TRUONG PAI HQC DAN LAP HAI PHONG

LOI MO AU

Ngay nay, ciing véi sy phat trién khong ngimg ctia cudc cach mang khoa
hoc va ki thuat, nganh ki thuat dién tir dang dan kh'flng dinh vai tro ngay cang
16n cua minh dua con ngudi budc sang ki nguyén moi:ki nguyén sb. Trong sb
d6 ta khong thé khong néi dén ki thuat vi diéu khién. K§ thuat vi diéu khién
dang c6 timg dung rong rai va tham nhap vao nhiéu linh vuc ki thuat va doi song
xd hoi. Hau hét cac thiét bi k¥ thuat tir don gian cho dén phuc tap nhu thiét bi
diéu khién ty dong, thiét bi van phong, cc thiét bi trong gia dinh déu dung céc
bd vi diéu khién. Cung véi nd con nguoi cling ngay cang hoan thién cac chuan
giao tiép dé két ndi cac thiét bi dién tr voi nhau thuc hién viéc trao doi thong
tin, diéu khién céc co ciu chép hanh mot cach thuan lo1 hon.

Véi nhiing kién thic dd dugc hoc va nhimg kién thirc cap nhap,
nghién ctru cung v6i sy hudng dan cua thay gido huéng dan. Em da chon dé tai:
Thiét ké hé thong giao tiép 12C gitra hai vi diéu khién PIC.

D6 4n cia em gom 2 phan:

Chuong mét :Tong quan vé pic va giao tiép 12C.

Chuong hai :Thiét ké hé thong giao tiép 12C giita 2 pic 16F877A

Trong qua trinh 1am d6 4n tot nghiép, do han ché vé thoi gian, tai liéu nén
khong tranh khoi nhimg thiéu sot. Em rat mong duogc sy gop ¥ cua thay co trong
héi dong va cac ban dé do an tot nghiép ctua em duoc hoan thién hon.

Em xin giri 10i cam on chén thanh dén nha trudng cing thiy co trong khoa
Pién tir, ddc biét 1a thay Poan Hiru Chuc da giip dd em hoan thanh d6 an nay.

Hai Phong, ngay 30 thang 10 nam 2010
Sinh vién

Bui Vin Nguyén
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CHUONG 1. TONG QUAN

1. So lwge vé vi xir Iy va vi diéu khién.

Trong nhiing thap nién cudi thé ki XX, tir sy ra doi ciia cong nghé ban
dan, ki thuat dién tir da c6 su phat trién vuot bac. Cac thiét bi dién tir sau d6 da
dugc tich hop v61 mat do cao va rit cao trong cac dién tich nho, nho vay céc
thiét bi dién tir nhd hon va nhiéu chtrc niang hon. Céc thiét bi dién tir ngay cang
nhiéu chirc ning trong khi gia thanh ngay cang ré hon, chinh vi vay dién tir co
mat khip moi noi.

Budc dot pha moi trong cong nghé dién tur, cong ty Intel cho ra doi1 bo vi
xt 1y dau tién, tic 1 phan cing chi dong vai tro thr yéu, phan mém (chuong
trinh) dong vai trd chii dao ddi vdi cac chirc ning can thyuc hién. Nho vay vi xir
1y ¢6 sy mém déo hoa trong cac chirc ning cia minh. Ngay nay vi xtr 1y c6 tdc
d6 tinh toan rat cao va kha nang xu 1y rat 16n.

Vi xtr Iy ¢6 cac khéi chirc nang can thiét dé lay dit liéu, xu 1y dit liéu va
xuat dir liéu ra ngoai sau khi di xtr Iy. Va chtic nang chinh cta Vi xur 1y chinh 1a
xu ly dir liu, chéng han nhu cdng, trir, nhan, chia, so sanh.v.v....Vi xtr 1y khong
c6 kha ning giao tiép truc tiép vai cac thiét bi ngoai vi, nd chi c6 kha ning nhén
va xu ly dit liéu ma thoi.

Pé vi xir 1y hoat dong can c6 chuong trinh kém theo, cac chwong trinh
nay diéu khién cac mach logic va tir 46 vi xir Iy xir Iy cac dit liéu can thiét theo
yéu cau.Chuong trinh 13 tip hop cac 1énh dé xt 1y dir liéu thyc hién timg 1énh
dugc luu trit trong bd nhd, cong viéc thuc hanh Iénh bao gém: nhan 1énh tir bd
nhd, gidi ma I¢nh va thuc hién Iénh sau khi da giai ma.

Pé thuc hién cac cong vig¢c voi cac thiét bi cudi cung, ch?mg han diéu
khién dong co, hién thi ki ty trén man hinh .... doi hoi phai két hop vi xur Iy véi
cac mach dién giao tiép v4i bén ngoai duoc goi 1 cac thiét bi I/O (nhap/xuit)

hay con goi 1a cac thiét bi ngoai vi. Ban than cac vi xtr Iy khi dimg mot minh
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khong c6 nhiéu hiéu qua sir dung, nhung khi 1a mot phan cia mot may tinh, thi
hiéu qua Gmg dung cta Vi xir 1y 13 rat 16n. Vi xir Iy két hop véi cac thiét bi khac
dugc st trong cac hé théng 16n, phic tap doi hoi phai xtr Iy mot lwong 16n cac
phép tinh phuc tap,co tbc dd nhanh. Chéng han nhu cac hé théng san xuat tu
dong trong cong nghiép, cac tong dai dién thoai, hodc & cac robot c6 kha ning

hoat dong phurc tap v.v..

B0 Vi xtr 1y ¢6 kha ning vuot bic so vdi cac hé thong khac vé kha ning
tinh toan, xtr 1y, va thay ddi chuong trinh linh hoat theo muc dich nguoi dung,
dic biét hiéu qua ddi v6i cac bai toan va hé thdng 16n. Tuy nhién ddi véi cac
tmg dung nho, tdm tinh toan khong doi hoi kha nang tinh toan 16n thi viéc Gng
dung vi xir Iy can cén nhac. Boi vi hé thong du 16n hay nhé, néu dung vi xir Iy
thi ciing doi hoi cac khdi mach dién giao tiép phirc tap nhu nhau. Cac khdi nay
bao gdm bd nhd dé chira dir liéu va chuong trinh thuc hién, cdc mach dién giao
tiép ngoai vi dé xuét nhap va diéu khién tro lai, cac khéi ndy cung lién két véi vi
xtr 1y thi méi thuc hién dugc cong viée. Dé két ndi cac khdi nay doi hoi ngudi
thiét ké phai hiéu biét tinh tuong vé cac thanh phan vi xtr 1y, bd nhé, cac thiét bi
ngoai vi. H¢ théng dugc tao ra kha phtic tap,chiém nhiéu khong gian, mach in
phtc tap va van dé chinh 13 trinh d6 nguoi thiét ké. Két qua 1a gia thanh san

pham cubi cung réat cao, khong phu hop dé ap dung cho cac hé thong nho.

Vi mét s6 nhuge diém trén nén cac nha ché tao tich hop mot it bo nhé va
mot s6 mach giao tiép ngoai vi ciing voi vi xtr 1y vao mot IC duy nhat duoc goi
la Microcontroller-Vi diéu khién. Vi diéu khién c6 kha ning tuwong ty nhu kha
nang cua vi xtr 1y, nhung cau trac phan ctmg danh cho nguoi dung don gian hon
nhiéu. Vi diéu khién ra doi mang lai sy tién lgi ddi vai nguoi dung,ho khong can
nam vimg mot khdi luong kién thirc qua 16n nhu nguoi dung vi xtr 1y, két cau
mach dién danh cho ngudi ding ciing tré nén don gian hon nhiéu va c6 kha
ning giao tiép truc tiép voi cac thiét bi bén ngoai.Vi diéu khién tuy duoc xay

dung v&i phan cing danh cho ngudi st dung don gian hon, nhung thay vao loi
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diém nay 1a kha nang xtr 1y bi giéi han(téc do xir Iy cham hon va kha ning tinh
toan it hon,dung luong chuong trinh bi gi6i han). Thay vao do, vi diéu khién c6
gia thanh ré hon nhiéu so véi vi xir 1y, viée str dung don gian,do d6 nd dugc tng
dung rong ri vao nhiéu tng dung c6 chirc ning don gian, khong doi hoi tinh
toan phuec tap.

Vi diéu khién duoc Gmg dung trong cac ddy chuyén tu dong loai nho, cac
robot ¢6 chirc nang don gian, trong may giat, 6t6 v.v...

Nam 1976 Intel gi61 thi€u bd vi diéu khién (microcontroller) 8748, mdt
chip twong tu nhu cac bo vi xir 1y va 1a chip dau tién trong ho MCS-48. Do phiic
tap, kich thudc va kha nang cia Vi diéu khién ting thém mot bac quan trong vao
nam 1980 khi intel cho ra chip 8051,b6 Vi diéu khién dau tién ctia ho MCS-51
va 1a chuan cong nghé cho nhiéu ho vi diéu khién dugc san xuat sau nay.Sau d6
rat nhiéu ho vi diéu khién cua nhiéu nha ché tao khac nhau 1an lugt duoc dua ra
thi trudng véi tinh nang dugc cai tién ngy cang manh.

Cac vi diéu khién thong dung:

+ Ho vi diéu khién AMCC: do tap doan “Applied Micro Circuits
Corporation” san xuat. Thang 5/2004, ho vi diéu khién nay duogc phét trién va
dua ra thi truong bo1 IBM, bao gém:

403 PowerPC CPU

PPC 403GCX

405 PowerPC CPU

PPC 405EP

PPC 405GP/CR

PPC 405GPr

PPC NPe405H/L

440 PowerPC Book-E CPU
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PPC 440GP

PPC 440GX

PPC 440EP/EPX/GRX

PPC 440SP/SPe

+ Ho vi diéu khién Atmel:

Dong Atmel AT91 (Kién trac ARM THUMB)

Dong AT90, Tiny & Mega — AVR (Atmel Norway design)
Dong Atmel AT89 (Kién truc Intel 8051/MCS51)

Dong MARC4

+ Ho vi diéu khién Freescale Semiconductor:

Niam 2004, nhiing vi diéu khién nay dugc phat trién va tung ra thi

truong bdi Motorola.
Dong 8-hit
68HCO05 (CPUO05)
68HCO8 (CPU08)
68HC11 (CPU11)
Dong 16-bit
68HC12 (CPU12)
68HC16 (CPU16)
Freescale DSP56800 (DSPcontroller)
Dong 32-bit
Freescale 683XX (CPU32)
MPC500
MPC 860 (PowerQUICC)
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MPC 8240/8250 (PowerQUICC II)
MPC 8540/8555/8560 (PowerQUICC I1I)
+ Ho vi diéu khién Intel

Dong 8-bit

8XC42

MCS48

MCS51

8061

8xC251

Dong 16-bit

80186/88

MCS96

MXS296

Dong 32-bit

386EX

1960

+ Ho vi diéu khién Microchip
12-bit instruction PIC

14-bit instruction PIC
PIC16F84

16-bit instruction PIC

Trong d6 ho vi diéu khién Microchip dugc tmg dung phd bién nhat, dic
biét 1a PIC16F877A duoc tich hop thém nhiing thanh phan mdi nhu by chuyén

d6i A/D 10 bits, va lap trinh phan mém diéu khién ciing don gian hon.
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2.Tong quan vé vi diéu khién PIC

2.1.PIClagi?

PIC 14 viét tit cua thuat ngit “Programable Interlligent Compurter”, 6
thé tam dich 14 “mAy tinh thong minh kha trinh” do hang Gnenral Intrusment dit
tén cho vi diéu khién dau tién dau tién cta ho PIC 1650 dugc thiét ké dung lam
cac thiét bi ngoai vi cho vi diéu khién CP1600. Vi diéu khién nay sau d6 duoc
nghién ctru phat trién thém va tir d6 hinh thanh nén dong vi diéu khién PIC nhu
ngay nay.

2.2 Pic diém ciia PIC so véi cdc logi vi diéu khién khdc

Hién nay trén thi truong co rat nhiéu loai vi diéu khién khac nhau nhu:
8051. Motorola 68HC, AVR, ARM...Tuy vay PIC van dugc st dung ngay cang
dugc phod bién boi:

- Dé dang mua dugc & thi trudng Viét Nam.

- Gia thanh khong qué dat.

- C6 day du tinh ning cua 1 vi diéu khién khi hoat dong doc lap.

- La su bd xung t6t vé kién thtrc cling nhu vé tng dung cho ho vi diéu
khién mang tinh truyén théng nhu 8051.

- CO6 su hd trg cua nha san xuét vé trinh bién dich, cac coéng cu lap
trinh,mach nap ttr don gian dén mirc cao.

- Céc tinh ning da dang cta vi diéu khién PIC,ngdy cang dugc mé rong,
phat trién.

