fnasfine 2532

sruuns tAudayadrunia

#
(Front End Data Acquisition)
Ang
UIBUT B CRENEEHTEY 29.1118
u1RB Y GLOLEED Y 29.1148
wrsRgaasil . s anhaadud 29.1251
91915%uTny"

~
*

, 81915dnfing) U
p1a1sd785 dnsHfue.
- p1asduty 512590
% P \

.."‘{,,. i

W



B fnugdnasBnyn 2532
Aa%tn BirAanapfiad
putddingsudisnd o fuinAaussBnsseoniadn tdnqunuiseinansetia

1§99 szyun1g L fiufpysdauntin(front end data acquisition)

qaan
ursufen f41198h9 291118
2)urufia lﬂﬁﬁnﬁdsqﬂ 291146
3)yu.a.garnsd g g fisadud 291251

213915 48uSnyA

----------------

21915 A uSnua

( 819194 Y9 dng9%mr)

=S ?E?é:;?7,,_ﬂﬂﬂ1ﬁﬂﬂﬂgnhﬂ

--------------

¢ 271915 Juty - §2991 )

026939

2008 505

ny



LI,

. v e

sETuiinas+ Audpyadountn
- . 71 FRONT END"DATA ACQUISITION )

- S P FIP TS s N N R R T B 29.1118
wpREA  LARANASnR 29,1146
urvdragnasa uSgafaniud 29,1251
pa919uflugnyy paeasdringa  usdo.

. — Dﬂﬂﬂﬁﬂ%uﬂﬂ% égggﬁ_

R~ TSN e, ﬂﬂaﬂsdfﬂSt-_Gﬂsﬁ%ﬂ~ LI

:1uﬂaqﬁuaﬂa1uhs3uﬁ1q1ﬁn¢awﬁutnnﬁuiaﬁ}ﬁudauﬂﬁﬁm REERTY
N5 LAudDyR (paTa ACQUISITION) fiufi By naiuintngaontiofinta

ﬂﬁﬁmﬂunﬁsﬂmuﬂqﬂﬁwunssu - .
52uuUn1s i Audayrdruniin (FRONT END DATA ACQUISTION). Aufi

ﬁﬁﬁtuuhEﬁlﬂﬂﬁﬂbﬂﬁ@ﬂ?ﬂﬁ}ﬂ“?ﬂﬁ»lHﬂ?Eﬁ VUHAASTUS L IR LE DY
(MICROPROCESSOR) §9) Butntdiu§uuninssuunts 1 fufoya (DATA
ACQUISITION) ¥ia 1y fofrunsnus snranatayauudiivosul oy (FRONT
"END) 1ﬁﬁﬂﬂ1ﬂﬁaﬁaﬂﬁﬁ!ﬂgaqﬂauﬁﬁgﬂaflﬁﬂuﬁﬁﬂﬂ>uﬁlﬂ#ﬁﬁﬂﬁkﬁ?lﬂﬂg
fitruns v Sunuanius syt éidiag ﬁaﬁvuﬂunﬂsnﬁuuﬁnwsnﬁ4~uua:
uﬂﬂduﬁuulﬂ%uqnauﬁatﬂb41h nfdzaInapnITiiAs e ﬂﬂabanﬁov
uunvnnuuﬁagnﬁuﬁunﬁsua‘av wan Al ?1N|50ﬁ¢ﬁﬂﬂ1ﬂﬂ1UﬂubU?u
nasauuan1hindng '

szuunag L fiudayadaunwin (FRONT END DATA ACQUISTTION: fi
S MIEAUIUIUNS NINEARIRAS S AYNTEARADIN1TAIUANEDYRURE N5

N TUE BT U utifisg srays o



FRONT END DATA ACQUISITION

P S o o . s

' Mr.PREECHA SANGACHAROENKIT 29.1118
Mr.PICHIT LERTSAKWORAKUL -  29.1146
MISS SUPAPORN.‘PREECHAKITANANI 29:1251
ADVISOR: MISS KANITTA SEATUNG
- "7 My WANCHAT-"REURUCHA . - 1.0 Jlo 7=

MrWATCHARA "CHATVIRIYA " " -

g =TT e ey LT

Now; technology is-very important for:mary industries.

Data acquisition system is a technologv that is important

‘for developing

Front end
system that is
And that is an
data by itself

industry.

data acquisition system is a-acguisition
controlled by micriprocessor svstem..
adventage of this system ; it can process -

and not deocend on the helf of computer system.

But it can link with computer by use it for help user to fix

the fﬁnétion of the Front End System and display data make

‘easily analyvze
supply outputs
So, Front

technology for

data. Morever, data that is processed can
to- control the physical processes.

end data acquisition system is the good

the perfect industry.
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2.1)a0M18n(offset) HnnwssdauTUnaeﬂdﬁugnﬁao 1 Bung
ﬂﬂﬁwﬁuzﬁﬂuﬁungaﬂeﬂwuﬁvuuﬁuwmtﬂ1

2.2)ﬁuus:an§nnealna(scale factor) thAAsannrsuyury
nwuaunnsﬂvﬂnauﬁuﬂﬁﬁﬁnﬁuUs:an§1uqnﬂno nR1IfAD SNwuBBeDUIRDN
ﬂauﬁoudauanHQnaaiugnﬁaa .

2-3)M i Bt 8u(linearity) Hoﬁ11nﬂ§uuﬂ?n:nw1ﬂlnﬁ
AN TdLJupy.

2.4)n15tUduuuuaoﬂuhﬁnwoxﬁﬂv(monotonicity) %A
nﬂstﬁuﬁunaeu%uwmn1ounuuﬁouﬂﬁnunuudaﬁﬁ1anne N

2.5)17ﬂ1ﬂunﬂ5sﬁwgnﬁvzﬂoﬁv(settling time) 1Buiarafiag
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- ®TRULHEY
- HARYg
2) wyur9sumin19eY97 (counter of servo types ADC)
~ wpufufiuin (staircase ADC)
- wuufudutinrfing founu (tracking ADC)
- wuuFAIYREN uDHHIBNB LuNn(successive approximatation
ADC)
3) uﬁuveqsnuwﬂ(pérallel types)
- LUMIHRY (flash ADC)
MUTILRE L BYATDILARE L BunLArcy Dalfof
1yuyubunfinn afuudinnas 1 uSsuL Anuns SéuNpyIniuL s 9
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1.2)dual slope tfintSnduni5fiy s2 a:qnxﬂhaanun:aﬁnk 2
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- DASUIRININRnR 1 BupulREn
tHotoyrfignussuaauat a5 vfuu dn WU DINRTIYIFIuY

tBudinsuursdnyadiun&uni i Buournantn 1¢asuuaaﬁﬁu91ﬂﬁﬁﬂ fip
1)aIndnstus (current switching ADC)
©2)8Indus 9ty (voltage switching ADC)
3yuantnadiuniinde (ladder network )
4)dInduszq -
1)8Indnszud 1dArduniudadaen ufuns~uﬂﬁ1naqﬁnqnusoﬁu
#1909 181gav3suRUIN ﬁﬂuﬁnﬂﬂﬁwﬁﬁa~ﬂﬁﬁv1uﬁﬂun1ugq
2)/Indus 9fiu ﬂt(oﬁwunnuﬁﬂﬂﬂtﬂﬂﬁuuqﬁnﬁu Lusus9fiut Huay
vaufui iy 2%kn-1 fu U21$2995 inndnMu BuRInd a1 BA Tnnug
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1flya
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flutapazifarindruniui ke 2 d1 s R, 2R AasAufuiBudiuia waag
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15 Tudsfayauyupynss
nssurstayruuuoyns s Bunisaadoysiubineas At ayagniai Sy ety fiu

vururoLdyyInhSnomn ﬂunuwnﬁxﬁuiuﬁ%%axﬁunﬁunﬁ §atniAi U U D
n15d¢ﬁnnmzﬁﬁalﬁunﬂsdoﬁﬂﬁanuawmwmﬂunwsﬁoﬁauuﬂnua:ﬂﬁuwsnaﬁiﬁ
tHuscpsmisinainday

nisdadpyruuufidnoafinisdeid 2 Anvacfin
1)n15%udsuyuba5aslis (syvnchronous)
2yn155udsuuyn§94a588 (asynchronous)

n1sRofpyauuupcteias v Bufienuanndninsncda4sdanis 1 f s

URzfAIINNFADITDITDYRY

nissudebpunuyunrainsfia
qunﬂifuaqtagnﬁuWﬁﬁnﬁsnﬁnuﬂunﬂsswunaqzuuuunﬁsﬁqﬂﬁéa
tf8N719U59ARDR (protocal) g afitinuasfiaf
1) fmifufiu (start bit) tButmunrpstoyrfassonsady Asnqus
A199N805UNA (mark state) $efiwnausiBunls SnpbniSudulinnius
1 Bugud
2) munutmresdayrRssadiunis furs ﬁeaﬁuwsnzﬁnniﬁﬁaﬁuﬁn
7 bruaz 8 fn F99:1¢ 1 Bunnsgau
3) fmnwisaf (parity bit) ﬁﬂﬁﬂzuﬂﬂéﬂﬂuﬂ??ﬂhﬂéﬂﬁﬂ?ﬂﬁﬂﬁtﬁu
viedrfiGusnuaugutof §otuntsatfiuriunsniRaniddrazadenuiugnt af
4) Pwuyn (stop bit) tBubngafiturasnisdanu 1 ud fass
usnsIIntsdefugatiundetududl AEnuzifuafy mark state
A uRD < nREuni s 4 udefagaL LUBYNS RS ENDUAI BRAIUANAY
fi1d7 1T
1) figuuun®inassoeni1sdy (buad rate) §¢1ﬁnhnuﬂﬁ1u1n5§wu
it 9600, 4800, 2400,1200,600,300,150,110,75 buad/sec t Ry
ﬂﬁﬂa{nﬁnﬁnﬁs%udaﬂwuwsnnwéqus:ﬂ1uﬁu1ﬁaﬂ1égnﬁne
2) AgnauguIINTtuuds sHRRAaRunats(nsfiatsaufivnday
yszaarkadrunc1e) §aSudigyianirunnis ifeu
3) famrwaruguifi Ha{naqnsuawuwknﬂtfauﬁus:uuﬁuxﬁu1ﬁ
gaacRwAsOmns tsfius s indanfify ap ArunsnRaifituscesineiuiny
arfladfia Buniipus srueufetunis fu aEn1s R ( szuufinraacdngau

AULASDEIBINS ANYIA)
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N 4) dvusﬁuﬁagaﬁiﬂﬁwvua:nﬂsuuaoﬁaga tfpesaniussuy
Aot L ADYRE DIUTEUUTNARS TUS 1eR 15 i TR fnns Suded ayau uuB Ay
aaiupyafifiannnas S HUBYNS HATADINIAITUUR IS DY TuL DUBUIY '
VAurinu anperfevdgantaadvautnfifautmFin i Rutunlasasiae
£7a517 (buffer) dpuflacgndsiudasruutuinsusisdignd  drutunis
Astnyatiy goyafifinans tuptnaRsSUs Lo 5D I ABIgnu UR s Duit vubyns
(Burpufiasgndennniy

‘daqaﬂnﬂmmwmtawﬂﬁna1n1a§ﬁﬂevﬂs:ﬁuﬁmwﬁmtﬁu 0 uRY & 97dn
ﬁuﬁ1ana¢ﬁmm1m§4ﬁnuﬂﬂﬁﬁﬂ¢§uﬁmw1msunvuﬁeﬁwuqsnsunauﬁﬂﬁmm1m1ﬁ
31y ﬁe1ﬁﬂnﬂsnnaouﬂﬂsswuﬂuﬂﬁqﬂus:uu RS-232 finhnunafiiusefiv
gornofggratdfisuintBu -5 S28n Ae -15 92fn uRsIUSEAUANEDS
fyyrwadfisutni Bu 15 sdn fis 5 97dn g9quszuy RS-232 fiAnan
firunturafpyins unaunnaniniuszuy TTL fintuBafladna L vt ENAUN TS
$uURSAPINAIUS EHENIMINRTARN T

apyrnfanfinfatius zuy RS-232 urd

- »2%ufipys (RXD) ua:nﬂﬁofaua (TXD)
prfgy A ugrAn L fd1 99 18unns s RN ufius s i g

