueudgs uas
Snminfinita wafa 0 axhaemuilwishonand WAusygnueaaTs
‘luéo‘i’lﬁuﬁ'm?agaé’lm‘%l-ﬁ’muéﬁwﬁ'mm'm"'m'wuan Tuaslaam



PORT 1 (111-8)

PORT 2 (11 21-28)

PORT 3 (1110-17)

11Waia
P3.0
P3.1
P3.2
P3.3
P3.4
P3.5
P3.8
P3.7

n
10
11
12
13
14
15
18
17

'lwﬁ'ﬂﬁifazlié'num:mulu;i’lué’fwaé‘wuemnnmhﬁmé‘n 2 minfla
naTud wada 0 faldrmAiamduirdidayssanmnaia 'Jadas
aasriavasauldunsulu ROM avalw uazmslusuniuén EPROM
Aol %w?’aeﬁmwaé’wmnmuuanﬁwih 10 flalavia

\luwa¥a 10 8 dauuy Open Drain Bidirectional WianFILRTINREW
nelu Fuluwafaisrdwaiminaiounmadulvasiifiuasasspauas
ianlald 4 @ wafat agmiduwdn 1° dmlinminlileniuegs
drumsdwnisln mslﬁ‘amu:v&ud‘a:Lﬂun'n'la'fnuwa'fmti'.luauvgn
mm:ﬁ'wa%mﬂuﬁwmmﬂﬁ‘é’tytmmaae‘hmﬂumﬁwm:uaaamﬁao
anmrweannieln wiluad 8052 11 P1.0 uaz P1.7 asldrimilu
T2 uaz T2EX Tanan T2 axhmirfiudganasinaevanliivdsy
e T2 v Tudaue T2eX andiuduwaduinddunm 2 s:gn
nmj’ulv‘s'mnuuuuﬂnﬁmu‘[ﬂmmuﬁﬁad‘fa‘l‘? wia 1fivieat (Capture)
\iluwada 8 fiauuy Open drain Bidirectional dauntadwnnluwaia
ﬁmﬁﬂﬁtﬂuﬁwmaﬁmﬁvgm auadInsafifiuas aszpouasias
& 46 Bnmirfinilauawala apnldmuiwismaaiaraludg Wl
IFrwiufumiteaudsineuanineliuaaaleds 16 Ba lums
ﬁqnuﬂ'a:ﬁv:aé’wn'mluﬁmu'lﬁn’ﬁéaﬁﬂ 1+ I¥sraufininew wanwn
lirudmiueamsdudug dailfiduwnmugulumsldnuenasay
wanfoulusunsnuas 8751 uszamesaulusunsuninly 8051
\huwada 10 8 dauuuiinsdwnialu waniuiuwaafienanm
Inanfifiuaswinasznauasiosld 4 @ ﬁ'aﬁﬁnmﬁﬁnﬁalum:ga
MCS-51aumumsinaansfinas

mahnumuNiTu i

RxD wainaunmubune

TxD wasaaunmuiardiya

INTO Buiaafswamuouanaafit

INT1 Buaafndmeouanaafi

T0 aqyan mm:q"um"m"w?i’unm/ﬁ‘)ﬁu 0

T1 é':yty’rmmzq"uw’ﬁﬁw")é’unmm?u”u 1

WR sygnamusunndou

RD SQQInaIuaumMIsn

Ve Qs x . . - »
meftasbivismmudsitusrounld asdasdanlunnsudientsdsdt <17 uandly

Aanfilwrinemeeiladsudnoun

RST (19)

[ ' o ' (% a o I kY
aaIEn AN s nznmat s sanJanT Twsznineniean
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ALE/PROG (1 30)

PSEN (1129)

EA (1131)

XTAL1 (2119)
XTAL2 (118)

dninvemyanats wazveundaiansziia

aaafia wwainam safldasmireruueu vilasdadrdaumu
ﬁam‘;\fﬁﬁm 8.2 Alalaviuanm RST desanTng uandtalwarhl
Jralalovdaluaid smadalveslsauhfinat (10 lulaminia) de
ATauTIN I RST AU Vee -
inrmaaarauanddunds emlasndaiadaonty idslddmsy
nandiuaaassluddrmnwala 0 lumhaﬁ'a:tiﬂﬁﬁagamnv\mu
arwiinialu ALE ssgndedignamrmasmniudananudi 1/8
sasmuilaasfaiaafasaaimBiuiiungndmizechifinadis
daysananln dnindimnmmeddsygisened ihiwdsuom
movanwiaiuauiifithasluvimils switefhrmuuunmdhds
wihuanuitiaysnieuan miediindygrawadindrdmiuns
auauntsliauns EPROM aulu

Program Strorage Enable lﬁﬂuaTmmw"iaéﬂwﬁ’agaa'manwmhu
arudnaeuan desmemdultununteuen 0 PSEN aset
slarwdnmsnsintoluudasipinuuniu fygnaesdamusgamiad
ﬁ"oaaagnua: a1y ti‘laﬁﬂnulumom'sdﬂw’mvﬁ'umi’agamnumu
anudndaysnsuanussashiivadseanindiurivmdinldunm
mihsauinsle

flanusge ﬁ'ﬁﬁgluﬁﬂ%whnumu'[ﬂmmuﬂag'lmmum’mé’tmu
1w (TasTusunsuazdadhismini 4 Alalud dmduiuet 8051AH uas
8 Alalud #muiwat 8052aH) Famreinlv EA Hanusdrenilunns
aunuliilyriavenllunmnamisanuiinisuen fesuene
Tisunsuldunth 64 Alaludluan 8031AH uas 8032AH 11 EA 3
daadasanTdituinuiieclid RoM agateludarn ludw 8751H
alfnilsunduaue 21 v sssimadonlunsudh EPROM
fduiBuwadrgdsasfaimatumnouuy Invert

