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LOI NOI PAU

Ngay nay, véi nhitng tmg dung cuia khoa hoc k¥ thuét tién tién, thé gidi cua chung
ta d3 va dang ngay mot thay dbi, van minh va hién dai hon. Trong d6, sy phat trién cta
k¥ thuat tuy dong hoa da tao ra hang loat nhiing thiét bi v6i cac dic diém ndi bat nhu sy
chinh xac, bao mét cao, tbc do nhanh, gon nhe 1a nhitnh yéu t6 rat can thiét cho sy tién
loi trong cudc sdng.

Y tuong dé tai xuat phat tir bai toan thyc té. Mot thiét bi vira c6 thé do nhiét do
phong tai mot thoi diém xac dinh vira ¢ thé diéu khién thiét bi (dong co). Vi mot gia
tri nhiét o khac nhau ma hé thong s& diéu khién tat hay bat va thay doi tbc do dong co.
Pong thoi nguoi dung c6 thé thiét 1ap cac gia tri ngudng theo dung yéu cau riéng.

Dé tai "Thiét ké hé thong diéu khién dong co DC bing nhigt dp" 1a su két hop
ctia nhiéu mach dién tir co ban ciing nhu st dung phan tir vi diéu khién trong chuong
trinh giang day, 1a su tong hop kién thirc tir cic mén co s nganh va ky ning thue hanh
trong moén Vi Piéu Khién.

Pé tai cia em gém 3 phan:

Chuong 1. Téong quan vé cdc phan tiv

Chuong 2. Thiét ké hé thong diéu khién

Chwong 3. Chwong trinh diéu khién

Pé thuc hién duge dd an nay em xin gui 101 cdm on chan thanh nhat dén tat ca cac
thay cd gido, cAc can bd nhéan vién trudng Pai hoc dan 1ap Hai phong ndi chung va céc
thay co gido trong khoa Pién — Dién tir n6i riéng da day do, va giup d& em sudt thoi
gian em hoc tai truong.

Trong qua trinh 1am dé tai, do sy han ché vé thoi gian, tai lidu va trinh d6 c6 han
nén khong tranh khoi c6 thiéu sét. Em rat mong duoc sy dong gop y kién cua cc thay
¢ va cac ban dé d6 4n tét nghiép ciia em dugc hoan thién hon. Em xin chan thanh cam
on.

Hai Phong, thang 6 nam 2013
Sinh vién thuc hién

Mac Minh Dirc
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Chwong 1. TONG QUAN VE CAC PHAN TU
1.1. Téng quan vé PIC 16F887A

Thong thudng c6 4 ho vi diéu khién 8 bit chinh 13 6811 cua Motorola, 8051
cta Intel, z8 cua Xilog va Pic 16 cua Microchip Technology. Mdi mot loai trén
day déu co mot tap 1énh va thanh ghi riéng duy nhat, nén chlng thuong khong
tuong thich 13n nhau. Ngoai ra ciing c6 nhitng bo vi diéu khién 16 bit va 32 bit
dugc san xuat boi cac hing khac nhau. Vi tit ca nhitng bo vi diéu khién khac

nhau thi tiéu chuan dé lya chon 1a:

* Pap ung duoc nhu ciu tinh toan cta bai todn mot cach hidu qua, day du
chtrc ning can thiét va thip nhat vé mit gia thanh. Trong khi phén tich cic nhu
cau ciia mot du an dua trén bo vi diéu khién chang ta phai biét bo vi diéu khién
nao 1a 8 bit, 16 bit hay 32 bit c6 thé dap ung tot nhat nhu cau cia bai toan mot
cach hiéu qua. Nhiing tiéu chuan do la:

- Toc do: toe do 16n nhat ma vi dicu khién hd trg 1a bao nhiéu.

- Kiéu dong vo: Pong vo kiéu DIP 40 chan hay QFP. Pay la yéu cau quan

trong xét vé khong gian, kiéu 1dp réap va tao mau thir cho san pham cudi cung.

- Cong suat tiéu thu: Piéu nay dic biét khat khe doi voi cac san pham dung

pin, ac quy.

- Dung lugng bo nhd Rom va Ram trén chip.

- S6 chan vao ra va bo dinh thoi trén chip.

- Kha ning dé dang nang cap cho hiéu suat cao hodc giam cong suét tiéu thu.

- Gié thanh cho mdt don vi: Diéu nay quan trong quyét dinh gia thanh san
pham ma mot bd vi diéu khién dugc st dung.

*) Co san cac cong cu phat trién phin mém nhu céc trinh bién dich, trinh
hop ngir va gd roi.

*) Nguodn cac bo vi diéu khién sin c6 nhiéu va tin cdy. Kha ning sin sang

dap tng vé s6 lugng trong hién tai tuong lai.
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Hién nay cac bd vi diéu khién 8 bit ho 8051 14 ¢6 sb luong 16n nhat céc nha
cung cip da dang nhu Intel, Atmel, Philip... Nhung vé mit tinh ning va cong
nang thi c6 thé xem PIC vuot troi hon rat nhiéu so voi 89 véi nhidu module dugc
tich hop san nhu ADC10 BIT, PWM 10 BIT, PROM 256 BYTE,
COMPARATER, VERF COMPARATER, mét dic diém nita 1a tat ca céc vi diéu
khién PIC sir dung thi déu c6 chudn PI ttrc chuan coéng nghiép thay vi chuan PC
(chuan dan dung). Ngoai ra PIC con duoc rat nhidu nha san xuat phan mém tao ra
cac ngdn ngit hd trg cho viée 1ap trinh ngoai ngdn ngir Asembly ra con cé thé sir
dung ngoén ngr C thi st dung CCSC, HTPIC hay st dung Basic thi c6
MirkoBasic... va con nhiéu chuong trinh khac nira dé hd trg cho viéc 1ap trinh
bén canh ngoén ngit kinh dién 13 asmbler. Nén trong dé tai ndy em lwa chon sir
dung vi diéu khién PIC 1am b6 diéu khién chinh, va ¢ dy 1a PIC16F887A.

1.1.1. So' @6 khoi va bang mé ta chirc ning cc chan ciia PIC16F887A

RE3MCLR\VPP —= [T 1 \_/ 40 [] ~— RB7/ICSPDAT
RAO/ANO/ULPWU/C12IND- ~—[12 390 RB6/ICSPCLK
RAT/ANT/C12IN1- «~——[]3 38] =« RB5/AN13T1G
RA2/AN2/VREF-/CVREF/C2IN+ =——[]4 370 RB4/ANT1
RA3/AN3/VREF+/C1IN+ =———=[T5 36 [] =—— RB3/ANY/PGM/C12IN2-
RA4/TOCKI/C10UT ——[6 35[] = RB2/ANS
RAS5/AN4/SS/C20UT =——=[17 34 RB1/AN10/C12IN3-
REO/AN5 -—=[138 - 33 RBO/AN12/INT
RE1/ANG =——[T9 ® 320 VDD
RE2/AN7 «— [ 10 3 31[] «— Vss
VDD ——— [ 11 o 30[] =— RD7/P1D
Vss — o112 8 29[] =——= RDE/PIC
RA7/OSC1/CLKIN ——=[]13 5 28 [] =— RD5/P1B
RAB/OSC2/CLKOUT «— = []14 271 RD4
RCOT10SOMICKI =~ =715 26 [] =—= RCT/RX/DT
RC1/T10SIICCP2 ——[7 16 25 RCB/TX/CK
RC2/PIAICCP1 «——w[117 24 RC5/SDO
RC3/SCK/SCL =118 230 RC4/SDI/SDA
RDO ——=[]19 22 [] =—— RD3
RD1 ~—=[120 21 RD2

Hinh 1.1. PIC 16F887A
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D=tz Bus 8 PORTA
I 7 3 RADIAMD
Fi= ! B RAATAN
Program | E A fas
Memary RAM . g A3 AN =
File j — 10UT
Registzrs r RABEMAESC20UT
Proaram
EE 4 RAM Addril a
Aodr MUX Y,
[ Direct Addr T i " Inirect PORTE
= il REAVINT
RE"
REZ
REZFGM
g RE4
RES
RESFGC
\ RET/FGD
Ingtruction : =
D;:e =& F— ALU ::‘
Controd .
,—I— PORTC
S| el = . e
OSCI/CLK r RCZICCRT
OBCZCLHO 4 RCASCHKSCL
= < RC4/SDISDA
g RCE/SDO
4 ROSTXCK
4 RCTIRX/DT
Timerd Timert Timer2 1061t AID
IL I I I
I It It I T il
Datz EEFROM £CPi 2 Synchionous LS&RT Comparata ot
Device Program Flesh Data Memary Data EEPROM
PIC18F8T3A A4k words 102 Bytes 128 Bytes
PIC16FATEA B wiords 358 Bytes 2B% Bytes
Mote 1: Higher order bits are from the Ststus register.
Hinh 1.2. So' do khoi ciia PIC16F887A
Bang mo ta chirc nang cac chian cia PIC16F887A
. DIP PLCC QFT 1/0/P -
Pin Name . . A Buffer Type | Description
Pin¢ | Pin# | Pin# | Type yp P
Dau vao cua xung dao dong
OSC1/CLKIN 13 14 30 1 ST/CMOQOS(4) | thach anh/ngd vao xung
clock ngoai
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OSC2/CLKOUT

18

Pau ra cta xung dao dong
thach anh. N&i véi thach
anh hay cong hudng trong
ché do dao dong cua thach
anh.Trong ché do RC, ngo
ra cua chan OSC2.

MCLR /V,,

18

I/P

ST

Ngd vao «cua Master
Clear(Reset) hoac ngd vao
dién thé duoc lap trinh.
Chan nay cho phép tin hiéu
Reset thiét bi tac dong &
mirc thap.

RAO/ANO

19

I/0

TTL

PORTA la port vao ra hai
chiéu. RAO co6 thé 1am ngd
vao tuong tu thu 0.

RAL1/AN1

20

I/0

TTL

RA1 c6 thé lam ngd vao
tuong tu tha 1

RA2/AN2/VREF —

21

I/0

TTL

RA2 c6 thé lam ngd vao
tuong ty 2 hoac dién ap
chuan tuong tu am.

RA3/AN3/VREF +

22

I/0

TTL

RA3 c6 thé lam ngd vao
tuong ty 3 hoac dién ap
chuan tuong ty duong.

RA4/TOCKI

23

I/0

ST

RA4 c6 thé lam ngd vao
xung clock cho b dinh thoi
Timer0.

RA5/SS /AN4

24

1/0

TTL

RA5 c6 thé lam ngd vao
twong tu thur 4

RBO/INT
RB1
RB2

33
34
35

36
37
38

10

I/0
I/0
I/0

TTL/ST(L)
TTL
TTL

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

RB3/PGM

36

39

11

I/0

TTL

RB3 c6 thé lam ngd vao
cua dién thé duogc ldp trinh
O murc thap.
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RB4 37 41 14 /0 TTL Interrupt-on-change pin.

RB5 38 42 15 110 TTL Interrupt-on-change  hoéc
In-Crcuit Debugger pin.

RB6/PGC 39 43 16 110 TTL/ST(2) Serial programming clock.
Interrupt-on-change pin
hoac

RB7/PGD 40 44 17 /0 TTL/ST(3) In-Crcuit Debugger pin .

Serial programming data .

PORTC la port vao ra hai
chiéu.