2.3 Kién triic ciia PIC

Kién tric phan cting cua vi diéu khién duoc thiét ké theo 2 dang kién

truc:kién trac Von Neuman va kién truc Havard
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Hinh 1.1. Kién trac Harvard va kién trac Von-Neumann.

T6 chiic phan cting ciia PIC duoc to chuc theo kiéu kién tric Harvard.
Piém khac biét giita kién triic Harvard va Von-Neumann la c4u tric bo nhé dit
liéu va bo nhé chuong trinh.

Péi voi kién tric Von-Neumann, bo nhé dir liéu va bo nhé chuong trinh
nam chung trong ciing mdt bd nhd. Do d6 ta co thé to chirc, can d6i mot cach
linh hoat bd nhé chuong trinh va bd nhé dit liéu. Tuy nhién diéu nay chi co ¥
nghia khi tdc dd xur i cia CPU 14 rat cao, vi v6i céu trac d6 trong cung mot thoi
diém CPU chi ¢6 thé tuong tac voi bd nhé dit lidu hodc b nhd chuong trinh.
Nhu vy ¢ thé néi cau tric Von-Neumann khong phu hop véi cdu trac cia vi
diéu khién.

DPdi v6i cau trac Harvard, bd nhé chuong trinh va bo nhé dir liu tach
thanh hai b nhé riéng biét.Do d6 cing mot thoi diém CPU c6 thé tuwong tac voi
ca hai b nhd,nhu vay téc do xtr 1i duoc cai thién dang ké.

Mét diém can cha Vv nita 1a tdp 1énh trong kién trac Harvard c6 thé duoc
t6i uu tly theo yéu cau kién trac cua vi diéu khién ma khong phu thudce vao cau
tric dix liéu. Vi du véi vi diéu khién dong 16F do dai ludn 1a 14 bit ( trong khi dir
lidu duoc to chirc thanh timg byte). Pic diém nay dugc minh hoa trong hinh 1.1.

2.4. RISC va CISC

Nhu trén,kién tric Harvard 13 khai niém méi hon so véi kién trac Von-
Neumann.Khai ni¢m nay dugc cai thién nham cai tién toc do thuc thi cua vi diéu

khién.Qua viéc tach roi bo nho chuong trinh va bd nh¢d dir li¢u,bus chuong trinh
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va bus dir 1iéu.CPU c6 thé ciing mot luc truy xuat ca bd nhd chuong trinh va bo
nhéG dir liéu,gitp ting toc d6 xir 1i dir liéu nén gip d6i.Ddng thoi ciu tric 1énh
khong con phu thude vao cau trac dit liéu nita ma co thé linh dong diéu chinh tiy
theo kha nang va tdc d6 cua tung vi diéu khién.Va dé tiép tuc cai tién toc do thue
thi 1énh,tap 1énh cta ho vi diéu khién PIC duoc thiét ké sao cho chiéu dai ma 1énh
ludn cb dinh (vi du v6i ho 16Fxxxx chiéu dai ma 1énh ludn 1a 14 bit),va cho phép
thue thi trong mot chu ki xung clock (ngoai trir mot sd truong hop dic biét nhu
1énh nhay, 1énh goi chuong trinh con-can hai xung dong hd). Diéu nay c6 nghia 1a
tap Iénh cua vi diéu khién thudc ciu tric Harvard s& it 1énh hon,ngén hon,don
gian hon dé dap ung yéu cau ma hod 1énh bang mot s6 luong bit nhat dinh.

Vi diéu khién duoc t6 chtic theo kién trac Harvard con duogc goi 1a vi diéu
khién RISC (Reducer Instruction Set Computer) hay 14 vi diéu khién c6 tap 1énh
rut gon. Vi diéu khién duoc thiét ké theo kiéu kién trac Von-Neuman con dugc
goi 1a vi diéu khién CISC (Complex Instruction Set Computer) hay vi diéu khién
co tap Iénh phuc tap vi Iénh cia n6 khong phai 1a mot s6 ¢6 dinh ma luon 1a boi

s6 cua 8bit (1 byte).
2.5. PIPELINING (xir li song song)

Pay chinh 14 co ché xu 1i 1énh cua cac vi diéu khién PIC.M6t chu ki 1énh
ctia vi diéu khién s& bao gém 4 xung clock.Vi du ta sir dung oscillator ¢ tan sd
4 MHZ thi xung 1énh c6 tan s 1a 1 MHZ (chu ki 1énh 1a 1 ns). Gia sir ta c6 1
doan chuong trinh nhu sau:

1.MOVLW 55h
2.MOVWF PORT B
3.CALL SUB 1
4.BSFPORT ABIT 3
5. instruction @ address SUB_1
O day ta chi ban dén quy trinh vi diéu khién xir li doan chwong trinh trén

thong qua tirng chu ki 1énh.qua trinh sé dugc thuc thi nhu sau:
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TCYo TCH1 (%P [ 4 TCva TC'16
1, MOVLY 56h | Felchi | Executsd
2. MOVIVF PORTS Feleh? | Bxscule?
3. Call 5UB. 1 Felehd | Execitel
4, BSF PORTA, BITE [Forged NOPF) Felchd Flush
§. Instrugtion @ address SUB_1 Felch SUB1 [ExeculeUB
ehehSUS 1 +1

Allingtroctions are sinule oyoie exet for any prowram dranches, Thees take two cytles since the felch
insdrueions Is "flushed” from e pipeling whtle fhe nev Mstuction ks belng feiched and then executed

strugtion Pipelne Flow
Hinh 1.2. Co ché PIPELINING

TCYO0: doc Iénh 1.

TCY1: thuc thi Iénh 1,doc 1€nh 2.

TCY?2: thyc thi Iénh 2,doc 1€nh 3.

TCY3: thuc thi Iénh 3,doc 1énh 4.

TCY4: vi Iénh 4 khong phai 1a 1énh s€ dugc thuc thi theo quy trinh thuc
thi ctia chwong trinh (Iénh tiép theo dugc thuc thi phai 1a 1énh dau tién tai label
SUB_1) nén chu trinh thuc thi ctia 1énh nay chi duoc ding dé doc 1énh dau tién
tai label SUB_1. Nhu vay c6 thé xem 1énh 3 can 2 chu ki xung clock dé thyc thi.

TCY5: thyc thi 1énh dau tién cia SUB 1 va doc 1énh tiép theo cua
SUB 1.Quéa trinh nay dugc thuc hién tuong tu cho cac 1€nh tiép theo cua
chuong trinh.

Théng thudng dé thuc thi mot 1énh, ta cAn mot chu ki 1énh dé goi 1énh do,
va mot chu ki xung clock nita dé giai ma va thuc thi 1énh. Vi co ché pipelining
duoc trinh bay ¢ trén, mdi 1énh xem nhu chi duoc thuc thi trong mot chu ki 1énh.
Déi véi cac 1énh ma qua trinh thyc thi 1am thay dbi gia tri thanh PC (Program
Counter) can hai chu ki 1énh dé thuc thi vi phai thuc hién viéc goi 1€nh & dia chi
thanh PC chi t6i.Sau khi d3 xac dinh dung vi tri 1énh trong thanh ghi PC,moi

1énh chi can mot chu ki 1énh dé thuc thi xong.
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2.6. Cac dong PIC va cach lua chon vi diéu khién PIC
Céc ki hiéu cua vi diéu khién PIC:

PIC12xxxx : d0 dai 1énh 12 bit.

PIC16xxxx: d0 dai Iénh 14 bit.

PIC18xxxx: do dai 1énh 16 bit.

C : PIC ¢6 bd nhé EPROM.

F : PIC c6 bd nhd plash.

LF : PIC c6 bo nhé plash hoat dong & dién ap thap.

LV : twong tu nhu LF, day 1a ki hi¢u ci.

Bén canh d6 c6 mot s6 vi diéu khién co ki hiéu 1a xxFxxx 1a EEPROM,
néu c6 thém chir A & cudi 1a plash (vi du 16F877 1a EEEROM, 16F877A I3
plash).

Ngoai ra con c6 thém mot dong vi diéu khién PIC méi 1a dsPIC.

O Viét Nam pho bién nhét 1a cac ho vi diéu khién PIC do hdng Microchip

san xuat.
Cach lya chon mét vi diéu khién PIC cho phu hop:

- Trudc hét can biét s6 chan cua vi diéu khién can thiét cho ing dung.
C6 nhiéu vi diéu khién PIC c6 s6 luong chan khac nhau, c6 vi diéu khién chi c6
8 chan, c6 loai 28, 40, 44... chan.

- Can chon vi diéu khién PIC c6 bo nhé plash dé c6 thé nap xoa chuong
trinh dwoc nhicu 1an hon.

- Tiép dén can cht y dén cac khéi chic ning duoc tich hop sin trong vi
diéu khién, cac chuan giao tiép bén trong.

- B6 nhd chuong trinh ma vi diéu khién cho phép.
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2.7. Ngon ngir 13p trinh cho PIC

Ngén ngir 1ap trinh cho PIC rat da dang. Ngon ngit lap trinh cap thap co
MPLAB (dugc cung cip mién phi bdi nha san xuit Microchip), cac ngdn ngir
1ap trinh cap cao hon bao gdm C, Basic, Pascal,...Ngoai ra con mdt sé ngon ngir

lap trinh danh riéng cho PIC nhu PICBasix, MikroBasix...
2.8. Mach nap PIC

Pay ciing 1a mot dong san pham rat da dang danh cho vi diéu khién PIC.
C6 thé str dung cac mach nap dugc cung cip boi nha san xuét 1a hing Microchip
nhu PICSTART plus, MPLAB ICD 2, MPLAB PM 3, PRO MATE IL.C6 thé sir
dung cac san pham nay dé nap cho vi diéu khién khac thong qua chuong trinh
MPLAB. Dong san pham chinh théng nay c6 wu thé 1a nap dugc cho tit ca cac
vi diéu khién PIC. Tuy nhién gia thanh rat cao va gip rat nhiéu kho khin trong
qua trinh mua san pham.

Ngoai ra do tinh ning cho phép nhiéu ché d6 nap khac nhau, con cé rat
nhiéu mach nap duoc thiét ké danh cho vi diéu khién PIC. C6 thé so luoc mot sb

mach nap PIC nhu sau:

- JDM Programmer: mach nap nay danh cho chuong trinh Icprog cho
phép nap céc vi diéu khién PIC c¢6 hd tro tinh ning nap chuong trinh dién ap
thap ICSP ( In Circuit Serial Programming ). Hau hét cac mach nap déu hd tro

tinh nang nap chuong trinh nay.

- WARP-13A va MCP — USB: hai mach nap nay giéng nhu mach nap
PICSTART PLUS do nha san xuat Microchip cung cip, twong thich véi trinh
bién dich MPLAB, nghia 1a ta c6 thé tryc tiép ding chuong trinh MPLAB dé
nap cho vi diéu khién PIC ma khong can sir dung mot chwong trinh nap khac,
chang han nhu Icprog.

- Mach nap Universal cua Williem, ddy khong phai mach nap chuyén

dung danh cho PIC nhu P16PR040.
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Céac mach nap ké trén déu c6 vu diém rat 16n 1a don gian, ré tién, hoan toan
c6 thé ty lép rap mot cach dé dang, moi thong tin vé so dd mach nap, thiét ké thi
cong, kiém tra va chuong trinh nap d& dang tim dugc. Tuy nhién cac mach nap
trén van con mot sd nhuoge diém 13 han ché vé sd vi diéu khién duoc hd tro, bén

canh d6 mdi mach nap can duoc st dung v&1 mdt chuong trinh nap thich hop.

Sau khi d3 trinh bay tong quan vé vi diéu khién PIC. Em xin trinh bay vé

mot loai vi diéu khién PIC duoc st dung rat rong rai hién nay dé la 16F877A.

