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2 - v o ] ; (= ’
Register %38 Latch Fan158 wdsoyalunsozduminiu 89¢s2 ssiemiiouiuiiumiaen

[ 1 4
Sdmmianile Jafonnsuesteyausazdumisi® Memory Map 10 FamARsngu

=1
sU3.20
Table 1

Symbol Name Address
"ACC Acculylator CECH
:gsw ma OFCH
Status Worg elo0l]
sP Stack Pointer oa?H

CPTR Data Peinter 2 Bytas
oPL Low Byte a2H
oPH Hign Byte 83H
ol PortQ 80H
Pt Part 1 30H
22 Port 2 CAQH
3 font 3 ) CBOH
P Intemunt Prexity Controt C88H
g Intemux Enatre Cantrot QABH
TMCO Times/Courter Mode Cantral 89H
TCON Timer/Counter Contrat 38H
*+T2CON Timer/Caunter 2 Controt OC3H
THO Timer/Counter O Hign Byte acH
no Timer/Counter 0 Law Byte 3aH
TH1 TimerfCaunter 1 Migh Byte 80H
! Timer/Countar 1 Low Syte 8BH
~TH2 Timer/Counter 1 Hign Syte OCCH
-T2 Timer/Counter 2 Low Byta 0CTH
“«RCAP2H T/C 2 Cacture Reg. Hign Byte 0C3H
~RACAP2L T/C Caoture Aeg. Low Byte QCAH
"SCON Senal Centol 98H
SBUF Seral Data Sufter 99
PCCN Power Control ar+
“IOCSN (1) 10 Controi FaH

+80C52 ana 83C154 ony ° it a0eressacie
(1) 83152 oniv

,i‘ﬂ‘ﬁ 3.20 Special Function Register ( SFR )

Tu

< [ 2 v oo e [ a P =
Tuzuii 320 %99 Symbol nutionzdudydnuaivedtimane? lusesiauieieusd-

a . v o M ‘ N ' ' s vy
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: 1 o e a [] a . aa o 4
Tu 89cs2  Tunudasdenfodydnvaimethetiues wu  luusiiausnieTimneide
Accummulater Alldydnyel ACC Nawmeflife  miasmrmidmivdoyanielu socs2 7

¥ .

A 0E0H nwsuniedoudeyafiuiimasiarii  swsevi Ik Taomsidddalungu
msdedeya (19U MOV A ,#25H wie MOV 0EOH , #25H ) uaziimaeiursdr lunguil
ar WV o o t . 4' 9 v a g 4 U .:
Garmnsolyddelungy Boolean Instuction remsemluusazinluisamefmaninid

a aa Sda & X" ¥ Yo ar .
nanTelugdi 320 RamefilinTosmng sgmannToz1¥iidslungy Boolean

0 ’ ¥

Instruction YanmAuudazinld SVameofilinioamne + dtmdmnenuit Samedtiud

mwizlu 80Cs2 uay 83C154 mintu'liflu 8ocs2

e & Requer
Accress ymool
(MSB) Lsa $
WOT _T32 SERR QT PIHZ PIHZ PIMZ ALS
GF3H = DI RBTA A ] 0N

I
OROH ?lFGIF:':lFtS?.!lFZlFllFO 8
BH [T IS 1B IRl al T, =1|=WACC

O!ICFORSlRSOW

0D0H IDBIOSIDAIDJIDILDIIDO SwW

QCoH Not 3kt AL T2
QCCH Not Bt Ac ™
ocaH Not 8%t RCAPZH
QCAH Not 82 A¢ RCAP2L

EI

2F2 AAX TTK S@&2 TR2 o ot
ocsH [ % 'T'CEIGJI""T'G'{C&I"CD TCa] Tacen
T2 PSS PTY X1 AT0 PXO

OB&H[ I—'EIGCIEBTSAISS R

I

OMHLTtﬁlaslyta:l32|51130;ﬂ
Za g2 S5 £t X1 0 =0
OAgM | AF ) - TAD T T B MM AT E] &
QAQH QIM;AsTu|quImI~T}P‘z
g [ Not 8¢t Aozessace 1 sauF

SMO SM1 SM2 AEN TBA B8 N A
98H (wFI9EI9OI9C198|9A|99{96_] scon

90 | 57 7 95 | 95 1 94 | 33 1 32 1 91 T 301 »t

80 Nat 8it Aocressatie TH1
24 NGt BR A ™0
A8M Nt 3a Tt
3aH Nat 8t Aocressacie o
3gH Not 81 Aggressatwe T™CC

FI R TR TRG €1 M ogg o
3am IEF!SEE30|SC!6513A139:38!\.CN

| Not 3t AgGressacie | PCON
434 Not Bit Agcressaow 1 CPm
a Nt B8 Aoressane oP,
3 Not 84 Aaressade sP
80 37 + 36 1 35 ; 34 1 A3 7 82 1 31 - 30 os]

UM 321 uHun AU e WS wdas TN



U 3.21 ludeedinduidn q wediudwmisvesiminluusasismae? wu lusesdas

vasidmand TCON It Fufudwmisiriin 7 vaanmizenswen ssu SroenisIfindisan
o feusai1dTagldada

CLR SFH

wioevildidy 18118 Taeddq

SETB 8FH
Special Function Register

¥
<t

?ﬁamas"luﬂ'cju Special Function Register NA41l

1. Accumulator funUInHIBAINS Ml LYINY OEOH

.
Ld L4 M 4

Sa (4”4 o e (d’ [ d! ° EY & am (d”
JVAABTUNYUIA 8 UN 1ﬂummmsw1wm ‘Niﬂi'ﬂi’fﬂ1’(’!’@‘15‘)8%1%381\1'&1\17%?{1%1’2]711
d 9

ar A

Tavlddydnuel & 1Wu MOV A | #15H  Midefersnnieiudenatumizenwinisusn

QY

¥ »
wAvInTsh WIS mAe s miniy Wy MOVX @RO ,A M58 MOVX A ,@RO Hudu uas

Yoyafiegnioluidamedil  Aawnsafies I Tusunsumsavaeuiionss Tanmsvna i
AWNUBUA 19U IZ rel

2. B Register funueantzganus i eluwidy oFoR

dustaimesviua 8 tn Al luddentsgu (MUL AB) uazdrdanisms (DIV aB)

] &' - y < a a o @ i e A
mmin Taeiiomes B flvsifiudaquuaznadniin 8 3415 luddansqu dauludidans
¢ aa s 2 o s g o aa /4w Yo o

WITUUNITWABT B uiAumIMIuaznamIms  msidsuveya ldsawesizdealdaid
indeudedoynlifadumic OFOB 14 MOV 0FOH , 25H sziflunisiiunash 2su Wiys-
a [
A8T B

3. Program status word SunHINUIBA NN 11y lumidy 0DoH

Huifameivuiasin  fuvazinezvenantozeg 9 uAazinvss PSW szansa

Amualddiu t u3e 0 1R&0dd SETB e CLR AUDAUMAWNUMN 0 FaTn 7 vas

el

Jmaas PSW iU DOH 89 DTH e wudgu
4. Stack Pointer SUNUINUIBAI NS 1Y 081H

& e P a a e Vo . . » ( L dawv g
Lﬂ'umammmum X un iﬂﬁlﬂﬂiu‘ﬂ:i‘ﬁﬂ'luﬁu@"u‘]ﬂﬂ'3111‘!]111'10l'u ¥9Cs2 ﬂ‘l‘lﬂﬂ'ﬂ

o . a ~ 3 » s a ¢ C U S ¥ a
MUY (Address ) iaved Ilsunsurourilesiidy caLe wiadwmnisiing 1tudayadaos,



P e

Bty i e

4 PUSH way dwmisizendayaeenuiludids pop deviinisiign socs2 Tasnisdley
as a EY o . ° Yy aa n’dyd ]
aganmuanzasdn 1 i RST wes 89Cs2 v Iifeyaluiimeesifinndu o7y
mnemImIIimaes sp smiisawiinielu 89cs2 Adwmiia 074 Awea SP eztEsuutag
T Taemisldidunfouthoteyanianisirauvesdids PUSH . POP na CALL

5. Data Pointer Register A unuanyran1d 1 meluvidy 828 uas 835

Sa I'd = o Y P ta !d’da 9 o ar d’. [] v

IVARI DTPR HYUM 16 U wihfivessiameiunfe lddmiuddwmicdluniioniw

3 St

11330med DPTR f‘fmmsﬂ1%'51353631111111’31111'3ammﬁw”l%qaqﬂ 60X1024 AWuUI FUuA
#1MOVX A , @DPTR 3o 1%'?;63111111&Iﬂsunsu"?‘iﬁ'ﬂamsnuhm’fm“lﬂﬁmu wumda
IMP @A+DPTR Fimaei DPTR fUsvneudasisamesuia s o 2 dade DPH "!NEJU'V!
#unie 83H uaz DPL  Feedaumis 826 Tumiemmdirdmiudeyanwlu socs2 sy
msud ludoyaluilanes DPTR SwirldWefias 16 o 1wu fd MOV DPTR , HDATAL6
niedanistias 8 Inlaonsudladeyaly Dpu wse DPL daedid Mov 83H , #DATAS
w39 MOV 83H, 4DATAS

6. PORT 0 84 3 shumsiamiaaanasimaluiiy 808, 90H, 0A0H, 0BOK

Special Function Register %8 PO, Pl ,P2 uaz P3 dluSamesvuin 8 dn veanuae
amuidmiudeyanislu 89cs? wmxmuuﬁumsawana‘lﬂaawamuuq 484 89C52 Yoya
Tu‘lmu’ﬂﬂf‘l'l'ﬂﬂ"ﬂﬂ LATCH ma"li’uavﬂﬂngmmazumaawas'n YU MOV 80H , #I8H 9

Usingan1izaein  LLLHHLLL findn 7 81 0 vaawedm 0 audidy lumsghudeyann

2 t a & 1 rat 1 5 []
FTmesudazdifzidunisdiuannizans nvesdy g uNUIngegfiudasyiveane sniiumy

MOV A, 80H slumsduaniizasinnnwesn 0 Wuds  Accumulator msaudayanin
o Y o g v ¢ @ a - s -
woInvzAeuvsuveya 111111118 T Bwesmin q (Fureu Nninveamesn 0 8 3 9z
msauf lvnlfoundaq 18 Taelddmds SETB bituay CLR bit
7. Serial Data Buffer fvuanizan s 10 aln 18y 99H
TS uiivuIa 8 ﬁmm:ﬁﬁumu’wawﬁwﬂfnm"1??1ni"m7auamaiu 89C52 Ay

ﬂﬂﬂ

¥
9H TassafrumeluudTiamesil 2 d1 filfedoniu danilsdmiuiudoyafivedaumy
BUATHEENIIN 89CS2 wazBndanisdmivdeyauuveunsufdiun @iy Serial Port vaq
89C52  JUTen31WNITMINIMMUY Full Duplex miwmunIadwaziuteya 1@ lunaudesaiu

- Ao Ea a ] a kY] v o v [] <y Y w A
UDIVINTDAAD T IH T UL TULINDINAINNNY MGJ.J"CTYWI?NﬂTji):ﬂﬂ”ﬂ?)r]rﬁﬂl‘iltluulﬂtl\'ﬁ1)ET-
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Nl i T e e e

e
19

w3 SBUF udadanulidadeyasenin Yeyaluiimmesizsudennlaosuanin o 51 7
v
awdidy ddeyaiiveyadihnmen rxD Rezgrifiv i3 iamesilasfesweyadnusn
) N a
Aududedn 0
Serial Port  dzamsaimualimshamsy-deloyauuusynsuld . 4 Tua ( MODE)
TasmsfmunaluiTames SCON ( Serial Port Control Register) Faazatutnde lulute .18 ud

az TuAN1SR19 UV Serial Port NAIN

¥
MODE 0 : TuTuail szlimiunedadoyauuueunsumnut RXD uaz v1 TXD veda
v

doyae Clock #lddminideu (shift) foya 1 ya vesdeyaszilsznoudaedoya 8 Swvimiu

¢ 9

uazezisumsiu-dadayanindn 0 sudsdin 7 awddy dnTMsdayanuLeYATIZIYIAY

¥

1/12 muesanuadyanuuinnilgiu 89cs?2

2 o

) 1 4
MODE 1 : foyafisu-de 1 yaluTuadlesil 1090 Aumiewr RXD uag TXD awdgu

Sudunsiudedoyadas Stare bir 1 9n (aedndiu o), Foya 8 i (Fuendn 0) | Stop bit

b 4 v
1in (2830 0) msdeteyaluadiidegd 3.22

¥

Least Significant bit Most significant bit
. ' t
0 1 2 3 4 5 6 | .7
T ,
| - |
Start bit DATA Stop bit
Ui 322 yedeyneynsululua |

disfudeyaeunsududoya 8 Inazgniivluiimasi SBUF uaz Swop bicsrgnifiu
da a .4 9 * -3 4 ’ v dga
lundn rRBS u3immed scon lunsdedeynseizdoudoyanideenisdsisisames
a + 9 - J ° v v dy s a
SBUF sasmmisdweyalulued aunsandmueldnudeantslasssduiumaia Overtlow
T4 Timer 1
MODE 2: msfu-deffeyavesTun2 1 yasxdl 11 dn doyaszdseendumien TXD

uazudiusmien RXD  dayaudazyanzGududis Sun bic | n | Yeyasin (Guan



e vl

-

—— e

e S e W o

RN A ot i W

(V)
(PF)

[ . v ¥
Un 0), doyalni 9 $13u | I uaz Swop bit 8n | Indeyadnii o Fezdessniiaunsa
fmualdinebidu ( vie 0 widvesdoyaluduin o wWeinmemesudeyaudae: 18
3 vy do Y a a ada v a o & R W o 'Sy a
Tgasmaeuireyaiiudw 8 inlimIddnaseduind 9 wie'ly drlasefuaneiivesia
o 4 ‘. ¢ : a 1 o ° = a a s
waraiadvuszninnsaddeya wniudeyaind 9 Avzgmiiifvludin rBS veeITmnes

SCON yajeyafifyu-daeelidsgi 3.23

Least significant bit Most significant bit
t ¥
0 1 2 3 4 3 6 7 8
ot 4
Start bit unm 9 Stop bir
fe— | gazasdana -

11 323 gadeyasynsululua 2

Sasndedoynszimualiiflu 132 wio ves v vesmwdFyamLRMR 1SRy
89Cs2 Taomisdmuadn sMoD 1uSvmeey PCON

MODE 3 : msda«i’fsgaimﬁv 1 il 11 1 mieudvlua 2 wadsznsuansieiuass
Sasmsdeteyamniu fedasimsdedoyalulun 3 4 awisadmualdamdsants Inoe
Fufunisifia Overflow n Timer 1 milsunuTua 1

8. SCON ( Serial Port Control Register ) futrHandaaus 118l umi 9y 9sH

F9mmes SCON flvura 8 n MWamivaauqunisduns fudeyariume Seral Port

v - 9 g n‘dvd s o
urazinveteya luiTmasiilinsunuammedagUi 3.24
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Py Nk

SCON : SERIAL PORT CONTROL REGISTER. BIT ADDRESSABLE,

[ SMO | SMi | SM2 | AeN | @8 | mee [ 1 | A ]

SMQ SCCON.7  Seral Port moge scecfier(NCTS 1).
SM1  SCON.6  Senal Pont moce specifier. (NOTE 1).

SM2 SCON.S  Enaples the multicrocessor communicatca feature in mode 2&3.Inmece 20rd.1f SM21s setie
. 1 then Riwill not be acvatea if the receves 9tn cata oit (AB8) s 0.in mode &.itSM2= ! (nen Al
will notne activated fa valia sioc trwas not recenvac.n moae 0.SM2 shouid 2e 0.(See Tacle §).

REN SCON.4  SetClearea by scfiware to Enante/Disatie recagaon.
788 SCCN.3  The 9th it that will be transmuttec in mogas 2 & 3. Set/Cleared by scitware,

RBB SCON.2  Inmodes 2&3.isthe 9tn cata bit that was receved.in mode 1, SM2 =0Q,A88 s the stcp ot that
was receved. In moce 0. RB8 15 net usec.