RCO/T10SO/T1CKI | 15 16 32 I/0 ST RCO c6 thé 1a ngd vao cua
bd dao dong Timerl hoac
ngb xung clock cho Timerl

RCI c6 thé 1a ngd vao cua
bd dao dong Timerl hoac

RC1/T10SI/CCP2 16 18 35 110 ST X ~
ngd vao Capture2/ngd ra
compare2/ngb vao PWM2.
RC2 c¢6 thé ngd vao

RC2/CCP1 17 19 36 110 ST capturel/ngd ra
comparel/ngd vao PWM1

RC3/SCK/SCL 18 20 37 110 ST RC3 c6 thé 1 ngd vio xung

Clock ddng bd ndi tiép/ngd
ra trong ca hai ché do SPI
RC4/SDI/SDA 23 25 42 1/0 ST va 12C

RC4 c6 thé 1a dir liéu bén
trong SPI(ché d6 SPI) hoic
dit liéu I/O(ché do 17 C).

RCS5 c6 thé 1a dir liéu ngoai

RC5/SDO 24 26 43 1/0 ST SPI(ché d SPT)
RC6 co tbé 1a chan truyén
RC6/TX/CK 25 27 44 /0 | ST khong dong b6 USART
hgac (jong bd voi xung
dong ho
RC7 ¢6 thé 1a chan nhin
RC7/RX/DT 26 29 1 1/0 ST khong dong b USART
hodc dong bo vadi dir lidu.
RDO/PSPO 19 21 38 110 ST/TTL(3)
RD1/PSP1 20 22 39 1/0 ST/TTL(3)
RD2/PSP2 21 23 40 1/0 ST/TTL(3) PORTD Ia port vao ra hai
RD3/PSP3 22 24 41 110 ST/TTL(3) chidu hodc 1a parallel slave
RD4/PSP4 27 30 2 110 ST/TTL(3) | port khi giao tiép v6i bus
RD5/PSP5 28 31 3 /0 | ST/TTL(3) |cuabovixuly.
RD6/PSP6 29 32 4 110 ST/TTL(3)
RD7/PSP7 30 33 5 110 ST/TTL(3)
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PORTE la port vao ra hai
chiéu.
REO c6 thé diéu khién viée

RD 2 | T/TTL
REO/RD/ANS 8 o > 10 ST/ ) doc parrallel slave port
hodc la ngoc vao tuong tu
tha 5.
o RE1 c6 thé diéu khién viéc
RE1/WR /ANG6 9 10 26 1/10 ST/TTL(3) ghi parallel slave port hoac
la ngd vao tuong tu tha 6.
RE2 c6 thé diéu khién viée
— chon parallel slave port
RE2/CS /AN7 10 11 27 7[@] ST/TTL(3) hodc 13 ngd vao twong fu
tha 7
Cung cép ngudn duong cho
Ve 12,31 | 13,34 7,28 p cac muc logicva nhiing
Voo 11,32 [ 12,35 |6,29 |P chan 1/0.
NC 117,28, | 12,13 g?gcn grléiC}llaﬁéI;l t?gz 52028
40 33,4 ' g

dugc dé trong

Ghi chu: | = 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 duwoc cdu hinh nhu ngat

ngoai.

2. La ving dém c6 ngd vao Trigger Schmitt khi duoc st dung trong ché do 9
Serial Programming.

3. La ving dém c6 ngd vao Trigger Schmitt khi duoc cdu hinh nhu ngd vao

ra myc dich chung va 1a ngd vao TTL khi sir dung trong ché do Parallel Slave

Port (cho viéc giao ti€p vdi cac bus cua bg vi xur 1y).

4. La ving dém c6 ngd vao Trigger Schmitt khi duoc cau hinh trong ché do
dao dong RC va mdt ngd vao CMOS khéc.
1.1.2. T6 chic bd nhé

C6 2 khéi bd nho trong cac vi diéu khién ho PIC16F88X, bo nhé chuong

trinh va bo nhé dir liéu, voi nhimng bus riéng biét dé c6 thé truy cap dong thoi.
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FC<12:0=>

CALL, RETURNM 13
RETFIE, RETLW

Stack Level 1

Stack Level 2

-
-
-

Stack Level 8

Reset Vector 0000h
-
. S——1
-
Interrupt WYector 0004k
000Sh
Page O
O7FFh
08000
X Page 1
On-Chip
OFFFh
Program Y
Memory 1 OO0k
Page 2
17FFh
1800h
Page 3

1FFFh

Hinh 1.3. Ngin xép va ban dé b nhé chwong trinh PIC16F887A

1.1.2.1. T6 chirc ciia bd nhé chwong trinh

Céc vi diéu khién ho PIC16F887A c6 bo dém chuong trinh 13 bit co kha
nang dinh vi khong gian bé nhé chuong trinh 1én dén 8Kb.Cac IC PIC16F887A
c6 8Kb bo nhd chuong trinh FLASH, cac IC PIC16F873/874 chi c6 4 Kb.Vecto
RESET dit tai dia chi 0000h va vecto ngat tai dia chi 0004h.

1.1.2.2. T6 chirc bd nhé dix liéu

B6 nh¢ dit liéu duge chia thanh nhiéu day va chura cac thanh ghi muc dich
chung va cac thanh ghi chic nang dac biét. BIT RP1 (STATUS <6>) va RPO
(STATUS <5>) 1a nhiing bit dung dé chon cac diy thanh ghi.

RP1:RPO Bank
00 0
01 1
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10 2

11 3

Chiéu dai ctia mdi diy 1a 7Fh (128 byte). Phan thap ciia 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 chiic nang nhu RAM tinh. Thuong thi nhitng
thanh ghi dac biét dugc sir dung tir mot day va cé thé duoc 4nh xa vao nhirng day

khéc dé giam b6t doan ma va kha nang truy cap nhanh hon.

1.1.2.3. Cac thanh ghi muc dich chung
Céc thanh ghi nay c6 thé truy cap truc tiép hodc gian tiép thong qua thanh
ghi FSG (File Select Register).

File

Adaress
Indirect adar. [ oon Indirect addrt™ | son indirect addr. ™| 100n Indirect addr.™| q1a0n
TMRO O OPTION_REG] S1h TMRO 101h OFTION_REG| 181h
PCL 02h 2L 82h PCL 102h PCL 182h
STATUS o3h STATUS S3h STATUS 103h STATUS 183h
FSR WED FSR san FSR 104h FSR 184h
PORTA osh TRISA 85h 105h 185h
PORTB o&h TRISE 86h PORTE 105h TRISE 186h
PORTC o7h TRISC 87h 107h 187h
PORTD | O8h TRISD & s8h 108h 188h
PORTE | 08h TRISE ™ soh 102h 189h
PCLATH 0Aah PCLATH BAh PCLATH 104N FCLATH 184h
INTCOM oBh INTCOM s8Bh INTCOM 10Bh INTCON 18Bh
PIR1 och FIE1 &Ch EEDATA 10Ch EECOM1 18Ch
PIR2 oDh PIEZ B8Dh EEADR 100h EECOMNZ 18Dh
TMRAL OEh PCON BEh EEDWTH 10Eh Reservada 18Eh
TrARAH OFh 8Fh EEADRH 10Fh Reserveds 18Fh
T 1COMN 10h Sh 110h 190h
L, o 11h SSPCOMZ | 91h 1110 191h
T2COMN 12h PR2 azh 112h 192h
SSPBUF 12h SsPADD =T ToY 113h 193h
SSPCOMN 14h SSPSTAT =1 114h 194h
CCPRIL 15h Q5n 1150 195h
CCPRIH 16h ash 116h 196h
CCP1CON 17h avh general 117h gener:.n 197h
RCSTA 18h THSTA ash Reoister 118h Rapose 198h
THREG 19h SFBRG +1+1)1 16 Bytas 119h 16 Bytes 1990
RCREG 140 =T 11Ah 194N0
CCPR2L 1Bh ==1 11Bh 198h
CCPR2H 1Ch ach 11Ch 19Ch
CCP220C0MN 1Dn alh 11Dh 19Dh
ADRESH 1Eh ADRESL 9ER 11Eh 19Eh
ADHCOMD 1Fh ADCONA SFh 11Fh 19Fh
20h ADR 120n 1400

General General Senaral Seneral

Furpose Purpose Furpose Purpose

Reagister Register Register Regisier
96 Bytes 20 Bytes — 80 Bytes P 20 Byles R EEE
accesses 2ol accesses L accesses it

TOh-7Fh FOn-TFh FOn - 7Fh
TFh FFh 17Fh L | 4FFh

Bank 0 Bank 1 Bank 2 Bank 3

Hinh 1.4. Cac thanh ghi cia PIC16F887A

10
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1.1.2.4. C4c thanh ghi chirc ning dac biét

Céc thanh ghi chirc nang dédc biét (Special Function Resgister) dugc st dung
bo1 CPU va cac by nhd ngoai vi dé diéu khién cac hoat dong duoc yéu clu cua
thiét bi. Nhiing thanh ghi nay c6 chic ning nhu RAM tinh. Danh sach nhiing
thanh ghi nay dugc trinh bay ¢ bang dudi. Cac thanh ghi chiic nang déc biét co
thé chia thanh hai loai: phan trung tim (CPU) va phan ngoai vi.

1.1.2.5. Cac thanh ghi trang thai

RW-0  RMW-0  RMW-0 R RMW-x  RIW-x_ RM-x
| rr | rRP1 [ RPO | TO z DC C
bit 7 bit 0

37

bit 7 IRP: Register Bank Select bit (used for indirect addressing)
1 =Bank 2, 3 (100h-1FFh}
0 =Bank 0, 1 (00h-FFh}
bit &-5 RP1:RP0: Register Bank Select bits (used for direct addressing)
11 = Bank 3 (180h-1FFh}
10 = Bank 2 (100h~-17Fh}
01 = Bank 1 (80h-FFh}
00 = Bank 0 (00h-7Fh}
Each bank is 128 bytes.
bit 4 TO: Time-out hit
0 = A WDT time-out occurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLEWDT instruction
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 (ADDWF, ADDLW, SUBLNW, SUBKF instructions)
(for borrow, the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
0 = Mo carry-out from the 4th low order bit of the result

hit 0 C:Carry/borrow bit (ADDWE, ADDLW, SUBLW, SUBWF instructions)
1 = A carry-out from the Most Significant bit of the result occurred
0 = Mo carry-out from the Most Significant bit of the result occurred

Hinh 1.5. Thanh ghi trang thai (dia chi 03h, 83h, 103h, 183h)

Thanh ghi trang thai chira cc trang thai sd hoc ciia bd ALU, trang thai
RESET va nhitng bits chon day thanh ghi cho by nh¢ dir liéu. Thanh ghi trang
thai co thé 1a dich cho bat ki 1énh nao, giéng nhu nhitng thanh ghi khac. Néu
thanh ghi trang thai 1a dich cho mét 1énh ma anh hudng dén céc co Z, DC hoic C,
va sau d6 nhiing bit ndy s& dugc vo hiéu hoa. Nhiing bit nay c6 thé dit hoic xo4
tuy theo trang thai logic cia thiét bi. Hon nita hai bit TO va PD thi khéng cho
phép ghi, vi vay két qua cua mot tap 1énh ma thanh ghi trang thai la dich co thé
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khac hon dyu dinh. Vi du, CLRF STATUS s& soa 3 bit cao nhat va dit bit Z. Lac
nay cac bits cta thanh ghi trang thai la 000u uluu (u = unchanged). Chi c6 cac
1énh BCF, BSF, SWAPF va MOVWF duogc st dung dé thay ddi thanh ghi trang
thai, boi vi nhiing 1énh nay khong lam anh hudng dén céc bit Z, DC hoidc C tir
thanh ghi trang thai. Pdi v6i nhiing 1énh khac thi khong anh huéng dén nhing
bits trang thai nay.

