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NHIEM VU PE TAI

1. Noi dung va cac y€u cau can giai quyét trong nhiém vu dé tai tot nghiép (
vé ly luén, thyc tién, cac so li€u can tinh toan va cac ban vé).

.........................................................................................

.........................................................................................
.........................................................................................
.........................................................................................
.........................................................................................
.........................................................................................

.........................................................................................

3. bia diém thuc tap tot nghiép.
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Cong ty Thong Tin Dién Twr Hang Hai Viét Nam

CAN BQ HUONG DAN PE TAI TOT NGHIEP
Ngudi hwéng din thi nhit:

Ho vatén: Nguyén Vin Duong.

Hoc ham, hoc vi : Thac s5y.

Co quan cong tac :  Truong Pai hoc Dan 1ap Hai Phong.
Noéi dung huéng dan

................................................................................................

...............................................................................................

Nguwoi hwéng din thir hai:

Ho va tén
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Pé tai tot nghiép duoc giao ngay ....... thang ....... nam 2010.

Yéu cau phai hoan thanh xong trudc ngay ....... thang ....... nam 2010.

ba nhan nhiém vu DPTTN ba giao nhiém vu PTTN

Sinh vién Nguoi hwéng dan

Hai Phong, ngay ....... thang ....... nam 2010.
HIEU TRUONG

GS.TS.NGUT Tran Hiru Nghi

PHAN NHAN XET TOM TAT CUA CAN BQ HUONG DAN

1. Tinh than thai 46 cta sinh vién trong qué trinh 1am dé tai tot nghiép:

.........................................................................................
.........................................................................................
.........................................................................................
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2. Déanh gia chét luong ciia dd an ( so voi ndi dung yéu cau di dé ra trong
nhiém vu B.T.T.N trén cac mat ly luan, thyc tién, tinh todn s6 li¢u...):

.........................................................................................
.........................................................................................

Can bd huéng dan

PHAN NHAN XET TOM TAT CUA NGUOI CHAM PHAN BIEN
1. Panh gia chit lugng d¢é tai t6t nghiép vé cac mit thu thap va phén tich sb liéu
ban dau, co sd 1y luan chon phwong an téi wu, cach tinh toan chit luong thuyét
minh va ban v&, gia tri Iy luan va thuc tién d¢é tai.

.........................................................................................
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.........................................................................................
.........................................................................................
.........................................................................................
.........................................................................................

Ngudi cham phan bién
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LOI NOI PAU

Thé ki XXI 1a thé ki cta sy bung nd cong nghé thong tin va sy phat trién
vuot bac cua cac nganh khoa hoc ki thuat. Ki thuat dién tr [a mot trong nhiing
nganh ki thuat nhu thé. Su phat trién cua ki thuét dién tu gén lién voi su phat
trién ctia ki thuat vi diéu khién.

Ngay nay, ki thuat vi diéu khién dugc tng dung rong rii trong cac linh vuc
ki thuat va doi song xa hoi, dic biét trong k¥ thuat ty dong hoa va diéu khién tir
Xa.

Hién tai, vi diéu khién (VDK) di rat pho bién ¢ Viét Nam va duoc tng dung
rat nhiéu. Tuy nhién, dé c6 thé tim hiéu rd hon vé vi diéu khién va tim hiéu mot

ung dung cu thé ciia n6 em da thuc hién dé tai “THIET KE BO PEM TAN SO

2

Db 4n cta em gdm 3 chuong:

Chuong 1. Tong quan vé VDK va hién thi LCD.
Chuong 2. Thiét ké bé dém tan sb.

Chuong 3. Phan mém diéu khién.

Trong qua trinh lam dd an tot nghiép, do su han ché vé thoi gian, tai liéu va
trinh d§ c¢6 han nén khong tranh khoi co thiéu sot. Em rat mong nhan dugc su
dong gop vy kién cua thay co trong hoi dong va cac ban dé d6 an tét nghiép cia

em dugc hoan thién hon.
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Chuong 1

TONG QUAN VE VPK VA HIEN THI LCD

1.1. VI PIEU KHIEN

Thong thudng c6 4 ho vi diéu khién 8 bit chinh 1a 6811 ciia Motorola, 8051
cua Intel, Z8 cua Xilog va Pic 16 ciia Microchip Technology. Mdi mot loai trén
day déu co6 mot tap 1énh va thanh ghi riéng duy nhat, nén ching thuong khong
tuong thich 13n nhau. Ngoai ra ciing c6 nhitng bo vi diéu khién 16 bits va 32 bits
dugc san xuét boi cac hing khac nhau. Vi tat ca nhimg bo vi diéu khién khac

nhau thi tiéu chuan dé lya chon la:
*) Pap tng dugce nhu cau tinh toan ciia bai todn mdt cach hiéu qua, dy du chirc
nang can thiét va thap nhat vé mit gia thanh. Trong khi phan tich cac nhu cau
ctia mot du an dua trén bd vi diéu khién chung ta phai biét bd vi diéu khién nao
1a 8 bits, 16 bits hay 32 bits c6 thé dap ung tot nhat nhu ciu cua bai toan mot
cach hiéu qua. Nhirng tiéu chuan do 1a:

- Toc do: toc dd 16n nhat ma vi dieu khién hd trg 1a bao nhiéu.

- Kiéu déng vo: Pong vo kiéu DIP 40 chan hay QFP. Pay 13 yéu cau quan
trong Xxét vé khong gian, kiéu 1ap rap va tao mau thir cho san pham cudi cing.

- Cong suét tiéu thu: Diéu nay dac biét khét khe ddi vai cac san phém dung
pin, ic quy.

- Dung lugng b nhd ROM va RAM trén chip.

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

- Kha ndng dé dang nang cap cho hi¢u suat cao hodc gidm cong suat ticu

thu.
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- Gia thanh cho mét don vi: Piéu nay quan trong quyét dinh gia thanh san

pham ma mot bd vi di€u khién dugc sir dung.

*) Co6 san cac cong cu phat trién phan mém nhu céc trinh bién dich, trinh
hop ngir va gd roi.

*) Nguon cac bd vi dicu khién san ¢ nhiéu va tin cdy. Kha ning san sang

dap tmg vé s6 luong trong hién tai trong lai.

Hién nay céc bo vi diéu khién 8 bits ho 8051 13 c6 s6 luong 16n nhét cac nha
cung cip da dang nhu Intel, Atmel, Philip... Nhung vé mit tinh ning va cong
ning thi c6 thé xem PIC vuot troi hon rat nhiéu so v6i 89 voi nhiéu module dugc
tich hop san nhu ADC 10bits, PWM 10bits, PROM 256 Bytes, COMPARATER,
VERF COMPARATER, mdt dic diém nita 13 tat ca cac vi diéu khién PIC st
dung thi déu c6 chuan PI tirc chuan cong nghiép thay vi chuan PC (chuan dan
dung). Ngoai ra PIC con duoc rat nhiéu nha san xuit phan mém tao ra cac ngdn
ngit hd trg cho viéc 1ap trinh ngoai ngdn ngit Asembly ra con c6 thé sir dung
ngodn nglt C thi st dung CCSC, HTPIC hay sir dung Basic thi ¢6 MirkoBasic...
va con nhiéu chuong trinh khac nita dé hd tro cho viéc 1ap trinh bén canh ngdén
ngit kinh dién 12 Asembler. Nén trong dé tai nay toi lya chon st dung vi diéu

khién PIC 1am b6 diéu khién chinh, va ¢ dy 1a PIC16F877A.
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1.1.1. So' @6 khdi va bang mé ti chirc ning cac chin ciia PIC16F877A

Thiét Ké Bé Pém Tan So

MCLRIVEP — [
RADAND =[]

RATANT -—w= ]
RAZJANZNREFSCVREF - [
RAJANIVREF+ = []
RAATOCKICIOUT -—a[]
RASIANG/SSIC20UT -—= ]
REO/RDVANS =—s[]
RE1/WRILNE =— [
REZICS/ANT =—a [
VDD — [

VES — - [

OSCUCLKl —e [
OSC2UCLKD ——]
RCOTIOSOMICK] e+—e[]
RCUTI10SICCP2 =[]
RC2/ICCPT w—a[]
RCAUSCHISCL -]
ROOPSPD =— [
RO1/PSP1 =— [

L= [ o 5 Y L Y O R

4=

10
1
12
13
14

13
16

17
18

13
20

L

PIC1GF8T4A/BTTA

40
39
38
37
35
35
34
33
32
EY |
30
29
25
27
26
25
24
23
22
21

Hinh 1.1. PIC 16F877A
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REWPGM
RE2

RE1
RBEIINT
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RCBTHICK
RCS/SDO
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PORTA

Flasn
Prj;rar
Memary E Lewvel Stack
[13-bit)
Program
Bus 4

RaM Adddth Ty o

Diract Addr 7

/" Rodr MUX Y,

RANAND

RA1ANT
RAazaMaNgs=-Cvass
RAIANIN
Rad TOCKIC1OUT
RABAM4ESC20UT

PORTE

E — 39';':1;::'

PORTC

RCATI08OTICKI
RCAMI0SICeP2

REBOVINT
RE1

: RE2
REIPGM
RE4

— RES
RES/PGC
RET/PGD

QBCA/CLE] RCECCP1
DSC2/CLKD RCYSCH/SCL
RC4'SDI/SDA
RCSSDO
RCGITHICK
RCT/RX/DT
Timerd Timar Timer2 O-bit A0
L I | Il
I T I T T 1
- - Synchnonous e o \oltags
Daiz EEFROM COP1,2 Sarial Port UsAR Cemparster Referance
Device Program Flash Data Memary Data EEFROM
PC16FET3A A4k words 192 Byles 128 Bytes
FIC18F&TEA BK wiords 368 Bytes 255 Bytas
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Thiét Ké Bé Pém Tan So

Bdng moé ta chirc nang cdc chan cia PICI6F877A

Pin Name

DIP
Pin#

PLCC
Pin#

QFT
Pin#

1/0/
P

Type

Buffer
Type

Description

OSC1/CLKIN

13

14

30

ST/ICMOS
(4)

Pau vao cila xung
dao dong thach
anh/ngd vao xung

clock ngoai

OSC2/CLKOUT

18

Dau ra cta xung dao
dong thach anh. Nbi
v6i thach anh hay
cong hudng trong ché
do dao dong cua
thach anh.Trong ché
do RC, ngo ra cua

chéan OSC2.