T SCON.1 - Transmut interruot flag. Set by haraware at e end of the 8th bit time it moce Q, or at the
Beginning of the stoo olt in the cther maces. Must be cleared Dy scitware.
Al SCON.0  Recewve nterruct flag.Set bynarcware atthe end ctthe 8th cittime in moce Q,orhatfwaythrougn
the stop bit ime 1 the other modes (excas: see SM2). Must De cleareg By scitware.
NCTE 1:
SMO SM1 Mode Description Baud Rate
Q .0 o} SHIFT REGISTER Fosc/12
Q 1 ! 8-3it UART \Variable
1 o} 2 9-3it UART Fosc/64 CR
. 70532
1 1 3 §-8it UART Vanable
SERIAL PORT SET-UP: Table 9
MODE SCON SM2 VARIATION
o] 10H
1 ng + Single Processor
2 S0H Emviranment
3 OOH (SM2=0)
Q NA
Lo ooy
2 8o+ &
3 FOH (SM2:=1)

U7 3.24 Serial Port Control Register ( SCON)

a Y < 3 a Y a 7

lugtd 324 Gw R ssflufovesin 0 woz sNO wzffudin 7 vesSomans sCoN
é [ ’ a & o 4
FIANUHUWATINMTIUYBUAaSTINT Rt

RI Receive Interrupt Flag

a dv a -~ [ I Y2+ P} ~ =t o Y ~ , : a

unuszgadmualagaiauaiiniisulu 0 uia 1 Tagnlumsiudeyalua 0 Yu On

_ e 4'1 < 9 9 3 . a Q] -~ 4'4 - = 3 d'l 3/

rB§ wifuilu 1 deiifeyaduinsuii 8 n douluTuadudin Res suihy | Avediedeya
¥ < é é . kY < B ::'4' a =N o . -
HUINIIDIATINUIVEY Stop bit (sATUVRNTA T gMTBdN SM2 vasTimaay SCON) 1in
Hagaunin Clear Tiliaudu o W Taoldiids cLR bic Taoadmmisvaatiniawiiy osy

a da ~ . \ ' - o1 . 3
Uniifivsz Tond Wi ideya tiiuneglu ssur  nsuisyaudandand cru sz lliulu
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TR AL N 1 e G 7 e W e W cerere——— ey

Linutasiceh S Sl e L

dusaulmAavesdygmfiuman To wie TI vee 89Cs2 Fopg i umavassn o
n3o | uuuy TTL Aeasin 0 azdediiTaam Wiy 0.6 Taaw nazdsn | 1@l Taamaun
n31 2.4 Taad

10. TMOD Timer/ Counter mode register

dunmisntaanudimelumsy sol

T™MOD u3Smmsivuia 8 Gmdifimi ﬁmmnmsﬁmumaa Timer 0 42 Timer!l UAiay

v
inlusSmaestliarumusmwizsasds 325

“

{GAEl] €T | Mt | M0 | GuEd o | M1 1 mo |
WW
TIMER © TIMERQ

GATE wmnmrnmu)kmwmf’-nmmmmmwmwﬁmunm(m
cearoil. When GATE =0, TIME/CTUNTTRX wall run only whtils TRX = | {30twans conmol),

[~ Tuver or Counter seiector Cegred for Tanar coeration (Inout from intamal system ciock). Set for Counter
coeraton (Inou from T nout on).

M1 Mode selector B4, (NOTE 1)
MO Mode selector bit. (NQTE 1)

NOTE T :
M1 Mo Operating Mode
13-t Temer
18-0t Temar/Caxsiter

(Temer 0) TLO is an 8-0it Timer/Counter contolied by Me standard Timer § contol
oas. THO IS an 8-0% Temar and is controlied By Temer 1 conTol Bats.
(Tiner 1) Temer/Counter 1 stoo0ed

- .—-00
-0 -0

Q
1
g 8-0¢ Auto-Reicaa Timern/Counter
3

gllﬁ 3.25 TMOD Timer/ Counter mode register

Tuguti 3.25 Mo luieeaiin 0 uaz GATE medwaafiudeveiin 7 imaei et
yavanlu 2 ya yanz 4 O Aot 0-3 ¥ wmiuniuaunsiaes Timer 0 uay 0 4-7 19
AUANNIININLYDS Timer | MlumsmIuny Timer voudarinfiiFodorfuszmiouty

» b 4 ¥
GATEx udinfildnauauis Timer x ¥haunde'li §19niiues Timer x gndadiu | o
Vi Timer yivuAdedofiun INTx Tannzasdndu | uazdin TRx Tu3Sames TCON iy
v
| dg
<7 Tnilgdmiudenn1viarunea Timer 3192 168U Timer w38 Counter Sa5miliiu

| Avaon o udenn ity Counter Fozuiuoulmdaves daa aighuinien T
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40

osc -12 _l
aﬂ

= A ~ (a5 TRt e INTERRURT
ClTmy 1
S l CONTRGL
P r—
m RELOAD
GATE THY
(8 gitsy
INTG PN

JUN 3.27 Timer mode 2

Tuguft 3.27 ifiulmezunsuvea399s Timer | T 89C52 Avia1uTaim 2 Timer 0 uae Timer
1 imaielulua 2 imfeudulagszaunsadmualdvimehfidiu Timer 139 Counter 18 Tne
i /T wazmsuRuasly Idlaoteyaludn TRL ez GATE  TuSTmany TMOD fudymyind
Wh INTx e umsvhaudeyaluisame THI wgnivanm (Load) Més3Taimed TLI vl
TWmaes THI uaz TLI fsunfoudu  daiiamsfusuan lufavesdaguiissnninaiad
Control a¥ ¥ AR Tu ST mand TL1 mudulyides q fiaz 1 wuds OFFH lumsriy
afase ey Ifin TR 1u3Smans TcoN i | uazdeyaluifoumed THI wzgnivaa
TssTmans TL1 ieidluduiudunisiude I

Tua s

A1319UT1A 3 Y83 Timer 0 a2 1 ANAY

Timer 1 TuTua 3 92 laivinau

Timer 0 Tulwa 3 sehoududnivfiafouiidniu s ineg 243 fis TLO uag THO

Mauneniuaagln 3.28
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osc - 12 112108C
11210s¢ ﬁ
T =0
N— L0 ™ INTERRUPT
¢ T (8 bits)
O PIN —————eeeen
CON‘ROL
TRC ————-1
INTO PN
N210se 7 v ™ INTERAUPT
i
lGON’mOL

JUN 3.28 Timer 0 mode 3

F3mmed TLO szfludaniy 8 v Alinnfudygunnesasamneiuisdas 12 niery

- dygradidwmen 10 Juduin o/ T uilmaed ™MOD uazaisifusemavauTaeiin TR

unz GATE Tu5imaes TMOD fuaniizasinvesdygnadio NTo mdeufuiunissiemlun
0,1uay2 uﬂ'ﬂ'mﬂmsﬁuﬁyqaqﬂ'mﬁm 255 il ifensfuidousin orrs i oo Ae
1ian1s overflow 9xvilidm TFO gn SET ifiu 1 nazemfansdasanaz( Interrupt ) A1319T
voslUsunsu ladlimsimuaarluSaaes 1E uay 1p

Fniusadafie S3emes THO sssieluTuaves Timer Mty Aosziivsivoulvda
vosdyymfiventneeadamneiudanisdan 12 msvuzaIungu lddiedn TR1 Tusdames
T™OD Siinfifiu 1 Avxidyanesshlude THO usdrdmitifu o Aoz lifidyoroudh luss THO

11. TCON Timer Control Regster dumuandsnnus1aglumny 088H

EELICCHRIT R ﬁﬂf:‘l‘i’f'ﬂwﬂunwﬁmu LOTUBNTNIITVDY Timer 0 AT Timer | LA

finvasiiomedil exvhamaeiudegidi 3.29
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T W T e g
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L TRt T 7R1 | TF0 7 TRO | &1 ] M1 | €0 | mo |

TFi TCONT  Timer 1 overllowtiag. Set by haroware when the Timer/Counter 1 overllows.Clezrec byharaware
3s Srocesscr veciors to the mterruct service routine.

TR1  TCON.S  Timer i run control bit Set/cleared Dy sctiware tc turn Timer/Counter 1ONCFF,

TF)  TCON.S  TimerOovertiowflag. Set by haroware whenthe Timer/Counter O overfiows.Cieared by harcware
2s processor vecors to the service routine.

TRO TCON.4  Timer O run control bit. Set/cleared by sofiware to turn Timer/Counter 0 ON/OFF.

IE1  TCON.3  Exiernal Interruzt 1 edge flag. Set by haroware when External interrunt edge is cetected.
Clearec Dy haroware when interrupt is processad.

m TCON.2  Interruct 1 type control bit. Set/clearec by software to specily failling edge/tiow leve! triggerea
External internupt

B0 TCON.1  Externalinterrupt O edge flag. Set by haraware when Extemnal interruot edge detected.Cleareg
by naroware when interrupt is processed.

0 TCON.D

lugidi 329 1o fluFevesiin ouaz TF fufevesiin 7 Wu3smaes TCON udaziy

’ »
fimdinisieudadl
IT0O  Interrupt 0 Wudmies ¥ muadinstasanas Tsunsy BUITRI9INAN 1L VBY
dyaaufidume INTO
4 1m0 uflu 1 sfensdasimazTusunsy Sannsves Ty i
INTO Wasusn 1:8u o
9 o o as -~ 4 ﬂ'
§1 170 1y 0 smAansTasanaz Tusunsy frannzvesdanudin
INTO % 0
a qy = [V P 9 ~ o o o
IE0  Unfiszidlul Srdyanadfidmmian INTo Jonnzoeinvesdyana  awd
dmualuiin 1m0 udaihidifensdadenasTusunsy  WeidanisnszTae Y
s Tsunsuseuaussnisdasenazuds sesinliiniinguiy o
T1 Interrupt 1 i uiinflezldmuadimsdasonas Tsunsy gulesnInan1Izues

Interruct O type contro! bit Sevcleared by software to specity failiing edgefiow leve! triggered
Extemnal Intermupt

g‘ﬂ‘?l 3.29 TCON Timer Control Regster

dygnafiumee: INTI

$ T fu 1 mRemsvasinas Tsunsy Hannzvesduaaiin

INT1 adsunin 1 dluo
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v w ag meew e e

AT R Y e e o

- emTper——r Tl

e Bellow W e
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{MSB) (LS8
{ Z8 | X | g2 | g [ &1 | &1 | =0 | X0 |
Symbol Posttion Function '

& £7 disables alf interructs. it EA=0.no intermyot will be acknowleagec. i SAm 1 22cn
intefruct source 1§ Ndivicually enapies of Qiszoied Dy Semng or ceanng its
enaoie bt

- Ed reserved .

E72 IES enabies or gisabies ihe Timer 2 Overtiow or caoture intemust f E72 =, the Timer
2ntefruct is cisabled.

g3 Ed enables or Clsaoies the Senal Port ntermupt # ES =0, the Serial Pen interrust is
gisadlea

ETY €3 enables ordiszdbles the Timer 1 Overfiow interrust 1 ET 1 w0, the Timer ) ntermust |-
is cisablea.

X1 E2 enabies ordisadles External interrunt 1. £X 1 =0, Extemna Interrust 1 is cisabled.

ET0 1 enables ordisapies the TimerQ Overfiow nterrust it ETO 0. the TimerQ intermunt
is Oisabieq.

X0 £.0 enabies or disables Extemnal interrunt 0. X0==0, External interrunt Ois gisadbled.
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Y9I IMADT 1P ( Interrupt Priority Register ) awawnivewaarinlugld 332

(MSB) (LSB)
X | x [ P2 [ Ps T PIi | Pxi | PT0 | PXo |
Symbol Poesltion Function
PCT IP7 PCT = 1, only one level
- IP.6 reserved
PE2 PS5 cefines the Timer 2 interrupt priority level. PT2 = 1 programs
it to the higher priority level.
PS P4 defines the Serial Port interrupt pricrty level. PS = 1
programs it t0 the higher priority level.
PTH ir3 defines the Timer 1 interrupt pricrity level. PT1 =1 programs
it to the higher priority lavel
PTO IPa defines the Timer 0 interrupt priority level PTO= 1 programs
it to the higher priority level,
PX0 IP.O defines the Extemal interrupt O priority level. PX0 = 1
programs i 1o the higher priority level.
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P2 i 3 dudwunrwdifyuesdyaavedasanenn Timer 2 Gnifldemne u
8052 13 Timer 2

.
= o

PS i 3 duddunuddyvesdynnavedasimazan Seral Port Junsaifiide

yammSededeyasendugands
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14. PCON (Power Control Register ) shuvuavidasnnus imelumiiy 87H

Symbol Position Name and Function
SMOD PCON.7 Doudle Baud rate bit. When setto 1. the baud rate 1s douled when the serial
por is being used in efther mooes 1.2 or 3.
HPD PCON.6 Hard Power Down bt Setting this bit atiows CPUto enter in PowerDown state on
(83C15¢ 2n extemal event (1 to Q transition) on bit T1 (p.3-5) the CPU quitthe Harg Power
only) Down mooe when bit T1 (p.3-5) go high o when reset is actvatec.
RPD PCON.§ Recover from idle of Power Down bit When O RPD has no effect, When 1,RPD
(83C152 Dermits to exit from idle or Power Down with any non enabied intermugt source
only) {excest timex 2), In this case the program stan at the next address. When
nteupt is enabled the appropriate intemuct routine is service
- FCONL¢ (Reserved)
GA PCON3 General-purpose flag bit.
GFRO PCON2 General-purpose flag bit
PD PCON.1 Power Down bit. Setting this bit activates power down operation.
oL PCON.O loe mode bit. Setting this oit activates igle mode oceration.

gﬂﬁ 3.34 PCON : Power Control Register
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1u 1dle Mode uaz Power Down Mode 1u Idle Mode Wudgyanaiunitninnesasaame ez doy
IR a9 Laterrupt , Serial Port AT Timer Tudausuer Wilidyanaunin TGswai g es
Tifumndauluaees maldide Ssanasuin daulyu Power Down Mode 1y soadaminnioz
° 2 vy 1t o - < ¢ 4 aa 4 [
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nsdeauli 89cs2 emluIvuaves Idle w3e Power Down 9xauioniidlasle

fmuad1luSTeaes PCON ( Power Control Register ) inaziimluisoiass PCON fiaait

IDC 1m0 drdniign Ser Widlu 1 89C52 szidrgnsvhamlu die Mode Wit
PD1in 1 driniign Set Widlu 1 8952 vyl Power Down Fiudi

GF0, GF1 1% 2,3 1#iu General Purpose Flag bit ﬁﬂﬁ'ﬂ'lmiilﬁ'muﬂlﬁ'ﬁ audlu o wie 1
13 TaoTsungy ifedariuaniuymsiieuyes 89Cs2 seniausas Tusunsugon

sMopim 7 dhudniildsanunsdmuadedeya (Baud Rate ) HIUN WD NBYATY
Felumsiu-defeyasumeneimeynsulnua 1 uay 3 wausefmuasainsdileya’ld
AEATIN13AA Overflow T Timer 1 Srdmilhy 1 v Iisasmsdedoyn fudu 2 v 310
azideanisdieyaiuneineynsug ludenisiuduayamanesneynsy

in 45,6 13141990

gﬂﬁ 3.35 Power down la¥ Idle mode

Idle Mode

Tzt 3.35 vaisdt 89Cs2 dhamamnd hlsuSsdrdefivinivom o ¥o433aans PMOD
feutha 1 Aezihgnisvinemdu die Mode Tavdyga 1oL szihu Low ( dyanuezas Wiy
Jeyaluiin 0 ) mmzf‘fﬁﬂuxﬂpmmﬁmaaac‘imamas"’lﬁaaﬂmn AND GATE s cpu Tag
SI0IRNIZ DI [nterrupt |, Timer LAY Serial Port Tuvmied 89052 wirdeunganisviiu laede

gaiu Stack Pointer , Program Counter , Program Status Word , Accumulator L3 3MABST U a9
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N 133 W
. — e e,
™ NTERRUPTS LONG CALLTO —
ARE POLLED NTERRUPT PT ROUTINE
INTERRUPT VECTOR ADDRESS
LATCHED

GOES
ACTIVE

This is the fastest possibie response when C2 is the final cycie of an instruction cther than RETI or an access to i€ or IP.
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; Date 11/2/1998
; By $9013280 (Mr. Prayad Chotipattarakool)
str not 2
str 1
or 17
and str
out 17
end
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2.1 1'17!’6{"1‘1’)"13{111 MS-DOS promm ( mn‘l.‘ff'swuﬂﬁﬁ'ﬁnn windows 95 "le;‘ujﬂ ) 130
w118 shut down € M$-DOS made 1o uemin I srunyfiang
MS-DOS agud a1 iuneutude 2.1 5

22 nldowladane? i lndanefairsiuTasldd ds CD\PLCEM

2.3 Woudeunsassaianfuynsnesienhneutiames 13 unz 14 o150
19 A23 uaz 71 A1.4 Teoifonneszning 15 fu 13 uos Ja fu Ja

2.4 AB Y link 3xnIeyAdIn0sRMed (TER] Tugy A14 ) funesaoynsy

vounSesneuiunesdauyana (PC)

2.5 new nd 1 sunsunyadiu Taol$Ads exple DEMO1 ( DEMOI lufeutiy
yaddanmmadudiiegudaiiessnmeduun)

2.6 Sonlusunsw xualk Tnoldds X1 nie x2 AWHNIBYNE S AOYNTIA 1T
(com1 Widex1 comz 19drds x2)

2.7 Dowdenuldyasiaesfinead (iFruouatines i ivuesia )

2.8 Funamiroeves PC sxlsingiasoemsnedonm (2 Yeenut 1§21l
fofl Pudilymamitnshuidensutlyninisfemsynsnesfiuend

2.9 nanesnANTLAN enter va1e @ a5 wiheeves PO zusngdensmdn
" Invalid Command " AW IUIUATIVOINIITNARE enter

2.10 Wnauthifind 'L (SFauenlng nuefis Load) 1 a5t nieeves PC e

1510999721031 " Please send program. .. "
2.11 Wnaudlusind cu+a (ne cul $19'13ud30089 A mnﬁuﬂéaaﬁiﬁaaaa)
2.12 fvisnd (Iuu339iA8199R)31 se demol.hex UAINA enter (SE MU0 send )
213 wihee PC vzdsmnginTesmng & nawAuazdingdenuldussiia
YBUATBIMNIG ‘& 31 " Download success " uavInysIngdsnaai
" Download error !t * 1@ udie 2.10 - 2.12 Ty

2.14 Wnaudlufand 6 (#81my wueds Go) ey Tusunsy DEMO]

2.15 hinAassnaa3admanmay | LED mnuay 17 whaunzfsegedieiiu

2.16 Mimeaesnaaiadvinomy 3.4.5.6. 7. s gawddy o Lifinade LED
WoaY 17

217 hineaosnaa Iadinoay 2 LED 98uas
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2.20 Tifnanssnaaiadniuiony 1-x vz Lifinaas LED M@y 17 151
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afudes e lumindldnanesadnlysuningadidenyyadues niemamey
sunsudaedis DEMO2 Aldnnnisduuninlasd A mwuiuamsadfsaande

[ 3 ] E 3
2 Bnelastwdusoun 1 enua'ly



- e

P ]

S b

~

P X e —

O e .

faemeh 2 Hunvadinmavamm i 4 90 aeewsdaniy Tao
o % Y 4 o o
DINMANURIRTUINDUNWAIADD AP N3 E3 1IN UINDL ST HLRMAD S 711

Yl

DMV INLUYDMGAMOS TUNTTNITD NI

suml ='AI*B] + AI1*'B]l

Cl = A}*BI (carry 1)
templ = 'A2*B2 +A2*!B2

sum2 = !templ*C} +tcmpl*!C]

C2 =A2*B2+1empl*Cl (carry2 )
temp2 = 'A3*B3 +A3*!B3

sum3 = ltemp2*C2 + temp2*!C2

C3  =A3*B3 +1emp2*C2 (carry3 )
temp3 = 'A4*B4 +A4*'B4

sum4 = !temp3*C3 + temp3*!C3

C4 = A4*B4 + 1emp3*C3 (carry4 )
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—

. ew ——y —

e Te ke e & e om

THer—— W Swr—— e Yeha

1 A23

2

3

4 i —.
] i
4 : -
1 ; T
T I % \_. ¥
i Y Y
lf Al ‘-\_’,’
3 7
-
13 y
| 14 TN
I At '-\‘_'/'
1 3/ ¢
N
i X (10—
! i '\__/’
13 9
-
2 6
1 Ly e —
f w1 Ny
2 6
N A—
14 10
L Ve 722
i Al “\‘_‘/-’
14 10
I S
2 e
| 1 (11—
U LA w’
14 19
L
i Va (P
=T AT )
1 5
]
15 11
. H (21—
15 u
 ——
1 5
- I /20
I LR '-\‘_/
15 11
]
—(END}—

uamﬂas‘"’lﬂa:ummmamsmmm“muﬁ' 49n



e

v — ——

- ——

L

M

nnuaames nozunsnnhduiotuye « aleddune ) wiseendly 2 wa fia

YRUDIAIAY ( 1-4 Dariendly k. 4.2 0 emdd wazandn ( s-s arimilu s 4.

