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LO1 MO PAU

Ngay nay véi nhiing ¢ng dung caa khoa hoc ki thuat tién tién, thé gi6i
ctia chung ta da va dang ngdy mot thay ddi, van minh va hién dai hon. Trong
d6 su phét trién cua ki thuét tu dong hoa da dong gdp vai trd quan trong, tao
ra hang loat nhitng thiét bi voi cac dic diém noi bat nhu: su chinh xac, an
toan, téc do nhanh, gon nhe ... Y tudng dé tai xuat phat tir bai toan thyc té 1a
thiét ké hé théng do nhiét do phong, tir d6 dua vao nhiét do dat dé diéu khién
dong co phi hop véi sy thay doi nhiét do.

Pé tai “Thiét ké va xay dung hé thong diéu khién déng co theo nhiét
d¢”, do Thac si Nguyén Poan Phong huéng dan. La su két hop cua nhiéu
mach dién tir co ban ciing nhu sir dung phan tir vi diéu khién trong chuong
trinh giang day, 1a su tong hop kién thirc cac mén co sé nganh va ki nang thuc
hanh trong mén Vi diéu khién. B¢ tai cia em gdém 3 chuong:

Chuong 1. Téng quan vé cac phan tu

Chuong 2. Thiét ké hé théng diéu khién dong co DC theo nhiét do

Chuong 3. Chuong trinh diéu khién



CHUONG 1.

TONG QUAN VE CAC PHAN TU

1.1. TONG QUAN VE PIC16F877A

1.1.1. Chikc néing va so' d6 chan vi diéu khién PIC16F877A

PIC16F877A la dong PIC pho bién nhat hién nay, ¢a manh vé tinh nang,

bo nhé da cho hau hét cac ung dung thong thuong.
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Hinh 1.1: Vi diéu khién PIC 16F877A/PIC16F874A va cac dang so do chan.




Chtrc nang cua PIC16F877A:

- C6 kha nang xur Ii ngét tir nhiéu ngudn ngat khac nhau nhu ngat ngoai, ngat
tran Timer, ngat ngoai vi nhu ngit ADC...

- Chtrc ning CCP gdm Comporator (bd so sanh), capture va PWM (diéu ché
do rong xung).

- Chire ning giao tiép ddng bo ndi tiép SSP gom 2 giao tiép SPI va 12C.

- Chirc nang bd truyén phat khong déng bo da nang ndi tiép USART & dang
module phan ctiing phuc vu cho giao tiép theo chuan RS-232.

- B6 ADC 10 bit chuyén ddi tin hiéu twong tu sang tin hiéu sé.

- Chire nang giao tiép song song PSP.

1.1.2. Mt vai thong sé vé vi diéu khién PIC16877A
Pay 1a vi diéu khién thuoc ho PIC16Fxxx véi tap 1énh gom 37 Iénh c6
d6 dai 14 bit. Mdi lénh déu dugc thuc thi trong mét chu ki xung clock. Téc do
hoat dong téi da cho phép 1a 20MHz v&i mét chu ki 1énh 12 200ms. B nhé
chuong trinh 8Kx14 bit, b nhd dir liéu 368x8 byte RAM va b nhg dir liéu
EEPROM véi dung lugng 256x8 byte. S6 PORT 1/0 14 5 véi 33 pin 1/O.
Céc dic tinh ngoai vi bao gém cac khdi chiic ning sau:
-Timer0: bo dém 8 bit vai bo chia tan sé 8 bit.
-Timerl: bo dém 16 bit véi bo chia tan sb, c6 thé thuc hién chtc ning
dém dua vao xung clock ngoai vi ngay khi vi diéu khién hoat déng & ché
do sleep.
-Timer2: bo dém 8 bit véi bo chia tan sb, bo postcaler.
- Hai bo Capture/so sanh/diéu ché do rong xung.
- Céc chuan giao tiép ndi tiép SSP(Synchronous Serial Port) vai cac chan
diéu khién RD, WR, CS & bén ngoai.
Cac dac tinh Analog:
- 8 kénh chuyén d6i ADC 10 bit.
- Hai b6 so sanh.



Bén canh d6 1a mot vai dic tinh khac caa vi diéu khién nhu:

- Bo nh flash vai kha ning ghi x6a duoc 100.000 I4n.

- B4 nhé EEPROM véi kha ning ghi x6a duoc 1.000.000 Ian.

- Dit liéu bo nhé EEPROM c6 thé lwu trit trén 40 nim.

- Kha ning tu nap chuong trinh véi sy diéu khién caa phan mém.,

- Nap duogc chuong trinh ngay trén mach dién ICSP (In Circuit Serial

Programming) théng qua 2 chan.
- Watchdog Timer véi b dao dong trong.
- Chtrc nang bao mat ma chuong trinh.

- C6 thé hoat dong véi nhiéu dang Oscillator.

1.1.3. So dd khéi vi diéu khién PIC16F877A
So d6 khdi cua PIC16F877A:
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Hinh 1.2: So dd khéi vi diéu khién PIC16F877A.



1.1.4. T6 chiic bd nhé
CAu trdc bo nhé vi diéu khién PIC16F877A bao gom bd nhd chuong

trinh (Program memory) va b nha dir liéu (Data Memmory).

1.1.4.1. B6 nhé chwong trinh

Bo nhé chuong trinh cua vi diéu khién PIC16F877A 14 bo nhd flash,
dung luong bd nhd 8K word (1 word = 14 bit) va dwgc phan thanh nhiéu
trang (tir page 0 dén page 3). Nhu vay bo nhé chuong trinh ¢6 kha ning chira
duoc 8x1024 = 8192 Iénh (vi mot 1énh sau khi m& hda sé c6 dung lugng 1
word = 14 bit).

Pé ma hoa duoc dia chi cuia 8K word bo nhd chuong trinh ¢6 dung
luong 3 bit (PC<12:0>).

Khi vi diéu khién duoc reset, bo dém chuong trinh s& chi dén dia chi
0000h (Reset vector). Khi c6 ngat xay ra, bo dém chuong trinh s& chi dén dia
chi 0004h (Interrupt vector).

B6 nhé chuong trinh khéng bao gom bd nhé stack va khong duoc dia chi

hoa boi bo dém chuong trinh.

| PC<12:0>

CRALL, EETUERENM F 13 .
FETFIE, EETLW |?
",

Stack Lewel 1

Stack Lewel 2

Stack Lewvel 8

OFFFh
0200h

v OFFFh
) 1000h

=310
woa 3

=] 1
ER-N-]
FRE

< 3 u

17FFh
1200h

1FEFh

Hinh 1.3: B6 nhé chuong trinh PIC16F877A.
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1.1.4.2. B§ nhé dir ligu

Bo nhé dit liéu cua PIC 1a bo nhé EEPROM dugc chia ra lam nhiéu
bank. i voi PIC16F877A bo nhé dit lieu duoc chia ra 1am 4 bank. MJi
bank c6 dung luong 28 byte, bao gdm céc thanh ghi c6 chtic ning dic biét
SFR (Special Function Register) nam ¢ cac vung dia chi thap va céac thanh ghi
muc dich chung GPR (General Purpose Register) nam & ving dia chi con lai
trong bank. Cac thanh ghi SFR thuong xuyén duogc su dung (vi du nhu thanh
ghi STATUS) sé& duoc dit ¢ tat ca cac bank cua bo nha dix lidu gidp thuan tién
trong qua trinh truy xuat va lam giam bét Iénh cia chuong trinh. So do cy thé
cua bo nhé dir liéu PIC16F877A nhu sau:

File File File File
ACdress Address Address Address
Indirect addr.t| gon Indirect adar."! | son Indirect addr.t'}| 100h Indirect addr.™| 120h
TMRO 01h OPTION_REG | 81h TMRO 101h QOPTION_REG| 121h
PCL 02h POL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 102h STATUS 183h
FSH Odn FSR Bah FSR 1040 FSH 124n
PORTA 05h TRISA E5h 10%h 185h
PORTE 06h TRISE 86h PORTE 10&h TRISD 186h
PORTC a7h TRISC &7h 107h 107h
sorToM 0gh TRi=CH ooh 108h 188h
roRTELY Nk TRISEN) 26 1090 12Qh
FULAIH UAn FoLALH BAh FCLATH 104N FCLATH 184N
INTCOM 0Bh INTCON BBh INTCOM 10Bnh INTCON 18BN
FIR1 OCh PIE1 BCh EEDATA 10Ch EECOM1 18ChH
PIR2 ODh PIE2 BDh EEADR 10Dh EECOM2 18Dh
TMR1IL CEh PCOMN BEh EEDATH 10Eh | Reservedld 18Eh
TMR1H 0OFh 8Fh EEADRH 1UFR Resarvedl€l 18Fh
TICON 100 ann 110h 190h
TMRZ iih SSPCOM2 a1n 111h 191h
T2CON 12h PR2 azn 112h 192h
SS9FBUF 13h SSPADD S3h 113h 193h
SSPCON 14h SSPSTAT 04k 114h 194h
CCPRIL 15h Q5h 115h 195h
CCPR1H 16nh ash 1160 - , 196h
CCP1C0ON 1T uih gttlarr:-gé 11Th Pfrme 19/n
RCSTA 18h TASTA 28h Register 118h Reqister 198N
THREG 10h SPBRG ash 16 Bytes 110h 16 Dytes 1959h
RCREG 14h aAh 11Ah 19Mh
CCPR2L 1Bh oBh 11Bh 19Bh
CCPR2ZH 1ch CMCON QCh 11Ch 19Ch
CCP2CON | 1Dh CVYRCON anh 110N 19000
ADRESH 1ERh ADRESL 9EN 11Eh 19En
ADCOMND 1Fh ADCOMNT SFh 11Fh 19Fh
20h Al 120h 1A0R
GGeneral Senaral Genaral
Purpose rurpose Purpose
PGL';::;E; Register REegISEr Register
Registar 20 Bytes a0 Byles 80 Bytes
06 Bytes EFh 16Fh 1EFh
accesses Fon accesses 17eh accesses o
70h-7Eh 70h-7Fh 70h - TFh
TFh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

Hinh 1.4: So d bo nhé dit liéu PIC16FS77A.



1.1.4.2.1. Thanh ghi chirc nang dac biét SFR

Pay 14 cac thanh ghi duoc str dung boi CPU hoic duge dung dé thiét 1ap
va diéu khién cac khéi chirc ning duoc tich hop bén trong vi diéu khién. C6
thé phan thanh ghi SFR thanh 2 loai: thanh ghi SFR lién quan dén cac chuc
nang bén trong (CPU) va thanh ghi SFR dung dé thiét lap va diéu khién cac
khéi chirc ning bén ngoai (ADC, PWM,...).

- Thanh ghi STATUS (03h, 83h, 103h, 183h): thanh ghi chira két qua
thuc hién phép toan cua khéi ALU, trang thai reset va céc bit chon bank can
truy xuat trong bo nhé dit ligu.