1.1.3. Cac cong ciia PIC 16F887A

1.1.3.1. PORTA va thanh ghi TRISA

D=tz D=tz Latch

D Q

WR

PORTA - — —_—

E— CK ] L ", ;
—P L I | |_| P o mint1l

-
— o _..-'1_| M
E‘.-F't
RIEA T W] Ves
Arnalog
Iimiput
KMaoda
RD T j
TRISA | S

2

[}
ek
|E_..

RO PORTA \\c

To A'D Cormvearar or Comparator

Mote 1: FO ping have protection diodes 1o Voo and Ves.

Hinh 1.6. So' @6 khoi ciia chan RA3:RA0 va RAS

12



KHOA PIEN TU VIEN THONG - TRUONG PAI HOC DAN LAP HAI PHONG

CMCON=2:0> =x01 or 011
ciout

Data Latch

|

Data Bus D o
WR PORTA L)
|/
TRIS Latzh e
— 0 Q
WR TRISA cRLa Sehmitt

Trigger
Inp?l %'7
Buffar

RD TRISA aﬁ

o D
EN
RD FORTA I>“ —I

TR Clack Input

Nete 1: 1/O pin has protection diodes to Vss anly.

Hinh 1.7. So’ @6 khdi ciia chan RA4/T0CKI

1.1.3.2. PORTB va thanh ghi TRISB

PORTB c6 do rong 8 bit, l1a port vao ra hai chiéu. Ba chan cia PORTB duoc
da hop véi chic nang lap trinh mirc dién thé thap (Low Voltage Programming ):
RB3/PGM, RB6/PGC va RB7/PGD. Mbi chan ciia PORTB c6 mét dién trd kéo
bén trong. Mot bit diéu khién c6 thé md tat ca nhiing dién trd kéo nay 1én. Picu
nay duogc thuc hién bang cach xo4 bit RBPU (OPTION REG<7>). Nhiing dién
tré nay bi cAm khi c6 mot Power-on Reset. Bdn chan cuia PORTB: RB7 dén RB4
c6 mot ngit dé thay d6i dic tinh .Chi nhitng chan dugc cdu hinh nhu ngd vao méi
c6 thé gy ra ngat nay. Nhiing chan vao (RB7:RB4) dugc so sanh véi gia tri dugc
chét trude do trong 1an doc cudi cung ctia PORTB. Céc két qua khong phu hop &
ngd ra trén chan RB7:RB4 duoc OR véi nhau dé phat ra mot ngat Port thay doi
RB Vv6i co ngit 1a RBIF (INTCON<0>). Ngét ndy c6 thé danh thirc thiét bi tir
trang thai nghi (SLEEP). Trong thil tuc phuc vu ngit ngudi str dung c6 thé xoa

ngit theo cach sau:

a) Poc hoic ghi bat ki 1én PORTB. Diéu nay s& két thiic diéu kién khong hoa hop.

13
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b) Xoa bit co RBIF.

Voo
(2)
REPU Weak
! P pull-up
Data B Data Latch
ata Bus D Q [~
O pint™
I
WWR Port CK Yy
TRIS Latch
D Q TTL 7
Input
WR TRIS CK™Yy Buffer
!
RD TRIS \l\l
1 Q D
RD Port \[\J
EMN
RBO/INT
RB3/PGM
<
Schmitt Trigger RD Port
Buffer
MNote 1: VO pins have diode protection to VoD and Wss.
2: To enable weak pull-ups. set the appropriate TRIS
bit{s) and clear the RBPU bit (OPTION_REG=7=>).

Hinh 1.8. So' d6 khdi cac chan RB3:RB0

VDD
REPL2) - F.".‘Bak
J:)D_' P Pull-up
Data Latch
Data B
ata Bus o a [
e pin
WR Port ! CK Ty
TRIS Latch
(] L}
WR TRIS —, TTL
! =L Input “:7 1\:"7
Buffer ST
p b Buffer
RD TRIS
Latch
—] O D
RD Port \rj
EM 21
Set REBIF
Cﬁ(jlg[\i —
From other RO Port
RET:RE4 pins EmM
h. O3
RET REG&

In Serial Frogrmamming Mode

MNote 1: IO pins hawve diode protection to YoDD and Wss.

2: To enzble weak pull-ups, =et the appropriate TRIS
bit{s)} and clear the RBEPU bit (CPTICN_REG=<7=].

Hinh 1.9. So’ @6 khdi ciac chain RB7:RB4
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1.1.3.3. PORTC va thanh ghi TRISC

PORTC c6 do rong 1a 8 bit, 1 port hai chiéu. Thanh ghi dir liéu truc tiép
tuong tng 12 TRISC. Cho tit ca cac bit cia TRISC 1a 1 thi cic chan twong Ung &
PORTC la ngd vao. Cho tat ca cac bit ctia TRISC 1a 0 thi cac chan twong Gmg &
PORTC la ngd ra. PORTC dugc da hgp véi vai chitc nang ngoai vi, nhitng chan
cua PORTC c6 dém Trigger Schmitt & ngd vao. Khi by 12C dugce cho phép, chan
3 va 4 ctia PORTC c6 thé cdu hinh véi mie 12C binh thuong, hoac véi mic
SMBus bang cach st dung bit CKE (SSPSTAT<6>). Khi nhitng chirc ning ngoai
vi dugc cho phép, ching ta can phai quan tdm dén viéc dinh nghia cac bits cia
TRIS cho mbi chan ciia PORTC. M6t vai thiét bi ngoai vi ghi dé 1én bit TRIS thi
tao nén mot chan & ngd ra, trong khi nhiing thiét bi ngoai vi khac ghi dé 1én bit
TRIS thi s€ tao nén mdt chan & ngd vao. Khi nhitng bit TRIS ghi d¢ bi tac dong
trong khi thiét bi ngoai vi duoc cho phép, nhiing 1énh doc thay thé ghi (BSF,
BCF, XORWF) vé6i TRISC 14 noi dén can phai dugc tranh. Nguoi sir dung can
phai chi ra ving ngoai vi tuong tmg dé dam bao cho viéc dat TRIS bit 14 dang.

Port'Peripheral Select 2p

Peripheral Data Cut

VDD

Data B
a us o o ) B
WR Port ciI_O 1
Data Latch {X'
) m

— O o

WR TRIS ol s D
TRIS Latch

=N
pintt

? wss

L

RDTRIS | Schmitt %_

Trigger _\_
Peripheral
£3) ]

CE a o Schmitt

Trigger
EM with
=0 por ~o 1| @Heiees
SSP Input

CKE
SSPSTAT<6>

Mote 1: IO pins hawve diode protection to WDD and Wass.
2: Port'Peripheral Selectsignal selects between port data
and peripheral output.
3: Peripheral OE (Output Enable) is only activated if
Peripheral Select is active.

Hinh 1.10. So' d6 khéi ciia cac chan RC<4:3>
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Fort'Peripheral Selectt2!

Peripheral Data Cut

o WoD
Data Bus ) a S
WR Port E CKWZ_ O .
Data Latch "E
e
— O . pil‘l“"
WR TRIS
WRTRIS | pok @ ——Z>_' =
TRIS Latch
Trigger Izk17
Peripheral
oER! Q D

RD Port

wes
-
RD TRIS j Schmitt
fﬁl

L|>-j El“.—l

MNote -1: /O pins hawve diode protection to VDD and Wss.

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

Feripheral Input

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

Hinh 1.11. So’ d6 khdi ciia cac chan RC<2:0> va RC<7:5>

1.1.3.4. PORTD va thanh ghi TRISD

PORTD la port 8 bit v6i dém Trigger Schmitt & ngd vao. Mdi chan c6 thé
duoc ciu hinh riéng 1¢ nhu mot ngd vao hodc ngd ra. PORTD co thé duoc ciu
hinh nhu port cta bd vi xtr Iy rong 8 bit (parallel slave port) bang cach dit bit
diéu khién PSPMIDE (TRISE <4>). Trong ché d6 nay, dém ¢ ngd vao 1a TTL.
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Data Data Latch

Bus 0 a ; ._'E

WR Vo pint®
Port CK_\_
TRIS Latch
+— D Q
WR
TRIS cK % Schmitt
Trigger %7
Input

Buffer
RD
TRIS

d Q
RD Port r D‘: - —‘

Note 1: I/O pins have protection diodes to VoD and Wss.

Hinh 1.12. So' @6 khdi cia PORTD (trong ché @ 1a port 1/0)

1.1.3.5. PORTE va thanh ghi TRISE

PORTE c6 ba chan (REO/RD/ANS, RE1/WR/ANG6, va RE2/CS/AN7) mdi
chan duoc cu hinh riéng 1é nhu nhitng ngd vao hodc nhiing ngd ra. Nhiing chan
nay c6 dém Trigger Schmitt & ngd vao. Nhitng chan cia PORTE dong vai tro nhu
nhimg ngd vao diéu khién vao ra cho Port ctia vi xt 1y khi bit PSPMODE
(TRISE <4>) duoc dit. Trong ché do nay, ngudi sir dung can phai chic chan rang
nhimg bit TRISE <2:0> dugc dat, va chic rang nhitng chan nay dugc cau hinh
nhu nhitng ngd vao sb. Ciing bao dam ring ADCONI dugc cdu hinh cho véo ra

s6. Trong ché d6 nay, nhitng dém & ngd vao 1a TTL.

Nhitng chan cia PORTE dugc da hgp véi nhitng ngd vao tuong tu, Khi
dugc chon cho ngd vao tuong tu, nhitng chan nay sé doc gia tri "0". TRISE diéu
khién hudng cia nhiing chan RE chi khi nhiing chan nay duoc sit dung nhu
nhimg ngd vao tuong ty. Ngudi sir dung can phai giit nhitng chan duoc cdu hinh

nhu nhitng ngd vao khi st dung chiing nhu nhiitng ngd vao tuong tu.
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Data Data Latch
2o o I {>——{
WR 1)
VO pin
Port cK W
TRIS Latch
+— D Q
WR
TRIS e Schmitt
Trigger ‘\7
Input
Buffer
<]
RD
TRIS
Q D

e

Note 1: I'C pins have protection diodes to VoD and Ves.

Hinh 1.13. So d6 khdi ciia PORTE (trong ché d 1/0 port)
1.1.4. Hoat dong cua dinh thoi

1.1.4.1. B¢ dinh thoi TIMERO

Bo dinh thdi/bd dém Timer0 c6 cac dic tinh sau:

e B¢ dinh thoi / bo dém 8 bit

e Cho phep doc va ghi

e Bo chia 8 bit 1ap trinh dugc bang phan mém

e Chon xung clock ndi hodc ngoai

e Ngit khi c6 sy tran tir FFh dén 00h

e Chon suon cho xung clock ngoai

So d6 khbi ciia bd dinh thoi Timer0 va bo chia ding chung véi WDT dugc
dua ra trong hinh 1.14.
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CLKO (=Fosci4)

Data Bus

TMRO Reg

Sat Flag bit TMROIF

an Overflow

B-bit Prascale

WDT Enable bit

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG=5:0>).

Hinh 1.14. So' @6 khdi ciia b dinh thoi Timer0 va bd chia diung chung véi
WDT

Ché d6 dinh thoi (Timer) duoc chon bang cach xo4 bit TOCS
(OPTION REG<5>). Trong ché do dinh thdi, bo dinh thoi Timer0 s& ting dan
sau mdi chu ki 1énh (khong c6 bo chia). Néu thanh ghi TmRO duoc ghi thi sy

tdng s€ b1 ngan lai sau hai chu ki 1é€nh.

