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BO GIAO DUC VA PAO TAO
PAI HOC DAN LAP HAI PHONG
KHOA PIEN - PIEN TU
NGANH PIEN TU - VIEN THONG

LUAN VAN TOT NGHIEP.

PE TAI: Thiét ké va thi cong hé thdng diéu khién nhiét do.

Sinh vién thwe hién: PO VAN PAT.
Giao vién hwéng dan: NGUYEN VAN DUONG.
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LOI MO DAU

Hién nay, nganh k¥ thuat dién tir va cong nghé thong tin tién bd khong
ngimg. Chung dang ngay cang phat trién va dugc (mg dung trong tat ca cac mit
clia doi song. Céc thiét bi dién tir dung Vi Piéu Khién duoc st dung rong rai
khip trong cac tmg dung tu dong. N6 gitip chung ta trong moi céng viée ciling
nhu giai tri. Cac bo Vi Piéu Khién ngay cang hién dai, toc do xir Iy nhanh hon,

va c6 ing dung rong hon.

Mot trong nhitng tmg dung quan trong cua Vi Pién Khién d6 1a ding
trong do luong va diéu khién. Nho cac loai cam bién, Gmg dung cta do ludng
bang Vi Piéu Khién khong chi giéi han trong cac dai lugng dién ma con mo
rong ra cac tin hiéu khong phai dién. Str dung Vi Diéu Khién ching ta thu thap
cac dai luong can do dé dang hon, ¢ thé xur Iy ngay cé4c dai lugng d6 va dua ra
duoc nhitng két qua nhu mong mudn.

Vi tdm quan trong cta do ludng bang Vi Pidu Khién nén, em di nhan
dé tai nay lam d6 an tt nghiép dé nghién ctru, va hiéu biét thém vé Vi Diéu
Khién va cac tmg dung hay ctia nd trong cudc séng thudng ngay ctia chiing ta.

Trong qué trinh 1am d6 an t6t nghiép, do su han ché vé thoi gian, tai liéu
va trinh d6 c6 han nén khong tranh khoi cé thiéu sét. Em rat mong duoc su
dong gop ¥ kién cua thy cd va cac ban dé d6 an tét nghiép ciua em duoc hoan
thién hon.

Em xin giri 10i cam on chan thanh dén céc thay co trong Khoa Pién-Dién
tir, ddc biét 1a thady Nguyén Van Duong d gidp d& em hoan thanh tét d6 an
nay.

Hai phong, 8 thang 7 nam2009
Sinh vién thuc hién

PO VAN DAT
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Chuong 1

TONG QUAN VE VI PIEU KHIEN

Co 4 bod vi diéu khién 8 bit chinh. D6 14 6811 ctia Motorola, 8051 cua

Intel, z8 cua Xilog va Pic 16 ciia Microchip Technology. Mdi mét kiéu loai
trén day déu c6 mot tap 1énh va thanh ghi riéng duy nhét, néu chiing déu khong
tuong thich 14n nhau. Ciing c6 nhitng bo vi diéu khién 16 bit va 32 bit duoc san
xuat boi cac hang san xuét chip khac nhau. V&i tat ca nhitng bo vi diéu khién
khéac nhau thi tiéu chuan dé lua chon céac bd vi diéu khién 1a:

*) Pap ung dugc nhu cau tinh toan cua bai todn mot cach hidu qua vé
mit gia thanh va dy du chirc nang c6 thé nhin thiy dugc. Trong khi phan tich
cac nhu cau cia mot du 4n dya trén bd vi diéu khién chung ta phai biét bo vi
diéu khién nao 1a 8 bit, 16 bit hay 32 bit c6 thé dap tng t6t nhat nhu cau cua
bai todn mdt cach hiéu qua. Nhimg tiéu chuan dé la:

- Toc do: toc do 16n nhat ma vi dieu khien hd trg la bao nhiéu.

- Kiéu dong vo: Péng vo kiéu DIP 40 chan hay QFP. Pay la yéu cau
quan trong dbi v6i yéu cau vé khong gian, kiéu 1ap rap va tao mau thir cho san
pham cudi ciing.

- Cong suit tiéu thu: Diu ndy dic biét khat khe ddi véi cac san pham
dung pin, ic quy.

- dung luong bd nhd Rom va Ram trén chip.

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

- Kha ning dé dang nangh cp cho hiéu suat cao hodc giam cong suit
tiéu thu.

- Gia thanh cho mét don vi: Diéu ndy quan trong quyét dinh gia thanh

san pham ma mot bd vi di€u khién duoc st dung.
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*) Cop san cac cong cu phat trién phan mém nhu céc trinh bién dich,

trinh hop ngit va g& roi.

*) Nguon cac bd vi diéu khién c6 san nhiéu va tin cdy. Kha ning san
sang dap ung vé sb lugng trong hién tai twong lai. Hién nay cac bo vi diéu
khién 8 bit ho 8051 14 c6 s6 luong 16n nhit cac nha cung cp da dang nhu Intel,
Atmel, Philip...

1.1. B vi diéu khién 8051

Vao ndm 1981 hang Intel gidi thiéu mat s6 bo vi diéu khién duogc goi la
8051. Bo vi diéu khién nay c6 128 byte RAM, 4K byte ROM trén chip, hai b
dinh thoi, mot cong ndi tiép va 4 cong (déu rong 8 bit) vao ra tat ca duoc dat
trén mot chip. Lac éy no duoc coi la mot ‘hé théng trén chip’. 8051 1a mot bo
xur 1y 8 bit co6 nghia 1a CPU chi c6 thé lam viéc véi 8 bit dir li€u tai mot thoi
diém. D1 liéu 16n hon 8 bit dugc chia ra thanh céc dit liéu 8 bit dé cho xir 1.
8051 co tat ca 4 cong vao ra I/O mdi cong rong 8 bit (hinh v&). Mic du 8051 ¢
mot ROM trén chip cuc dai 1a 64Kbyte, nhung cac nha san xuét lic d6 da xuat
xuong chi voi 4Kbyte Rom trén chip.

8051 d3 tré nén phd bién sau khi Intel cho phép cac nha san xuét khac
nhau san xudt va ban bat ky dang bién thé nao ctia 8051 ma ho thich vai diéu
kién ho phai dé lai ma tuong thich voi 8051. Pidu nay dan dén su ra doi nhiéu
phién ban ctia 8051 véi cac toc do khac nhau va dung lugng Rom trén chip
khac nhau. Piéu ndy quan trong 13 mic du c6 nhiéu bién thé khac nhau cia
8051 vé toc d6 va dung luong nhd ROM trén chip nhung tat ca chung déu
tuong thich véi 8051 ban dau vé cac 1énh. Piéu niy c6 nghia 1 néu ta viét
chuong trinh cho mot phién ban nao do thi n6 cling s€ chay v&i moi phién ban
bét ky khac ma khong phan biét n6 tir hing san xuét nao.

Bang 1.1. Cac dic tinh cua 8051 dau tién.



DE Vin Dot

S thivng dsis Khicn whist

bac tinh S6 luong
ROM trén chip 4Kbyte
RAM 128 byte
B0 dinh thoi 2
Céc chan vao ra 32
Cong nbi tiép 1
Ngudn ngat 6

B6 vi diéu khién 8051 1a thanh vién dau tién cta ho 8051, hing Intel ky
hiéu n6 la MSC51. Bang trén la cac ddc tinh cua ho 8051.

EXTERNAL
INTERRUPTS
ETC
\4 A4 O
INTERRU ¢ ON - CHIP TIMER _ |«— 2
PT < RAM TIMER |e— z
=
4 L = {\ o
CPU
< _= v - =
0SC BUS 41/0 SERIAL
CONTRO PORTS PORT
e e 5 N
. . P P,P P TXD RXD
ADDRESS/DA

Hinh 1.1. B6 tri bén trong ctia 8051
Mo ta chan cua 8051nhu hinh 1.2. Céc thanh vién cua ho 8051( vi du
8751, 89C51, DS5000) déu c6 céac kiéu dong vo khac nhau, chang han nhu hai
hang chan DIP dang v6 dep vudng QFP va dang chip khdng c6 chan do LLC
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thi ching déu c6 40 chan cho céc chiic niang khac nhau nhu vao ra 1/0, doc

RW, ghi WR, dia chi, dir liéu va ngat. Can luu ¥ rang mét sé hang cung cip
phién ban 8051 c6 20 chan véi s6 cong vao ra it hon cho cac ing dung yéu cau
thap hon. Tuy nhién, vi hau hét cac nha phat trién chinh str dung chip déng vo

40 chan véi hai hang chan DIP nén ta chi tap chung mo ta phién ban nay.

\_/
P10 1 40 =3 Vee

P11 2 39 = P0.0 (AD0)
P12 3 38 = P0.1 (AD1)
p1 3] 4 37 =2 P0.2 (AD2)
P14 5 — P0.3 (AD3)
P15 6 35 = P0.4 (AD4)
Ple— 7 34 = P0.5 (AD5)
P17 8 8051 33 F= P0.6(AD6)
RST — 9 32 =1 P0.6 (AD6)

(RXD)P3.0 =3 10 (8031) 31 == EA/CPP
(TXD)P3.1 = 11 30 = ALE/PROG

(NTO) P32 = 12 29 (3 PSEN
(NT1)P3.3 = 13 28 = P2.7 (A15)
(TO)P3.4 — 14 27 = P2.6 (A14)
(T1YP3.5 ™ 15 26 = P2.5(A13)
(WR) P36 — 16 o5 3 P2.4(A12)
(RD)P3.7 = 17 24 = P2.3 (A1)
XTAL2 — 18 23 = P2.2 (A10)
XTAL1T — 19 22 = P2.1(A9)
GND — 20 21 = P2.0 (AB)

Hinh 1.2. So d6 chan ctia 8051
Tur hinh 1.2. ta thay trong 40 chan c6 32 chan dung cho cac cong
PO, P1, P2, P3 véi mdi cong c6 8 chan. Cac chan con lai danh cho nguén
Vce, dat GND, cac chan dao dong XTAL1 va XTALZ2, khoi dong lai RST



DE Vin Dot He thong Tl ke nhist o
cho phép chét dia chi ngoadi EA, cho ngét cit chuong trinh PSEN . Trong 8

chan nay thi 6 chan Vcc, GND, XTAL1, XTAL2, RST va EA duoc cac ho
8031 va 8051 str dung. Hay néi cach khéac 1a ching phai dugc ndi dé cho hé

théng 1am viéc ma khong can biét bo vi diéu khién thuoc ho 8051 hay 8031.
Con chan PSEN va chan ALE dugc si dung trong cac hé thong dua trén 8031.

v/ Chan Vcc va chan GND tuong tng véi chan sé 40 va chan sé 20 cung
cap ngudn (+5V) va ndi mass.

v" Chan XTAL1 (chan 19) va XTALZ2 (chan 18): 8051 c6 bo dao dong trén
chip nhung n6 yéu cau c6 mot xung dong hd ngoai dé chay no. Bo dao
dong thach anh duoc ndi véi XTALL va XTAL2 cing hai tu dién cd gia
tri 30pF. Mot phia tu duoc ndi xubng dat nhu hinh 1.3.

Can phai luu y rang c¢d nhiéu téc d6 khac nhau caa ho 8051. Toc
d6 duoc coi nhu 14 tan sé cuc dai cua bo giao dong dugc ndi téi chan
XTAL. Ta c6 thé sa dung mdt ngudn tan sé khac dao dong thach anh
chang han nhu bo dao dong TTL thi n6 s& duoc ndi téi chan XTAL1 con
chan XTAL2 dé ho nhu hinh 1.4,

C2

*—) ! XTAL2 NC XTAL2
C1 D EXTERRNAL
> I XTAL1 OSCILLATAOR ————— XTAL1
30pF SIGNAL

l GND T GND

Hinh 1.3. XTAL nbi voi 8051  Hinh 1.4. XTAL nbi voi dao dong
ngoai
v/ Chan RST: Chan s6 9 14 chan tai lap RESET. N6 la chan dau vao ¢

muc tich cuc cao. Khi cip xung cao téi chan nay thi bo vi diéu

10
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khién s& tai lap va két thic moi hoat dong. N6 c6 thé coi nhu sy tai

bat nguon.

Vce Vce
i
| ,
P EAVpp 1 100 s EAVpp
. J_ 19 | X1 6 T H}T X1
] 11.0592 MHz ‘
Jeok| W T 1 7 | O
| g | RST 5] RST

% 8.2K

Hinh 1.5. Mach tai bat nguén Hinh 1.6. Mach tai bat nguén
RESET vdi Debounce.