RAN-O RAw-0 RMAW-0 F-1 R-1 RMV-x RAN-x RM-x

| me | mpt [ RPo | 7@ | P08 | z | bc | ¢ |
bit 7 bit 0

- Thanh ghi OPTION REG (81h, 181h): thanh ghi nay cho phép doc va
ghi, cho phép diéu khién chic ning pull-up cua cac chan trong PORTB, xac

lap cac tham sb vé xung tac dong, canh tac dong cua ngat ngoai vi va bo dém

TimerO.
RAN-1 RAN-1 RIW-1 RIW-1 RIW-1 RAW-1T  RAMW-T RAW-1
| RePU [ inTEDG | Tocs | tose | pPsa | psz | Ps1 | Pso |
hit 7 kit 0

- Thanh ghi INTCON (0Bh, 8Bh, 10Bh,18Bh): thanh ghi cho phép doc
va ghi, chtra cac bit didu khién va céc bit co hiéu khi Timer0 bj tran, ngat

ngoai vi RBO/INT va ngat interrupt-on-change tai cac chan cuia PORTB.

RAW-0  RW-D  RAW-0  RW-D  RW-D  RAMW-0 RMW-D RAWx
| cE | PEIE | TMROIE | INTE [ RBIE | TMROIF | INTF | RBIF |
bit 7 bit 0

- Thanh ghi PIE1 (8Ch): chira cac bit diéu khién chi tiét cac ngat cua cac

khéi chirc ning ngoai vi.

RW-D  RW-0  RWO0  RWO RIW-0 RW-0  RW-0  RW-0
[PsPEM | aApDiE | RCE | TXIE | ssSPIE | CCP1IE | TMRZIE | TMRIIE |
bit 7 bit 0

- Thanh ghi PIR1 (OCh): chira c& ngit cua céc khéi chirc nang ngoai vi,
cac ngat nay duoc cho phép boi cac bit diéu khién chira trong thanh ghi PIEL.



RAW-D  RAW-D R-0 R-D RW-D  RW-0.  RW-D  RWD
| PsPIF™ | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF |
bit 7 Bit 0

- Thanh ghi PIE2 (8Dh): chira cac bit diéu khién ngat cua cac khéi chuc
ning CCP2, SSP bus, ngit cua bo so sanh va ngit ghi vao bd nhd EEPROM.

U-0 RIW-0 U-0 RIW-0 RIW-0 u-0 u-0 R/W-0
[ — [ cme | — | eee | BouE | — [ — |ccraE |
bit 7 bit 0

- Thanh ghi PIR2 (0Dh): chira cac cd ngat cua cac khdi chire nang ngoai
Vi, C&c ngat nay dugc cho phép boi cac bit diéu khién chaa trong thanh ghi
PIE2.

u-0 RAW-D U-0 RIW-0 RIW-0 U-0 u-0 RIW-D
[ — J cme | — | eeF | Bour | — | — CCP2IF |
bit 7 bit 0

- Thanh ghi PCON (8Eh): chira cac cd hiéu cho biét trang thai cac ché do
reset cia vi diéu khién.
-0 -0 . -0 |:_.|—I:I -0 uU-o RAN-O RAN-1

- T — [ — [ - [ — [ — [xr [0
bit 7 bit O

1.1.4.2.2.Thanh ghi muc dich chung GPR

Cac thanh ghi nay co thé duogc truy xuat truc tiép hoic gian tiép théng
qua thanh ghi FSR (File Select Register). Pay la cac thanh ghi di liéu thdng
thuong, nguoi sir dung cé thé tly theo muc dich chuong trinh ma c6 thé ding
cac thanh ghi nay dé chua cac bién sd, hang sd, két qua hoic cac tham sb

phuc vu cho chuong trinh.

1.1.4.3. Stack

Stack khoéng nam trong bo nhé chuong trinh hay bo dir liéu ma 1a mot
vung nhé dac biét khong cho phép doc hay ghi. Khi Iénh CALL duoc thuc
hién hay khi mot ngét xay ra lam chuong trinh bi r& nhanh, gié tri cua bo dém
chuong trinh PC ty dong dugc vi diéu khién cit vao trong stack. Khi mot
trong cac Iénh RETURN, RETLW hay RETFIE duoc thuc thi, gia tri PC s€ tu
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dong duoc lay ra tir trong stack, vi diéu khién s& thuc hién tiép chuong trinh
theo ding quy trinh dinh trudc.

Bo nh¢ stack trong vi diéu khién PIC ho 16Fxxxx c6 kha ning chira
duogc 8 dia chi va hoat dong theo co ché xoay vong. Nghia 1a gia tri cat vao bo
nhé stack 1an thtr 9 sé ghi dé 1én gia tri cat vao stack 1an dau tién va gia tri cat
vao stack lan thtr 10 s& ghi d¢ 1én gia tri ct vao stack lan tha 2.

Can cha y 1a khong cd co hiéu ndo cho biét trang thai stack, do d6 ta
khong biét duoc khi nao stack tran. Bén canh d6 tap lénh cua vi diéu khién
dong PIC ciing khong c6 1énh POP hay PUSH, cac thao tac vai bo nhé stack

s& hoan toan duoc diéu khién bai CPU.

1.1.5. Céc cong xuat nhap ciaa PIC16F877A

Cong xuat nhap (I/O port) chinh 1 phuong tién ma vi diéu khién dung dé
tuong tac v4i thé giéi bén ngodi. Sy twong tac nay rat da dang va théng qua
qua trinh twong tac d6, chtrc ning cua vi diéu khién duoc thé hién mot cach rd
rang.

Vi diéu khién PIC16F877A c6 5 cong xuat nhap, bao gom PORTA,
PORTB, PORTC, PORTD, PORTE.

1.1.5.1. Cong PORTA

PORTA (RPA) gom 6 1/0 pin. Day 1a cac chan “hai chiéu” (bidirectional
pin), nghia 14 c6 thé xuat va nhap duoc. Chiic nang I/0 nay duogc diéu khién
boi thanh ghi TRISA (dia chi 85h). Mudn xéac 1ap chirc ning cua mot chan
trong PORTA 14 input, ta “set” bit diéu khién tuong tng véi chan do trong
thanh ghi TRISA va nguoc lai, muén xac lap chirc nang ciia mot chan trong
PORTA Ia output, ta “clear” bit diéu khién tuong tng véi chan do6 trong thanh
ghi TRISA. Thao tic nay hoan toan twong dbi véi cac PORT va cac thanh ghi
diéu khién tuong tng TRIS ( dbi voi PORTA la TRISA, PORTB la TRISB,
PORTC la TRISC,....). Bén canh d6 PORTA con la ngd ra cia bo ADC, b so



sanh, ngd vao analog ngd vao xung clock cua Timer0 va ngd vao cua bo giao
tiép MSSP (Master Synchronous Serial Port).
Céc thanh ghi SFR lién quan dén PORTA gom:

- PORTA (dia chi 05h): chira gid tri cac pin trong PORTA.

- TRISA (dia chi 85h): diéu khién xuat nhap.

- CMCON (dia chi 9Ch): thanh ghi diéu khién b so sanh.

- CVRCON (dia chi 9Dh): thanh ghi diéu khién b so sanh dién &p.

- ADCONI (dia chi 9Fh): thanh ghi diéu khién bo ADC.

1.1.5.2. Cong PORTB

PORTB (RPB) gom 8 pin 1/0. Thanh ghi diéu khién xuat nhap tuong
tng 12 TRISB. Bén canh d6 mot s6 chan cia PORTB con dugc st dung trong
quéa trinh nap chwong trinh cho vi diéu khién véi cac ché do nap khéac nhau.
PORTB con lién quan dén ngat ngoai vi va bo Timer0. PORTB con dugc tich
hop chtc nang dién tro kéo 1én duoc diéu khién boi chuong trinh.
Céc thanh ghi SFR lién quan dén PORTB gom:

- PORTB (dia chi 06h, 106h): chtra gia tri cac pin trong PORTB.

- TRISB (dja chi 86h, 186h): diéu khién xuat nhap.

- OPTION_REG (dia chi 81h, 181h): diéu khién ngat ngoai vi va bo

TimeroO.

1.1.5.3. Cong PORTC

PORTC (RPC) gom 8 pin I/O. Thanh ghi diéu khién xuit nhap tuong
ung la TRISC. Bén canh ¢6 PORTC con chtra cac chan chirc nang ctaa bo so
sanh, bo Timerl, b6 PWM va cac chuan giao tiép ndi tiép 12C, SPI, SSP,
USART.
Céc thanh ghi diéu khién lién quan dén PORTC:

- PORTC (dia chi 07h): chira gia tri c&c pin trong PORTC.

- TRISC (dia chi 87h): diéu khién xuat nhap.
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1.1.5.4. Cong PORTD
PORTD (RPD) gom 8 chan I/O, thanh ghi diéu khién xuat nhap tuong
tng 12 TRISD. PORTD con la céng xuit dit liéu caa chuan giao tiép PSP
(Parallel Slave Port).
Céc thanh ghi lién quan dén PORTD gom:
- Thanh ghi PORTD: chua gia tri cac pin trong PORTD.
- Thanh ghi TRISD : diéu khién xuat nhap.
- Thanh ghi TRISE: diéu khién xuat nhap PORTE va chuan giao tiép
PSP.

1.1.5.5. PORTE
PORTE (RPE) gom 3 chan I/O. Thanh ghi diéu khién xuit nhap tuong
ung la TRISE. Céac chan cua PORTE c0 ngd vao analog. Bén canh d6 PORTE
con co cac chan diéu khién cua chuan giao tiép PSP.
Céc thanh ghi lién quan dén PORTE gom:
- PORTE: chtra gié tri cac chan trong PORTE.
- TRISE: diéu khién xuat nhap va xac l1ap cac thdng sé cho chuan giao
tiép PSP.
- SDCON1: thanh ghi diéu khién khéi ADC.

1.1.6. Timer0Q

Pay 1a mot trong ba bo dém hoic bo dinh thoi cua vi diéu khién
PIC16F877A. Timer0 la bo dém 8 bit dugc két ndi véi bo chia tan sb
(prescaler) 8 bit. Cau tric cta Timer0 cho phép ta lya chon xung clock tac
dong va canh tich cuc cua xung clock. Ngat Timer0 s& xuat hién khi Timer0
bi tran. Bit TMROIE (INTCIN<5>) 1a bit diéu khién cua Timer0. TMROIE=1
cho phép ngat Timer0 tac dong, TMROIF=0 khong cho phép ngat Timer0 tac

dong. So d6 khdi cua Timer0 nhu sau:
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CLKO (= Foscid)
Diata Bus
9
o| M 1 ’I/ ¢
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il " X Cycles
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T0ES PSA Set Flag bit TMROIF
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FRESCALER
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Tirmer | |
T [ B-to-1 MUX [+— PSZPS0 |
T P54 P e e — 4

WOT Enable bit o L
MUX  |—— PSA
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Teme-out

Hinh 1.5: So d6 khéi cua TimerO.

Mubn Timer0 hoat déng ¢ ché d6 Timer ta clear bit TOSC
(OPTION_REG<5>), khi d6 gi4 tri thanh ghi TMRO s& ting theo ting chu ki
xung dong ho (tan sé vao Timer0 bang ¥ tan s oscillator). Khi gia tri thanh
ghi TMRO tir FFh tré vé 00h, ngat Timer0 s& xuat hién. Thanh ghi TMRO cho
phép ghi va xo6a dugc gilp ta an dinh thoi diém ngat Timer0 xuat hién mot
cach linh dong.

