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CHUGNG 1 TONG QUAN VE VI PIEU KHIEN PIC

1.1PIC LA GI ??

PIC la vi€t tit cda “Programable Intelligent Computer”, c6 thé tam dich 13 “mdy tinh thong
minh khd trinh” do hidng Genenral Instrument dit tén cho vi diéu khién diu tién cda ho:
PIC1650 dugc thi€t k€ d€ dung lam céc thi€t bi ngoai vi cho vi diéu khién CP1600. Vi diéu
khién nay sau d6 dugc nghién cttu phat trién thém va tir d6 hinh thanh nén dong vi diéu
khién PIC ngay nay.

1.2 TAI SAO LA PIC MA KHONG LA CAC HQ VI PIEU KHIEN KHA C??

Hién nay trén thi trudng c6 rit nhiéu ho vi diéu khién nhu 8051, Motorola 68HC, AVR,
ARM,... Ngoai ho 8051 dudc huéng din mdt cdch cidn bdn & mdi trudng dai hoc, bdn than
ngudi viét da chon ho vi diéu khién PIC dé md rong von kié€n thifc va phat trién cdc dng
dung trén cOng cu nay vi cic nguy€n nhin sau:

Ho vi diéu khién nay c6 thé tim mua dé& dang tai thi trudng Viét Nam.

Gia thanh khong qué dit.

C6 day di cdc tinh ning cda mdt vi diéu khié€n khi hoat dong ddc 1ap.

La mot sy bd sung rat t6t vé ki€n thic cling nhu vé ng dung cho ho vi diéu khién
mang tinh truyén thdng: ho vi diéu khién 8051.

S6 lugng ngudi st dung ho vi diéu khién PIC. Hién nay tai Viét Nam ciing nhu trén
th€ gidi, ho vi diéu khién nay dugc st dung khé rong rdi. Piéu nay tao nhiéu thuin 1gi trong
qud trinh tim hi€u va phat trién cdc &ng dung nhu: s6 lugng tai liéu, s6 lugng cic tng dung
mé§ da dugc phat tri€n thanh cong, d& dang trao d6i, hoc tap, d& dang tim dudc sy chi din khi
gap kho khan,...

Su hd trg clia nha sdn xuit vé trinh bién dich, cdc cong cu lap trinh, nap chudng trinh
tr don gidn d&n phiic tap....

Céc tinh ning da dang ctia vi diéu khién PIC, va cdc tinh ning nay khdng ngiing dudc
phét trién.

1.3 KIEN TRUC PIC

Cau tric phan citng cda mot vi diéu khién dugc thi€t k& theo hai dang kién triic: kié€n tric
Von Neuman va kié€n tric Havard.
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Hinh 1.1: Kién tric Havard va ki€n tric Von-Neuman

T8 chiic phan ciing cia PIC dudc thi€t k& theo kién tric Havard. Piém khac biét giita ki€n
tric Havard va ki€n triic Von-Neuman 12 ciu tric bd nhé dit liéu va bd nhé chuong trinh.

D6i v6i ki€n triic Von-Neuman, bd nhé dit liéu va bd nhé chuong trinh nim chung trong mot
b6 nhd, do d6 ta c6 thé t8 chic, cAn d6i mot cach linh hoat bo nhé chudng trinh va by nhé dit
liéu. Tuy nhién diéu nay chi c6 y nghia khi téc d6 xt 1i cia CPU phai rat cao, vi vdi ciu triic
do, trong cung mot thdi diém CPU chi c6 thé tuong tic v6i bd nhd dir li€u hodc b nhd
chuong trinh. Nhu vdy c6 thé néi kién tric Von-Neuman khong thich hdp vé6i cau triic clia
mdt vi diéu khién.

D6i véi ki€n triic Havard, bd nhd dit liéu va bd nhé chuong trinh tdch ra thanh hai bd nhé
riéng biét. Do d6 trong cling mot thdi di€ém CPU c6 thé tuong tic vdi cd hai bo nhd, nhu vy
toc do xr 1 cia vi diéu khién dugc cai thién dang ké.

Mot diém can chd y nita 1a tip lénh trong ki€n tric Havard c6 thé dudc t8i wu tily theo yéu
cAu kién tric cda vi diéu khién ma khong phu thudc vao ciu tric dit liéu. Vi du, ddi véi vi
diéu khi€n dong 16F, d6 dai 1énh luon 1a 14 bit (trong khi dit liéu dugc td chic thanh tiing
byte), con ddi vé6i ki€n tric Von-Neuman, dd dai 1énh ludén 13 bdi s6 ciia 1 byte (do dit liéu
dudgc t& chifc thanh tirng byte). Pic diém nay dudgc minh hoa cu thé trong hinh 1.1.

1.4 RISC va CISC

Nhu da trinh bay & trén, ki€n tric Havard 12 khdi niém mdi hon so v§i kién tric Von-
Neuman. Khdi niém nay dugc hinh thinh nhim cii ti€n tdc d6 thuc thi ciia mot vi diéu khién.
Qua vi€c tach rdi bd nhd chuong trinh va bd nhé di li€u, bus chuong trinh va bus dir li€u,
CPU c6 thé ciing mdt liic truy xuit cd bd nhé chuong trinh va bo nhé dit liéu, gitp ting toc
dd x 1 ctia vi diéu khién 1én gdp d6i. Pong thdi cau tric 1énh khong con phu thudc vao ciu
tric dit liéu nita ma c6 thé linh dong diéu chinh tiy theo kha ning va tdc do clia titng vi diéu



khién. Va d€ ti€p tuc cdi ti€n tdc do thuc thi 1énh, tip 1énh cta ho vi diéu khién PIC dugc
thi€t k&€ sao cho chiéu dai ma 1énh ludn c6 dinh (vi du d6i v6i ho 16Fxxxx chiéu dai ma 1énh
ludn 1a 14 bit) va cho phép thyc thi 1énh trong mot chu ki ctia xung clock ( ngoai trit mot s&
trudng hgp dic biét nhu 1énh nhiy, 1énh goi chudng trinh con ... can hai chu ki xung ddng hd).
Diéu nay c6 nghia tap 1énh clia vi diéu khién thudc ciu tric Havard sé it 1énh hon, ngdn hon,
don gidn hon d€ ddp ¢ng yéu cAu ma héa 1énh bing mdt s& lugng bit nhi't dinh.

Vi diéu khién dugc td chifc theo ki€n tric Havard con dugc goi 1a vi diéu khié€n RISC
(Reduced Instruction Set Computer) hay vi diéu khi€n cé tip 1énh rit gon. Vi diéu khién
dugc thi€t k&€ theo kié€n tric Von-Neuman con dudce goi 1a vi diéu khién CISC (Complex
Instruction Set Computer) hay vi diéu khi€n cé tip 1énh phifc tap vi mi 1énh cda né khong
phéi 12 mot s6 ¢ dinh ma ludn 12 bodi s6 clia 8 bit (1 byte).

1.5 PIPELINING
Py chinh 14 co ché xit 1i 1énh ciia cdc vi di€u khién PIC. Mdt chu ki 1énh cda vi diéu khién

s& bao gdm 4 xung clock. Vi du ta sit dung oscillator c¢é tan s& 4 MHZ, thi xung 1&énh s& c6
tan s6 1 MHz (chu ki 1énh sé& 13 1 us). Gid sif ta c6 mot doan chudng trinh nhu sau:

1. MOVLW 55h

2. MOVWF PORTB

3. CALL SUB_1

4. BSF PORTA,BIT3

5. instruction @ address SUB_1

o) day ta chi ban dén qui trinh vi diéu khién xi& 1i doan chuong trinh trén thong qua
tirng chu ki I€nh. Qua trinh trén sé€ dudc thuc thi nhu sau:
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Hinh 1.2: Co ché& pipelining



TCYO: doc 1énh 1

TCY1: thuc thi 1énh 1, doc 1€nh 2

TCY?2: thuc thi 1€nh 2, doc 1é€nh 3

TCY3: thuc thi 1énh 3, doc 1énh 4.

TCY4: vi1énh 4 khong phai l1a 1énh s& dugc thuc thi theo qui trinh thuc thi cia chuong
trinh (1&nh ti€p theo dugc thuc thi phdi 13 1énh dau tién tai label SUB_1) nén chu ki thuc thi
1énh nay chi dugc diung d€ doc 1énh diu tién tai label SUB_I. Nhu vay c6 thé xem 1énh 3
cAn 2 chu ki xung clock dé thuc thi.

TCYS5: thyc thi 1énh dau tién ciia SUB_1 va doc Iénh ti€p theo clia SUB_1.

Qua4 trinh nay dudc thyc hién tuong tu cho cdc 1énh ti€p theo clia chuong trinh.

Thong thudng, d€ thuc thi mdt 1énh, ta cAn mot chu ki 1énh d€ goi 1énh d6, va mot chu ki
xung clock nita dé gidi ma va thuc thi 1énh. Vi cd ché pipelining dudc trinh bay § trén, mdi
1énh xem nhu chi dugc thuc thi trong mot chu ki 1énh. P&i v6i cdc 1énh ma qud trinh thyc thi
n6 lam thay d6i gid tri thanh ghi PC (Program Counter) cAn hai chu ki 1énh d€ thuc thi vi phai
thuc hién viéc goi 1énh § dia chi thanh ghi PC chi tgi. Sau khi da xdc dinh ding vi tri 1énh
trong thanh ghi PC, mdi 1&nh chi can mot chu ki 1énh dé€ thuc thi xong.

1.6 CAC DONG PIC VA CACH LUA CHON VI PIEU KHIEN PIC

Céc ki hiéu cta vi diéu khién PIC:
PIC12xxxx: d0 dai 1énh 12 bit
PIC16xxxx: d0 dai lénh 14 bit
PIC18xxxx: d0 dailénh 16 bit

C: PIC ¢6 bd nhé EPROM (chi ¢6 16C84 1a EEPROM)
F: PIC c6 bd nhé flash

LF: PIC c6 bd nhd flash hoat dong & dién dp thap

LV: tuong ty nhu LF, day 1a ki hi€u cti

Bén canh d6 mét sd vi diéu khi€n c6 ki hiéu xxFxxx 13 EEPROM, néu c6 thém chit A
& cudi 1a flash (vi du PIC16F877 14 EEPROM, con PIC16F877A 1a flash).

Ngoaira con ¢6 thém mdt dong vi diéu khién PIC mdi 1a dsPIC.

& Viét Nam phd bi&€n nhat 1a cdc ho vi diéu khién PIC do hang Microchip s&n xua.

Céch Iya chon mdt vi diéu khién PIC phui hop:
Tru6c hét can chi ¥ d€n s6 chan clia vi diéu khién can thiét cho ng dung. C6 nhiéu

vi diéu khién PIC véi s6 lugng chan khic nhau, thim chi c¢6 vi diéu khién chi c6 8 chan,
ngoai ra con co cac vi diéu khién 28, 40, 44, ... chan.



Can chon vi diéu khién PIC c6 bd nhé flash d€ c6 thé nap x6a chuong trinh dudc
nhiéu 1an hon.

Tiép theo can chi y d&n cic khdi chitc ning dudc tich hgp sin trong vi diéu khién,
cdc chudn giao ti€p bén trong.

Sau cling cAn chii y d&€n bd nhd chuong trinh ma vi diéu khién cho phép.

Ngoai ra moi thong tin vé& cdch Iya chon vi diéu khién PIC c¢6 thé dugc tim thdy trong
cudn sich “Select PIC guide” do nha sdn xui't Microchip cung cap.

1.7 NGON NGU LAP TRINH CHO PIC

Ngo6n ngit 1ap trinh cho PIC rit da dang. Ngon ngit 1ap trinh cAp thdp c6 MPLAB (dugc cung
cAp mién phi bdi nha sdn xudt Microchip), cdc ngdén ngit 14p trinh cAp cao hon bao gdm C,
Basic, Pascal, ... Ngoai ra con c¢6 mdt s6 ngdn ngit 14p trinh dugc phat trién danh riéng cho
PIC nhu PICBasic, MikroBasic,...

1.8 MACH NAP PIC

Pay ciing 12 mot dong sdn phim rit da dang danh cho vi diéu khién PIC. C6 thé st dung cic
mach nap dugc cung cAp bdi nha sidn xuét 1a hang Microchip nhu: PICSTART plus, MPLAB
ICD 2, MPLAB PM 3, PRO MATE II. C6 thé dung cdc sdn phdm nay d€ nap cho vi diéu
khién khic thong qua chuong trinh MPLAB. Dong sin phim chinh théng nay cé uu thé 1a
nap dugc cho tit cd cdc vi diéu khién PIC, tuy nhién gid thanh rit cao va thudng gip rat
nhiéu khé khin trong qué trinh mua san pham.

Ngoai ra do tinh ning cho phép nhiéu ch&€ d6 nap kh4c nhau, con c6 rat nhiéu mach nap dudc
thi€t k& danh cho vi diéu khién PIC. C6 thé so lugc mdt sé mach nap cho PIC nhu sau:

JDM programmer: mach nap nay dung chuong trinh nap Icprog cho phép nap céc vi
diéu khi€n PIC c6 hd trg tinh ning nap chuodng trinh dién 4p thap ICSP (In Circuit Serial
Programming). Hiu h&t cdc mach nap déu hd trg tinh ning nap chuong trinh nay.

WARP-13A va MCP-USB: hai mach nap nay gidng véi mach nap PICSTART PLUS
do nha sdn xuadt Microchip cung cap, tuong thich véi trinh bién dich MPLAB, nghia 1a ta ¢6
thé truc ti€p dung chuong trinh MPLAB d€ nap cho vi diéu khién PIC ma khong cin st dung
mot chuong trinh nap khdc, ching han nhu ICprog.

P16PRO40: mach nap nay do Nigel thi€t k& va ciing khd ndi ti€ng. Ong con thiét k&
ca chuong trinh nap, tuy nhién ta ciing c6 thé st dung chuong trinh nap Icprog.



Mach nap Universal cia Williem: diy khong phdi 1a mach nap chuyén dung danh cho
PIC nhu P16PRO40.

Céc mach nap k€ trén c¢6 uvu di€m rit 16n 13 don gidn, ré tién, hoan toan cé thé tu 1ip rip
mdt cach d& dang, vi moi thong tin vé so @6 mach nap, cach thi€t k&, thi cong, ki€m tra va
chuong trinh nap déu dé dang tim dudc va download mién phi thong qua mang Internet. Tuy
nhién cdc mach nap trén c6 nhudc di€m 12 han ch& vé s6 vi diéu khién dudc hd trg, bén canh
d6 mdi mach nap cin dugc st dung vdi mot chuong trinh nap thich hop.

1.9 BOOTLOADER VA ICP (In Circuit Programming)



CHUONG 2 VI PIEU KHIEN PIC16F877A

2.1 SO PO CHAN VI PIEU KHIEN PIC16F877A
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Hinh 2.1 Vi diéu khi€n PIC16F877A/PIC16F874A va cic dang sd d6 chan



2.2 MOT VAI THONG SO VE VI PIEU KHIEN PIC16F877A

bay l1a vi diéu khién thudc ho PIC16Fxxx vdi tap 1énh g6m 35 1énh c6 @6 dai 14 bit.
M&i 1énh déu dugc thuc thi trong mot chu ki xung clock. T6c d hoat dong t&i da cho phép 1a
20 MHz v&i mot chu ki 1€nh 1a 200ns. B nhé chuong trinh 8Kx14 bit, bd nhG dir li€u 368x8
byte RAM va bd nhé dit liéu EEPROM véi dung lugng 256x8 byte. S6 PORT I/O la 5 véi 33
pin I/O.

Céc dic tinh ngoai vi bao gdmcéc khdi chitc ning sau:

Timer0: bd d€m 8 bit v6i bd chia tan sd 8 bit.

Timerl: bo d€m 16 bit vdi bod chia tan s8, c6 thé thuc hién chic ning dém dua vao
xung clock ngoai vi ngay khi vi diéu khién hoat dong & ché& do sleep.

Timer2: bd d€m 8 bit véi bd chia tan s&, bd postcaler.

Hai b Capture/so sanh/diéu ch& do rong xung.

Céc chudn giao ti€p ndi ti€p SSP (Synchronous Serial Port), SPI va 12C.

Chuin giao ti€p ndi ti€p USART véi 9 bit dia chi.

Cd6ng giao ti€p song song PSP (Parallel Slave Port) vdi cdc chan diéu khién RD, WR,
CS § bén ngoai.

Céac ddc tinh Analog:
8 kénh chuyén d6i ADC 10 bit.
Hai b0 so sanh.

Bén canh d6 12 mot vai dic tinh khic cta vi diéu khién nhu:

B0 nhé flash vdi kh ning ghi x6a dugc 100.000 1an.

B6 nhé EEPROM véi kha ning ghi x6a duge 1.000.000 Ian.

Dit liéu bd nhé EEPROM c6 thé luu trit trén 40 nam.

Kh4 niing ty nap chuong trinh véi sy di€u khién ctia phan mém.

Nap dugc chuong trinh ngay trén mach dién ICSP (In Circuit Serial Programming)
thong qua 2 chan.

Watchdog Timer v6i b dao dong trong.

Chtic ning bao mit ma chuong trinh.

Ché& do Sleep.

C6 thé hoat ddng v6i nhidu dang Oscillator khdc nhau.



2.3 S0 PO KHOI VI PIEU KHIEN PIC16F877A
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Hinh 2.2 So db khdi vi diéu khié€n PIC16F877A.



2.4TO CHUC BO NHO

Cau tric bd nhé ciia vi di€u khié€n PICI6F877A bao gom bd nhd chuong trinh (Program
memory) va bd nhé dit li€u (Data Memory).

2.4.1 BO NHG CHUONG TRINH

Bo nhS chuong trinh ctia vi diéu khién PCe12:0>
PIC16F877A 12 bd nhd flash, dung lugng bod L
nhé 8K word (1 word = 14 bit) va dudc phan e ]IF
thanh nhiéu trang (tir page0 d&€n page 3) . 5._3,3,;1&.“&”
Nhu vdy bd nhé chuong trinh ¢é khd ning Stack Level 2
chia dugc 8*%1024 = 8192 1énh (vi mét 1€nh =
sau khi ma héa s& c6 dung lugng 1 word (14 o
bit).
) Reset Vector 0000h
Pé ma héa dugce dia chi cia 8K word . P
bd nhé chuong trinh, bd d€m chuong trinh ¢6 . .
dung lugng 13 bit (PC<12:0>). f Interrupt Vector 0004h
DD05h
Khi vi diéu khién dudc reset, bo dém T oreen
chuong trinh s& chi dén dia chi 0000h (Reset 0200k
., " Page 1
vector). Khi ¢6 ngat xdy ra, bd dém chuong S:;;rm J o
trinh sé& chi dén dia chi 0004h (Interrupt Memory | 1000k
vector). Fee= N
';:'I:Ih
B6 nhé chuong trinh khong bao gdm Fage —
bd nhd stack va khong duge dia chi hda bdi
bo d€m chuong trinh. B nhd stack sé& dugc
de cp cy thé trong phan sau. Hinh 2.3 B6 nhd chudng trinh PIC16F877A

2.4.2B0 NHO DU LIEU

Bd nhé dir liéu cia PIC 1a bd nhé EEPROM dudc chia ra 1am nhiéu bank. P&i véi
PIC16F877A bd nhd dit liéu dudgc chia ra 1am 4 bank. Mdi bank c¢6 dung lugng 128 byte, bao
gdm cdc thanh ghi c6 chifc ning dic biét SFG (Special Function Register) nim & cdc ving
dia chi thdp va cdc thanh ghi muc dich chung GPR (General Purpose Register) nim & viing
dia chi con lai trong bank. Cac thanh ghi SFR thudng xuyén dudc st dung (vi du nhu thanh
ghi STATUS) s& dudc dit & tit ca cdc bank clia bd nhd dir liéu gitp thudn tién trong qué
trinh truy xuit va lam gidm bdt 1énh cla chuong trinh. So d6 cu thé clia bo nhé dit liu
PIC16F877A nhu sau:



File File File File

Address Address Address Address

Indirect addr.™| ooh Indirect addr.!?| gon Indirect addr.t| 100h Indirect addr.t| 1apn
TMRO Mh OPTION_REG | g1n TMRO 101h OPTION_REG| 181h
PCL 02h PCL B2h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 123h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA B5h 105h 185h
PORTE 06h TRISE 86h FORTE 106h TRISB 126h
FORTC 07h TRISC &87h 107h 187h
PORTD!" | 0Bh TRISDU | gah 108h 188h
PORTEM | 0%h TrRISE!" | 8oh 109h 180h
PCLATH CAR PCLATH 8ANh PCLATH 10AR PCLATH 1284Ah
INTCOM C0Bh INTCOM SBh INTCOM 10Bh INTCOM 12Bh
PIR1 ach PIE1 8Ch EEDATA 10Ch EECON1 18CHh
PIRz2 0Dh PIEZ 80h EEADR 100h EECON2 180h
TMRIL C0Eh PCON BEh EEDATH 10ENh Reserved@ | 13Eh
TMR1H OFh &BFh EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h 40h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 az2h 112h 192h
SSPBUF | 13h SSPADD | 93h 113h 1930
SSPCON | 14h SSPSTAT | 94h 114h 194h
CCPRIL | 15h 95h 115h 195h
CCFR1H 16h a6h 116h ) 196h
om | gene || Generm | qomn
RCSTA | 18h TXSTA aeh Register | 118h Register | 198h
TXREG 19h SPBRG Q9h 16 Byies 1149h 16 Byies 199h
RCREG 14h aah 11Ah 19Ah
CCPRZL 1Bh 4Bh 11Bh 19Bh
CCPR2H 1Ch CMCON Ach 11Ch 19Ch
CCP2CON | 1Dh CVRCON__| gph 110h 1900
ADRESH 1Eh ADRESL 9Eh 11Eh 19EhR
ADCOMO 1Fh ADCOM1 4Fh 11Fh 19Fh
20h ADh 120n 1A0h

General General General

Purpose Purpose Purpose

gfrg%;ael Register Register Register

Register 80 Bytes 80 Bytes 30 Bytes
96 Byles EFh 16Fh 1EFh
ACCES5es FOh aCCesses 170h ACCesses L]

70h-TFh 70h-TFh 70n - 7Fh
7Fh FFh 17Fh 1FFh

Bank 0 Bank 1 Bank 2 Bank 3

]:| Unimplemented data memory locations, read as ‘o’
* Mot a physical register.
Note 1: These regisiers are not implemented on the PIC16FE7TEA.
2. These registers are resenved; maintain these registers clear.

Hinh 2.4 So dd bo nhé dit liéu PIC16F877A




2.4.2.1 THANH GHI CHUC NANG PAC BIET SFR

Pay la cdc thanh ghi dugc sit dung bdi CPU hoic dudc dung dé thi€t 1ap va diéu khién cic
khdi chifc ning dugc tich hop bén trong vi diéu khién. C6 thé phan thanh ghi SFR 1am hai
loai: thanh ghi SFR lién quan dén céc chifc ning bén trong (CPU) va thanh ghi SRF dung dé
thi€t 1ap va diéu khién cdc khdi chiic ning bén ngoii (vi du nhw ADC, PWM, ..). Phan nay sé&
dé cAp dé&n cac thanh ghi lién quan dé&n cdc chiic ning bén trong. C4c thanh ghi diing dé thiét
lap va diéu khién cdc khdi chifc ning sé dugc nhic d&n khi ta dé cap d&€n cdc khdi chife ning
d6. Chi ti€t vé cdc thanh ghi SFR s& dugc liét ké cu thé trong bang phu luc 2.

Thanh ghi STATUS (03h, 83h, 103h, 183h):thanh ghi chita k&t qua thuc hién phép
todn clia kh&i ALU, trang thdi reset va cdc bit chon bank caAn truy xuit trong bd nhé dit liéu.
RAN-O RS-0 R0 F-1 R-1 RAN-x R-x RAN-x
| mp | et [ R0 | T | P00 | z | bc | ¢ |
bit 7 bit 0
Thanh ghi OPTION_REG (81h, 181h): thanh ghi nay cho phép doc va ghi, cho phép
diéu khién chitc ning pull-up clia cdc chan trong PORTB, x4c 14p cdc tham s& vé xung tdc
dong, canh tic dong clia ngit ngoai vi va bd d€m Timer0.

RIW-1  RW-1  RW-1  RAW-1 RIW-1 RAW-1  RAW-1  RW-1
| RBPU | INTEDG | Tocs | Tose | Psa | ps2 | Ps1 | pPso |
bit 7 hit 0

Thanh ghi INTCON (0Bh, 8Bh,10Bh, 18Bh):thanh ghi cho phép doc va ghi, chia cic
bit diéu khién va cdc bit c¢& hiéu khi timer0 bi tran, ngit ngoai vi RBO/INT va ngit interrput-
on-change tai cac chan cia PORTB.

RMW-0 Riw-0 RiW-0 RAN-0 RAN-0 RAN-0 Ran-0 RAN-x
| e | Peie |TMROE | INTE | RBIE [ TMROIF | INTF | RBIF |
hit 7 hit 0

Thanh ghi PIE1 (8Ch): chita cdc bit diéu khién chi ti€t cdc ngit clia cdc khdi chifc

ning ngoai vi.

RW-0 RW-0 RWO RW-0 RW-0  RW-0  RW-D  RW-D
|PsPE™M | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2ZIE | TMRIIE |
bit 7 bit 0

Thanh ghi PIR1 (0Ch) chita c& ngit clia cdc khdi chifc ning ngoai vi, cdc ngit nay
dugc cho phép bdi cdc bit di¢u khi€n chifa trong thanh ghi PIE1.

RW-D R0 R-0 R-0 RW-0 RW-0 RW-D  RWD
[ PsPIF™ | aDIF | RoIF | TXIF | SSPIF | CCPIIF | TMR2IF | TMR1IF |
bit 7 bit 0

Thanh ghi PIE2 (8Dh): chita cic bit diéu khién cdc ngit clia cic khoi chic ning
CCP2, SSP bus, ngit clia bd so sdnh va ngit ghi vao by nhé EEPROM.



U-0 RIW-0 u-0 RIW-0 RIW-0 U-0 U0 RW-D
| — | ocme | — | ere | Boue | — | — |ccezE|
bit 7 bit 0

Thanh ghi PIR2 (0Dh): chita cdc cd ngit cia cdc khdi chic ning ngoai vi, cdc ngit
nay dudc cho phép bdi cac bit diéu khién chita trong thanh ghi PIE2.

U0 RAW-0 U-0 RIW-0 RIW-0 u-0 U0  RWD
| — | cmF | — [ eeF | BouF | — | — |ccraF|
bit 7 bit 0

Thanh ghi PCON (8Eh): chifa c4dc c& hiéu cho bi€t trang thdi cdc ch&€ do reset clia vi
diéu khién. _ _
-0 uU-o U-0 U-0 uU-o u-0 RAN-0 RA-1
L = [ - -] =] - [ — [ PR | 80R |
hit 7 bit 0

2.4.2.2 THANH GHI MUC PiCH CHUNG GPR

Céc thanh ghi nay c6 thé dugc truy xuit truc tiép hodc gidn ti€p thong qua thanh ghi
FSG (File Select Register). Pay la cic thanh ghi dif liéu thong thudng, ngudi st dung c6 thé
tily theo muc dich chuong trinh ma c6 thé diing cdc thanh ghi nay dé chita cdc bi€n sd, hiing
s0, k€t qua hoidc cdc tham s6 phuc vu cho chuong trinh.

2.43 STACK

Stack khong nim trong bd nhé chuong trinh hay bd nhé dit liéu ma 12 mot ving nhé
dic biét khong cho phép doc hay ghi. Khi Iénh CALL dugc thuc hién hay khi mot ngit xdy ra
lam chuong trinh bi ré nhanh, gia tri cia bd d€m chuong trinh PC ty dong dudc vi diéu khién
cat vao trong stack. Khi mot trong cdc 1énh RETURN, RETLW hat RETFIE dugc thyc thi, gid
tri PC s& tu dong dugc 14y ra tir trong stack, vi diéu khién sé& thuc hién ti€p chuong trinh theo
dang qui trinh dinh trudc.

B6 nhd Stack trong vi diéu khién PIC ho 16F87xA c6 kha ning chita dudc 8 dia chi va
hoat dong theo cd ch& xoay vong. Nghia 1a gid tri cAt vio bo nhd Stack Ian thit 9 s& ghi de
1én gid tri cit vao Stack 1an dau tién va gid tri cAt vao bd nhé Stack 1an thit 10 sé& ghi dé 1én
gid tri6 ci't vao Stack 1an thit 2.

Can chi ¥ 12 khong c6 ¢d hiéu nao cho biét trang thdi stack, do d6 ta khong biét dugc
khi nao stack tran. Bén canh dé tip 1énh ctia vi diéu khién dong PIC ciing khong c6 1énh
POP hay PUSH, céc thao tdc vdi bo nhé stack s& hoan toan dugc diéu khi€n bdi CPU.



2.5 CAC CONG XUAT NHAP CUA PIC16F877A

Cdéng xuit nhap (I/O port) chinh 12 phuong tién ma vi diéu khién ding dé tuong tic
véi th€ gidi bén ngodi. Su tuong tdc ndy rat da dang va thdng qua qud trinh tuong tic do,
chifc ning cda vi diéu khién dugc thé hién mot cich ro rang.

Mot cdng xuit nhap cla vi di€u khi€n bao gdm nhiéu chin (I/O pin), tily theo cdch bd
tri va chifc ning ctia vi diéu khi€n ma s6 lugng cdng xuat nhip va sd lugng chian trong mdi
cOng c6 thé khdc nhau. Bén canh d6, do vi diéu khién dugc tich hdp sin bén trong cic dic
tinh giao ti€p ngoai vi nén bén canh chifc ning 13 cdng xuit nhap thong thudng, mdt sd chan
Xu&'t nhap con c6 thém céc chifc ning khac dé thé hién sy tic dong clia cac dic tinh ngoai vi
néu trén d6i vdi thé gidi bén ngoai. Chiic ning cla tiing chdn xuat nhip trong mdi cdng hoan
toan c6 thé dugc xdc 1ap va diéu khién dugc thong qua cic thanh ghi SFR lién quan d&€n chan
xuat nhap do.

Vi diéu khién PIC16F877A c6 5 cong xuit nhip, bao gom PORTA, PORTB, PORTC,
PORTD va PORTE. Ciu tric va chifc ning cla tiing cdng xuit nhap sé dugc dé cip cu thé
trong phan sau.

2.5.1 PORTA

PORTA (RPA) bao gdm 6 I/O pin. Pay 1a cdc chan “hai chiéu” (bidirectional pin),
nghia 14 c6 thé xuat va nhiap dugc. Chitc ning I/O nay dugc diéu khién bdi thanh ghi TRISA
(dia chi 85h). Mudn x4c 14p chifc ning cia mdt chan trong PORTA 12 input, ta “set” bit diéu
khién tuong Wng véi chan d6 trong thanh ghi TRISA va ngudc lai, mudn xdc 1ap chifc ning
clia mot chan trong PORTA 1 output, ta “clear” bit diéu khi€n tuong ¢ng véi chin d6 trong
thanh ghi TRISA. Thao tdc ndy hoan toan tuong tu d6i v6i cic PORT va cdc thanh ghi dicu
khién tuong ttng TRIS (d6i véi PORTA 1a TRISA, d6i véi PORTB 1a TRISB, d6i véi PORTC
la TRISC, d6i v6i PORTD la TRISD vadoi véi PORTE 1a TRISE). Bén canh d6 PORTA con
1a ngd ra ciia bd ADC, bd so sdnh, ngd vao analog ngd vao xung clock cia Timer0 va ngd
vao cda bd giao ti€p MSSP (Master Synchronous Serial Port). Pic tinh nay sé dugc trinh bay
cu thé trong phan sau.

Cau triic bén trong va chifc ning cu thé cla tirng chian trong PORTA sé& dudgc trinh bay
cu thé trong Phu luc 1.

Céc thanh ghi SFR lién quan d&€n PORTA bao gom:

PORTA (dia chi 05h) : chira gia tri cdc pin trong PORTA.
TRISA (dia chi 85h) - diéu khién xuit nhap.
CMCON (dia chi 9Ch) : thanh ghi diéu khién bo so sanh.

CVRCON (dia chi 9Dh) : thanh ghi diéu khién bo so sanh dién 4p.



ADCONTI (dia chi 9Fh) : thanh ghi diéu khién bo ADC.
Chi ti€t vé cac thanh ghi s& dugc trinh bay cu thé trong phu luc 2.

2.5.2 PORTB

PORTB (RPB) gdm 8 pin 1/O. Thanh ghi diéu khién xui't nhip twong Gng 1a TRISB.
Bén canh d6 mdt s6 chan ctia PORTB con dudc st dung trong qua trinh nap chuong trinh cho
vi diéu khién véi cdc ch& @6 nap khac nhau. PORTB con lién quan dén ngit ngoai vi va bod
Timer0. PORTB con dugc tich hop chifc ning dién trd kéo 1én dugce diéu khién bdi chuong
trinh.

C#u tric bén trong va chifc ning cu thé clia titng chan trong PORTB sé& dudc trinh bay
cu thé trong Phu luc 1.
Céc thanh ghi SFR lién quan d&€n PORTB bao gdm:

PORTB (dia chi 06h,106h) : chira gia tri cdc pin trong PORTB
TRISB (dia chi 86h,186h) : diéu khién xui't nhap

OPTION_REG (dia chi 81h,181h) : diéu khién ngit ngoai vi va bd Timer0.
Chi ti€t vé& cdc thanh ghi sé dugc trinh bay cu thé trong phu luc 2.

2.5.3 PORTC

PORTC (RPC) gdm 8 pin I/O. Thanh ghi diéu khi€n xuit nhap tuong @ng 13 TRISC.
Bén canh d6 PORTC con chtta cdc chin chiéc ning clia bd so sanh, bd Timerl, b6 PWM va
cdc chudn giao ti€p ndi ti€p 12C, SPI, SSP, USART.

C#u tric bén trong va chifc ning cu thé clia titng chan trong PORTC sé& dudc trinh bay
cu thé trong Phu luc 1.

Céc thanh ghi diéu khién lién quan d€n PORTC:

PORTC (dia chi 07h) : chira gid tri cdc pin trong PORTC
TRISC (dia chi 87h) : diéu khién xui't nhap.

Chi ti€t vé& cdc thanh ghi s& dugc trinh bay cu thé trong phu luc 2.
2.5.4 PORTD

PORTD (RPD) gém 8 chin I/0, thanh ghi diéu khi€n xuit nhip twong ng 13 TRISD.
PORTD con la cdng xudt dit liéu clia chuin giao ti€p PSP (Parallel Slave Port).

CAu tric bén trong va chifc ning cu thé clia tirng chan trong PORTD sé& dudc trinh bay
cu thé trong Phu luc 1.

Céc thanh ghi lién quan d&€n PORTD bao gdm:

Thanh ghi PORTD  : chwra gia tri cdc pin trong PORTD.

Thanh ghi TRISD  : diéu khi€n xuAt nhap.

Thanh ghi TRISE  : diéu khién xuat nhap PORTE va chuén giao ti&p PSP.
Chi ti€t vé& cdc thanh ghi s& dugc trinh bay cu thé trong phu luc 2.



2.5.5 PORTE
PORTE (RPE) gébm 3 chan I/0. Thanh ghi diéu khi€n xui't nhap tuong Gng 13 TRISE.
Céc chan cia PORTE c6 ngd vao analog. Bén canh d6 PORTE con 13 cdc chan diéu khién
cia chudn giao ti€p PSP.
Cau triic bén trong va chiic ning cu thé cda tirng chian trong PORTE s& dudc trinh bay
cu thé trong Phu luc 1.
Céc thanh ghi lién quan d€n PORTE bao gdm:
PORTE :chuwa gié tri cac chan trong PORTE.
TRISE  : diéu khién xud't nhap va xdc 1ap cdc thong s& cho chuin giao ti€p PSP.
ADCONI : thanh ghi diéu khién kh&i ADC.
Chi ti€t vé cdc thanh ghi s& dugc trinh bay cu thé trong phu luc 2.

2.6 TIMER 0

PAay 12 mot trong ba bd d€m hoic bo dinh thdi ciia vi diéu khién PIC16F877A. Timer0
12 bo d&€m 8 bit dudc k&t ndi v6i bd chia tin s6 (prescaler) 8 bit. C4u tric clia Timer0 cho
phép ta lya chon xung clock tic dong va canh tich cuc clia xung clock. Ngit TimerQ s& xuét
hién khi TimerO bi tran. Bit TMROIE (INTCON<5>) la bit diéu khién cta TimerO.
TMROIE=1 cho phép ngit Timer0 tic dong, TMROIF= 0 khong cho phép ngit Timer0 tdc
dong. So dd khoi ctia Timer0 nhu sau:

CLKCQ (= Foscid)

Data Bus
M T % g
0 1
\— u M
RA4TOCK] LT . y Sync
pin D an o| U +—= 2 » TMRD Reg
Iﬁ C X Cycles
TOSE I f
[l
Toes BSA Sef Flag bit TMROIF
on Cwverflow
PRESCALER
r—— - - - - - - - - T
0 I . I
Mo G-bit Prescaler
u I
Watchdog 1 % 8 I
Timer |
I

I

I

I

| 8t0-1MUX  |=— PS2PSD
L

I

WDT Enable bit =

MUK —— PS4

WDT
Time-out

Mote: TOCS, TOSE, PSA, PS2:PS0 are (OPTICN_REG<=5:0=).

Hinh 2.5 S d6 khdi cia TimerO.



Muén Timer0 hoat dong & ch& do Timer ta clear bit TOSC (OPTION_REG<5>), khi
dé gid tri thanh ghi TMRO sé ting theo tirng chu ki xung ddng hod (tin s& vao Timer0 biing Y4
tan so oscillator). Khi gid tri thanh ghi TMRO tir FFh tr& vé 00h, ngit Timer0 s& xuat hién.
Thanh ghi TMRO cho phép ghi va xéa dudc gitip ta 4n dinh thdi di€ém ngit Timer0 xuit hién
mot cich linh dong.

Mudn Timer0 hoat dong & ch& do counter ta set bit TOSC (OPTION_REG<5>). Khi
do6 xung tdc dong l1én bd d€m dugc 18y tir chdAn RA4/TOCK 1. Bit TOSE (OPTION_REG<4>)
cho phép lya chon canh tic dong vao bot d€m. Canh tic dong sé& la canh Ién né€u TOSE=0 va
canh tidc dong sé& 1a canh xudng néu TOSE=1.

Khi thanh ghi TMRO bi tran, bit TMROIF (INTCON<2>) s€ dudc set. Pay chinh la co
ngit cda Timer0. C3 ngit nay phdi dudc xéa bing chuong trinh truéc khi by d€m bit dau
thuc hién lai qua trinh d€m. Ngit TimerO khong thé “ddnh thic” vi diéu khién tir ché do
sleep.

B0 chia tan s6 (prescaler) dudc chia sé gitta Timer0O va WDT (Watchdog Timer). Diéu
d6 c6 nghia 1a néu prescaler dugc sit dung cho Timer0O thi WDT sé& khong c6 dudc hd trd clia
prescaler va ngudc lai. Prescaler dudc diéu khi€n bdi thanh ghi OPTION_REG. Bit PSA
(OPTION_REG<3>) xdc dinh d6i tugng tdc dong ctia prescaler. Cdc bit PS2:PSO
(OPTION_REG<2:0>) xdc dinh ti s& chia tin s& cda prescaler. Xem lai thanh ghi
OPTION_REG d€ xdc dinh lai mot cdch chi ti€t vé cac bit diéu khién trén.

C4c 1énh tdc dong 1én gia tri thanh ghi TMRO sé& x6a ché& do hoat dong clia prescaler.
Khi d6i tuong tic dong 1a TimerO, tdc dong lén gid tri thanh ghi TMRO s& x6a prescaler
nhung khong 1am thay d6i d6i tugng tic dong cla prescaler. Khi ddi tugng tic dong 12 WDT,
lénh CLRWDT sé& x6a prescaler, ddng thdi prescaler s& ngung tic vu hd trg cho WDT.

Céc thanh ghi di€u khién lién quan d&€n Timer0 bao gdm:
TMRO (dia chi 01h, 101h) : chita gi4 tri d€m ctia TimerO.
INTCON (dia chi 0Bh, 8Bh, 10Bh, 18Bh): cho phép ngit hoat dong (GIE va PEIE).
OPTION_REG (dia chi 81h, 181h): diéu khién prescaler.

Chi ti€t vé& cdc thanh ghi s& dugc trinh bay cu thé trong phu luc 2.

2.7 TIMER1

Timerl 14 bd dinh thoi 16 bit, gid tri cia Timerl s& dugc luu trong hai thanh ghi
(TMRIH:TMRIL). C& ngit ctia Timerl 1a bit TMRIIF (PIR1<0>). Bit diéu khién ctia
Timerl s€ 1a TMRIIE (PIE<0>).

Tuong ty nhu Timer0, Timerl ciing ¢6 hai ché d hoat dong: ch€ do dinh thdi (timer)
v6i xung kich 1a xung clock clia oscillator (tin sd clia timer bing Y tan s& cla oscillator) va
ch& @6 d&€m (counter) v6i xung kich 1a xung phdn 4nh cic sy kién cAn d€m 14y tir bén ngoai



thong qua chan RCO/T10SO/T1CKI (canh tdc dong la canh 1€n). Viéc lya chon xung tic
dong (twong tng vdi viéc lya chon ch& dd hoat dong 1a timer hay counter) dugc diéu khién
bdi bit TMR1CS (TICON<I1>). Sau diy 13 so dd khdi cia Timerl:

Set Flag bit
TMRAIF on )
Cwerflow \ I] Synchronized
L‘ THR1 Clock Imput
TMR1H TMR1L l—'
- L 1 |-——
TMRION T
________ on/o I
' TI05C TisvRe
P

1os0r L rose > P
RCOMIOSOTICK E ! J I, : - = 1 Srescaler Synchronize ]
= J x_l‘—:—T‘I.._,.JE:Eh Foech 1.2.4.8 _'J_':Et
oo ) 1 :l_ -

. |

| I = Q@ Clock
________ TICKPS1:T1CKPED

TMRICS

Note 1: When the TIOSCEN bt is cleared, the inverter is twumed off. This efmmnates power drain.

Hinh 2.6 Sd d6 khdi ctia Timerl.

Ngoai ra Timerl con c6 chifc ning reset input bén trong dudc diéu khi€n bdi mot
trong hai khoi CCP (Capture/Compare/PWM).

Khi bit TIOSCEN (T1CON<3>) dugc set, Timerl s& 14y xung clock tir hai chin
RC1/T10SI/CCP2 va RCO/T10SO/T1CKI lam xung d€m. Timerl s& bit diu d€m sau canh
xudng diu tién cla xung ngd vao. Khi d6 PORTC sé& bd qua su tic dong clia hai bit
TRISC<1:0> va PORTC<2:1> dugc gdn gia tri 0. Khi clear bit TIOSCEN Timer] s& 14y xung
d€m tir oscillator hoidc tir chan RCO/T10SO/T1CKI.

Timer1 cé hai ch€ d d€m 13 ddng bd (Synchronous) va bi't ddng bo (Asynchronous).
Ché& dd d€m dudgc quyét dinh bdi bit diéu khi€n TTSYRC (T1CON<2>).

Khi TTSYRC =1 xung d€m 14y tir bén ngoai s& khong dugc ddng bd héa véi xung clock
bén trong, Timer] sé& ti€p tuc qué trinh d€m khi vi diéu khién dang & ché& dd sleep va ngit do
Timer] tao ra khi bi tran ¢6 kha ning “ddnh thic” vi diéu khién. O ché& do d€m bat ddng bo,
Timerl khong thé dugc st dung d€ 1am ngudn xung clock cho khdi CCP
(Capture/Compare/Pulse width modulation).

Khi TISVRE =0 xung d€m vao Timerl sé& dugc dong bd héa véi xung clock bén trong. 0
ch& @6 nay Timer] sé& khong hoat dong khi vi diéu khi€n dang & ch& do sleep.

Céc thanh ghi lién quan dén Timerl bao gom:

INTCON (dia chi 0Bh, 8Bh, 10Bh, 18Bh): cho phép ngit hoat dong (GIE va PEIE).

PIR1 (dia chi OCh): chita cd ngidt Timerl (TMRI1IF).

PIE1( dia chi 8Ch): cho phép ngit Timerl (TMRI1IE).

TMRIL (dia chi OEh): chita gid tri 8 bit thip cia bo d€m Timerl.

TMR1H (dia chi OEh): chita gi4 tri 8 bit cao ctia bd d€m Timerl.

T1CON (dia chi 10h): x4c 1ap c4c thong s6 cho Timerl.

Chi ti€t vé& cdc thanh ghi s& dugc trinh bay cu thé trong phu luc 2.



2.8 TIMER2

Timer2 12 bd dinh thdi 8 bit vd dudc hd tr¢g bsi hai bo chia tin s§ prescaler va
postscaler. Thanh ghi chita gid tri d€m ctia Timer2 la TMR2. Bit cho phép ngdt Timer2 tic
dong 12 TMR20ON (T2CON<2>). C& ngit ctia Timer2 13 bit TMR2IF (PIR1<1>). Xung ngd
vao (tn sO bing % tin s6 oscillator) dugc dua qua bo chia tan sd prescaler 4 bit (véi céc ti
s6 chia tan s6 1a 1:1, 1:4 hodc 1:16 va dugc diéu khi€n bdi cdc bit T2CKPS1:T2CKPS0
(T2CON<1:0>)).