1fiun

RST (REQUEST TO ‘SEND) gfiu CTS (CLEAR TO SERD)
- DTR (DATA TERMINAL READY) gfiv DST (DATA SET READY)

qapesfintsdefnpiaponuiiSunuasfinnsdesfiyyranaudun1sfinds

ﬂﬂsﬁanqsﬁﬂuﬁﬁs:UunﬁseuﬂeﬁagauuuaqnsaﬁﬁexMuﬂ:ﬂuﬁunﬂsﬁaaﬁsﬂu

sryrnaeingld anpdiunitaiaforiud19n tduiasaguansfdnd 1 Dudiu
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1Tz Buatasgunidiinas i s uy
1daeawnqunsduﬂa:ﬂaﬁa:ﬂuannWSﬁunwsn\qwuua:ﬂn1ﬁnunxsunaqﬁ1ﬁu1u
lnﬂauﬂunﬁﬂﬂnnsﬂﬂqwuuﬂnﬂwoﬁuaaniu‘ ua:n1snanuuu1:uuﬁeﬁ1unﬁq
hardware ua: software ﬁﬁao1ﬁuiUﬂnuﬂanﬁuuﬂnaequnsdﬁﬂﬁeﬂuﬁqﬂ
ﬂ11uawtﬁuﬁﬁaeinoamauﬂﬂuaqunsdﬂazﬂﬁ #981ursaunnnanA
ERLER i
)epu 8031 fafla14111 Busitannaseyy front end data
acquisition #91fu MCS(microcontroller single chip)pnayusdn
intel $9fs1unzBuned
-ty cpu PuvA 8 bit
-7997 oscillator uari9assdayg clock agius
- i/0 line 32 line
~ANIHFINNT0ONY data memory (ram) #fla 64 kbyte
~RIINNININBUIY program memory (rom)14fl9 64 kbyte
Tﬁ timer/counter mu%A 16 bit 2
-n11AAADAY serial port %58 full duplex
=A1TNNIITUNM YUY boolean coprocessor (ﬁan1$nﬁoﬁu1ﬂﬁazﬁﬂ)
MuB80313:8 registor ﬁﬂﬁ%uowuﬁnoaﬂqtqunsauiw SFR(special
function registor) REYE | registor fr99fefing
—acc(accumulator)ﬂﬁqun11nﬁo1unﬂdﬂmﬂﬂﬂﬂﬂ{
~b 1ﬁﬂun11Qmﬂuu11u€aa:nﬁnnslﬁuﬁagatuﬂauﬁagaduﬁiﬁ
-PSW(program status word) flsuln 8 bit ﬂouﬁa:ﬁﬂﬁﬁ1ﬁeﬁﬁa
bitl t8u reserved bit .
bit2 18y overflow flag
bit3,4 1By registor bank select (R 1 8DAN15 M9 DD g
registor bank
bit5 18u flag
bit6(ac) 1flu auxillary carry flag
bit7. «fu carry flag )
-stack pointer(sp)tfiu registor UM B bit lﬁuua:ﬂﬂﬁ11ﬂu
N9 push,pop tasi1flaflng reset A4 sp = 07h ﬂoa:nﬁu1ﬁ71
1888011 reset udrez L fummarulntuwly 08h
-dptr(data pointer) 1fu registor BUIN 16 bit 1¥1unqg Ay



¢2]

address UiEnauwdiy dph,dpl favzfinrennerusias 16 bit u%a g
bit f1#
~Port0 - port3 1%y port WA N9y

port0 tHufienq address,data A48y address v:(fy
address 1UdIUBDY least significant byte ¢0n17n501ulﬁu
drutafuny ALE signal(address latch enable) 31n 8031 L
N9 8RE L BuRua Gna

portl uffacat iy popt At sutayaaan i/p port

port2 naufi14 fy address 1usdiunpy msb(most significant
byte)

-ip(interrupt priority~control)1ﬂﬂuﬂ17¢ﬂ&ﬁﬁun17nﬁ01unao

interrupt EQuﬁﬂrﬁnﬂﬂvnunu1uﬁaﬁﬁa

bit0 = external interrupt 0o priority leve] (PX0) -

bitl = timer 0 interrupt priority level (PTO)

bit2

bit3

bit4 = serial port interrupt bPriority level (PS)

“external interrupt 1 priority level (PX1)

timer 1 interrupt Priority level (PT1)

bit5 = timer 2 interrupt priority level ?PTZ)
bit6,7 = reserved bit
—-ie(interrupt enable) 1%1unqs enable interruptudasdag
URRFTTTRPIERY, - P
bit0 Bu EXxo,bit2 1fy Exy (EXO,EX1 (Bunqq-
enable,disable external interrupto, 1 ATRRIN Y
bitl 18y ET1,bit3 (fy ET2(18un19 enable ugp disable

timer1,2)"
bit5 tfiunqsg enable,disable serial port interrupt {#q(8y
0 = disable

bit6 1By reserved bit
bit7 (EA) (Bunns enable,disable interrupt
~tmod(timer/counter ‘mode control)afiunis (8an mode n1g
MU DS timer/counter ﬁﬂuq:ﬁsnua:lﬁunﬂuuﬁazuﬂﬁa
bit0 - bit3 (Bura9 timero
bit4 - bit7 lﬂuuao'timerl ﬂoﬂuuﬁa:ﬁna;ﬁ511uuu1uﬁa



bito, 1 lﬂUﬂ17laﬂn operating mode gﬁﬂ 3 mode fla
0,1,2 ursf1fln1sda bit0, 19%i1fu 1 ﬁeﬂ%:nﬁﬂﬂ timer/counter
wYANNIIU - -
bit2 1fu 1 «snafIn1an99 By counter A1t By 0 tBu timer
bit3 18us1 gating control ﬂuﬁﬁiﬂnnwsﬂﬂﬁonﬁuuﬂﬂﬁtﬁu 0
—tcon(timer/counter control register)ﬂﬁﬂunﬁiﬂ1uann17
MM9IUTDY timer/counter Feazuveannifu bit dArerfefifa
bit0,2(bit ITO,IT1) 18y interrupto,1 type control bit
Apna3iRonoousastunadezad interrupt
bitl,3(bit IE0,IE1) tfu interrupt0,1 edge flag
bit4,6(bit TRO,TR1) (ffu timer0,1 run control bit f
1ulf  software 1% timer on/off ~
bit5,7(bit TFO,1) timer0,1 overflow flag
-th0,t10 timer/counterO high byte,low byte
-thl,tl1l timer/counterl high byte,low byte
-rcap2h,rcap2l timer/counter2 capture register high byte
iy low byte :
—scon(serial control register) AFRIVANNITNNITULRY serial
port udArzDAfddafan

bit0 reczived interrupt flag(ri)

bitl = transmit interrupt flag(ti)

bit2,3 = tb8,rb8 AuanAutBu data bit A9 aunvafany
mode 2,3

bit4 = enatle serial reception(ren)

bit5,6,7 = N19AYMUA mode TUNISNIITUTDY serial port
{mode 0,1,2,3)

-sbuf(serial buffer) tﬁuﬁtﬁuﬂagadauﬁa:ﬂnwsdoua:u1ann serial

-

port utapntfu 2 dauflp
received buffer register lﬁuﬁﬁﬁﬂﬁﬂun11tﬁuﬁauaﬁﬂ”NQLﬁﬁ
#1897 front end
transmit bLuffer register tﬁuﬂaﬁﬂﬂﬂunﬂslﬁuﬂaqaﬂﬂvnﬂn11
d9tufianyuan

-pcon(power control register) &ﬁudvuﬁa:ﬂﬂﬂun15ﬁdﬁ1 SMOD
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pARzDAvLfArunnudafine
bit0 = idle mode bit (IDL) iBudrufiezatiunisnnun mode
n1sn9UTDY idle_mode operation -
bitl = power down bit (PD) tBudrufla#iunisnanun mode
NSn19UTEY power down operation
bit2
 bit3
bit4,5,6 = reserved bit
bit7 = SMOD tfunisnvwundl baud rate #118u 1 9z1fy
double baud rate UNITNI9IUN model,2,3

general purpose flag bit (gf0)

general purpose flag bit (gfl)
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SERIAL INTERFACE
N713M797UTAY serial port (Dufinuncesy full duplex
ﬂqa1u11nnﬁn11deua:?uﬂagaﬂﬁﬂuﬁm:tﬂu1ﬁuua:awuwsnnwnwsﬁwuﬁaqa
u fud buffer 14 nﬁﬂﬁﬁwsﬂwuﬂaga byte A2ianfoyafibausngg
1189880 1UNn buffer (vAf1taya byte ﬁ2qnﬂ1uﬂaqaﬁnuﬂaua
byte #189Ui1Aduanntusaya byte B2zt fuutudiy bytel)
n15d L Buudoyanng serial A9y sbufisng
mode N1INY9IUBAY serial port fAdefida
1)modeO  azifiunisfuuazdotayasuln 8bit uatnan1s89 LSB
Aouly mode H3:An15n1MuUAAT baud rate Iuvusuudfia 19u12
t¥11999 oscillator freq
2)model ﬂnﬁsdouazfuﬂaﬂaﬁa: 10 bit aul 1start bit(0)
Yoya Bbit(ds LSB rou)unslnisda stop bit(1l) n1s g
foyascds  LSB  daudiutunisfudoyessdnefinisty stop bit
vi1u18 RB8 Au SCON NITNMI37U1MU mode ﬁﬂ:uﬂiﬁ% baud rate
1
3)mode2 ﬁnﬁsaquazfuﬂauaﬁai 11bit 9aufl 1 start bit(0),
8data bit,lstop bit(1),1 pogrammable bit(bitQ) ANy
Dﬂﬁa:qndouﬂﬂ TBB(SCON) a:fd110u 0,1 ududdl parity bit
(1u PSW)?oa:qnaqaanu1ﬂ bit ﬁﬂuﬂun11fuﬂauaﬂagaﬂuﬁnﬂ
wndeIuf  RBB(SCON) A1 baud rate IEANAIOLUAATHA
4)mode3d Anisfudetpyatar 11 bit SANR 1 start bit(0),
8 data bit,1 stop bit(1) #7ubafl 9 1By programmable bit
N1919971u mode flaz(uwlau mode? uddn baud rate uusdr14uqn
nia
N1 reset ﬂusoslﬂaznﬂiﬁﬁﬁazdaﬁnwsﬁanﬁ RST fd10u
1 2879988 2 machine cycle 1Haflns reset 3= tAn internal
reset A iﬁternal reset ﬁﬂ:tﬁﬂﬁ cyc;e ﬂZua:Q:lﬂﬂnﬂsnﬁﬂﬁ
2unin RST flu 0 udn 1% reset aztdlfusiu internal ram uRzax

fn1515uaul address 0007h



25

TIMING 1unisnv9iusay CPU 8031
timing AUNI9NN9UTDY cpu B031 2:1% machine cycle Esqauudns

machine cycle 9tUstnpufiiy 6 state ﬂoﬂuuﬁa;uptatg Uscnovufinp
2 phase (phasel,2) A9ayluLdRsIingIz1FiI8 1 clock(oscilator
period)$eiuszuufiacat crystal sunn 12 MHz J9fumat 1
machine cycle 11787 1 1u9a5%u% URENITNIIUIURIUD DY
alinAIandurcAsIneINAYIzLARY phasel MupInIsfrutpyron
internal register atifnfivr2 unroasf B031arAe address
panu finpunnesfinasse ALE ponu fayafoonu19n portd ariBy *
address dvunsmﬁﬁnonwsﬁﬂdnﬁu external memory (fl 2
f2ufld rom,ram #eﬂuuﬁn:ﬁvua:ﬂn1shﬂﬁﬂﬂu1uﬂauﬁu)ﬁﬂuﬂud1unﬂe
rom fipsfni9d9 PSEN(program strobe enable) daaxIIINAT
8031 uRzIuUAIU rom IxnN15EIUL iy fa ALE szgndepnnui 2
adanu 1 machine cycle uaz1finfinas  enable ALE(1) fiosh
n15A52997ApeN1 9 finADfy rom H¢inefinasds PSEN (enable “0°)ann
HIfiny J91u58un91 PSEN afufiy read 91n cpu PSEN 5un:qn
8419 2 adeu lmachine cycle ®udunsfivpen sbadofy ram
9rfin1sd9 RD,WR Q1n8031u951ﬂﬁn15de PSEN 31108031

n1sAndApiudIUBEY  program memofy 9:1% address 18 bit
A fuu AR ARABALURIUTDS data memory IEnaiAde Bbit, 16 bit(n19
AnfAbduyy 16 bit ﬂﬁﬂunﬂ%hnﬁnﬁu internal,external ram [1)

wWNsAAANIS interface 5twi19 cpu fiudunfio 9l 9fiens
drive 8031n41Ad ufn

-o/p buffer portl,2,3 drive 1fi 4 LSTTL
-o/p buffer port0 drive 11 8 LSTTL

Avfafin15989uB031fiuunens s HAnsuEnD 9
read—modiflied-&rite Anfin1981u91NIutIuLDINIS  latch 1unn
aruav e dInanas tEpudrauiiutifa 1atch (LfiB1uIne  port)
tfuAvfInIn anl,orl,xrl, jbe,cpl, inc,dec,djnz,mov bit,clr,
set (Pudu .