Muén Timer0 hoat dong & ché do counter ta set bit TOSC
(OPTION_REG<5>). Khi d6 xung tic dong Ién bo dém duoc lay tir chan
RA4/TOCKL1. Bit TOSE (OPTION_REG<4>) cho phép lua chon canh tac
d6ng vao bo dém. Canh tac dong sé la canh 1&n néu TOSE=0 va canh tac dong
s& la canh xuéng néu TOSE=1.

Khi thanh ghi TMRO bi tran, bit TMROIF (INTCON<2>) s¢ dugc set.

Pay chinh 13 c& ngat caa Timer0. Cd ngat nay phai duoc x6a bang chuong
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trinh trudc khi bo dém bat dau thuc hién lai qua trinh dém. Ngat Timer0
khong thé “danh thac” vi diéu khién tir ché do sleep.

Bo chia tan sb (prescaler) duoc chia sé gitra Timer0 va WDT (Watchdog
Timer). Diéu d6 c6 nghia 1a néu prescaler dugc sir dung cho Timer0 thi WDT
s& khong c6 duoc hd tro cua prescaler va nguoc lai. Prescaler dugc diéu khién
bsi thanh ghi OPTION REG. Bit PSA (OPTION REG<3>) xdc dinh déi
tuong tac dong cua prescaler. Cac bit PS2:PS0 (OPTION_REG<2:0>) xac
dinh ti sb chia tan sb cua prescaler. Xem lai thanh ghi OPTION REG dé xac
dinh lai mot cach chi tiét vé cac bit diéu khién trén.

Cac lénh tac dong Ién gia tri thanh ghi TMRO s& x6a ché d6 hoat dong
ctia prescaler. Khi d6i tuong tac dong 1a Timer0, tac dong lén gia tri thanh ghi
TMRO s& x6a prescaler nhung 1am thay d6i d6i tuong tac dong cua prescaler.
Khi ddi twong 1a WDT, lénh CLRWDT sé& x6a prescaler, ddng thoi prescaler
s& ngung tac vu ho tro cho WDT.

Céc thanh ghi diéu khién lién quan dén Timer0 bao géom:

- TMRO (dia chi 01h, 101h): chira gié tri dém cua TimerO.

- INTCON (dia chi 0Bh, 8Bh, 10Bh, 18Bh): cho phép ngat hoat dong

(GIE va PEIE).

- OPTION_REG (dija chi 81h, 181h): diéu khién prescaler.

1.1.7. Timerl

Timerl la bo dinh thoi 16 bit, gia tri cua Timerl sé dugc luu trong hai
thanh ghi (TMR1H:TMRI1L). Co ngat caa Timerl 14 bit TMR1IF(PIR1<0>).
Bit diéu khién cua Timerl s& la TMR1IE (PIE<0>).

Tuong ty nhu Timer0, Timer] ciing c6 hai ché d6 hoat dong: ché do dinh
thoi (timer) vai xung kich 12 xung clock cuaa oscillator (tan sé cua timer bang
Y4 tan s6 cua oscillator) va ché do dém (counter) véi xung kich 1a xung phan
anh cac su kién can dém ldy tr bén ngodi théng qua chan
RCO/T10SO/T1CKI (canh tac dong la canh 1én). Viéc lua chon xung tac
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dong (twong Gng voi viéc lya chon ché d6 hoat dong 1a timer hay counter)
dugc diéu khién boi bit TMRICS (TICON<I>). Sau ddy 1a so d6 khéi cua

Timerl:

Set Flag bit
TMRI1IF on B
Cwarflow \ -"'E Synchronized
L TMR1 p Clock Imput
TMRIH | TMRIL |_4
', L 1f—
TMR10N T
........ On/Off ——
T3 Dau : TISYNC
eamtasomick X

'] I Prescaler dynchronize
o S 1—"T1 :.CEP\ Concl 1.2.4.8 _,l_.;it 1
l-' 1 "'|| |'|a Intemal |

RCTIOS -ccpzfﬁ | Oscillstor” Clack

———————— TICKPS1:T1CKPSD
TI'-.-'IFHC;»

Hinh 1.6: So d6 khéi cua Timerl.

Ngoai ra Timerl con c6 chirc ning reset input bén trong duogc diéu khién
boi mot trong hai khdi CCP(Capture/Compare/PWM).

Khi bit TIOSCEN (T1CON<3>) dugc set, Timerl s& lay xung clock tir
hai chan RC1/T10SI/CCP2 va RCO/T10SO/T1CKI 1am xung dém. Timer s&
bat dau dém sau canh xudng dau tién cia xung ngd vao. Khi 6 PORTC sé& bo
qua su tac dong cua hai bit TRISC<1:0> va PORTC<2:1> duoc gan gia tri 0.
Khi clear bit TLOSCEN Timerl s& lay xung dém tir oscillator hoac tir chan
RCO/T10SO/T1CKI.

Timerl c6 hai ché d6 d¢ém 1a ddng bd (Synchronous) va bat dong bo
(Asynchronous). Ché d¢6 dém duoc quyét dinh bai bit diéu khién TISYNC
(TLCON<2>).

Khi TLSYNC=1 xung dém I4y tir bén ngoai s& khong duoc ddng bo hoa

véi xung clock bén trong, Timerl sé tiép tuc qua trinh dém khi vi diéu khién
dang & ché do sleep va ngit do Timerl tao ra khi bi tran c6 kha ning “danh

thire” vi diéu khién. O ché do dém ddng bo, Timerl khong thé dugc su dung
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dé 1am ngudn xung clock cho khdi CCP (Capture/Compare/Pulse width
modulation).

Khi TISYNC=0 xung dém vao Timerl s& duoc déng bo hoda véi xung
clock bén trong. O ché do nay Timerl s& khong hoat dong khi vi diéu khién
dang & ché do sleep.

Cac thanh ghi lién quan dén Timer1 gém:

- INTCON (dia chi 0Bh, 8Bh, 10Bh, 18Bh): cho phép ngat hoat dong

(GIE va PEIE).

- PIR1 (dia chi OCh): chira c& ngat Timerl (TMRL1IF).

- PIE1 (dia chi 8Ch): cho phép ngat Timerl (TMRL1IE).

- TMRIL (dia chi OEh): chira gié tri 8 bit thap ctia bo dém Timerd.

- TMR1H (dia chi OEh): chtra gi4 tri 8 bit cao cua bo dém Timerl.

- TICON (dia chi 10h): xé4c 1ap céc thdng s cho Timerl.

1.1.8. Timer2

Timer2 1a bo dinh thoi 8 bit va dugc hd tro bai hai bo chia tan sé
prescaler va postcaler. Thanh ghi chura gia tri dém cua Timer2 12 TMR2. Bit
cho phép ngit Timer2 tdc dong 12 TMR20ON (T2CON<2>). Cd ngit cua
Timer2 1a bit TMR2IF (PIR1<1>). Xung ngd vao (tan s6 bang ¥ tan so
oscillator) duoc dua qua bo chia tan sb prescaler 4 bit (v6i cac ti s6 chia tan s6
la 1:1, 1:4 hodc 1:6 va dugc diéu khién boi céc bit T2CKPS1: T2CKPS0
(T2CON<1:0>)).

Timer2 con dugc hd tro thanh ghi PR2. Gia tri dém trong thanh ghi
TMR?2 s& tiang tir 00h dén gia tri chira trong thanh ghi PR2, sau d6 duoc reset
vé 00h. Khi reset thanh ghi PR2 duoc nhan gia tri mic dinh FFh,

Ngd ra ctia Timer2 duoc dwa qua bd chia tn sd postcaler véi cac muc
chia tr 1:1 dén 1:16. Postcaler dwgc diéu khién boi 4 bit T20UTPS3:
T20UTPS0. Ngd ra cua postcaler dong vai trdo quyét dinh trong viéc diéu

khién co ngat.
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Sets Flag
bit TMR2IF ‘ Outpart(
Reset
| TMRZ Reg I_ FPrescaler | Foscra

[1:1, 1:4, 1216
I :
e [ Comparator | J/E
1:1 to 1:16 EC | A )
* T2CKPS1:
4 | PR2 Reg I T2CKPSO0
TZOUTPS3:
T20UTFPS0

Hinh 1.7:So d6 khéi Timer2.

Ngoai ra ngd ra cua Timer2 con duogc két ndi véi khdi SSP, do dé
Timer2 con déng vai trod tao ra xung clock dong bo cho khéi SSP.
Céc thanh ghi lién quan dén Timer2 gém:

- INTCON (dia chi 0Bh, 8Bh, 10Bh, 18Bh): cho phép toan bo cac ngat

(GIE va PEIE).

- PIR1 (dia chi OCh): chtra co ngat Timer2 (TMR2IF).

- PIE1 (dia chi 8Ch): chua bit diéu khién Timer2 (TMR2IE).

- TMR2 (dia chi 11h): chira gié tri dém cua Timer2.

- T2CON (dia chi 12h): xac lap céc théng s6 cho Timer2.

- PR2 (dia chi 92h): thanh ghi hd tro cho Timer?2.

1.2. THIET BILCD

Ngay nay, thiét bi hién thi LCD (Liquid Crystal Display) duoc st dung
trong rat nhiéu cac tmg dung ciia VDK. LCD c¢6 rat nhiéu uu diém so véi cac
dang hién thi khac nhu né c6 kha nang hién thi ki tu da dang, truc quan (chir,
s6 va ki tu dd hoa), d& dang dua vao mach tmg dung theo nhiéu giao thirc giao
tiép khac nhau, ton rat it tai nguyén hé théng va gia thanh ré ... Trong d¢ tai
nay em st dung HD44780 cua Hitachi, mot loai thiét bi hién thi LCD rat

thdng dung ¢ nudc ta.
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1.2.1. Hinh dang kich thwuéc

C6 rat nhiéu loai LCD véi nhiéu hinh dang va kich thugc khac nhau, trén
hinh 1.8 la hai loai LCD théng dung.

Hinh 1.8: Hinh hai loai LCD théng dung.

® S =

140013
12Q 0 1
1000 9
s Q07
6005
4003
2001

O

Hinh 1.9: So dd chan cua LCD.

Hinh 1.10: LCD loai DM 1602A.

Khi san xuat LCD, nha san xuat di tich hop chip diéu khién (HD44780)
bén trong 16p vo va chi dua cac chan giao tiép can thiét. Cac chan nay dugc

danh sb thi tu va dit tén nhu hinh 1.9.
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1.2.2.Cac chan chirc ning

Bang 1.1: Cac chan chitrc nang cua HD44780.

Tén

Chirc nang

V/ss

Chén noi dat cho LCD, khi thict ké mach ta noi chan
nay vdi GND caa mach dieu khién.

Vdd

Chén cap nguon cho LCD, khi thiét ké mach ta noi
chan nay vai 5V cia mach diéu khién.

Vo

Chan nay dung dé diéu chinh d6 tuong phan cua
LCD.

RS

Chan chon thanh ghi (Register select). N6i chan RS
Vvé6i logic “0” (GND) hoic logic “1” (Vee) dé chon
thanh ghi.

+ Logic “0”: Bus DB0-DB7 s& néi véi thanh ghi 1énh
IR ctia LCD (& ché do “ghi” - write) hoic ni véi bo
dém dia chi cia LCD (6 ché do “doc” -read).