2.1 awdey ) drvveserdnalswihdufaminoay 24 .23 22 21 nanskayIn

Tugdiwunia s 4.2 1 awdw vaz wid@fmnnoay 20 uaassamefifasn

MTuIniunis 4 wdn  wihdudaiminngaslunisuande 13 v empl | 14 5
Y o o a 9 o o -~

temp2., 15184 temp3 Tuawnsnisuanmhdufafildifvdmansuinge 9. 1011

Wudniudmalunisuan fvsongy A6 Ussnoy

MBI FNRY wiiifl EVRTRTT
1 s Weight = §
2 Fadvs Weight = 4
3 e Weight = 2
4 328 Weight = ]
5 fauIn Weight = §
6 fIU2MN Weight = 4
i fauan Weight = 2
8 f1u3n Weight = 1
9 Ama 1 Cl
10 AmA 2 C2
11 fna 3 C3
12 - -

13 wihdudave templ

14 wihdudaeiy temp2

5 wihduiayae  temp3

20 FmanauInTanya Weight = 16
2] HAUIN 4 Weight = §
22 HWaUIN 3 Weight=4
23 WauIN 2 Weight = 2

24 HaVIIN 1 Weight = 1
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: Filename DEMQO2.PLC
: Deserippon EMULATE FOUR BIT BINARY ADDER
; Date 10/29/199%
strnot4  'AI*Bl + A1*!BI
and 8
str 4
and not &
or sir
out 24 ;sum 1 10 o/p
str 4 ;A1*BI
and &
out 9 ;CY (carry 1 to internal relay )
stnot3  ;'A2*B2 + A2*!B2
and 7
sir 3
and not 7
or str
out 13 templ to internal refay 13
strunot 13 liempl*Cl1 < templ*!C1
and 9
sir 13

and not 9

or Str
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out 23 sum 2 o oip

str 3 A2EB2 +iempl *C)
and 7
sirll
and 9
or str

out 10 :carry 2 o inlernal relay

strnot2  ;'A3%B3 + A3*!B3
and 6

str2

and not 6

or sir

out 14 ;temp? 1o internal relay 14

strnot 14 ;!ltemp2*C2 + 1emp2*!C2
and 10

str 14

and not 10

or str

out 22 :sum 3 10 o/p

str 2 :A3*B3 + temp2*C2
and 6

str 14

and 10

or str

out 11 :carry 3 1o internal relay

strnot | 'Ad*B4 + A4*'B4

and 5



Ll e

-

W Y ’{ * = os =' 1
dieldufugadrasnwiyadundalinseimmiussusuies fufinanuwda iy

o 1 ﬁ'
AIDYNN |

sty )
and not 3

Or str

out 15 demp3 to internal relay 15

strnot15 llemp3*C3 + 1emp3*IC3

and 11
sirl3
and not 11
or str

out 21 :sum 4 o/p

strl ;A4%B4 + temp3*C3
and 5

str 15

and 11

or str

out 20 ;carry 4 10 of/p

end
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strnot 5
Str ]
or 2
or 3
or 4
or 17
and str
oui 17
Sir 17
oul 13

end
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1. srcomled.asm xfflu“lﬂmmu maonitor ﬁi‘ffﬁil ATROCS2 a;j‘iu"lm?ﬂ"na?tiaﬂ 51 ‘T;G
16iudnda SXAs1EXE

2. yafdenms dhuldsunsuaen Indnmyafuvesdls eglulafaneises ¢
mznenlnd1dnen Imaosveames Tudnesdu 3 ul Feidunewsionnsney nssst

2.1 dwwndl oken.c ung woktile.c T lndaneSveuiudoyadumeveameslug
( source directory )

2.2 duumflis kenh 10z 0kfile.h T las aneTdungaveanes 1u% (include
directory )

23 afulusidalaoldum lusidn uda 19818 new san1sdadod exple.prj

2.4 fsnttn19RUTYs18n (Add ) 991 Ao token.c 12 tokfile.c

2.5 Samstufinluside ez l8ufludoyn exple.prj
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. gen_state50 a3 1gafdan wwemynyaddnsstumsianlumand 50
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16. gen_end o3 19yaidanmemenudfifiu danavheTsunsufiotdy 5
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17. get_token 'u::ﬁmﬁwﬁs:uﬂszmmmﬁwhaq (1oken ) ‘ﬁﬁauﬂammyaﬁu AR
penunduiiu fwfiala daudanyfnusell

18, word_sep szvimihifiugndiane q Insshafis s uneenvindufinsduieds
Tiflefisu get token AAIMLOHLABUMANATMTZIMVRIHT

19. read_line 92311M1119g700910 source file 1N1AL 1 USITA

Foyaursdsemsluliaciuinmnd
header file 31991 2 WA 78 token.h 1S 1okfile.h molutszneudandeyadail
token.c
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2 aunpuve s un 18 s wkfile.c
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#include <token.h>
typedet struct {
int word_type;
inl index;
int {oken_type;
int line_no;
int number;
int contact_num;
int timer_num;
int reg_displace;
int Loop;
char string_line[100];

char string_sep{100]; }words; //end struct

extern void word_sep(words *word),
extern char* read_line(FILE *Source_File,words "word)

extern void get_token(words *word),

'
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# gefine
# define
# define

#oefine

Space_type 50
Comment_type 60
Letter_type 70
EOL 5

! word define

#oefine
#define

#define

#define
#define

#define
#define
#define
#define
#define
#define
#define
#define
#define

#define
#define

#define
#define

#define

TRUE 1
FALSE 0
End_of_file 30

Token_space 600

Token_number 700

Token_STR 10
Token_and 20
Token_or 30
Token_out 40
Token_tim &2
Token_cnt 100
Token_not 110
Token_L 120
Token_U 130

Token_end 200

Token_unknow 300

TokenEQL 400
Token_comment 500

TokenEOF 0

/floken define

#define
#define

#define

STR_required 10
Reg_required 20

Num_required 30
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#include <stdio.h>
#include <conio.h>
#include <string.h>
#include <token.h>

#include <tokfile.h>

int Current_type;
int Old_type;

void gel_token(words *word)
{inti;
word_sep(word);
switch(Old_type)  /iword type of what ?
{
case Space_type :
(“word).token_type=Token_space;

break;

case Comment_type :
(*word).token_type=Token_comment;

break;

case EQOL :
("word).token_type=TokenEQOL;
break;

f* case Empty_type :
(*word).token_type=Token_space;

break;*/

case End_of_file :
("word).token_type=TokenEQF:

break;
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default :

strupr((*word).string_sep);

/if( (*word).number = atoi((*word).string_sep)!=0)

/h=atoi((*word).stnng_sep);

if( ( ("word).number = atoi{(*word).string_sep) ) |=0)

(*word).token_type=Token_number;

else

if(tstremp( (*word).string_sep,"STR")
(*word).token_type=Token_STR;

else

if(Istremp( (*word).string_sep,"AND")
(*word).token_type=Token_and;

else

if(istremp( ("word).string_sep,"OR"))
(*word).token_type=Token_or;

else

if(!stremp( ("word).string_sep,"OUT")
(*word).token_type=Token_out;

else

if(Istremp( (*word).string_sep,"TIM")
(*word).token_type=Token_tim;

else

if(!stremp( (*word).string_sep,"CNT™)
("word).token_type=Token_cnt;

else

if(!stremp( ("word).string_sep,"NOT"))

("word).token_type=Token_not;



else

if(!strcmp( (*word).string_sep."END"))
(*word).token_type=Token_end;

else

(*word).token_type=Token_unknow,

break;

void word_sep(words *word)
{ char ch_ptr="'@"
inti=0,Loop=1;

Old_type = (*word).word_type;

do

{ ch_ptr=(*word}.string_line[(*word).index];
switch (ch_ptr)

{ case "

(*word).word_type=Comment_type;

Loop=0;

break;

case '
if(Oid_type==Space_type)
{ (*word).string_sepli] = ch_ptr;
(*word).index++
o+

(*word).string_sep[i} = "0,
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Current_type=Space_type:;
(*word}.word_type=Space_type;
break;
/ladd
r case '\l
if(Old_type==Space_iype)
{ ('word).s’tﬁng_se;;[i] ="
(*word).index++ :
i+

(*word).string_sep[i] = "\0';

Current_type=Space_type;
(*word).word_type=Space_type;
break;"/
/fadd
case "\n':
(*word).word_type=EOL;
Loop=0;
break;
case \0"
(*word).word_type=End_of_file;
Loop=0;
break;
default :
if(Old_type==Letter_type)
{ C"word).string_sep[i] = ch_ptr;
("word).index++
i++;
(*word).string_sep[i] = "\0';
}
Current_type=Letter_type;

(*word).word_type=Letter_type;

}

while ( (Loop) && (Olc_type==Curreni_lype) && ("word).index <85);



-

}

char’ read_line(FILE “Source_File,words “word)

{char® CH;:
strepy((*word). string_line, \O\O\O\O\O\O\O\O\O\OACAOA\O\D™);

CH = fgets((*word}).string_line,85,Source_File);
if(CHI=NULL)
(*word).line_no++:
retum(CH);
}



Sunzidonveaialysunsu token.c
#iinclude <stdio.h>

i #inciude <conio.h>

#inciude <string.h>

#include <process.h>

#include <token.h>

#include <tokfile.h>

void save_str(FILE® Des_File);

' void restore_STR(FILE® Des_File);

! int contact_renge_check(words "word};

int output_renge_check(words *word);

void and_str(FILE *Des_File);
I void or_str(FILE *Des_File);

void gen_head(FILE" Des_File);
void gen_state15(FILE “Des_File,words *word).

void gen_state18(FILE “Des_File,words *word),

- o ow

void gen_state25(FILE "Des_File,words *word),;

void gen_state2B(FILE *Des_File,words "word).

void gen_state35(FILE "Des_File,words *word);

void gen_state38(FILE *Des_File,words *word);

- e  ErmaCw

void gen_staleS5(FILE “Des_File,words *word);

void gen_stateBO(FILE *Des_File,words *word)

W ETTIT—D WG

void gen_end(FILE* Des_File);

] void main(int argc,char "argv(])
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words word;

FILE *Source_File.”Des_File,"Err_File;

int  Next_state,STR_count=0,Error_code=0,End_status=0,Error_status=0;
char “Loopc;

char source_fiie[30];

char des_file[30];

char err_file[30];

cirscr();
printf(\n\n\MMtKMITL PLC EMULATE V1.0 COMPILER\N");

if (argc <2)

{ printf(\n\n\W\t[Command line...] EXPLC filename\n\a");
exit(0);

}

strepy(source_ file,argvi1]);

strcat(source_file,".pic");

strcpy(des_file,argv{1));

strcat(des_file,".asm");

strepy(err_file,argvi1]);

strecat(err_file,".en’”);

if((Source_Fite=fopen(source_file,"r"))==NULL)

{ printf(tW\tCan not open %s \a\n",source_file);
printf("\m\ntM\t{Command line...] EXPLC filename\n");
exit(1);

}

if((Des_File=fopen(des_file,"wt"))==NULL)

{ printf{\\M\tCan not create %s\a",des_file);
printf("\tWCheck write protect & disk space please \2");
exit{1);

}
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#define  End_required 40

#define  Toomany_STR 50
#define  Toofew_STR 55
#idefine Noi_or_contact_required 60
#define  Noi_or_str_contaci_required 65
#define  Contaci_required 70
#define  Oul_param_required . 80
#define Instruct_error 90
#define  Out_of_renge_contact 100
#define  Out_of_renge_output 110
#define  Oul_of_renge_register 120
fidefine  Out_of_renge_number 130
JIError define

#define

Error_state 500
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if((Err_File=topen(err_file,"wt"))==NULL)
{ print{C"\\MCan nol create %s \a",err_file),

printfCMM\MtCheck write protect & disk space please N\a");

gen_head(Des_File);
word,token_type=Token_space;

word.line_no=0;

while(lfeof(Source_File) && word.token_typel=Token_end )
{ each branch have to terminate when success or error*/

Loopc=read_line(Source_Fiie,&word);
word.index=0;

Next_state=1;

word.word_type=Space_type;
while(Loopc)
{ switch(Next_state){

case 1. { // state 1

get_token{&word);
switch(word.ioken_type){

case Token_comment :
Loopc=0;
Next_state=1;

break;

case TokenEOF :
Error_code=End_required;

Loopc=0;
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Next_state=Error_state;

break;

case TokenEOL :
Loopc=0;
Next_state=1;

break;

case Token_space :
i (stay at this state (state 1) )
break;

case Token_STR:
switch(STR_count){

case O:

Next_state=10;

break;

case 1:
/! save_str if success
Next_state=10;

break;

defauit :

Error_code=Toomany_STR;

Next_state=Error_state;

break;

case Token_and :
if(STR_count<1){
Error_code=STR_requirec;

Next_state=Error_state;
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else

Nex!_state=20;

break,;

case Token_or:
if(STR_couni<1){ . -
Error_code=STR_required;
Next_siate=Error_state;
}
else

Next_state=3C;

break;

case Token_out :
if(STR_count<1){
Error_code=STR_reguired;
Nexi_state=Error_siate;
}
else
Nexi_state=40;

break;

case Token_tim :
if (STR_count <1}
Error_code=STR_required;

Next_state=Error_state;

else

Next_state=90;

break;

case Token_cnt:
ii (STR_count <1)}{

Error_code=STR_requirec;
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Nexi_stale=Error_state;

——

else

Nexi_state=100;

break;

cese Token_end :

End_status=1; /find end instruction
Loopc=0;
break;

defautt :

// Not , Number and other word that unknow

Error_code = instruct_error;
Nexi_state = Error_state;

} /lend of switch Token_type

}break; //end case of Nexi_state = state 1

STRINSTRUCTION

case 10: {

ge!l_token(&word);
switch(word.token_type){
case Token_space:

/INexi_state=Next_state

break;
case Token_not:
Next_state=16;

break;

case Token_number:
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Nexi_state=15;

break;

default:

Error_code=Not_of_contact_required.