} Sets Flag

oit TMR2IF | Dot

Reset P !
—=| TMR2Z Reg |, (g 1.q6/— Foscid
N —F
~ostscaler | | [Meomparator | ,Pz
USRI o T2CKPS1:
4 | SR2 Rag | T2CKPS0
T20UTPS3:
T20UTPS0

Mote 1: TMREZ register output can be software selacted by the
S5PF module as a baud clock.

Hinh 2.7 S¢ @b khdi Timer?2.

Timer2 con dugc hd trg bdi thanh ghi PR2. Gi4 tri d€m trong thanh ghi TMR2 sé ting
tir 00h dén gid tri chita trong thanh ghi PR2, sau d6 dudc reset vé 00h. Kh I reset thanh ghi
PR2 dugc nhan gid tri médc dinh FFh.

Ngb ra ctia Timer2 dugc dua qua bd chia tin s6 postscaler vdi cdc mic chia tir 1:1 d€n
1:16. Postscaler dudc diéu khién bdi 4 bit T2OUTPS3:T20UTPS0. Ngé ra cia postscaler
déng vai trd quyé&t dinh trong viéc diéu khién cd ngit.

Ngoai ra ngd ra ctia Timer2 con dugc k&t ndi vdi khoi SSP, do d6 Timer2 con déng
vai trd tao ra xung clock dong bo cho khdi giao ti€p SSP.

Céc thanh ghi lién quan dén Timer2 bao gom:
INTCON (dia chi OBh, 8Bh, 10Bh, 18Bh): cho phép toan bd cdc ngit (GIE va PEIE).
PIR1 (dia chi OCh): chita cd ngidt Timer2 (TMR2IF).
PIE1 (dja chi 8Ch): chita bit diéu khién Timer2 (TMR2IE).
TMR2 (dia chi 11h): chita gi4 tri d€m cda Timer2.
T2CON (dia chi 12h): x4c 1ap cdc thong s6 cho Timer2.



PR2 (dia chi 92h): thanh ghi h tr¢ cho Timer2.
Chi ti€t vé& cdc thanh ghi s& dugc trinh bay cu thé trong phu luc 2.
Ta c6 mot vai nhan xét vé Timer0, Timerl va Timer2 nhu sau:

Timer0 va Timer2 12 bo d€m 8 bit (gia tri d€m t6i da 1a FFh), trong khi Timerl 12 bd
d&€m 16 bit (gid tri d€m t6i da 12 FFFFh).

Timer0, Timerl vd Timer2 déu c6 hai ché dd hoat dong 13 timer va counter. Xung
clock ¢6 tan s6 bing ¥4 tin s6 cda oscillator.

Xung tdc dong 1én Timer0O dudc hd trg bdi prescaler va c6 thé dudc thi€t 14p & nhiéu
ch& dd khic nhau (tan so tic dong, canh tic dong) trong khi cdc thong s& clia xung tic dong
1én Timerl 1a c6 dinh. Timer2 dugc hd trg bdi hai bo chia tin s§ prescaler va postcaler doc
1ap, tuy nhién canh tdc dong vin dudc cd dinh 13 canh 1én.

Timerl c6 quan hé véi khoi CCP, trong khi Timer2 dugc k&t ndi véi khdi SSP.

Mot vai so sdnh s& gidp ta dé dang lua chon dugc Timer thich hdp cho tng dung.
29ADC

ADC (Analog to Digital Converter) 12 bd chuyén ddi tin hiéu giita hai dang tuong tu va s6.
PIC16F877A c6 8 ngd vao analog (RA4:RA0 va RE2:REQ). Hiéu dién th& chudn Vggr c6 thé
dudc lya chon 1a Vpp, Vss hay hi€u dién thé€ chuin dugc xdc lap trén hai chan RA2 va RA3.
K&t qua chuyén ddi tir tin tiéu tuong tu sang tin hiéu s6 1a 10 bit s6 tudng ng va dugc luu
trong hai thanh ghi ADRESH:ADRESL. Khi khong st dung bd chuyén ddi ADC, cic thanh
ghi nay c6 thé dudc st dung nhu cic thanh ghi thong thudng khic. Khi qua trinh chuyén ddi
hoan tit, k&t qud sé& dugc luu vdo hai thanh ghi ADRESH:ADRESL, bit
GO/DONE (ADCON0<2>) dudc x6a vé& 0 va cd ngit ADIF dudc set.

Qui trinh chuyén ddi tir tuong ty sang s6 bao gdm cédc budc sau:

1. Thiét 1ap cac thong sd cho bd chuyén ddi ADC:

Chon ngd vao analog, chon dién 4p miu (dua trén cdc thong s6 clia thanh ghi
ADCON1)

Chonh kénh chuyén ddi AD (thanh ghi ADCONO).
Chonh xung clock cho kénh chuyén d8i AD (thanh ghi ADCONO).
Cho phép bd chuyén d6i AD hoat dong (thanh ghi ADCONO).

2. Thi€t 1ap cdc cd ngdt cho bd AD
Clear bit ADIF.
Set bit ADIE.
Set bit PEIE.
Set bit GIE.



3. Bdi cho t6i khi qué trinh 14y mAu hoan tat.

4. B4t diu qud trinh chuyé&n ddi (set bit SODONE ),

5. Pgi cho t6i khi qué trinh chuyén ddi hoan tit bing cach:
Kié€m tra bit S9DONE | N&y GODONE =0, qu4 trinh chuyén déi da hoan tat.
Kiém tra ¢ ngit.

6. Poc k&t qua chuyén ddi va x6a cd ngit, set bit S9DONE (n&y cin ti€p tuc chuyén
déi).

7. Ti€p tuc thuc hién cdc budc 1 va 2 cho qud trinh chuyén ddi ti€p theo.

CHS2:CHSD
: 111 ;
: o X : RE2ANTIN
: 11d :
' ;\O—|Z| RE1/aNg!
1 1
: e REDANS!T
1 1
: 100
., 1 RASIANS
WBIN ) i
1 1
{Input Voltage) : 3 L TH ._ﬁ RAANANRER+
1 1
AD X 010
Converter : ) \O : EI RAZAMZIVREF-
1 1
1 1
i o001
VoD \u EE RA1/AN1
T X \ ocoo
REF+ ro o r oo g RADAMD
'\-"-_. i Cooo o oo oD oo oD o cl
(Reference ' o
‘Voltage) e .|.| |. -
PCFG3PCFGD
REF ! o

|
otms~ 1. . ” :

PCFGIPCFGO

Note 1: Mot available on 28-pin devices.

Hinh 2.8 S db khdi bd chuyén ddi ADC.

Can chi ¥ 14 ¢6 hai cdch luu k&t qua chuyén d6i AD, viéc Iya chon cdch luu dugc diéu khién
bdi bit ADFM va dugc minh hoa cu thé trong hinh sau:



| 10-bit Result

ADFM =1 ADFM = o
) e A
L " s "n
7 2107 0 7 0765 1]
000000 000000
" * ¥ ' h " ) "
ADRESH ADRESL ADRESH ADRESL
= , . -
10-hit Result 10-hit Result
Right Justified Left Justified

Hinh 2.9 Céc cich luu két qua chuyén ddi AD.
Céc thanh ghi lién quan d€n bo chuyén ddi ADC bao gdm:

INTCON (dia chi OBh, 8Bh, 10Bh, 18Bh): cho phép céc ngit (cdc bit GIE, PEIE).

PIR1 (dia chi OCh): chita c& ngidt AD (bit ADIF).

PIE1 (dia chi 8Ch): chia bit diéu khién AD (ADIE).

ADRESH (dia chi 1Eh) vi ADRESL (dia chi 9Eh): cdc thanh ghi chita két qué chuyén
déi AD.

ADCONO (dia chi 1Fh) vA ADCONI (dia chi 9Fh): xdc 1ip cdc thong s& cho bod
chuyén d6i AD.

PORTA (dia chi 05h) vd TRISA (dia chi 85h): lién quan dén cdc ngd vao analog &
PORTA.

PORTE (dia chi 09h) va TRISE (dia chi 89h): lién quan dén cdc ngd vao analog &
PORTE.

Chi ti€t vé& cdc thanh ghi sé dugc trinh bay cu thé § phu luc 2.
2.10 COMPARATOR

B0 so sanh bao gdm hai bd so so sdnh tin hiéu analog va dudc dit § PORTA. Ngé vao
bd so sdnh 13 cdc chan RA3:RAO, ngd ra 1a hai chAn RA4 va RAS. Thanh ghi diéu khién bd
so sdnh 1a CMCON. Céac bit CM2:CMO trong thanh ghi CMCON doéng vai tro chon lya céic
ch& dd hoat dong cho bd Comparator (hinh 2.10).

Cd ch€ hoat dong ctia bd Comparator nhu sau:



Tin hiéu analog & chian Vv ; s& dugc sé sdnh v6i dién 4p chudn & chin Vin. va tin
hiéu & ngd ra bd so sanh sé& thay ddi twong ¥ng nhu hinh vé. Khi dién 4p & chdn Vin, 16n hon
dién dp G chan Vi, ngd ra s€ § mic 1 va ngudc lai.

Dua vao hinh vé ta thdy ddp ng tai ngd ra khong phai la tic thdi so v6i thay d6i tai
ngd vao ma cin cé mot khodng thdi gian nhat dinh d€ ngd ra thay ddi trang thai (t6i da 12 10
us). Cin chii ¥ d&€n khodng thdi gian ddp ng nay khi sit dung bd so sanh.

Cuyec tinh ctia cdc bd so sdnh c6 thé thay d6i dua vao cic gid tri dit vao cac bit C2INV
va C1INV (CMCON<4:5>).

AT
| &

Wit

Cutput _l l l ._

Hinh 2.10 Nguyén 1i hoat dong cia mdt bd so sanh don gian.



Comparators Reset
CM2:CM0 =000
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Two Independent Comparators
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Two Independent Comparators with Outputs
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Two Common Reference Comparators
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Two Common Reference Comparators with Outputs
CM2:CMD =101
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One Independent Comparator with Output
CM2:CMOD = 001
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Four Inputs Multiplexed to Two Comparators

CM2:CMD =110
A
RADAND 20 oy oy [
RASMNA B, CTIS=1 o C1H}_ C10UT
T 1 o
T
RAUANT 2o -
_cis= o | vm [~
-~ B T IS = it
RAZJANZ o, Lio=1 Vs C2 >—— C20UT
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CVRET From Comparator
WREF Module

A = Analog Input, port reads zeros always. D = Digtal Input.  CIS (CMCOMN=3=) iz the Comparator Input Switch.

Hinh 2.11 C4c ch& do hoat dong clia bd comparator.
Céc bit C20UT va C10UT (CMCON<7:6>) d6ng vai trd ghi nhan sy thay d6i tin hiéu analog
so v6i dién 4p dit trude. Cac bit nay can dugce xit li thich hgp bing chuong trinh d€ ghi nhan
sy thay di clia tin hiéu ngd vao. CS ngit cla bo so sianh 1a bit CMIF (thanh ghi PIR1). C&
ngit nay phai dugc reset vé 0. Bit diéu khi€n bo so sanh 1a bit CMIE (Tranh ghi PIE).



Céc thanh ghi lién quan d&n bo so sdnh bao gdm:

CMCON (dia chi 9Ch) va CVRCON (dia chi 9Dh): x4c lap cdc thong s6 cho bd so
sanh.

Thanh ghi INTCON (dia chi OBh, 8Bh, 10Bh, 18Bh): chita cdc bit cho phép cdc ngit
(GIE va PEIE).

Thanh ghi PIR2 (dia chi ODh): chita ¢& ngit clia bo so sanh (CMIF).

Thanh ghi PIE2 (dia chi 8Dh): chita bit cho phép b so sdanh (CNIE).

Thanh ghi PORTA (dia chi 05h) va TRISA (dia chi 85h): cdc thanh ghi diéu khién

PORTA.

Chi ti€t vé& cdc thanh ghi s& dugc trinh bay cu thé trong phu luc 2.

2.10.1 BO TAO PIEN AP SO SANH

B so sdnh nay chi hoat dong khi by Comparator dudc dinh dang hoat dong & ché do ‘110°.
Khi d6 cdc pin RAO/ANO va RA1/AN1 (khi CIS = 0) hodc pin RA3/AN3 va RA2/AN2 (khi
CIS = 1) s& 12 ngd vao analog clia dién 4p cin so sdnh dua vio ngd Vin- clia 2 bd so sdnh C1
va C2 (xem chi ti€t & hinh 2.10). Trong khi d6 dién dp dwa vao ngd Vin+ sé dudc 14y tir mot
bd tao dién 4p so sdnh. So d6 khdi clia bd tao dién dp so sdnh dudc trinh bay trong hinh vé

sau:
oo

16 Stages
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C"«."HEI»J—>-0—\’1 = = R = :
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VAT WY YR e e

—CcvRR

RAZIANZIVREF-ICVREF

cvroE —[ b+ cuRa

C\Rzr ! 3 1 CvVR2
INPULtD 16:1 Analog MUX VR
Comparator CVRD

Hinh 2.12 So @6 khdi bo tao dién dp so sanh.
B0 tao dién 4p so sdnh nay bao gdbm mot thang dién trd 16 mifc déng vai trd 12 cu phan 4p
chia nhé dién 4p Vpp thanh nhiéu mic khic nhau (16 mitc). Mdi mifc c6 gi4 tri dién 4p khic
nhau tuy thudc vao bit diéu khi€n CVRR (CVRCON<5>). Néu CVRR & mic logic 1, dién trg
8R s& khong c6 tdc dung nhu mot thanh phin cda ciu phan 4p (BJT din manh va dong dién



khong di qua dién tr§ 8R), khi d6 1 mdc dién dp c6 gid tri Vpp/24. Ngudc lai khi CVRR &
muc logic 0, dong dién sé& qua dién tr§ 8R val miic dién dp c6 gid tri Vpp/32. Cac mic dién
dp nay dudgc dua qua bd MUX cho phép ta chon dugc di€én 4p dua ra pin
RA2/AN2/Vger/CVger € dua vao ngd Vin+ clia bd so sdnh bing cdch dua cdc gid tri thich
hgp vao cic bit CVR3:CVRO.
B0 tao dién 4p so sdnh nay c6 thé xem nhu mot bd chuyén ddi D/A don gidn. Gid tri
dién 4p cAn so sdnh § ngd vao Analog s& dudc so sdnh vdi cdc mitc dién 4p do bd tao dién 4p
tao ra cho t6i khi hai dién 4p nay dat dudc gid tri x4p xi bing nhau. Khi d6 k&t qua chuyén
ddi xem nhu dudc chia trong cdc bit CVR3:CVRO.
Céc thanh ghi lién quan d&n b tao dién 4p so sanh ndy bao gom:
Thanh ghi CVRCON (dia chi 9Dh): thanh ghi tryc ti€p di€u khién bd so sanh
dién ap.
Thanh ghi CMCON (dia chi 9Ch): thanh ghi diéu khién bo Comparator.

Chi ti€t vé& cdc thanh ghi sé& dugc trinh bay cu thé § phu luc 2.

2.11 CCP

CCP (Capture/Compare/PWM) bao gdm céc thao tdc trén cdc xung d€m cung cip bdi cic bd
d€m Timerl va Timer2. PIC16F877A dudc tich hgp sdn hai khéi CCP : CCP1 va CCP2.Mdi
CCP c6 mdt thanh ghi 16 bit (CCPR1H:CCPRIL va CCPR2H:CCPR2L), pin diéu khién ding
cho khdi CCPx 12 RC2/CCP1 va RC1/T10SI/CCP2. Céc chifc ning cia CCP bao gdm:

Capture.

So sdnh (Compare).

biéu ch€ @6 rong xung PWM (Pulse Width Modulation).
C4 CCP1 va CCP2 vé nguyén tic hoat dong déu giong nhau va chic ning clia tirng khoi 12
kha doc 1ap. Tuy nhién trong mot s§ trudng hdp ngoai 1é CCP1 va CCP2 c6 kha ning phdi
hdp v6i nhau d€ d€ tao ra cdc hién tugng dic biét (Special event trigger) hoic cic tic dong
1én Timerl va Timer2. Cac trudng hgp nay dugc liét ké trong bang sau:

CCPx CCPy Téc dong
Capture Capture Dung chung ngudn xung clock tif TMR1
Capture Compare Tao ra hi€n tugng dic biét lam x6a TMR1
Compare Compare Tao ra hién tugng ddc biét lam x6a TMR1

PWM PWM Dung chung tan s& xung clock vacuing chiu tic dong clia ngit

TMR2.
PWM Capture Hoat dong doc lap
PWM Compare Hoat dong doc lap




Khi hoat dong & ch& dd Capture thi khi ¢ Set Flag bit CCP1IF

mdt “hién twgng” xdy ra tai pin RC2/CCP1 Proscaler | Vo)

(hodic RCI/TIOSI/CCP), gid tri cha thanh  |acsee Lt comm T eorai]
ghi TMR1 s& dugc dua vao thanh ghi CCPR1 —

(CCPR2). C4c “hién tugng” dudc dinh nghia J;;'TL —oFe _n_

bai cac bit CCPxM3:CCPxMO J( I, [ TMRIH | TMRIL |
(CCPXxCON<3:0>) va c6 thé 13 mot trong o CCP1CON=30>

cédc hién tugng sau:

Mbi khi ¢6 canh xudng tai cdc pin Hinh 2.13 Sd @6 khoi CCP (Capture mode).
CCP.

Mbi khi c6 canh 1én.

Mbi canh 1én thit 4.

Mbi canh 1én thi 16.

Sau khi gid tri ciia thanh ghi TMR1 dugc dua vao thanh ghi CCPRXx, ¢& ngidt CCPIF dudc set
va phéi dugc x6a bing chuong trinh. N&u hién tugng ti€p theo x4y ra ma gid tri trong thanh
ghi CCPRx chua dudc xt 1i, gi4 tri ti€p theo nhan dugc sé tu dong dudc ghi d& 1én gid tri cii.

Mot s& di€m cin chi y khi sit dung CCP nhu sau:

Céc pin dung cho khdi CCP phai dugc 4n dinh 13 input (set cdc bit twong @ng trong
thanh ghi TRISC). Khi 4n dinh cdc pin ding cho khdi CCP Ia output, viéc dua gid tri vao
PORTC ciing c6 thé giy ra cidc “hién tugng” tic dong 1én khdi CCP do trang thdi cia pin
thay d6i.

Timer1 phai dudc hoat dong & ch& @6 Timer hoic ché d6 d€m ddng bd.

Tranh st dung ngdt CCP bing cach clear bit CCPxIE (thanh ghi PIE1), ¢& ngdt CCPIF
nén dugc x6a bing phan mém mdi khi dugc set dé ti€p tuc nhan dinh dugc trang thdi hoat
déng cia CCP.

CCP con dugc tich hgp bd chia tin s6 prescaler dudc diéu khién bdi cdc bit
CCPxM3:CCPxMO. Viéc thay ddi ddi tugng tic dong cia prescaler c6 thé tao ra hoat dong
ngit. Prescaler dugc x6a khi CCP khong hoat dong hodc khi reset.

Xem cédc thanh ghi diéu khi€n khdi CCP (phu luc 2 d€ biét thém chi ti&t).



Khi hoat dong & ch€ do Compare, gia tri trong thanh ghi CCPRx sé& thudng xuyén dugc so
sdnh v6i gia tri trong thanh ghi TMRI1. Khi hai thanh ghi chifa gid tri bing nhau, cdc pin cla
CCP dudc thay ddi trang thdi (dudc dua 1én mic cao, dua xuéng mitc thap hoic gilt nguyén
trang thdi), ddng thdi ¢ ngidt CCPIF ciing s& dugc set. Sy thay ddi trang thdi cda pin c6 thé
dudc diéu khié€n bdi cic bit CCPxM3:CCPxMO0 (CCPxCON <3:0>).

Special event trigger will:
reset Timer1, but not set intermupt flag bit TMR1IF (PIR1<0=)
and set bit GOVDONE (ADCOND=Z=].

Special Event Trigger

Set Flag bit CCP1IF
(PIR1=2=)
?CEF'ECW CCPR1H| CCPRIL|
dls
= Q g I . LY
Eﬂ"]— B ?E'pE' = Comparator |
l rLl Lege [T Match -
AL iy
TRISC=2= | Th"H'Hl THMEIL |

Cutput Enable  pppicom=ae
Mode Selzct

Hinh 2.14 Sd @b khoi CCP (Compare mode).

Tuong ty nhu & ch€ do Capture, Timerl phdi dugc 4n dinh ch€ do hoat dong 1a timer
hoidc d€m ddng bo. Ngoai ra, khi & ch€ d6 Compare, CCP c6 kha ning tao ra hién tugng dic
biét (Special Event trigger) 1am reset gid tri thanh ghi TMR1 va khéi dong bd chuyén doi
ADC. DPiéu nay cho phép ta diéu khién gia tri thanh ghi TMR1 mét c4ch linh dong hon.



Khi hoat dong & ché& d(f)\ PWM (Pulse ety Cyoe Regiters - COP1CONGS 4>
Width Modulation _ khoi di\éu ch’é/ dd rong | p— T
xung), tin hiéu sau khi di€u ché sé& dugc :
dua ra cdc pin cia kh&i CCP (can 4n dinh %%—
cdc pin \néy 1a output). D€ st dung chic |CCPR1,_,:3M:,§ |
ning di€u ch& nay trudc tién ta can ti€n T RC2ICCPT
hanh cdc budc cai dit sau: | Comparatar i R0 —;""—E
1. Thiét lap thdi gian cta 1 chu ki ar
cia xung diéu ché€ cho PWM [ Rz fwoten) =
(period) bing cdch dua gia tri e
thicl} hgp vao thanh ghi P}QZ. ) Clear -I|-:-?n1ea:;1d
2. Thiétlap do rOng xung can diéu laieh D.C.
ch€& (duty cycle) bing cich dua
gid tri Vao thanh ghi CCPRXL T e A e
va cdc bit CCP1CON<5:4>.
3. Diéu khién cic pin cia CCP la Hinh 2.15 Sd d6 kh&i CCP (PWM mode).
output biing cédch clear cdc bit
twuong Ung trong thanh ghi . Period
TRISC. - g
4. Thi€t 14p gid tri bo chia tin s& QW'—' LI
i+ Duty Cycle |

prescaler cia Timer2 va cho
phép Timer2 hoat ddng bing : :
cdch dua gid tri thich hop vao ! TMR2 = Duty Cycle

TMRZ = PR2

thanh ghi T2CON. TMR2 = PR2
5. Cho phép CCP hoat dong & ché& -
d6 PWM. Hinh 2.16 Cac tham s6 cia PWM

Trong d6 gid tri 1 chu ki (period) clia xung diéu ch€ dugc tinh bing cong thifc:

PWM period = [(PR2)+1]#4*Tosc*(gi4 tri bd chia tAn s& cia TMR2).

B0 chia tan so prescaler ctia Timer2 chi ¢6 thé nhin cic gid tri 1,4 hoic 16 (xem lai Timer2
d€ bi&t thém chi ti€t). Khi gid tri thanh ghi PR2 biing vdi gid tri thanh ghi TMR2 thi qué trinh
sau xay ra:

Thanh ghi TMR2 ty dong dugc x6a.

Pin cda khoi CCP dugc set.

Gi4 tri thanh ghi CCPRIL (chita gid tri 4n dinh d6 rong xung diéu ché duty cycle)
dudc dua vao thanh ghi CCPRxH.

Do rong cla xung di¢u ché (duty cycle) dudc tinh theo cdng thiic:
PWM duty cycle = (CCPRXL:CCPXCON<5:4>)*Tosc*(gi4 tri bo chia tin s6 TMR2)




Nhu vay 2 bit CCPxCON<5:4> sé chira 2 bit LSB. Thanh ghi CCPRXL chita byte cao cta gia
tri quy€t dinh d6 rong xung. Thanh ghi CCPRxH déng vai tro 1a buffer cho khéi PWM. Khi
gid tri trong thanh ghi CCPRxH bing v6i gid tri trong thanh ghi TMR2 va hai bit
CCPxCON<5:4> biing véi gid tri 2 bit clia bo chia tin sd prescaler, pin ctia khdi CCP lai
dugc dua vé mifc thdp, nhu vay ta ¢6 dudc hinh dnh clia xung dicu ché tai ngd ra clia khdi
PWM nhu hinh 2.14.

Mot s& di€m cin chi y khi sit dung khi PWM:

Timer2 c6 hai bd chia tAn sd prescaler va postscaler. Tuy nhién bo postscaler khong
dudgc st dung trong qué trinh diéu ch& d6 rong xung clia khdi PWM.

Néu thdi gian duty cycle dai hon thdi gian chu ki xung period thi xung ngd ra ti€p tuc
dudc gitt & mic cao sau khi gid tri PR2 biang véi gid tri TMR2.

2.12 GIAO TIEP NOI TIEP
1.12.1 USART

USART (Universal Synchronous Asynchronous Receiver Transmitter) 1a mot trong
hai chuén giao ti€p ndi ti€p.USART con dugc goi 1a giao dién giao ti€p ndi ti€p ndi ti€p SCI
(Serial Communication Interface). C6 thé st dung giao dién nay cho cdc giao ti€p véi cdc
thi€t bi ngoai vi, vdi cdc vi diéu khié€n khic hay v6i mdy tinh. Cic dang clia giao dién
USART ngoai vi bao gom:

B4t dong bd (Asynchronous).
DPoéng bo_ Master mode.
DPong bo_ Slave mode.

Hai pin dung cho giao di€én nay la RC6/TX/CK va RC7/RX/DT, trong d6 RC6/TX/CK
ding &€ truyén xung clock (baud rate) vdi RC7/RX/DT dung d€ truyén data. Trong trudng
hdp nay ta phai set bit TRISC<7:6> va SPEN (RCSTA<7>) c0d€ cho phép giao dién USART.

PIC16F877A dugc tich hdp sdn bd tao tdc dd baud BRG (Baud Rate Genetator) 8 bit
diing cho giao dién USART. BRG thuc chat 1a mot bd d€m c6 thé duge sit dung cho ci hai
dang ddng bd va bat ddng bo va dudc diéu khi€n bdi thanh ghi PSBRG. 0 dang bat dong bo,
BRG cdn dugce didu khién bdi bit BRGH ( TXSTA<2>). G dang ddng bo tic dong cla bit
BRGH dugc bd qua. Téc dd baud do BRG tao ra dugc tinh theo cong thic sau:

SYNC BRGH = 0 (Low Speed) BRGH = 1 {High Speed)
0 (Asynchronous) Baud Rate = Fosci(Gd (X = 1)) Baud Rate = Foscf(16 (X + 1))
1 (Synchronous) Baud Rate = Foscf{d4 (3 + 1)) MIA

Trong d6 X 1a gid tri cia thanh ghi RSBRG ( X 1a s6 nguyén va 0<X<255).



Céc thanh ghi lién quan d€n BRG bao gém:

TXSTA (dia chi 98h): chon ch& dd dong bo hay bat d6ng bd ( bit SYNC) va chon mic
tdc dd baud (bit BRGH).

RCSTA (dia chi 18h): cho phép hoat dong cdng ndi ti€p (bit SPEN).

RSBRG (dia chi 99h): quyét dinh t&c d6 baud.

Chi ti€t v& cdc thanh ghi sé dugc trinh bat cu thé trong phu luc 2.
2.12.1.1 USART BAT PONG BQ

3 ché dd truyén nay USART hoat dong theo chudin NRZ (None-Return-to-Zero), nghia 12
cdc bit truyén di s& bao gdm 1 bit Start, 8 hay 9 bit dit liéu (thong thudng 1a 8 bit) va 1 bit
Stop. Bit LSB sé& dugc truyén di trudc. Cac khdi truyén va nhin data doc 1dp v6i nhau sé
diing chung tin s6 tudng ng vdi tdc dd baud cho qué trinh dich dit liéu (t6c d6 baud gip 16
hay 64 1an tdc do dich dit liéu tily theo gid tri ctia bit BRGH), va d€ ddm bao tinh hiéu qua
clia dit liu thi hai khdi truyén va nhan phai ding chung mot dinh dang dit liéu.

2.12.1.1.1 TRUYEN DU LIEU QUA CHUAN GIAO TIEP USART BAT PONG BO

Thanh phan quan trong nhit clia khdi truyén dit liéu 1a thanh ghi dich dit liéu TSR (Transmit
Shift Register). Thanh ghi TSR sé& 14y dit liéu tir thanh ghi dém dung cho qu4 trinh truyén dit
lieu TXREG. Dt liéu can truyén phai duoc dua truc vao thanh ghi TXREG. Ngay sau khi bit
Stop ciia dif liéu can truyén truSc d6 dugc truyén xong, dit liéu tir thanh ghi TXREG sé& dugc
dua vao thanh ghi TSR, thanh ghi TXREG bi rong, ngit xay ra va c¢d hiéu TXIF (PIR1<4>)
dugc set. Ngit nay dugc diéu khi€n bdi bit TXIE (PIE1<4>). C& hiéu TXIF vin dudc set bat
chap trang thdi cta bit TXIE hay tdc dong clia chuong trinh (khong thé x6a TXIF bing
chuong trinh) ma chi reset vé 0 khi c6 dif liéu méi dugc dua vao thanhh ghi TXREG.

I: Data Bus

TXREGRegster |

: Fin Buffer
. . and Contral | E

o RC&MXICK pin

[TRwT|  [spen]

Hinh 2.17 Sd d6 khdi clia khdi truyén dif liéu USART.



Trong khi ¢ hiéu TXIF dong vai tro chi thi trang thdi thanh ghi TXREG thi ¢ hiéu TRMT
(TXSTA<1>) c6 nhiém vu thé hién trang thai thanh ghi TSR. Khi thanh ghi TSR rdng, bit
TRMT sé dudc set. Bit nay chi doc va khong c6 ngit nao dugc gin vdéi trang thdi clia né.
Mot di€ém cin chd ¥y nita 12 thanh ghi TSR khong c6 trong bd nhé dif liéu va chi duge dicu
khién bdi CPU.

Khdi truyén dit liéu dugc cho phép hoat dong khi bit TXEN (TXSTA<5>) dudc set. Qu4 trinh
truyén dit liéu chi thyc sy biat dau khi di c6 dit liéu trong thanh ghi TXREG va xung truyén
baud dudgc tao ra. Khi khdi truyén dit liéu dugc khdi dong 1an diu tién, thanh ghi TSR rdng.
Tai thdi diém d6, dir liéu dua vao thanh ghi TXREG ngay 1ap titc dugc load vao thanh ghi
TSR va thanh ghi TXREG bi réng. Lic nay ta c6 th€ hinh thinh mdt chudi dit liéu lién tuc
cho qud trinh truyén dit liéu. Trong qué trinh truyén dit liéu n&u bit TXEN bi reset vé 0, qud
trinh truyén két thiic, khdi truyén dit liéu dugc reset va pin RC6/TX/CK chuyén dén trang
thdi high-impedance.

Trong trudng hgp dit liéu cAn truyén 1a 9 bit, bit TX9 (TXSTA<6>) dudc set va bit dit lidu thi
9 s€ dugc luu trong bit TX9D (TXSTA<0>). Nén ghi bit di li€u thit 9 vao trudc, vi khi ghi 8
bit dit liéu vao thanh ghi TXREG trudc c6 thé xay ra trudng hdp ndi dung thanh ghi TXREG
s& dugc load vao thanh ghi TSG trudc, nhu vay dit liéu truyén di sé bi sai khdc so véi yéu
cau.

Tém lai, d€ truyén dit liéu theo giao dién USART bat dong bo, ta can thyc hién tuin tu cic
budc sau:

1. Tao xung truyén baud bing cdch dua cdc gi4 tri cAn thi€t vao thanh ghi RSBRG va
bit di€u khién mic t6c do baud BRGH.

Cho phép c6ng giao dién ndi ti€p ndi ti€p bat ddng bo bing cich clear bit SYNC
va set bit PSEN.

Set bit TXIE néu can s dung ngit truyén.

Set bit TX9 né&u dinh dang dif liéu can truyén la 9 bit.

Set bit TXEN d€ cho phép truyén dit liéu (lic nay bit TXIF ciing s& dudgc set).

Néu dinh dang dit liéu 1a 9 bit, dwa bit dit liéu thit 9 vao bit TX9D.

Dua 8 bit dit liéu can truyén vdo thanh ghi TXREG.

Néu st dung ngit truyén, cin ki€m tra lai cdc bit GIE va PEIE (thanh ghi
INTCON).

»
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Céc thanh ghi lién quan dé€n qu4 trinh truyén dit liéu biing giao dién USART bAt ddng bd:

Thanh ghi INTCON (dia chi OBh, 8Bh, 10Bh, 18Bh): cho phép tit cd cdc ngit.
Thanh ghi PIR1 (dia chi OCh): chita ¢ hiéu TXIF.



Thanh ghi PIE1 (dia chi 8Ch): chita bit cho phép ngit truyén TXIE.

Thanh ghi RCSTA (dia chi 18h): chita bit cho phép cdng truyén dit liéu (hai pin
RC6/TX/CK va RC7/RX/DT).

Thanh ghi TXREG (dia chi 19h): thanh ghi chita dit liéu can truyén.

Thanh ghi TXSTA (dia chi 98h): xdc 14p cdc thdng s& cho giao dién.

Thanh ghi SPBRG (dia chi 99h): quyét dinh t6¢c do baud.

Chi ti€t vé& cdc thanh ghi sé dugc trinh bay cu thé § phu luc 2.

2.12.1.1.2 NHAN DU LIEU QUA CHUAN GIAO TIEP USART BAT PONG B0

Dir liéu dudc dua vao tir chdin RC7/RX/DT sé kich hoat kh&i phuc hdi dit liéu. Khdi phuc hoi
dit liéu thyc cha't 132 mot bo dich dit liéu ctoc dd cao va ¢é tin s6 hoat dong gap 16 1an hoic

64 1an tin s& baud. Trong khi d6 tdc do dich ctia thanh thanh ghi nhan dif liéu s& biing vdi tan
s& baud hoic tan sd cla oscillator.

,_ ¥B4BoudRate CLK OERR FERR
: CREM
lsc SPBRG ! . 1 _____ [ __________ 1 _______
: ! +EF1 1 MSh RSR Register LSk !
" " Baud Rate Generator +16 | 500 (@) 7| eee [1] 0] Stat ||
1 1
RCYR¥OT v T T
|| PinBuffer Diata .
and Control H&m-.:aer}' s
SPEM Rx80| RCREG Register
FIFO
g
o ~— RCIF —_—
Interrupt f Data Buz

RCIE

Hinh 2.18 Sd d6 khdi clia khdi nhan dif liéu USART.

Bit diéu khién cho phép khdi nhin dif liéu 14 bit RCEN (RCSTA<4>). Thanh phan quan trong
nhit clia khoi nhan dif liéu 1a thsnh ghi nhan dit liéu RSR (Receive Shift Register). Sau khi
nhin dién bit Stop ctia dit liéu truyén tdi, dit liéu nhan dudc trong thanh ghi RSR sé& dudc dua
vao thanh ghi RCGER, sau d6 ¢ hiéu RCIF (PIR1<5>) sé dugc set va ngdt nhan dugc kich
hoat. Ngit nay dugc diéu khién bdi bit RCIE (PIE1<5>). Bit ¢& hiéu RCIF 1a bit chi doc va
khong thé dugc tic dong bdi chuong trinh. RCIF chi reset vé 0 khi dif liéu nhan vao & thanh
ghi RCREG di dudc doc va khi d6 thanh ghi RCREG rdng. Thanh ghi RCREG la thanh ghi



c6 bd dém kép (double-buffered register) va hoat dong theo cd ch€ FIFO (First In First Out)
cho phép nhan 2 byte va byte thi 3 ti€p tuc dugc dua vao thanh ghi RSR. N€u sau khi nhan
dudc bit Stop clia byte dit liéu thit 3 ma thanh ghi RCREG van con diy, ¢d hiéu bdo tran dit
li€u (Overrun Error bit) OERR(RCSTA<1>) sé& dudc set, dit li€u trong thanh ghi RSR s€ bi
mat di va qud trinh dua dit liéu tr thanh ghi RSR vao thanh ghi RCREG sé& bi gidn doan.
Trong trudng hop nay cin 1dy hét dir liéu & thanh ghi RSREG vao trude khi ti€p tuc nhin
byte dit liéu ti€p theo. Bit OERR phii dugc x6a bing phan mém va thuc hién bing cich
clear bit RCEN rdi set lai. Bit FERR (RCSTA<2>) sé& dugc set khi phat hién bit Stop dda dif
lieu dugc nhan vao. Bit dit liéu tht 9 s€ dudgc dua vao bit RX9D (RCSTA<0>). Khi doc dir
liéu tr thanh ghi RCREG, hai bit FERR va RX9D sé& nhan cdc gid tri mdi. Do d6 can doc dif
liéu tir thanh ghi RCSTA trudc khi doc dif liéu tir thanh ghi RCREG d€ trdnh bi mat dif liéu.

Tém lai, khi stt dung giao dién nhan dit liéu USART bat déng bo can ti€n hanh tudn ty cic

budc sau:

Thi€t 1ap toc do baud (dwa gid tri thich hdp vao thanh ghi SPBRG va bit BRGH.

Cho phép cdng giao ti€p USART bat ddng bo (clear bit SYNC va set bit SPEN).

Né&u can st dung ngit nhan dif liéu, set bit RCIE.

Né&u dit liéu truyén nhin c6 dinh dang 13 9 bit, set bit RX9.

Cho phép nhan dit liéu biing cich set bit CREN.

Sau khi dit liéu dudc nhan, bit RCIF sé& dugc set va ngit dudc kich hoat (n€u bit

RCIE dudc set).

7. Poc gid tri thanh ghi RCSTA d€ doc bit dif liéu thit 9 va ki€m tra xem qud trinh
nhan dit liéu c6 bi 15i khong.

8. Poc 8 bit dit li€u tir thanh ghi RCREG.

9. N&u qu4 trinh truyén nhin c6 15i xay ra, x6a 16i bing cach x6a bit CREN.

10. N&u stt dung ngdt nhan cin set bit GIE va PEIE (thanh ghi INTCON).

AN

Céc thanh ghi lién quan d€n qu4 trinh nhan dit liéu biing giao dién USART bat ddng bo:

Thanh ghi INTCON (dia chi OBh, 8Bh, 10Bh, 18Bh): chita cdc bit cho phép toan bd
cdc ngit (bit GIER va PEIE).

Thanh ghi PIR1 (dia chi OCh): chita ¢ hiéu RCIE.

Thanh ghi PIE1 (dia chi 8Ch): chia bit cho phép ngit RCIE.

Thanh ghi RCSTA (dia chi 18h): xdc dinh cédc trang thdi trong qud trinh nhin d liéu.

Thanh ghi RCREG (dia chi 1Ah): chita di¥ liéu nhian dugc.

Thanh ghi TXSTA (dia chi 98h): chita cac bit diéu khi€n SYNC va BRGH.

Thanh ghi SPBRG (dia chi 99h): diéu khién tdc do baud.

Chi ti€t vé cdc thanh ghi s& dugc trinh bay cu thé & phu luc 2.



2.12.1.1.2 USART PONG BO

Giao dién USART ddng bo dugc kich hoat bing cdch set bit SYNC. C8ng giao ti€p ndi ti€p
van 1a hai chan RC7/RX/DT, RC6/TX/CK va dugc cho phép biing cch set bit SPEN. USART
cho phép hai ch&€ do truyén nhin dit liéu 12 Master mode va Slave mode. Master mode dudc
kich hoat biing cdch set bit CSRC (TXSTA<7>), Slave mode dugc kich hoat bing cdch clear
bit CSRC. Piém khic biét duy nhit gifta hai ch€ d6 nay 13 Master mode s& 14y xung clock
ddng bo tir bd tao xung baud BRG con Slave mode 14y xung clock ddng bo tir bén ngoai qua
chan RC6/TX/CK. Piéu nay cho phép Slave mode hoat dong ngay c4 khi vi diéu khién dang
& ch& do sleep.

2.12.1.2.1 TRUYEN DU LIEU QUA CHUAN GIAO TIEP USART PONG B() MASTER
MODE

Tuong tu nhu giao dién USART bat dong bd, thanh phian quan trong nhit clia hdi truyén dit
liéu 1a thanh ghi dich TSR (Transmit Shift Register). Thanh ghi nay chi dudc diéu khién bdi
CPU. Dit liéu dua vao thanh ghi TSR dugc chifa trong thanh ghi TXREG. C& hiéu ctia khoi
truyén dif liéu 12 bit TXIF (chi thi trang thdi thanh ghi TXREG), c& hiéu nay dugc gin véi
mot ngit va bit diéu khi€n ngit nay 1a TXIE. C§ hiéu chi thi trang thdi thanh ghi TSR la bit
TRMT. Bit TXEN cho phép hay khong cho phép truyén dit liéu.

Céc bu6c can ti€n hanh khi truyén dit liéu qua giao dién USART ddng bo Master mode:

1. Tao xung truyén baud biing cich dua cdc gid tri can thi€t vio thanh ghi RSBRG va
bit diéu khién mic t6c dd baud BRGH.

2. Cho phép cong giao dién ndi ti€p ndi ti€p ddng bo bing cich set bit SYNC, PSEN
va CSRC.

Set bit TXIE néu can st dung ngit truyén.

Set bit TX9 né&u dinh dang dif liéu cAn truyén 13 9 bit.

Set bit TXEN d€ cho phép truyén dit liéu.

Néu dinh dang dit liéu 1a 9 bit, dwa bit dit liéu thit 9 vao bit TX9D.

Dua 8 bit dif liéu can truyén vao thanh ghi TXREG.

Néu st dung ngit truyén, cin ki€m tra lai cdc bit GIE va PEIE (thanh ghi
INTCON).

® NN kW

Céc thanh ghi lién quan dén qu4 trinh truyén dit liéu bing giao dién USART ddng bo Master
mode:

Thanh ghi INTCON (dia chi OBh, 8Bh, 10Bh, 18Bh): cho phép tit cd c4c ngit.
Thanh ghi PIR1 (dia chi OCh): chita ¢ hiéu TXIF.



Thanh ghi PIE1 (dia chi 8Ch): chita bit cho phép ngit truyén TXIE.

Thanh ghi RCSTA (dia chi 18h): chita bit cho phép cdng truyén dit liéu (hai pin
RC6/TX/CK va RC7/RX/DT).

Thanh ghi TXREG (dia chi 19h): thanh ghi chita dit liéu can truyén.

Thanh ghi TXSTA (dia chi 98h): xdc 14p cdc thdng s& cho giao dién.

Thanh ghi SPBRG (dia chi 99h): quyét dinh t6¢c do baud.

Chi ti€t vé& cdc thanh ghi sé dugc trinh bay cu thé § phu luc 2.

2.12.1.2.2 NHAN DU LIEU QUA CHUAN GIAO TIEP USART PONG BO MASTER
MODE

Cau tric khoi truyén dif liéu 12 khong d6i so véi giao dién bat ddng bd, ké ci cdc cd hiéu,
ngit nhin va cdc thao tdc trén cdc thinh phan d6. Pi€ém khac biét duy nhat 12 giao dién nay
cho phép hai ch€ do nhan sit liéu, d6 12 chi nhan 1 word dit liéu (set bit SCEN) hay nhin mot
chudi dir liéu (set bit CREN) cho t&i khi ta clear bit CREN. N&u c3 hai bit déu dudc set, bit
di€¢u khién CREN s& dugc vu tién.

Céc budc can ti€n hanh khi nhan dit liéu bing giao dién USART d6ng bd Master mode:

Thi€t 1ap toc do baud (dwa gid tri thich hdp vao thanh ghi SPBRG va bit BRGH).

Cho phép cdng giao ti€p USART bat ddng bd (set bit SYNC, SPEN va CSRC).

Clear bit CREN va SREN.

Né&u cin st dung ngit nhin dif liéu, set bit RCIE.

N&u dir lieu truyén nhan c6 dinh dang 1a 9 bit, set bit RX9.

Né&u chi nhan 1 word dit liéu, set bit SREN, néu nhin 1 chudi word dit liéu, set bit

CREN.

7. Sau khi dit liéu dudc nhan, bit RCIF s& dugc set va ngit dudc kich hoat (néu bit
RCIE dudc set).

8. Poc gid tri thanh ghi RCSTA d€ doc bit dit liéu thit 9 va ki€m tra xem qud trinh
nhan dit liéu c6 bi 16i khong.

9. DPoc 8 bit dir li¢u tir thanh ghi RCREG.

10. N&u qu4 trinh truyén nhin c6 16i x3y ra, x6a 16i bing cdch x6a bit CREN.

11. N&u sir dung ngit nhan cin set bit GIE va PEIE (thanh ghi INTCON).

A

Cédc thanh ghi lién quan d&€n qud trinh nhan dit liéu bing giao dién USART déng bd Master
mode:

Thanh ghi INTCON (dia chi OBh, 8Bh, 10Bh, 18Bh): chita cdc bit cho phép toan bd
céc ngit (bit GIER va PEIE).
Thanh ghi PIR1 (dia chi OCh): chi¢a ¢ hiéu RCIE.



Thanh ghi PIE1 (dia chi 8Ch): chita bit cho phép ngit RCIE.

Thanh ghi RCSTA (dia chi 18h): xdc dinh cdc trang thdi trong qua trinh nhin dit liéu.
Thanh ghi RCREG (dia chi 1Ah): chita dit li€u nhian dugc.

Thanh ghi TXSTA (dia chi 98h): chita cdc bit diéu khién SYNC va BRGH.

Thanh ghi SPBRG (dia chi 99h): dié¢u khién tdc do baud.