3. Tong quan vé PIC 16F877A

3.1. So’ d6 khdi va bang mé ta chirc nang cac chan cua PIC16F877A

T
]

"/ 40[] =——= RBT/PGD
35 [] =—= RBEPGC
38 [] =—= RES
37 [] == RB4
35 [ == RBIPGM
35 [] =—= RB2

MCLRMPP — [

RANAND w—a ]

RATANT - [
RAZIAMNZMNREFS/CVREF = [
RASAMNINREF+ - [
RALTOCENCTIOUT —=—s [

[ [ U 5 R L U

RASIANGSS/C2OUT == ] E 34 [] w—= RE1T
RED/RD/AMNS ——a [ P~ 33 [] =—= RBOIMT
RE1AWWR/ANG =—=[] g E 32 [0 «—— voD
REZICSIANT =—=[] 10 o 31 [] =—— Vss

VDD — [ 11 & 30 [ =—= RD7TIPSPT
V35— [] 12 L 29 [] == RDEPSPE
OSC1/CLKI Rk — 28 [] == RDS/PSPS
OSC2UCLKD - [ 14 E 27 [ == RD4/PSP4
RCUTIOSOITICK] =[] 15 26 [] = RCTRXNDT
RCUTIOSICCP? =[] 16 25 [] =—» RCEMXCK
RC2ICCPT w—a[] 17 74 [] =—= RCSISDO
ROSOK/SCL -—[] 18 I3 [ == RCHSDISDA
ROWPSPD =—[] 19 22 [] == RDAPSP3
RO 1/PSP1 —— ] 20 21 [ =—= RDPSEZ
Hinh 1.3a. PIC 16F877A
Sinh vién: Bui Vin Nguyén 13
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— Dats Bus 8 PORTA
Program Countar “ 7 RANAND
23N I ] RATANT
Program RARAN NS
Mamory _ RAM [ RAZANIN:
& -.E:f_E::‘511_I=--‘i Fils =[] RATOCKICIOUT
L Registers RARANASSICZOUT
Program d
Bus RAM Agad! ¢ @
J Addr MUX Y,
Ingtruction rag —_
Direct Addr 7 PORTE
7 REOVINT
RB1
+—= REZ
REYPGM
& RE4
T— RES
RB&/PGC
Pawer-up RET/PGD
e ntinm Oscillstor
Dacnde s == | Srtun Timer
Caontrol Fowar-on
Reset FORTC
Lo Timing .|| Watchdog RCOT10S0TICK!
B = cererzion [ mer 41X Ro1T10SICCP2
QSC1/CLKI Brown-out RC2CCP1
QSC2/CLKO Rizzat RCABCHSCL
In-Cincuit RC4/5D1/SDA
Debugger RCESDO
Low-Violtsge RCETXCK
Programming RCT/RX/OT
MCLR “ioo, Ves
Timerd Timer Timer2 10-6¢ AID
| | 1l IL
| I I I T 1
e I Bynchronous - - olizos
Dats EEFROM CCP1.2 Sarizl Part USAR Comparsto Refaranca
Device Program Flash Data Memary Data EEFROM
PC18FET3A 4K wiords 192 Bytes 128 Bytes
PIC18FATEA BK words 358 Byles 256 Bytes

Note 1: Higher order bits ane from th

= Siztus register.

Hinh 1.3.b. So d0 khéi cia PIC16F877A
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Bang mé ta chirec nang cac chian cua PIC16F877A

Pin Name

DIP
Pin#

PLCC
Pin#

QFT
Pin#

1/0/P
Type

Buffer Type

Description

OSC1/CLKIN

13

14

30

1

ST/ICMOS(4)

Dau vao cua xung dao
dong thach anh/ngo vao
xung clock ngoai

OSC2/CLKOUT

18

Dau ra cia xung dao
dong thach anh. Noi véi
thach anh hay cong
hudng trong ché do dao
dong cua thach
anh.Trong ché do RC,
ngd ra cua chan OSC2.

MCLR /V,,

18

I/P

ST

Ng0d vao ctia Master
Clear(Reset) hodc ngd
vao dién thé duoc lap

trinh. Chan nay cho

phép tin hiéu Reset thiét
bi tac dong & mirc thap.

RAO/ANO

19

1/0

TTL

PORTA la port vao ra

hai chiéu. RAO c6 thé

lam ngd vao tuong tu
thir 0.

RA1/AN1

20

1/0

TTL

RALI c6 thé 1am ngd vao
tuong tu thu 1

RA2/AN2/VREF

21

1/0

TTL

RA2 c6 thé 1am ngd vao
tuong tu 2 hodc di¢n ap
chuan tuong tu dm.

RA3/AN3/VREF
+

22

1/0

TTL

RA3 c6 thé 1am ngd vao
tuong tu 3 hodc di¢n ap
chuan tuong tu duong.

RA4/TOCKI

23

1/0

ST

RA4 c6 thé 1am ngd vao
xung clock cho bo dinh
thoi TimerO.

RA5/SS /AN4

24

1/0

TTL

RAS5 c6 thé 1am ngd vao
tuong tu thir 4

RBO/INT
RB1
RB2

33
34
35

36
37
38

(o)

1/0
1/0
1/0

TTL/ST(L)
TTL
TTL

PORTB la port hai
chiéu.
RBO c6 thé 1am chan
ngit ngoa

RB3/PGM

36

39

11

1/0

TTL

RB3 c6 thé 1am ngd vao
cua dién thé dugc lap
trinh & murc thap.

Sinh vién: Bui Van Nguyén
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RB4
RB5
RB6/PGC

RB7/PGD

37
38
39

40

41
42
43

44

14
15
16

17

1/0
1/0
1/0

1/0

TTL
TTL
TTL/ST(2)

TTL/ST(3)

Interrupt-on-change pin.
Interrupt-on-change pin.
Interrupt-on-change pin
hoac
In-Crcuit Debugger pin

Serial programming
clock.
Interrupt-on-change pin
hoac
In-Crcuit Debugger pin

Serial programming
data .

RCO/T10SO/T1C
Kl

15

16

32

1/0

ST

PORTC la port vao ra
hai chiéu.

RCO c6 thé 1a ngd vao
cua bo dao dong Timerl
hodc ngd xung clock
cho Timerl

RC1/T10SI/CCP2

16

18

35

1/0

ST

RC1 c6 thé 1a ngd vao
cua bo dao dong Timerl
hoac ngd vao
Capture2/ng0 ra
compare2/ngd vao
PWM2.

RC2/CCP1

17

19

36

1/0

ST

RC2 c6 thé ngd vao
capturel/ngd ra
comparel/ngd vao
PWM1

RC3/SCK/SCL

18

20

37

1/0

ST

RC3 c6 thé 1a ngd vao
xung

RC4/SDI/SDA

23

25

42

1/0

ST

Clock déng b0 nod1
tiép/ngd ra trong ca hai
ché do SPI va 12C
RC4 c6 thé 1a dit lidu
bén trong SPI(ché do
SPI) hodc dir liéu
1/0(ché do 12 C).

RC5/SDO

24

26

43

1/0

ST

RC5 ¢6 thé 13 dit ligu
ngoai SPI(ché do SPI)

RC6/TX/CK

25

27

44

1/0

ST

RC6 c6 thé 1a chan
truyén khong dong bo
USART hoac dong bod
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v6i xung dong ho

RC7 ¢6 thé la chan nhan

RC7TIRX/DT | 26 | 29 1 | 10 ST khong dong bo USART
hodc dong bo voi dir
liéu.
RDO/PSPO 19 21 38 1/0 ST/TTL(3)
RD1/PSP1 20 22 39 1/0 ST/TTL(3) . .
ROZPSP2 | 21 | 23 | 40 | 4O | STATLE) | FORTD laportvaora
RD3/PSP3 22 24 41 1/0 ST/TTL(3) arallel slave oort khi
RD4/PSP4 27 | 30 | 2 | 1O | ST/TTL(3) | Paral’ztsiaveportxm
RD5/PSP5 28 | 31 3 | 1/0 | ST/TTL(3) | &@ctiép vaibuscuabo
RD6/PSP6 29 | 32 4 /0 | ST/TTL(3) vixuly.
RD7/PSP7 30 33 5 /0 | ST/TTL(3)
PORTE la port vao ra
hai chieu.
— REO c6 thé diéu khién
REO/RD/AN5 8 9 25 1/0 ST/TTL(3) viée doc parrallel slave
port hoac 1a ngoc vao
tuong tu thir 5.
RE1 c6 thé diéu khién
REUWR/ANG | 9 | 10 | 26 | 1o | ST/TTL(3) | Viéc shi parallel slave
port hodc 1a ngd vao
tuong tu thir 6.
RE2 c6 thé diéu khién
RE2/GS/AN7 | 10 | 11 | 27 | wo | sT/rTL@m) | Viée chon parallel slave
port hodc 1a ngd vao
tuong tu thir 7
12, £ A
31 Cung cap ngudn d.u’O‘ng
Ves 11 13,34 | 7,28 P cho céc mtc logicva
Vbp 32’ 12,35 | 6,29 P nhirng chéan I/0.
Nhiing chan nay khong
NC 18’,1162 éé”lj duoc ndi bén trong va

n6 dugc dé trong

Ghi cha: I = input; O = output; 1/0 = input/output; P = power

- = Not used; TTL = TTL input; ST = Schmitt Trigger input

1. La ving dém c6 ngd vao Trigger Schmitt khi dugc ciu hinh nhu ngat ngoai.

2. La ving dém c6 ngd vao Trigger Schmitt khi duogc sir dung trong ché do

9 Serial Programming.
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3. La ving dém c6 ngd vao Trigger Schmitt khi duoc cau hinh nhu ngd
vao ra muc dich chung va 1a ngd vao TTL khi st dung trong ché d6 Parallel

Slave Port (cho viéc giao tiép voi cac bus cta bd vi xir 1y).

4. La ving dém c6 ngd vao Trigger Schmitt khi duwoc cau hinh trong ché

do dao dong RC va mot ngd vao CMOS khéc.

3.2. T6 chitc bd nhé
C6 2 khéi bd nhé trong céc vi didu khién ho PIC16F87X, bd nhé chuong

trinh va bd nhd dir liéu, voi nhitng bus riéng biét dé co thé truy cap dong thoi.

PC=1Z:0> |
CALL., RETURM 13 .
RETFIE, RETLW 7
Stack Level 1
Stack Level 2
L ]
L ]
-
Stack Level 8
Reset Vector ooooh
L ]
- -{::
L]
Imterrupt Yector 0004h
000Sh
FPage O
O7FFh
08000
FPage 1
On-Chip
OFFFh
FProgram -,
Memory | Co0oh
Page 2
17FFh
18000
FPage 3
1FFFh

Hinh 1.4. Ngiin xép va ban d6 b nhé chwong trinh PIC16F877A
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3.2.1. T6 chirc ciia by nhé chwong trinh
Céc vi diéu khién ho PIC16F877A c6 bo dém chwong trinh 13 bit ¢6 kha

nang dinh vi khong gian bo nhd chuong trinh 1én dén 8Kb.Cac IC PIC16F877A
c6 8Kb bd nhéd chuong trinh FLASH, cac IC PIC16F873/874 chi c6 4 Kb.Vecto
RESET dat tai dia chi 0000h va vecto ngét tai dia chi 0004h.

3.2.2. T6 chirc b nhé dir liéu

B0 nh¢ dit liéu duge chia thanh nhiéu day va chtra cac thanh ghi muc dich
chung va cac thanh ghi chirc nang dac biét. BIT RP1 (STATUS <6>) va RPO
(STATUS <5>) 1a nhiing bit dung dé chon cac day thanh ghi.

RP1:RPO Bank
00 0
01 1
10 2
11 3

Chiéu dai ctia mdi diy 1a 7Fh (128 byte). Phan thap ctia mdi diy dung dé
chtra cac thanh ghi chirc nang dac bi¢t. Trén cac thanh ghi chirc nang dac biét la
cac thanh ghi muc dich chung, c6 chtic nang nhu RAM tinh. Thuong thi nhiing
thanh ghi dic biét duoc st dung tir mot ddy va ¢ thé dugc anh xa vao nhimg diy

khac dé giam bot doan mi va kha ning truy cap nhanh hon.

3.2.3. Cac thanh ghi muc dich chung
Cac thanh ghi nay co thé truy cap truc tiép hodc gian tiép thong qua thanh
ghi FSG (File Select Register).

Sinh vién: Bui Vin Nguyén 19
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File
Address
indirect adar (1 | 00h Indirect addrf?| son Indirect ador | 100n | Indirect addr.?| 1a0n
TMRO 01h OPTION_REG| 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 132h
STATUS | 03h STATUS | 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184N
PORTA 05h TRISA 85h 105h 185h
PORTB oBh TRISB &6h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD ™ | 08h TRISD ™ | 88h 108h 188h
PORTE™ | 0%h TRISE™ | gah 10%h 189h
PCLATH 0Ah FCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA | 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRIL | OEh PCON 8Eh EEDATH | 10Eh | Reserved@ | 13Eh
TMR1H OFh 8Fh EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 a2h 112h 192h
SSPBUF 13h SSPADD | 93h 113h 193h
SSPCON | 14h SSPSTAT | 94h 114h 194h
CCPRIL | 15n ash 115h 195h
CCPR1H | 16h 95h 116h 196h
CCP1CON | 17n a7h general 117h genera' 197h
RCSTA | 180 TXSTA | 98h Register | 1180 Register | 198h
TXREG 15h SPBRG aoh 16Bytes | 1190 16 Bytes | 199h
RCREG | 1Ah 9An 11Ah 19Ah
CCPR2L | 1Bh 98h 118h 198h
CCPR24 | 1Cn ach 11Ch 19Ch
cCcP2coN | 1Dh aph 110h 190N
ADRESH | 1EN ADRESL | 9&n 11Eh 19Eh
ADCONO | 1Fh ADCON1 9Fh 11Fh 19Fh
20h AR 120h 1AOh
General General General General
Purpose Purpose FPurpose Purpose
Register Register Register Register
96 Bytes 30 Bytes - 80 Bytes . 80Bytes | yeon
accesses | FOR accesses 170h accesses 1FOh
70h-7Fh 70n-7Fh 70h - 7Fh
7Fh FFh 17Fh 1EFh
Bank 0 Bank 1 Bank 2 Bank 2
Hinh 1.5. Cac thanh ghi ciia PIC16F877A
Sinh vién: Bui Van Nguyén 20
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3.2.4. Cac thanh ghi chirc nang dac biét
Céc thanh ghi chirc nang dac biét (Special Function Resgister) dugc st

dung bdi CPU va cac by nhé ngoai vi dé diéu khién céc hoat dong dugc yéu cau
ctia thiét bi. Nhitng thanh ghi ndy c6 chirc ning nhu RAM tinh. Danh sach nhimg
thanh ghi nay dugc trinh bay ¢ bang dudi. Cac thanh ghi chirc nang déc biét co
thé chia thanh hai loai: phan trung tim (CPU) va phan ngoai vi.