Nexi_state=Error_state;

}

}break; /lend case of state 10

case 15 J/isubcese of case 10 (STR)
if (contact_renge_check(&word)}{
if (STR_count>0) /ISTR_count=1

save_str(Des_File);

gen_state15(Des_File,&word); /igen asm code

STR_count++;

Loopc=0; llend state OF STR

}

else{

Error_code=0ut_of_renge_contact;

Next_state=Error_state;

break; //end of case 15 (sub case of STRins)

case 16: //subcase of case 10 (STR NOT)
get_token(&word),

switch{word.token_type){

case Token_space:

/INext_state=Nexi_state

break;

case Token_number:
Nexi_staie=1E&;

break;
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default:
Errof_code=Contact_required;
Nex!_state=Error_state;

} v ’ .

break; //fend of case 16

case 18:
if (contaci_renge_check(&word)){
it(STR_count>0)
save_str(Des_File),
gen_state18(Des_File,&word);

STR_count++;

/lgen asm code

Loope=0; /lend of success STR

}

else{

Error_code=0ut_of_renge_contact;

Nexi_state=Emor_state;

}

break: //end of case 18 (sub case of STRins)

case 20: {
get_token{&word);
switch(word.token_type){
case Token_space:
/INext_state=Next_state

break;

case Token_not:
Next_state=26;

break;
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case Token_number:
Nexi_slate=25;
break;
case Token_STR:
switch(STR_count) {
case 2
Nexi_state=22;
/fif sucess STR_count must be decresed (~)

break;

default:
Error_code=Toofew_STR:

Next_state=Error_state;

break;

default:

Error_code=Not_or_str_contact_required; // add STR later

S

Nexi_state=Emor_state;

tbreak; //end of case 20

case 22:

and_str(Des_File); // call function to gen ASM code to and str
Nexi_state=1;
STR_count—;

Locpc=0;

break;

[
m

Case
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il (contact_renge_check(&word)){

gen_staie25(Des_File,&word); //gen asm code
Loopc=0; /lend of AND

}

else{

Error_code=0ut_of_renge_conlact;
Next_state=Error_state;

}
break;

case 26: //subcase of case 20 (AND)
get_token(&word);

switch(word.token_type){

case Token_space:
/INexi_state=Next_state //stay at state 26

break;

case Token_number;
Nexi_state=28;

break;

default:
Error_code=Contact_requirec;
Nexl_state=Error_state;

}

break; //end of case 26

-t
case 28
if (contact_renge_check(&word)){
gen_state28(Des_File.&word); //gen asm code
Loopc=0; /lend of AND
}
eise{

Error_code=0Oul_of_renge_contact;
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Nexi_stlate=Error_state:

}

break: //end of case 28 (sub case of AND ins)

freereermeere==END of AND INSTRUCTION

preesveerere=OR INSTRUCTION /

case 30: {
getl_token(&word);

switch(word.token_type){

case Token_space:

//Nexi_state=Nexi_state

break;

case Token_hot:
Nexi_state=36;

break;

case Token_number:
Next_state=35;

break;

case Token_STR:
switch(STR_count) {
case 2.
Next_state=32;
//if sucess STR_count must be decresed (—)

break;

default:
Error_code=Toofew_STR;

Nexi_state=Etrror_siate;
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break;

default:
Error_code=Not_or_coniagi_required;

Next_state=trror_state;

.

Yoreak; //lend of case 30

case 32

or_sir(Des_File); // call function to gen ASM code 1o or sir

Next_state=1;
STR_couni—;

Loopc=0;

break;

case 35:

if (contact_renge_check(&word)}{

gen_state35(Des_File,&worg), /lgen asm code
Loopc=0; /lend of OR

}

else{

Error_code=0ut_of_renge_contact;
Next_siaie=Error_state;
}

break;

case 35: //subcase of case 30 ( NOT OR)
get_token(&word):

switch(worz.1oken_type)
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case Token_space:

/INexi_state=Nexi_state //stay al state 36

break;

case Token_number:

Next_state=38;

break;

default:

Error_code=Contact_required;

Nexi_state=Error_state;

}

break; //end of case 36

case 38:

if (contact_renge_check(&word)){

gen_state38(Des_File,&word), //gen asm code
Loopc=0; /lend of OR

}

else{

Error_code=0ut_of_renge_contact,

Next_

}

break;

preveveever=END OR INSTRUCTION

state=trmor_state;

/fend of case 38 (sub case of OR ins)

prremsrremr=OUT INSTRUGTION? .

case 40: {

get_token{&worg);

switch{word.token_type){

case Token_space:
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/INexi_siate=Nexi_state

break;

case Token_not:
Next_stale=50;

break;

case Token_L:
Next_state=60;

break;

case Token_U:
Nexi_state=70;

break;

case Token_number:

Nexi_state=80;

break;

default:

Error_code=0ui_param_required;

Nexi_state=Error_state;

Yoreak; //end of case 40

case 50: //subcase of case 40 (OQUT NOT)

get_token(&word);

switch(word.token_type){
case Token_space:
//Next_state=Nexi_state

break;

case Token_number;

//stay at state 50
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Nexi_state=55;

break:

default:
Error_code=0ut_of_renge_output;
Nexi_state=Error_state;

}

break: //end of case 50

case 55

if (output_renge_check(&word)){
gen_siate55(Des_File,&word); //gen asm code
STR_count—;
if(STR_count>0)

restore_STR(Des_File);
Loopc=0; /lend of OUT NOT
}

else{
Error_code=0ut_of_renge_contact;
Nexti_state=Error_state;

}

break; //end of case 55 (sub case of OUT ins)

case 60;
printf("Not yet definite operand\n®);
Loopc=0,

break;

cese 70:
printf("Not yet definite operand\n™);
L oopc=0;

break;

cese 80:
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il (output_renge_check(8word)H
gen_stateB0(Des_File,&word); //gen asm code
STR_count—; -
iH(STR_couni>0)

restore_STR(Des_File);
Loopc=0; /lend of OUT

}

elseq
Error_code=0ul_of_renge_output ;
Next_state=Error_state;

}

break;

END OF OUT INSTRUCTION®"==*r-emrewseeessy

wreetTIM INSTRUCTION /
case 90
printf("Not yet definite instruction \n");
Loope=0;
Next_state=1;

break;

cese 90: {
get_token(&word);

switch{word.token_type){

case Token_space:
/INext_state=Next_slate

break;

case Token_number:
Nexi_sizte=95;

break;
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detault:
Error_code=Contaci_required;

Nex!_state=FError_state;

}break; //fend of case 90 (Timer case)

case 95:
if(output_renge_check(&word)){
get_token{&word);

switch{word.token_type){

case Token_space:
/istay at this state
break;

case Token_number:
Nex{_state=98;

break;

defauit:
Error_code=Reg_required;

Nexi_state=Error_state:

else!
Error_code=0ut_of_renge_output;
Next_state=Error_state;

}

break; //enc of case €5
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case 98:
if{treg_renge_check(&word)}
gel_token(&word);

switch({word.token_typeX

case Token_space:
//stay at this state

break;

case Token_number
Next_state=99;

break;

default:
Error_code=Qut_of_renge_register;

Next_state=Error_state;

}

else{
Error_code=0ut_of_renge_register;
Nexi_state=Error_state;

}

break; //lend of case 98

case 99
if(num_check(&word)){
gen_state®8(Des_File,&word);
STR_count—;
if(STR_count>0)
restore_STR(Des_File);

Loopc=¢C;
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else {
Error_code=0ut_of_renge_number;

Nexi_state=Error_state;

break;”/ //fend of case 99

" ot yet definite COUNTER INSTRUCTION™*===>>+==++;
case 100:
printf("Not yet definite instruction \n");
Loopc=0;
Next_state=1:

break; //end of case 100 (Counter)

T END OF COUNTER *™~ */

case Error_state: { // Error state

Error_status=TRUE;

Loopc=0;

switch(Error_code}{ -

case Toomany_STR:
printi('Line %d Too many STR instruction\n\a",word.line_no);
fprintf(Err_File,"Line %c Too many STR instruction\n",word.line_no);

break;

case Toofew_STR:
printf("Line %d Too few STR instruction\na”,word.line_no):

forinti(zr_File."Line %d Too few STR instruction\n",word.line_no);
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break:

case Reg_requirec:
print{("Line %d Register NO. is required \n\a".word.line_no);
fprintf(Err_File,"Line %d Register NO. is required\n",word.line_no);

break;

case STR_required:
printf("Line %d STR instruction is required \a\n",word.line_no);
fprintf(Err_File,"Line %d STR instruction is required\n”,word.line_no);

break;

case Not_or_contaci_required:

printf("Line %d [NOT] contact number is required \e\n",word.ling_no);

fprintf(Er_File,"Line %d [NOT) contact number is required \n",word.line_no);

break;

case Contact_required:
printf(‘Line %d contact number is required \e\n",word.line_no);
fprintf(Err_File,"Line %d contact number is required \n",word.line_no);

break;

case Out_param_required:

printf("Line %d [NOT] contact number is required \a\n",word.line_no);
fprinti(Erm_File,"Line %d NOT contact number is required \n",word.line_no);
break;

case Instruct_error;

printf("Line %d Instruction error\n®,word.line_no);

fprintf(Err_File,"Line %d instruction errorin”, word.line_no);

break;

case Out_of_renge_contact:
printf("Line %d Out of renge contact\n*,word.line_no};
fprintf(Err_File."Line %d Out of renge contact\n”,word.line_no);

brezk;
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case Nol_or_str_conlaci_required:
printt("Line %d [NOT] contact number or [STR] is required \a\n",word.line_no);
iprintf(Err_File,"Line %d [NOT] contact NO. or [STR] is required \a\n",word.line_no);

break;

case Out_oi_renge_output:
printf("Line %g Out of renge output\n ",word.line_no);
forintf(Err_File,"Line %d Out of renge output *,word.line_no);

break;

case Oui_ot_renge_number.
printf('Line %d Out of renge number\n”,wordg.line_no);
fprintf(Err_File,"Line %d Out of renge number\n *,word.line_no);

break;

case Out_of_renge_register;
printf("Line %c¢ Out of renge register\n”,word.line_no);
fonntf(Err_File,"Line %d Out of renge register\n ",word.line_nc);

break;
default :
printf("Other Error \a\n");
fprintf(Err_File,"Other Error\a\n");
} /lend of switch Error_code
Yoreak; //end case of Error state
MYiend of switch(Next_state)

}// End of Loopc

} // End of EOF , END instruction

if(End_status==0}
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Error_status=1;

printf("Error 1t No END instruction \n\a");

torintf(Err_File,"Error 111 No END instruction \n");
}

gen_end(Des_File);

fclose(Source_File);

if (fclose(Emr_File)!=0 && Error_status==1)
printfCWriting error reference file ERROR \n\a");
if (fclose(Des_File)!=0)
{ printi("writing output file error 11! \a\n");

Error_status=1;

if (Error_status)
remove(des_file); // delete asm file

else{

remove(err_file);  // remove(); delete error file
execl('sxa51","sxa51",des_file, NULL);

}

int contact_renge_check(words *word)
{ inti
if( ("word).number<1 |} (*word).number>24 )

i=0;

else{
i=1;

(*word).contact_num=(*word).number-1;
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retum(i),
}
int output_renge_check(words *word)

{ inti

if ( ("word).number<9 || ('word).numper>24 )

i=0;

eise{
i=1;
{*word).contact_num=(*word).number-1;

}

retumn(i);

rint treg_renge_check(words “word)
{inti; —
if (((*word).number<201) || (("word).number>208) )
i=0;
else {
i=1;
(*word).reg_displace=(*word).number-201; //register store time
}
retumn(i);

Y/

I7int creg_renge_check({words *word)
{inti
if ( (("word).number<300) || {(*word).number>308) )
i=0;

else
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=1,

return(i);

void gen_stale15(FILE *Des_File,words *word)
{

fprintf(Des_File,"\t\t4 MOV C,%d\n\n",(*word).contact_num );
}

void gen_state18(FILE *Des_File,words "word)

{
fprintf(Des_File,\t\t MOV C,%d\n",(*word).contact_num );
forintf(Des_File,"t\t\t CPL C\n\n" )

}

void gen_state25(FILE *Des_File,words *word)
{
forintf(Des_File,"\t\t4\\ MOV 65H,C\n");
fprintf(Des_File,"\t\t¥\ MOV C,%d\n",(*word).contact_num J;
tprintf(Des_File,"t\M\ ANL C,65H\n\n",(*word).contact_num );
}

void gen_state28(FILE *Des_File,words *word)

{
fprintf(Des_File,"\t\tt\ MOV 85H,C\n");
tprintf(Des_File,"\t\tW\ MOV C,%d\n",(*word).contact_num ):
fprintf(Des_File,"\t\i\t CPL C\n" );

forintf(Des_File,\t\t\W\\ ANL C,85H\n\n",(*word).contact_num );

void gen_state35(FILE *Des_File,words *word)
{
forintf(Des_Fite, \t\t\\ MOV 85H,C\n");
fprintf(Des_File, \\M\\ MOV C,%d\n",(*word).contact_num );

fprinti(Des_File,"WMW\ ORL C.65H\n\n",("word).contaci_num :

I



}
void gen_state38(FILE *Des_File.words "word)

i
torintf(Des_File,"I\MM\ MOV 85H,C\n");
tprintf(Des_File,"\t\\\ MOV C,%d‘\n".(.‘worc').comact_num K
fprintf(Des_File,"t\tt CPL C\n" )
tprintf(Des_File,"\tW\ ORL C,B5H\n\n",(*word).contaci_num );

void gen_stateS5(FILE "Des_File,words "word)

{
tprintt(Des_File,"t\t\t CPL C\n" );

fprintf(Des_File,"t\t4 MOV %d, C\n\n", ("word).contact_num );

}

voic gen_state80(FILE "Des_File,words “word)

{
fprintf(Des_File,\t\tt MOV %d,C\n\n",(*word).contact_num );

}

void gen_state99(FILE *Des_File,words *word)
{
fprintf(Des_File,"\t4 SETB %xH \n",0x18+(*word).reg_displace); /set gate
fprintf(Des_File,\tW\t MOV %xH,C \n",0x40+("word).reg_displace); //store status
fprintf(Des_rile,\\tt MOV %xH,#%x\n",0x88+(*word).reg_displace, (*word).timer_num);
/Mtime sec
fprintf(Des_File,"t\it MOV

%xH, #%d\n\n", 0x80+(*word).reg_displace, ("word).coniact_num);

}

void and_str(FILE “Des_File)

{
forintf(Des_File, "\t ANL C.64H\\n " );
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}
void or_str(FILE *Des_File)
{
fprintf(Des_File, I\t ORL C,84H\n\n " );

!
I

void save_str(FILE” Des_File)

{
fprintf(Des_File,"\ttt MOV 64H,C\n\n " );

}

void restore_STR(FILE™ Des_File)
{
tprintf(Des_File,"tWt MOV C,64H\rm\n " );

}

void gen_head(FILE” Des_File)

{
fprintf(Des_File,\tWt ORGE 8000H\n\n");
tprinti(Des_File,\tWt MOV 20h,#0\n";
fprintf(Des_File,"\\tt MOV 21h,#0\n");
fprintf(Des_Fiie,\t\t\t MOV 22h, #0\n");

forintf(Des_File,"\t; BODY
tprintf(Des_File,"Loops:\n");
fprintf(Des_File,"W\M\t mov dptr.#0\n");
fprintf(Des_File, "\t movx A@dptrn");
tprintf(Des_Fiie,"\t\f\t mov 20h, A\m\n™);

}

void gen_end(FILE™ Des_File)

1 fprintf(Des_File,"\t\\t mov dptr,#1000h\n"):
fprintf(Des_File,\t\tt mov A,22h\n");
fprintf(Des_File,"\tW\ movx @dptr,A\n");
fprintf(Des_File,"t\\\ jmp Loops\n");
ferintf(Des_File,"\\M\t END " );

1 \n\n");
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DOT MATRIX LCD MODULE

Code Execwtion Time
Jnstrection Description (whes fcp or
i R'W | DB, | DB« | DBs | DB+ | DB | DB: | DB: | DBa fosc s 250 kHa)
Clear ! Clears entire display and sas DD
Dispiay 0 0 0 0 0 0 0 ol ! RAM address 0 in address counter. 164 ms
¢
} Sets DD RAM address 0 in address
counter. Also returns display being
H,,,' OO O o e e to original positien. DB 1.64 ms
RAM contents remain unchanged.
'; Sets cursor move direction and
Eatry specifies shift of dispiay. These
Mode '&( 0 0 0 0 0 0 ! D § operations are performed during 40us
|* data write and read.
I
Dbll. Sets ON/OFF of entire display (D),
0 0 0 0 0 i D C B cursor ON/OFF (C), and blink of 40ps
Contro| cursor position character (B).
]
Canor[or Moves cursor and shifts digplay
nbui' 0 0 0 0 1 SIC | RIL| * * | without changing DD RAM 40ps
Shift contents.
H -
. : - | Sets interfacc data length (DL),
g::“"? 0 0 0 1 DL N F * * number of display lines (L) and 40ps
H haracter font (F).
i <
, Sets CG RAM address. CG RAM
Set Cq RAM 0 0 1 ACG data is sent and received-after this 40ps
Addr "'E setting.
' Sets DD RAM address.:DD RAM
Set D) RAM 0 | 1 ADD data is sent and received after this 40us
v setting.
T
Resd ! Reads Busy flag (BF) indicating
internal operation is being
Busy F?u ! BF AC performed and reads address Oas
& Adiress counter contents.
[4
Wriee dltl Wi §
®C :& 0 Write Data . R:»Tdmmo DD RAM or CG Ous
DD
3
Read Dan
trom C¢ o | Read Data ::Aa:; data from DD RAM or CG s
|1):] RA}M )
{ 1D >1: Increment DD RAM: Display datn RAM Execation tisme
1/D=0: Decrement CG RAM: Character generator changes when
I S =1: Accompanies display shift RAM frequency changes
' SC=1: Display shift Acc: CG RAM adéress Example:
. SIC=0: Carsor mowe App: DD RAM Address When kp or fosc
R/L1: Shift to the right to corsor address | &5 270 kHz:
R/L=0: Shift to the lekt AC: Address couter nved for both & x§-37
[ DL=1: 8 bits, DL—0: 4 bits DD ¢ CG RAM sddress. X e
i N =1:28nes, N=0: ] bne
I F=1:5X10 dots, F=0: 5X7 dots
b BF =1: Internally operating
] BF =0: Can sccept instraction

* No t”t?l




PN e E PR o B e T e et e m

— o r— t—

v r——

TR T W R R MMl m— o

o

-—

DOT MATRIX LCD MODULE ETT

1. CLEAR DISPLAY

Clear display
RS RMW DBy DBy

cose [0]0]0]0]o o]0 s]o] "]

. ¥ »
fatailotun1siVouyeeinende SPACE (ASCH 20H) 11Uy DD RAM isnuauasyianis
SET DD RAM ADDRESSER 1iugud &2 CURSOR sendulleg dumisuugeduiiovesve
A SETID = 1, S hilmsnfavu