Chi ti€t vé& cdc thanh ghi sé dugc trinh bay cu thé § phu luc 2.

2.12.1.2.3 TRUYEN DU LIEU QUA CHUAN GIAO TIEP USART PONG BQ SLAVE
MODE

Qud trinh nay khong c6 su khic biét so vdi Master mode khi vi diéu khi€n hoat dong & ché&
d6 binh thudng. Tuy nhién khi vi diéu khién dang & trang théi sleep, su khic biét dugc thé
hién rd rang. N&u ¢ hai word dif liéu dude dua vao thanh ghi TXREG trude khi 1énh sleep
dugc thuc thi thi qua trinh sau s€ xay ra:

Word dit liéu dau tién s& ngay 1ap tifc dudce dua vao thanh ghi TSR d€ truyén di.
Word dit liéu thit hai vAn nim trong thanh ghi TXREG.

Cd hi€éu TXIF s€ khong dugc set.

Sau khi word dit liéu diu tién da dich ra khdi thanh ghi TSR, thanh ghi TXREG
ti€p tuc truyén word th hai vao thanh ghi TSR va c¢& hiéu TXIF dudgc set.

5. N&u ngit truyén dugc cho phép hoat dong, ngit nay s& ddnh thic vi diéu khién va
néu toan bd cdc ngit dugc cho phép hoat dong, bd d€m chuong trinh s& chi t6i dia
chi chita chuong trinh ngit (0004h).

L=

Céc budc can ti€n hanh khi truyén dif liéu biing giao dién USART ddng bd Slave mode:

Set bit SYNC, SPEN va clear bit CSRC.

Clear bit CREN va SREN.

Né&u can st dung ngit, set bit TXIE.

Néu dinh dang dit liéu 12 9 bit, set bit TXO.

Set bit TXEN.

Dua bit dit liéu thit 9 vao bit TX9D truéc (néu dinh dang dit lidu 1a 9 bit).
Pua 8 bit dit li€u vao thanh ghi TXREG.

Né&u ngit truyén dudc sit dung, set bit GIE va PEIE (thanh ghi INTCON).

® NNk Wb =

Céc thanh ghi lién quan d&€n qu4 trinh truyén dit liéu biing giao dién USART ddng bd Slave
mode:

Thanh ghi INTCON (dia chi OBh, 8Bh, 10Bh, 18Bh): cho phép tit cd cdc ngit.
Thanh ghi PIR1 (dia chi OCh): chita ¢ hiéu TXIF.



Thanh ghi PIE1 (dia chi 8Ch): chita bit cho phép ngit truyén TXIE.

Thanh ghi RCSTA (dia chi 18h): chita bit cho phép cdng truyén dit liéu (hai pin
RC6/TX/CK va RC7/RX/DT).

Thanh ghi TXREG (dia chi 19h): thanh ghi chita dit liéu can truyén.

Thanh ghi TXSTA (dia chi 98h): xdc 14p cdc thdng s& cho giao dién.

Thanh ghi SPBRG (dia chi 99h): quyét dinh t6¢c do baud.

Chi ti€t vé& cdc thanh ghi sé dugc trinh bay cu thé § phu luc 2.

2.12.1.2.4 NHAN DU LIEU QUA CHUAN GIAO TIEP USART PONG BO SLAVE
MODE

Su khac biét ctia Slave mode so vdi Master mode chi thé hién ro rang khi vi diéu khién hoat
dong & ch& do sleep. Ngoai ra ch€ d6 Slave mode khong quan tim tdi bit SREN.

Khi bit CREN (cho phép nhan chudi dit liéu) dudc set trudc khi 1énh sleep dugc thuc thi, 1
word dit liéu vin dudc ti€p tuc nhin, sau khi nhan xong bit thanh ghi RSR sé& chuyén dif liéu
vao thanh ghi RCREG va bit RCIF dugc set. Néu bit RCIE (cho phép ngit nhan) da dudc set
trudc d6, ngit sé& dudc thyc thi va vi dicu khién dugc “ddnh thic, bd d€m chuong trinh s€ chi
dén dia chi 0004h va chuong trinh ngit s& dugc thuc thi.

Céc budc can ti€n hanh khi nhan dit liéu bing giao dién USART d6ng bd Slave mode:

1. Cho phép céng giao ti€p USART bat ddng bd (set bit SYNC, SPEN clear bit

CSRO).

Né&u cin st dung ngit nhin dif liéu, set bit RCIE.

Né&u dit liéu truyén nhin c6 dinh dang 12 9 bit, set bit RX9.

Set bit CREN d€ cho phép qua trinh nhan dif liéu bt dau.

Sau khi dit liéu dudc nhan, bit RCIF sé& dugc set va ngit dudc kich hoat (n€u bit

RCIE dudgc set).

6. Poc gi4 tri thanh ghi RCSTA d€ doc bit dif liéu thit 9 va ki€m tra xem qué trinh
nhan dit liéu c6 bi 15i khong.

7. DPoc 8 bit dir liéu tu thanh ghi RCREG.

Né&u qud trinh truyén nhan c6 18i x4y ra, x6a 18i biing cdch x6a bit CREN.

9. N&u st dung ngit nhan cin set bit GIE va PEIE (thanh ghi INTCON).

ke
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Céc thanh ghi lién quan d&€n qud trinh nhan dir liéu bing giao dién USART dbng bo Slave
mode:

Thanh ghi INTCON (dia chi 0Bh, 8Bh, 10Bh, 18Bh): chita cdc bit cho phép toan bd
céc ngit (bit GIER va PEIE).



Thanh ghi PIR1 (dia chi OCh): chi¢a ¢ hiéu RCIE.

Thanh ghi PIE1 (dia chi 8Ch): chita bit cho phép ngidt RCIE.

Thanh ghi RCSTA (dia chi 18h): x4c dinh céc trang thai trong qué trinh nhan dit liéu.
Thanh ghi RCREG (dia chi 1Ah): chita dit li€u nhian dugc.

Thanh ghi TXSTA (dia chi 98h): chita c4c bit di€u khién SYNC va BRGH.

Thanh ghi SPBRG (dia chi 99h): diéu khién tdc do baud.

Chi ti€t vé& cdc thanh ghi sé dugc trinh bay cu thé § phu luc 2.

2.12.2 MSSP

MSSP ( Master Synchronous Serial
Port) 13 giao dién dong bd ndi ti€p dung dé
giao ti€p vdi cdc thi€t bi ngoai vi (EEPROM,
ghi dich, chuyén d6i ADC,..) hay cdc vi di€u
khién khdc. MSSP c6 thé hoat dong dudi hai
dang giao ti€p:

SPI (Serial Pheripheral Interface).

12C (Inter-Intergrated Circuit).
Céc thanh ghi diéu khién giao chuin giao
ti€p niay bao gém thanh ghi trang th4i
SSPSTAT va hai thanh ghi diéu khién
SSPSON va SSPSON2. Tily theo chudn giao
ti€p dudc st dung (SPI hay I2C) ma chic
ning cic thanh ghi nay dugc thé hién khéac
nhau.

2.12.2.1 SPI

Chuin giao ti€p SPI cho phép truyén
nhin ddng bo. Ta cin sit dung 4 pin cho
chuin giao ti€p nay:

RC5/SDO: ngd ra dit liéu dang noi
ti€p (Serial Data output).

RC4/SDI/SDA: ngd vao dir li€u dang
ndi ti€p (Serial Data Input).
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Hinh 2.19 Sd d6 kh&i MSSP (giao dién SPI)

RC3/SCK/SCL: xung dong bd ndi ti€p (Serial Clock).
RA5/AN4/SS/C20UT: chon déi tugng giao ti€p (Serial Select) khi giao ti€p & ch& do

Slave mode.

Céc thanh ghi lién quan d&€n MSSP khi hoat dong & chuin giao ti€p SPI bao gdm:



Thanh ghi diéu khi€n SSPCON, thanh ghi nay cho phép doc va ghi.

Thanh ghi trang thai SSPSTAT, thanh ghi nay chi cho phép doc va ghi § 2 bit trén, 6
bit con lai chi cho phép doc.

Thanh ghi d6ng vai trd 1a buffer truyén nhan SSPBUF, dit liéu truyén di hoic nhian
dudc sé& dugc dua vao tranh ghi ndy. SSPBUF khong c6 ciu triic dém hai 16p (doubled-
buffer), do d6 dit li€u ghi vao thanh ghi SSPBUF sé€ lap tic dugc ghi vao thanh ghi SSPSR.

Thanh ghi dich dif liéu SSPSR dung d€ dich dit liéu vao hoidc ra. Khi 1 byte dit liéu
dugc nhian hoan chinh, dif liéu sé& tir thanh ghi SSPSR chuyén qua thanh ghi SSPBUF va cd
hiéu dugc set, ddong thdi ngit s& x4y ra.

Chi ti€t vé& cdc thanh ghi s& dugc trinh bay cu thé § phu luc 2.

Khi st dung chuin giao ti€p SPI trudc tién ta cAn thi€t 1ap cdc ch& dd cho giao dién
bing cdch dua cdc gid tri thich hgp vao hai thanh ghi SSPCON va SSPSTAT. Céc thong s6
can thiét 1ap bao gom:

Master mode hay Slave mode. P&i vdi Master mode, xung clock dong bo sé& di ra tir
chan RC3/SCK/SCL. bdi véi Slave mode, xung clock ddng bd sé& dugc nhan tir bén ngoai qua
chan RC3/SCK/SCL.

Céc ché& dd ctia Slave mode.

Miic logic ctia xung clock khi & trang thai tam ngung qu4 trinh truyén nhin (Idle).

Canh tic dong cda xung clock ddong bd (canh 1&én hay canh xudng).

T6c do xung clock (khi hoat ddng & Master mode).

Thdi di€m xdc dinh mic logic cda dit liéu (3 giita hay & cudi thdi gian 1 bit dit liéu
dugc dua vao).

Master mode, Slave mode va cdc ch& @6 ctia Slave mode dudc diéu khién bdi céc bit
SSPM3:SSPMO (SSPCON<3:0>). Xem chi tiét & phu luc 2.

MSSP bao gdbm mdt thanh ghi dich dit liéu SSPSR va thanh ghi dém dit liéu SSPBUF.
Hai thanh ghi nay tao thanh by dém dit li¢u kép (doubled-buffer). Dir liéu s€ dugc dich vao
hoidc ra qua thanh ghi SSPSR, bit MSB dudc dich trudc. Pay 12 mot trong nhitng di€m khic
biét giif hai giao dién MSSP va USART (USART dich bit LSB trugc).

Trong qud trinh nhin dit li€u, khi dir li€u dua vao tr chan RC4/SDI/SDA trong thanh
ghi SSPSR da sdn sang (d3a nhan dd 8 bit), dit liéu sé dugc dua vao thanh ghi SSPBUF, bit chi
thi trang thai bo dém BF (SSPSTAT<0>) sé& dugc set d€ bio hiéu bd dém di diy, dong thdi
cd ngit SSPIF (PIR1<3>) ciing dudc set. Bit BF sé& tu dong reset vé 0 khi dif liéu trong thanh
ghi SSPBUF dudc doc vao. B dém kép cho phép doc ti€p byte ti€p theo truSc khi byte dit
li€u tru6c d6 dugc doc vao. Tuy nhi€n ta nén doc truc dir liéu tir thanh ghi SSPBUF trudc
khi nhan byte dit liéu ti€p theo.

Quad trinh truyén dif liéu cling hodn todn twong ty nhung ngudc lai. Dif liéu can truyén
s& dugc dua vao thanh ghi SSPBUF ddng thdi dua vao thanh ghi SSPSR, khi d6 c¢d hiéu BF



dugc set. Dit liéu dudc dich tir thanh ghi SSPSR va dua ra ngoai qua chAn RC5/SDO. Ngit sé&
x4y ra khi qud trinh dich dif liéu hoan tit. Tuy nhién dif liéu tru6c khi dudc dua ra ngoai phdi
dugc cho phép bdi tin hiéu tir chan RASAN4/SSIC
giao ti€p khi SPI § ché& do Slave mode.

Khi qud trinh truyén nhan dit liéu dang dién ra, ta khong dudc phép ghi dif liéu vao
thanh ghi SSPBUF. Thao tic ghi dif liéu nay sé& set bit WCON (SSPCON<7>). Mot diéu can
chd y nita 12 thanh ghi SSPSR khong cho phép truy xuit truc ti€p ma phai thong qua thanh
ghi SSPBUF.

Cong giao ti€p clia giao dién SPI dudc diéu khi€n bdi bit SSPEN (SSPSON<5>). Bén
canh d6 can diéu khién chiéu xuat nhap cia PORTC thong qua thanh ghi TRISC sao cho phu
hgp véi chiéu clia giao dién SPI. Cu thé nhu sau:

RC4/SDI/SDA sé& tu dong dugc diéu khién bdi khdi giao it€p SPI.

RS5/SDO 1a ngo ra dit li€u, do do cin clear bit TRISC<5>.

Khi SPI & dang Master mode, cin clear bit TRISC<3> dé cho phép dwa xung clock
ddng bod ra chan RC3/SCK/SCL.

Khi SPI & dang Slave mode, cin set bit TRISC<3> d€ cho phép nhan xung clock
ddng bo tir bén ngoai qua chan RC3/SCK/SCL.

Set bit TRISC<4> dé cho phép chan RAS/AN4SSIC20UT phan (in hidu diéu khién truy
xuat dit liéu khi SPI & ch& do Slave mode.

20UT Chan nay déng vai trdo chon ddi tugng

S db két ndi clia chuin giao ti€p SPI nhu sau:
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Hinh 2.20 Sd @6 k&t ndi clia chuin giao ti€p SPI.
Theo sd d6 k&t nGi nay, khdi Master sé bit ddu qud trinh truyén nhin dit liéu bing
céch gti tin hiéu xung ddong bd SCK. Dit liéu s& dich tir cd hai thanh ghi SSPSR dua ra ngoai
néu c6 mot canh clia xung dong bod tic dong va ngung dich khi c6 tic dong clia canh con lai.



C4 hai khdi Master va Slave nén dugc 4n dinh chung céc qui tic tic dong clia xung clock
ddng bo dé dit lidu c6 thé dich chuyén ddng thdi.

2.12.2.1.1 SPI MASTER MODE.

& ch& do Master mode, vi diéu khi€n c6 quyén an dinh thdi diém trao ddi dit liéu (va
doi tuong trao ddi dit liéu néu cin) vi né diéu khi€n xung clock dong bd. Dit lidu s& dugc
truyén nhin ngay thdi di€m dir liéu duge dua vao thanh ghi SSPBUF. N&u chi cin nhén dit
liéu, ta c6 thé &n dinh chan SDO la ngd vao (set bit TRISC<5>). Dit liéu sé& dugc dich vao
thanh ghi SSPSR theo mot téc d6 dugc dinh sin cho xung clock déng bd. Sau khi nhan dudgc
mot byte dit li€u hoan chinh, byte dit liéu s€ dugc duwa dao thanh ghi SSPBUF, bit BF dudc set
va ngdt xay ra.

Khi 1énh SLEEP dugc thuc thi trong qu4 trinh truyén nhén, trang thdi cia qud trinh sé&
dudc gilt nguyén va ti€p tuc sau khi vi diéu khi€n dudc danh thic.

Gian dd xung clia Master mode va cic tic dong clia cic bit diéu khién dudc trinh bay
trong hinh v€ sau:

33 1 : 'II II| :
L . ) .

s 1

1 1
SCK : 5
(CEKP =0 i |
CKE = o} : 1 1 1 1 1 1 1 1 :

- | 1 1 1 1 1 1 1 1

SCK 1 -
(CKF = 1 1 —_—
CEE = 0} ! : L

! 1

! 1

. '
Write to : X
SSPBUF : .

5

i 3 LA

1 1 1 1
o R OHBOHEC
(SMP = o) ! ! ! : i i - !

! bt7 | ! ! 'obit7 | ! . .

= | | | | : : . O |

Sample : t T : : : 1. 1 O 1 ' t E 1
(SMF = o) ' ! ' | | ! : ! i : |

1 1

1 1 1 1 1 1 1 1
SEPIF . . i i i i i i i i 1
ritermnipt e
Flag 3 ext 04 Cyd
copa e yole
SSPBUE. - after Q24 “i‘J
1
A

Hinh 2.21 Gi4n d6 xung SPI & ch& d6 Master mode.




2.12.2.1.2 SPI SLAVE MODE

O ché do nay SPI sé truyén va nhén dir liéu khi c6 xung déng bo xuit hién & chan SCK. Khi
truyén nhan xong bit dit liéu cudi cling, cd ngit SSPIF sé& dudc set. Slave mode hoat dong
ngay ca khi vi diéu khién dang & ch& do sleep, va ngit truyén nhan cho phép “ddnh thitc” vi
diéu khién. Khi chi cdn nhan dit liéu, ta c¢6 th€ 4n dinh RC5/SDO 1a ngd vao (set bit
TRISC<5>).

Slave mode cho phép sy tdc dong clia chan didu khién RASANASSIC20UT (SSPCON<3:0> =
0100). Khi chan RASIAN&SSIC20UT & e thap, chan RCS5/SDO dudc cho phép xudt dit lieu va
khi RASIAN4/SSIC20UT & myc cao, dif liéu ra & chan RC5/SDO bi khéa, ddng thdi SPI dugc
reset (bd d€m bit dit lieu dudc gén gid tri 0).
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Hinh 2.22 Gidn dd xung chuén giao ti€p SPI (Slave mode).
Céc thanh ghi lién quan d&n chuén giao ti€p SPI bao gom:

Thanh ghi INTCON (dia chi OBh, 8Bh, 10Bh, 18Bh): chita bit cho phép toan bd cac
ngit (GIE va PEIE).

Thanh ghi PIR1 (dia chi 0Ch): chita ngdt SSPIE.

Thanh ghi PIE1 (dia chi 8Ch): chita bit cho phép ngit SSPIE.



Thanh ghi TRISC (dia chi 87h): diéu khi€n xuit nhap PORTC.

Thanh ghi SSPBUF (dia chi 13h): thanh ghi dém dit liéu.

Thanh ghi SSPCON (dia chi 14h): diéu khién chuin giao ti€p SPI.

Thanh ghi SSPSTAT (dia chi 94h): chta cdc bit chi thi trang thdi chuin giao ti€p SPI.

[=]

Thanh ghi TRISA (dia chf 85h):diéu khi€n xu&t nhap chan RAS/ANASSIC20UT

Chi ti€t vé& cdc thanh ghi sé dugc trinh bay cu thé § phu luc 2.

I2C sé& stt dung 2 pin d€ truyén nhan dif liéu:

2.12.2.2 12C
Pbay 1la moét dang khdc cia MSSP. -
2 . A . 3 nterna
Chuan giao ti€p I2C ciling c6 hai ché do < Zs | 1" Data Bus
Master, Slave va cling dudc k&t ndi v6i ngit. Read —l I Qﬁﬁ'ri:e

A A x RCHSCKISCL | sseeurres
RC3/SCK/SCL: chan truyén dan IE*_*"" AN
xung clock. o /g'ﬂ ,.-"'I\I\ ‘J L
RC4/SDI/SDA: chan truyén dan dir <] l | csrsmeg |
lidu. RCAISDU T Mse L5h -_‘
Céc khdi co ban trong sd dd khdi cia = '—I} *
I2C khong ¢6 nhidu khdc biét so v6i SPL | Maton Detect [+ Ader ateh
Tuy nhién 12C con c¢6 thém khdi phdt hién ﬁ])
bit Start va bit Stop ctia dit liéu (Start and | scPaoDeg |
Stop bit detect) va khoi xdc dinh dia chi —— Set, Resst
(Match detect). Stop bit Detect | B )

Céc thanh ghi lién quan d&n 12C bao gdm:
Thanh ghi SSPCON va SSPCON?2:
di€u khién MSSP.
Thanh ghi SSPSTAT: thanh ghi chtta
cac trang thai hoat dong ciia MSSP.
Thanh ghi SSPBUF: buffer truyén nhan n&i tié€p.
Thanh ghi SSPSR: thanh ghi dich diing d€ truyén nhan dit liéu.
Thanh ghi SSPADD: thanh ghi chita dia chi ctia giao dién MSSP.

Hinh 2.23 So @6 khdi MSSP (I2Cslave
mode).

Céc thanh ghi SSPCON, SSPCON2 cho phép doc va ghi. Thanh ghi SSPSTAT chi cho
phép doc va ghi & 2 bit dau, 6 bit con lai chi cho phép doc.

Thanh ghi SSPBUF chita dir liéu s€ dudgc truyén di hodc nhan dugc va déng vai tro
nhu mot thanh ghi dém cho thanh ghi dich dit liéu SSPSR.

Thanh ghi SSPADD chita dia chi clia thiét bi ngoai vi cAn truy xuat dit liéu clia 12C
khi hoat ddng & Slave mode. Khi hoat dong & Master mode, thanh ghi SSPADD chia gia tri
tao ra toc dd baud cho xung clock diing d€ truyén nhén dit liéu.



Trong qua trinh nhan dit liéu, sau khi nhan dugc 1 byte di liéu hoan chinh, thanh ghi
SSPSR sé& chuyén dif liéu vao thanh ghi SSPBUF. Thanh ghi SSPSR khong doc va ghi dudgc,
qud trinh truy xuét thanh ghi nay phai thong qua thanh ghi SSPBUF.

Trong qud trinh truyén dit liéu, dit liéu can truyén khi dugc dua vio thanh ghi
SSPBUF ciing s& dong thdi dua vao thanh ghi SSPSR.

Chi ti€t vé& cdc thanh ghi sé dugc trinh bay cu thé § phu luc 2.

I2C c6 nhiéu ché& d9 hoat dong va dugc diéu khi€n bdi cdc bit SSPCON<3:0>, bao gdm:
12C Master mode, xung clock = f,./4*(SSPADD+1).
12C Slave mode, 7 bit dia chi.
12C Slave mode, 10 bit dia chi.
I2C Slvae mode, 7 bit dia chi, cho phép ngit khi phét hién bit Start va bit Stop.
I2C Slave mode, 10 bit dia chi, cho phép ngdt khi phdt hién bit Start va bit Stop.
12C Firmware Control Master mode.

Dia chi truyén di sé& bao gdbm céc bit dia chi va mot bit RW ¢ xdc dinh thao tdc (doc
hay ghi dif liéu) vdi d6i tugng can truy xuat dit liéu.

Khi lyra chon giao dién I12C va khi set bit SSPEN, cac pin SCL va SDA sé § trang thdi
cyc thu hé. Do d6 trong trudng hop can thiét ta phdi st dung dién tr§ kéo 1én & bén ngoai vi
diéu khi€n, bén canh d6 cin an dinh cdc gia tri phit hdp cho cic bit TRISC<4:3> (bit diéu
khién xuit nhip cdc chan SCL va SDA).

2.12.2.2.1 12C SLAVE MODE.

Viéc trudce ti€n 1a phdi set cac pin SCL va SDA 1a input (set bit TRISC<4:3>). 12C cia
vi diéu khién s& dugc diéu khié€n bdi mot vi diéu khién hoic mot thi€t bi ngoai vi khdc thong
qua cdc dia chi. Khi dia chi nay chi dén vi diéu khién, thi tai thdi di€m nay va tai thdi di€m
dit liéu da dugc truyén nhian xong sau d6, vi diéu khién sé& tao ra xung ACK d€ bdo hiéu két
thic dit li€u, gid tri trong thanh ghi SSPSR s€ dugc dua vao thanh ghi SSPBUF. Tuy nhién
xung ACK s& khong dudgc tao ra néu mdt trong cic trudng hdp sau xay ra:

Bit BF (SSPSTAT<0>) b4o hiéu buffer diy di dudc set trudc khi qud trinh truyén
nhin xay ra.

Bit SSPOV (SSPCON<6>) dudc set trudc khi qud trinh truyén nhin x4y ra (SSPOV
dudc set trong trudng hgp khi mot byte khiac dugc nhan vao trong khi dit liéu trong thanh ghi
SSPBUF trudc d6 van chua dudc 14y ra).

Trong cac trudng hgp trén, thanh ghi SSPSR s€ khong dua gid tri vao thanh ghi SSPBUF,
nhung bit SSPIF (PIR1<3>)sé dugc set. P& qua trinh truyén nhan dif liéu dugc ti€p tuc, can
doc dir liéu tur thanh ghi SSPBUF vao trudc, khi d6 bit BF s€ tu dong dudc xba, con bit
SSPOV phii dugc x6a bing chuong trinh.



Khi MSSP dudc kich hoat, n6 sé& chd tin hiéu d€ bit ddu hoat dong. Sau khi nhan dudc
tin hiéu bit dau hoat dong (canh xudng diu tién cla pin SDA), dir liéu 8 bit s€ dugc dich vao
thanh ghi SSPSR. Céc bit dua vao sé dudc 14y miu tai canh 1én clia xung clock. Gid tri nhan
dugc tir thanh ghi SSPSR sé dudc so sdnh vdi gid tri trong thanh ghi SSPADD tai canh xuéng
clia xung clock thit 8. N&u k&t qud so sanh bing nhau, titc 12 12C Master chi dinh ddi tugng
giao ti€p 1a vi diéu khién dang & ch& dd Slave mode (ta goi hién tugng nay 13 address
match), bit BF v SSPOV sé& dudc x6a vé 0 va giy ra cdc tic dong sau:

Gié tri trong thanh ghi SSPSR dudgc dua vao thanh ghi SSPBUF.

Bit BF ty dong dudc set.

Mot xung ACK dudc tao ra.

CdJ ngit SSPIF dugc set (ngit dudc kich hoat n€u dugc cho phép trude do) tai canh
xudng clia xung clock thit 9.

L=

Khi MSSP & ch& dd 12C Slave mode 10 bit dia chi, vi diéu khi€n cin phdi nhan vao
10 bit dia chi d& so sinh. Bit RAW (SSPSTAT<2>) phii dugc xéa vé 0 d€ cho phép nhin 2
byte dia chi. Byte ddu tién c6 dinh dang 12 ‘11110 A9 A8 0° trong d6 A9, A8 13 hai bit MSB
cta 10 bit dia chi. Byte thit 2 1a 8 bit dia chi con lai.

Quétrinh nhan dang dia chi ctia MSSP & ché& do 12C Slave mode 10 bit dia chi nhu sau:

1. Pau tién 2 bit MSB ctia 10 bit dia chi dugc nhin trudc, bit SSPIF, BF va UA
(SSPSTAT<1>) dudc set (byte dia chi diu tién c6 dinh dang 12 ‘11110 A9 A8 0’) .

2. Cap nhat vao 8 bit dia chi thdp clia thanh ghi SSPADD, bit UA s& dugc x6a béi vi
diéu khién d€ khdi tao xung clock & pin SCL sau khi qué trinh cip nhéit hoan tit.

3. Poc gi4 tri thanh ghi SSPBUF (bit BF sé& dugc xda vé 0) va xda cd ngit SSPIF.

4. Nhan 8 bit dia chi cao, bit SSPIF, BF va UA dudc set.

Cap nhat 8 bit dia chi dd nhian dudc vao 8 bit dia chi cao ctia thanh ghi SSPADD,

néu dia chi nhan dudc 1a ding (address match), xung clock & chin SCL dudc khdi

tao va bit UA dudc set.

Poc gi4 tri thanh ghi SSPBUF (bit BF s& dudc x6a vé 0) va x6a cd ngit SSPIF.

Nhan tin hiéu Start.

Nhén byte dia chi cao (bit SSPIF va BF dudc set).

Poc gi4 tri thanh ghi SSPBUF (bit BF dugc x6a vé 0) va x6a cd ngit SSPIF.

hd

O 0=

Trong d6 cdc buoé¢ 7,8,9 xdy ra trong qud trinh truyén dit liéu & ché dd Slave mode.
Xem gidn dd xung ctia 12C d€ c6 dugc hinh 4nh cu thé hon vé cdc budc ti€n hanh trong qua
trinh nhan dang dia chi.



Xét qud trinh nhdn dit ligu & ch& @6 Slave mode, cic bit dia chi s& dugc 12C Master
duwa vao truge. Khi bit W trong c4c bit dia chi c6 gia tri bing 0 (bit nay dudc nhian dang sau
khi cé4c bit dia chi di dugc nhan xong) va dia chi dugc chi dinh ding (address match), bit R/W
clia thanh ghi SSPSTAT dugc x6a vé 0 va dudng dit liéu SDI dudc dua vé mifc logic thap
(Xung ACK). Khi bit SEN (SSPCON<0>) dugc set, sau khi 1 byte dit li€u dugc nhin, xung
clock tir chain RC3/SCK/SCL s& dudc dua xudng mic thip, mudn khdi tao lai xung clock ta
set bit CKP (SSPCON<4>). Diéu nay sé& lam cho hién tugng tran dit liéu khong xay ra vi bit
SEN cho phép ta diéu khién dugc xung clock dich dit liéu thong qua bit CKP (tham khio gidn
dd xung dé biét thém chi ti€t). Khi hién tugng tran dif liéu x4y ra, bit BF hoic bit SSPOV sé&
dugc set. Ngit s& xdy ra khi mot byte dit liéu dudc nhan xong, ¢ ngit SSPIF s& dudc set va
phéi dugc x6a bing chuong trinh.
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Hinh 2.24 Gidn d6 xung ctia I2C Slave mode 7 bit dia chi trong qua trinh nhin dif liéu (bit
SEN =0).
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Hinh 2.25 Gidn dd xung cda 12C Slave mode 10 bit dia chi trong qu4 trinh nhan dit liéu (bit
SEN =0).
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Hinh 2.26 Gidn db xung cda 12C Slave mode 7 bit dia chi trong qud trinh nhan dit liu (bit
SEN =1).
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Hinh 2.27 Gidn dd xung cda 12C Slave mode 10 bit dia chi trong qu4 trinh nhan dit liéu (bit
SEN =1).

Xét qué trinh truyén dit lieu, khi bit *W trong c4c bit dif liéu mang gid tri 1 va dia chi
dudc chi dinh ding (address match), bit R cla thanh ghi SSPSTAT sé dugc set. C4c bit dia
chi dugc nhén trude va dua vao thanh ghi SSPBUF. Sau d6 xung ACK dudc tao ra, xung clock
& chan RC3/SCK/SCL dudc dwa xudng mic thap bat chdp trang thdi cda bit SEN. Khi d6 12C
Master sé& khong dugc dua xung clock vao I2C Slave cho dén khi dit liéu & thanh ghi SSPSR
& trang thdi wsin sdng cho qud trinh truyén dit liéu (dit liéu dua vao thanh ghi SSPBUF sé&
dong thdi dugc dua vao thanh ghi SSPSR). Tiép theo cho phép xung & pin RC3/SCK/SCL
bing cach set bit CKP (SSPCON<4>). Ting bit ctia byte dit liéu sé& dugc dich ra ngoai tai mdi
canh xudng cla xung clock. Nhu vay dif liéu sé sin sang & ngd ra khi xung clock & mic logic
cao, gitp cho I2C Master nhan dugc dif liéu tai mdi canh 1én clia xung clock. Nhu vay trong
qud trinh truyén dit liéu bit SEN khong déng vai trd quan trong nhu trong qué trinh nhan dif
ligu.

Tai canh 1€n xung clock that 9, dir li€u da dudc dich hoan toan vao 12C Master, xung
ACK s& dugc tao ra & I2C Master, ddng thdi pin SDA s& dudc giit ¢ mitc logic cao. Trong
trudng hgp xung ACK dugc chdt bdi I2C Slave, thanh ghi SSPSTAT sé& dudgc reset. I2C Slave



s& chd tin hiéu cta bit Start d€ ti€p tuc truyén byte dif liéu ti€p theo (dua byte dit liéu ti€p
theo vao thanh ghi SSPBUF va set bit CKP.

Ngit MSSP x3y ra khi mot byte dif liéu két thiic qud trinh truyén, bit SSPIF dudc set
tai canh xudng ctia xung clock thit 9 va phdi dudc x6a biing chuong trinh d€ ddm bio sé& dugc
set khi byte dit liéu ti&p theo truyén xong.
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Hinh 2.28 Gidn dd xung ctia I2C Slave mode 7 bit dia chi trong qud trinh truyén dit

liéu.
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Hinh 2.29 Gi4n dd xung clia 12C Slave mode 10 bit dia chi trong qué trinh truyén dit liéu.



Qud trinh truyén nhin cdc bit dia chi cho phép I2C Master chon lya ddi tugng 12C
Slave can truy xuat dit liéu. Bén canh d6 12C con cung cAp thém mdt dia chi GCA (General
Call Address) cho phép chon tit cd cdc 12C Slave. Pay la mot trong 8 dia chi dic bigt cua
protocol 12C. DPia chi nay dudc dinh dang 1a mot chudi ‘0’ véi RW =0 va dugc cho phép bing
cach set bit GCEN (SSPCON2<7>). Khi d6 dia chi nhan vao s€ dugc so sanh v4i thanh ghi
SSPADD va véi dia chi GCA.

Address is compared te general call address.
lﬁﬁer ACE, set interrupt.

- R =0 Receiving Data ACK
b 1 ar=| - ‘ P ! WY ) — §
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I I— Cleared in software
S5PBUF is read

S5POV (SSPCOM<t=) o
GCEM (SSPCOMN2<T>) 1

Hinh 2.30 Gidn d6 xung ctia 12C Slave khi nhin dia chi GCA.

Quad trinh nhan dang dia chi GCA ciing tuong tu nhu khi nhidn dang cdc dia chi khac
va khong c6 su khdc biét rd rang khi I12C hoat dong & ch€ dd dia chi 7 bit hay 10 bit.

2.12.2.2.2 12C MASTER MODE
12C Master mode dugc x4c 1ap bing cdch dua cdc gia tri thich hgp vao cdc bit SSPM

ctia thanh ghi SSPCON va set bit SSPEN. O ché dd Master, cac pin SCK va SDA sé& dudc
diéu khién bdi phan citng ciia MSSP.
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Hinh 2.31 So @b khoi MSSP (I12C Master mode).

I2C Master déng vai tro tich cyc trong qua trinh giao ti€p va diéu khién cac I12C Slave thong
qua viéc chii dong tao ra xung giao ti€p va cac diéu kién Start, Stop khi truyén nhin dif liéu.
Mot byte dif liéu c6 thé dugc bit diu biing diéu kién Start, k€t thic bing diéu kién Stop hoic
bit dau va k&t thic véi cung mot diéu kién khdi dong lap lai (Repeated Start Condition).

Xung giao ti€p ndi ti€p s& dudc tao ra tif BRG (Baud Rate Generator), gi4 tri 4n dinh tin s6
xung clock néi ti€p dugc 1dy tir 7 bit thdp cda thanh ghi SSPADD. Khi dit liéu dugc dua vao
thanh ghi SSPBUF, bit BF dudc set va BRG ty dong d€m ngugc vé 0 va dirng lai, pin SCL
dudc gilt nguyén trang thdi trudc d6.Khi dir liéu ti€p theo dugc dua vao, BRG sé& can mot
khodng thdi gian Tgrg tu dong reset lai gid tri d€ ti€p tuc quéd trinh d€m ngugc. Mdi vong
1énh (c6 thdi gian Tey ) BRG sé gidm gid tri 2 1an.

SEPMISSPMO —_— S35PADD=6:0= |

SEPM2.SSPMD _V_I‘ Reload Reload _
SCL — Confrol J

CLKO +—] BRG Down Caunter |«—Foscis

Hinh 2.32 So db khdi BRG (Baud Rate Benerator) cia I12C Master mode.

Céc gia tri cu thé cla tin s6 xung ndi ti€p do BRG tao ra dugc liét ké trong bang sau:



Fov Fev'2 BRG Value (2 Roll s BRG)
10 MHz 20 MHz 19h 400 kHz!
10 MHz 20 MHz 20h 312.5 kHz
10 MHz 20 MHz 3Fh 100 kHz
4 MHz B MHz 0Ah 400 kHz!
4 MHz 8 MHz 0Dh 308 kHz
4 MHz & MHz 28h 100 kHz
1 MHz 2 MHz 03h 333 kHz(Y
1 MHz 2 MHz 0Ah 100 kHz
1 MHz 2 MHz 00h 1 MHz(")

Trong d6 gia tri BRG 1a gi4 tri dugc 14y tir 7 bit thdp ctia thanh ghi SSPADD. Do 12C
& ch&€ a6 Master mode, thanh ghi SSPADD sé& khong dudc st dung d€ chia dia chi, thay vao
d6 chitc ning cia SSPADD la thanh ghi chdta gid tri cia BRG.

P& tao dudc diéu kién Start, truSc hét can dua hai pin SCL va SDA 1én mic logic cao
va bit SEN (SSPCON2<0>) phai dugc set. Khi d6 BRG sé& ty dong doc gid tri 7 bit thap clia
thanh ghi SSPADD va bit diu d€m. Sau khodng thdi gian Tggrg, pin SDA dugc dua xudng
muc logic thdp. Trang thdi pin SDA & muc logic thdp va pin SCL & mic logic cao chinh la
diéu kién Start cia 12C Master mode. Khi dé bit S (SSPSTAT<3>) sé& dugc set. Ti€p theo
BRG ti€p tuc 14y gi4 tri tir thanh ghi SSPADD d¢€ ti€p tuc qud trinh d€m, bit SEN dugc tu
dong x6a va cd ngit SSPIF dudc set.

Trong trudng hdp pin SCL va SDA & trang thdi logic thap, hoic 1a trong qud trinh tao
diéu kién Start, pin SCL dugc dua vé trang thdi logic thap trudc khi pin SDA dugc dua vé
trang thdi logic thdp, di€u kién Start s& khong dugc hinh thanh, ¢ ngdt BCLIF s& dudc set va
I2C s€ § trang thai tam ngung hoat dong (Idle).

o (= it (DT TAT <%=
Write to SEM bit occurs here Set S bit (35PSTAT<3=)
SDA=1 . .
S0l =1 At completion of Start kit
n hardware clears SEN kit
1 | and sets SSPIF it

b= TE'RE_'j'jIEf?"': r Write to SSPBUF occurs here

1
1 i h

N fst Bit Y 2na it
SDA ; —

' o kTarz+

T L | %, —

1 oy LY '
SCL ' '\"—: : / R

_____

Hinh 2.33 Gidn do xung I2C Master mode trong qu4 trinh tao diéu kién Start.



Tin hiéu Stop sé& dudc dua ra pin SDA khi két thitc dit liéu bing cdch set bit PEN
(SSPCON2<2>). Sau canh xudng clia xung clock thit 9 va vdi tic dong clia bit diéu khién
PEN, pin SDA ciing dudc dua xudng mic thaip, BRG lai bit ddu qud trinh d€m. Sau mot
khoang thdi gian Tgrg, pin SCL dugc dwa 1én mic logic cao va sau mot khodang thdi gian
Tsrc nita pin SDA ciing dudc dua 1én mifc cao. Ngay tai thdi diém dé bit P (SSPSTAT<4>)
dudc set, nghia 1a diéu kién Stop da dugc tao ra. Sau mot khodng thdi gian Tggrg nita, bit PEN
tw dong dudc x6a va cd ngit SSPIF dugc set.

Write to SSPCON2, SCL =1 for Teas, followed by S04 = 1 for Ters
et PFEN | J after S04 sampled high. P bit (35PSTAT<4>) is sei.
Falling edge n:’J

PEM bit (SSPCOMN2<22) is cleared by
Bih clock i

hardwars and the S57IF bit is set

r T
|
|
L/ |
LE_ Y
#— Teaz —+— Teaz ——TerRas —
t s brought high after Ters

S0A asserted low before msing edge of clock
to setup Stop condition

Hinh 2.34 Gi4n dd xung I2C Master mode trong qu4 trinh tao diéu kién Stop.

DPé€ tao dudc diéu kién Start lip lai lién tuc trong qué trinh truyén dit liéu, trudc hét
can set bit RSEN (SSPCON2<1>). Sau khi set bit RSEN, pin SCL dugc dua xuéng mic logic
thap, pin SDA dugc dua 1én mic logic cao, BRG 14y gid tri tif thanh ghi SSPADD vao dé€ bity
diu qud trinh d€m. Sau khodng thdi gian Tgrg, pin SCL ciing dugc dua 1én mic logic cao
trong khodng thdi gian Tggg ti€p theo. Trong khodng thdi gian Tprg k€ ti€p, pin SDA lai dugc
dua xudng mic logic thap trong khi SCL van dudc giit § mitc logic cao. Ngay thdi di€m dé bit
S (SSPSTAT<3>) dugc set d& bdo hiéu diéu kién Start dudc hinh thanh, bit RSEN tu dong
dudc x6a va ¢S ngit SSPIF sé dudc set sau mdt khodng thdi gian Tgrg nita. Liic nay dia chi
cia I2C Slave c¢6 thé dugc dua vao thanh ghi SSPBUF, sau d6 ta chi viéc dua ti€p dia chi
hoic dit liéu ti€p theo vao thanh ghi SSPBUF mdi khi nhan dugc tin hiéu ACK tir 12C Slave,
I2C Master sé& ty dong tao tin hiéu Start 13p lai lién tuc cho qud trinh truyén dit liéu lién tuc.

Can chd y 13 bAt cit mot trinh ty ndo sai trong qud trinh tao diéu kién Start lip lai sé&
lam cho bit BCLIF dugc set va 12C dudc dua vé trang thai “Idle”.



Set S [SSPSTAT<3=)

Write to SSPCOMN2
ooccurs here, At completion of Start bit,
- l hardware clears RSEM bit

l and sets SEPIF

SDA=1,
SCL {no change)

[~TesaH*—Terz —"_‘I"-'T—Bqucs =
# " # - '
! H 15t Bit 4
SDA / [ £ !
Falling edge of ninth clock | | Write to S5PBUF ocours here
end of .Y.mi'.l J e —
J—\ . | l—\l\ y —
N R S——
sCL j=Tema= I
L
Sr = Repeated Start

Hinh 2.35 Gidn dd xung I2C Master mode trong qud trinh tao diéu kién Start lién tuc.

Xét qud trinh truyén dit liéu, xung clock s& dugc dua ra tr pin SCL va dit liéu dugc
dua ra tr pin SDA. Byte dit li€u dau L tién phdi 1a byte dia chi xdc dinh I2C Slave can giao ti€p
va bit *W (trong trudng hgp nay RW = 0). Pau tién cdc gid tri dia chi s& dugc dua vao thanh
ghi SSPBUF, bit BF tu dong dugc set 1én 1 va bd d€m tao xung clock ndi ti€p BRG (Baud
Rate Generator) bt ddu hoat dong. Khi d6 tirng bit dit liéu (hoic dia chi va bit W) s& dugc
dich ra ngoai theo titng canh xudng cda xung clock sau khi canh xudng dau tién ctia pin SCL
dugc nhan dién (diéu kién Start), BRG bit diu d€m ngugc vé 0. Khi tit cd cdc bit clia byte
dit liéu dugc da dugc dua ra ngoai, by d€m BRG mang gia tri 0. Sau dd, tai canh xudng clia
xung clock tht 8, I2C Master s& ngung tdc dong lén pin SDA dé€ chd dgi tin hiéu tir 12C
Slave (tin hiéu xung ACK). Tai canh xuéng ctia xung clock thit 9, 12C Master sé& 14y mau tin
hiéu tir pin SDA dé ki€m tra xem dia chi dd dugc I12C Slave nhin dang chua, trang thai ACK
dugc dua vao bit ACKSTAT (SSPCON2<6>). Ciing tai thdi di€ém canh xudng clia xung clock
tht 9, bit BF dugc ty dong clear, ¢ ngdt SSPIF dugc set va BRG tam ngung hoat dong cho
tdi khi dit liéu hoidc dia chi ti€p theo dudc dwa vao thanh ghi SSPBUF, dif liéu hoic dia chi sé&
ti€p tuc dugc truyén di tai canh xudng ctia xung clock ti€p theo.



Write SSPCOMN2== SEN =1 ACKETAT in

Start conddion begns - . SEPCONZ=1
E ——— From Slave, clear ACKSTAT bit SSPCON2<6> ,-':'

SEN=0
- — Transmitting Data or Second Half | e
: Transmit Acdress to 3lawe RwW=nqa ! of 10kt .ﬁ.dgdfess ACKy : :
W .i—_l, | ."_". Ty Ir YV P .'—' Ty .'_'- — I|_l' T f 'I_
) oo AT AE) AS L 4T A3 ) A2 LAY ACK=1 joTjDBpDsiD4fpajo2pDi ool /.
S o S SRR S SE— 4 e L s S 1
! T_ SSPBIUF written with 7-bit address and R ,-+ | '
5 Start transmit. |I "| | 1o
- —_—a " - - -\ f I| ! I| .r 3 = .'_ = n) ~ I \ = I I| -\ ! I| ~ I_l_l_
— Voo /1L 2\ s\ e\ 7\ e\ g i u:t 5‘{_,'4-._..' s\ _je\_J7\_/a\_Jer /| 5
L] |fSCLheIdInw [

1 whde CPU A
'responds to 35PIF

hL 7 T

! {_ Cleared in software service routine 1' i T
I'x L Cleared in toftwars
, ]

S

Cleared in software

(

BF (SSPSTAT<0)
SEN |_|

t—F'.‘l-ar Start condition, SEM cleared by hardwars

l—— SSPBUF is written in software
1
1

SEPBUF written

Tt

PEN

[ ]

RN [ '

Hinh 2.36 Gidn do xung I2C Master mode trong qu4 trinh truyén di liéu.