3.2.5. Cac thanh ghi trang thai

RIW-0 RW-0  RW-0 R-1 R-1 RW-x  R/W-x  RMW-x
| R [ rRPt [ RO | TO | PD | z | bc | ¢ |
bit 7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)
1=Bank 2, 3 (100h-1FFh)
2=Bank 0, 1 (00h-FFh)
bit 6-5 RP1:RP0: Register Bank Select bits (used for direct addressing)
11 =Bank 3 (180h-1FFh)
10=Bank 2 (100h-17Fh)
21 =Bank 1 (80h-FFh)
20 =Bank 0 (00h-7Fh)
Each bank is 128 bytes.
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction or SLEEP instruction
2 = AWDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRWDTinstruction
0 = By execution of the SLEEPinstruction
bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation Is zero
0 = The result of an arithmetic or logic operation Is not zero
bit 1 DC: Digit carry/borrow bit (RDDWF, ADDLW, SUSLW, SUBWF instructions)

(for borrow, the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
2 = No carry-out from the 4th low order bit of the result

bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUSKF instructions)
1 = A carry-out from the Most Significant bit of the result occurred
2 = No carry-out from the Most Significant bit of the result occurred

Hinh 1.6. Thanh ghi trang thai (dia chi 03h, 83h, 103h, 183h)

Thanh ghi trang thai chira cc trang thai s hoc ctia bd ALU, trang thai
RESET va nhiing bits chon day thanh ghi cho b nhé dit li¢u. Thanh ghi trang
thai c6 thé 1a dich cho bat ki 1énh ndo, giéng nhu nhimg thanh ghi khic. Néu

thanh ghi trang thai 1a dich cho mot 1énh ma anh hudng dén cac co Z, DC hodc
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C, va sau d6 nhimng bit nay s& dugc vo hiéu hoa. Nhiing bit nay c6 thé dat hoic
x04 tuy theo trang thai logic cta thiét bi. Hon nita hai bit TO va PD thi khdng
cho phép ghi, vi vay két qua ctia mot tap 1énh ma thanh ghi trang thai 1a dich c6
thé khéc hon dy dinh. Vi du, CLRF STATUS s& so4 3 bit cao nhat va dit bit Z.
Luc nay céc bit ciia thanh ghi trang thai la 000u uluu (u = unchanged). Chi c6
cac 1énh BCF, BSF, SWAPF va MOVWF dugc str dung dé thay doi thanh ghi
trang thai, boi vi nhitng 1énh nay khong lam anh huéng dén cac bit Z, DC hodc C
tir thanh ghi trang thai. Pdi v6i nhitng 1énh khac thi khong anh hudng dén nhiing
bit trang thai nay.

3.3. Céc cong ciia PIC 16F877A

3.3.1. PORTA vathanh ghi TRISA

= D=ds Latch

O ]

PORTA -
—*—P oK W0

TRIS Latch J
1 ] 0

WHR
TRISA —_ —
= CH W_T[—e
Anslog
I it
Kodea
RD j

TRISA ™ T
It
| Buffer
a D

EM
RD PORTA [
To A'D Conwvarar or Comparator
Mote 1: FD pina have prolection diodses 1o Voo and Wes.

Hinh 1.7.a. So' @6 khoi ciia chAn RA3: RAO va RA5
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CMCON<2:0> = x01 or 011

C10UT ™
D— |
Oaa B Data Latch -'\
ala Bus D 1 N
ol ]
\'| { 1
WR PORTA A0 N HE | Voen®
1
TRIS Lateh / Vss
+— D Q
WR TRISA Schmitt
- | EI.(-‘-O Trigger s%'?
Input !
4 Buffer
%
RD TRISA ]\J
< a D
EN
RD PORTA Mo —l
o
TMRQ Ciock Input

Note 1: |/O pin has protection diodes to Vssonly.

Hinh 1.7.b. So d0 khéi ctia chan RA4/TOCKI

3.3.2 PORTB va thanh ghi TRISB
PORTB c¢6 d6 rong 8 bit, 1a port vao ra hai chiéu. Ba chan cia PORTB

dugc da hop véi chirc ning lap trinh méc dién thé thip (Low Voltage
Programming ): RB3/PGM, RB6/PGC va RB7/PGD. Mbi chan ciia PORTB c6
mot dién tré kéo bén trong. Mot bit diéu khién c6 thé mo tat ca nhirng dién tr&
kéo nay lén. Piéu ndy dugc thuc hién bang cich xoa bit
RBPU (OPTION REG<7>). Nhiing dién trd nay bi cam khi c6 mot Power-on
Reset. Bon chan ciia PORTB: RB7 dén RB4 c6 mot ngit dé thay doi dic tinh
.Chi nhitng chan duogc cau hinh nhu ngd vao méi c¢6 thé giy ra ngat nay. Nhiing
chan vao (RB7:RB4) dugc so sanh véi gia tri dugc chdt trude do trong lan doc
cudi cing ctia PORTB. Cac két qua khong phtl hop & ngd ra trén chan RB7:RB4
dugc OR vé6i nhau dé phat ra mot ngat Port thay doi RB véi cd ngat 1a RBIF
(INTCON<0>). Ngit ndy c6 thé danh thirc thiét bj tir trang thai nghi (SLEEP).

Trong thu tuc phuc vu ngat ngudi sir dung cé thé xoa ngat theo cach sau:
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a) Poc hoic ghi bat ki 1én PORTB. Diéu nay sé& két thuc diéu kién khong hoa hop.

b) Xoa bit co RBIF.
VDD
(2) :
REPY g Weak
P pull-up
—— Data Latch
ata Bus - D a N .
/O pinm

WR Port CK_\_

TRIS Latch

e— D Q
TTL
Input
WRETHIS CK\_ Buffer /
¢ <1]
RD TRIS
<] Q D
RD Port
EN
RBO/INT ; S
RB3/PGM
B3/PG <
Schmitt Trigger RD Port
Buffer ©
Note 1: VO pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

Hinh 1.8.a. So' 6 khoi cac chan RB3:RB0
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VDD
RBPUZ! e Wesak
Data Latch
Datz Bus
2 v D Q B o —
10 pin(!
WR Port K\ UO.pin
TRIS Latch
o— D Q
WR TRIS TTL
Pk AV
Buffer ST
¢ \/\} * Buffer
RD TRIS
Latch
<Il * Q Cr—»
RD Port
EN Q1
Set RBIF
—LGL B
From other RD Port
RB7:RB4 pins EN —
— Q3
RB7:RB6

In Serial Programming Mode

Note 1: |/C pins have diode protection to VDD and Vss.

2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (CPTION_REG<7>).

Hinh 1.8.b. So' d0 khéi cac chan RB7:RB4

3.3.3 PORT C vathanh ghi TRIS C

PORTC c6 d6 rong 1a 8 bit, 1a port hai chiéu. Thanh ghi dit liéu truc tiép
tuong tng 1a TRISC. Cho tét ca cac bit ciia TRISC 1a 1 thi cac chan tuong ung &
PORTC la ngd vao. Cho tat ca cac bit cia TRISC 14 0 thi cac chan twong tng &
PORTC 1a ngd ra. PORTC dugc da hop véi vai chiic nang ngoai vi, nhitng chan
cua PORTC c6 dém Trigger Schmitt & ngd vao. Khi bo I12C dugc cho phép, chan
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3 va 4 ctia PORTC c6 thé cau hinh véi mtc I2C binh thudng, hodc véi mirc
SMBus bang cach sir dung bit CKE (SSPSTAT<6>). Khi nhiing chirc ning ngoai
vi dugc cho phép, ching ta can phai quan tim dén viéc dinh nghia cac bit cua
TRIS cho mdi chan cia PORTC. Mot vai thiét bi ngoai vi ghi d¢ 1én bit TRIS thi
tao nén mot chan & ngd ra, trong khi nhitng thiét bi ngoai vi khac ghi dé 1én bit
TRIS thi s€ tao nén mdt chan & ngd vao. Khi nhiing bit TRIS ghi de bi tdc dong
trong khi thiét bi ngoai vi duoc cho phép, nhimng 1énh doc thay thé ghi (BSF, BCF,
XORWF) véi TRISC 14 noi d&én can phai dugc tranh. Nguoi st dung can phai chi

ra viing ngoai vi trong tmg dé dam bao cho viéc dit TRIS bit 1a dung.
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r

Port'Peripheral Select 2

Peripheral Data Cut

Peripheral Select is active.

VDD
Data Bus
F.‘
Data Latch
e
— D Q pin“"
LA
rA e
TRIS Latch
) ? T
RDTRIS Schmitt %_
Trigger L S
Peripheral |
OE® Q@ D Schmitt
Trigger
EM with
ShMBus
RD Port - D.: —I O Levels
S5F Input
CKE
EEPSTAT<E>
Note 1: /O pins have diode protection to VDD and V&S,
2: Port/Peripheral Select signal selects between port data
and peripheral output.
3: Peripheral QE [Cutput Enable) is only activated if

Hinh 1.9.a So’ d6 khoi ctia cac chan RC<4:3>
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FPort/Peripheral Select!?

Peripheral Data Out \Dk
Data Bus

VDD

\lhl‘R Port ‘/
Data Latch
1 1/C
.'R TRIS '
~of D
Latch
0<} \Vss
¢
RD TRIS Schmitt %
Trigger
Peripheral
ot < Q Df—o
EN
RD Port —I

Peripheral Input

Note 1: I/O pins have diode protection to VDD and VSS.

2: Port/Peripheral Select signal selects between port
data and peripheral output.

3: Peripheral OE (Cutput Enable) is only activated if
Peripheral Select is active.

Hinh 1.9.b So' @b khéi ciia cac chan RC<2:0> va RC<7:5>

3.3.4. PORT D vathanh ghi TRIS D

PORTD la port 8 bit véi dém Trigger Schmitt & ngd vao. Mdi chan c6 thé
duoc ciu hinh riéng 1¢ nhu mot ngd vao hodc ngd ra. PORTD co6 thé duoc cau
hinh nhu port ctia bd vi xir 1y rong 8 bit (parallel slave port) bang cach dit bit
diéu khién PSPMIDE (TRISE <4>). Trong ché do nay, dém ¢ ngd vao 1a TTL.
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Data Data Latch
s o D @ L«s’ .
WR /0 pint"
Paort CH_\_
TRIS Latch
o— D Q —o
/R
ﬁ_& Schmitt |
Trigger %7
Input
Buffer
' //ff]
RD
TRIS
EN

RD Port

Note 1: |/O pins have protection diodes to VDD and Vss.

Hinh 1.10. So' @6 khéi cia PORTD (trong ché d 1a port I/0)

3.3.5 PORT E vathanh ghi TRIS E
PORTE c6 ba chan (REO/RD/ANS, RE1/WR/ANG6, va RE2/CS/AN7) mbi

chan duoc ciu hinh riéng 1é nhu nhitng ngd vao hodc nhiing ngd ra. Nhiing chan
nay c6 dém Trigger Schmitt & ngd vao. Nhiitng chan cia PORT E dong vai tro
nhu nhimg ngd vao diéu khién vao ra cho Port cua vi xir Iy khi bit PSPMODE
(TRISE <4>) duogc dit. Trong ché d6 nay, ngudi st dung can phai chic chin

rang nhitng bit TRISE <2:0> duoc dit, va chic rang nhitng chan nay duoc ciu
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hinh nhu nhiing ngd vao sd. Ciing bao dam rang ADCON1 dugc cu hinh cho

vao ra s0. Trong ché do nay, nhirng dém & ngd vao la TTL.

Nhiing chan cia PORTE duoc da hgp voi nhitng ngd vao tuong tu. Khi
duoc chon cho ngd vao tuong tu, nhiing chan nay sé doc gia tri "0". TRIS E diéu
khién hudng cta nhitng chan RE chi khi nhimg chan nay duoc sit dung nhu

nhig ngd vao tuong tu. Ngudi sir dung can phai gilt nhitng chan dugc cau hinh

nhu nhitng ngd vao khi st dung chiing nhu nhiing ngd vao tuong tu.