2. RETURN HOME

Return home

Code (°[°l°7l°l°I°J°l°.lN°J"’J

. »
finffafisyfiInTs SET DD RAM ADDRESSER ifufud #i2 CURSOR seniuliogdumisunge
y a y .
Fruiiovoavenmdoyntuonim hin/foy

3. ENTRY MODE SET

Entry mode set
RS R/W DB,

Code (o]o{o]o|o§o]o[ol{wo]sj

DBo

- g e . ey, & o a ¥ Y . q P
BIT1/D : mus::uJumn'muﬂlm'lmal'uuumamu'ua:gmm’m:ﬂﬂ'n DD RAM ADDRESS INMYUNUY
g -
nSoaananiielay

] = MY

) 2
0= aADINUR

BITS : Sufmuaunawalaodl s = 1 soiilunisiafioyoud s CURSOR sgfiundoynsegnan bl

negae £ § = 0 doyas: vgMMaa CURSOR ezondu hinuiie
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DOT MATRIX LCD MODULE  ETT

4. DISPLAY ON/OFF CONTROL

RS R/MW DB, DB,

Code [o]o]o]o]o[o]w[olc[ﬂ

BIT D : iju BIT WiJalianiveninTaodn
D =192 ON ua
D = 0 v& OFF

BIT C : 9z 1¥uaas CURSOR W BIT C = 1 uozfhludoanisunas CURSOR BIT C = 0 Tauda
CURSOR 9z0g¥ LINE ¥ 8 luitwy 5X7 DOT uazszey LINE # 11 luuvy 5X10 DOT

BIT B : {u BIT SET msnsenSuves CURSOR Ty B = 1 msnsensy B = o Tilnisnsewsy

Taodissuzira M Insensuls sy 379.2 ms

H-H

Alternating displsy

£

SCursor U
$ x 7 dot character
font

~am—
5 x 10 dot character
font

{s) Cur>tor Display Example . (b} Blink Display Example

5. CURSOR OR DISPLAY SHIFT

Cursor or display shift

RS R/W DB, DB,
Code (00 |ofoforlsclrn] [ ]
¢ No sffect

iWhundaimuaidumis CURSOR w3odoyn Tuifamsdromiouanlashideslmdaion

a 0
¥300u lav

sIC R

0 0 Ynséw CURSOR Tusindumuaidu ldede 1 dumis
0 1 ¥iinséw CURSOR Tendwumiaau Tuvindde 1 dumia
1 0 x'ﬁymsﬁuﬁvﬁnys'?ilﬁﬂ'lﬂme%w

i Cfhumsduddsnysitae lunievaide
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DOT MATRIX LCD MODULE ETT

6. FUNCTION SET

Function set

RS R/W DB, DBy

1 DLI N F . .
* No effect

Code o|lo]joOojoO

BIT Dt : iHhums SET misaaredrss Widuuuy 8 BIT e 4 BIT

TaufhoanIsAasie 4 BIT DL = 0 ude 8BIT DL = ]

N : 15un1s SET USSHANISUTAIND N = 0 ueras 1 UsSHa
N=1uta 2 using  lunTduinnds 2 ussvia A% SETN = 1

F: tﬁums SET %4677 DOT NMITUAAIND 5X7 n3o 5X10 lay

F = 0 (Huuyy 5X7 une F = 1 iuuuy 5X10

No. of
. Character Duty
N F | display Remarks
lines font tactor
00 1 §x 7dou 1/8
0 1. 5 'x 10 dots 111
- Cannot display .2 lines
1 o 2 5x 7dots 1116 with 5 x 10 dot chaiac-
ter font.
® No effect

7. SET CG RAM ADDRESS

Set CG RAM address
RS R/W DB+

Code o{0j] O] AlA]JTATATAL]A

D8

Higher Lower -
Order Bits Order Bits

lu HD44780 Wwesinuaunr w1y 2 yn fie DISPLAY DATA RAM (DD RAM)
9797w 80X8 BIT unz CHARACTER GENERATOR ROM CG RAM $7472v 512 BIT uas
7200 BIT fifaiisziiun1s SET ADDRESS 1 CG RAM 1auf04%1n19 SET ADDRESS

fiouvrunSestutoynsin CG RAM 47y

8. SET DD RAM ADDRESS

Set DD RAM address
RS R/WDB-,——\___——DBO
Code R¥OI1IA|A]A|A1A[AIA]

- Higher tower -
Oraer Bits Oraer Bits




DOT MATRIX LCD MODULE ETT

dlufiide SET fi1 ADDRESS Tt DD RAM lumsifounos1usinin bb RAM(DD RAM fp

AautivzunAWami190 LCD) TauduIu ADDRESS Hiozifaiuuuee LCD 90y SET

e T Rl® 1 s o e

A1 N A2y

-

N = 0 (1 U371A) ADDRESS 928Y 00H-4FH
N =1 (2 U331iA) ADDRESS 930Y 00H-27H A mSUUTINAN 1 uas 40H-67H
: dmiy usTiah 2 :
I
! uYUNMIYTA ADDRESS e DD RAM M1198 LCD uuy 16 #280¥35 1 USSHa 16 NS,
2'UTINR .16 AIONYT 4 UTTVA L 20 AIONWT 1 UTINA, 20 FISD¥S 2 USTNA uas 40 Ny
'2 USSNIA

i

! 16 AI0NYS 1 YSINA

00 101 102 {03 104 {05 [06 [07 {40 |41 |42 |43 | 44 45 | a6 | 47

LS

16 FI8NYT 2 UTTHA

00 01 | 02 0304 )05 06 |07] 08| 09| 0Aa]|0B]|oC 0D | OE | OF

40 1 41 | 42 | 43 | 44 | 45 ) 46 | 47 | 48 | 49 | 4A | 4B | 4C |'aD | 4E | aF

! 16 AIBNYT 4 YTINA

00 01 | 0203|0405 06071 o8 09 | 0A | OB | 0OC | oD | OE | OF

40 1 41 | 42 | 43 | 44 | a5 | 46 | 47 | 48 | 49 | 4A | 4B | ac | 4D | 4E | oF

10 1 12 113 114 | 151617 )|18}19| 1A | 1B | 1C 1D | 1E | 1F

50 | 51 | 52153 |54 |55)|5|57|58 15| 54| 5B 5C | 5D | 5E | 5F

[

20 AI0NYS 1 UTTNA .

poj o1 jo2+1o03|0s]05)06|07{08) 09 0A]|o0B]|oc]|oD OE [ OF | 10 | 1 12 113

——_

20 A7DNYT 2 UTTNA

00 |01 70203 |04]05]06|07]081]09)0Aa][o0B]ocC OD | OE | OF { 10 | 11 12 | 13

Y0 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | aa 4B [ 4C | 4D | 4E | 4F | 50 | 51 52 | 53
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DOT MATRIX LCD MODULL ETT

9. READ BUSY FLAG AND ADDRESS

Read busy flag & address

AS RM DB, DBy
Code 0 1 BF| A AlATALTATATLTA
Higher Lower
" Order Bits Order Bits

. & 3 s - o r W - s - N
ﬂummmum BUSY FLAG ‘r@%:lﬂ'ﬂﬂ?ﬁﬂﬂ'ﬂﬂ? HD44780 uag'luvmun‘usn‘n‘mmu'luag

- LY - 9
wSooglunnmniousziudoyn Tav
. . . - ¥ a ., o
BF = 1 ag tuvpaunisiaumeluhindeusziudoyansofiam

BF = 0 w¥ousziutoynnsodiidald

uazuengniiduiusirfasfusioRn ADDRESS ¥93 CG RAM 30 DD RAM #7v

10. WRITE DATA TO CG %38 DD RAM

Write data to CG or DD RAM

RS RM DB, — DBy
Code 1 o}jpob|D|D|D|D}D|D]|D I
-~ Higher Lower
Order Bits Order Bits

v - 3 [y - t - <
Husirdadoudeyadn iy cc nie DD RaAM Taudiovudeyauny ADDRESS szifismionn
Tnudn TuiRawsinde SET Tu ENTRY MODE dofmuafier{iuilunsioudoyaves G RaM n3e

DD RAM vi118Taun1s SET ADDRESS %09 CG RAM 58 DD RAM Yumnfisussiioudya

11. READ DATA FROM CG OR DD RAM

Reed date from CG or DD RAM

RS R/MW DB, DBy
Code 1 1 o(fo|l/D;D|D}D|D|D
Higher Lower

Order Bits Order Bits ~
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DOT MATRIX LCD MODULE ETT -

1. RS (REGISTOR SELECTION) vziffunusion REGISTOR nwludadi og 2 #afe

INSTRUCTION REGISTOR (IR) uns DATA REGISTOR (DR)
Trodutu 1 sxtiumsidon DATA unzfudu 0 sziflunisiien INSTRUCTION -

2. R/W (READ/WRITE)  iihusiauindnezifiounSoszemdoyneinia

1C Taven udoyn = 1, Woudoyn = 0

3. E (ENA BLE SIGNAL) ifunfmustnimnis$udousudoyn

Al

Register selection

Operation
IR write as internal operstion
{Display cisar, s1c.)
Read busy flag (DB.) snd
sddren counter (DB, ~ DB, )

DR write as interns! operation
{DR10o DD or CG RAM)

DR read a3 intsrnal operstion
(DD or CG RAM to DR)

RS | R/W
0 A

0 1

T

4.DBO-DB7  ihiviunsdeynvine ic

" 5. vDD IWifueRia1995 +5V

»

6. VSS 1Juv1 GND

7.VO  1$uwsy VOLTAGE lunidu LD Wriwmieda
PIN CONNECTION

PinNo | Symbol | Lew Funciion o e
M ¥a - ov
-—:‘—_ B Vi - - 3V
) Vo — -
C e [ e
. o * . i
U e [ A
T E H H--L Enable signal "_ ~ ' ._—:.;__
= DBO AL
' bBi 1 ML |
9 DB2 H/L
P DB} ° H/1 Data dbus hine
0 DBs n/t Note {13, (2)
i DB! I
A e Tonn ]
) vy | wi
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DOT MATRIX LCD MODULE ETT
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ADDRESS

lcdisp:

here:

inteligent LCD Circuit for “Ledisp” Program

. +5 -8V
T 11
1 2
Two Line x 20 Chanacter EN
Intsiligent LCD Display 3
Ensbie Low
J4 313 122 11 100 9 8 7 5 4

D71 D6 [ D5] D4

o3lo2|osfoo | rw |Rs

J4PI4

8031

12P3.2
13P3.3

1P1.0
2Pl
3Pl.2
4P1.3
5Pl.4
6P1.5
7P16
8P1.7

MNEMONIC
org 0000h
clr p3.2
clr p3.3
pov a,#3fh
acall strobe
mov a,#0eh
aczl) strobe
mov a #06h
aocall strobe
mev a,#01lh
acall strobe
setb p3.2
mov a.#'h’
aoall strobe
mov a,#'e'
acall strobe
mov 2,.#'1"
acall strobe
acall strobe
mov a,#'c'
acall strobe

sjmp here

COMMENT

;8elect the command register
;select urite level

:command 8 bits/char.
:strobe command to display

2 rows, 5 x 10

:command screen and cursor on, no blink

:command cursor right as data displayed

:clear all and home cursor

;s6lect display data RAM register
;say ‘‘hello’

;message sent

:the subroutine ‘'strobe’ is used to check for s display busy
:condition, and pulse P3.3 high-low-high to enable the display

;write or read

strobe:

wait:

mov pl.#0ffh
setb p3.3
setb p3.4
clr p3.4
jb pl.7.wait
setdb p3.4
clr p3.3
setd p3.2
mov pl.a

clr pl.4
setb p3.4
clr p3.2

ret

end

:configure port 1 es an input
:set read level

:generate read strobe

:enable the display

:check for busy when BF = }
:end of read strobe

:write character to display
;choose date RAM

:character to port 1
;generate write strobe

:return with display &5 before call
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Features

e Compatible with 80C51 and 80C52 Products
e B Kby‘tes of In-System Reprogrammable Filash Memory

‘ Endurance: 1,000 Write/Erase Cycles

, Data Retention: 10 Years
Fully Static Operation: 0 Hz to 24 MHz
Three-Level Program Memory Lock
256 x 8-Bit Internal RAM
32 Programmable VO Lines
Tpree 16-Bit Timer/Counters
Eight Interrupt Sources
Programmable Serial Channel
Lpw Power Idle and Power Down Modes

3

De§cription
The AT89C52 is 2 low-power, high-performance CMOS 8-bit microcomputer with 8 Kbytes
of Flash programmable and erasable read only memory (PEROM). The device is manufac-
wred using Atmel's high density nonvolatile memory technology and is compatible with the
industry standard 80C51 and 80C52 instruction set and pinout. The on-chip Flash allows the
progfam memory Lo be reprogrammed in-system or by a conventional nonvolatile memory
progiammer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel

ATBICS2 is a powerful microcomputer which provides a highly flexible and cost effective
solution to many embedded control applications.

The 'AT89CS52 provides the following standard features: 8 Kbytes of Flash, 256 bytes of
RAM, 32 /O lines, three 16-bit timer/counters, a six-vector two-level interrupt architecture,
a fu]! duplex serial pont, on-chip oscillator, and clock circuitry. In addition, the AT89C52 is

3 continued
| PDIP/Cerdip
Pin Configurations R vee
} (T2 EX) P11 2 PO.0 (ADD)
PL20]3 PC.1 (AD1)
i P1.ACTS P0.2 {AD2)
P14 5 P0.3 (AD3)
; PSS PO.4 (AD4)
PILEC]? PO.5 {ADS)
H PL7 )8 P0.6 (ADS)
RST P0.7 (AD7)
(RXD) P3.0 Eaivep
{TXD) P3.1 ALE/PROG
. (INTO) P3.2 PSEN
E (iNT1) P33 P2.7 (A15)
(TO) P24 P2.6 (A14)
(T1) Pa.§ P2.8 (A1)
} (WR) P3.6 P2.4 (A12)
(RB) P37 P2.3 (A11)
y XTALZ £2.2 {A10)
XTALY P2.1 {A8)
,: PQFP/TQFP GND P2.0 (AB)
£ soms
L © = nN®
~ ™~ [-N-N-N-1
- o« o  « =
INDEX emNes poewa b sT88
CORNER e B TR PP ~% ©OBooo
aooioGaX>LAG6LA INDEX X3 s
Lnannooonon CORNER wnNse, 8980
P 44,542,,40,38 38 D \ IS R4 4 44
;e 33 P04 (ADY) SpDAnnnnn
P16 ] 2 32 P PO.5 (ADS) P1.S s [ P0.4 (AD4)
[2RE= 31 [ PO.6 (ADS) P1 S PO.S (ADS)
t omst (]« 30 2 P0.7 {AD7) P17 [2 P06 (ADE)
{RXD} P3.0 3 20 [ EA/VPP RST [ P0.7 (ADT)
NC [ 28 NG (RXD) P3.0 S EArveP
(Txpy P3Ny ? 27 [0 ALE/PRGG NC b Ne
NTo P32 T 0 26 o F5EN (TXD) P31 [ ALE/PROG
(WTT) P23 (3 9 25 I P2.7 (A1S} iRy P3.2 D PSEN
{T0) P3.e 1 24 [DP2.6(A4)  (FTT) P33 ) P2.7 (A1S)
(}11 PaSs g 23 P25 (A1) (10} P3.4 IP2.6 (A14d)
4 12910 %16 718" %2022 (T P3S TN 19,021,,23,,25, 22 20[7 P2.8 (A1)
! e DUJLLUJOU vUouuuuudlUoln
g Rl 5 PPt omzzsfocmnz
:::Euonunuu tosXg daloo
=5 x cssca S5%* sSesca
3 1233: Eig ¥T22:3

|

-
—
m
F

IMEL

8-Bit
Microcontroller
with 8 Kbytes
Flash

AT89C52
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Description (Continued)

designcd with static logic for operation down to zero frequency
and supports two software selectable power saving modes. The
1dle Modc stops the CPU while allowing the RAM, timer/count-
ers, sérial port, and interrupt system to continue functioning.
The POwer Down Mode saves the RAM contents but freezes the
oscillator, disabling all other chip functions unti! the next hard-
ware fesel.

Pin Description
Vee

Supply voltage.
GND}

Ground.
Pont d

Port 0 is an 8-bit open drain bidirectional /O port. As an output
port, each pin can sink cight TTL inputs. When 1s are written
to port O pins, the pins can be used as high-impedance inputs.
Port § can also be configured to be the multiplexed low-order
addrcss/data bus during accesses 10 external program and data
mcmory In this mode, PO has iniernal pullups.

Pon 0 also receives the code byies during Flash programming
and dutputs the code bytes during program verification. Exter-
nal pullups are required during program verification.

Pont l

Pon l is an 8-bit bidirectional /O port with internal pullups. The
Port } output buffers can sink/source four TTL inputs. When 1s
are wntten 10 Port 1 pins, they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 1 pins that are
externally being pulled low will source current (1) because of
the internal pullups.

In addition, P1.0 and P1.]1 can be configured to be the
umer/counter 2 external count input (P1.0/T2) and the
timef/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

Port Pin | Alternate Functions
P‘f 0 T2 (external count input to
E' Timer/Counter 2), clock-out s
P1.1 T2EX (Timer/Counter 2 capture/reload
v trigger and direction control)

Pongi also receives the low-order address bytes during Flash
prog‘ramming and program verification.

Port 2

Port 2 is an 8-bit bidirectional VO port with internal pullups. The
Port 2 output buffers can sink/source four TTL inputs. When 1s
are written to Port 2 pins, they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (Ii.) because of
lhc?;lr:emal pullups.