Xét qué trinh nhan dif liéu & ch& @6 12C Master mode. Trudc tién ta can set bit cho
phép nhan dit liéu RCEN (SSPCON2<3>). Khi d6 BRG bit dau qud trinh d€m, dit liéu sé&
dugc dich vao I2C Master qua pin SDA tai canh xudng ctia pin SCL. Tai canh xuéng clia
xung clock thi 8, bit ¢ hi€u cho phép nhin RCEN ty dong dudc xda, dit li€u trong thanh ghi
SSPSR dugc dwa vao thanh ghi SSPBUF, c¢d hiéu BF dudc set, ¢ ngit SSPIF dudc set, BRG
ngung d€m va pin SCL dugc dua vé mic logic thap. Khi d6 MSSP & trang thdi tam ngung
hoat dong d€ chd dogi 1énh ti€p theo. Sau khi doc gid tri thanh ghi SSPBUF, c¢& hiéu BF ty
dong dugc x6a. Ta con c6 thé gti tin hiéu ACK bing cdch set bit ACKEN (SSPCON2<4>).



Write to SSPCON2<4>

to start Acknowledge sequencs,

5DA = ACKOT (SSPCON2<5=) =0
Writz to SSPCON2<0» (SEN = 1) i
begin Start condition Set ACKEN, start Acknowledge sequence,

ACK from magter SDA= ACKDT = 1

Master configured a5 3 receiver
SEN=( by programming SSPCON2<3> (RCEN = 1) SOh=A

Wirite to S5PBUF oours here, RCEN claared RCEN =1 siart RCEN cleared PEN bt = 1
(sb’l?ﬁl‘n‘lT ACK from Slave automatically nest receive automatica’y RIS
_,r_\ T Transmit Address to Slave  RAV=1 | Receiving Data from Slave l l Receiving Data from Slave lr :'_
S H’A? \aa)az)(a¢azXa2)(at)” \ ACK /o7)(De)(DE) 40302 1) po \  ACK /BT 05} Da\DaN02) D 00 Jaem M
Il — b Bus master
1l ACF is notzent | | —
10 0 |1 teminates
transfer

m I o

|
|
|
S pmu FTn O B R - AR AN ,f:Jr fa DA &SRR f
s g ATUELPUAUSUPUMUBLA_ fiaUal/elsU U R A BLsssUeuTUBL L] 1l
L - La
g j | : Data shifted in on falling edgeofC_T"etSE.PlFale”':

[ R
I | Set SSPIF intermupd § et S3FIF interrupt
. atend of recene 3t end of Fchnowlﬂdge
SSPIF | l—| SBQUENCE

1
SDA=0,50L= IIJ L Cleared in softwars LCIea'e:I nsoftware  Cleared in mtm;J

while CPU 1
responds to S5PIF |
L
BF | LT
|3EPETAT0 § _ Lasthit is shifted into 35P3R and
= o cnn:erfs are unladed into SEPBUF

of receive Set S3FIF interrupt
at end of Acknow-
edfe sequence

L ) L : r Set P bit
Clzared in software 'Cleared in ! (SSPSTAT=4=)
'software  and 33FIF

SSPOV

SSPOV is det because
S5PBUF is:s:ill fu

ACKEN ’_I H

b

Hinh 2.37 Gidn do xung I2C Master mode trong qu4 trinh nhin dit liéu.
2.13 CONG GIAO TIEP SONG SONG PSP (PARALLEL SLAVE PORT)

Ngoai cdc cong ndi ti€p va cic giao dién ndi ti€p dudc trinh bay & phan trén, vi diéu
khién PIC16F877A con dugc hd trd mdt cdng giao ti€p song song va chuin giao ti€p song
song thong qua PORTD va PORTE. Do cdng song song chi hoat dong & ch&€ dd Slave mode
nén vi diéu khién khi giao ti€p qua giao dién nay sé& chiu sy diéu khién cda thiét bi bén ngoii
thong qua cdc pin cia PORTE, trong khi dit liéu s& dugc doc hoic ghi theo dang bt ddong bo
thong qua 8 pin ciia PORTD.

Bit diéu khi€n PSP 12 PSPMODE (TRISE<4>). PSPMODE dudc set sé& thiét 1ap chiic
ning cdc pin ciia PORTE Ia cdc pin cho phép doc dit liéu RD (REDRDIANS), cho phép ghi dir
lieu WR (RETWRIANE) va pin chon vi diéu khién T5 ( REZTSIANT) phuc vy cho viéc truyén
nhan dir li€u song song thong qua bus dit liéu 8 bit cia PORTD. PORTD lic nay déng vai tro
12 thanh ghi chdt dif liéu 8 bit, ddng thdi tdc dong ciia thanh ghi TRISD ciing s& dugc bd qua
do PORTD liic nay chiu sy di€u khién cla cdc thi€t bi bén ngoai. PORTE vin chiu sy tic
dong ciia thanh ghi TRISE, do d6 cin xdc lap trang thdi cdc pin PORTE la input bing cdch
set cdc bit TRISE<2:0>. Ngoai ra cin dua gia tri thich hgp cdc bit PCFG3:PCFGO (thanh ghi



ADCONI1<3:0>) d€ an dinh cdc pin ctia PORTE 1a cdc pin I/O dang digital (PORTE con la

céc pin chic ning ctia khdi ADC).

Khi céc pin C5 va WR cing & mic
thap, dif liéu tir bén ngoai sé& dudc ghi 1én
PORTD. Khi mdt trong hai pin trén chuyén
lén muc logic cao, c§ hi€u bdo di li€u trong
buffer di day BIF (TRISE<7>) dudc set va
¢S ngit PSPIF (PIR1<7>) dudc set d€ bdo
hiéu k€t thic ghi dit liéu. Bit BIF chi dugc
x6a vé 0 khi dir liéu vira nhian dugc &
PORTD dudc doc vao. Bit bdo hi€éu dir liéu
nhin dudc trong buffer bi tran IBOV
(TRISE<5>) s& dudc set khi vi diéu khién
nhan ti€p dit liéu ti€p theo trong khi chua
doc vao dit li¢u da nhan dudc trudc do.

Khi cdc pin 5 va RD cing & mic logic
thap, bit bdo hiéu buffer truyén dit liéu da
diy BOF (TRISE<6>) sé& dudc x6a ngay lap
tiic d€ bao hiéu PORTD da sin sang cho qui
trinh doc dit li¢u. Khi mot trong hai pin trén
chuyén sang mic logic cao, c& ngit PSPIF

Cne bit of PORTD

St Interrupt Flag
T PEPIF PIR1=T=)

i
(]

l.".ll
[

Hinh 2.38 So @6 khdi cia PORTD va
PORTE khi hoat dong & ch& do PSP Slave
mode.

sé dudc set d€ bdo hiéu qud trinh doc dit liéu hoan tit. Bit BOF vain dugc giit & mic logic 0
cho dé&n khi dit liéu ti€p theo dugc dua vao PORTD.

CAn chi y 1a ngdt SSPIF dugc diéu khién bdi bit PSPIE (PIE1<7>) va phai dugc x6a

bing chudng trinh.

Céc thanh ghi lién quan d&n PSP bao gém:

Thanh ghi PORTD (dia chi 08h): chita dit liéu can doc hoic ghi.

Thanh ghi PORTE (dia chi 09h): chita gid tri cdc pin PORTE.

Thanh ghi TRISE (dia chi 89h): chifa cdc bit dié¢u khién PORTE va PSP.
Thanh ghi PIR1 (dia chi 0Ch): chita cd ngit PSPIF.

Thanh ghi PIE1 (dia chi 8Ch): chita bit cho phép ngit PSP.

Thanh ghi ADCONI1 (dia chi 9Fh): di¢u khi€n khdi ADC tai PORTE.

Chi ti€t vé cdc thanh ghi s& dugc trinh bay cu thé & phu luc 2.



2.14 TONG QUAN VE MOT SO PAC TiNH CUA CPU.
2.14.1 CONFIGURATION BIT

Py 1a cdc bit dung d€ lua chon céc dic tinh ctia CPU. Cdc bit nay dudc chita trong
bd nhd chuong trinh tai dia chi 2007h va chi c6 thé dugc truy xuit trong qué trinh lap trinh
cho vi diéu khi€n. Chi ti€t vé cdc bit ndy nhu sau:

RP1 U0 RP1 RP1 RP1 RP1 RPA RP1 UD UD R/P-1 RPF1 RP1 RPA
| ce | — |peBuc|wRT1|wRTo| CPD | LvP |BOREN| — | — |PWRTEN|WDTEN| Fosc1 | Fosco |
bit 13 bt

Bit 13 CP: (Code Protection)

1: tit ch&€ do bdo vé ma chuong trinh.
0: bat ch& d6 bdo vé ma chuong trinh.
Bit 12, 5, 4: khong quan tim va dugc mic dinh mang gia tri 0.
Bit 11 DEBUG (In-circuit debug mode bit)
1:khong cho phép, RB7 va RB6 dugc xem nhu cdc pin xudt nhap binh thudng.
0:cho phép, RB7 va RB6 la cac pin dugc st dung cho qud trinh debug.
Bit 10-9 WRT1:WRTO Flash Program Memory Write Enable bit
11: Tt chic ning chong ghi, EECON sé& diéu khién qud trinh ghi Ién toan bd
nhd chuong trinh.
10: chi chdng tir dia chi 0000h:00FFh.
01: chi chdng ghi tir dia chi 0000h:07FFh.
00: chi chdng ghi tir dia chi 0000h:0FFFh.
Bit8 CPD Data EEPROM Memory Write Protection bit
1: Tt chic ning bdo vé ma cia EEPROM.
0: Bat chiic ning bdo vé ma.
Bit7 LVP Low-Voltage (Single supply) In-Circuit Serial Programming Enable bit
1: Cho phép ch& dd nap dién 4p thap, pin RB3/PGM dugc st dung cho ché& do
nay.
0: Khong cho phép ché do nap dién dp thap, dién dp cao dudc dua vao tir pin
MCLR, pin RB3 12 pin I/O binh thudng.
Bit6 BODEN Brown-out Reset Enable bit
1: cho phép BOR (Brown-out Reset)
0: khong cho phép BOR.
Bit3 PWRTEN Power-up Timer Enable bit
1: khong cho phép PWR.
0: cho phép PWR.
Bit2 WDTEN Watchdog Timer Enable bit
1: cho phép WDT.
0: khong cho phép WDT.




Bit 1-0 Foscl:FoscO lwa chon loai oscillator
11: st dung RC oscillator.
10: st dung HS oscillator.
01: st dung XT oscillator.
00: st dung LP oscillator.

Chi ti€t vé& cdc dic tinh s& dudc dé cap cu thé trong cic phan ti€p theo.
2.14.2 CAC PAC TINH CUA OSCILLATOR

PIC16F877A c6 kha nang st dung mot trong 4 loai oscillator, dé 1a:
LP: (Low Power Crystal).
XT: Thach anh binh thudng.
HS: (High-Speed Crystal).
RC: (Resistor/Capacitor) dao ddong do mach RC tao ra.

D&i vdi cdc loai oscillator LP, HS, XT, oscillator dudc gin vao vi diéu khién thong
qua céc pin OSC1/CLKI va OSC2/CLKO.

D&i v6i cac ting dung khong can cic ‘*;'|3_D
loai oscillator tdc dd cao, ta c6 thé st dung Rexr =
mach dao dong RC lam ngudn cung cip f 0SC1 [ Lt

Ll_,.a—u—- Clock

xung hoat dong cho vi vi diéu khién. Tin s&
tao ra phu thudc vao cédc gia tri dién 4p, gid
tri dién trd va tu dién, bén canh d6 1a su dnh -+——— OSC2ICLKD

F—" PICc16FaTXA

]
m
=
1

IH

o
[#:]

hudng cla cdc y€u t& nhu nhiét do, chat Foselt
lugng cta céc linh kién.
Céc linh kién st dung cho mach RC oscillator phdi bdo ddm cac gia tri sau:
3K<REXT< 100 K
CEXT >20 pF

Hinh 2.39 RC oscillator.

2.14.3 CAC CHE PORESET

C6 nhiéu ch& @6 reset vi diéu khi€n, bao gom:
Power-on Reset POR (Reset khi cAp ngudn hoat dong cho vi diéu khién).
MCLR reset trong qud trinh hoat dong.
MCLR tir ché& do sleep.
WDT reset (reset do khdi WDT tao ra trong qué trinh hoat dong).
WDT wake up tlr ch€ do sleep.
Brown-out reset (BOR).



Ngoai trtr reset POR trang thdai cdc thanh ghi 1a khong xdc dinh vaWDT wake up
khong 4nh hudng dén trang thdi cdc thanh ghi, cdc ché€ do reset con lai déu dua gid tri cic
thanh ghi vé gid tri ban ddu dudc 4n dinh sin. Céc bit TO va PD chi thi trang thédi hoat dOng,
trang thdi reset clia vi diéu khién va dugc diéu khién béi CPU.

MCLR reset: Khi pin MCLR & mifc logic thap,
vi diéu khié€n s& dugc reset. Tin hiéu reset Voo ey
dugc cung cAp bdi mot mach ngoai vi véi
cdc yéu cau cu thé sau:
Khong ndi pin MCLR tryc ti€p 1én AAA =
ngudn Vpp. Roi2) E'— MER
R1 phdi nhé hon 40 K d€ ddm bdo | °
cdc dic tinh dién cta vi diéu khién.

R2 phai 16n hon 1 K dé han dong di
vao vi diéu khién.

MCLR reset con dudc chdng nhidu bdi mot bo loc d€ tranh cdc tin hiéu nhd tic dong
1én pin MCLR

i
l\' L'}
A
-y

-

Hinh 240 Mach reset qua pin MCLR,

Power-on reset (POR): Pay 13 xung reset do vi di€u khién tao ra khi phat hién ngudn
cung cAp Vpp. Khi hoat dong & ch& do binh thudng, vi diéu khién cidn duge ddm bio cic
thong s6 vé dong dién, dién 4p d€ hoat dong binh thudng. Nhung néu cdc tham s6 nay khong
dugc ddm bio, xung reset do POR tao ra sé dua vi diéu khién vé trang thai reset va chi tiép
tuc hoat dong khi nao céc tham sd trén dugc ddm bio.

Power-up Timer (PWRT): ddy la b dinh thdi hoat dong dua vao mach RC bén trong
vi diéu khién. Khi PWRT dugc kich hoat, vi diéu khién sé& dugc dua vé trang thai reset.
PWRT sé& tao ra mot khodng thdi gian delay (khodng 72 ms) d€ Vpp ting dén gi4 tri thich
hop.

Oscillator Start-up Timer (OST): OST cung cdp mot khodng thdi gian delay bing 1024
chu ki xung ctia oscillator sau khi PWRT ngung tic dong (vi diéu khién da dd diéu kién hoat
dong) dé ddm bio sy 6n dinh clia xung do oscillator phit ra. Tdc dong ctia OST con x4y ra
ddi v6i POR reset va khi vi diéu khién dudc danh thitc tir ché dg sleep. OST chi tic dong ddi
v@i cac loai oscillator 1a XT, HS va LP.

Brown-out reset (BOR): N&u Vpp ha xudng thap hon gid tri Vpor (khodng 4V) va kéo
dai trong khodng thdi gian 16n hon Tpor (khodng 100 us), BOR dugc kich hoat va vi diéu
khién dugc dua vé trang thdi BOR reset. Néu dién dp cung cip cho vi diéu khién ha xudng
thap hon Vpor trong khoang thdi gian ngian hon Tgog, vi diéu khié€n sé khong dugc reset. Khi
dién 4p cung cdp dd cho vi diéu khién hoat dong, PWRT dudc kich hoat dé tao ra mot
khodng thdi gian delay (khodng 72ms). Né&u trong khodng thdi gian nay dién 4p cung cip cho



vi diéu khién lai ti€p tuc ha xudng dudi mic dién 4p Vpor, BOR reset sé& lai dugc kich hoat
khi vi diéu khién di dién dp hoat ddong. Mot diém can chii y 12 khi BOR reset dudc cho phép,
PWRT ciing sé& hoat dong bat chap trang thdi clia bit PWRT.

Tém lai d€ vi diéu khién hoat dong dudgc tir khi cAp ngudn can trdi qua cdc budc sau:

POR tdc dong.

PWRT (né€u dugc cho phép hoat ddng) tao ra khodng thdi gian delay Tpwrr d€ &n dinh
ngudn cung cip.

OST (n€u dudc cho phép) tao ra khodng thdi gian delay bing 1024 chu ki xung cia
oscillator d€ 8n dinh tan s cia oscillator.

DPén thdi di€m nay vi diéu khi€n mdi bit ddu hoat dong binh thudng.
Thanh ghi diéu khién va chi thi trang thdi ngudn cung cip cho vi diéu khién 1a thanh ghi
PCON (xem phu luc 2 d€ bi€t thém chi tiét).

External
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Hinh 2.41 So dd céc ché& dd reset cia PIC16F877A.
2.14.4 NGKT (INTERRUPT)

PIC16F877A c6 d&n 15 ngudn tao ra hoat dong ngit dugc diéu khién bdi thanh ghi
INTCON (bit GIE). Bén canh d6 mdi ngit con c6 mot bit diéu khién va cd ngit riéng. Céc cd
ngit vin dugc set binh thudng khi thda min di€u kién ngit x4y ra ba't chdp trang thdi clia bit
GIE, tuy nhién hoat dong ngit vin phu thudc vao bit GIE va cic bit diéu khién khac. Bit diéu
khién ngit RBO/INT va TMRO nim trong thanh ghi INTCON, thanh ghi nay con chita bit cho



phép cdc ngit ngoai vi PEIE. Bit diéu khién c4dc ngit nim trong thanh ghi PIEI va PIE2. C§
ngit cla cdc ngit nim trong thanh ghi PIR1 va PIR2.

Trong mot thdi di€m chi c6 mot chuong trinh ngit dugc thuc thi, chuong trinh ngit
dudc két thiic bing 1énh RETFIE. Khi chuong trinh ngit dugc thyc thi, bit GIE ty dong dudgc
x0a, dia chi 1énh ti€p theo clia chuong trinh chinh dudc cat vao trong bo nhd Stack va bo d€m
chuong trinh s& chi d&€n dia chi 0004h. Lénh RETFIE dugc diung d€ thodt khdi chuong trinh
ngit va quay trd vé chuong trinh chinh, déng thdi bit GIE cling s& dudc set d€ cho phép cic
ngit hoat dong trd lai. Cdc cd hiéu dugc dung d€ kiém tra ngit nao dang x4y ra va phdi dugc
x6a bing chuong trinh trudc khi cho phép ngit ti€p tuc hoat dong trd lai d€ ta c6 thé phat
hién dugc thdi di€m ti€p theo ma ngit x3y ra.

D3&i véi cdc ngit ngoai vi nhu ngdt tir chan INT hay ngit tir sy thay ddi trang thdi cdc
pin cia PORTB (PORTB Interrupt on change), viéc xdc dinh ngit nao xdy ra can 3 hoic 4
chu ki 1énh tiy thudc vao thdi di€m x4y ra ngit.

Can chd y 13 trong qud trinh thyc thi ngit, chi c6 gid tri ciia bd d€m chuong trinh dudc
cit vao trong Stack, trong khi mot s& thanh ghi quan trong s& khong dudc cit va cé thé bi
thay ddi gid tri trong qud trinh thyc thi chuong trinh ngit. Piéu nay nén dugc x{ 1i bing
chuong trinh &€ tranh hién tuong trén x3y ra.
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EEIE
PSPIFT ™,
PSPIEM :E,
ADIF \
ADIE J - .
RCIE I TMROIE Wa e-up | in 5 EEP MOJE
OIS TKMROIE 1
MTF
TXIF %
TXIE J LI ﬁ,—- In:er'.pi to CPU
- L REIF
-. RBIE
SEPIE :]
“‘} '_\
CCPIIF — PEE -/
CCPIIE j:\ .
a
TMR2IF.
TMR2I
THR1
TMR1
CCP2IF
CCP2IE
BCLIF
BCLIE
CMIF

CMIE

Hinh 2.42 So dd logic clia tit ca cdc ngit trong vi diéu khién PIC16F877A.



2.14.4.1 NGAT INT

Ngit nay dua trén sy thay d6i trang thdi ciia pin RBO/INT. Canh tic dong gy ra ngit
c6 thé 1a canh Ién hay canh xudng va dugc diéu khién bdi bit INTEDG (thanh ghi OPTION_
REG <6>). Khi c6 canh tidc dong thich hdp xuAt hién tai pin RBO/INT, cd ngit INTF dugc set
ba't chap trang thdi cdc bit diu khi€n GIE va PEIE. Ngit nay c6 kha ning danh thic vi diéu
khién tir ch& do sleep néu bit cho phép ngit dugc set trudc khi 1énh SLEEP dugc thuc thi.

2.14.42 NGAT DO SU THAY POI TRANG THAI CAC PIN TRONG PORTB

Cic pin PORTB<7:4> dugc diing cho ngit nay va dugc diéu khién bdi bit RBIE
(thanh ghi INTCON<4>). C8 ngdt cda ngdt ndy 1a bit RBIF (INTCON<0>).

2.14.5 WATCHDOG TIMER (WDT)

Watchdog timer (WDT) 14 bd d€m doc 1ap diing ngudn xung d€m tir bd tao xung dugc
tich hop sin trong vi diéu khi€n va khong phu thudc vio bat ki ngudn xung clock ngoai vi
nao. Piéu d6 c6 nghia 134 WDT vAn hoat dong ngay cd khi xung clock dugc 1dy tir pin
OSC1/CLKI va pin OSC2/CLKO cta vi diéu khi€n ngung hoat dong (chang han nhu do tic
dong ctia 1énh sleep). Bit diéu khién cia WDT la bit WDTE nim trong bd nhé chuong trinh &
dia chi 2007h (Configuration bit).

WDT sé& tu dong reset vi di€u khi€n (Watchdog Timer Reset) khi bo d€m ctia WDT bi
tran (néu WDT dudgc cho phép hoat dong), ddng thdi bit TO ty dong dude xéa. Néu vi diéu
khién dang & ch& do sleep thi WDT sé& ddnh thic vi diéu khié€n (Watchdog Timer Wake-up)
khi bd d€m bi tran. Nhu vy WDT c6 tdc dung reset vi diéu khién & thdi di€m cin thi€t ma
khong cin dén sy tic dong tir bén ngoai, ching han nhu trong qud trinh thyc thi 1énh, vi diéu
khién bi “ket” & mot chd nao d6 ma khong thodt ra dudc, khi d6 vi diéu khién s& ty dong
dugc reset khi WDT bi tran & chuong trinh hoat dong ding trd lai. Tuy nhién khi s& dung
WDT ciing c6 su phién todi vi vi diéu khién sé& thudng xuyén dugc reset sau mot thdi gian
nhAt dinh, do d6i can tinh todn thdi gian thich hgp d€ x6a WDT (diing 1énh CLRWDT). Va
dé viéc an dinh thSi gian reset dugc linh dong, WDT con dudc hd trd mdt bd chia tin s&
prescaler dugc diéu khi€n bdi thanh ghi OPTION_REG (prescaler nay dugc chia xé véi
TimerO0).

Mot di€m can chid y nita 12 1énh sleep s& x6a bo d€m WDT va prescaler. Ngoai ra
1énh x6a CLRWDT chi x6a bd d€m chit khong 1am thay d6i ddi tuong tic dong clia prescaler

(WDT hay TimerO0).

Xem lai Timer0 va thanh ghi OPTION_REG (phu luc 2) d€ biét thém chi tiét.



2.14.6 CHE PO SLEEP

DAy 1a ch& d6 hoat dong clia vi diéu khién khi 1énh SLEEP dugc thuc thi. Khi d6 néu
dudc cho phép hoat dong, bdo dé€m ctia WDT sé& bi x6a nhung WDT vin ti€p tuc hoat dong,
bit PP (STATUS<3>) dugc reset vé 0, bit TO dudc set, oscillator ngung tdc dong va céc
PORT giif nguyén trang thdi nhu trudce khi 1énh SLEEP dudc thyc thi.

Do khi & ch& d SLEEP, dong cung cip cho vi diéu khién 1a rdt nhd nén ta can thuc hién cic
budc sau trude khi vi di€u khi€n thyc thi lénh SLEEP:

Pua tit cd cdc pin vé trang thdi Vpp hoic Vs

Can bdo ddm ring khong co mach ngoai vi nao dugc diéu khién bdi dong dién cta vi
diéu khié€n vi dong dién nhé khdng di khd ning cung cip cho cdc mach ngoai vi hoat dong.

Tam ngung hoat ddng cti khdi A/D va khong cho phép cdc xung clock tir bén ngoai
tdc dong vao vi diéu khién.

Pé€ y dén chifc ning kéo 1én dién tr§ 3 PORTB.

Pin MCLR phii & mic logic cao.

2.14.6.1 “DANH THUC ” VI PIEU KHIEN

Vi diéu khién c6 thé dugc “ddnh thitc” dusi tic dong clia mot trong sd cac hién tugng sau:

1. Téc dong clia reset ngoai vi thong qua pin MCLR,

2. Téac dong cia WDT khi bi tran.

3. Téc dong tir cidc ngit ngoai vi tif PORTB (PORTB Interrupt on change hoic pin

INT).

Céc bit PP va T duge dung dé thé hién trang thdi cda vi diéu khién va dé phat hién ngudn
tdc dong 1am reset vi didu khién. Bit PO dugc set khi vi didu khién dugc cdp ngudn va dugc
reset vé& 0 khi vi diéu khién & ch& d6 sleep. Bit TC dudc reset vé 0 khi WDT tic dong do bod
d€m bi tran.

Ngoai ra con ¢c6 mot sd ngudn tdc dong khdc tir cdc chiic ning ngoai vi bao gobm:
1. DPoc hay ghi di li¢u thong qua PSP (Parallel Slave Port).
2. Ngit Timer] khi hoat ddng & ch& do d€m bat ddng bo.
3. Ngit CCP khi hoat dong & ché& do Capture.
4. C4c hién tugng dic biét l1am reset Timerl khi hoat dong & ché d6 d€m bat dong
bd diing ngudn xung clock & bén ngoai).

5. Ngidt SSP khi bit Start/Stop dudc phat hién.
6. SSP hoat dong & ché& dd Slave mode khi truyén hodc nhan dit liéu.

7. Téc dong clia USART tir cdc pin RX hay TX khi hoat dong & ché d6 Slave mode
ddng bo.

8. Khdi chuyén d6i A/D khi ngudn xung clock hoat dong & dang RC.

9. Hoan tit qué trinh ghi vao EEPROM.

10. Ngé ra bo so sanh thay ddi trang thai.



Cic tdc dong ngoai vi khiac khong c6 tic dung danh thic vi diéu khién vi khi & ch& do
sleep cac xung clock cung cip cho vi diéu khi€n ngung hoat dong. Bén canh d6 cin cho phép
cdc ngit hoat dong trudc khi 1énh SLEEP dugc thuc thi d€ bdo ddm tic dong cia cic ngit.
Viéc ddnh thirc vi di€u khién tir cdc ngit vin dugc thuc thi bt chap trang thdi cda bit GIE.
Né&u bit GIE mang gia tri 0, vi diéu khién sé& thuc thi 1énh ti€p theo sau 1énh SLEEP cia
chuong trinh (vi chuong trinh ngit khong dugc cho phép thuc thi). Néu bit GIE dudc set trude
khi 1énh SLEEP dudc thuc thi, vi diéu khién sé& thuc thi Iénh ti€p theo clia chuong trinh va sau
d6 nhdy t6i dia chi chita chuong trinh ngdt (0004h). Trong trudng hdp 1énh ti€p theo khong
déng vai trd quan trong trong chuong trinh, ta can dit thém lénh NOP sau 1énh SLEEP dé bd
qua tdc dong cda lénh nay, dong thdi gidp ta dé dang hon trong viéc ki€m sodt hoat dong clia
chuong trinh ngit. Tuy nhién cling c6 mot s6 diém can luu y nhu sau:

Néu ngit x4y ra truc khi 1énh SLEEP dudc thuc thi, 1énh SLEEP sé& khong dugc thuc
thi va thay vao d6 1a 1énh NOP, déng thdi cic tic dong cda lénh SLEEP ciing s& dudc bd
qua.

Né&u ngit x4y ra trong khi hay sau khi 1énh SLEEP dudc thuc thi, vi diéu khién 1ap tiic
dugc danh thic tir ché do sleep, va 1énh SLEEP sé& dudc thuc thi ngay sau khi vi diéu khién
dugc danh thic.

D& kiém tra xem lénh SLEEP da dudc thuc thi hay chua, ta ki€m tra bit PP. N&u bit
PO yvin mang gia tri 1 tic 1a 1énh SLEEP da khong dugc thuc thi va thay vao dé l1a 1€nh NOP.
Bén canh d6 ta ciAn x6a WDT d€ chic chin ring WDT di dudc x6a trude khi thuc thi 1énh
SLEEP, qua d6 cho phép ta xdc dinh dudc thdi di€m vi diéu khién dugc danh thic do tic
dong cia WDT.



CHUGNG 3 TAP LENH CUA VI PIEU KHIEN PIC

3.1 VAINET SO LUGC VE TAP LENH CUA VI PIEU KHIEN PIC

Nhu da trinh bay & chuong 1, PIC 1a vi diéu khién cé tap 1énh rat gon RISC (Reduced
Instruction Set Computer), bao gdm 35 1énh va c6 thé dudc phan ra thanh 3 nhém cd ban:

Nhém 1€nh thao tac trén bit. . . ) .
Byte-oriented file register operations
Nhom I€nh thao tic trén byte. 13 8 7 6 0
Nhém lénh diéu khién. | opcoce | d]  fiFRE®) |
d = o for destination W
.. . . N R d =1 for destination
b6i v6i dong vi dieu khién f = 7-bit file register address
PIC16Fxxx, mdi lIénh dudc ma héa thanh 14 o _ _
. A B R R 2 Bit-oriented file register operations
bit word, bao gdbm cac bit opcode (dung dé 13 108 76 0
xdc dinh 1énh nao dudc ma héa) va cdc bit OPCODE o(BIT#| f(FLE#
md t4 mdt hay vai tham s6 clia Iénh. b = 2-it bit address
f = 7-bit file register address
P6i v6i nhém Iénh thao t4c trén byte, Literal and control operations
ta c6 2 tham s6 f (x4dc dinh dia chi byte cin General
thao tic) va d (xdc dinh noi chita k&t qua T R re——
A - - - {literal)
thuc thi 1énh). Néu d = 0, két quad sé dugc
N . ~ ~ k = &-bit immediate value
dua vao thanh ghi W. Néu d = 1, két qua
dlIQC dua vao thanh ghl dlIQC mo ta bdi tham caLL and aoTo instructions onby
so f. 13 110 0
PGi v6i nhém lénh thao tc trén bit, | opcooe | « iteral)
ta c6 hai tham s& b (xdc dinh bit cin thao e

tic) va f (xdc dinh dia chi byte dit liéu cin
thao tac).

Hinh 3.1 Co ch&é mi héa 1énh cla
PIC16Fxxx.

D&i véi nhém 1énh diéu khién chi c6 mot tham s& duy nhat 13 k (k c6 thé 12 8 bit trong
trudng hgp cdc I€nh binh thudng hay 11 bit trong trudng hgp 1a 1€énh CALL va 1énh GOTO)
dung dé mo ta do6i tugng tic dong cua vi diéu khién (mot label, mot hiing s& nao do).

Mai 1énh s& dugc vi diéu khién thuc thi xong trong vong mot chu ki 1énh, ngoai trir
cdc 1énh 1am thay ddi gid tri bd d€m chuong trinh PC cin 2 chu ki 1énh. Mot chu ki 1énh gém
4 xung clock ciia oscillator. Vi du ta st dung oscillator c¢6 tin s6 4 MHz thi tan s& thuc thi
1€énh s€ 1a 4MHz/4 = 1 MHz, nhu vay mot chu ki 1€nh ¢6 thdi gian 1 uS.

Céc 1énh thao tdc trén mot thanh ghi ba't ki déu thuc hién co ché Read-Modify-Write,
tirc 12 thanh ghi sé& dudc doc, dit liéu dugc thao tdc va két qud dudc dua vao thanh ghi chita
ké&t qud (ndi chita két qua ty thudc vao Iénh thyc thi va tham s6 d). Vi du nhu khi thuc thi
l1énh “CLRF PORTB”, vi diéu khién s& doc gi4 tri thanh ghi PORTB, x6a tit c4 cic bit va ghi
k&t qua trd lai thanh ghi PORTB.

Sau day ta sé& di siu vio ciu tric, ct phdp va tidc dong cu thé clia tirng 1énh.



3.2 TAP LENH CUA VI PIEU KHIEN PIC

3.2.1 Lénh ADDLW

Cu phiap: ADDLW k(0 < k<255)

Téc dung: cOng gid tri k vao thanh ghi W,
ké&t qud dudc chita trong thanh ghi W.

Bit trang thdi: C, DC, Z

3.2.2 Lénh ADDWF

Cu phdp: ADDWF fd

(0=<f<255, d€[0,1]).
Téc dung: cOng gia tri hai thanh ghi W va
thanh ghi f. K&t qud dugc chita trong thanh
ghi W né€u d = 0 hoiic thanh ghi f n€u d =1.
Bit trang thdi: C, DC, Z

3.2.3 Lénh ANDLW

Cu phdap: ANDLW  k (0<k<255)

Téc dung: thyc hi€n phép todn AND giirta
thanh ghi | va gia tri k, k€t qud dugc chia
trong thanh ghi W.

Bit trang thai: Z

3.2.4 Lénh ANDWF

Cua phap: ANDWF f.d

(0=f<127,d €[0,1]).
Téac dung: thyc hi€n phép todn AND giita
cédc gié tri chia trong hai thanh ghi W va f.
K&t qud dugc dua vdo thanh ghi W néu
d=0 hoic thanh ghi fn€ud = 1.
Bit trang thai: Z

3.2.5 Lénh BCF

Cua phdp: BCF fb  (0<f<127,0<b<7)
Téac dung: x6a bit b trong thanh ghi f vé
gid tri 0.

Bit trang thdi: khong c6.

3.2.6 Lénh BSF

Cu phédp: BSF f,b
(0<f<127,0<b<7)

Téac dung: set bit b trong trnh ghi f.

Bit trang thdi: khong c6

3.2.7 Lénh BTFSS

Cu phap: BTFSS f,b

(0<f<127,0<b<7)
Téc dung: ki€m tra bit b trong thanh ghi f.
Né€u bit b biing 0, 1&nh ti€p theo dudc thuc
thi. N&€u bit b bing 1, 1énh ti€p theo dugc
bd qua va thay vao d6 1a 1énh NOP.
Bit trang thdi: khong c6

3.2.8 Lénh BTFSC

Cua phdp: BTESC f,b

(0=f=<127,0=<b<7)
T4c dung: ki€m tra bit b trong thanh ghi f.
N&u bit b biing 1, Iénh ti€p theo dugc thuc
thi. Né&u bit b biing 0, 1énh ti€p theo dugc
bd qua va thay vao d6 1a 1énh NOP.
Bit trang thdi: khong c6



3.2.9 Lénh CALL

Ci phdp: CALL k (0<k<2047)

Téc dung: goi mot chuong trinh con. TruGc
hét dia chi quay trd vé tir chudng trinh con
(PC+1) dugc cat vao trong Stack, gid tri
dia chi méi dugc dua vao bo dé€m gém 11
bit cta bi€n k va 2 bit PCLATH<4:3>.

Bit trang thdi: khong c6

3.2.10 Lénh CLRF

Cu phdap CLRF f (0=<f<127)

Téc dung: x6a thanh ghi f va bit Z dugc
set.

Bit trang théi: Z

3.2.11 Lénh CLRW

Cua phdp CLRW

Téac dung: x6a thanh ghi W va bit Z dugc
set.

Bit trang thai: Z

3.2.12 Lénh CLRWDT

Cu phdap: CLRWDT

Tdc dung: reset Watchdog Timer, dong
thoi prescaler cling dugc reset, cac bit FD
va 10 dugc set 1én 1.

Bit trang thdi: TO, PD

3.2.13 Lénh COMF
Cu phdap: COMF f.d

(0=f<127,d€[0,1)).
Tac dung: ddo cdc bit trong thanh ghi f.
K&t qud dugc dua vdo thanh ghi W néu
d=0 hoic thanh ghi f néu d=1.
Bit trang thdi: Z

3.2.14 Lénh DECF

Cu phap: DECF f,d

(0<f<127, d€[0,1]).
Tac dung: gid tri thanh ghi f dugc gidm di
1 don vi. K&t qud dudc dua vao thanh ghi
W né€u d = 0 hoic thanh ghi fnéud = 1.
Bit trang thdi: Z

3.2.15 Lénh DECFSZ

Ci phap: DECFSZ f,d
(0<f=<127,d€][0,1])

Tac dung: gia tri thanh ghi f dugc gidm 1
don vi. N&u ké&t qua sau khi gidm khic 0,
1énh ti€p theo dudc thuc thi, néu két qua
bing 0, Iénh ti€p theo khong dugc thuc thi
va thay vao dé 1a 1énh NOP. K&t qua dudgc
dua vao thanh ghi W néu d = 0 hoic thanh
ghi fnéud=1.

Bit trang thdi: khong c6

3.2.16 Lénh GOTO

Cu phap: GOTO k (0<k<2047)

Tdc dung: nhay téi mo6t label dugc dinh
nghia b&i tham s6 k va 2 bit PCLATH
<4:3>.

Bit trang thai: khong cé.

3.2.17 Lénh INCF

Cu phép: INCF f.d

(0=f<127,d €[0,1])
Téc dung: tdng gid tri thanh ghi f1én 1 don
vi. K&t qud dugc dua vao thanh ghi W néu
d = 0 hoic thanh ghi fnéud = 1.
Bit trang théi: Z



3.2.18 Lénh INCFSZ

Cu phédp: INCFSZ f,d
(0<sf=<127,d€]0,1])

Téc dung: tdng gid tri thanh ghi f1én 1 don

vi. Néu két qud khdc 0, 1énh ti€p theo

dugc thuc thi, n€u k&t qud biang 0, 1énh

ti€p theo dudc thay bing 1énh NOP. K&t

qud s& dugc dua vao thanh ghi f néu d=1

hoic thanh ghi W néu d = 0.

Bit trang thdi: khong c6.

3.2.19 Lénh IORLW

Cu phdp: IORLW k (0<k<255)

Téc dung: thuc hién phép todn OR giita
thanh ghi W va gid tri k. K&t qua dugc
chtra trong thanh ghi W.

Bit trang théi: Z

3.2.20 Lénh IORWF

Cu phédp: IORWF f,d

(0=f<127,d€[0,1])
Téc dung: thuc hi€én phép todn OR gilta
hai thanh ghi W va f. K&t qud dudc dua
vao thanh ghi W néu d=0 hoic thanh ghi f
néu d=1.
Bit trang thdi: Z

3.2.21 Lénh RLF

Cu phdap: RLF f,d
(0<£<127,d€[0,1])
Téc dung: dich trdi cdc bit trong thanh ghi f
qua cd carry. K&t qua dugc luu trong thanh
ghi W n€u d=0 hoic thanh ghi f néu d=1.
A CT-Regstert_J—

Bit trang thai: C

3.2.22 L¢nh RETURN

Cua phdp: RETURN

Téc dung: quay tré vé chuong trinh chinh
tor mOt chuong trinh con

Bit trang thdi:khdng c6

3.2.23 Lénh RRF

Cu phap: RRF f,d

(0=f=127,d€[0,1])
Téac dung: dich phdi cdc bit trong thanh ghi
f qua cd carry. K&t qud dudc luu trong
thanh ghi W n&u d=0 hoic thanh ghi f n€u

d=1.
—[C-{ R |

Bit trang thdi: C

3.2.24 Lénh SLEEP

Cu phap: SLEEP

Téac dung: dua vi diéu khié€n vé ch& do
sleep. Khi d6 WDT bi x6a vé 0, bit PP
dugc x6 vé 0, bit TO dugc set 1én 1 va
oscillator khong dugc cho phép hoat dong.
Bit trang thai: 10, FD

3.2.25 Lénh SUBLW

Cua phdp: SUBLW k

Téc dung: 14y gid tri k trir gid tri trong
thanh ghi W. K&t qud dugc chda trong
thanh ghi W.

Bit trang thdi: C, DC, Z



3.2.26 Lénh SUBWF

Cu phép: SUBWF f.d

(0<f<127, d€[0,1])
Téc dung: 1ay gi4 tri trong thanh ghi f dem
trir cho thanh ghi W. K&t qud dugc luu
trong thanh ghiaW néu d=0 ho#c thanh ghi
f néu d=1.

3.2.28 Lénh XORLW

Cua phdap: XORLW k (0=k<255)

Téc dung: thyc hi€n phép todn XOR giita
gid tri k va gi4 tri trong thanh ghi W. K&t
qua dugc luu trong thanh ghi W.

Bit trang thdi: Z

Bit trang thdi: C, DC, Z

3.2.29 Lénh XORWF
3.2.27 Lénh SWAP
Cua phdp: XORWF f,d
Téc dung: thyc hién phép todn XOR giita
hai gia tri chita trong thanh ghi W va thanh
ghi f. K&t qua dugc luu vao trong thanh ghi
W néu d=0 hoic thanh ghi f n€u d=1.
Bit trang théi: Z

Cua phdap: SWAP f,d

(0<f<127, d€[0,1])
Téc dung: ddo 4 bit thip vdi 4 bit cao trong
thanh ghi f. K&t qud dudc chita trong thanh
ghiaW né€u d=0 hoic thanh ghi f n€u d=1.
Bit trang thdi: khong c6

Ngoai cdc 1énh trén con c6 mot s6 1énh dung trong chuong trinh nhu:

3.2.30 Lénh #DIFINE

Cu phédp: #DEFINE <textl> <text2>

Téc dung: thay th€ mot chudi ki ty nay bing mot chudi ki ty khdc, c6 nghia 1a mdi khi
chudi ki ty text]l xudt hién trong chuong trinh, trinh bién dich sé& tu dong thay thé chudi ki ty
dé biang chudi ki tu <text2>.

3.2.31 Lénh INCLUDE

Cu phéap: #INCLUDE <filename> hodc #INCLUDE “filename”

Téc dung: dinh kem mdt file khdc vao chuong trinh, tuong ty nhu vi€c ta copy file do
vao vi tri xudt hién 1énh INCLUDE. Né&u dung ct phdp <filename> thi file dinh kem 1a file
hé thong (sitem file), n€u dung ct phip “filename” thi file dinh kém 1a file clia ngudi st
dung.

Thong thudng chuong trinh dugc dinh kem theo mot “header file” chita cidc thong tin
dinh nghia cdc bi€n (thanh ghi W, thanh ghi F.,..) va cdc dia chi cdu cdc thanh ghi chifc niing
dic biét trong bd nhé dit liéu. N&u khong c6 header file, chuong trinh s& khé doc va khé hiéu
hon.



3.2.32 Lénh CONSTANT

Cud phdp: CONSTANT <name>=<value>

Téc dung: khai bdo mot hiing s6, c6 nghia 1a khi phdt hién chudi ki ty “name” trong
chuong trinh, trinh bién dich s& ty dong thay biing chudi ki tu biing gid tri “value” da dudgc
dinh nghia trugc do.

3.2.33 Lénh VARIABLE

Cua phdp: VARIABLE <name>=<value>

Téc dung: tuong tu nhu 1énh CONSTANT, chi c6 diém khac biét duy nhat 13 gid tri
“value” khi duing 1énh VARIABLE c6 thé thay ddi dudc trong qud trinh thuc thi chuong trinh
con 1énh CONSTANT thi khong.

3.2.34 Lénh SET

Cud phédp: <name variable> SET <value>

T4c dung: gdn gid tri cho mot tén bi€n. Tén ctia bi€n c6 thé thay ddi dudc trong qua
trinh thyc thi chuong trinh.

3.2.35 Lénh EQU

Cu phédp: <name constant> EQU <value>

Téc dung: gin gid tri cho tén clia tén cia hiing s6. Tén cla hiing s6 khong thay ddi
trong qud trinh thyc thi chuong trinh.

3.2.36 Lénh ORG

Cu phédp: ORG <value>

Tac dung: dinh nghia mot dia chi chita chuong trinh trong bd nhé chuong trinh cta vi
diéu khién.

3.2.37 Lénh END
Cua phdp: END
Téc dung: ddnh d4'u k&t thic chuong trinh.

3.2.38 Lénh __ CONFIG

Cu phép:

Téc dung: thi€t 1ap cdc bit diéu khién cdc khoi chifc ning cla vi diéu khién dugc chita
trong bd nhd chuong trinh (Configuration bit).

3.2.39 Lénh PROCESSOR
Cu phap: PROCESSOR <processor type>
T4c dung: dinh nghia vi diéu khién nao st dung chuong trinh.



3.3 CAU TRUC CUA MOT CHUONG TRINH ASSEMBLY VIET CHO VI PIEU
KHIEN PIC

Mot chuong trinh Assembly bao gém nhiéu thanh phan nhu chuong trinh chinh,
chuong trinh ngdt, chuong trinh con,..0 day chi trinh bay ciu tric mdt chuong trinh don gidn
nha't khi méi bit ddu lam quen véi viéc 1ap trinh cho vi diéu khién PIC.