I dwdnadwanndreashsiaaiuuiouuy inver

MCS-51 nsmwingu Aenguilil Rom i ROM usswin EPROM asfinnldrmmnian
furimun oacduan 1 aldmuin T2 uesan 2 1w T2eX lwwaf 8032/8052 uavpmiauld
Wi imusandsiwawiznliunsundy MCS-51 winty  Saudszuuuanivly
aunudanTrassly iu 8751 i EPROM 4 Alalud (Uttraviolet-Erasable Programmable
Read Only Memory) mm:ﬁ'm%‘umsﬁ‘mmm‘%mo's’uuuuua:mmﬁmqﬂmdﬁﬁiﬂmuéﬂﬁa \la
dasnmeaduulisunsudt EPROM sxfguntoldwliunmufiae dwmidouliunmitean
withanls SAluunsuiiwiansefsasnmudly Amumoudlels Tasnmiai 8751
#usaluunmnduaanduusgaaiblaisa ua:ﬁ'm?agafﬂmmuﬁ‘la"ufﬂmué'm{fﬂﬂlnﬂ g
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wiudwm:ﬁ"a‘lﬁ'[ﬂmmuﬁaugmf wanfladasmmaaimmannfsanmels MCs-51 waf
8051 il ROM 4 Alalud lidadayalusunmauamudasmmasdaanuuulaslsrmgunia

muwdasnuailazgnainmld 8751 udluaunmumielueslismunmesy wiaTusunmlmild

wasmindaliudn luamwuas 8031 arhifimitsarudiluunmundl udatsdamiananu

#llunmeinnuuand1s ROM EPROM 32 PROM 68 64 Alalud dniu 8031 Samane
gwiumslsnuilusunmmwalngn 4 Alalud u.a:a""m%'uré'aanuuuﬁd’aqmmund'mmaq

Tusuasuasnaintl

4.3 Mssanmimeanilagnsin

fulurrzpafissienandis wimgudnmtznens , mweruiessria fa uwwy
RAM fiu ROM w3a EPROM, waimandwa Buwa, Tnuafimasfenmssuasiays ludmwnes
arsnlums random s niudmindudssasiladin midardmdnag finenil axfadeiu
dutiriaysawias da ussasiiwiiaidmiuniadedaysiumuuanduwaia ladasns

agraniisaNydiTmIanaia

P

= i

gdﬁ 4.3 usmlansrusadasnsrunialuias MCS-51

wizgudnaalrmansniadiy
Hyiihwiusuasasrzuylulasnaufneailunmdmldunm ussivue
dndalunmy wasemiauilaslilusuaflamsns uszarmmsainuiniuitaees
A, B,PSW (Program Status Word), SP (Stack Pointer), @niulihunsu (PC Program Counter)
awia 16 fia ua:ﬁ*a%oi'muﬁrﬁ'aga (DPTR : DataPointer), snunflamaat ussarsnaaaialy
s qawia 8 Da Aldnsmmahrunadamaahii uan sy A0 W3 UASNNATIN
ana@d 15w AND OR XOR Tanimmianusywiauiia muadsiruasndu (Complement)



dudu uss ALU Stsumnflazdatulalunisiinsslaaliinddmadldmnsludmdng o
dewlafiasduuasiuiiiaeeiiem smiidwmeiwiamassiayslumsismaielu
sundrFduiiinsld ALuuanandl ALY Saflfanusansofeafiuiludimaailusnsmenns
vindauwils (Increment) u%ammm’nLmﬁwarﬁ'agaﬁa:ﬁﬁ‘lﬂtﬁu viammafiadiamite n
dnuan1IsudIBAmils (Decrement) Tandaluid wialilunmiBuuifnudsasdudnhisss

Sdglumahnunamilasnues MCS-51 fa Arusansammnudmiu
daysrua 8 fa uaz 1 o malduluisdudaluntiae e ndud maadaudiouszms
nassunialiluarsdmimnarnawia 1 da ﬂ'nummmvziudmm:é‘m%’ulﬁlunuﬂ’mqu
gasdamiuacaanfiimIfaustaanuuunarmdniuada (Boolean) Falaundrle
gundmivlulalunraseniig W suludneanduiseledednattmitei dnhzuiaws
navzntia (Boolean Processor)

1. uangfinaiaad (Accumiator : ACC)
MCS-51 fiuiuiiinafiy MCS-48 AlT AcC wwim 8 fauilwuangiinisiaef fdasulng
wsafinFamaeti Tasfladneluiudidan ussiudasswiilavrind@mundarmans
viu 1IN au am w1 dhaniuld Ace dsmymnldidivdmsimiagnasiluntrieums
a7 wialdiiuaanans lunsthoindauslunifadeiuadnmalaiewen ussmbsanudinig
wan MuthinmamissuatTedoys
2. fanai B
iuiimaafRauilinudmiuddsanigauas Taniuifudgamiedms
ua:aﬂm":Lﬁuuaé‘wﬁ‘é”:ﬁmmé‘anwgmua:tﬁwé’amwﬂ‘:
3. FimandduanssnusTuTunsy (Program Status Word : PSW)