+ Logic “1”: Bus DB0-DB7 s& néi véi thanh ghi dir
licu DR bén trong LCD.

RW

Chan chon ché do doc/ghi (Read/Write). NOi chan
R/W véi logic “0” dé LCD hoat dong ¢ che do ghi,
hoac noi vai logic “1” dé LCD ¢ ché d6 doc.

Chén cho phép (Enable). Sau khi céc tin hi¢u dugc
dat 1én bus DB0-DB7, céc Iénh chi duoc chap nhan
khi c6 1 xung cho phép cua chéan E.

+ O ché db ghi: Dit liéu ¢ bus s& dugc LCD chuyén
vao (chap nhan) thanh ghi bén trong né khi phat hién
mot xung (low-to-high transition) cua tin hiéu chan
E.

+0 ché do doc: Dit ligu s& dugc LCD xuat ra DBO-
DB7 khi phéat hién suon 1én (low-to-high transition) &
chan E va dugc LCD giit ¢ bus dén khi nao chan E
xudng muc thap.

7+14

DB0+DB7

8 duong cua bus dit liéu dung dé trao doi thong tin
véi MPU. C6 2 ché do st dung 8 duong bus nay:

+ Ché d6 8 bit: Dit liéu duoc truyén trén ca 8 duong,
voi bit MSB la bit DB7.

+ Ché d¢ 4 bit: Dit liéu duoc truyén trén 4 duong tir
DB4 toi DB7, bit MSB la DBY.

15

15 la Catot, dién ap khoang Uak=4,2V

16
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Chan noi dat caa dén Back light.
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1.2.3. So dd khéi cia HD44780

Dé hiéu rd hon chiic ning cac chan va hoat dong cua chlng, ta tim hiéu
so qua chip HD44780 thong qua cac khéi co ban caa nd.
a) Céc thanh ghi:

Chip HD44780 c6 2 thanh ghi 8 bit quan trong la: Thanh ghi Iénh IR
(Instructor Register) va thanh ghi dit liéu DR (Data Register).

- Thanh ghi IR: Pé diéu khién LCD, nguoi ding phai “ra 1énh” thong
qua tdm duong bus DBO-DB7. Mdi énh duoc nha san xuat LCD danh dia chi
ré rang. Nguoi ding chi viéc cung cap dia chi lénh bang cach nap vao thanh
ghi IR. Nghia 13, khi ta nap vao thanh ghi IR mot chudi 8 bit, chip HD44780
s& tra bang ma Iénh tai dia chi ma IR cung cap va thuc hién lénh do.

Vi du: Lénh “hién thi man hinh” c¢6 dia chi 1énh 1a 00001100 (DB7...DBO0).

OSC1 0sc2 cL
CcL2
Reset | M
c;\ré”l_'t Timing
generator
Instruction 7 D
F reglstfr (IR) J ‘
: Display COM1 to
s e gAY e oRon data RAM 16-bit || Common | COMm16
o inter- 2 (DDRAM) = shift signal ——
R/W —=| face 80 x 8 bits register driver
E -
" It
Address 7 SEG1 to
counter s 40-bit 40-bit Segment | SEG40
7 shift latch signal ———
83‘; to register | | circuit driver
- - 7 ‘
Input/ | s D?‘? 8
DBO to |output register s
DB3 buffer (DR) 480
——— 8 8 LCD drive
voltage
BﬂUSY selector
ag
Y
Character Character Clrsor
generator generator ahd
RAM ROM blink
(CGRAM) (CGROM] controller
GND 64 bytes 9,920 bits
5 /i's
f Parallel/serial converter
and -
attribute circuit
VAN
Vi V2 V3 V4 V5

Hinh 1.11:So @b khdi cua HD44780.
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- Thanh ghi DR: Thanh ghi DR dung dé chra di liéu 8 bit dé ghi vao
ving RAM, DDRAM hoic CGRAM (& ché do ghi) hoac dung dé chira dir
liéu tir 2 viing RAM nay giri ra cho MPU (& ché do doc). Nghia 13, khi MPU

ghi théng tin vao DR, mach noi bén trong chip sé tu dong ghi thdng tin nay
vao DDRAM hoiac CGRAM. Hoic khi thdng tin vé dia chi dugc ghi vao IR,
dir liéu & dia chi nay trong ving RAM noi cua HD44780 sé& dugc chuyén ra
DR dé truyén cho MPU. Vay bang cach diéu khién chan RS va R/W chiing
ta cO thé chuyén qua lai giita 2 thanh ghi nay trong khi giao tiép véi MPU.

Bang 1.2 tom tat lai cac thiét 1ap d6i véi hai chan RS va R/W theo muc dich

giao tiép.
Bang 1.2: Bang chiic nang chan RS va R/W theo muc dich st dung.
RS RW Y nghia
Ghi vao thanh ghi IR
0 0 d¢ ra lénh cho LCD
(VD: can  display
clear,...).
boc co ban ¢ DB7 va
0 1 gia tri cua bo dém dia
chi & DB0-DB6.
1 0 Ghi vao thanh ghi DR.
1 1 Dboc dit liéu tir DR.

b) Co bao ban BF (Busy Flag):

Khi thyc hién cac hoat dong bén trong chip, mach ndi bén trong can mot

khoang thoi gian dé hoan tat. Khi dang thuc 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 ¢ thiét 1ap RS=0, R/W=1) 1én dé bao cho MPU biét n6 dang

“ban”. D1 nhién, khi xong viéc, n6 sé dat co BF lai mirc 0.

¢) Bo dém dija chi AC (Address Counter):

Nhu trong so d6 khéi, thanh ghi IR khong truc tiép két ndi voi ving
RAM (DDRAM va CGRAM) ma thong qua b dém dia chi AC. B6 dém nay

lai ndi véi 2 vung RAM theo kiéu r& nhanh. Khi mot dia chi 1énh duogc nap
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vao thanh ghi IR, thong tin dugc ndi truc tiép cho 2 ving RAM nhung viéc
chon lya ving RAM tuong tac da dugc bao ham trong ma 1énh. Sau khi ghi
vao (hoac doc tir) RAM, bo dém AC tu dong tang 1én (hodc giam di) 1 don vi
va noi dung ctia AC duoc xuit ra cho MPU thong qua DB0-DB6 khi c6 thiét
1ap RS=0 va R/W=1 (xem bang 1.2). Luu y: Thoi gian cap nhat AC khong
dugc tinh vao thoi gian thuc thi 1énh ma duogc cap nhat sau khi ¢co BF 1én mirc
cao (not busy), cho nén khi lap trinh hién thi, ban phai delay mot khoang
tADD khoang 4uS-5uS (ngay sau khi BF=1) trudc khi nap dit liéu méi.
d) Ving RAM hién thi DDRAM (Display Data RAM):

Pay 1a ving RAM dung dé hién thi, nghia 1a img véi mot dia chi cua
RAM 1a mdt 6 ki tu trén man hinh va khi ban ghi vao ving RAM nay mot ma
8 bit, LCD s& hién thi tai vi tri tuong tng trén man hinh mot ki tu ¢6 ma 8 bit

d3 cung cap nhu hinh 1.12.

Display position

(digit) 1 2 3 4 5 79 80
DDRAM
addrass |GD|U1|DE|DE‘D4‘ I '|4E|4F‘
(hexadecimal}

Figure 2 1-Line Display
Display
position 1 2 3 4 5 W40
DORAM 00|01 (02| 03|04 |--:-rerceveeneee [ 2627
addrass )

Hinh 1.12: Mdi lién hé gitra dia chi cia DDRAM va vi tri hién thi caa LCD.
Vung RAM nay c6 80x8 bits nhd, nghia la chira dugce 80 ki tu ma 8 bits.
Nhitng ving RAM con lai khong dung cho hién thi c6 thé dung nhu ving
RAM da muc dich. Luu y 1a dé truy cap vao DDRAM, ta phai cung cap dia
chi cho AC theo ma HEX.
e) Vung ROM chua ki tuy CGROM (Character Generator ROM):
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Ving ROM nay dung dé chtra cac mau ki tu loai 5x8 hodc 5x10 diém
anh/ki tu, va dinh dia chi béng 8 bit. Tuy nhién, né chi c6 208 mau ki tyr 5x8
va 32 mau ki ty kiéu 5x10 (tong cong 1a 240 thay vi 256 mau ki ty). Nguoi
dung khong thé thay d6i ving ROM nay.

Table 2 Example of Correspondence between EPROM Address Data and Charvacter Pattern
(5 = 8 Dots)
EPROM Address Data

LSB

AT1A10AD AB AT AB AS A4 A3 AZ A1 AD |04 O3 02 01 00
0O 0 0 0y 0o 0 O O

0 o 0 1 1|0 0 0 O

o 0 1 0 (a1 10

o o 1 1 1 110 O]1

01 0 0|1 ’T 0 0|1

0 1 0 1 1|0 0 01

o1 1 0 T 1 1 1|0

11 00 Q1 001 1 1|0 0 0 O 0)|-=-w—— Cursorposition

1T 00 0lo 0 0 O 0

100 1|0 0 0 0 O

1T ¢ 1 0 ) 0 0 o 0

1T 0 1 1 (¢ 0 0 @ 0O

11 0 00 0 0 O O

11 0 1 )0 0 0 0 0O

11 1 0 (0 0 0 O O

T 1 1 1 (g 0 0 @ 0

Hinh 1.13: Mdi lién hé giita dia chi caa ROM va dit liéu tao mau ki ty.
f) Ving RAM chua ki ty 6 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 c6 thé tao cac mau Ki tu d6 hoa riéng. Tuy nhién dung
lugng vung nay rat han ché: Ta chi c6 thé tao 8 ki tu loai 5x8 diém anh, hodc
4 ki ty loai 5x10 diém anh. Pé ghi vaio CGRAM, xem hinh1.13.

1.2.4. Tap lénh cia LCD

Trudce khi tim hiéu tap 1énh ctia LCD, sau day 1a mot vai chi y khi giao
tiép voi LCD:

Tuy trong so d6 khéi ctia LCD c6 nhiéu khéi khac nhau, nhung khi 1ap
trinh diéu khién LCD ta chi c6 thé tac dong truc tiép dugc vao 2 thanh ghi DR
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va IR thong qua cac chan DBx, va ta phai thiét 1ap chan RS, R/W phu hop dé
chuyén qua lai giita 2 thanh ghi nay (xem bang1.2).

For 5§ < 8 dot character patterns

Character Codes Character Patterns
(DDRAM data) CGRAM Address (CGRAM data)
7 6543210 543210 T G614 352 A0
High Low High Low High Low
0 0 0 . 111 1]o]|
‘0 0 1 A 1/0 0 of1
01 0 1/0 0 o1 Characts
. r r
0 1 1 111 1]o
- : pattern (1)
0000 000 000:100 1[ol1[o o
i1 .0 1 1/0 ol1]o
110 1 1jo o o|1] ]
SR . 0 0 0 0 0|} Cursor position
10 0 0 - 110 o oln] ]
10 0 1 4 ol1lof1lo
0 1 0 b ik oy
- Character
0 1 1 10 o]1|o o
( 1 1 . t attern (2)
0000 00 00:100 ey ywrerr Ml
1 0 1 0 ol1fo o
110 1 io of1lo o)
P11 1 « « +i0 0 0 0 0| Cursor position
10 0 0 i eiiie
— | ‘0 0 1 '
,--——f’—'—’_ ——— . .
e . —
0000 111 1Al p
1 00 !
1 0 1 i
110 :
(IR S

Hinh 1.14: Méi lién hé giita dia chi cha CGRAM, dit liéu CGRAM,

va ma Ki tu.

