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Abstract
This thesis presents the PIC16F84 microcontroller emulator. Personal computer
is used to simulate the routines and registers of PIC16F84 microcontroller. By using fhis
emulator, user can not only observe the values of registers during working period but
can also connect this emulator with the target board. MCS-51 microcontroller is used to
simulate ports of PIC16F84 microcontroller. User can select the mode for running
program. Single Step Running Mode, Break Point Running Mode ,and Single Running

Mode are three functions for running program and observing the values of registers.
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2.1 ngufnsvineunslu PIC16F84

lunngvin PICT6F84 Bsiaumed (PICT6F84 Emulator) Hu indnifluazdiesdnmno
AutTR uaznITineaes PIC16F84 athaaziden lidnanluludiunisineumisanfauag
vidagLuuuuanistszitanandasine 7 184 PICT6F84

ADIANTTFLAZNINN9IUAN ] 19 PICT6F84 anunsnaglfdall

2.1.1 AMANTAUAY PIC16F84

md” a o é/
Anuan AN Al

~fAd9 (Instruction) 35 ks 1ne 1 Andadsyneudan 14 1m

~gnunsndszananadeyaldrinn 8 Un

- ‘ﬂszn@urﬁw‘?ﬁmmﬁﬁaﬁ%ﬁmw (Special Function Register) 15 #a

- senaudagduin (stack) 8 E6L

 mefauemasd (Addressing) 81916 3 LU Ap M19R9a Meden uazlLLdNNg

_ Sunaeniladwmessn (interrupt sources) 4 LUAS

_slasanuandaultsunsy (program memory) umisgArananuuuunat (Flash
Memory) a11a 1 K words

_ singprmandaudesyadanses (Data EEPROM Memory) 910 64 Ui

_ flmisannudndaudayaus (RAM) 1u1n 68 Tud

- fl91BUnA/ABINA 13 17

_§ 1 nwes / w@niead (timer/counter) 11410 8 U

AUANLRH LA

- in — circuit serial programming

- power — on reset

- power — up timer

- oscillator start — up timer



- watch dog timer

- power sleep mode

2.1.2 danilmanssnaalu

Data Bus 8 &
FlastyROM ; — 1 4 EEPROM Data Memory
Program i J
Memory ¥
PIC16F6CRB3 RAM
512x 14 File Regrsters
PIC16F84/CRB4 S

PIC16F83/ICRE3
36x8 -

PIC16F84/CR84
68 x 8

Bus 4|1 71}’ RAM Addr
N )y Addr Mux  °
{nstruction reg . L?‘———7_\
I — W A ||r 7]> inditect TMRO
i! l 5 Direct Addr ‘ {l Addc
i
- !l FSR reg £
t ‘ l 15| resamockt
t [ sTATUS reg = .
! At )
g : ;——_:‘l
i 5 i :
17 i|
; i Power-up g 1) | ¢ d
o i g i 1O Poris
< Timer —:_J—} (; 8})"
(nstruction Oscillalor __\A__\—/_ Y 11 T
Decode & |T—="{| Start-up Timer i
Control ALL{ ! A
Power-on 1IN = Zt RA3:RAO
— e Resel. i g
Timing Watchdog ' ] —x] rerRe
Generation [ Timer l b = 1

S [ (=== 3
it 1 ﬂ_!__,{‘?;\{ RBO/INT
~A N4 N ==
AN (A i )
0SCZCLKOUT MCLR VDo, Vss
OSC1/CLKIN

g¥i 2.1 annflmenssunnely

- WU9EAINNAN Owenuyy)uam@@ﬂrﬂuuﬁqaﬂQﬁuﬁqﬁqxﬂﬂsuﬂimu@:uuQEﬂqquﬁﬁ

2 dgd
AL KERN

o

4 (bus) weneenaindusas udanisaauandaulisunsy (program

menuyybus)u@:ﬂﬂuﬁqmﬁqﬂuﬁﬁdqu%@g@(da&amenmwybus)



_ ALU (Arithmatic Logic Unit) #1w3uiszasanan1antindnans uazaean 11410 8
TR NM9R19UT09 ALU avduiusiiTasinesaniuz (Status Register) Aagl

- N19NNULEY ALU

v 3 s o a I'g o ' aa 1% .

diilewlefusus (Operand) 2 fa aziilawlafusussausnat lusaanad W (working
register) uazan 1 faazey hEanames W (file register) vidaiiludnasii (Constant)

fiiTewefusud 1 6 azagliFaawmes w visesasinasliawintdu

_Faawmes W wituieiieudunenfagaines (Accumulator) 1 MCS - 51

FunzdnuaunonRnias liAan1sMN911999 PIC16F84

Fryayrasnding (Clook) dsldinnann 0SC1 azgnuiiveanidlu 4 dow leud Q1 Q2

Q3 llar Q4

'
o o/ ¥

Q1 Tsunsuianiiimes (program counter) azifinA1n Jnasad (fetch) Ardawdn

ynannuinganatdiullsunsuaude Q4 azdunisuand (Latch) AnlFluzaa e A4
(Instruction register) aantiuazfinn19atén (decoded) waziendaas (execute) u Qf 4

Q4 1eadeyananAnidal

o

emruasiiuutlldlad@e Ao Wunisiinuwaeniululiazdunaunig

' ' '
o o o o

paLfaLes fradndundRdad 1 11 aneiduindfedaden 1 Aaziinisindands

' ' ' '
a % o/

71 2 Tuwdaw o fu FlaEngRasadan 2 Aazwndandan 3 saldl.

1. MOVLW SS3 [ Fetch 1 Execute 1

2. MOVWF PORTS Fetch 2 Execute 2

3. CALL SU2_: Fetch 3 Execute 3

4. BST  PCRTA, BIT3 Feich 4 Flush

Fetch SUB_1| Execute SUB_1 |

All instructions are single cycle, except for any program branches. These take two cydles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

910 2.2 nasinaunuludladie



2.1.3 UiaANANANe b PIC16F84 (Memory organization)
neflu PICT16F84 fmiazagiudnag 2 Uszinm A wisaaauanllsunsy (Program
memory) WAz uulANNANdIuieya (Data memory) Tnemiagaudnie 2 iniiiva
weniu
1. mlgarnuandaulisunsy wse Program memory
Tt acilisunsuianiiaes 13 08 WATATNNTOANIAIUMLITBVUNEALINAY
zﬁquiﬂmmuﬁlﬁ 8K*14 wazduiuludouees 1K*14 wen (0000H-03FFH) vy fudauaes
ﬁuﬁrjwwmﬂmmmﬂ%ﬂz‘hﬁmﬂ% (user memory-space) Aa TasienaEAINAEIE NI
Fldu Teesidnaniaes (reset vector) gefifuviie 0000H uaziidumesing (nterrupt
vector) ’agj'ﬁr;l’ll,miid 0004H
2. miseArusndaudeya ¥ee Data memory
wigpaadndaudayafazuieenduan 2 dezam Aeraameldnwiall
(General purpose register : GPR) Lmﬁamm‘?ﬁﬂﬁﬁ"‘uﬁmw (Special function register :
SFR)  unanriAalnesaeniiniudy ﬁqﬁmmﬂwmam’m"fi'm'quﬁ@gaﬁ%wmu%ﬂﬂ@i
Lanaenld wianun s delidaantstnamumianieden
2.1 Faame el
uinzFinavdl 8 1 Sna &R NS AMUARLIN1Rse LaznnadanTae
b1 FSR ( File select register) TunnstAvuARTuRLLST 1 asiemdusiazieulas
AEsuaeAnaeATe L O Wi ARNuMi 0CH uaz 8CH azliFRawma i
2.2 Famma Fe iR
gnddnemiselszananananauazileifurssgunsainielu PIC16F84 1u
nnsAquANgUNsnlFne nfaetn Ty FRaA0FI0NLY G9ABELENANTUENNIAMIRAIANT
989 ALU, anuznsiiin s« vivesaained INTCON enouArLANUTasTiinTadBumes

o

WANIUH A



File Address File Address
00h | Indirect addc (" | (ndirect addr (! | 608
0*h TMRO OPTION 81h
02h PCL PCL 82h
03h STATUS STATUS 83h
04h FSR FSR g4h
05h PORTA TRISA 85h
Qa6h PORTB TRISB 85h
ot | R 87h
08h EEDATA | EECON1 8sh
0%h EEADR EECONZY) 83n
0Ah PCLATH PCLATH €Ah
08Bh INTCON INTCON &sh
oCh &Ch

68

General Mapped

Pumpose (accesses)

registers in Bank 0

(SRAN)
4Fh C*h
50h Con

%2

7Fh : A 4 Fen

Bank 0 Bank 1
D Unimplemented data memoxy location; read as 0.

Note 1: Nota physical register.

g1t 2.3 nsdnassuisg A mAndaudesalu PIC16F84

meludnuremmisaausdaudenatiuazutindy 2 uuarf Ae uwued 1 uazuued 0
I ' o wcida o a
N7 BN AINITONNMLA ANTAALABIANIUY UA 5

3 TlsunsuiAniiimes  PCL way PCLATH

Tsunsuipniiaesnannene 13 4 teeAt 5 Tauw (PC<12:8>) 1NANTAALADT

PCLATH @91 PCL fiazgs 8 Tmanaunll (PC<7:0>)



snaldaudiniiu 8 f lu PiIci1erss adlifiinannuziuandliisndinauiiniiuugs ds

4. AWAN

A5 PICT6F84 Taufnianun 8 dusaeii wAazFINN 13

a

2/

UR  UBAITIE

%

A
neo

U

i Lo A G o v o G o a o o ) o G o o
Fewnlddai o lluauiniuasdnlufuaufingad 1 uay fait 10 azdhlibivausingian 2
o o
AIN[TAL
Value on Value on all
Address | Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Poweron | otherresets
1 Reset (Note3)

Bank 0
00h INDF Uses contents of FSR to address data memory (not a physical register) I e
01h TMRO 8-bit real-time clock/counter XXX XXX uuuu vuLvu
02h PCL Low order 8 bits of the Program Counter (PC) 0000 0000 | 0000 COO00
03h status @ | 1re | RP1 | RPO I 70 ‘ =) ] z l oc l c 0001 130 | 000q quus
04h FSR Indirect data memory address pointer 0 XXXX XXXX | uvuu uvuouu
05h PORTA — — — RA4/TOCKI RA3 RA2 RA1 RAO - =X XXXX ---u uuuu
06h PORTB RB7 RB6 RBS RB4 RB3 RB2 RB81 RBO/MNT | xxxx xxXX uuuu uuuu
07h Unimplemanted beaton, mradas 0~ [ T80 \ »5 /S leqola @ - ) Sreeemiobeti s 777"
08h EEDATA EEPROM data register Xxxx xXxXxXx | uuuu uvuuy
0sh EEADR EEPROM address register xxxx xx>xX | uuuu uuauu
0Ah PCLATH s — | — | write buffer for upper 5 bits of the pc (M ~--0 0000 | ---0 0000
0Bh INTCON GIE EEIE TOIE INTE ] RBIE l TOIF ! INTF l RBIF 0000 000x 0000 000u
Bank 1
80h INDF Uses contents of FSR to address data memory (not a physical ragste) | | &, 2 B -#7 - e mme-
81h gzgo“— RBPU | INTEDG | TOCS TOSE PSA PS2 \ PS1 pso. | 1311 1111 | 1122 1111
82h PCL Low order 8 bits of Program Counter (PC) 0000 0000 | 0000 0COC
83h status @ | IRrP l RP1 I RPO ] T0 ] PD I Z 71 oc ] c 0001 1xxx | 000g quuu
84h FSR Indirect data memory address pointer O XxXxXX XXXX | vuuu uvuuw
85h TRISA LY ] . ] = | PORTA data direction register C-o-1 1111 | ---1 1111
86h TRISB PORTB data direction register 1313 2323 1111 1111
87h UnmoRe s By padas® v AQN S | e
88h EECON1 — ] ., ] = l EEIF ] WRERR] WREN | WR l RD ~__0 x000 | ---0 000
83h EECON2 EEPROM control register 2 (not a physical registert) | == e R
0Ah PCLATH = s — | Write buffer for upper 5 bits of the PC () _--0 0000 | ---0 0000
08h INTCON GIE | EEIE TOIE iINTE | RBIE [ ToF [ WNTF [ RBIF | 0000 00ox | 0000 000u
Legend: x =unknown, u= unchanged. - = unimplemented read as '0', q = value depends on condition.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a slave register for PC<12:8>. The contents

of PCLATH can be transferred to the upper byte of the program counter, but the contents of PC<12:8> is never transfemed

to PCLATH. o . o

2 The TO and PD status bits in the STATUS register are not affected by a MCLR reset.
3. Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer Reset.