MCLR /Vpp

18

I/P

ST

Ngo vao cua Master
Clear(Reset) hoac
ngd vao dién thé
duoc lap trinh. Chan
nay cho phép tin hi¢u
Reset thiét bi tac

dong & muc thap.

RAO/ANO

19

1/0

TTL

PORTA la port vao ra
hai chiéu. RAO co thé

lam ngd vao tuong tu

Sinh vién: Pinh Viét Duc DTI1001
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thtr 0.
RALI c6 thé 1am ngd
RA1/AN1 3 4 20 /0 | TTL
vao tuong tu thir 1
RA2 c6 thé 1am ngd
RA2/AN2/VRE vao tuong tu 2 hoac
4 5 21 /0 | TTL ,
F— dién ap chuan tuong
tu am.
RA3 c6 thé 1am ngd
RA3/AN3/VRE vao tuong tu 3 hoac
5 6 22 /0 | TTL ,
F+ dién 4p chuan tuong
tu duong.
RA4 c6 thé 1am ngd
RA4/TOCKI 6 7 23 /0 |ST vao xung clock cho
bd dinh tho1 TimerO.
_ RAS5 c6 thé 1am ngd
RA5/SS/AN4 7 8 24 /0 | TTL
vao tuong tu thar 4
PORTB la port hai
RBO/INT 33 |3 |8 |wo |TTusT@| o o P
chiéu.
RB1 34 37 9 /0 | TTL i
RBO c6 thé lam chan
RB2 35 38 10 /0 | TTL . .
ngat ngoal
RB3 c6 thé lam ngd
RB3/PGM 36 39 11 /O | TTL vao cua dién thé duoc
lap trinh & mirc thap.
Interrupt-on-change
RB4 37 41 14 /0 | TTL

pin.
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RB5
RB6/PGC

RB7/PGD

38
39

40

42
43

44

15
16

17

1/0
1/0

1/0

TTL
TTL/ST(2)

TTL/ST(3)

Interrupt-on-change
pin.
Interrupt-on-change
pin hodc

In-Crcuit Debugger
pin .

Serial programming
clock.
Interrupt-on-change
pin hoac

In-Crcuit Debugger
pin

Serial programming
data

RCO/T10SO/T1
CKI

15

16

32

1/0

ST

PORTC la port vao ra
hai chiéu.

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

Timerl

RC1/T10SI/CC
P2

16

18

35

1/0

ST

RC1 c6 thé 1a ngd
vao cua bg dao dong
Timerl hodc ngd vao
Capture2/ng0 ra

compare2/ngd vao
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Thiét Ké Bé Pém Tan So

PWM2.

RC2/CCP1

17

19

36

1/0

ST

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

RC3/SCK/SCL

18

20

37

1/0

ST

RC3 c¢6 thé 13 ngd

Vao xung

RC4/SDI/SDA

23

25

42

1/0

ST

Clock d@)ng b0 nodi1
tiép/ngd ra trong ca
hai ché do SPI va 12C
RC4 ¢6 thé 1a dit lidu
bén trong SPI(ché do
SPI) hoac dir liéu
1/O(ché db 1% C).

RC5/SDO

24

26

43

1/0

ST

RCS5 co thé 1a dir liéu
ngoai SPI(ché do
SPI)

RC6/TX/CK

25

27

44

1/0

ST

RC6 c6 thé 1a chan
truyén khong dong bo
USART hoic dong

bo v6i xung dong ho

RC7/RX/DT

26

29

1/0

ST

RC7 c6 thé 1a chan
nhan khong dong bo
USART hoic dong

bd véi dir liéu.

Sinh vién: Pinh Viét Duc DTI1001
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RDO/PSPO 19 21 38 /0 | ST/TTL(3)
RD1/PSP1 20 |22 39 |I1/O |ST/TTL(3)
RD2/PSP2 21 |23 |40 |10 |ST/TTL(3)|PORTD laportvaora
hai chiéu hoic 13
RD3/PSP3 22 |24 |41 |yO |STAATL(R)| emennoac
parallel slave port khi
RD4/PSP4 27 |30 2 /0 |ST/ITTL@)| . .. .. 7
giao ti€p vdi bus cua
RDS5/PSP5 28 3L |3 |10 [STITTLG) |bgyvixirly.
RD6/PSP6 29 32 4 /0 | ST/TTL(3)
RD7/PSP7 30 |33 5 /0 | ST/TTL(3)
PORTE la port vao ra
hai chiéu.
REO c6 thé diéu
REO/RD/AN5 8 9 25 I/0 | ST/TTL(3) | khién viéc doc
parrallel slave port
hodc 1a ngoc vao
tuong tu thir 5.
RE1 c6 thé diéu
khién viéc ghi
RE1/WR/AN6 |9 10 26 I/O | ST/TTL(3) | parallel slave port
hodc 1a ngd vao
tuong tu thu 6.
RE2 c6 thé diéu
khién viéc chon
RE2/CS /AN7 10 |11 27 I/0O | ST/TTL(3) | parallel slave port
hodc 1a ngd vao
tuong tu tha 7
Sinh vién: Dinh Viét Duc_DTI1001 20
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12, Cung cép ngudn
Vss 31 |13,34 7,28 |P duong cho cac mic
\V/SS 11, 12,35 16,29 |P logicva nhiing chan
32 1/0.
121 Nhirng chan nfiy
1,17, khong dugc ndi bén
NC 3 7
28,40 trong va né duogc dé
33,4 X
trong

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

- = Notused; TTL = TTL input; ST = Schmitt Trigger input

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

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

3. La ving dém c6 ngd vao Trigger Schmitt khi dwoc cdu hinh nhu ngd vao
ra myc dich chung va 1a ngd vao TTL khi st dung trong ché do Parallel Slave

Port (cho viéc giao tiép vdi cac bus cua bo vi xur 1y).

4. La ving dém c6 ngd vao Trigger Schmitt khi dugc ciu hinh trong ché do
dao dong RC va mét ngd vao CMOS khac.
1.1.2. T6 chic bd nhé

C6 2 khéi bo nhé trong cac vi diéu khién ho PIC16F87X, 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, RETURN 13 .
RETFIE, RETLW 7
Stack Level 1
Stack Level 2
L ]
L ]
[ ]
St=ck Level B
Reset Vector oo00hR
L ]
. < ——
-
Interrupt Vector DoO04h
0005h
Fage O
OFFFh
0&00hH
Fage 1
On-Chip
A OFFFh
Frogram =,
Memory 1000R
FPage 2
17FFh
1800h
Page 3
1FFFh

Hinh 1.3. Ngin xép va ban d6 bd nhd chuong trinh PIC16F877A

1.1.2.1. T6 chirc ciia bd nhé chwong trinh

Céc vi diéu khién ho PIC16F877A c6 bo dém chuong trinh 13 bits c6 kha
nang dinh vi khéng gian bd nhé chuong trinh 1én dén 8Kb. Cac IC PIC16F877A
c6 8Kb bd nhd chuong trinh FLASH, cac IC PIC16F873/874 chi c6 4 Kb. Vecto
RESET dit tai dia chi 0000h va vecto ngit tai dia chi 0004h.
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1.1.2.2. T6 chirc bd nhé dix liéu

B6 nhé dit liéu duogc chia thanh nhiéu day va chtra cac thanh ghi muc dich
chung va céac thanh ghi chirc nang dac biét. Bit RP1 (STATUS <6>) va RPO
(STATUS <5>) 1a nhiing bits dung dé chon cac day thanh ghi.

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

Chiéu dai ctia mdi ddy 1a 7Fh (128 bytes). Phan thap cua mdi diy dung dé
chtra cac thanh ghi chirc nang dic biét. Trén cac thanh ghi chitc nang dac biét 1a
cac thanh ghi muc dich chung, c6 chtic nang nhu RAM tinh. Thudng thi nhiing
thanh ghi dac biét dugc st dung tir mdt day va cé thé dugc anh xa vao nhirng day

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

1.1.2.3. Cac thanh ghi muc dich chung

Céc thanh ghi nay c6 thé truy cp truc tiép hodc gian tiép thong qua thanh
ghi FSG (File Select Register).
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File
Address
Indirect adar 7 | 00h Indirect addr (7| son Indirect ader | 100h Indirect addr.| 130n
TMRO 01h OPTION_REG/| &1h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PCRTB C6h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD " | 08h TRISD ™ | 88h 108h 188h
PORTE ™ | 0Sh TRISE'™ | gah 10%h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 CCh PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 13Dh
TMRAL 0Eh PCON 8Eh EEDATH | 10Eh Reserved® | 13Eh
TMR1H OFh 8Fh EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h a0h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 a2h 112h 192h
SSPBUF | 12h SSPADD | 93h 113h 193h
SSPCON | 14h SSPSTAT | 94h 114h 194h
CCPRIL 15h as5h 115h 195h
CCPR1H | 16h ash 116h 196h
CCPICON | 17h a7h g&neraé 117h g&nefg 197h
RCSTA | 18n TXSTA | 98h Register | 1180 Register | 198N
TXREG 16h SPBRG 9gh 16 Bytes 11%h 16 Bytes | 199h
RCREG 1Ah 9AR 11Ah 19Ah
CCPR2L 1B8h 98h 11Bh 198h
CCPR2H | 1Ch ach 11Ch 19Ch
CCP2CON | 1Dh aph 11Dh 190N
ADRESH | 1Eh ADRESL 9En 11Eh 19Eh
ADCOND | TFh ADCON1 9Fh 11Fh 19Fh
200 AR 120h 1ADh
General General General General
Purpose Purpose Purpose Purpose
Reglster Register Register Register
96 Bytes 30 Bytes EFh 80 Bytes 16Eh 80 Bytes 1EFh
accesses | FOh accesses | 170h accesses | 1FCh
70h-7Fh 70n-7Fh 70h - 7Fh
7Fh FFh 17Fh 1EFh
Bank 0 Bank 1 Bank 2 Bank 2

Hinh 1.4. Cac thanh ghi ctia PIC16F877A

1.1.2.4. Cac thanh ghi chirc nang dic biét
Cac thanh ghi chirc nang dac biét (Special Function Resgister) dugc sit dung
bo1 CPU va cac bo nhd ngoai vi dé diéu khién céac hoat dong dugc yéu cau clua

thiét bi. Nhiing thanh ghi nay c6 chtc ning nhu RAM tinh. Danh sach nhiing
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thanh ghi nay dugc trinh bay & bang dudi. Cac thanh ghi chirc nang dac biét co
thé chia thanh hai loai: phan trung tim (CPU) va phan ngoai vi.