Mudn mach RESET lam viéc c¢6 hiéu qua thi nd phai co toi
thiéu 2 chu ki may. Hay noi cach khéac, xung cao phai kéo dai tbi
thiéu 2 chu ki may trudce khi né xubng thap.

v/ Chan EA (1a chan IN): Truy cap bd nhé ngodi, chan sé 31 trén vé chip
nhu 8751, 89C51 hoic DS5000 thi chan EA duogc ndi véi ngudn Vec.
Truong hop khéng c6 ROM trén chip nhu 8031 va 8051 thi ma chuong
trinh duoc luu cat & bd nhé ngoai, khi d6 chan EA dugc nbi dat. Nhu
vy chan nay khéng bao gid dugc dé ho.

v chan PSEN Ja chan c6 chirc nang cho phép luu chuong trinh. O hé
thdng 8031, khi chuong trinh cat & bo nhd ROM ngoai thi chan nay
duoc ndi téi chan OE clia ROM.

11
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v" ALE cho phép chét dja chi la chan c6 mic tich cuc cao. Khi ndi 8031 téi

bo nhé ngoai thi cong 0 ciing duoc cap dia chi va dir lidu. Hay néi cach
khac, 8031 don dia chi va dit liéu qua cong 0 dé tiét kiém sb chan. Chan
ALE duoc st dung dé phan kénh dia chi va dit liéu bang cach nbi toi
chéan G cua cua chip 73LS373.

v Nhém chan cong vao ra 1/0: bbn cong PO, P1, P2, P3 déu c6 8 chan va
tao thanh céng 8 bit. T4t ca cac cong khi RESET déu dugc cau hinh 1am
cong ra. Bé 1am dau vao thi can duoc lap trinh.

Céc cong binh thudng 14 cong ra. Cong PO c6 thé vira lam dau ra,
vira lam dau vao cong PO tir chan 32 dén 39 phai duoc ndi véi dién tro
kéo 10K bén ngoai. Cong P1 ciing c6 8 chan, tir chan 1 dén chén 8, va co
thé str dung lam dau vao hoic ra. Khac véi cong PO, cong P1 khdng can
dén dién tro kéo bén ngoai vi n6 di co dién tro kéo bén trong. Cong P2
cling ¢6 8 chan tir chan 21dén 28, va cd thé str dung lam dau vao hoic ra.
Ciing gidng nhu coéng P1, cong P2 khdng can dién trg kéo vi bén trong
da c6 cac dién tro kéo. Cong P3 ¢ 8 chan tir chan 10 dén chan 17. Cong
nay co thé sir dung lam dau vao hoic ra. Ciing nhu chan P1va P2, cong
P3 ciing khong can dién trg kéo.

Bang 1.2. Chirc nang cac chan cong P3.

Bit cong P3 Chirc ndng Chéan s6
P3.0 Nhan dit liéu (RXD) 10
P3.1 Phat dit liéu (TXD) 11
P3.2 Ngat 0(INTO) 12
P3.3 Ngat 1(INT1) 13
P3.4 Bo dinh thoi 0 (TO) 14
P3.5 Bo dinh thoi 1(T1) 15
P3.6 Ghi (WR) 16
P3.7 DPoc (RD) 17

C6 hai b vi diéu khién thanh vién khac ctia ho 8051 1a 8052 va 8031.

12
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1.2. B9 vi diéu khién 8052
Bo vi diéu khién 8052 1a thanh vién khéc ctia ho 8051, 8052 c6 tit ca céc
dic tinh chuan cta 8051 ngoai ra nd c6 thém 128 byte RAM va mot bo dinh
thoi nita. Hay noi cach khac 1a 8052 c6 256 byte RAM va 3 bd dinh thoi, nd
cling c6 8K byte ROM trén chip thay vi 4K byte nhu 8051.

Bang 1.3. So sanh cac dac tinh cta cac thanh vién ho 8051.

bac tinh 8051 8052 8031
ROM trén chip 4K byte 8K byte OK
RAM 128 byte 256 byte 128 byte
Bo dinh thoi 2 3 2
Chén vao - ra 32 32 32
Cong ndi tiép 1 1 1
Nguon ngat 6 8 6

Qua bang trén ta thay thi 8051 1a tip con cia 8052, nén moi chuong
trinh viét cho 8051 déu chay dugc trén 8052 nhung diéu nguogc lai 1a khong
ding.

1.3. B9 vi diéu khién 8031

Mot thanh vién khéac caa 8051 la chip 8031. Chip nay khong c6 ROM
trén chip nén dé st dung chip nay ta phai bé sung ROM ngoai cho n6, ROM
ngoai phai chira chuong trinh ma 8031 s€ nap va thuc hién. So v41 8051 ma
chuong trinh dugc chira trong ROM trén chip bi gidi han bdi 4K byte, con
ROM ngoai chira chuong trinh dugc gan vao 8031 thi c6 thé 16n dén 64K byte.
Khi bd xung coéng, nhu vy chi con lai hai cong dé thao tac. Dé giai quyét van
dé nay ta c6 thé bd xung céng vao ra cho 8031 bang cach phdi ghép 8031 véi
bd nhé va cong vao ra chang han voi chip 8255. Ngoai ra con ¢ cac phién ban

khac nhau vé téc d6 ciia 8031 tir cac hang san xuét khac nhau.

13
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Béang 1.4. Cac phién ban cua 8051 tir Atmel

S linhkién ROM RAM Chan /O Timer Ngit Vcc Pong vo

ATB89C51 4K 128 32 2 6 3\ 40
AT8ILVS51 4K 128 32 2 6 3V 40
AT89C1051 1K 64 15 1 3 3V 20
AT89C2051 2K 128 15 2 6 3V 20
AT89C52 8K 128 32 3 8 S\ 40
AT8ILVS2 8K 128 32 3 8 3V 40

14
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Chuwong 2.

VI PIEU KHIEN PIC16F877A

Ngay nay, cac b diéu khién dang c6 tmg dung rong rii trong cac linh
vuc khoa hoc ky thuat va doi séng xa hoi, dac bi¢t 1a trong tu dong hoa va diéu
khién. Gio ddy voi nhu cdu chuyén dung hod, t6i uu hod vé thoi gian khong
gian gia thanh, bao mat, tinh chi dong trong coéng viéc, ... ngay cang doi hoi
khat khe. Va dong vi diéu khién Pic d3 dap tng tot cac yéu cau do.

2.1. Tong quan vé thiét bi
2.1.1. Hinh dang va bd tri chin ciia Pic16F877A

ez ™~ ==
[ ass[]
[ maa mss|]
[ Aaz mu]
[[maz re3l]
E fAd asa]
RAL RE1
[} re= E=0
1 EE VoD
REZ vas
E voo RO7
[ wasg RDE
[loac ADS
[]oacs AD4
[l ree RCT
[Imes ACE
1 EE=: RCE
[ re2 R4
[l roe RO
S bt

Hinh 2.1. Hinh dang Pic16F877A
2.1.2. Pic tinh noi bat ciia bd xir ly.

v" Sir dung céng nghé tich hgp cao RICSC CPU

v' Nguoi sir dung c6 thé 1ap trinh véi cac cau lénh don gian

15
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v' Tét ca cac cau lénh thuc hién trong 1 chu ki ngoai trir mot s6 1énh r&

nhanh thyuc hién trong 2 chu ki.
v' Téc d6 hoat dong 14 : - Xung ddng ho vao la DC-20MHz
- Chu ki 1énh thyc hi¢n trong 200ns
v B0 nhé chuong trinh Flash 8Kx14 Words
v" B0 nhd Ram 368x8 bytes
v" B6 nhé EFPROM 256x8 bytes.
2.1.3. So 6 khdi b vi diéu khién Pic16F877A

g PORTA

13

— ——— Data Bus
FLASH ogram Gounte J-L = FADIAND
Frogram RATANT
lemory [=TAT] o L RAZrFANZ
& Leve! Stack F,i_;e 17 FASFAN SV ser
{125t} Registers w5 RasmocK
RASMANGSS
Program 14
E FLAR Addr (1) 4 2 SZRTE
e - Ly, REOANT
:
Instruction reg Lob il et :ELIJ
R
|| Directfddr 7 ] REWP GV
7 .t =
1=t
> REOPGC
- RET/FGD
2 PORTC
RCT 1S80uT 1 SR
£ RCUT1QSHCCR2
RG2AGGH
Pawerup RGSCHISCL
Y] L) ) RCA/SDUSDA
Instruciion Oeeillater RCES/SDO
Decode & o= | S4art-up Timer RCETHICK
Caontrol Fowe ron +— | ROTENIDT
Resst FORTD
Timin [ 5
M= ce "Era?:nn ante
GEG1ICLEIN Birown-out
OSC2CLKOUT Reset L <1f] ROTPEPT-RONPSPD
n=Zircuit
Debugger
Lows-olags
Programming Farallel Slave Port e PORTE
é é E RED/MANSRD
— ] REVANEWR
FCIR Voo V== E REANTICS
TimerQ Timeri Timer2 10-bit A/D
Data EEPROM Sunchromos
= CcoPt2 i USART

Hinh 2.2. So dd khdi cua Pic16F877A

16



DE Vin Dot

S thivng dsis Khicn whist

2.2. Mo ta cac chan chirc nang caa Pic16F877A

Béang 2.1. Bang chan chure nang cua Pic16F877A

Tén chén Chén s Chtrc nang ctia chan

OSC1/CLKIN 13 | | Pau vao cua dao dong thach anh/ngd vao
xung clock ngoai.

OSC2/CLKOUT 14 O |Pau ra cua bd dao dong thach anh. N6i
v6i thach anh hay cong hudng trong ché
do dao dong cua thach anh. Trong ché do
RC, ngo ra cua chan OSC2

MCLR /VPP 1 I/P | Ngb vao ctua Master Clear (Reset) hodc
ngd vao dién thé duoc l1ap trinh. Chan
nay cho phép tin hiéu RESET thiét bi tac
doéng ¢ muc thap.

PORTA la port vao ra hai chiéu.

RAO/ANO 2 1/0 | RAO c6 thé lam ngd vao tuong tu thir 0.

RA1/AN1 3 /0 | RA1 c¢6 thé 1am ngd vao tuong tu thir 1.

RA2/AN2/VREF — 4 /0 | RA2 c6 thé 1am ngd vao tuong tu thir 2
hodc dién 4p chuan twong ty am.

RA3/AN3/VREF + 5 /0 | RA3 c6 thé 1am ngd vao tuong tu thir 3
hodc dién 4p chuan twong ty duong.

RA4/TOCKI 6 I/0 | RA4 c6 thé 1am ngd vao xung clock cho
bo dinh thdi Timer0. Hodc lam dau ra.

RA5/ SS /AN4 7 /0 | RA5 c6 thé 1am ngd vao tuwong tu thir 4

hoac lam dau ra.

