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ABSTRACT

WE HAVE APPLIED STEPPING MOTOR FOR CHANGES IN DIRECTION
HORIZONTALLY AND VERTICALLY IN THIS PROJECT AS WELL AS AZIMUTH
ANGLE AND ELEVATION ANGLE. THIS PROJECT IS DESIGNED FOR
CONTROLLING THE DIRECTIONS OF SATELLITE ANTENNA TO DESIRABLE
DIRECTION AND AZIMUTH ANGLE CAN BE ROTATED UP TO 360 DEGREE.
IN THE OTHER HAND ELEVATION ANGLE CAN BE MERELY ROTATED UP
TO 90 DEGREE. THIS PROJECT CAN BE DEVIDED INTO 2 PARTS
ACCORDING TO ITS FUNCTIONS :

1. HARDWARE COMPOSES OF THREE DIFFERENT MECHANICS WHICH
ARE (A) SATELLITE ANTENNA ROTATING SYSTEM CONTROLLED BY
STEPPING MOTOR, (B) STEI;PING DRIVER, (C) CONTROLLER BOARD AND

2. SOFTWARE IS DESIGNED THE PROGRAM WHICH IS SERVED FOR
ORDERING OR CONTROLLING THE ROTATING OF MOTOR TO DESIRABLE
DIRECTION AND THE ASSEMBLY LANGUAGE WHICH IS USED FOR

MICROCONTROLLER MCS - 51
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Operand 11aZ Operation 1£QNM319909310 1 #SAus M3e 1 Tap annsofmuas
onvszldgega 132 @2 de vssvia uddmInld 80 Madhus mszvenmilifios 80
Fsnusmnty
NAME OPERATION OPERAND COMMENT
COUNT DB 1 *; NAME OPERATION , ONE

OPERAND
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MOV AX,0 ; OPERATION , TWO OPERAND

NAME , OPERATION uay OPERAND e1wsstsuauldvnaedind echelsiaus
wEnduiinedniifoadu dwmsums@ouTusunsy Tsunsudammnnez1d Edior w01y

msveuTdsunsy
NAME %38 LABEL aunsoldsnusidaadsliil

@ o

10NYT A-Z1ldg a - z ¥
Auay 0-9
INTOININTRIAY Question mark (?)

Period () IMWIZAMIA
At @

Underline ()

Dollar ($)

LY o v ° Y

1Y @ o P A -
20NUTSAWSNUDY NAME zdonimhaiodidnys wiemSeamueiiay uoa
L4 9 o’: @ ] o o ta v o o ]
wuwasiaunsadle ldsinguazdndn  anwenliify 31 @8hys  daedh
NAME filo COUNT , PAGE25 , $EI0 dau¥ovesisame; AX , DI uas AL s
gundnasIamey 1ty NaME 114
ADD AX , BX
. & . 4 4y aa . o
nnmdwemyuuasiesdin AX uaz BX 1uSefisniaiameiiside
iy

MOV REGSAVE , AX

UOFMLADI NAMNT09AIHD REGSAVE drrmua'lSluTusunsy

+

OPERATION
° v d” v ) o
nsimuaswmsveyalulUsunsunwueaauud v DB wie DW ilums

fmuaiadvesdoya wiemnai wumdwaninsioude MOV uie ADD gy

VY939 OPERATION

0383395
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OPERAND
swmstoya  uiedlszneumsihauvesads AMmuasusuusnamudenimua

~

maqswmwauamﬂma COUNTER 5'1Uﬂ'15‘UEJlJ’ﬁ'HiEJl'iUﬂBﬂE]U'N'H‘LN’J'l Tﬂlﬂﬂill‘iuﬂ

%vlﬂummnuﬂmﬂqu
NAME OPERATION OPERAND COMMENT
COUNTER DB 0 ' ; DEFINE BYTE (DB ) WITH 0

e

3
°o_ o

° o o 4 ' oy ° 4 o
AINTUNITINNIUVDIANTN Tﬂlﬂﬂﬂliuﬂﬂ&’lﬂuﬂ'lillﬂﬂQﬂ'l'i'l’lN'IN Tﬂlﬂﬂilﬁuﬂiﬂﬂ

o o

s o & o ] 1ady ¢
92l 1 a2 vTe 2 a1 uSeluilnld fednegis

OPERATION OPERAND COMMENT

NO OPERAND RET ; RETURN
ONE OPERAND INC CX ; INCREMENT CX
TWO OPERAND ADD AX, 12 ; ADD 12 TO AX

2.2.2 Miduiien ( DIRECTIVES )

'
°o_ @

c o ' o a a9 v a4
']ﬁQlWUU%z‘lf']UﬁuUﬂuuﬂ-lilﬂUuTﬂi“ﬂiun1ﬂ1“aﬂl°ﬂuua1"ﬁ sAINUIVY HEGE]
¥ 4
Lﬁtmﬁlf'JEJl‘UEJuS’JlJﬂ'lJﬂ‘lfNﬂ‘l'kﬂlli)ﬁl‘]m'ua%“llugﬂuﬂﬂmﬂuﬂ‘lH‘llﬂiEN HSEJU-NﬂiQﬂ-]aQ

b d

fuuiiisoni1 PSEUDO - CODE
LISTING DIRECTIVE : PAGE AND TITLE

o ';l (] a 4 d’,
A1 PAGE Wag TITLE 929280 0auiluuuves wmsnuwn ey
PAGE (Hushduflowiiventagasuduvesms@ouTsunsy  fuensmauussia

b
Yo a

gegalundasmhiazsnuvdsiasnussgegalundazussia Syduvumsldaed
PAGE [LENGTH], [ WIDTH ]
MnAIBE1Ms 19Mds PAGE dadmua 60 uss asowth waz 132 Shuszde

USINA
PAGE 60 , 132
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Sussiaremhansodmua’ld 10 81 255 UsTHA LaTEIShYSABLSSTIA

o 9 2 @ o g o [ = qy °
annsadimuala 60 ta 132 ddnvse dudlu PAGE ediden uedwnuiezsimue
50 USSNA UTTNARL 80 AN

TITLE  wwamnioldmdaioy TITLE  vemiuSeweslisunsuinun 2

ar 1 9 =t [V -::’
UIINA 1141maznumgﬂuuumswuumu
TITLE text ¥

P o] g o a P~}
dllsunsuiido  ASMSORT suifludedoszdpalidesuwamisalinnuedds
ar o dy
60 A7 AaNl

TITLE asmsort Assembly program to sort customer name

SEGMENT DIRECTIVES
o Y 4 ¢ A v 4 P '
Tlsupsumwueamudlsenoudonilusnuudniomnnimilasnmug ludu
Y84 CODE SEGMENT seld¥dhmiumsdndaidsamds diu DATA SEGMENT 9
¥ [}
¥ lumsdmuasiwmsdoyauaz STACK SEGMENT fmuaituiivesaunnlumizeniy

° o & o $ ° (3 o o <t o &
1 mdadionhlFlumsmmuasnmudfiond SEGMENT TgtiuumsiSoudsii

NAME OPERATION OPERAND COMMENT
NAME SEGMENT [ OPTION ] | ; BEGIN SEGMENT
NAME ENDS' ; END SEGMENT

A . & A y Ve &
mamaawnmuﬁazﬁaqag‘uuqﬂuazmsm%ammzh’s’%qu aWUMTY ENDS

a g [4

df o o ¢ ad o o A
l'lJ'Llﬂ')ﬂ'n’Iuﬂq@]i‘[ﬂ'ﬁ'lﬂ"llﬂx‘ll‘lmmuﬂ uam’l’aw%nmuﬂmﬁaunu%m’:‘ AUVDIIYAUNUA

[
)

VINVOABAWUA  VIRvOATAINUANE MDA L 64 K miduflonanaud
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(SEGMENT ) il OPTION ®f 3 ¥iiafie ALIGMENT , COMBINE iz CLASS i

1 4
v

uuumsidouaail

NAME

SEGMENT

'ALIGN COMBINE ‘ CLASS *

ALIGMENT TYPE

A

a, ° y ° o a
Imsdmuanuuiiveimuaveuiva g nuudasy

. o a d . . & 4 .
au dmsuviiandesmsimuavouvaléiide PARA FINMUAVOUVAYDINITINGIN  (

t 4 ] []
PARAGRAPH ) ANUIBAIATIETNUINIZQAMITAY 16 MTe 01 H endulewledusudi

ueaismuansauumiy PARA

=, o y o3y @ Pz 4
COMBINE TYPE Iimsimuauuuilsziilumssaudidusnmudoug defins

LINKED 14ufu siiaves COMBINE TYPE fio STACK , COMMON PUBLIC uag

o o o S o
AT expression ADUNMIMUUATUANIENNUAAI

NAME

SEGMENT

PARA STACK

J o o.l A - L
fmezldfids PUBLIC uaz COMMON iifeunTulsunsuiomanuany uadisoy

Auld LINKED dalunsdiduq Tsunsufi@ouss hisamduTusunsuiug

CLASS TYPE yainiisziiin APOSTROPHE S (') Mfulumsigtunguueasn

v Jo e

A o = ] [1 o
llJUQ'I(‘If\IfTJJW'llﬁﬂu WolMs LINK 1% 'CODE @iy CODE SEGMENT

NAME

mauitay PROC

* SEGMENT

PARA STACK ‘STACK

fiduiioy PROC 1dludauveamsdmun CODE SEGMENT fisludiuveanis

o a 1] ~y A
BnFAIF1UsunsudIMUDY CODE SEGMENT 92il PROCEDURE %14 PROCEDURE

U é o J o c'l -~
nionnnimiafld msdmuaudas PROCEDURE vedesldddaiion PrROC
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SEGNAME- SEGMENT PARA COMMENT
PROCNAME PROC FAR ; ONE
- ; PROCEDURE

- ; WITH IN THE CODE
PROCNAME ENDP ; SEGMENT
SEGNAME ENDS '

o

1 4

nMsfiimun PROCEDURE zAedlimifuua¥e OPERAND FAR vziludad

Tilsunsy DOS d1wéuTnam PROCEDURE Tneiifiduiion PROC {uyaidhfivzidng
[ L4

fiad  daumduiion  ENDP sifludammuagadugauss  PROCEDURE  ludauves

CODE SEGMENT 921l SUB PROCEDURE awmilnfiezld OPERAND NEAR

Ma9 ASSUME
Insrmaesss1953mans ss Mnuaueamsavesaudn Tvamed DS 198 Mua
LUBAATAYDY DATA SEGMENT 33aAp3 CS MMuAUBAIATAYY CODE SEGMENT

2o Y & ot P ( /8 7 ' S
ﬂ'lilzﬂleJﬂ'li‘lJfJﬂ‘lffJilﬂ\ﬁi)fﬂﬂﬂil'ﬂa111111“0?(1‘111’“]?105fN'l;!ﬂﬂi&’ﬁ\’ﬂﬂ]ﬂ\?llﬂﬂ&’[‘lﬁﬂl”ﬂﬂﬂﬂ

ao'luil

OPERATION OPERAND
ASSUME SS: STACKNAME, DS: DATASEGMENT, CS: CODESEGMENT

ualumsldnudly Bs Wudeyasfiaunsald ES ;. DATA SEGMENT uddh
“hil¥ ES 15 muA ES : NOTHING
s END
fdufion END ﬂxtﬂuﬂ1ﬂ‘i’ﬁﬁa§uqﬂvmmsn”muTﬂsuﬂm n‘s’af‘fyuqm%muuﬁ
19 ENDs wieiflumsduga PROCEDURE 11814 ENDP
OPERATION OPERAND
END [ PROCNAME] .
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2.2.3 MEMORY AND REGISTER REFFERENCE

Yy o Y Yo 4 o s s o A & o
5zasahinnun e IFamunufuTenlesusudiiiiuie ¥oogluraduuaz

e

¥
° o = a o 1T ad v o o
VIUIU mma"h]utmuw WORDA ‘mnuﬂmmﬂ'lunmummmmﬁ

MOV AX, BX ; Move contents of BX to AX

MOV AX , WORDA ; Move contents WORDA to AX

MOV AX, 25 ; Move valuer 25 to AX h
MOV AX , [BX] ; Move contents of memory location

; specified by BX

-

2.2.4 Insead1aldsunssi PROGRAM ORGANIZATION

4 ° g aa a o
Tsunsuiiozihmsiondfadil 2 vilafie EXE waz COM- mswanlusunsyes

o

3| ' o =
doafianiutu EXE neu Tughflumsusaslnssadrevealdsunsun EXE fimsies

o

° ° o < o d”
D1AUMINHUUALE AU UAAIU

STACKSG SEGMENT  PARA STACK ‘ STACK °
DATASG SEGMENT  PARA ‘ DATA
CODESG SEGMENT  PARA ‘CODE’

nsmmuanususnuealsunsy INITILLIZING A PROGRAM
y v v
sUao ltiuaasialasedwvedTsunsuiidly  EXE  esfinsdmuasisuusn 2
o &
¥iin Ao
“* o 1 aa ¢ e ¢
1. dUNADINNYYTIAADSIFNINUATNVZL DAL TFNIVADS
2. Inasmuemasaaaly Ds
PAGE 60, 132
TITLE EXSAMI1  Skeleton of an assembly
program

STACKSG SEGMENT PARA STACK ‘Stack:
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STACKSG ENDS

DATASG SEGMENT PARA ‘Data’

DATASG ENDS

CODESG SEGMENT PARA ‘Code’ -
BEGIN PROC FAR
ASSUM CS : CODESG, DS : DATASG,SS : STACKSG
MOV AX,DATASG ; GET ADDRESS OF DATA
SEGMENT.,
MOV DS, AX ; STORE IT IN DS
MOV AH , 4CH : REQUEST TERMINATE
INT 21H ; EXIT TO DOS
BEGIN ENDP
CODESG ENDP
END BEGIN

gﬂﬁ 2.16 WAAIDA Skeleton of an EXE Program

fiida  ASSUME 1w CODE SEGMENT v tufuenuemauuansianguisa
wmosTudnmuddioosls Wy cs ¥o CODESEG , Ds 4o DATASEG , uaz SS %o
STACKSEG :

ASSUME CS : CODSEG , DS : DATASEG , SS : STACKSEG

Q

4

o o o] [ v d ' =
flidy  ASSUME  (lumsdanguisnamdvengusiamesisnuud uoaauuans

° 1 o v (=1 4 v a 1 ' o o o v
dnsafmuameswigaoamIa UIAASITNIUUA  A9RID019  LABZAT aneglu  CODE

.
o o

i o o 1 [
SEGMENT ﬁﬂ’muﬂﬂ')’]utn')ﬂ’]ﬂ\ﬂﬁﬂﬂ:f’ﬂ‘lﬂﬂﬂl‘ﬁﬂl'ﬂu 0 uﬁ:ﬁﬁ’]ﬂ’]ﬂ\'lUﬂ'NUUT) 2 Vlu@f

o & et g o J A o w
mden 2 selimeedisallu 2 aelUiSesq munnusIvesida

.
[

MANAIMUAAISHISNUDY DATA SEGMENT lu Ds o
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MOV AX, DATASEG ; GET ADDRESS OF DATA SEGMENT
MOVE DS, AX ; STARE ADDRESS IN DS