Ché do dém (Counter) duogc chon bﬁng cach xoa bit TOCS
(OPTION_REG<5>). Trong ché d6 dém, Timer0 s& ting dan & mdi canh lén
xudng cta chan RA4/TOCKI. Sy ting suon dugc xac dinh boi bit Timer0 Source
Edge Select, TOSE (OPTION RE<4>). B chia chi dugc dung chung qua lai gifra
bo dinh thoi Timer0O va bd dinh tho1 Watchdog. B chia khong cho phép doc hoac
ghi
Ngiit Timer0

Ngit TMRO duoc phat ra khi thanh ghi TMRO tran tir FFh dén 00h. Sy tran
nay sé& dit bit TOIF (INTCON<2>). Ngit nay c6 thé duoc gidu di bang cach xba
bit TOIE (INTCON<5>) . Bit TOIF can phai dugc x6a trong chuong trinh béi thu
tuc phuc vu ngét cua bo dinh thoi Timer0 trude khi ngét nay dugc cho phép lai.

19



KHOA PIEN TU VIEN THONG - TRUONG PAI HOC DAN LAP HAI PHONG

S dung Timer0 voi xung clock ngoai

Khi bd chia khong dugce str dung, clock ngoai dit vao thi giéng nhu bd chia
& ngd ra. Su dong bd cta chan TOCKI voi clock ngoai duoc thuc hién bang cach
léy mau bd chia & ngd ra trén chan Q2 va Q4. Vi vay thuc su can thiét dé chan
TOCKI ¢ mirc cao trong it nhat 2 chu ky may va & mirc thap trong it nhat 2 chu
ky may.
B¢ chia
Thiét bi PIC16F87X chi c6 mdt b chia ma duoc dung chung boi bg dinh
thoi TIMERO va bd dinh thoi Watchdog. Bo chia c6 cac Hé sé chia ding cho
Timer0 hoic bé WDT. Céc hé sb nay khong c6 kha nang doc va kha nang viét.
Dé chon hé s6 chia xung vao Timer0 hoic cho b WDT ta tién hanh xo0a hoic dit
bit PSA cuta thanh ghi OPTION_REG<3>.

Nhitng bit PS2, PS1, PSO cua thanh ghi OPTION_REG<2:0> dung dé xac
lap céc hé sb chia.

1.1.4.2. B¢ dinh thoi TIMERI1

B6 dinh thoi TIMER1 13 mét bo dinh thoi/bd dém 16 bit gdm hai thanh ghi
TMR1H (Byte cao) va TMRI1L (byte thap) ma c6 thé doc hodc ghi. Cap thanh ghi
nay ting sd dém tir 0000h dén FFFFh va b&o tran s& xuat hién khi c¢6 su chuyén
s6 dém tir FEFFh xudng 0000h. Ngat, néu duoc phép co thé phat ra khi c6 s6 dém
tran va dugc dit ¢ bit cd ngit TMRIIF. Ngit c6 thé dugce phép hodc cdm bang
cach dat hodc xo4 bit cho phép ngit TMRI1IE.

Bo dinh thoi Timerl c6 thé duge cAu hinh dé hoat dong mot trong hai ché d sau:

e Dinh tho1 mdt khoang thoi gian (timer)

e Dém sy kién (Counter)

Viéc lua chon mot trong hai ché do duoc xac dinh b?mg cach dat hoac xoa
bit dicu khién TMR1ON.
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-- | -- | TICKPS1 | TICKPSO | TLIOSCEN | TISYNC | TMR1CS | TMR1ON

Bit7 Bit0
Bit 7-6 Khong duogc dinh nghia

Bit 5-4 bit chon bo 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

Bit0 bit diéu khién hoat dong cta Timerl

Ché dé Timer
Ché do Timer duoc chon béng cach xod TMRI1CS. Trong ché do nay,
Nguén clock dat vao Timer 1la mach dao dong Fosc/4. Bit diéu khién déng bo

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

T1CKI
(Default High) ‘ ‘ ‘ ‘ ‘ ‘ ‘ | ‘ ‘

A

(Default Low)

Note: Arrows indicate counter increments.

Hinh 1.15. Canh ting timerl
Ché dj counter

Trong ché do nay, bo dinh thoi ting s6 dém qua clock ngoai. Viéc ting xay
ra sau moi suon 1én cta xung clock ngoai. Bo dinh thoi phai co6 mot suon Ién

trudc khi viéc dém bat dau.
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Set Flag bit
TMR1IF on
COwerflow -D Synchronized
TMR1 P Clock Input
TMR1H TMR1L H
e
TMR10OM
________ On/Off

: T'IOSC : TISYNC

RCO/T10SQITICKI E

; Synchronize

| Prescaler
T10SCEN  Fpscid 1.2.48 _/J_E!ET
RC1T10SY CCPE‘E’M g;ﬁ;mh! o $ |
I
: Clock 2 Q Clock
________ T1CKPS1:TICKPS0
TMR1CS

Note 1: When the T1OSCEN bit is cleared, the inverter is turned off. This eliminates power drain.

Hinh 1.16. So' @6 khéi bd dinh thoi timerl

1.1.4.3. B¢ dinh thoi TIMER2

Bo dinh thoi TIMER2 14 b dinh thoi 8 bit véi mot b dém va mot bo
potscaler. N6 thuong dung chung véi bo CCP trong ché d6 PWM (sé& dugc dé cap
& phan sau). Thanh ghi TMR2 ¢6 thé doc hodc ghi va dugc xoa khi ¢ bat ki tin
hiéu reset nao cua thiét bi

B dinh tho1 TIMER2 c6 mot thanh ghi chu ky 8 bit, PR2. BJ dinh thoi tang
s6 dém 1én tir 00h dén gid tri duoc ghi trong thanh ghi TR2 va sau do reset lai gia
tri 00h trong chu ky ké tiép. PR2 1a thanh ghi c6 thé doc hoic ghi.

Gia tri trung 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
¢ thé duoc tit (khong hoat dong) bang cach xoa bit diéu khién TMR20ON dé

gian thi€u cong suat tiéu tdn nguon.
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3
Sets Flag
bit TMR2IF | ()

Reset Prescaler
— TMR2 Reg 1:1!1:4!1:16—FOSC,"4
Postscaler
|| C t } 2
11101116 | EQ omparator

T2CKPS1:

4 T2CKPSO0
T20UTPS3:
T20UTPS0

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

Hinh 1.17. So d6 khéi cia TIMER2

U0  RW-0 RWO RW-0 RW-O RWO  RWO  RW-0
| — |Toutps3[TouTPs2[ToUTPS1|TOUTPSO| TMR2ON | T2CKPS1 | T2CKPS0
bit7 bit 0

bit 7 Unimplemented: Read as ‘0’
bit 6-3 TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits

0000 = 1:1 postscale
000l = 1:2 postscale
0010 = 1:3 postscale

1111 = 1:16 postscale
bit 2 TMR2ON: Timer2 On bit
1=Timer2 is on
0 =Timer2 is off
bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

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

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

Hinh 1.18. T2CON: Thanh ghi diéu khién Timer2 (dia chi 12h)

Mot dic diém khac cua vi diéu khién Pic16F887A la c6 bo dao dong chi
trén chip diéu, n6 s& gilp tranh duoc nhitng sai s6 khéng can thiét trong viéc tao
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xung dao dong, vi diéu khién Pic16F887A cd kha ning ty Reset bang bo WDT,
va c6 thém 256 byte EEPROM. Nhung gia thanh caa Pic dat hon so véi 8051.

1.2. Thiét bi hién thi LCD.

Ngay nay, thiét bi hién thi LCD (Liquid Crystal Display) duoc st dung trong
rat nhiéu céc tng dung caa VDK. LCD c¢6 rat nhiéu vu diém so véi cac dang hién
thi khac nhu né c6 kha ning hién thi ki tu da dang, truc quan (chit, s6 va ki tu d6
hoa), dé dang dua vao mach ung dung theo nhiéu giao thtc giao tiép khac nhau,
tdn rat it tai nguyén hé thdng va gia thanh ré ... Trong dé tai nay tdi st dung
HD44780 cua Hitachi, mot loai thiét bi hién thi LCD rét théng dung ¢ nudc ta.
1.2.1. Hinh dang kich thwéc.

C6 rat nhiéu loai LCD véi nhiéu hinh dang va kich thudc khac nhau, trén

hinh 1.19. 1a hai loai LCD thong dung.

= —

: ¢

Hinh 1.20. So’ d6 chan cia LCD
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Hinh 1.21. LCD loai DM 1602A.

Khi san xuat LCD, nha san xuat da tich hop chip diéu khién (HD44780) bén
trong 16p vo va chi dua cac chan giao tiép can thiét. Cac chin nay duoc danh sb
thir ty va dat tén nhu hinh 1.20.

1.2.2. Céac chan chirc niang.
Bdng 3.1. Cac chdn chivrc nang ciia HD44780.

Chanso | Tén Churc nang

1 Vss Chan ndi dat cho LCD, khi thiét ké mach ta ndi chan nay véi GND
ctia mach diéu khién.

2 Vdd Chan cap nguon cho LCD, khi thiét ké mach ta ndi chan nay voi 5V
ctia mach diéu khién.

3 Vo Chan nay dung dé diéu chinh d6 twong phan cta LCD.

4 RS Chén chon thanh ghi (Register select). N6i chan RS véi logic “0”

(GND) hoic logic “1” (Vec) dé chon thanh ghi.

+ Logic “0”: Bus DB0-DB7 s& ni voi thanh ghi 1énh IR ciia LCD
(6 ché do “ghi” - write) hodc ndi voi bd dém dia chi cua LCD (¢
ché do “doc” - read)

+ Logic “1”: Bus DB0-DB7 s& ni voi thanh ghi dir liéu DR bén
trong LCD.

5 RW Chan chon ché do doc/ghi (Read/Write). N6i chan R/W véi logic
“0” d¢& LCD hoat dong & ché do ghi, hodc ndi voi logic “1” dé LCD
& ché d6 doc.

6 E Chan cho phép (Enable). Sau khi céc tin hi¢u dugc dat 1én bus
DBO0-DB7, cac 1énh chi duoc chép nhén khi c6 1 xung cho phép cua
chan E.
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+ O ché d6 ghi: Dit liéu & bus s& dugc LCD chuyén vao (chip
nhan) thanh ghi bén trong no6 khi phat hién mét xung (low-to-high
transition) cua tin hiéu chan E.

+ O ché @6 doc: Dit lidu s& dugc LCD xuat ra DBO-DB7 khi phat hién
suon 1én (low-to-high transition) & chan E va dwoc LCD giit & bus dén

khi nao chan E xudng muc thap.

7+14

DBO0+DB7

8 duodng cua bus dit liéu dung dé trao ddi thong tin voi MPU. C6 2
ché d¢ str dung 8 duong bus nay:

+ Ché d6 8 bit: Dir lidu dwoc truyén trén ca 8 duong, v6i bit MSB
la bit DB7.

+ Ché d6 4 bit: Dit liéu dugc truyén trén 4 dudng tir DB4 t6i DB7,
bit MSB la DB7.

15

A

15 1a Catot, dién ap khoang Uak=4,2V

16

K

Chan noi dat ciia dén Back light

1.2.3. So' 0 khéi ctia HD44780.

D¢ hiéu r6 hon chirc nang cac chan va hoat dong cua chung, ta tim hi€u so

qua chip HD44780 thong qua cac khdi co ban ciia no.

*) Céac thanh ghi:

Chip HD44780 c0 2 thanh ghi 8 bit quan trong la: Thanh ghi Iénh IR

(Instructor Register) va thanh ghi dir liécu DR (Data Register).