1.1.2.5. Cac thanh ghi trang thai

R/W-0 R/W-0 R/W-0 R-1 R-1 RAN-x R/W-x R/AW-x

| RP | RPt [ RPO | TO P60 | z | bc | ¢ |

bit7 bit 0
bit 7 IRP: Register Bank Select bit (used for indirect addressing)

1=Bank 2, 3 (100h-1FFh)
2=Bank 0, 1 (00h-FFh)
bit 6-5 RP1:RPO0: Register Bank Select bits (used for direct addressing)
11 =Bank 3 (180h-1FFh)
10=Bank 2 (100h-17Fh)
21 = Bank 1 (80h-FFh)
20 = Bank 0 (00h-7Fh)
Each bank is 128 bytes.

bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction or SLEZP instruction
2 = AWDT time-out occurred

bit 3 PD: Power-down bit

1 = After power-up or by the CLRWDTinstruction
0 = By execution of the SLEEP instruction
bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
a = The result of an arithmetic or logic operation s not zero
bit 1 DC: Digit carry/borrow bit (RDDWF, ADDLW, SUSLK, SUBWF instructions)
(for borrow, the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
2 = No carry-out from the 4th low order bit of the result

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

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

Thanh ghi trang thai chta cac trang thai sb hoc ctua bd ALU, trang thai
RESET va nhitng bits chon diy thanh ghi cho bd nhé dit li¢u. Thanh ghi trang
thai c6 thé 1a dich cho bat ki 1énh nao, giéng nhu nhimg thanh ghi khic. Néu
thanh ghi trang thai 1a dich cho mot 1énh ma anh huéng dén cac co Z, DC hodc
C, va sau d6 nhiing bit nay s& dugc v6 hiéu hoa. Nhitng bit nay c6 thé dit hodc
X0a tuy theo trang thai logic cta thiét bi. Hon nita hai bit TO va PD thi khdng
cho phép ghi, vi vay két qua ciia mot tap 1énh ma thanh ghi trang thai 1a dich co
thé khac hon du dinh. Vi dy, CLRF STATUS s& xda 3 bit cao nhat va dit bit Z.
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LUc nay cac bits ctua thanh ghi trang thai 1a 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 nhitng 1énh nay khong lam anh huéng dén cac bit Z, DC hodc C
tir thanh ghi trang thai. Poi v6i nhiing 1énh khac thi khong anh huéng dén nhiing
bits trang thai nay.

1.1.3. Céac cong ciia PIC 16F877A

1.1.3.1. PORTA va thanh ghi TRISA

D=tz Distz Latch

D Q

WR

PORTA o = —

——P CH w_Q | :|_| P Vo mird 1)

TRIS Lstch J - -—E
.

-— o ]

WR
TRISA

cH W T Ves
Anslog
|yt
Mods
RO T
TRISA | 4
I vt
| Buffar
0 D

EM

RD PORTA [
— =

To A'D Convarar or Comparstor

Maote 1: FO pina have prolection diedes to Voo and Wes.

Hinh 1.6. So d6 khdi ciia chan RA3:RA0 va RAS
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CMCON<2:0> = x01 or 011

c10UT = _LJ

Data Latch

Data Bus D a 1 _{E
. ‘ \r__l N /O pintt)
WR PORTA oG ]:! )

Vss

TRIS Lateh /
—D Q
WR TRISA Schmitt
ckL-Q Trigger \§, 7
Input /
Buffer
|

RD TRISA ]4

—(/—
EN
RD PORTA T [ —I
oo

TMRO Clock Input =

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

Hinh 1.7. So d6 khdi ctia chan RA4/TOCKI

1.1.3.2. PORTB va thanh ghi TRISB

PORTB ¢6 do rong 8 bits, 12 port Vo ra hai chiéu. Ba chan cia PORTB
dugc da hop véi chiic ning lap trinh muc dién thé thdp (Low Voltage
Programming ): RB3/PGM, RB6/PGC va RB7/PGD. Mbi chan ciia PORTB c6
mot dién tré kéo bén trong. Mot bit diéu khién c6 thé mo tat ca nhirng dién tr&
kéo nay lén. Piéu ndy dugc thuc hién bing cach xod bit
RBPU (OPTION REG<7>). Nhiing dién trd nay bi cam khi c6 mot Power-on
Reset. Bon chan cia PORTB: RB7 dén RB4 c6 mot ngat dé thay doi dic tinh.
Chi nhiing chan dugc cdu hinh nhu ngd vao mdi co6 thé gay ra ngat nay. Nhiing
chan vao (RB7:RB4) dugc so sanh véi gia tri dugc chdt trude do trong 1an doc
cudi cung ctia PORTB. Cac két qua khong phtl hop & ngd ra trén chan RB7:RB4
dugc két hop hodc v6i nhau dé phat ra mot ngat Port thay doi RB voi ¢ ngat 1a
RBIF (INTCON<0>). Ngit ndy c6 thé danh thirc thiét bi tir trang thai nghi
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(SLEEP). Trong thu tuc phuc vu ngit ngudi sit dung ¢ thé xoa ngit theo cach

Sau:
a) Poc hodc ghi bat ki 1én PORTB. Diéu nay s& két thuc diéu kién khong hoa hop.

b) Xo4 bit c& RBIF.

VDD

REPUR!
REPUR! E}[’Weak
VDD Pull-up
RBPU®@ ErWeak Data Bus Dsta Latoch |
: P Pull-up | N
Data Latch WR Port 1/ pin
Data B ll/\c = CK
ata bus D Q '_@ » _\_
110 pinm TRIS Latch
WR Port TR
CK_ —
TRIS Latch WR TRIS TTL
5 an CK boni 'V 37
TTL 7 Buffer ST
Input 4 9 Buffer
WR TRIS
iR ¥ B RD TRIS
Latch
) <} o Dl—+
RDTRIS | RD Port A
EN Q1
b Q D Set RBIF
RD Port )
EN %{\__ a o —

) From other RD Paort
RBO/INT g . )
RB3/PGM k REIREApina EN I\ l: Q3

<}
~

Schmitt Trigger ’ RD Port RBRE6

Buffer In Serial Programming Mode

Note 1: O pins have diode protection to VDD and Vss. Note 1: I/O pins have diode protection to VDD and VsS.
2: To enable weak pull-ups, set the appropriate TRIS 2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>). bit(s) and clear the RBPU bit (OPTICN_REG<7>).
N A A N A A
Hinh 1.8. So d6 chan RB3:RB0 Hinh 1.9. So d6 chan RB7:RB4

1.1.3.3. PORTC va thanh ghi TRISC

PORTC c6 do rong 1 8 bits, 14 Port hai chiéu. Thanh ghi dit liéu tryc tiép
tuong tng 1a TRISC. Cho tat ca cac bit ciia TRISC 14 1 thi cac chan tuong Gmg &
PORTC la ngd vao. Cho tat ca cac bit cia TRISC 1a 0 thi cac chan tuong tGng &
PORTC la ngd ra. PORTC duoc da hgp vdi vai chltc nang ngoai vi, nhitng chan
cua PORTC c6 dém Trigger Schmitt & ngd vao. Khi bo I12C dugc cho phép, chan

3 va 4 ctia PORTC c6 thé cdu hinh véi mirc 12C binh thudng, hodc véi muc
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SMBus bang cach st dung bit CKE (SSPSTAT<6>). Khi nhitng chitc ning
ngoai vi dugc cho phép, chung ta can phai quan tam dén viéc dinh nghia céc bits
ctia TRIS cho mdi chan cia PORTC. Mot vai thiét bi ngoai vi ghi de Ién bit
TRIS thi tao nén mot chan & ngd ra, trong khi nhiing thiét bi ngoai vi khac ghi dé
1€n bit TRIS thi s& tao nén mot chan ¢ ngd vao. Khi nhitng bit TRIS ghi d¢ bi tac
dong trong khi thiét bji ngoai vi dugc cho phép, nhitng 1énh doc thay thé ghi
(BSF, BCF, XORWF) v&i TRISC 12 noi dén can phai duoc tranh. Nguoi sir dung

can phai chi ra ving ngoai vi twong Gmg dé dam bao cho viéc dat TRIS bit 13

ding.

PortPeripheral Select'®!

Peripheral

Data Cut

L

e Voo
Data Bus o a 5
WR Port civ_a 1
Cata Latch E
Ho  Q pli"nci‘-‘
WR TRIS oKL m
TRIS Latch

} Vas
Schmitt \

RDTRIS
Trigger K7 %7
Peripheral
(3
OF a Db Schmitt
Trigger
EN with
RD Port Dc
SSP Input
CKE
SSPSTAT=6=
Note 1: I/C pins have diode protection to VDD and Wss.

Port/Peripheral Selectsignal selects between port data
and peripheral output.

Peripheral OE [Qutput Enable) is only activated if
Peripheral Select iz active.

Thiét Ké Bé Pém Tan So

Port/Peripheral Select®!