'
o

317 2 4 FAaLRRTHINTUNLAL




5. Fagumed INDF warsagimned FSR
o dw v ° I v " . . 3 v
anainilldlunisdnafumianiedan (indirect addressing ) gl INDF aziiLIays
194 AUt FSR tiutenld iy ARumida file 05 Hdeya Ao 10H winienld file 05 1u

FSR uda AiildainnisEanants INDF Aa 10H tTueiu

2.1.4 WasAAUNAARIVINA (/O PORTS)

PDIP, SOIC
XL/
RA2 =— (-1 18] =— RA1
RA3 =—(] 2 17|] =—— RAO
Raemockl ——(]3 © w 16[]=———OSCIUCLKIN
M —04 Q Q 15— OSC2CLKOUT
—_— [l o] 4] =—V
Vss ES 0\ ul \'0D
RBUNT —[]6 21 § 13[] =—R87
W &Y
re1—07 5 12{]——RB6
rez2 -—(1 8 11[J—=— R8BS
re3 —-—[] 9 10[J—=—RB4

2171 2.5 916114°) 994 PIC16F84

PIC16F84 Hwasndunmienying samin 13 dnlaoutiseanidunesn A uazweln B

wosn A5 T TEun RAO — RA4 Bannsrmuaniaiflunesnaunavseia1viynueus
avinaunson vusliliFaames  TRISA  daudnaesusasiio azmsaneuldnIaames
PORTA

RAO — RA3 Liuszfiunsadudunmuiuy TTL (TTL input level)

RA4 LTuafinavanine sauns wenantufiatinisdaRndndfudoygnnnnAniau
wavedlyiaes 0 (TMRO clock input) 8ndiae

wesa B 8 Om l&ud RBO — RB7 wdarimanunsafimuanisyasnnielu (weak

¥ v v L3 ¢ O dlda o o [~

internal pull — up) 18 lagldaensiued nvuansadinas OPTION_REG nnsAruanITiu
T a = c o o aa ¢ | 1 a iﬂdl

WaSABUWE VFaNESALBVINA SvualdluFaanes TRISB uavAnvesusiazin nsaaaylin

ala '8 2 o o L9
FRALA05T PORTB ARMUNUNLNWATR A
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RB4 — RB7 Wuianaumefnvidlainnisiasuudas (interrupt on change) N&17
" PR o o dia a s
AaaunIn e Snldianansasuulasrayaninmeenany

RBO wenaniflunefndunaienine wdadannsailulaisessunistumeiing
neenlasae

d‘ ] a '8 o | . a A |8 o < v

Hesnlunrazinreanefnasnsagninuuaiilunesadunavianeiaa il

seunesausazwesn aaunadniudedayauwuy 2 fAng (bi-directional 1/0 port)

2.1.5 Tugavasimaas 0 (Timer 0 Module) Waz3asaas TMRO
ansantRvasinmes 0 lu PIC16F84
- flulnmeSientimeiiunns 8 1n
a '3 a
- fliainawef (prescalar) 1110 8 1R
- fdumefwiiidletinimmaann FFH 1w 00H
C gransndenldlaeduannn@finanialy uazdyanaaniininieuen
1 ° ~ 1 = o v N @ e
 gunsndannnsinaeui sevanawiteasile lunsdinidudoonuunniain
Aeueninadls 2 dnenie Ae Inuslneiuazivuanninef Tapazidenld
Tua ugransantuualén T0CS 11 OPTION_REG<5>
Tulnuslnses Arlnmesasiiaduyn o 2aUM4As (instruction cycle ) usid e
onideu ezl nwesvgatiuly 2 seunde doululnumanilined Aendimefaziingu
Yn7 TUTEUNEe U9LIINRTE1 RA4TOCK! il udausisrazinmum Taeinuua? TOSE

( OPTION_REG <4>)

‘at|azlas|os; 01| az|a3| 04, at|az|c2fo4 ‘o1|@jos|o4.a1|azja3{os j01|az|03[0e ar|aziaz]os [atiazjos o]

PC C PC1 Y PC ) PC- Y PC+Z X pCaz__ ¥ PC+4 1 PCes X or— »
(B .  MOANE TMRO * jOVF TMRONY * MOVE TMRTW * MOVF THROW ' MOVF TMROW ' MOVF THRCW *
Feteh ' : : : ; ' ' :
TMRO 10 \ e S (2] GV ST G 1) D SR GG S
L i b b ook C ok L4
Instructon o - Cd . b o .
e * Wic TMRO . Read TMRO | Read TMRO | Rea¢ TMRU | Resd TMR0 | Read TMEL
cuncuted rcads NTQ eaas NT0 rcads NTO reads NTO + 1 rescs NTT - 0

21l 2.6 nMsiuaesinues
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A Bananefiudiuildsniuszndndinued 0 uwazseadhaninued (Watch
dog timer) Suia el FanameFulnees 0 we azlufiliananeidviuiend
anlnweflunsdild Banaaesiuinnline fidumn iy wazggaanusaaentan  ax
TFamnamasinanuiunues Weeantiaaslaniuaidn PSA ( OPTION_REG <3> )
s nmanldrnauiy timer 0 Aassdfanaaiasiiiu 12, 1:4 ..., 1:256 WAMLLANNS
SrmuarniRanaaes fin PS2-PSO ( OPTION_REG<2:0>)

1. pnsaumesiniaaslniues 0

nnsaumasiniaeslnes 0 auiAsauld foensemnuitaulasielyil

_ Slanefirlananninwes 0 (FFH flw 00H) azidmia TOIF (timer O interrupt

flag)(INTCON<3>)

_ finsdadn TOIE (timer O interrupt enable) 8¢l1 ( INTCON<5>)

- GIE (global interrupt enable)( INTCON <7>) gnidmenld

wilnief 0 azliannandgnalnsafainnisadillo wanzlsyudnefiadllnwes 0
Aazlivinauaa et

2. nsldlniwes 0 Audyo uIANIAINAELaN

”Luﬂicﬁ“?imhﬂmﬂﬁmﬁ?@Ln@L@@'?ﬂ'wmﬁzym'}mmﬁmﬁ@@nmmmﬁ‘@mm@m’ﬁ%

o o

L'vhm.lmQ_Jﬁyﬁmmﬁm@ﬁnmﬂu@ﬂﬁmﬂ@uﬁﬂmL@a nagazlddty yruunRnnannnneuan

k2 ° Y o/ o/ o’ o ] o/ tdl
drniudaufudginaninaaly e ldleedudygrnunfinamanannnig
uanyNY Q2 uar Q4 gpedyannaundniniely  setiu nastleudunniaRn1aIn
rreuen Sedflufiasdesnsdn 1 vide 01§ athatien 2 Tosc (@1aflAAadain RC luas
P g :
asianties) e liaiunsnguny
' ' = 1 8 ! % %

wrvngsaiinnslddnainaeed  Adyoianfiniainniauen  AzgniIeae

Afainaans ey ArdyoaunAniannniguen anfunazdesiiauaaniiu 4Tosc

v 1 '8
WIFnaA19LFaInalaes

216 wilgANNIEIUT ayaBaNTaN (DATA EEPROM MEMORY)

aa 1 Gl S 1 o a v i1
a5 sosianansngnuitedeuldlussndnannsineulnd  msdueansaaziy
wunnsdraneansauuLiaodentiu SFR o

FEADR  LfUuenasaaasiingauandaudeyadnsenauin 8 On 3 64 lud

EEDATA iudeyaldauna 8 Tin dviavun 641ust



EECONT i1 8 i ustlfifieand 5 Dnsng ihiFasmefasuaunisidnumiagnamua

' ¥ o
AUTDHADBNWTDN

£ECON2 I lunnimaudeyawiniu

nsa1udayaann EEPROM

1. szymumialii EEADR
2. $1n19uiR RD (EECON1)
3. EEDATA auifiudeyafifumisnsainisld

nsaeudeyandly EEPROM

1. Adedadumnefing

2. ?zqﬁwwmiﬂﬁ EEADR

3. (duudenali?l EEDATA

4. ynn9in WREN (EECONT)

5. \daudeya 55H aslu EECON2
\Feudoys AAH a9l EECON2
MNN"3LEA WR (EECONT)

6. LARLSTA WREN

2.1.7 anucNLAYURa PIC16F84

e fmaaudlnguaiu (Configuration bits) - H41uau 13 In Aneuzad1oiunIeimus

nnsldauaas PIC16F84
- Oscillator selection
- Watch dog Timer Enable
- Power —up Timer Enable

- Code Protection (ON - OFF)

e 3dn Asauld 5nedl
- POR (power on reset)

- MCLRIdalulnuanisnieulng
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- MCLR T lulnunaa
- WDT dalulnuanisniaulng

- WDT fislununady

o Bumafwy : Arredumesiwianineiazegfiiiumia 0004H daunisBuiiiagy
MO NTLATN1TATIAde NI UMa TN N uua LATTaaInas INTCON

LUAIANIABUN TN ANIUNA 4 UNaY

Bumesswianauanian RBO/INT

Tanafinaswes TMRO

Anasm B wasuuilas (RB7 — RB4)

= I i o 1 ¥ aa <
L‘IJE]H‘II@N\J@@\TDLMMWJEI ANHANATIUTRLARDNTDH LA

e amtaanlniues (Watch Dog Timer :WDT) :

Sulniues Heaadaiainas RC HUw0969189

- puian 18 fiedaund widleldBainawes (1:128 ) azld 2.3 Turwidegs
ARLAY
- Wlvuanisinemdniiniieniainaeadaeninued Az IR AN R

- lvusaid ndienvannteadaen e fazinlfeanainmunaay

e Tuupaad (Sleep):

1. wan PIC16F84 agluliuaaduuan Wnszuasnunne lifinszuaainaeasnis
wenrnuwesABuNAAeNTIR, dynnunfiniannieuengnaziy AMFUNBTARNGT] AZAY
ANADUEANT Aeufiafinnadniadinds SLEEP

Spifnadiafanseay (flegnauidaliude) fre

~ WDT (aeadaaninued) ﬂ:gﬂLmaﬂ?‘LLﬁiﬁﬁmﬁm@lﬂ widnlmflenidlels fax

snnsdanldfuannadl

~ PD (power down bit)(Status<3>) %Qmﬂaﬂi‘Lﬁ@ﬁlﬁfg’d’]ﬁﬁzjiwmﬁﬂLLﬁq

- TO (time out)( Status<4>) azqnLin dadnitindieniainsendsienlnses

P a o ) a co A
Sials TRTO AaznINILARLTIUY
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2. mstlgnlauanadd § 395

2.1 msiin Iaetlaudnan MCLR

2.2 Insfievianendaeninues (Gnendaenlnueignauiiia)

2.3 Bumeiiniaingn RBO/INT,nailasuuasiian RB, @auniienauan
! 2 aa < s
doudeyadonsamaTaauysal

L3

mstanldiuanivuaailingdumefiniity axliaulaiin GIE ( Global interrupt
enable ) 1at iAo win GIE gniaeifialy uitewlagnassde ( muitesungliludauaes
nterrupt ) AsaAnRme Aazannsaulgnimainaduls uslinszlanlUigumeiiion
o a oo/ 1 o < vy A a v -ﬂ' a o/ < °
e nsBumesniilaidnEa ) uitheuls GIE 1§ uazfeuladnassdufingg azminig

ﬂ@nlﬁﬁumﬂ@?AﬂLLﬁqﬁlﬂﬁﬁmuﬁ%umﬂﬁwﬁmﬂLmﬁif’i (innsaumeinvisasiag )
3. nstlgnlfiiuainadineldBumesing
Tunstiil GIE gnam@Lﬁmwi%mLﬁﬂﬁm%um'aﬁwﬁumﬁmmmms@um@ﬁwﬁ gn
- J Iy AP YA o
e iag aziamannsalidulafduniede Uil
- Bumeiwihanew na@nTAdn SLEEP
$rAannssumeiiwineu A SLEEP azigilaunszinAnds NOP liliae aend
Senlmwas, PD .70 fazlsignnszsinnindauazndeiniuneasaziy
- PumefwiiiRauaa vie semdnanisiendaas SLEEP
gunsafazgnignlsfiuannivueaiiiivil & 70, PD flazgnaAnsLdnuas
- o o A Y
WPRESANNRIALFELTDE
g i AsamensBume S wiTieuinsdinGAas SLEEP aziafaduysal i

Feand PD 91 ipaesudveds frinisindafudauansdaiaunisinAnds SLEEP LA

a

®
> }
an
[y
o)
=
—
=
oD
f
an
z
=
=
®
)
\«u)

oic16F84 gansotievisunsuuuueynsuld Tasflan RB6, RB7 sinuthidu
Fruoannfnuszdeyadunmienving FruAEy dauan vdd Bgmsutlaulv 5 Taast a1

vas Wfluannsnag waz a0 MCLR/Vpp azileudn Vpp fg1elimuanianmuzluluus

nnstleulUsuns azifludnunizaes 6 TaAds uaz 14 Tadeya
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2.1.8 MIFBA1TITUING PIC LLULDYNTH
Tunsldauaes PIC16F84 aziidednineddn Tamisasiaauartiinsan (ROM)
Y o o A A ° . Go @ v v s o . A Al
anneuentd soiudeinisauanline Aadusesld PIC16F84 anmInN1mae 17an
anfanfuludeass * Mulli Processor * A8 flulnsneulnsaiaaffanansanils Aesfnfade

ansivlulasnaulnsaiaeiau Miuas

PIC16F84 PIC16F84

Input data RA1 RAO Display

— /) N>

IC1 IC2

g‘ﬂﬁ 2.7 Multi Processor

annamald 1c1 Wushdedeyaldiu 1C2 tay 11 a1 RAT lusags dau 1C2
1% RAO iy m?ﬁ@m@ﬁuLmuméﬂimmlﬂmﬂ@uiwmL@@§ﬁq@@q@zﬁﬁﬂwmzﬁdﬁ

t:.l o o =} r?:/ o/ v o ] v o/ = o/ d‘

Redndryde lulasmaulnsainaivisasina FasfugenadonmunAnmeany o9
o o g A =) ' @ A A a s v ' a
Srennnsiudene baud rate fiaenfludinsadund (bit per sec : bps) deyaluusaztad
ALnan 104 lmAa aesdonuunninielu AMNNN9Y19NNTes PICT16F84  Wdtyrunnd

a v 1 % 1 v v a o/

unfinnnnely avipunaiteandndanauunniniouen 4 wih dusliesasia 4 MHz
[~ o/ 1 a d' 1 o =
HudryouinuunRniainaneuan Lanedn meluilanuBwinfy 1 MHz visasia1uan 1 b
Tasiund sie 1 loAa ulwnaniudedaya 1 On aawindu 104 lTAsuNT faths axldansn

nMssudawingy 3619 TRABAUNT
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mark SEIERY

J7654321O

9171 2.8 nsfudadoya

d’ -d‘v [l Yo Y o a [~1 =l 1

Hanafdelilgiudidayariu 91 RAT 989 1CT azliAnty 1 Aaen (13an91 mark)
W& RAT 989 1C1 Tl 0 fluaan 104 Tulasdund welsidu wansliFdnaziEuniinig
Fudedoyaudn dou RA1 293 1C2 17FufiazmTandn RAT 293 IC1 Wi 0 g9unsilwean
54 lulpsAundt vielal dudu Andenaziudays nisfudedeyaazsinainiings (MSB) asn
& e o Vo & | a o Qe o o o
2455 0 augaanisasAde 1 Wueaimannan 104 Tulasiuay LAARUNALNIUINITULND

unFudeyaluludinl

219 qmﬁﬂﬁiﬁ (Instruction set)
gpanderes PIC16F84 dawiilu 14 Tinffa uriilua7lél 3w
_ Byte oriented operation (fan1stuszulud uarFaanasinasna)
- Bit oriented operation (4aN13kusTALLR)
- Literal and connoloperanons(ﬁhﬂﬂ@ﬁﬁﬁhL@mﬂQﬁ fnda call , return)
mnmmqﬁmuﬁﬁ\i ﬁf;fi@l,wi@:ﬁqﬁﬂfmwmmﬁqﬁ
f Aosaamesia
d Ao ma‘ﬁ’mumﬂ’mmwﬁqL@?@éuéﬁa i 81 d="0’ AR EWET L
ulslEaames W (adneqiunenfayiaimafly MCS - 51) usith d="1 AAzIRHAANS
1ﬂLﬁul?’ﬂu??mLmﬂWﬁﬁwummuﬁﬁq
b Ae nsuasstedalar LiFaamedindfszy
K Ae AAgh 8 T