MSB) (LSB)
cY AC FO RSt1] RSO0| OV - P
Ayaneal dunis FMARANITNGTY
cY PSW7 uwan@Ima anaa/ndusmsmfanrimiaTandurfrninnadwings

milfddimandamans wia armmaaiiininen

AC PSW6 uWanAMaTaY Auxiiary e/ adafdnarianad sswitntuinuas
U fugainarinnmandafuandad 3 ves ACC

FO PsWs  udan 0 anaanfeidusendniiglaimasomzunani

AS1  PSW4 Fmaaidmuauntaianuuidded AS1 uas RSO

RSO  PSW3 aga/info e Tanaund u"«mﬁannéu‘fﬁama%ﬁﬁwwluwia:u,mﬁ



Tauuiudnlu RS1 usrRso Taufldnwaenmdanuuaddalud
AS1 RSO 18anuued ANAMATH

0 0 wuid 0 OOH - O7H
0 1 wuaet 1 08H - OFH
1 0 w2 10H - 17H
1 1 wwiel 3 18H - 1FH

ov PSW?2 uWan Overfiow auaa/infsfdnmiauss swinanldddfuaas

fanrmflaansmuzoverdlow mindamaas
- PSW1 findrmes wlimumamasnioidndliinmzamadismiugatn
P PSWO  uvanwid sngaanduimemiauriluudasiginidlfuaaetiadn

18261 1 lwudasavasuanginaiaat iin 1 & 6 @ a:tﬂuwﬁéfgj
fia P aziiduiu 0
wnume AMamnsrasianiusstandniluadn g fesasmdeludluuds:
fiavasdiFiaaa; mifdasnaaniande i sufaturnefaufaminefein andalwise
1naf anAaadaaisminnsrasnumingrinmaivmenuddasfimingi T
TATNINW TN tﬂamséﬁaga'lé‘a"uqaﬁo sToP faudtelinaunmmaraseula
'5'1n’nséﬁayan‘%aﬂud‘fnﬁ'uqm%a:To fhdvrldradaluden wiallmidwiaudnadwhifa
Overflow 1u PSW flassgadnaifiia oV dunnemanua’ mansdeinmannsoflenas nieas
asslasanslimdltunmin g wnnvaniand fludauds:dauadimaef
4. fdsuan (Stack Pointer : SP)
MCS-51 221 RAM mislwifiasenmeniaunnd dmivnmdaudanmineg
Tsunsundn suaniuasrimuwimiiiaaininauluudssamllsunsy uazauanfiuduys

1
g Wt

TayaiinT wissuanmaiusmuswinnmiAnmauduaaiind lineluil Toofl sP 2z
fawa 8 D wnfuiiulandaludd ﬁauﬁ"ﬁagaﬂ:ﬁ'mmﬁulunﬁ'zum‘mﬁ’nm‘i’wmﬂ’ﬁ‘ﬁﬁ'q
PUSH uaz CALL ussasaaduas SP awé’amnﬁ‘la"ﬁmﬁ’agaaan‘lﬂu.shluché’}’a POP n8a fnd
RETURN Taanqufvsannilasnssy Mcs-51 sunmoldauantiiiilafida 128 Tud ualuns
UisdmiuTisunmilledstasnind sp axGuftdumis o7H ﬁ'oﬁv'uaumm:t‘éuumfaya
fAdumia 08H MCS-51 mursmuAzundssnlu sP lé Frenilumaasudumisauanly
fafila g 289 RAM Aplui
5. diffaya (Data Pointer : DPTR)

pPTR iilufimaaowia 16 Safllsznaudeludgs (DPH) uss luddn (DPL) s
Ranuaamil Baaed 8 Damasdn Mdrmldadrder wianldmudun: 16 fadlsluns
Increment w3a Decrement iadslumlumilfillupusanssfisgluiismaaiiunrmslaalae

mqé‘aulun’nh'fmé‘mﬁmﬁ'ummiayaua:%ﬁ'umﬁmammumwufnmuuan



6. wata 0 fla 3

Fimaad PO, P1, P2 uar P3 vaanguiimaaiWaisuRiaw (Special Function Register
: SFR) aniludBisaaiuandrruaanaia 0, 1, 2 uas 3 awdien InimdAgom
7. iWilaTiaysawnsu ( Serial Data Buffer : SBUF )

tWWaidaysaunmuuisaanilviimaaisadn Fmitniuiinafssauszdndnin
UiainIy Lﬁaﬁ'agathmmﬁ'ﬂ SBUF ﬁ‘um:ti'mn'n"lﬁ'vhwafda‘ﬁuilw'f’:%’an’néw"agamgnw
inafaudiodn SBUF‘fuagﬁ‘unﬁsﬁmfﬂﬂmmu (initial) msduﬁm‘fayazﬁuaanmnSBUF

uiwmsivdayannWinaianiy

8. 33amat (CAPTURE)

lofiwaf 8032/8052 axfifuasiimant (RCAP2H , RCAP2L) \Amdu (Tuiimant
intheaf dmivdriunm 2 Tnuansliimuefinesiortasiunmufonulssfidiun lun
T2EX @1 TH2 uaz TL2 assandaysidnliluilamaid RCAP2H uat RCAP2L frunmliddn
1 uszazlinuamiurridaluwifowia 16 da dmiumsldadune/ iy 2