Peripheral Data Out

Data Bus D a

WRPort | by

Data Latch

— D Q

WRTRIS| Lo

RD TRIS

TRIS Latch

Peripheral
o

Vss

Schmitt X
Trigger \

e
RD Port F

EN

110
pin(”

/

Peripheral Input

i

Note 1: |/O pins have diode protection to VDD and Vss.
2: Port/Peripheral Select signal selects between port
data and peripheral output.

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

Hinh 1.10. So @ chan RC4:RC3
RC7:RC5
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1.1.3.4. PORTD va thanh ghi TRISD

PORTD Ia port 8 bits voi dém Trigger Schmitt & ngd vao. Mdi chan c6 thé
duoc ciu hinh riéng 1¢ nhu mot ngd vao hodc ngd ra. PORTD c6 thé dugc cau
hinh nhu Port ctia b vi xir Iy rong 8 bits (parallel slave port) bang cach dit bit
diéu khién PSPMIDE (TRISE <4>). Trong ché do nay, dém ¢ ngd vao 1a TTL.

Data Data Latch

S L P S
WR VO pint®
Part CK_\_
TRIS Latch
o— D Q
WR
Trigger %7
Input
Buffer
<
RD
TRIS
D

A
RD Port FDC EN—!

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

Hinh 1.12. So d6 khéi ctia PORTD (trong ché d6 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 ciu hinh riéng 1¢ nhu nhitng ngd vao hodc nhitng ngd ra. Nhitng chan
nay c6 dém Trigger Schmitt & ngd vao. Nhitng chan cua PORTE déng vai tro
nhu nhimg ngd vao diéu khién vao ra cho Port cua vi xir Iy khi bit PSPMODE
(TRISE <4>) dugc dat. Trong ché do nay, ngudi sir dung can phai chiac chan
rang nhitng bit TRISE <2:0> duoc dit, va chac rang nhitng chan nay dugc cu
hinh nhu nhitng ngd vao sé. Ciing bao dam rang ADCON1 dugc cau hinh cho

vao ra s0. Trong ché dj nay, nhitng dém ¢ ngd vao la TTL.
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Nhitng chan cua PORTE dugc da hop vdi nhitng ngd vao tuong tu, Khi
duoc chon cho ngd vao tuong tu, nhitng chan nay s€ doc gia tri "0". TRISE diéu
khién hudng cta nhitng chan RE chi khi nhimg chan nay duoc sit dung nhu
nhitng ngd vao tuong tw. Ngudi st dung can phai giit nhimg chan dugc ciu hinh

nhu nhitng ngd vao khi st dung chung nhu nhitng ngd vao tuong tu.

Data Data Latch

Bus D o;‘H.—IX’

WR ¥0 pin("

ek

TRIS Latch
p— D Q

—POKL | Tiooe \/
Input
pd
\l\l

WR
TRIS

Buffer

RD
TRIS

el
RD Port f {>c i —I

Note 1: VO pins have protection diodes to VDD and Vss

Hinh 1.13. So d6 khéi caa PORTE (trong ché d6 1/O port)
1.1.4. Hoat dong cta dinh thoi

1.1.4.1. B¢ dinh thoi TIMERO
B6 dinh thdi/bd dém Timer0 c6 cac dic tinh sau:
e B¢ dinh thoi/bd dém 8 bits
e Cho phép doc va ghi
e B6 chia 8 bits 1ap trinh duoc bang phan mém

e Chon xung clock ndi hodc ngoai

e Ngit khi c6 sy tran tir FFh dén 00h
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e Chon suon cho xung clock ngoai

So db khdi cua bo dinh thoi Timer0 va bo chia dung chung voi WDT duoge
dua ra trong hinh 1.14,

CLKO (= Fosci4)

Data Bus

1

— M
RA4/TOCKI PR g M Syne
pin | Pan ol Y 2 TMRO Reg
S X Cycles
TOSE T f
ToCE PgA Set Flag bit TMROIF
an Overflow

PRESCALER
r——-"—-"—""— — — — — — il
= M —lr- B-bit Prescaler |
M [eotper | |
Watshdag 1 X I 8 |
Timer | |
T | B1o-1 E— PS2:PSO |
PSA 4
WOT Enabla bit a | 1
MUY  f—— FSA
WDT
Time-aut

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

Hinh 1.14. So d bo dinh thdi Timer0 va bo chia ding chung véi WDT

Ché d0 dinh thoi (Timer) duoc chon bang cach xoa bit TOCS
(OPTION_REG<5>). Trong ché do dinh thoi, bd dinh thdi Timer0 s& ting dan
sau mdi chu ki 1énh (khong c6 bo chia). Néu thanh ghi TmRO duoc ghi thi su
tang s€ bi ngan lai sau hai chu ki I¢nh.

Ché d0 dém (Counter) duoc chon bang cach xo0d4 bit TOCS
(OPTION_REG<5>). Trong ché d6 dém, Timer0 s& ting dan & mdi canh 1én
Xuéng cta chan RA4/TOCKI. Su tang suon dugc xac dinh bai bit Timer0 Source
Edge Select, TOSE (OPTION RE<4>). B0 chia chi dugc dung chung qua lai
gitra bd dinh thoi Timer0 va b dinh tho1t Watchdog. Bo chia khong cho phép
doc hodc ghi

Ngiit Timer0
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Ngit TMRO duoc phat ra khi thanh ghi TMRO tran tir FFh d¢én 00h. Su tran
nay s& dat bit TOIF (INTCON<2>). Ngat nay c6 thé duoc gidu di bang cach xoa
bit TOIE (INTCON<5>). Bit TOIF can phai duoc x6a trong chuong trinh béi thi

tuc phuc vu ngét cua by dinh tho1 TimerO trudc khi ngét nay dugc cho phép lai.
Sur dung Timer0 voi xung clock ngoai

Khi bg chia khong dugc st dung, clock ngoai dét vao thi giéng nhu b chia

& ngd ra. Sy déng bo ctia chan TOCKI véi clock ngoai duge thyc hién bang cach

léy mau bo 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 & murc thap trong it nhat 2 chu
ky may.
B¢ chia

Thiét bi PIC16F87X chi c6 mot bd chia ma duoc dung chung b1 bo dinh

thoi TIMERO va bo dinh thoi Watchdog. B chia ¢6 cac hé s6 chia dung cho

Timer0 hodc bd WDT. Céc hé sb nay khong c6 kha nang doc va kha nang viét.

Pé chon hé sb chia xung vao Timer0 hodc cho bd WDT ta tién hanh xo04 hodc

dat bit PSA cua thanh ghi OPTION REG<3>.

Nhiing bit PS2, PS1, PSO cta thanh ghi OPTION REG<2:0> dung dé xac

1ap cac hé so6 chia.

1.1.4.2. B$ dinh thoi TIMER1

Bo dinh thoi TIMERI 13 mot bo dinh thoi/bd dém 16 bit gdm hai thanh ghi
TMRI1H (Byte cao) va TMRIL (byte thap) ma co thé doc hodc ghi. Cip thanh
ghi nay tiang s6 dém tir 0000h dén FFFFh va bao tran s& xuat hién khi cé su
chuyén s6 dém tir FFFFh xubng 0000h. Ngat, néu duoc phép c6 thé phat ra khi
c6 s6 dém tran va duogc dit o bit co ngat TMRIIFE. Ngit co thé duoc phép hoic
cam bang cach dit hodc xo6a bit cho phép ngat TMRIIE.

Bo dinh thoi Timerl ¢6 thé duge cAu hinh dé hoat dong mot trong hai ché d sau:
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e Dinh tho1 mdt khoang thoi gian (timer)
o Pém su kién (Counter)

Viéc lya chon mot trong hai ché d6 duge xéac dinh béng cach dat hoac xo0a

bit diéu khién TMRI1ON.

---- | ---- | TLCKPS1 | TICKPSO0 | TIOSCEN | TISYNC | TMR1CS | TMR10ON

Bit7 Bit0
Bit 7, 6: Khong dugc dinh nghia
Bit 5, 4: Bit chon bo chia clock cho timerl
Bit 3: Bit diéu khién cho phép bd dao dong Timerl
Bit 2: Bit diéu khién clock ngoai Timer
Bit 1: Bit chon ngudn clock cho Timerl
Bit 0: Bit diéu khién hoat dong cua Timerl
Ché dj Timer

Ché d6 Timer dugc chon béng cach x6a TMR1CS. Trong ché do nay,
Nguén clock dat vao Timer 1a mach dao dong Fosc/4. Bit diéu khién déng bo

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

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

[ i s A A

(Default Low)

Note: Arrows indicate counter increments.

Hinh 1.15. Suon tang timerl

Ché dé counter
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Trong ché d6 nay, bo dinh thoi ting s6 dém qua clock ngoai. Viéc ting xay
ra sau moi sudn 1én cta xung clock ngoai. Bo dinh thoi phai c6 mdt suon I1én

trudc khi viéc dém bat dau.

Set Flag bit

TMRA1IF on
Overflow 0 Synchronized
TMR1 Clock Input
TMR1H | TMRIL

1| -—

TMR1ON
______ On/Off TV
£ 2 T1SYNC
1 T108C r
RCO/T10SO/T1CKI 1 i
Synchronize
Prescaler
% f\_‘— T10SCEN Fosc/d 1,2,4,8 ﬁet
3 Enable Internal 0
RC1/T10sVCCP2? [X’—uo—l + Oscillatorl™ jock 4‘ 2 Q Clock
"""" T1CKPS1:T1ICKPS0
TMR1CS

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

Hinh 1.16. So dd khdi bo dinh thoi timerl

1.1.4.3. B$ dinh thoi TIMER2

Bo dinh thoi TIMER2 1a bo dinh thoi 8 bits véi mot bd dém va mot bod
potscaler. N6 thudong dung chung v6i bd CCP trong ché 40 PWM (s& dugc dé
cip & phan sau). Thanh ghi TMR2 c6 thé doc hodc ghi va dugc x6a khi ¢ bat ki
tin hiéu reset nao cua thiét bi.