mode N19N19ITUBDY timer/counter 1uB031#&nvurfafifin

1)mode0 ‘4 mode fi9:1$13 bit 189 register ﬁea:t§uaﬁnnn

bit 1Bu 1 sufieyn bit 16y 0 Foifafid 1 BuostUNINAS set
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timer interupt flag (t£1)13 bit 109 register 9514 & bit
203 TH1 5 bit pp9 TL1

2)model i1wfipu model udqd register 16 bit(8bit nao TH1,
8bit vD9 TL1)

8)mode2 DU 8bit counter §91Kuu TL1 uariHadqqy TL1
tBu 0 9=vin1s  auto reload #7114 THiumt18afinqs reload
#1194 TH1 TN g tullbuday THI

4)mode31Bun s 1fn 8bit 1y timer/counter
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TUIUNTITAIVAY
ruruni1sArugK L Busuiunts Aasaruquineaa fead i o iynoassuny

nﬁﬁﬁqnﬂ1UQN1ﬁﬁH1U5:NW&QﬂﬂﬁMUﬂ (set point ) ﬂﬁufuﬁvﬂduquﬁauun

a:ﬂuaﬂuuﬁuswuﬂanﬂsafﬂeﬁﬂﬁmmﬂmnﬂwaﬂﬂ (error signal) fu #a
E = SP-PV i SP = set 'point

ﬁeqnus:aadnaonuvunwsﬂ1uauﬁanunuwuﬂﬁﬁﬁnﬂﬂaﬁﬂﬁﬁﬁﬁ;ﬂwﬂnéquﬁ

fign

n13auguAdeAgafonuiunas Baus o1 a1 Roard1AAKRIA udDIRaY

T nmakszuuaisuaniunneiuBanaiafu defunisaiugudfnda980n bessuy
i nutﬁuﬂnumzﬁﬂnnsﬁﬁuﬁﬂ (feed Eacki ﬁaﬂnﬂsuﬁlan1aﬂﬂwnﬁu§1u%fﬁﬁﬂu
15 ATUGNAIY ﬁonjsﬁﬂuunﬁﬂnﬂsﬁﬂuuauuuuon (positive) URENIS

AAL VAL VURY tnegative)

STuAIUGHANIITANT 15 s uuDa BAdRaTEUS S AN e

-proportional control (P) Q:nﬁﬂﬁﬁwmﬂmlaﬁﬁﬁnﬂﬂﬂiluﬁﬂu
wusatuui oy (linear) ﬁvuﬁﬂﬁﬂnanﬂﬁﬂ61QQUNﬂnu%aus:uﬂmgud
ﬁQﬁﬁnﬂﬂaﬂﬂﬁﬁﬁuﬂsnﬂﬂaqiﬁiﬂunﬂs1ﬁuﬁ{ﬁn51nwsﬁunu (gain) ueivc
419 proportional band'&ﬂaq‘

-integral control (I) difawsinffivuratugduidasainnasg
LURBULUR9DY195 A LS A DY A7 e vikntla Lufpuu ussuns s Hedn
to1viynfid  Bugud nasfdrAanaiafdn Bugudiaduifasaindialuguuuy
integral f7A7UQNULY integral fodistfuraznieiuty udfHunns
ﬂvuauﬁﬁ URTHINITOUNHIAILANS IHAUNITAIVANL LY proportional (PI)

-derivative control nﬂsnvuauuuuﬁa:ﬁuﬂﬁaﬁnsﬂnﬂstuﬁuuuuaJ
v p1ignAfidnges fatinsnsiulpun ussfigfdage Autusrnaaddafe
waInfdAge

n1srrugudia 3 wuul ®wna0s2afuunts arugus vuna 1AL Bunas
AIURuLYY PID (three-mode-control) ¢¢tﬁunﬁsﬂvuauﬁﬁﬂQﬂs:uuuﬁc

vazssuufaimasniddn transient fftuazafdrianfminaiizasf (steady

state) fd11089A set point ﬁqn



B ﬂ Disturbances

Manipilated Measured

variables [————— ) Process outpute

Unmeasured outputs

kel

Set points.

‘ Controller \,’?__J—‘l

BLGLK DIACRAN '.':'.31"_=:u:\.1:n‘)u[?:;
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prsguquuuy PID (PID controller)
PID control 1ﬂuisﬂqnuﬁunﬂﬁaﬂweniﬁeﬁv1¢%u1$q¢1uqﬂﬁﬁu

- . 2 . -
nssu twanzdansaufluuulifisenistayataivesurunisfiounan uas

TBunas T s 1 RpYA 9 Bufd dnfufie Rz Anqafutdenn

———— ey

rRS)  (+) . E(E) Ge(8) MSY  l6e gyl coey
‘L. ».f-—-«—_ﬁ

-

G(S) FRABNIRILRNILY 3 (non urzfirRruenfegnoany uun g

qusiuiu
JUUVUBBITSULRIURHNU LY PED (The PID Algorithm)
sTyuAugNuUY PID § GREREDEE PGSR R AT EERTERT)

Go(S) = M(S)/E(S) = Ko(141/T54Tqs) ——mmem- (1)

1o Ke foBAsI01suiuraefiinivugu
T; Pdintegral action time
Tg fdderivative action time
STUURIUANAINANNIS I efufiar (Bus syl uideal (M5AEFaNNA
irfnisasrugedie 3 wa (P, 1,Dy wfurnny
TTUURHNITTOITEVUAIUANL YUY PID (Ideal PID Control)
InEun1sfi(1) A9 0L Eyuiagdiugune 34981 (time domain)
VEARASANNS
mit) = KCTd(de(t)/dt)+Kce(t)+Kc/Ti(je(t)d(t)) -—==(2)
RINRENTSHI(2) SERINIS0UURSISDY U UD BSRMNITH LUTHAD 1 Epod §e
9Ewfiafaminnsnntdfinitniannayfudandivfinte (frist order finite

difference) v EuutAfIRNNTS

n
(df/dt)iy = (fy~-frp_1)/4t , fe(t) = fekdt ---(3)
sﬁﬁuﬁ1ﬂﬂﬂﬁununﬂsﬁ(2) A . hro
m(n) = KolTglep-en_1)/4t + e, + (é%kﬁt)/TjJ —————— (4)

. . keo
ﬁoa:iﬁwﬁswntna4ﬂuu§uu1tﬁu three term control
Ke = Ko (propotional term)

K3 Kc*Tg/T3;  (integral term)

n
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Kg = Kc*TA»Ts (differential term)
i Tg = 4t tﬂﬁﬁuﬁdotaaﬁﬁunWsQuﬁﬁ(sampling interval)
W&EIDMUR S = S, qee, i Sp = HRIINEDIANAKARIA
QTHEINVINLBEYUARNIS (4) 1A By
m(n) = Kpen + KiSp + Kgley - e,-1)  ~——mmmmmmmeo (5)
TUNIIYLUALE 390 dn BISIIRIEDINS FN Ts Q:éUHQWNI§7ﬁNﬁU
NISNM9IUBDIL RS DIADNRY tADT ﬁeﬁuﬂunﬁsunﬁﬁa:ﬁaoﬂnﬁsnﬁnuﬂﬁwﬂdo
LIRVUBYTUR I R On 150 Rrd 8 nfas i1 d
TWIUAIUANISAIBA 9 A5 B edaATur npes suutdu
- polling
N159Y interrupt ITAAILUDA

N1% ballst coding

nstduIa real time clock
FMSY 2 95usnfbpollingu iz interrupt 314015498y o
Hfauﬁa:nﬁnnﬁﬂﬁuauﬁeawm1mﬁQ:Qnﬁ¢ﬂuﬁvonaonﬂsQuuﬂa:ﬂ§¢ uARusY
daunandi9scndng 2 5Eﬁﬁaﬂunﬁspolling xﬂéaoﬂauﬂvtna4ﬁﬂﬁﬂunns
hauauQ:nﬁn15a1uﬁaqaﬁﬁxﬁusgu uAdIuI8 interruptfuszunnsiefia
tﬂ§aaa:nﬁnwsd1utdaﬂﬁmw1minterruptdolfwuwuantﬂ#nonauﬁinﬂa{
1815 pollingesiwnisaufius s uut Eng vady udfifluscsurdqaunas

tEuutysunsnfargsaannda

prIAIvguuYY PID dunioufifif
Tunsufifinasarvguas il ciutdaisgunts Snsqau A2 9unsudiu
ﬁeﬁua:ﬁaqﬂnwsU%uﬂiaﬂﬁﬂﬁﬂun1¢uﬁﬁh gorguidi Suifaugofief
(1) bumpless transfer
(2) saturation (integral wind-up)
(3) noise
(4) modified integral and derivation calculation
{1) bumpless transfer
NRUNISR(1)0N WANIEAF (steady state) urBTRH AR
na1h 1 Bugud (zero error) uATunIufitfos 1 But gudiy defusansunas
ﬁ(l)ﬁeﬁaaﬂnﬁsxﬁnﬁwnoﬁ1uﬂnndqwad(ﬁaunuﬁwﬁﬂnaﬂﬂﬂ1utﬁuaudﬂu
#0712z oxd Gy
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mp = Kpepn + KiS, + Kglen - en-1) + MV
TUINDDY MV Ansangrulfifinnsrasdivniuen $etuaniacaet My
VLULRININARAAIY
Es98untynfife sanranasfo1) UNEINNAS DYRUE 9 UA
dnft}/dt = Ko(de(t)/dt) + Kje(t) + Kg(dZe(t),/dt2) ---(8)
g 971 Dy fiug dm(t)/dt RINIIDUNUAIY m, - mp-i
TAnREAISH(4) =

4n = mp-mp_q = KCT(en—en_l)fﬁt/Ti*en+TdABt*(en—2en_1+en_2)

Esunudl 4t fay Ts 14
dmn = Kol (14Tg/T4+Tq/Te)en - (142%Tq/To)en 1 + Tg/To¥en o]

———————— (8)
nwunY  ky = Ke(14Tg/T34Tg/Tg)
ko = -(1+2%Tg3/Tg)
kg = Tg/Tg
dmn = kien + hoeny + kzenop el (9)

i

NENNI5f(9) ®u1snunea Suut Burknas 1A Eman
nwuns en = r-cp (D r = 9ANYYUA(set point) 917
qun15(8) witfutfidada ﬁoa:ﬂaomeﬁa:uswnaﬂu(naununnfalﬂﬂﬁu
fiafiuluns URHR9INAIS D AU ALASiFA Tg/T; fAdrivfiugudws ofidafioy
Han
(2)n15ﬁnﬂﬁfsaturaiignl

TMIIUODAAT m TusgnInAn st odedunIIn BN REDIS E Uy

ﬁ1ﬁ1ﬁ1q7ﬁﬁ11hun71ﬁ1nwotawﬁﬁnaosﬂaznﬁﬂﬁus:ﬂnﬁnwnnaan15ﬁﬁuun
tRyvy ﬁéﬁuﬂunﬂﬁﬁnﬂuUUﬁ:UUﬁﬁQ:ﬁDQuﬂﬂQ11lMQﬂﬁﬁﬁﬁ%:lﬂﬂﬁUlQHﬁ:‘
812z fhRusnh vy