MCS-51 axdautisdunisdmiu SFR iinamuiudimaadine g aail

SPECIAL FUNCTION REGISTERS AMUARY
* ACC Accumulator OEOH
* B Fmaai OFOH
* PSW Program Status Word ODOH
SP Stack Pointer 081H
- DPTR s’fq%ﬁ‘ayaﬂ‘:mauﬁnu
DPH 083H
DPL , 082H
* PO waim 0 080H
+P1 wafa 1 090H
* P2 waia 2 OAOH
*P3wain 3 0BOH
* IP @muguniduaendaudau 0B8H
*E ﬁ":muqumsﬁumaﬁwéﬁu’uﬁa OA8H
TMOD QT'lmuqumnﬁarﬂmuaé’qﬁmm/é‘)ﬁu 089H
* T2CON FMUAUAIANINY/FY 2 088H
TCON s‘f'zmuquﬁaﬁmm/ﬁ'zﬁ‘u 0C8H
THO Fmaafddaaa/dniu o (ludgs) 08CH
TLO fasaadanaar/aniu o (ludd) 08AH

r-3 g & el Qe
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4.8.5. Mad uuuld@a2@1unin 2 @1 (R/2R Ladder Network D/A)
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4.9.1 ua¥a PC-SB31
Tanairasusfadsnaudadin
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- miwaud i socket Tw1a 28 pin 2 # ManTalamiuanuilamega 96 KB

- wain
1. 8+3 fia Suwn/ia1vinn (8255)
2. 8*1 fia Buwnsianivm (wan1)
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e
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code meory, code & data memory)

- mumawamldsunsliminsuasuind uaznsa

- dafu sandmned laviud Taslidaald 170 wata

- § 170 wafaawia 8 fia fla 4 wata
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- musnduaifluaiu CONNECTER
1. EXP1
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2. EXP2
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et Wiusandnmadnit

3. Lﬁmmn‘himmméﬂwiagané'u‘lﬁ fadaslEnrminansaamuy ilasaliandnnanvi
UIUMIAN 9 ludna

4. 181duuatarm Ul watn

5. lu&assuras wmisaudy lwmslsm

6. MIaudgy g ldadinds:

ddslunsldsm

1. CLEAR DISPLAY
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6. FUNCTION SET
RS R/W DB7 DBO

0} Of O] O] 1|DLl N| Fl « | «
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N : iR rauTIIanTIuEaINe N=O UaRY 1 uThia N=1 uamd 2 uTma lwnsdunn
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usz F=1 iduuuu 5*10

7. SET CGRAM ADDRESS
RS R/W DB7 DBO

0] 0f o] 1 CGRAM ADDRESS
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0] 0] 1 DDRAM ADDRESS
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9. READ BUSY FLAG AND ADDRESS
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0" 13 o) e 3 A A’ [ a
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10. WRITE DATA TO CGRAM w3a DDRAM
RS RAN DB7 DB0O

110 DATA
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11. READ DATA FROM CGRAM OR DDRAM
RS RW DB7 DBO

11 1 DATA

iudnddmusdaysan CGRAM n3a DDRAM Taufiawszdmenen DDRAM wia
CGRAM mmadlidduanuaniaarion tkaliFindayefidwidiuiin DORAM nia CGRAM
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T uag G LERR O iy 8 1a Iﬂua:ﬁmﬂa'mazi 3 vmiaﬂmuﬁ‘uua”'x

a
daauntunudn 3 gan prwuAudnT Faesdanudunulasnuszna 9 O uwazaziiza

'3

»

YARINVWIALANAA 2 Tan wmmﬂwﬂa'man‘l‘m

o -~ oo
N 511 UEAMRINBUIVDIVARIAUNULNGN

g
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MOTOROLA

31 SEMICONDUCTOR

TECHNICAL DATA

DC SERVO MOTOR CONTROLLER DRIVER

The MC33030 is 2 monolithic dc servo motor cori=zi er
ing all active functions necessary for a2 complete
tem. This device consists of an on-ch:o 0p amp anc =
parator with wide input common-—ode ran
logic witn direction memory powes H switcr grivs
1.0 A, independently programmas.e ovar-cu
shutdown delay, and ove
suited for almost any serv
sensing of temperature. p
other means that can be convertec to 3 voitage

Although this device 1s primary intended for se-vz aco
tions, it can be used as a switchmgcde mMotor cantc -

W

® On-Cnip Error Am,, for Feedoack Monitoring

® Window Detector with Deadonancd and Self Cantemng
Reference Input

® Drive Brake Logic with Direction Memery

® 1.0 A Power H Switch

® Programmable Over-Current Detzsctor

® Progremmable Over-Currant Shutdown Deiay

® Over-Voltage Shutdown

SIMPLIFIED BLOCK DIAGRAM

Dicer o=

MC33030

DS SERVO MOTOR
CONTROLLER DRIVER

SILICON MONOLITHIC
*.dTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
Case /282

PIN CONNECTIONS

3118 o rnj

"

Tos View

P:~g & £ 12 an2 13 are elecinzal cround anc neat
sink ons for IC

—-
k)