—pok

Data Data Latch
Bus

B e Q
WR

Port

TRIS Latch

WR
TRIS

D Q+—o

—tCK_\_

V4

RD
TRIS

e
by

Schmitt
Trigger
input
Buffer

RD Port

T

]

e pin“)

Note 1: VO pins have protection diodes to VDD and VsS.

Hinh 1.11. So d6 khdi cia PORTE (trong ché d 1/0 port)
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3.4 Hoat dong cta dinh thoi

3.4.1 B6 dinh thei TIMER O

Bo dinh thoi/bd dém Timer 0 ¢6 cac dic tinh sau:
. B dinh thoi / b dém 8 bit

o Cho phép doc va ghi

o B chia 8 bit 1ap trinh duoc bang phan mém
. Chon xung clock ndi hodc ngoai

o Ngit khi ¢6 sy tran tir FFh dén 00h
o Chon suon cho xung clock ngoai

So d6 khdi ctia bo dinh thdi Timer0 va bo chia dung chung véi WDT dugc
dua ra trong hinh 1.14.

CLKO (= Fosc/4)
Data Bus
1
~ M ] ! % 8
R,’-‘-_-‘-_-':I'DCKI L R g M Byns
pin | B ol Y > 3 = TMRO Reg
L X Cyclas
TOSE T f
ToCS PSA Set Flag bit TMROIF
an Cvarflow
PRESCALER
F—— = — = — = — |
— M | - B-bit Prascalar |
M |
Watehdag I x | a |
Timar | |
T [ B-to-1 MUX l— FS2:P50 |
T PSA I 4
WDT Enable bt 0 1
MUX  |a—— PSA
WDT
Tima-aut
Nota: TOCS, TOSE, PSA, PS2:PS0 ame (OPTION_REG<=5:0=).

Hinh 1.12. So' @6 khoi ciia bd dinh thoi Timer 0 va b chia ding chung véi WDT
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Ché d0 dinh thoi (Timer) dwoc chon bang cach xoa bit TOCS
(OPTION_REG<5>). Trong ché d6 dinh thoi, bo dinh thoi Timer0 sé& ting dan
sau mdi chu ki 1énh (khong c6 b chia). Néu thanh ghi TmRO dugc ghi thi su

tang s€ bi ngan lai sau hai chu ki I¢nh.

Ché d6 dém (Counter) duoc chon bang cach xoa bit TOCS
(OPTION_REG<5>). Trong ché d6 dém, Timer0 s& ting dan & mdi canh lén
xué)ng cua chan RA4/TOCKI. Su tang suon dugc xac dinh boi bit TimerO Source
Edge Select, TOSE (OPTION_RE<4>). B0 chia chi dugc dung chung qua lai
gilta b0 dinh thoi Timer0 va bd dinh thoi Watchdog. B chia khong cho phép
doc hoac ghi.

Ngit Timer0

Ngat TMRO dugc phét ra khi thanh ghi TMRO tran tir FFh dén 00h. Sy tran
nay s& dat bit TOIF (INTCON<2>). Ngat ndy c6 thé duoc giau di bang cach xoa
bit TOIE (INTCON<5>) . Bit TOIF can phai duoc x6a trong chuong trinh boi thu
tuc phuc vu ngat ctia bd dinh thoi Timer0 trude khi ngat nay duge cho phép lai.

S dung Timer0 voi xung clock ngoai

Khi bo chia khong duoc st dung, clock ngoai dit vao thi giébng nhu bo
chia & ngd ra. Sy ddng bd ctia chan TOCKI véi clock ngoai duoc thyc hién bang
cach léy mau bo chia & ngo ra trén chan Q2 va Q4. Vi vay thuc sy can thiét dé
chan TOCKI & mirc cao trong it nhat 2 chu ky may va ¢ muc thap trong it nhat 2
chu ky may.

B¢ chia

Thiét bi PIC16F87X chi c6 mot bo chia ma duoc dung chung bdi b dinh
thoi TIMERO va bd dinh thoi Watchdog. Bo chia ¢6 cac Hé sb chia dung cho
Timer0 hoic bd WDT. Céac hé sd nay khong c6 kha ning doc va kha ning viét.
Pé chon hé sb chia xung vao Timer0 hoac cho bo WDT ta tién hanh xo04 hodc

dat bit PSA cta thanh ghi OPTION REG<3>.
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Nhiing bit PS2, PS1, PSO ciia thanh ghi OPTION REG<2:0> dung d¢ xac

1ap cac hé so chia.

3.4.2. B6 dinh th&i TIMERT
Bo dinh thoi TIMERI 1a mot bd dinh thoi/bd dém 16 bit gdm hai thanh

ghi TMR1H (Byte cao) va TMRIL (byte thap) ma c6 thé doc hodc ghi. Cap
thanh ghi nay ting s6 dém tir 0000h dén FFFFh va bdo tran s& xuét hién khi co
su chuyén s6 dém tir FFFFh xubng 0000h. Ngit, néu duoc phép c6 thé phat ra
khi ¢ s6 dém tran va duoc dit ¢ bit co ngat TMRIIF. Ngat c¢6 thé duoc phép
hodc cam bang cach dit hodc xo04 bit cho phép ngat TMRIIE.
B6 dinh thoi Timerl ¢6 thé dugc cdu hinh dé hoat dong mdt trong hai ché do sau:

° Dinh tho1 mot khoang thoi gian (timer)

o Pém su kién (Counter)

Viéc lya chon mot trong hai ché do duoc xac dinh bé“mg cach dat hoac xoa

bit diéu khién TMR1ON.

---- | ---- | TLCKPS1 | TICKPSO0 | TLIOSCEN | TISYNC | TMR1CS | TMR1ON

Bit7
Bit0
Bit 7-6 Khong duogc dinh nghia
Bit 5-4 bit chon bd chia clock cho timerl
Bit 3 bit diéu khién cho phép bo dao dong Timerl
Bit 2 bit diéu khién clock ngoai Timer
Bit1 bit chon ngudn clock cho Timerl
Bit 0 bit diéu khién hoat dong cua Timerl
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Ché dj Timer

Ché d6 Timer dugc chon beng cach xoda TMRICS. Trong ché o nay,
Nguén clock dat vao Timer 1a mach dao dong Fosc/4. Bit diéu khién déng bo

khong bi tac dong vi clock ngoai ludn ludn dong bo.

TICKI
(Default High) | ‘ ‘ ‘ ‘ ‘ ‘ ‘

I
(Default Low)

Note: Arrows Indlcate counter Incraments

Hinh 1.12.a. Canh ting timerl
Ché dé counter
Trong ché d6 nay, bo dinh thoi ting sé dém qua clock ngoai. Viéc tang
x4y ra sau moi sudn 1én cua xung clock ngoai. Bo dinh thoi phai c6 mot suon 1én

trudce khi viéc dém bat dau.

Set Flag bit
TMR1IF on
Overflow 0 Synchronized
TMR1 Clock Input
TMRIH | TMRIL
1| -——
TMR1ON
______ On/Off STV
5 7 T1SYNC
T1OSC
RCO/T10SOIT1CKI 1 -
S Synchronize
rescaler
\"“‘”OSCEN Fosc/d 1,2,4,8 _/_det
2 Enable Internal—{ 0
RC1/T10SICCP2 IE_“._J i Oscillatorl" Clock /T 2 Otk
"""" T1CKPS1:TICKPSO
TMR1CS
Note 1: When the TIOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.

Hinh 1.12.b So’ d6 khéi b dinh thoi timerl

3.4.3. B6 dinh th&i TIMER2
Bo dinh thoi TIMER2 14 bo dinh thoi 8 bit véi mot bo dém va mot bo

potscaler. N6 thuong dung chung véi bd CCP trong ché d6 PWM (s& dugc dé
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cip & phan sau). Thanh ghi TMR2 c¢6 thé doc hodc ghi va duoc xoa khi c6 bat ki
tin hiéu reset nao cua thiét b.

B6 dinh thoi TIMER2 ¢6 mdét thanh ghi chu ky 8 bit, PR2. B6 dinh thoi
tang s6 dém 1én tir 00h dén gia tri duwoc ghi trong thanh ghi TR2 va sau d6 reset
lai gi4 tri 00h trong chu ky ké tiép. PR2 1a thanh ghi c6 thé doc hodc ghi.

Gia tri tring hop trong thanh ghi TMR2 dugc di qua bd postscaler 4 bit dé
phat ra mot ngat TMR2 (duoc dit & bit co ngat TMR2IF). Bo dinh thoi TIMER2
c6 thé duoc tat (khong hoat dong) bang cach xo4 bit diéu khién TMR20ON dé

gidm thiéu cong suat ti€u tan nguon.

)
Sets Flag 4
bit TMR2IF | Oyia )

Reset Prescaler
TMR@Reg 11:1, 1:4, 1:16[ TOSC/4
Postscaler 2
1:11t01:16 | EQ ComipAatT }
A T2CKPS1:
J, 4 PR2 Reg T2CKPS0
T20UTPS3:
T20UTPSO0

Note 1: TMR2 register output can be software selected by the
SSP module as a baud clock.

Hinh 1.13.a So' d0 khéi cia TIMER2
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UO RWO RW-0. RW-0 RW-0 RWO RW-0 RW-0
| — |toutpsa|ToutPs2|TOUTPS1|TOUTPSO| TMR2ON | T2CKPS1 | T2CKPSO
bit 7 bit 0

bit 7 Unimplemented: Read as ‘0’

bit 6-3 TOUTPS3:TOUTPSO0: Timer2 Output Postscale Select bits
0000 = 1:1 postscale
0001 = 1:2 postscale
0010 = 1:3 postscale

1111 = 1:16 postscale
bit 2 TMR20ON: Timer2 On bit
1=Timer2is on
0 = Timer2 is off
bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaleris 4
1x = Prescaler is 16

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR ‘1" = Bitis set ‘0" = Bit is cleared X = Bit is unknown

Hinh 1.13.b. T2CON: Thanh ghi diéu khién Timer2 (dia chi 12h)

Mot dic diém khac cua vi diéu khién Picl16F877A 1a ¢6 b dao dong chu
trén chip diéu, no s& gitp tranh dugc nhing sai s6 khong can thiét trong viéc tao
xung dao dong, vi diéu khién Picl6F877A co kha nang tu Reset béng bo WDT,
va c0 thém 256 byte EEPROM.

4. Giao tiép 12C
4.1.Gidi thigu chung vé 12C

Ngay nay trong cac hé thong thong tin dién tur hién dai, rat nhiéu

ICs hay thiét bi ngoai vi can phai giao tiép véi cac ICs hay thiét bi ngoai vi khac

- giao tiép vé6i thé gidi bén ngoai. Vi muc tiéu dat duoc hiéu qua cho phan cing

t6t nhat voi mach dién don gian, Philips da phat trién mot chuan giao tiép ndi

hai day duoc goi 1a I2C. 12C 1a tén viét tat ciia cum tir Inter Intergrated Circuit -
bus giao tiép gitta cac IC v6i nhau.

I12C mac du dugc phat trién bai Philips nhung n6 duoc rat nhiéu nha san

xuat trén thé gi6i sir dung. 12C trd thanh mot chuan cong nghiép cho cac giao

tiép diéu khién. C6 thé ké ra mot vai tén tudi ngoai Philips nhu Texas Intrusment

(TI1), Maxim dallas, Analog device, National Semiconductor... Bus 12C dugc
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dung 1am bus giao tiép ngoai vi cho rat nhiéu loai IC khac nhau nhu céc loai vi
diéu khién 8051, PIC, AVR, ARM, chip nhé nhu Ram tinh (Static ram),
EEPROM, b6 chuyén d6i twong tu s6 (ADC), sé twong ty (DAC), IC diéu khién
LCD, LED...

MIC RO « LCO STATC
CONTROLLER| DRIVER RAM OR
A EEPROM
1=~ 1~ -
» l ‘ hl ) —\' . bl \. - hl »
SCL |
v | { - - {
MICRO
GATE CONTROLLER
ARNAY ADC

l

Hinh 1.14 Bus I2C va thiét bi ngoai vi
4.1.1 Pic diém giao tiép 12C
Mot giao tiép I12C gdm c6 hai day: serial data (SDA) va serial clock
(SCL). SDA la duong truyén dit liéu theo hai huéng, con SCL 1a duong truyén
xung dong hd va chi theo mot hudng. Khi mot thiét bi ngoai vi két ndi vao
duong 12C thi chan SDA cua n6 s& dugc ndi v6i day SDA cia bus, chan SCL

duoc ndi véi day SCI.