Véi mdi 1énh, LCD can mot khoang thdi gian dé hoan tat, thoi gian nay
c6 thé kha 1au ddi véi tde d6 cia MPU, nén ta can kiém tra c& BF hodc doi
(delay) cho LCD thuec thi xong 1énh hién hanh méi c6 thé ra 1énh tiép theo.

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

Céac 1énh ctia LCD c6 thé chia thanh 4 nhém nhu sau:

- Cac lénh vé kiéu hién thi. VD : Kiéu hién thi (1 hang/2 hang), chiéu dai

dit licu (8 bit/4 bit),...

- Chi dinh dia chi RAM ndi.

- Nhém 1énh truyén dir liéu trong RAM noi.

- Cac lénh con lai.
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Bang 1.3: Cac tap Iénh cua LCD.

Tén lénh

Hoat dong

Thot gian
chay

Clear
Display

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

DBx= 0 O 0 O 0 0 0 1
Lénh Clear Display (x6a hién thi) s& ghi mot khoang tréng
(ma hién thi ki ty 20H) vao tit ca 6 nhé trong DDRAM,
sau d6 tra bo dém dia chi AC=0, tra lai hién thi gbc néu n6
bi thay ddi, nghia 1a: Tat hién thi, con tro doi vé goc tréi
(hang dau tién), ché do tang AC.

Return
home

Ma Iénh:DBx=DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
bBx=0 0 0 O 0 o0 o0 *

1.52ms

Entry
mode set

Ma Iénh:DBx=DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DBx=0 O 0O O 0 1 [I/D] [S]
I/D: Tang (I/D=1) hodc giam (I/D=0) b dém dia chi hién
thi AC 1 don vi mdi khi c6 hanh dong ghi hoic doc ving
DDRAM. Vi tri con tro ciing di chuyén theo sy ting giam
nay.
S: Khi S=1 toan bd ndi dung hién thi bi dich sang phai
(I/D=0) hoic sang trai (I/D=1) mdi khi c6 hanh dong ghi
ving DDRAM. Khi S=0: khong dich ndi dung hién thi.
No6i dung hién thi khong dich khi doc DDRAM hodc
doc/ghi ving CGRAM.

Display
||_:_<.|::'||' 1 2 1

DOREAR 0ol | O |02 0c3 | O | 65

Display .l_:_.l.‘.
pasiion 1 2 3 4 5 & 7 8

42143 (44|45 (46 (47

.JL .w\. 000

Y ”2|“ d| I ”7‘ For o1 |0z 03| 0s|os| 06| o7 |os

41 (42 (43 |44 | 45| 46 4T (45

For
Shif ket

I'.I1| k¥4 l.'1|l2-'| ".-"'"I.'IT‘-Z:S| = — -
if? 00 I.E 03| 0u8 | 05 |6

o
shaft right

or ml’ﬁ.| | 7lan

shif right

Hinh 1.15: H0at dong dich trai va dich phal noi dung hién
thi.

4F (¢ |D2 03 .11 1z 4% |44 |48 .1'

37us

Display
on/off
control

Ma Iénh:DBx=DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DBx=0 0 0 0 1 [O] [C] [B]

D: Hién thi man hinh khi D=1 va ngugc lai. Khi tat hién

thi, n6i dung DDRAM khéng thay doi.

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

dang con tré, xem hinh1.16.

B: Nhép nhay ki ty tai vi tri con tro khi B=1 va nguoc lai.

Chu ki nhdp nhay khoang 409,6ms khi mach dao dong

no1 LCD la 250kHz.

37us
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' AN,
| .

™ Cursor — o u—
5 x 8 dot 5 = 10 dot Alternating display
charactar fonl character font
Cursor display example Blink display example

Hinh 1.16: Kiéu con, kiéu ki tu va nhap nhay ki tu.

Cursor
or
display
shift

Ma Iénh:DBx=DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DBx=0 0 O 1 [SIC][R/L] * *
Lénh Cursor or display shift dich chuyén con tro hay di
liéu hién thi sang trai ma khong can hanh dong ghi/doc dir
liéu. Khi hién thi kiéu 2 dong, con tro s& nhay xubng dong
dudi khi dich qua vi tri thtr 40 cia hang dau tién. Dit lidu
hang dau va hang 2 dich cing mot luc. Chi tiét sit dung
xem hinh sau:
S/C | R/L | Hoat ding

0 0 Dich vi tri con tro sang trai (Nghia ld giam AC mdt don vi).

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

1 0 Dich toin bd néi dung hién thi sang trai, con tré ciing dich theo.

1 1 Dich toan b néi dung hién thj sang phai, con trd cling dich theo.

Hinh 1.17: Chi tiét str dung 1énh.

37Us

Funtion
set

M4 lénh:DBx=DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DBx= 0 0 1 [DL][N] [F] * *

DL: Khi DL=1, LCD giao tiép v6i MPU bang giao thuc 8

bit (tir bit DB7 dén DBO0). Nguoc lai, giao thuc giao tiép 1a

4 bit (tir bit DB7 dén bit DB0). Khi chon giao thirc 4 bit,

dir liéu duoc truyén/nhan 2 lan lién tiép véi 4 bit cao

giri/nhan trudc, 4 bit thip giri/nhén sau.

N: Thiét 1ap s6 hang hién thi. Khi N=0: hién thi 1 hang,

N=1: hién thi 2 hang.

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

F=1: kiéu ki ty 5x10 diém anh.

*Chay:

« Chi thyc hién thay ddi Function set & dau chuong trinh.

Va sau khi duoc thuc thi 1 1an, 1énh thay d6i Function set

khong dugc LCD chap nhan nita ngoai trir thiét lap

chuyén doi giao thuc giao tiép.

Khong thé hién thi kiéu ki tu 5x10 diém anh & kiéu hién

37us
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thi 2 hang.

M3 lénh:DBx=DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DBx=0 1[ACG][ACG][ACG][ACG][ACG][ACG][ACG]

Set | | anh nay ghi vio AC dia chi cia CGRAM. Ki hiéu [ACG]
CGRAM | chi 1 bit caa chudi di liéu 6 bit. Ngay sau lénh nay Ia 1anh
address | 4oc/ghi dit liéu tir CGRAM tai dia chi da duoc chi dinh.
Ma Iénh:DBx=DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
DBx= 1 [AD][AD][AD][AD] [AD] [AD] [AD]
Lénh nay ghi vao AC dia chi caa DDRAM, diing khi can
Set -y 1A A iR . 1 N N
DDRAM thiet lap tQa_dQ hl_en thi mong mUOn..Ngay sau lénh nay la
address Iénh doc/ghi dfg: liu tr DDRAM tai dia chi da dugc chi 37us
dinh. Khi & ché @6 hién thi 1 hang, dia chi c6 thé tir 00H
dén 4FH. Khi ¢ ché do hién thi 2 hang, dia chi tir 00h dén
27H cho hang thir nhat, va tir 40h d¢én 67h cho hang thu 2.
Ma Iénh:DBx=DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DBx= [BF][AD][AD][AD][AD][AD][AD][AD]
RS=0; R/W=1
Nhu da dé cap trude day, khi co BF bat, LCD dang lam
Read BF | ..~ o o "« AN ox b e P
and viéc va Iénh ticp theo (n?u co)_ sé bi bo qua neu co BF Ouis
address chua v@ murc thap. Cho nén, khi lap trinh diéu khién, ban
phai kiém tra co BF trudce khi ghi dit liéu vao LCD. Khi
doc c& BF, gié tri cia AC ciing duoc xuat ra cac bit [AC].
No la dia chi cia CG hay DDRAM la tuy thuoc vao 1énh
trude do.
Ma Iénh:DBx=DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DBx= [Write data] (RS=1, R/W=0)
Write | Khi thict I3p RS=1, R/W=0, dit liéu can ghi duge dua vao | o
datato |cac chan DBx tu mach ngoai s€ dugc LCD chuyén vao t AISD
CGor |trong LCD tai dia chi duoc X4c dinh tr Iénh ghi dia chi AUS
DDRAM | truéc d6. Sau khi ghi, bo dém dia chi AC tu dong H
tang/giam 1 tly theo thiét lap Entry mode. Luu ¥ 1a thoi
gian cap nhat AC khong tinh vao thoi gian thuc thi I1énh.
Ma Iénh:DBx=DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Read o DBx= [Read data] (I_?S=1, R/W=1)
data Khi t[uét lap RS=1, R/W=1, dir liéu tu CG/DDRAM dl\l’()’C 37us
from CG chuyén ra MPU thong qua céc chan DBx (dia chi va vung | tADD
or RAM da dugc xac dinh bang 1énh ghi dia chi trude do). 4us
DDRAM Sau khi doc, AC ty dong tang/giam 1 tuy theo thiet lap

Entry mode, tuy nhién noi dung hién thi khong bi dich bat
chap ché do Entrymode.
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1.2.5. Pic tinh cia cac chan giao tiép
LCD sé bi hong nghiém trong, hoac hoat dong sai 1éch néu ban vi pham
khoang dac tinh dién sau day:

Bang 1.4: Dac tinh lam viéc dién hinh.

Chén cip nguon (Vee-GND) | Min:-0.3V , Max+7V

Céac chin ngd vao (DBx,E,...) | Min:-0.3V |, Max:(Vee+0.3V)
Nhiét d¢ hoat dong Min:-30C , Max:+75C
Nhiét d6 bao quéan Min:-55C , Max:+125C

Pic tinh dién lam viéc dién hinh: (Po trong diéu kién hoat dong V. =
4.5V dn 5.5V, T = -30 dén +75°C).
Bang 1.5: Mién l1am viéc binh thuong.

Chan cép nguén Vee-GND 2.7V @én 5.5V

Bién ap vao mic cao Vig 2.2V d@én Ve

Dién 4p vao mirc thip Vi 0.3V d@én 0.6V

Dién ap ra mirc cao (DB0-DB7) Min 2.4V (khi Igs = -0.205mA)

Dién 4p ra mirc thap (DB0-DB7) Max 0.4V (khilp. = 1.2mA)

Dong dién ngd vao (input leakage current) Iy ; | -1uA dén luA  (khi Vix = 0 dén Vce)
Dong dién cap ngudn I 350uA(typ.) dén 600uA

Tén sb dao dong ndi fosc 190kHz dén 350kHz (dién hinh la 270kHz)
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CHUONG 2.