ORDERING INFORMATION

Temperature ,
Device Range Package
MC332307 | -40Cio -85C . Plasuc DIP |

MOTOROLA LINEAR INTERFACE DEVICES

4-22

90



MC33030

MAXIMUM RATINGS

Rating Symbol  © Value Unit
Powe" Supply Voltage Ve 36 V
InpyT Voltage Range Vi 03to Ve \
Oz Amp Comparator. C_--ent Limut
Pins 1,2.3 27,8915
inpst Ditferential Voliage =z-3e V.poa : 03w\ \Y
Oz arp. Compa-ator
Pms 1236 23 3
D=2, Pir Sink Current 1P - °2 DLV!S!Na 20 mA
Ouipat Source Curren: (Oz amp: Ieairce 0 AA
D-v2 Ouiput Voltage Ranz: ‘Note 11 Vpa 03toivece -Vl V
Drwe Output Source Currz-* Note 2 DR\so.rce 18 A
D-.wve Output Sinc Currer \ote 2 DRV 5 -4 12 A
Sra«z D002 Forwan Curemt B Fre A
Power D-ssipaton and T~:-ma
Craracrenistics
Naxmum Power Diss o 2n
Ts - 70C > mw
Therma! Resistance ju-=cn o A: Ay cw
Tnermal Resistarce Ju=ont o cw
P75 &, -
' Operating Junction Temp:-ature T 155 [
| Operat.ng Ambient Temps-ature Range Ta -40t0 -85
Storage Temperature Ra~ Teia - 652 - 150
NOTES.
1T ‘2 Drase 9.0d=
DOwer G:SS 231 0" ' M

alues a°e
mus® Oe oDserves

ELECTRICAL CHARACTERISTICS Voo = 2\ Ta - 25 C unless otherwise noted

! Characteristic Symbol Min Typ Max Unit
ERROR AMP
=gt O~ se: Vortage «-47 2 Ta- -85C Vip - *5 12 ™\
' Vzag=70V A =
! Iroa: O%se: Current i%e) — o7 - n&
Ving = TOV.R = "Tl«x
! ingut Bi2s Curren: I8 - e - na
Vping = 7OV. R = 100«
| 1nput Coemmon-Mode V Vica - di0Vee - v
AVig = 20 mV. R =
Siew Rate. Open Loop ‘v - - C5V.CL - "ScF SR — L4 - Vous
" Unay-Gamn Crossover Frez_ency fe — _ KHz
' Unity-Ga.n Phase Margim Cm - 83 —_ deg
Common-Mode Rejectio~ =ato CMRR 50 82 — ds
Vping = 70V, R =
Power Supply Rejection 7 PSRR - 89 - dg8
Vee = 901016 V. Vp-z = 7OV, R = '50«
! Output Source Current (vz ~ g = 12 V) 0- - 1.8 - ma
¢ Output Sink Curren: (Vp,- = = 1.0 V! 10 - - 250 — uA
i Output Vo'tage Swing (R_ = 17 k to Grou~c VOoH 125 131 - v
i VoL ~ 0.02 — v
iContirued!

MOTOROLA LINEAR/INTERFACE DEVICES
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MC33030

ELECTRICAL CHARACTERISTICS _'CJH:"‘.J":: R
Synltfol ) Min Tyo ) Max i Unit

Characternstic

WINDOW DETECTOR
Input Hysteresis Voitage 1V; - Vg V) - V3. Foure 17 Vi 25 335 a5 my
Input Dead Zone Range V; - V4. Fiaure Vioz 156 210 254 mv
Input Offse: Voitaze - Vy - Vpn2  Vpinz V2 Faure 7 vio - 25 - mV
Input Furctiona C3~——cr Mode Rana= < Na?= 3 v

Upper Tnresng < v = Voo T95 -

Lower Thresng = ) Vi . raa .
Reterence input 5S¢ ¢ Zertenng Varage - 12 vee) — v

Pins 1 ana 2 Oz2- .

Delay Pin Sink Cucre= Bgc 27w ipay -~ & A DLV 5 ax ~a
VpLy 3LV = ¢t -
VoLy E3V = c? -
VpLy = 4V = €5 —
Deiay Pin vo'tage .o« State 'pry  CmAa VoL DLy- — €3 ca v
Over-Current Shutzsan Threshe!d Ve 02 v
vee v 8.2
Vee 62V €5
Over-Currert Snutss o~ Propagation D2 ay 15 DLy D3V: - 3 uS
De!av Capaci:o® :~gut Pin 16. to Drive Outzuis
Vip €3V
POWER H-SWITCH
Drive-Outcu: Satura2r - 480C- Ta- -83C Nowe 3 v
H.gh State scurce 100 mA! Vou cav Lo 2 Weec-oes =
Low State 5 g - 100 maA» VoL DR\ - €2 1.0
Vo Swiching Time iC. as
. e 'l:‘_\ —
e = Fioh) s
3rake D'oge Forwa-z Yo'tage Drepvip 20T T4 Nt & Ve — 04 25 V
TOTAL DEVICE
Stanaos Supp v Surremt 1CC - Tl a5 mA
Over-Vcitage Sru ~ Tnresho'd Vir OV 185 i3 205 v
42C Ta C
Over-vo' 33« Sr. z2a- mysteres:s 1Device c* ¢ cr Vi v £3 o) 10 Vv
- Thresh2ig \ece — rd 8cC v