B§ dinh thoi TIMER2 ¢6 mdt thanh ghi chu ky 8 bits, PR2. B¢ dinh thoi
tang sb dém 1én tir 00h dén gia tri dugc ghi trong thanh ghi TR2 va sau d6 Reset
lai gi4 tri 00h trong chu ky ké tiép. PR2 1a thanh ghi c6 thé doc hodc ghi.

Gia tri tring hop trong thanh ghi TMR2 duoc di qua bd postscaler 4 bits dé
phat ra mot nga“it TMR2 (duoc dat ¢ bit co ngét TMR2IF). Bo dinh thoi TIMER2
c6 thé duoc tat (khong hoat dong) bang cach xoa bit diéu khién TMR20ON dé

giam thi€u cong suat ti€u tan nguodn.
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\
Sets Flag e
bit TMR2IF OJ:?)%I‘"

Reset Prascaler ,
»—»| TMR2 Reg |- 1‘1_1_4.”6——Fosc,4
= i
ostscaler 2
11110116 | gQ Comperaior 7
T2CKPS1
4 T2CKPS0
T20UTPS3:
T20UTPSO

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

Hinh 1.17. So dd khdi cua TIMER2

UO RW-O RW-0 RWO RW-0 RWO RW-0  RMWO
| — |toutps3|TouTPs2|TOUTPS1|TOUTPSO| TMR2ON | T2CKPS1 | T2CKPSO
bit 7 bit 0

bit 7 Unimplemented: Read as ‘0’

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

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

00 = Prescaleris 1
01 = 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" = Bitis set ‘0" = Bit is cleared X = Bit is unknown

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

Mot dic diém khac cua vi diéu khién Pic16F877A 1a c6 bd dao dong chu
trén chip diéu khién, n6 s& gitp tranh duoc nhiing sai s6 khong can thiét trong
viée tao xung dao dong, vi diéu khién Pic16F877A c6 kha nang tu Reset béng bo
WDT, va ¢6 thém 256 byte EEPROM. Nhung gia thanh cta Pic dat hon so véi
8051.
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1.2. HIEN THI LCD

Ngay nay, thiét bi hién thi LCD (Liquid Crystal Display) dugc sir dung
trong rat nhiéu cac tng dung caa VDK. LCD c6 rat nhiéu wu diém so véi cac
dang hién thi khac nhu nd c¢6 kha ning hién thi ki tu da dang, truc quan (chit, s6
va ki tu d6 hoa), dé dang dua vao mach @ng dung theo nhiéu giao thtc giao tiép
khac nhau, tén rat it tai nguyén hé thong va gia thanh ré ... Trong dé tai nay toi
st dung HD44780 cua Hitachi, mot loai thiét bi hién thi LCD rat thong dung &

nuoc ta.
1.2.1. Hinh dang kich thudérc.

C6 rat nhiéu loai LCD véi nhiéu hinh dang va kich thudc khac nhau, trén
hinh 1.19. la hai loai LCD thong dung.

T

Hinh 1.20. So dd chan cua LCD

a1
|
_

= D
« D
~ D
o K
» D
>
« D
~ D
=D

@)
-
a
-
w
-
N
-
-
-
k=3
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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 10p vo va chi dua cac chan giao tiép can thiét. Cac chan nay duoc danh sb
thtr tu va dat tén nhu hinh 1.20.

1.2.2. Cac chan chirc nang.

Bang 3.1. Cac chan chirc nang cua HD44780.

Chan s6 Tén Chirc nang
Chén n6i dat cho LCD, khi thiét ké mach ta n6i chan nay
: Ve véi GND cua mach diéu khién.
Chan cap ngudn cho LCD, khi thiét ké mach ta ndi chan
: ved nay véi 5V cua mach diéu khién.
3 Vo Chén nay dung dé diéu chinh do twong phan ctia LCD.

Chén chon thanh ghi (Register select). Noi chan RS voi
logic “0” (GND) hoic logic “1” (Vcc) dé chon thanh ghi.
+ Logic “0”: Bus DB0-DB7 s& ndi véi thanh ghi 1énh IR
4 RS ciia LCD (& ché @6 “ghi” - write) hodc ndi voi bo dém
dia chi cia LCD (& ché do “doc” - read)

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

Chan chon ché do doc/ghi (Read/Write). Noi chan R/W
5 RW | véi logic “0” dé LCD hoat dong & ché do ghi, hodc ndi
v6i logic “1” @& LCD ¢ ché do doc.

Chan cho phép (Enable). Sau khi céac tin hiéu duoc dat
lén bus DB0-DB7, cac 1énh chi duoc chip nhan khi c6 1
6 E xung cho phép cua chan E.

+ O ché do ghi: Dt liéu ¢ bus sé dugc LCD chuyén vao

(chap nhan) thanh ghi bén trong n6 khi phat hién mot
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xung (low-to-high transition) cua tin hiéu chan E.
+ O ché do doc: Dit liu s& duge LCD xuat ra DBO-DB7
khi phat hién suon 1én (low-to-high transition) ¢ chan E va

duoc LCD giit & bus dén khi nao chan E xudng mirc thap.

8 duong cua bus dit lidu dung dé trao do6i thong tin voi
MPU. C6 2 ché d6 st dung 8 dudng bus nay:

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

+ Ché d6 4 bit: Dir liéu duoc truyén trén 4 duong tir DB4
to1 DB7, bit MSB 1a DB7.

7+14 | DB0+DBY

15 A 15 1a Catot, dién ap khoang Uak=4,2V

16 K Chén noi dat cua dén Back light

1.2.3. So' 0 khéi ctia HD44780.

D¢ hiéu 0 hon chirc nang cac chan va hoat dong ctua ching, ta tim hi€u so

qua chip HD44780 thong qua cac khdi co ban ciia né.
» Céc thanh ghi:

Chip HD44780 c6 2 thanh ghi 8 bits quan trong la: Thanh ghi 1énh IR
(Instructor Register) va thanh ghi dir liéu DR (Data Register).

- Thanh ghi IR: Pé diéu khién LCD, ngudi dung phai “ra 1énh” thong qua
tam duong bus DB0-DB7. Mbi 1énh duoc nha san xuat LCD danh dia chi rd
rang. Nguoi dung chi viéc cung cip dia chi 1énh bang cach nap vao thanh ghi IR.
Nghia 14, khi ta nap vao thanh ghi IR mot chudi 8 bit, chip HD44780 sé& tra bang

ma 1énh tai dia chi ma IR cung cép va thuc hién 1énh do.

VD: Lénh “hién thi man hinh” c6 dia chi 1énh 12 00001100 (DB7...DBO0)
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0sC1 0SC2 CL1
CcL2
Resat | !
circuit T
Timing
ACL CPG generator
Instruction 7 0
F register {IR)
: Display COM1 to
RS —a| MPU e data RAM 16-bit || Common | com1s
5 inter- (DDRAM) el shift signal ——=
RW —=| face a0 = 8 bits register driver
E —- —
| b
dress 7 SEG1 to
Cgun[er . 40-bit 40-bit Segment | SEG40
shift lateh signal  ——=
DE4 to register | | circuit driver
DB7 .
Input/ Dﬂtﬁ 8
DBO to |output gister
DB3 buffer {DR} 4
= & 8 LCD drive
voltage
Bﬂ'—"f-}‘ selecior
ag .
EE— . Y
Character Character Cursor
generator generatcr and
RAM ROM blink
(CGRAM) (CGROM) conftroller
54 bytes 9 920 bits i
Parallela’senal converter
"I[ll'llJL,ltE! circuit
Vee ﬁf‘
ALk
V1 V2 V3 W4 V5

Hinh 1.22. So d6 khdi cia HD44780.

- Thanh ghi DR: Thanh ghi DR dung dé chira dit liéu 8 bit dé ghi vao ving
RAM, DDRAM hoidc CGRAM (& ché do ghi) hoic dung dé chira dir liéu tir 2
viing RAM nay goi ra cho MPU (¢ ché d6 doc). Nghia 13, khi MPU ghi thong tin
vao DR, mach ndi bén trong chip s€ tu dong ghi thong tin nay vao DDRAM hoac
CGRAM. Hoac khi thong tin vé dia chi duoc ghi vao IR, dir liéu ¢ dia chi nay
trong ving RAM ndi ciia HD44780 s& duoc chuyén ra DR dé truyén cho MPU,
Vay bang cach diéu khién chan RS va R/W chung ta c6 thé chuyén qua lai giir 2
thanh ghi nay trong khi giao tiép véi MPU. Bang 3.2. tom tit lai cac thiét 1ap ddi
v6i hai chan RS va R/W theo muc dich giao tiép.

Béang 3.2. Bang chtrc nang chan 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 &
DBO0-DB6
1 0 Ghi vao thanh ghi DR
1 1 Doc dir liéu tir DR

» Co bao ban BF (Busy Flag):

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

nhién, khi xong viéc né s€ dat co BF lai muc 0.
> BO dém dia chi AC (Address Counter):

Nhu trong so do khoi, thanh ghi IR khong tryuc tiép két nbi véi ving RAM
(DDRAM va CGRAM) ma thong qua bd dém dia chi AC. B6 dém nay lai ni
vl 2 vung RAM theo kiéu r& nhanh. Khi mot dia chi 1énh dugc nap vao thanh
ghi IR, thong tin duoc ndi truc tiép cho 2 ving RAM nhung viéc chon lya ving
RAM tuong tac da dugc bao ham trong ma 1€nh. Sau khi ghi vao (hoac doc tr)
RAM, bd dém AC ty dong ting 1én (hodc giam di) 1 don vi va nodi dung ciia AC
dugc xuit ra cho MPU thong 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
thyc thi Iénh ma dugc cap nhat sau khi co BF 1én miic cao (not busy), cho nén
khi 1ap trinh hién thi, ban phai delay mot khoang tapp khoang 4pS-5uS (ngay sau
khi BF=1) trudc khi nap dir liéu méi.