- - Voo
pull-up |
resistors Rp | Re
SDA (Senal Data Line ¥ F
- . 4 - -
SCL (Senal Clock Line)
T - -
| scLk | SCcLK
IQ . - - -
SCLKN1 4'; f:f-lAN'iv[\; SCt ‘“-’,JL' DATANZ ]l”
ouUT ] ouT ouT ouT
?*v — — —
SCLK | DATA SCLK DATA |
IN IN IN IN
DEVICE 1 DEVICE 2 MOCETT

Hinh 1.15.a Két noi thiét bi vao bus 12C & ché d§ chuén
(Standard mode) va ché d¢ nhanh (Fast mode)

Mdi day SDA hay SCL déu dugc ndi véi dién 4p duong ctia ngudn cip

thong qua mot dién tré kéo 1én (full-up resistor). Sy can thiét cua cac dién tré kéo
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nay 1a vi chan giao tiép 12C cia cac thiét bi ngoai vi thuong 13 dang cuc mang ho
(open-drain or open-collector). Gia tri cac dién tro' nay khac nhau tiy vao tung

thiét bj va chuan giao tiép, thudng dao dong trong khoang tir 1kQ dén 4,7kQ.

Tré lai v6i hinh 1.15.a ta thay c6 rat nhiéu thiét bj (ICs) cung duoc
két ndi vao mot bus 12C, tuy nhién s& khong xay ra chuyén nham 1an giita cac
thiét bi, boi mdi thiét bi s& dugc nhan ra béi mot dia chi duy nhat c6 mébi quan
hé chu/té ton tai trong subt thoi gian két ndi. Mbi thiét bj c6 thé hoat dong nhu
1a thiét bi nhan dix liéu hay c6 thé vira truyén vira nhan. Hoat dong truyén hay

nhan con phu thudc vao thiét bi d6 1a cha (mater) hay t& (slave).

Mot thiét bi hay mot IC khi két nbi véi bus 12C, ngoai mét dia chi (duy
nhat) dé phan biét, n6 con duoc cu hinh 1 thiét bi chl (mater) hay t& (slave). C6
su phan biét d6 bai trén mot bus 12C thi quyén diéu khién thudc vé thiét bi chu
(mater). Thiét bi chii dong vai tro tao xung dong ho (clock) cho toan hé thong.
Khi giira hai thiét bi chu/té giao tiép thi thiét bi chu ¢ vai trd tao xung dong hd
va quan 1y dia chi cua thiét bi t& trong sudt qua trinh giao tiép. Thiét bi chu dong

vai tro chii dong, con thiét bi té dong vai tro bi dong trong viée giao tiép.

Master SDA Slave Master SDA Slave
Transmitter Receiver Receiver Transmitter
scL SCL

Hinh 1.15.b Truyén nhén dir liéu giira chi/té
Nhin hinh trén ta thiy xung dong ho chi c6 mot huéng tir chii dén té con
ludng dit liéu co thé di theo hai hudng tir chu dén té hay nguoc lai tir té dén chu.
V6i dir lidu truyén trén bus 12C, mot bus 12C chuan truyén 8 - bit dit liu
c6 hudng trén duong truyén véi toc do 100 Kbit/s - ché do chuan (standard-
mode). Téc do truyén co thé 1én toi 400 kbit/s - ché do nhanh (Fast-mode) va
cao nhét 3,4 Mbit/s - ché do cao toc (high speed mode).
Mot bus 12C c6 thé hoat dong & nhiéu ché do khac nhau;

- Mot chu - mot t& (one master — one slave).
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- M6t cha - nhiéu t& (one master — mutil slave).
- Nhiéu chii - nhiéu t& (mutil master — mutil slave).
Du & ché do nao, mot giao tiép 12C déu dya vao quan hé chu/td . Gia thiét
1 thiét bj A mudn giri dit liéu dén thiét bi B, qué trinh duoc thyc hién nhu sau:

- Thiét bi A (chu) xac dinh dung dia chi caa thiét bi B (t9) , cing véi
viée xac dinh dia chi, thiét bi A s& quyét dinh viéc doc hay ghi vao thiét bi t6.

- Thiét bi A gui dir liéu t6i thiét bi B.

- Thiét bi A két thiic qua trinh truyén dit liéu.

Khi A mudn nhén dit liéu tir B, qua trinh dién ra nhu trén chi khac 1a A
s& nhan dir liéu tir B. Trong giao tiép nay A 1a chu con B van 14 t6. Chi tiét viéc
thiét 1ap mot giao tiép gitra hai thiét bj s& dugc mo ta chi tiét day du trong cac
muc dudi day.

4.1.1.1 START and STOP conditions (diéu kién)

START and STOP la nhimg diéu kién bat budc phai co khi mot thiét bi
cht mudn thiét 1ap giao tiép véi mot thiét bi nao dé trong giao tiép 12C. START
la diéu kién khoi dau bao hiéu bat dau giao tiép, con STOP bao hiéu két thic
mot giao tiép. Hinh dudi ddy mé ta diéu kién START va STOP

Ban dau khi chua thyc hién qué trinh giao tiép,ca hai dudong SDA va
SCL déu ¢ muc cao (SDA=SCL=HIGH).Ltc nay bus I12C duoc coi 1a ddi (bus
free),sdn sang cho mot giao tiép.Hai diéu kién START,STOP khong thé thiéu

trong viéc giao tiép giira cac thiét bi [2C voi nhau.

|
_—— | -

scL ! ! \ / \ / : SCL

k2 A 1 P!
START condition STOP condition :
MBC622
Hinh 1.16. Dieu kién Start va Stop.
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Piéu kién START : mot su chuyén doi trang thai tr cao xuéng thép trén
dudng SDA trong khi dudng SC1 dang & mirc cao (cao = 1,thip = 0) bao

Piéu kién STOP : mét su chuyén ddi trang thai tor mutrc thé\p nén cao trén
duong SDA trong khi duong SCL & mirc cao.

Ca hai diéu kién START va STOP déu dugc tao ra bai thiét bi chi. Sau
tin hiéu START, bus 12C coi nhu dang trong trang thai lam viéc (busy). Bus
12C s& rdi, san sang cho mt giao tiép méi sau tin hiéu STOP tir thiét bi chu.

Sau khi c6 mdt diéu kién START, trong qua trinh giao tiép, khi c6 mot
tin hiéu START duoc lip lai thay vi c6 mot tin hiéu STOP thi bus 12C van tiép
tuc O tranh thai ban. Tin hiéu START va lip lai START déu c6 chiic ning giéng
nhau 12 khoi tao mot giao tiép.

4.1.1.2 Pinh dang dir ligu truyén
Dt liéu duoc truyén trén bus 12C theo tung bit, bit dir li¢u duoc truyén di
tai mdi suon duong cta xung déng hd trén day SCL, qua trinh thay d6i bit dir

liéu xay ra khi SCI dang & mirc thap.

' 3 '
ma | ! 1 \
—_— / ! ! X | R

|

. | |
- \ / \ ! R mmesoe ey |

l -
|
|
'

wn

ca3ia ne | change
slabe ofdata |
catavalc | allowsad | MSCS>

Hinh 1.17.a. Qua trinh truyén 1 bit dir liéu
Mdi byte dir liéu dugc truyén co do dai 1a 8 bits. Sb lugng byte duoc
truyén trong mot 1an 1a khong han ché. Mbi byte dugc truyén di theo sau 1a mot
bit ACK dé bao hiéu di nhan dit liéu. Bit co trong s6 cao nhat (MSB) s& duoc
truyén di dau tién, cc bit s& dugc truyén di lan lugt. Sau 8 xung clock trén day
SCI, 8 bit dir liéu da duoc truyén di. Luc nay thiét bi nhan sau khi d3 nhan du 8

bit dir liéu s& kéo SDA xudng mirc thap tao mdt xung ACK tung véi xung clock
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thir 9 trén day SDA dé bao hiéu d nhan du 8 bit. Thiét bi truyén khi nhan duoc
bit ACK s& tiép tuc thuc hién qua trinh truyén hodc két thuc.

cicck lins hald low while
interrupts are sendcsd

r=1 ro1
| I [ X XN /[ X A
CT= FE =
: : ncgﬁmﬁ’ﬁ?ﬁ‘ﬁm :
[ |

Led ACK Led

START o STOP or
repeated START repeated START

conaiion conaition

Hinh 1.18.b. Dix liéu truyén trén bus 12C

r -
DATA QUTAUT l\ | / X g
3Y TRANSMITTER " o

ot acknowiedge |

ackncmoage;
SCL FROM
MASTER W\_ . 2 '9

!

|
DATA OUTPUT |
8Y RECEIVER | I
I

| |

- CIOCK puse for
START i

ion acknovdecgement .

Hinh 1.18.c. Bit ACK trén bus 12C
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Truyén Nhdin

l l

N

SDA = data_bit Buffer = databit

Kiém tra xem

da truyén du
8 bit chua

Send ACK
Next_byte Read Butfer
or STOP
STOP

F N

Hinh 1.18.d. Lwu d0 thuit toan qua trinh truyén nhan dir liéu

Mot byte truyén di ¢ kém theo bit ACK 1a diéu kién bat budc, nham dam
bao qua trinh truyén nhan dién ra chinh x4c. Khi khong nhan dugc ding dia chi
hay khi mudn két thic qua trinh giao tiép, thiét bi nhan s& giri mot xung Not-
ACK (SDA & muc cao) dé bao cho thiét bi chu biét, thiét bi chi s& tao xung
STOP dé két thic hay lap lai mot xung START dé bat dau qua trinh méi.

4.1.1.3 Pinh dang dia chi thiét bi

M&i thiét bi ngoai vi tham gia vao bus I2C déu c6 mot dia chi duy nhat,
nham phan biét giita cac thiét bi v6i nhau. Do dai dia chi 1a 7-bit, diéu do6 co
nghia 13 trén mot bus 12C ta c6 thé phan biét duoc tdi da 128 thiét bi. Khi thiét bi

cht mudn giao tiép véi thiét bi ngoai vi nao trén bus 12C, nd sé& giri 7 bit dia chi
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cta thiét bi do ra bus ngay sau xung START. Bye dau tién duoc giri s& bao gdm

7 bit dia chi va mot bit thir 8 dé didu khién huéng truyén.

=158 =8
1 1 | 1 | | | |
U
1 1 1 1 1 1
slzve sddress I
RS S

Hinh 1.19. CAu tric byte dit li¢u diu tién

MBbi thiét bi ngoai vi s& c6 mdt dia chi riéng do nha san xuit ra nd
quy dinh. Pia chi d6 c6 thé 1a ¢6 dinh hay thay doi. Riéng bit diéu khién huéng
s& quy dinh chiéu truyén dit liéu. Néu bit ndy bang 0’ c6 nghia 1a byte dir liéu
tiép theo sau s& dugc truyén tir chu dén t&, con nguogc lai néu bang ‘17 thi cac
byte theo sau byte dau tién s& 1a dit liéu tir con t& gui dén con chu. Viéc thiét lap
gia tri cho bit nay do con chu thi hanh, con t& s€ tuy theo gia tri d6 ma co su
phan hoi tuong tng dén con chu.

4.1.1.4 Truyén dit liéu trén bus I2C, ché d¢ Master - Slave

Viéc truyén dit liéu dién ra giira con cha va con té. Dir liéu truyén

c6 thé theo hai huéng tir chu dén té hay nguoc lai. Hudng truyén dugc quy dinh

boi bit thir 8 RW trong byte dau tién duoc truyén di.

e

3
3

5 P
\und ;Ql ] l Il ] l ll ] '--‘.
START ADDRESS RW ACK DATA ACK DATA ACK STOF
conrdition condgiton
WBCE
Hinh .1.20.a Qua trinh truyén dir liéu
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+ Truyén dit liéu tir chii dén té (ghi dir liéu) : thiét bi chu khi muén

ghi dit licu dén con t6, qua trinh thuc hién la:

- Thiét bi chu tao xung START.

- Thiét bj chu giri dia chi cho thiét bi t6 ma no can giao tiép
cung voi bit RW=0 ra bus va doi xung ACK phan hdi tir con td.

- Khi nhan dugc xung ACK bédo da nhan dién diang thiét bi
t§, con chu bit ddu gii dit liéu dén con té theo timg byte mot. Theo sau mdi
byte nay déu 1a mot xung ACK. Sé luong byte truyén 13 khong han ché.

- Két thuc qua trinh truyén, con chi sau khi truyén byte cudi

tao xung STOP bao hiéu két thuc.

'5)1/4/ ///f/]//////,'/l/‘g”i'/ ////// 0'//////‘ AF ;;’//
1S SLAVE ADDRESS W - DATAZ] A DATA :
/;:/ //[{{({{[['1{1/‘3; 1‘/1(:A/1 & //(// ////// e 'C"A
. | L data ransfemred —]
0 (write) In bytes + acknowledge)
/A from masder 10 slave
' A = acknowedge (SDA LOW)
Z = not acknowiedge (SDA HIGH)
from slave to master . ’
D S = START condtion
ARCE0s P = STOP conditon

Hinh 1.20.b Ghi dit liéu tir chii dén té
+ Truyén dir liéu tr t& dén chu (doc dir liéu): thiét bi cht mudn doc
dit liéu tir thiét bi t&, qua trinh dugc thue hién nhu sau:
- Khi bus rdi, thiét bi chu tao xung START, bao hiéu bat dau giao tiép.
- Thiét bi chu gui dia chi thiét bi t& can giao tiép cung véi bit RW=1 va
doi xung ACK tir phia thiét bj t6.
- Sau xung ACK dau tién, thiét bi t& s& guri timg byte ra bus, thiét bi chu
s& nhan di liéu va tra vé xung ACK. Sb lugng byte khong han ché.
- Khi muén két thic qua trinh giao tiép thiét bi chu giri xung Not-ACK va
tao cung STOP dé két thuc.
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.