] ]
o o o

Md MOV miduisnezyiimsInaauoansadves DATA SEGMENT hiSSames

] ]
@

AX uazfids Mov fidaii 2 nztﬂﬁauﬁwi’eya AX W1 ps awuhiimsinaey

o fa 2 ad mhififdalafindeudredoyaldTaoassnnmizsa i g3 mans

iFouud d1ids MOV DS, DATASEG fumsvdidaiifa Tiamsofier1dan'ld

idle DOS wims Inaa Tsunsudndfrd ludamieanuir  msdnssading

ynugail

1. Tassardig 256 lud (100H) v83 PROGRAM SEGMENT PREFIX (PSP) szt
MU UAYBUIVAYDINUITANUS

2. Twaalusunsy EXE Wufisu PSP

3. iuueAlmsaves PSP lu DS uaz ES

4. IDUUBAIATAYDY COD SEGMENT M CS uaziasues Ip HumeoriFaemasa
voumdandiezii o

5. umueamsavesauanly SS wauSad SP fveavesduan

q 4 4 o a o
6. indoudunmsaiunuluiTsunsy EXE iemaisndfiad

Tsunsy DOS szlnaaduSuusn CS: IP way SS : SP uans naaTusunsy

o d 4
suiFaueAnsaves PSP u DS uay ES Tagezdeaimadaianzduus nanmlugy

"2.2.56 MidugamBndAadlilsunsu ( TERMINATING PROGRAM EXECUTION )

‘1ufhuﬁyﬂsa§munm?yuqmmTﬂmnm‘lumﬂ%uuhlmnmnmmatmmuﬁyﬁ'aﬁ’

DOS SERVICE CALL 4CH

Tsunsunuesauyd Reahaumoldszunlfiansiifoni pos éfqudq'u
20 dhuduly Taoldirda INT 210 mwgUi 1 Teofus AH = 4cH SmSuns
f'?yuqﬂiﬂmnm

MOV H, 4CH ; DOS SERVICE CALL

MOV AL, RETCODE ; RETURN CODE
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N

INT 2IH ; TERMINATE AND RETURN TO DOS

M3 RETURN CODE dwmiumsaugalusunsuezld o erndou'ldasil
MOV  AX,4CO00H ; DOS SERVICE CALL AND RETURN éODE
DOS INERUPT 20H

[ 4
L] v

i 4
msmauriiaiamnsoldiy Dos Idyniudail -

L]

INT 20H ; TERMINATE AND RETURN CODE
DOS SERVICE CALL 0

(4 [ 4
msauriatiannseldiu pos 1dynjudail

MOV AH,0 ; DOS SERVICE CALL
INT 2IH ; FOR PROGRAM TERMINATION
A1ad9 RET

nzv‘imﬁﬁﬁaanmnTﬂmnsmﬁ‘anﬁutj DOS WMIWANNIWMBARTAR PUSH aqlu
auanfisudy PUsH Ds ) dlumatliids RET szvims POP fupAlDARTAYEY
auan (ZEROS) adlus1 IP uaztiiudwes SP iy 2 Suszvnms POP fsTade’lylu
fiwesauan @eAlRIdves PSP) aslu CS waziusves SP B0 2 9zlddh Cs - Ip
ImifednmudiazieeniSa Aafiduyacuduues psp fde INT 20 H ssiiums
muguazdandullfi Dos

froonvesTsiunsy

51 2.17 (' SOURCE PROGRAM voamuueduualunsulInm 2

€ e

M lunomshdoyaluSiames AX STACKSEG siidoya 1 1 dmualas DW iy

’
ey

° ' a a o
MIMUUAMYUIA 32 UaA 'VliJﬂ'llﬁ'lJﬁ’l’IJl‘lJu 0

[
o

DATASEG iimsfimuadeyasuin 3 # fi¥e FLDA , FLRB , FLDC

d -

CODESEG  ifludwiifudeyavesTsunsudndiad marehids  ASSUME

dufrdafioniidmund CODESEG Wi3ames CS DATASEG Mruansdmnes DS
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e STACKSEG ﬁmuﬂfh?ﬁmma{vm SS HamMINNMUeY ASSUME wusnle

o P! J
wruvans lums lfueamsavedssaines Cs

dmiuuenAss CODESEG uoamsaluSianes DS dmiU DATASEG uas

HOAIATTUDITVEANADS SS A MTULIAIATAUEY STACKSEG Wefins TnaaTusunsuein

fatadiumieanust dmsumssndaadssunezimuans Inan ACTUAL ADDRESS

Tu ss uaz cs ua'luiimsiganusuusnues DS faz ES

STACKSG

STACKSG

DATASG
FLDA
FLDB
FLDC

DATASG

CODESG
BEGIN

PAGE 60,132 E v

EXASM 1 A (EXE) MOVE AND ADD OPERATIONS

SEGMENT PARA STACK ° Stack
DW 32 DUP (0)

ENDS

SEGMENT PARA ‘Data

DW 250

DW 125

DW ?

ENDS

SEGMENT PARA ‘Code’

PROC FAR

BEGIN

MOV
MOV
MOV
ADD
MOV
MOV
INT
ENDP

ASSUME CS:CODESG, DS:DATASG, SS:STACKSG

AX , DATASG ; SET ADDRESS OF DATASG
DS, AX ; IN DS REGISTER

AX , FLDA ; MOVE 250 TO AX

AX , FLDB ; ADD 125 TO AX

FLDC , AX ; STORE SUM IN FLDC

AX , 4COOH ; RETURN TO DOS

21H

; END OF PROCEDURE
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CODESG ENDS
END BEGIN ; END OF PROGRAM

31]‘?; 2.17 EXE Source Programe with Conventional Segment
dmiuMMNUYes  PROTECTED MODE  mulamisauves Insisaises
Aszga MCS - 51 1¥ DWORD lumsdwum ALIGN SEGMENTS luusmasa
DOUBLEWORD insizanusalumsidndamizoaisvuin 32 da Tuadeya u
faotwrnliesidmdaiion 36 venuemzuans 3udh IWsunsuiaumeld
MCS - 51
Mida  USE32  sruenuemmuwanslumsvhen 32 1a  ludiuves
PROTECEDS MODE
386
SEGNAME  SEGMENT  DWORD USE32
M A MUARIS UL YOI T dIAes DS (DATA SEGMENT) Hanwaizimiiousuua

awnsoldSiammesvuia 16 iin

MOV EAX , DATASEG ; GET ADDRESS OF DATA SEGMENT
MOV DS, AX ; LOAD 16 BIT PORTION

I3
-~

SIMPLIFIES SEGMENT DIRECTIVE
uomamuans 0.5 vedlulnswsondiiay BORLAND TURBO ASSEMBLER 921

} 4
nsfMuaFnuAly MEMORY MODELS Aoums1dumng a3 g Snmud gy

v
HUVAN
% MODEL MEMORY _MODEL

MODEL NUMBER OF CODE SEGMENT NUMBEROF DATA SEGMENT

SMALL ! 1
MEDUIM MORE THAN | 1
COMPACT l MORE THAN |

LARGE MORE THAN 1 MORE THAN 1
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MEMdRY MODEL mimznflu SMALL , MEDUIM , COMPACT #35®
LARGE lumsie manseldTuaaluTusunsumariild wu sMALL fulumeavessiia
Mdaf e 64 K uazludmvesdoyn 64 K udludoediiiosidifis SMALL frda
Howluea wviuiwiy ASSUME TaosaTusid  suuuwian lvesshdafionluns
fMUARIY8Y CODESEG , DATASEG uas STACKSEG Tifai]
!

.CODE (NAME)

DATA

STACK (SIZE)

divFuirduiiouudazed i divuan weamsaud azirnuud Tao 14618
SEGMENT uaziiuiudids ENDE mstmua¥oisniuuaie  TEXT dwsy CODE
SEGMENT _DATA uaz _STACK m3ld%aduld ( UNDERLINE w38 BREAK ) i

1Y & A =] d v ot ° Jq ¥
MU _TEXT , _DATA iuyeveusnudusazeiiavannsotmua 3 @nudly

ueaisuuae; MdsRsmuasuSuusnly DATA SEGMENT o

MOV AX, @DATA
MOV DS, AX
gl mansanlaoumsiden Tsunsulazaanlumssmuamnmudgaly

.
o

Medngl Tavldmssmuawnud STACK DATA uaz .CODE Tao'lidosildida

SEGMENT ENDS uag ASSUME

* PAGE 60, 132

TITLE EXASMIA (EXE) MOVE AND ADD OPERATION

MODEL SMALL

STACK 64 ; DEFINE STACK

.DATA ; DEFINE DATA
FLDA Dw 250

FLDB DwW 125
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.
\

FLDC DW ?
.DODE ; DEFINE CODE SEGMENT
BEGIN PROC FAR
MOV AX ,@DATA ; SET ADDRESS OF DATASG
MOV DS, AX ; IN DS REGISTER
MOV AX,FLDA ; MOVE 250 TO AX
ADD AX , FLDB ; ADD 125 TO AX
MOV FLDC , AX ; STORE SUM IN FLDC
MOV AX ,4CO00H ; RETURN TO DOS
INT 21H
BEGIN ENDP ; END OF PTOCEDURE
END BEGIN ; END OF PROGRAM

gﬂﬁ 2.18 EXE Source Program With Simplified Segment Directives

31

T T, —— o e -

ol T —

TS M W mflem My v S om0 Ba

2.2.6 fi¥ Suna iewm.
us1"lﬁ'ﬁnyﬂﬂsaﬂ%’nTﬂsunsquﬂmuuuﬁi‘ﬁumsﬁmuTﬂsunsummuamwu%’y
uazm ldinmdimisodszamanae ( cpu ) mdhittlumsiindesugunsaiseusae
darumeTSanesouna enina Ai3und1 /O PORTS Mdamsyanves 1O PORT 5
2 ¥iafio IN 1oz OUT W51z
) uemasaNesAueyiyTuAAvBImENTuRE]

¥ q yv a 7 a ' 1 =t ¥
2 MlFldsunsudunr emiya venmIuIMsszdwniendou TaoTssaug

* NaRA

Tsunsudume eniyaveamsuSmsiley 2 uuy fie
1) BASIC INPUT OUTPUT SYSTEM ( BIOS )
2) DISK OPERATING SYSTEM ( DOS )
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TbsunsulueeaeziiluTsunsuiioglusemiasimhiilavassfy 10 PORT 151

(3 u'l -4 o L] o o
aunsaldmdeiugnilumsiausessenn Wy msmaoutronedived uazmsiaouss

b

am dumsuimsvesned 15 ludungeennd wu msfuiRashyse

e INT
’ 4 1 4
m3ldhdavesneanas lussaswzldfda’ INT Tzduundede'lyi

INT  Intcrupt _ number

YogHi Interupt _ number AoSmuiidmuansthan @09 Mde INT 16H

& o o o o a o { o a o
Fullumdainldlunsuimsves lueed vimhitsudeyasinfiduesa iWhidy

INT 21H
o & & o o a o { o C e ' $
a3y INT 21H WQlﬂuﬂ'lfNﬂ'lﬂJ?ﬂ'l‘i'UENﬂE]ﬂ ‘l]'lH']Uﬁﬂ'lHUﬂﬂ'lﬁ'Tl'N'lUﬂ'N"] f

] b 4
(50071 Function Call 2nu'l3lu AH uazaudiusids INT 21H AR08 114

FUNCTION NUMBER ROUTINE
1 SINGLE - KEY INPUT
2 SINGLE - CHAR OUTPUT
9 CHARACTER STRING OUTi’UT

AITMINUVDINITUTMST |

INPUT AH = 1
ASCIl CODE ( fiimshiunidisnuse )

tes oY o
= 0 ( luflinsiun)
' v

eI fouide ldnaii
MOV AH, | ; INPUT KEY FUNCTION

INT 21H ; ASCII CODE IN AL
3 b 4
msinuvesmidsiiwidumssenssd1dhinaiduesa  ilgnaRsueda Joya

s Ascll sSumuiul3lu AL suilu o fide INT 211 winiumudeyaniyumn

Tu AL
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MIMNUYBIAEY INT 21H m5uSnish

° Yy o o a o .
floutoya  Mldfldo1hiihneuRunesmassosudoyasy

PROMPT
MININUYBIMIUTMS 2
INPUT AH = 2

DL

OUTPUT AL

Pl o o 9 o dy
mmmmwaumﬁﬂﬂmu

MOV AH , 2
MOV DL, ?°f
INT 21H

33

t il proMPT TWRTFluMs

[
o a 1

y
masne lvedusae

ASCIl CODE ( msfiuisnysziiazimseRiniugu )

ASCII CODE ( Lamfignvussuieainiuguiiazd )

; DISPLAY CHARACTER

; CHARACTER IS ?
; DISPLAY CHARACTER

o o o o Y ° 3 v o
‘HaﬂﬁJ'lﬂﬂ'lillﬁﬂQﬂ'JUﬂ‘U‘ileﬁl'J lﬂﬂil‘ﬁﬂgﬁzlﬁﬂuvlll?]ﬂ I AU t’fu’ﬂumamﬁz

- ] [ o & a o w °
aunu Yeyafieglu DL szeglugisa Asci Wedndfadids INT 21H fagvam

o da L

mumsmugusianimua Bamidfidoutu 3 fAde dauwsezsiun

‘2 TUAAIVUIDNIN

ASCI SYMBOL
7 BEL
8 BS
9 HT
A LF
D CR

A

2.2.7 Tsunsuuaasmsmauvesmsusms

[

o’ b

4
NIBINUY

FUNCTION
BEEP ( SOUNDS A TONE )
BACKSPACE
TAB
LINE FEED
CARRIAGE RETURN

= [] 9 =4 [ 4 o ]
nmsdiou Isunsuninmsemdeyavesfidvesauazuaawmaluussiaae i/

SUSYAUNINMISUAAUATBINLY 7

AH, 1

[P0

DL, ?