- Thanh ghi IR: Dé diéu khién LCD, nguoi dung phai “ra 1énh” thong qua

tam duong bus DB0-DB7. Mbi 1énh duoc nha san xuat LCD danh dia chi 5 rang.
Nguoi dung chi viéc cung cép dia chi 1énh bang cich nap vao thanh ghi IR.
Nghia 14, khi ta nap vao thanh ghi IR mot chudi 8 bit, chip HD44780 sé& tra bang

ma Iénh tai dia chi ma IR cung cép va thuc hién 1€nh do.

VD: Lénh “hién thi man hinh” cé dia chi 1énh 13 00001100 (DB7...DBO0)
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OS5C1 OsGC2 cL
CL2
Reset | M
circuit —
Timing
ACL CPG generator
Instruction I 0o
s register {IR)
2 = COoOM1 to
s e AL P data RAM 16-bit || Common | GOM16
- e (DDRAM) le  shift signal  ——=
RAN —| face a0 = B bits register drivar
E —- T_
Address T SEG1 to
counter & 40-hit d0-bit Segment SEG40
7 shift lateh signal =
DBE4 to register | | circuit driver
DBV -
gl |
Inputy | = Dfﬂf 8
DBO to |output regisier
DB3 buffer (DR} 2
m— & 8 LCD drive
voltage
Busy selector
flag
Character Character Cursor
genearator generator et
RAM ROM l;link
(CGRAM) || (CGROM) || onirbiey
CND G4 bytes | i bits
5 ¢5
' Parallel/serial converter
and —
aftribute circuit
veo —T .
AAALAA
V1W2 W3 VW4 Wh

Hinh 1.22. So d6 khéi ciia HD44780.

- Thanh ghi DR: Thanh ghi DR dung dé chua dir liéu 8 bit dé ghi vao ving
RAM, DDRAM hodac CGRAM (& ché o ghi) hodc dung dé chua dit liéu tir 2
ving RAM nay goi ra cho MPU (6 ché do doc). Nghia 1a, khi MPU ghi thdng tin
vao DR, mach noi bén trong chip s€ tuy dong ghi thong tin nay vao DDRAM hodc
CGRAM. Hoac khi thong tin vé dja chi duoc ghi vao IR, dir li¢u & dia chi nay
trong ving RAM noi ctia HD44780 s& duoc chuyén ra DR dé truyén cho MPU.
Viy bang cach diéu khién chan RS va R/W chung ta ¢ thé chuyén qua lai giit 2
thanh ghi nay trong khi giao tiép voi MPU. Bang 3.2. tom tat lai cac thiét 1ap dbi
v6i hai chan RS va R/W theo muc dich giao tiép.

Bdng 3.2. Bing chirc nang chin RS va R/W theo muc dich sir dung.
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RS RW Y nghia
0 0 Ghi vao thanh ghi IR dé ra lénh cho LCD (VD: can
display clear, ...)
0 1 Poc co ban ¢ DB7 va gia tri ciia bd dém dia chi &
DB0-DB6
1 0 Ghi vao thanh ghi DR
1 1 Poc dir liéu tir DR

*) Co bao ban BF (Busy Flag):

Khi thuc hién cic hoat dong bén trong chip, mach ndi bén trong cin mot
khoang thoi gian dé hoan tat. Khi dang thyc thi cac hoat dong bén trong chip nhu
thé, LCD bo qua moi giao tiép v4i bén ngoai va bat cd BF (thong qua chan DB7
khi c6 thiét 1ap RS=0, R/W=1) 1én dé bao cho MPU biét n6 dang “ban”. Di nhién,

khi xong vi¢c, no sé dat co BF lai murc 0.
*) B6 dém dia chi AC (Address Counter):

Nhu trong so d6 khdi, thanh ghi IR khéng truc tiép két nbi véi ving RAM
(DDRAM va CGRAM) ma thong qua bd dém dia chi AC. Bo dém nay lai néi voi
2 vung RAM theo kiéu r& nhanh. Khi mot dia chi 1énh dugc nap vao thanh ghi
IR, thong tin dugc ndi truc tiép cho 2 ving RAM nhung viéc chon luya ving
RAM tuong tac da dugc bao ham trong ma 1énh. Sau khi ghi vao (hodc doc tir)
RAM, bd dém AC tu dong tang 1én (hoac giam di) 1 don vi va ndi dung cua AC
dugc xuat ra cho MPU théng qua DB0-DB6 khi c6 thiét 1ap RS=0 va R/W=1
(xem bang 3.2). Luu y: Thoi gian cdp nhat AC khong dugce tinh vao thoi gian
thuc thi Iénh ma dugc cap nhat sau khi cd BF 1én mirc cao (not busy), cho nén
khi 14p trinh hién thi, ban phai delay mot khoang tADD khoang 4uS-5uS (ngay

sau khi BF=1) trudc khi nap dit liéu méi.
*) Ving RAM hién thi DDRAM (Display Data RAM):

Pay la ving RAM duing dé hién thi, nghia 1 ung v&i mot dia chi cia RAM

1a mdt 6 ki tuy trén man hinh va khi ban ghi vao ving RAM nay mdt ma 8 bit,
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LCD sé hién thi tai vi tri tuong tng trén man hinh moét ki tuy ¢c6 ma 8 bit ma ban

d3 cung cap nhu hinh 1.23.

Display position
(it 1

2

5

d

5

7o

DORAM
address
(hexadecimal}

|GD|U1|DE‘D3|04‘ LR

]

4 |

Ficure 2

1-Line Display

Display
position 1

2

5

52

40

DDRAM 00

|

0z

0

26

27

address
(hexadecimal)| 42

41

42

43

44

56

&7

Hinh 1.23. Méi lién hé giira dia chi cia DDRAM va vi tri hién thi cia LCD.

Vung RAM nay c6 80x8 bits nhd, nghia la chira dugc 80 ki tu ma 8 bits.
Nhitng ving RAM con lai khong dung cho hién thi ¢6 thé duing nhu ving RAM
da muyc dich. Luu y 1a dé truy cap vao DDRAM, ta phai cung cap dia chi cho AC

theo ma HEX.

*) Vung ROM chtra ki tu CGROM (Character Generator ROM):

Ving ROM nay dung dé chira cac mau ki tu loai 5x8 hodc 5x10 diém anh/ki

tu, va dinh dia chi bang 8 bit. Tuy nhién, n6 chi c6 208 mau ki ty 5x8 va 32 miu
ki tur kiéu 5x10 (tong cong 1a 240 thay vi 256 mau ki tu). Nguoi dung khong thé

thay d6i ving ROM nay.
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Table 2 Example of Correspondence between EPROM Address Data and Character Pattern
(5 = 8 Dots)
EPROM Acddress Data

LSB

AT1AT0AD AB AT AB AS A4 A3 AZ A1 AD (D04 0202 01 00
0 0 0 0150 O O O

00 01|10 0 0 0

oo 1 o1 f({op1 1|0

oo 1 11 110 @1

01 0 0 |1 ’T 0 0|1

01 0 1 1|0 0 01

011 011 1 170

o1 1 000 1 0|2 1 1 1|0 0 0 O 0)]=— Cursorposition

10 0 0o 0 0 0 O

10 0 1 ]0 0 0 0 0

T &1 0| 0 0 O O

T o1 1 |06 0o 0 @ 0O

11 0 00 0 0 0 O

11 0 1o 0o 0 0 0

111 010 0 0 O 0O

T 1 1 1 1a 0 0 0 0

Hinh 1.24. Méi lién hé giira dia chi cia ROM va dir liéu tao mau ki tur.

*) Viing RAM chira ki tir @ hoa CGRAM (Character Generator RAM):

Nhu trén bang ma ki tu, nha san xuat danh ving c6 dia chi byte cao 1a 0000h
dé nguoi dung co thé tao cac mau ki tu d6 hoa riéng. Tuy nhién dung luong ving
nay rat han ché: Ta chi c6 thé tao 8 ki tu loai 5x8 diém anh, hodc 4 ki tu loai

5x10 diém anh. Bé ghi vao CGRAM, xem hinh 1.24.

1.2.4. Tap lénh cia LCD.

Trude khi tim hiéu tip 1énh ctia LCD, sau day 1a mot vai cha y khi giao tiép

voi LCD:

* Tuy trong so d6 khoi ciia LCD cé nhiéu khoi khac nhau, nhung khi 1ap
trinh diéu khién LCD ta chi co thé tac dong truc tiép duoc vao 2 thanh ghi DR va
IR thong qua cic chan DBx, va ta phai thiét 1ap chan RS, R/W phu hop dé

chuyén qua lai giir 2 thanh ghi nay. (xem bang 3.2)
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Table 5 Relationship between CGRAM Addresses, Character Codes (DDRAM) and Character
Patterns (CGRAM Data)

For 5 < 8 dot character patterns

Character Codes Character Patterns
{DDRAM data) CGRAM Address (CGRAM data)
766543210 543210 76543210
High Low High Low High Low
000 » = = []o]|
001 i 1(0 0 01
w10 1l0 0 01 Charact
[ aracler
011 111 1]o ;
- [ pattern (1)
0000= 000 0005100 1a100|
101 1|0 of1]o
110 L 1jo o of1]
111 =+ 000000 }Cursorp-c-snion
o oo =+ = [1]o 0 o1
0 0 1 4 oft]ofalo]
0010 T1 1 1 1 ch
: aracter
O 10 0]t :
. i atlern (2)
0000 [FE | 001:100 T 1 T patlern (2]
10 1 o ol1fo o
110 Y iooli1]o o]
111 = =10 0 0 0 0|} Cursarposition
000 :
] 00 :
,—'—'-"—'_'_F'_'_— _h\—‘\'_\_‘ !
H_’__'__,_,_—'——'_ -\_\_\_‘“““‘-‘-H.r._\_‘_____ ! R
[ —— ____,__o—'-"”
0000 111 (TN P !
101 |
110 :

Hinh 1.25. Méi lién hé giira dia chi cia CGRAM, dir liéu CGARM, va ma ki tu.

* V&i mdi 1énh, LCD can mot khoang thoi gian dé hoan tt, thoi gian nay co
thé kha lau dbi véi toc dd cia MPU, nén ta can kiém tra c& BF hodc doi (delay)

cho LCD thuc thi xong 1énh hién hanh moi1 ¢6 thé ra 1énh tiép theo.

* Pia chi cia RAM (AC) sé& ty dong ting (giam) 1 don vi, mdi khi c6 1énh
ghi vao RAM. (Piéu nay gitup chuong trinh gon hon)

* Céc 1énh ctia LCD c¢6 thé chia thanh 4 nhém nhu sau:

« Céc 1énh vé kiéu hién thi. VD : Kiéu hién thi (1 hang/2 hang), chiéu dai dit
lidu (8 bit/4 bit), ...

* Chi dinh dia chi RAM noi.
* Nhom Iénh truyén dir ligu trong RAM ndi.

* Cac lénh con lai .
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Bdng 3.3. Tap lénh ciua LCD.

Tén Iénh

Hoat dong

Thoi gian
chay

Clear
Display

Ma Iénh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO

DBx= 0 0 0 0 0 O 0 1
Lénh Clear Display (x6a hién thi) s& ghi mot khoang trong (ma hién thi ki
tu 20H) vao tat ca 6 nhé trong DDRAM, sau do tra b dém dia chi AC=0,
tra lai hién thi gdc néu no bi thay ddi, nghia 1a: T4t hién thi, con tro doi vé

goc trai (hang dau tién), ché do tang AC.

Return
home

Ma 1énh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DBx= 0 0 O 0 0 0 1 *
Lénh Return home tra bd dém dia chi AC vé 0, tra lai kiéu hién thi géc
néu no bi thay ddi. Noi dung cia DDRAM khéng thay ddi.