THIET KE HE THONG PIEU KHIEN PONG CO DC THEO
NHIET PO

2.1. SO PO KHOI

Véi yéu cau ctia dé tai 1a thiét ké hé théng diéu khién dong co DC theo
nhiét do, tirc 1a tir nhiét d6 do dugc trong moi trudng, hé théng dicu khién
tbc 46 dong co DC quay nhanh hay cham. Ta c6 so dd khdi hé théng trong
hinh 2.1.

o S i ADC Khoi xir Hién thi
Nhiét 4§ | emser Khuéch dai |, . I > 1CD
méi treing v hiéu chinh -

¥
Pong co Khéi céng
DC N suat

Hinh 2.1: So d6 khéi hé théng diéu khién dong co DC theo nhiét do.
Véi so d6 ndy ta sir dung cam bién do nhiét 46 méi truong. Dién ap ra
cta cam bién duoc khuéceh dai, hiéu chinh dé phu hop voi dau vao cua ADC.
Khéi ADC 1am nhiém vu chuyén doi tin hiéu twong tu thanh tin hiéu s6 dua
vao khéi xir Iy. Khéi xtr Iy 1am nhiém vu nhan gia tri do, tir d6 diéu khién
dong co DC quay véi toc d6 phu hop. Trén so dd st dung khdi hién thi dé
nguoi st dung c6 thé theo ddi duoc cac thong so va thao tac thuc hién.
2.2. THIET KE CAC KHOI
2.2.1. Mach do nhiét do

Nhiét do 12 mot dai luong vat 1y vo huéng. Pé do dac va tinh toan gia
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tri ciia nd ta phai dung cac by cam bién. Cam bién do nhiét do & day em
chon loai phd bién 1a LM335. B cam bién LM335 dua ra dién 4p 10mV
cho mdi sy thay d6i 1°K.
% Thong sb ki thuat:
- La cam bién nhiét 6 cho ra cac mac dién ap twong tng véi do
Kelvin
Sai s6 +/- 1°C
- Hoat dong trong dai tir 400uA - 5 mA
- Tré khang ndi <1 Q
- Dai nhiét do do duogc -55°C dén 150°C
% So d6 chan va mach do:

TO-92
(Bottom view)

sssss

Hinh 2.2: So d6 chan caa LM335.
ADJ - Chan hiéu chuan.
V+ - Chan cap ngudn 15V.
V- - Chan GND.

E+

Hinh 2.3: Két nbi VDK.
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- Nhiét do tinh theo do Kelvin T = V4, /(10mV).
Tur d6 Kelvin ta c6 thé dbi ra do C theo cong thuc:
Toc) = Tido kenvin) - 273,15 .

2.2.2. Khoi xir ly

Pay 1a khéi quan trong va quan 1y toan bd hoat dong ctia mach. Nhiém
vu chinh cta khdi 1a nhan vé gia tri nhiét do, diéu khién dong co. Gia tri do tir
LM335 duogc cho qua bd ADC, mach nay ta co thé dung IC ngoai hodc dugc
tich hop trong mot sé6 dong vi diéu khién. O day em dung PIC16F877A, vira
chuyén d6i ADC, hién thi LCD, vira diéu khién dong co bang phuong phap
PWM.

MCLR/VPP RET/PGD %H
RBGIPGC §—35 T
RAQ/AND RES 57U
RAT/ANA RE4 g
RA2IAN2/VREF-/CVREF RB3/PGM 5L
RA3JANIVREF + RBZ 5L
RA4ITOCKICIOUT RE1 5
RASIAN4/SS/C20UT  RBOINT =0
REQ/RD/ANS VDD gf—f ]
RE1/WRIANG GND
REZICS/ANT 20 j_—
ROTIPSPT 50 =0
VoD RDG/FSPE 0
onp TSR onspsps %u
RD4/PSP4 ——
OSC1/CLKIN ”
0SC2/CLKOUT RCTIRXDT |5
RCETXICK §5—C
RCOT10SOITICKI RCS/SD0 550
—=PRCITIOSICCP2  RC4/SDISDA =0
RC2/CCP ”
RCAISCKISCL RDAPSPI (550
RDzIPSPZ L
ROOIPSFO
RO1/PSF

Hinh 2.4: So d6 nguyén ly caa PIC16F877A trong mach.
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2.2.3. Khoi ADC (tich hep trong PIC16F877A)

ADC (Analog to Digital Converter) 1a bo chuyén d6i tin hiéu gitra hai
dang twong tu va sb. PIC16F877A c6 8 ngd vao analog (RA4:RA0 va
RE2:REOQ). Hiéu dién thé chuan Vrer c6 thé dugc lya chon 1a Vpp, Vss hay
hiéu dién thé chuan duogc x4c 1ap trén hai chan RA2 va RA3. Két qua chuyén
doi tur tin hiéu twong tu sang tin hiéu sb 1a 10 bit s6 twong ung va duogc luu
trong hai thanh ghi ADRESH : ADRESL. Khi khong str dung b chuyén doi
ADC, céc thanh ghi nay c6 thé duoc str dung nhu cac thanh ghi thong thudng
khéc. Khi qué trinh chuyén doi hoan tat, két qua s& duoc luu vao hai thanh ghi
ADRESH : ADRESL, bit GO/DONE (ADCON0<2>) duoc x6a vé sb 0 va co
ngat ADIF duoc set.

Qua trinh chuyén d6i tir twong tu sang s6 bao gém cac budc:
+ Thiét 1ap cac théng sb cho bo chuyén dbi ADC:
- Chon ngd vao analog, chon dién &p ldy mau (dya trén cac théng sé cua
thanh ghi ADCONL1).
- Chon kénh chuyén d6i AD (thanh ghi ADCONO).
- Chon xung clock cho kénh chuyén d6i AD (thanh ghi ADCONO).
- Cho phép bo chuyén d6i AD hoat dong (thanh ghi ADCONO).
+ Thiét 1ap céac co ngat cho AD:
- Clear bit ADIF.
- Set bit ADIE.
- Set bit PEIE.
- Set bit GIE.
+ Poi cho téi khi qué trinh 1ay mau hoan tat.
+ Bét dau qua trinh chuyén ddi (set bit GO/DONE ).
+ Poi cho téi khi qué trinh chuyén ddi hoan tat bang cach :
- Kiém tra bit GO/DONE . Néu GO/DONE =0, qué trinh chuyén ddi da

hoan tat.
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- Kiém tra co ngit.
+ Poc két qua chuyén va x6a ¢ ngét, set bit GO/DONE (néu can tiép tuc
chuyén d6i).
+ Tiép tuc thuc hién cac budc 1 va 2 cho qua trinh chuyén doi tiép theo.
Cac thanh ghi lién quan dén bo chuyén d6i ADC gom:
- INTCON (dia chi 0Bh, 8Bh, 10Bh,18Bh): cho phép ngat (céc bit GIE,
PEIE).
- PIR 1(dia chi OCh): chaa co ngat AD (bit ADIF).
- PIE1 (dia chi 8Ch): chua bit diéu khién AD (ADIE).
- ADRESH (dia chi 1Eh) va ADRESL (dia chi 9Eh) : c&c thanh ghi chia
két qua chuyén ddi AD.
- ADCONO (dia chi 1Fh) va ADCONI1 (dia chi 9Fh): xac lap cac théng
sb cho bo chuyén dbi AD.
- PORTA (dija chi 05h) va TRISA (dia chi 85h): lién quan dén cac ngd
vao analog ¢ PORTA.
- PORTE (dia chi 09h) va TRISE (dia chi 89h): lién quan dén cac ngd
vao analog ¢ PORTE.
2.2.4. Khéi khuéch dai hiéu chinh

E+ & _____
R1
6K
Vin ,&.
SENSOR ‘F lll:gz_'
-~ AN
14.53K
LM335 VO

Hinh 2.5: Mach khuéch dai hiéu chinh.
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O day, mach khuénh dai hiéu chinh duoc dung dé chuyén dai dién ap
trong LM335 (Vou=2,73+3,73V tuong tng véi dai nhiét do do 0+100°C)
thanh dai tir 0+5V rdi dua vao bo ADC tich hop trong PIC16F877A.

Mach khuéch dai hiéu chinh duoc tich hop tir mach trir va mach khuéch
dai. Cu thé, dai dién ap ra tr LM335 (Vi,=2,73+3,73V) qua mach trir thanh
dai V,=(0+(-1))V, sau d6 qua mach khuéch dai véi hé sé khuéch dai (-5)
chuyén thanh dai 0+5V.

¢ Tinh chon gia tri dién tré trong mach:
R, + R3 Rs R,
"TRYRR R,

Vin

Chon R;+R3=R4+Rs
Rs R;
h= R_ZVO a R_z

Thay Vin=2,73 va V;,=3,73, V1=0 va V,=(-1) vao ta duoc:

Vin

s = 27352 =
R, ° ""TR,
Rs R;
Y. — S -
Vo= 3737
=> R3=R, ; Rs.Vy- 2,73.R5=0
Chon R2=1OkQ :>R3:10kQ
Chon V=5V =>R,;=14,54kQ.
Co:
R
R¢

Chon Re=10kQ =>R,=50kQ; Rg=8,3kQ.

2.2.5. Khoi cong suat
O day st dung phuong phap PWM (Pulse Width Modulation) dé diéu
khién téc d6 cua dong co DC. Phuong phéap diéu ché PWM la phuong phap
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diéu chinh dién 4p ra tai hay noi cach khac 1a phuong phap diéu ché dua trén
su thay d6i do rong cua chudi xung vudng dan dén sy thay doi dién ap ra.
Céac xung PWM khi bién d6i thi co cing 1 tin sé va khac nhau vé do rong
ctia suon duong hay 13 suon 4m. Diéu khién dong co st dung phuong thirc
diéu ché xung PWM 1a mot trong cac phuong thirc dugc sir dung rat rong rai
trong diéu khién dong co Gmg dung trong cong nghiép, dan dung ciing nhu
trong nhiéu ung dung khac, ngoai ra PWM con tham gia va diéu ché cac
mach nguén nhu 13: boot, buck, nghich luu 1 pha va 3 pha ... Biéu dic biét 1a
PWM chuyén dung dé diéu khién cac phan tir dién tr cong suit c6 dudng
dic tinh 13 tuyén tinh khi c6 sin 1 ngudn 1 chiéu c¢6 dinh. Nhu viy PWM

duoc tmg dung rat nhiéu trong cac thiét bi dién, dién ti.

12V
25%
Vout
0
12V
30%
Vout
0
S >
12V
3% Vout
[ 74
0
< F >

Hinh 2.6: Xung PWM va dién ap dau ra
Hinh 2.6. 1a so d6 dic ta xung PWM va cach thirc tinh dién 4p dau ra
dua toi dong co. Nhin vao so dd ta co
- Chu ky cua xung PWM la thoi gian T.
- Thoi gian phat xung PWM l1a t1
- Thot gian nghi khong phat xung 1a t2
Cong thuc tinh gia tri trung binh cta dién ap ra tai:

Vout = Vm.duty
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Trong do:
- Vout la di¢n ap ra
- Vin la dién ap dau vao
- Duty Ia % thoi gian phat xung dugc tinh bang:
Duty = t,/T.100%
Trong khéi diéu khién, PIC16F877A diéu khién dong co théng qua qua trinh
tao xung PWM rdi dua vao mach cau H tich hop trong I1C Driver L293D.
% Nguyén ly hoat dong mach cau H:
Mach cau H 1a mot trong nhirng mach dugc str dung rong rai cho viéc

diéu khién dong co.
TV

L1 f iR‘l
o (0]

| —————  Ddituong

LQ/;I)

;\RQ

T oo

Hinh 2.7: Mach cau H.