DATA Eq DATA VAP
Y. y.'J.

—— data ransferred ——
MECEOS (reac) (n byles + acknowledge)

B

Hinh 1.20.c Poc dit liéu tir thiét bi té
+ Qua trinh két hop ghi va doc dir liéu: giita hai xung START va
STOP, thiét bi chi c6 thé thuc hién viéc doc hay ghi nhiéu 1an v6i mot hay nhiéu
thiét bi. Dé thuc hién viéc d6, sau qué trinh ghi hay doc, thiét bi chu lip lai mot

xung START va lai gui lai dia chi cua thiét bi t& va bat dau mot qua trinh mai.

L, AL Ll k™™ ) Lk Y bR fl
/ 34 SLAVE ADDRESS FRW] A | DATA AR pSTy SLAVE ADDRESS (: “d DATA JAA p
PPIIIP PRI IPRIP VITT) 77 I DPPRIPIIIZII2TD vIPP

Lo o, J Ll-':‘;f:fi
reat or wtte

read or write
draction
of‘.r;;tgt
» may ge
T,ngg“;’ Sr = repeated START conaition at this point.
0ata and acwnowieage s

cenencs on R/ bas.
Hinh 1.20.d Qua4 trinh phédi hop doc/ghi dit liéu
Ché d6 giao tiép Master - Slave 1a ché d6 co ban trong mét bus 12C, toan
bd bus duoc quan 1y bai mot Master duy nhat. Trong ché d6 nay khong xay ra
tinh trang xung dot bus hay mat dong bd xung clock vi chi c6 mot master duy
nhat c6 thé tao xung clock.

4.1.1.5 Ché dép Multi-Master

Trén bus I2C ¢6 thé c6 nhiéu hon 1 Master diéu khién bus. Khi d6 bus
12C s& hoat dong & ché do Multi-Master.

4.2 12C trong vi diéu khién PIC

4.2.1 Tong quan chung

O Viét Nam PIC 16Fxxxx dugc str dung va dé cap nhiéu nhat 1a 16F84,
16F628, 16F88, 16F87x. Trong do:
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- 16F84, 16F628 khong tich hop chuan 12C.

- 16F88 tich hop I12C nhung chi hd tro ché do Slave khong ding dugc &
ché do Master.

- 16F87x tich hop 12C & ca ché do Master va Slave.

Do d6 néu mudn sir dung ¢ ché d6 Master véi cac PIC 16F84, 16F628,
16F88 chiing ta phai gdy dung bang phan mém.

4.2.2 Truyén va nhégn dir liéu ding I12C

4.2.2.1 Qud trinh truyén mét byte div liéu tiv Master qua Slave
Nguyén tic truyén mot byte dir liéu gdm cac budc co ban sau:
- Gt bit start tir Master dén Salve . Doi cho dén khi truyén xong.

- G dia chi cua Slave 1én duong truyén dé chon Slave nao hoat dong ,

doi cho dén khi truyén xong.
- Gui dia chi can luu dir liéu t6i. Poi cho dén khi truyén xong.
- Gui dit liéu céan truyén toi Slave . Poi cho dén khi truyén xong.
- Tiép tuc gui dit liéu.....
- Khi mudn két thic thi giri bit Stop 1én duong truyén.
4.2.2.2 Qua trinh nhdn dii li¢u tir Slave
Qua trinh nhan dir liéu tir Slave dién ra theo cac budc sau:
- Guri bit Start tir Master vé Slave. Dogi cho dén khi truyén xong.

- Gui dia chi caa Slave (bit 0 = 0) 1én duong truyén. Dung dé chon Slave

nao hoat dong. Poi cho dén khi truyén xong.
- Guri dia chi cta dit liéu can nhan. Poi cho dén khi truyén xong.
- Gui bit Restart. Doi cho dén khi truyén xong.

- Guri dia chi Slave 1én dudng truyén (bit 0 =1 bao rang hoat dong sap téi

1a doc ). Poi cho téi khi truyén xong.
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- Poc dir liéu tir Slave. Poi cho dén khi truyén xong.
- Phat bit ACK bao tiép tuc nhan dit liéu . Poi cho dén khi truyén xong.
- Poc dit liéu tir Slave. Poi cho dén khi doc xong.

- Phat bit NACK bdao rang qua trinh nhan dir liéu di két thic . Poi cho

dén khi truyén xong.
Phat bit Stop dé két thuc
4.2.3 Giao tiép 12C trong vi diéu khién 16F87x
4.2.3.1 Cach sir dung I12C ché do Master

Trong PIC 16F87x c¢6 3 thanh ghi diéu khién qua trinh truyén va
nhan dir liéu d6 la SSPSTAT ( 94h bank 1 ), SSPCON1 ( 14h bank 0 ),
SSPCON2 ( 91h bankl) . Trong @6 thi:

- SSPSTAT:
SSPSTAT: MSSP STATUS REGISTER (12C mode ) (ADDRESS 94h)

RW-0  RW-0 R-0 R-0 R-0 R-0 R-0 R-0
| smvp | cke | A | p | s | RW | ua | BF |
bit 7 bit 0

SMP : Chon Speed chuan (=1:100 Khz,1 Mhz, =0 :400Khz )

CKE

R/W : Béo rang qua trinh truyén van dang dién ra

BF : Bao rang SSPBUF van dang diy (trong ca hai truong hop transmit,
receive).

- SSPCONL1:
SSPCONL1 : MSSP CONTROL REGISTER 1 (12C mode) ( ADDRESS 14h)

RWO RWO RWO RWO RWO RWO RW-O0 RWO
| weoL | sspov | ssPeN | ckp | sspm3 | sspm2 | sspm1 | sspmo |
bit 7 bit 0
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WCOL : bao rang c6 su xép chong dir liéu.

SSPEN : enable ché do 12C.

SSPM3 : SSPM10 : chon ché d6 vai ché do 12C Master

la: 1000.

- SSPCONZ:

SSPCON2: MSSP CONTROL REGISTER 2 (12C) (ADDRESS 91h

mode ).

RW-0 RWO RWO RWO RWO0 RWO0 RWO RWO
| GCEN | ACKSTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN |
bit 7 bit 0

- ACKSTAT: bit ACK duoc nhéan tir slave ( =0, chi dung trong transmit).

- ACKDT, ACKEN: dung dé phat bit ACK hay NACK tir Master (trong
ché do Receive ACKDT = 0 1a ACK,=1 1a NACK)

- RCEN : tin hi€u bao hi¢u qua trinh nhan (chi dung trong Receive, khi
RCEN = 1, Master nhan tin hiéu tir slave )

- PEN, RSEN , SEN : bit khdi tao qua trinh truyén stop, restart, start.

Pé diéu khién téc do baud ctia ché d6, ngudi ta dung thanh ghi SSPADD.

12C 1am viéc & 3 ché d6 chuan (tat nhién chi twong ddi ) : 100Kb, 400 Kb,
1Mb. Néu ta dung thach anh 4Mhz va can sir dung tdc dd 100 Kb thi ta phai nap
gia tri vao thanh ghi SSPADD la 28H véi toc do 400KDb ta can gié tri OAh.

Con dé luu va nhan giit liéu ngudi ta dung thanh ghi SSPBUF.

Nhu vy c6 ca thay 5 thanh ghi duoc dung dén SSPSTAT, SSPCONI,
SSPCON2 (chon ché d6 va diéu khién duong truyén ), SSPADD (khdi tao toc
d6 baud) va SSPBUF dung dé luu trir dit liéu trong hai qua trinh Recevie va

Tranmister.
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4.2.3.2. Ham khéi tao 12C trong pic 16F87x

Ciing twong ty nhu khi ding USTAR, LCD, PWM... dau tién ta phai khoi
tao cac gia tri ban dau cta ching. Chilng ta nén tach riéng ham khoi tao nay

thanh mét chuong trinh con.
Viéc khéi tao theo cac budc nhu sau:
- Chon ché d6 Master mode bang viéc SSPM3: SSPMO = 1000.
- Enable Master mode : SSpen=1.
- Chon baud chuén véi 100 Kb thi SMP=1.
- Xét tdc d6 baud cua dudng truyén: véi 100 Kb thi SSPDD=28h.
4.2.2.3 Qua trinh truyén nhan trong PIC 16F87x
1. Phurong thire truyén va nhan div liéu trong PIC 16F87x
a. Nhan dir liéu

Pé bat dau nhan dir lidu tir Slave thi Master phai xét bit RCEN = 1, ciing
tuong tu nhu cac bit Stop, Start..., day cling la mot hoat dong , sau khi bit cudi
cung dugc nhan thi RCEN s€ tu dong Clear, do do bat dau qua trinh Read. Tiép
theo thi ta s& phai tiép tuc SETRCEN (ddi véi qua trinh doc it nhat 2 1an trd 1én)
dé tiép tuc mot hoat dong mdi, dam bao rang qua trinh transmit da két thic va
san sang cho hoat dong Receive. Khi qua trinh truyén két thuc ta gui bit ACK

t6i Slave bao cho Slave biét rang Master san sang nhan dit liéu tiép theo.
b. Qua trinh truyén dir liu

Qua trinh truyén dir liéu ngay sau khi chung ta ghi dir liéu can
truyén 1én thanh ghi SSPBUF. Qua trinh Transmit bat dau (lic bat dau ghi dir
liéu 1én SSPUF) khi cac hoat dong cta né da két thic.
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Hinh 1.21. Dang xung ciia qua trinh truyén va nhan PIC 16F877A
2. Ham MaitMSSP va cdc bit chirc nang trong PIC 16F877A4

Pé truyén va nhan trong 12C tao thanh khdi nguoi ta dung cac bit Stop,
Start, Restart, ACK, NACK (ung véi PEN, SEN, RSEN, ACKEN, ACKDT).

Qua trinh hoat dong cac bit ndy kha gidng nhau dé bat dau phat di: ta
phai xét bit twong tng trong thanh ghi d6. Vi du muén gui bit STOP ta chi can
PEN = 1, twong tu véi cac bit kia va khi truyén xong rdi thi cac bit d6 s& tw dong

chuyén vé 0 (bing Hardware) .

Qua trinh nay chi c6 tdc dung khi [2C da hoan thanh xong nhiém vu trudc
d6. Nhu vy ta can biét luc ndo chuong trinh da hoan thanh xong nhiém vu day
chinh la vai tro cua co SSPIF trong thanh ghi PIR1. Cling twong tu nhu cac co
khac , SSPIF bao cho 12C biét 14 hoat dong di két thuc bang cach Set tir 0 1én 1
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va ta phai x04 cd ndy bang phan mém cho cac hoat dong tiép theo. Do yéu cau
ctia I2C 1a: khi hoat dong nay két thiic thi méi cho phép hoat dong kia bat dau.
Co6 su khac biét mot chut trong bit ACK bit va NACK bit la: ACKEN giri

bit ACK néi chung di, con ACKDT ding dé chon bit gui di 1a ACK ( =0 ), hay
NACK (=1).
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- 'CHUONG 2:
THIET KE HE THONG GIAO TIEP 12C GIUA 2 PIC

2.1 So' @b khoi hé thong

Véi nhimg 1i thuyét da trinh bay ¢ trén ta c6 thé thiét 1ap duoc giao tiép
I2C giita 2 PIC. O phan ndy em trinh bay viéc thiét ké hé thong giao tiép 12C
giita 2 PIC. 2 PIC giao tiép I2C véi nhau thong qua 2 duong day 1a SDA va
SCL. Trén 2 day déu duoc ndi voi dién ap duong ctia ngudn cip thong qua mot
dién trd kéo 1én. Mot PIC em sur dung c6 vai tro la PIC chu (Master) va 1 PIC la
t& (Slave) . Trong hé thong giao tiép 12C giita 2 PIC em st dung thém thiét bi
ngoai vi va két qua cua trinh thuc hién giao tiép dwoc hién thi trén man hinh
LCD. 1 PIC s& nhan tin hiéu tir thiét bi ngoai vi va thuc hién qua trinh xtr 1i tin
hi¢u do. Sau do s€ thuc hi¢n giao tiép I12C. Qua trinh xu i, hién thi thuc hién
trén PIC chu hodc t6. O phan cimg ctia em lam, em sir dung PIC chu (master)
thuc hién viéc nhan, xt 1i dir li€u tr ngoai vi. Sau dé két qua duoc truyén qua

PIC t& va nhan nguoc lai thong qua giao tiép I12C. Va hién thi két qua nén LCD.