MOV
MOV
- INT 2IH

; DISPLAY CHARACTER FUNCTION

: CHARACTER IS ‘7’
: DISPLAY CHARACTER
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¥
v A

HAIINIBNWIAAUNTOIMING Prompt ‘7 udy Mo wdeyalauldmdadadl

MOV AH, | ; READ CHAR FUNCTION
INT 21H ; CHAR IN AL

[ o 9 Y - @ 1 , ' - v o
naanniuveyauas Muaawanussiade 11l neunszuaanadsnussly AL 9
Yy d 9 (Y3 dy
aounu 1ineunail
MOV BL, AL : SAVE IT IN BL
mandoudunesives iSuduivssialmissdoudndmidmds CR waz  LF

] »
FatigUuuumsinudade i

MOV AH, 2

MOV DL, 2D ; CRRIAGE RETURN
INT 21H

MOV DL , OAH ; LINE FFED

INT 21H

H
v =4

o o dq Yo o ' v a4 M
nasnmiunlmihnwes AL #wiveglu BL sonmldmsuSmsit 2 uazmudae
’ t 4

filde INT 21 H a9l
MOV DL, BL : GET CHARACTER

INT 21H ; AND DISPLAY IT
Wumsduganisinuveallsunsufiauysel §ams@ouTsunsude'lyi

TITLE SAMPLE PROGRAM
.MODEL SMALL
.STACK [00H
.CODE
MAIN PROC



e e

T WS TR W AR Y e ——

— - —

R o Ml e SEOET, SO T R 3

N DT SO W MRy TR R e ST | TR

T et ——

. DISPLAY PROMPT

MOV AH,2 : DISPLAY CHARACTER FUNCTION
MOV DL,‘” : CHARACTER IS ‘7’
INT 2IH : DISPLAY CHARACTER

; INPUT A CHARACTER

MOV AH, | ; READ CHAR FUNCTION

INT 2IH ; CHAR IN AL
MOV BL, AL ; SAVE IT IN VL

; GO TO A NEW LINE

MOV AH,2

MOV DL, 0DH ; LINE FFED
INT 2IH

MOV DL, 0AH ; LINE FFED
INT 2IH

; DISPLAY CHARACTER
MOV DL, BL ; GET CHARACTER
INT 2IH ; AND DISPLAY IT
; RETURN TO DOS
MOV AH, 4CH
INT 2IH

MAIN ENDP

END MAIN
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2.3 Tulasneulnsaimds (MCS-51 Microcontroller )

’a A a J 4 P '
TuTasneuTnsamesiauiivuannudaiuginnnlulas Inswayes  iisades
' @ A -~ o ° - o L] ] °
llﬂﬂﬂNﬂu‘Vl'J'llllJ lﬂiﬂfﬂﬂﬂ5ﬁlf105il$'IJ'lli’)'lQl]ﬂiﬂfﬂﬂﬂﬁi&‘UUﬂ'lﬂ‘!iﬂi’l‘I’u HUWANUN

a 14 o 8/ 1 a few o s

sunanaztemiyanesad logluFdndvadu
d

2.3.1 lulnsnoulnsameinszga 8051

t’d'd =y a oo 1 ' Q’I’
vssa luTnsneu Tnsamesnimsnaannusina e suvunmiu TulnsneuIns
ameiveauSinduma luaszng Mcs-s1 1atmni luldtuunwsnarnnn luszoefirumn

A g
Tatnawusim Idsuavans lumsih luwdadmnouaz 18T msiiudse@niam  tazuiqe

o Y a 1 d’dd”

1.4
e Wiy lsni it luilvgiuil luTnsaeuTnamessnusim HAAA1NY NUW

FUNININ MCS-51 vosusEndumaiusnauann
2.3.2 amilnanssuvee 8051

¥
a o &
8051 TuTnsnouTnsaaessse udrszsiuernseng 8031 e 8751 vianum duihy

WIN NMOS uazaziiadu/sznouyod Cmos 14 Package Mawwiia

]
=4

" A e . 4 4 - o 44

suiTuselnmi 8052 Feasengiifivaswiia waslivtianilsnawsalUsunsudau
14 v

Myuudn ( Basic ) juiitianinanudeamsvowTinduda nlideenisIfifagesinena

msnmaleResdivas uuy TaeRlugu 8051 sxiivieg 40 v1 dagyl
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Crystal of Clock input  ——J» | XTALI —
Crystal or Clot‘:k output €—— erf'z 4>
Program Store Enabje * ¢ PSENt " 'I Port 0
Alternate Functions " " 'l (Data and Address Bus)
Je—>
RxD ¢ ) P3.0
TxD <+—p P31 ¢ ’
INTO\| —p | P32
INTI\| . €—p | P33 <+—>
TO <4—» | P4 P12 <—>‘ >,
Tl 4> ps PL3 Y g—p Port 1
WR\ 1 ’l P36 Pl4 4P
RD\ <4+—>
. <+
Rtset' ——>
Address Latch Enable <>
<4+—>
External Memory Access » 4>
<4+—> Port2
4—)  (Address Bus)
<+—>
<4+—>

319 219 uamamstmuavIves 8051

v y
mhfinmshauveRazvilaedl
a ° Y ot a 7 P
- 1-8 mnumLfluauvgmmmgmmwam 1
4 . de o ad 4
- 9 AT udyanasin (Reset ) snneuen ieldlulnsaounsaaes
. E
Sumsmanulnunmua

PRy ° o a o & a s a
- 91 10 - 17 imdhfidluduwaeninaveanesa 3 uazuensniiudazuidasiuise
[} E 4
nmihiiouq lddsdeliidsnfe

8/ o

- i 10 vimthasudeyauvveynsuninglnsaineuen

g
9

U
b4 Yo 04
vayauuveynsuldfugasainiousn

-9 11 e

]
ar =

P ° = o o o o a
- i 12 i asudygadumeiw o ( Inerupt 0 ) InmwuenTasdynady

(1

o J:«y ° A g a o

maswnu%zmﬂummﬂuamnm
) o ° o o a o o o a Y gly

- i 13 dmhfSudygaudumewil swnnmeuenlae yoImdUmeS N iee

o a' a ; A LY 4:’
wandeiiy asSaduniioudvi 12
< o Y du o Vo % ¢ .
-9 14 mhsudygnamianwuen v ndues o ¢ Timer 0)
-l 15 mhadudyorunanouenldi Infwes 1
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$ ° v i1 a 7o A 4 . 1Y
- i 16 Yimhidsdyapaldgunseifabug dedesmsidoudoys lfegunssl

AU

-1t 17 hmiiidedyanaluggnsaliadug iledvamssudeyasinginsaiin
vuq

- 18 - 19 Wundmivudyopunnasaia ( Crystal ) 1ﬁaf‘iuﬁﬂﬁmuty1m
wimtiud luTnsnouInsames TaomeoludaluTnsaouTnsamesioafiziinees

padFaiaineioy ludaleseguda
< Y, 4
- v 20 19nensAvDIsTIY
- o S & a e ¢ ° {1 o o
- i 21 - 28 simhiidhiBunmeniyavemesa 2 niehmhiidsiduiiy Hign
A ' ° ° o o g a 4 d o o Y
byte address bus tHeRBMUITANNNMUUBNdMIUAUTOYa HSBIBIRUYAMId HTodpAY
(4 ad 4
gUnsaitaz ledouq mwuenlulasrouinsaians _
Py o a1 q o ' o a o o
- v 29 siwihiidedggnanifedslimisnnusmouonuFufuyadda 1

VRERNY

v
=S 1 ar

- 4111 30 HmhiidadyIiunauqumsuand (Laich ) f1 Low byte address bus 910

U'o
[

o a + o =t o o o
woin 0 lumsanaedudun s lumniugadidaniouen
- o H PR gn o &
- w1 31 Wi lFannsaden 1y Tasneu Insawefihamnngamdanely
A o o & /a3 A 0 2 Yoo . .
niohaunngadmdimouenlulnsnouTnsamesnld Taudedenilidiiy Logic High
n o~ -~ o/ o s 4 1 Yoo
luTasnouTnsawesnazrhnunin Tsunsunolululnsneu Insamesios uasiiionsitniy
(44 ° (Y
Logic Low luTnsnouInsamesnezyaunn lsunsumouenddluThsnou Insaans
= o Y Ad a ¢ ¢ A o Y o d
- i 3239 dwmhiidusunaemiyaveanssa o wioimiiidu Low byte
LYY o
address buss gaUNUNI5tUU Data bus

o Y [ A ar Yo 4
- U7 40 ﬂE)ﬂUll.‘HiNQ'IUIWEJi]1UWﬂJ~11H1HﬂleiJTﬂiﬂﬂuiﬂiﬂlaﬂi

2.8.3 13NNV 8051
] ] ° ] oy o &
MSULINUIUAINSIYDY 8051 szansaueeon ity 2 snumsie
1. wuoanui Tsunsy

2. Mitonnusideya
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wapanusldsunsa
' ° =] ' o q ¥ o d o a $
niunnui lsunsuifumizonauiildd mivtudidmdo Tlsunsuiid1d
o - ' o o st ° 4
Wannvun Taveasznevegmuoludi ledusediuledmizonnuinlsznnsnsen dalu
I (Y G’I’ o ol a ° 4 a Y Y
nsdindaiusuiuszdesldwesadunmeninaimmhiiuemasavauazdd e fiels?
ansesoAuMeaNu lodmangmld
msieunemanus lsunsumenentivy 8051
4 LY o 9 o
isanmnszuuaueaiasauaziadtoyavesluInsnou Tnsamessos: iy
o Yo a d o L= @ 1 A a 9y Y @ 1 ::y
anyuzms lgladmandnnmeiaforiu nanfe Tussuznaududu dudygrumaiives
1 1 o ] Ay a Wt [] 1 4
wosnzlFlumsdenuemasavosdumisidesmsannedis  Tudanmdemieszdou
o g LY ' oA 1 =t
Tdluen1ie High Impedance ol luanuzveniadoyn udilesnniidnson (
a Yo o M o’: q ¥ @ a o 4 =t a o LY
EPROM )iilwiuTaoia lihiu hildmsdadmdng warlividygponiauemasaunziadoya
LR 4 @ Y g’;’ A (=) 4 o, 1 ° 4 o 9 =
uonnnnu lagdanuaniumsiveuaednsoumaitihimizonnui Tsunsy Sesuiiudesiizg
4 4 a a 4 ° 9 v o 1 1
vlszinnuaagliznoudumuiioiimsfunvewemasafidiooninnn 8051 ugas
Yo o = )
nawsn Mfundygouemasavesdnsouns T

P Yyd &2 o ' & . a
vnmInlugdi 22 vassliimudedygiuang voe 8051 Fniunldlunishade

fuMUIoAINTINIUUeN

Yoy fsiianam ndnyaa | whii

EA External Acess 31 @endszinnmitoanuiimelunie
uon

ALE Address Enable 30 Foyagnauemiyadmiuuanddoya

P2.0-P2.3 Port2 21-28 Wudeyausamsaludgaveamiae

B PRI R

P0.0-P0.7 Port0 39-32 Taamand dygudiaueaiasauay
Wadoya

Pscn Program Store | 29 dygiuszynse i fumisonny

Enable 7

M3 2.2 doanuves 80s1 Aldseniumsaademosudeyaninmizonus

Tdsunsunmousn
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o M ° x [ [ 9 ]
doygin EA (External Acess) 1lumsdmunidioni szswdoyamninmioany
° =] Y = [ & o ar a o
1ldsunsumousnnionwiudiled lulnsnouTnsamesion  Fannidhussguassndies
J ' n' o ' '
swdoyamninmionusifoyaniouen  taznsdinsetwitezerndoyamainmizsny
° [ = A A [ & d'l = * 9/ ] o V. =4
Hinwludalodies dalinasdung AolouMsouvayavINMeaNus Woyanwly uasi
[] . 1
nﬁ'l‘x’x’uuueamsan0g1ummqam1mqqqﬂmmnmuﬂﬂm‘iﬂ’fagamu‘iunsfﬁl‘nuﬁ 8051
simssunueamsaigeanImnnmiennud sunsumouon lnosa Tulia
VINURUMWIEAIIRINMIARABAUMYIoAIN T sunsuneusnziu e Ty
= A =) 9 "I’ . Q' =Y 1]
naweuwwIu lmfaniis 8051 sziimslihieyan 2 a5y Tushanasuduvesmsnase
[} ° oy ' o J < o o Y 1
niwauiInouon Po suluriweweansaluddi uaznmrensuihuiadeoya misds
' ¥ [
Aweaiasa luddifiszeglusndinmveramesdygn ALE uazvzdansegautile
ar = df| s @ a o [ o’: LY a y
dygna PSEN wdnuiludyguszdvasing dntumsesnuuiainlddyg i ALE 1
»
o = o [ Y% 1 1 [y
s leduandmuouentussiudygpomemasemariily diudyan pSEN 2141y

A o 1 vy [y
msiaen ledswsenlhihaiuazsmmdeyandun

) = a
nitwwydulsfa

A
4

ALE

7a\ /N
PSEN\ / \ / \

PO /AD.A< E?fml{.ga m AQE-A:7/_\: quioya
/T Y
P2 §
-/
\

U 2.20 wamanmdygrunauaamsdadesumionuiinisuen

.
°

8 o o LY o = o ° @ 1
‘um::l.ﬁﬂﬁtyq,nm PSEN l'l.l'u53ﬂUﬂﬂﬂﬂﬂ10WiﬂUﬂﬂ$ﬂ1ﬂ'ﬁﬂﬂﬂi'ﬂﬂ'ﬂulﬂﬁlﬂiﬁ las

[ 14 ¥ ]
dedoyaiogludunnisiioonu Taodoyana PSEN flasfeannzmaniiuasind135290m
¥

=
3.
&
=
[o0)]
o2

Y 1 =) S 9/ 9 4 [ LY = v a
H11au‘,agnmﬂﬂnmmnawsammmavumwﬂaunaUqﬂtﬂuizﬂuamnqamumu
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t o y - o o ] 1 9 1Y Y o
uazlugrssanizanyuvesdyain PSEN 8051 msguamdoyadn dmfudeyan
4 é o . r'd | (] & ] c:; as
wosn 2 Fudurwemaseludga wyndseennlusgiinanssninidyga ALE
a & d d 9 o o [l P L4 o )
(Huasinga Fanhunalndifssdumsdweansa luddmesnumianesa o dmdy
v
ALBAATANDSA 2 i szdvegnasatisounawesmsAndefuMiaen L T sunsy
[ 4 I3
ms 1% 8051wy lutimiseanus Tusunsunioluty SudussReadoudediiy
' . e & o s 'Y ° ya ¢ o
misoanui Isunsuduthu ledBwsouuazerdosimualiiSuduiiuomasa  0000maue

o’: y 4 [~1 a t [Y) a ° o
sdimsiziielimsSinvsesudunsno i iifuszoy 8051 a2 ldGudumsTaImNi

+ ¥
& A woA

&aliviui
TavnAuds 8051 annsademizoanuiiTusunsuniouenldgeqaliiu 64 fla

L4 ’
Tug duiulunsaildledsnsouiitdmizeanuiiliss o4 dla'ludfamsmhudesulyd
uaude 64 Alaludld Taomsaedyapaivedond led mudendalodannsorildlag

[ 14 . v
msldnesoeasiaueainsa iefmuainui oty mizganus uaazAIaglN 2.21

8051 " 74LS138

+5V (O— EPROM 2764 (8K x 8)-

74LS373

d‘ Pz N A ' ° 9y <y o
31]‘7] 2.21 ﬂ'lil‘]ff)llﬂf’)lwOUU'IUHH'JfJﬂ'J'I!Jﬂ"ITl]'illﬂill ﬂ'JlefJ‘]ﬁ]'WiﬂllHﬁ'IUﬂ'J
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wianNuS1oya
' ° - ° v o o 1o 4 4
miwanuifeyaves sos1  Hldmsududeyanodusfiiatuluvasi