> Viung RAM hién thi DDRAM (Display Data RAM):
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Pay la ving RAM dung dé hién thi, nghia 13 Gmg voi mot dja chi cia RAM
la mot 6 ki tu trén man hinh va khi ban ghi vao ving RAM nay mot ma 8 bits,
LCD s& hién thi tai vi tri tuong ung trén man hinh mot ki ty c6 ma 8 bits ma ban

d3 cung cap nhu hinh 1.23.

Cisplay position

(chigith i1 2 3 4 & TH &0
DDRAM
ardrass ‘UDlM‘DE‘DE‘Dd‘ I '|4E|4F‘
(hexadecimal}

Fizure 2 1-Line Display
Display
position 1 2 3 4 8 4D
DORAM 00 (01|02 |03|04 |- c-ioeveveeene | 26]27
address .

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

Vung RAM nay cé 80x8 bits nhd, nghia la chira dugc 80 ki ty ma 8 bits.
Nhitng ving RAM con lai khong dung cho hién thi ¢6 thé dung nhu ving RAM
da muc dich. Luu ¥ 1a dé truy cip vao DDRAM, ta phai cung cép dja chi cho AC
theo mé HEX.

» Vung ROM chura ki ty CGROM (Character Generator ROM):

Ving ROM ndy dung dé chira cac mau ki tu loai 5x8 hodc 5x10 diém
anh/ki tu, va dinh dia chi béng 8 bits. Tuy nhién, n6 chi c6 208 mau ki ty 5x8 va
32 méu ki tu kiéu 5x10 (tong cong 1a 240 thay vi 256 méu ki tu). Nguoi ding
khong thé thay doi ving ROM nay.
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Tahle 2 Example of Correspondence between EPROM Address Data and Character Pattern
(5 = 8 Dots)
EPROM Address Data

LEB

AT1AI0AD AB AT AB AS A4 A3 AZ A1 AQ |04 0202 01 00
o o 0 010 0 O 0

0o o0 11|90 0 0 0

o 0 1 01011 1|0

o o1 11 1|0 01

0 1 0 0|1 ’T 0 01

01T 0 11 (0 0 O]1

01 1 0 (1T 1 1 1(0

2 11 00 0 1 0fo 1 1 1 [d 0 0 © 0/|--—— Cursorposition

1 00 0fo 0o 0 0 0

10 0 1 (0 0 0 0 0

1T 01 0Jj0 0 0 O O

1 01 1|0 0 0 O O

11 0 0o 0 0 O O

11 0 1 (o0 0 0 0 0O

111 0 |0 0 0 O O

T 1 1 1 10 0 0 0 0

Hinh 1.24. Mbi lién hé giita dja chi cia ROM va dir liéu tao mau ki tu.
> Ving RAM chua ki ty d6 hoa CGRAM (Character Generator RAM):

Nhu trén bang ma ki tu, nha san xuit danh vung co dia chi byte cao la
0000h dé nguoi dung c6 thé tao cic mau ki ty d6 hoa riéng. Tuy nhién dung
lugng viung nay rat han ché: Ta chi c6 thé tao 8 ki tu loai 5x8 diém anh, hodc 4 ki
tu loai 5x10 diém anh. Dé ghi vao CGRAM, xem hinh 1.24.

1.2.4. Tap lénh cia LCD.

Trudc khi tim hiéu tdp 1énh cua LCD, sau day 1a mot vai cha y khi giao tiép
voi LCD:

* Tuy trong so dd khéi ctia LCD cé nhiéu khdi khac nhau, nhung khi 1ap
trinh diéu khién LCD ta chi c6 thé tac dong truc tiép duoc vao 2 thanh ghi DR va
IR thong qua cac chan DBx, va ta phai thiét 1ap chan RS, R/W phu hop dé
chuyén qua lai giira 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)
76543210 543210 76543210
High Low High Low High Low
000 = = « o]
001 i 1[0 0 of1
0010 1looojal| .
[ aracter
0011 1 4011 o :
. : pattern (1}
0000 * 000 0004 4 Wlolio o
1101 110 0[]0
110 | 10 0 o1
i1 11 :DOOOO}Cursolposnion
00 0 1[0 0 o]
0 01 i of1lof4]o]
0010 R o
- aracter
0011 ‘o ol1[o o ;
- ; atlern (2)
0000001 00 1i0 g T 4 | [ paten @
o1 o ol1fe o
110 ¥ ool|i|o ol
111 -+ =00 0 0 0 0| Cursorposition
000 i
N N 001 !
,__o-'——_'f'_'d_ ——;_\‘\'_q_\ I
[ [ ==l | I
0000 =111 111 ;
100 |
101 |
110 i
111 SRR

Hinh 1.25. Méi lién hé giita dja chi cia CGRAM, dit lidu CGARM, va mi ki tu.

* V&i mdi 1énh, LCD can mot khoang thoi gian dé hoan tat, thoi gian ndy c6
thé kha lau d6i véi toc do ctia MPU, nén ta can kiém tra c& BF hoic doi (delay)

cho LCD thuc thi xong 1énh hién hanh mo1 ¢6 thé ra lénh tiép theo.

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

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

« Cac 1énh vé kiéu hién thi. VD : Kiéu hién thi (1 hang/2 hang), chiéu dai
dir ligu (8 bit/4 bit), ...

* Chi dinh dia chi RAM noi.
* Nhom 1énh truyén dr 1iéu trong RAM noi.

* Cac lénh con lai .
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Bang 3.3. Tap 1énh cua LCD.

Thiét Ké Bé Pém Tan So

Thoi
Tén lénh Hoat dong gian
chay
Ma 1énh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DBI
DBO
DBx= 0 0 0 0O 0 O 0 1
Clear Lénh Clear Display (x6a hién thi) s& ghi mot khoang trong
Display | (ma hién thi ki tw 20H) vao tit ca 6 nhé trong DDRAM, sau
d6 tra bd dém dia chi AC=0, tra lai hién thi gbc néu no6 bi thay
d6i, nghia 1a: Tat hién thi, con tro doi vé goc trai (hang dau
tién), ché do tang AC.
Ma 1énh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DBI
DBO
Return DBx= 0 0 O 0O O 0 1 *
, ‘ | 192
home Lénh Return home tra bd dém dia chi AC vé 0, tra lai ki€u
, . . ) ms
hién thi goc néu nod bi thay doéi. Noi dung cia DDRAM
khong thay doi.
Ma 1énh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DBI
DBO
DBx= 0 0 O 0 0 1 [I/D]
Entry
[S]
mode . .
I/D: Tang (I/D=1) hodc giam (I/D=0) bd dém dia chi hién thi
set 37us

AC 1 don vi mdi khi c6 hanh dong ghi hodc doc ving
DDRAM. Vi tri con tro ciing di chuyén theo sy ting giam

nay.
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S: Khi S=1 toan b0 ndi 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 ndi dung hién thi. Noi dung
hién thi khong dich khi doc DDRAM hoac doc/ghi ving
CGRAM.

Display

posiien 1 2z 3 4 3 & T 8
DDRAN | 00|01(02 (03| 0405|068 |07
address
Display 40414243 |44 |45 |46 (47
position 1 2 3 4 5 & T 8
DORAM |00 |0 3
addrass Lo1°! 02|D.~:|04|05|De|0?| For 0102|03| 04|05 | 08|07 |08
shift left
414243 |44 |45 46 |47 |48
Far . "
shift left -:-1‘02|03|u4|05|0a|w|-,,-a|
For 2700|0102 0304 |06 06
For - chift right
shift rigm|4F‘GD|D1|I32|I33|04|05 0g 4 G7140(49 [42 (43|44 [45 |46

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

Hinh 3.7. Hoat dong dich trai va dich phai no1 dung hién thi

Display
on/off

control

Ma Iénh: DBx = DB7 DB6 DBS5 DB4 DB3 DB2 DBI
DBO0

DBx= 0 0 0 0 1 [D] [C]
[B]
D: Hién thi man hinh khi D=1 va nguoc lai. Khi tit hién thi,
ndi dung DDRAM khong thay doi.
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 tu tai vi tri con tré khi B=1 va nguoc lai.
Xem thém hinh 8. vé kiéu nhdp nhay. Chu ki nhip nhay

khoang 409,6ms khi mach dao dong ndi LCD la 250kHz. 37ps
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=

CIITT] L
Cursor —o S
& = B dot 5 x 10 dot Alternating display
character font character font
Cursor display example Blink display example

Figure 12 Cursor and Blinking

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

Ma lIénh: DBx = DB7 DB6 DBS DB4 DB3 DB2 DBI
DBO

DBx=0 0 0 1 [S/IC][RL] * *

Lénh Cursor or display shift dich chuyén con tro hay dir liéu

Cursor | hién thi sang trai ma khong can hanh dong ghi/doc dir liéu.
or Khi hién thi kiéu 2 dong, con tro s& nhay xudng dong duéi khi
display | dich qua vi tri thir 40 cua hang dau tién. Dit liéu hang dau va
shift hang 2 dich cting mét luc. Chi tiét sir dung xem bang sau:
S/C | R/L | Hoat ding 37us
0 0 Dich vi tri con tro sang trai (Nghia 1a giam AC mdt don vi).
0 1 Dich vi tri con tro sang phai (Tang AC lén 1 don vi).
1 0 Dich toan bg ndi dung hién thi sang trai, con tro cting dich theo.
1 l Dich toan bg néi dung hién thi sang phai, con tro cling dich theo.
Ma Iénh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DBI
DBO
Function DBx= 0 0 1 [DL] [N] [F] * =
set DL: Khi DL=1, LCD giao tiép véi MPU béng giao thirc 8 bit
(tir bit DB7 dén DBO). Nguoc lai, giao thirc giao tiép 1a 4 bit
(tir bit DB7 dén bit DB0). Khi chon giao thirc 4 bit, dit liéu
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duoc truyén/nhém 2 1an lién tiép vo1 4 bit cao guri/nhan trudc,
4 bit thap glri/nhan 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 tu 5x8 diém anh,
F=1: kiéu ki tu 5x10 diém anh.