Basic L . ;
information ; Program for initialization of port B and setting pins to status of logic one

on the W——t; Version 1.0 Date: 10,10,1999, MCLPIC16F84 Written by: John Smith
program

; Declaration and configuration of a processor
PROCESSOR 16F84
#Finclude "p16f84.nc™ ; Processor title

Directive = — CONFIG _CP_OFF & “WDT_OFF & _PWRTE_ON & _XT_0OSC
i Start of program
org [Ix[_ll] ; Reset vector
goto  Main ; Go to the beginning of Main
: Interrupt vector
Inclusion of org 0x04 i Interrupt vector
amacro ® goto Main : Interrupt routine doesn't exist
#include "hank.inc™
Comment & ; Beginning of the main program
Main
BANK1 3 Select memory bank 1
Label #——— moviw  0x00 _
Instruction & movwi TRISB ; Port B pins are output
BANKD i Select memory bank 0
Operand e ,
moviw 0xFF
movwi PORTB i Set all ones to port B
Loop goto Loop ; Program remains in the loop
end s Mecessary marking the end of 2 program

Hinh 3.2 CAu triic mot chuong trinh Asembly viét cho vi diéu khién PIC.

Ta nhin thdy ring khong c6 sy khac biét 16n trong ciu tric cia modt chuong trinh
Assembly viét cho vi diéu khi€n PIC so v6i vi diéu khién khéc, chi c6 su khdc biét vé cdc
1énh st dung trong chuong trinh. Dau “;” dugc ding d€ dua mot ghi chd vao chuong trinh va
chi ¢6 hiéu lvc trén mot hang clia chuong trinh. Hinh trén 13 vi du vé mot chuong trinh don
gidn vdi cdc budc khdi tao cd ban ban ddu, ngodi ra n€u cin thi€t ta vin cé thé khai bao
thém cédc bi€n, hiing va cdc tham s& khic trudc chuong trinh chinh (label “Main”).

Trong trudng hop cAn sit dung d&€n chudng trinh ngit, ta cAn mdt ciu tric chuong trinh
phtic tap hon véi nhiéu bu6c khdi tao phitc tap va phdi tuAn theo mot thit ty 1énh nhat dinh.
Tuy nhién né€u st dung trinh bién dich MPLAB, c4u tric clia chuong trinh danh cho mot vi
diéu khién PIC nhat dinh da dugc vi€t sin, ta chi viéc vi€t doan chuong trinh diéu khién vao
céc vi tri thich hgp trén miu chuong trinh dugc viét trude d6. Pay 1a mot 1di thé rat 16n khi si
dung MPLAB d€ soan tho cdc chuong trinh viét cho vi diéu khién PIC.



CHUONG 4 MOT SO UNG DUNG CU THE CUA PIC16F877A

Trong chuong nay ta sé di siu vio mot sd tng dung cu thé cda vi diéu khién
PIC16F877A. Cac ttng dung nay dugc xay dung dua trén cdc chi’c ndng ngoai vi dugc tich
hdp sdn bén trong vi diéu khién, qua d6 gitip ta nim ré hon va diéu khién dugc cic khoi
chitc ning d6. Tuy nhién truSc tién s& 12 mot sd Gng dung don gidn gidp ta budc dau 1am
quen v&i tap 1énh va cdch viét chuong trinh cho vi diéu khién PIC.

4.1 PIEU KHIEN CAC PORT I/O.

Piy 12 mot trong nhitng tng dung don gidn nhat gitp ta 1am quen vdi vi diéu khién.
Trong ng dung nay ta s& xuit mot gid tri ndo d6 ra mdt PORT ciia vi diéu khi€n, ching han
nhu PORTB. Gi4 tri nay s& dudc kiém tra bing cdch gin vao cic pin cia PORTB cdc LED.
Khi d6 pin mang gia tri muc logic 1 s€ lam cho LED sdng va pin mang gia tri muc logic 0 s€
lam cho LED tit.

Sau day 1a mot vai di€m can chi y cho tng dung nay:

Pé LED sing binh thudng thi dién 4p dit 1én LED vao khodng 1.8 dén 2.2
Volt tlly theo mau sic ctia LED, trong khi dién 4p tai ngd ra cda 1 pin trong PORTB néu &
mic logic 1 thudng 1a 5 volt. Do d6 ta can c6 thém dién trd mic ndi ti€p véi LED d€ han
dong (c6 thé dung dién trd 0.33 K).

Pé€ xuit dugc gid tri ra PORTB, trudc hét ta can khdi tao cdc pin cia PORTB
12 output. Piéu nay dugc thyc hién bing cich clear cdc bit trong thanh ghi TRISB. Tuy nhién
hai thanh ghi PORTB va TRISB nim & hai bank khdc nhau trong bd nhé dif lié¢u. Do d6 trudc
khi mudn truy xuét gid tri trong mot thanh ghi ndo dé cAn chon bank dif liéu chita thanh ghi
d6 biang cdch dua cdc gid tri thich hdp vao 2 bit RP1:RPO ctia thanh ghi STATUS (xem phu
luc 2 va so d6 bo nhd dit lidu).

Do trong tip 1énh ciia vi diéu khién PIC khong c6 1énh nao cho phép dwa mot
byte vio mdt thanh ghi cho tru6c, do d6 can sit dung mot thanh ghi trung gian (thanh ghi W)
va dung hai Iénh MOVLW (dua byte vao thanh ghi W) va 1énh MOVWF (dua gié tri trong
thanh ghi W vao thanh ghi f nio d6 ma ta mudn).

Ngoai ra cAn dung lénh ORG d& chi ra dia chi bt ddu chuong trinh khi vi diéu
khién dudc reset. Thong thudng dia chi bit diu chuong trinh s& 1a dia chi 0000h.

Trong trudng hop cin ding d&€n ché dd reset clia pin MCLR, ta c6 thé thi€t k& thém
mot mach reset ngoai vi (vi diéu khién sé dudc reset khi pin MCLR chuyén tit mic logic 1
xudng miic logic 0).



Sau diy 12 so dd mach cla tng dung trén:

0.33K o
R1
R g
u1 0.33K
' ~ |
o—1 | MCLRIVPP RB7/PGD (29
39 0.33K
) RB6/PGC 35 P,
C—=—{ RAO/AND RBS5 (5o b= —
C—5 RAL/ANL RB4 3¢ 0.33 K
S C——{ RA2/AN2/VREF-ICVREFRB3/PGM [—32 ' P,
JJ C—2-| RAS/IANSIVREF+ RB2 (32 p—
C———p RA4/TOCLK/C1OUT RB1
swillo C—{ RAS/AN4/SSIC20UT ~ RBO/INT [—2 0-33K P
5V — 5V P
[—3 REO/RDIANS 32 0.33 K
CH—5-| RELWR/ANG voD (H—<H ' P
O— = RE2/CSIAN? GND —4| P
17 Voo 0 =, Y Yl
GND RD7/PSP7 55— -0 N—"
13 RD6/PSP6 55— 0.33 K
= > OSC1/CLK RD5/PSP5 (55— ' P,
= 14 27
0 4MHz > OSC2/CLKOUT RD4/PSP4 |-~ p— —
XTAL [—2PRCOTIOSO/TICLK  RCT/RX/DT 3e—]
C—75-| RCUT10SI/CCP2  RCE/TX/CK [—5a—0]
C—5-| RC2/ccpl RC5/SDO |55
C——pRC3/SCK/SCL  RC4/SDI/SDA |-=—01
39+ RDO/PSPO RD3/PSP3 [-o2—]
O—=— RD1/PSP1 RD2/PSP2 =1
PICI6FE77A

Hinh 4.1 Mach nguyén li ctia @ng dung diéu khién cdc PORT ciia vi diéu khién.

Mot di€m can chii ¥ 13 vi diéu khién PIC16F877A c6 dén 2 pin Vpp va 2 pin GND.
Trong trudng hdp nay ta phdi cAp ngudn vao tit ca cc pin trén, khi d6 vi diu khién méi c6
dd dién 4p dé€ hoat dong.



Chuong trinh vi€t cho tng dung trén nhu sau:

;chuong trinh 4.1.1

;PORTBTEST.ASM
processor 16£877a ; khai bdo vi diéu khién
include <p16f877a.inc> ; header file dinh kem

__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & PWRTE_ON &
_XT_OSC & _WRT_OFF & _LVP_OFF & _CPD_OFF
; khai bdo cac “Configuration bits”

ORG 0x000 : dia chi bit dau chuong trinh
GOTO start

Start ; chuong trinh chinh bit diu tai day
BCF STATUS,RP1
BCF STATUS,RPO ; chon BANKO
CLRF PORTB ; Xx6a PORTB
BSF STATUS,RPO ; chon BANK1

MOVLW 0x00

MOVWF TRISB ; PORTB <- outputs
BCF STATUS,RPO ; chon BANKO
MOVLW  0x8F ; gid tri can dua ra PORTB
MOVWF PORTB ; PORTB <- 8Fh
loop GOTO loop ; vong lap vo han
END ; k€t thiic chuong trinh

Céc budc ti€p theo d€ hoan tat ting dung trén 13 bién dich chuong trinh trén bing mot
trinh bién dich Assembly danh cho vi diéu khién PIC (trinh bién dich MPLAB ching han),
sau d6 ding mach nap dé€ nap chuong trinh vao vi diéu khién PIC va kiém tra k&t qua. N&u
khong c6 16i nao x4y ra, LED gin vao cic pin RB7, RB3, RB2, RB1, RBO sé& siang, LED gin
vao cdc pin con lai sé tit (do gid tri ta dwa ra PORTB Ia 8Fh).

Hoan toan tuong tu ta c¢6 thé vi€t chuong trinh dwa mot gia tri bat ki vao cic PORT
cia vi diéu khién PIC16F877A. Tuy nhién c6 mot diéu cin chid y 1a d6i v6i PORTA, do pin



RA4 c6 cuc thu @€ hd (xem phu luc 1) nén mudn PORTA hién thi k&t qud mdt cdch chinh x4c
ta can dung mot dién trd kéo 1én gdn thém vao bén ngoai pin RA4.

4.1.1 CHUONG TRINH DELAY

Chuong trinh trén gidp ta dua gid tri ra cac PORT cda vi diéu khién va cdc LED sé&
sdng hay tit thy theo mic logic dua ra cic PORT. Bay gid ta lai mudn cdc LED s& chép tit
sau mot khodng thdi gian dinh trudc. Mudn vay ta ding thém mdt doan chuong trinh
DELAY. Thyc chit cda chuong trinh DELAY 13 cho vi diéu khi€n 1am mot cong viéc vo
nghia nao d6 trong mot khoang thsi gian dinh truée. Khodng thoi gian nay dudc tinh todn dua
trén qu4 trinh thyc thi 1énh, hay cu thé hon 1a dva vao thdi gian cia mdt chu ki 1énh. C6 thé
viét chuong trinh DELAY dua trén doan chuong trinh sau:

MOVLW 0X20 ; gid tri 20h
MOVWL delay-reg ; dua vao thanh ghi delay
loop DECFSZ delay-reg ; gidm gia tri thanh ghi delay-reg 1 don vi
GOTO loop ; nhdy t6i label “loop” né€u thanh ghi delay-reg
;sau khi gidm 1 don vi chira gid tri khac 0.
; 1énh nay dudc thuc thi khi delay-reg bing 0

Néu diing doan chuong trinh nay thi thdi gian delay dudc tinh gin ding nhu sau:

ta = 3(1+ty)t

Trong dé tg 1a thdi gian delay, t, 1a gid tri dua vao thanh ghi delay-reg va t; 1a thdi
gian cia mdt chu ki 1énh va dudc tinh theo cdng thiic:

ti = 4/

V6i fy 12 tan s6 clia oscillator. S di ¢6 cong thiic nay 13 vi mot chu ki 1énh bao gdm 4
xung clock. Cong thifc nay chi gan ding vi ta dd bé qua thdi gian thuc thi cdc Iénh trude label
“loop” va mot chu ki 1€nh phét sinh khi thanh ghi delay-reg mang gia tri O (trudGng hgp nay
can hai chu ki 1énh d€ thyuc thi 1énh DECFSZ).

Do thanh ghi delay-reg chi mang gid tri 16n nhat 1a FFh nén thdi gian delay chi gidi
han & mot khodng thdi gian nhat dinh tiy thudc vao xung clock st dung dé cip cho vi diéu
khién. Mu6n ting thdi gian delay ta c6 thé goi chuong trinh delay nhiéu 1an hoic ting s&
lugng vong lap cla chuong trinh delay nhu sau:

MOVLW 0Xff
MOVWF delay-regl
loop DECFSZ delay-regl

GOTO loopl ; thuc thi ding 1énh nay néu delay-reg khic 0
GOTO exit ; thuc thi ding 1énh ndy né€u delay-reg bing 0

Loopl MOVLW 0Xftf
MOVWF delay-reg2
DECFSZ delay-reg2



MOVWF loop1 ; thuc thi ding 1énh ndy néu delay-reg khic 0
GOTO loop ; thuc thi ding 1énh nay néu delay-reg bing 0
EXit e ; 1énh ti€p theo sau thdi gian delay

Véi doan chuong trinh trén thdi gian delay chi két thic khi c hai thanh ghi delay-regl
va delay-reg2 déu mang gid tri 0.

Sau day 13 mot vi du cu thé. Yéu cau dit ra 13 cho cdc LED trong chuong trinh 4.1
chép tit sau mdi 100 miligidy. Gia s ta dang st dung oscillator 4MHz. Khi d6 thdi gian clia
mot chu ki 1€nh 1a:

t;=4/4 MHz =1 uS.
Vi thsi gian can delay 12 tq bing s thi gi4 tri cAn dua vao thanh ghi delay-reg 1a:
ty = (ta/3t) — 1 = 33332.

Nhu vay ta dua vao thanh ghi delay-reg2 gid tr1 255 (FFh) va thanh ghi delay-regl gia

tri 33332/255 = 131 (83h).

Chuong trinh dugc viét nhu sau:

;chuong trinh 4.1.2
:PORTBTESTANDDELAY.ASM

;Version 1.1
processor 16£877a ; khai bdo vi diéu khién
include <p16f877a.inc> : header file dinh kem

__ CONFIG _CP_OFF & _WDT _OFF & _BODEN_OFF & _PWRTE_ON & _XT _OSC &
_WRT _OFF & _LVP_OFF & _CPD_OFF
; khai bdo cac “Configuration bits”

delay_regl EQU 0x20 ; khai bdo dia chi cidc 6 nhG chita cac thanh ghi
delay_reg2 EQU 0x21 ; delay-regl va delay-reg2

ORG 0x000 ; dia chi bit dau chuong trinh

GOTO start
start ; chuong trinh chinh bit ddu tai ddy

BCF STATUS,RP1

BCF STATUS,RPO ; chon BANKO

CLRF PORTB ; x6a PORTB

BSF STATUS,RPO ; chon BANK1

MOVLW 0x00



MOVWF TRISB ; PORTB <- outputs

BCF STATUS,RPO ; chon BANKO
loopo MOVLW  0x8F ; gid tri cAn dua ra PORTB
MOVWF PORTB ; PORTB <- 8Fh

MOVLW 0x83
MOVWF delay_regl
MOVLW OxFF
MOVWF delay_reg2

loopl DECFSZ delay_regl

GOTO loop2

GOTO exitl
loop2 DECFSZ delay_reg2

GOTO loop2

GOTO loop1 ; delay 100 ms
exitl CLRF PORTB ; x6a PORTB

MOVLW 0x83
MOVWF delay_regl
MOVLW OxFF
MOVWF delay_reg2

loop3 DECFSZ delay_regl

GOTO loop4

GOTO exit2
loop4 DECFSZ delay_reg2

GOTO loop4

GOTO loop3 ; delay 100 ms
exit2

GOTO loop ; vong lap vo han
END ; k€t thiic chuong trinh

Vi chudng trinh nay cdc pin cia PORTB sé thay ddi trang thdi sau mdi khodng thdi
gian delay 12 100 ms. Piéu nay cho phép ta nhian thdy bing mit thudng vi trong mdt gidy cic
pin ciia PORTB sé& thay ddi trang thdi 10 1an.



Tuy nhién ta d& dang nhan thdy mot nhugc diém ciia chuong trinh trén 13 cin tdi hai
doan chuong trinh delay véi ciu triic chudng trinh, thuit todn va chic ning hoan toan gidng
nhau. Piéu nay 1am cho chuong trinh trd nén phiic tap va ton nhiéu dung lugng bd nhé clia vi
diéu khién. Piéu nay cAn dudc chi trong vi dung lugng bd nhé chuong trinh ctia mot vi diéu
khién thudng nhé (d6i v6i PIC16F877A dung lugng bd nhé chuong trinh 1a 8K word véi mot
word 12 14 bit). Mot phuong phap d€ khic phuc nhugc di€ém nay 13 st dung chuong trinh con
va dung 1énh “CALL” d€ goi chuong trinh con d6. Chudng trinh con cé thé dudc dit tai bat
cit vi tri ndo trong chuong trinh chinh. Chuong trinh 4.2 khi d6 dudc viét lai nhu sau:

;chuong trinh 4.1.3
;PORTBTESTANDDELAY.ASM

;Version 1.2
processor 16£877a ; khai bdo vi diéu khién
include <p16f877a.inc> : header file dinh kem

__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF
; khai bdo cac “Configuration bits”

delay_regl EQU 0x20 ; khai bdo dia chi cdc 6 nhG chita cac thanh ghi
delay_reg2 EQU 0x21 ; delay-regl va delay-reg2

ORG 0x000 ; dia chi biat dau chuong trinh

GOTO start
start ; chuong trinh chinh bit dau tai ddy

BCF STATUS,RP1

BCF STATUS,RPO ; chon BANKO

CLRF PORTB ; x6a PORTB

BSF STATUS,RPO ; chon BANK1

MOVLW 0x00

MOVWF TRISB ; PORTB <- outputs
BCF STATUS,RPO ; chon BANKO

loop MOVLW 0x8F ; gid tri bAt ki can dua ra PORTB
MOVWF PORTB ; PORTB <- 8Fh

CALL delay100ms ; g0i chuong trinh con delay100ms



CLRF PORTB ; x0a PORTB

CALL delay100ms
GOTO loop ; vong ldp vo han
Delay100ms

MOVLW 0x83
MOVWF delay_regl
MOVLW OxFF
MOVWF delay_reg2

loopl DECFSZ delay_regl

GOTO loop2

GOTO exit
loop2 DECFSZ delay_reg2

GOTO loop2

GOTO loopl1 ; delay 100 ms
Exit

RETURN ; tr§ vé& chuong trinh chinh
END ; k&t thiic chuong trinh

Véi céch vi€t chuong trinh st dung chuong trinh con, ciu tric chudng trinh sé& trd nén
gon gang dé hi€u hon, linh hoat hon va ti€t kiém dugc nhiéu dung lugng bd nhé chuong trinh.

Bay gid ta s& ban d&€n mot thuit todn khdc d€ vi€t chuong trinh delay. V& nguyén tic
thi thuat todn m&i nady khong c6 nhiéu khic biét so vdi thuit todn cii, tuy nhién Iénh st dung
trong chuong trinh va cdch tinh todn thoi gian delay thi khdc nhau. Chuong trinh con
delay100ms véi oscillator 4 MHz c6 thé dugc viét lai nhu sau:

delay100ms

MOVLW d’ 100’
MOVWF countl
dl MOVLW 0xC7
MOVWF counta
MOVLW 0x01
MOVWF countb
delay_0
DECFSZ counta,l
GOTO $+2



DECFSZ countb, 1

GOTO delay_O
DECFSZ countl,1
GOTO dl

RETLW 0x00
END

Trudce tién ta xét doan chuong trinh ké tir label “delay_0”. Lénh DECFSZ mat mot
chu ki 1&nh (trir trudng hgp thanh ghi counta mang gid tri O thi can 2 chu ki 1&énh), 1énh GOTO
$+2 mat hai chu ki 1énh. Lénh nay c6 tidc dung cong vao bd d€m chuong trinh gid tri 2, khi d6
chuong trinh s& nhdy t6i 1€nh c6 dia chi (PC+2), tdc 1a 1énh GOTO delay_0, 1énh nay cling
ton hai chu ki 1énh. Nhu vdy ta cAn tdng cdng 5 chu ki 1énh d€ gidm gid tri trong thanh ghi
counta 1 don vi. Thanh ghi counta mang gid tri 199 (C7h), do d6 doan chuong trinh nay sé€ tao
ra mot khodng thdi gian delay:

tqg = S(counta+1)*t;= 5(199+1)*1 uS = 1 mS
Muén tao ra thdi gian delay 100 mS, ta chi viéc dwa gid tri 100 vao thanh ghi countl.

Vi gidi thuat nay thoi gian delay tao ra sé dai hon so vGi gidi thuidt ma ta s dung &
chuong trinh 4.2. Bén canh d6 ta c6 thé viét mot chuong trinh con cé tic dung delay mot
khodng thdi gian bat ki 1a boi s& clia 1 mS mot cdch d€ dang.

Trong chuong trinh trén ta con st dung thém mot 1€nh kha la 1a 1énh RETLW. Lénh
nay c6 tic dung trd vé vi tri ma chuong trinh con dudc goi va thanh ghi W khi d6 mang gid tri
12 tham s6 clia 1énh RETLW (00h). Trong trudng hop nay thanh ghi W khong cAn mang mot
gid tri cu thé khi quay tr§ vé chuong trinh chinh nén 1énh RETLW chi ¢6 tic dung nhu Iénh
RETURN.

4.1.2 MOT SO UNG DUNG VE PAC TINH /O CUA CAC PORT PIEU KHIEN
Dua vao chudng trinh delay va thao tdc dua dif 1 iéu ra cdc PORT, ta phat trién thém
mot s6 chuong trinh nhd v6i muc dich 1am quen vé6i cach vi€t chuong trinh cho vi diéu khién

PIC16F877A.

Ung dung 4.1:

Dua vio mach nguyén 1i hinh 4.1 vié€t chuong trinh diéu khién LED chay. Cu thé 1a
sau thdi gian delay 250 ms, LED ti€p theo sé& sing mot cdch tuin tu tif trén xudng duéi.



Chuong trinh nay dudc vi€t dua vao chuong trinh 4.3 v6i mot vai thay ddi nhd. Thay
vi dwa mot gid tri bat ki ra PORT, ta dua ra PORB gi4 tri 80h, sau d6 dich phai gid tri 80h sau
mdi khodng thdi gian delay (dung 1énh RRF).

; Chuong trinh 4.1.4
; Chuong trinh diéu khién LED chay

processor 16£877a ; khai bdo vi diéu khién
include <p16f877a.inc> : header file dinh kem
__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF

; khai bdo cdc “Configuration bits

2

:Khai bdo bi€n
countl EQU 0x20 ; dung cho chuong trinh delay
counta EQU 0x21 ; dung cho chudng trinh delay
countb EQU 0x22 ; dung cho chuong trinh delay
ORG 0x000 ; dia chi bit dau chuong trinh
GOTO start
start ; chuong trinh chinh bit ddu tai day
BCF STATUS,RP1
BCF STATUS,RPO ; chon BANKO
CLRF PORTB ; x6a PORTB
BSF STATUS,RPO ; chon BANK1
MOVLW 0x00
MOVWF TRISB ; PORTB <- outputs
BCF STATUS,RPO ; chon BANKO
MOVLW Ox8F ; gi4 tri bAt ki cAn dwa ra PORTB
MOVWF PORTB ; PORTB <- 8Fh
loop CALL delay100ms ; 201 chuong trinh con delay100ms
RRF PORTB,1 ; dich phai PORTB
GOTO loop ; vong ldp vo han
delay100ms

MOVLW d’ 100°
MOVWF countl
dl MOVLW 0xC7
MOVWF counta
MOVLW 0x01



MOVWF
delay_0
DECFSZ
GOTO
DECFSZ
GOTO
DECFSZ
GOTO
RETLW
END

countb

counta, 1
$+2
countb, 1
delay_0
countl,1
dl

0x00

; delay 100ms
; tr§ vé€ chuong trinh chinh
; k&t thic chuong trinh

Nhu vay dua trén mdt s6 chuong trinh ¢ ban, ta chi can thay d8i mot s chi tié€t 1a c6
thé tao ra mot ng dung mdi.

Mot phuong phap khic d€ viét chuong trinh trén 13 diing bing dif liéu. Phuong phap
bang dit liéu dudc dua ra § diy khong mang tinh chat tdi uu hda gidi thuat chuong trinh ma
chi mang tinh chit lam quen v6i mot gidi thudt mdi, qua d6 tao diéu kién thuin 1gi hon trong
viéc Vi€t cdc chuong trinh tng dung phifc tap hon sau nay. Ta cé thé viét lai chudng trinh
trén theo phuong phdp bang di li€u nhu sau:

; Chuong trinh 4.1.5

; Chuong trinh diéu khién LED chay diing bang dit liéu

processor 16f877a
include <p16f877a.inc>
__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &

_WRT_OFF & _LVP_OFF & _CPD_OFF

countl EQU
counta EQU
countb EQU
count EQU

ORG
GOTO
start
BCF
BCF
CLRF
BSF
MOVLW
MOVWF

0x20
0x21
0x22
0x23

0x000
start

STATUS,RP1
STATUS,RPO
PORTB
STATUS,RPO
0x00

TRISB

: khai bdo vi diéu khién
: header file dinh kem

; khai bdo cic “Configuration bits”
; dung cho chudng trinh delay

; dung cho chuong trinh delay

; dung cho chuong trinh delay

; dung dé tra bang dif liéu

; dia chi bit ddu chuong trinh

; chuong trinh chinh bit diu tai diy
; chon BANKO

; x6a PORTB

; chon BANK1

; PORTB <- outputs



BCF STATUS,RPO ; chon BANKO

Loopl
CLRF count ; reset thanh ghi chita gid tri d€m
Loop2
MOVF count, 0 ; dura gid tri d€m vao thanh ghi W
CALL Table ; g0i chuong trinh con Table
MOVWF PORTB ; Xuat gid tri chita trong thanh ghi W ra PORTB
CALL delay100ms ; goi chuong trinh con delay100ms
INCF count, 0 ; ting gid tri than ghi count va chita k€t qua trong
; thanh ghi W
XORLW a8’ ; 0 sdnh thanh ghi W véi gid tri 8
BTFSC STATUS,Z : ki€m tra bit Z (Zero)
GOTO Loopl : nh3y vé label Loopl n€u W =0
INCF count, 1 ; thuc thi 1énh nay né€u W khdc 0
GOTO Loop2
Table
ADDWF PCL,1 ; cong gi tri thanh ghi W vao thanh ghi PCL, két

; qua chira trong thanh ghi PCL

RETLW b’10000000°
RETLW b’01000000°
RETLW b’00100000°
RETLW b’00010000°
RETLW b’00001000°
RETLW b’00000100°
RETLW b’00000010°
RETLW b’00000001°

delay100ms
MOVLW d’100°
MOVWF countl

dl MOVLW 0xC7
MOVWF counta
MOVLW 0x01
MOVWF countb

delay_0O
DECFSZ counta, 1
GOTO $+2
DECFSZ countb, 1
GOTO delay_0

DECFSZ countl,1
GOTO dl ; delay 100ms



RETURN ; trd vé chuong trinh chinh
END ; k&t thic chuong trinh

& phan trudc ta da ting dé& cap dén 1énh RETLW nhung khi d6 1énh nay chi c6 tdc
dung nhu 1énh RETURN. Tuy nhién trong trudng hgp nay 1énh RETLW c6 mot vai trd cu thé
hon 12 mang dit liéu tir bang dit liéu trd vé chuong trinh chinh va xuit ra PORTB dit liéu vira
mang vé d6. Sau mdi 1an mang dit liéu vé bi€n count s& ting gid tri d€m lén. Gid tri d€m
dugc dua vao thanh ghi W d€ cong vao thanh ghi PCL. Thanh ghi PCL 13 thanh ghi chita gid
tri b0 d€m chuong trinh, gia tri tir bi€n count dugc cong vao thanh ghi PCL thong qua thanh
ghi W sé& diéu khién chuong trinh nhay t&i ding dia chi cAn 14y dif liéu tir bang dif liéu vao
thanh ghi W va thanh ghi W mang dif liéu d6 tré vé chuong trinh chinh trong qua 1&énh
RETLW.

Dé& dé phong trudng hgp gid tri bi€n count cong vao thanh ghi PCL s& diéu khién
chuong trinh dén vi tri vugt qua vi tri cia bang dit liéu (trudng hgp nay x4y ra khi bi€n count
mang gi4 tri 16n hon 8, khi d6 vi tri 1énh can thyc thi do bd d€m chuong trinh chi d&€n khong
con diing nifa), ta so sinh bi€n count vdi gid tri 8. N&u bi€n count mang gid tri 8 thi phép todn
XOR gitta bién cao va gid tri s& c¢6 két qua biing 0 va ¢d Z trong thanh ghi STATUS sé& dugc
set. Lic nay ta cin reset lai bi€n count biing cdch nhdy vé label Loopl.

Viéc dung bang dit liéu trong trudng hgp nay lam cho chuong trinh trd nén dai hon,
qué trinh thyc thi chuong trinh 1du hon vi bd d€m chuong trinh lién tuc bi thay d6i gid tri, tuy
nhién ta cling thdy dudc mot uu di€m clia viéc ding bang dit liéu 13 cho phép ta sip x&p bd
tri dit liéu mot cach linh hoat. Diéu nay thé hién qua viéc chi cin thay ddi dif liéu trong bang
dif liéu, ta s& c6 dugc nhiéu cdch diéu khi€n cdc LED sing hay tit theo nhiéu qui luat khic
nhau chit khong chi don thudn 12 dich LED sdng sang trai hoic sang phai. Ung dung sau diy
cho ta thiy rd hon hiéu qua clia bang dit liéu.

Ung dung4 2: Tuong ty nhu tng dung 1, nhung 1an nay ta cho LED chay tir vi tri giita
sang hai phia sau mdi khodng thdi gian delay 100 ms.

Chuong trinh cho ng dung nay hoan todn tudng ty nhu trong ng dung, ta chi can thay
ddi bang dit liéu mot cach thich hgp.

; Chuong trinh 4.1.6
: Chuong trinh diéu khién hién thi LED

processor  16f877a ; khai bdo vi diéu khién

include <p16f877a.inc> ; header file dinh kem

_ CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF



2

; khai bdo cac “Configuration bits

countl
counta
countb
count

start

Loopl

Loop2

Table

ORG
GOTO

BCF
BCF
CLRF
BSF
MOVLW
MOVWF
BCF

CLRF

MOVF
CALL
MOVWF
CALL
INCF

XORLW
BTFSC
GOTO
INCF
GOTO

ADDWF

RETLW

RETLW
RETLW

STATUS,RP1
STATUS,RPO
PORTB
STATUS,RPO
0x00

TRISB
STATUS,RPO

count

count, 0
Table
PORTB
delay100ms
count, 0

d’§’
STATUS,Z
Loopl
count, 1
Loop2

PCL,1
b’00011000’

b’00100100°
b’01000010°

; dung cho chudng trinh delay
; dung cho chuong trinh delay
; dung cho chuong trinh delay
; dung dé tra bang dif liéu

; dia chi bat ddu chuong trinh
; chuong trinh chinh bit dau tai ddy

; chon BANKO
; X6a PORTB
; chon BANK1

; PORTB <- outputs
; chon BANKO

; reset thanh ghi chita gid tri d€m

; dua gid tri d€m vao thanh ghi W

; g0i chuong trinh con Table

; Xud't gid tri chita trong thanh ghi W ra PORTB

; go1 chudng trinh con delay100ms

; ting gid tri than ghi count va chia k&t qué trong
; thanh ghi W

; 0 sdnh thanh ghi W véi gid tri 8

: ki€m tra bit Z (Zero)

; nhdy vé label Loopl néu W =0

; thue thi 1énh nay néu W khdc 0

; cong gi tri thanh ghi W vao thanh ghi PCL, két
; quéd chita trong thanh ghi PCL



RETLW b’10000001°
RETLW b’01000010°
RETLW b’00100100°
RETLW b’00011000’
RETLW b’00100100°

delay100ms

MOVLW d’ 100
MOVWF countl
dl MOVLW 0xC7
MOVWF counta
MOVLW 0x01
MOVWF countb

delay_0

DECFESZ counta,l

GOTO $+2

DECFSZ countb, 1

GOTO delay_0

DECFSZ countl,1

GOTO dl ; delay 100ms

RETURN ; trd vé chuong trinh chinh
END ; k&t thic chuong trinh

Ung dung 4.3: Test chiic ning Input/Output cia cdc pin cia vi diéu khién.

O céc dng dung trude ta chi lam mot viéc 12 xudt tin hiéu di€u khién ra cdc PORT
theo mot sd qui tic dinh sin nio d6. Trong ¥ng dung nay ta s& phat trién thém mot chifc
ning nita cda cac PORT la kha ning nhén tin hiéu diéu khién tir bén ngoai. Vi diéu khién s&
doc tin hiéu 0 (dién 4p 0 V) va 1 (dién 4p 5 V) dugc tao ra bang cich st dung cdc cong tic
4n tif cac pin RBO:RB3 ctia PORTB , sau d6 ki€m tra xem cong tic nao dugc 4n va bat LED
tuong Wng véi cong tic d6 (cac LED nay dudc b tri & cdc pin RB7:RB4) siang 1én. D€ ki€ém
tra dugc Gng dung nay ta can xay dung sd @6 mach nhu sau:
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Hinh 4.2 Mach test chic ndng I/O cho &ng dung 3.

Chuong trinh vi€t cho Gng dung nay nhu sau:

;Chuong trinh 4.1.7

_CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &

processor 16f877a

include <pl6f877a.inc>
__CONFIG

_WRT_OFF & _LVP_OFF & _CPD_OFF
;Khai bdo hiing

SW1 EQU 0

SW2 EQU 1

SW3 EQU 2

SwW4 EQU 3

LEDI1 EQU 4

LED2 EQU 5



LED3 EQU 6
LED4 EQU 7
ORG 0x000
GOTO start
start
BCF STATUS,RP1
BCF STATUS,RPO
CLRF PORTB
BSF STATUS,RPO
MOVLW b'00001111"
MOVWF TRISB
BCF STATUS,RPO
loop
BTFSS PORTB,SW1
CALL switchl
BTFSS PORTB,SW2
CALL switch2
BTFSS PORTB,SW3
CALL switch3
BTFSS PORTB,SW4
CALL switch4
GOTO loop
switch1
CLRF PORTB
BSF PORTB,LEDI1
RETURN
switch2
CLRF PORTB
BSF PORTB,LED2
RETURN
switch3
CLRF PORTB
BSF PORTB,LED3
RETURN
switch4
CLRF PORTB

; thi€t 1ap chidc ning 1/O cho tirng pin trong
;PORTB

; ki€m tra cong tic 1

; thuc thi 1énh nay néu cong tic 1 dugc an

: néu cong tic ; 1 khong dugc an, ki€m tra cong
stic 2

; ti€p tuc qud trinh doi vé6i cdc cdng tic con lai



BSF PORTB,LED4
RETURN
END

Trong chuong trinh trén ta Gng dung thuit todn hdi vong thdng qua vong lip loop
trong phan chuong trinh chinh. Khi cong tic khong dugc nhian, mic logic tai cdc pin ndi véi
cong tic 1a mitc 1. Khi cdng tic dudc an, cdc pin trén sem nhu ndi dit va mang mifc logic 0.
Ta chi viéc ki€m tra lién tuc trang thdi logic clia cdc pin d6 va bat LED tuong Gng vdi cong
tic thong qua cdc chuong trinh con switchl, switch2, switch3 va swtich4 khi ph4t hién mot
cong tic nao d6 dugc An. Tuy nhién cin chd ¥ 1a phai thi€t 14p trang thdi I/O thich hgp cho
tirng pin trong PORTB (thi€t 14p RB3:RBO la input, RB7:RB4 14 output).

Mot diém quan trong can luu y 1 cdc cong tic An thudng bi “ddi”, titc 1a khi 4n xudng
hoic thd ra, dién 4p tai cdc cong tic sé phdi trdi qua mot giai doan qud do, dién 4p sé dao
dong khong 6n dinh trong mot khodng thdi gian nao dé, ngoai ra trang thai logic ctia pin ciing
sé thay d8i do mdt tdc dong tifc thdi tirf mot trudng bén ngoai ma khong phai do ta 4n cong
tic. Céc yé&u td trén sé 1am anh hudng tSi hoat dong clia vi diéu khi€n. PE khic phuc nhugc
di€m trén ta c6 hai phuong phap:

Phuong phdp chéng “ddi” bing phan citng: ta thém cic tu dién vao cdc cong tic dé
loc bét cdc tin hiéu nhd giy nhiu va cdc tin hiéu khong 6n dinh trong thdi gian qui do.
Phuong phdp nay ciing hiéu qua nhung giy tdn kém vé linh kién va mach nguyén 1i tr§ nén
phtc tap.

Phuong phdp chdng “doi” bing phan mém: ta cho vi diéu khi€n delay trong mot thdi
gian ngin va kiém tra xem cong tic con dugc 4n khong, néu cong tic thuc sy con dudc an
thi méi ti€n hanh céc thao tic tuong ng vdi cong tic do.

Chuong trinh cdi ti€n d€ khic phuc nhudc di€m trén c6 thé dugc viét nhu sau:
;Chuong trinh 4.1.8
processor 16£877a
include <p16f877a.inc>
__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF

;Khai bdo hiing

SW1 EQU 0
SW2 EQU 1
SW3 EQU 2
SW4 EQU 3



LEDI
LED2
LED3

EQU
EQU
EQU
EQU

countl EQU
counta EQU
countb EQU
;Cdc khai bdo khac
SWdel SET
;Chuong trinh
ORG
GOTO
start
BCF
BCF
CLRF
BSF
MOVLW
MOVWF
BCF
loop
BTFESS
CALL
BTFESS
CALL
BTFSS
CALL
BTESS
CALL
GOTO

switch1

STATUS,RP1
STATUS,RPO
PORTB
STATUS,RPO
b'00001111"
TRISB
STATUS,RPO

PORTB,SW1
switchl

PORTB,SW2

switch2
PORTB,SW3
switch3
PORTB,SW4
switch4

loop

; vi tri bt dau chuong trinh chinh
; chon BANKO

; chon BANK1

; chon BANKO

; vong lip ki€m tra cong tdc nao dugc 4n

- ki€m tra SW1

; nhdy tdi chuong trinh con switchl né&u

; SW1 dudc 4n

: né€u SW1 khong dudc an ti€p tuc ki€m tra
: SW2

; thao tac tuong ty nhu SW1



CLRF
CALL
BTFSC
RETURN

led1_ON
BSF
BTFSC
RETURN

GOTO

switch2
CLRF
CALL
BTFSC
RETURN
led2_ON
BSF
BTFSC
RETURN
GOTO

switch3
CLRF
CALL
BTFSC
RETURN
led3_ON
BSF
BTFSC
RETURN
GOTO

switch4
CLRF
CALL
BTFSC
RETURN
led4_ON
BSF

PORTB
SWdel
PORTB,SW1

PORTB,LED1
PORTB,SW1

led1_ON

PORTB
SWdel
PORTB,SW2

PORTB,LED2

PORTB,SW2

led2_ON

PORTB

SWdel
PORTB,SW3

PORTB,LED3
PORTB,SW3
led3_ON
PORTB

SWdel
PORTB,SW4

PORTB,LED4

; x0a PORTB

; goi chuong trinh delay dell50
; ki€m tra cong tic 1 con nhin hay khong
: né€u khdng con nhin thi trd vé chuong

; trinh chinh

; bat LED1 sdng

; xdc nhan lai trang théi cong tic 1
; tr§ vé chuong trinh chinh néu cong tic

; khdng con 4n

; ti€p tuc gitt LED1 sdng néu cong tic con

; dudc 4n

; thao tdc tuong tw v6i cdc cong tic con lai



BTFSC PORTB,SW4
RETURN
GOTO led4_ON

del0

RETURN
dell

MOVLW d1l

GOTO delay
del5

MOVLW d's'

GOTO delay
dell0

MOVLW d'10'

GOTO delay
del20

MOVLW d20'

GOTO delay
del50

MOVLW d'50'

GOTO delay
del100

MOVLW d'100'

GOTO delay
dell150

MOVLW d'150'

GOTO delay
del200

MOVLW d200'

GOTO delay
delay

MOVWF countl
dl ; tao thdi gian delay 1 mS

MOVLW 0xC7

MOVWF counta

MOVLW 0x01

MOVWF countb
delay_0

DECFESZ counta,l



GOTO $+2
DECFSZ countb, 1

GOTO delay_0
DECFSZ  countl,l
GOTO dl1
RETURN

END

V6i chuong trinh trén, thdi gian 4n cong tic phdi lau hon thdi gian delay dugc chi dinh
bdi hiing s6 SWdel do cong tic sé& dugc ki€m tra lai trang thdi sau thdi gian delay . N&u thdi
gian 4n cong tic khong dat yéu ciu, thao tdc bat LED tuong ng véi cong tic d6 sing 1én sé&
khong dugc thuc hién va vi diéu khién sé ti€p tuc qud trinh ki€m tra trang thdi cdc cong tic
con lai.

Thoi gian delay can dudc ki€m dinh bing thuc nghiém va dudc 4n dinh mot cdch thich
hdp @€ chdng “doi” mot cach hiéu qua, ddng thdi ciing khong dudc 1au qud, nhu viy sé gy
st kh6 chiu trong viéc st dung cong tic do phdi 4n cdng tic trong modt khodng thdi gian di
lau.

Viéc thay ddi thdi gian delay trong chuong trinh c6 thé dugc thuc hién don gidn bing
cdch thay ddi label clia chuong trinh delay gan cho tham s SWdel. Thuc ra ta c6 thé truc
ti€p dua tham s6 thdi gian delay truc ti€p vao thanh ghi countl ma khong can thong qua tham
s6 SWdel, diéu d6 1am cho chuong trinh trd nén dai va phic tap hon. Tuy nhién chuong trinh
trén ciing da cho ta thdy dugc mot di€m khac biét giita 1énh “EQU” va 1énh “SET”, gitip ta
hiéu rd hon va st dung mot cich thich hdp cdc 1énh trén trong cic tng dung khac.

Ung dung 4. 4: Gng dung téng hdp.

Trong Gng dung nay ta sé& tdp hop lai tit cd cdc ki ning dugc sit dung trong cdc ng
dung trudc. Yéu cau dit ra cling nhu ¢ng dung 3, tuy nhién bén canh viéc bat LED tuong ting
vdi cong tic sdng 1én, ta phai ti€p tuc thyc hién mot thao tdc nita 12 ra 1énh cho vi diéu khién
hién thi 8 LED dudc gin vio PORTD theo mdt thif ty tuong ¥ng. Cu thé nhu sau:

An SWI1: LEDI sdng, 8 LED PORTD chay tir trdi sang phdi (LED sdng chay).
An SW2: LED?2 sdng, 8 LED PORTD chay tir trai sang phai (LED tdt chay).

An SW3: LED3 sdng, 8 LED PORTD chay tir trdi sang phai (2 LED sdng chay).
An SW4: LED4 sdng, 8 LED PORTD chay tir trdi sang phai (2 LED tit chay).

DE€ test dugc Gng dung nay, ta can phat trién thém mach test ca ¢ng dung 3 bing
cich thém vio 8 LED & PORTD thong qua cic dién trd. Cu thé nhu sau:
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Hinh 4.3 Mach test ttng dung 4.