- Trong hinh 2.7, “ddi tuong” 1a dong co DC ma ta can diéu khién, “ddi
tuong” ndy c6 2 dau A va B, muc dich diéu khién 13 cho phép dong dién qua
“dbi tuong” theo chiéu A dén B hoic B dén A. Thanh phan chinh tao nén
mach cau H chinh 1a 4 “khéa” L1, L2, R1 va R2 (L: Left, R: Right). O diéu
Kién binh thuong 4 khoa nay “mé™, mach cau H khong hoat dong. Hoat dong
ctia mach cau H dugc md ta trong hinh 2.8a va 2.8b.
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Hinh 2.8: Nguyén ly hoat dong mach cau H.

+ O hinh 2.8a L1 va R2 dugc “dong lai” , L2 va R1 van mo, dong dién
s& chay tir V qua khoa L1 va di qua d6i tuwong dén dau B cua né trudc khi qua
R2 vé GND.

+ O hinh 2.8b L2 va R1 duoc “déng lai”, L1 va R2 mo, dong dién s&
chay tir V qua khoa R1 va di qua d6i tuong dén dau B cua nd trudc khi qua
L2 vé GND.

Nhu vay, cd thé ding mach cau H dé dao chiéu dong dién qua mot “ddi
tuong” (hay cu thé, dao chiéu quay dong co).
% 1C Driver L293D: Ia hai bd mach cau H duoc tich hop trong ciing IC.

Théng s6 ki thuat L293D:

+ Dién ap cuc dai: 36V.
+ Dong ra cuc dai: 1.2A.
+ Dai nhiét do hoat dong: -40 ~ 150°C.

L.293D la mét chip tich hop 2 mach cau H trong goi 16 chan. T4t ca cac
mach kich, mach cau déu duoc tich hop san. L293D c6 dién ap danh nghia
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cao (I6n nhat 36V) va dong dién danh nghia 16n nhat 1.2A nén rét thich hop

cho cac céc tng dung cong suat nho nhu cac dong co DC loai nho va vira.

Enable 1.2 Vee |
Input 1 Input 4
Output 1 Output 4
GND GND
GND GND
Output 2 Output 3
Input 2 Input 3

Vce 2 Enable 3.4

Hinh 2.9: So d6 chan L293D.

C6 2 mach cau H trén mdi chip L293D nén c6 thé diéu khién 2 d6i tuong
chi v6i 1 chip nay. Mdi mach ciu bao gém 1 dudng ngudn Vs (that ra 1a
duong chung cho 2 mach ciu), mot duong current sensing (cam bién dong),
phan cudi ciia mach cau H khong duoc ndi véi GND ma bo tréng cho nguoi

dung né1 mdt dién trd nhd goi 1a sensing resistor.

5V 11 16 | Vss ‘
| L 1"
v
| 4 9 13
Hos ol
[— b D 1" _|:
ip2 17 10{iip3
Vs| 3 9 L5y
LEFT - L | RIGHT

MOTOR . MOTOR -

motors ilp

Hinh 2.10: So do két ndi L293D.
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Pong co s& duge ndi véi 2 dudng OUT1, OUT2 (hodc OUT3, OUT4 néu
dung mach cau bén phai). Mot chan En (EnA va EnB cho 2 mach ciu) cho
phép mach cau hoat dong, khi chan En dugc dat 1én muc cao, mach cAu sin
sang hoat dong.

2.2.6. Khéi hién thj
Pé thuan tién cho viéc hién thi ki tu va ché do cai dit trang thai diéu

khién, & em day st dung LCD DM 16x2A.

LCD 16x2A
LDl RI12

5v — 5V A= 1 5v
I:"] i ge 470
2
GND ||I o

| T
%5 &%= DO DI DID3 D4 D5 DS DT K _|||'G3'I'

LCD DATAI
0D DATAZ

LC BN

g

Hinh 2.11: So d6 nguyén Ii cia 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 d6 4 bit hoic 8 bit.
2.2.7. Motor DC

Ngay nay, dong co dién mot chiéu duoc sir dung rong rai trong cac tng
dung c6ng nghiép vi nd cung cap cong suat co khong doi hoic moment khong
d6i, toc d6 dong co dugc diéu chinh trong pham vi rong, diéu khién téc do
hoac vi tri mot cach chinh xac, van hanh hiéu qua ¢ dai téc do rong, ting toc
va giam téc nhanh, va dap (ng nhanh véi cac tin hiéu phan hoi.

Ung dung ctia dong co dién mot chiéu rat rong rai. Nhu véi dong co

cong suat nho, dong co duoc sir dung trong céac thiét bi diéu khién, dong co
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can gat nudc, dong co quat, dong co cua bd khoi dong va mot sé dong co
chap hanh khac.Véi dong co cong suat 16n: dong co truyén dong trong cac
bang tai, may bom, can truc, cin ciu, Xe nang, quat, may can thép va nhoém,....
2.2.7.1. C4u tao va nguyén Ii Iam viéc cia dong co dién mdt chiéu

a) CAU tao:

CAu tao cua dong co gdm: Stato (phan tinh), réto (phan dong) va phan
chinh Iuu (chéi than va co gop).

- Stator thuong 1a mot hay nhiéu cip nam cham vinh ciru, hay nam
cham dién.

- Rotor ¢6 cac cudn day quén va duge ndi vai nguén dién mot
chiéu.

- B0 phan chinh luu c¢6 nhiém vu 1a d6i chiéu dong dién trong khi
chuyén dong quay cua rotor 1a lién tuc. Bo phan nay gém bo cb
g6p va bo choi than tiép xuc véi co gop. Vanh gop nam trén phan
g va bao gdm mot sb phién gop hinh cung tron duoc 1ap rap vao
mot dau hinh try gan va cach dién voi truc.

b) Nguyén Ii lam viéc cua dong co dién mot chiéu:

Khi c6 dong dién chay qua cudn day quan xung quanh mét I8i sit non,
canh phia bén cuc duong sé bi tac dong boi mot luc hudng 1én, trong khi canh
dbi dién lai bi tac dong bang mot luc hudng xudng theo nguyén Ii ban tay trai
cua Fleming. Cac luc nay gay tac dong quay Ién cuon day, va lam cho rotor
quay.

Dé 1am cho rotor quay lién tuc va dung chiéu, mot bo co gop dién s& lam
chuyén mach dong dién sau mdi vi tri ang véi % chu ki. Khi mat cua cuon
day song song Véi cac dudng suc tir trudng, tic luc quay cua dong co bang 0
khi cuon day léch 90° so véi phuong ban dau cua nd, khi d6 rotor s& quay

theo quan tinh.
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Trong cac may dién mot chiéu 16n, ngudi ta co nhiéu cudn day ndi ra
nhiéu phién gop khac nhau trén ¢4 gop. Nho vay dong dién va luc quay duoc

lién tyc va hau nhu khong bi thay doi theo cac vj tri khac nhau cua rotor.

. N S
)
A
| '
- -

Hinh 2.12: Bong co DC.

Dong dién I di qua mach phan Gng ctia dong co dugc biéu dién bang phuong

trinh sau:

U 1a dién ap dat vao mach phan ung, R, 1a dién tré mach phan @ng, va E, 1a
stc dién dong phan Gng.
2.2.7.2. Cac phuong phap diéu khién motor DC
Tir phuong trinh tinh tc do:
U—1I,R,
k.p

w =
D¢ diéu chinh o :

- Piéu chinh U.

- Diéu chinh R,, bing cach thém R, vao mach phan tng.

- Piéu chinh tir thong ¢.
a) Dieu chinh téc do bang phuong phép dung thém R,,:

Méc néi tiép R, vao phan Gng lam R, ting 1én, ® giam, do doc cua

duong dac tinh giam. Cac duong 1, 2 1a duong dac tinh sau khi tang R,

duong TN 1a dudng dic tinh tu nhién cua dong co ban dau.
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Uu diém cua phuong phap nay 1a don gian, téc do diéu chinh lién tyc, nhung

do thém R, nén t6n hao ting, khong kinh té.

®

| TT—_ TN

Ny

M.

Hinh 2.13: Dac tinh co ctia motor DC khi thém R,,.
b) biéu khién tir théng:

Piéu chinh tir thdong kich thich cua dong co dién mét chiéu 1a diéu chinh
moment dién tir cia dong co M=K.¢.I,, va strc dién dong quay cia dong co
E, =K.¢.». Khi tir thdng giam thi tbc do quay cua dong co ting 1én trong
pham vi gi6i han cua viéc thay doi tir thong. Nhung theo cong thuc trén khi ¢
thay d6i thi moment, dong dién I ciing thay d6i nén kho tinh dugc chinh xac
dong diéu khién va moment tai.
¢) biéu khién dién ap phan ung:

C6 hai phuong phép diéu khién téc d6 dong co dién mot chiéu bang dién ap:
- Diéu chinh dién &p cap cho mach phan ¢ng caa dong co.

- Piéu chinh dién &p cap cho mach kich tir cua dong co.
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Trong d6 thong thudng sir dung phuong phéap diéu chinh dién ap cap cho
mach phan tng. Khi thay d6i dién &p phan tng thi téc d6 dong co dién thay
d6i theo phuong trinh sau:
U, — IRy

k.¢

Vi tir théng cua dong co khong ddi nén d6 dbc dic tinh co cling khong

w =

d6i, con toc do khong tai 1i tuong thi thy thudc vao gia tri dién ap diéu khién
U, cua hé thong, do d6 co thé ndi phwong phap diéu khién nay 1a triét dé.

Dic tinh thu duoc khi diéu khién 13 mot ho dudng song song:

W

Mo \
oy \\ TN

wg\ 1
T

M

Me

Hinh 2.14: Pic tinh co cta motor DC khi thay d6i dién &p phan ung.
Nguyén li diéu khién: Dung phuong phéap diéu ché do rong xung PWM dé
thay d6i dién ap dong co.

- Mach nguyén li:
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Hinh 2.15: Mach nguyén li phuong phéap diéu ché do rong xung.
Khi K=1 (dong): c6 dong dién.
Khi K=0 (m¢): khong c6 dong di¢n.
2.2.8. So' @6 mach nguyén ly hé théng
So dd mach nguyén ly hé théng nhu hinh 2.12.
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CHUONG 3.

CHUONG TRINH PIEU KHIEN

3.1. LUU PO THUAT TOAN

Khai taoADC
Khai tao Timerl
Khaoi tao LCD

V
Doc nhiét do tur
LM335: Tdoc

False
b/chinh Tdat?

biéu chinh Tdat

False True
Tdoc>Tdat

DPong co dung Diéu khién téc do dong co
theo d0 léch Tdoc-Tdat

v

Tinh toan va hién thi

False

Hinh 3.1: Luu db thuat toan.



- Buéc 1:
+ Khoi tao ADC.
+ Khai tao Timerl.

+ Khai tao LCD.
- Bude 2: Boc nhiét do tr LM335: Tdoc.
- Budc 3: Piéu chinh Tdat.
+ Néu khong can diéu chinh Tdat, bé qua budc 4 di dén budc 5.
+ Néu can diéu chinh Tdat, di dén buéc 4.
- Bué6c 4: biéu chinh Tdat.
- Budc 5: So sanh Tdoc > Tdat:
+ False: dimg dong co, di dén budc 6.
+ True: Diéu khién téc do theo do léch nhiét ¢ Tdoc-Tdat, di dén buéc
6.
- Budc 6: Tinh toan va hién thi nhiét do dugc, do rong xung PWM.
- Bué6c 7: Tiép tuc chuong trinh.
+ Néu sai, két thuc chuong trinh.
+ Duang thi quay lai budc 2 thuc hién lap chuong trinh, thuc hién vong lap

whilel.