Toe 1 $aUANEe (instruction cycle) HANMNTL 4 ANLINANDDATALALADST

[ '
a o o o o

Unddnderaldddies 1 seuAnds snifumdsidecginasuiteia deald 2 sou
ArdalunsndAas
v o \;I/ N d‘ o rell vy @ A o 1 aa -8
n9EeAndalaeasaiAe NEAPINNUALLNAT RPO WAINIABNANLUIIIBITARLARY
dgaansadlilueerlan uidnmegredndslnedon 91azldAnsng q adliflu FSR Toatn 7

o 2 d‘ A s = a d’ A o ' Sa ¢ o/
QENUUNLRDNWLINLAEDN 7 ‘1_|I§WlL‘M@‘ﬂ@t‘iiﬁuMWLWHG"IJ@Q‘;‘@’M[?\@?@QEIJ
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Mnemonic, Description Cycles 14 8it Opcode Status Naotes
Operands MSb Lsb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f d Add Wand f 1 00 0111 dfff fffe| CDCZ 1.2
ANDWF f, d AND W with f 1 o 016G d4fff ffff Z 12
CLRF f Clear f 1 G0 c0o0x 1f€f £fff z 2
cLRw = Claar W 1 Joo 0001 Oxxx o0 z
COMF f, d Complement f 1 00 100> dfff £Lff Z 1.2
DECF f, d Decrement f 1 oc 001: dfff ffff Z 1.2
DECFSZ  f,d Decrement f, Skip if 0 1(2) |oc 1011 d4fff f£Lff 123
INCF f, d Increment f 1 0C 1010 GEff fEf€ Z 1.2
INCFSZ  f,d [~ Increment f, Skip if 0 1(2) {cc  z1iz dfff £LfS 1.23
[ORWF f, d Inclusive OR W with f 1 cec 0:0C dGfff f£fE€£ Z 1.2
MOVF f,d Move f 1 ce 1000 Qfff ffLff yA 1.2
MOVWF f tove W to f 1 GG occc 1fff f£L£€
NOP - No Ope(aiion 1 acC cCcCC OxxC 000C
RLF {f,d Rotate Left f through Carry 1 cc 120: diff ffff C 1.2
RRF f, d Rotate Right f through Carry 1 ec 1icc diif ffff€ C 9.2
SUBWF f,d Subtract W from f 1 cc gf€f ffLf| CDCZ 1.2
SWAPF f.d Swap nibbles i 1 GC GEff REGE 1.2
XOKWF f,d Exclusive OR W with { I 1 cGC dfff ffI€ z 12
BIT-ORIENTED [FILE REGISTER OPERATIONS
BCF f,b Bit Clear f b c1 O0Obb bfff ffff 1.2
BSF f, b Bit Set f 1 C1 oxbb bfff CLff 1.2
BTFSC f,b Bit Test €, Skip if Clear 1(2) CEmmionly DEFCL (LLE] 3
BTFSS f,b Bit Test f, Skipif Set 1(2) 011§ BB Wb Al “ZEEL 3
UTERAL AND CONTROL OPERATIONS
ADDLW K Add literal and \W 1 13 vrkr kkkrl CDCZ ]
ANDLW K AND literal with W 1 s kkk  KEXR Z .
CALL K Call subroutne 2 ic wrvk kkki i
CLRWDT - Clear Watchdog Timer 1 cc cizc cicc| TOPD
GOTO k ) Go to address 2 :0 rrxk kR
1I0RLW K Inclusive OR literzl with W 1 £ krkk ki Z :
MOVIW K Move litecal to W 1 13 Sk gt ';
RETFIE - Return from interrupt 2 ceC cocc  iocl :
RETLW Return with kteral in W 2 L JATT IR ST I
RETURN Return from Subroutine 2 cc 038
SLEEP - Go into stendby mode 1 e ccizl TOPD
SUBLW K Subtract W from literal 1 254 xryx| CDCZ H
XORLW k Exdusive OR literal with W 1 g ki 74 i
Note 1: When an I/O register is modified as a «wnciion of itself ( e.g., MOVE PORT3, 1), the value used will be that value presen:
on the pins themselves. For example. i ihe data latch is "1" for a pin configured 2s input and is driven low by a2n externzi
device, the dala will be written back witha 0.
2- If this instruction is execuied on the TNRO regisier (anc, where 2ppiiczbie. d = 1), the presczler wili be cleared © assicnzl
to the TimerQ M.ocule.
3: {f Program Counter (PC}is madiiec o2 conditionzl test is true, the insiruciion requires (w0 cydes. The secend cycieis

execuied as a NOP.

91 2.9 Adapine 189 PIC16FB4

45709
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2.2 NWM%‘E’INW@%@@HT]‘SN L RS-232

RS - 232 ifumnmrg i lilunisAnsiounuaynsy tieldflunisiudeteyauunes

Thstia 2 na srudneresiameiiuglnsafiinistszuoanaludy iy lulasaeulnsaiaef
4 a '8 P b2 a v v . 3 .
visalulasponfianes inaauawnsnlunisainedadeyauuuaunsuld (parity bit, start bit

YEG stop bit)

2.21 ﬂautﬁmm'aé'dm%’uwa%m RS-232 LAZNNFLTANAD

o o -;J v o o v A < (8 ¥ lﬁl 1 <«
dwsulasauil gannaldiaenaswtinieed DB-9 wazldniamensaglnsnine
Y o a Y o/ = dl s o [~ ‘ﬂl % ¥
wan Whiuaesfameslaslddnymnaies 3 1y Wesan liflaouaniunazsesldasuyn

a4 v o/ 7 I A L
a1 iﬂﬂL@@ﬂl‘ﬁLWﬂﬂﬂﬁ‘U‘ﬂ'ﬂNﬂ@ PIAIUDY A UWRZIINTIIA

ARULiALADS Favasanadnu U AUBIR LA B EUY
DB-9

1 Data Carrier Detect : DCD AUNA
2 Received Data : RxD DUNR
® Transmitted Data : TxD ol r‘vgﬁl
4 Data Terminal Ready : DTR g r‘V‘gm
3 Signal Ground : GND -

6 Data Set Ready : DSR BUNH
7 Request To Send : RTS Lmﬁvgm
8 Clear To Send : CTS BUNRA
9 Ring Indicator : Rl %u‘vgm

[ﬂ’]i’]\iﬁ 2.1 ?’W@?JL%EI @“ﬂ’]LLﬁ@t“ﬂ’ﬂJ@ﬂﬂ@%LﬁﬂLﬁl@g DB-9
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31/ 2.10 AeuLINIABTYNSH 9 g¥ieuuy DB-9 (Hasanninundsnaniained)

TxD | TxD

RxD < ;: ; RxD

GND [¢——»| GND

AaNRILAET gunsainnauan

31lM 2.11 nnsiadegUnsaineuendiiuaeniamesuuy RS-232

el &oyounnaies 3 1&u

91 TxD %98 TD( Transmitted Data) T ifadetauananainAanfiomes weaaanain

a

gunsaimeneniild Tnatihdeyaiiiveg iy wafdwsugdsdeyasanty

17 o

41 RxD ¥ita RD (Receive Data) Wiftesudeyauuneynsudundsaeniione vive
sidndegunsalnneuenilél lneindeyafieuld AuldliFRaamesiwas

91 GND (Signal Ground) Fluansnaneesss UL

Ansldandyanouies 3 wduddu Anilufiazdesdousenn DTR uaz DSR 18965

g g warfeqmanfaun RTS uaz CTS gasfasueadnfae i
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s

222 nswilasszAudumn RS — 232 Wlussaudyaim TTL

o o o

Hesannduanuainaesfinmefaziiszduusiuninsgiu RS-232 agil 13V AN
12 v Taes=8U _3 V B9 926U —12 V unuAIa8an 1 WAz s +3 V D9 T +12 V unw

i - \ o A S o | = o o
A1aean 0 @IUNNATUANTNH MCS-51 Wi HILAULSIAWeHN O V 09 5 V PANFBINTT WA
ﬂ@mﬁqLﬂ@é‘rmuwmﬁwmuéquﬁmwwﬁﬂ%\mﬁmmﬁmﬂmmuﬁﬁm@ afluazpiaase
aunsaisanariniled  MAX232 wve  ICL232 Weudasszdudoy ey luszdum

a c A |53 o o 1 | v
ABANNILART UTBINATUAN mmmmiﬂmmmmmlﬂlm

+4.5V 10

1k IF +5.5V INPUT
C3Te \J ]
1]ci+ Vee E}—
“
“‘F'L 2 | v+ GND |15

Glaa>
=  3kQ
3|Ci- Tiour |14
j En ouTPUT :L—.__
‘_L—E c2+ Rl 1—_3}_< RS-232
Wk £30V INPUT

cz :LE . ;
oo b /ICMOS
3 our |12 OUTPUT

1uF C4
o e TTLU/CMOS
INPUT

<

6 Tin {11

SKQU e —

p T1r200r 120, [19]—< TTL/CMOS
L o0teur J [: N INPUT

RS-232 >—-E R2 R2 9 TTLUCMOS
‘ N ouT v
=30 INPUT olFFUT

a1 2.12 mastegunaniled MAX232 vise ICL232

anguaziiinda fuonoaineeniamesasnsadnan 13 uazeaniian 12 Talda
1ulasnoulnsaiass viadnian 8 wazeenfinn 9 16 lumueaduariu dygyinanniulas

- 2 o p~ 4y o ~ v e
ABUINIALADTATNITONNTY 11T RAZRBNVIIUT 14 NTBLUINTN 10 28NN 7 ISturiu
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2.3 lulasnaulnsatans MCS—51

Snmsunannisaedluinsreuinsaaad MCs-51 Aldunldlulassull laun nag

|
a oA

AAFAAAANTLLILAYNIN (Serial Interface) nskflniuesiatilimas (Timer/Counter) WazZNNT

BUNDIING (Interrupt)

2.3.1 NIARAAAAAITHULAUNTH (Serial Interface)

lalasreuinsaiaed MCS-51 AneifiusasiumsfinseuuLauNTLIIanusniLuee
dedeyaaynsuldlaeidlilifewelefiiufudnll  sinlilauazainan nlunisinly
Usrenfldaunidesdinsinsiadeyaunuanns WardusassunisAnseuuLaynsuiilu

MCS-51 @nunsasuuazdetoyalinian < fiu (Full Duplex) Tnefitiaslunsiudayalu

foe wesmeynsulsznavlifagiRameiaunn 8 Tin amau 2 69 eildeEunseil Ae 744

v v

WasEa5 (Receive Register) Uaz 3aa1RasFA4Y (Transmit Register) FITAALADSIRDIUN

St AR ames i TuRAnAe Faames SBUF Tasnisdnndaameiusazsio

% !

a A v Y a ' v aa o o = £ PRI g
mwg%n@am;ﬂmmmmmmmnuaqmmmml@ wmazlunnadeudeyslnsasaines SBUF

L)

Ao aalnans Ui SRamefiads daunisenudeyaliddames SBUF nunadansiude
YAANIAAARTFITL

wesmannsily MCS-51 anunsainaululumasiag o Mldde 4 uusoniu i
AN LA R

luun 0 : deyautueynsugniuuacdeeantiiunie RXD @210 TXD Azl

£
1

Fuannsn@in lulmeliagiamsfodedeyauun 8 Tn Inafuuazdsiinanniau (LSB first)

dousmsnisiugsdieya (Baud Rate) gnimunlilsiueuil 1/12 984ALDB0ETALALADIN

15 luszuu

s 1 : deyadiuon 10 dagnds (Humnean TXD) visagniy (umnean RXD)
el 1 Sncu (Start Bit) At 0 uaz dayadn 8 On lanazfuuazdelnsnnieu uaz 1
a . dl a [=3 4 [ a 1 a aAa o e‘al/
Timveyn (Stop Bit) @edlANTU 1 20WENINITTY finvgaazliegluiin RB8 RIFALADTHINTU
fup SCON dauAngmsnisiusedayasnsnsniffeuulagld

Tuun 2 - dayastuiu 11 Dagnas (H11n1991 TXD) WiagNiy (Nun1e1n RXD)
Taedl 1 Tncy S 0 wardeyadn 8 On taaasfuuazdsdnniew dnfi 9 uliny

a

ansnsnlsunsulé (Programmable 9" Data Bit) uaz 1 Tanga @Ay 1) Tneluanizda
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diasya Tindayaiini 9 (The 9" Data Bit) Fuilulin TB8 Tu SFR SCON anunsagninuuali

ada

i 0 vide 1 Fhetnaitu wiRDA (Parity Bit : Bit P hiFaawmes PSW) atunsaunluldnde

'
a v a A

B8 dauluaniziudeya dndeyadiah 9 (The 9" Data Bit) azlilegluiin RBS TeFaames
SCON Taglsaulatinven '5[513mi§umsﬁ@g@mmm[;mﬁlff]u 1/32 1ise 1/64 109N
peaiaaAe e

Tue 3 : dayadiuu 11 Tagnds ({11991 TXD) 1709050 (H1WN19a1 RXD)
Toefl 1 dncu Gefidnily 0 wasindeyadn 8 Tn Tngassunazdadnmnon 1 dafi 9
anunsolusunsulsl waz 1 Daven (HAwu 1) Seaziiulddnluluun 3 azmilaulvun 2 9n
ptine uReusluliun 3 Hansnsaulasuulassmsnisiudedeyals

ma‘ﬁﬁmummwm“mmmuﬁq 4 Twssiinanaanii mmﬁ@mﬁgﬂﬁﬂﬁﬁm'%uimaﬁw
dala I 7114 sBUF \ihidaaumesanem quumﬁ"u%gﬂﬂgnﬁﬂﬁlﬁm'%uluiuum 0 Ineideu
9 RI = 0 up¥ REN = 1 ma‘i"uﬁ”mg@gnﬁﬂﬁtﬁm%u‘luium%'u I TnefufinGudnun &1 REN

=1

?amme"’mu@Nm?'f?lwi@mdwm‘muﬂm (Serial Port Control Register)

FaamesruANsRnsenianesneunsuuaiaameianiuy e SFR Aisanded

SCON InaudaziinliFaamesaumnunefslugli 2.13

(MSB) (LSB)
[Tsvo [ sM1 [ smz [ ren [ 1es [mes [ 7| A |
Where SMO, SM1 specify the serial port mode, as follows: « TBB s the 9th data bit that will be
transmitted in Modes 2 and 3. Set or
SMO0 SM1  Mode Descrlp}lon Baud Rate cl8ar by software as dosked.
0 0 0 shift register fosc /12 .
0 f 1 8-bit UART Vamable ¢ RB8  inModes 2 and 3, is the 9th dgla bit
1 0 2 9-bit UART fosc /64 that was received. In Mode 1, if SM2
of = 0, RB8 is the stop bit that was
1506032 received. In Mode 0, RB8 is not used.
1 1 3 9-bit UART variablo « Tl is transmit interrupt flag. Set by
SM2 enables the multiprocessor hardware al the end of the 8th bit ime
communication foatura in Modes 2 in Mode 0, of at the beginning of the
and 3. In Mode 2 or 3,1 SM2 is set to stop bit in the other modos, in any
1 then RI will not be activated if the serial transmission. Must be cleared
received 9th data bit (RB8) is 0. In by software
Mode 1,if SM2 = 1then Rl will not ; §
be activated il a valii <top bit was not Ri is recefve interrupt flag. Set by
received. in Mode 0, SM2 should ba hardware at the end of the Bth bit ime
0 in Mode 0, or haltway through the stop
*+ REN enables sonal receplicn. Set by bit time in the other modes, in any

softwaro to anable raception. Clear
by software to disabls reception

31l 213 SCON

serial reception (except see SM2).
Must be cleared by software

. Serial Port Control Register
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NINMUABRIINITFUR 118 3a

dl dY/ % a [l .ﬁ’ o o’ o/

dasanniassnuilalinsfasenuueynsdlulyng 1 T8WIT0NIUNALATINITIL
defayald luinazsenanafinsimuadnsnsiudedeyaluluun 1 vt

luluun 1 §asnisiuddeyaazgninvualagdnsniadiatanesiiadlulneed 1
(Timer 1 Overflow Rate)

lolnwef 1 gnldifludainfindnsnsfusedaya (Baud Rate Generator) d iy
nsinauresnesneunsululuun 1 tawArdnsnisiudedieyaazgnitmuasaadnsinig
Aalenefiairedlnues 1 uasdiduerdfudin SMOD hiaawmes PCON 8ndiag Ta131814
a ) d‘ v o o/ o/ v Y o -;J
Fuwiuannisldduramndnnnisiudedayalassil