Chuong trinh vi€t cho mach test nay ciing tuong tu nhu 'ng dung 3 nhung dudc thém
vao phan hién thi LED § PORTD. Ta st dung thuit toin bing dit liéu d€ hién thi LED.
Chuong trinh cu thé nhu sau:

;Chuong trinh 4.1.9

processor 16f877a

include <p16f877a.inc>

__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF



SW4

LEDI1
LED2
LED3

EQU
EQU
EQU
EQU
EQU

counta
countb

; bi€n dung cho qu4 trinh dich LED
; cic bi€n dung cho chuong trinh delay

start

loopl

loop2

CLRF
CALL

MOVF
BTFSC
CALL

BTFSC
CALL

BTFESC
CALL

0x000
start

STATUS,RP1
STATUS,RPO
PORTB
PORTD
STATUS,RPO
b'00001111"
TRISB

0x00

TRISD
STATUS,RPO

count
check_key

count,W
PORTB,LED1
tablel

PORTB,LED2
table2

PORTB,LED3
table3

: vi tri bit ddu chuong trinh chinh

; chon BANKO

; chon BANK1

; chon BANKO

: reset bién count
; goi chuong trinh con check_key

; dura gia tri bi€n count vao thanh ghi W

; ki€m tra trang thdi bit LED1

; g0i chuong trinh con “tablel” né&u bit

; “LED1” mang gid tri biang 1

; ti€p tuc ki€m tra bit LED2 né&u bit LED1 biing 0
; thao tac tudng tu vGi cdc bit chi thi trang thai cdc
; SW con lai



tablel

table2

BTFSC
CALL
MOVWF

CALL
INCF
XORLW
BTFSC
GOTO

INCF

GOTO

ADDWF
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW

ADDWF
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW

PORTB,LED4

table4
PORTD

delay
count,0
d'14'
STATUS,Z
loop1

count, 1

loop2

PCL,f

b'10000000'
b'01000000'
b'00100000'
b'00010000'
b'00001000'
b'00000100'
b'00000010'
b'00000001"
b'00000010
b'00000100'
b'00001000'
b'00010000'
b'00100000'
b'01000000'

PCL,f

b'01111111"
b'10111111"
b'11011111"
b'11101111"
b'11110111"
b'11111011"
b'11111101"
b'11111110'

; dura gid tri tif thanh ghi W sau khi quay tré vé tir
; bang dit liéu ra PORTD

; 201 chuong trinh con delay

; ting gid tri bi€n count d€ ki€m tra

; 50 sdnh bi&n count vdi gid tri 14

: ki€m tra c§ Z (Zero)

; nhdy tdi label “loopl” né€u Z bing 1 (gia tri

; bi€n “count” biing 14)

; ting gid tri bi€n “count” n€u Z bing 0 (gid tri
; bi€n “count” khong bing 14)

; sau d6 nhay tdi label “loop2”

; cdc bang dif liéu ding cho phan dich LED



RETLW
RETLW
RETLW
RETLW
RETLW
RETLW

table3
ADDWF
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW

table4
ADDWF
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW

check_key

b'11111101"
b'11111011"
b'11110111"
b'11101111"
b'11011111"
b'10111111"

PCL.f

b'11000000'
b'01100000'
b'00110000'
b'00011000'
b'00001100'
b'00000110'
b'00000011"
b'00000011"'
b'00000110'
b'00001100'
b'00011000'
b'00110000'
b'01100000'
b'11000000'

PCL.f

b'00111111"
b'10011111"
b'11001111"
b'11100111"
b'11110011"
b'11111001"'
b'11111100'
b'11111100'
b'11111001"'
b'11110011"
b'11100111"
b'11001111"
b'10011111"

: chuong trinh con check_key kiém tra trang thai



BTFSS
CALL
BTFSS
CALL
BTFSS
CALL
BTFSS
CALL
RETURN

switchl
CLRF
BSF
RETURN
switch2
CLRF
BSF
RETURN
switch3
CLRF
BSF
RETURN
switch4
CLRF
BSF
RETURN

delay
MOVLW
MOVWF
dl
MOVLW
MOVWF
MOVLW
MOVWF
delay_0
DECFSZ
GOTO
DECFSZ
GOTO

PORTB,SW1
switchl
PORTB,SW2
switch2
PORTB,SW3
switch3
PORTB,SW4
switch4

PORTB
PORTB,LED1

PORTB
PORTB,LED2

PORTB
PORTB,LED3

PORTB
PORTB,LED4

d250'
countl

0xC7
counta
0x01
countb

counta, 1
$+2

countb, 1
delay_0

; cdc SW, sau d6 bat LED tuong ting v6i SW doé

; sdng né€u SW d6 dudc an. Trang thii cdc LED

; ¢6 tdc dung nhu céc bit cd hi¢u khi xdc dinh thao
; tdc dich LED tuong ting véi SW dugc an

; chuong trinh delay mot khodng thdi gian 250 ms



DECFSZ countl,1
GOTO dl
RETURN

END

Trong chuong trinh nay ta 1gi dung céc bit trang thdi cla cdc LED d€ dung nhu cdc cd
hiéu d€ xdc dinh thao tic dich LED tuong tng véi SW dugc nhin trong vong lip “loopl” va
“loop2”. C4c thuit todn nhu bang dif liéu, ki€m tra trang thdi cong tic,.. déu da dugc dé cap
dén & cac phin trudc, van dé dit ra trong chudng trinh nay chi 13 sip x&p va td chitc hop 1i
thit ty cdc thao tdc va cdc thuat todn. Tuy nhién néu doc ki chuong trinh trén ta s& ph4t hién
mdt diém bat hop 1i & vi trf dit 1énh “CALL check_key”. Né&u dit & vi tri nhu chuong trinh
trén, vi diéu khié€n sé& chi ki€m tra cic SW ngay tai thdi di€m két thiic qué trinh dich LED.
Nhu vdy mudn thay d6i thao tic quét LED ta phdi 4n SW ding ngay tai thdi di€m d6, diéu
nay giy nhiéu khé khin va tao sy bat hdp 1i so véi thuc t&€. PE khic phuc ta chi viéc dit 1énh
d6 vao trong vong lap “loop2”, khi d6 trang thdi cdc SW s€ dugc cap nhat thudng xuyén hon
sau mdi 1an dich LED ma khong phai chd cho d&n khi két thiic mdt qué trinh dich LED.

T6i giai doan nay xem nhu ta k&t thic nhitng thao tdc don gidn nhat khi sit dung vi
diéu khi€n PIC16F877A. Trong phan nay ta chi sit dung duy nhat vi diéu khién PIC va cédc
PORT I/0O dé xay dung cic ng dung. K€ tir phan sau ta s& k&t hgp vi diéu khién PIC vdi cic
thi€t bi ngoai vi khdc d€ phat huy tdi da kha ning cda vi diéu khién.

4.2 VI PIEU KHIEN PIC16F877A VA IC GHI DICH 74HC595

Muc dich st dung IC 74HC595 12 ning cao s6 lugng pin output clia vi diéu khién.
Thay vi phai truy xuit truc ti€p mot gid tri ndo dé ra cdc PORT 1/0, ta c¢6 thé truy xuit gidn
ti€p thong qua IC 74HC595. Tuy nhién viéc trude tién 1a phai tim hiéu xem IC 74HC595 hoat
dong nhu th& nao va cdch diéu khi€n né ra sao. Hinh sau 12 so b khdi cta IC:
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Hinh 4.4 So d6 khdi IC 74HC595

Thuc chat diy 1a IC ghi dich véi 8 bit ngd ra Qu:Qa véi chdt dit liéu 8 bit. DIt liéu chi
dugc dua vao qua 1 pin SER va dudc diéu khién bdi cdc pin RCK (pin diéu khién chot di



liéu), SCK (pin diéu khién viéc dich dit liéu vao IC thong qua cic xung clock), SCLR (pin tac
dong mic thip dung dé€ x6a dit liéu) va pin Q’y (pin dua di liéu ndi ti€p ra ngoii, pin nay
dung d€ ndi nhidu IC 74HC595 lai vdi nhau) va pin & (pin cho phép ngd ra). Ta c6 thé diéu
khié€n mot IC 74HC595 hoic nhiéu IC ghép v6i nhau thong qua 4 pin RCK, SCK, SER va
SCLR  piéu nay cho phép md rong mot cdch vd han sd lugng pin output cho vi diéu khién,
tdt nhién véi mot nhuge diém 13 thdi gian truy xui't chim do dit liéu phdi dugc dich tirng bit
vao IC thong qua tung canh duong tdc dong vao pin SCK truGc khi dua dir liéu ra ngoai
thong qua cdc pin Qu:Qa. Sau diy 12 s6 dd chan va bang sy that ciia IC 74HC595:

o ~ Ve RCK | SCK | SCLR | G Function

0 = 0 X | X | X | H |Q.thruqy=3-STaTE

Op 2 12 cen x X L L | Shift Register cleared

O 4 LER =0

. 5| 12 REK X T H L | Shift Register clocked

W] b Qy= Q1. Dj: = SER

. o T X H L |Contents of Shift

Oy == [ Sl Register fransferred

BND = iﬂ'n to output latches

Top View

Hinh 4.6 So @6 chin va bang su that cia 74HC595

Hinh sau thé hién cdch n&i nhiéu IC 74HC595 lai véi nhau:
DATA IN

RCK

SCK

CLR

m|O | < m|O | <
| |- — | |- —
lojg X% 3 lojg X% 3
16 o gg ? 16 o gg ?
vce G vce o=
8 | onp 74HC595 . 8 | onp 74HC595 . L
ToLwoom< A ToLwoom< A Y
b 06000000 0 b o00000000 0
-0 -0
n n
| |
DATA OUT

Hinh 4.7 Céch ndi nhiéu IC 74HC595



Nhu ta thdy trong hinh trén, cdc pin SCK, RCK va SR dugc ndi chung lai v6i nhau,
trong khi pin SDO ctia IC trudc sé& ndi véi pin SDI clia IC sau. T4t cd cdc IC nay sé& dugc diéu
khién thong qua 4 pin SCK,RCK, SLR v3 SDI, nhu vay ta c6 thé tiét kiém dugc mot s6
lugng dang k€ s lugng pin diéu khién cda vi diéu khién.

Ciach diéu khién IC dugc thé hién thong qua bang sy that & hinh 4.6. Tru6c tién dua 1
bit dit liéu vao pin SDI, tao ra modt canh dudng & pin SCK @€ dich bit dir liéu d6 vao, qau
trinh nay lip di ldp lai lién tuc cho dé€n khi toan bo dit liéu dugc dich vao ciac IC 74HC595
(IC ti€p theo ciing s& dich dif liéu dugc dua ra thong qua pin SDO ciia vi diéu khién trudc).
Sau d6 tao mdt canh duong & pin RCK dé dwa dif liéu tir chdt dif liéu ra cdc pin output. ffng
dung sau gitip ta hi€u rd hon cach diéu khién cic IC 74HC595.

Ung dung 4.5: 1C 74HC595 va cdch diéu khién.

Trong tng dung nay ta s& dua dit mot liéu 8 bit bat ki ra thong qua IC 47HC595. Dit
liéu s& dudc kiém tra thong qua cdc LED dudc gin vao cdc pin output ciia IC. C4c pin diéu
khién ctia 74HC595 dudc gin vao cdc pin RB3:RBO ctia PORTB. Cu thé nhu sau:

Pin RBO: ndi véi pin SDI
Pin RB1: ndi v6i pin SCK
Pin RB2: ndi vdi pin SCLR
Pin RB3: ndi véi pin RCLK

Céc thit ty nay khong bidt budc phdi dudc tudn thii mot cdch nghiém ngit, thy theo
mach phin ciing ma ta c6 sy diéu chinh tuong @ng trong phain mém. Ngoai ra ta c6 thé sk
dung bAt ctt pin nio cia PORT 1/0 nao dé€ diéu khién IC nay.

Mach test cho trng dung nay dugc thi€t k€ nhu sau:

10K
u1
1| === 40
MCLR/VPP RB7/PGD [—3g—
) RB6/PGC 55—
W5 D3| RAO/ANO RB5 (570
D—4 RA1/AN1 RB4 TD
D¢ | RA2/AN2/VREF-/CVREFRB3/PGM 3¢ U3 o 033K  p1gA¥
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10 31 2
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Hinh 4.8 Mach test vi diéu khién PIC16F877A va IC 74HC595.



Sau day 12 chuong trinh viét cho tng dung nay:

; Chuong trinh 4.2.1
;Chuong trinh test IC ghi dich 74HC595

processor 16f877a
include <p16f877a.inc>

__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF

sendreg EQU 0X20 ; chita dit liéu can xuat ra IC 74HC595
count EQU 0X21 ; ding d€ d€m s& bit dif liéu dudc giti ra

#define data PORTB,0
#define clock PORTB,1
#define clear PORTB,2
#define latch PORTB,3

ORG 0x000
GOTO start
start ; chuong trinh chinh
BCF STATUS,RP1
BCF STATUS,RPO ; chon BANKO
CLRF PORTB
BSF STATUS,RPO ; chon BANK1
MOVLW 0xFO ; cdc pin RB3:RBO 1a output
MOVWF TRISB ; cdc pin RB7:RB4 Ia input
BCF STATUS,RPO ; chon BANKO
MOVLW 0x04
MOVWF PORTB ; dua pin SCLR Jén mitc logic cao
BCF clear ; reset dit liéu trong IC 74HC595
NOP ; clear tdc dong canh xudng
BSF clear ; dua pin SCLR r v& miic logic cao

MOVLW 0xCA : dit liéu can dua ra IC 74HC595



CALL serout ; g0i chuong trinh con serout

BSF latch ; tao canh duong tai pin RCK dé€ dua dir

NOP ; liéu ra cdc pin output ctia IC 74HC595

BCF latch ; dua pin RCK tr§ vé miic logic thap

GOTO $ ; chuong trinh bi “treo” tai day

serout

MOVWF sendreg ; dua dir li€u vao thanh ghi sendreg

MOVLW 0x08 ; d&€m 8 bit dit liu

MOVWF count

testbit

BCF data ; dit liéu mic dinh bing 0

BTFSC sendreg,7 ; sendreg, 7 ==07?

BSF data ; n€u khong bing 0, set dit liu tr 0 -> 1

BSF clock

NOP ; tao canh duong tai pin SCK dé dich dit
; 1iéu vao IC 74HC595

BCF clock ; dura pin SCK vé lai mitc logic thdp

RLF sendreg,0 ; dich trdi thanh ghi sendreg

MOVWF sendreg

DECFSZ count, 1 ; gidm bi&n count 1 don vi

GOTO testbit ; n€u bi€n count chua bing 0, ti€p tuc qué
; trinh dich di liéu

RETURN ; tr§ vé chuong trinh chinh néu count = 0

END ; k&t thiic chuong trinh

DPiém dang chd y nhit clia chudng trinh trén 13 thuit todn x4c dinh gid tri bit dit liéu
can dich vao IC 74HC595. Ban dau dudng dir liéu (SDI) sé& dugc mic dinh 13 mic logic 0, sau
d6 ta ki€m tra bit dit liéu d6 (bit thit 7 trong thanh ghi sendreg) xem c6 thyc sy bing 0 hay
khong. N&u biing 1 thi ta set dudng dif liéu 1én mic logic 1. Nhu vay ta 1an lugt kiém tra mic
logic clia cdc bit dit liéu can dua vao IC 74HCS595 va set/clear dudng dit liéu SDI tuong tng
vdi bit dif liéu cin dich. Viéc con lai 12 tao canh duong tai pin SCK d€ dua trang thdi logic
clia dudng dit liéu SDI vao trong IC 74HC595. Nhu vay sau 8 1an dich, 8 bit dit liéu chita
trong thanh ghi sendreg da dudc dwa vao thanh ghi dich bén trong IC, va @€ dua dif liéu d6 ra
cac pin output Qu:Qa, ta chi viéc tao mot canh duong tai pin RCK, dit li€u trong thanh ghi
sendreg sé& dugc thé hién bing cdc trang thdi sdng/tit ctia cac LED gin vao IC 74HC595, tat
nhién v6i didu kién pin G phai dugc ndi mass hodc duge dua v& mdc logic 0.

Mot diéu cin lvu ¥ nita 1a canh tic dong ctia pin S“LR Do canh tic dong clia pin nay
12 canh 4m nén can c6 sy diéu chinh thich hgp d€ c6 thé diéu khién IC 74HC595 mot cich
ding din.



Trong trudng hgp ndi nhiéu IC 74HC595 lai v6i nhau thi thuat todn hoan toan tuong
tw, tuy nhién dit liéu sé& 1an lugt dwa vao thanh ghi sendreg va goi chuong trinh con serout.
Qu4 trinh nay dudc Lip lai cho dén khi toan bd dir liéu da dudc dua vao cdc IC, sau d6 mdi
dua dif liéu ra ngoai biing cdch tao mot canh duong tai pin RCK.

4.3 PIC16F877A VA LED 7 POAN

LED 7 doan 12 mdt cong cu thong dung dugc dung d€ hién thi cdc thong sd dudi dang
cdc sO tr 0 d€n 9. Mic di cong cu LCD gitip ta thé hién cdc thong s6 mot cach linh dong hon
nhung LED 7 doan vin dugc st dung nhiéu trong cong nghiép do cdc wu thé clia né nhu i
chiu si 4nh hudng cla nhiét 46, d& nhan ra va géc nhin rong.

LED 7 doan bao gdm 7 doan LED dudc ddnh ddu 14 c4c ki tu a,b,c,d,e,f,g va mot ddu
chdm thap phan ki hiéu 1a dp. Nhu vay ta c6 thé xem LED 7 doan la mot t8 hgp gdm 8 LED
dugc bd tri theo mot qui tic nhat dinh duing dé hién thi cdc chit s6 thap phan.

C6 hai loai LED 7 doan, d6 1a loai Anode chung (cuc Anode ciia cdc LED dudc noi
chung v6i nhau) va loai Cathode chung (Cuc Cathode clia cdic LED dudc ndi chung véi
nhau). Tiy theo tirng loai ma ta c¢6 thé diéu khi€n ciac LED trong t& hdp dé sdng tit mot cdch
thich hop. Pdi vdi loai Anode chung, mdt LED sé& sang néu mic logic dua vao pin diéu khién
LED d6 1a mic 0. . P&i v6i loai Cathode chung, mot LED sé& sdng néu mic logic dua vao pin
di€¢u khién LED d6 1a mic 1.

3| Fl k] & ]
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Hinh 4.9 LED 7 doan.

Hinh vé& trén 12 mot LED 7 doan loai Cathode chung. Thuc ra ciu tric cdc pin clia
LED 7 doan c6 thé thay ddi tuy theo loai chit khong c& dinh, va cach duy nhat d€ xdc dinh
chinh xdc céc pin diéu khién ctia LED 7 doan 1a phai ki€m tra tirng pin cia LED d6. Dua vao
hinh vé& ta c6 thé hi€u dugc mot phan nio cach hién thi cia LED 7 doan. Vi du, mudn hién
thi s& 6 ta s& cho cdc doan LED a, ¢, d, e, g, f sing va doan LED b tit. Viéc diéu khién sing
tit dudc thuc hién bing cdch dua dit liéu thich hgp vao cdc pin a, b, ¢, d, e, f, g va dp cla
LED 7 doan. P6 1a cich hién thi theo tirng LED, tuy nhién trong thyc t& d€ ti€t kiém s& pin
cin thi€t d€ diéu khién mot lic nhiéu LED 7 doan, cdc pin a, b, ¢, d, e, f, g va dp s& dudc ndi
song song v4i nhau, cdc pin Anode chung hoic Cathode chung dudc dung d€ cho phép LED 7



doan d6 sdng hay tit. S§ di ta ndi chung cdc pin a, b, ¢, d, e, f, g va dp lai v6i nhau dudc 1a
dwa vao hién tugng luu dnh cia mit. Mdt ngudi chi ¢6 khd ning nhin dugc 24 hinh dnh trong
mdt gidy, do d6 khi cdc LED 7 doan chdp tit véi mot toc dd qua nhanh nhu t6c dot x{t 1i clia
mot vi diéu khién thi mit ngudi khong c6 kha ning phat hién ra. Bing cdch dé néu ta lan
lugt cho tirng LED 7 doan sdng trong mdt khodng thdi gian rit ngdn nao dé thi mit ngudi sé
bi “ddnh lira” ring tAt cd cdc LED dang sdng ciing mot lic.

D€ hi€u thém vé cich hién thi va thuit toin ding d€ hién thi LED 7 dan, ta sé& thuc
hién mot ¢ng dung don gian la hién thi 2 LED 7 doan.

Ung dung 4.6: Hién thi LED 7 doan.

Trong tng dung nay ta s& hi€n thi mot s6 c6 2 chit s& trén 2 LED.

Loai LED 7 doan ta sé& st dung 12 loai Anode chung. Trudc hét ta can xdc dinh trudc
s6 @6 ndi chan giita vi diéu khién va cdc LED 7 doan d€ tir @6 xac dinh dudc dit liéu can dua
vao dé€ diéu khié€n LED 7 doan hién thi mot chit s& thip phan nio dé. Gid si ta ndi cdc pin
dir liéu cua LED 7 doan vao PORTD cia PIC16F877A theo thd tu nhu sau:

Pin dp n6i vao pin RD7
Pin g ndi vao pin RD6
Pin f ndi vao pin RD5
Pin e ndi vao pin RD4
Pin d ndi vao pin RD3
Pin ¢ ndi vao pin RD2
Pin b ndi vao pin RD1
Pin a ndi vao pin RDO

Céc pin Anode chung ctia LED 7 doan s& dugc ndi vdo cdc pin RBO va RB1 cia
PORTB. Nhu vdy mudn diéu khién mot doan LED nao d6 sdng dua pin dié¢u khi€n doan LED
tudng @ng vé mic logic 0. V&i cdch ndi chdn nhu viy ta c6 bang dif liéu tuong &ng véSi cdc
chit s6 can hién thi trén LED 7 doan nhu sau:

Chits6 | RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO Ma
(dp) | (2 ) (e) (d) (©) (b) (a) Hex

0 1 1 0 0 0 0 0 0 COh
1 1 1 1 1 1 0 0 1 F9h
2 1 0 1 0 0 1 0 0 A4h
3 1 0 1 1 0 0 0 0 BOh
4 1 0 0 1 1 0 0 1 99h
5 1 0 0 1 0 0 1 0 92h
6 1 0 0 0 0 0 1 0 82h
7 1 1 1 1 1 0 0 0 F8h
8 1 0 0 0 0 0 0 0 80h
9 1 0 0 1 0 0 0 0 90h




Dua vao bang dif liéu trén, mudn hién thi mot chit sd thap phian niao d6 ra LED 7
doan, ta chi viéc dua ma hex clia chif s6 @6 ra PORTD cda vi diéu khién. Mot di€ém cin luu y
l1a bdng ma trén khdng c6 dinh ma né phu thudc nhiéu vao ciu tric phian ciing cda mang
diéu khién, do d6 tiy theo cach k&t ndi phan ciing ma ta cé dugc bing ma tuong Wng.

DPé&n day xem nhu ta d3 hoan tit qud trinh chuyén ddi dif liéu tir dang thap phin sang
dang mi ctia LED 7 doan. Viéc con lai 1 1am sao d€ cho phép mdt LED nio d6 trong diy
LED 7 doan mic song song tit hodc sdng 1én. Mot gidi phdp don gidn 1a st dung cdc BJT
hoat dong vé6i chiic ning nhu 13 cdc cong tic déng md dé cho phép hoic khdng cho phép
ngudn cung cip dwa vao LED 7 doan, cdc “cong tic” nay s& dudc diéu khi€n bdi cdc pin
trong PORTB. So @6 nguyén li ciia cdc “cong tic” nay khi dung d€ diéu khién LED 7 doan
lpai Anode chung nhu sau:

5V

@

10K

REX o> ANAN K

A

Hinh 4.9 SJ d6 nguyén li “cong tic” diéu khi€n cap ngudn cho LED 7 doan Anode chung

Ta ndi pin ctia Port diéu khién vio cuc B ctia BJT loai pnp thong qua mot dién trd, gid
tri dién tr§ nay phu thudc vao kha ning chiu dong tdi da ctia LED 7 doan. Cuc E cda BJT
dugc ndi 1én ngudn 5V va cuc C dude dua vao pin Ve clia LED 7 doan. Khi pin diéu khién &
mifc logic 1, do Vgg clia BJT biing 0 nén BIT khong din, do 6 khong c6 dong dién d6 qua
LED. Khi Port diéu khién & mic logic 0, dong dd tir cuC E sang cuc B ctia BJT 1am cho BIT
din bdo hoa, trd khdng ctia BJT xem nhu biing 0 va LED 7 doan xem nhu dudc ndi truc ti€p
vdi ngudn cung cAp.

Véi ting dung trén, ching han ta stt dung 2 pin RBO (diéu khién LED hang don vi) va
RBI1 (diéu khi€n LED hang chuc) dé€ diéu khién c4p ngudn cho cdc LED. Khi d6 chudng trinh
dugc vi€t nhu sau:

;Chuong trinh 4.3.1

; Chuong trinh hién thi mdt s6 ¢6 hai chit s& cho trudc ra LED 7 doan

processor 16f877a

include <p16f877a.inc>

__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF



countl EQU 0x20 ;cdc tham s0 st dung cho chuong trinh con
counta EQU 0x21 ; delay_1lms
countb EQU 0x22
ORG 0x000
GOTO start
start
BCF STATUS, RP1
BSF STATUS,RPO ; chon BANK1
MOVLW 0x00
MOVWF TRISD ; PORTD <- output
MOVLW 0x00
MOVWF TRISB ; PORTB <- output
BCF STATUS,RPO ; chon BANKO
CLRF PORTB
CLRF PORTD
loop
MOVLW  0x99 ; hi€n thi s6 4
MOVWF PORTD
MOVLW b'1111110T" ; cAp ngudn cho LED hang chuc
MOVWF PORTB
CALL delay_Ims ; goi chuong trinh con delay_1ms
MOVLW  0x92 ; hi€n thi s8 5
MOVWF PORTD
MOVLW b'11111110' ; cAp ngudn cho LED hang don vi
MOVWF PORTB
CALL delay_lms ; go1 chudng trinh con delay_1ms
GOTO loop ; 1ap lai cdc thao tac trén
delay_Ims ; chuong trinh con delay_1ms
MOVLW a1
MOVWF countl
dl MOVLW 0xC7
MOVWF counta
MOVLW 0x01
MOVWF countb
delay_0
DECFSZ counta, 1

GOTO $+2



DECFSZ countb, 1

GOTO delay_O
DECFSZ countl,1
GOTO dl
RETURN

END

Nhu vay trong chuong trinh trén, méi LED 7 doan sé& 1an lugt dudc bat sing trong
khodng thdi gian 1 ms, sau d6 LED khac dugc bat 1én trong khodng thdi gian 1 ms. Thao tdc
nay dugc lip di ldp lai trong vong 1ip “loop”. Thuc chat 1a cac LED sé& chdp tit lién tuc mdi
khodng thdi gian 1ms, nhung do thdi gian chdp tdt qud nhanh nén mdt ngudi bi “ddnh lra” 1a
cd hai LED dang siang ciing mot lic. Hién tugng nay cé thé nhin biét rd rang hon bing cich
ting thdi gian delay dén mot mitc nio d6 ma mit ngudi cé thé nhin biét dugc, khi d6 ta sé&
thdy ro rang 1a tirng LED mot dudc bat tit mdt cdch tuin ty.

Tuong ty ta c6 thé md rong s6 lugng LED bing cich ndi song song tit ca ching lai
v6i nhau va 4p dung thuit todn trén d€ hién thi.

Biy gid ta thit gidi quy€t mdt trudng hgp phic tap hon. Trong vi du trén ta ty 4n dinh
chit s hién thi, tuy nhién né&u chir s6 cin hién thi (chit s6 hang chuc va hang don vi) dugc
vhita trong mdt thanh ghi nao d6 thi s& c6 mot sd van dé phat sinh nhu sau:

Thit nhat, do dit liéu trong thanh ghi dudc luvu dudi dang dit liéu 8 bit nén chit
s6 hang chuc s& dugc chita trong 4 bit cao va chit s6 hang don vi sé dugc chita trong 4 bit
thap. Vay lam th& nao d€ tich dudc chit s& hang chuc va hang don vi chia trong thanh ghi??
Mot thuit todn don gidn 1a st dung phép todn AND. Dit liéu dang nhi phan s€ gilt nguyén gid
tri khi ta thuc hién phép todn AND véi 1 va sé& dugc x6a vé 0 néu thuc hién phép todn AND
véi gid tri 0. Biing cdch d6 mudn tdch 4 bit thap, ta “AND” 4 bit cao véi 0, 4 bit thap vdi 1 va
ngudc lai ddi v6i trudng hdp cin tich 4 bit cao.

Thit hai, do dif liéu dugc Ivu dusi dang ma HEX, bao gom cédc chif s& tir 0 dén
9 va cdc ki ty tir 0 d€n A. Vay lam thé& nao @€ chuyén ddi dit liéu tir dang ma HEX vé dang
thap phan?? ( cAn lvu ¥ 13 tap 1énh danh cho PIC khong cé phép todn chia 14y phan du hay
phan nguyén DIV va MOD ciing nhu c4dc phép todn so sdnh). Phuong phdp don gidn nhat la
so sanh vdi tirng chit s6 HEX va 4p dung phép chuyén ddi ddi véi titng trudng hgp.

Va cudi ciing, 1am sao hién thi chit s6 thip phan trén ra LED 7 doan?? Nhu
vay ta cin ti€n hanh mot budc nita 1a chuyén ddi tir ma thap phan sang ma LED 7 doan, va
mdt phuong phdp ta vin thudng st dung trong céc tng dung trudc 12 phuong phdp bang dit
liéu sé& ti€p tuc dudc st dung trong chuong trinh nay. Gid tri clia chit s& can chuyén ddi sé
dudc cong vao thanh ghi PCL @€ mang ma chuyén ddi tuong tng tir bang dit lidu trd vé.

Bay gid ta thir vi€t chuong trinh thuc hién thao tdc trén theo cdc gidi thudt da dé ra.
Chuong trinh sé& dudc vi€t nhu sau:



; Chuong trinh 4.3.2
; Chuong trinh hién thi s6 ¢ hai chit s& dugc lvu trong mot thanh ghi

processor 16f877a

include <pl16f877a.inc>

__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF

countl EQU 0x20 ; dung cho chuong trinh delay_1ms
counta EQU 0x21 ; dung cho chuong trinh delay_1ms
countb EQU 0x22 ; dung cho chuong trinh delay_1ms
display_reg EQU 0X23 ; chita gi4 tri cAn hién thi
hang_chuc EQU 0X24 ; chita hang chuc cda thanh ghi display_reg
hang_don_vi EQU 0X25 ; chita hang don vi cda thanh ghi
; display_reg
XX EQU 0x26 ; dung cho chuong trinh con “chuyen_ma”
xx1 EQU 0X27
ORG 0x000
GOTO start
start : bit dau chuong trinh(
BCF STATUS, RP1
BSF STATUS,RPO ; chon BANK1
MOVLW 0x00
MOVWF TRISD ; PORTD <- output
MOVLW 0x00
MOVWF TRISB ; PORTB <- output
BCF STATUS,RPO ; chon BANKO
MOVLW b'11111111"
MOVWF PORTB ; tt tat cd cac LED
CLRF PORTD
MOVLW 0XSF ; gid tri cAn hién thi
MOVWF display_reg
ANDLW 0xOF ; tdch chit s6 hang don vi

MOVWF hang_don_vi

MOVLW 0xFO

ANDWF display_reg,0

MOVWF hang_chuc ; tdch chit s6 hang chuc
SWAPF hang_chuc,1



MOVF
CALL

MOVWF
BTFSC

INCF
MOVF

CALL
MOVWF
Loop

MOVF
CALL
MOVWF
MOVLW
MOVWF
CALL

MOVF
CALL
MOVWF
MOVLW
MOVWF
CALL
GOTO
chuyen_ma

MOVWF
MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW

hang_don_vi,0
chuyenma

hang_don_vi
xx1,0

hang_chuc,1
hang_chuc,0

chuyen_ma
hang_chuc

hang_don_vi,0
table

PORTD
b'11111110'
PORTB
delay_Ims

hang_chuc,0
table
PORTD
b'11111101"
PORTB
delay_Ims
loop

XX
0x00

xx,0
STATUS,Z
nho_hon_10

0x01

xx,0
STATUS,Z
nho_hon_10

0x02

; goi chuong trinh con diing d€ chuyén tir
; mad HEX sang ma thap phan

; luu gid tri sau khi chuyén d6i

: ki€m tra xem gid tri cAn chuyén d6i c6
; 16n hon 10 hay khong

; néu ding, ting hang chuc 1 don vi

: néu khong tiép tuc chuyén ma chit s&

; hang chuc

; Iuu lai gid tri sau khi chuyén ddi
; doan chuong trinh hién thi k&t qua
; chuyén ddi ra LED 7 doan

; chuong trinh con chuyén tir ma HEX sang
; dang ma thap phan

: Ivu s6 can chuyén d6i vao thanh ghi xx

; s0 sdnh véi s6 0

; néu bing 0, nhay tdi label “nho_hon_10"
; né€u khong bing 0, ti€p tuc so sdnh véi 1

; ti€p tuc ti€n hanh so sdnh véi cdc chit
; s ti€p theo



XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF

xx,0
STATUS,Z
nho_hon_10

0x03

xx,0
STATUS,Z
nho_hon_10

0x04

xx,0
STATUS,Z
nho_hon_10

0x05

xx,0
STATUS,Z
nho_hon_10

0x06

xx,0
STATUS,Z
nho_hon_10

0x07

xx,0
STATUS,Z
nho_hon_10

0x08

xx,0
STATUS,Z
nho_hon_10

0x09

xx,0
STATUS,Z
nho_hon_10

0x0A
xx,0



BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

nho_hon_10

MOVLW
MOVWF
MOVF

RETURN

bang_10

MOVLW
MOVWF
RETLW

bang_11

MOVLW
MOVWF

STATUS,Z
bang_10

0x0B

xx,0
STATUS,Z
bang_11

0x0C

xx,0
STATUS,Z
bang_12

0x0D

xx,0
STATUS,Z
bang_13

0x0E

xx,0
STATUS,Z
bang_14

0xOF

xx,0
STATUS,Z
bang_15

0x00
xx1
xx,0

0x01
xx1
0x00

0x01
xx1

; XU i truGng hgp nhd hon 10
; bit 0 cla thanh ghi xx1 mang gid tri 0

; luu gid tri sau chuyén d6i chita trong
; thanh ghi xx vao thanh ghi W
; tr§ vé& chuong trinh chinh

; bit O ctia thanh ghi xx1 mang gid tri 1

; @€ bdo hiéu cAn ting gi4 tri hang ti€p theo
; mang gid tri chuyén d6i tuong tng trd vé

; chuong trinh chinh thong qua thanh ghi W

; thao tac tuong ty v4i cdc trudng hgp con lai



RETLW
bang_12
MOVLW
MOVWF
RETLW
bang_13
MOVLW
MOVWF
RETLW

bang_14
MOVLW
MOVWF
RETLW
bang_15
MOVLW
MOVWF
RETLW
Table
ADDWF
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
delay_Ims
MOVLW
MOVWF
dl MOVLW
MOVWF
MOVLW
MOVWF
delay_0O
DECFSZ
GOTO $+2
DECFSZ

0x01

0x01
xx1
0x02

0x01
xx1
0x03

0x01
xx1
0x04

0x01
xx1
0x05

PCL,1
0xCO
0xF9
0xA4
0xBO
0x99
0x92
0x82
0xF8
0x80
0x90

d1
countl
0xC7
counta
0x01
countb

counta, 1

countb, 1

. tra bang dif liéu d€ chuyén ddi tir ma thap phan
; sang ma LED 7 doan

; chuong trinh con tao thoi gian delay Ims



GOTO delay_0
DECFSZ countl,1
GOTOd1
RETURN

END

Trong chuong trinh con “chuyen_ma”, ta 1an lugt so sdnh gid tri sau khi tdch tir thanh
ghi “diplay_reg” thanh hang chuc (chita trong thanh ghi “hang_chuc”) va hang don vi (chta
trong thanh ghi “hang_don_vi”) so sanh v§i titng gid tri tit 0 d&€n 15. N&u s6 cAn chuyén mi
nhé hon 10, ta chi viéc giit nguyén gid tri va trd vé& chuong trinh chinh. N&u s& cin chuyén
mi c6 gid tri 16n hon hodc bing 10, ta dua gia tri cAn chuyén vao thanh ghi W thong qua 1énh
RETLW va thiét 1ap mdt “cd hiéu” ndo d6 do ta ty tao d€ bdo hiéu ring chif s& can chuyén
ddi c6 gid tri 16n hon 10 (& day 1a bit 0 chita trong thanh ghi “xx1” dé€ bdo hiéu ring cin ting
gid tri hang ti€p theo 1én 1 don vi). Chuong trinh chinh s& c6 doan chuong trinh xit Ii “cd
hiéu” nay d€ cho ra cdc chit s thip phan thich hgp tng vdi cic chit s6 HEX. Cong viéc con
lai 12 chuyén ddi tir s& thap phan sang ma LED 7 doan thong qua bang dit liéu va hién thi két
qua ra cac LED.

Nhu vAy trong muc nay ta di thuc hién dudc mot s6 thao tdc, chuong trinh va gidi
thuat cd ban d6i véi LED 7 doan va cdch hién thi trén LED. C4c thao tic bao gdm cach hinh
thanh bang dit liéu, cich k&t ndi LED 7 doan va phuong phap hién thi. Cic gidi thuit bao
gdm cdc cdch chuyén ddi tir ma HEX sang ma thip phan, tif ma thiap phin sang mia LED 7
doan va cdch tdch chit s6 hang chuc va hang don vi chita trong mot thanh ghi bat ki. T cédc
thao tdc co ban nay ta c6 thé phat tri€n thanh nhiéu ¥ng dung phitc tap hon cho vi diéu khién
khi 1am viéc véi LED 7 doan, dic biét 13 cdc ng dung can hi€n thi két qui dusi dang s8. Ta
s& ti€p ban ki d&€n cdc tng dung nay trong phan ti€p theo khi dé cip dén cdc TIMER.

4.4 NGAT VA CAU TRUC CUA MOT CHUONG TRINH NGAT

Ngdt va cdc loai ngdt da dugc trinh bay cu thé trong chuong 2. G diy ta chf tom tit lai
mot s& dic di€m quan trong clia ngit va thong tin mang tinh ¢ng dung.

C6 thé n6éi diy 12 mot khdi niém mang tinh tritu tugng cao nhung ciing dugc thi€t 1ap
dya trén cdc hién tugng va tinh hudng cé thuc trong thyc t€. Ching han nhu trong cudc sdng
hiing ngay, ddi khi ta phdi tam ngung mot cong viéc nao dé6 d€ 1am mdt cong viéc khac can
thi€t hon, ching han nhu tam ngung mot cong viéc nao d6 dang lam d€ nghe dién thoai. Sy
tam ngung nay can dugc bdo hiéu bdi mot tin hiéu (trong trudng hgp trén 12 chudng dién
thoai ching han) va phai dudc ta cho phép trudc d6 (n€u ta khong cho phép dién thoai reo thi
dién thoai s& khong reo). Tir vi du thuc t€ trén ta ¢ thé lién tudng d€n ngit va cach xi 1i
ngit cia mot vi diéu khi€n. Mot ngit 1a mot tin hiéu diéu khién bit budc vi diéu khién tam
ngung cong viéc dang lam d€ ti€n hanh cdc thao tic ma ngit d6 qui dinh thong qua chuong
trinh ngit. Tin hiéu diéu khién nay dudc bio hiéu bdi ¢ ngit (tudng @ng véi chudng dién



thoai & vi du trén) va phdi dudc ta cho phép trudc d6 thdong qua cic bit diéu khién cho phép
hodc khong cho phép ngit. Mot chuong trinh ngit thong thudng s& dugc tich riéng vdi
chuong trinh chinh dé bdo ddm tinh ddc 1ap clia chuong trinh ngit.

Da&i vé6i vi diéu khi€n PIC16F877A, khi mdt ngit (d3 dugc cho phép trudc d6) xay ra
thi “phdn ng” clia né 13 quay vé dia chi 0004h va thuc hién cdc 1énh bit diu tai dia chi nay.
Thong thudng d6i v6i chuong trinh viét cho vi diéu khién PIC, chuong trinh ngit s& dudc dit
tai ddy va chuong trinh chinh s& dudc bit diu & mot dia chi cach d6 mot doan “an todn” sao
cho chuong trinh chinh va chuong trinh ngit khong bi chong 1én nhau. N&u ta sit dung trinh
bién dich MPLAB, trinh bién dich sé& bdo 16i khi hién tugng trén x3y ra va ta cé thé khic
phuc bing cich ddi chudng trinh chinh di mot doan xa hon.

Mot di€m cin luu ¥ nita 13 trong qud trinh thuc hién chuong trinh ngit, ndi dung ciia
mot s6 thanh ghi quan trong c6 kha ning bi thay ddi (thanh ghi W ching han). Do d6 trugc
khi thyc hién chuong trinh ngit ta can thuc hién mot thao tidc 12 “cAt” mot s6 thanh ghi quan
trong vao mdt vai & nhé nao d6 va phdi trd lai gid tri ban dau cho cdc thanh ghi d6 trudc khi
thoat khdi chuong trinh ngit bang 1énh RETFIE.

Néu sit dung trinh bién dich MPLAB, ciu triic chudng trinh nay da dugc viét sin, ta
chi viéc dua chuong trinh ngdt va chuong trinh chinh vao cdc vi trf thich hgp dudc chi thich
trong chuong trinh, tuy nhi€én dya vao cdc nhan dinh nhu trén ta hoan toan c6 thé tu dinh ra
mot cau tric chudng trinh cho riéng minh nhu sau:

TITLE "tén chuong trinh"

processor 16f877a

include <p16f877a.inc>

__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF

; Vi du vé cach khai bio mdt vi di€u khién

; dinh nghia cdc chan xudt nhap dé€ dé dang st dung

;vidu
#DEFINE DENI1 PORTB,0
#DEFINE DEN2 PORTB,1

#DEFINE DEN3 PORTB,2



;Nén diit tit cd cdc bi€n trong BANKO
;vidu
ORG 0x020
REGADI1 RES 1 ; bi€n nay c6 do 16n 1 byte, dia chi
:bit dau 1a 0x20
Variables RES 32 ; bi€n nay c6 do 16n 32 byte, dia chi
; bit dau la 0x21

; Chii y 1a tuyét doi khong thay d6i cAu triic doan chuong trinh bit ddu va thoat ra
; khoi chuong trinh ngit
: N&u thay d8i chuong trinh sé& chay khong ding

ORG 0X0004

; Bit dau chuong trinh ngit
: Poan chuong trinh bit budc va khong dudc thay d6i
; ¢6 tac dung luu lai mot s& thanh ghi quan trong

MOVWF W_SAVE ; W_SAVE(bank unknown!) = W
SWAPF STATUS,W
CLRF STATUS ; force bank O for remainder of handler
MOVWF STAT SV ; STAT_SV = swap_nibbles( STATUS )
; STATUS =0
MOVF PCLATH,W
MOVWF PCH_SV ; PCH_SV = PCLATH
CLRF PCLATH ; PCLATH=0
MOVF FSR,W
MOVWF FSR_SV ; FSR_SV =FSR
; 12 cycles from interrupt to here!

R < N ~
; Ki€ém tra xem ngat nao da xay ra



; X6a cd ngit trude khi thyc hién cdc 1énh trong ngit
; Bit ddu cdc 1énh cho chuong trinh ngit
; K&t thic chuong trinh ngit
; Poan chuong trinh bit budc va khong dugc thay ddi
; ¢6 tdc dung phuc hdi gid tri ban dau cho mdt s6 thanh ghi quan trong

ENDINT
MOVF FSR_SV,W
MOVWF FSR ; FSR = FSR_SV
MOVF PCH_SV,W
MOVWF PCLATH ; PCLATH = PCH_SV
SWAPF STAT_SV,W
MOVWF STATUS ; STATUS = swap_nibbles( STAT_SV )
SWAPF W_SAVE,F
SWAPF W_SAVE,W ; W =swap(swap( W_SAVE )) (no change Z bit)
RETFIE ; RETURN!

; 1 cycle to resumption of code (branch penalty)

; Cham dit chuong trinh ngit
: Bit diu cdc budc khéi tao cho toan bd chuong trinh

ORG 0X0000
GOTO START
ORG 0X0050
; Phdi cdch ra mot doan dé tranh d& 1&én chuong trinh ngit
START

; Khdi tao cac PORT
: Khdi tao cdc bién
; Khdi tao cdc khoi chidc nang (Timer, CCP, PWM.,.....)
; Bat diu vong lip chinh
MAIN
; Cac thao tdc trong vong 1dp chinh
; Cac chuong trinh con
END



So véi cdc chuong trinh trudc diy thi bit dau tir giai doan nay, cdc chudng trinh sé trd
nén phiic tap hon vé ciu triic cling nhu chifc ning do c6 thém chuong trinh ngit. Tuy nhién ta
s& dé dang Iam quen vdi ciu tric méi ndy sau mot vai chuong trinh don gidn c6 lién quan
dé&n ngit. Ta sé& bt ddu véi Timer va cdc ngit cda Timer.

4.5 TIMER VA UNG DUNG

Nhu ta da bi€t PIC16F877A c6 3 bd dinh thdi 1a Timer0, Timerl va Timer2. Mdi
Timer c6 mdt cAu tric va chifc ning riéng tiy thudc vio muc dich st dung. Cé thé phan chia
mdt cach tuong d6i muc dich stt dung ctia mot Timer nhu sau:

Téc dung dinh thdi (Timing): cdc Timer sé& st dung xung clock déng bd dugc
cung cip bdi oscillator ciia vi diéu khién hoic tir mot oscillator ¢& dinh RCO/T10SO/T1CKI
va RC1/T10SICCP2 d6i v6i Timerl. Gi4 tri d€m chita trong thanh ghi ctia cdc Timer sé ting
tuan ty sau mot khodng thdi gian tuin ty dugc dinh tru6e dwa vao cdc thong sd cia prescaler,
postscaler, chu ki 1énh va cdc gid tri dinh trudc duge dua vao cdc thanh ghi chita gid tri d€m
cta cdac Timer. Day ciing 1a 1i do tai sao ta n6i Timer ¢6 tic dung dinh thdi vi dya vao gid tri
dé&m ctia cdc Timer, ta c6 thé xdc dinh mot cach tuong ddi chinh xdc thdi gian thuc.

Té4c dung d€m (Counting): cdc Timer sé& 14y xung d€m tir bén ngoai. Cdc xung
d&€m nay c6 tdc dung phdn 4nh mot hién tugng ndo d6 tir thé gidi bén ngoai va thong qua
viéc d€m cdc xung clock d6, ta c6 thé xdc dinh dudc s6 1an mot hién tugng nio d6 xay ra, tir
dé an dinh cdc thao tdc twong ¢ng doi v6i hién tugng do.

Thong thudng cdc thao tdc ddi véi Timer dwa vao cdc ngit va chuong trinh ngit. Ta
ciAn xem lai cdu tric mdt chuong trinh ngit dudc trinh bay & phan truSc dé qud trinh viét
chuong trinh cho Timer tr§ nén thuin 1¢i hon. Bén canh dé cdch thi€t 1ap cdc ché do hoat
dong d6i véi mdi Timer ciing khdc nhau. Van d& nay sé dudc trinh bay cu thé trong tiing
chuong trinh tng dung, ngoai ra c6 thé tham khio thém mot sd tii liéu clda nha sin xuat
Microchip d€ biét thém chi tiét.

4.5.1 TIMER VA HOAT BDONG PINH THOI

Trong phin nay ta s& lam budc diu 1am quen véi cdc Timer cla vi diéu khién
PIC16F877A va céc thao tidc co bdn d6i vdi cdc Timer, bao gdm thao tdc khdi tao va xit 1i
ngit. D€ cu thé hon ta sé di sdu vao Gng dung sau:

U'ng dung 4.7: Hién thi c4c gi4 tri dinh thdi cda Timer ra LED 7 doan.