3.2. CHUONG TRINH PIEU KHIEN

Dudi day 13 chuong trinh diéu khién dong co theo nhiét do:
#include <16F877A.h>

#include <def _877a.h>
#device *=16 ADC=8
#include <LCD4bit.h>

#FUSES NOWDT //No Watch Dog Timer

#FUSES HS /[High speed Osc (> 4mhz for PCM/PCH)
(>10mhz for PCD)

#FUSES NOPUT /INo Power Up Timer
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#FUSES NOPROTECT //Code not protected from reading

#FUSES NODEBUG //INo Debug mode for ICD

#FUSES NOBROWNOUT //No brownout reset

#FUSES NOLVP /INo low voltage prgming, B3(PIC16) or
B5(PI1C18) used for 1/0

#FUSES NOCPD /INo EE protection

#FUSES NOWRT //[Program memory not write protected
#FUSES RESERVED //Used to set the reserved FUSE bits

#use delay(clock=20000000)

int8 Duty,Mode, Tdat; // Khai bao cac bien dung trong ct
intl6 Read T, dT;

intl On_Off,KeyPress,Read T Status;

int8 Count=0;

/***************************************************/

void ReadKB() // Ham phat hien phim bam
{
KeyPress=0;
iIf(INPUT(PIN_DO0)==0) // Neu phim 1 duoc an (phim chon mode)
{
delay_ms(150); // Ham delay chong rung phim
while(INPUT(PIN_DO0)==0); // Cho den khi nut duoc tha ra
Mode++; // Tang mode len 1 de chuyen sang mode ke tiep
if(Mode==4) Mode=0; // Lap lai mode 0 khi da chuyen qua het cac
mode

KeyPress=1,
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}

else
{
IF(INPUT(PIN_D1)==0) // Neu phim 2 duoc an (phim tang)
{
delay_ms(150);  // Chong rung phim (cho phim duoc an trong
1 luc)

iIf(INPUT(PIN_D1)==0)
iIf(Mode==1) { if(Tdat<100) Tdat++; KeyPress=1; } // Giam
nguong tuy theo mode
¥
else iIf(INPUT(PIN_D2)==0) // Neu phim 3 duoc an (phim giam)
{
delay_ms(150);  // Cho phim duoc an trong 1 luc
IF(INPUT(PIN_D2)==0)
if(Mode==2) { if(Tdat>0) Tdat--; KeyPress=1; }
¥
else If(INPUT(PIN_D3)==0) // Neu phim 4 duoc an (phim Start)
{
delay_ms(150);
IF(INPUT(PIN_D3)==0); // Cho den khi nut duoc tha ra
iIf(Mode==3)
{ /[ thi nut 4 co chuc nang bat/tat
On_Off=~0On_Off;
If(On_Off==1) Duty=100;
If(On_Off==0) Duty=0;
KeyPress=1,
b
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}

/************************************************/

void Check() // Ham kiem tra nguong
{
if (Read_T<Tdat) {Duty=0; On_Off=0;}
else {dT=Read_T-Tdat; On_Off=1;
if(Read_T<60) {output_bit(PIN_C6,0);

if(dT<=2) Duty=40;

else if(dT<=4) Duty=55;
else if(dT<=6) Duty=70;
else if(dT<=8) Duty=85;
else Duty=100;}

else{output_bit(PIN_C6,1);
if(dT<=2) Duty=40;

else if(dT<=4) Duty=55;
else if(dT<=6) Duty=70;
else if(dT<=8) Duty=85;
else Duty=100;}

}

/************************************************/
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void HienNhietDo() // Ham hien thi nhiet do do duoc tu LM335
{

int8 T,chuc,donvi;

LCD_Cmd(0x80);
LCD_Char(* NHIET DO: "); // Hien thi dong tren

T =Read T,
chuc = T/10 + 0x30; // Tach so hang chuc va hang don vi
donvi = T%10 + 0x30;

LCD_Cmd(0x8B);
LCD_Char(chuc);
LCD_Char(donvi);
LCD_Char("*C");

LCD_Cmd(0xCO0);
LCD_Char(" CONG SUAT: "); // Hien thi dong tren
if(Duty>=100)
{
LCD_Cmd(0xCB);
LCD_Char("100%");
by

else

{
chuc = Duty/10 + 0x30; // Tach so hang chuc va hang don vi

donvi = Duty%10 + 0x30;
LCD_Cmd(0xCC);
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LCD_Char(chuc);
LCD_Char(donvi);
LCD_Char("% ");
¥
delay_ms(50);

}

/*****************************************************/

void SetTDown() // Ham cai dat nguong nhiet do min

{

int8 T,chuc,donvi;

LCD_Cmd(0x80);
LCD_Char(" DAT GIAM NHIET ");

T = Tdat; /l Tach hang chuc va don vi cua tmin va hien thi ra LCD
chuc = T/10 + 48;
donvi = T%10 + 48;

LCD_Cmd(0xCO0);
LCD_Char("NHIET DO: ");
LCD_Char(chuc);
LCD_Char(donvi);
LCD_Char("*C");

delay_ms(50);
by

/******************************************************/
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void SetTUp() // Ham cai dat nguong nhiet do max
{

int8 t,chuc,donvi;

LCD_Cmd(0x80);
LCD_Char(" DAT TANG NHIET ");

t = Tdat;
chuc =t/10 + 48;
donvi =t%10 + 48;

LCD_Cmd(0xCO0);
LCD_Char("NHIET DO: ");
LCD_Char(chuc);
LCD_Char(donvi);
LCD_Char("*C");

delay _ms(50);
b

/*********************************************************/

void SelectMode() // Ham lua chon mode hien thi

{
switch (Mode)

{
case 0: HienNhietDo(); break;

case 1: SetTUp(); break;
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case 2: SetTDown(); break;

case 3: LCD_Cmd(0x80); LCD_Char(" CHE DO ON/OFF ");
if(On_Off==1) {LCD_Cmd(0xC0); LCD_Char(* ..ON... "
else {LCD_Cmd(0xC0); LCD_Char(" ..OFF... ");}

#INT_TIMER1 // Khai bao su dung ngat timerl

/*************************'k******************************/

void Timerl Func()

{

CLEAR_INTERRUPT(INT_TIMERZ1); // Xoa co ngat timerl
DISABLE INTERRUPTS(GLOBAL); // Khong cho phep ngat khac

Count++; /[ Sau moi ngat ta tang bien dem

if(Count==10)  // khi cnt=10 thi da dem duoc 10 lan tuong ung voi 1s
{

ReadTStatus=1,;

Read T =READ_ADC();

Read T = (intl6)(Read_T*100.0/255);

set_pwm2_duty(Duty*256);

switch (Duty)

{

case 0: set_pwm2_duty(0); break;
case 40: set_pwm?2_duty(102); break;
case 55: set_pwm?2_duty(140); break;
case 70: set_pwm2_duty(178); break;
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case 85: set_pwm2_duty(217); break;
case 100: set_pwm2_duty(255); break;

by
Count=0;
b
else ReadTStatus=0;
SET_TIMER1(3035);
ENABLE_INTERRUPTS(GLOBAL);

}

/*************************'k********************************/

void main() // Ham ct chinh

{
Setup_ADC(ADC_CLOCK_INTERNALY); // Cai dat bo chuyen doi ADC

setup_adc_ports(ANO); // Ngo vao Analog la chan ANO
SET_ADC_CHANNEL(0); // Chon kenh chuyen doi ADC la kenh 0
delay us(20);

Mode = 0; // Khoi tao ban dau
Tdat=30: //

Icd_init(); // Khoi tao LCD
SETUP_TIMER_1(T1_INTERNAL|T1 DIV_BY_8); // Cai dat timerl voi bo
chiatan 1:8

SETUP_TIMER_2(T2_DIV_BY_16,255,1);

SET_TIMERZ1(3035); // Gia tri khoi tao cho timerl ( dem den 65535
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// voi clock 20Mhz chia 8 => mot ngat tuong ung voi 0.1s)
ENABLE_INTERRUPTS(INT_TIMERL); // Cho phep ngat timerl
ENABLE_INTERRUPTS(GLOBAL); // Cho phep ngat toan cuc
setup_ccp2(CCP_PWM);

output_bit(PIN_C6,0);
output_bit(PIN_C7,1);

Read T = READ_ADC(); // Doc gia tri nhiet do dau tien
Read T = (intl6)(Read T*100.0/255);
while(1) // Vong lap vo han
{
SelectMode();
do
{
if((ReadTStatus==1)&&(Mode==0)) // Neu nhiet do duoc doc thi hien
thi ra LCD neu dang
/I 0 mode hien thi va tien hanh kiem tra nguong
{ HienNhietDo();
Check(); // Kiem tra nguong
¥
I if(Read_T<60) {output_bit(PIN_C6,0);}
N else {output_bit(PIN_C6,1);}
ReadKB();
by
while(KeyPress==0); // Lien tuc lap lai viec kiem tra xem nhiet do

} // co duoc doc hay ko va kiem tra phim bam

}
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- Két qua mé phong thu duoc d6 rong xung thay doi theo nhiét do bang

phuong phap PWM.

LCD1
i u £ @, Select Mode
— o
NHIET D0: =5 ToM
CONG SUAT: 55 L= oo
B oy e
<
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WA am [l Al
=3 6 |s us
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= 2 our2

gom
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ours (4
GND oUT4

voD=vCe

VSS=GND 7aHC08

L2030

IC16F8T7A

Hinh 3.2: So d6 nguyén 1i khi diéu khién.

Digital Oscilloscope @I

Channel C ”

Channel B
Position

Hinh 3.3: D6 rong xung .
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KET LUAN

Sau 3 thang tim toi va thuc hién dd an tét nghiép vai dé tai “Thiét ké va
xay dung hé théng diéu khién dpng co theo nhiét d¢” da giap em nim viing
hon vé cach phan tich mot cong viéc thiét ké, cach dat van dé cho bai toan
thiét ké. Gitp em c6 cach xu i xac thuc hon va biét cach két hop véi nhitng
kién thirec da duoc hoc dé tinh todn téi wu cho thiét ké. Khong nhiing thé, dé
tai con gilp em nam dugc cé4c kién thic veé:

- Vi diéu khién, cu thé 1a PIC16F877A.

- Céc kién thuc vé sensor nhiét, vi mach thuat toan, hién thi LCD, diéu
khién motor DC theo phuong phap PWM va lap trinh diéu khién trén PICC.

- Cach thuc thiét ké hé thdng. Thuc hién md phong hé thdng trén phan
mém thiét ké mach Proteus

DPé em cd thé thuc hién dugc dé tai trong thoi gian 3 thang vira qua
khong thé thiéu dugc su huéng dan nhiét tinh, ti mi cua cac thay co trong
khoa Pién - DBién tu, dic biét 1a Thac si Nguyén Poan Phong. Em Xin chan

thanh cam on cac thay cd.

Sinh vién thuc hi¢n

Kiéu Cong Hoa
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