WoLIUNIS ANIs 9 ufigent pAnnI R ruaNanafy arpinfies
BsfuifsruuasRA Wi IdDonu uy A pgIvitudii Ronnisaruguuuy PI 69
imprsDIBURNS R gaBunan ﬂunm:ﬁﬁagnﬁnebuﬁngoﬂu uel1dBd1Duynge
ningagegnfininuaid finbufing snfuaaroufidumargefutufinan fedu

ABURNERTS Budiufisnsrantrznisioiyn o gageafiAntvunidg
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naﬁwﬂﬁt?un71,integral saturation %D integral wind-up £

ineSanvufifinanpu i gy enArfpnuun naﬁ1ﬁ1nasvunnqﬁnﬁnw9ﬁﬂ5¢

ﬁ11?ﬂﬂWHUﬂﬂﬁﬁ1NﬂU1nﬁulﬂﬁﬁuﬁﬂQQQﬂngﬁﬁﬁﬁﬂHTWﬁ1nﬁﬂuﬂﬁW6ﬂﬂﬁuN

S idifivAantivuadage -
{3) 8IS UNIU(noise)

s unaufignadtsfustaseisurnu sz A ulfemruns a1us unau
ADNUIINIUS S UM REFINIIRINIS U (sampling  interval)if  foqu
NS RARIIRT UNIUNS =N 1A9h8NISAD filter tE Ui BN S Ay 9
usuntsandiufiniionns filter #4fn

G(S) = 1/(1+T£*S) tfn T¢ = Ty p
B9z RN NRAYYIGSUNIURITARY 0%

{4)modifies integral and derivation caleulator

nawus?ﬂUﬁaeﬁmmnm(smoothing)azﬂﬂunsnnﬁ1ﬁﬁﬂuﬂﬁ15aqﬁuﬁ

xﬁauﬂﬁn1955na0ﬂmm1mﬁ¢1ﬁm1nn15§u trafandefiafiunintia four-
point center difference method SRUNYRUR
de/dt = At/T5 = l/S*TB*(en+3*en_1—3*en_2—en_3)'———(10)
UNURHNIS P (10)RITURNNNS Ai(4)

mp = KC[Td/(S*Ts)*(en+3*en_1—3*en_2—en_3)+en+Ts/Ti*
n

Bex & 11" (11)
URENYMUA Sy = S 1 + ey e
Mk = Pi€k = P28k-1 ~ P3€k-3 + P4Ek-4  ———————u (12)
1nuf
P1 = 1+ (K#Tg/6/Tg) Pz = (Ko*Tgq)/(2%Tg)
P3 = (Ko*¥Tgq)/(6%xTg) H Pg = (KATg) /Ty

NSy AL RENIS LRONEI9LIRINAT

( tuning and chiose of sample interval)
o/r Al
F - e . T gain = R*H/4
1 = input step

3 time



unfl 3 fIUUTENDULDITE VY
-918RE L BUATDIRIUYDY hardware
1)block BDINITNIITUBDY cpu 8031
Z2)block 129N151MY97UBDINTS decode RIUBDINTSPAdD
3)block N1SNIITUTDIRIUBDINUILAIINDY
4)block PDINITNMNIULBINIS display
5)block 1BIN1TMM9IULBY input port
6)block 1BINITNIIIUTDY output port
7)block 18InTTNINUIURIUTDY serial port
~3788 1 BunrBIdIULDY software LU front end
1)d97u8D9n15 initialization
2)87U4199015 self test
3)d7Ur89 input
4)87U889019 process
5)d7usn9 output
~LHUQATDINITNN9UEDY front end
1)unuginnIniIsnh9usnIssuuuy front end
2)unudfisnInig initialization serial port
3)uruQfzpIn154y channel 210 host
4yunuglapInisfudrguugliann host |
S5)unudfizaInis process URENITHIFDYRTY
tHAINRA host
-918RT 1 BuABDIRIUNDY software VU host
1)n19 initialization
2)n19AnforD9 serial port
3)uHugAraInITNI9ufianuAtas host

4)uHudfinaIN1TdSH1UAIAI971D9 host



sﬂua:tﬂﬂﬂnaosvu FRONT END DATA ACQUISITION

QuTtuunay front end a:ﬁﬁo hardware pon1fBusiudreafiafl

1229 1/p port ApdIuBDS transducer Hernuutifaunas
Sufugnn i/p HAuNInAasd Faun g port i/p 10928031891y
RIUTBY port i/p D9 front end 5Q:us:nauﬁ1u rort i/p
fiownn_ 256 channels  4AuR=uD9Dan 1By 32 card 1uufay
card 9xUszndufiy 8 port i/p $eTurmzaferunivasiliByouns
card #fn15dnnyi vy

2)87urp95tuy front end Q:nﬁyﬂwﬂﬂunﬂsus:uqanaua:hﬂﬁaﬁu

host 92uflenishindafiy port i/p ,port o/p LREAIURNNISRILU

‘Toyrd19n

3)83urd9 port o/pIzMiud1fUNIsSUERYRIIN front end
(ﬁagnﬂuﬁﬂlﬁuﬁaﬂaﬁdﬂu DAC(digital to analog convertor)
URIFINININIGAUGHT EUUAD 1Y

TURIUBDY software ivoant Hudiudreadefifia

1)software 1uUR2UDDY host 18U software 1u§1una¢hﬂsﬂvu
AUNTTNN9UDDY host  tTU NISSuAvRILREAIA1 99 f9u Adq max,min,
set point, #fanefiqu pid process(kd,ki) tBudiu saufiehndatiy
front end UREURAVGHANITNIIIUDDISEUUAR user TAUANSURAS
ns WA host fiay

2)software 1udIUBDY front end Itnini1B1uniTAT2980UA2 N
WYENDEISEUUBDIMY front end uRzAIURNINIS Rdadap tgu
port i/p ueznIN1IR9FDYR 1A host 1807% host finfulsAlugs
1fignfing 520N Us EHaRURR 9K host Bndivpfesay

Rt dunluLARE&IUILNAIITUAILRAS
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SET 21 10
PZ.0 1= —1q oc
bod INTD P22 =5 s =
1= e = -
—4d INTL FZ.5 (2d 7ALS37S
H7Te - PZ.4 [
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. @.1 uF 3 ¥ | 17 7124 QL 5
Y R e RR [l 188 85
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= TO3T
e VL
o—= D4 740837
o——3 5 B>
...\(Q n JW *
o : Lele
o——% L
1e O [y ,
DATA FROM EXTERNAL
—{HE >
ESEN >
EHeo oo | <DFH7 >
2oL oL (—3
G162 D2 |4
2103 D3 -2
21 Q4 D3 H2
S|& EH
2137 b7 [ A <W
oc bt TL
<P WLAIV - <SELECT 176 oHl
79LS373 _ 7425 N

ISize 1UOﬂE3ﬂJ t Number
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BLOCK n19n%97v1usdiuss9nis DECODE

tdaeannﬂus:uuﬂﬁeﬁvuunc.port i/p, port o/p,failed port,
rom, ram Sofinefidrufiniutnfiunas decode F182ufiinenasfindn
vurfiuiBudouan _Hﬂunﬁuunﬂﬁuﬁa:dduﬂ address fudupu  udn
H91987UDBINT decode address faqudrunpeszuufiozas 7415138
tBufia decode #aufifinashndadn: Budiuan #7urd3 port Ananas
pnspdiaufigiafinn '

-rom 1Y address 1uz19 0000h-1fffh(8kbyte)

~ram 1% address 1urav 2000h-3fffh(8kbyte)

~f2ufinntinunis fndofy channel #4199

ﬁoa1ana:tﬁu1ﬁ1na:ﬂﬁ 74LS138 | 2fi21Bufid decode Tnuifpf
N1989 address 291n8031f3:fin1979 address 1Y decode #
74LS138A2%1uRs2 1nu#7415138 fiafl1ex decode 31DAA13-15
129 address fd4DANNISANAL decode F182ufidnanis findntiui Bugau
109 rom,ram;ﬁdunao channel t Hufiu oy 7415138 #2112
NN decode ABARIO0 - 12 199 address Ssazvaudafiunas
ASI9RBUAIUYDETUNIT NI U (1 fuluns Y address o lusiura
channel fifinaninis decode fiad11Bunistiadafiy led port,

-

serial tBudiu)
NUe 1 UTA9187 enable 109 7418138 wcfifishu3nfio G24,G2B
fodpifiy -0 i1suBuRTEY GLiBu “1° nfananuniefiuget funn

%81 G1 naeﬁeZawﬁaoﬁaﬁunw ALE 1D9fi78031uns 1fnfin19ga address
9180319t fn15 enable(tBul)
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BLOCK n11nﬁ¢1uunouu7u911uaﬁ
ﬂus:unﬁa:ﬂnwsnnﬂbﬁuuuvunonuaﬁﬂuzdvuﬁa rom,ram Ay rem
st Budruflagaunas  fy Program ﬂﬂfﬂouqunwsnﬁcwunao front eng
RELLELENT KT CETINT R host  #upp9 yam Wt fiudrutlag
xﬁuﬁauﬁ%ﬁaoﬁnwsnuﬁuuuuaeaqtaua ‘U Qangffifinentny
N19A0AN, channel ﬁﬁaqnnsﬂauqu,uﬂﬂnae PID ﬁﬁnenﬂsnﬁnwsﬂanau,
$OYRTDY i/p port A8N19 8911 Fayn t Budy

4N INHUN S AR AU up g rom 899:8n1589 PSEN signaj
(program send ensble)panu19n cpu 8031 Sotniynfiory
MIseanin L finas fndafiy pop Y uRztugaug g PSEN finz4
N5 enable # 17399 An s TU U convertor (Ronunasnay
N By -g- tﬁuﬁdm1m1un€nﬁnn output enable 1y rom
URzfinefints dotngn read 2an#191180311 faq rom 89¥DyRDDNNA
£9 rom ﬁﬂﬁaqnus:uuﬁo:ﬂnuwﬂBKbyte

N13ARABALRIUYDS ram LAD8N19 enable INAI74LS138u 792§
NIRsdunIafiiy enable #iy- CS1 19014 ram NINUTINA9Hadip el
AR write, read 2BNHI9INB03109nHY enable Hein ram
g9 ram ﬂunm:ﬁﬂnﬁsﬂﬁowunaa ram PSEN asnlgndenpnsq Tuduf

1Y ram BUIABKbyte
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BLOCK 1udaurnenis DISPLAY
nnsuNﬂeuaﬂuﬁouﬁaz;ﬁun11uﬁnoanwazqunnsnﬁe1unaos:uunn

~

ﬁwﬁnaﬂunnwawﬂnaoszuuxnnﬁuﬁnqﬁn1suaﬂeunﬁﬂuﬁ1uﬁ ﬁoﬂﬁaﬁau
DY buzzle, led kﬂuuﬂnzmuﬁazﬂ address #1499 unany (fay
ﬂkunﬂwanﬂﬁuﬁazﬂnﬁsﬁe code u1ud9fl port Iugq§ folnnaqn§

:thﬂﬁuﬂus:uunﬁeﬁﬁa
-failed MiNN9INN15 selftest fBn19% front end nsavpy
Hudﬁszuuﬁnﬁﬁoazlfunﬁeﬁuﬁﬂﬁannﬂanﬂtﬁnﬁutﬂu AnnRIntudurne
ram, rom, #5805 AndoAudIutnfnng1 ATy gd?1ﬂﬂ:lﬁﬂﬂ?un11ﬂﬁﬁﬂﬂau
fanﬂﬁannﬁa:ndn1noﬂun1uuﬁe '
' -an1nnﬂsn%oﬂuuaos:uuwuiﬁs:uuﬁnwsnﬁqnuﬂﬂﬂhwﬂannﬁﬂﬁ
a1y 1oy AR QUUQAD BN 191N 9704 AuA A 9141 By Ay
=N13M197U2D9 PID PROCESS Anvanfiéetd
1daﬂﬂaﬂﬂHNWﬂﬂuuﬂa:ﬁouﬁa:nnnsuﬁﬂonaﬁ led uudrzdqy
usnfiuponiy 1Y address v09 led port Tunriazdaufiacgn
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The MCS*-51 farmly of S-bn mxcrocommllcrs consists of

often used to gcncncally r:fcr to l" of the MCS-SI famnly . :

the devices listed in Table 1, all of which are based on

the MCS-51 architecture shown in Figure 7-1. The original -
6051 was built in HMOS I technology. The HMOS I1-

version, which is the device currently in production, is
called the 8051AH. The term :*8051," however, is sljll

members. This is the case throughout this manual, excepl
where spcciﬁcally stated otherwise. ‘Also for brevity, the