SMOD 4

Baud Rate = (2 /32) X Timer 1 Overflow Rate

d‘ dl a o o/ o 9 a [ 54 o i’/ dl

dlasanniflafialanesiiadlulnmeisala avinli@ggnaumasing AuuaL
o 8 =1 o v o o hhdy'Sy =2 = % 1 ¥va a [5¢ o‘d?
flnwes 1 unfluseabesmnisiudedeyadsensiasinlaliinsfumesiniauly

' o )Y o o o o ¥ o [~ ¢ A
sewinansiudedena uazilnwed 1 wedeannsngninsusliineuiulnwefie
L'y [ ] ] dj A =1 ] ] a ¥ d‘ % a;

ntimesathalaetnmis Gedilmanisvinaudesasiien 3 Tuua Tunisldaunnuteny
aniulnes 1 gninvuslieslulma Auto Reload (d1 4 finuuges TMOD #ia 00110B)

¥
Tunsdiignsnisiudediayaazgnitnualaaaunisdail

SMOD A
2 Oscillator Frequency

Baud Rate Ju 1#um1,3 = X

(O%)
1o

12X[256-(TH1)]
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. . ANNDRDA Tninas 1
AMNITINITTURAIUBNA SMOD
¥ FaLamas CIT Tuun | ANFlnan
Tvum 0 894 1 MHz 12 MHz X X X X
Twum 2 gagm : 375 K 12 MHz 1 X X X
Twum 1, 3:62.5K 12 MHz 1 0 2 FFH
19.2 K 11.059 MHz 1 0 2 FDH
9.6 K 11.059 MHz 0 0 2 FDH
48K 11.059 MHz 0 0 2 FAH
2.4K 11.059 MHz 0 0 2 F4H
12K 11.059 MHz 0 0 2 E8H
137.5 11.059 MHz 0 0 2 1DH
110 6 MHz 0 0 2 72H
110 12 MHz 0 0 1 FEEBH

snsnan 2.2 uaaens i lnies 1 fudmsanisiudedeyails

2.3.2 lninasianinas

Tu MCS-51 Tuiiaameslnuediarlinefauia 16 Tn egdiuau 2 fdeiuae n
wef 0 uarlnwef 1 TaaesiadiEaamemiAwniegluisumaes SFR dufldamnin
o o [ o A Ly 1'% ' 1 < = = o ail’
Samuanisnnandulnuwe Hdawiivmaslfatialaat1anile Inglisnaazioganid

 ulmaslnnedAaedaanefazgniivdinn  wetulnAsdaiuasaiiewiy

drsafunnsiuunaiulnAals uazitesannly 1 wwrdulafadszneyllson
12 aunaneaaiamAes faiusnsdalunisdu (Counter Rate ) AsiiAiu
4 . o
112 9a9a0nuDeaaiaaLneii i luszuy
C Yulwusendned  AhdRamefazgniindiiasaileanuninifsuaoiuriin
70 38 T1 laammaseuniailaauaindn 1 1w 0 (1 to O Transition)

Imuas 0 wazlnas 1

6 o o ?.J/ o dgl 2 A o Y G o A Ly [
lnwefiantines veaewnd fldamnsndennisinnuliidulnueivsainnines

Eoenmailaeusndinly Control bit C/T ey ludaamasieffuiiae TMOD Taadn ity
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0 wunedadenldidulnmesusuauuuatulaga) drdeildy 1 wanadadenlii

Wwmes (uauaunnasuaniuzann 1 1w 0 191 70, T1)

(MSB) (LSB)
GhE | o | mi | Mo | oate | ot | M | Mo |
e J
— —
Timer 1 Timer 0
GATE Gating control whon set. Timer/Countar “'x" is enabled M1 MO Operating Mode
only white "INTx™ pin is high and **TRx" control pin is 0 0 8-bit Timer/Countor “THx" with “TLx" as 5-bit
sul. When cleared Timer “'x" is enabled whenaover proscaler.
“TRx" control bit is set. 0 1 16-bit Timer/Counter “THx" and “TLx" are
civ Timer or Counter Selector cleared for Timer operation cascaded; thare Is no proscaler.
(input from internal systom clock). Set for Counter 1 0 8-bit nuto-roload Timer/Counter “THx" holds a
operation (input from “Tx™* input oin). value which is 1o be reloaded into “TLx" each

time it overflows.

1 1 (Timer 0) TLO Is an B-bit Timer/Counter
controlled by the standard Timer O control bits.
THO i an 8-bit timer only controlled by Timer 1
control bits.

1 1 (Timer 1) Timer/Counter 1 sopped.

gﬂﬁ 2.14 TMOD : Timer/Counter Mode Control Register

v v
a

Inmesianines Wassaiivuanisinnuey 4 ua laggnidenmuivesdn
MO.M1 'l TMOD tsfuiigaiiufin C/T nasinedlulvue 0,1, 2 azadne < fudmiulnued/
inifiaed wades usiluliun 3 agdinsinaniinsesniuanniv 3 T il

VHTEY

1%m@iwi@z[?Tq'luimmﬁ%gﬂﬁqmmﬂmmﬁmraé’ 11410 8 L %ﬁ%gmﬁumﬁimﬁ@
TusnunAvlnAals 32 lade udo dufeinuiiuenlined aue 13 dmiuies Tae
mstiuusadulnAsdiuan 32 lafa azliFaawmes TLx aruwan 5 On uazimlszned

o Aa 3 o ) d‘ v G Ly -8 a
NUTAALADT THX A1 8 Taweluitulaines 9116 13 LA
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—— INTERRUPT

ci-o ]
J Lt THY -
= et (seis) | (888
CiT=n
) PiN————J

TR1 ——

CONTROL

31l 2.15 Inwesianfines 1 Taua 0 aniiaed 13 Gn

anglaziiindizaained TL1 uaz TH 1 azundsznevfuihuaniiines 1in 13 6
Hedlizaamesiaesiasan 1 waalihdy 0 Fonupaziinaldindnuananue
nsaumasivsiaantnes  (TF1) %uwmﬁi‘ﬁﬂugn%mLﬁalﬁﬁulmm@ﬁﬁ@ TR=1 UAZ
Gate=0 130 ﬁcyzyﬁmﬁm INT1=1 atnalngeuiis

2agipesauia 13 On Usznaudas 8 On TH1 uay 5 Dnves TL1 dou 3 Uauuzes

o 1 < 1 a [ 1 - =
TL1 ldgninue uazhignlinnsdnerrestinuamsnnuznissi (TR1) Tdlfnaasanlis

v
AALADINIAD
(MSB) (LSB)
tr1 | A1 | TR0 | tRo | et | m | w0 | 1o
Symbol Poslition Name and Slgnificance Symbol Position Name and Significancé

TF1 TCON.7 Timer 1 oventlow Flag. Set by 1E1 TCON.3 Interrupt 1 Edge flag. Sot by hardwaro
hardwaro on Timec/Countor overfiow. whan extornal interrupt edge
Cleared by hardware when processor detected. Cleared when interrupt
vectors to interrupt routine. processed.

TR1 TCON6 Timer 1 Run control bit. Set/cleared 1T TCON.2 Intarrupt 1 Type control bit. Set/
by scfiware to turn Timer/Counter on/ cleared by software 1o specily falling
off. edge/low leve! triggered external

TFO TCONS  Timer0ovarficw Flag. Set by intenupts:
hardware on Timer/Counter overflow. IEQ TCON.1 Interrupt 0 Edge flag. Set by hardware
Cleared by hardware when processor when external interrupl edge
vectors 1o interrupt routine. detected. Cleared when interrupt

TRO TCON.4 Timer 0 Run control bit. Set/cleared processed.
by software to turn Timer/Countar on/ 170 TCON.0 Interrupt 0 Type control bit. Set/

off

cleared by software o spocify falling
edge/low level triggered external
interrupts.

g‘lﬁi 216 TCON : Timer/Counter Control Register
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e 1

Tulvns 1 BEnsieesileutuluue 0 nsznis BuusAnluiRameslnueda
Qﬂ%&%\‘i 16 Danae duie Wl eliashuaniees viielnwefauin 16 Tauni

Tnup 2

Tulvus 2 azivusiaaweslnwed Wuanlned 8 O (TLx) Gainnsluanaied
TnednTiuld faadlusaaned THx Sarintanedinarisinly THx damnsaiivunalédas

winTaeganiuaf uazazlinlasuanilegnivanldliluy TU1

_E'

rm—‘—/-——:[D_J
Gn(—__{_>°/j>/
INTO PIN

3171 2.17 Tnwefianiiiaes 1 ian 2 : 8-bits Auto Reload

Tuun 3

Tunnnn9uaes niles/innileasivig 3 Hnwes 1 azlifinasiy Seinawmileusy
%A1 TR1=0

Tyas 0 lulvas 3 azinldf TLO way THO wilawdhwaniisesawia 8 Tn uansing
wnif 2 61 aeandwiunasinnululuee 3 sedlniwes 0 uamalugilii 2.18 Feazifiudd
TL0 1 lnwes 0 Counter bits C/IT Gate, TRO, INTO waz TFO du THO azgnieduliiduln
wef (uduuunedulada) weefunisld TR1 anlnwed 1 fafuanizil THO aznIuAx
nnsaumasinsiannniues 1

Tua 3 Siitensldauigenisinges vianidines 8 STy

Seldinwes 0 Wlvua 3 lulnsaaulnsaiaas MCS-51 ANHNaNaIMHaUIN T n
waSiantines 3 # dielnwes 0 egluliun 3 Inwed 1 mmmgﬂmuammaﬂuiﬁﬁuﬂu

vaangaiduld Tantsadndesnanivan 3 luglunnatu FatuAsiinwefiandimeflduin
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%

Iniwes 1 ansnsognidlunula o fléTlideanisnisBumedind vstimeznsumeiing

gadlnmes 1 gnldlaalnmes o Wudariues

osc +12 11215s¢
12 1hsc —
1 =0 Tih
f
— f (@ bits] TFO INTERRUPT
TOPIN .___———1 Cr=n 4
CONTROL
TRO
GATE
INTO PIN
11210sc ( il 13 INTERRUPT

CONTROL

TR1

911 2.18 Tnwediantiiaes 0 Tuin 3 : Two 8-bits Counters

2.3.3 NFAULNDISNN

t:‘j a a 5% 8 a dg{ = a a
SafnssumeSnilululaseauinsaiaad MCS-51 NATY UAZNNNTAUINLANNT
PeLAEINIsBLNESWIlY  nezuaumedsantdy Ffgazinnisnszlanllfueninsaly
W ALanT Auuals Banfiumtsenmsaiidn uasnsadumesiniianined ( interrupt
o’ il/ v a = ' a a 6o ydl a
vector address) dutiarfasiinisdeulsunsudeanisiEnisdumedinilinueninsatu
MO NTANAe 5] [Ag ANT8ILBAATABINATINTLINIABFATUANFN Aultlunnsdumeisng
] o a 1 d’l
wuLsing o feilsneaziBeasialili
MsRume S AIauenian INTO SAuasasadumesimianinasagi 0003H

nsBumefwiainines 0 SAuenasadumesiniianinadetil 000BH

IS sanTen INT1 SAueaAsadumasiniianmedey 0013H

u

nssumefinimeuenaininmef 1 fduesnsadumesiniianines egffi 001BH

MsBne AN wesneuns TAueaIAsaBumeSwilaninesagi 0023H

a 6o/ c o g a 6o L3 % (B
ﬂ’ﬁ"ﬂum@ﬁ‘ﬁ‘%"mﬂﬁ&lu@ﬂ"i’\ﬂiﬁ/lLN@‘i 1 AL ALATABUNBTINNLINLAET BeJn 000BH
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was 0 Ranstenaiasfazinisanin TFO luFaanes TCON wazdnlnwes 1 nale
a5antn TF1 Lidaaines TCON azldfunisumulme i

e aasEE e WianAeF s N saumafiwiuuutlegh 000BH A1wiulnies
0 waz 001BH &1usulniues 1

] < a v I's ;IJ a 49{ ol A = @ cﬂl =1 a a

aengls AR N9 BUYA SHITWL UHAZIRATUWTRHN1TAELANSINABLNANNITOUILLA
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Laandnaumesswinsauuasilindumasinrinte lulu i 1189947
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(MSB) (L.SB)
(= -q— —
[ea] = Jeme]es ]mJ exi ] £10] £x0]
Enable Bt = 1 enablos tho intcrrupt

Enable Bit = O disables it.

Symbul Posltion Function
EA 1€.7 disablas all intorrugts. I1EA = 0, no
wtarrupt will bo acknowlodgod. It EA
1, @ach inturrupt sourco 1s
individually onabled or uvisabled by
sotling or clearing its enable bit.

- IE6 reservod.
ET2 IE.5 Timer 2 interrupt enable bit.
€S IE.4 Serial Port interrupt enable bit
ET1 1E.3 Timer 1 interupt enable bit
e IE.2 External intarrupt 1 enable bit.
ETO IE Yimer 0 intorrupt onablo bit.
EXO IE.0 External intarrupt 0 enable bit

Usor software should never write 1s 1o unimplemented bits, since
they may be usod in future MCS-51 products.