1.52 ms

Entry
mode set

Ma 1énh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DBx= 0 0 O 0 0 1 [UD] [S]
I/D: Tang (I/D=1) hoic giam (I/D=0) bo dém dia chi hién thi AC 1 don vi
moi khi c6 hanh dong ghi hodc doc ving DDRAM. Vi tri con trd ciing di
chuyén theo sy ting giam nay.
S: Khi S=1 toan bo noi dung hién thi bi dich sang phai (I/D=0) hodc sang
trai (I/D=1) mdi khi c6 hanh dong ghi ving DDRAM. Khi S=0: khong
dich noi dung hién thi. Noi dung hién thi khong dich khi doc DDRAM
hodc doc/ghi ving CGRAM.

Display
posiion 102 3 4 5 68 7 8

poEan |[00)01[02 (03| 0406|086 (07

address ]
Display 40[41(42 (43 (44|45 46 (47

position 1 2 3 4 5 & T &

DORAM |00 02‘03‘04‘05|DS|UT|
address

01

Eor 01(02| 03|04 |05 | 06 07 (08
shift left

41|42| 43|44 |45 | 36|47 |48
Far . -
shift left |':'1|92|D3‘U4‘U5‘%|”?|”8|

For 27(00( 0102 03|04 (05 06
shift right

For .
shift right 4F|GD|D1‘DE‘DS‘G4 |U‘5|ﬂ\}|

BT 40) 41|42 (43 |44 |45 [46

Figure 3 1-Line by 8-Character Display Example Figure 5 2-Line by 8-Character Display Example

Hinh 3.7. Hoat dong dich trai va dich phai néi dung hién thi

37us

Display
on/off

Mz lénh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
DBx= 0 0 0 0 1 [D] [C] [B]
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control

D: Hién thi man hinh khi D=1 va nguoc lai. Khi tat hién thi, ndi dung
DDRAM khoéng thay dbi.

C: Hién thi con tré khi C=1 va nguoc lai. Vi tri va hinh dang con tré, xem
hinh 3.8.

B: Nhép nhay ki ty tai vi tri con tré khi B=1 va nguoc lai. Xem thém hinh
8. vé kiéu nhap nhay. Chu ki nhdp nhay khoang 409,6ms khi mach dao

dong noi LCD Ia 250kHz.
|
Cursor —n

& % 8 dot 5 %10 dot Alternating display
charactar font character font

LLITT]

Cursor display example Blink display example

Figure 12 Cursor and Blinking

Hinh 3.8. Kiéu con, kiéu ki tu va nhép nhay ki tu

37us

Cursor
or
display
shift

Ma Iénh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO

DBx= 0 0 O 1 [S/C] [RIL] * *
Lénh Cursor or display shift dich chuyén con tré hay dit liéu hién thi sang
trai ma khong can hanh dong ghi/doc dir lidu. Khi hién thi kiéu 2 dong,
con tro s& nhay xudng dong dudi khi dich qua vi tri thir 40 ctia hang dau
tién. Dit liéu hang dau va hang 2 dich cing mdt lac. Chi tiét sir dung xem
bang sau:

S/C | R/L | Hoat ding

0 ] Dich vitri con tro sang trai (Nghia 14 gidam AC mot don vi).

0 1 Dich vi tri con tro sang phai (Tang AC 1én 1 don vi).

1 0 Dich toan ho ndi dung hién thi sang trdi, con trd ciing dich theo.

1 1 Dich toan bd ndi dung hién thi sang phai, con tré ciing dich theo.

37us

Function
set

Mi lénh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO

DBx= 0 0 1 [DL] [N] [F] * =
DL: Khi DL=1, LCD giao tiép v6i MPU bang giao thirc 8 bit (tir bit DB7
dén DBO0). Nguoc lai, giao thirc giao tiép 1a 4 bit (tir bit DB7 dén bit
DBO0). Khi chon giao thuce 4 bit, dir liéu dugc truyén/nhan 2 lan lién tiép
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v6i 4 bit cao giri/nhan trudc, 4 bit thap giri/nhan sau.

N: Thiét 1ap sé hang hién thi. Khi N=0: hién thi 1 hang, N=1: hién thj 2
hang.

F: Thiét lap kiéu ki ty. Khi F=0: kiéu ki ty 5x8 diém anh, F=1: kiéu ki tu
5x10 diém anh.

* Cha y:

« Chi thyc hién thay doi Function set & dau chwong trinh. Va sau khi
duoc thye thi 1 14n, 1énh thay ddi Function set khong dugc LCD chép
nhan nita ngoai trir thiét 14p chuyén ddi giao thirc giao tiép.

« Khong thé hién thi kiéu ki tw 5x10 diém anh ¢ kiéu hién thi 2 hang.

37us

Set
CGRAM
address

Ma Iénh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DBx= 0 1 [ACG][ACG][ACG][ACG][ACG][ACG]
Lénh nay ghi vao AC dia chi cia CGRAM. Ki hiéu [ACG] chi 1 bit cua
chudi dir liéu 6 bit. Ngay sau 1énh nay 1a 1énh doc/ghi dit liéu tr CGRAM
tai dia chi da duogc chi dinh.

37us

Set
DDRAM
address

M3 lénh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DBx=1 [AD] [AD] [AD] [AD] [AD][AD] [AD]
Lénh nay ghi vao AC dia chi cia DDRAM, dung khi can thiét lap toa do
hién thi mong muén. Ngay sau 1énh nay 1a 1énh doc/ghi dit liéu tir
DDRAM tai dia chi da dugc chi dinh. Khi & ché d6 hién thi 1 hang, dia
chi ¢6 thé tir 00H dén 4FH. Khi ¢ ché d6 hién thi 2 hang, dia chi tir 00h
dén 27H cho hang thir nhét, va tir 40h dén 67h cho hang thi 2.

37us

Read BF
and
address

Ma lénh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DBx= [BF] [AC] [AC] [AC] [AC] [AC] [AC] [AC] (RS=0,
R/W=1)
Nhu di dé cap trudc day, khi cd BF bat, LCD dang lam viéc va Iénh tiép
theo (néu co) s& bi bo qua néu cd BF chua vé mirc thip. Cho nén, khi lap
trinh diéu khién, ban phai kiém tra c& BF trudc khi ghi dir liéu vao LCD.
Khi doc co BF, gié tri cua AC cling duogc Xuét ra cac bit [AC]. No 1a dia
chi cia CG hay DDRAM 1a tuy thude vao I¢nh trude do.

Ops

Write
ata to
CGor
DDRAM

Ma Iénh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DBx = [Write data] (RS=1, R/IW=0)

Khi thiét 1ap RS=1, R/W=0, dir li¢u can ghi dugc dua vao cac chan DBx
tor mach ngoai s€ dugc LCD chuyén vao trong LCD tai dia chi dugc xéc

dinh tir 1énh ghi dia chi truéc d6 (Iénh ghi dia chi cling xac dinh luén

37us
tADD
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viing RAM can ghi). Sau khi ghi, bo dém dia chi AC ty dong ting/giam 1 4ps
tiy theo thiét 1ap Entry mode. Luu y 13 thoi gian cap nhat AC khong tinh

vao thoi gian thuc thi 1€nh.

Ma lénh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DBx = [Read data] (RS=1, R/W=1)

Read data ol n A s 2

from CG Khi thiét 1ap RS=1, R/W=1,dir liéu ttr CG/DDRAM dugc chuyén ra MPU 37Us

or thong qua cac chan DBx (dia chi va ving RAM di duogc x4c dinh bang tAI;lD
1énh ghi dia chi trude do). Sau khi doc, AC tu dong tang/giam 1 tuy theo

DDRAM | ° N e e T L IS aps

thiét 1ap Entry mode, tuy nhién ndi dung hién thi khong bi dich bat chap

ché d6 Entry mode.

1.2.5. Pic tinh ciia cac chén giao tiép.
LCD s& bi hong nghiém trong, hoac hoat dong sai léch néu ban vi pham

khoang dac tinh dién sau day:

Bing 3.4. Dic tinh di¢n lam viéc dién hinh.

Chan cap nguén (Vee-GND) | Min:-0.3V , Max+7V

Céac chin ngd vao (DBxE,...) | Min:-0.3V |, Max:(Veet0.3V)
Nhigt d§ hoat dong Min:-30C , Max:+75C

Nhiét d§ bao quan Min:-55C , Max:+125C

Dic tinh dién lam viéc dién hinh: (Po trong diéu kién hoat dong Vee = 4.5V
dén 5.5V, T = -30 dén +75C).

Bing 3.5. Mién lam viéc binh thwong.

Chén cép nguon Vee-GND 2.7V dén 5.5V

Bién dp vao mirc cao Vig 2.2V dén Ve

Brién dp vao mirc thfip Vi 0.3V dén 0.6V

Brién dp ra mire cao (DBO-DBT) Min 2.4V (khi [gy = -0.205mA)

Bign ap ra mirc thfip (DBO-DBET) Max 0.4V (khi g = 1.2mA)

Dong dién ngd vao (input leakage current) I, ; | -luA dén luA  (khi Vi = 0 dén Vo)
Déng dién cap nguon Iee 350uA(typ.) dén 600uA

Tén sd dao déng ndi fosc 190kHz dén 350kHz (dién hinh la 270kHz)

35



KHOA PIEN TU VIEN THONG - TRUONG PAI HOC DAN LAP HAI PHONG

Chuwong 2. THIET KE HE THONG PIEU KHIEN PONG CO DC BANG
NHIET PO

2.1. So db khi

Vi yéu cau cua dé tai 1a thiét ké hé thong diéu khién dong co DC theo nhiét
do, tirc 1a tir nhiét do do duoc tir méi truong, hé thdng diéu khién tdc d6 dong co
DC quay nhanh hay cham, ta c6 so d6 khdi hé thong trong hinh 2.1,

Nhiét dé Sensor ADC Khéi xir Hién thi
maoi > - > i » LCD
truong
Pong co Khéi céng
DC » suat

Hinh 2.1. So b khéi hé thong diéu khién dong co DC bang nhiét do

Véi so d6 ndy ta st dung cam bién nhiét do Sensor do nhiét d6 moi trudng.
Bo xtr Iy 1am nhiém vy nhan, chuyén doi ADC, tir d6 diéu khién dong co DC
quay Vvéi toc do phi hop. Trén so do st dung khdi hién thi dé nguoi su dung ¢6
thé theo ddi dugc céc thdng sd va thao tac thuc hién.

2.2. Thiét ké cac khoi
2.2.1. Mach do nhiét dg.

Nhiét d6 1a mot dai lugng vat 1y vo hudng. Pé do dac va tinh toan gia tri
clia nod ta phai ding cac bo cam bién. Mach do nhiét 46 dung céc loai bd cam
bién LM35. Cac bd cam bién LM35 1a bo cam bién nhiét, mach tich hop chinh
xac cao ma dién ap dau ra ctia nd ty 1& myén tinh v&i nhi¢t d theo thang do
Celsius®.