[y

o o [~ o 7 ] ° ]
Mavszurana lsunsu I idunissansn Tagwugnudmbonnusdoyasaithimiig

Aiuanaan - dniude hiimsve i idfuszuufetinai deyadiiin 1 2n0ty
4 ]
gayww dmiviuiivesmionnusifeyanmoluves sos1 sl ldgegaliifu 64 Ala
Tud uaznonsziameenitiu 2 Snuazausumisidvemninimsuiy fAonoAY
° 4 o, o v [ s ] o 9 & o o
hnwly dathusuiiegnoludaledios wazmnnusweyamousndutunmsldled
' ° a a g o a ° o v d '
mosmswuiivandh hines  dhas@eidumsinerledsnseundeiiumiag

A Tdsunsy

meanudveyamely

8051 Hémausanun 256 ud Tavausodwuneen @i 2 dnume fe A
wwizdmivdnsznananan  dedonh Tiamed uauﬁuﬁ‘l‘ffﬂuﬁﬂﬂﬁmsu
Tsunsuiiglfadthanmizennuswun 128 Tudusn usnmurumunumamﬂsaaq
a9 00H - 7FH Falimssuunvomiihis druammsldimde

USMueMAsA 00H - 1FH wseenithungudoyasuu s lud sauimun 4 ngu
Tﬂuﬁﬁ{umuuda:n'q'ngn“h?&m“lugmmaq?%mas"l‘ffnuﬁﬂﬂ Faiidosunin Fawmod
RO - R7 _

UINUUOAMAST 20H - 2FH $1um 16 e ﬁuﬁu’?nmﬁﬁi‘luﬁuﬁdwﬁm%"urﬁ'“h’;’c?q
favummwsﬁyuﬂnmﬂﬂmnnmummmmuauq iloanndldmunsodredanizenanuds
TS Taludnvuz Tuddoyansoludnumy riintoyaldTavase fathimnuoalugnuus
fadoyaudvzlifuisunlsSalMa1%unds 128 iin

UShomeaasa 30H - 7FH il muSnadididamnsoi g Ifedwsase Tao

Y

asodntldludnyne maq‘lumauamuﬂnmmuu

wuwANusIvuIe 128 luaaalil 11luwuﬁ¢1"m¢iu?muuaﬂmsz’r 80H - FFH 11u
a v o it b1 J n‘: o 9 o ° ] =)
USNUVOINUANUNNUMST IFOURNIZ0IN 8051 Ty Tagezthunlddludumiaveds

T INNNMAY $119U 20 Aumug
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1 .
Y A n

A d
2.3.4 IWABDTHUINNIAY
df st g o s Y ° 14 &' o ' v
l'l_l‘uiil?ﬂﬂﬂi’ﬂ"m'iumiﬂ’lﬂf]UH‘U'I"nllﬁ:ﬁﬂ'li‘/l'l\l‘IU‘UBQWBWI'VNHHﬂ Tﬂuumunmaq

a a da q ° []
luwinuuemasa 80H - FFH  nmislanidSaaos imyannsoszydoniodgaduimia
ga o v o’: dy ¥
vosvamesmaniunla
HoNAIYIMINDS F9MN0T (Accumulator ) H3o ACC
o a ° { o { 1 ar 1 °
histamesumn 8 ia mhiilumsifiudeyanizdaiiumizoiaumely
o o Jan Y o o o aa ¢ a st o
CPU wazipunadwi Idninmsihanniumsthawes  STamesuonfyamesindnuas

° t s a o an
ﬂ'I'5'7]'N'Iul‘lf'HIﬂU')ﬂUllﬂﬂﬂ?Hlﬁlﬂﬂiﬂ?ﬂ "l'l_l

??lmﬂ‘r)g B ( Registor B )
a o ° o o o w o {y °
dhisTmmesiiddmiumaimdgauazmsduay Tunsdily 19 Tums oy

a o ° ] @ an @
nMUNdAmans nawsodh I idmusuoasusiamesiag Tl

d '3
Tsunsunniined ( Program counter )

o o d' d"u ] t ° A °
Wusvameii 1 ¥8dumineamsaveaniaua i Tsunsy Favzdos lUrhauly

drauda ld mslfaunoluTlsunsuezSonih SSaned pe

d g
AUANWOUIINDS (Stack pointer )
df aa 4 o ° 9 o d ° [] .Y dy A s s o o
lﬂuiﬂﬁlﬂﬂﬁ‘uu‘lﬂ 8 Un MMUMN VAT UIVOIR YN TOWOIUIADTUDIVTIINTUAN
v o a S aa S o a 4
dmiunudeyavewenfioyaines T3ameTmag suistoyaninTsunsuTaodndudile
° a 9 ] [y U A =~ s o o d’ ' o I'd
1’”ﬂ'lilﬁllﬂu'53'U'U1'HUﬂ'lU"'ﬁ\l'ﬂ’]ﬂﬂ'li‘U'lleﬂﬁ'l HIDUNITIIHNINAVU ﬂ]ﬂ'lﬂuluﬁllﬂﬂWEJUu

4 v & o o 1 @ J o a 4 t °
IRo392UM O7H qmuluﬂumuquamﬂsnﬁmu“luluavmsmu 128 "lUﬂlliﬂ‘llENHu’JUﬂ’J‘llJ‘il‘l

1 a 4
Joyamolu mslFaunelueefoni STamed sp
I3
@ A J .
fartoyanIemmweniines ( Data pointer )
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a P " = ' . o a
AhSTmmesvie 16 TndaSunii3sawmes DPTR wazamnsoldauuomivisa
a o a L4 = I'4 4 o 1 ]
BSUUIA 8 1M 2 Aafe Ta1ADs DPH tasssaians DPL BINUA YOO AATTUBINY Y
o i -~ o ) P o a
anusmaosldnolu IWsunsunieewezihunemasavesgunsoinouen  dadmualian

t 4
aofu Taolddumisvoamionnus niunioluldsunsy



T A T Ty 5 e———

I B B S —

L T o — B .

W T HT A Tyt il TR

R

44

o = ¢
Tsunsumadm3ia (Psw)
Sa (d’,o 9 o P o ° ' n‘;l =Y o o o
SmpeTuIMnUentananzmhuag  Sauiindmiumsimun

o o aa seiq 9
manumﬂ‘ummﬂmem‘l‘mmﬁ"w

sSa s’::; c‘ 9/ ar d N
IVAADINMNLIVIINUNDIA (Port register)

oy U d” s d' s o a A v
immai'mmui)zummmm*ﬁ’mnums"n141’11&18»1was’mauvgm/&mﬁvgwiﬂuma A

(%1%

o
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a d
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voua ‘lf\'iﬂ‘lllﬂ'l‘llllljui]i\'“lf‘l')llﬂlﬂﬂi““ﬂ(!ﬂ?ﬂﬂu 2 I UASUININAUBDY VAR TINTY
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ﬁinclude <reg5l.h>

extern void lcdwi (unsigned char 1i);
éxtern void lcdwd(unsigned char d);
1
Ehar putchar (char c);
oid lecdwdd (char d44);
void lecdposition(unsigned char posi);
$oid ledclr(void) ;
unsigned char Cursor;

éhar putchar (char c) // Putchar to LCD
i if (¢ == '"\n') // next line

' if (Cursor<lé6)

E lcdposition(16) ;
1 else

i ledposition (0) ;
|

else
.,  ledwdd (c);
return (c);

}

Yoid lcdwdd (char dd)

if (Cursor == 16)
lcdposition (16) ;
else if (Cursor == 32)
; lcdposition (0);

Cursor++;
lcdwd (dd) ;

void ledposition(unsigned char posi) /* Position LCD cursor */
¥
i Cursor = posi;

if (posi < 16)
‘ lcdwi (posi + 0x80 ) ;
else

ledwi(posi - 16 + 0xcO );

b} ,

void lcdclr(void) /* Clear LCD and home cursor */
int 1i;

' Cursor = 0;

| ledwi (1) ;

§ for(i=0;1<2000;i++) {;;}

o v~ -

o e
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#include <reg5l1.h>
#include <stdio.h>

ektern void Delayms (int del);

e?tern void lcdini (void) ;

extern void lcdclr(void) ;

ektern void lcdposition(unsigned char posi);

v01d el_step_up(void) ;
vo;d el_step_dn(void) ;
VPld az_step_1 (void) ;
vpld az_step_r(void) ;
vp;d autmode (void) ;
void display (unsigned char ind,unsigned char *ptr) ;
void setorg(void);
void set_sat (char 1i);
void findsat (char sat);
ind sysinit (void) ;
sgit azifg P170;
it elefg P171;
ektern bit gkeyol;
bit stepl,step2, step3, step4; // status flag
b;t ele_1l,ele_xr,azi_u,azi_d;
uf51gned char xdata *p;

I

ibt elecur; // current elevation value
int azicur; // current azimuth value

1

u@signed char elebuf[9];

ufsigned char azibuf[9];

c%de char logo [] =" SATELLITE CONTROL V-1.0";
cbde char manuall [] = "1. = SET ORIGIN\n2. = FIND SAT";
code char manmenu [] = "1. = SET ORIGIN "
i "2, = EXIT ",
|
code char autmenu [] = "1. = FIND SAT-1 "
f "2, = FIND SAT-2 "
"3 = FIND SAT-3 "
"4, = FIND SAT-4 "
W5, = FIND SAT-5 ¥
g, = FIND SAT-6 "
: "7 = FIND SAT-7 "
ng, = FIND SAT-8 "
"g, = FIND SAT-9 "




************************************************

kkkkkkhkkkkh* main function **k*kkkkkkkkhkkkkkkhhhk

vq'd main (void)

~

char i;

! Delayms (500) ;
sysinit () ; // system initial

E printf (logo) ;

| Delayms (1500) ;

: setorg() ;

|

while (1) // loop forever

lcdposition(0) ;

printf (logo) ;

! ifE'A' == getkey())

dof{

lcdelr () ;
printf (manuall) ;
Delayms (250) ;
while(' ' == (i = getkey()));
switch (i)

case'l!' :setorg() ;break;
case'2!' :autmode () ;break;

Delayms (100) ;
}while(i != 'A');

}

oid setorg(void)

<

lcdelr () ;
printf (" Origin Setting\n");
while(elefqg)

el_step_up();

p = 0;
*p = ((*p & 0x0f) | 0x00);
while(azifqg)

az_step_l()f

el U —

Delayms (500) ;
p = 0; ,
*p = ((*p & 0x£O) | 0x0f);

ledelr () ;
printf (" Oridgin OK\n");

e i PR
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elecur = 90;
azicur = 0;
Delayms (2000) ;

}

void autmode (void)
{
unsigned char index,m;
index = 0;
do{
if ('A'== (m = getkey()))
if ( (index+1) == 9)

index = 0;
else index++;

TR ey e W w wem e

lcdposition(0) ;
display (index, autmenu) ;
switch (m)

{

case 111" :findsat (1) ;break;
case '2':findsat (2) ;break;
case '3':findsat (3) ;break;
case '4':findsat (4) ;break;
case '5':findsat(5) ;break;
case '6':findsat (6) ;break;
case '7!':findsat (7) ;break;
case '8':findsat (8) ;break;
case '9!':findsat (9) ;break;

B T A W DY Cerermon CM— o v

}while(m != 'B');
Delayms (200) ;

oid findsat (char sat)

{

unsigned char stpl;
unsigned char stp2;

..<..,._ —

while ((elebuf [sat-1] - elecur) > 0)

for (stpl=0;stpl <(elebuf[sat-1] - elecur) ;stpl++)

T o g R e e T

for(stp2éo;stp2<200;stp2++) el_step_up();
elecur++;
ledelr () ;

printf ("ELEVATION
printf ("AZIMUTH

%3d\n", elecur) ;
%3d",azicur) ;

(1|
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1

0id display (unsigned char ind,unsigned char *ptr)

while ( (elebuf [sat-1] - elecur) < 0)

for (stpl=0;stpl <(elecur - elebuf [sat-1]) ;stpl++)

for (stp2=0;stp2 < 200;Stp2++) el_step_dn();

elecur--;

lcdelr () ;
printf("ELEVATION

= %3d\n",elecur) ;
printf("AZIMUTH = %

3d",azicur) ;

}

while ((azibuf [sat-1]
for (stpl=0;stpl < (azibuf[sat-1] - azicurf}stpl++)

- azicur) > 0)

az_step_r();
azicur++;

lcdclr();
printf ("ELEVATION = %£3d\n", elecur) ;

printf ("AZIMUTH = %$3d4",azicur) ;

}

while ((azibuf [sat-1] - azicur) < 0)

{
for (stpl=0;stpl < (azicur - azibuf [sat-1]) ;stpl++)

az_step_1();
azicur--;
ledelr () ;

printf ("ELEVATION
printf ("AZIMUTH

%3d\n", elecur) ;
%3d4",azicur) ;

}

lecdelr () ;
printf (" Sat [%d] Standby\n", (int)sat);

// printf (" Press # to Exit");
while ('B'!= getkey());

p = 0;
*p = OxOf;
Delayms (300) ; ‘

// display menu

int cal;
int temp;



§

&

g temp = cal = (ind * 16);

| for(cal;cal<(temp+32);cal++)
j} putchar (* (ptr+cal)) ;

|

(o)

void el_step_up(void)

{

// elevation drive 1 step up

p=0;
if (!stepl)

4
i
} *p = ((*p & 0x0f) | 0x10);
f Delayms (4) ;
| *p = ((*p & 0x0f) | 0x20);
! Delayms (4) ;

stepl = 1; -
i step2=step3=step4=0;
i
£
3
]

else if (!step2)

*p = ((*p & 0x0f) | 0x20);

Delayms (4) ;
*p = ((*p & 0x0f) | 0x40);

E Delayms (4) ;
! step2 = 1;
step3=step4=0;

else if (!step3)

*p = ((*p & 0x0f) | 0x40);

Delayms (4) ;
*p = ((*p & 0x0f) | 0x80);

Delayms (4) ;
step3 1;
step4 0;

}

else if (!step4)

*p = ((*p & 0x0f) | 0x80);
Delayms (4) ;
*p = ((*p & 0x0f) | 0x10);
Delayms (4) ;
stepl=stepl2=step3=step4=0;

T e e e EEDTe Sew e # owm mmmen e
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}

i? el_step_dn(void) // elevation drive 1 step down
if (!stepl)

|
vo

|
i
)
|
!
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*p = ((*p & 0x0f) | 0x80);

Delayms (4) ;
*p = ((*p & Ox0f) | 0x40);

Delayms (4) ;
stepl = 1;
step2=step3=step4=0;

else if (!step2)

*p = ((*p & 0xO0f) | 0x40);

Delayms (4) ;
*p = ((*p & 0x0f) | 0x20);

Delayms (4) ;
step2 = 1;
step3=step4=0; .

else if(!step3)

*p = ((*p & 0x0f) | 0x20);