PORTB la port vio ra hai chiéu.
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RBO/INT 33 1/0 | RBO c6 thé 1am chan ngat ngoai.
RB1 34 1/0
RB2 35 1/0
RB3/PGM 36 1/0
RB4 37 1/0
RB5 38 1/0
RB6/PGC 39 1/0
RB7/PGD 40 1/0
PORTC la port vio ra hai chiéu.
RCO/T10SO/T1C 15 1/0 | RCO c6 thé 1a ngd ra ciia bd dao dong
Kl Timerl hodc ngd vao xung clock cho
Timerl.
16 1/0 |RCI c6 thé 1a ngd vao cua b dao dong
RC1/T10SI/CCP2 Timerl hodac ngd vao Capture2/ng0 ra
compare2/ngd ra PWM2.
17 /0 | RC2 c6 thé 1a ngd vao Capturel/ngd ra
RC2/CCP1 comparel/ngd vao PWML.
18 1/0 | RC3 co thé 1a ngd vao xung clock dong
RC3/SCK/SC bd ndi tiép/ngd ra trong ca hai ché do
SPI va I2C.
23 /0 | RC4 c6 thé 1a dit liéu bén trong SPI (ché
RC4/SDI/SDA d6 SPI) hodc dit liéu /O (ché do 12C).
24 I/0 | RC5 c6 thé 1a dir liéu ngoai SPI (ché do
RC5/SDO SPI).
25 /0 | RC6 co thé 1a chan truyén khéng dong
RC6/TX/CK bd USART hoic dong b véi xung dong
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ho.
26 /0 | RC7 ¢6 thé 1a chan nhan khong dong bo
RC7/RX/DT USART hoic dong bd véi dit liéu.
RDO/PSPO 19 I/0 | PORT la port vao ra hai chiéu hodc la
RD1/PSP1 20 /O | parallel slave port khi giao tiép véi bus
RD2/PSP2 21 I/0 | cua bo vi xtr 1y.
RD3/PSP3 22 1/0
RD4/PSP4 27 1/0
RD5/PSP5 28 1/0
RD6/PSP6 29 1/0
RD7/PSP7 30 1/0
PORTE la port vao ra hai chiéu.
REO/ RD/AN5 8 /0 | REO ¢6 thé diéu khién viéc doc parallel
slave port hodc la ngd vao tuong tu thr
5.
RE1/WR /ANG 9 /0 | REI c6 thé diéu khién viéc ghi parallel
slave port hodc 1a ngd vao tuong ty thir
6.
RE2/CS /AN7 10 /0 | RE2 c6 thé diéu khién viéc chon parallel
slave port hoac la ngd vao tuong tu thur
7.
VSS 12,31 P | mass
VDD 11,32 P |Cung cap nguon dwong cho cic muc
logic va nhiing chan I/O.
Céac ki hiéu: I:input O: output I/O:input/output P: power
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2.3. T6 chirc bd nhé
Pic16F877A ¢6 3 khdi bd nhé: Bo nhé chuong trinh Flash, bd nho div
liéu RAM, b6 nhé EEPROM.
2.3.1. To chirc bd nhé chwong trinh Flash
Vi diéu khién Pic16F877A c6 bo nhé chuong trinh 13 bit va c6 8Kx14

tr mi cua bo nhd chuong trinh Flash, duoc chia thanh 4 trang mdi trang 2Kx14
tor ma.

Khi Reset dia chi bt dau thuc hién chay 1a 0000h, vector ngét bat dau tir
0004h.

Stack c6 8 muc ding dé luu dia chi 1énh thuc hién tiép theo sau lénh

CALL va khi xay ra ngit.
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PC<12:0>
Stack level 1
Stack level 2
O
O
O
Stack level 8
Reset vector 0000H
O
O
o <—
Interput vector 0004H
4 0005H
Page0
07FFH
<< Pagel 0800H
OFFFH
Page2
17FFH
1800H
\_ Page3 1FFFH

Hinh 2.3. Ban d6 bo nhd chuong trinh va cic ngan xép
2.3.2. T6 chirc bd nhé dir liéu RAM

RAM 1a b nhé 6 thé doc/ghi, nd khong luu dit liéu khi mat dién, b
nhé RAM cua Picl16F877A c6 4 Bank, mdi Bank co6 dai dja chi 0-7FH (128
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byte) trén cdc Bank nhitng thanh ghi da muc dich, n6 hoat dong nhu mot RAM

tinh va nhitng thanh ghi chtc ning dic biét & ving dija chi thap.

i i i File
M';IIE-H A.l:chlilgsE. J!Il'_"l:jll!sﬁﬁ Address
Indrect addr (] 00h Indirect addr | 8oh Indirect adde. 0] 100h Indrect adar. | 1a0h
TMRO Mh CPTION_REG] 81h TMRO 101h COPTION_REG] 181h
PCL 2h PCL Bh PCL 102h PCL 182h
STATUS 03h STATLIS B STATUS 103h STATUS 183h
FER ndh FSR 84h [ FeR__ | 104h FSR 184h
PORTA 0sh TRISA Bch 10sh 18sh
PORTE nch TRISB 8ch PORTB 106h TRISE 186h
PORTC owh TRISC Bih 107h 187h
PORTDM eh TRISDM B&h 108h 188h
PORIE™ | 08h TRISE' | 8th 108h 180h
PCLATH Ak PCLATH gah PCLATH 104k PGLATH 18Ah
INTCOMN DBh INTCOM £8h INTCOM 10Bh INTCOM 188h
PIR1 oCh PIE1 BCh EEDATA 10Ch EECOM1 18Ch
PIRZ 0Dh PIEZ BDh EEADR 10Dh EECONZ | 180h
TR DEh PCOM 8Eh EEDATH 10Eh [~ Messrwed™ | 18Eh
TMRIH DFh BFh EEADRH 10Fh Reservedin | 18Fh
T1ICON 10h Atk ok 190h
TMR2 11h SSPCCN2 91h M1h 191h
T2C0N 12h PR2 azh 12h 192h
SSPBUF 13h SSPADD G3h 113h 193h
SaPCOM | 14h SSPSTAT | f4h 114h 194dh
CLPTIL 1sh gsh 11sh 195h
CCPRTH 16h ach - | 116h — 196h
CCPICON | 17h Oth enera 7h - 197h
RCSTA | 18h TS 1A agh E:,’;"iﬁ: 118h Farpese | 1ggn
TXREG 18h SPBRG ath 16 Byles 11ah 16 Bytes 199h
RCREL 1Ah ash 1AL 16Ah
CCPRZL 1Bh aph 1Bh 19Eh
CCPRZH iCh ACh NCh 19Ch
CCPZ2CON | 1Dh 90h 1Ch 190h
ADRESH 1Eh ADRESL SEh 1NEh 19Eh
ADCON 1Fh ADCON1 9Fh 1Fh 19Fh
20h Alh 120h 1ADN

g g St R

Reg]:':tsr HE-gFI.:sE? R:E:r.;al Fbe-gl?g:fe
o6 Bykes &0 Pyles EFh 80 Byles 16Fh &0 Byles 1EFh
B —— Foh e — 170h Pr— 1FOh

TOR-7Fh TOh-7Fh TOh-7Fh
TFh FFh 17Fh 1FFh

Bank 0 Bank 1 Bank 2 Bank 3

Hinh 2.4. Hinh anh cac Bank
Cac Thanh ghi da muc dich (General Purpose Register), cac thanh ghi
nay duoc truy cap bang ca hai cach truc tiép hodc gian tiép qua thanh ghi FSR,
tong cong co 368 bytes.
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Céc thanh ghi churc ndng dac biét: cac thanh ghi nay dugc dung boi CPU

va céac khbi ngoai vi dé diéu khién sy hoat dong theo yéu cau cua thiét bi. Céc
thanh ghi ndy c6 thé phan loai vao bd phan trung tim (CPU) va ngoai vi.

Céc thanh ghi trang thai STATUS: c6 4 thanh ghi trang thai trén 4 day,
tai cac dia chi 03h, 83h, 103h, 108h. Cac thanh nay cho biét trang thai ctia phan
tir logic toan hoc ALU, trang thai Reset, trang thai ctia cac bit lya chon day
thanh ghi cho b nh¢ dir ligu.

Thanh ghi trang thai cé thé 1a két qua cua mot sb 1énh nhu 13 v6i mét sb
thanh ghi khac. Néu thanh ghi trang thai 1a két qua bai mot 1énh ma tac dong
dén cac bit Z, DC, C thi viéc ghi vao cac bit nay la khong thé.

Cac thanh ghi lga chon OPTION_ REG: c6 hai thanh ghi lya chon tai cac
dia chi 81h va 181h, c4c thanh ghi nay co thé doc hodc ghi, n6 chtra dung nhiéu
bits diéu khién khac nhau dé x4c dinh hé sb dinh tru6c TMRO, hé s6 dinh sau
WDT, ngét ngoai INT, TMRO, cac dién ap treo céng B.

Céc thanh ghi INTCON: c0 4 thanh ghi INTCON tai dia chi 0Bh, 8Bh,
10Bh, 18Bh, cac thanh ghi nay c6 thé doc va ghi, né chtra dung nhiéu sy cho
phép va céc bits cd cho viéc tran thanh ghi TMRO, cac ngit thay doi cong RB
va chan ngat ngoai RBO/INT.

Thanh ghi PIE1: tai dia chi 8Ch chira dung cac bit cho phép riéng 1¢ cho
cac ngat ngoai vi CCP2, ngat xung dot tuyén SSP va EEPROM ghi cac hoat
dong ngat.
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DE Vin Dot He thong Tl ke nhist o
Thanh ghi PCON (Power Control): chira bit c& cho phép phan biét gitra
viéc Reset hé thong (POR) dé Reset MCLR ngoai v6i Reset WDT.

PCH PCL
12 a7 C i
pe | : | PCLas
Deshnali
. POLATH=4 0= i 8
C‘L‘ AL
HEEEEEEN
PCLATH
FCH FCL
12 1110 8 7 0
FCl T : ] GOTO, CALL
2 PCLATH=4. 3= ik
| Opooda < 10;0=
HEEEEREEER
PCLATH

Hinh 2.5. Hinh anh nap PCLATH t6i PC

PLC va PCLATH: chuong trinh dém chi 1& dia chi cua lénh tiép theo
dugc thyc hién. PC c6 do rong 13 bit, byte thép dugc goi la thanh ghi PLC,
thanh ghi nay c6 thé doc hodc ghi toan bd su cdp nhat ciia n6 thong qua thanh
ghi PCLATH.
2.3.3. By nh¢ dir liéu EEPROM

Céac b nhd nay c6 thé doc va ghi trong khi cac hoat dong van dién ra mot
cach binh thudng. Bo nhé dit liéu khong truc tiép sap xép dir liéu trén céc
thanh ghi dir liéu con tréng. Thay vi d6 1a ghi cac dia chi gian tiép qua cac
thanh ghi chirc nang dic biét. Co 6 thanh ghi SFR ding dé doc va ghi bo nhd
chuong trinh va by nhé dir licu EEPROM do6 1a céac thanh ghi:

EECON 1 EEDATH
EECON 2 EEADR
EEDATA EEADRH
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B6 nh¢ dir licu EEPROM cho phép doc va ghi cac byte. Khi ¢6 tdc dong

t6i khdi bd nhd dir liéu. Thanh ghi EEDATA gitt 8 bit dit liéu dé doc/ghi va

thanh ghi EEADR gitt dia chi vi tri caa EEPROM duoc truy cap. C4c thanh ghi

EEDATH va EEADRH khéng duoc st dung dé truy cap dit lieu EEPROM.

Céc thiét bi nay co td1 256 byte cua dir liéu EEPROM vé1 dia chi tir 00h to1
FFh.

B0 nhé chuong trinh cho phép doc va ghi cac ky tu. Khi tic dong dén
khéi chuong trinh nhé, cac thanh ghi EEDATH, EEDATA c6 dang 2 byte ky
tur gitta 14 bit dir liéu dé doc/ghi va cac thanh ghi EEADRH, EEADR c6 dang
hai bit tir ma véi 13 bit dia chi cta vi tri EEPROM dugc truy cap. Nhung thiét
bi ndy c6 thé co téi 8K tir mé ctia chuong trinh EEPROM véi mot dia chi gidi
han tir Oh té1 3FFh.

Thanh ghi dia chi c6 thé danh dia chi 16n nhat 1a 256 byte cia dit liéu
EEPROM hoic 16n nhit 1a 8K ky tu cua chuong trinh FLASH. Khi lga chon
gia tri mét dia chi dugc ghi to1 thanh ghi EEADR.

Céc thanh ghi EECON1 va EECON2:

EECONI la thanh ghi diéu khién cho viéc nhap dit liéu bd nhd.

EECON?2 khong phai 1a thanh ghi vat ly. Khi doc thanh ghi EECON2 s€ doc
toan bd la 0. Thanh ghi EECON2 duogc sir dung danh riéng cho viéc ghi mot
cach trinh tu vao bg nho.

Bit diéu khién EEPGD xac dinh néu viéc nhap dir liéu s& 12 nhap mot
chuong trinh hoac nhap mdt by nhd dir li¢u. Khi xo0d, mot sb hoat dong tiép
theo s€ hoat dong trén by nhd dir licu. Khi dat, mdot s6 hoat dong tiép theo sé
hoat dong trén bo chuong trinh.

Céc bit diéu khién RD va RW kich hoat cac hoat dong doc va ghi theo thir
tu. Trong phan mém nhiing bit nay khong thé bi xoa, chi duoc dit. Chung bi

x04 trong phan cimg khi ma hoat dong ghi/doc duoc hoan thanh. Viéc khdng
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thé x04 bit RW trong phan mém ngin ngira su két thuc bat ngd hoic két thuc

som cua hoat dong ghi.
2.3.4. Poc va ghi vao by nhé dir liéu EEPROM.