*Chuy:

« Chi thuc hién thay doi Function set & dau chuong trinh. Va
sau khi dugc thuc thi 1 1an, 1énh thay d6i Function set khong
dugc LCD chip nhédn nita ngoai trir thiét 1ap chuyén doi giao
thirc giao tiép.

« Khong thé hién thi kiéu ki tu 5x10 diém anh & kiéu hién thi
2 hang.

37us

Set

CGRA
M

address

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

DBx= 0 1
[ACG][ACG][ACG][ACG][ACG][ACG]
Lénh nay ghi vao AC dia chi cita CGRAM. Ki hi¢u [ACG]
chi 1 bit ciia chudi dit liéu 6 bit. Ngay sau 1énh nay 1a 1énh
doc/ghi dir liéu tr CGRAM tai dia chi da duoc chi dinh.

37us

Set
DDRA

address

Ma Iénh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DBl
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 mudn. Ngay sau 1énh nay la Iénh

doc/ghi dir liéu ttr DDRAM tai dia chi da dugc chi dinh. Khi

37Us
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& ché d6 hién thi 1 hang, dia chi c6 thé tir 00H dén 4FH. Khi
& ché d6 hién thi 2 hang, dia chi tir 00h dén 27H cho hang thu
nhét, va tir 40h dén 67h cho hang thi 2.

M3 lénh: DBx = DB7 DB6 DBS DB4 DB3 DB2 DBI
DBO

DBx= [BF] [AC] [AC] [AC] [AC] [AC] [AC] [AC]
(RS=0, RIW=1)

Read BF
and Nhu da deé cap trude day, khi co BF bat, LCD dang lam viéc
dd va lénh tiép theo (néu co) s& bi bé qua néu co BF chua vé
address , \ s )
murc thap. Cho nén, khi 1ap trinh di€u khién, ban phai kiém tra
Ops
cO BF trude khi ghi dit liéu vao LCD. Khi doc c& BF, gia tri H
ciia AC ciing duoc xuét ra cac bit [AC]. N¢ 1a dja chi ctia CG
hay DDRAM la tuy thudc vao 1é€nh trude do.
Ma 1énh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DBl
DBO
Write DBx = [Write data] (RS=1, R/IW=0)
stato | Kb thiét 1ap RS=1, R/W=0, dir liéu can ghi dugc dua vao cac
cG chan DBx tr mach ngoai s& duoc LCD chuyén vao trong
or
LCD tai dia chi dugc xac dinh tir 1énh ghi dia chi trugc d6 | 37HS
DDRA )
(I1énh ghi dia chi cling xac dinh luén ving RAM can ghi). Sau | tADD
M . .
khi ghi, by dém dia chi AC tuy dong tang/giam 1 tuy theo thiét Ays
1ap Entry mode. Luu y 1a thoi gian cdp nhat AC khong tinh
vao thoi gian thyc thi I€nh.
Read Ma 1énh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DBl
data DBO
37Us
from DBx = [Read data] (RS=1, R/W=1)
) tADD
CG Khi thiét 1ap RS=1, R/W=1, dit liéu tir CG/DDRAM duoc
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or

DDRA

doé Entry mode.

chuyén ra MPU thong qua cac chan DBx (dia chi va ving
RAM di duoc xac dinh bang 1énh ghi dia chi trudc d6). Sau
khi doc, AC ty dong ting/giam 1 tuy theo thiét 1ap Entry
mode, tuy nhién ndi dung hién thi khong bi dich bat chip ché

4us

1.2.5. Pic tinh ciia cac chén giao tiép.

LCD s€ bi hong nghi€ém trong, hodc hoat dong sai I¢ch néu ban vi pham

khoang dac tinh dién sau day:

Bang 3.4. Pic tinh dién lam viéc dién hinh.

Chan cap nguén (Vee-GND)

Min:-0.3V , Max+7V

Céc chan ngd vao (DBx,E,...)

Min:-0.3V , Max:(Vee+0.3V)

Nhiét d hoat dng

Min:-30C , Max:+75C

Nhiét do bao quan

Min:-55C , Max:+125C

Pic tinh dién 1am viéc dién hinh: (Po trong diéu kién hoat dong Vee =4.5V
dén 5.5V, T = -30 dén +75C).

Bang 3.5. Mién 1am viéc binh thuong.

Chan cap ngudn Vee-GND

2.7V @én 5.5V

Bién dap vao mirc cao Vig

2.2V dén Vee

Dién 4p vao mirc thfip Vi

0.3V dén 0.6V

Bién ap ra mirc cao (DB0O-DB7) Min 2.4V (khi g =-0.205mA)
Bién ap ra mirc lh'fip (DB0O-DB7) Max 0.4V (khilgr = 1.2mA)
Dong dién ngd vao (input leakage current) I; | -luA dén luA  (khi Vix = 0 @én Vec)

Dong dién cfxp nguf:m lee

350uA(typ.) dén 600uA

Tan s6 dao dong néi fosc

190kHz dén 350kHz (dién hinh la 270kHz)
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Chuong 2

THIET KE BQ PEM TAN SO

2.1. SO PO KHOI

V&1 muc dich cua dé tai la thiét ké hé bd dém tan s6 bang cach sir dung vi

diéu khién va hién thi két qua trén LCD, ta c6 so d6 khéi hinh 2.1.

o |

"+ DaoBng . Sosann va Khéi xtr li
diduhoa =~ se—]  han DIiCn  je—

° .
Y .
ooooooo

N\

[ Kho1 nguon

J

Hinh 2.1. So d6 khéi bo dém tan sb
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Véi so dd ndy, thi dao dong diéu hoa (cac dién ap hoic dong dién bién
thién tuan hoan) 1a dbi twong can do, tin hiéu nay dugc dua vao bd so séanh va
han bién dé tao duoc xung vudng [0-5]V ¢6 clng tan sé ¢ dau ra. Khéi xu ly
dém s6 mau trong mot chu ky cua tin hiéu vao, tir d6 tinh ra tan sé cua dao dong,
ddng thoi tinh toan, diéu khién hién thi két qua trén LCD.

2.2. THIET KE CAC KHOI
2.2.1. Bo xir ly

Bo6 xtr Iy 1am nhiém vu nhan tin hiéu tir mach so sanh va han bién, dém sé
mau trong mot chu ky, tir d6 tinh ra tan so, hién thi 1én LCD. Nhu d phan tich
trong chuong 1, & day em sir dung vi diéu khién PIC16F877A. Pay la vi diéu
khién c6 40 chan, véi 5 cong vao ra 1a Port A (RAO+RAS), Port B (RB0+RB7),
Port C (RCO+RC?7), Port D (RD0+RD?7), Port E (REO+RE2). N6 c6 8K Flash ROM
va 368 Bytes RAM.

R8
sSwi
330 Ul

33 RBO
MCLR*/VPP/THV RBO/INT o
RBL 35—  Rp2
RAO/ANO N7 T —
RAL/AN1 RB3/PGM 57X RB4
RA2/AN2/VREF- RB4 M35~ Rps
RA3/AN3/VREF+ RB5 39 RpBs
RA4/TOCKI RB6/PGC [0 RB7
RA5/AN4 RB7/PGD [
RCO/T10SO/T1CKI RDO/PSPO %
RC1/T10SI RD1/PSPL 57X
RC2/CCP1 RD2/PSP2 55X
RC3 RD3/PSP3 57X
RC4 RD4/PSP4 [5g—X
RC5 RD5/PSP5 5%
RC6/TX/CK RD6/PSP6 [—55—X
RC7/RX/DT RD7/PSP7 X
OSC1/CLKIN 8
REO/RD*/AN5 [g—X
REL/WR*/AN6 [—5—X
RE2/CS*/AN7 [——X
OSC2/CLKOUT
11
VSS VDD [35 45V
VSS VDD c3

PIC16F877A -
0.1u

Hinh 2.2. So dd bo xu ly
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Mach tgo xung dao déng: Mach tao dao dong duoc s dung dé cung cap
xung d6ng hd cho vi diéu khién. Xung ddng hé 1 can thiét dé vi diéu khién thuc
hién céc chu ky 1énh cia chuong trinh phan mém. V&i mdi loai vi diéu khién
PIC hd trg nhitng kiéu mach tao dao dong khac nhau nhu mach dao dong thach
anh (XT, HS), mach dao déng RC, mach dao dong noi, cac ngudn dao dong
chuan bén ngoai khac. O dé tai nay em st dung vi diéu khién PIC 16F877A nén
st dung mach dao dong dung thach anh 1 thich hop nhat.

Mach dao dong thach anh c6 so @6 nhu hinh 2.3. Mach nay la ngudn cung
cap xung doéng ho chinh cho CPU va tat ca cac khéi trong PIC. Hai chan OSC1
(chan 13) va OSC2 (chan 14) dugc méc véi mach dao dong thach anh bén ngoai.
Cac tu C1 va C2 vai tri s6 33pF. Mach dao dong thach anh ¢6 wu diém Ia tao ra
xung dong hd c6 tan sé cao va chinh xac.

C1l

— }
33p L 500

c2 =—

— e

33p

Hinh 2.3. Mach dao dong thach anh
Mach reset: Dt lai hoat dong cho bo xu 1y, so ¢6 mach trong hinh 2.4. Binh
thuong chan MCLR c6 muc logic cao (duoc ndi vai ngudn 5V), khi SW1 dong

mach (thuc hién reset) thi MCLR duoc ndi voi dat (c muc logic thap).

+5V

Hinh 2.4. Mach Reset cho PIC
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2.2.2. Khéi hién thi

Pé thuan tién cho viéc hién thi ki tu, gia tri, trang thai diéu khién, ¢ day
em st dung LCD_DM 1602A.