Delayms (4) ;
*p = ((*p & O0xO0f) | 0x10);
Delayms (4) ;
step3 1;
step4 0;

}

else if (!step4)
*p = ((*p & 0x0f) | 0x10);

Delayms (4) ;
*p = ((*p & 0x0f) | 0x80);
Delayms (4) ;
stepl=step2=step3=step4=0;
}
}
oid az_step_r (void) // azimut drive 1 step right
{
p=0;
if (1stepl)

*p = ((*p & 0xf0) | OxOe);

Delayms (100) ;
*p = ((*p & 0x£0) | 0x04);

Delayms (100) ;
stepl = 1;
step2=step3=step4=0;

else if (!step2)



*p = ((*p & 0x£0) | 0xd);

Delayms (100) ;
*p = ((*p & 0x£0) | Oxb);

Delayms (100) ;
step2 = 1;
step3=step4=0;

else if (!step3)

*p = ((*p & 0x£f0) | 0xO0Db);

Delayms (100) ;
*p = ((*p & 0x£0) | 0x07);

Delayms (100) ;
step3 1;
step4 0;

}

else if(!step4)

e T e . T

I u
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*p = ((*p & 0xf0) | 0x07);
Delayms (100) ;
*p = ((*p & 0xf0) | O0xOe);
Delayms (100) ;
stepl=step2=step3=step4=0;

- o o A

}
}
r vLid az_step_1l (void) // azimuth drive 1 step left
p=0;
if (!stepl)

— ———E W

*p = ((*p & 0x£f0) | 0x07);
R Delayms (100) ;

*p = ((*p & 0x£0) | 0xOb);
Delayms (100) ;
stepl = 1;
step2=step3=step4=0;

else if (!step2)

| |  *p = ((*p & 0x£f0) | 0xOb);
: Delayms (100) ;

*p = ((*p & 0xf0) | 0x0d);
Delayms (100) ;

step2 = 1;

step3=step4=0;

else if (!step3)
*p = ((*p & 0x£f0) | 0x0d);

T M | W[ W e e elme—ro Tt R e e o
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{

Delayms (100) ;
*p = ((*p & 0xf0) | OxOe);

Delayms (100) ;
step3 = 1;
step4 = O;

}

else if (!step4)

*p = ((*p & 0x£0) | 0xOe);
Delayms (100) ;
*p = ((*p & 0x£0) | 0xQ7);
Delayms (100) ;
stepl=step2=step3=step4=0;

}
d sysinit (void) // system initial
Delayms (500) ;
p = 0x03;
*p = 0x€8;
p = 0;
*p = Oxff;

elecur = 90;azicur = 0;
elebuf[0]=42;azibuf[0]1=107; -
elebuf (1]1=64;azibuf[1]=130;
elebuf[2]=68;azibuf [2]1=140;
elebuf[3]1=73;azibuf [3]=160;
elebuf [4]1=70;azibuf [4]1=218;
elebuf [5]=68;azibuf[5]=224;
elebuf [6]=60;azibuf[6]=240;
elebuf (7]1=47;azibuf [7]=251;
elebuf [8] =44 ;azibuf [8] =253;
ledini () ;

gkeyol = 1;
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NAME

PROG

BITFG

vhr:
E

PORTA

PORTB

PORTC

CPORT

AUTOR1

AUTOR2
)

PUBLIC
PUBLIC
PUBLIC
PUBLIC
PUBLIC
PUBLIC

AUTODL :
KEYBUF:
k

I

i
LCDFG:
GKEYOQOL:
GKEYPF:

]

.
et Wy m—

’
.
’
.
[
.
14

_SELAYMS:
DMSEC:
DMSEC1 :

!
{

DﬁSEC2:

]
; % %k ke kk

SATA

SEGMENT CODE
SEGMENT BIT
SEGMENT DATA

EQU 0000H

EQU 0001H

EQU 0002H

EQU 0003H

EQU OFh ;AUTO REPEAT DELAY (FIRST)

EQU 2H ;AUTO REPEAT DELAY (SECOND)
*

LCDINI

_DELAYMS

_LCDWI

_LCDWD

_GETKEY

GKEYOL ; GET KEYBOARD ONE LOOP

RSEG VAR1

DS 2

DS 1

RSEG BITFG

DBIT 1

DBIT 1

DBIT 1

RSEG PROG

kkkkkkkkkkx DMSEC QUB **kkkkhkkksk

DELAY 1/1000 SECOND
IN = R6,R7 R6 = MSB, R7 = LSB
+REG = A,R5,R6,R7

MOV R5,#230 ;1 MSEC LOOP
NOP '

NOP

DJINZ R5,DMSEC1

DJINZ R7,DMSEC

MOV A,R6

CJINE A,#0,DMSEC2
RET

DEC R6

SJMP DMSEC

RET

LCDWI SUB ***k*kkkkkkkhhkk

; ILCD WRITE COMMAND

CDWI:

—

P S . S

CLR LCDFG
LCALL LCDWDI



4
E
i
|
.
E

RET

; LCD WRITE DATA

_LCDWD:

E

SETB

LCDFG

LCALL LCDWDI

RET

*kkkkk [ ODWD SUB *rhkkhkkhkhkhkkdkdhdhhn

*kkkk* TCDWDI SUB **k*kkkkkhkhkkhkhk*

;EiN
;Y OUT
;' REG

LQDWDI:
I

— w e o mm m——

T vT o erm mT gwmwER N e T

— . PP e W e T

A
NONE

PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOVX
JB
CLR’
SJMP
SETB
MOVX
SETB
MOVX

MOVX
ANL
PUSH
MOV
ANL
SWAP
MOV
POP
ORL
MOVX
LCALL
MOVX
CLR
MOVX
SETB
MOVX
LCALL

MOVX
ANL
PUSH
MOV
ANL
MOV
POP
ORL
MOVX
LCALL

DPTR,A,B,R7

DPL
DPH
B
ACC
B,R7

LCD WRITE DATA OR COMMAND

; SAVE DATA

DPTR, #PORTB

A,@DPTR

LCDFG, $+7

ACC.5
S+4
ACC.5
@DPTR, A
ACC.4
@DPTR, A

A,@DPTR
A, #0F0H
ACC

A,B

A, #0FOH
A

R7,A
ACC
A,R7
@DPTR, A
LCDDEL1
A,@DPTR
ACC.4
@DPTR, A
ACC.4
@DPTR, A
LCDDEL

A,@DPTR
A, #0FOH
ACC

A,B

A, #0FH
R7,A
ACC
A,R7
@DPTR, A
LCDDEL1

;LCDFG 1 = WRITE DATA
;CLR RS TO WRITE COMMAND

;SET RS TO WRITE DATA

; SEND MSB 4 BIT

;SEND LSB 4 BIT
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; *kkkwkx LCDINI SUB *kkkkkkkhik

MOVX
CLR
MOVX
SETB
MOVX
LCALL
LCALL
POP
POP
POP
POP
RET

A,@DPTR
ACC.4
@DPTR, A
ACC.4
@DPTR, A
LCDDEL
LCDDEL1
ACC

B

DPH
DPL

;DELAY FOR WAIT BUSY

;' LCDINITIAL FOR LCD 4 BIT INTERFACE
k

LCDINI:

e W W R emomeavn WD R e T RTRTIT W AWV TN wTR R R

T -

— v e -

e e o wme wr

PUSH
PUSH
PUSH
MOV

MOVX
CLR
MOVX
SETB
MOVX

LCALL

MOVX
ANL
ORL
MOVX
MOVX
CLR
MOVX
SETB
MOVX

LCALL

MOVX
ANL
ORL
MOVX
MOVX
CLR
MOVX
SETB
MOVX

LCALL

MOVX
ANL
ORL
MOVX
MOVX

DPL
DPH
ACC

DPTR, #PORTB

A,@DPTR
ACC.5
@DPTR, A
ACC.4
@DPTR, A

LCDDEL1

A,@DPTR
A, #0FOH
A, #03H
@DPTR, A
A,@DPTR
ACC.4
@DPTR, A
ACC.4
@DPTR, A

LCDDEL1

A,@DPTR
A, #0FOH
A, #03H

@DPTR, A

A,@DPTR

ACC.4
@DPTR, A
ACC.4
@DPTR,A

LCDDEL1

A,@DPTR
A, #0F0H
A,#03H

@DPTR, A
A,@DPTR

;EN

; EN

; EN

i

PB.

PB.

PB.

PB.

PB.

PB.

5

4

RS

0

--> WRITE COMMAND
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LCDDEL:

—

LCDDEL1L :
|
!
4
i

IN

ouT
REG

~e we mp “e we N

o

|

,_GETKEY:

GKEY:

— o o em

GKEY1:

SR S

CLR

MOVX
SETB
MOVX

LCALL

MOVX
ANL
ORL
MOVX
MOVX
CLR
MOVX
SETB
MOVX

LCALL

MOV
LCALL
MOV
LCALL
MOV
LCALL
LCALL
POP
POP
POP
RET

PUSH
MOV
DJNZ
POP
RET

PUSH
MOV
DJINZ
POP
RET

ACC.4
@DPTR, A
ACC.4
@DPTR, A

LCDDELL

A,@DPTR
A, #0FOH
A, #02H
@DPTR, A
A,@DPTR
ACC.4
@DPTR, A
ACC.4
@DPTR, A

LCDDEL1

R7,#28H
_LCDWI
R7,#0CH
_LCDWI
R7,#01
_LCDWI
LCDDEL
ACC
DPH
DPL

02
R2,#0
R2,$
02

02
R2,#15
R2,$
02

kkkkkkkkkt QKEY SUB *kkkkkkkkk
SCAN AND WAIT FOR KEY AND KEY BEEP

GKEYPF
GKEYOL

A

:EN = PB.4
:EN = PB.4
;EN = PB.4

;4 bit, 1 line, 4X7 matrix

;Display on,

cursor off

(KEY PRESS)

(ONE LOOP SCAN)

A,RO,R1,R2,R3,R4,R5,R6,R7,DPTR

MOV
MOV
MOV

MOV
CPL

R4, #4
R5, #4
R6, #1

A,R6
A

; LOOP

;RELEASE KEY COUNT

;KEY-TABLE COUNT (SHIFT-BIT)
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KEBY2:

KEY3:

e N 1 jum—

GKEY7:

GKEY8:
GKEY9:

e e e o T

MOV
MOVX

MOV
DJINZ

MOV
MOVX
ANL
CJINE
DJINZ
CLR
MOV
SJMP

MOV
RL
MOV
DJINZ

ORL |

DEC
MOV
JNZ
MOV
MOV
RET

MOV
MOV
RET

SETB
MoV
MOV
MOV
CLR
MOVC
CLR
SUBB
Jz
INC
DJINZ

MOV
LCALL
MOV
MOV
MOV

RET

MOV
MOV

DPTR, #PORTC
@DPTR, A

R3, #0
R3,§

DPTR, #PORTC
A, @DPTR
A,#11110000B

A,#11110000B,GKEY3

R5,GKEY2
GKEYPF

AUTODL, #AUTOR1
GKEY4

A,R6

a

R6,A
R4,GKEY1
GKEYOL, GKEY

A,R6

GKEYOL, GKEY5
GKEYPF, GKEY5
AUTODL

A, AUTODL
GKEY4

AUTODL, #AUTOR2
R7, KEYBUF

A,#20H
R7,A

GKEYPF

R2,A

R3,#11

DPTR, #KEYTAB

‘A

A, @A+DPTR
C

A,R2
GKEY7
DPTR
R3,GKEY51

A,R3

HTOA

A,R3
KEYBUF, A
R7,A

GKEYOL, GKEY8

R2, #10
R3,#0

; OUT COLUMN

; DELAY

; IN ROW

; NEXT

; JUMP IF GKEYOL IS CLEAR

;GKEYOL --> 1 == ONELOOP
; IS NEW PRESS
; CHECK AUTO REPEAT

;AUTO OK

; NOTHING

;*** NEW PRESS ***
; LOOKUP TABLE

; EXIT NEW PRESS



DJINZ R3,$
DJINZ R2,GKEY9

RET

KEYTAB: DB OE4H, OE1H, OD4H
' DB 0D2H, OD1H, O0B4H
! DB 0B2H, 0B1H, 074H
| DB 072H, 071H, 0E2H

skxxkkkk HTOA.SUB *rkksxwkkdkdx

CONVERT HEXADECIMAL TO ASCII CODE

;IN = A

;OUT = R2,R3

HTOA : PUSH ACC
SWAP A

ACALL HTOAS

MOV ~ R2,A

POP  ACC

; ACALL HTOAS

n MOV ~ R3,A
RET .

HTOAS: ANL A, #O0FH
CINE A, #0RH, $+3

* JNC  HTOAS1

= ORL A, #30H

‘ RET

HTOAS1: SUBB A, #9

g ORL A, #40H

! RET

Boow e

END
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A5 N1.1 usmslulaznaulasainednsena COPA00 uaz COPSO0 ( Family of National Semiconductor )

Function

Internal Memory

Parallel] Timer/| Serial {nter-
A/DjPWM|DMA
Model ROM RAM 1/0 |Counter| 1/0 rupt
COP413C 05KB | 32x4 16
COP413CH 05KB | 32x 4 16
COP410C 05KB | 32x4 19
COP411C 05KB | 32x 4 16
COP424C 1KB 64 x4 23 Y 1
COP425C 1 KB 64x4 20 Y
COP426C 1KB 64x4 16 Y
COP444C 2KB {128x 4 23 Y 1
COP44sC 2KB {128x 4 20 Y
COPs20C 1KB 64 B 3x8 | 1x16
COPs21C 1KB 648 5x4 | 1x16
COPs22C 1 KB 64 B 2x8 | 1x16
COP3g720C 1 KB 64 B 3x8 | 1x16
COPg721C 1KB 64 B 5x4 | 1x16
COPsg722C 1KB 64 B 2x8 | 1x16

- s

v e ERTm  e——




k

milnﬁ' n1.1 (ie)  usadbilasaeulnsaaanszgn COPS0D, HPC16040 | Family

of  National
Semi;;onductor )

I
' Function | nternal Memory | paratiel | Timer/| Serial Inter-
' A/D|PWM|DMA

Model ROM RAM 1/0 |Counter| (/0 rupt
COPs¢0C 2 KB 128 B 3x8 1x16
tOF’suC 2 KB 128 B 5x4 1x 16 3
ICOPaaaCF 4 KB 128B | 36/40| 2x.16 8 2 10
COP3ssCG 4 KB 192B | 36/40] 2x 16 1 2 12
tOPassCK 4 KB 192B | 36/40} 2x 16 1 8 2 13
E

COP3783CKMH 4KB | 192B |36/40] 2x 16 1 8 2 13
E
{
COP3so73 2.5KB 64 B 36/ 40 1
3
HPC 18003 256 B 52 | 8x16 Y 8
HPC 16083 8kB | 256B | 52 |sx1s Y 8
:HPCwost 8 KB 253 B 52 8x 16 8x8 Y 8
5’1PC16400 256 B 52 4x 16 [12xHDIC Y 4 8
i
?HPCIGQOO 256 B 52
E
HPC16083MH  |skeeprom| 256 B 52 { 8x16 Y 8
j—IPCmostMH 8KBEPROM] 256 B 52 8x 16 8x8| Y 8

|

——r 3% T T
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A99H N1.2 uanalulnsreulnsanefnszna Zilog ( Single Chip Microcontroller )