Pé doc mot vi tri bd nhd dir lidu, ta phai ghi dia chi vao thanh ghi
EEADR xo4 bit diéu khién EEPGD (EECON1<7>) sau d6 dit bit diéu khién
RD (EECON1<0>). Dit liéu c6 thé dugc doc boi 1énh tiép theo. EEDATA sé&
gilr gia tri nay cho tdi khi c6 hoat dong doc dir liéu khac hoac tdi khi dugc ghi.

Ghi vao bo nhé dit lieu EEPROM thi dau tién dia chi phai dugc ghi vao
thanh ghi EEADR va dir liéu ghi vao thanh ghi EEDATA.

2.3.5. Poc va ghi chuwong trinh FLASH.

DPoc mdt vi tri bd nhé chuong trinh co thé thuc hién bai viée ghi 2 byte
dia chi vao thanh ghi EEADR va EEADRH, dat bit diéu khién EEPGD
(EECON1<7>) va sau d6 dat bit diéu khién RD (EECON1<0>). Chi khi bit
diéu khién doc duogc dit, vi xir Iy s& st dung chu trinh 1énh tht hai dé doc dir
liéu.

Dir liéu d6 s€ c6 trong chu trinh thir 3, trong cac thanh ghi EEDATA va
EEDATH, do d6 nd c6 thé duge doc 1a 2 byte trong cac 1énh tiép theo. Dir li€u
c6 thé duoc dua ra ngoai cia EEDATH, EEDATA bat dau voi 1énh thr 3 sau
1énh BSF EECONI1, RD. Va thanh ghi EEDATA va EEDATH s¢€ gitr gia tri
nay cho to1 khi c6 hoat dong doc mot gia tri khac hoac c6 hoat dong ghi.

Ghi mot vi tri bd nhé chuong trinh c6 thé duoc thuc hién boi viéc ghi
thanh ghi 2 byte dia chi vao cac thanh ghi EEADR va EEADRH, ghi dit liéu 13
bit vao thanh ghi EEDATA va EEDATH.

2.4. Cong vao ra

Mot s6 chan ciia cac cong vao/ra dugce tich hop voi nhitng thiét bi ngoai

vi. Nhin chung khi thiét bi ngoai vi hoat dong, cac chan c6 thé khong st dung

v61 muc dich 1am chan vao ra.
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2.4.1. Cong A va thanh ghi TRISA

Cong A 1a cong hai chiéu véi do rong dudng truyén 1a 6 bit. Dé diéu
khién viéc truy xudt dir liéu nguoi ta ding thanh ghi TRISA. Nén dat bit
TRISA=I thi lac nay cong A sé& c6 cac chan la chan vao. Va nguoc lai sé 1a cac
chan xuit. Viéc doc céng A chinh 1a doc trang thai cac chan, trong do viéc XUAt
phai qua viéc xuat cac chdt cta cong. Cac chan cia cong A chil yéu duoc sir
dung v&i muc dich chinh 1a nhén tin hiéu twong tu hoac lam chan vao/ra. Riéng
chan RA4 c6 thé da hop véi chan vao bd Timer0 va khi d6 né tré thanh chan
RA4/TOCKI. Chéan nay nhu mdt dau vao Schmitt Trigger va né mé mot dau
ra. Cac chan khéac ciia cong A 1a chan vao véi bo TTL. Viéc diéu khién céac
chan nay thong qua viéc dat hay xoa cac bit ctia thanh ghi ADCONI1. Thanh
ghi TRISA diéu khién truc tiép cac chan cua cong A, khi str dung cac chan nay
dé nhan tin hiéu twong tu vao ta phai chic chan rang cac bit cua thanh ghi
TRISA da dugc dit roi.

So do khoi chan RA3+RAO0, chan RA5 va cia chan RA4/TOCKI cua
cong A:
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E’ﬁ: Dals Laleh Diata Diata Lateh
= = Bus oD O
N v = X
i _ Part .
e Leten ._g TRIS Latch
o a :D_| N —° “ =
WR
WR TRIZ i
i _ T Mo L Schmitt
——t cK % T — e vse Trigger \Rp?
ad Input

Input

Iade Buffer
) | RD
RD TRIS
TRIS -

_ TTL
Input
Buffer
| " 5 1 R
En EN
RO Part Dc
AD Port I )
V TMRO Clock Input
To AD Convertar =l
Mete 1; 10 pin has protection diedes to VS8 only,
Maote 1; KD pins have protection diodess fo VDD and Va5

Hinh 2.6. So d6 khdi chan cong A
2.4.2. Cong B va thanh ghi TRISB

Cong B la cong hai chiéu vai do rong duong truyén 1a 8 bit. Tuong g
VGi N6 dé diéu khién truc tiép dit liéu ta sir dung thanh ghi TRISB. Néu dit bit
TRISB=1 thi lic nay cac chan cua cong B duoc dinh nghia 1a chan vao. Néu
x04 bit TRISB=0 thi lic nay c4c chan caa cong B dugc dinh nghia 1a chan ra.
Noi dung cuaa chdt ra c6 thé chon trén mdi chan.

Céc chan cua cong B co thé da hop véi cac chuong trinh van hanh bang
dién ap thap. D6 1a cac chan sau: RB3/PGM, RB6/PGC, RB7/PGD. Su thay
d6i hoat dong cuia nhitng chan nay duoc miéu ta & trong phan dic tinh noi bat.
MJbi chan cua cong B s& ¢ mot kha nang dimg bén trong nhung yéu. Diéu nay
duoc trinh bay & viéc xoa bit RBPU (bit 7 ctaa thanh ghi OPTION_REG). Kha

nang dimg nay s& tu dong tat di khi cac chan cua cong duoc dinh nghia 14 chan
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ra. Kha nang dimg nay sé& ty dong mat khi ta RESET. Bbn chan cua cong B, tir

RB7 dén RB4 c6 dic tinh 1a ngét khi thay d6i trang thai. Chi nhimg chan dugc
dinh dang 12 nhitng chan vao thi ngat ndy méi ton tai. Mot vai chan RB7+RB4
duoc dinh dang nhu chén ra, né thi hanh ngat trén sy thay dbi so sanh. Chan
vao RB7+RB4 duoc so sanh véi gia tri cii cua chét & lan doc cudi cing caa
cong B. Su ghép dsi khong khop chan ra cia RB7+RB4 bing lénh OR lam
phat ra ngit véi co bit RBIF caa thanh ghi INTCON. Ngit nay cé thé khai
dong thiét bi tir trang thai SLEEP.

Voo Voo
BEELE BRPLR
REPUR) E_'.xrean: RERLIE) weak
Pul-up Pull-ups
:ala Lalch

[ala Latch

CERIEIE -5 Dak Bus o o P,
=
=
WR Porl cK iy ) [
T P WR Por oy pini®
TRIS Lakeh u__
TRIS Lakh
WRTRIS | oy il'ng:" ‘?- W TTL
Butar Y ST WR TRIE L
CH Bl fi=r
,,-q Bufier _E 'S
RO TRIS
—— Lalch
I — RO TRIS | |
RO Porl -
EN al
Sal REIF d .
R0 Perd | 1
EN
o o p—
From oiher RO Port '
RET.RE4 pins EN —CI: E%I'::'NFIM
@3 . ;s:'
RET:REA
scnmitt Trigger |

In Berial Programming Mods ESurk=a N R Part

Hinh 2.7. So d6 khéi cua chan RB3 dén RBO, chan RB7:RB4 ciia cong B
2.4.3. Cong C va thanh ghi TRISC
Cong C la cong hai chiéu véi do rong duong truyén 1a 8 bit. Twong tng
véi viée diéu khién né la thanh ghi TRISC. Néu dit bit TRISC=1 thi twong tmg
vé6i chan ciia cong C 1a chan vao. Néu ta xo4 bit TRISC=0 thi twong tmg véi nd

chan caa cong C 1a chan ra. Pit ndi dung cua chét ra cd thé dat trén chan chon.
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Cong C da hop véi viéc van hanh thiét bi ngoai vi. Chan ciia cong C théng qua

bo dém Schmitt Trigger dau vao.

Khi ché do I°C hoat dong, thi cac chan cua cong PORTC<4:3> cd thé
duogc sip xép véi mic 1°C thuong hodc voi miac SMBUS bang cach sir dung
bit CKE (SSPSTAT<6>) I bit 6 cuia thanh ghi SSPSTAT.

Khi van hanh cac thiét bi ngoai vi bang viéc xac dinh bit TRIS cta mdi
chan cong C. Mot sé phan phu c6 thé ghi d¢ Ién bit TRIS Iam cho chan nay s&
trg thanh chan ra, trong khi @6 thi mot sé phan phu khéc lai ghi d¢ 18n bit TRIS
lam cho chan nay tré thanh chan vao. Tu khi nhitng bit TRIS ghi de thi trong
viéc tac dong trong cac thiét bi ngoai vi 1a ¢ thé, nhiing lénh doc - sta - ghi
(BSF, BCF, XORWEF) vai thanh ghi TRISC nhu la noi gui téi s€ duoc tranh.
Nguoi st dung nén dé cap toi viéc phan chia két néi cac thiét bi ngoai vi cho

viéc dat chinh xac céac bit TRIS.

PortPaipharal Saleal® PoriPeripheral Select®
Peripheral Data Qut Peripheral Data Oul Vo
Daka Bus - o
Diika Bus ) a e vo
Pt r Bon cRa ({1 o
o = X
Tk Laich
] Q
WH
TRIS . ° TRS oY C
ol g Wal :
TRIS Laleh . J "
Tas 'ﬂ e 17°9 getmit 7
e Triggar
Fanpheral
Peripheral OE® | o o
QE el
EN
RD
RO T o —|
Part | D.c
SEPI Input Peripheral Input
SEPSTA =
RC<3:4> RC<0:2> RC<5: 7>

Hinh 2.8. So @6 khdi chan RC <0:2> RC <5:7> va chan RC <3:4> cong C
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2.4.4. Cong D va thanh ghi TRISD

Cong D ¢6 8 bit ¢6 bd dém dau vao Schmitt Trigger. Mdi chan dugc sap
xép riéng Ié nhu dau vao hodc dau ra. Cong D ciing ¢6 thé dugc sap xép nhu 14
mot cong Vi xir Iy 8 bit (céng phu song song) bang viéc dit bit diéu khién
PSPMODE (TRISE<4>) va trong ché d6 nay ving dém du vao 1a TTL.

/0 pin
Data Data Latch ¥ pint™
Bug D Q ;) - |§§
R
Piort Cn_
TRIS Latch
] i »
¥R
TRIS Cl{1 B-;hmitt
Trigger KV
[nput
L ,.-”"1 Buffar
RD \I\l
TRIS
Q2 D
EN

RO Part

Mote 1: 11D pins have protedion diodes to Yoo and Wse.

Hinh 2.9. So d6 khdi cong D
2.4.5. Cong E va thanh ghi TRISE
Céng E c6 3 chan la REO/RD/AN5, RE1/WR/ANG6, RE2/CS/AN7. Cac
chan nay cd thé sip xép riéng 1é 12 cac dau vao hodc dau ra, va cac chan cé

vling dém dau vao la cac mach Schmitt Trigger.
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Cong vao/ra E trg thanh dau vao diéu khién cho cong vi xir ly khi bit
PSPMODE (TRISE<4>) dugc dit. Va trong ché d6 ndy phai chic chin rang

cac bit TRISE<2:0> dugc dit (cac chan dugce dinh dang 1a cac dau vao sb),

thanh ghi ADCONT1 phai dugc dinh dang cho viéc s vao/ra va ving dém dau
vao la TTL.

Céc chan cong E ciing duoc tich hop véi cac dau vao tuong tu va trong
truong hop nay cac chan sé doc la “0”.

Thanh ghi TRISE diéu khién truc tiép céc chan RE, ngay ca khi ching

duoc dung 14 cac dau vao tuong tu.

Data Data Latch 110 pin'!)
Bus . 5} [a) I } . | E ;
WR
T
TRIZ Latch
— D Q p—
WR
TRIS | CK WL Schrmitt
Trigger ‘\7
Input
Buffer
'y 1
RD \[\]
TRI=
Q D
EM
RD Part

MNote 1: 170 pins have protection diodes to Voo and Vss.