Operaing voiaze o

V4G TA c
NOTES

S tha iagyt, P~ 3. ¢ 0

TVSIeres's will DE I0ST whaT Qnerat

3 Tne uoper o*
§* T TAMIdN LTTion te)

4 Loa cutvove

£ tecnnigues 3'e uses Cu
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Vic INPUT COMMON MODE RANGE (mV)

Vig. FEEDBACK-INPUT VOLTAGE (V)

MC33030

FIGURE 1 — ERROR AMP INPUT COMMON MODE VOLTAGE
RANGE versus TEMPERATURE
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FIGURE 3 — OPEN-LOOP VOLTAGE GAIN AND
PHASE versus FREQUENCY
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FIGURE 5 — WINDOW DETECTOR FEEDBACK-INPUT
THRESHOLDS versus TEMPERATURE
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FIGURE 2 — ENIROR AMP QUTPUT SATURATION
versus LDOAD CURRENT
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FIGURE 4 — WINDO\W DETECTOR REFERENCE-INPUT
COMMON-MODE VOLTAGE RANGE wersus TEM®ZRATURE
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FIGURE 6 — OUTPUT DRIVE SATURATION
versus LOAD CURRENT
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Isource OUTPUT SOURCE CURHENT (mA)

Vih(0C). OVER CURRENT DELAY THRESHOLD VOLTAGH
INORMALIZED)

Iy FORWARD CURRENT (mA)

FIGURE 7 — BRAKE DIODE FORWARD CUSRENT

versus FORWARD VOLTAGE

MC33030
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FIGURE 9 — OUTPUT SOURCE CURRENT-LIMIT

versus TEMPERATURE

FIGURE 8 — OUTPUT SOURCE CURRENT-LIMIT versys
OVER-CURRENT PEZFERENCE RESISTANCE

FIGURE 10 — NORMALIZED DELAY PIN SOURCE CURRENT
versus TEX*PERATURE
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FIGURE 12 — SUPPLY CURRENT versus SUPPLY VOLTAGE
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FIGURE 11 — NORMALIZED OVER-CURRENT DELAY
THRESHOLD VOLTAGE versus TEMPERATURE
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FIGURE 13 — NORMALIZED OVER-VOLTAGE SHUTDOWN
THRESHOLD versus TEMPERATURE

INORMALIZED)
&
|
|
|
i
1
I

Vinioy) OVER VOLTAGE SHUTDOWN THRESHOLD

MC33030

FIGURE 14 — NORMALIZED OVER-VOLTAGE SHUTDOWN

HYSTERES!S versus TEMPERATURE
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VinGy) OVER VOLTAGE SHUTDOWN HYSTERESIS

FIGURE 15 — THERMAL RESISTANCE AND MAXIMUM POWER

DISSIPATION versus PC
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OPERATING DESCRIPTION

The MC3303C was designed to drive fractional norse-
power dc moto's and sense actualsr position by voltage
feedback. A tyz cal servo application and representative
internal block a.agram are shown in Figure 16. The sys-
tem operates by setting a voltage on the reference input
of the Window Detector {Pin 1) which appears on (Pin
2. A dc motor then drives a position sensor, usually 2
potentiomete- driven by a gear box, in a corrective fash-
ion so that a veitage proportional tc position is present
at Pin 3. The servo motor will continue to run until the
voltage at Pir 2 falls within the dead zone, wnich s
centered abou: the reference voltage.

The Window Detector is composed of two compar-
ators, A and E. each containing nysteresis. The refer-
ence input, common to both comparators, is pre-biased
at 1.2 Ve for simple two position servo systems and
can easily be overriden by an external voltage divider.
The feedback voltage present at Pin 3 is connected to
the center of two resistors that are driven by an equal
magnitude cu-rent source and sink. This generates an
offset voltage at the input of each comparator which is

centered about Pin 3 that can float virtually from Ve
to ground. The sum of the upper and lower offset voit-
ages is defined as the wingow detector input dead zone
range.

To increase system flexibility, an on-chip Error Amp
is provided. It can be used to buffer and or gain-up the
actuator position voltage which has the effect of nar-
rowing the dead zone range. A PNP differential input
stage is prowided so that the input common-mode volt-
age range will include ground. The main design goa! of
the error amp output stage was to be able to drive the
window detector input. It typically can source 1.8 mA
and sink 250 xA. Speciai design considerations must be
made if it is 10 be used for other applications.

The Power H-Switch provides a direct means for mo-
tor drive and braking with a3 maximum source, sink, and
brake current of 1.0 A continuous. Maximum package
power dissipation limits must be observed. Refer to
Figure 15 for thermal information. For greater drive cur-
rent requirements, a method for buffering that main-
tains all the system features is shown in Figure 29.
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MC33030

FIGURE 16 — REPRESENTATIVE BLOCK DIAGRAAT AND TYP!CAL SERVO APPLICATION
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The Over-Current Momitor 1s designed to distinguish
between motor start-ap or locked rotor conditions that
can occur when the actuator has reached its travel hmit.
A fraction of the Power H Switch source current 1s in
ternally fed into one of the two inverting inputs of the
current comparator, while the non-inverting input 1s dri-
ven by a programmable current reference This refer
ence level s controlled by the resistance value selected
for Rgc. and must be greater than the required motor
run current with its mechanical load over temperature;
refer to Figure 8. Duning an over-current condition, the
comparator will turn off and allow the current source to
charge the delay capacitor, Cppy. When Cpy charges
10 a level of 75V, the set input of the over-current latch
will go high, disabling the drive and brake functions of
the Power H Switch. The programmable time delay 1s
determined by the capacitance value-selected for CpLy