- term *'8052'" is used to refer to both the 8052 lnd the -
’ 8032 unlcss othcrw:sc noted. -~ -
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MCS*-51 ARCHITECTURE . . * -2 .~

: . half the oscxlhlor frequcncy and dcﬁne the mtczml

R e—

j'v"‘.."'37~ , e & SR G R N e ¥

7 13 A more dcmled dxscus:non \nll be found in Apph-
cation Note AP-155, **Oscillators for Mncrocontrol)crs."
which is included in lhxs manual. . . A

. The oscdhlor in any case, drives the internal clock gen-

erator. The clock gencrator provides the internal clocking
signals to the chip. The intemnal clocking signals are at

. inthe next sccuon

3 <
LR Seoe \:l-%;

phascs smcs md mach:ne cyclﬁ. wh:ch are dcscnbeil‘l

73 CPUTIMING '.-,a'

. A machine cyclc consists of 6 states (12 oscﬂlalor ;‘-‘;":
riods). Each state is divided into a Phase 1 half, during 3
uhnchlhethse 1 cloctzsncu\t a.nanlus:Zbalf,f
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jow 10 enable the lower 4K (8K for the 8032) program
bytes to be fetched from external memory

When the CPU is cxecutmg out ofcxtemzl Program Mem-
ory, all 8 bits of Port 2 are dedicated to an output function
and may not be used for general purpose VO. During
external program fetches they output the high byte of the
PC. During this time the Pont 2 dnvers use (he stmng
pullups to emit PC bits that are Is. e

7.5.1 PSEN
The read strobe for external fetches is PSEN. PSEN is

not activated for internal fetches. When the CPU is ac- ..

cessing external Program Memory, PSEN is activated
twicé every cycle (except during 2 MOVX instruction)
whether or not the byte fetched is actually needed for the
current instruction. When PSEN is activated its timing is
not the same as RD. A complete RD cycle, including
activation and deactivation of ALE and RD, takes 12

osc:lhlor periods. A complete PSEN cycle, including ac-
tivation and deactivation of ALE and PSEN, takes 6
oscillator periods. The execution sequence for these two
types of read cycles are shown in Figure 7-7 for
comparison. -

IS AMET . ;

The main function of ALE is lo pro\-:de a properl\ timed
signal to latch the Jow byte of an address from PO to an
external latch during fetches from external ngnm Mem-
ory. For that purpose ALE is activated twice ev ery ma-
chine cycle. This activation takes place even when the
cycle involves no external fetch. The only time an ALE
pulse doesn't come out is during an access to external
Data Mcmory The first ALE of the second cycle of a

. MOVX instruction is missing (see Figure 7-7). Conse-

quently, in any system-that does not use external Dara
Memory, ALE is activated at'a constant rate of 1/6 the
oscillator frequency, and can be used for external clocking

or timing purposes. kA

o~zmc~mscvcx§ - — ONE MACHINE CYCLE L7 -
‘s:[sz[s:lﬁ]sslssls:lszls:'sclss]ssl‘
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Figure 7-1. External Program Memory Execution -
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SRR RRNRT T U - Mese-SY MWSTRUCTION SET:

e _‘ S " s ‘Table 8-1. 8051 Instruction Set Summary--

Interrupt Response Time: To finish execution of current in-

vector to the first instruction of the interrupt service program
requires 38 to 81 oscillator penods (3|o Tus@ 12 M Hz)

RETY ST s

I\STR l/CTlO\S THAT AFFECT FLAG SETTI'\ GS' .

thTRllC'HON " FLAG _INSTRUCTION * FLAG
o C OV AC# s 5 COVAC

ADD .. X X X CLRC (6]

SODe = - X EN cPLE WX

SUBB ° X X X ANLC.bit X

MUL . -~ . JOFX ANLC.;bit X

DIV i £ B ORLC.bit X

DA X " ORLC.bit X

RRC X MOV.C.bit X

RLC b ¢ ~CINE - X

SETBC 1 -

Wol: that opcrauans on SFR bytt lddrcxs 208 or bit ad-

struction, respond to the interrupt request, push the PC and to Rn =,

Adigect

h ﬁalln
_#data 16 — 156-bit constant included in instruction

Notes on instruction set and addressing modes: ".5 :
—Register R7-R0 of the currently selected Reglsl:f
Bk =L M

~—&-bit internal dna loc.nons nddrcss This could b: ?
: an Internal Data RAM location (0-127) or a SFR
e, 1,0 porL conlrol Fegister, status nguler'
N 128-258))
" —8-bit lnlﬂnlldlld RAM Jocation (0 255) addr
" “indirectly through ngmcr Rior RO.
_g-bit constant included in instruction. ' *"

@Ri'

8ddr 16 —16-bit destination address.’ Used by LCALL
- LJIMP. A branch can be anywhere within the MK— ]
; byie Program Memory address space. . q
addr {I —11:bit destination address. Used by ACALl 1
AJMP. The branch will be within the same 2K- b)le ®
page of program memory as the-first byte of lhe'1

following instruction. .J :.
rel —Signed (1wo's complement) 8-bit offset byle Uud :
by SIMP and ail conditional jumps. Range is -—l)l
~ 10 +127 by'tes relative 10 ﬁrsx byie of the followm| .

- instruction. : :

dresses 209-’[5 (i.c., the PSW or }m in the PSW) will also bit: »' —Direct Addm;ed bir-in Inlcrnal Dua RAM
affect flag settings.
Specu! Function Register.
\ —New operation not provided by 8048AH; 8049Al? b
| ARITHMETIC OPERATIONS 3 W ARITHMETIC OPERATIONS Cont
X E
C | : . " Oscillator . Oscillator]
Mnemonic Description Byte  Period Mnemonic Desgription Byte Pcﬂod;
ADD ARn ' Add registerio I 12 SUBB  A.@Ri Subtract indirect |
o ; Accumulator RAM from Acc
ADD . Adireat - Adddirectbyteto = 2 - |12 with borrow
. ‘= Accumulator ¥ Fi SUBB  Ajfdaa’ - Subiaat = . 2
ADD - A@Ri . Addindirect RAM | 49 : immediate data
g ; . to Accumulator . N\ from Acc with
ADD  Agzdaua . Add immediate 2 12 borrow
2 data ‘o 3 INC A Increment I
5 Accumulator z v Accumulator - =
ADDC A.Rn Add register to | 12 INC Rn Increment register i
Accumulator INC direct Increment direct 2
. . with Carry byte :
ADDC Adireat _ Adddircct byteto 2 12 INC - @Ri Increment indirect 1
= Accumulator RAM ;
with Carry DEC A . Decrement I
ADDC A.@Ri Add indirect 1 12 Accumulator :
g RAMto DEC Rn Decrement !
© Accumulator : Register ¥
s 8 with Carry DEC  direct Drcrement direct 2
ADDC A¥data  Addimmediate 2 12 byte -
Sy data to Acc 3 DEC  @Ri Decrement 1
with Carry 8 indirect RAM
SUBB ARn Subtract register 1 12 INC DPTR Increment Data 2
: =N from Acc with Pointer
" borrow MUL AB Muhiply AL B !
SUBB  Adirea .-. Subtract direct 2 12 Div AB Divide Aoy B 1 3
e byte from Acc DA A Decimal Adjust I
i * with borrow : ; Accumulator
- - All i copynghted ®inted Corporation 1950
syt s 8-4
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. Table 8-1. 8051 Instruction Set Summary (Continued)

LOGICAL OPERATIONS R O LOGICAL OPERATIONS Cont.
2h5 Oscillstor A i Oscillator
Mnemonic - Description Byte - Period " Mnemonic Description ©  Byte ™ Period

ANL A.Rn AND registerto -+ 1 12 XRL  A@Ri ' Exclusive-OR 1 Do ¥ o 2
e g " -. indirect RAM 10 1~
- Accumulator &