Hinh 2.10. So d6 khéi caa cong E
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2.5. Cac b Timer cua chip.
Bo vi diéu khién PIC16F87X c6 3 bo Timer d6 1a: Tmer0, Tmerl,
Tmer2

2.5.1. Bo Timer0(

La b dinh thoi hodc bo dém c6 nhimg wu diém ndi bat sau:

+ 8 bit cho Timer hoic bo dém

+ C6 kha nang doc va viét

+ C4 thé dung dong hd bén trong hodc bén ngoai
+ C4 thé chon suon xung caa xung dong hd

+ C6 hé sb chia cho xung dau vao cd thé lap trinh lai bang phan

+ Ngit tran
Hoat dong ctaa TimerO:

Timer 0 c6 thé hoat dong nhu mot bo dinh thoi hodc mot bo dém. Viec
chon bo dinh thoi hodc bo dém c6 thé duge xac lap bang viéc x04 hoic dat bit
TOCS cua thanh ghi OPTION_REG<5>.

Néu dung hé sb chia xung dau vao thi xoa bit PSA cua thanh ghi
OPTION_REG<3>.

Trong ché d6 bo dinh thoi dugc lya chon béi viéc xo0a bit TOCS
(OPTION_REG<5>), n6 s& dugc tang gia tri sau mot chu ky lén néu khong
chon hé s6 chia xung dau vao. Va gia tri ciia nd duoc viét ti thanh ghi TMRO.

Ché do dém duoc lva chon béi viée dit bit TOCS (OPTION_REG<5>).
Trong ché do bo dém, nd s& dugc ting ¢ xung di xudng néu xoé bit TOSE
(OPTION_REG<4>) hoic & xung di 1én néu dat bit TOSE. Va gia tri ciia nd
dugce viét téi thanh ghi TMRO.

Khi dung xung clock bén ngoai cho b dinh thoi TimerO va khéng dung

hé sb chia clock dau vao Timer0 thi phai dap tmg cac diéu kién can thiét dé co
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thé hoat dong d6 1a phai bao dam xung clock bén ngoai cé thé dong bo véi pha

xung clock bén trong (Tosc).

CLKOUT (= Fosci4) [ Data Bus
¥ % 8
RA4TOCK] - M SYNC
pn D—1 ol Y . 1 TMRO Rag
. X Cycles
TOSE T 1.
TOCS
PSA Set Flag Bt TOIF

on Cverfow

p={  S.bit Préscalar

]

]
Walchdog 1 X
Timar T
I { PSA

YWOT Enabla bit

8-t - MUK ral—— PS2PS0

I
I
84 |
|
|

MUK |e— PS4

WOT
Tirne-out

Hinh 2.11. So d6 khéi cia Timer0 va WDT:

*) Cac hé sd chia

Hé s6 chia dung cho Timer0 hoic bo WDT. Céc hé sé nay khdng cd kha
nang doc va kha nang viét. Bé chon hé sé chia xung vao Timer0 hoic cho bo
WDT ta tién hanh xo0a hoic dit bit PSA cua thanh ghi OPTION_REG<3>.

Nhitng bit PS2, PS1, PSO cua thanh ghi OPTION_REG<2:0> ding dé
X4&c lap céc hé sb chia.

*) Ngit cta bo Timer 0
Ngit cua bo Timer 0 duoc phét sinh ra khi thanh ghi TMRO bj tran tac tir FFh
quay vé 00h. Khi d6 bit TOIF cua thanh ghi INTCON<2> s& duoc dit. Bit nay
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phai duoc x04 bang phan mém néu cho phép ngat bit TOIE cta thanh ghi
INTCON<5> dugc dat. Timer0 bi ding hoat dong ¢ ché do SLEEP ngét Timer
0 khong danh thtc bo xt Iy & ché d6 SLEEP.

OPTION_REG REGISTER

RAWLT RAAGT RAAET R RAN-1 RMWLT RAW-T RAALI
[ REFU [ INTEDG | Tocs | ToSE PSA psz | pst | pPso |
bit 7 bit 0

Hinh 2.12. Thanh ghi OPTION_REG

Bit 5 TOCS lya chon nguon clock
1 = Clock ngoai tir chan TOCKI
0 = Clock trong Focs/4
Bit 4 TOSE lya chon swon xung clock
1 = Timer 0 tang khi chan TOCKI tir cao xuéng thap(suon xudng)
0 = Timer O ting khi chan TOCKI tir thap Ién cao(suon xudng)
Bit 3 PSA gan bo chia xung dau vao
1 = gan bo chia Prescaler cho WDT
0 = gén bo chia Prescaler cho Timer 0
Bit 2+0 PS2+PS1 lya chon hé s6 chia xung vao theo bang sau

Bang 2.2. Lwra chon hé s6 chia xung

PS2+PS0O Timer0 WDT
000 1:2 1:1
001 1:4 1:2
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010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1.64
111 1:256 1:128

2.5.2. By Timerl

B¢ Timerl c6 thé 1a bo d¢ém hogc bo dinh thoi véi uu diém sau:

+ 16 bit cho bo dém hoic bo dinh thoi (gdm hai thanh ghi TMR1H,
TMRIL).

+ C6 kha nang doc va viét

+ C64 thé chon xung dong hd bén trong hodc bén ngoai

+ C6 thé ngat khi tran FFFFh vé 0000h

Timerl c6 mot thanh ghi diéu khién, d6 1a thanh ghi TLCON. Bo Timerl
cd hoat dong hay khdng hoat dong la nho viéc dat hoac xoad bit TMR1ION
(TLCON<O0>).

*) Hoat dong cua bo Timerl
NG c6 thé hoat dong & mot trong cac ché do sau:
+ La mot b dinh thoi 16 bit.
+ La mot bo dém c6 dong bo.
+ La mot b dém khong co dong bo.

Phuong thirc hoat dong cua bd nay duoc xac dinh bai viéc chon ngudn
xung vao Timerl. Ngudn xung déng hd dugc chon boi viée dit hoic xo0a bit
TMRI1CS (T1CON<1>). O ché d6 bo dinh thoi, dau vao 1a clock trong Fosc/4,
bit dong bo TISYNC (T1CON<2>) khdng c6 tac dung vi clock trong luén
ddng bo. Ché do bo dém hoat dong hai ché do: C6 dong bo xung vao xoa bit
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TISYNC (T1CON<2>), khéng déng bo xung vao dat bit TISYNC
(TLCON<2>) Timerl ting & sudn khi xung dau vao.

Sat Flag bit
THMR1IF an
Crarflow e Synchronized
TMR1 - Clock Input
TMR1H | TMRIL
1 [t
TMR1ON
........ o TI1SYNC

RGOT10SOTICKI E

Prascaler Synchronize
1 ol
: £ EJIEESIEEN Fosci4 1.2, 4,8 F et
. 4y Intemal
RETIOSICCRZ E_H E scilator ek ,r' 2 |

@ Clock
________ TICGKPS1: T1CKPS0
TMRI1CS

Hinh 2.13. So d6 khéi bo timerl

Khi by dao dong Timerl cho phép hoat dong thi cac chan
RC/T10SI/CCP2, RCO/T10SO/T1CKI tro thanh chan vao.

O ché 36 dém c6 dong bo, bo dém tang mdi khi suon Ién & chan RCO
hodc & chan RC1 néu bit TLOSCEN xo04 va xung vao phai dong bo véi clock
trong, & ché do nay bo dém khdng tang trong trong trang thai SLEEP.

O ché do bo dém khong dong bo Timerl taing mdi khi suon 1én & chan
RCO hoic ¢ chan RC1 néu bit TLOSCEN x04, ¢ ché d6 nay bo dém tiép tuc
tang trong trang thai SLEEP va c6 kha nang tran gay ra ngéat khi do bo xu ly
duogc danh thuec.

*) Dao dong cua Timerl

Mach dao dong thach anh dugc xay dung gitra 2 chan T10SI va T10S0.
Khi dao dong duoc cung cap & ché do cong suat thap thi tan sé cuc dai cua nd
s& 14 200kHz va ¢ ché do SLEEP n6 cung cép & tan s6 32kHz.

*) Ngt cua bo Timerl

Cip thanh ghi TMR1H va TMRIL ting tir gid tri 0000h dén gié tri

FFFFh dén gia tri nay tiép tuc tang thi tran va quay lai gia tri 0000h. Va ngat
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xuat hién khi tran qué gié tri FFFFh khi nay co ngat TMRLIF s& dugc dat. Ngat

c6 thé hoat dong hoic khdng hoat dong nhor viée dit xoa bit TMRLL.

U-0 U0 RAN-D RANCD RAW-D RWO RW-D  RWD
[ = [ — TJrickpsi]Tickpso] T10SCEN [TISYNC]TMRICS [TMRION]
bit 7 bit 0

Hinh 2.14. Thanh ghi diéu khién Timer1l
*) Thanh ghi diéu khién Timerl TLCON:
Bit 7, 6 khéng str dung
Bit 5, 4 TICKPS1+T1CKPSO lya chon hé sb chia xung vao

Bang 2.3. Lwa chon hé sb chia Xung

T1CKPS1+T1CKPSO

00 1:1
01 1:2
10 1:4
11 1:8

Bit 3 TLOSCEN bit diéu khién bd dao dong Timerl
1 = B6 dao dong hoat dong
0 = Bo dao dong khdng hoat dong
Bit 2 bit diéu khién xung clock ngoai dong bo khi TMR1CS =1
Bit2 = 0 c6 dong bo clock ngoai
Bit2 = 1 khong dong bo clock ngoai khi TMR1CS = 0 bit nay
khong c6 tac dung
Bit 1 TMR1CS lua chon ngudn xung clock vao
TMR1CS =1 clock tir chan RCO/T10SO/T1CKI(suon 1én)
Bit O bit bat tat Timer
1 =Timer 1 enable
0 = Timer 1 disable
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T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

U0 U0 RAW.0 R0 R0 RWO  RW-D  RWO
[ — [ — [rickp=i]TicKPso] T1OSCEN [TISYNC]TMRICS [TMRION]
bit 7 bit O
2.5.3. By Timer2

B6 Timer 2 ¢6 nhitng dac tinh sau day:
+ 8 bit cho bo dinh thoi (thanh ghi TMR2)
+ 8 bit vong lap (thanh ghi PR2)
+ C6 kha nang doc va viét ¢ ca hai thanh ghi noi trén
+ C6 kha nang lap trinh bang phan mém ty 18 trudc
+ C6 kha nang lap trinh bang phan mém ty Ié sau
Ché d6 SSP dung dau ra cia TMR2 dé tao xung clock. Timer2 c6 mot
thanh ghi diéu khhién d6 14 thanh ghi T2CON. Timer2 c6 thé tat bang viéc x0a
bit TMR2CON cua thanh ghi T2CON
*) Hoat dong cua bo Timer2
Timer2 dugc dung chu yéu ¢ phan diéu ché xung caa bo CCP, thanh ghi
TMR2 c6 kha niang doc va viét, nd c6 thé xoa biang viéc reset lai thiét bi. Pau
Vvao caa xung co thé chon céc ty 1& sau: 1:1, 1:2 hoidc 1:16 viéc chon C4c ty nay
c6 thé diéu khién cac bit sau T2CKPS1 va bit T2CKPSO.
*) Ngit cta bo Timer2
B6 Timer2 c6 1 thanh ghi 8 bit PR2. Timer2 tang tir gia tri 00h cho dén
khop véi PR2 va tiép theo nd sé reset lai gia tri 00h va lénh ké tiép thuc hién.
Thanh ghi PR2 1a mét thanh ghi c6 kha ning doc va kha ning viét. Thanh ghi
PR2 bat dau tir gia tri FFh dau ra cia TMR2 |4 duong dan cua cong truyén
thong dong bo, nd duoc ding dé phat cac xung dong hd.
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b on
Sets Flag 4 .,
bit TMR2IF [ BIRZ 1)

RESET Frescaler
o TMRZ Reg |- — i
T 9 101, 1:4, 1:18[ FOSCH
Postscaler - I, 9
_ o Comparator
11 to 1116 EQ
4 T2CKPS1:
T20UTPS3:
T20UTPS0

Hinh 2.15 So do khéi bo timer2

T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

-0 RO RAN-0 RA-0 RAN-0 RAW-0 RAN-0 RAW-0
— TOUTPS3 | TOUTPSZ [ TOUTPSA ITOLITF'SEI| TMR2OM I T2ZCKPS1 | T2ZCKPSE0
bit 7 bit 0

Hinh 2.16. Thanh ghi diéu khién timer2
*) Thanh ghi TCONZ2

Bit 7 khdng sir dung
Bit 6+3 TOUTPS3+TOUTPSO bit lua chon hé sé dau ra Timer2

0000=1:1
0001 =1:2
0010=1:3
1111 =1:16

Bit 2 TMR20ON bit bat tit hoat dong Timer2

40



G Von @a[ gyf;ﬂf/dfzg Fici i /242’;:2‘ 57;)“
1=enable
0 = disable
Bit 1-0 T2CKPS1-T2CKPSO0 chon hé¢ chia d4u vao
00=1:1
01=14
1x=1:16

2.6. Bd chuyén déi twong tw sang so.
2.6.1. B§ chuyén déi twong tu sang sb

Bo chuyén d6i twong tu sang sé ¢d 8 kénh (véi Pic16F877A).