Hinh 2.5. So d6 nguyén ly ciia LCD1602

LCD1602 1a loai 2 dong, 16 ki tu, st dung nguon nudi thap (tir 2,5 dén
5V). Co thé hoat dong & hai ché do 4 bit hodc 8 bit (trong dé tai nay em st dung
ché d6 4 bit).
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2.2.3. Mach so sanh va han bién

R7
NAA
22K 410v

GND

3 ? R5 + 1
1 2 >
+12V 2 N ~TLo92
v o TL092 47K
R3 10K <
<

>
12V R6 10K
_l_

8
w
/

1z

12v

R4 10K

12v

Hinh 2.6. Mach so sanh va han bién

Tin hi¢u dao dong diéu hoa can do tan sb duoc dwa vao chan IN + (chan 3) cua
IC TL092 va duoc so sanh voi dién ap vao ¢ chan IN — (chan 2) cua IC TL092.
Pau ra ta dugc xung vudng (bién do [-10V; O0V]) c6 cing tan sb véi tin hiu vao,
tiép tuc ta han bién vé [0V; 5V] bang mach khuéch dai dao pha c6 hé sd bang -
0.5.

Tin hi€u ra tir mach so sanh va han bién dugc dua vao PORT C (chan

RC3) cua vi diéu khién PIC16F877A (bo xir Iy).
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2.2.4. Khoi ngudn

Pé cung cap nguon nudi cho toan bo hé thong em da st dung ngudn doi
xung +12V, -12V. Bo 6n ap dung IC 7812, 7912, 7805 dé tao cac ngudn +12V, -
12V, +5V 6n dinh cip cho mach hién thi va bo xir li. CAc tu trong mach cd

nhiém vu loc nhiéu, diode D5 ¢6 nhiém vu bao nguén. So dd mach nhu hinh 2.7.

u1

LM7812CT cw Cs
1 3 v
IN Sl s s
a -~ 104
p4
c1 z 100
AN c3
~ j— o =
D4 | 10000 104 0 U3 LM7805C/TO
c8 co cl0
+12 . . . +5V
; 4 ¢ ! IN gOUT S | 1 1
B - = a0~ = 0 -~ = | s
0 104 1000u 104
2l 47001 N DIODE
RBI5L -~ c4
| 1000u — T
) 104 =
0 R1§240
U2
LM7912CT cuco s
2 3 v =
IN Tt 0
. = =
Z
z 100 104
“ —
l 0
-0

Hinh 2.7. So db nguyén 1y cta bd ngudn
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2.3. SO PO MACH HE THONG

So @6 mach bo dém tan s6 trong hinh 2.8. Tin hiéu vao (uy) 1a cac dao dong
diéu hoa c6 dang bat ky dugc dua vao chan (+) cia mach so sanh, chan (-) caa
mach so sanh duogc chinh sao cho ¢d muc dién ap nam trong dai (Uinmin=Uinmas),
nhu vy dau ra cia mach so sanh ta duoc xung vuéng, qua mach han bién ta
dugc xung vudng c6 mic logic theo chuan TTL dua vao PORT C (chan RC3)
cua vi diéu khién PIC16F877A (bo xir ly). Chuong trinh phan mém trong bo xir
ly dwa vao tin hiéu nhan duoc xtr Iy dém dugc sé6 mau trong mot chu ky dao
dong, ta nhan s6 mau d6 voi khoang thoi gian gitra hai mau, tir d6 tinh duoc tan
sb dao dong cua tin hiéu, déng thoi dua dir liéu hién thi trén man hinh LCD trén
cac chan RB4+RB7.
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GND

8
w
/

N W
+/
-

S =
gm
>
N
-

B

=

o

©

N

\K

1=

HY  \ ap

TLO92 47K

—
o
.

R3 10K
/
A
C 0 12v
{ 12V R6 YV 10K
| L
R4 z 10K ’
12V
+5V/
U1
RBO
MCLR*/VPP/THV RBO/INT gi—
RB1[35 %  RB2
RAO/ANO RB2 foe———
RAL/AN1 RBIPGM 57 Rps
RA2/AN2/VREF- RB4 ae—pps
RA3/AN3/VREF+ RB5 20— Rpg
RA4/TOCKI RB6/PGC 4o Rpy
40
LCD 16X2 RA5/AN4 RB7/PGD [
u7 RCO/T10SO/TICKI RDO/PSPO —Y;g
LD RC1/T10SI RD1/PSP1 57X
8 Chamevor Up3 a RC2/CCP1 RD2IPSP2 [—55—X
S« 00000000 >SExIXw >y RC3 RD3/PSP3T<
RC4 RD4/PSP4 5%
28
10 ofilaufeol < © RC5 RD5/PSP5 55X
K5V o I\J(eoJ(mHHHHH o <t|w| ol = ROB/TXICK RDE/PSPG %(
7 RC7/RX/DT RD7/PSP7 X
[
BORB2
10K OSC1/CLKIN 8
RIL g REO/RD*/ANS [-g—X
Do REL/WR*/AN6 [~75—X
N RE2/CS*AN7 X
0SC2/CLKOUT
VSS VDD éé ey
— VSS VDD c3

PIC16F877A

Hinh 2.8. So dd nguyén Iy mach dém tan sd
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Chuong 3
PHAN MEM PIEU KHIEN
3.1. LUU PO THUAT TOAN

Khéi tao cac Port
khoi tao LCD,
dat cac thong so

False
Do tin s6?
True |«
\ 4
Count=0
v
False
PinC3=0?
R True
Y
False
PinC3=1?
v
True False :
PinC3=0?
Count =
coutn +1 True
N
Count =
count+ 1
\ 4
Tinh tan s,

Hién thi LCD

END

A 4
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3.2. CHUONG TRINH
// Tén chuong trinh : Thiét ké b dém tan sb
// Phan mém dich : CCS

// M6 ta phan ciing : Str dung PIC 16F877A — Thach anh 20Mhz

Il LCD HD44780 giao tiép vai Port B
Il Chéan RC3 la ngd vao
Il Tan sb duoc hién thi 1én LCD

#include <16F877A.h>
#include <math.h>

#FUSES NOWDT, HS, NOPUT, NOPROTECT, NODEBUG,
NOBROWNOUT, NOLVP, NOCPD, NOWRT

#use delay(clock=20000000)

#include <lcd_lib_4bit.c>

#use fast_io(b)

#use fast_io(c)

#INT_RB

void Convert_BCD(float x);

void OutLCD();

float Count, Val;

signed int8 Ts,In;

signed int8 VO, V1, V2, V3, V4, V5;
void main()

{
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V0=0;V1=0;V2=0;V3=0;V4=0;V5=0;
LCD _init();
LCD_putcmd(0x83);
printf(LCD_putchar,"Freq Counter");
LCD_putcmd(0xCO0);
printf(LCD_putchar,"Freq: ");
LCD_putcmd(0xC6);
LCD_putchar(V0 +0x30);
LCD_putcmd(0xC7);
LCD_putchar(V1 +0x30);
LCD_putcmd(0xC8);
LCD_putchar(V2 +0x30);
LCD_putcmd(0xC9);
printf(LCD_putchar,".");
LCD_putcmd(OxCA);
LCD_putchar(V3 +0x30);
LCD_putcmd(0xCB);
LCD_putchar(V4 +0x30);
LCD_putcmd(0xCC);
LCD_putchar(V5 +0x30);
LCD_putcmd(0xCD);
printf(LCD_putchar,"kHz");

delay_ms(500);
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while(1)

{ Count=0;
while(tinput(PIN_C3));
while(input(PIN_C3))
{

Count=Count+1;
by
while(linput(PIN_C3))
{

Count=Count+1,
by
Val=4000000.0/Count;
Convert_ BCD(Val);
OutLCD();

delay _ms(100);

b

b

void Convert_BCD(float x)

{
V0=(int8)x/100;
V1=(int8)(x/10)%10;
V2=(int8)x%10;

V3=(int8)(x*10)%10;
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V4=(int8)(x*100)%10;
V5=(int8)(x*1000)%10;

by

void OutLCD()

{
LCD_putcmd(0xCO0);
printf(LCD_putchar,"Freq: ");
LCD_putcmd(0xC6);
LCD_putchar(\V0 +0x30);
LCD_putcmd(0xC7);
LCD_putchar(V1 +0x30);
LCD_putcmd(0xC8);
LCD_putchar(V2 +0x30);
LCD_putcmd(0xC9);
printf(LCD _putchar,".");
LCD_putcmd(0xCA);
LCD_putchar(V3 +0x30);
LCD_putcmd(0xCB);
LCD_putchar(V4 +0x30);
LCD_putcmd(0xCC);

LCD_putchar(V5 +0x30);
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KET LUAN

Sau mot thoi gian nghién ctu va xay dung thuc nghiém, em da hoan
thanh dé tai “THIET KE BO PEM TAN SO”. Véi hé théng nay ta c6 thé do
duoc tan s6 cua céc tin hiéu diéu hoa tuong dbi chinh xac, nhung do tbe do dap
rng cua cac linh kién ¢6 han, nén hién tai méi chi do duoc cac tin hiéu cd tan sb
thap (nho hon vai kHz). Bé khic phuc nhugc diém ndy ta co thé chon céc linh
kién c6 téc do dap tmg cao hon, bo xir Iy chon vi diéu khién c6 téc do dap tng
cao hon (v&i xung nhip tan s6 cao). Qua do 4n em ciing da hiéu thém dugc veé
phuong phap diéu khién thong qua vi diéu khién va tng dung quan trong cua vi

diéu khién trong do luong va diéu khién.

Trong qua trinh lam dd an tbt nghiép, do su han ché vé thoi gian, tai liéu va
trinh d6 c6 han nén khong tranh khéi c6 thiéu sét. Em rat mong nhan duogc su
dong gop ¥ kién cua thay co trong hoi dong va cac ban dé do an tét nghiép cua

em duoc hoan thién hon.

Sau cung em xin tran thanh bay to long biét on ciia minh d6i v6i thay
NGUYEN VAN DUONG va céc thay co trong khoa da giup d& em hoan thanh

d6 an tot nghiép nay.
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