A1997 113 uandlulnsaeularainadsegs NEC (Single Chip Microcontroller )

Package Memory 1/0
Inter-
Serial Model
1/O | Serial | Tifer/ rupt
DMA
DIP PGA ROM RAM wins)| 170 |cCounter
Z860x Z8601 | Z8602 2 KB 128 B 32 1 2x8 / 6
Z8 Z861x Z8611 | Z8612 4 KB 128 B 32 1 2x8 / 6
z867x | z8671 Burnin | 128} 32 1 2x8 ]| /| 6
BASIC|
Z809x Z8030 2 KB 256 B 32 | By 2x8 !
Z-UPC
Z859x 28590 2 KB 256 B 32 ISoftware] 2 x 28 /
Super 8 | Super 8 8-16KB] 266 B | 32 1 2x16 | Yes] 7
S,




e ——

3
i
'- -
Function Internal Memo Full
. r v i/0O | Timer/ Inter- Y Watch
A/D duplex

p {pins) | Counter rupt . dog
[ Family ROM RAM Serial
¥
i HPD7800 1288 32 [1x12 5 | Yes
‘ HPD7801 4KB | 1288 48 | 1x12 5 | Yes

Pre- 1 upo7802 | 6kB | e4B | 48 | 1x12 5 | Yes

limitary
i HPD78C05 128 B 46 | 1x12 3 | Yes
E pPD78C06 | 4KB | 128B 46 | 1x12 3 | Yes

8 Bit

E pPD7807 256 | 36 | 2x8 1M1 | Yes | v
' En- pPD7809 8 KB 256 48 | 1x16 11 | Yes Y
t|hanced| ,,pD7810 256 | 32 | 1x16 | 8x8| 11 | Yes
f pPD7811 4 KB 256 44 | 1x16 | 8x8| 11 | Yes
16 Bit 783 x x 8 KB 256 48 | 2x16 | 4x8| 15 | Yes Y

T W e e s e

- -
ATV n1.4 uamlulasasulasaaafnszga TMS7000

'
i
'
f
i
j

i
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Function internal Memory Timer/ Parallel Serial
Interrupt
Counter /0 i/0
ROM RAM
Company Model

7000 128B | 1x16 4x8 4
7001 1288 | 2x16 4x8 1 2
7020 2 KB 1288 | 1x16 4x8 4
7040 4 KB 128B | 1x16 4x8 4
7041 4KB 128B | 2x16 4x8 1 6
70P161 |16 KBEPROM | 1288 | 2x 16 4x8 1 6
m 70C00 1x 16 4x8 4
70C20 2 KB 128B | 1x16 4x8 4
70C40 4 KB 256B | 2x16 4x8 4
70C02 128B | 1x16 4x8 1 6
07C42 4 KB 128B | 2x16 4x8 1 6
70C82 8KBEPROM | 256 B | 2x 16 4x8 1 6
Sceg | 72720 |2KkBE?PROM | 256B | 2x 16 4x8 4
7060 6 KB 256B | 2x16 4x8 4
7080 8 KB 256 B | 2x16 4x8 4
¢ 70100 10 KB 256 B | 2x16 4x8 4
70122 12 KB 256B | 2x16 4x8 4

A19197 N1.5 uanalulasaeulasaiaeimszna 6500 / 1




) e B ol

Internal Memory

1710

Company| Model Interrupt
ROM RAM Timer /| Parallel Serial A/D
: Counter /0 /0
E 6500/ 1 2 KB 64B | 1x16 4x8 4
; 6500/11] 3 KB 192 B 2x 16 4x8 1 8
. | es00/12] 3ke | 1928 | 2x16 | 7xs 1 8
% 6500/ 13] 2568 192 B 2x 16 4x8 1 8
Rocl!well R65F11 3 KB 1928 2x 16 4x8 1 9
]
E‘ R65F12 3 KB 192 8 2x16 7x8 1 9
! , 2x8
d 6500/41] 1.5KB 64 B 1x16 6
] 1x7
J Ex8
; 6500/421 1.5 KB 64 B 1x 16 6
| 1x7
i 2x8
; 6500/43| 2568B 64 B 1x 16 7
1x7
H
i
Miisu- 50700 8 KB 512 8B 2x 16 7x8 1 8 bit 8
! .
bifhi 37740 16 KB 512 8B 8x 16 7x8 2 7 x 8 bhit 8
}
i 65C124 token-
wr?c 65C134 - passing
65C254
E

3

|

]
3
' . ) .
M99 N1.6 wandlulrsmeulasaigefnszna 3870 (F8) ( Family of Fairchild and Mostek )
| I
f
|
]
B
I




Function Internal Memory Timer/ | Parallel | Seriat
Interrupt
Model ROM |eprom| Ram | Counter| 1/0 170
3870 1K/ 4K 648 1x8 4x8 1
38E70 2K 64 B 1x8 4x8 1
38P70 64B+64B| 1x8 4x8 1
3870/ 42 4 K 64B+648B 1x8 4x8 1
3871 1x8 2x8
3x8 Half
3873 1K/ 2K 64 B 1x8 1x5 Duplex 1
3875/ 42 2K/ 4K 64B+64B] 1x8 4x8 1
2x8
2870 1K 64B+648B 1x8 1x 4 1
§
¢
fnrw?i n1.7 uselulasreulasaineinszga PiC1600 ( Family of General Instrument )
I
Internal Memo
v 1/0 Package
Model
(pins) (pins)
ROM RAM
1650 512x 12 328 8x4 40
1655 512 x 12 328 20 28
1670 1024 x 12 398 8x4 40
1645 256 x 12 16 8B 3x4 18
16C52 256 x 12 328B 3x4 18
16C54 512 x 12 328 3x4 18
16C53 256 x 12 328B 20 28
16C55 512x 12 328 20 28
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MCS®-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

MCS®-51 INSTRUCTION SET

Table 10. 8051 Instruction Set Summary

Interrupt Response Time: Refer to Hardware De-
scription Chapter.

Instructions that Affect Flag Settings(1)

Instruction Flag instruction Flag
C OV AC C Ov AC

ADD X X X CLRC o
ADOC X X X CrPLC X
suBs X X X ANLC.bit X

MUL o X ANLC/bit X

DIV 0 X ORL C,bit X

DA X ORL C,bit X

RRC X MOVChit X

RLC X CINE X
SETBC 1

fDNote tiat operations on SFR byte address 208 or
Stt addresses 209-215 (i.e.. the PSW or bits in the
PSW) will also aifect flag settings.

Note on instruction set and addressing modes:

Ra ~— Register R7-RO of the currently se-
lected Register Bank.

— 8-bit internal data Jocation’s address.
This could be an Internal Data RAM
location (0-127) or a SFR {i.e, 170
port, control register, status register,
etc. (128-25%)].

~ 8-bit internal data RAM location (0-
255) addressed indirectly through reg-
ister R1 or RO.

#data  — $-5it constant included in instruction.

=data 16 — !6-bit constant included in instruction.

direct

@Ri

" addr 16 — !6-bit desunation address. Used by
i LCALL & LIMP. A branch can be
anywhere within the 64K-byte Pro-

gram Memory address space.
addr Il — 11.bit destination address. Used by

ACALL & AJMP. The branch will be
within the same 2K-byte page of pro-
gram memory as the first byte of the
following instruction.

rel — Signed (two's complement) 8-bit offset
byte. Used by SJMP and al! condition-
al jumps. Range is —128 to +127
bytes relative to first byte of the fol-
lowing instruction.

bit — Direct Addressed bit in Internal Data
RAM or Special Function Register.

Courtesy of INTEL Corp.

Mnemonic Description Byte

Oscillator
Period

ARITHMETIC OPERATIONS

ADD AFRNn, Add register to 1
Accumutator

Add diract bylte 10 2
Accumulator

Add indirect RAM 1
to Accumulator

Add immediate 2
data to

Accumulator

Add register to 1
Accumutator

with Carry

Add direct byte to 2
Accumulator

with Carry

Add indwect 1
RAM to

Accumulator

with Carry

Add immaediate 2
dala to Acc

with Carry

Subtract Register 1
from Acc with

borrow

Subtract direct 2
byte from Acc

wilh borrow

Subtract ingirect 1
RAM from ACC

with borrow

Subtract 2
immediate data

from Acc with

borrow

Increment 1
Accumulator
Increment register
Increment direct 2
byte

increment direct 1
RAM

Decrement 1
Accumuiator
Decremaent 1
Reg:ster

Decrement direc: 2
byte

Decrement 1
indirect RAM

ADD  Adirect

ADD AE&R

ADD A ecata

ADOC ARn
ADDC A.dwrect

ADDC AZRi

ADDC A, edata

SUB8 A.Rn
sues

A direct

A #data

INC A

INC Rn
INC direct

-

INC @Ri
DEC A
DEC Rn
DEC  direct

DEC @R

12

12

12

12

12

12

12

12

12

12

12
12

All mnemonics copyrighted € Intel Corporation 1960



MCS®-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

Table 10. 8051 Instruction Set Summary (Continued)

T -

Courtesy of INTEL Corp

Mnemonic ‘Description  Byte o;:‘::;:,or Maemonic Description  Byte o;i'::::;”
ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continued)
in¢  OPTR Increment Data 1 24 RL A Rotate 1 12
! Pointer Accumulator Lett
MUL AB Multiply A & B ] 48 ALC A Rotate 1 12
DIy  AB Divide A by B 1 48 Accumutator Left
DAl A Decimal Adjust 1 12 through the Carry
Accumulator RR A Rotate 1 12
LOGICAL OPERATIONS Accumulator
ANL ARn AND Raegister to 1 12 Right
. Accumulator RRC A Rotate 1 12
ANL A direct AND direct byte 2 12 Accumulator
to Accumulator Right through
ANL AeRi AND indirect 1 12 the Carry
I RAM to SWAP A Swap nibbles 1 12
t Accumuiator within the
ANL A #daa AND immediats 2 12 Accumutlator
| data 1o DATA TRANSFER
Accumudator MOV ARn Move 1 12
AN{ direct.A AND Accumutator 2 12 register to
i to direct byte Accumutator
ANt direct, = cata AND immediate 3 24 MOV A direct Move direct 2 12
data to direct byte byte to
ORl. ARn OR register 1o 1 12 Accumulator
¥ Accumutator MOV A @RI Movae indirect 1 12
ORf{, Adirect OR directbyteto 2 12 RAM to
Accumulator Accumulstor
ORL A,8Ri OR indirect RAM 1 12 MOV A edata Move 2 12
to Accumutator immediate
ORf{ A.rdata  ORimmediate 2 12 data to
1 datato Accumulator
Accumutator MOV  RnA Move 1 12
ORY direct.A OR Accumulater 2 12 Accumulator
to direct byte to register
yCRY  direct. #cata  OR immediate 3 24 MOV  An.direct Move direct 2 24
¥ darta to direct byte byte to
XRY ARn Exclusive-OR 1 12 register
register to MOV  Rn,#data Move 2 12
Accumulator immediate data
XRU A direct Exclusive-OR 2 12 to register
f direct byte to MOV diract, A Move 2 12
v Accumulator Accumulator
XRL{ A, @Ri Exclusive-OR 1 12 to direct byte
indiract RAM to MQV  direct,Rn Move register 2 24
i Accurmulator to direct byte
XRL A, #data Exclusive-OR 2 12 MOV  directdirect Move direct 3 24
: immediate data to byte to direct
I Accumulator MOV direct.@Ri  Move indirect 2 24
XRU direct.A Exclusive-OR 2 12 RAM to
J Accumutator to direct byte
direct byte MOV  diryct, #data Move 3 24
XRL[ direct, #data Exclusive-OR 3 24 immediata data
E immediate data to direct byte
to direct byte MOV @RIiA Move 1 12
CLF‘{ A Clear 1 12 Accumulator to
Accumutator indirect RAM
CPLE A Complement 1 12 All mnemonics copyrighted ®lntal Corporation 1980
Accumutator




' Inter MCS?-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

i ' Table 10. 8051 Instruction Set Summary (Continued)
Mnemonic Description Byte O;f:::;“ Mnemonic Description Byte O;:l::::’or
. DATA TRANSFER (Continued) BOOLEAN VARIABLE MANIPULATION
MOV  @Ri.direct Move direct 24 CLR C Clear Canry 1 12
i byte to CLR  bit Ciear direct bit 2 2
i indirect RAM SET8 C Set Carry 1 12
. MOV @Ri,#data Move 12 SET8 ‘bit Set direct bit 2 12
immediate CPL C Complement 1 12
data to Carry
E indirect RAM CPL bit Complement 2 12
{ MOV DPTR,#datal6 Load Data 24 direct bit
5 Pointer with a ANL C.bit AND direct bit 2 24
i 16-bit constant to CARRY
{ MOVC A,@A+DPTR Move Code 24 ANL C./bit  AND complement 2 24
4 byte relative to of direct bit
{ OPTR to Acc to Carry
MOVC A, 2A+PC Move Code 24 ORL C.bit OR direct bit 2 24
byte relative to to Carry
' PCto Acc ORL C./bit  OR complement 2 24
H MOVX A.2Ri Move 24 of direct bit
External * toCarry
¢ RAM (8-bit MOV  Chit  Move direct bit 2 12
' addr) to Acc to Carry
MOVX A 2DPTR Move 24 MOV bit,C Move Carry to 2 24
I External direct bit
RAM (16-bit JC rel Jump if Carry 2 24
i addr) to Acc is set
b MOVX @RiA Move Acc to 24 JNC rel Jump il Carry 2 24 T
External RAM not sét
(8-bit addr) J8 bitrel  Jump if direct 3 24
i MOVX @DPTR.A Move Acc to 24 Bitis set
i External RAM JNB bit,rel Jump if direct 3 24
i (16-bit addr) Bit is Not set
4 PUSH direct Push direct 24 JsC bitrel  Jump if direct 3 24
3 byte onto Bitis set &
§ stack clear bit
y POP  direct Pop direct 24 PROGRAM BRANCHING
' byte from ACALL addrit Absolute, 2 24
{ stack Subroutine
XCH ARn Exchange 12 Call
| ragister with LCALL addri6 Long 3 24
Accumulator Subroutine
' XCH  Adirect Exchange 12 Call
: direct byte RET Return from 1 24
f with + Subroutine
' Accumulator RET! Return {from 1 24
{ XCH  A@Ri Exchange 12 interrupt
b indirect RAM AJMP  addri1  Absolute 2 24
1 with Jump
] Accgmulator LIMP  addr16 Long Jump 3 24
XCHD A,@Ri Exchange low- 12 SIMP  rel Short Jump 2 24
| order Digit (relative addr)
E indirect RAM All mnemonics copyrighted ©Intel Corporation 1980
I with Acc .