Accumulator

ANL  "Adirea AND direct byte 2 v S R e
=10 Accumulator ; FIOEEEY XRL Addata " * Exclusive-OR - ° 2 12"
ANL  A@Ri : ANDindirect 1 o7 . “ immediate data to
g ~ RAM1to~ x ~ =% Accumulator ; ;
Accumulator XRL direct A © ExclusiveOR - "2 = j2 - i
ANL A ¥data AND immediate 2 12 / Accumulatorio 2T
: datato W : direct byte .
Accumulator : XRL  direct,7data Exclusive-OR % 3 24
ASL direct, A AND Accumulator 2 12 immediate data
todirect byte to dircet byte .
a\L direct,tdata AND immediate 3 24 CLR A Clear * - - h | 12
; data to direct byte Accumulator
OR2L A.Rn OR register to 1 12 CPL A Complement ! 12
Accumulator 5 Accumulator
ORL A.direct OR direct byteto 2 s \J2 RL A Rotate - I 12
Accumulator = . Accumulator Left ;
ORL A.@Ri ° ORindirect RAN 1 12 RLC A Rotate 1 12
P 10 Accumulator Accumulator Left I
O2L A.#data OR immediate 2 12 \ through the Carry
5 datato RR A Rotate 1 12
Accumulator 3, Accumulator
CRL  diret.A  OR Accumulater & 2 12 Right
1o direct byte RRC A " Rorate ! 12
OoRL direct,#data OR immediate 3 24 Accumulator - g
datato direet byte 3 " Right through
XEL  A.Rn Exclusive-OR ! 12 the Carry
3 register to A | fswaep A * Swap nibbles q, 12
1 Accumulator E i, ] within the | & &
§ XRL A direct Exclusive-OR 2 12 Accumulator
- direct byte to 3 >
F ——— s aarne = All mnemonics copyrighied €intel Corporation 19X0 @
3
p
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MCSE*®-51 INSTRUCTIONSET -
Table 8-1. 8051 Instruction Set Summary (Continued)
DATA TRANSFER 0 DATA TRANSFER Cont. .
Ealte Osdillator SOy & e .« Oscillator 3
:, © ' Mnemonic Description ~ Byte  Period 7(nemolk -Description  Byte . Period . ::
MOV  A.Rn Move g 2. MOV ! DPTR#datals LoadData = 3 -- i
. register to Pointer witha 1=
Accumulator ; .. 16-bit constant : ;’
MOV  Adirea Wove direct i % S MOVC * A, @A+DPTR Move Code 1 A
Hteto : ' “ .- byterelativefo -, -
i - Azumulator DPTR to Acc
MOV  A.@Ri- ° Move indirect ] 2. MOVC A @A+PC - MoveCode 1
RAM 0 ¥ z :. -byterclativeto -
x 3 ; Aczumulator . PC 10 Ace
MOV -~ Asdawa Move 2 12 MOVX A @Ri . Move 1
=mediate z External -
Zita to RAM (¥-bit :
A:cumulator - -addr) o Acc . '
MOV  RnA Move ! 12 -MOVX A@DPTR Move |
Ascumulator : External
53 register RAM (16-bit - -
MOV Rndirea Move direct 2 - addr) 1o Ace
mielo MOVX @RiA Move Acc 10 I
pster External RAM =)
MOV Rn.fdata Move 2 12 . A8-bit addr) = &
i mmediate data MOVX @DPTR.A Move Accto ] ?-:
g R 12 regisfer d External RAM : i—_-‘
MOV direa.A Mave 2 12 (16-bit addr) Sy
Axumulator PUSH  direct Push direct 2 £
. ie direct byte 1 - byte onto g b9
MOV direct,Ra MUoveregister 2 24 stack =1
- 13 direct byte 5 POP ' direa Pop direct 2 P
MOV _ direct.direct Move direct 3 - 24 - byte from =4
. bectodirect 5 stack
MOV  direct.@Ri Woeindirect 2 24 XCH ARn Exchange 1
FAM10 ¢ _register with
T T T TR Nt e . Accumulator
MOV direct,data - Mowe 3 24 XCH A direct - Exchange 2
r=mediate data S R o " direct byte
o Srect byte with
MOV  @RiA Move i T Accumulator
: A==mulator to XCH  A.@Ri Exchange ]
- mZrect RAM indirect RAM
MOV  @Ridireat Meve direct 2 24 with
P bz o Accumulator
. mErect RAM XCHD A.@Ri Exchangelow- |
MOV  @Ritdaia Maoe 2 12 order Digit P
==ediate indirect RAM
dxato A with Ace
R AM All i3 copa righicd €lntel Corporation 19%0
2 ‘afr
.' - o
33
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Table 8-1. 8051 Instruction Set Summary (Continued) el e ket
BOOLEAN VARIABLE MANIPULATION PROGRAM BRANCHING Cont. PR
i Bk o B 2 Oscillator e L e el -~ v+ Oscillator
g Mnemoni¢ .~ " ‘Deseription’ " Byte” “Period : .M',".""’,"lf.h. 3 “Descripr ‘Byte’~ Period’
E CLR i ’. =t 'Clur.Carry' oyl - { RET! "' : ”';‘_Relur.u‘fmm ! 24
i CLR bt "7 Cleardirea bit 2 2 B 5 interrupt
o SEEB . C -’ = . SetCarsy i Lol gt o AIMP- addril i3 “Absolute 2T T
! SETB _ bit -;:v~: Setdirect bit 2 i A SAT G e Jump T,
. cPL [ oS . Complement 1 12z IJMP_,- ldd[l_ﬁ 'Lon..lgmp : SRR
i 3 LR Giryy 3 __ SIMP _ rel 55 = “ Short Jump 2 24
b JcPL  bit- " ¥ Complement "t o5 L TN N addr) s
¥ "7 direct bit o NN IIMP /S @ADPIR jumipinligs 2
4 ANL  Cbit . ANDdirect bit & 2 24 8 [y e 57 Telativetngie, - . . .. =
3 “F wCanry A ¥ 3 _‘ - TOPTR NN\ T
2 ANL  C./bit AND complzment 2 24 - JZ - el = Jumpir %R 24
3 of direct bit \ e Accumulato:
to Carry 82Zero %
4 ORL C.bit OR directdit - .2 24 INES |- G- Jumpif 2 4
3 . ... .. toCary : 4 Seie \ . Accumulator
f JORL  C.bit " ORcomplement 2 24 { " s NotZero :
L of direct bit - CINE - Adirectirel | * Compare I 7
1 .toCarry 7] direct byteto - o7, 0
MOV C.bit Move direct bit 2 12 _Accand Jump
" 10 Carry | | FRIRRGIT . il Not Equal LN |
MOV bit.C Move Carry to WIS 4 CINE A,ld_:la.rcl__ v' Compare A="Fn’
direct bit § immediate to
ic rel Jump if Carry 1;_ 2 24 AccandJump - .~ r
is set 5 1 301 - 7 Nt Edval
INC rel Jump if Carry 2 24 CINE  Rni#datarel, Compare 3 24
not set . 1t immediste o
FNET bit,rel Jump if direct 3 24 He- N on —sregisverand
3 Bit is set : . 37 . Jump If Not.. .
r  |INB  bitrel Jump if direct * .3 24 AL /S Equal.
] S Bit is Not set CINE . @Rifdatand Compare 3 253
JBC  bitrel Jump if direct 3 24 Wy =3 D immetiate 16
Bitisset & indirectand
clear bit Jump if Not
4 . Equal
DINZ  Rnrel Decrement 3 24
PROGRAM BRANCHING register and
: Oscillator Jump if Not
Mnemonic Description  Byte  Period Zero A
DINZ  direct,rel Decrement 3 24 =
ACALL addrll Absolulf 2 24 direct byte
i Subroutine and Jump if
£ * Call 2 Not Zero
i |LCALL addrle;, Long 3 24 NOP NoOperation | 2
5 Subroutine
. Call AR maemonics copyrighted ¢Intel Corporation 1950
RET Return from 1 24 -
/ Subroutine
-
87 i
- o, . St & ¥4
',‘ —— . - — ——— . T Y ——— o -



1. mmb’ouc_rldﬂ — ¥ A
In 1976 Intel introduced the MCS-48™ family, consisting -
of the 8048, 8748, and 8035 microcomputers. These part
marked the first time a compleie mlcrgcompuxcr system,.
including an eight-bit CPU, 1024 8-bitwords of ROM . .
or EPROM program memory, 64 words of dawa memory,” * 2l Pmout dlagrams for xhc 8051 875I and 8031 are sbo(v%

1.0 Horts and an eight-bit timer/counter could be inte<.y
Zated onto a single silicon chlp Dcpendxng only on the,. m. :F'gure 5 The d:nu.-s Sluge e fo""“ms fulu .l;‘_,

program memory contents, one chip ‘conld- control a,—,
Emitless \-mciy ofproducu mngmg from applnnu:s or
- automobile engines to lext or data processing equipment. ;:
_ Follow-on products stretched the MCS<8™ architeciure * . - ® 128 bytes data b v g on-chip.
in several directions: the 8049 and 8039 doubled the - ® Fourregister banks. : S
2mount of on~chip memory and ran 83% faster; the 8021 . ~..® 128 Uscr-defined ‘Oﬂ“"" flags. . -
reduced costs by exccuting a subset of the 8048 instruc- . *- ® 64 Kilobytes each prbgram and ""‘”‘3' RAM:'
dons with a somewhat slower clock; and the 8022 puta = - addrcssabnhly R ; -
unique two-channel 8-bit analog-to-digital converter on ™~ ® One m'CFOSCC?nd '"5"“‘1‘0" C)Ck with 12 M%

the same NMOS chip as the computer, letting lhc chip w " erystal. °; - K
interface dircctly with analog transducers. " ® 32 bidirectional IlO lmcs orgaml:d as four 8 bll.,

ports (16 lines on 8031).

Now three new hlgh-pcrformancc smglc-chnp microcom-" e Multiol 2K

puters—the Intel® 8051, 8751, and 8031—extend the & - ol (o, Rghepenk "'°"’"'""b" S‘
advantages of'lnteéralcd Electronics to whole new prod- . . " o Tuo.muluple k 16-bit TimcrlCoumers. __g
ect areas. Thanks to Intel's new HMOS technology , the -~ ..° | Two-level prioritized interrupt structure. - ,é"{‘
MCS-51™ family bpYOVId“ four tives the program e '0 Full depth sud for subroutme return lmkagc and =

memory and twice the data memory as the 8048 on a S
single chip. New 1/0 and peripheral capabilities both :
increasc the range of applicability and reduce total system
cost. Dcptndmg on_the use, ptocusmg lhroughpul'

e Augmemcd M(_S-ﬂ" |nsirumonsd.
e Dnrtct Byle lnd Bit addrcssabaluy_

Thxs Apphcauon Nolc is mtendcd to lnlrodu y
.10 the MCS-51™ architecture and features. While it does
* not assume intimacy with the MCS-48™ product linc on :
lbe par! of lhc tcadcr. he/she should be hmnlur with *




nJululnTn]nlnln

e Saten

ulu]nlululn]u

gika'cs‘inx:':a

tlale|nlela

.q_j‘IKPJu]gln

s RO

u1uln—[ 1nlu]mln
w]:]nlnlululn]n

f]?jjf.1AJ;T;]»

'-?1~1-J [==l=1=

7 -]nluln[n]u]n

ﬁaas-o‘n;a‘ca

Uit ule(e|e|nleln|s]|a]s

slolelele|alee|e|nle]s

ale|a]eln
-

3

d
4
5

gle|dlelx|y|xlelsle|sleclelelsls
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STORE Cammy YO Pinw P23 . F
FOVE ORIGINaL ACC 4 INTD tv 4
STORE TanRy 7O PN raz

- 2423

Vmually all hardwarc dcsugners lrc famlhar \vuh.
problcm of .. solvmg comp!tx funcllons 'u
combinatorial Iognc. The ledmolo;:es mvol\ed ma)

: '\ grcally from muluple comacl relay Iognc £3.d
ic appro:ches llkc ﬂaud -,,é
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ADVANCED 64K (BKx8) UV ERASABLE F PROM

. lnlellgent Programming™ Algomhm

= Fast 180 nsec Access Tlme - 3

. —HMOS ll'-E Technology 3 - .- -—Fastest EPROM Programmlng

» Low Power et : L] lntellgent Identifier™ Mode -.

. - .—Automated Programming Op-eratlans

—60 mA Maximum Active :
—20 mA Maximum S{andby

* ® Two Line Control 7
The Intel 2764A is asv only, 65,535-bit uﬂrav:olet erasable and electncally programmablo nad-on!y memory
(EPROM). The 2764A is an advanced version of the 2764 and is fabricated with Intel's HMOSIFE technology
which significantly reduces die size nnd greatly improves lhe device's performance. power consumptlon

; reliability and producibility.

The 2764A provide’s access times 1o 180 nsf2764A-1). Thisis an' lmprOvement oveﬂhe fastest 2764 access time.olzoo
ns. This is compatible with high-performance microprocessors, such as Intel's 8 MHz iAPX 186 allowing full speed
‘operahon without the addition of WAIT states. The 2764A is also directly companble with the 12 MHz 8051 farrny

= Compatible with 2764, 27128, 27256
= +10% Vcc Tolernnce Avgllable

Several advanced features have been designed info the 2764A that aliow fast and vehab!e programmmg—mg
inteligent Programming Algorithm and the intgligent Identifier Mode. Programming equipment that takes advantage of
these innovations will electronically identify the 2764A and then rapidly plograrn it usmg an ef‘ﬁaent programmmg

method.
The 2764A also offers reduced pow"J consUmpﬂon compared to the 2764 The maximum active curren( on
faster speed parts is 60 mA while the maximum standby current is only 20 mA. The slandby mode loweyg

power consumption without increasing access time.

Two-line control and JEDEC- approved 28 pin packaging are slandard lealures ©of ail Intel higher density EPROMs.
This ensures easy microprocessor inferfacing and minimum des:gn efforts when upgrading, adding or choosing

between non-volame memory alternatives.

&
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Figure 1. Block Dlagram bl il b ol it Lo
| NOTE: INTEL "WVERS AL SITE-COWPATIBLE EPROM Pui CONRIOUAATIONS
i ARE SO BV THE BLOCKS ADJACEWT TO THE 77844 Pucg
3 MODE SELECTION =
=T aleal®mlalsTw - Figure 2. Pin Configurations
. on on o | ow ™ - i Sag > 2
Sese - My M L] = L33 -t
[— [ - - B e ~ —1 PIN NAMES
e " . . * ) owe | we 1 ; A, | ADORESSES
R R ITE [ {oemnr
g — Yy wy, . e e - Caso ::.x‘o’ aﬂms‘
———— ¢ E
e e = a1 ¥ & Oy . G PROGRAM ”
b ‘I NC. NO CONNECT

V. Xcanbe Vp oV
2 Vw120V 208V,

*HMOS is a patented process of inte! Corporation
I-.-U-dl-.CMyOvMM (w-nudhm~aww-qtk--.—w,

el Corpor Arsumoe Ho Renp
M"M Y

SINTEL CORPORATION, 1é4a. . §
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mtel o :_ fp 27.645.

: ABSOLUTE MAXIMUM RATINGS* -

.