Ung dung nay dugc phdt trién dya trén ¢ng dung 4.6 v& hién thi trén LED 7 doan. O

ttng dung 4.6 ta da lam quen v6i céc thao tdc cd bdn d6i v6i LED 7 doan. Trong tng dung
ndy ta s& ding cdc Timer d€ hién thi cdc gid tri ting din tir 0 d€n 99 sau mot khodng thdi



gian dinh trugc trén 2 LED hang chuc va hang don vi. CAu tric phian ciing vin khong c6 gi
thay ddi, tuy nhién vé& chuong trinh sé& cé nhitng thay ddi dang ké.

Tru6c hét 1a gidi thuat cho &ng dung trén. Ta sé& khdi tao Timer d€ hinh thanh thdi
gian delay c6 dinh. Thdi gian delay sé& két thiic bing mot tin hiéu tir ngit Timer, chudng trinh
ngit c6 nhiém vu cip nhat gid tri d&&m mdi khi ngdt x4y ra, chudng trinh chinh c6 tic dung
hién thi cdc gid tri d3 dugc cAp nhatra LED 7 doan. Trudc tién ta sé si dung TimerO cho @ng
dung trén va chuong trinh cu thé nhu sau:

; Chuong trinh 4.5.1
; Chuong trinh hién thi s6 d&€m trén hai LED 7 doan theo thif tu ting dan
; Timer st dung: Timer2

processor 16f877a

include <pl16f877a.inc>

__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF

countl EQU 0x20 ; Cdc thanh ghi st dung cho chuong
counta EQU 0x21 ; trinh delay

countb EQU 0x22

hang_don_vi EQU 0x23 ; Cdc thanh ghi chita gi4 tri can
hang_chuc EQU 0x24 ; hién thi ra LED 7 doan

W_save EQU 0x25 ; Cac thanh ghi dung dé cat cac
PCLATH_save EQU 0x26 ; thanh ghi quan trong khi thuc thi
STATUS_save EQU 0x27 ; chuong trinh ngét

FSR_save EQU 0x28

GOTO ISR



MOVWF W _save
SWAPF STATUS,W

CLRF STATUS
MOVWF STATUS_save
MOVF PCLATH,W
MOVWF PCLATH_save
CLRF PCLATH
MOVF FSR,W

MOVWF FSR_save

BTFSS INTCON,TMROIF - Kiém tra c& ngit Timer0
GOTO exit_int ; N€u ¢ ngit chua dugc set, thodt khoi

; chuong trinh ngit

BCF INTCON,TMROIF : néu cd ngit di dudc set, x6a cd ngit dé
; cho phép nhan biét thdi diém tiép theo
; X4y ra ngit

INCF hang_don_vi,1 ; ting hang don vi

MOVLW 0x0A

XORWF hang_don_vi,0 ; s0 sdnh hang don vi véi 10

BTESS STATUS,Z

GOTO exit_int ; thodt chuong trinh ngit n€u chua bing 10

CLRF hang_don_vi ; n€u bing 10, x6a hang don vi

INCF hang_chuc,1 ; ting hang chuc

MOVLW 0x0A

XORWF hang_chuc,0 ; s0 sdnh hang chuc véi 10

BTESS STATUS,Z

GOTO exit_int ; thodt chuong trinh ngit n€u chua bing 10

CLRF hang_chuc ; néu bing 10, x6a hang chuc, bit ddu d€m
; lai tur gid tr1 00

GOTO exit_int ; thodt chuong trinh ngét

exit_int



MOVF FSR_save,W
MOVWF FSR

MOVF PCLATH_save,W
MOVWF PCLATH

SWAPF STATUS_save,W
MOVWF STATUS

SWAPF W_save,1

SWAPF W_save,0
RETFIE

ORG 0x0000
GOTO start
ORG 0x050

BCF STATUS,RP1
BSF STATUS,RPO ; Chon BANK1

MOVLW 0x00

MOVWF TRISD ; PORTD <- output

MOVLW b'11111100'

MOVWF TRISB ; PORTB<1:0> <- output

BCF STATUS,RPO ; chon BANKO

CLRF PORTD

MOVLW b'00000011" ; tit cdc LED hang chuc va hang don vi

MOVWF PORTB

CLRF TMRO ; X6a thanh ghi TMRO
CLRF INTCON ; x6a thanh ghi INTCON
BSF STATUS,RPO ; chon BANKO



MOVLW b'10000001" ; tit chic niing dién trd kéo 1én § PORTB,
MOVWF OPTION_REG ; chon xung d€m Ia xung lénh, gén
; prescaler cho TimerO va chon ti s6 chia
; tAn sO prescaler 1a 1:4
BCF STATUS,RPO ; chon BANKO
BSF INTCON,TMROIE ; cho phép ngit Timer0
BSF INTCON,PEIE ; cho phép ngit ngoai vi
BSF INTCON,GIE ; cho phép toan bd cdc ngit
; Khdi tao cdc bién
CLRF hang_chuc
CLRF hang_don_vi
; Vong ldp chinh
main
CALL hien_thi ; g0i chuong trinh con
GOTO main

; Chuong trinh con hién thi c4c gid tri chia trong cdc thanh ghi hang_chuc va hang_don_vi ra
; cdc LED hang chuc va LED hang don vi

hien_thi
MOVF hang_chuc,0 ; hién thi LED hang chuc
CALL table
MOVWF PORTD
MOVLW b'11111101"
MOVWF PORTB
CALL delay_Ims
MOVF hang_don_vi,0 : hién thi LED hang don vi
CALL table
MOVWF PORTD
MOVLW b'11111110'
MOVWF PORTB
CALL delay_1lms
RETURN ; k&t thiic chuong trinh con hien_thi



table

ADDWF
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW

delay_1lms
MOVLW
MOVWF
d2 MOVLW
MOVWF
MOVLW
MOVWF
delay_1
DECFSZ
GOTO
DECFSZ
GOTO
DECFSZ
GOTO
RETURN
END

PCL,1
0xCO
0xF9
0xA4
0xBO
0x99
0x92
0x82
0xF8
0x80
0x90

d1
countl
0xC7
counta
0x01
countb

counta, 1
$+2
countb, 1
delay_1
countl,1
d2

: bang dit liéu chuyén tir ma thap phan sang ma
; LED 7 doan

; chuong trinh con tao thoi gian delay 1 ms

; chuong trinh két thic tai day

Ta nhan thdy ring ciu tric chuong trinh trén hoan toan tudng ty nhu ciu tric cla
chudng trinh miu, cdc gidi thuit vé hién thi LED di dudc dé cip cu thé & ng dung 4.6, do
d6 van dé con lai chi 1 cdc van dé lién quan d€n Timer0. Cédc bu6c khdi tao Timer0 di dugc
dé cap cu thé trong céc tai liéu cia nha sdn xuat, ta chi viéc dua theo “sudn bai” c6 sin dé
va thém vao cdc thong sd thich hop dit vao cic thanh ghi diéu khién (d6i v6i Timer0 1a céc
thanh ghi OPTION_REG, thanh ghi INTCON va thanh ghi TMRO) dé khdi tao cdc diéu kién
ban dau cho Timer0 sao cho phit hdp véi muc dich st dung.

Vi chuong trinh trén, mdi 1An ngit Timer0 x4y ra, vi diéu khién sé& tir vong lip clia
chuong trinh chinh quay tré vé chuong trinh ngit. Chuong trinh ngit sé thyc hién cong viéc
ting gid tri d€m mot cdch thich hop § cdc thanh ghi hang_chuc va thanh ghi hang_don_vi.



Thuit todn danh cho chuong trinh ngét cling tuong doi don gidn, gid tri d€m sé& dudc luu truc
ti€p dudi dang ma thap phan nén ta khong cin phdi chuyén ddi tir ma HEX sang mi thip
phan. Khi qud trinh cAp nhit gid tri d€m k&t thic, vi diéu khién quay trd vé vong lip chinh
va ti€p tuc qud trinh hién thi cdc gid tri di dudc cip nhat tif chuong trinh ngit.

Bay gi¢ ta thd tinh thoi gian dinh thdi do Timer0 tao ra. Do ta khéi tao TimerO st
dung xung d€m 1a xung Iénh nén mdi xung cé thdi gian 1a 1 uS (ddi véi oscillator 4 MHz),
xung 1énh dudc chia 4 bdi prescaler nén gid tri ctia thanh ghi TMRO sé ting 1én 1 don vi sau
khodng thdi gian (4*1 uS) = 4 uS. Nhu vy ngit sé xdy ra sau mdi quing thdi gian (256%4 uS)
= 1024 uS (Timer0 12 bd d€m § bit va ngit xay ra khi TMRO bi tran).

Dua vao chuong trinh trén ta c6 thé ki€m tra dudc tdc dong cla prescaler bing cich
thay ddi gid tri dua vao thanh ghi OPTION_REG. Sy thay ddi thdi gian dinh thdi khi ta thay
ddi ti s6 chia clia prescaler 13 tuong ddi ro rang.

Ciing dva vao chuong trinh trén ta c¢6 thé thay TimerO biing Timerl hoic Timer2 dé
lam quen vdi cac Timer cta vi diéu khién. Sy thay d6i duy nhi't so v6i chuong trinh trén 12 &
cac budc khdi tao, do mdi Timer déu c6 mot ciu tric va hoat dong doc 1ap v6i nhau. Cac
budc khdi tao c6 thé dugc tham khio trong cdc tai liéu clia nha sdn xuit. Chuong trinh sau c6
tdc dung nhu chuong trinh 4.5.1 nhung 1An nay ta sé& sit dung Timer2 1am bd dinh thdi.

; Chuong trinh 4.5.2
; Chuong trinh hién thi s6 d€m trén hai LED 7 doan theo tht ty ting dan
; Timer st dung: Timer2

processor 16f877a

include <pl16f877a.inc>

__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF

countl EQU 0x20
counta EQU 0x21
countb EQU 0x22
hang_don_vi EQU 0x23

hang_chuc EQU 0x24



W_save EQU 0x25

PCLATH_save EQU 0x26
STATUS save EQU 0x27
FSR_save EQU 0x28
ORG 0x0004

GOTO ISR

MOVWF W _save
SWAPF STATUS,W

CLRF STATUS
MOVWF STATUS_save
MOVF PCLATH,W
MOVWF PCLATH_save
CLRF PCLATH
MOVF FSR,W

MOVWF FSR_save

BTFSS PIR1,TMR2IF
GOTO exit_int

BCF PIR1,TMR2IF
INCF hang_don_vi,1

MOVLW 0x0A
XORWF hang_don_vi,0

BTFSS STATUS,Z
GOTO exit_int
CLRF hang_don_vi
INCF hang_chuc,1

MOVLW 0x0A
XORWF hang_chuc,0
BTFESS STATUS,Z
GOTO exit_int



CLRF hang_chuc
GOTO exit_int

exit_int
MOVF FSR_save,W
MOVWF FSR
MOVF PCLATH_save,W
MOVWF PCLATH
SWAPF STATUS_save,W
MOVWF STATUS
SWAPF W_save,1
SWAPF W_save,0
RETFIE

ORG 0x0000
GOTO start
ORG 0x050

BCF STATUS,RP1
BSF STATUS,RPO

MOVLW 0x00
MOVWF TRISD
MOVLW b'11111100'
MOVWF TRISB

BCF STATUS,RPO
CLRF PORTD

MOVLW b'00000011"'
MOVWF PORTB



MOVLW b'11111111" ; postscaler 1:16, prescaler 1:16, Timer2 ON
MOVWF T2CON

BSF STATUS,RPO

MOVLW .249 ; dit trde gid tri can s6 sanh vdi thanh ghi TMR2
MOVWF PR2 ; vao thanh ghi PR2

BSF PIE1,TMR2IE ; cho phép ngit Timer2

BCF STATUS,RPO

BSF INTCON,PEIE ; cho phép cdc ngit ngoai vi

BSF INTCON,GIE ; cho phép toan bd cdc ngit

CLRF hang_chuc
CLRF hang_don_vi
; Vong lap chinh
main
CALL hien_thi
GOTO main

; Chuong trinh con hi€n thi cdc gi4 tri chifa trong cdc thanh ghi hang_chuc va hang_don_vi ra
; cdc LED hang chuc va LED hang don vi

hien_thi
MOVF hang_chuc,0
CALL table

MOVWF PORTD
MOVLW b'11111101"
MOVWF PORTB

CALL delay_1lms
MOVF hang_don_vi,0
CALL table

MOVWF PORTD



MOVLW b'11111110'
MOVWF PORTB
CALL delay_1lms
RETURN

ADDWF PCL,1
RETLW 0xCO0
RETLW 0xF9
RETLW 0xA4
RETLW 0xBO
RETLW 0x99
RETLW 0x92
RETLW 0x82
RETLW 0xF8
RETLW 0x80
RETLW 0x90

delay_1lms
MOVLW d1
MOVWF countl
d2 MOVLW 0xC7
MOVWF counta
MOVLW 0x01
MOVWF countb

delay_1
DECFSZ counta,l
GOTO $+2
DECFSZ countb, 1
GOTO delay_1
DECFSZ countl,1
GOTO d2
RETURN

END

Timer2 ciing 1a bd d€m 8 bit dudc hd trg thém thanh ghi so sdinh PR2 va hai bd chia
tan s6 postscaler prescaler gidp ta linh dong hon trong viéc tao ra khodng thdi gian delay
thich hop cho ng dung. Thanh ghi diéu khién Timer2 Ia thanh ghi T2CON. Chudng trinh trén
khong c6 gi m&i, n6 chi gitp ta 6n lai mot sd dic diém clia Timer2 va cich khdi tao né.



Ung dung 4.8: Ung dung PIC16F877A va cdc LED 7 doan d€ 1am ddng hd.

Vi hai vi du trén ta c6 thé nim bit dudc cdc khdi niém co ban vé tic dung dinh thdi
diing Timer, vd mot trong nhitng tng dung phd bi€n nhi't ciia ché do dinh thdi 1a 1am ddng hod
dién tir. Ta c6 thé sit dung bi't ctt Timer nao cla vi diéu khién d€ phuc vu cho ing dung nay,
tuy nhién d€ c6 mot cach nhin tong quit hon vé cdc Timer, 1an nay ta sé& si dung Timerl.
Biy gid ta s& ti€n hanh titng budc d€ thuc hién thanh cong tng dung nay.

TruSc tién 1a van dé vé cau tric phan citng, d€ hién thi dugc gid, phit, gidy ta can
dé&n 6 LED 7 doan, cdch két ndi hoan toan tuong tu nhu cdc tng dung stt dung 2 LED & vi du
4.7, chi viéc n6i thém 4 LED 7 doan mic song song v6i hai LED truéc d6 va két ndi thém 4
“cong tic” dung BJT vio PORTB d€ diéu khién quét LED.

Ti€p theo 1a van dé vé chuong trinh vi€t cho vi diéu khi€n. C4ch “phin cong” ddi vdi
chuong trinh s& khong c6 gi thay ddi, titc 12 chuong trinh chinh s& lam nhiém vu hién thi LED
va chuong trinh ngit s& thuc hién cong viéc cAp nhit cic gid tri cAn hién thi. Tuy nhién c6
mdt s& vin dé phat sinh nhu sau:

Thit nhat, 1Am sao tao ra thdi gian dinh thdi 1 gidy?? Timer ta sit dung la
Timer1 16 bit v6i bd chia tan s prescaler ¢ cdc ti s6 chia 1a 1:1, 1:2, 1:4, 1:8 va dugc diéu
khién bdi thanh ghi TICON (xem lai Timerl dé€ bi€t thém chi ti€t). Gid tri d€m t&i da cda
Timerl s& 1a 65534, trong khi n€u ta sit dung oscillator 4 MHz (mdi xung 1énh c6 thdi gian 1
uS) thi Timerl cin phdi d€m dé&n gia tri 1 000 000, va néu ta ¢6 huy dong t6i da khd niing
chia tan sd cla prescaler (1:8 ) thi gid tri d€m ciing phai dat d&€n 1 000 000/8 = 125 000 (vin
con 16n hon ra't nhiéu so vé6i gid tri d€m tdi da cta Timerl. Mot gidi phdp cho van dé nay la
diing thém mot thanh ghi d&€m phu( thanh ghi count). Cu thé nhu sau: ta cho Timerl d&m tir 0
dé&n 25000, do d6 ta cAn 5 1an d€m nhu vay (5 14n ngit Timerl x3y ra) dé dat dudc gid tri
d&m 125 000. Nhu vay tru6e khi cAp nhat gid tri gidy, ta cAn ki€m tra xem bi€n phu count da
bing 5 hay chua, n€u bing rdi thi méi ting gid tri gidy va reset lai bi€n count.

Thit hai, 1am sao cAp nhat gid tri gig??? Céc gid tri phit va gidy ting tir 0 dé€n
60 nén thuit toan ding dé cAp nhat la tuong ddi don gidn (twong tu nhu thuit todn & ¥ng dung
4.7, chi ¢6 diéu ta khong so sdnh hang chuc véi 10 ma so sdnh vé6i 6), con gid tri gid chi ting
tir 0 d&€n 24. Gidi thuat dé ra 13 ta khong cip nhit tirng hang don vi va hang chuc cla gi4 tri
gid nhu ddi voi phiit va gidy, thay vao d6 gid tri gid sé dugc cap nhat vao mot thanh ghi, sau
d6 dung thuit todn tdch hang chuc va hang don vi cia gio nhu & tng dung 4.6 (chuong trinh
4.3.2) d€ hién thi c4c gid tri thanh ghi chita gid tri gi ra LED 7 doan.

Pén diy ta di c6 thé viét chuong trinh cho tng dung theo cdc gidi thuat dé ra & trén.
Chuong trinh cu thé s& dudc vi€t nhu sau:



; Chuong trinh 4.5.3
; Chuong trinh tng dung PIC16F877A va LED 7 doan dé 1am déng ho dién ti
; Timer st dung: Timerl

processor 16£877a

include <pl16f877a.inc>

__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF

countl EQU 0x20 ; Cac thanh ghi dung cho

counta EQU 0x21 ; chuong trinh con delay_1ms
countb EQU 0x22

hang_don_vi_giay EQU 0x23 ; Cac thanh ghi chira cdc gia tri
hang_chuc_giay EQU 0x24 ; gid, phiit, gidy can hién thi
hang_don_vi_phut EQU 0x25

hang_chuc_phut EQU 0x26

gio EQU 0x27

hang_don_vi_gio EQU 0x28

hang_chuc_gio EQU 0x29

count EQU 0x30 ; Cac thanh ghi phu

display_reg EQU 0x31

XX EQU 0x32

xx1 EQU 0x33

W_save EQU 0x34 ; Céc thanh ghi dung d€ lvu lai gid
PCLATH_save EQU 0x35 ; tri cdc thanh ghi quan trong khi
STATUS_save EQU 0x36 ; thyc thi chudng trinh ngét
FSR_save EQU 0x37

ORG 0x0004

GOTO ISR



BTFSS
GOTO
BCF

INCF
MOVLW
XORWF
BTFSS
GOTO
CLRF

W_save
STATUS,W
STATUS
STATUS_save
PCLATH,W
PCLATH_save
PCLATH
FSR,W
FSR_save

PIR1,TMRI1IF
exit_int
T1CON,TMR10ON

TICON,TMRION
PIR1,TMRI1IF

count

d's'

count,0
STATUS,Z
exit_int
count

; ki€m tra cd ngit cia Timerl

; tam thdi tit Timerl d€ khdi tao lai

; Khéi tao lai cdc gid tri chita trong thanh
; ghi TMRH va TMRL

; Pua vao cdc thanh ghi d&€m ctia Timerl
; gid tri 25000 (25000 -> 61A8h)

; Bat Timerl

; X6a cd ngit dé ti€p tuc nhan biét thdi di€m ti&p
; theo ngdt xdy ra

; bi€n d€m phu

; 0 sdnh count v&i gia tri 5

; n€u chua bing 5, thodt khoi ngdt
; n€u da bing 5, reset lai bi€n count



INCF hang_don_vi_giay,1 ;ting hang don vi clia bién gidy

MOVLW 0x0A ; so sanh véi 10

XORWF hang_don_vi_giay,0 ; cAp nhiat hang chuc cia gid tri gidy
BTFSS STATUS,Z

GOTO exit_int

CLRF hang_don_vi_giay

INCF hang_chuc_giay,1

MOVLW 0x06 ; 0 sdnh gid tri hang chuc gidy v4i 6
XORWF hang_chuc_giay,0

BTFSS STATUS,Z

GOTO exit_int

CLRF hang_chuc_giay ; cap nhat gia tri phut

INCF hang_don_vi_phut,1

MOVLW 0x0A ; so sanh hang don vi cta gia tri phdt véi 10
XORWF hang_don_vi_phut,0

BTFESS STATUS,Z

GOTO exit_int

CLRF hang_don_vi_phut

INCF hang_chuc_phut,1

MOVLW 0x06 ; so sdnh hang chuc cta gia tri phit v6i 6
XORWF hang_chuc_phut,0

BTFESS STATUS,Z

GOTO exit_int

CLRF hang_chuc_phut

INCF gio,1 ; cap nhat gia tri gid

MOVLW 0x18
XORWF gio0,0

BTFSS STATUS,Z
GOTO exit_int
CLRF gio

GOTO exit_int

exit_int
MOVF FSR_save,W
MOVWF FSR
MOVF PCLATH_save,W

MOVWF PCLATH



SWAPF STATUS_save,W
MOVWF STATUS

SWAPF W_save,1
SWAPF W _save,0

RETFIE

ORG 0x0000
GOTO start
ORG 0x050

BCF STATUS,RP1
BSF STATUS,RPO

MOVLW 0x00 ; PORTD <-output

MOVWF  TRISD

MOVLW  b'11000000' : PORTB <5:0> <- output

MOVWF  TRISB : Ta cin 6 pin § PORTB d€ diéu khién quét LED
BCF STATUS,RPO

CLRF PORTD

MOVLW  b'00111111' ; Tat tit cd cdc LED

MOVWF PORTB

CLRF TICON

CLRF INTCON

CLRF TMRI1H

CLRF TMRIL

BSF STATUS,RPO ; Chon BANK1

CLRF PIE1

BSF PIE1,TMRIIE ; Cho phép ngit Timerl

BCF STATUS,RPO ; Chon BANKO

CLRF PIR1 ; X6a tat cd cdc cd ngit

MOVLW 0X30 ; prescaler 1:8, xung d€m 1a xung 1énh, tam thdi

MOVWF T1CON : tit Timerl



MOVLW
MOVWF
MOVLW
MOVWF

BSF
BSF
BSF
BSF

0x61
TMRI1H
0OxA8
TMRIL

TICON,TMRION
INTCON,TMRIIE
INTCON,PEIE
INTCON,GIE

gio
hang_chuc_gio
hang_don_vi_gio
hang_don_vi_phut
hang_chuc_phut
hang_chuc_giay
hang_don_vi_giay
count

; Khdi tao cac gia tri trong thanh ghi TMR1H
; va TMRIL (TMRIH:TMRI1L = 25000)

; Bat Timerl

; Cho phép ngit Timerl

; Cho phép ngdt ngoai vi

; Cho phép toan bd cic ngit

hien_thi

CALL
MOVF
CALL
MOVWF
MOVLW
MOVWF
CALL
MOVF
CALL
MOVWF
MOVLW
MOVWF
CALL

hien_thi
main

chuyen_ma_gio
hang_chuc_gio,0
table

PORTD
b'11011111"
PORTB
delay_1lms
hang_don_vi_gio,0
table

PORTD
b'11101111"
PORTB
delay_1lms

; goi chudng trinh con chuyen_ma_gio
; Hién thi gi4 tri gid ra LED



table

MOVF
CALL
MOVWF
MOVLW
MOVWF
CALL
MOVF
CALL
MOVWF
MOVLW
MOVWF
CALL

MOVF
CALL
MOVWF
MOVLW
MOVWF
CALL
MOVF
CALL
MOVWF
MOVLW
MOVWF
CALL
RETURN

ADDWF
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW

delay_Ims

MOVLW

hang_chuc_phut,0
table

PORTD
b'11110111"
PORTB
delay_lms
hang_don_vi_phut,0
table

PORTD
b'11111011"
PORTB
delay_Ims

hang_chuc_giay,0
table

PORTD
b'11111101"
PORTB
delay_Ims
hang_don_vi_giay,0
table

PORTD
b'11111110'
PORTB
delay_Ims

PCL,1
0xCO
0xF9
0xA4
0xBO
0x99
0x92
0x82
0xF8
0x80
0x90

dl

; Hién thi gi4 tri phit ra LED

; Hién thi gi4 tri gidy ra LED

; Bang dif liéu dung dé€ chuyén d6i
; tr ma thap phan sang ma LED 7 doan

; Chuong trinh con tao thdi gian delay 1ms



d2

MOVWF
MOVLW
MOVWF
MOVLW
MOVWF

delay_1

DECFSZ
GOTO
DECFSZ
GOTO
DECFSZ
GOTO
RETURN

chuyen_ma_gio

MOVF
MOVWF
ANDLW
MOVWF
MOVLW
ANDWF
MOVWF
SWAPF
MOVF
CALL
MOVWF
BTFSC
INCF
MOVF
CALL
MOVWF
RETURN

chuyen_ma

MOVWF
MOVLW
XORWF
BTFSC
GOTO

MOVLW

countl
0xC7
counta
0x01
countb

counta,l
$+2
countb, 1
delay_1
countl,1
d2

g10,0

display_reg

0xOF
hang_don_vi_gio
0xFO
display_reg,0
hang_chuc_gio
hang_chuc_gio, 1
hang_don_vi_gio,0
chuyen_ma
hang_don_vi_gio
xx1,0
hang_chuc_gio,1
hang_chuc_gio,0
chuyen_ma
hang_chuc_gio

XX
0x00

xx,0
STATUS,Z
nho_hon_10

0x01

: chuong trinh con diing d€ tich rdi gia tri hang
; chuc va hang don vi cia thanh ghi chua gia tri
; gid v chuyén sang mi thip phin

; K&t qua chuyén d6i dudc luu trong thanh ghi

; hang_don_vi_gio va hang_phut_gio

; chuong trinh con chuyén tir ma HEX sang
; ma thap phan



XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF

xx,0
STATUS,Z
nho_hon_10

0x02

xx,0
STATUS,Z
nho_hon_10

0x03

xx,0
STATUS,Z
nho_hon_10

0x04

xx,0
STATUS,Z
nho_hon_10

0x05

xx,0
STATUS,Z
nho_hon_10

0x06

xx,0
STATUS,Z
nho_hon_10

0x07

xx,0
STATUS,Z
nho_hon_10

0x08

xx,0
STATUS,Z
nho_hon_10

0x09
xx,0



BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

MOVLW
XORWF
BTFSC
GOTO

nho_hon_10

MOVLW
MOVWF
MOVF

RETURN

bang_10

MOVLW
MOVWF

STATUS,Z
nho_hon_10

0x0A

xx,0
STATUS,Z
bang_10

0x0B

xx,0
STATUS,Z
bang_11

0x0C

xx,0
STATUS,Z
bang_12

0x0D

xx,0
STATUS,Z
bang_13

0xOE

xx,0
STATUS,Z
bang_14

0xOF

xx,0
STATUS,Z
bang_15

0x00
xx1
xx,0

0x01
xx1



RETLW

bang_11
MOVLW
MOVWF
RETLW

bang_12
MOVLW
MOVWF
RETLW

bang_13
MOVLW
MOVWF
RETLW

bang_14
MOVLW
MOVWF
RETLW

bang_15
MOVLW
MOVWF
RETLW
END

0x00

0x01
xx1
0x01

0x01
xx1
0x02

0x01
xx1
0x03

0x01
xx1
0x04

0x01
xx1
0x05

; K&t thiic chudng trinh

Thuc ra ta ¢6 nhiéu phuong phap khic d€ tao thdi gian dinh thdi 1s biing cich st dung
cdc dic tinh cia Timerl, ching han ta c¢6 thé st dung oscillator ngoai vi khac cho Timerl ma
khong can ding chung véi oscillator ciia vi diéu khién. Ta ciing c6 thé sit dung cdc Timer
khdc cho ng dung nay va tily theo dic diém ciu tao clia titng Timer ta c6 thé xdc dinh dudc
céc gia tri thich hgp dé tao thdi gian dinh thdi 1s.

Tuy nhién di s& dung phuong phap nao di nita ta ciing khong thé tao ra ddng hd dién
tlt ¢6 dd chinh xdc tuyét doi khi sdi dung vi diéu khién do thdi gian thyc thi 1énh cda vi diéu
khién sau mdi thdi gian dinh thdi khdng thé dugc xdc dinh mot cdch chinh xdc. Tuy nhién
day ciing 12 &ng dung hoan chinh nhit vd mang tinh thuc tién nhiéu nhat so vdi cdc tng dung

trudec.






PHU LUC 1 SG PO KHOI CAC PORT CUA VI PIEU KHIEN PIC16F877A

P1.1 PORTA
Sd d6 khoi RA3:RAO Sd do6 khoi RA4.
Data Data Latch CMCOM=20= =201 0r 011
Bus . - C10UT |> J
oo |
_ - — ata Bus
e e e T 5% 1
I 7 . . , 10 pinl ™)
TRIS Latc WR PORTA s [
RIS Latch J :I::‘ . —E CELG
[ -
J 2 / TRIS Latch Vss
il'qu".ﬁ, D Q
= N ) Ves
L bt e .
Analo WR TRISA Schmitt
I"r|l:-ut ¢ = ckL-Q Trigger Y;
Mode Imput

Buffer
RISA TTL RD TRISA
Input
| Buifer -1 Q D

EN
EN RD PORTA Mo T

TMRO Clock Input

2
o

RO PORTA [F

To A/D Conwverter or Comparator

Mote 1: /0 pin has protection diodes 1o Vas only.

Mote 1: 11D pins have protection diodes to Voo and Vas.

S d6 khdi RAS

CMCOMN=20==0110r101

C20UT Lr:f,
Data Latch
Crata Bus O a el
Y
LA — P
WR PORTA LG . ) ,f«H E]
TRIS Laich _| T /o pintl)
p— D Q i Analog
17 Mode
L] = _
WRTRISA | CEA_T s —
It
.~ Buffer

=l )
RD TRISA [~

| o D

]
EM

RD PORTA I|>'
AID Converter or S5 nput

Mote 1: VO pin has protection dicdes to WVoo and Ws:

(5]
v



P1.2 PORTB
Sd d6 khdi RB3:RB0O

Voo
REPU™! T ek
— AR,
Data Latch
Diata Bus 5 - [
WR Port CK—L il n'
TRIS Latch
D Q
TTL
; nput
L CK Ty Bifer
l L
RO TRIS
@ D
RO Part '
REaPow
<
Schmilt Trigger RD Port
Buffer

Note 1: /0 pins have dicds protection to Voo and Was

2: To enable weak pull-ups, set the appropriate TRIE
bit{s5) and chear the REPU bit (OPTION_REG<7=)

P1.3 PORTC
Sd dd khoi RC7:RC5 va RC2:RCO

PoriPeripheral Select®

Peripheral Data Out \L
Data Bus

D Q

WR Port CR_Q

Sd @6 khoi RB7:RB4

Voo
REFU™ ‘Weak
Data Bus E;ia La;-}:h
110 pin!
WR Port —
e CE™y
TRIS Latch
D Q
WRTRIS [ e L ——
E Input N/ ‘{
Buffer STV
J -~ ] " Buffer
RO TRIS
Latch
1 S =
RD Port
_ E a1
Set RBIF e
e
- 5, —
o P
AT| —a o
From cther RD Port
RET:RB4 pins EN _f:l:
LN 23
RET-RBE

n Serial Programming Mode

Note 1: 02 pins have diede protection to Voo and Ves.

2: To enable weak pull-ups. set the appropriate TRIS
bi(s) and chear the RBPU bit (OPTION_REG=7=)

Sd dd khoi RC4:RC3

Port/Peripheral Select!®

Peripheral Data Out

I\

- oo
Data Bus o a rl :;)_} =
WR Part e - }_L

Oata Latch

s
—D Qo pin'"

WR TRIS L
oo |~

TRIE Laich | —

Data Latch
o Q
WR TRIS y
CE
S| __,.'_| M
TRIS Latch
[ e Vaz
RD TRIS = Schmit '”‘1
Trigger ;
Periphera
OER d Q@ oD ———
EN
RD Port —l

Niem
—0 Jl e
w—l h Schmitt %_
Trigger 5
Peripheral
i3y

2= a = Schmitt

Trigger
EM w;"lﬂ"E

SMBus

RD Fort L ™ —l Levels

55F Input L

W L-F"’fﬂ

Peripheral Input

Note 1: 1D pins have diode protection to Voo and Was
2: Port/Peripheral Select signa’ selects beiween por
data and periphera’ cutput
3: Peripheral OE (Output Enable) is on'y actvated if
Peripheral Select is active.

CKE
SSPSTAT=G>

Hote 1: /D pins have dicde protection to Voo and Ves
2: Port/Peripheral Select signal se’ects between port data
and peripheral output.
3: Peripheral ZE (Output Enable) is on'y activated if
Peripheral Sslect is active.



P1.4 PORTD P1.5 PORTE

So @b khoi RD7:RDO So dd khoi RE2:REO
Data Data Latch
Diata Data Latch Bus o o
Bus O oy .,A:“"‘-
2 WR o pint™
Port CI{_'q_
TRIS Latch
TRIS Latch «— D a
— D Q WR
WR TRIS — Sehmi
- K chmitt
Trigger “ca‘ nput A
Inpt Buffer
Buffer RO <
R0 | TRIS ] N
TRIS |
d ] D
a o

EN
RD Port [ [wa - —I il i ) >C —I

Mote 1: /D pins have pretection diodes o Voo and Ves. Maote 1: 1D pins have protection dicdes to Voo and Vasz



PHU LUC 2 THANH GHI SFR (SPECIAL FUNCTION REGISTER)

P2.1 Thanh ghi TMRO: dia chi 01h, 101h.
Thanh ghi 8 bit chita gid tri cia bo dinh thdi TimerO.

P2.2 Thanh ghi PCL: dia chi 02h, 82h, 102h, 182h.
Thanh ghi chita 8 bit thdp clia bd d€m chuong trinh (PC).

P2.3 Thanh ghi STATUS: dia chi 03h, 83h, 103h, 183h
RAW-0 RAW-0 RAV-0 F-1 R-1 RAN-x RAW-x RA-x
| me | ret | rro | @ | @ | z | bc | ¢ |
hit 7 kit 0
Bit 7: IRP  bit chon bank by nhg dit liéu cAn truy xuat (dung cho dia chi gidn tiép).
IRP = 0: bank 2,3 (tir 100h dé&n 1FFh)
IRP = 1: bank 0,1 (tir 00h d&n FFh)
Bit 6,5:RP1:RP0 hai bit chon bank bd nhé dit liéu can truy xuat (diing cho dia chi truc

ti€p)
RP1:RP0O Bank
0o 0
o1 1
10 2
11 3

Bit4: TO:  bit chi thi trang thdi cia WDT(Watch Dog Timer)
To=1 khi vi diéu khién vira dudc cidp ngudn, hoic sau khi 1énh
CLRWDT hay SLEEP dudgc thuc thi.
T0=0 khi WDT bi tran
Bit3: PD  bit chi thi trang thdi ngudn
PD = | khi vi diéu khién dugc cAp ngudn hodc sau lénh CLRWDT
PD = () sau khi 1énh SLEEP dugc thuc thi
Bit2: Z bit Zero
Z =1 khi k€t qud cia phép todn hay logic bing 0
Z = 0 khi k&t qua cta phép todn hay logic khic 0
Bit 1: DC Digit carry/Borrow
DC = 1 khi két qud phép todn tdc dong 1én 4 bit thip cé nhé.
DC = 0 khi k&t qua phép todn tdc dong l1én 4 bit thap khdng cé nhd.
Bit0 C Carry/borrow
C =1 khi k&t qua phép todn tdc dong 1&én bit MSB c6 nhd.
C=0 khi k&t quéa phép téan tac dong I&én bit MSB khong c6 nhd.
P2.4 Thanh ghi SFR: dia chi 04h.
Thanh ghi chita con trd dia chi gidn ti€p cta bo nhd dit liéu.



P2.5 Thanh ghi PORTA: dia chi 05h.
Thanh ghi chifa gid tri nhan vdo hay xuitra PORTA.

P2.6 Thanh ghi PORTB: dia chi 06h, 106h.
Thanh ghi chita gid tri nhdn vao hay xud't ra PORTB.

P2.7 Thanh ghi PORTC: dia chi 07h.
Thanh ghi chita gid tri nhan vao hay xuidt ra PORTC

P2.8 Thanh ghi PORTD: dia chi O8h.
Thanh ghi chifa gid tri nhan vao hay xuitra PORTD.

P2.9 Thanh ghi PORTE: dia chi 09h.
Thanh ghi chita gid tri nhan vao hay xuit ra PORTE.

P2.10 Thanh ghi PCLATCH: dia chi 0Ah, 8 Ah, 10Ah, 18 Ah.
Thanh ghi déng vai tro 1a buffer dém trong qud trinh ghi gid tri Ién 5 bit cao ctia bd
d&€m chuong trinh PC.

P2.11 Thanh ghi INTCON: dia chi OBh, 8Bh, 10Bh, 18Bh.
Thanh ghi chita cdc bit diéu khi€n va cdc bit ¢ hiéu khi timer0 bi tran, ngit ngoai vi
RBO/INT va ngit interrput-on-change tai cdc chan cia PORTB.

R/W-0 RAw-0 RAw-0 RAw-0 Rrw-0 RAn-0 RAv-0 Ri-x
| GIE | PEE | TMROIE | INTE | RBIE | TMROIF | INTF | RB8IF
hit 7 kit O
Bit7 GIE Global Interrupt Enable bit
GIE = 1 cho phép tit cd cdc ngit.
GIE = 0 khong cho phép tit cd cdc ngit.
Bit6 PEIE Pheripheral Interrupt Enable bit
PEIE = 1 cho phép tat cd cdc ngit ngoai vi
PEIE = 0 khdng cho phép tit cd cdc ngit ngoai vi
Bit5 TMROIE TimerO Overflow Interrupt Enable bit
TMROIE = 1 cho phép ngit Timer0
TMROIE = 0 khong cho phép ngit Timer0
Bit4 RBIE RBO/INT External Interrupt Enable bit
RBIE = 1 cho phép ngdt ngoai vi RBO/INT
RBIE = 0 khong cho phép ngdt ngoai vi RBO/INT
Bit3 RBIE RB Port change Interrupt Enable bit
RBIE = 1 cho phép ngdt RB Port change
RBIE = 0 khong cho phép ngdt RB Port change




Bit2 TMROIF TimerO Interrupt Flag bit
TMROIF = 1 thanh ghi TMRO bi tran (phdi x6a bing chudng
trinh) .
TMROIF = 0 thanh ghi TMRO chua bi tran.
Bit1 INTF BRO/INT External Interrupt Flag bit
INTF = 1 ngit RBO/INT x4y ra (phédi x6a cd hiéu bing chuong
trinh).
INTF = 0 ngdt RBO/INT chua x4y ra.
Bit0 RBIF RB Port Change Interrupt Flag bit
RBIF = 1 it nhit c6 mot chin RB7:RB4 c6 sy thay ddi trang
th4i.Bit ndy phdi dudc x6a bing chuong trinh sau khi dd kiém tra lai
cdc gid tri ctia cdc chan tai PORTB.
RBIF = 0 khong c6 sy thay d6i trang thdi cac chain RB7:RB4.

P2.12 Thanh ghi PIR1: dia chi 0Ch
Thanh ghi chita c& ngit clia cdc khdi ngoai vi.

RIW-D RAW-D R-0 R-D RW-D  RW-0  RW-D  RW-D
| psPiF | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMRIIF |
bit 7 bit 0

Bit 7 PSPIF Parallel Slave Port Read/Write Interrupt Flag bit

PSPIF = 1 vira hoan tat thao tdc doc hodc ghi PSP (phdi x6a bing
chuong trinh).
PSPIF = 0 khong c¢6 thao tédc doc ghi PSP nao dién ra.
Bit6 ADIF ADC Interrupt Flag bit
ADIF = 1 hoan tit chuyén d6i ADC.
ADIF = 0 chua hoan tdt chuyén ddi ADC.
Bit5 RCIF USART Receive Interrupt Flag bit
RCIF = 1 buffer nhian qua chuin giao ti€p USART di day.
RCIF = 0 buffer nhdn qua chuin giao ti€p USART rdng.
Bit4 TXIF USART Transmit Interrupt Flag bit
TXIF = 1 buffer truyén qua chuén giao ti€p USART rdng.
TXIF = 0 buffer truyén qua chuén giao ti€p USART day.
Bit3 SSPIF Synchronous Serial Port (SSP) Interrupt Flag bit
SSPIF = 1 ngit truyén nhan SSP xay ra.
SSPIF = 0 ngit truyén nhan SSP chua xay ra.
Bit2 CCPI1IF CCP1 Interrupt Flag bit
Khi CCP1 & ch& dod Capture
CCPI1IF=1 da cap nhat gia tri trong thanh ghi TMRI.
CCP1IF=0 chua cap nhat gia tri trong thanh ghi TMRI1.
Khi CCP1 & ché& d6 Compare



CCP1IF=1 gi4 tri cAn so sdnh biing vdi gi4 tri chita trong TMRI1
CCP1IF=0 gi4 tri cAn so sdnh khong bing v6i gid tri trong TMRI.
Bit1 TMR2IF TMR2 to PR2 Match Interrupt Flag bit
TRM2IF = 1 gid tri chita trong thanh ghi TMR2 bing véi gid tri chita
trong thanh ghi PR2.
TRM2IF = 0 gid tri chta trong thanh ghi TMR2 chua bing vé6i gia tri
chtra trong thanh ghi PR2.
Bit0 TMRIIF TMRI1 Overflow Interrupt Flag bit
TMRIIF = 1 thanh ghi TMR1 bi tran (phai x6a bang chuong trinh).
TMRIIF = 0 thanh ghi TMR1 chua bi tran.

P2.13 Thanh ghi PIR2: dia chi 0Dh

U-0 RAW-0 u-0 RAW-0 RAW-0 U-0 u-o RAW-0
| — | eme | — | eeF | BouF | — | — |ccPaF
hit 7 hit 0
Bit 7, 5, 2, 1: khong quan tdim va mic dinh mang gid tri O.
Bit6 CMIF Comparator Interrupt Flag bit

CMIF = 1 tin hiéu ngd vao bd so sanh thay ddi.
CMIF = 0 tin hiéu ngd vao bd so sdnh khong thay d6i.
Bit4 EEIF EEPROM Write Operation Interrupt Flag bit
EEIF = 1 qud trinh ghi dit liéu 1én EEPROM hoan tat.
EEIF = 0 qu4 trinh ghi dit liéu 1én EEPROM chua hoan tit hodc chua
bdt dau.
Bit3 BCLIF Bus Collision Interrupt Flag bit
BCLIF = 1 Bus truyén nhian dang bin khi (dang c6 dit liéu truyén di
trong bus) khi SSP hat dong & ché€ do 12C Master mode.
BCLIF = 0 Bus truyén nhan chua bi tran (khong cé dit liéu truyén di
trong bus).
Bit0 CCP2IF CCP2 Interrupt Flag bit
O ch€ @ Capture
CCP2IF =1 da cap nhat gié tri trong thanh ghi TMRI1.
CCP2IF =0 chua cap nhat gia tri trong thanh ghi TMRI.
O ch€ d6 Compare
CCP2IF = 1 gi4 tri cAn so sdnh bing v&i gid tri chita trong TMRI.
CCP2IF = 0 gi4 tri can so sdnh chua bing véi gid tri chita trong TMR1.

P2.14 Thanh ghi TMRI1L: dia chi OEh
Thanh ghi chita 8 bit thap clia bo dinh thdi TMRI1.

P2.15 Thanh ghi TMR1H: dia chi OFh
Thanh ghi chita 8 bit cao ctia b6 dinh thdi TMR2.



P2.16 Thanh ghi T1ICON: dia chi 10h
Thanh ghi diéu khién Timerl.

U-0 U-0 RAN-0 RAW-0 RAW-0 RAW-0 RAN-0 RAW-0
| — | — |rickest|Tickeso| T10SCEN |TISYNC | TMR1CS | TMR1ON |
hit 7 hit 0
Bit 7,6 Khong quan tAim va mang gid tri mic dinh bing 0.
Bit5.4 T1CKPS1:T1CKPSO Timer1 Input Clock Prescaler Select bit
11 ti sd chia tin s6 clia prescaler 13 1:8
10 ti s6 chia tan s6 cla prescaler 1a 1:4
01 tis6 chia tan s§ clia prescaler 1a 1:2
00 ti sd chia tan sO clia prescaler 13 1:1
Bit3 TIOSCEN Timerl Oscillator Enable Control bit
T10OSCEN = 1 cho phép Timerl hoat dong véi xung do oscillator cung cAp.
T10OSCEN = 0 khong cho phép Timerl hoat dong véi xung do oscillator cung
cAp (tit bd chuyén d6i xung bén trong Timer1).
Bit2 T1SYNC Timerl ternal Clock Input Synchronization Control bit
Khi TMRICS = 1:
T1SYNC = 1 khdng ddng bd xung clock ngoai vi dua vao Timerl.
T1SYNC = 0 ddng bd xung clock ngoai vi dua vao Timerl.
Khi TMRICS =0
Bit T1SYNC khong dugc quan tim do Timerl st dung xung clock bén
trong.
Bit 1 TMRICS Timerl Clock Source Select bit
TMRICS = 1 chon xung dé€m la xung ngoai vi 1dy tir pin RCO/T10SC/T1CKI
(canh tdc dong la canh 1€n).
TMRICS = 0 chon xung d&€m Ia xung clock bén trong (Fosc/4).
Bit0 TMRION Timerl On bit

TMRI1ON = 1 cho phép Timerl hoat dong.
TMRION = 0 Timerl ngung hoat dong.