- e

Courtesy of INTEL Corp.
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MCS®-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET

N Table 10. 8051 Instruction Set Summary (Continued)

-

s Mnemaonic Description  Byte o;i?:::’“ Mnemonic Description Byte O;: l::;:”
PROGRAM BRANCHING (Continued) PROGRAM BRANCHING (Continued)
JMP  @A+DPTR Jumpindirect 1 24 CJNE Rn,#datarel Compare 3 24
t relative to the immediate to
" OPTR register and
Jé rel Jump if 2 24 Jump if Not
Accumulator Equal
is Zero CJUNE @Ri,#datarel Compare 3 24
JNZ rel Jump if 2 24 immediate to
i Accumuiator indirect and
E is Not Zero Jump it Not
CINE Adiractrel Compare 3 24 Equal
! direct byte to DJNZ Rn,rel Decrement 2 24
Acc and Jump register and
E if Not Equal Jump if Not
C.‘NE A, ¢datarel Compare 3 24 Zero
immediate to DJNZ direct,rel Decrement 3 24
Acc and Jump direct byte
if Not Equal and Jump if
Not Zero
NOP No Operation 1 12

S

Courtesy of INTEL Corp
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3 MCS®-51
8-BIT CONTROL-ORIENTED MICROCOMPUTERS
8031/8051
8031AH/8051AH
8032AH/8052AH
8751H/8751H-8
® High Performance HMOS Process ® Boolean Processor
m Internal Timers/Event Counters [ | BIt-Aadressable RAM
M 2-Level Interrupt Priority Structure | Zrograt?mable Full Duplex Serial
hanne

® 32 1/0 Lines (Four 8-Bit Ports)
m 64K Program Memory Space

m Security Feature Protects EPROM Parts
Against Software Plracy

m 111 Instructions (64 Single-Cycle)
64K Data Memory Space

The MCS?®-51 products are optimized for control applications. Byte-processing and numerical operations on
small data structures are facilitated by a variety of fast addressing modes for accessing the internal RAM. The
instruction set provides a convenient menu of 8-bit arithmetic instructions, including multiply and divide instruc-
tions. Extensive on-chip support is provided for one-bit variables as a separate data type. allowing direct bit
manipulation and testing in control and logic systems that require Boolean processing.

The 8051 is the original member of the MCS-51 family. The 8051AH is identical to the 8051, but it is fabricated
with HMOS (] technology.

The 8751H is an EPROM version of the 8051AH; that is, the on-chip Program Memory can be electncally
programmed, and can be erased by exposure 1o ultraviolet light. It is fully compatible with its predecessor, the
8751-8, but incorporates two new features: a Program Memory Security bit that can be used to protect the
EPROM against unauthorized read:-out, and a programmable baud rate modification bit (SMOD). The 8751H-8
is identical to the 8751H but only operates up to 8 MHz.

The 8052AH is an enhanced version of the B0S51AH. It is backwards compatible with the BOS1AH and is
fabricated with HMOS Il technology. The 8052AH enhancements are listed in the table beicw. Also refer to this
table for the ROM, ROMless, and EPROM versions of each product.

]
Device internal Memory e T:n(;ers/t : Interrupts
Program Data vent Lounters l
8052AH 8K x 8 ROM 256 x 8 RAM 3x 16-Bit : 6
8051AH 4K x 8 ROM 128 x 8 RAM 2 x 16-Bit : 5
8051 4K x 8 ROM 128 x 8 RAM 2x16-Bit X S
8032AH none 256 x 8 RAM 3 x 16-Bit ! 6
8031AH none 128 x 8 RAM 2 x 16-Bit ! 5
4 8031 none’ 128 x 8 RAM 2 x 16-Bit { 5
8751H 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit i 5
8751H-8 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit f 5
4 o
Courtesy of INTEL Corp October 1988
QOraer Numbaer: 270048-004
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PRELIMINARY
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Figure 1. MCS®-51 Block Diagram

PACKAGES
Part Prefix Package Type

8051AH/ P 40-Pin Plastic DIP
8031AH D 40-Pin CERDIP

N 44-Pin PLCC
8052AH/ P 40-Pin Plastic DIP
8032AH D 40-Pin CEROIP

N 44-Pin PLCC
8751H/ D 40-Pin CEROIP
8751H-8 R 44-Pin LCC

PIN DESCRIPTIONS

Vec: Supply voltage.

Vgg: Circuit ground.

Courtesy of INTEL Corp.

Port 0: Port O is an 8-bit open drain bidirectional /0
port. As an output port each pin can sink 8 LS TTL
inputs.

Port 0 pins that have 1s written to them float, and in
that state can be used as high-impedance inputs.

Port 0 is also the muitiplexed low-order address and
data bus during accesses to external Program and
Data Memory. In this application it uses strong inter-
nal puliups when emitting 1s and can source and
sink 8 LS TTL inputs.

Port 0 also receives the code bytes during program-
ming of the EPROM parts, and outputs the code
bytes during program verification of the ROM and
EPROM parts. External pullups are required during
program verification.
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iritel MCS®.51 PRELIMINARY
E
E‘ 32 ONLY
\‘ ?
fn PO N/ 403 vee E —:gg
' J2ex #1102 393 p0.0 ADO e & ggss
r20s 38 [ po.1 DY CORMER 22322488533
i r3e 37{I) P02 AD2 ““,,‘f%’t,ggg, iy
f 4 s 36 P03 ADI SONOnnEESES
PLs s 3S[DPo.c aD4 LA B N (3] mo.a(ADe)
' U=} 34 pos a0s ot (4] P (a0
£ 17 e 33{30 Po.¢ ADS : (1] ro.s (ADS)
RST J9 323 P07 AD7 (%] ®a.7 (AOT)
H RXO 3.0 (J 10 3D EAvpp® ] EKrvpet
. TXO P3.1 (] 11 3] ALEPROG® 3] we
. NTO P32 CJ 12 29 [ PSEN o] aLe PO
] wTirmads 2003 p2.7 A1S 5] FeER
i 0P 27 P2sane pogs g
20 (A18)
TIPS []1s 260 P2.S A1) L FPPA
i WR P36 )6 S P24 A12 o e
RO P37 (17 40234 Mosgunounusog] e
i xTAL2 ] 18 233 P22 A0 BilelelstotoBotuiulolly,
XTALY (19 223 P21 A9 95 29854
ves (20 n{Or0as Eﬁ:;’>¥§f:gf
£gkk  gescw
¥ e SSzxssx
E Pin (DIP) 2700483
Pad
' (LCC, PLCC)
'gPHOM only
§ Figure 2. MCS®-51 Connections

1 Port 1 is an 8-bit bidirectional 170 port with
unt rnal pullups. The Port 1 output buffers can sink/
sodrce 4 LS TTL inputs. Port 1 pins that have 1s
wnften to them are pulled high by the internal pull-
upé, and in that state can be used as inputs. As
inputs, Port 1 pins that are externally being pulled
low wnh source current (ly. on the data sheet) be-
cause of the internal pullups.

1

Port 1 also receives the low-order address bytes
during programming of the EPROM parts and during
program verification of the ROM and EPROM parts.

in the 8032AH and 8052AH, Port 1 pins P1.0 and
P1.1 also serve the T2 and T2EX functions, respec-
hvely

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with
internal pullups. The Port 2 output butfers can sink/
soyrce 4 |S TTL inputs. Port 2 pins that have 1s
written to trem are puiled high by the internal pull-
ups and in that state can be used as inputs. As
inputs, Port 2 pins- that are externally being puiled
low wil' source current (ly_ on the data sheet) be-
caése of the internal pullups.

Port 2 ormits the high-order address byte during
fetches from external Program Memory and during
acgasses to external Data Memory that use 16-bit
addresses (MOVX @DPTR). In this application it

usés strong internal pullups when, emitting 1s. Dur-
i

Courtesy of INTEL Corp.

e o —— I Wk -

ing accesses to external Data Memory that use 8-bit
addresses (MOVX @Ri), Port 2 emits the contents of
the P2 Special Function Register.

Port 2 also receives the high-order address bits dur-

ing programming of the EPROM parts and during’

program verification of the ROM and EPROM parts.

Port 3: Port 3 is an 8-bit bidirectional 1/0O port with
internal putlups. The Port 3 output buffers can sink/
source 4 LS TTL inputs. Port 3 pins that have 1s
written to them are pulled high by the internal pull-
ups, and in that state can be used as inputs. As
inputs, Port 3 pins that are externally being pulled
low will source current (I on the data sheet) be-
cause of the pullups.

Port 3 also serves the functions of various special
features of the MCS-51 Family, as fisted below:

Port Alternative Function

Pin

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 | INTT (external 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 (external data memory read strobe)

9
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PRELIMINARY

MCS®-51

RST: Resé( input. A high on this pin for two machine
cycles while the oscillator is running resets the de-
vice.

ALE/PROG: Address Latch Enable output pulse for
latching the low byte of the address during accesses
to extermal memory. This pin is also the program
puise input (PRO%) during programming of the
EPROM parts.

In normal operation ALE is emitted at a constant
rate of Y the oscillator frequency, and may be used
for external timing ot clocking purposes. Note, how-
ever, that one ALE pulse is skipped during each ac-
cess to external Data Mémory.

PSEN: Program Store Enable is the read strube to
external Program Memory.

When the device is executing code from external
Program Memory, PSEN is activated twice each ma-
chine cycle, except that two PSEN activations are
skipped during each access to external Data Memo-

ry.

EA/Vpp: External Access enable EA must be
strapped to Vgg in order to enable any MCS-51 de-
vice to fetch code from external Program memory
jocations starting at 0000H up to FFFFH. EA must
be strapped to Vg for internal program execution.

Note, however, that if the Security Bit in the EPROM
devices is programmed, the device will not fetch
code from any location in external Program Memory.

This pin also receives the 21V programming supply
voltage (VPP} during programming of the EPROM
parts. -
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€1, C2 = 30 pF =10 pF for Crystals
= 40 pfF * 10 pF for Ceramic Resonators

Figure 3. Osclilator Connections
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XTAL1: input to the inverting oscillator amplifier.

XTAL2: Output from the inverting oscillator amplifi-
er.

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respec-
tively, of an inverting amplifier which can be config-
ured for use as an on-chip oscillator, as shown in
Figure 3. Either a quartz crystal or ceramic resonator
may be used. More detailed information concerning
the use of the on-chip oscillator is available in Appli-
cation Note AP-155, “Oscillators for Microcentrol-
lers.”

To drive the device from an external clock source,
XTAL1 should be grounded, while XTAL2 is driven,
as shown in Figure 4. There are no requirements on
the duty cycle of the external clock signal, since the
input to the internal clocking circuitry is through a
divide-by-two flip-flop, but minimum and maximum
high and low times specified on the Data Sheet must
be observed.

EXTERANAL
OSCILLATOR ————— xTAL2
SIGNAL

XTALY

vssS

270048-5

Figure 4. External Drive Configuration

DESIGN CONSIDERATIONS

If an 8751BH or 8752BH may replace an 8751H in a
future design, the user should carefuily compare
both data sheets for DC.or AC Characteristic ditfer-
ences. Note that the V|4 and iy specifications for
the EA pin ditfer significantly tetween the devices.

Exposure to light when the EPROM device is in op-
eration may cause logic errors. For this reason, it is
suggested that an opaqus label be placed over the
window when the die is exposed to ambient light
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AB:SOLUTE MAXIMUM RATINGS®

Am:bient Temperature Under Bias ...... 0°Cto 70°C
Storage Temperature-.......... —65°Cto +150°C
Voltage on EA/Vpp Pin to Vgs .:. ~0.5Vto +21.5V
Vol!tage on Any Other Pinto Vgg.....—0.5Vto + 7V
Power Dissipation. .......cceeeeieeneneen... 1.5W

*Notice: Stresses above those listed under “Abso+
lute Maximum Ratings‘* may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended pariods may affect device reliability.

D.€. CHARACTERISTICS Ta = 0°C10 70°C; Ve = 5V 2 10%; Vg = OV

Sy'mbol Parameter Min Max Units | Test Conditions
Vit Input Low Voltage (Except EA Pin of -0.5 0.8 v
! 8751H & 8751H-8)
V;{, Input Low Voltage to EA Pin of 0 0.7 v
. 8751H & 8751H-8 X
Vil Input High Voltage (Except XTAL2, 20 {Vec+05] V
i RST)
Vigis Input High Voltage to XTAL2, RST 25 |Vgc + 0.5 V [ XTAL1 = Vgg
VéL Output Low Voltage (Ports 1, 2, 3)° 0.45 V {lgL = 1.6mA
v(éu Output Low Voltage (Port 0, ALE, PSEN)*
8751H, 8751H-8 0.60 V oL =3.2mA
0.45 V gL = 2.4mA
' ' All Others 0.45 V |lop =32mA
Vor Qutput High Voitage (Ports 1, 2, 3, ALE, PSEN) 2.4 V {loy = —80 pA
qu Output High Voitage (Port 0 in 2.4 V |loy = —400 pA
¢ External Bus Mode)
I“_i Logical 0 Input Current (Ports 1, 2, 3,
RST) 8032AH, 8052AH -800 #A | Viy = 0.45V
| All Others ~500 | pA |Viy = 0.45V
(" Logical! O Input Current to EA Pin of -15 mA | Viy = 0.45V
' 8751H & 8751H-8 Only
b2 Logical 0 Input Current (XTAL2) -3.2 mA | VN = 0.45V
Wi Input Leakage Current (Port 0)
' 8751H & 8751H-8 £100 pA 10.45 < Vin < Voo
. All Others £10 pA 10.45 < Viy < Ve
Iy Logical 1 Input Current to EA Pin of 500 pA VN = 2.4V
: 8751H & 8751H-8
hH1 Input Current to RST to Activate Reset 500 sA | VN < Vee - 1.5V)
‘C’i’c Power Supply Current:
8031/8051 160 mA
i 8031AH/8051AH 125 mA | All Outputs
| 8032AH/3052AH 175 mA | Disconnected;
8751H/8751H-8 250 mA |EA = V¢
Cio Pin Capacitance 10 pF | Testfreq = 1 MHz

P
*NOTE:

Capacitive loeding on Ports 0 and 2 may cause spurious noise puises to be superimposed on the Vo s of ALE and Ports 1
and 3. The noise is due to extemnal bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-t0-0
trabsitions during bus operations. In the worst ¢cases (capacitive loading > 100 pF), the noise pulse on the ALE line may
excoed 0.8V, in such cases It may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt

Trigger STROBE input.