3171 2.19 IE : Interrupt Enable Register
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ile PIC16F84 Fudmansduimeiiniainnieuen azfudnunRian RBOANT Falu
MCS-51 5*‘112@mﬂm%umaﬁwﬁ@mmwaﬂﬁm P3.27INTO fatis Asinawesn P3.2/INTO
e furntesteninfAseiUITeIwess RBOINT uidunaldidwaeaiunisseaisiin
91 MCS-51 ﬁwmﬁa‘:ﬁuﬁugwmﬁﬁ (Active Low) luanuzdi PIC16F84 VauTiszay

fynnige (Active High) isndssedunefinef (Inverter) danldnsanatainailasszeu

Aty oyl
MCS-51 pin MCS-51 Socket 18 pin PIC16F84
9 Reset 4 MCLR
39-35 P0.0- P0.4 e ol 03 ¢ RAO - RA4
14 P3.4/T0 B RA4/TOCKI
12 P3.2/INTO 6 RBO/INT
1-8 P1.0-P1.7 6e TR RBO - RB7

FN$197 3.1 NsEBaNAeeANeT AN MCS-51 ldefTaniin 18 an

3.2 daudanawnls
danguassznaudaalusunsuuunanfinnes uaslsunsuuululasrauinsanes

a 4
3.2.1 Tsunsuuuaaanatnasg
Tsunsuuupenfinmedidlunisinsedudlday nnsmsaaseuidauazutlaslvan

Franlidunana asm dulidnuana hex nisfaseiuanfauaitiunoweinayney
o o QI/ ' ‘dl ! ¥ d‘ % 1 1 =
az8NaRdNNTLlszanaNaAnFasne] 189 PICTEF84 iemAdeyaTifesns iy Annglus

Aawnesane udu deddardenlilsunsiaald iseaz e adaselilil



Tsunsuaesnisinanuludounisfinsaiuglfanm

A PIC16F84 Emulator
Assembler  Window Bun  Exit

3191 3.1 niirsandnaasllsunsy

g‘lﬁl 3.2 #HAN9 Assembler

PUNFA9 Assembler

o = raisz o '8
_ Browse  ynisaenWansedansninisueaLiiiLaas
. Assemble $nnsiedituiaasiianisaanienld

- Close TaniinFauedmsiLaas

T

Assembler | Window Bun  Exit
Program Mernory
Eror File

Edit Program

7171 3.3 wiFe Window
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WA Window
_ Program Memory ilnglWsuadnsainnisueatsuians
- Error File Hnglwdhszydefianainannisueaiauiuans

- Edit Program Falrgusana asm winnisudle uaziuin

Assembler  Window [E:; Exit

Single s tep
Break Point

5117 3.4 169 Run

WINFI9 Run
- Run innsiultsunsuiausFusuauiausingane e

Wsunsuudadainlifaaine Sine nsnthaanauiiomes

- Single Step fnnnssulisunsufiazussia udndaAn lugadLnassig <
WinaaANNILADT
- Break Point innsiullsunsuAausFufuauieqagainaiimuald uda

dernhiFaaLnesang  naniiaeneuianes

WA Exit Yallsunsudyaines PIC16F84

s
Tsunsuuoasunans

Tsunsuueaimuiuaeiarlddviunmaseumdeass PICT6F84 dngldauaiuis

Gaulilsunsuindeegluglunuiigndenidelal  nedififliGouddddiagiuunl Tsunsy

LY

a4 9 =

seaaefiasuenieuliuilaliddseglupluuniigndies  nsdindlfiduldgnetas
&0 Tsunsuneamsiuassiazinnisuladdantid asm iUl hex ieaziiraedidn

Tl lunnsiultsunsusialyl
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BUN19INL

AUATAAZLIIVIA

Tulifunana asm 1luendisd

!

WL ANLLUA LAY WBALATA U

aua anna i luenfisd

o

AINARALNAZLIINA

!

11 bit uaz byte define 13 luanfiss

b ! " ”
fnaaATAY “equ

.

ApMemds “org"BiRaANAY “org”

.

iaAn&saes PIC

wdauaatuaadlde wiuldluandied

auWAuan

doueaUldanAuluenfisdadllulidunana hex

AUNITNIU
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o

TsunsuaaanisiiaulumunnisfunazussinAds (Single Step Running Mode)

TusunsuludruiaziunstszananadniilennsunnAidsres PIC16F84 1 A4S
v a aa o A 1 o 1 ¥ ldl v ¥ dl
W& aziidredaamefisamissnuardudayausule - wasuulasliiing dulaeuas
Haniluwinls
sl neufameiaraein1sinauaes PIC16F84 ludiuresdndeyanielusine
289 PIC16F84 1y Adenatadiaained W, Ardeyaaes SFR, Adeyaremisannud
dodeyausy, Andaynassmisanamdndaudioyadanses ity A2UN1TNABINDTAUD

PIC16F84 Tus1aztiNnefnaes MCS-51 H1aaas auilinanaluuan

Tsunsuaesnisnieululusanisfunuuiiwunangane (Break Point Running

Mode)
‘Eﬂa‘unmludquﬁ%nﬁumiﬂa‘:mamd’uﬁ@ﬁwmmﬂﬁﬂﬁqG‘uﬁulﬂwﬁaﬁﬁqﬁﬁ
e & & v ° v v ol e - A ) o o
Fvikdadlfidensmaliud azilA90E3a1ARTEMINEANNANAINTDHAUTH o
wasuuaslliing dndasuassianduinle
1912 1NN TULREN SuruTisunsuaaenisnieululuianisiuniazussinA

'
o ' v

&1 uwrasdaafinlusunsnlfannsaniureiiiasiudenAnfiwsnaes PIC16F84 AQUDNAN

o‘/ tdl v A o Y
Fanaldiaanniuua b3

a

Tsunsuaaanisnieuluinnanisfulng (Simple Running Mode)

Tusunsuludauiiazidunstszasanadiiioniauainmdsusiullaunindagen
4 % a aa o < 1 o ] ¥ d‘ % v
Freude avilinaedaameiiemionudidiudeyausala q wasuudadliine @
wWaswarianiuwinle

iasld st eutudmraulullsunsugeanisineululnuaiimagadu

'
o b2

o = 9 ° o o s A oo o o
4a19N"195U T9E 14 FantnuusindagavinefisenislinAndagainaresdisunsuiiies
avfiuinlusunsunimnnulutnuaiiuaasdugauacivuanisfulundng - a2
o ldsunalulnanisiuiiazussinandaiiudoulssneniadn  Aniusiaeressune

anns=llsunsunisinanuluiuanisiuiiazussin A desatnannia ol
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B3uN19N19U

iannanaLls Run Single Step

v

SUAAT 0 Auvtde PC 1 ] NmTENsTIANA LAY

AnanTusunsanfinasidllseiwmissnsindadaly

v

= \ o o
L3¢l ﬂIﬂ?LLﬂ?Nﬁ@ﬂﬂq ?m@uﬂuﬂ@mqmﬂqﬁ\ﬂ

v

AUAUNITANT RS TMRO

v

N9=UALMIaANIINEaiU Data EEPROM Memory

- nn3enuAnann Data EEPROM Memory

- ps@suAnaeli Data EEPROM Memory

v

defyryrnslaeiuAnsng q aan MCS-51 iNeinausNtszaIang

v

192U UNNTSANITNENU TMRO

VRO gnimualiidulniued

- ™MRO gniuualdiiduanilines

v

nesUIuNMIAANITNER LA UIMa T WYIAI N8B uen

- External RBO/INT Pin

- PORTB <7:4> interrupt on change

v

uanaATTaamasnie iy, win, Data

EEPROM Memory $9NDNAUAA Aagl

AUNIINIL
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FHNNTNU

mIadaLnINAIAIIL ] Fieansdays

Talun9ilszmnanating

!

2* v d‘ v v
ﬂ@ﬂ]@mﬂﬂﬂ(ﬂ@ﬂﬂ’]?@ﬂﬂN"l’Wﬂ'ﬂ@ﬂIﬂm

2RIANEITIU

.

wWaguulasrnliiaamesvsausy

1 7 psiiAndarinue

:

Ag9R@auNAT (ANnulaiAa) ild

TunnsinAndatiu v

AUNIININU
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ell o ar dl o ' o ' b3 aa
gﬂ‘ﬂ 3.8 WANTNTALAAINTTUIUNITAANITENEINUNUILAINHINATUUDLADANTDN

(FUNNTAN

» wAndeyalu Data EEPROM

——»  Memory ANUMIAETEUNIS

Wlunisandieyalu

EEPROM Memory v3a L
EEADR #NUag b EEDATA

;

wWasstm RD lusaames EECONT

Wunsd@sudeyaly EEPROM ]

Memory AugLiuuufignsieaszalal

J§

1A 11 EEDATA 1dsuaslu Data
EEPROM Memory fiumieeinata

NNUNTY EEADR

\ 4

wAaeSTm WR li3aamas EECONT

Tad

finsaundadumafiwi

PRINNTIN R EUATALAT

1

snenTdsunsuadimefiivadluauinuaz v

ATlsunsuianiiaasiviiilu 0004H
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4

[ Qunisvinnu )
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7171 3.9 Waamimuanenszuaun1saAnIsneany TMRO
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BN

=1 a 0
Ans@eauAnag i

TMRO ¥igaly

lw

AN ANFRTINNI1EATINNULS TMRO

NYANTVNNIUATU 2

lq1Aa udnviseld

TMRO gniuua i

PRas ‘

dulnweHdemdmnas

ad
RUNITNINY
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9171 3.10 A mfAuansnszuIuNITanNINeINy TMRO dlannendulnines
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AUNLULAZLANAT8Y TMRO

1

TMRO fin9ifin

fanesTianvively

L5

fvar TMRO = 00H uaztdmiin

T0IF euaninianislaesinana

T

fin1saun s umaFEninas

aniinlanefinadviell

L5

YA lsunsuiandme finuasluauia Laz

TanlUsunauaniimes luditly 0004H

AUNNININU
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dadryrynilids MCS-51 avafuAa uIAR

Fidtymeuennsssdannfinn RA4/TOCKI

szmdnefinnauluAndaiu

:

FUAN1AN MCS-51

;

ANUNDULAZANATEY TMRO

AuAnvasdayaniude
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FUNNINU

. Tad
finnsdunadume fiwiiniia
QNN external RBO/JINT wanlal
1
dedtunnnsliie MCs51 eredeyadnfinnisfume SSwiinia

1 dﬂl o o ’ :’/ A [

AN external RBO/INT szudnafivnanuludndeiiu - viveld
Tad

LNANNTAULNB ITWNUUNTN

external RBO/INT vidaly

srenldsunsueaiimesiiuasluansa uazi

pnTUsunsaandmas ity 0004H

finsaudadumnesinn

imann PORT B <7:4>

interrupt on change vgeli

dadrynynulalda MCS-51 ieredeyainianisdumeiiwiiiiaanwein B

<7:4> interrupt on change Wit lATENIY 7 videla
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AANIB U WININAaNwa A B

v
<7:4> interrunt on chanae Tiuwaa lal

senlusunsuaniresifuasluausnuaz 1o

AnTusunsnaniaeFluditiy 0004H

@

RUNITNIU
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3.2 2 Tlsunsnuasnisynadlululasaaulnsaraas MCS-51

msl4luTasmeuinsaimes MCS-51 auflunsldenuiiefaseruneuianes uazld
iiesnasanafasing q 109 PICIEF84 fadu Tsunsuresnisinalulalaseeulnsaiaes
MCS-51 m"mluG&i@:ﬂuiﬂﬂmsuﬁiﬂumm’mﬁﬂwm‘mmﬂ nazdel s uaesRame i
18

wanantusdeld llasreuinsaiaed MCS-51 atfuayunisineuludiuzainis
41889 TMRO tile TMRO grAnuualildanuduaniinefuaznisdraesnisdumesindain
91 External RBO/INT 913481191983 PORT B <7:4> Interrupt on Change 1139518 34A38
Tsunsuiteatiuayunisvinmnusanaadinsae

lunsdraeenistanuaes TMRO 281 PICT6F84 tila TMRO gnimunlildeni
nnaes wldnisraauaes ees 0 1u MCs-51 Avualfifwanines Taeldluua 1
oy Wnesialoes 1uin 16 O Wellinsnszguiian 10 AazinisiuAfuliada
ma?m‘:éju?{m%q anthesdemldiunenfamefiieduansiolliviizes  TMRO 289
PIC16F84 azifinamuuin Tslumatnant 1 Ands

Tunnsanaednsidarmnssumeiingiaedan External RBO/ANT 911421 INTO 209
MCS-51 l&iae MCS-51 arApLAneInIBumeEnTLLLilaennsansn lidnRansumes
SLULay  ainturenfiniefasasageudAnn sBume vl nneudsan
Mngnmada 1 g

Tun1991a89n15 M 9IINIBUIMaF N 98927 PORT B <7:4> Interrupt on Change
prazldidunisnieuiuy Polling mifmm@uadﬁﬁm PORT B <7:4> (AAn"siAtuuiasdn
Tuitelyl EnAamiawasuulasinll MCS-51 azARLAuBIN TR UmeSwLLLHTaa MR
S Fannssume S niuL it wRafunsdume Swiainan  RBO/INT Lazanni
AALTALASas AT daLIN A NTBWMe FwTTTa Ll NMandIaINN19NaTa 1 LR

paNfinlAafarmmaaauan lulniues 0 mem@mudﬁLﬁmmaﬁumﬂﬁwﬁﬁqmnm
External RBO/INT $9u09a1na1184 PORT B <7:4> Interrupt on Change PARIAINNG
UssananaGoufenudadnly 1 Ade 281 PICIGF84 fldnln 7 wlasuuladhtha Tanazas
Fruryrnuangla MCS-51 HIununasaaynsy M IHRANNIBUNETTWT MCS-51 a1n11 RI
4 MCS=51 %mraummnﬁaﬁum@ﬁwﬂmﬂ@mmnm?Iwzwala 97il4aane PORT B <7:4>

! ! ' o ¥ o/ = rol/
LAZAIATAN 7 n@uiﬂuﬂmaummmumm



31171 3.13 Waomdauanslisunsuzesnmainulululasaeulnsanes MCS-51

(FNTNU
BundandumewiuarinuuaAENFAUENN 1

%

A uLAzAUANTIRINasAANaea Tl

WM B U4 PIC16F84

finnsBumnasini vadeya

anAaNiamesiTe i

dediayasing) ey wein inndined

wazdumasinill Wneunanes
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307 3.14 Taamsnuamdisunsunisinanuseslilasaeulnaaines MCS-51

NaRaUALeIN1Tawme FninunTeldunuan RBO/INT 989 PIC16F84

(Interrupt Service Routine 18371 INTO)

BUN19IN9L

infhudeyalidnfanisuasuula

ATiandaldanandan RBO/INT wao

RUNITNNL
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917 3.15 Tanm fuanalilsunsunisinauaeslulasaeuineaiaef MCS - 51

o 1 o

M
Fenavanesnisiumesniniiaaindn R gniiaiiesenianeidednyqyinands

MCS—51 (Interrupt Service Routine 1841 RI)

( BFUNINU )

y

dernaasneed 0 3elddnans TMRO luluuaiailines Wiuaeuiamed

was LA e 0 1 0 iewdemiudtyylumsinnuaissiald

\ 4

dedioyafifulidnAnmsiaauuasiniinnds

143180991 RBO/NT vl liiunauiames

/=1

defioyaiifiulFdRanisasunlasiniin

#41%81a09 PORT B <7:4> viaaly

WiupeNAAas

4

dsrnaeanesaiaanaiunesn A 1a3 PIC Tiu

ABLTILADS LAZTATLIAUBINASH A UAIAINNTT

UszunanamAatiu nAUNN

;