Temperature Under Bln .............. —10'C to +BO'C
Storage Temperalure ............J *....—65°Cto +125°C
All Input or Output Voluges with T ¥
RespecttoGround ...... Sy e s R +6.5V to -0.6V
Voltage on Pin 2d'with .-~ = . _ X <
Respectto Ground ..... P S +13.5V 10 -0.6V

Vpp Supply Voltage with Respect lo'
Ground During Progrumming ceesne..+14V10 0.6V

*NOTICE:. Stresses sbove those listed under “Absolute
Msximum Ratings”™ may cause permanent damage lo the
device. This is a stress rating only and functional opera-

tion of the device at these or any other conditions above

those indicated in the operational sections of this
specification is not impiied. Exposure to absolute maxi
mum rating conditions for extended periods may atect
device rahab:l:ly 5

D C.AND AC. OPERATING CONDITIONS DURING READ-

2764A-1, 2764A-2, 27T64A 2764A-20, 2784 A-2S
27MA 3, 2764A4 2TE4A-30, 2TS4A4S
Operating Temperature Ra‘nqe 0*-70'C ’ : r-10cC
Ve Power Supply' SV 5% =% - sV=10%
Vpp Volugoz Vep = Ve Vpp = Voo
READ OPERATION : .
‘D.C. CHARACTERISTICS
. UmHis
$ymbol Pacameter Min Max Unit “ Conditions
I, Input Load Current 10 uA " Vi =58V
ho Output Lezkage Current 0 pA Vourt = 5.5V
lpp,? Vpp Current Read 5 mA Vpp = 55V
tcer? Vee Current Standby 2035* mA CE = Vi
Icca? Vce Current Active 75’ mA TE=0FE=V,
VYo - Input Low Voliage <4 +8 v
Vin input High Voltage 20 Veg+1 v
Vo Output Low Vollage 45 v lop =2.1mA
Vow Output High Voltage 24 A low = =400 uA
Vo' Vpp Read Voltage 38’ Vee v Vee # 50V 2025V
’
- AC. CHARACTERISTICS 3
ITEAA208 | 2764A-25 8 ITHAN & 2764045 & .
ATHLAT Umits 5rg4a 2 Umits) J764A Umbta | 2784A-3 Limits (2784 A4 Limits Tost
Symdol Paramaeter Min | Max | Min | Marx Max | Min | Max | Min | Mex | Unit| Conditions
uce | Addressto Output 180 200 250 300 450 | ns [CE-OE~Vy
. Delay : .
tce CE to Output Delay 180 200 250 300 450 | ns [DE=Vy
1o | OE to Output Delay &5 75 100 120 150 | s [CE=vy
tor' | OE or CE High to 0| ss| o} ss 0| 0 | 105] 0o |10 | r [CE-vy
Output Data Fioat
oH OutputHoldfrom__ | © 0 0 [ ns |CE=DE=-Vy
Addressas CE or OF
Whichever Oc:urrvd —
First
NOTES: 1. V. must be apphed lmu"nn-oully or belore V., and removed simultaneously or after V,,. e
2. V., may be connected directly 1oV,  except during programming The luppl' current would then be the sum of ke andl,,-
3 Yypicel values are for 1, = 25°C and nominal supply voltages.
4. This pa er is onl! pled and is not 100% tested. Output Fioat is defined as lhopoht where data Is no longer
driven — see titming diagram on the foliowng page.
S.

*“ime oni:
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Max Icc rating ditfers with sccess ime. Rating of 60 mA utwo 8nd 20 mA standby are for 2764A3 21200 nsec and 180 nsec access
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CAPACITANCE (T,=25'C, 1= 1MHz)

- | Symbol Parameter Typ.'| Max. | Unit | Conditons
C.. - {lnput Capacitance 4 6 pF Vu=0V '
Cour Output Capacitance | . 8 12 pF Vour =0V °

ACTESTING INPUT/OUTPUT WAVEFORM |

'A.C. TESTING LOAD CIRCUIT. .. -

-\ - -
. 13v
20 . e
19 2¢
TLSTPOINTS < g . 3.3
- ptnce
. e A our
TESY .
. . € - teepr
ac v(sv;-c n'ma::sl l:rrviuuuwoutoc( T AND0aSVEOR I
L TamG MENT J .
. MDOW‘O-ALOGC'Ou_t NTS ARE GADL{ AT 20V FOR A LOGC 1 K =
] G ropF iy,
. Ty INCLUDE S G CAPACITANCE
AX. WAVEFORMS < =
/ 4
'. L sses L
-
- b ADORESS
. Aboazzses : g } YALID 2 M
L
. " - L LXK R 3 \_
Voe g g { :
T
- ? /
[N 5 nlc.-—J
N ,
} ey —.
Ve /
4
o - - i Z . .
o —-ccou-—; ” . e
Ve * —ess0e
) o /; ; ;; ; \ \ noK
- OUTWT L \ YALID OVTIVUT aid]
. o
NOTES: 1. Fyp-cal values arw for T, = 25°C and nominal supply volages. ' . ’
z ﬁ,nnmm:ho«'ympbdw\enndvmw. - .
3 Piwrh-ﬂhp'nnﬂuplolcg-lo( ohmhnmmedccwmimp’cloﬂu,
€. lor g speciled from DE o CF, whichews occurs fst |~ ~
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curent of less than 4 uA provides 8.bit zero accuracy High speed multiplying input slew rate: 8 mA/us
for IREF > 2 mA. The power supply currents of the . Power supply \}olnge fange: 24,5V to 18V
DACOB08B series are independent "of bit codes, and = Low power consumption: 33mw @ 15V
exhibits essentially constant device characteristics over ; )

the sntire supply voltage range, - e A %

. © ' —— — =3
T Q ' : ) .- ~ s ‘ I
b= Hational S ;. AtoD/DtoA >
S : Semiconductor ~ {3
. - L2
) | DAC0808, DAC0807, DACO806 8-Bit D/A Converiers iz
N . 3 . . 5
o a0 . N o
8 General Description Features . L E
The DACOBOB series is an B-bit monolithic digital-to- ® Relstive  accuracy: 20.19%  error  maximum . '._§
8 snalog converter (DAC) featuring 3 full scate output : {DAC0808) ’ pre
: < current settling time of 150 ns while dissipating only M Full scale current match: £1 LS8 tvp X
0 | 33mW with 25V supplies. No refer o e (IREF) & 7 and 6.bit accuracy available (DAC08O7, DACO80E)
+ trimming is required for most applications since the full aF i ~‘_ - 150 -
d‘ scale output current is typically 21 LSB of 255 IReg/ - ”'_‘f“ e |m.e.‘ ns tvp
o 256. Relative accuracies of better than £0.19% assure . a Nm'"v?rﬂng digital inputs ere TTL and GMOS |
(o] 8-bit monotonicity and linearity while zero fevel output comptible .
o ;
O
(&)

The DAC0808 will interface ditectly with popultar TTL, g N
DTL or CMOS logic levels, and is a direct replacement -

for the MC1508/MC1408, For higher speed applications,

see DACO800 data sheet, : " Y4

Block and Connection Diagrams Ouatin-Line Package
: y

Poee Ry ‘: L] 3 U "
J ? ? ? ? T ? ? """"T » ot ataion
tn::::: OL Svantx? parrenes j:‘o—.. :::: ] —'-':':::::

a 13
[ oo [ o yor R
-Ill—‘ . 'l'-lllﬂ

Yate(.) O— . Y J LW
8 cuanier Yer 2 "
Buact sain Prpnt b—1s
Yaperag Py 0
#
S B s e
LN 0r mem
L 3 - &
Typical Application i -
=
13 E’:
M . Smm ; R
-3 AT O WSV e Wpgy bt
2o H
&
tTar a7
eyt 2

= Al a2 AB
Voo 10V o b e
0" 10 (2‘" s :55)

L e
) FIGURE 1.410V Output Dightal 1o Anafog Comverter
| Ordering Information

z

ACCURACY OPERATING TEMPERATURE ORDER NUMBERS™ P L
5 RANGE D PACKXAGE {D16C) JPACKAGE L164) NPACKAGE (%154) 4
et © [V g cracozsc DACosoeLD | mCisoaLs | ’
. 8:bit " 0'CSTacrse . DACO208LCI [MC1408L8 | Oacososiow | mdtesses
- * 74it T 0°CETag IS DACOB0ILCS [MC1408LY | pacosorLow | mcrdasty
bit 0CSTagrs°C DacososLCs [mciaosis | pacososies | mcreoess -

'Non. Devices may be ordered by using either order wmbor.'-
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~\. 4 - - [} M L d * . . - . T oeAs Tt B ‘{"
1% | Absolute Maximum Ratings : T T R e T
e
p;." '::m Supp'y Voltage Povier Ditsipation (Package Lurm!nlonl 1000 ™,
| '2 vee +18Vpe ‘Derate sbove Tp = 25°C 6.7 MW/
H %:‘,. 4 vee -18Vpe Operating Temperature Range . <
f.: pigital Input Voluage, V5—V12 .. =10Vpe! to +18 Voc DACOBOBL -55°C L TAS+125°C ©
%2 § acotied Output Volusge, Vg -~  “11Vpce+1BVpe * 7 7 DACO80BLC Series ) © 0ETASe
{7 feference Curreng, lq4 - 5mA Storage Tempersture Range -£5°C 10 4150°C
25§ nclerence Ampiifier Inputs, V14, V15 . . Vee. Veg : T N
y . - " ‘.
[T - ) .
A . ' . - .
3 Electncal Charactenshc _ .
L4 vcc= SV, VEE= -15VDC. VREF/RN 2mA, DACOBOS: TA = <55°C to +125°C, DACO80SC, DACO0807C,"
3. § DACOBOEC, ToA=0 °C to +75°C, and 3!l digital inputs at high logic level unless otherwise noted.) A X
ey .
< FT . vAmameven CONDITIONS MIN TvP MAX UNITS
{ 1« Relative Accuracy (Error Relative {Figure'd) - . <
3 10 Full Scate i) - . : . 2 ¢
DACDB08L. {LM15088), ! T £0.19° s
DACOSOBLC (LM 1406-8} y N A
“DACDBO?LC (LM1408.7), (Note 1) . ~ L ©f 2039 1 3
DACOBOGLC (LM1408-6), (Note 1) . o = 20.78 »
Settting Time to Within 1/2 LSB « Ta=25°C (Note2), T 150
{includes tpg M} {Figure 5}
2. Propagation Delay Time "TA=25°C, (Figure 5 3 - 100 ™
L . i - 2
1Clo  Output Full Scate Current b:if! ) 4 ’ 220 ppom/C
usg Digital tnput Logic Levels (Figure 3] r
Vin High Lavel Logie "1 2 voc
Vi Low Lavel, Logic *0~ © 08 Voe
M8 Digital Input Current {Figure 3} g
High Level ViH® 5V 0 p 0.040 mA
Low Lavel ViL = 0.8V t -0.003 -08 mA
s Reference input Biss Current {Figure 3) -1 -3 2A
Output Current Range F (Figure 3} .
Vegg = -5V o 2.0 2.1 mA
L VEE = =15V, TA ~ 25°C o 0 20 42 mA
io Output Current VREF = 2.000V, ' )
. R14= 10000,
. lrigure 3) 19 199 | 21 mA
- A
“Output Cursént, All Bits Low {Figure 3) 0 4 )
H . .
*Output Vohage Complisnce £, <0.19%. To © 25°C i
Pin 1 Grounded, ) <3 . .| -055.+04 voe
: VEE Below =10V \ -5.0,+0.4 voe
' SRiggs Reference Current Stew Rate {Figure 6) 4 [ ] * mALs
Ovutput Curreny Powes Supply -8V S VEg £ ~16.5V 0.05 2.7 HAN
Sensitivity .
Power Supply Current (Al Biu (Figure 3} : . ,
Low)
. 23 22 ~A
4.3 -1 mA
Powsr Supply Voltage Range Ta~ 25°C, (Figure 3}
‘ Vee . . 45 5.0 53 Voe
" vee ~5 -15 -16.5 voe
Powaer Dissipstion
; . All Bits Low . vee = 5V, Veg = -5V 33 170 ~e
. . vee = 5V, Vgg = 15V . 108 305 ~
' An am_u:a._;' Ve = 15V, VEg = -5V ’ 90 ~w
! , Ve e 15V, VEg = —15V 160 -
] . *
! Note 1: Alf current switchss sre tested 10 guarsatas st least 50% of rsted coment.
l!\ Ncte 2: All bits switched, .
. Note 3: Range control is not required. s
v (- ‘ .
] E 8127 .
. 3 . | . . e -
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DACO0808, .DAC0807, DAC0806

]

5 cenen
- ] 3 * Y . b
Typical Performance Characteristics o, C Y
. o
-VCC =5V, VEg = —15V, To = 25°C, unless otherwise noted R ~£,
Logic Input Curremt v - Logic Threshold Voltaga va 5
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TEMPERRTUNE (O Vig - NEGATIVE POWER SUPPLY (v) Vgg - POSITIVE POWEA SUPPLY (V) -~
~
Refecance Input -
Frequency Response
s . Unless  otherwise specified: R14 =
e, . TN RIS = 1 k22, C = 15 pF, pin 16 1 Vgg:
e 2 ] I‘””” ! ,.‘ HE R = 501, pin4 10 ground.
NN Y SR Ik Curvg A: Large Signal Bandwidth
.z. -2 i i Method of Figure 7, VREs = 2 Vpo
c I Cal ! offset 1 V above ground
s 4 ”, i NANEI Curve B: Small Signal Bandwidth
Z RN Method of Figure 7, R = 2507,
S RN VREF = 50 mVpp offset 200 mv .
& _, I N1 sboveground, . .
. i N Curve C: Large snd Small Signgt
- EHI R - Bandwidth Method of Figuw 9 (no .
. P smp, Ay "= 500), Rg - sgNh, / .
9 o 1 ] " )
VREF = 2V, Vg = 100 mVpp cen |
- FREQUENCY pang) tered a1 OV, ‘
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lntel ’ PRELIMINARY

2187A FAMILY
8192 x 8 BIT INTEGRATED RAM

a ‘Low-cost, high-volume HMOS . Sfmple synchronous refresh operation

technology = 2764 EPROM compatible pin-out
= High density one transistor cell
s Single 45V 10% supply
» Proven HMOS Reliability
s Low active current (70 mA)

e Two-line bus control
s JEDEC standard 28-pin site
s Low standby current (20 mA)

The Intel 2187 is an 8192 word by 8-bit integrated random access memory (IRAM) fabricated on Intel's proven HMOS
.Gynamic RAM technology. Packaged in the industry standard 28-pin DIP. the 2187 conforms to the industry standard
JEDEC 28-pin site. .