Por{ 2 emits the high-order address byte duning fetches from ex-
ternal program memory and during accesses to exiernal data

memory that use 16-bit addresses (MOVX @ DPTR). In this
application, Port 2 uses strong internal pullups when cmitting
Is. During accesses to external data memory that use 8-bit ad-
dresses (MOVX @ RI). Port 2 emits the contents of the P2 Spe-
cial Function Register.

Port 2 also receives the high-order address bits and some contro!
signals during Flash programming and verification.

Pon 3

.Port 3 is an 8-bit bidirectional VO port with internal pullups. The

Port 3 output buffers can sink/source four TTL inputs. When 1s
are written 10 Port 3 pins, they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source current (1) because of
the pullups.

Port 3 also serves the functions of various special features of the
ATB89CS51, as shown in the following table.

Port Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 (extermnal interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (extemal data memory read strobe)

Port 3 also receives some control signals for Flash programming
and programming verification.
RST

Reset input. A high on this pin for two machine cycles while the
oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the low
byte of the address during accesses to external memory. This pin
is also the program pulse input (PROG) duning Flash program-
ming,

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external timing or
clocking purposes. Note, however, that one ALE pulse is
skipped during each access to exiernal data memory.

If desired, ALE operation can be disabled by setting bit 0 of SFR
location 8EH. With the bit set, ALE is active only during 2
MOVX or MOVC instruction. Otherwise, the pin is weakly
pulled high. Setting the ALE-disable bit has no effect if the
microcrontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe 1o external program
memory.

When the AT89C52 is executing code from external program
memory, PSE! PSEN is activated twice cach machine cycle, except

that iwo PSEN activations are skipped durin g cach access to ex-
ternal data memory.

ATEL
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EA/Vep

Exlernal Access Enable. EA must be strapped to GND in order
to entble the device to fetch code from external program mem-
ory locations starting at 0000H up to FFFFH. Note, however,
that if Jock bit 1 is programmed, EA will be internally latched on
reset.

—t -
EA should be strapped to Vec for intemal program executions. .

This pin also receives the 12-volt programming enable voltage
(Vpp) during Fiash programming when 12-volt programming is
sel:ected.

XTALI

Inf)u'l to the inverting oscillator amplifier and input to the inter-
naa clock operating circuit.

XTAL2

Ot::tpul from the inveriing oscillator amplifier.

ARmEL

Special Function Registers

A map of the on-chip memory area called the Special Function
Register (SFR) space is shown in Table 1.
Note that not all of the addresses are occupied, and unoccupied
addresses may not be implemented on the chip. Read accesses
to these addresses will in general return random data, and write
accesses will have an indeterminate effect.

User software should not write 1s to these unlisted locations,
since they may be used in future producis 10 invoke new fea-
tures. In that case, the reset or inactive values of the new bits will
always be 0.

Timer 2 Registers Control and status bits are contained in reg-
isters T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L) are
the Capture/Reload registers for Timer 2 in 16-bit capture mode

or 16-bit auto-reload mode. (continued)
]
Table 1. ATB9CS52 SFR Map and Reset Values
OF8H OFFH
: B
=
0FOH | 50000000 OF7H
OEBH OEFH
]
‘ ACC
Q{EOH 00000000 OE7H
0DBH ODFH
PSW
ODOH | o 0omo00 0D7H
oceH | T2CON | T2MOD | RCAP2L | RCAP2H T2 TH2 OCFH
d 00000000 | XXXXXX00 | 00000000 | 00000000 | 0DOO0000 | OOOO000O
QCOH 0C7H
0B8H | ,..\F OBFH
X0000000
P3
bBoH 11111111 0B7H
b I OAFH
00000000
P2
bAOH T1111191 0A7H
: SCON SBUF
i 98H | 50000000 | XXXXXXXX 9FH
. P1
FOOH | 44991111 S7H
' egn| TCON | TMOD TLO TLY THO TH1 BFH
00000000 | 00000000 | DOOOODOD | DOOOOODO | ODODOOOD | DOOOOOOC
80H PO sp DPL DPH PCON | oo
- 11111111 | 00000111 | 0DOO00OD | 00000000 00000000

n AT89C52 wass——ssesssssreres—————



_!—___ AT89C52

Table 2. T2CON—Timer/Counter 2 Control Register

T2CON Address = 0C8H

Reset Value = 0000 0000B

i

Bit Addressable
i
1 TF2 EXF2 RCLK TCLK | EXEN2 TR2 Cm2 | CPRA2
Bit 7 6 5 4 3 2 1 0
S{(mbol Function
‘TF2 Timer 2 overfiow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be

set when either RCLK =1 or TCLK = 1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on

| T2EX and EXEN2 = 1, When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector
to the Timer 2 interrupt routine. EXF2 must be cleared by sottware. EXF2 does not cause an
interrupt in up/down counter mode (DCEN = 1),

ACLK Receive clock enable. When set, causes the senal port to use Timer 2 overflow pulses for its

i receive clock in serial port Modes 1 ang 3. RCLK = 0 causes Timer 1 overflow to be used for the

§ receive clock.

TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its
transmit clock in serial port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the

. transmit clock.

EXEN2 Timer 2 extemnal enable. When set, allows a capture or reload to occur as a result of a negative

I transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2

i to ignore events at T2EX.

. TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

‘cm2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event

! counter (falling edge triggered).

éP/ﬁLZ Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if

EXEN2 = 1. CP/RL2 = 0 causes automatic reloads tc occur when Timer 2 overflows or negative
‘transitions occur at T2EX when EXEN2 = 1. When either RCLK or TCLK = 1, this bit is ignored
and the timer is forced to auto-reload on Timer 2 overflow.

E
Spécial Function Registers (Continued)

Interrupt Registers The individual interrupt enable bits are in
the IE register. Two priorities can be set for each of the six in-
terrupt sources in the IP register.

Data Memory

The AT89CS52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a paralie] address space to the Special
Funciu'on Registers. That means the upper 128 bytes have the
same addresses as the SFR space but are physically separate
from SFR space.

When an instruction accesses an internal location above address
7FH; the address mode used in the instruction specifies whether
the CPU accesses the upper 128 bytes of RAM or the SFR
spac:c. Instructions that use direct addressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location OAOH (which is P2).

MOV OAQOH, #data

Instructions that use indirect addressing access the upper 128
bytes of RAM. For example, the following indirect addressing
instruction, where RO contains 0AOH, accesses the data byte at
address OAQH, rather than P2 (whose address is 0AOH).

MOV @RO, #data

Note that stack operations are examples of indirect addressing,
so the upper 128 bytes of data RAM are available as stack space.

AIMEL
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ﬁmer O0and 1

Tymer 0 and Timer 1 in the AT89CS52 operate the same way as
Timer 0 and Timer 1 in the AT89CS1.

I
Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either a -’

timer or an event counter. The type of operation is selected by
bji C/TZ in the SFR T2CON (shown in Table 2). Timer 2 has
‘éru operating modes: capture, auto-reload (up or down count-
ing), and baud rate generator. The modes are selected by bits in
T2CON, as shown in Table 3.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the

Timer function, the TL2 register is incremented every machine
cle. Since 2 machine cycle consists of 12 oscillator periods,
¢ count rate is 1/12 of the oscillator frequency.

In the Counter function, the register is incremented in response
10 & }-10-0 transition at its corresponding external input pin, T2.
In this function, the external input is sampled during S5P2 of
¢very machine cycle. When the samples show a high in_one
éycle and a low in the next cycle, the count is incremented. The
pew count value appears in the register during S3P1 of the cycle
ollowing the one in which the transition was detected. Since
o machine cycles (24 oscillator periods) are required 10 rec-
ognize a 1-10-0 transition, the maximum count rate is'1/24 of the
oscillator frequency. To ensure that a given level is sampled at
}'cast once before it changes, the level should be held for at least
one full machine cycle.

E
Table 3. Timer 2 Operating Modes

AlmEL

RCLK + TCLK |CP/RL2| TR2 MODE
Y 0 1 16-Bit Auto-Reload
0 9 16-Bit Capture
X 1 Baud Rate Generator
X X 0 (off)
i
oscC > 12 ——l aeo

Capture Mode

In the capture mode, two options are selected by bit EXEN2 in
T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer or counter
which upon overflow sets bit TF2 in T2CON. This bit can then
be used to generate an interrupt. If EXEN2 = 1, Timer 2 per-
forms the same operation, but a I-t0-0 transition at external input
T2EX also causes the current value in TH2 and TL2 to be cap-
tured into RCAP2H and RCAP2L, respectively. In addition, the
transition at T2EX causes bit EXF2 in T2CON 1o be set. The
EXF2 bit, like TF2, can generate an interrupt. The capture mode
is illustrated in Figure 1.

Auto-Reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when config-
ured in its 16-bit auto-reload mode. This feature is invoked by
the DCEN (Down Counter Enable) bit locaied in the SFR
T2MOD (see Table 4). Upon reset, the DCEN bit is set 10 0 so
that timer 2 will default to count up. When DCEN is set, Timer 2
can count up or down, depending on the value of the T2EX pin.

Figure 2 shows Timer 2 automatically counting up when
DCEN = (. In this mode, two options are sclected by bit EXEN2
in T2CON. If EXEN2 = 0, Timer 2 counts up to OFFFFH and
then sets the TF2 bit upon overflow. The overflow also causes
the timer registers to be reloaded with the 16-bit value in
RCAP2H and RCAP2L. The values in RCAP2H and RCAP2L
are preset by software. If EXEN2 = 1, a 16-bit reload can be
triggered either by &n overflow or by a I-10-0 transition at exter-
nal input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if enabled,

Setting the DCEN bit enables Timer 2 to count up or down, as
shown in Figure 3. In this mode, the T2EX pin controls the di-
rection of the count. A logic 1 at T2EX makes Timer 2 count up.
The timer will overflow at OFFFFH and set the TF2 bit. This
overflow also causes the 16-bit value in RCAP2H and RCAP2L
1o be reloaded into the timer registers, TH2 and .TL2,

respectively. (continued)

i
K
t d S
! “~ Jo/ o o TH T2 = TH2
H :
i . TA CONTROL OVERFLOW
- 2
Cm2=1
i T2 PIN CAPTURE I !
RCAP2H | RCAP2L
' TRANSITION
t DETECTOR TIMER 2
INTERRUPT

EXF2

E T2EX PIN [ sl

3

S el

EXEN2
Figure 1. Timer 2 in Capture Mode
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{DOWN COUNTING RELOAD VALUE) TOGGLE

¥
OFFH OFFH x
- > EXF2

fve o

S > +12 —
osc lcrrz:o

. : ' |
! :
| conTROL JA l”l Y '
— TR2 v

' Cm2=1 TIMER 2
t INTERRUPT
. T2 PiN
i RCAP2H | RCAP2L 4
i COUNT
{UP COUNTING RELOAD VALUE) ?lEECTION
¥ =
i 0=DOWN
¢
| O
] T2EX PIN

l'iignre 3. Timer 2 Auto Reload Mode (DCEN = 1)
)

TIMER 1 OVERFLOW

g

' <2
.o '
——— NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12 \
eereereee: SMOD

osc ™ *2 __-I CM2=0

W g p— e

| conTROL I A [ ) CLOCK

3
:

T2 PIN
RCAP2H | RCAP2L T
CLOCK
TRANSITION
DETECTOR '
: . TIMER 2
T2EXPIN — T o/c y EXF2 |—— pIEPRT
; :
i | conTROL
' EXEN2

lFigure 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Tim'cr 2 is sclected as the baud ratc generator by setting TCLK
andlor RCLK in T2CON (Table 2). Note that the baud rates for
randmit and receive can be different if Timer 2 is used for the
receiver or transmitter and Timer | is used for the other func-
tion} Setting RCLK and/or TCLK puts Timer 2 into its baud rate
generator mode, as shown in Figure 4.

The; baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers to
be reloaded with the 16-bit value in registers RCAP2H and
RCAP2L, which are preset by software.

The baud rates in Modes | and 3 are determined by Timer 2's
we{;ﬂow rate according to the following equation.

Timer 2 Overflow Rate
16

The Timer can be configured for either timer or counter opera-
tiod. In most applications, it is configured for timer operation
(CP/T2 = 0). The timer operation is different for Timer 2 when
it isf used as a baud rate generator. Normally, as a timer, it incre-
mehts every machine cycie (at 1/12 the oscillator frequency). As
a baud rate generator, however, it increments every state time

!
t
|
;
i

Mo:dcs 1 and 3 Baud Rates =

(at 172 the oscillator frequency). The baud rate formula is given
below.

Modes | and3 _ Oscillator Frequency

BaudRate  ~ 32x[65536 — (RCAP2H, RCAP2L))
where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This fig-
ure is valid only if RCLK or TCLK = 1 in T2CON. Note that a

" rollover in TH2 does not set TF2 and will not generate an inter-

rupt. Note too, that if EXEN2 is set, a I-t0-0 transition in T2EX
will set EXF2 but will not cause a reload from (RCAP2H,
RCAP2L) to (TH2, TL2). Thus when Timer 2 is in use as a baud
rate generator, T2EX can be used as an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in the
baud rate generator mode, TH2 or TL2 should not be read from
or written to. Under these conditions, the Timer is incremented
every state time, and the results ot a read or write may not be
accurate. The RCAP2 registers may be read but should not be
written to, because a write might overlap a reload and cause
write and/or reload errors. The timer should be turned off (clear
TR2) before accessing the Timer 2 or RCAP?2 registers,

: _ T2 TH2

‘ OSC o 2 > 0/0 (8-BITS) | (8-BITS)
I ]
t TR2 /V
™.

| I/T RCAP2L | RCAP2ZH
i C/FZBIT
| |
' P1.0 N M =2 O\‘C
MR\ ~ '
{ ]
E T20E (T2MOD.1)
| TRANSITION
' }__ DETECTOR
?
Cea ) \ . TIMER 2
(T2EX) o7 o EXF2 INTERRUPT
]

EXEN2
Figure 5. Timer 2 in Clock-Out Mode

=
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Proigrammable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regular 0
pin, has two alternate functions. It can be programmed to input
the external clock for Timer/Counter 2 or to output 2 50% duty
cycl"z clock ranging from 61 Hz to 4 MHz at a2 16 MHz operating
freqhency.

To configure the Timer/Counter 2 as a clock generator, bit o2
(T2CON.1) must be cleared and bit T20E (T2ZMOD.1) must be
set. Bit TR2 (T2CON.2) starts and stops the timer.

The' clock-out frequency depends on the oscillator frequency
and 'the reload value of Timer 2 capture registers (RCAP2H,
), as shown in the following equation.

Oscillator Frequency

‘ AlmgL

]
Clogk=Out Frequency = 72765336 — (RCAP2H, RCAP2L)]

{

In the clock-out mode, Timer 2 roll-overs will not generate an
interrupt. This behavior is similar to when Timer 2 is used as a
baug-rate generator. It is possible to use Timer 2 as & baud-rate
generator and a clock generator simuhianeously. Note, however,
that the baud-rate and clock-out frequencies cannot be deter-
mined independently from one another since they both use
RCAP2H and RCAP2L.

UART

UART in the AT89C52 operates the same way as the
UART in the AT89C51.

£

Interrupts

The ATB9C52 has a total of six interrupt vectors: two external
intérrupts and INT1), three timer interrupts (Timers 0, 1,
and 2), and the serial port interrupt. These interrupts are all
shown in Figure 6.

Each of these interrupt sources can be individually enabled or
dxsabled by setting or clearing a bit in Special Function Register
IE. TE also contains 2 global disable bit, EA, which disables all
interrupts at once.

Note that Table 5 shows that bit position [E.6 is unimplemented.
In the ATB9CS1, bit position IE.S is also unimplemented. User
software should not write s to these bit positions, since they
mey be used in future AT89 products.

Timer 2 interrupt is generated by the logical OR of bits TF2 and
EXF2 in register T2CON. Neither of these flags is cieared by
hardware when the service routine is veciored to. In fact, the
service rouline may have 10 determine whether it was TF2 or
EXF2 thai generated the interrupt, and that bit will have 10 be
cleared in software.

Thg Timer 0 and Timer | flags, TFO and TFI, are set at S5P2 of
cycle in which the timers overflow. The values are then
polled by the circuitry in the next cycle. However, the Timer 2

ﬁns TF2, is set at S2P2 and is polled in the same cvcle in which

the timer overflows,

Table 5. Interrupt Enable (IE) Register

(MSB) (LSB)
| Ea | — |ET2] ES |ET1]EX1 |ETO|EXO|
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.
Symbol Position Function
EA IE.7  Disables all interrupts. f
EA = 0, no interrupt is
acknowledged. It EA = 1, each
interrupt source is individually
enabled or disabled by setting or
clearing its enabie bit.
- IE.6  Reserved.
ET2 IE.5  Timer 2 interrupt enable bit.
ES IE.4  Serial Port interrupt enable bit.
ET1 IE.3  Timer 1 interrupt enabie bit.
EX1 IE2 Extemal interrupt 1 enable bit.
ETO IE.1 Timer 0 interrupt enable bit.
EX0 IE.0 Extemal interrupt 0 enable bit.
User sotftware should never write 1s to unimplemented
bits, because they may be used in tuture AT89
products.

ol
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Fipure 6. Interrupt Sources



Oscillator Characteristics
XTAL! and XTAL2 are the input and output, respectively, of an

inverting amplifier that can be configured for use as an on-chip
osc;{l:lor. as shown in Figure 7. Either a quanz crystal or ce-
ramjc resonator may be used. To drive the device from an exter-
nal clock source, XTAL2 should be left unconnected while
XTALY] is driven, as shown in Figure 8. There are no require-
ments on the duty cycle of the external clock signal, since the
input 10 the internal clocking circuitry is through a divide-by-
two flip-flop, but minimum and maximum voltage high and low
timJ s'peciﬁcalions must be observed.

ldie Mode

In idle mode, the CPU puts itself to sleep while all the on-chip
peripherals remain active. The mode is invoked by software.
Theg content of the on-chip RAM and all the special functions
regilslers remain unchanged during this mode. The idie mode
can be terminated by any enabled interrupt or by a hardware
reset.