Tin hiéu tuong tu dugc nap vao b nap va giir dién dung. Tin hiéu ra
dién hinh va gitr dién dung duy tri 12 dau vao bd chuyén dbi. Bau ra bo chuyén
d6i A/D 1a 10 bit. Bo chuyén d6i A/D c6 sy chuyén dién thé cao va thap dau
vao duoc lua chon trong phan mém dé c6 su két hop cua Vdd, Vss, RA2, RA3.

B6 chuyén dbi A/D cd 4 thanh ghi. D6 1a nhitng thanh ghi:

A/D thanh ghi két qua cao(ADRESH)

A/D thanh ghi két qua thip (ADRESL)

Thanh ghi diéu khién chuyén d6i A/D (ADCONDO)

Thanh ghi diéu khién chuyén do6i A/D (ADCON1)
*) Thanh ghi 8.1: thanh ghi ADCONO (dia chi 1Fh)

Bit 7-6: ADCS1-ADCSO0 Nhimng bit lya chon dong ho chuyén doi A/D

00 = Fosc/2

01 = Fosc/8

10 = Fosc/32

11 = Frc(ddng hd xuat phat tir bén trong bd chuyén dbi A/D dao
dong RC)

Bit 5-3: CHS2-CHSO0 Bit chon kénh tuong tu.

000 = kénh O(RAO/ANO)
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001 = kénh 1(RA1/AN1)
010 = kénh 2(RA1/AN2)
011 = kénh 3(RA3/AN3)
100 = kénh 4(RA5/AN4)
101 = kénh 5(RE0/ANS)
110 = kénh 6(RE1/ANG)
111 = kénh 7(RE2/AN?7)

Bit 2: GO/DONE bit trang thai chuyén d6i A/D

Néu ADON = 1 chuyén d6i A/D dang thuc hién (dat bit nay dé bat

dau qua trinh chuyén doi)

ADON=0 chuyén d6i A/D tit va ngimg hoat dong.
*) Thanh ghi 8.2: thanh ghi ADCONNL1 (dia chi 9Fh)

Bit 7 (ADFM): bit lya chon két qua dinh dang.

Bit 6-4: Ngudi dung dinh nghia.

Bit 3-0: Bit diéu khién sap xép cong chuyé doi A/D.

Thanh ghi ADRESH:ADRESL chtra dung 10 bit két qua caa chuyén d6i
A/D. Khi chuyén dbi A/D 1a hoan thanh két qua duoc nap vao thanh ghi két
qua chuyén d6i A/D. Bit GO/DONE (ADCONO0<2>) duoc x04 va bit co ngat
chuyén d6i A/D l1a ADIF dugc dat.

Sau d6 bo chuyén d6i A/D duoc sip xép nhu mong mudn. Lya chon
kénh phai dat duoc trude khi chuyén d6i bat dau. Kénh vao tuong tu phai co
bit TRIS twong tmg duoc lua chon nhu 13 dau vao.

Nhitng budc can 1am khi thuc hién chuyén doi A/D:

1. Lwa chon céu hinh A/D.
+ Pat c4u hinh tuong tu cho chan vao A/D
+ Lua chon kénh vao chuyén d6i A/D (ADCONO).
+ Lwa chon dong hd chuyén d6i A/D.
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+ Bat bo chuyén doi A/D (ADCONDO).

2. Lua chon c4u hinh ngit cho A/D.
+ Xo4a bit ADIF.
+ Dat bit ADIE.
+ Dat bit PEIE.
+ Dat bit GIE.

3. Doi phu thudc thoi gian dat duoc.

4. Bit dau chuyén doi.

+ Pt bit GO/DONE (ADCONO).

5. Doi cho chuyén d6i A/D hoan thanh.

+ Tham do bit GO/DONE dé xo4 (véi thuc hién ngit) hoac

doi cho ngat chuyén doi A/D.

6. Poc két qua chuyén d6i trén cap thanh ghi
(ADRESH:ADRESL) x04 bit ADIF néu quy dinh.

7. Cho chuyén d6i ké tiép, thuc hién budc 1 hodc bude 2 theo quy
dinh. Tdc do chuyén do6i A/D qui dinh nhu 14 chu ky Tad. Gia
tri nhé nhat doi cia 2 chu ky duoc quy dinh trude khi bat dau
ké tiép.

2.6.2. Lwra chon toc d chuyén doi.

Téc do chuyén doi la duoc dinh nhu 1a Tad. Quy dinh thoi gian chuyén
d6i A/D nho nhat 12 Tad cho 10 bit chuyén d6i. Nguon cua thoi gian chuyén
dbi lua chon trong phan mém. C6 thé lya chon mét trong cac gia tri sau: 2Tosc,
8Tosc, 32Tosc, dao dong RC trong bo chuyén d6i A/D (2 dén 6 ps).

Dé cho viéc chuyén doi dung, thoi gian chuyén doi Tad phai duoc lua
chon dé chac chan Tad nho nhat 1.6 ps.

Chuy:
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Ngudn RC c6 thoi gian chu ky Tad 4us nhung cé thé trong khoang 2-

BS.

Khi tan s6 thiét bi 16n hon 1MHz b chuyén dbdi A/D nguén ddng hod
khéi tao cho SLEEP hoat dong.
2.7. Cac ngit ciia PIC16F877

PIC16F877 c6 14 ngudn ngat, thanh ghi INTCON la thanh ghi diéu
khién cac ngat, mdi ngit c6 mot bit co ngat va mot bit cho phép hoic cAm ngat.
Bit GIE (INTCON<7>) diéu khién chung cho 14 ngét khi bit nay dit thi cac
ngit méi co tac dung, khi bit GIE x04 thi tat ca cac ngat bi cam.

Bit GIE bi x0a khi reset. Khi bit co ngat thiét lap bit GIE thiét lap va bit
PEIE thiét lap véi ngat ngoai vi dong thoi bit cho phép ngét cia ngat do cho
phép thi ngat do xay ra.

Khi mot ngat xay ra bo dém chuong trinh PC dugc nap gia tri 0004h va
bit GIE bi x0& dé cAm sy chong ngat, khi chi 1énh RETFIE thuc hién tra lai dia
chi cho PC noi xay ra ngat, dong thoi thiét lap lai bit GIE.

Khi xay ra ngat PC ludn dugc nap gia tri 00004h vi céc ngat dugc phan
biét boi bit c& ngét caa ngét do.

Ngat ngoai tir chan RBO/INT, va ngat tir sy thay doi trang thai cac chan
RB4+RB7 c6 thé danh thtc bo xt Iy tir ché ¢6 SLEEP.

Céc thanh ghi PIE1, PIR1, PIE2, PIR2 diéu khién c4c ngat ngoai Vi
Khi mot ngat xay ra chi c6 PC dugc luu trong stack do d6 nguoi sir dung phai
luu cac thanh ghi W, STATUS, PCLATH, khi xay ra ngat.

2.8. So sanh véi Vi Diéu Khién 8051

Pic diém co thé thdy ngay dau tién ma Pic16F877A dem lai va ndi bat

so voi vi diéu khién 8051 1a dong Pic16F877A cd nhimg dic tinh ki thuat cao

hon han so véi bo vi diéu khién 8051 thé hién ¢ nhitng diém sau:
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Vi diéu khién 8051 Pic 16F877A
bac tinh s6 luong Dac tinh s6 luong

ROM trén chip 4K byte ROM trén chip 4K byte

RAM 128 byte RAM 368 byte

B0 dinh thoi 2 B0 dinh thoi 3

Cacchanvaora |32 Cécchanvaora |40

Cong noi tiép 1 Cong ndi tiép 2

Nguon ngat 6 14

Ngoai nhimg dic diém trén thi bo vi diéu khién Pic16F877A con c6 mét

ddc diém hon han so véi 8051 1a ¢6 10 bit chuyén ddi A/D, diéu nay s& gilp

ching ta khong phai sir dung bo chuyén doi ngoai lam cho ndi day tré nén

phtc tap.

Mot dic diém nira ma vi diéu khién pic16F877A c6 bo dao dong chu

trén chip diéu nay sé gilp tranh dugc nhiing sai so6 khong can thiét trong viéc

tao xung dao dong, vi diéu khién Pic16F877A cd kha ning tu Reset bing bo
WDT, va c6 thém 256 byte EEPROM. Nhung gié thanh caa Pic dat hon so véi

8051.
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Chuong 3. ) ) ) ) )
THIET KE HE THONG DIEU KHIEN NHIET PQ

3.1. So' @6 khéi tong quat.

»| Hién thi
Bo
Cé’m R chuyén J opidd W "
bién dé)i g khién BQ;
AID o Cchuyén -
doi D/IA

Mach
Thyristor

3.1. So dd khdi hé théng diéu khién nhiét do.

Hé thong diéu khién nhan nhiét 46 tir ddi twong bang cam bién. Bo cam
bién nay sé& chuyén nhiét do nay thanh muc dién 4p twong tng muc dién ap nay
& dang tin hiéu tuong tu. Sau d6 tin hiéu tuong tu nay sé& dugc chuyén vé dang
sb bang bo chuyén ddi tuong tu sang sb trude khi dua vao bo diéu khién. Bo
diéu khién ndy nhan dugc nhiét d6 do, kiém tra nhiét 46 xem da dat hay chua,
néu nhiét do chua du thi diéu khién ting hoidc nguoc lai, nhiét d6 cao hon thi
diéu khién giam. Qua trinh diéu khién bang dién ap xuat ra, qua bo chuyén doi
DAC dugc dién ap tuong tu, dua dén mach diéu khién thyristor. Mach diéu
khién thyristor s& tao ra xung dé mé thyristor pht hop véi yéu cau tiang hoic
gidm nhét do.

3.2. Khdi cam bién.
C6 rat nhiéu loai cam bién do nhiét d6 trén thi trudng nhung dé st

dung va thdng dung nhit van 1a LM335.
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L1335

ADI + —
3.2. C4u tao chan

Céc tham s cua LM335:

O

O

C6 do bién thién theo nhiét d6 1a:10mv/K®.

C6 sy 6n dinh cao, chi sai s6 khoang 1%.

Ham dién &p bién thién tuyén tinh khi do trong khoang -40-100°C
Tiéu tan cdng suat thap.

Dong dién lam viéc tir 4.10™A dén 5.10°A.

Dong nguoc 15mA.

Dong thuan 10mA.

Bién thién cua dién ap theo nhiét do: Vout=2.73+0.01xT°C.

3.3. Khoi chuyén doi twong tuw sang so.

Goi tin hiéu twong tu 1a U, thi tin hiéu sb 1a Up dugc biéu dién dudi

dang ma nhi phan nhu sau:

UD:bn_l.Z”'1+bn_2.2n'2+. . .+b020

Trong d6 cac hé sd by 12 cac bit ciia s6 nhi phan. Bit b, duoc goi 1a bit

c6 y nghia 16n nhat (MSB), mdi bién d6i gia tri cia MSB tuong tmg voi su

bién d6i cua tin hiéu 13 nira dai 1am viéc. Bit by goi 13 bit c6 ¥ nghia nho nhét

(LSB), mdi bién d6i gia tri cia LSB tuong tng véi mot muc luong tir .

Véi mot mach bién d6i co N bit dau ra thi mdi budc ciia bac thang twong

ung mot gia tri:
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U;Am
2N

Q:ULSB =

Trong do, Uaw la gia tri cuc dai cho phép cho phép cua dién ap dau vao
ADC. Q hodc U sg goi la muc luong tir. Do tin hi¢u sb 14 roi rac nén trong qua
trinh bién d6i AD xuét hién mot sai s6 goi la sai $6 luong tir hoa dugc xac dinh

nhu sau:
AQ =10
2

Khi chuyén d6i AD phai thuc hién 1dy mau tin hiéu tuong tu. Dé dam
bao khoi phuc lai tin hi€u moét cach trung thuc thi tan s léy mau fy phai thda
man diéu kién:

Trong d6, famax 12 tan s6 cuc dai cta tin hiéu dau vao

Qua trinh bién d6i A/D gdm 3 budc: lay mau, luong tir hoa va ma hoa.