LeNYINR A9ANTBINETH A

nenaaauiaziadninlaves }

o E s 2 ; —> Al eenuIng

wash A \TuBUNA 17D 1AW § 3
nainianaaaly

Lifinnsdenudasinasandanaiasuiunain A Tuiintiu




31t 3.15 (sin) Trlaam Fauanslilsunsunisinauseslulasaeulnsaiaad MCS - 51
[eneuaueInisaumeiiwimiiaainin Rl gniiadensuiomaidadoyyiniund

MCS-51 (Interrupt Service Routine 18391% RI)

Aarnvaanesaianaauilunesn A 289 PIC iU

ABNAILADS LAZTASLANTINESH A UAIAINNIT

Uszanana A& AU

A Ky LOVINA #9ANUDINATH B
n3vaseufariaidnlaves

Z L “ . —» Tt 08NN
wasn B 1uaunA 1se 1aNYINe

o dl o v
wasnNananls

liRnswaeuilaeinaasndniinaeaiunesn B Tulniu

| ¢

AUNITN N
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d
Uny 4

NISNAABILASHANTITVIANR

41 NINARBINSARARIEWINIABNAARSNU MCS-51 WU RS-232
memaaedludunaul Wun1smaaBINIIEILNaII9s MAX-232 U MCS-51 uavand
wasnaynsy RS-232 Ilagldlusunsuimalyl 5.0 Lﬂuﬁmﬂﬂmuaum@ﬁfmuﬁ Tnerloaen
Tilsunsalu MCS-51 lﬁv‘hmmm%@u@ﬁqﬁnmﬁmmu@@ﬂlﬂmnﬂ@uﬁqmmﬁhumawm‘m
AN RS-232 dnfhugasnes MCs-51 Idfuualivielsl wingsnesfidsesntnmsaius
SnwsilEswueldly MCS-51 uds MCS-51 azinsdesadnusAnds Yes! nauanli
ADNANABTUARIAT ] Suumihaendeniedeldinesn 1 favuaiidniu 1’ Taalusunsunimn

aa o Y
LL@@LSHNU@WI%QLUTTT?V] ANBDIN AN

ORG 0000H
MOV IE,#00000000B
MOV TMOD,#00100000
MOV TL1,#0FDH
MOV TH1,#0FDH
MOV SCON,#01010000B
SETB TR1
MOV P1,#00000000B
INDEX: ACALL SUB_RXD
ACALL CHECK
JMP INDEX
SUB_RXD: JNB RI,SUB_RXD
CLR Rl
MOV A,SBUF

RET



CHECK: CJNE
MOV
CLR
MOV
JNB
CLR
MOV
JNB
CLR
MOV
JNB
CLR
MOV
JNB
JMP

NEXT: RET

END

NANITNAANDN

A#'S' NEXT
P1,#0FFH
Tl

SBUF #Y'
TS

Tl

SBUF #'¢'
TL$

Tl

SBUF #S'
TL$

Tl

SBUF #'!'
TL$
INDEX
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uﬁqmnﬁﬁﬁmmm@mmm 's' lig MCS-51 UE9 AarnudnintnaapenianaiarLls

ﬂ{]ﬂ']’)’] YeS!' wmwmmm LED WW@@HWW@?@ 1 9483 MCS-51 Vlﬂﬂllmﬂ[ﬂﬂl‘w

Lmeﬂﬂ@ummmmmq Mafladnms ‘s Tl aclifimsnlAouadio o et b

oIt ﬁ@NﬂQLG\@§ ‘Mﬁ"ﬂV\’N’Qﬁ‘ MCS-51
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4.2 nsnaaadlsunsuadNLLaas (assembler)

nnsnaaasnanimeaaaddanllsunsuiaali 5.0 Feazn1n1sulaalisingunie
waANUATed PIC16F84 Wiiluaadlan

NANIINAABN

Assembler Window Bun Exit

1683  Start bst  STATUS.RPO
0186 cif  PORTB
1283 bef  STATUS.RPO
0186 cif PORTB
3001 moviw  0x01
0086 movwl PORTB
1003 bef  STATUSC
2004 Loop call Delay
0086 if  PORTB.f
___________ 2807 goto  Loop
3055 Delay movlw 0x55
008c movwf COUNT1
- 30ff  Delay2 moviw  Oxff
list p=16F84 008d movwf  COUNT2 e
0x03 088d Delayl decfsz COUNT2f il
0x08 280E goto  Delayl .
0x0c 0B8c decfsz  COUNT1f
0x0d 280C goto  Delay2
equ 5 0008 return
equ 0 3FFF end
equ 0 3FFF
equ 1 IFFF
3FFF
org 0x000 IFFF
o PROGRAM START HERE xewsmescxssncs FFF
bst STATUS RPO 3FFF
clif PORTB IFFF
bet STATUS.RPO 3FFF
clf PORTB
MAIN PROGRAM sexessces
moviw  0x01
movwf PORTB
bef STATUS.C : Clear Cany Flag
Loop call Delay
4 i

Soeens. . |[@eoiecn BadcbePhooshoy | [BEIWEIIGR sosam

A | @ DA ]
917 4.1 namenaassnsueaiiasae lUsunsuuasianians

Senaaesldllsunsuneueaauuazes PICTeFs4 adlluliduinans asm WaIM
Tsueadacullsunsuneataiuaes azldliduinana hex Fufueedldn uazlalnaun
ana err Jafudefanaaiifstuainnadaulsunsy dafldannnsadenglfdneanglidle

= Y & Y DI DI -2
annuansnaassnanslaan nsnuuul axdsznevlddantdisnainmiinanmanni

2 ' (=1 £ ' = v o ool v a o
atinnausn Sluntising Assemble deffldansnsninanividisoinisuadiauiLa UAZNINITLAE
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9
=}

wranDia L dlumeinsingt douviinsnaiiaesfe wiising Edit Program dagldamnsonazuilasi
Tsunsuunana  asm taeimstuiin vl lddaevidnsngl  uazwihsinegaving wihang
Program Memory AziAAIHANTLAALTNLTIA il AumsreseetlAasing 9 lumisaminuan

daultlsunsy uszesdlAndiupoRuIvas 7 azuansAndlun eI AT A ARRBITL

aatllAnlunssiinul 7
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4.3 N15VIARBINITIABINMFINNUNNTIURLUAN ] LVUARNNIIADS

431 NMSNARBINITINABINTINNUBLLSUNRZUTTNAAIRS

mif-‘i']@mnqiﬁwfmt,t,uué*u%vmiﬁmﬁ’]ﬁqﬁ@mswm@mé*u‘iﬂml,m‘miummLL@@LMU%
Ad AU PIC16F84 NazussA LA 52U TN TS ULARZ LTV A ABNTLARFATUAAIATFAALADS
' é’ 9 o @ d
A9 TUILUNINAD A uamaneslidaiulasunainnisueaisidaany

HANTNAABY
levinmsszylsunsniifiesnisianisq1aean1sninny Tnaidandtly Browse AnUANd

Fralaresaaninuds  azseanally  Setting fedandazldnesneunsuil 1 vie 2 189
LREOTRIEGH uﬁqmﬂﬁuﬂmﬂu Connect  ifiafluntsudanisinfeszuinemenfiameiiunesn
aunsy ol Reset EEPROM fll¥duiusinnisiadefenlu EEPROM 41681199 PIC16F84
udanntis natly Start iofumsEugunisinng dautly Run 1 Step utufiuuenns

o a o d] a Y o/ d‘
NINIUNKREUTINA %QNM%W@@LL@@NN@@QQﬂV} 4.2

4 PIC16F84 Emulator
Assembler Window Run Ext

\ Single Run Mode
Special Function Registe

1C 00 00 Dec Binary | bsf  STATUSA
00 00 00000001 chf PORTB =
00 00 mmn o BRE bef  STATUS!
00 I | | | : : " PDRIB
00 00011100 ! moviw  0x01
00 00000000 movwl PORT '’
00 00000000 bef  STATUS
00 000111 ] Loop call Delay
00 00000000 f  PORTB.f
00000000 | goto  Loop
00000000 i Delay movlw  0x55
00000000 i movwl  COUN
00000000 Delay2 moviw  Oxff .
00000000 movaf  COUN.
00000000 i Delayl decfsz  COU
00000000 | goto  Delayl
00000000 ¢ | decfsz  COUN''!
goto  Delay2
return
end

Ry 3
BoN
(5]

0
0
31
0
0
0
0
0
0
0
0
0

R Start], ;@ m AExp(onng Project iWMmosoleord 4msn.. ”,ﬁleecH mﬁ@ﬂ% 2:38
ﬁ‘ﬂ‘ﬂ 4.2 N@ﬂ'\‘3‘7\@@@\‘1ﬂ’]ﬁ‘@qﬂﬂﬂﬂqﬁ‘wqﬂ'\um@vlﬁ?mﬂﬂ'\'&\?
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winssilsnguuniaensuiiomefaziiag 4 viidnshe  File Register uamapviy
syt anusdaudeyausadiaoeaes PIC16F84, uiiisne EEPROM uamarsine Geag
TumiineAnusndaudiayadansenans PIC16F84, wilnsng Special Function Register AzUan

e diaameiHas TR 7 eanun uazmisngaieuanddidsunsuiivianisanaanisiu -
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4.3.2 NMINARBINNTINRBINTINURLLRRUALTTNAREIFATNE

NMsanaeenIuLLAmuaLssiaAdsgaring  unismeaasiulilsunsalunim

LeATLUATISRY PICT6F84 FausussiamAsFus llaufeussinAndanlatmunlsliduge
fugansiu uazAeNRamesazuAAATIaIARTF1e] Tunuumiae frelevinnisiuldauns

o/ o 0'/ lﬂ. o v v 1 :// o b2 dl a a =)
mswmmmm’mumlmmw\mu Tmammmqqn@@ﬂiﬂmmﬂmmmﬂmm@mmmmfaﬂw

NANIINA[BN

'
o [

FALANFA19TBIN17N ABINTINURL LN UTTRAM FIALNTN ARINIFNIIULL L

'
o o/
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PIC16F8X

TABLE 9-2 PIC16FXX INSTRUCTION SET
Mnemonic, Description Cycles 14-Bit Opcode Status | Notes
Operands MSh Sb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f, d Add W and f 1 00 0111 dfff f£fff cpDCZ 1.2
ANDWF {.d AND W with f 1 00 01¢: dfff ffff z 1.2
CLRF f Clear f 1 00 0001 Mfff £fff z 2
cLRw o Claar W 1 on 0001 OxXX XXX Z
COMF f, d Complement f 1 00 100r dfLff fLLff z 12
DECF f,d Decrement f 1 00 001z dfff fLff Zz 12
DECFSZ f, d Decrement f, Skip if O 1(2) |oc 1011 dLff fLfLff 123
INCF 1, d Increment f 1 00 1010 dfff fLff z 12
(NCFSZ f,d increment f, Skip if O 1(2) | oo 1111 dfff f£LLf 123
[ORWF f,d {nclusive OR W with { 1 co 010C dfff fLfff < 1.2
MOVF f, d NMove f 1 co 1000 dfff fLfLf Z 12
MOVWF f tAove Wto f 1 00 oooc 1fff ffff
NOP - No Operation 1 00 00C0 Oxx0 0000
RLF f,d Rotate Lefi f through Carry 1 00 1101 dfff €Lff C 1.2
RRF f,d Rotate Right f through Camy 1 co 11c0 dfif £LLf C 1.2
SUBWF f,d Subtract W from f 1 co coio dafff ffff| CDCZ 1.2
SWAPF {,d Swap nibbles i { 1 00 113G dfff a6ff 1.2
XOKWF {,d Exdusive ORW wilh f A 1 00 0110 dfff (Lff Z 1.2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF b Bit Clear ( 1 a1 00bh hiff fff 1.2
BSF {,b Bit Self gl Gi 01bb bfff (LS 1.2
BTFSC {f,b Bit Test f, Skip if Clear 1(2) ci 10bb bfff LLfL 3
BTFSS f,b Bil Test f, Skip if Set 1(2) 01 1ibb bfff (CLf 3
(LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 21  111x kkkk kkkk| CDCZ
ANDLW 3 AND literal with W 1 13 100: kkkk kkkk z i
CALL K Call subroutine Z i¢  CkkxXx kkkk kkkk
CLRWDT - Clear Watchdog Timer 1 0o ©cCcC €110 C€1CO TOPD
GOTO k Go lo address 2 10 ikkk kkkk kkkk
1IO0RLW K lnclusive OR literal with W 1 L <000 kkkk kkkk Z
MOVLW 3 Move literal to W ) 21 0G»» kkkk kkkk
RETFIE - Return from interrupt Z co0 GCCOG C€O0CO 1001
RETLW K Relurn with kteral in W 2 11 Cixx kkkk kkkk i
RETURN - Relurn from Subroutine 2 00 0CCo ©eoC 1C00| "
SLEEP - Go into standby mode 1 co ccon oiic ooii| TOPD {
SUBLW 3 Subtract W from literal 1 11 210x kkkk kkkk cDhCZ i
XORLW K Exdusive OR literal with w 1 =3 1CiC kkk kkkk Z 1
Note 11  When an /O registeris modified as a function of itsell (e.g.. MOVF PORT3, 1), the vaklse used will be that value present

on the pins themselves. For example,

# the data latch is "1 for a pin configure

device, the data will be wrlten back witha ‘0.