Notk that when idie mode is terminated by a hardware reset, the
dcvice normally resumes program execution from where it left
off, up to two machine cycles before the internal reset algorithm
wakes control. On-chip hardware inhibits access to internal RAM
in this event, but access to the port pins is not inhibited. To elim-
inalﬁ the possibility of an unexpected write 1o a port pin when
idle mode is terminated by a reset, the instruction following the
one that invokes idle mode shouid not write to 2 port pin or to
exu:{mal memory.

Power Down Mode

In the power down mode, the oscillator :s stopped, and the in-
struCtion that invokes power down is the last instruction exe-
cuted. The on-chip RAM and Special Function Registers retain
theit values until the power down mode is terminated. The anly
exit from power down is a hardware reset. Reset redefines the
SFRs but does not change the on-chip RAM. The reset should
not be activated before Ve is restored to its normal operating

level and must be held active long enough to allow the oscillator -

to restart and stabilize.

t

i
i

AT89C52

Figure 7. Oscillator Connections

F—C)T"—I_ XTAL2
O

C1

*—j

=

XTAL1

<

GND

Notes: C1, C2 = 30 pF % 10 pF for Crystals
= 40 pF % 10 pF for Ceramic Resonators

Figure 8. Exiernal Clock Drive Configuration

NC

EXTERNAL
OSCILLATOR
SIGNAL

)
Status of External Pins During Idie and Power Down

|

XTAL2

XTAL1

GND

Mode Program Memory ALE PSEN PORTO  PORT! PORT2  PORT3
idle Internal 1 1 Data Data Data Data
Idle External 1 1 Fioat Data Address  Data
Power Down Internal 0 0 Data Data Data Data
P&wer Down | Extemnal 0 0 Float Data Data Data

. AIMEL
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Pr&gram Memory Lock Bits

The ATB9C52 has three lock bits that can be left unprogrammed
(U) br can be programmed (P) to obtain the additional features
listed in the following table.

When Jock bit 1 is programmed, the logic level at the EA pinis
sampled and latched during reset. If the device is powered up
3

3
Lock Bit Protection Modes

without a reset, the latch initializes to 2 random value a_:ld_ holds
that value until reset is activated. The latched value of EA must
agree with the current logic level at that pin in order for the de-
vice to function properly.

Program Lock Bits

f LB1 LB2 LB3 Protection Type

A U U U

No program lock features.

;E MOVC instructions executed from extenal program memory are disabled from
2 P U U fetching code bytes from interal memory, EA is sampled and latched on reset, and
i turther programming of the Flash memory is disabled.

3 P P U

Same as mode 2, but verity is also disabled.

4 P P P

Same as mode 3, but extenal execution is also disabled.

Programming the Flash

ATB9CS52 is normally shipped with the on-chip Flash mem-
ory array in the erased state (that is, contents = FFH) and ready
to be programmed. The programming interface accepts cither a
high-voltage (12-volt) or a low-voltage (Vcc) program enable
signal, The low voltage programming mode provides a conve-
nient way to program the AT89C52 inside the user's system,
while the high-voltage programming mode is compatible with
conventional third party Flash or EPROM programmers.

e AT89CS2 is shipped with either the high-voltage or low-
voltage programming mode enabled. The respective top-side
marking and device signature codes are listed in the following
table.

i Vpp=12V Vpp=5V
AT89C52 AT89C52

Top-Side Mark XXX X0XX-5

E yyww Yyww
{O30H)=1EH (030H)=1EH

‘Signature (C31H)=52H (031H)=52H

1 (032H)=FFH (032H)=05H

'Ifhe AT89CS52 code memory array is programmed byte-by-byie

in ¢ither programming mode. To program any non-blank byie ir

Ihe on-chip Flash Memory, the entire memory must be erased
ing the Chip Erase Mode. ’

Programming Algorithm: Before programming the
TB9C52, the address, data and control signals should be set up

according to the Flash programming mode table and Figures 9

and 10. To program the AT89CS52, take the following steps.

1. Input the desired memory location on the address lines.
2. lnput the appropriate data byie on the data lines.
3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12 Wfor the high-voltage programming
mode.

5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed and
typically takes no more than 1.5 ms. Repeat steps 1
through 5, changing the address and data for the entire array
or until the end of the object file is reached.

Data Polling: The AT89CS2 features Data Polling to indicate
the end of a write cycle. During 2 write cycle, an attempted read
of the last byte written will result in the complement of the writ-
ten data on PO.7. Once the write cycle has been completed, true
data is valid on all outputs, and the next cycle may begin. Data
Polling may begin any time after a2 write cycle has been
initiated.

Ready/Busy: The progress of byte programming can also be
monitored by the RDY/BSY output signal. P3.4 is pulled low
afier ALE goes high during programming to indicaic BUSY.
P3.4 is pulled high again when programming is done 1o indicate
READY.

Program Verify: If lock bits LB] and LB2 have not been pro-
grammed, the programmed code data can be read back via the
address and data lines for verification. The Jock bits cannot be
verified directly. Verification of the lock bits is achieved by ob-
serving that their features are enabled.

Chip Erase: The entire Flash array is erased electrically by
using the proper combination of control signals and by holding
ALE/PROG low for 10 ms. The code array is written with all 1s.
The chip erasc operation must be executed before the code
memory can be reprogrammed.

Reading the Signature Bytes: The signature bytes are read by
the same procedure as a normal verification of locations 030H,

i ATIC52 simmmr———————
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031H: and 032H, except that P3.6 and P3.7 must be pulled 10 a
logic Jow. The values returned are as follows.

(b30H) = 1EH indicates manufactured by Atmel
(031H) = 52H indicates 89C52

(032H) = FFH indicates 12 V programming
(032H) = OSH indicates 5 V programming

E

[

Flash Programming Modes

Programming Interface

Every code byte in the Flash array can be written, and the entire
array can be erased. by using the appropriatc combination of
control signals. The write operation cycle is self-timed and once
initiated, will automatically time itself to completion.

All major programming vendors offer worldwide support for
the Atmel microcontrolier series. Please contact your local pro-
gramming vendor for the appropriate software revision.

f ALE/ EA/
Mo{de RST PSEN PRO Vep P2.6 P2.7 P3.6 P3.7
Write Code Data H L T Hi2v) L H H H
Read Code Data H L H H L L H H
Write Lock Bit - 1 H L S HA2v H H H H
Bit- 2 H L S Hnav H H L L
g Bit- 3 H L T HM2v H L H L
Chip Erase H L A oy H L L
Read Signature Byte H L H H L L L L
Note;: 1. The signature byte at location 032H designates whether 2. Chip Erase requires a 10 ms PROG pulse,
Vep= 12V or Vep = 5 V should be used to enable
programming.
k
Figqrt 9. Programming the Flash Memory Figure 10. Verifying the Flash Memory
t +5V +5V
; AT89C52 T ATB9CS2 T
ADDR. écl'L"—7—: P1 Veo ADDR. 22 A7 o, Vee
OOOOH/1FFFH OOOOH/1FFFH PGM DATA
' no s¥ P20-P24 PO le—— DCM 0 ns—id P20-P24 PO [ (USE 10K
! ——> P26 — | P26 PULLUPS)
] —
SEE FLASH ——p{ P27 ALE |e—— PROG SEEFLASH ——» P2.7 ALE
PROGRAMMING PROGRAMMING
ODES TABLE —> P3.6 MODES TABLE —®| P3.6 I
—>l P3.7 ——»{ P37 "
XTAL 2 EA le—— VNV XTAL 2 EA
4.24 MHE |
C_] ,
XTAL 1 RST je—0o v, —L7L— XTAL 1 RST f¢—— Vi,
GND PSEN | &—| GND PSEN ,
1_1 £ -

o
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ATmEL

Flash Programming and Verification Characteristics

Symbol Parameter Min Max Units
vept! Programming Enable Voltage 11.5 12.5 V]
ipp!") Programming Enable Current 1.0 mA
ciel Oscillator Frequency 4 24 MRz
tavGL Address Setup 1o PROG Low 4BteLeL
1GHAX Address Hold Atter PROG a8tcicL
iDVGL Data Setup to PROG Low 4BcLcL
1GHDX Data Hold Atter PROG 48lcLoL
1EHSH P2.7 (ENABLE) High to Vpp 48icioL
1SHGL Vpp Setup to PROG Low 10 s
tersL") Vpp Hold Atter PROG, 10 us
1GLGH PROG Width 1 110 s
|_tavav | Af%ress 10 Data Valid 48icLCL
| teav ENABLE Low to Data Valid 4BicLcL
\EHOV Data Float Atter ENABLE 0 4BicLoL
1GHBL PROG High to BUSY Low 1.0 s
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.

AT89C52 masssss————————
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Flash Programming and Verification Waveforms - High Volitage Mode
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PROGRAMMING VERIFICATION
P1.0-P1.7 o N —__
P20 P24 { ADDRESS J—‘f ADDRESS
le— tavov
]
PORT 0  DATAIN D _ DATAOUT p—--r
+ loveL  lgHox [+
tavaL + 1GHAX
ALE/PROG N A
t - 1,
SHGL o teLoH . -——j\sﬂa
— A Ve X LOGIC 1
EANVpe o twoeico .
|
fe— t
sz EHSH teLov r__ j— tenaz
(ENABLE)
tersL —*
P3.4
(RDY/BSY) BUSY READY
twe —*

sh Programming and Verification Waveforms - Low Voltage Mode

P1.0-P1.7 PROGRAMMING VERIFICATION
U- . g N
P2.0- P2.4 q ADDRESS ,—j ADDRESS
o tavav
PORT 0 (oAAW  DATAOUT p———
+ tovaL  lgHox [
taveL * teHax
ALE/PROG N A
sHaL —teLgH—"
— LOGIC 1
EANpp A, el kOGICO L
jo— 1
P2.7 —1 e teLav — = tenaz
(ENABLE) 4l :
taHBL —
P34 __
(RDY/BSY) BUSY READY
twe —*
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ALsqute Maximum Ratings”

&

Operating Temperature.................... -55'C to +125°C
Storage Temperature........cceeeueee.. -65°C10+150°C -
'Vohage on Any Pin

with Respect to Ground.................... -1.0Vto+7.0V
3

iMaximum Operating Voltage .............eceecvevveeness 6.6V
,DC Output Current.........cocerecescncsnsierenne. 15.0 mA

D.C. Characteristics

*NOTICE: Stresses beyond those listed under **Absolute Maxi-
mum Ratings”™ may cause permanent damage to the device.
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied. Ex-
posure 10 absolute maximum rating conditions for extended
peniods may affect device reliability.

Thé values shown in this table are valid for Ta = -40°C t0 85°C and Vgc = 5.0 V 2 20%, unless otherwise noted.

TSymbol Parameter Condition Min Max Units
:Vu Input Low Vohage (Except EA) -0.5 0.2 Vge-0.1 \Y
Equ Input Low Voltage (EK) -0.5 0.2 Vce-0.3 \
ViH Input High Voltage (Except XTAL1, RST) 0.2 Voc+0.9 Vee+0.5 \Y
ViK1 Input High Voltage (XTAL1, RST) 0.7 Vee Voe+0.5 \
‘ Output Low Vottage!"!
!\ﬂOL (Ports 1,2,3) loL=1.6 mA 0.45 \Y)
. Output Low Voltage'™ _
VOL‘! (pon 0. ALE. m) IOL = 3.2 MA 0.45 \Y)
Output High Voltage lon=-60 pA, Vec =5V 10% 2.4 Y
Vou (Ponts 1,2,3, ALE, PSEN) iOH = -25 pA 0.75 Vee Vv
} loH=-10 uA 0.9 Vece \Y
f Output High Voltage loH=-B00 uA, Vec =5 V2 10% 2.4 \Y
i Vou (Port 0in External Bus . . loH = -300 pA 0.75 Ve .
M
ode) lon = -80 pA 0.9 Vee v
E Logical 0 Input Current ’
=045V -
T8 (Ports 1.2.3) Vin = 0.45 50 A
Logical 1 to 0 Transition _ .
E i Current (Ports 1,2,3) Vin=2V 650 KA
input Leakage Current
] (Port 0, EA) 0.45 < ViINn < Vg #10 A
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, Ta=25C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
leo Idie Mode, 12 MHz 6.5 mA
Veec=6V 100
Power Down Mode'?) ce uA
Vee=3V 40 HA
Notes: 1. Under steady state (non-transient) conditions, lo. must IfIOL exceeds the test condition, VOL may exceed the
1 be externally limited as follows: related specification. Pins are not guaranteed to sink

* Maximum lop per port pin:10 mA

Maximum loy per 8-bit pon:

Pon 0:26 mA

Pons 1.2, 3:15 mA

Maximum tota! JOL for al! output pins;7} mA

current greater than the listed test conditions.
Minimum Vee for Power Downis 2 V.,

to
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A.C. Characteristics

Undgr operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all
othe outputs = 80 pF.

|

External Program and Data Memory Characteristics

R 12 MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
1AcLcL | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tcLeL-40 ns
tA\}u_ Address Valid to ALE Low 28 cLeL-13 ns
Wwax | Address Hold Atter ALE Low 48 tcLeL-20 ns
wuv | ALE Low to Valid Instruction In 233 4tcLcL-65 ns
tLLrPL ALE Low to PSEN Low 43 tcLcL-13 ns
teipn | PSEN Pulse Width 205 3tcLoL-20 ns
tev | PSEN Low to Valid Instruction in 145 3tcLcL~45 ns
tPXIx input Instruction Hold After PSEN 0 0 ns
tPXIZ Input Instruction Float Atter PSEN 59 teLcL-10 ns
tpkav__ | PSEN to Address Valid 75 toLoL-8 ns
taviv Address to Valid instruction In 312 StcLeL-55 ns
tpfr_Az PSEN Low to Address Float 10 10 ns
tRiRH RD Pulse Width 400 6tcLcL-100 ns
twiwH | WR Pulse Width 400 BtcLcL-100 ns
wwov | RD Low to Valid Data In 252 5tcLoL-90 ns
tarpx | Data Hoid Atter RD 0 0 ns
tR‘-IDZ Data Float Atter RD 87 2tcLeL-28 ns
tipv | ALE Low to Valid Data In 517 8tcLcL-150 ns
tAVDV Address to Valid Data in 585 9tcLcL-165 ns
tuwL | ALE Low to RD or WR Low 200 300 StcLal-50 3toLcL+50 ns
tavwL | Address to RD or WR Low 203 HeLoy-75 ns
tavwx | Data Valid to WR Transition 23 toLeL-20
i\dvwH | Data Valid to WR High 433 7icLoL-120 ns
twrox_ | Data Hold Atter WR 33 toLcL-20 ns
tRLAZ RD Low to Address Float 0 0 ns
vHLH | RD or WR High to ALE High 43 123 teLcL-20 tcLCL+25 ns

-
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External Program Memory Read Cycle

§

o . ——

o v v

?

Yy —*
ALE o
; tepn
t > »
AVLL i e Y
PSEN /7 A\y " v N\
e—{pxa
tax >
tox—>  fo—
PORT O — >—K__ A0-A7 ( INSTRIN D> >
Pt tA\ﬂV trr———
PORT 2 ). 4 AB - A15 X AB-A15

External Data Memory Read Cycle

|

]

——— = —

— T D T A W e

o — e

A —

o —>
ALE
PSEN

o —

— lLiwl —

tupy —>

jo— tRLAH —

N

fe— tiuax —»

fo— taviL —»

F
\\__._____/
tRiov

trMDZ

trHDx

tRLAZ =
__—"
PORTD __-KAD- A7 FROM Ri OR DPL >(>0I:®'ATA IN

AD - A7 FROM PCLO—INSTR IN

tavw
tavov
PORT 2 X P2.0 - P2.7 OR AB - A15 FROM DPH " AB- A15 FROM PCH
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External Data Memory Cycle

l
3
t ALE _f )N
;

|

B S

l
|
PSEN j -t v
' l— lwl ——te—twiwH —>
— - L Yo
: WR Fe—1LLax — | N—
E Q——tAVLL—-—’-!I lovwx — | -— —» — twHox
— tovwr —
PORTO _ >—KAO-A7 FROMRIORDPL X 1 DATAOUT ) A0 - A7 FROM PCLO—~(NSTR IN
!
e Lo, — ™

r—— - —

i

External Clock

4
k
]
4
E VCC - 0.5 V—

p——— topex —

PORT 2 \,K P2.0 - P2.7 OR A8 - Al

5 FROM DPH

> AB- A15 FROM PCH

Drive Waveforms

07 Ve S\

toicn —*

teHex

N

- tencL

] 0.2 Vcc - 0.1 V
045V N N
— torex — ™

1 tCLCL

11

; External Clock Drive

I | Symbol Parameter ___Min Max Units

[ 1AcLcL Oscillator Frequency ’ 0 24 MMz
iCLCL Clock Period 41.6 ns
1CHCX High Time 15 ns
icLex Low Time 15 ns
1CLCH Rise Time 20 ns
tcHCL Fall Time 20 ns
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Sierial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for Voc = 5.0 V £ 20% and Load Capacitance = 80 pF.