VeetCoLy  75CpLy

136 CpLy in uF
IDLY(source) 55 uA DL

'DLY

This system allows the Power H Sw-tch to supuly mo
tor start up current for a pregeternuned amount of time
It the rotor 1s locked, the system will ime-out and shut-
down This feature eliminates the need for servo end
of-travel or it swatches. Care must be taken so as not
to select too large of a capacstance value for CpLy An
over current condiion for an excessively long time-out
period can cause the integrated circut to overheat and
eventually fail Again, the maximum package power dis
sipation imits must be observed The over current latch
1s reset upon power-up of by readjusting Vp,p 2 as to
cause Vp,n 3 to enter or pass through the dead zone.
This can be achieved by requesting the motor to reverse
direction

An Over-Voltage Monitor circuit provides protection
for the integrated circunt and motor by disabling the
Power H Switch functions if Ve should exceed 18 V
Resumption of normal operation will commence when
Ve fal's betow 17.4 V
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MC33039

A tineng diagram that depicts the operaticn of the
Drve Brake Logic sechon s shown in Figure 17 The
aaveforms groupedin || show a reference vo'tage that
was presel, appeanng on Pin 2, which corresponds to
e desired actuator posstion. The true actuator position
s represented by the voltage on Pin 3. The points V,
srough Vd represent the input voltage threshoids of
comparators A and B that cause a change in their re-
spective output state. They are defined as follows

\; Coumparator B turn-off threshold

\2 Compazrator A tum-on threshold

v3  Comparator A turn-off threshold

\: Comparator B turn-on threshold

\1-Va Comparator 8 input hysteresis voltage

\2-V3  Comparator Ainput hysteres:s voltage

\2-Vg  Window detector input dead zone ranqe

1V2 Vpin2! (Vpin2 V3l Window detector input
o*fset voltage

It must be remembered that points V) through Vg
aiways try to follow and center about the reference « it-
age setiing if it is withim the input commonr-mode volt
age range of Pin 3, Figures 4 and 5. Initally corsider
that the feedback nput voltage lev2!l 1s somewhere on
the dashed line between V3 and V4in [1]. This is within
tne dead zone range as defined above and the motor
it be off. Now if the reference voltage is raised so that
\pin 3 is less than Vg comparator B will turn-on 3!
enabling Q Drive, causing Drive Output A to sink and B
15 source motor current [8]. The actuator will move in
Direction B until Vp;n 3becomes greater than Vy. Com-
parator B will turn-off. activating the brake erable 4]
and Q Brake [6] causing Drive Output A to go high and
B 1o go into ahigh impedance state. The inertia of the
mechanical system wiii drive the motor as a generator
creating a positive voltage on Pin 10 with respect to Pin
14 The servo system can be stopped quickly. so as not
13 over-shoot through the dead zone range, by braking
This is accomplished by shorting the motor generator
terminals together. Brake current will flow into the diode
at Drive Output B, through the internal V¢ rail, and out
the emitter of the sourcing transistor at Drive Output A.
The end of the solid line and beginning of the dashed
for Vpin 3 [1] indicates the possible resting position of
the actuator after brakmg.

If Vpin 3 should contimue to rise and become greater
than V2, the actuator will have over shot the dead zore
range and cause the motor to run in Direction A unul
Vpin 3 is equal to V3. The Drive Brake behavior for
Direction A is identical to that of B. Overshooting the
dead zone range in both directions can cause the servo
system to continuously hunt or oscillate. Notice that the

last motor ren - direction 15 stored in the direction latcn
Thus infarmation 1s needed to datermine whether Q o2
Q Brake is to be enabled when Vpin 3 enters the dead
zone range The dashed hines in [8.9' indicate the re
sulting waveforms of an over-current condition that has
exceeded the programmed tume deldy Notice that born
Drive Qutputs go nto a high impedance state unt:!
Vpin 2 's readjusted so that Voin 3 enters o1 crosses
through the dead zone {7.4]

The mputs of the Error Amp and W:ndow Detector
can be suscepti:ble to the norse createa by the prushes
of the dc motor and cause the servo to hunt. Therefore,
each of these inputs are prowided with an internal series
resistor and are pinned out for an external bypass ca
pacitor. It has been found that placing 3 capacitor with
short ‘eads directly across the brushes will sigmif cant
reduce noise problems. Good quality RF bypass capac
1tors 1n the ~ange of 0001 to 0.1 F may be recuired
Many of the more economical motors w i generate sig-
nificantieveis cf RF enev;," GWEr g spect-umthatextenas
frem deto beyond 200 MH;z The capac tance va'o » and
method ot naise tiltering must be deter~nned or « sys-
tem by system basis.