Bo cam bién LM35 ciing khéng yéu ciu can chinh ngoai vi vén ching da

duogc can chinh. Chung dua ra dién ap 10mV cho mdi sy thay d6i 1°C.
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Sv

o e
M35

T E-mp Wty

LM35

oy g

GND
Hinh 2.2 Cam bién LM35

Nhu vay chi can 1 bd cam bién LM35 ta c¢6 thé tinh dugc gia tri nhiét do
tai thoi diém xac dinh duwa vao gia trj dién ap ddu ra LM35. Nhu dé néi & trén,
g v6i mdi thay ddi 1°C, gia tri dau ra s& ting thém 10mV. Do do, qua mot bo
chuyén d6i tin hiéu tuong tu (dién ap) sang tin hiéu sb (bit) dé hién thi két qua do
dac va tinh toan, xir 1y két qua.
2.2.2. Khéi xir ly

Day la khoi quan trong va quan ly toan by hoat dong cua mach. Nhiém vu
chinh cta khéi 12 nhan vé gia tri nhiét do, diéu khién dong co. Gia tri do tir
LM35 duoc cho qua bd ADC, mach nay ta c6 thé dung IC ngoai hoic duge tich
hop trong mot s6 dong vi diéu khién. O day ching ta dung PIC16F877A, vira
chuyén d6i ADC, hién thi LCD, vira diéu khién dong co bing phuong phap
PWM. PIC16F877A la vi diéu khién c6 40 chan, v6i 5 cong vao ra 1a Port A
(RAO+RAB), Port B (RBO+RB?7), Port C (RC0+RC7), Port D (RD0+RD?7), Port E
(REO+RE2). N6 c6 8K Flash ROM va 368 Bytes RAM. So dd sir dung
PIC16F877A nhu trong hinh 2.3, Chéan 1 dugc d4u dé c6 thé RESET chuong trinh.
Xung Clock dung dao déng thach anh 20MHz, dau vao chan 13, 14.
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Hinh 2.3. So' @6 nguyén ly ciia PIC16F877A trong mach
2.2.3. Chirc nang ADC trong PIC16F887.

Trong PIC 16F887 c6 hd tro bo chuyén doi ADC 10 bit 8 kénh.
PIC16F887 c6 8 ngd vao Analog (RA4:RAQ) va (RE2:REQ).

Két qua chuyén ddi tir tin hiéu twong tu sang tin hiéu s6 1a 10 bit tuong
ung va duoc luu trong thanh ghi ADRESH:ADRESL. Khi khong str dung bo
chuyén doi ADC, céc thanh ghi nay c6 thé duoc sir dung nhu cac thanh ghi thong
thuong. Khi qua trinh chuyén d6i hoan tat, két qua s& duoc luu vao hai thanh ghi
ADRESH:ADRESL. Co ngit ADIF dugc set.

Qua trinh chuyén d6i1 tuong tu sang s6 bao gom cac budc sau:

1. Thiét lap cac thong s6 cho bd chuyén d6i ADC
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Chon ngd vao alalog, chon dién 4p mau.
Chon kénh chuyén d6i AD (Thanh ghi ADCONO)
Chon xung Clock cho kénh chuyén doi AD.
Cho phép bo chuyén d6i AD hoat dong.

2. Thiét lap cac cd ngit cho by AD.

Clear bit ADIF

Set bit ADIE

Set bit PEIE

Set bit GIE

Poi cho tdi khi qua trinh 14y miu hoan tat.

Bit dau qua trinh chuyén d6i.

Poi cho t6i khi qua trinh chuyén doi hoan tat.

o 0k~ ow

Doc két quéa chuyén doi va xoa co ngat, set bit.

7. Tiép tuc thuc hién cac budc 1 va 2 cho qua trinh chuyén ddi tiép theo
2.2.3. Khoi cong suat.

O day sir dung phuong phap PWM (Pulse Width Modulation) dé diéu khién
toc do ctua dong co DC. Phuong phéap diéu ché PWM 1a phwong phap diéu chinh
dién 4p ra tai hay néi cach khac 13 phuong phéap diéu ché dua trén su thay d6i do
rong cua chudi xung vudng dan dén su thay d6i dién ap ra. Cac xung PWM khi
bién doi thi co cung 1 tan s6 va khac nhau vé do rong ctia suon duong hay hoic
1a swon am. Piéu khién dong co sir dung phuong thire diéu ché xung PWM 1a
mot trong cac phuong thic duge st dung rat rong rii trong diéu khién dong co
tmg dung trong coéng nghiép, dan dung ciing nhu trong nhiéu ung dung khéc,
ngoai ra PWM con tham gia va diéu ché cac mach nguén nhu la: boot, buck,
nghich luu 1 pha va 3 pha ... Diéu dic biét 1a PWM chuyén dung dé diéu khién
cac phan tir dién tir cong suat c6 dudng dic tinh 1a tuyén tinh khi c6 sdn 1 nguon
1 chiéu c6 dinh. Nhu vay PWM dugc ung dung rat nhiéu trong céc thiét bi dién,

dién tur.
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Hinh 2.4. Xung PWM va dién ap diu ra

Hinh 2.4. 12 so d6 dic ta xung PWM va cach thirc tinh dién ap dau ra dua

t6i dong co. Nhin vao so d6 ta co
- Chu ky ctia xung PWM la thoi gian T.
- Thoi gian phat xung PWM 1a t;
- Thoi gian nghi khong phat xung 1a t,
Cong thtrc tinh gia tri trung binh cua di¢n ap ra tai :
Vout = Vin*duty
Trong do:
- Vout la dién dp ra
- Vin 1a dién ap dau vao
- Duty 12 % thoi gian phéat xung dugc tinh bang Duty = t;/T*100%
Trong khdi diéu khién, PIC16F887A diéu khién dong co thong qua qua

trinh tao xung PWM rdi dua vao IC Driver L298D tao ngudn nudi dong co. Ban
chat cta IC Driver L298D 1a hai b mach cau H duoc tich hop trong cing IC.
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Mach cau H 1a mét trong nhirng mach duoc st dung rong rai cho viéc diéu khién

dong co.

L.298D 1a mot chip tich hop 2 mach cau H trong goi 15 chan. Tat ca cac
mach kich, mach cau déu duoc tich hop sin. L298D c6 dién ap danh nghia cao
(16n nhat 50V) va dong dién danh nghia 16n hon 2A nén rat thich hop cho cac

cac ing dung cong suat nho nhu cac dong co DC loai nhé va vira.

SENSE AC

Hinh 2.5. So' d6 khdi bén trong IC Driver L298D.

Hinh 2.5. 1a so @6 khéi bén trong Driver L298D. C6 2 mach cau H trén mdi
chip L298D nén c6 thé diéu khién 2 d6i twong chi v6i 1 chip. M&i mach cau bao
gom 1 dudng ngudn Vs (that ra 1a duong chung cho 2 mach cau), mot duong
current sensing (cam bién dong), phan cudi cua mach cau H khong dugc ndi voi
GND ma bé trong cho ngudi dung ndi mot dién tré nhé goi 1a sensing resistor.
Bang cach do dién ap roi trén dién trd ndy ching ta ¢ thé tinh duoc dong qua
dién trd, cling 1a dong qua dong co. Muc dich chinh cua viéc do dong dién qua
dong co 1a dé xac dinh cac truong hop nguy hiém xay ra trong mach (vi du nhu
qua tai). Néu viéc do dong dong co khong that su can thiét ta co thé ndi duong
current sensing nay véi GND. Pong co s& dugc ndi véi 2 dudng OUT1, OUT2
(hoic OUT3, OUT4 néu ding mach cau bén phai). Mot chan En (EnA va EnB

cho 2 mach cau) cho phép mach cau hoat dong, khi chan En dugc kéo 1én mirc
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cao, mach cau san sang hoat dong. Cac duong kich moi bén cua mach cau dugc

két hop v6i nhau va nhung mirc dién 4p nguoc nhau do mot cong Logic NOT.

Bang cach ndy chung ta ¢ thé tranh dugc trudong hop 2 transistor & ciing mot

bén dugc kich cung lic (ngin mach). Nhu vay, sé c6 2 dudng kich cho mdi cau

H goi 1 Inl va In2 (hodc In3, In4). Bé dong co hoat dong chiing ta phai kéo 1

trong 2 duong kich nay 1én cao trong khi dudng kia gitr & mirc thap, vi du Inl=1,

In2=0. Khi d¢ao murc kich cta 2 duong In, dong co s& dao chidu quay. Tuy nhién,

do L298D khong chi dugc dung dé déo chiéu dong co ma con diéu khién van toc

dong co bang PWM, cac dudng In can duoc “t6 hop lai” bang cac cong Logic
(xem phan tiép theo). Ngoai ra, trén chip L298D con c6 cac duong Vss cap dién

ap cho phan logic (5V) va GND chung cho ca logic va morto.

GND
GND B
1[}4_ —_—C9
1C2 L i
R3 3 VCCL iT | sv
fa | 1 T 7 | .
sy oo™ 1EN VCCH — 12
e - e 1A
/ 2
MODE 7] (s, v 12 DCl |
v |2 DC1 2
>%L‘:= JEN IE | ||-Gm:a
W 2A1 13
£ 242 2¥1 [
: w2
GI\D||||7 GND 2E |22 ||-Gm:a
1298

Hinh 2.6. So' @6 ndi chan L298 trong mach

Trong thuc té, cong suat thuc ma L298D c¢6 thé tai nhé hon so véi gia tri

danh nghia ctia n6 (V=50V, [=2A). Dé ting dong dién tai cua chip 1én gap doi,

chung ta c6 thé nd1 2 mach cau H song song vdi nhau (cac chan c6 chiic nang

nhu nhau ctuia 2 mach cau dugc noi chung).
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2.2.4. Khéi hién thj
Dé thuan tién cho viéc hién thi ki tu va ché do cai dat trang thai diéu khién,
¢ em day stir dung LCD_DM 16x2A.

LCD 1622A
LCD1 e
5v] S — 5V - 4'_IITI |5v
20K .
=iz
G}q:]-|| . — v —||sGND
|
=
z <
GND

Hinh 2.7. So' @6 nguyén ly ciia LCD16x2A

LCD16x2A 14 loai 2 dong, 16 ki tu, sir 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 d6 4 bit).

2.2.5. Motor DC
Cdu tgo va nguyén ly lam viéc.

CAu tao ctia dong co gdbm co 2 phan: Stato dimg yén va rdto quay so véi
stato. Phan cam tao ra tir truong di trong mach tir, xuyén qua cic vong diy quan
ctia phan tng. Khi c6 dong dién chay trong mach phan tng, cac thanh dan phan
ung s€ chiu tac dong bdi cac luc dién tir theo phuong tiép tuyén vO1 mat tru roto,

lam cho réto quay.
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Hinh 2.8. Pong co DC

Dong dién I di qua mach phan tGng cua dong co dugc biéu dién bang phuong
trinh sau:

U la dién 4p dat vao mach ph'?m ung, R, 1a dién tré mach phﬁn ung, va E 1a stic
dién dong phan ung.
2.2.6. Khéi nguén

Cung cap ngudn nudi cho toan bo hé théng. So dd khdi trong hinh 2.6.