HIEN THI

Hinh 2.1. So 6 khdi hé théng giao tiép 12C giira 2 PIC
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2.2 So d0 chi tiét

___________________________ o | AR AR

ST BB TRl

TR s, | B

|

e

Hinh 2.2. So' @ mach chi tiét giao tiép 12C véi 2 PIC
Pé tudng minh viéc truyén nhan dir liéu gitta hai vi diéu khién PIC & day
em str dung mach do nhiét d6 dung cam bién nhiét LM335. Tin hiéu dién ap 16i
ra clia cam bién duge dua vao bo bién doi tuong tu s6 cua vi diéu khién PIC. Co
thé dwa vao hodc cta vi diéu khién chii (Master) hodc cua vi diéu khién t6
(Slave). Trong thiét ké em dua tin hiéu vao chan ANO cua vi diéu khién chu. So

d6 mach do nhu hinh 2.3 duéi day.
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e

W'y iscie
10

LM33s

Hinh 2.3. Mach cam bién do nhiét ¢ dung dé 14y dit liéu truyén nhan cho giao tiép

12C.
2.3 Thiét ké cac khoi
2.3.1 Khéi nguon nuodi
a.So' d6 khdi
Bién 4 5 Boon | DC

Hinh 2.4. So' @6 khoi ngudn nudi

b. So' @6 nguyén li

2
REL - rhr
R
TR =T 1
I o0 +5Y
2 R2 1 3
o e — MW » 0
<TET z l 04
STL-156402 2 —— 3 1
1000 T o4 - 1|J4|r1'l:lﬁI
— 2= TEAT> L= —
<TEXT:
GMD
= e
&
Hinh 2.5. So @6 chi tiét mach nguon.
Ngudn 6n dinh cung cap cho hé thong la nguon +5V.
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Mach trén ldy nguén mét chiéu tir mot may bién ap véi dién ap tir 6V dén
12V dua vao ngd vao. Sau d6 cho qua IC on ap 7805 dé tao ngd ra OUT +5V on
dinh cép cho toan mach. Tu dién dong vai tro on dinh va chéng nhiéu cho ngué)n.

2.3.2 PIC 26F877A

O day em sir dung m PIC déng vai tro 1a Master, mot PIC la Slave, giao
tiép v6i nhau thong qua giao tiép 12C.

So dd chén chi tiét vi diéu khién PIC16F877A duoc cho dudi dy.

O— MCLRVPP RB7/PGD |-3e—L]
5 RB6/PGC 55—
5 RAO/ANO RB5 [—5=—0
C— RA1/AN1 RB4 [=5z—0
[—=—] RA2/AN2/VREF-/CVREF RB3/PGM [—z—0
C—&— RA3/AN3/VREF+ RB2 [
C——=—p RA4/TOCKI/C10UT RB1 [55—
[—— RA5/AN4/SS/C20UT ~ RBO/INT [0
C—S— REO/RDJANS VDD |32
C—5— RE1/WR/ANG GND (=0
C———| RE2/CS/AN7 30
11 RD7/PSP7 55—
—5 VDD RD6/PSP6 55—
o—2qenp T C1OFSTTA T Rpspsps S5
13 RD4/PSP4 [F=—
7P OSC1/CLKIN 26
[———p OSC2/CLKOUT RC7/RX/DT 52—
15 RCB/TX/CK 45,
P RCOT10SO/T1CKI RC5/SDO 55—
[—=PRC1/T10SI/CCP2  RC4/SDISDA [—=—0
5P RC2/CCP1 2
O———pRC3/SCK/SCL RD3/PSP3 57—
19 RD2/PSP2 [~
5] RDO/PSPO
= RD1/PSP1

Hinh 2.6. So' db chan chi tiét
Dé vi diéu khién hoat dong ta can cAp ngudn cho nd, PIC 16F877A cb 4
chan cap ngudn trong d6 chan 11, 32 ndi ngudn +5V, chan 12, 31 ndi dat. Sau khi
cap ngudn ta can cung cap tiép xung clock cho hoat dong cua vi diéu khién. O day
ta s& dung thach anh lam ngudn xung dé cap cho PIC qua chéan 13,14 cua PIC. Tuy

nhién nhu ta da biét, cac xung dao dong do thach anh tao ra cling khong thyc su
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6n dinh mot cach tuyét ddi, va cach khic phuc 1a grfln thém cac tu loc vao thach
anh. Thach anh st dung & day la 20MHz. Vay ta s¢€ mic dugc so dd mach
nguyén 1y cua khdi nay nhu sau:

+E0/

RS
SW1
330 U1 ]
10" 02 1| MCLR*\/PRITHY reoinT 23— 2F
— I REB1 DS
- — 2| RAD/AND RE2 M2 —— ==
3g D4
#—2 RAT/ANT RE3/PGM =
%—2 | RAIANZIVREF- RB4 2l .
#—=2 RAIANINVREF+ RBS [———=
»—81 RagrToCKI RBEIPGC 2 oo
»—1 RaS/ANS reTIPGD (L —— =
15| RCOIT10SQITICK RDO/PSPD 13—
16 | RCAT10S] RDPSPT 21—
1 Reaicepi RDPSP2 ol —
—18 ) pca RDIPSP3 22—
*—23 | Rea RD4/PSP4 =
%24 | pes RDSIPSPS 28—
#—22 | RCBTHICK RDE/PSPE 22—
o1 22 RCTIRXDT RD7PSPT [P
}TJ— OSC1/CLKIN
33p oM RED/RD*/ANS —2—
— RE1WR*ANGE F1—x
RE2CSHANT L —x
}Lﬁ— 0SC2/CLKOUT
33p
2 vss voD FH— .,
= i W55 VDD 03
PIC16FBTTA
0.1u

Hinh 2.7 So' 46 mach 16F877A

Chén s6 1 MCLR duogc dau ndi thém nhu trén dong vai tro reset PIC, 1am
viéc ¢ suon xubng (mirc 1 vé 0). Khi SW1 mé dién ap vao chan sb 1 13 +5V
(muc 1) PIC khong duoc reset, khi SW1 dong, mach kin, chan s6 1 nbi dat, dién
ap vao s¢ 1a OV (murc 0) 1a mirc kich hoat, hoat dong ctia PIC duoc reset lai.

Do giao tiép giira 2 PIC 1a giao tiép I2C nén 2 chan 18 (SDA) 23 (SCL)
cua 2 PIC duoc ndi voi nhau. Mbi ddy SDA hay SCL déu duoc ndi voi dién ap
duong ctia ngudn cap thong qua mot dién tré kéo 1én (full-up resistor).

2.3.3 Khoi hién thi

Ngay nay, thiét bi hién thi LCD (Liquid Crystal Display) dugc sir dung

trong rat nhiéu cac ang dung cia VDK. LCD c¢6 rat nhiéu vu diém so véi cac
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dang hién thi khac nhu né c¢6 kha ning hién thi ki tu da dang, truc quan (chit, s6
va ki tu d6 hoa), d& dang dua vao mach &ng dung theo nhiéu giao thuc giao tiép
khac nhau, tn rat it tai nguyén hé théng va gia thanh ré... G day em sir dung
HD44780 cua Hitachi, mot loai thiét bi hién thi LCD rat théng dung & nudc ta,
cu thé 1 sir dung LCD_DM 1602A).

U7

A LCD w h
- L e B s R LIJ"-'-':'; £
-~ OOO0OoOcO0oc0 >OCxw - 4

™ ™ & = Wy D ™| ™

BO
R |
RET RB5
& *

Hinh 2.8 So' d6 chi tiét LCD 16x2

LCD1602 1a loai 2 dong, 16 ki tu, st dung ngudn nudi thap (tir 2,5 dén
5V). C6 thé hoat dong & hai ché do 4 bit hodc 8 bit (trong dé tai nay em st dung
ché do 4 bit). V4i dau vao 4 bit dugc ldy tir 4 chan D4->D7 caa LCD nbi tir
RB2->RB5 cua vi diéu khién PIC. Chan RW déng vai trd chon ché do doc ghi
cho LCD, mtrc logic “0” LCD hoat dong & ché d6 ghi, nguoc lai & ché d6 doc.
Chan RS ctia LCD duoc ndi v6i chan RB6 cua Vi diéu khién. Chan E cua LCD
dugc ndi voi chan RB7 ciia Vi diéu khién. Cac tin hiéu diéu khién cho phép hién

thi trén LCD duogc thuc hién thong qua 18p trinh.
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2.3.4 Khoi ngoai vi

Nhu da trinh bay ¢ trén.

2.4 Luu d6 thuét toan

V61 Master

Start

A 4

Khoi tao
LCD,ADC,I
2C

Yes

>
A 4

Poc ADC

A 4

Goi ham Write
12C

\ 4

Goi ham Read
12C

No

\ 4

Goi c.:[rinh
con hién thi
LCD
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Vi Slave

Start

A 4

Khoi tao 12C

[

»

\ 4
Goi ham ngit i2c_isr ()

\ 4

Nhan tir Master

Y
truyén lai Master

Delay
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2.5 Thiét ké chwong trinh
Cho Master

#include <16F877A.H>

#fuses NOWDT, HS, NOPUT, NOPROTECT, NODEBUG,
NOBROWNOUT, NOLVP, NOCPD, NOWRT
#use Delay (Clock=4000000)
#include <lcd_lib_4bit_nguyen.c>
#use i2c (master, sda=PIN_C4, scl=PIN_C3, force_hw)
#use fast_io (b)
#use fast_io (c)
void convert_bcd (unsigned int data)
{
int8 d1, d2, d3;
d1=(int8) data/100;
d2=(int8) (data/10)%10;
d3=(int8) data%10;
d1=d1+0x30;
d2=d2+0x30;
d3=d3+0x30;
Icd_putcmd (line_2+11);
Icd_putchar (d1);
Icd_putcmd (line_2+12);
Icd_putchar (d2);
lcd_putcmd (line_2+13);
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Icd_putchar (d3);
Icd_putcmd (line_2+14);
Icd_putchar (" ");
Icd_putcmd (line_2+15);
Icd_putchar ("C");

by

void write_I2C (int8 value, int8 slave_addr)
{
12c_start ();
12c_write (slave_addr);
12c_write (value);
12c_stop ();
by
int8 read_12C (int8 slave_addr)
{
int8 value_re;
12c_start();
i2c_write (slave_addr + 1);
value_re =i2c_read (0);
12¢c_stop ();
return value_re;

}

void main ()

{
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int8 value;

const int8 slave_addr = 0x10;

set_tris_b (0x00);

set_tris_c (0x80);

set_tris_a (Oxff);

Icd_init ();

Icd_putcmd (line_1);

printf (lcd_putchar,"Giao tiep 12C");

Icd_putcmd (line_2);

printf (lcd_putchar,"Value:");

setup_adc_ports (ANO);

setup_adc (ADC_CLOCK_INTERNAL);

set ADC_channel (0);

read_adc (adc_start_only);

delay _us (10);

while (1)

{
value=(float) read_adc ();
write_12C (value, slave _addr); // Gui di
delay_ms (50);
value =read_12C (slave_addr); // Nhan lai
value = (value - 139.23)/0.513;
convert_bcd (value);

delay_ms (10);
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output_d (value);

Cho Slave
#include <16F877A.H>
#fuses XT,NOWDT,NOPROTECT,NOLVP
#use delay (Clock=4000000)
#ues i2c (SLAVE,SDA=PIN_C4,SCL=PIN_C3.address=0x10,force_hw)
int8 value = 0x01;
#INT_SSP
Void i2c_isr ()
{

Int8 state;
state = i2c_isr_state ();

if (state < 0x80)

value =i2c_read ();

if (state == 0x80) {
i12c_write (value);
by

by

void main ()
{
Enable_int errupts (GLOBAL);
Enable_int erupts (INT_SSP);
set_tris_b (0x00);
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uhile (1) {

output_b (value) ;
}

}
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KET LUAN

Sau thoi gian nghién ctru va lam d6 4n, cing voi su gitp d& tan tinh cua
cac thay co gido va cac ban. Pic biét 1a thidy Poan Hiru Chitrc em d3 hoan thanh
nhiém vu dd 4n ctia minh.

Qua db an em thy duogc ing dung quan trong ctia vi diéu khién .Giao tiép
12C giao tiép trong do ludng va diéu khién, str dung vi diéu khién ching ta thu
thap duoc cac dai lugng can do, xtr 1y cac dai luong do6 va dua ra két qua mong
mudn. Hién nay vi diéu khién rat da nang, nho gon, do d6 ap dung vi diéu khién
vao trong cudc song 1a rat can thiét.

Mic du rat ¢6 gang nhung trong qua trinh 1am d6 an tot nghiép, do sy han
ché vé thoi gian, tai liéu va trinh d6 c6 han nén khong tranh khoi co thiéu sét.
Em rat mong duoc su gop ¥, chi bao cua cac thdy cd va cac ban dé gitip em nang

cao kién thirc, chuyén mon phuc vu cho cong viéc sau nay.

Em xin chan thanh cam on!
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