ADC

UA UD

Liy mau Luong tu Ma hoa
hoa

Hinh 3.3. So d6 khdi qua trinh chuyén d6i A/D.

- LAy mau: mach ldy mau c6 hai nhiém vu:

+ L4y mAu tin hiéu twong tu tai cac thoi diém khac nhau va cach déu
nhau (roi rac hoa vé mat thoi gian).

+ Giit cho bién do dién ap tai cac thoi diém ldy mau khong doi trong
sudt qua trinh chuyén d6i tiép theo.

- Luong tir hod: 12 qua trinh roi rac cac mau vé bién do. Chia khoang
bién d6 thanh cac murc 101 rac goi 1a cidc muc lugng tir, bién do clia cidc mau

dugc lam tron vé cac mure luong tir do.
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- M4 hoé: M4 ho4 cac mau sau khi dugc lugng tir hoa thanh cac bit $6.

T U, Ly tudng
1 \ —— Thuc
F\

Sai s6 khuyéch dai

méo phi tuyén

Sai sO don diéu

"‘ il T Sai s6 1éch khong
1/2 LSB
Hinh 4.4. Pic tuyén truyén dat 1y tudong va thuc cia bd chuyén doi A/D.

Tong quat ta c6 cong thuc chuyén dé1 A/D doi voir moi mau tin hiéu

tuong tu:

U, = Round[h.z“‘ ]
U

ref
Uai: Dién &p tuong tu cua mau thu 1.

Uer: Dién 4p tham chiéu (dién 4p chuan c6 dinh), dung dé so sanh voi

Ui tao dién 4p soO.
Upi: Dién 4p s0 trng véi mau Uy,
N: SO bit cua bo chuyén doi

o day yéu cAu Up<U,y, nén ta phai lya chon Uy thich hop voi mdi tin
hléu UA.
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V&i mdi gia tri N, thi Uy cang 16n thi sai s0 lugng tir cang 1on. Véi mdi

gia tri Uy thi N cang 16n thi sai sb lugng tur cang nhd.

Céc tham sd chinh ctia bd chuyén dbi A/D

- Dai bién d6i cua dién ap tin hiéu twong tu & dau vao: 1a khoang dién ap
ma bo chuyén doi A/D c6 thé thuc hién chuyén d6i duge. Khoang dién ap d6
o thé léy tri s6 tir 0 dén mot tri sd duong hay am nao d6 hoac cé thé 1a dién ap
hai cuc tinh.

- Do chinh xac cua bd chuyén ddi A/D: Tham sb dau tién dic trung cho
d6 chinh xac ctia mét ADC 1a do phan biét. Trén dau ra mdi bo ADC la cac gia
tri s6 duoc sép Xép theo quy luat cua mot loai ma nao do. S6 céc sb hang cua
mi sd ¢ dau ra (sb bit trong ma nhi phan) twong Gng voi dai bién déi cia dién
&p vao cho biét murc chinh xéac ctia phép chuyén doi. Mot ADC ¢ N bit dau ra
thi n6 c¢6 thé phan biét duge 2" murc trong dai bién ddi cua nd. Do phan biét
cua mot ADC 1a Q, né chinh Ia gia tr1 cia mgt muac lugng tir héa hodc con goi
1a 1 LSB. Trong thyc té thuong dung sb bit N ¢ dau ra dé dic trung cho do
chinh xac voi cing mot dai dién 4p vao sé cac sé hang ctia mi sé ¢ dau ra cang
16m thi d§ chinh xac cang cao.

Ngoai ra dic trung cho tinh chinh xac cia ADC con c6 cac tham sb
khéc, do 1a :

+ Puong dic tuyén co sai sb 1éch khong, nghia 13 n6 khong xuat phat tai
gia tri twong ung 14 1/2 LSB. N6 1a hinh bac thang khong déu do anh huong
clia cac sai so.

+ Sai s6 khuyéch dai 1a sai so giita d6 doc trung binh cua dudng dic

tuyén thuc voi 6 dbc trung binh ciia duong dic tuyén 1y tudng.

+ Sai sb phi tuyén duoc dic trung boi su thay doi do ddc duong trung
binh ctia dic tuyén thuc trong dai bién doi cua cua dién ap vao. Sai s ndy lam

cho dic tuyén chuyén doi co dang hinh béc thang khong déu.
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+ Sai s6 don diéu thuc chét cling do tinh phi tuyén cua duong dic tinh

bién doi gay ra, nhung n6 lam cho d6 doc duong trung binh bién thién khong

don diéu, tham chi mat mot vai ma so.

- Téc do chuyén ddi: cho biét sé mau chuyén dbi trong 1 gidy, duoc goi
1a tan sd chuyén dbi f,. Ciing c6 thé dung tham sé thoi gian chuyén doi T, dé
dic trung cho téc d6 chuyén d6i. Vi giita cic lan chuyén doi con c6 mot
khoang thoi gian can thiét dé cho ADC phuc hoi lai trang thai ban dau, nén
thuong f,<1/T,, & ddy v6i mot bd ADC tdc do cao thi phai tra gia bang do

chinh xac gidm hodc nguoc lai.
Cdc phwong phdp bién doi so twong tu.

C6 nhiéu cach phan loai cic phuong phap bién ddi s6 twong tu. Trong d6
c6 cach phan loai theo qua trinh chuyén d6i vé mit thoi gian, theo cach phan

loai ndy c6 bon phuong phap bién d6i A/D:

- Bién d6i song song: trong phuong phap ndy, tin hiéu duoc so sanh
clng mot lac voi nhiéu gia tri chuan. Do do, tat ca cac bit dugc xac dinh dong

thot va dua dén dau ra.

- Bién ddi ndi tiép theo m3 dém: qua trinh so sanh dugc thuc hién lan
luot timg budc theo quy lut ciia md dém. Két qua chuyén doi duoc xac dinh
bang cach dém s6 luong gia tri chuin c6 thé chtra dugc trong gia tri tin hiéu
tuong tu can chuyén doi.

- Bién d6i nbi tiép theo ma nhi phan: qua trinh so sanh dugc thuc hién
1an luot ting budc theo qui luat cia ma nhi phan. Cac don vi chuin dung dé so
sanh ldy cac gia tri giam dan theo quy lut ctia ma nhi phan. Do d6 cac bit duoc
xéc dinh 1an luot theo tir bit c6 y nghia 16n nhat dén bit c6 ¥ nghia nho nhat.

- Bién ddi song song - ndi tiép két hop: trong phuong phap ndy, qua mdi

budc so sanh cé thé xac dinh dugc tdi thiéu 1a hai bit dong thoi.
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Sit dung bé chuyén doi trong hé théong.

Trong hé théng ¢ day ta st dung bod chuyén doi A/D 10 bit tich hop
trong bo vi diéu khién Pic 16F877A.
3.4. Khéi diéu khién.

Hién nay vi diéu khién phét trién rat manh dién hinh trong sé d6 1a pic
c6 rat nhiéu tinh nang wu viét hon so véi vi diéu kién khac dic biét nhat 1a tinh
thong dung caa nd. Vi nhimg Iy do d6 ma em sir dung pic16F877A cho khdi
diéu khién trong dé tai nay.

3.5. Khoi chuyén doi sé sang twong tu.

Véi yéu cau ¢ day duong diéu khién dwa ra 13 8 bits, va diéu khién
nhiét do khong yéu téc 6 dap tmg nhanh nén dé don gian ¢ day em chon IC
DAC sén c6 1a DAC0808. DAC0808 13 mdt bd chuyén doi 8 bits s6 sang tuwong
tu dau ra c6 dic tinh thoi gian dang bang kich thudc cua tin hiéu vao trong
khoang 150ns v&i cong suét tiéu thy 1a 33mW khi dién ap cung cép 1a + 5V.
Khong can phai diéu chinh dong dién IREF cho tat ca cac (mg dung, tir d6 dau
ra hién tai 1a £1LBS cta 255 (IREF/256). Ngudn cung cip cia DAC0808 doc
lap voi “bit code” va dua ra nhitng dic diém noi bat cia thiét bi phy thoc vao
muc dién ap vao.

DACO0808 giao tiép truc tiép v6i TTL, DTL hay CMOS ¢ mirc logic, va
dung thay thé cho MC1580/MC1408.

Ciu tao bén trong DAC
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RANGE
CONTROL

VagF(y) O

VReF|-| O

mse lSl
? A2 A M A a8 A
-
CURRENT SWITCHES o
A-2A LADDER BIAS CIHCUIT feO) GND
NPN CURRENT O Ve
SOURCE PAIR
REFERENCE D COMPEN
CURRENT AMP

5

Vee

4.5. So d6 cau tao bén trong DAC0808.
So do chan. 45V o o 12V
PORT B DAC 0808 |
[ | -1
PR/ 5 N Vece |13 104
PBO 6 GND | L
PB5 A2
7t ver [-11044 1
PB4 8 16 =
= S| 4 comes [, OUT
PBR2 10| B2 OUT [ .
PB1 11 :j VOUTf_J 5~ L
PRO 12 —-vre =
A8 +Vref|” 2,1K
—12V
Q 820 1K
‘ 5k 40%
-1
100uF/25Vv I _l_ _|_ 104
— — L ——
4.6. So d6 ghép ndi chan ciia DAC0808.
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3.6. Khoi diéu khién thyristor.

Thyristor chi mé cho dong dién chay qua khi c6 dién &p duong dat 1én
anodt va xung dién ap duong dit 1én cuc didu khién. Sau khi Thyristor dd mé thi
xung diéu khién khong con tac dung, dong dién chay qua Thyristor do thong s6
cua mach dong luc quyét dinh.

3.6.1. So' dd cau tric

So d6 khoéi mach diéu khién Thyristor nhu hinh 4.7.

Mach diéu khién c6 cac chiic ning sau:

- biéu chinh duoc vi tri xung diéu khién trong pham vi nira chu ky duong cta
dién 4p trén anodt- catdt cua Thyristor.

- Tao ra dugc cac xung c6 du diéu kién mé duoc Thyristor. Xung diéu khién
thuong c6 bién dotr 2 dén 10V, do rong xung tx=20-100us ddi véi thiét
bi chinh luu hoic cip Thyristor diu song song ngugc.

Do rong xung duge xac dinh theo biéu thuc:

t = Idt

X_di
dt

* |4 la dong duy tri cua Thyristor;

Trong do:

= di/dt 1a téc d6 ting truong ctia dong tai.
Céu triic cia mot mach diéu khién Thyristor gom 3 khau chinh sau day:
- Khau déng bo (PB): tao tin hiéu dong bd véi dién ap andt-catdt cua
Thyristor can mé. Tin hiéu nay 1a dién ap xoay chiéu, thuong ldy tir bién ap

c6 so cap nodi song song vo1 Thyristor can mo.
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- Khau so sanh - tao xung (SS-TX): lam nhiém vu so sanh gitta dién ap dong

bo thuong da dugc bién thé véi tin hiéu diéu khién mot chiéu dé tao ra xung
kich m¢ Thyristor.
- Khau khuéch dai xung (KP): tao ra xung mo c¢6 du diéu kién dé mo

Thyristor.

Udb
> bB o SS-TX

A 4

Udk

4.7. So d6 khbi mach diéu khién thyristor.
Khi thay doi gia tri dién ap mot chiéu Udk thi goc mo o sé thay doi.
3.6.2. Nguyén tic diéu khién
St dung nguyén tic diéu khién thang dimg “arccos” nhu hinh 2 dé thyc
hién diéu chinh vi tri dit xung trong ntra chu ky dwong cua dién 4p dat trén
Thyristor. Theo nguyén tic ndy, & khau so sanh c¢6 hai dién ap dit vao:
- Bién ap déng b0 sin, sau khi ra khoi khau BB duoc tao thanh tin hi€u cos
- Pién 4p diéu khién 1a ap mot chiéu co thé bién d6i dugc
v}
Udk

4.8. Nguyén tac diéu khién thang dimg “arccos” .
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Dién 4p udb= Um sinwt thi: Uc = Um cosot

Gié tr1 o dugce tinh theo phuong trinh sau: Umcosa = Udk

Do d6: o= arccos(Udk/Um)

-khi Udk=Umthi a=0

- khi Udk =0 thi o=J1/2

- khi Udk = -Um thi a=1JI

Nhu vy, khi diéu chinh Udk tir tri -Um dén +Um, ta c6 thé diéu chinh dugc
goc a tir 0 dén JI.
3.6.3. So d0 nguyén ly

Trong phan ndy trinh bay mot so d6 diéu khién Thyristor mot kénh nhu

hinh 4.10 d3 duoc thiét ké va lap rap thuc té. So dd lam viéc theo nguyén tic
diéu khién thang dimg tuyén tinh trong d6 khau tao xung tam giac va khau so
sanh str dung OA loai TL084 so sanh theo kiéu hai tin hiéu cung dau.
Khau khuéch dai xung sir dung mot Transistor va bién ap xung. Khau khuéch

dai c6 thé tinh chon khac nhau tuy thudc vao Thyristor dugc chon.