If this inslruction is execuled on lhe TMVRO regisier (and, where 2p

to the TimerQ N.ocule.

plicable.d =1

d as input and is driven low by an external

). the prescaler will be cleared if assignel

(f Program Counter (PC)is modified or 2 cunditional test is true, {he instruciion requires two cycles. The second cydle is

executed as a NOP.
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9.1 instruction Descriptions
ADDLW Add Literal and W ANDLW AND Literat with W
Syntax: [labe) ADDLW  k Syntax: [label] ANDLW Kk
Operands: 0<k<255 Operands: 0<k<255
Operation: W) +k > (W) Operation: (W) .AND. (k) — (W)
Status Affected:  C,DC, Z Status Affected: Z
Encoding: [ 11 J illx l kkkk l kkkk J Encoding: | 11 ] 1001 1 kkkk l kkkkj
Description: The contents of the W register are Description: The contents of W register are
added to the eight bit literal 'k’ and the AND'ed with the eight bitliteral 'k’ The
result is placed in the W register. result is placed in the W register.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Procass | Wirite to Decode Read Process | Writeto
lteral k' | data w lteral k" | data w
Example: ADDLW  0x1S Example ANDLW  OxSF
Before Instruction Before Instruction
w = 0x10 W = OxA3
After Instruction After Instruction
W= 0x25 W = 0x03
-«
ADDWF Add W and f ANDWF AND W with f
Syntax: [labelj ADDWF fd Syntax: [fabefj ANDWF fd
Operands: 0<f<127 Operands: 0<f<127
d e [0,1] de [0,1]
Operation: (W) + (f) — (destination) Operation: (W) .AND. (f) — (destination)
Status Affected: C,DC, Z Stalus Affected: Z
Encoding: [ 00 l 0111 1! afff ] ftfu Encoding: [ 00 l 0101 ] dfff 1 f£E£E J
Description: Add the contents of the W register with Description: AND the W register with register 'f'. if 'd’
register f. If 'd"is 0 the result is stored is 0 the resutt is stored in the W regis-
in the W register. If 'd"is 1 the result is ter. If 'd" is 1 the result is stored back in
stored back in register . register f.
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4

Decode Read Process Write to Decode Read Process Write to
register data destination register data destination
1 £
Example ADDWF  FSR, O Example ANDWF PSR, 1
Before Instruction Before Instruction
w = O0x17 w = 0x17
FSR= 0xC2 FSR= 0xC2
After Instruction After Instruction
w = 0xD9 w = 0ox17
FSR= 0xC2 FSR=  0x02
© 1998 Microchip Technology Inc. DS30430C-page 57
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BCF Bit Clear f
Syntax: {/abef BCF fb
Operands: 0<f<127
0<b<7
Operation: 0 — (f<b>)
Status Affected:  None
Encoding: r 01 ] 00bb ] bIfE l ft[f_J
Description: Bit b’ in register f is cleared.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write
register data register T’
T
Example BCF FLAG_REG, 7
' Before Instruction
FLAG_REG = 0xC7
After Instruction
FLAG_REG = 0x47
A
.w
BSF Bit Set f
Syntax: [/abeff BSF f,b
Operands: 0<f<127
0<b<7
Operation: 1= (f<b>)
Status Affected: ~ None
Encoding: 01 ] 01bb l bEff | £01f
Description: Bit ‘b’ in register 'f is set.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
—
Decode Read Process Write
L register data register T
T
Example BSF FLAG_REG, 7

Before Instruction
FLAG_REG = 0x0A
After Instruction
FLAG_REG = 0x8A

BTFSC Bit Test, Skip if Clear
Syntax: [labe BTFSC f.b
Operands: 0<f<127
0<b<7
Operation: skip if (f<b>) =0
Status Affected:  None
Encoding: | 01 I 10bb ‘ pree | £eee J
Description: tf bit B’ in register f is 1" then the next
instruction is executed.
If bit b, in register T, is ‘0" then the next
instruction is discarded, and a NOP is
executed instead, making this a 2Tcy
~instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | No-Operat
register T data ion
If Skip:  (2nd Cycle)
Q1 Q2 Q3 Q4
No-Operati | No-Opera | No-Operat
No-Operat on tion ion
on
Example HERE BTFSC FLAG,1
FALSE GOTO PRCCESS_CCDE
TRUE 4

Before Instruction

PC = address EERE

After Instruction

if FLAG<1> =0,

PC = address TRUE
if FLAG<1>=1,

PC= address FALSE

DS30430C-page 58
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BTFSS . Bit Test f, Skip if Set CALL Call Subroutine
Syntax: [label] BTFSS (b Syntax: [label] CALL kK
Operands: 0<f<127 Operands: 0 < k<2047
a=h =7 Operation: (PC)+ 1- TOS,
Operation: skip if (fb>) =1 k = PC<10:0>,
Status Affected:  None (PCLATH<4:3>) — PC<12:11>
Encoding: r 01 l 11bb I bEEL l 3344 l Status Affected: ~ None
Description: if bit ' in register T is ‘0" then the next Encoding: rlo I Okkk l kkkk l kkkk J
instruction is executed. s N " -
tf_bit b'is "1, then the next instruction is Description: %gﬁlt;t:sm:ég?eg gtt'or?ti:r:;g(d?ii
discarded and a NOP is executed eleven bit immediate address is loaded
instead, making this a 2TCY instruction. into PC bits <10:0>. The upper bits of
Words: 1 the PC are loaded from PCLATH. CALL
: - is a two cyde instructiort.
Cysles: 1@ Words: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Cycles: 2
Decod: Read | P No-Operat .
00 | el lta | o QCycle Activity: Q1 Q2 Q3 Q4
- 1st Cycle | Decode Read Process | Wrteto
If Skip:  (2nd Cycle) . Womi K, | data | PC
Q1 Q2 Q3 Q4 e O
No-Operati | No-Opera | No-Operat
P o i e R e T el
o tion
-
Example HERE  BTESC FLAG,1 Example HERE  CALL TEERE
FALSE GOTO  PROCESS_CODE
TRUE . o Before Instruction
. PC = Address HERE
p After Instruction
PC = Address TEERE

Before Instruction
PC =
After Instruction
if FLAG<1> =0,
PC =" address FALSE
if FLAG<1> =1,
PC= address TRUE

address EERE

TOS = Address HERE+1

© 1998 Microchip Technology Inc.
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CLRF Clear f
Syntax: [fabefl CLRF f
Operands: 0<f<127
Operation: 00h — (f)

127
Status Affected: Z

Encoding:
Description:

Words:
Cycles:
Q Cycle Activity:

Example

DO l 0001 l 1LEC ] ffffJ

The contents of register T are cleared
and the Z bit is set.

1
1

Q1 Q2 Q3 Q4

Decode Read Process Wnte
register data register
)
CLRF FLAG_REG
Before Instruction
FLAG_REG = O0x5A
After Instruction
FLAG_REG = 0x00
z = 1
“

CLRW Clear W

Syntax: [label] CLRW

Operands: None

Operation: 00h — (W)
12

Status Affected:  Z

Encoding: lﬁoo l 0001 ] 0xxx l XXXX J
Description: W register is cleared. Zero bit (Z] is
set.
Words: 1
Cydles: 1
Q Cycle Activity; ~ Q1 Q2 Q3 Q4
Decode |No-Opera|{ Process | Write to
tion data w
Example CLRW
defore Instruction
w = Ox5A
Afler Instruction
w = 0x00
z = 1
CLRWDT Clear Watchdog Timer
Syntax: {label] CLRWDT
Operands: None
Opesation: o0h - WDT
00— _V!_DT prescaler,
1410
1—-PD
Status Affected:  TO, PD

Encoding:

Description:

Words:
Cycles:
Q Cycle Activity:

Example

00 ] ccoo ‘ c1iC l 0".00J

CLRWDT instruction resets the Watch-

dog Timer. It also resets the prescaler
of the WDT. Status bits TO and PD are
set.

1
1

Q1 Q2 Q3 Q4
I Decode |{No-Cpera| Process Clear
tion data wOoT
l Counter
CLRWDT

Before Instruction

WDODT counter = ?
After Instruction

WDT counter = 0x00

WDT prescaler= 0

TO SHE

PD = 1

DS30430C-page 60
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COMF Complement f
Syntax: [label] COMF fd
Operands: 0<f<127
de [0,1]
Operation: (f) - (destination)
Status Affected:  Z
Encoding: r 0c I 1001 | arer ] ££uJ
Description: The contents of register f are comple-
mented. f 'd"is O the result is stored n
W. If 'd" is 1 the result is stored back in
register f.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Wirite to
register data destination
T
Example COMF REG1, 0
Before Instruction
REG1 = 0x13
After Instrugfion
REG1 = 0x13
W < = OxEC
DECF Decrement f
Syntax: [labefj DECF fd
Operands: 0<f<127
de [0,1]
Qperation: (f) - 1 - (destination)
Status Affected: Z
Encoding: r 00 l 0011 ] dfff l £110 J
Description: Decrement register . If 'd"is O the
result is stored in the W register. [f'd"is
1 the result is stored back in register 'f.
Words: 1
Cycles: 1

Q Cycle Activity:

Exampie

Q1 Q2 Q3 Q4

Decode Read Process Write to
register data destinzation
T
DECF CNT, 1

Before Instruction

CNT = 0x01

Z = (6]
After Instruction

CNT = 0x00

z = 1

DECFSZ Decrement f, Skip if 0
Syntax: [ label] DECFSZ fd
Operands: 0<f<127
de [0,1]
Operation: (f) - 1 — (destination);
skip if result =0
Status Affected:  None
Encoding: r 00 ] 1011 ] dfff l cLee l
Description: The contents of register T are decre-
mented. ff 'd" is 0 the result is placed in the
W register. If 'd"is 1 the resultis placed
back in register Y.
If the result is 1, the next instruction, is
- executed. If the resultis 0, then a NOP is
executed instead making it a 2TCY instruc-
tion.
Words: 1
Cycles: 1(2)
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Wirite to
ragister ' data destination
If Skip:  (2nd Cycle)
Q1 Q2 Q3 Q4
No-Opera | No-Operat | No-Operati
No-Operat tion ion on
ion
Example HERE DECFSZ  CNT, 1
GOTO Loop
CONTINUE -°

Before Instruction

PC = address HERE
After Instruction
CNT = CNT-1
ifCNT = O,
PC = address CONTINUE
ifCNT= O,
P® = address EERE+1

© 1998 Microchip Technology Inc.
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GOTO Uncanditional Branch INCF Increment f

Syntax: [label] GOTO k Syntax: [label] INCF fd

Operands: 0<k<2047 Operands: 0<f<127

Operation: k — PC<10:0> de [0.1]
PCLATH<4:3> - PC<12:11> Operation: (f) + 1 — (destination)

Status Affected:  None Status Affected: Z

Encoding: l 10 ] 1kkk kakk ] kkkkT Encoding: l 00 l 1010 ] Afff ] FEEE ]

Description: GOTO is an unconditional branch. The Description: The contents of register ¥ are incre-
eleven bit immediate value is loaded inented. If 'd' is O the resuiiis placed in
into PC bits <10:0>. The upper bits of the W register. If 'd"is 1 the result is

PC are loaded from PCLATH<4:3>.

GOTO is a two cycle instruction. placed back in register ¥.

Words: 1 Words: 1
Cycles: 2 Cycles: 01
QCycle Activity: Q1 Q@2 a3 Q4 QCycleActivi: Q1 Q2 @3 Q4
. Decode Read Process Write to
1st Cycle | Decode Ii::faatqk' Pr:;:s W';é‘o register data | destination
%
2nd Cyde No-Cperat | No-Opera | No-Operat
No-Operat ion tion ion
ion Example INCF CNT, Q{1
Before Instruction
Example GOTO THERE CNT = OxFF
Afler Instruction Zz . = 0
Pl =P hhloss bR After Instruction
CNT = 0x00
7 =G 1

DS30430C-page 62 © 1998 Microchip Technology Inc.
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INCFSZ Increment f, Skip if 0 (ORLW {nciusive OR Literal with W
Syntax: [/abel] INCFSZ fd Syntax: [ label] IORLW k
Operands: 0<f<127 Operands: 0<k<255

de [0.9] Operation: (W) OR. k — (W)
Operation: (f) + 1 — (destination), Status Affected:  Z

skip if result =0 ’

Encoding: F 11 J 1000 ] kkkk ] kkkk ]
Status Affected:  None
. Description: The contents of the W register is

Encoding: I 00 [ 111l I dErL l £ECE I OR'ed with the eight bit literal 'k'. The
Descriptiort: The contents of register f are incre- result is placed in the W register.

mented. If 'd’ is O the result is placed in 3

the W register. If ‘d'is 1 the resultis Words: 1

placed back in register f.

tf the rezulltfi;] 1, the [nexto instrucc):gon is Cycles: 1
executed. e result is 0, a NOP is exe- g
cuted instead making ita 2Tcv instruc- Q Cycle AC%'W(Y- Q1 Q2 Q3 Q4
LCl Decode Read Process { Write to
Words: 1 literal k'’ data w
Cycles: 1(2)
2 Example IORLW  0x35
Q Cycle Activity: Q1 Q2 Q3 Q4 .
. ) . Before Instruction
Decode Read Process Write to b
register | data | destination VY, O9A
After Instruction
If Skip:  (2nd Cydle) W = OxBF
Q. &2 a3 a4 < =\
No-Gpera | No-Opera | No-Operati
No-Operat tion tion on
ion
Example HERE INCFSZ CNT, 1
GOTO LOOP
CONTINUE *

Before Instruction

PC =  address EERE
After Instruction

CNT = CNT +1

if CNT= 0,

PC =  address CONTINUE

if CNT# 0,

PC =  address EERE +1

© 1998 Microchip Technology Inc. DS30430C-page 63
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IORWF Inclusive OR W with f

Syntax: [label] IORWF f{d

Operands: 0<f<127
de [0,1]

Operalion: (W) .OR. (f) — (destination)

Status Affected:  Z

Encoding: I 00 l 0100 l aree ] £LEf J

Description: Inclusive OR the W register with regis-
ter f.If 'd" ts O the resultis placed in the
W register. If 'd"is 1 the resultis placed
back in register ¥.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read Process Wiite to
register data destination
i
Example IORWF RESULT, O
Before Instruction
RESULEK = 0x13
w = 0x91
After Instruction =
RESULT = 0x13
w = 0x93
Z 7 [t
MOVF Move f
Syntax: [label] MOVF fd
Operands: 0<f<127
de [0,1]
Qperation: (f) — (destination)
Status Affected: Z
Encoding: { 00 l 1000 l Afff l £EEE
Description: The contents of register fis movedto a
destination dependant upon the status
of d. If d = 0, destination is W register. If
d = 1, the destination is file register f
itself. ¢ = 1 is useful to lest a file regis-
ter since status flag Z is affected.
Words: 1
Cycles: 1

Q Cycle Activity:

Example

Q1 Q2 Q3 Q4

Write to
deslination

Decode Read Process
register data
T

MOVF FSR, 0

After Instruction
W = value in FSR register
Z =1

MOVLW Move Literal to W
Syntax: [label] MOVLW k
Operands: 0<k<255
Operation: k —= (W)
Status Affected:  None
Encoding: [ 11 I 00xx I kkkk ] Kkkk ]
Description: The eight bit literal 'k’ ts loaded into W
register. Tlic don't cares will assemble
as O's.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Writeto
literal k' data w
Example MOVLW  OxSA
After Instruction
W = O0x5A
MOVWEF Move W to f
Syntax: [label} MOVWE f{
Operands: 0<f< 127
Operation: W) = ()
Status Affected:  None
Encoding: ‘ 00 J 0000 ] 1£££ ] EfffJ
Description: Move data from W register to register
i
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process Write
register data register '
v
Example MOVWF OPTION_REG
Before Instruction
OPTION = OxFF
w = Ox4fF
After Instruction
OPTION = 0x4F
w = Ox4F