Courtesy of INTEL Corp.
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A.C. CHARACTERISTICS T4 = 0°Cto +70°C; Vg = 5V £10%; Vsg = 0V;
Load Capacitance for Port 0, ALE, and PSEN = 100 pF;
Load Capacitance for All Other Outputs = 80 pF

Symbol Parameter 12 MHz Osclilator Variable Osclllator Units
Min Max Min Max
1/TCLCL | Oscillator Frequency 3.5 12.0 MHz
TLHLL ALE Pulse Width 127 2TCLCL~40 ns
TAVLL Address Valid to ALE Low 43 TCLCL-40 ns
TLLAX Address Hold after ALE Low 48 TCLCL-35 ns
TLUV ALE Low to Valid instr In
8751H 183 4TCLCL-150 ns
All Others 233 4TCLCL—100 ns
TLLPL ALE Low to PSEN Low 58 TCLCL-25 ns
TPLPH PSEN Pulse Width
8751H 190 3TCLCL-60 ns
All Others 215 3TCLCL—-35 ns
TPLIV PSEN Low to Valid Instr In
8751H 100 3TCLCL-150 ns
All Others 125 3TCLCL—-125 ns
TPXIX Input instr Hold after PSEN 0 0 ns
TPXiZ Input Instr Float after PSEN 63 TCLCL-20 ns
TPXAV PSEN to Address Valid 75 TCLCL-8 ns
TAVIV Address te Valid Instr In
8751H 267 S5TCLCL—150 ns
All Others 302 STCLCL—115 ns
TPLAZ PSEN Low to Address Float 20 20 ns
TRLRH | RD Pulse Width 400 6TCLCL—100 ns
TWLWH WR Pulse Width 400 6TCLCL~100 ns
TRLOV | RD Lowto Valid Data In 252 5TCLCL-165 | ns
TRHDX | Data Hold after RD 0 0 ns
TRHDZ | Data Float atter RD 97 2TCLCL—70 | ns
TLLOV ALE Low to Valid Data In 517 8TCLCL—-150 ns
TAVDV Address to Valid Data In 585 9TCLCL-—-165 ns
TLLWL | ALE Low to RD or WR Low 200 300 3TCLCL=-50 | 3TCLCL+50 ns
TAVWL | Address to BRD or WR Low 203 4TCLCL-130 ns
TOVvwX | Data valid to WR Transition
8751H 13 TCLCL-70 ns
All Others 23 TCLCL-60 ns
TQVWH | Data Valid to WR High 433 7TCLCL—150 ns
TWHQY. | Data Hold after WR 33 TCLCL-50 ns
TRLAZ RD Low to Address Float 20 20 ns
TWHLH | RD or WR High to ALE High
. B8751H 33 133 TCLCL-50 TCLCL+50 ns
1 All Others 43 123 TCLCL~40 TCLCL+40 ns
NOTE:

*This table coes not include the 8751-8 A.C. characteristics {see next page).

Courtesy of INTEL Corp.
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Thls Tabe is only fox the 8751H-8

A.C. CHARACTERISTICS T4 = 0°Cto +70°C; Vo = 5V $10%; Vgg = OV;
] . Load Capacitance for Port 0, ALE, and PSEN = 100 pF;
' Load Capacitance for All Other Qutputs = 80 pF

! 8 MHz Osclilator Variable Osclliator

Symbol Parameter Units
Min Max Min Max
1/TCLCL | Oscillator Frequency 3.5 8.0 MHz
TLHLL | ALE Pulse Width 210 2TCLCL—40 ns
TAVLL | Address Valid to ALE Low 85 TCLCL-40 ns
TLLAX | Address Hold after ALE Low 90 TCLCL-35 | ns
TLLIV ALE Low to Valid Instr In 350 { 4TCLCL-150 | ns
TLLPL ALE Low to PSEN Low 100 TCLCL-25 ns
TRLPH | PSEN Pulse Width 315 , 3TCLCL—60 | ns
TRUV | PSEN Low to Valid Instr In 225 | 3TCLCL=150 | ns
TPXIX Input Instr Hold after PSEN 0 0 ' ns
TPXIZ | Inputinstr Fioat atter PSEN 105 | TCLCL-20 | s
TPXAV | PSEN to Address Valid 117 TCLCL-8 ns
TAVIV Address to Valid Instr in 475 S5TCLCL~-150 ns
TPLAZ | PSEN Low to Address Float 20 20 ns
TRLRH | AD Pulse Width 650 6TCLCL—100 ns
TWLWH | WR Pulse Width 650 6TCLCL - 100 ! ns
TALDV | AD Low to Valid Data In 460 | STCLCL-165 | ns
TRHDX | Data Hold after RD 0 0 | ns
TRHDZ | Data Fioat after RO 180 | 2TcLeL-70 | ns
TL‘LDV ALE Low to Valid Data In 850 8TCLCL-150 ns
TA:VDV Addraess to Valid Data In 960 9TCLCL—-165 ns
TLLWL | ALE Low to RD or WR Low 325 425 | 3TCLCL—50 | 3TCLCL+50 | ns
TAVWL | Address to RD or WR Low 370 4TCLCL~-130 ns
TQVWX | Data Valid to WR Transition 55 TCLCL-70 ns
TAVWH | Data Vaiid to WR High 725 7TCLCL~150 ns
TWHQX | Data Hold atter WR 75 TCLCL—-50 ns
TRLAZ | RD Low to Address Float 20 i 20 ns
TWHLH | RD or WR High to ALE High 75 175 TCLZL-350 TCLCL + 50 ns

[

Courtesy of INTEL Corp.
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EXTERNA'& PROGRAM MEMORY READ CYCLE
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JXTERNAL DATA MEMORY READ CYCLE

J UL —pt e TWHLH
ALE

{ o/ |

LDV
ST ™LA
— 4
#5 /
E lo— LDy — e fe— TRIHOZ
3 TAVLL ——1 - ——] | TALAZ
t TULAK —t l—-n— TANOX
} A0-A7 ™ ) A0-a7 NSTR
. FORT 0 >"<‘ FAOM R OR OPL QATA W )_<"‘°" 'CH »
k
S —
! Tavov
¢ y
POAT 3 ) £2.0-P1.7 OR A8-A1S FROM OPH X 46-A15 FROM ACH
A

270048-7

E

EXTERNAL DATA MEMORY WRITE CYCLE
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i
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SERIAL PQRT TIMING—SHIFT REGISTER MODE
Test Conditions: T = 0°C to 70°C; VCC = 5V +10%; VSS = OV; Load Capacitance = 80 pF

T
Symbol Parameter 12 MHz Oscillator Variable Osciliator Units
Min Max Min Max

TXLXL | Serial Port Clock Cycle Time 1.0 12TCLCL ps

TQVXH | Output Data Setup to Clock Rising 700 10TCLCL- 133 ns
Edge

TXHQX | Output Data Hold after Clock 50 2TCLCL—-117 ns
Rising Edge

TXHOX | input Data Hold after Clock Rising 0 0 ns
Edge

TXHDV | Clock Rising Edge to input Data 700 10TCLCL—133| ns
Valid

SHIFT REGISTER TIMING WAVEFORMS
e I N N T
~ AN ANAAMAN AN
o—me —]
s N (NS AN B U (A NS B (SN A AN B B
[
o s \ KD I GETED GEIED GETID GO GECID SR
t
o e M
o (o X Koo X Keme X Xeme X Koo X Xeme X Xeme X Xom2)
t
o 270048-9°

Courtesy of INTEL Corp.
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EXTERNAL CLOCK DRIVE

‘Symbol Parameter Min Max Unlts
:1/TCLCL Oscillator Frequency (except 8751 H-8) 35 12 MHz
i 8751H-8 3.5 8 MHz
TCHCX High Time 20 ns
:rCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 as

i
EXTERNAL CLOCK DRIVE WAVEFORM

o= TCHCX ——o TCLCH -+— TCHCL

_/ \. T N

e TCLC X st

T T Wy e mR

d TCLCL

270048-10

A.C.E TESTING INPUT, OUTPUT WAVEFORM

=<

0.
| 27004811

.C. Testing: Inputs are driven at 2.4V for & Logic “1* and 0.45V

a Logic “0". Turung measurements are made at 2.0V for a

ic “1" and 0.8V for a Logic “0".

b

5

§

Courtesy of INTEL Corp.
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EPROM CHARACTERISTICS

Table 3. EPROM Programming Modes

Mode RST PSEN ALE EA p2.7 P2.6 P2.5 P2.4
Program 1 0 0°* VPP 1 0 X X
inhibit 1 0 1 X 1 0 X X
Verity 1 0 1 1 0 o | X X
Security Set 1 0 0° vPP P 1 1 | X X
NOTE: ‘

"1™ = ‘ogic high for that pin
“0" = iogic low for that pin
“x* = “don'l care”

Programming the EPROM

To be programmed, the part must be running with a
4 to 6 MHz oscillator. (The reason the oscillator
needs to be running is that the internal bus is being
used to transfer address and program data to appro-
priate internal registers.} The address of an EPROM
location to be programmed is applied to Port 1 and
pins P2.0-P2.3 of Port 2, while the code byte to be
programmed into that location is applied to Port 0.
The other Port 2 pins, and RST, PSEN, and EA
should be held at the "Program” levels indicated in
Table 3. ALE is puised low for 50 ms to program the
code byte into the addressed EPROM location. The
setup is shown in Figure 5.

Normally EA is held at a logic high until just before
ALE is to be pulsed. Then EA is raised to +21V,
ALE is pulsed, and then EA is returned to a logic
high. Waveforms and detailed timing specifications
are shown in later sections of this data sheet.

.5V

vece J

ADOA
mn«nn' 0 K PGM DATA
aan Q2% ‘
- 22
MS1H
T —e{ P24
X » "DON'T TARE .
K~ P25 ALE po— ALEPROG

v —e] r26 50 me PULSE TO GNO

YR ~—ed P27
XTaL €A fe— Eavrr

A
XTALE AST ro— v
vss PSEN

||}——r—

¢ 270048-12

Figure 5. Programming Conflguration

Courtesy of INTEL Corp.

“VPP" = +21V 0.5V
*ALE is pulsed low for 50 ms.

Note that the EA/VPP pin must not be allowed to go
above the maximum specified VPP level of 21.5V for
any amount of time. Even a narrow glitch above that
voitage level can cause permanent damage to the
device. The VPP source should be well regulated

and free of glitches.

Program Verification

it the Security Bit nas not been programmed, the on-
chip Program Memory can be read out for verifica-
tion purposes, if desired, either during or after the
programming operation. The address of the Program
Memory location to be read is applied to Port 1 and
pins P2.0-P2.3. The other pins should be held at the
“Verify" levels indicated in Table 3. The contents of
the addressed location will come out on Port 0. Ex-
ternal pullups are required on Port 0 for this opera-

tion.
The setup, which is shown in Figure 6, is the same

as for programming the EPROM except that pin P2.7
is held at a logic low, or may te used as an active-

low read strobe.

3V

vee _T
AQ-AT r o
ADOR I N
0 OATA
DOCOM-OF FFN »10. (USE 10K
A-AVY A pay ULLUPS)
FI30]
£ ——ipra
X 1 "OON'T CARE™ "
X=—eip2y ae
YN ——ey P2 S }—V‘i
ENABLE —— = P27 s
ITAL2
L &
a-sa: () b—‘ AST fo— viM1
A
T ALt
t— vsS PSEN rl

27004813

Figure 6. Program Verification
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%Pnom Security

The security feature consists of a “locking" bit which
when programmed denies electrical access by any
external means to the on-chip Program Memory.
The bit is programmed as shown in Figure 7. The
dotup and procedure are the same as for normal
EPROM programming, except that P2.6 is held at a
1bgic high. Port 0, Port 1, and pins P2.0-P2.3 may be
ih any state. The other pins should be held at the
“Cecurity" levels indicated in Table 3.

Once the Security Bit has been programmed, it can
be cleared only by full erasure of the Program Mem-
ory. While it is programmed, the internal Program
Meamory can not be read out, the device can not be
further programmed, and it can not execute out of
external program memory. Erasing the EPROM,
thus clearing the Security 8it, restores the device's
{ull functionality. It can then be reprogrammed.

:Erasure Characteristics

Erasure of the EPROM begins to occur when the
chip is exposed to light with wavelengths shorter
than approxirnately 4,000 Angstroms. Since sunlight
and fluorescent lighting have wavelengths in this
ange, exposure to these light sources over an ex-
fended time (about 1.week in sunlight, or 3 years in
room-level fluorescent lighting) could cause inadver-
tent erasure. if an appiication subjects the device to
this type of exposure, it is suggested that an opaque
fabel be ptaced over the window.

+ SV

X = “DONT CARE™
vce j

=" ke
,{j_—wz:- -

7514

P24 ALE o ALE/PROG

r———4

r2s $0 me PULSE TO GND
r2s

- -{_‘: _ _
ry €4 |e— EAVPP
XTALZ

L =%

Q 20:—1 RST Lo VR

T

XTALY
f vas

3
—

270048-14

Figure 7. Programming the Security Bt

The recommended erasure procedure is exposure
to ultravioiet light (at 2537 Angstroms) to an integrat-
ed dose of at least 15 W-sec/cm2. Exposing the
EPROM to an ultraviolet tamp of 12,000 pW/cm?
rating for 20 to 30 minutes, at a distance of about 1
inch, should be sufficient.

Erasure leaves the array in an all 1s state.

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS

Ta = 21°C 10 27°C; VCC = 5V $10%; VSS = OV

Symbol Parameter Min Max Units
VPP Programming Supply Voltage 20.5 21.5 \
PP Programming Supply Current 30 mA
' 1/TCLCL Oscillator Frequency 4 6 MHz
TAVGL Address Setup to PROG Low 48TCLCL
TGHAX Address Hold after PROG 48TCLCL
| ___TDVGL Data Setup to PROG Low 48TCLCL
TGHDX Data Hold after PROG 48TCLCL
TEHSH P2.7 (ENABLE) High to VPP 48TCLCL
TSHGL VPP Setup to PROG Low 10 us
TGHSL VPP Hold after PROG 10 B
TGLGH PROG Width 45 55 ms
TAVQV Address to Data Valid 48TCLCL
TELQV ENABLE Low to Data Valid 48TCLCL
TEHQZ Data Float after ENABLE 0 48TCLCL

Courtesy of INTEL Corp.
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EPROM PROGRAMMING AND VERIFICATION WAVEFORMS

PROGRAMMING YERIFICATION
PLO-PLY
ACORESS g ADORESS }——
r2.0-92.3 \
Ay
TAVQY
PORT 0 -—-—-ﬁ OATA 1N OATA OUT }————
TOVGL — TGHOX
TAYGL L_—. TGHAX
\LE/PROG \
) TSHGL TAMSL
TALGH
21V xSV
— HIGH / \
T/vee T TTL HIGH TTL HIGH TTL HIGH
TEMSH
TeELQY le— —o }o——TENQZ
nr__ y——r
(ENABLE)
270048-15
For programming conditions see Figure 5. For venfication conaions see Figure 6.

DATA SHEET REVISION SUMMARY

The following are the key ditferences between this and the -003 version of this data sheet:
1. Introduction was expanded to inciude product descriptions.

2. Package table was added.
3. Design Considerations added.

4. Test Conditions for I ¢ and lj specifications added to the DC Characteristics.

5. Data Sheet Revision Summary added.

Courtesy of INTEL Corp.
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