; 12 MHz Osc Variable Oscillator

Symbol | Parameter Min Max Min Max Units
IXLXL Serial Port Clock Cycle Time ' 4 1.0 12tcLeL us
tovxH Output Data Setup to Clock Rising Edge 700 10tcLcL-133 ns
1xHOX Output Data Hold Atter Clock Rising Edge 50 2tcLoL-33 ns
IXHDX Input Data Hold Atter Clock Rising Edge 0 0 ns
:txr-mv Ciock Rising Edge to Input Data Valid 700 10tcLel-133 | ns

i

Shift Register Mode Timing Waveforms

INSTRUCTION I 0 | 1 | 2 | 3 | 4 | 5 I 6 | 7 | 8
, e laialiaipligipipligHaipiipiigipiip gl
T

| cLooK A e 0 s T s s I Y s e M
| tovios . |
i ——*}Q—tmox

WRITE TO SBUF N0 I X 11X 2 XT38 X a X5 X8 X 7 7
i ; I e serm |

OUTPUT DATA ' oy
_CLEARR X OB X X X @Y e @

SET RIT

v
INPUT DATA

b
t
¢
;
i

{
|AC Testing Input/Output Waveforms”  Float Waveforms

jVee- 05V 0.2 Vg + 0.8V Vo 1Y
! TEST POINTS V. oap Timing Reterence

0.2 V- 0.1V 01V Poims

. - 0. Rl

E 045V cc VLom \Y OL:M v
{ Note: 1. AC Inputs during testing are driven at Vec - 05 V Note: 1. For timing purposes, a port pin is no longer floating whe
f for 2 logic 1 and 0.45 V for a logic 0. Tm.nng mea- a 100-mV change from Joad voltage occurs. A pon
' surcments are made at Vi min. for a logic 1 and pin begins to float when a 100-mV change from the
I Vi max. for a logic 0. loaded Von/VoL level occurs.
|
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Ordering Information

-Speea Power ' .
(MHz Supply Ordering Code Package Operation Range
12 | 5V10% ATB9C52-12DM 40D6 Military
ATB89C52-12tM a4L (-55°C to 125°C)
d ATB9C52-12DM/883 40D6 Military/883C
i ATB9C52-121.M/883 a4l Class B, Fully Compliant
. {-55°C to 125°C)
16 i 5V = 20%. ATB9C52-16AA a4A Automotive
ATB9C52-16JA 44y (-40°C 10 125°C)
{ ATBI9C52-16PA 40P6
AT89C52-16QA a4Q
20} 5V%20% ATB9C52-20AC 44A Commercial
ATB89C52-20JC 44y (0°C to 70°C)
{ ATB89C52-20PC 40P6
E ATB89C52-20QC 44Q
ATB9C52-20Al 44A Industrial
; ATB89C52-20J1 44 (-40°C t0-85°C)
ATB9C52-20PI 40P6
i ATB89C52-20Q1 44Q
24| 5V 20% ATB9C52-24AC 44A Commercial
ATB9C52-24JC a4y (0°C to 70°C)
ATB9C52-24PC 40P6
I ATB9C52-24QC 44Q
, ATBI9C52-24Al 44A Industrial
1 ATB9CS52-24J 44 (-40°C 1o 85°C)
AT89C52-24P! 40P6
{ ATB89C52-24Ql 44Q
|
{
|
!
|
i
4
i
]
]
)
E Package Type
a4l 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
40Dé 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Infine Package (Cerdip)
44)! 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
_44[.2 , 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
4DP§ ' 40 Lead, 0.600" Wide, Plastic Dua! Inline Package (PDIP)
44Qt 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

——ET W s———
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Packaging information

' 844, 44 Lead, Thin Plastic Gull Wing Quad Flatpack 40D6, 40 Lead, 0.600" Wide, Non-Windowed,

(TQFP) Ceramic Dual Inline Package (Cerdip)

Dimensions in Millimeters and (Inches) Dimensions in Inches and (Millimeters)
: MIL-M-38510 D-S CONFIG 1
§ ’ 208(831)

2 04 (518) ~  p]
12.25(0478) so= LELH inlalalai :
PN IO — 11.750458) . | f
: ] ¢ 610(155)
570 (14.5)

040(0015) i

0.80(0.031) BSC L = __%' 0.30(0.012) ' 98 (2.
0 2.49)
'{—g L__woo(‘azs)ner _:j ~ AX.

225 (5.72) 005 (.127)
MAX MIN.

1 SEATING _
PLANE ” l 060 (1.52)
| 10.10{0.394) 200 {5.08) 08) 015 (.381)
— so[- 125 (3.18) ’___ 023 (584)

9.90{0.386 065 065 (1.65)
| -90(0.386) J-mo(o.on) MAX 045 1.94) 014 {.356)

0 -110{2.79)
0.17(0.007) 7 Ir ¥ 090( .29)

i
; - — 620 (15.7)
[ 013(0008) I oy
E __l L 0.75(0.025)  0.10{0.004) ’ } 195 REF
PyseE—— | Som— —
' 0.50{0.020) 0.05{0.002) .015 {.381 d
008 (203) ™ e

| |
i 700 (17.8) MAX

|
|

44], 44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 44L, 44 Pad, Non-Windowed,
Dimensions in Inches and (Mllhmctcrs) Ceramic Leadless Chip Carrier (LCC)
JEDEC OUTLINE MO-047 AC ° Dimensions in Inches and (Millimeters)
i
] 662 (16.9)
uo us.a)
o £00115.2) 108 (2.74)
[ .5Ton—47 “I ™ Destze)
1 .. —
045 (1,14) X 30 - 43
D45 (1.94) X 45 PINND 1 o121 .1_
t L oo [ IDENTIY 008 (20
£62 116.8) 800 (15.2)
i RE p I 640 (16.3) 5701(14.5)
p 836 (1€.7)
g -J: b 026,510 I
£321913) J = g e i
026 (460) g £95117.7) . S30116.0 (
f = o3 074 E e 4L
1 .80 {2.03)
080 (1.27) TP 4‘—.:-:-_-—}—-— J 0 1 043 (1.08) PIN 1 059 $1.50)
¢ r-———! 500 (12.7) REF 5C = = 020 (.308) 055014
! gmm 5 S;‘Zi 095 (2.41) oy @ 14) INDEX CORNER
80 (4.57) 075 n.m) |
D ey
| = = Ses m‘mx "
L = 015 (38y)
D12 (.305)
; _ RADIUS
= % 500 (12.7) BSC == xm (178)
022 (.899) X 45 MAX (ax) D=
» m& | - "{ 020737
! bm, (W 027 (533

050 {1.27) TYP l - vl _] T L saon0z xes px)
l* |

085 (2.16)
500 (12.7) REF = 065 (7.65)

AT89C52
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Packaging Information

AT89C52

40P6, 40 Lead,. 0.600" Wide,
Plabtic Dual Inline Package (PDIP)
Dixi\cnsions in Inches and Millimeters)

2.07 (52.6)
; 2.04 (51.8) PN
! naoanonnno.
566 {14.4)
\J -§30(135)
1]

T ooooToONTOd

f=— 090 (2.29)
1.900 (48.26) REF MAX,

2201559 005 127
MAX - MIN,

T
2 LT T
E 1 065 {1.65)
161 (4 ' 015 (.381)

| 1251318 ] 022 (.556)

\ N e 085 (1.65) 014 (.356)

44Q, 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)
Dimensions in Millimeters and (Inches)

13.45(0.525)
S
12.95(0.506)

PINI1ID —

0.40(0.016)

% 0.30(0.012)

[T é J
m___ 5

0.80(0.031) BSC L
.f_

10.10(0.394)
9.50(0.386) sa
0 {. r 2.45(0.096) MAX
0.17(0.007) T
0.13(0.005)
PR _J|L ossoam 025000101
0.55(0.025)

110 {2.79) 041 (1.04)
| 080(229)
i 630 (16.0)
. I"'sso (15.0)
1% REF
l 012 (305)
.008 (.203)
690 (17.5)
! ]"'_ .610(15:»)"l
1

—
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5143‘73/74373 ‘Octal D-Type Transparent Latches and Edge- Triggered Flip-Flops
¥

Schottky TTL High-Speec TTL Low-Power Schottky TTL Standard TTL Low-Power 1
Package Package . Package X Package Py
Device T Device Type Device Type — Device Type Device Type
YPercTPmIcF YPercTPmIcr [cIPImlcr c[pmIcF Peleh
H SN54531) 3 i | SNMLSID 109 | T
T.L SN745373 3 NG, ! || |s~uLsm [P ! T
] i ! td | ! '
FAIRCHILD —— — — 1 :
i [ i |
MOTOROLA T T i ]
! 1 { H
nec L — T 1
| LI i
: I N ! !
PHILIPS Lo , !
5 v ! N H | ot
T i [ i ] R
SIGNETICS ] +— 1 , } .
! : ] ]
Py i [ o | |
SIEMENS T T T ] ;
- B ! || ! [
FUYITSU L L — , '
R 1t [ i
HITACHI i = 3 1
v i : ] ]
MrTSUBISH . — —
; | 1 i 1t i ] i
F€IC 1 : C [ i ]
i T R P | L :
TOSHIBA , ; —— — — —
g
i Eiectrical Characteristics SN54LS372/SN74L.8373 . R R
y Pin Assignments (Top View)
'lbsolute maximum ratings over operating iree-air tempereture range
rey —
S\';bly voliape. Ve 17V jOeraung iteeau | SNSeLE |~ 85T 10 125% > e % w e e e e T SresIe e
IRpU vohlage I v | temperawre ranpe | SnraLs | 0T 1 10T »lfn]lw]ln U"UUU" U“ U“I " BAITI M SWIERITI s
l { S1orape temperature ronge | ~85T 10 180T T f‘_; —J | } o
[] RS ﬁ—u . . m
recommend operating conditions el B K VNETION Yamit
- SN54L.S373 | SN74LS373 . el i T
. L R g— L S
T b - -
MIN _NOM MAX | MIN NOM MAX | | -'Im Lastt uJ] R oo
Suboiy vohage, Vor .5 ERIEED 5 828] v g T S L O
! SHCETLEL }  SUNT S
Hign-leve! OulDu1 Gurreni. Jpm -] Z2t| me wLan‘:'rL:‘rLT] L.-nTrw: :. L
Hefin-leve! oulDul vONags. Vo 5.5 5.5( v bty
> SNS4LSI?3 {J) SN74L8373 {(J, N} 1573 39
& . i Cloch. enadie tnpn 15 113 N <
Pyl 3 = . TRANBPARENT L ATCHE
ulst wotr, iw Chook enabr mon m m 3 SN545373 () SN?4S373 L. N)
Septup ume 1syTye [ 0. rg
molg Yime, o 0. . I
won - < LN, W
Operatng wer .~v 1EPIDETRILIE . 11_. i 13 12% 'IJ 0 T TRANSPARENT LATCHES
electrical characteristics over recommended operating iree-air
temperature range {unless otherwise noted) m
. PARAMETER TEST CONDITIONSI _ [MIN_ TYP3 MaX | UNIT s e —_
Vs High-ievel npy: vollape ? v .
vh Leweievel mpu: vollage 1 08! v -
Vik  InDu! tlmD vonaoe VCC®MIN, Iym — tbms 7 HEED » : s
VoM Riphieve! ouldi votape VECEMIN. Viyeav. 24 2 v [} 2 0
M . Vi =V s, lpw =MAX
i Ve =MIN, m o ] ¢
Vi Low-ieve: outour vonage Vi =2y, {1gy = 2ema 0.3 05| v 2 ®
| Vi =V mas i i N o] 20
Qttes1pi= outwu: current, TVELmMEX vy -2V ; . .
9" nigneinver voliage BODYEC verzv Wy vt ® J I: e
L2 [ — 5 - T
Ofrsuatt oviou! G reni, VECTEMAL Viam ; 1 161
[y e ut 3
YL iow-rve: woltape appirec 1vgwh.ay Wy . o
- aurrert BT ' "
“E nput curren: 8t CVepEMAL Ven ! sl me 4D —— —e{p 1»—-'
FBAMUE NOuT VOILBPE i [ =14 ®
™ High-leve® Dyt Curfen: PVEEEMAL Vs ) 201 wt .0 40
[ Loweiver Qul Curren” TVECEMANL. V=0 Ev | ~C.&] me 1
ne Shortecwcur botpur curtent § YOG = MA) i ~30 -150] m 50 :’ L
] VOCEWEX T e - v b i
I aon current : LS5 " L
<o Suzon curren Caeet comro pr epy TS0 : % ‘DI = ! ® - 50
i14)
. . N &
' swilching characteristics. VoC=5V. Ta=25C . : e l
- 115,
FRI T : ! & p—y L]
sdrameTER OM‘ o TEST CONDITIONS MIN  TYP MAX | uniT
(NBUT}  (OUTPUT) ! o2 —
LS
- 4 [
R 1 l ol LA
L C r———ﬁ he et
C_=ay R bl : A1) |
- s ! 20 3 o — It
oy & Sev hote: I opnn ¥ jm————m————  n~
: It 30 . 4 ne
! PR l L - 8C
Ly v ———-T—s‘— ‘2~ N im[\luu '”'>¢._I
- b H %
M IH 2 —

L SAL TAL,  ae tte gt AT wanr NIV B UhA S et TR D Mavener (e

' toamipult sater
) dar . e . -

Wi i 1 R T TSN v e Sean, Vi, e
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5 74245 Octal Bus Transceivers with 3-state Outputs
242 -
Schottkv TTL High- Speed TTL Low-Power Schottky TTL Standarg TTL Low-Power TTL
d - Package Package Package Package Pac
Device Type —— ———— Device Type —————— Device Type —————Device Type — -+ ¢ Device Type kage
C P 'MCF WCPIMLCF 1IC'P'MLCF ‘{CiPIMELF C[P{MCF
. N : SNbYAL 5288 " wolw L4 P
- R SN74L G % JoNay | R 1]
- P il | [
LD 1 | P i 1
[+ [ T - :
oo ooy \ |
, | . | | i L !
¢ \ ) ] ] i1 [ yo ]
L ! ! i ! B to
] i ] v ] T
X } { jod [ J. N 5 L
[ [ 1 il
" | i b [ [
: " i il L I
v ' } oo i L [
;| L Fo i [
. P | L i | | P
o, [ N i [
R » Il ! i [} i
S A Y I I Pl [
SH{ " ] ! 1 1 T
T o i (I P i
' i ! Lt B ! !
il ! H [ I R P
' ! | | ] P! IR r ] 1
r Q - A)
cm;‘.l Characteristics SN541.5245/SN74L.5245
L
. »uhfu TAXIMUM ratiNgs over operating tree-awr temdersiure range
wuoe. VCC TV | Qosraung free-air | SN54LS | £5°C 1o 125°C
waoe | TV | temperature ranae SNIALS | oC 10 10°C
[ Storace tempeiature range ! 65°C w 150°C
recommendsd operating conditions
" i i SN54L5245 H SN741.5245% ONIT
; IMIN  NOM  MAXIMIN  NOM  MAX
wiaoe} VCC i 4.% s $.514.7% S 5.25 v
 ouioyt current. {0 -12 -151 ma
ooyt Current. 10| 12 2t ma
free’sir 1emperature, Ta - 5% 125 ] 0] °C
0 T -
electrical characteristics over recommended operating
free-air temperature range
5 | SN74LS245 |
-  PARAMETER TEST T S Koo
EST CONDITIONS [y T2ps max o BBt DabaOsOallad
* Migh-tevel 1nput voiiane j 2 i v e M e e e ey e e
5*+ Lowsigve! mout voltage 0.6; V SNBALS248 (J) SN74LS248 (J, N)
tnout ciamo voliage VCC=MIN. 1= ~ibma -5 v
- 7
: Hpsterens(VY - vy -) VCC =MIN . .
n ko B it 0.2 0.4 4
‘_ VGC =MIN, loN==3ma | 2.4 3.2
~ Hipreleve) outout voitaoe ViN=2v, v
. ViL =V max | igH =MAX 2
- VCC =MIN, gy = 12ma : 0.4
*’ Low-ieve! outoul voitage Vin=2v, v
. Vi =viLmar |15, =24ma 0.5
£ .
> Ott-state butous curren:.
S highlevel vottage apohed veemMaX, Vo=2.7V 1
A
Cti-gate ovipur current, Tarcv v . e
o Dw-ibvel voitage apphes vo=o &
Y current ay Ao E Vep =MAX [ Vi=5.5v 0.1 me
'.hmm-mx voage [DiRk or G ce C V=V | 0.1
Jhatevel oyt curremt VEC®=MAX, ViN=2.Tv | 201 pa
Lew-tevel 1ngut current | VCC=MAX, Vi =0.4v -0.2| ma
. 300 1crewt outpur current P VECC =MAX ~40 -225 | ma
- f T otal, outouts Mon 48 70 |
b ooy bt Totat cutputsiow | Voo =MAX. Outouts open 62 90| ma
- Outouts a1 #-2 64 95 |
J switching characteristics. VCC S5V. TA 25C
3 PARAMETER | ___TEST CONDITIONS  |MIN TYP MAX |UNIT
Procaation oelay ime, H
lo-man-leve! outout i t 12 | g
™ y +
“‘”"m oeiay time, i
B 10 i0w-level ouiper ] Cy =4%F, R =6610, [} 12, ns
Dout onasie hime 10 fow lonﬁ See Note 2 27 20| ns
t'snadie tme 10 von lovel | M 25 40| ns
Ml,». Iime rom low ievel |* C) =555, R =667y, | 15 25) ns
A ?MI Oaadie t1me from Mon revel See Note | B 25| n
>
"0y gnown as MIN o MAX. use the aporociale value 206G lia0 oS! T coorating

M'tvi'ms are a1 Voo =SV, T,

=25°C..
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