Thus far. the operating description nas been imuted
1o servo svstems in which the moei>- mechanicdily
drives a potentiometer for position sens:ng. Fiqures 18,
19. 26 and 30 show examptes that use qht. magnetic
flux. temperature, and pressure as a ~2ansto drine the
feedback element. Figures 20. 21 ana 22 are examples
of two position. open-1oop servo syste~s In these sys-
tems. the motor runs tne actuator te 2ach end of s
travei iimit where the Over-Current Nloritor detects a
locked rotcr condition and shuts dowr tre drive. Figures
31 and 32 show two possible methoas of using the
MC33030 as a switching motor cont:c er In each ex
ample a fixed reference voltage 1s app e to Pin 2 Thus
causes Vp,n 3 10 be less than V4 anc D-ive Output A
Pin 14, t0 be in 3 low state saturating the TIP22 tran-
sistor. In Figure 31, the motor drives a tachom:ter that
generates an ac voltage proportional tc RPM. This volt-
age 1s rectif.ed, fillered. divided down by the speed set
potentiometer, and applied to Pin 8. The motor will ac-
celerate untl V) 3 is equal 1o Vq at wrich time Pin 14
wili go to a high state and terminate tnre motor dnive
The motor wiil now coast until Vi, 3 s less *har Vg
where upon drive 1s then reapplied. The system oper-
aton of Figure 32 identical to that of 31 except the signal
at Pin 3:1s an amplified average of the motors drive and
back EMF voltages. Both systems exhibit exce'lent con-
trol of RPM with variations of V. however. Figure 31
has somewhat better torque characterist.cs at low RPAY
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MC33030

FIGURE 17 — TIMING DIAGRAM

Oirection B

Direcron A
Feedpack inpu” | .

Feecuace

A
|
|

iess than V-

greater man V3
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MC33030

FIGURE 18 — SOLAR TRACKING SERVO SYSTEM FIGURE 13 — MAGNETIC SENSING SERVO SYSTEM

Zero Flux

A1, R2 — Cadwum Suiphide Protocelt

/ / 5M Dark, 30 k hight resistance
S RI-30k i 0%
- Y] -— rapostions servo during
>\ cc darkness for next sunnse vec
vee
O l 20

b

’ ——— . ——— Linear
~ Error Amp Hall
& Effect
Sensor
- -
-]

I vee | A
= 1 - Typical sensitivity with gain st at 3.9 k
iz":e;'"g 15 1.5 mV gauss. Servo motor Lontrols magnetic
1us 10k l — field about sensor
FIGURE 20 — INFRARED LATCHED TWO POSITION
FIGURE 21 — DIGITAL TWO POSITION SERVO SYSTEM

SERVO SYSTEM

° vee
-.70
input

MR03056 9 1

Dnve A gl 20k Ewor Amp

7

MRD3056{_K, -> .

Laten S 20k 1 — Actvates Orive A T

0 — Activates Drive B L

Drive 8 1' I
§ arc I < I
= vec2 1 Over-Current manitor (not shown) stuts down
’ I servo when end stop is reached.

Ove--current monitor (not shown) shuts Sown
ser > when end stop is reached.

FAGURE 22 — 0.25 Hz SQUAREWAVE FIGURE 23 — SECOND ORDER LOW-PASS AZTIVE FILTER

SERVO AGITATOR

vee S e e
R R g 20 &
9 Vin O—AnA~ wp
100 « ——— cizR c2= 7| -
8l20k |  Eroramp It
M = 5'
7 >- -l
100« —
100 k< 20% 1 =
=130 k $ 5] ) RZCiCZ
VA = °° T
2z R I"Lﬂl 072 1 :R=10M
L =% & C1 = 1000 pF
- R= 20k Q=\T €2 = 100pF
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FIGURE 24 — NOTCHM FILTER

R ar;O Error Amp
Vin O-SAAM9ANA hate
cR AR =
20k N ‘
! o= 8
R2 4
Cc =
S Iy |
L. s -~
1

.
notch 2=RC
For60Hz R = 536k T = 0.35

FIGURE 26 — TEMPERATURE SENSING SERVO SYSTEM

Cabin
Temperature
Sensor

Vcc!a—d-l) = =
‘A3 = = Vccl =

v B
pin6 " set

1
= -1
az Temperature L_

tn this application the servd motor drives the
heat air conditioner modulator door in a duct svsiem.

FIGURE 28 — REMOTE LATCHED SHUTDOWN

16¢ T UBE e

18,42
3 Roc 17 Vin
YT zen !_@2 VRet

L w4

A direction change signal s required at Pins
2 or 3 to reset the over-cument latch.

100

| ‘ MC33030

FIGURE 25 — DIFFERENTIAL INPUT AMPLIFIER

‘R3-R4,RZ ;R4
Voing = Val oo -m'ﬁ‘lﬁ—._,Va\

FIGURE 27 — BRIDGE AMPUIFIER

SR
Va-Ve = Vagt i =)

Rl = A3, A2 - R&. R1 .- R
R3
Vo = E(VA-Vgn

FIGURE 29 — POWER H-SWITCH BUFFER
ovee

fAe = VE(D1 - VFID2: —Vggmi

= IMOTOR - {DRV(max)

Vv

From Drive 470:,
Outputs 1 =
BO—
This circuit maintains the brake and over-current
features of the MC33030. Set R to 15 k for
iDRV(max) = 0.5 A.
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20V for Zero
Pressure
DifHferenna:

60V for 1CC «73
114 5 PSi)
Pressure
Differenuai

Pressure
Ditferentia
Reference
Set

MC33030

AGURE 30 — ADJUSTABLE PRESSURE DIFFERENTIAL REGULATOR

Gas Flow

M4
"‘75 k Press e ! i
Port E .

Vee - 12V

; f LM324 Quad
::.%.—.\ $12v  op Amp sce-é (_ T
- 1Ck ! .

£l T
]
i

[T VERS SR T
S U

L?:
B
Z\lf‘

45.12.13

—a.
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