The 2187 is panticularly suited for use in microcontroller apphcations. incorporating many requisite system features.
These include low power dissipation, automatic iitiahizalion. extendec cycle operation and two-ine bus control to

elminate bus contention.

-
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ABSOLUTE MAXIMUM RATINGS®
-10°C to +80°C

Temperature Under Bias . . ... .
-65°C10 +150°C

Storage Temperature .........
Voltage on Any Pin with

Respectto Ground ............ -1.0Xtc +7V
D.C. Continuous Current per Qutput ..... .. 10 mA
D.C. Maximum Data Out Current . ......... 50 mA

1.0W

D.C. Power Dissipation ..... ... e

4
%

* COMMENT: Stresses above those listed uncer “"Ab-
solute Max:mum Ratings" may cause permanent damage
{o the device. This is a stress ratinfronly and functional
operation of the device al thesear.any other conditions
above these indicated in the operational sections of this
specification is nol implied."Exposure to absolute maxi-
mum rating conditions for extended periods may affect

device reliability.

'D.C. AND.OPERATING CHARACTERISTICS™ . . )

JA=0°Cto +70°C. VCC= + 5V & 10% unless otherwise noted. . . e

Limits

Symbot Parameter Min, Max. | Unit Test Conditions Notes
Wi tnpyt Load Gurren! (Al Input Pins) 10 pA Vin=VSS to VCC .

. age. -t 1o Qutput Leakage Current 10 7A OE = VIH

ﬂ ICC Operatng Current 70 mA Minimum Cycle Time 2
1S8 Staraby Current 20 mA CE=VIH
viL input Low Voliage -1.0 0.8 \ 3
I -ViH input High Vdliage 2.4 70 \

voL Ouiput Low Vollage 0.45 v 0L = 2.1 mA
VO Qutout High Veltage 124 v 1OH= ~-10mA

NOTES FOR D.E. CHARACTERISTICS:
1. Typcaiim1s are VCC« « 5V, TA= 25°C

2 ICC :s z2ze~cent on culpuls loading when the device ‘outout 1s selected Spec..ed ICC max 15 measured wth the oulputs open
3 Spec-ec Vil mun s *2: steady state operanon. During transitions the inputs may cvershoot! 1o -2 OV for penods not 10 esceed 20 nsec

A.C. TEST CONDITIONS v 4
Input Puise and Timing
* Reference Levels . ........ 7 I 0.8V to 2.4V, 1.6K
Input Rise and Fall Times .............. 10 nsec Doyt s . sv
Output Timing Reference Levels .... 0.6V and 2.4V 2y e ome
Qutput Lead ....... ey See Figure 1 ] oo Ae ’ 16K
Douv —_— .
) ’ : [ 3 F
. Figure 1. ” ] s
CAPACITANCE
TA=25°C, {= 1.0 MHz ) =
’ ) Figure 2. ‘
. Py 5 . £ [
Symbol Parameter Max. Unit Conditions :g:s:f":‘ "":"7593:“!'
Can Address Capacitance 8 pF Vapp = OV X o
Cio 170 Capacitance 14 pF Vo =0V y
Cuy " | Control Capacitance 14 - pF V=0V~ : .
NOTE: 3. T~s parameter 1s c.havncteriz;:d and not 100% tested. i ‘ -
3-30
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2187A FAMILY

PRELIMINARY

e

A.C. CHARACTERISTICS
" TA=0°C10 +70°C, VCC = + 5V 1 10% unless otherwise noled
READ CYCLE (WE = VIH)
- 2187-25 2187-30" o < 1e7-35
Symbol Parameter- Min. { Max. Min. | Wdx- Mip: | Mas, | Unit ‘Noteg
TELEL Cycle Time 425 500 600 | .| ns
TELQV Azcess Time from CE 250 300 ~ 350, ns
TGLOV Access Time from OE 65 70 75- ns
TELEH CE Pulse Width 40 . 40 40 ns
TEHEL CE High Time .. .. 40 40 40 ‘ns |
TAVEL Adgress Set-Up Time - 0 0 0 ns
TELAX Address Hold Time 35 1 35 35 ns
-TGLEL OE low 10 next CE low 250 275 300 ns
TGLGH OE Puise Widih 65 70 75 ns
TGHEL OE high 10 next TE low 40 - 40 40 ns
TGHOX OF tigh 10 Data Fioat 0 70 0 20 0 70 ns 1
TELGL CE iow 10 OE Iow 10,000 10,000 10,000 ns
TGLEH OF low to CE high 40 40 40 ns
{ IEWRFL CE iow 1o REFEN low 425 500 600 ns
" TGLRFL OE tow to REFEN low 250 275 300 | . as
TRFLRFH | REFEN Pulse Width 70 9200 70 9800 70 8800 ns 5
4
WAVEFORMS
READ CYCLE
———e . TR e
—-— “figm —— 4
_ - TELOL e < 1OLEN e o TEmEL e r
CErlt . b
\ : i v
h L Teue >
OE(Gs i * i)’ EEE.
. e ravel T e TGLG™ ___‘.vc-n y §
. ADDR VALID
- 1608 — [__ 1CLOY -——J TCmse
- Ohe —t—————( o i — .
fe—teL0V ---[ !
. READ CYCLE FOLLOWED BY REFRESH
e TELRFL
€Uty j /
: TGLRFL
. e TRELAF N gl
AEFEwme) /
Qv
ot TELOV -
J DATA VALID L
| TR J
C 33
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2187A FAMILY

A.C. CHARACTERISTICS
TA=0°Cto + 70°p. VCC = + 5V + 10% unless otherwise noted.

REFRESH CYCLE

NOTES FOR A

Trans1cn 15 measured = S00 mV from sieady siate logic level with soecded loading in Figure 2.
tavim..m appies tor FMC Only

Note TERELF ~TEHEL.

TRFHELE > TREHEL sng TRFLRFHE > TRFLRFH
€ xtenpec Cytles occar when the REFEN pulse wigth 5210 psec.

oo Ay e

C. CHARACTERISTICS:

3-34

e,

...

2187-25 2187-30 2187-35
Symbol Parameter Min. | Max. | Bin. | Max. [¥in. | Max. Unit [ Notes
STELRFL | CE towto REFEN low £25 500 €00 ns
{TRFLAFH | REFEN Pulse Width - 709600 ( "70{ 9800} 70§ 8800y ms | 5
YTRFHEL | REFEN high to CE low 40 40 |. 40 | ns
TRFLRFL {REFEN cycle time 1o guaraniee refresh 350 | 15600 | 400 { 15600 | 450 { 15600 { ns
TRFLEL HEFEN low to CE low 350 400 450 ns
i TRFHELE | REFEN high to CE tow — exiended cycle 350 400 450 as 4
1TGLRFL  |OE low 1o REFEN low - 250 { 275 300 ns’
ITWLRFL | WE low to REFEN low 250 300 350 ns
. TAFLRFHE |REFEN Pulse Wicth — extended cycle 10.000 10,000 10.000 ns | 45
TT2FRRFLE | REFEN high to FEFEN low — extended cycle | €25 $00 609 ns
VWAVEFORMS -
REFRESH CYCLE
. TIRELRFL
e niAn | 1RFLEL !
e : . ' 1L H .
* \ l; Uoeze asm TREML
RLFEre BF) H +
\ ' \
TCLRFL et
O (G ™eaD CYCLE) —ﬁ W " oeors
VTV 1emE CYCLE) \ W
EXTENDED CYCLE REFRESH®
faae TREGIRF | L et
—] !—— TREWCLE
ciL: \ 7 4¢ ! 4 ]
e TE . BE| ot TRF | RE HE =] §~"ll|.llt-0‘———— TRF | RE 4§ comtos *eregLl
REFENDE ——————\ w
: oL Y —
Gty , Toumn —~4¢
\ /]
L "
wiisy —i} TwLRAL W——-
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National - AtoD,DtoA|
Semiconductor ) j

ADC0808, ADC0809 8-Bit P Compatible AIﬂConver{ers
With 8 Channel Multiplexer

General Description ) Features

The ADCOB08, ADCOBOS dats szGuisition componentisa B Resolution — 8-blts

monolirhic CMOS device w 1~ an Bil anslog-to-d'Gltal & Total unadjusted error — = 12 LSB and = 1 LSB
converter, 8-channel mutt:-erer and microprocessor & No misalng codes
compstidle control logic. The & Lit AD converter uses suc- e
Cossive spproximation as the cor ion technique. The = Conv-mlontlmo.-doops .
converter features 8 high mmpedance chopper stabilized B Single supply — S Vpe
P ,8 255Avoltage c-nder withanalog switchtres B Operates ratiomstrically of with § Vpe or.an;log span
snd s successive approximat.on register. The 8-channel adjusted voliage Mefonc.
multipiexer can directly access any ol 8-single-ondec ana’ @ B-channe! multiplexer with fatched contrel Iogle
-fog signals. R ) ® Essy Interface 10 &l microprocessors, or operates
The devite sliminates the nee2 for externs! zero and tyll- “stand sione™
scale adjusiments Easy inte-facing to microprocessors B Outputs meet T2L voltage leve! specitications

Is provicad by the laiches a7c cecoded multiplexer 82- B OV 1o SV snalog input voltage range with singls 5V

Oress inputs end lstched Toy TRISTATE? outputs. supply
The design of the ADCOSJE 2200505 has been optimized B No zero of full-scale adjust requited

by inzorporating the mos: s radle aspects of se.e:al 8 Stendard hetmetic or moided 28-pin DIP packape

AD conversion techniques "¢ ADCDE0S, ADCOS2 of- @ Yymperature range —40°C 1o +B5!C o1 -85°C 10
fers high speed Migh acc.-aty. minmal tempe-aiure «125°C y

depenoence, excelient 1075-1¢™= accuTacy and repeatab:. ™ L

lity, 8nC consumnes minima power These foalures maneg . ' pow;l co:s:m‘puon‘ 15 mw

this deice ideally suileCts 872 CalonE *fOm process a g Latched TRISTATE® output

mecrne SONIO! 10 CORSL—¢" 843 s.iCTmotive apsica:

tens For 16 char-e! myu i €1e° wah Common C.iput

(sammg e hold porl:see ADINE"E Sata s eet. (See AN-227

for mcee anfcimation,

| e
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Connection Diagram
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. Figure 11.27 Connection diagram and timing relationships of the ADCOSO9 control agnlls.
(Courtesy-of Nationa! Semiconductor Corponuon a.nd Prentice-Hall, Inc.) .