1 IC1 : 5v b
IN %OUT 1
1k
. . WLED1
11 12 V-
C3 LED

o - l
T 470uF/16V LM7805 “T 10uF T
L :

GND

Hinh 2.9. Mach bién ap 5V cip ngudn cho vi diéu khién sit dung IC LM7805

44



KHOA PIEN TU VIEN THONG - TRUONG PAI HOC DAN LAP HAI PHONG
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Hinh 2.10. Mach bién 4p 12V cip ngudn dong co dung IC LM7812

O day bo 6n ap dung IC 7805, 7812 dé tao ngudn +5V cung cap nguodn cho
mach vi diéu khién va IC 7812 va nguén +12V cung cap cho dong co.
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2.3. So' d6 mach nguyén Iy h¢ thong
So d6 mach nguyén ly ctaa hé thong nhu trong hinh 2.11.
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Hinh 2.11. So @6 mach nguyén ly hé thong diéu khién dong co' DC bing nhiét do
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Chuong 3. CHUONG TRINH PIEU KHIEN
3.1. Lwu dd thuit toan

BAT DAU

- Khoi tao ADC

- Khoi tao PWM

- Khoi tao Timer0O, Timerl
- Khoi tao LCD 16x2

A 4
@—» - Poc ADC tir LM35

A 4

- Nl}iét do
- Toc do dong co

Hién thi LCD
16x2

Motor v
- Tinh toan PWM

A
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3.2. Chwong trinh diéu khién
/I Khai bao LCD

#ifndef LCD H_

#define LCD H_

#include <htc.h>

#include "timer.h"

#define LCD_RS RD7

/[#define LCD_RW RA2

#define LCD_EN RDG6

#define LCD_D4 RD5

#define LCD_D5 RD4

#define LCD_D6 RD3

#define LCD_D7 RD2

#define LCD_PORT TRISD

void lcd_numb2(unsigned char number);
void lcd_numb4(unsigned int number);

/* write a byte to the LCD in 4 bit mode */
extern void lcd_write(unsigned char);

/* Clear and home the LCD */

extern void lcd_clear(void);

/* write a string of characters to the LCD */
extern void lcd_puts(const char * s);

/* Go to the specified position */

extern void lcd_goto(unsigned char colum, unsigned char row);

/* intialize the LCD - call before anything else */

extern void lcd_init(void);
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extern void lcd_putch(char);
/[* Set the cursor position */
#define lcd_cursor(x) Icd_write(((xX)&0x7F)|0x80)

/* Display ON/OFF Control defines */

#define DON 0b00001111 /* Displayon  */
#define DOFF O0b00001011 /* Display off  */
#define CURSOR_ON 0b00001111 /* Cursoron  */
#define CURSOR_OFF 0b00001101 /* Cursor off  */
#define BLINK_ON 0b00001111 /* Cursor Blink */
#define BLINK_OFF 0b00001110 /* Cursor No Blink */

/* Cursor or Display Shift defines */

#define SHIFT _CUR_LEFT 0b00000100 /* Cursor shifts to the left */
#define SHIFT_CUR_RIGHT 0b00000101 /* Cursor shifts to the right */
#define SHIFT _DISP_LEFT 0b00000110 /* Display shifts to the left */
#define SHIFT _DISP_RIGHT 0b00000111 /* Display shifts to the right */

/* Function Set defines */

#define FOUR_BIT 0b00101100 /* 4-bit Interface */
#define EIGHT_BIT 0b00111100 /* 8-bit Interface */
#define LINE_5X7 0b00110000 /* 5x7 characters, single line */
#define LINE_5X10 0b00110100 /* 5x10 characters */
#define LINES _5X7 0b00111000 /* 5x7 characters, multiple line */

#endif
//Chuong trinh LCD
typedef union BYTE VAL
{
unsigned char Val,
struct
{
unsigned char b0:1;
unsigned char b1:1;
unsigned char b2:1;
unsigned char b3:1;
unsigned char b4:1;
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unsigned char b5:1;
unsigned char b6:1;
unsigned char b7:1;
} bits;
} BYTE_VAL;

void lcd_write(unsigned char c)

{
_BYTE_VAL TempByte,

TempByte.Val =c;

LCD _D4 = TempByte.bits.b4;
LCD_D5 = TempByte.bits.b5;
LCD _D6 = TempByte.bits.b6;
LCD _D7 = TempByte.bits.b7;
LCD_STROBE();

LCD _D4 = TempByte.bits.ho;
LCD_D5 = TempByte.bits.b1;
LCD_D6 = TempByte.bits.b2;
LCD_D7 = TempByte.bits.b3;
LCD_STROBE();

}

void lcd_clear(void)

{
LCD_RS =0;
lcd_write(0x01);
__delay_ms(2);
¥

/* write a string of chars to the LCD */

void lcd_puts(const char *s)

{
LCD_RS =1, // write characters

while(*s)
lcd_write(*s++);
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/* write one character to the LCD */

void lcd_putch(char c)

{
LCD_RS =1, // write characters
lcd_write( c);

}

void lcd_goto(unsigned char colum, unsigned char row)
{

unsigned char pos[2] = {0x80,0xC0};

LCD RS=0;

lcd_write(pos[row] + colum);

}

/* initialise the LCD - put into 4 bit mode */
void lcd_init(void)
{
LCD PORT = 0x00;
LCD RS =0;
LCD _EN=0;
Il reset LCD
lcd_write(0x30);
__delay_ms(20);
lcd_write(0x30);
__delay_ms(20);
lcd_write(0x32);
__delay_ms(20);
lcd_write(0x28);
__delay_ms(10); // wait 15mSec after power applied,
lcd_write(0x28);
__delay_ms(10); // wait 15mSec after power applied,
lcd_write(0x28);
__delay_ms(10); // wait 15mSec after power applied,

lcd_write(0x28); // Four bit mode,5x7

__delay_ms(1); // wait 15mSec after power applied,
lcd_write(0x08);
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__delay_ms(1); // wait 15mSec after power applied,
Icd_clear(); // Clear screen

__delay_ms(1); // wait 15mSec after power applied,
Icd_write(0x06); // Set entry Mode

__delay_ms(1); // wait 15mSec after power applied,
Icd_write(Ox0C); // Display On, Cursor On, Cursor Blink

by

void lcd_numb2(unsigned char number)

{
lcd_putch(number/10 +'0");
Icd_putch(number%210 +'0";

b

void lcd_numb4(unsigned int number)

{
Icd_putch (((number/1000)%10)+ '0";
Icd_putch (((number/100)%10)+ '0";
Icd_putch (((number/10)%210)+ '0");
Icd_putch((number%10)+ '0");

¥

//Chuwong trinh chinh

#define _XTAL_FREQ 20000000

#include <htc.h>
#include "timer.h"
#include "lcd.h"
#include "main.h"
#include <string.h>
#include <stdio.h>

#tdefine MODE RC3
#tdefine PWM RC1
#tdefine ENCODER 32

#define SW_SET RAO

#define SW_INC RAl
#define SW_DEC RA2
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enum {
STOP =0,
LEFT =1,
RIGHT =2
Y
int speed ;
unsigned int duty speed;

void Control_motor(unsigned char rotate,unsigned int m_speed)

{

switch(rotate)
{
case STOP:{
CCPR2L =0;
MODE =0;
CCP2CON &= 0x0F;
} break;
case LEFT:{
CCPR2L = m_speed,
CCP2CON |= 0x30;
MODE =0;
} Dbreak;
case RIGHT:{
CCPR2L =100 - m_speed;
CCP2CON |= 0x30;
MODE =1;
} break;
default: break;

}
}

#tdefine FASLE O
#tdefine TRUE 1

unsigned int value adc, pulse cnt = 0,nhietdo;
unsigned char TMROover =0 ,cnt_timerl =0, speed flag, read adc =0;

void interrupt Timer(void)
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{
if (PEIE && ADIE && ADIF)

{

ADIF =0;

value adc = (ADRESH<<8)|ADRESL;

nhietdo = (300*value adc)/1023;

Icd_goto(6,0);

Icd_numb2(nhietdo);

if(nhietdo < 20)

{
duty speed = 0;
Control_motor(STOP,duty speed);

¥
else if(nhietdo >= 20 && nhietdo <=50)

{
duty speed = (nhietdo*72)/2;
Control_motor(LEFT,duty speed);
¥

else
{
duty speed = 175;
Control_motor(LEFT,duty speed);
¥
¥
iIf(TMROIF)
{
TMROover++;
TMROIF = 0;

}
if(TMRLIF)/1s

{

TMR1H = 0x3C;

TMR1L = OxXAF;

TMR1IF =0;

if(cnt_timerl++ >= 200)

{
pulse cnt = (unsigned int)256*TMROover + TMRO;
speed_flag = TRUE;
cnt_timerl = 0;
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TMROover = 0;
TMRO =0;
}
if(read_adc++ >=10)
{
read_adc = 0;
GO _DONE =1;
}
}
}
int cacul_speed motor()
{

float speed motor;

speed_motor = (pulse_cnt*70)/ENCODER; // vong/phut
speed flag = FASLE;

return (int)speed motor;

}

void main()
{
TRISA = OxFF;
ADC_Init();
PWM _ Init();
Timer0_Init();
Timerl_Init();
Enb_interrup();
Icd_init();
Icd_goto(0,0);
lcd_puts("TEMP : ");
Icd_goto(0,1);
lcd_puts("SPEED: ™);
while(1)
{
__delay_ms(300);
if(speed flag == TRUE)
{
speed = cacul_speed_motor();
lcd_goto(6,1);
Icd_numb4(speed);
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}
}

}
/IKhai bao Timer

#ifndef TIMER H_

#define _TIMER_H_

#include <htc.h>

void Timer0_Init();
void Timerl_Init();
void ADC_ Init();
void PWM _Init();
void Enb_interrup();

#endif

[[Timer

#include "timer.h"
#include <stdio.h>

void Timerl_Init()

{
TMR1CS =0;
T1CKPS1 =0;
T1CKPSO0 = 0;
TMR1IF =0;
TMRI1IE = 1;
TMR1H = 0x3C;
TMRI1L = OXAF;
TMR1ON =1;

}

void Timer0_Init()

{
TMROIF=0;
TOCS =1;
TOSE = 1;
PSO =0;
PS1=0;
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TMROIE = 1;
TMRO = 0x00;

TRISA4 =1,

b
void ADC_Init()

{
ANSEL = 0x80; /[ ADC chanel 3
ANSELH = 0x00;
ADCS1=1; /I FI32
ADCS0 =0;
VCFG1 =0; /I Internal Vref
VCFGO0 =0;
CHS3=0; // AN3
CHS2 =0;
CHS1=1;
CHSO =1;
ADFM =1; // ADFM = 1 Right justified
ADON =1; //ONADC
ADIE =1; // ADC Interrupt Enable
ADIF =0; /I Clear ADC Interrupt Flag

}

void PWM _Init()

{
TRISC1 =0;
TRISC3 =0;
CCPR2L =100;
CCP2CON = 0x3C;
PR2 = 199;
T2CON = 0x01;
TMR20ON =1;

}

void Enb_interrup()

{
PEIE=1;
GIE=1;

}
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KET LUAN

Pé tai "Thiét ké hé thong diéu khién dpng co DC bang nhiét dp" khong
phai 1 dé tai m6i mé va ciing khong phai dé tai 16n, nhung qua d6 em di bd xung
duoc rat nhiéu kinh nghiém va kién thirc ¢6 ich cho ban than nhu:

e Hiéu dugc phuong phap diéu khién st dung vi diéu khién.

e Tim hiéu thém dugc vé mach cdng suat va Motor DC.

e Xay dung hé thong diéu khién co ban.

e Hiéu biét cac cach lap trinh C cho VPK thanh thao hon.

e (Co nhiéu kinh nghiém trong viéc thi cong va lap rip mach dién tir.

e Biét cach hiéu chinh céc thong s6 mach thuc té

Va qua thoi gian lam dé tai cing véi su hudng dan chi bao cua thay em da

hoc hai, rén luyén duoc tinh than 1am viéc nghiém tlc va céach thicc khéng nging
nghién cau cac kién thirc mai dé bo xung tich luy kién thire cho minh.

Trong qué trinh 1am dé tai, do su han ché vé thoi gian, tai liéu va trinh d6 ¢
han nén khong tranh khoi c6 thiéu s6t. Em rat mong duoc su dong gop ¥ kién cua
théy ¢ va cac ban dé dé tai ctia em duoc hoan thién hon.

Sau cing em xin tran thanh bay to long biét on cia minh d6i véi thay
NGUYEN VAN DUONG va céc thay cd trong khoa di giGp d& em hoan thanh
dé tai nay!

Ngay 20 thang 6 nim 2013
Sinh vién

Mac Minh Dirc
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