DS30430C-page 64
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NOP No Operation RETFIE Retum from laterrupt
Syntax: [ /abel] NOP Syntax: [fabel] RETFIE
Operands: None Operands: None
Operation: No operation Operation: TOS - PC,
Status Affected:  None 1-GlE
Encoding: r 00 I P— ] o ] 00004] Status Affected:  None
Description: No operation. Encoding: r 00 ] 0000 ‘ ceo0 ‘ 1001 J
Words: 1 Description: Return from Interrupt. Sfack is POPed
and Top cf Stack (TOS) is lc=ded in the
Cycles: 1 PC. Interrupts are enabled by setting
S Global Interrupt Enable bit, GIE
Cycle Activity: 1 2 3 ’
G &y i Q o - o (INTCON<7>). This is a two cycle
Decode |No-Opera | No-Opera |No-Operat instruction.
tion tion ion -
Words: 1
Example NOP Cycles: 2
Q Cycle Activity: Qi Q2 Q3 Q4
1st Cycle Decode |No-Opera| Setthe | Pop{rom
tion GIE bit | the Stack
2nd Cycle No-Opera | No-Opera | No-Operat
No-Operat tion tion ion
ion
B
Example RETFIE
oz
After Interrupt
PC = TOS
- GIE = 1
OPTION Load Option Register
-Syntax: [/abel]l. OPTION
Operands: None
Operation: (W) — OPTION
Status Affected: None
Encoding: r oc ; 0000 { 0110 loozo
Description: The contents of the W register are
loaded in the OPTION register. This
instruction is supported for code com-
patibility with PIC16C5X products.
Since OPTION is a readable/writable
register, the user can directly address
it
Words: 1
Cycles: 1
Example
To maintain upward compatibility
with future PIC16CXX products,
do not use this instruction.
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NOP No Operation RETFIE Retum from [nterrupt
Syntax: [ /abel] NOP Syntax: {fabell RETFIE
Operands: None Operands: None
Operation: No operation Operation: TOS — PC,
Status Affected:  None 1 GIE
Encoding: l a0 l 0000 ] G5t l ooooJ Status Affected:  None
Description: No operation. Encoding: | 00 I 0000 l 0000 | 1001 |
Words: 1 Description: Retumn from Interrupt. Stack is POPed
: and Top of Stack (TOS) is lczded in the
Cycles: 1 PC. Interrupts are enabled by setting
- Global Interrupt Enable bit, GIE
Cycle Activity: 1 ¥
@ Cycle Adivily e Q2 Q3 o4 (INTCON<T7>). This is a two cycle
Decode |No-Opera | No-Opera |No-Operat instruction.
tion tion ion ~
Words: - 1
Example NOP Cycles: 2
Q Cycle Activity: Q1 Q2 Q3 Q4
1st Cyde Decode |No-Opera| Setthe | Pop{rom
tion GIE bit | the Stack
2nd Cycle No-Opera | No-Opera | No-Operat
No-Operat tion tion ion
ion
3.9
Example RETFIE
oy
Aftec Interrupt
PC = TOS
= GE = 1
OPTION Load Option Register
Synfax: {label] OPTION
Operands: None
Operation: (W) — OPTION
Status Affected: None
Encoding: ‘ oc I 0000 ‘ 0110 Ioo;»o
Description: The contents of the W register are
loaded in the OPTION register. This
instruction is supported for code com-
patibility with PIC16C5X products.
Since OPTION is a readable/writable
register, the user can directly address
it. C
Words: 1
Cycles: 1
Example
To maintain upward compatibility
with future PIC16CXX products,
do not use this instruction.
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RETLW Return with Literal in W RETURN Return from Subroutine
Syntax: [label] RETLW kK Syntax: [label] RETURN
Operands: 0<k<255 Operands: None
Operation: k = (W), Operation: TOS — PC
TOS - PC Status Affected:  None
Status Affected:  None Encoding: roo ] 0000 ] 0000 ] 1000 1
Encoding: i 11 | 01xx l Kk ] Kk ] Description: Retum from subroutine. The stack is
Description: The W register is loaded with the eight POPed and the top of the stack (TOS)
bit literal k". The program ccunteris is loaded inio the program counter. This
loaded from the top of the stack (the ts a two cycle instruction.
retum address). This is a two cycle Words: 1
instruction. )
C :
Words: 1 ycles - 2
Cycle Activity: 1
Cydes: 2 Q Cycle vity: Q Q2 Q3 Q4
- 1st Cydle Decode |No-Opera | No-Opera | Pop from
Q Cycle Activity: Q1 Q2 Q3 Q4 ¥ tion tion | the Stack
1st Cyde Decode Read | No-Opera| Write to 2nd Cyde No-Opera | No-Opera | No-Opera
{iteral 'K’ tion W, Pop No-Operat tion tion tion
from the ion
Stack / =
2nd Cyde No-Opera | No-Opera | No-Operat
g No-Operat| tion tion ion Example R
on After Interrupt
RN PC = TOS
Example CALL TABLE ;W contgins table
;offset value
. ;W now has table value

TABLE pppwr PC ;W = offset
RETLW k1 ;Begin table
RETLW k2 :
%

RETLW kn : End of table

Before Instruction

w = 0x07
After Instruction
W = value of k8
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RLF Rotate Left f through Carry RRF Rotate Right f through Carry
Syntax: [ 1abel] RLF fd Syntax: [label] RRF fd
Operands: 0<f<127 Operands: 0<{<127
de [0,1] de [0,1]
Operation: See description below Operation: See description below
Status Affected: Cc Status Affected: C
Encoding: [ ooj 1101 } dfff l £ref ! Encoding: [ 00 l 1100 ] dfff l LEff I
Description: The contents of register 'f are rotated Description: The conlents of register 'f are rotated
one bit to the left through the Camy one bit to the right through the Carry
Flag. If 'd’ is O the result is placed in the Flag. if 'd' & 0 the resutt is placed in the
W register. If 'd’is 1 the result is stored W register. if ‘d’ is 1 the result is placed
back in register ¥. back in register Y.
. Regeterf
Words: 1 Words: 1
Cycles: 1 Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4 Q Cycle Activity: Q1 Q2 Q3 Q4
Decode | Read | Process | Writeto Decode | Read | Process | Wiite to
register data destination I register data destination
T T
Example RLF ‘* REG1,0 Example RRF REG1,0
Before Instruction Before lnstruction
REG1 ubdeil). ] 602130 REG1 = 1110 0110
C = 0 c = 0
After Instruction After Instruction
REG1 = 1110 0110 REG1 = 1110 oiic
w = 1100 1100 w = 0111 0011
e = ol C = 0
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SLEEP
Syntax: [fabel] SLEEP
Operands: None
Operation: 00h — WODT,
00— M)T prescaler,
170,
0—-PD
Status Affected: ~ TO, PD
Encoding: F 00 I 0000 ] 0110 l oon‘l
Description: The power-down status bit, PD is
cleared. Time-out status bit, TO is
set. Watchdog Timer and its pres-
caler are cleared.
The processor is put into SLEEP
mode with the oscillator stopped. See
Section 14.8 for more details.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode |No-Opera|{No-Operaj Goto
tion tion Sleep
Example: SLEEP p

SUBLW Subtract W from Literal
Syntax: [fabel] SUBWW k
Operands: 0<k <255
Operation: k- (W) = (W)
Status Affected: C,DC, Z
Encoding: r 11 ] 110x ] kkkk ] kkkk ]
Description: The W register is subtracted (2's comple-
ment method) from the eight bit literal 'k’
The result is placed in the W register.
Words: 1
Cycles: 1
QCycle Aclivity: = Qf Q2 Q3 Q4
Decode Read Process |Wrte to W
literal 'k’ data
Example 1: SUBLW 0x02
Before Instruction
wo= 1
c = 7
z = 7
Afier Instruction
w = 1
CcC = 1; result is positive
Z = 0
Example 2: Before Instruction
w = 2
C ="l 3
z = 7
After Instruction
w = 0
C = 1; resultis zero
Z a1
Example 3: Before [nstruction

w = 3
C /=~ ?
zZ = 7
After Instruction
W = OxFF
C = 0; resull is negative
zZ = 0
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SUBWF

Subtract W from f

Syntax:
Operands:

Operation:
Status Affected:
Encoding:

Description:

Words:
Cycles:
Q Cycle Activity:

Example 1:

Example 2:

Example 3:

SUBWF

[fabel] SUBWF fd

0<f<127
d e [0,1]

() - (W) — (destination)
C,DC,zZ
l oo | o010 | Afff ] £EEE ]

Subtract (2's complement method) W reg-
tster from register f. tf ‘d' is O the result is
stored in the W register. I ‘'d"is 1 the
resull is stored back in register .

1
1

Q1 Q2 Q3 Q4
Decode

Read
register T

Write to
destination

Process
data

REG1,1
Before Instruction

REG1
w

C

Z

After Instruction

REG1
w

C

4

Before Instruction

REG1
w

C

z

After Instruction

REG1
w

C

Z

Before Instruction

REG1
w

C

V4

X

wonon

Je
NN W

nnu

. resultis positive

of kol 3

v

n
NV NN

; result is zero

nunn
s NS

wonn
NN =

After Instruction

REG1
w

C

zZ

OxFF

2

0; result is negative
0 .

SWAPF Swap Nibbles in f
Syntax: [label] SWAPF f.d
Operands: 0<f<127
de [0,1]
Operation: (f<3:0>) — (destination<7:4>),

Status Affected:

(f<7:4>) — (destination<3:0>)

None

. s
Encoding: [449@ | 1110 | aesr | f;ffgi
Description: The upper and lower nibbles of register
T are exchanged. [f'd'is O the result is
placed in W register. If ‘d" is 1 the result
is placed in register ‘.
Words: 1
Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Wirite to
register I'| cata |destination
Example SWAPF REG, 0
Before Instruction
REG1 = OxAS5
After Instruction
REG1 = OxA5
w - = 0Ox5A
TRIS Load TRIS Register
Syntax: [labeff TRIS f
Operands: 5<f<7
Operation: (W) — TRIS register f;
Status Affect_ed: None A 2
Encoding: = | oo [ooo0.Jo110 ] osfs
Description:- The instruction is supported for code
i e compatibility with the PIC16C5X prod-
ucts. Since TRIS registers are read-
able and writable, the user can directly
address them.
Words: 1
Cycles: 1
Example

To maintain upward compatibility
with future PIC16CXX products,
do not use this instruction.
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XORLW Exclusive OR Literal with W XORWF Exclusive OR ¥ with f
Syntax: [fabe] XORWW k Syntax: {labef XORWF fd
Operands: 0<k<255 Operands: 0<f<127
. de [0,1]
Operation: (W) .XOR. k = (W) q
Operation: XOR. (f) — (destination
Status Affected: Zz B S 0= )
. Status Affected: Z
Encoding: [ 11 | 1010 | wickeke | wekeke |
. , Encoding: I 00 | 0110 ] dres J £EEE |
Description: The contents of the W register are
XOR'ed with the eight bit litecal 'k". Description: Exclusive OR the contents of the W
The result is placed in the W regis- register with register . if 'd' is O the
ter. result is stored in the W register. If 'd'is
1 the result is stared back in register ..
Words: 1
Words: 1
Cycles: 1
. Cycles: 1
Q Cycle Activity: Q1 Q2 Q3 Q4
7 Q Cycle Activity: Q1 Q2 Q3 Q4
Decode Read Process | Write to
literal "k’ data w Decode Read Process Write {o
register | data | destination
T
Example: XORLW OXAF -
Before Instruction Example XORWF REG 1
W = 085 Before Instruction
After Instruction REG = OxAF
W =+ Ox1A " A\ w
After Instruction
REG = O0x1A
w = 0xBS
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10.0 DEVELOPMENT SUPPORT

10.1 Development Tools

The PICmicro™ microcontrollers are supported with a
full range of hardware and software development tools:

+ PICMASTER®/PICMASTER CE Real-Time
in-Circuit Emulator

- ICEPIC™ Low-Cest PIC16C5X and PIC16CXXX
In-Circuit Emulator

+ PRO MATE® Il Universal Programmer

+ PICSTART® Plus Entry-Level Prototype
Programmer

- PICDEM-1 Low-Cost Demonstration Board

+ PICDEM-2 Low-Cost Demonstration Board

« PICDEM-3 Low-Cost Demonstration Board

- MPASM Assembler

+ MPLAB™ SIM Software Simulator

+ MPLAB-C17 (C Compiler)

« Fuzzy Logic Development System
(fuzzyTECH®-MP)

10.2 PICMASTER: High Performance

Universal In-Circu¥# Emulator with
MPLAB IDE

-

The PICMASTER Universal In-Circuit Emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for all
microcontrollers in the PIC14C000, PIC12CXXX,
- PIC16CS5X, PIC16CXXX and PIC17CXX families.
PICMASTER is supplied with the MPLAB™ Integrated
Development Environment (IDE), which allows editing,
“make” and download, and source debugging from a
single environment.

Interchangeable target probes allow the system to be
easily reconfigured for emulation of different proces-
sors. The universal architecture of the PICMASTER
allows expansion to support all new Microchip micro-
controllers.

The PICMASTER Emulator System has been designed
as a real-time emulation system with advanced fea-
tures that are generally found on more expensive devel-
opment {ools. The PC compatible 386 (and higher)
machine platform and Microsoft Windows® 3.x environ-
ment were chosen to best make these features avail-
able to you, the end user.

A CE compliant version of PICMASTER is available for
European Union (EU) countries.

10.3 ICEPIC: Low-Cost PICmicro™
{n-Circuit Emulator

ICEPIC is a low-cost in—circuit emulator solution for the
Microchip PIC12CXXX, PIC16C5X and PIC16CXXX
families of 8-bit OTP microcontrollers.

ICEPIC is designed to operate on PC-compatible
machines ranging from 286-AT® through Pentium™
based machines under Windows 3.x environment.
ICEPIC features real time, non-intrusive emulation.

10.4 PRO MATE Il: Universal Programmer

The PRO MATE [l Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode. PRQ MATE il is CE
compliant-

The PRO MATE Il has programmable VDD and Vep
supplies which allows it to verify programmed memory
at VDD min and VDD max for maximum reliability. it has
an LCD display for displaying error messages, keys to
enter commands and a modular detachable socket
assembly to support various package types. In stand-
alone mode the PRO MATE [l can read, verify or pro-
gram  PIC12CXXX, PIC14C000, PIC16C5X,
PIC16CXXX and PIC17CXX devices. It can also set
configuration and code-protect bits in this mode.

10.5 PICSTART Plus Entry Level
Development System

The PICSTART programmer is an easy-to-use,
low-cost prototype programmer. It connects to the PC
via one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using tne
programmer simple and efficient. PICSTART Plus is not
recommended for production programming.

PICSTART Plus supports all PIC12CXXX, PIC14C000,
PIC16C5X, PIC16CXXX and PIC17CXX devices with
up to 40 pins. Larger pin count devices such as the
PIC16C923, PIC16C924 and PIC17C756 may be sup-
ported with an adapter socket. PICSTART Plus is CE
compliant.

© 1998 Microchip Technology Inc.
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