P2.17 Thanh ghi TMR2: dia chi 11h
Thanh ghi chita gid tri b d€m Timer2.

P2.18 Thanh ghi T2CON: dia chi 12h
Thanh ghi diéu khién Timer2.

UD RW-0 RWO RWD RW0 RWO RWD  RWI
| — [Toutps3|TouTtes2|TOUTPS1| TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO |
bit 7 bit 0
Bit7 Khong quan tim va mdc dinh mang gia tri 0
Bit 6-3 TOUTPS3:TOUTPSO Timer2 Output Postscaler Select bit

Céc bit ndy diéu khi€n viéc lya chon ti s& chia tan s6 cho postscaler.



Bit 2

0000 tisd 1:1
0001 tiso 1:2
0010 tiso 1:3

1111 tis61:16
TMR2ON Timer2 On bit
TMR2ON =1 bat Timer2.
TMR2ON = 0 tit Timer2.

Bit 1,0 T2CKPS1:T2CKPSO0 Timer2 Clock Prescaler Select bit

Cic bit nay diéu khién i s6 chi tan sd clia prescaler
00 tfs6 1:1

01 ti s0 1:4

1x tis6 1:16

P2.19 Thanh ghi SSPBUF: dia chi 13h
Thanh ghi dém dit liéu 8 bit cho chuin giao ti€p MSSP.

P2.20 Thanh ghi SSPCON: dia chi 14h
Thanh ghi diéu khién chuin giao ti€p MSSP.

RAW-0

RM-0 RAW-0 R0 RAN-0 RANV-0 Rw-0 RW-0

| wcoL | sspov | ssPEN | ckp | ssPm3 | ssPm2 | ssPM1 | ssPMO

bit 7

bit 0

Khi MSSP & ché do SPI:

Bit 7

Bit 6

Bit 5

Bit4

WCOL Write Collition Detect bit

WCOL = 1 dit liéu mé6i dudc dua vao thanh ghi SSPBUF trong khi chura truyén
xong dir li¢u trude do.

WCOL = 0 khdng c¢6 hién tugng trén xay ra.

SSPOV Receive Overflow Indicalor bit (bit ndy chi ¢6 tic dung & ch&é do SPI
Slave mode).

SSPOV =1 dir li€u trong bufer dém (thanh ghi SSPBUF) b1 tran (dt liéu ct
chua dudc doc thi c6 dif lieu mdi gi de 1én).

SSPOV = 0 khong c6 hién tugng trén xay ra.

SSPEN Synchronous Serial Port Enable bit

SSPEN = 1 cho phép cdng giao ti€p MSSP (cic pin SCK, SDO, SDI va 3%).
SSPEN = 0 khong cho phép cng giao ti€p MSSP.

CKP Clock Polarity Select bit

CKP = 1 trang thdi chd ctia xung clock 1a mic logic cao.

CKP = 0 trang thdi chd clia xung clock 1a mic logic thap.

Bit 3-0 SSPM3:SSPMO Synchronous Serial Mode Select bit

C4c bit nay déng vai trd lya chon cdc ché€ do hoat dong ctia MSSP.



0101 Slave mode, xung clock 14y tir pin SCK, khong cho phép pin diéu khién
33 (S8 la pin I/O binh thudng).

0100 SPI Slave mode, xung clock 14y tir pin SCK, cho phép pin diéu khié€nSs.
0011 SPI Master mode, xung clock bing (ngd ra TMR2)/2.

0010 SPI Master mode, xung clock bang (Fosc/64).

0001 SPI Master mode, xung clock bing (Fosc/16).

0000 SPI Master mode, xung clock bang (Fosc/4).

Céc trang thdi khong dugc liét ké hodc khong c6 tic dung diéu khién hoic chi
c6 tac dung doi vdi ch€ dd 12C mode.

Khi MSSP & ché do 12C

Bit 7

Bit 6

Bit 5

Bit4

WCOL Write Collition Detect bit

Khi truyén dit licu & ch& do 12C Master mode:

WCOL = 1 dua dit liéu truyén di vao thanh ghi SSPBUF trong khi ch& do
truyén dit liéu ctia I12C chua sin sang.

WCOL = 0 khéng xdy ra hién tugng trén.

khi truyén dit liéu & ché€ d6 12C Slave mode:

WCOL =1 dit li€u mdi dugc dua vao thanh ghi SSPBUF trong khi dir liéu cii
chua dudc truyén di.

WCOL = 0 khdng c¢6 hién tugng trén xay ra.

O ché d6 nhin dir li€u (Master hodc Slave):

Bit nay khong c6 tdc dung chi thi cac trang thai.

SSPOV Receive Overflow Indicator Flag bit.

Khi nhin dir li€u:

SSPOV =1 dit li€u mdi dugc nhan vao thanh ghi SSPBUF trong khi dit liéu cii
chua dudgc doc.

SSPOV = 0 khong c6 hién tugng trén xay ra.

Khi truyén dit liéu:

Bit nay khong c6 tic dung chi thi cdc trang thai.

SSPEN Synchronous Serial Port Enable bit

SSPEN = 1 cho phép cdng giao ti€p MSSP (cic pin SDA va SCL).

SSPEN = 0 khong cho phép cdng giao ti€p MSSP.

Can chd y 14 cdc pin SDA va SCL phdi dugc diéu khién trang thdi bing cdc bit
tuong tng trong thanh ghi TRISC trudc do).

CKP SCK Release Control bit

& ché do Slave mode:

CKP = 1 cho xung clock tdc dong.

CKP = 0 giit xung clock & mtc logic thip (d€ bdo ddm thdi gian thi&t 1ap dif
ligu).

Bit 3,0 SSPM3:SSPMO

Céc bit ndy déng vai trd lua chon cdc ché€ do hoat dong ctia MSSP.



1111 12C Slave mode 10 bit dia chi va cho phép ngit khi phat hién bit Start va
bit Stop.
1110 12C Slave mode 7 bit dia chi va cho phép ngit khi ph4t hién bit Start va
bit Stop.
1011 I2C Firmwave Controlled Master mode (khdng cho phép ché& do Slave).
1000 I2C Master mode, xung clock = Fosc/(4*(SSPADD+1)).
0111 I2C Slave mode 10 bit dia chi.
Céc trang thdi khong dudc liét ké hoic khong c6 tic dung diéu khi€n hoic chi c6 tic
dung ddi véi ch€ do SPI mode.

P2.21 Thanh ghi CCPRI1L: dia chi 15h
Thanh ghi chita 8 bit thap clia khdi CCP1.

P2.22 Thanh ghi CCPR1H: dia chi 16h
Thanh ghi chita 8 bit cao ctia kh&i CCP1.

P2.23 Thanh ghi CCP1CON va thanh ghi CCP2CON: dia chi 17h (CCP1CON) va 1Dh

(SSP2CON)
Thanh ghi diéu khi€n khai CCP1.
U-0 u-0 RW-0 RAW-0 RW-0 RW-0 RW-0 RMW-D
| — | — | ccPxx | cecexy | ccPxm3 | ccPxm2 | cCPxmit | CCPxMO |
bit 7 bit 0

Bit 7,6 Khong c6 tdc dung va mac dinh mang gia tri 0.
Bit 5,4 CCPxX:CCPxY: PWM least Significant bits (cdc bit nay khong c6 tic dung &
ch& dd Capture va Compare)

O ché& 46 PWM, day la 2 bit MSB chutra gid tri tinh do rOng xung (duty cycle)
cta khdi PWM (8 bit con lai dugc chita trong thanh ghi CCPRxL).

Bit 3-0 CCPxM3:CCPxMO0 CCPx Mode Select bit
Céc bit diing d€ x4c 1ap cac ché dd hoat dong cia khdi CCPx
0000 khong cho phép CCPx (hoic diing dé reset CCPx)
0100 CCPx hoat dong & ché ddo Capture, “hién tuong” dudc thiét 1ap 1a mdi
canh xudng tai pin diing cho kh&i CCPx.
0101 CCPx hoat dong & ch€ dd Capture, “hién tuong” dudc thiét 1ap 1a mdi
canh Ién tai pin dung cho kh&i CCPx.
0110 CCPx hoat dong & ché do Capture, “hién tugng” dudc thi€t 1ap 1a mdi
canh 1én tht 4 tai pin dung cho khdi CCPx.
0111 CCPx hoat dong & ché do Capture, “hién tugng” dudc thi€t 1ap 1a mdi
canh Ién thif 16 tai pin ding cho kh&i CCPx.
1000 CCPx hoat dong & ché do Compare, ngd ra dugc dua 1én mifc cao va bit
CCPxIF dudc set khi cdc gid tri can so sanh bing nhau.



1001 CCPx hoat dong & ch€ do Compare, ngd ra dudc xudng miic thip va bit
CCPxIF dudc set khi cdc gid tri can so sanh bing nhau.

1010 CCPx hoat dong & ch& d6 Compare, khi cdc gid tri cAn so sdnh bing
nhau, ngit x3y ra, bit CCPxIF dudc set va trang thii pin output khdng bi 4nh
hudng.

1011 CCPx hoat dong & ch& d6 Compare, khi cdc gid tri cAn so sdnh bing
nhau, xung trigger diac biét (Trigger Special Event) s€ dudc tao ra, khi d6 cG
ngit CCPxIF dudc set, cdc pin output khong thay ddi trang thai, CCpl reset
Timerl, CCP2 reset Timerl va khéi dong khdi ADC.

11xx CCPx hoat dong & ché 6 PWM.

P2.24 Thanh ghi RCSTA: dia chi 18h
Thanh ghi chifa cdc bit trang thdi va cdc bit diéu khi€n qud trinh nhan dif liéu qua
chuin giao ti€p USART.

RAW-D0 RAW-D RW-D  RMW-D  RMW-D R-0 R-0 R-x
| sPEN | RxXg | SREN | CREN | ADDEN | FERR | OERR | RX9D |
bit 7 bit 0

Bit 7 SPEN Serial Port Enable bit

Bit 6

Bit 5

Bit 4

Bit 3

SPEN = 1 Cho phép cdng giao ti€p USART (pin RC7/RX/DT va RC6/TX/CK).
SPEN = 0 khong cho phép cdng giao ti€p USART.

RX9 9-bit Receive Enable bit

RX9 =1 nhan 9 bit dir liéu.

RX9 =0 nhan 8 bit dit liu.

SREN Single Receive Enable bit

O ché& @6 USART bat dong bo: bit nay khong can quan tim.

O ch€ do USART Master ddng bd:

SREN = 1 cho phép chiic ndng nhdn 1 byte dir li€u (8 bit hodc 9 bit).

SREN = 0 khong cho phép chitc ning nhan 1 byte dit li€u.

CREN Continous Receive Enable bit

O ch€ do bat ddng bo:

CREN = 1 cho phép nhan 1 chudi dit liéu lién tuc.

CREN = 0 khong cho phép nhin 1 chudi dit liéu lién tuc.

O ch€ do bat ddng bo:

CREN =1 cho phép nhan dir li€u cho t6i khi x6a bit CREN.

CREN = 0 khong cho phép nhan chudi dif liéu.

ADDEN Address Detect Enable bit

G ché& do USART bat ddng bo 9 bit

ADDEN = 1 cho phép xac nhan dia chi, khi bit RSR<8> dugc set thi ngdt dugc
cho phép thuc thi va gid tri trong buffer dugc nhén vao.

ADDEN = 0 khéng cho phép xdc nhin diz5 chi, cdc byte dit liéu dugc nhin
vao va bit thit 9 c6 thé dudc sit dung nhu 13 bit parity.



Bit2 FERR Framing Eror bit
FERR = 1 xuit hién 18i “Framing” trong qu4 trinh truyén nhin dit liéu.
FERR = 0 khdng xui't hién 15i “Framing” trong qu4 trinh truyén nhan dit liéu.
Bit1 OERR Overrun Error bit,
OERR =1 xuat hién 16i “Overrun”
OERR = 0 khong xuat hién 16i “Overrun”
Bit0 RX9D
Bit nay chda bit dit liéu thit 9 ctia dit liéu truyén nhan.
P2.25 Thanh ghi XTREG: dia chi 19h
Thanh ghi d6ng vai trd 13 buffer dém 8 bit trong qu4 trinh truyén dif liéu thong qua
chuin giao ti€p USART.

P2.26 Thanh ghi RCREG: dia chi 1Ah
Thanh ghi déng vai trd 12 buffer dém trong qud trinh nhan dif liéu qua chuén giao ti€p
USART.
P2.27 Thanh ghi CCPR2L: dia chi 1Bh
Thanh ghi chita 8 bit thap ctia kh&i CCP2.

P2.28 Thanh ghi CCPR2H: dia chi 1Ch
Thanh ghi chita 8 bit cao ctia khoi CCP2.

P2.29 Thanh ghi ADRESH: dia chi 1Eh
Thanh ghi chifa byte cao ctia k&t qua qua trinh chuyén ddi ADC.

P2.30 Thanh ghi ADCONO: dia chi 1Fh
Pay 12 mot trong hai thanh ghi diéu khi€n khdi chuyén d6i ADC. Thanh ghi con lai 12
thanh ghi ADCONI1 (dia chi 9Fh)

RW-0  RW-0  RW-D  RW-D  RW-0 R U-0 RAW-0
| ADcs1 | apcso | cHsz | cHs1 | cHso [GoODONE| — | ADON |
bit 7 bit 0

Bit 7,6 ADCS1:ADCS0O A/D Conversion Clock Select bit

fﬁ;&%ﬂ B ADEE?EE% S0 Clock Conversion

o oo Foscl2

O 01 Fosc/a

O 10 Foscl32

O 11 Frc (clock derived from the internal AID RC oscillator)
1 oo Foscid

1 01 FosclHB

1 10 Foscibd

1 11 Frc (clock derived from the internal AID RC oscillator)




Bit 5-3 CHS2:CHSO Analog Channel Select bit

Bit 2

Bit 1
Bit0

Cic bit nay dung dé chon kénh chuyén ddi ADC
000  kénh 0 (ANO)

001  kénh 1 (AN1)

010  kénh 2 (AN2)

011  kénh 3 (AN3)

100 kénh 4 (AN4)

101  kénh 5 (ANS5)

110  kénh 6 (AN6)

111 kénh 7 (AN7)

GO/DONE  A/D Conversion Status bit

Khi ADON = 1

GO/DONE — | A/D dang hoat dong (set bit nay s& 1am khdi dong ADC va ty x6a
khi qué trinh chuyén ddi két thic).

GO/DONE — 0 A/D khong hoat dong.

Khong can quan tim va mic dinh mang gia tri 0.
ADON A/D On bit

ADON = | bat A/D

ADON =0 tit A/D

P2.31 Thanh ghi OPTION_REG: dia chi 81h, 181h
Thanh ghi nay cho phép diéu khié€n chitc ning pull-up clia cdc pin trong PORTB, xdc
1ap cdc tham s6 véxung tdc dong, canh tdc dong clia ngit ngoai vi va bd d€m TimerO.

RIW-1  RW-1  RW-1 RIW- RW-1 RW-1 RIS RIWT
| RBPU | iNTeDG | Tocs | TosE | Psa | es2 | ps1 | pPso |
bit 7 bit 0
Bit7 RBPU PORTB pull-up enable bit

Bit 6

Bit 5

Bit4

Bit 3

RBPU = 1 khong cho phép chifc ning pull-up cia PORTB

RBPU = () cho phép chifc niing pull-up cia PORTB

INTEDG Interrupt Edge Select bit

INTEDG = 1 ngit xdy ra khi canh duong chAn RBO/INT xuAt hién.
INTEDG = 0 ngit xay ra khi canh Am chan BRO/INT xu4't hién.
TOCS Timer0 Clock Source select bit

TOSC = 1 clock 14y tir chin RA4/TOCKI.

TOSC = 0 diang xung clock bén trong (xung clock nay bing véi xung clock
diing dé thyc thi 1énh).

TOSE Timer0 Source Edge Select bit

TOSE =1 tac dong canh 1én.

TOSE = 0 tdc dong canh xudng.

PSA Prescaler Assignment Select bit

PSA =1 b6 chia tan s6 (prescaler) dugc dung cho WDT



PSA =0 bd chia tin s dugc dung cho Timer0

Bit 2:0 PS2:PS0 Prescaler Rate Select bit

Céc bit ndy cho phép thi€t 1ap ti s& chia tan s6 clia Prescaler.
Bit Yalue TMREO Rate WDT Rate

a0o 1:2 1:1
a0l 1-4 1:2
010 1:8 1:4
011 1-16 1:8
100 1-32 1:16
101 1:-64 1:32
110 1:-128 1:64
111 i:- 256 1:128

P2.32 Thanh ghi TRISA: dia chi 85h
Thanh ghi diéu khién xuit nhap cia cic pin trong PORTA.

P2.33 Thanh ghi TRISB: dia chi 86h, 186h
Thanh ghi diéu khi€n xuit nhap cla cdc pin trong PORTB.

P2.34 Thanh ghi TRISC: dia chi 87h
Thanh ghi diéu khi€n xui't nhap clia cic pin trong PORTC.

P2.35 Thanh ghi TRISD: dia chi 88h
Thanh ghi diéu khién xuit nhap cia cic pin trong PORTD.

P2.36 Thanh ghi TRISE: dia chi 89h
Thanh ghi diéu khi€n xui't nhip cda cic pin trong PORTE, diéu khié€n cong giao ti€p
song song PSP (Parallel Slave Port).

R-0 R-0 RAN-0 RAN-0 U-0 RAWV-1 RS- RAN-1
| B | oeF | mBov |psemope| — | Bitz | sit1 | Bit0 |
bit 7 hit 0

Bit 7 BIF Input Buffer Full Status bit
BIF = 1 mot Word dir liéu vira duge nhan va dang chd CPU doc vao.
BIF = 0 chua ¢6 Word dif li€u nao dudc nhan.

Bit 6 OBF Output Buffer Full Status bit
OBF = 1 Buffer truyén dit liéu vin con chifa dif liéu cii va vin chua dugc doc.
OBF = 0 Buffer truyén dit liéu di dugc doc.

Bit5 IBOV Input Buffer Overflow Detect bit
IBOV = 1 dif liéu dudc ghi 1&n buffer trong khi dit liéu cii vin chua dudc doc.
IBOV = 0 buffer chua bi tran.

Bit4 PSPMODE Parallel Slave Port Mode Select bit

PSPMODE = 1 Cho phép PSP, PORTD déng vai trd 1a cdng giao ti€p song
song PSP.



PSPMODE = 0 Khéng cho phép PSP.
Bit 3 Khong cin quan tim va mic dinh mang gia tri 0.
Bit2 Bit2 Direction Control for pin REZTSIANT
Bit2 = 1 Input
Bit2 = 0 Output
Bit 1 Bitl Direction Control for pin RE1/WRIANG
Bitl =1 Input
Bitl = 0 Output
Bit0 Bit0 Direction Control for pin
Bit0 = 1 Input
Bit0 = 0 Output

REO/RDIANG

P2.37 Thanh ghi PIE1: dia chi 8Ch
Thanh ghi chita c4c bit cho phép cdc ngit ngoai vi.

RW-0  RW-0  RWD  RW-0 RW-0 RW-D RW-0  RW-D
|PsPE™M | ADIE | RCIE | TXIE | SSPIEE | CCP1IE | TMR2ZIE | TMRIIE
bit 7 bit 0

Bit7 PSPIE Parallel Slave Port Read/Write Interrupt Enable bit
PSPIE = 1 cho phép ngdt PSP read/write.
PSPIE = 0 khong cho phép ngd PSP read/write.
Bit6 ADIE ADC (A/D converter) Interrupt Enable bit
ADIE = 1 cho phép ngit ADC.
ADIE = 0 khong cho phép ngit ADC.
Bit5 RCIE USART Receive Interrupt Enable bit
RCIE = 1 cho phép ngdt nhan USART
RCIE = 0 khong cho phépn gdt nhan USART
Bit4 TXIE USART Transmit Interrupt Enable bit
TXIE = 1 cho phép ngit truyén USART
TXIE = 0 khong cho phép ngit truyén USART
Bit 3 SSPIE Synchronous Serial Port Interrupt Enable bit
SSPIE = 1 cho phép ngidt SSP
SSPIE = 0 khong cho phép ngit SSP
Bit2 CCPI1IE CCPI Interrupt Enable bit
CCPIIE = 1 cho phép ngit CCP1
CCP1IE = 0 khong cho phép ngit CCP1
Bit 1 TMR2IE TMR2 to PR2 Match Interrupt Enable bit
TMR2IE = 1 cho phép ngit.
TMR2IE = 0 khong cho phép ngit.
Bit0 TMRIIE TMRI1 Overflow Interrupt Enable bit
TMRIIE = 1 cho phép ngit.
TMRIIE = 0 khong cho phép ngit.



P2.38 Thanh ghi PIE2: dia chi 8Dh
Thanh ghi chita c4c bit cho phép cdc ngit ngoai vi.

U-0 RW-0 U0 RW-D RIW-O0 u-0 U0 RW-D
| — | cme | — | eee | Boue | — | — |ccrae
bit 7 bit 0

Bit 7, 5,2, 1 Khong cin quan tAim va mic dinh mang gi4 tri 0.
Bit6 CMIE Comparator Interrupt Enable bit
CMIE = 1 Cho phép ngit ctia bd so sdnh.
CMIE = 0 Khong cho phép ngit.
Bit4 EEIE EEPROM Write Operation Interrupt Enable bit
EEIE = 1 Cho phép ngit khi ghi dit liéu 1én bd nhé EEPROM.
EEIE = 0 Khong cho phép ngidt khi ghi dit liéu 1én bd nhé EEPROM.
Bit 3 BCLIE Bus Collision Interrupt Enable bit
BCLIE = 1 Cho phép ngit.
BCLIE = 0 Khong cho phép ngit.
Bit0 CCP2IE CCP2 Interrupt Enable bit
CCP2IE = 1 Cho phép ngit.
CCP2IE = 0 Khong cho phép ngit.

P2.39 Thanh ghi PCON: dia chi 8Eh
Thanh ghi diéu khién
chita cdc cd hiéu cho bi€t trang thdi cdc ch€ do reset cda vi di€u khi€n.
-0 -0 -0 -0 -0 -0 RMAN-0 RMA-1
.l - [ - -] — ] — ] — | PR | BR
bit 7 bit 0

Bit 7, 6, 5, 4, 3, 2 Khong cin quan tim va mic dinh mang gi4 tri 0.
Bit1 POR Power-on Reset Status bit

POR = | khong c6 su tadc dong cia Power-on Reset.

POR = () ¢6 su tdc dong cua Power-on reset.
Bit0 BOR Brown-out Reset Status bit

BOR = | khong ¢6 su tdc dong ciia Brown-out reset.

BOR = ( ¢6 sy tdc dong ctia Brown-out reset.

P2.40 Thanh ghi SSPCON2: dia chi 91h
Thanh ghi diéu khién cdc ch& dd hoat dong ciia chuin giao ti€p 12C.
RAW-0 RMW-0 Riw-0 RAW-0 RAN-0 RA-0 Riw-0 RAW-0
| GCEN | ACKSTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN |
bit 7 bit 0
Bit7 GCEN General Call Enable bit
GCEN = 1 Cho phép ngit khi dia chi 0000h dugc nhan vao thanh ghi SSPSR

(dia chi clia ch& dd General Call Address).




Bit 6

Bit5

Bit 4

Bit 3

Bit 2

Bit 1

Bit0

GCEN = 0 Khong cho phép ché do dia chi trén.

ACKSTAT Acknowledge Status bit (bit nay chi ¢6 tdc dung khi truyén dit liéu
& ché& do 12C Master mode).

ACKSTAT = 1 nhan dugc xung ACK tir I2C Slave.

ACKSTAT = 0 chuaq nhin dugc xung ACK

ACKDT Acknowledge Data bit (bit ndy chi c6 tdc dung khi nhan dit liéu & ché&
do I2C Master mode).

ACKDT = 1 chua nhan dugc xung ACK

ACKDT = 0 P nhan dugc xung ACK

ACKEN Acknowledge Sequence Enable bit (bit nay chi c6 tic dung khi nhin
dit liéu & ché& @6 12C Master mode)

ACKEN = 1 cho phép xung ACK xuit hién & 2 pin SDA va SCL khi két thiic
qud trinh nhin dir li€u.

ACKEN = 0 khong cho phép tdc dong trén.

RCEN Receive Enable bit (bit nay chi ¢6 tdc dung & ch&é do I12C Master mode).
RCEN = 1 Cho phép nhin dit liéu & ché€ d6 12C Master mode.

RCEN = 0 Khong cho phép nhin dit li€u.

PEN Stop Condition Enable bit

PEN =1 cho phép thiét 1ap diéu kién Stop & 2 pin SDA va SCL.

PEN =0 khong cho phép tdc dong trén.

RSEN Repeated Start Condition Enable bit

RSEN = 1 cho phép thi€t 1ap diéu kién Start 13p lai lién tuc & 2 pin SDA va
SCL.

RSEN = 0 khéng cho phép tic dong trén.

SEN Start Condition Enable/Stretch Enable bit

& ché dd Master mode:

SEN = 1 cho phép thiét 1ap diéu kién Start & 2 pin SDA va SCL.

SEN = 0 khong cho phép tdc dong trén.

& ché do Slave mode:

SEN = 1 cho phép khéa xung clock tr pin SCL ctia [2C Master.

Khoéng cho phép tdc dong trén.

P2.41 Thanh ghi PR2: dia chi 92h

Thanh ghi ding d€ an dinh trudc gid tri d€m cho Timer2. Khi vi diéu khién dugc
reset, PR2 mang gid tri FFh. Khi ta dwa mot gi4 tri vao thanh ghi PR2, Timer2 s& d€m tir 00h
cho dén khi gi4 tri bd d€m clia Timer2 biing vdi gid tri clia bd d€m trong thanh ghi PR2. Nhu
vay mic dinh Timer2 s& d&€m tir 00h dén FFh.

P2.42 Thanh ghi SSPADD: dia chi 93h

Thanh ghi chifa dia chi ctia vi di€u khi€n khi hoat dong & chuin giao ti€p I12C Slave
mode. Khi khong diing dé€ chita dia chi (I2C Master mode) SSPADD dugc diing dé chita gid
tri tao ra xung clock dong bd tai pin SCL.



P2.43 Thanh ghi SSPSTAT: dia chi 94h
Thanh ghi chifa cdc bit trang thdi cia chuin giao ti€p MSSP.
RAw-0 -0 R-0 R-0 R-0 R-0 R-0 R-0

| svp | cke | pA | P s | rRW | ua BF

hit 7

hit 0

Khi MSSP hoat dong & ché do SPI:

Bit 7

Bit 6

Bit5

Bit 4

Bit 3

Bit 2

Bit 1

Bit0

SMP Sample bit
SPI Master mode:
SMP = 1 dit liéu dugc 14y miu (xdc dinh trang th4i logic) tai thdi diém cudi
xung clock.
SMP = 0 dit liéu dudc 14y mau tai thdi di€m giita xung clock.
SPI Slave mode: bit nay phai dugc x6a vé 0.
CKE SPI Clock Select bit
CKE = 1 SPI Master truyén dif liéu khi xung clock chuyén tir trang thdi tich
cyc dén trang thai chd.
CKE = 0 SPI Master truyén dit liéu khi xung clock chuyén tir trang th4i chd
dén trang thdi tich cyc.
(trang thdi chd dugc xdc dinh bdi bit CKP (SSPCON<4>).
D/A DataAddress bit.
Bit ndy chi ¢6 tdc dung & ch& do 12C mode.
P Stop bit
Bit nay chi st dung khi MSSP & ché& do 12C.
S Start bit
Bit nay chi c6 tdc dung khi MSSP & ché do 12C.
RW ReadWrite b jnformation
Bit nay chi ¢6 tdc dung khi MSSP & ché& do 12C.
UA Update Address bit
Bit nay chi c6 tdc dung khi MSSP & ché& do 12C.
BF Buffer Status bit
BF =1 thanh ghi d&m SSPBUF da c¢6 dit liéu.
BF = 0 thanh ghi d¢m SSPBUF chua c6 dit liéu.

Khi hoat dong & ché do 12C

Bit 7

Bit 6

Bit5

SPM Slew Rate Control bit

SPM = 1 dung toc dd chuan (100 KHz va 1 MHz).
SPM = 0 dung t6c do cao ( 400 KHz).

CKE MSBus Select bit

CKE = 1 cho phép MSBus.

CKE = 0 khong cho phép MSBus.

D/A DatafAddress bt

I2C Master mode: khong quan tam.



Bit 4

Bit3

Bit 2

Bit 1

Bit 0

DIA = 1 byte vira truyén di hoic nhian dudc 13 dit liéu.

DIA = 0 byte vira truyén di hoic nhian dudc 1 dia chi.

P Stop bit

P =1 vira nhén dudc bit Stop.

P = 0 chua nhan dudc bit Stop.

S Start bit

S =1 vira nhan dudc bit Start.

S = 0 chua nhan dudc bit Start.

RIW Read'Write bt information

I2C Slave mode:

RW =1 doc dir liéu.

RW = () ghi dit liéu.

I2C Master mode:

RW = 1 dang truyén dit liéu.

RW = 0 khong truyén dit lieu.

UA Update Address

Bit ndy chi ¢6 tdc dung d6i v6i ché do 12C Slave mode10 bit dia chi.
UA =1 vi diéu khién cAn cip nhat thém dia chi tir thanh ghi SSPADD.
UA = 0 khong can cip nhat thém dia chi.

BF Buffer Full Status bit

BF = 1 Thanh ghi SSPBUF dang chita dif liéu truyén di hodc nhan dugc.
BF = 0 thanh ghi SSPBUF khong c6 dit li€u.

P2.44 Thanh ghi TXSTA: dia chi 98h
Thanh ghi chifa cdc bit trang thdi va diéu khién viéc truyén dit liéu thong qua chuin

giao ti€p USART.
RAN-D RW-00  RW-D  R/W-0 U-0 RW-D  R-1 RIW-D
| csrRc | tx3 | Txen [ sync | — | BRGH | TRMT | TxaDp |
bit 7 bit 0
Bit7 CSRC Clock Source Select bit

Bit 6

Bit 5

Bit4

O ch€ @5 bat ddng bo: khong cAn quan tAm.

O ch€ do ddng bo:

CSRC = 1 Master mode (xung clock dugc 14y tir bd tao xung BRG).
CSRC = 0 Slave mode (xung clock dugc nhan tir bén ngoai).
TX-9 9-bit Transmit Enable bit

TX-9 = 1 truyén dif liéu 9 bit.

TX-9 =0 truyén dit liéu 8 bit.

TXEN Transmit Enable bit

TXEN = 1 cho phép truyén.

TXEN = 0 khong cho phép truyén.

SYNC USART Mode Select bit



SYNC = 1 dang dong bo
SYNC = 0 dang bat dong bo.
Bit 3 Khong cin quan tAm vd mic dinh mang gid tri 0.
Bit2 BRGH High Baud Rate Select bit
Bit nay chi c6 tic dung & ch& do bat ddng bo.
BRGH =1 tdc do cao.
BRGL = 0 t6¢ do thap.
Bit1 TRMT Transmit Shift Register Status bit
TRMT = 1 thanh ghi TSR khong c6 dit liu.
TRMT = 0 thanh ghi TSR ¢6 chtta dir liéu.
Bit0 TX9D
Bit nay chia bit dit li¢u thit 9 khi dit liéu truyén nhan 1a 9 bit.

P2.45 Thanh ghi SPBRG: dia chi 99h
Thanh ghi chira gia tri tao xung clock cho bd tao xung BRG (Baud Rate Generator).
TAn s6 xung clock do BRG tao ra dugc tinh theo cdc cong thiic trong bing sau:

SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
a {Asynchronous) Baud Rate = Foscf(Bd (X = 1)) Baud Rate = Foscf{(16 (X + 1))
1 (Synchronous) Baud Rate = Foscf4 (X + 1)) MIA

Trong d6 X la gié tri chita trong thanh ghi SRBRG.

Thanh ghi CMCON: dia chi 9Ch
Thanh ghi diéu khién va chi thi c4c trang thdi ciing nhu két qué ctia bd so sanh.

R-0 R-0 RW-00 RW-O RW-0  RW-1  RW1  RW
| coout [ crout | camv | cinv | cis | cmz | cmt | cmo |
bit 7 bit 0

Bit7 C20UT Comparator 2 (C2) Output bit
Khi C2INV =0

C20UT = 1 khi (pin Vin+ ctia C2)> (pin Vix- ctia C2).

C20UT = 0 khi (pin Vin+ ctia C2) < (pin Vn- cia C2).

Khi C2INV =1

C20UT = 1 khi (pin Vn+ ctia C2)< (pin Vn- ctia C2).

C20UT = 0 khi (pin Vin+ ctia C2) > (pin Vn- cia C2).
Bit6 CIl1OUT Comparator 1 (C1) Output bit

Khi C1INV =0

CI1OUT = 1 khi (pin Vin+ ctia C1)> (pin Vix- ctia C1).

C10UT = 0 khi (pin Vin+ ctia C1) < (pin Vn- cia C1).

Khi C1INV =1

CI1OUT = 1 khi (pin Vin+ ctia C1)< (pin Vix- ctia C1).

C10UT = 0 khi (pin Vin+ cta C1) > (pin Vn- cia C1).
Bit5 C2INV Comparator 2 Output Conversion bit



C2INV =1 ngd ra C2 dugc dédo trang thai.
C2INV =0 ngo ra C2 khong ddo trang thai.

Bit4 CI1INV Comparator 1 Output Conversion bit
C1INV =1 ngd ra C1 dugc dédo trang thai.
CIINV =0 ngo ra C1 khong ddo trang thai.

Bit3 CIS Comparator Input Switch bit

Bit nay chi c6 tdc dung khi CM2:CMO0 =110
CIS = 1 khi pin Vin- ctia C1 ndi véi RA3/AN3 va
pin Vix- clia C2 ndi v6i RA2/AN2
CIS = 0 khi pin Vix- ctia C1 ndi v6i RAO/ANO va
pin Vin- cia C2 ndi v6i RA1/AN1
Bit 2-0 CM2:CMO0 Comparator Mode bit
Céc bit nay déng vai tro trong viéc thi€t 1ap cdc cau hinh hoat dong clia by
Comparator. Cdc dang cAu hinh ctia by Comparator dudc trinh bay trong bang sau:

Comparators Reset Comparators Off (POR Default Value)

CM2:CMO = 000 CM2:CMD = 111
RADIAND A [ Ramang -2 M B B
RAYANS _A Vint +ﬁ‘1/}_ (Off (Read as ‘0") RAZANZ D JY¥m: -I;EL,-*— Off (Read as ‘o)
L= =
RadAN] A Ve [ RAtANT 2 g
RAZAN? A Vit +.E?‘ “—— Off (Read as ‘o) RAZAND D e | i::r— Off (Read as ‘o)

Two Independent Comparators with Outputs
CM2:CM0 = 011

Two Independent Comparators

CM2:CMO =010

RAOmaNg 2 Ve |

RAZANT 2 Wikt + I;J,.—"';_’_ c1ouT
.r'-f.

-~

RAQAND -2V
RA3/aNg A Vme| Gl ClOUT
-~

-

RASTOCKIC1OUT

-
-

A Vin- -
RatmaNt 2 Ve
2 >—— C20UT
RAZiANZ & Y+ | mo
o

RAT/aNY 2 Y
RAZ/ANZ A Vst |

RASIAMN4/SSIC20UT

e
.,

C2 p— C20UT

L=

Two Common Reference Comparators
CM2:CM0 =100

.
RADIAND 2 — Y=~
RA3ANG A Ve |, CT~ c1ouT

-

) Vine [
RA1ANA R
Razmang O Lvme || €2 C20UT

-
-~

Two Common Reference Comparators with Outputs

CM2:CM0O =101

RAD/AND
RA3/ANE A Vint

A Win-

C1_—¢— C10UT

RAATOCEICIOUT

RATANT o [V

RAZIANZ D [Mme

"'\-\..H.
2 _—e— C20UT
.-'"'-.

RASIANASSICIOUT

N+




Four Inputs Multiplexed to Twoe Comparators

One Independent Comparator with Cutput e
CM2:CM0 = 001 RADIAMD A o . .
e P Q Win- g
RADIAMO &.—H"a.x RAIANI A 5 CIS=1 C-]H"‘s— C10UT
Y C1 >—p— C10UT L il S
RAJ/ANG A Vi |y ® L )
RAATOCKICIOUT RATIANT et s i lie _
RAZIANZ ——  &5=1 | | c2>— caouT
[, L

RAUANT = e ™
Vint L 2 »— Off (Read as '0)

CVRET From Comparator

Razianz D rer Module

-

Trong d6: A 1a ngd vao Analog, khi d6 gid tri ctia cdc pin nay doc tit cic PORT ludn bing 0.
B 1a ngd vao Digital.

P2.46 Thanh ghi CVRCON: dia chi 9Dh
Thanh ghi diéu khi€n bd tao dién dp so sanh khi bd Comparator hoat dong véi cau
hinh ‘110°.

RAW-0  RMW-0  RWD U0 RW-0 RWO RWO  RWO
[cvreN [cvroE | cvRR | — [ cvra | cvrR2 | cvR1 | cvRo |
bit 7 bit 0

Bit7 CVREN Comparator Voltage Reference Enable bit.
CVREN = 1 bd tao dién 4p so sanh dugc cAp dién 4p hoat dong.
CVREN = 0 bd tao dién 4p so sdnh khong dugc cap dién 4p hoat dong.
Bit6 CVROE Comparator Vggr Output Enable bit
CVROE =1 dién 4p do b0 tao dién dp so sdnh tao ra dugc dua ra pin RA2.
CVROA =0 dién 4p do b0 tao di€én ap so sdnh tao ra khong dugc dua ra ngoai.
Bit5 CVRR Comparator Vrgr Range Selection bit
CVRR =1 mdt mic dién dp c6 gid tri Vpp/24 (di€én dp do bd tao dién dp so
sdnh tao ra c6 gi4 tri tir 0 d€n 0.75Vpp).
CVRR =0 mdt mic dién dp c6 gid tri Vpp/32 (di€én dp do bd tao dién dp so
sdnh tao ra c6 gia tri tr 0.25 dén 0.75Vpp).
Bit4 Khong cin quan tim va mic dinh mang gi4 tri 0.
Bit 3-0 CVR3:CVRO0 Cdc bit chon dién dp ngd ra ctia bod tao dién dp so sanh.

Khi CVRR = 1:
bién 4p tai pin RA2 c6 gid tri CVggr = (CVR<3:0>/24)*Vpp.
Khi CVRR =0

bién 4p tai pin RA2 ¢6 gid tri CVrer = (CVR<3:0>/32)*Vpp + Y4Vpp.

P2.47 Thanh ghi ADRESL: dia chi 9Eh
Thanh ghi chifa cac bit thap ctia k&t qua bd chuyén d6i A/D (8 bit cao chifa trong
thanh ghi ADRESH dia chi 1Eh).



P2.48 Thanh ghi ADCONI: dia chi 9Fh
Thanh ghi chifa cac bit diéu khién bd chuyén ddi ADC (ADC c6 hai thanh ghi diéu
khién 12 ADCONI va ADCONO).

RIW-D  RW-D U-0 u-0 RW-D  RW-D  RW-0 RO
| apFm | Aapcs2 | — | — | Pcre3 | PcFe2 | PCFG1 | PCFGO |
bit 7 bit 0

Bit7 ADFMA/D Result Format Select bit
ADFM = 1 K&t qua dugc luu v€ phia bén phdi 2 thanh ghi ADRESH:ADRESL
(6 bit cao mang gia tri 0).
ADFM = 0 K&t qua dudc luu vé phia bén trdi 2 thanh ghi ADRESH:ADRESL
(6 bit thAp mang gi4 tri 0).

Bit6 ADCS2 A/D Conversion Clock Select bit
ADCS2 k&t hgp vé6i 2 bit ADCS1:ADCSO trong thanh ghi ADCONO d€ diéu
khién viéc chon xung clock cho khéi chuyén ddi ADC.

Ao | anniomesss
] 0o Foscl
0 ol Fosci
0 10 Foscia2
0 11 Frc (clock derived from the internal A/'D RC oscillator)
1 o0 Foscid
1 ol Fosci16
1 10 FosciGd
1 11 Frc (clock derived from the internal AD RC oscillator)

Bit 5,4 Khong cin quan tim va mic dinh mang gi4 tri 0.

Bit 3-0 PCFG3:PCFGO A/D Port Configuration Control bit
Cic bit nay diéu khién viéc chon ciu hinh hoat dong cic cdng clia bd chuyén
ddi ADC.



zg ';E ANT | ANG | AN5 | AN4 | AN3 ANZ | AN1 | ANO | VRer+ | VReEF- | C/R
aaan A A A A A A A A VDD W55 80
aaal A A A A VREF+ A A A AN3 WEs [l
0010 D D D A A A A A Voo Vss 5/0
0011 D D D A VREF+ A A A AN3 W55 4/1
a1aa D D D ] A D A A VDD WEs 30
0101 D D D D | VrREF+ D A A AN3 Vss 21
011x% D D D D D D D D — — W]
1000 A A A A VREF+ | VREF- A A AN3 AN2 G/2
1001 D D A A A A A A Voo Vss &/0
1010 D D A A VREF+ A A A AN3 W55 a1
1011 D D A A VREF+ | VREF- A A AN3 AN2 42
1100 D D D A | VREF+ | VREF- A A AN3 | AN2 32
1101 D D D D VREF+ | VREF- A A AN3 AN2 22
1110 D D D ] D D D A VDD WEs 1/0
1111 D D D D | VRer+ | VREF- D A AN3 | AN2 172

Trong d6 A la ngd vao Analog.

D la ngd vao Digital.

C/R 1a s6 ngd vao Analog/s6 dién 4p mau.

P2.49 Thanh ghi EEDATA: dia chi 10Ch
Thanh ghi chita byte thidp cia dit liéu trong qud trinh ghi doc trén bd nhd dit lieu
EEPROM.

P2.50 Thanh ghi EEADR: dia chi 10Dh
Thanh ghi chita byte thidp clia dia chi trong qud trinh ghi doc trén by nhé dit liéu
EEPROM.

P2.51 Thanh ghi EEDATH: dia chi 10Eh
Thanh ghi chita byte cao cua dit li€u trong qud trinh ghi doc trén bd nhd dir li€u
EEPROM (thanh ghi nay chi st dung 6 bit thap).

P2.52 Thanh ghi EEADRH: dia chi 10Fh
Thanh ghi chita byte cao ctia dia chi trong quéd trinh ghi doc trén b6 nhé dit liéu
EEPROM (thanh ghi nay chi st dung 4 bit thap).

P2.53 Thanh ghi EECONI1: dia chi 18Ch
Thanh ghi diéu khién b6 nhé EEPROM.
IW-x U-0 U-0 u-0 M-x_ RW-0 RISD RIS
|eepc0 | — | — | — |[WRERR| wreN [ wr RD
it 7 bit 0




Bit7 EEPGD Program/Data EEPROM Select bit
EEPGD = 1 truy xuat bd nhé chuong trinh.
EEPGD = 0 truy xudt bd nhé dit liéu.
Bit 6-4 Khong cin quan tAm va mic dinh mang gid tri 0.
Bit3 WRERR EEPROM Error Flag bit
WRERR = 1 qud trinh ghi 1én bd nhd bi gidn doan va khong thé ti€p tuc (do
cdc ch€ d6 Reset WDT hoac MCLR),
WRERR = 0 qu4 trinh ghi 1én by nhd hoan tit.
Bit2 WREN EEPROM Write Enable bit
WREN = 1 cho phép ghi.
WREN = 0 khoéng cho phép ghi.
Bit1 WR Write Control bit
WR = 1 ghi dit liéu. Bit nay chi dugc set bing chuong trinh va ty dong x6a vé 0
khi qua trinh ghi dit liéu hoan tat.
WR =0 hoan tat qué trinh ghi dit liéu.
Bit 0 RD Read Control bit
RD = 1 doc dit liéu. Bit nay chi dudc set biing chuong trinh va ty dong xéa vé 0
khi qud trinh doc dif liéu hoan tat.
RD =0 qua trinh doc d liéu khong xay ra.

P2.54 Thanh ghi EECON2: dia chi 18Dh.

DPAay 12 mdt trong 2 thanh ghi diéu khién bd nhé EEPROM. Tuy nhién day khong phai
1a thanh ghi vat li thong thudng va khong cho phép nguoil st dung truy xuit dit liéu trén
thanh ghi.
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LOI KET
Hi vong sau khi doc quyén sach nay cac dong chi co nhitng kién thiic co ban vé vi diéu
khién.Trén d6 minh trinh bay chu yéu la bang ngdn ngir lap trinh ASEMBLY con cac
dong chi nao da nghién ctru song moén nghién clra sang ngdn ngir béc cao nhu:C++..
Thi gip minh s& hd tro va cung cap cac chung trinh vi du dé cic dong chi nghién ctru.

TRAN TRONG CAM ON.
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