THYRISTOR

N
4
°]
N
AAAAN

TR2

1

TRAN-2P2S

IF

Udk , | \_]%3 G Rs Q2
1
T

Q3

Hinh 4.10. So d6 hé thong diéu khién Thyristor.
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So d6 gébm kénh kich mé cho Thyristor. Kénh gdm c6 4 khau: khau tao xung

vudng, khau tao xung tam gi4c khau so sanh, khau khuéch dai, khau tao xung
Kim.

- Khéu tao vudng gom: OP1, R1. Pau vao caa khau la tin hiéu hinh sin qua
khau nay tin hiéu xung sin bi cat thanh xung vuéng.

- Khau tao xung tam giac bao gdm: OA2, R2, R3, C1, D1, Q1. Khau tao xung
tam giac thuc chat 1a mach tich phan dung dé bién d6i xung vudng tir dau ra
cuia khdi tao xung vudng dé chuyén thanh xung tam giac.

- Khau so sanh gém R4 va OP3. Tin hiéu & dau ra ciia mach tich phan s& duoc
so sanh véi dién ap diéu khién. Pau ra cia khau so sanh tao ra xung vudng
dugc diéu khién bang Udk.

- Khau khuéch dai xung gdm: R5, Q2, Q3. Dung dé khuéch dai tin hiéu xung
vubng ¢ dau ra cta bo so sanh dé duoc dién ap theo yéu cau.

- Khau tao xung kim gom: D2, BAX. Khéi ndy tao ra cac xung Kim tir cac
suon cua Xxung vubng ¢ dau ra caa bd khuéch dai dé dua vao diéu kién mo

thyristor theo yéu cau.

3.7. Khoi hién thi LCD.

Ngay nay, thiét bi hién thi LCD (Liquid Crystal Display) duogc st dung
trong rat nhiéu cac ung dung caa VDK. LCD c6 rat nhiéu uu diém so voi cac
dang hién thi khac nhu n6 c6 kha ning hién thi ki tu da dang, truc quan (chi,
s6 va ki tu do hoa), dé dang dua vao mach tng dung theo nhiéu giao thic giao
tiép khac nhau, ton rat it tai nguyén hé thong va gié thanh ré ... Trong dé tai nay
t6i st dung HD44780 cua Hitachi, mot loai thiét bi hién thi LCD rét thdng
dung & nudc ta.
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3.7.1. Cac chan chirc nang.

Bang 4.1. Cac chan chirc nang cia HD44780.

Chan so

Tén

Chtrc nang

1

Chan ndi dat cho LCD, khi thiét ké mach ta ndi chan nay

v61 GND cua mach diéu khién.

Vvdd

Chan cap ngudn cho LCD, khi thiét ké mach ta ndi chan

nay voi 5V cia mach diéu khién.

Vo

Chén nay dung dé diéu chinh do tuong phan ciia LCD.

RS

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 sé& ni v6i thanh ghi 1énh IR
ciia LCD (& ché @6 “ghi” - write) hodc ndi voi bo dém
dia chi ctia LCD (& ché do “doc” - read)

+ Logic “1”: Bus DB0-DB7 s& ni v6i thanh ghi dir liéu
DR bén trong LCD.

RW

Chén chon ché do doc/ghi (Read/Write). Néi chan R/W
v6i logic “0” dé LCD hoat déng & ché do ghi, hodc nbi
voi logic “1” dé LCD & ché d6 doc.

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

+ O ché d6 ghi: Dir li€u ¢ bus s€ dugc LCD chuyén vao
(chap nhan) thanh ghi bén trong né khi phat hién mot
xung (low-to-high transition) cua tin hi¢u chan E.
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+ O ché @6 doc: Dit liéu s& dugc LCD xuét ra DB0-DB7
khi phat hién suon 1én (low-t0-high transition) ¢ chan E va
dugc LCD giit & bus dén khi nao chan E xudng mirc thap.

7+14 | DB0+DB7 | 8 dudng cua bus dir liéu dung dé trao doi thong tin véi

MPU. C6 2 ché d6 st dung 8 duong bus nay:
+ Ché d6 8 bit: Dit liéu dugc truyén trén ca 8 dudng, voi
bit MSB la bit DB7.
+ Ché d 4 bit: Dit liéu duoc truyén trén 4 duong tir DB4
t61 DB7, bit MSB 1a DB7.

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

16 K Chén ndi dat ciia dén Back light

3.7.2. So do khoi ctia HD44780.

D¢ hiéu 10 hon chirc nang cac chan va hoat dong cia chung, ta tim hiéu

so qua chip HD44780 thong qua cac khdi co ban cta no.

*) Cac thanh ghi:

Chip HD44780 c0 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: Dé diéu khién LCD, nguoi dung phai “ra 1énh” thong
qua tam duong bus DB0-DB7. Mdi 1énh duoc nha san xuit LCD danh dja chi
rd rang. Nguoi dung chi viéc cung cép dia chi 1énh bang cich nap vao thanh
ghi IR. Nghia 13, khi ta nap vao thanh ghi IR mét chudi 8 bit, chip HD44780 s&

tra bang ma I¢énh tai dia chi ma IR cung cép va thuc hién 1€nh do.
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T shift latch signal  ——
DB4 to register | | circuit driver
DE7
= 7
Input! | = Df_t'ita 8 ¥ ' :
DBO to | output ragistar 7 A
DB3 huffer (DR} I 4
=_—— & 8 LCD drive
valtage
El'gﬁg‘f selector
Y L [
= L ;
Character Charactar Cursor
genearator generator and
R RO Glink
(CGRAM) || (CGROM) | conirgiiar
CND G4 bytes _ 5 bits
5 ¢ 5
, ¥
Parallel{serial converter
and —|
attribute circuit
AAALA
Vi1owv2 w3 W4 Wh

Hinh 4.11 So dd khdi cia HD44780.

- Thanh ghi DR: Thanh ghi DR dung dé chura dir liéu 8 bit dé ghi vao
viing RAM, DDRAM hoic CGRAM (6 ché d6 ghi) hoic dung dé chira dit liéu
tir 2 ving RAM nay goi ra cho MPU (¢ ché do doc). Nghia 13, khi MPU ghi
thong tin vao DR, mach noi bén trong chip s€ tu dong ghi thong tin nay vao
DDRAM hoac CGRAM. Hodc khi thong tin vé dia chi dugc ghi vao IR, di
liu & dia chi nay trong ving RAM ndi ctia HD44780 s& dugc chuyén ra DR dé
truyén cho MPU. Vay bang cach diéu khién chan RS va R/W chung ta c6 thé
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chuyén qua lai giit 2 thanh ghi nay trong khi giao tiép v6i MPU. Bang 3.2. tém

tat lai cac thiét 1ap d6i voi hai chan RS va R/W theo muc dich giao tiép.

Bang 4.2. Bang chirc nang chan RS va R/W theo muc dich st dung.

RS RW Y nghia

0 0 Ghi véao thanh ghi IR dé ra lénh cho LCD (VD:

can display clear, ...)

0 1 Poc co ban & DB7 va gia tri ciia bo dém dia chi &
DB0-DB6

1 0 Ghi vao thanh ghi DR

1 1 Poc dir liéu tir DR

*) Co bao ban BF (Busy Flag):

Khi thyc 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 v4i bén ngoai va bat co BF (thong qua chan
DB7 khi ¢6 thiét 1ap RS=0, R/W=1) 1én dé bao cho MPU biét n6 dang “ban”.
Di nhién, khi xong viéc, n6 s€ dat co BF lai muc 0.

*) B6 dém dia chi AC (Address Counter):

Nhu trong so d6 khoi, thanh ghi IR khong truc tiép két ndi véi ving
RAM (DDRAM va CGRAM) ma théng qua bd dém dia chi AC. Bo dém nay
lai n6i véi 2 vung RAM theo kiéu r& nhanh. Khi mot dia chi 1énh duogc nap vao
thanh ghi IR, thong tin dugc ndi truc tiép cho 2 ving RAM nhung viéc chon
lga ving RAM tuong tac dd dugc bao ham trong ma 1énh. Sau khi ghi vao
(hodc doc tir) RAM, b dém AC ty dong tang lén (hoic giam di) 1 don vi va
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ndi dung cua AC dugc xuat 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 cap nhat AC khong duoc
tinh vao thoi gian thuc thi 1énh ma dugc cap nhat sau khi ¢ BF 1én muc cao
(not busy), cho nén khi 1ap trinh hién thi, ban phai delay mot khoang tADD

khoang 4uS-5uS (ngay sau khi BF=1) trudc khi nap dit liéu méi.

*) Ving RAM hién thi DDRAM (Display Data RAM):

bay la ving RAM dung dé hién thi, nghia 1a tng véi mot dia chi cua
RAM la mot 6 ki tu trén man hinh va khi ban ghi vao ving RAM nay mot ma 8
bit, LCD s& hién thj tai vi tri tvong Gng trén man hinh mét ki ty ¢c6 ma 8 bit ma

ban di cung cAp nhu hinh 3.3.

Display position

(gt 1 2 3 4 5 T8 80
DORAM

address |UD|U1|DE|U3|U4‘ R '[4E|4FJ
(hexadecimal)

Figure 2 1-Line Display

Display

position 1 2 3 4 5 4D
DORAM 00 )01 02| 03|04 I 26 | 27
addrass i

{he:ﬂﬂdﬂﬂilﬂﬂ“ A0 |41 142 | 43|44 |------------- - | BB | BT

Figure 4 2-Line Display
Hinh 4.12 Mbi lién hé gifta dia chi cia DDRAM va vi tri hién thi
cua LCD.

Viung RAM nay c6 80x8 bit nhd, nghia la chtra dugc 80 ki tu ma 8 bit.
Nhitng ving RAM con lai khong dung cho hién thi c¢6 thé dung nhu ving
RAM da muc dich. Luu y 1a dé truy cap vao DDRAM, ta phai cung cip dia chi
cho AC theo ma HEX.

*) Vung ROM chtra ki tu CGROM (Character Generator ROM):
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Ving ROM nay dung dé chira cac mau ki ty loai 5x8 hodc 5x10 diém
anh/ki tu, va dinh dija chi bang 8 bit. Tuy nhién, n6 chi c6 208 mau ki ty 5x8 va
32 mau ki tu kiéu 5x10 (tdng cong 1a 240 thay vi 256 méu ki tr). Nguoi dung
khong thé thay doi ving ROM nay.

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

EPROM Address Data

LSEB
ATTATDAD AB AT AB AS A4 A3 AZ A1 AD |04 0202 0100

0

=
L=
L]
=]

1 1 00 010 -—— Cursar position

o Qo0 O oo

[ ]

0
1]
0
0
0
0
0
1
i
1
1
1
1
1
1

el = Y T ) P B = I |
Lo}

= I o TR e T [ e Y o, B o et

o O D D D O O DD = = = = =k =k =

o o O O O O O O | all=sle o Ol 2o o

o oo o o o o oo ol o allo oo

o 0 0 0 0

Hinh 4.13. Méi lién hé gitta dia chi cia ROM va dit liéu tao mau ki tu.
*) Viing RAM chira ki tr @ hoa CGRAM (Character Generator RAM):

Nhu trén bang ma ki tu, nha san xuat danh ving c6 dia chi byte cao 1a
0000 dé nguoi dung co thé tao cac mau ki tu dd hoa riéng. Tuy nhién dung
luong vung nay rat han ché: Ta chi c6 thé tao 8 ki tu loai 5x8 diém anh, hodc 4
ki tu loai 5x10 diém anh. Pé ghi vao CGRAM, xem hinh 3.6.
3.7.3. Tap lénh caa LCD.

Trude khi tim hiéu tap 1énh ctia LCD, sau day 1a mot vai cha y khi giao
tiép v6i LCD:
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* Tuy trong so d6 khoi ciia LCD c6 nhiéu khéi khac nhau, nhung khi 1ap

trinh diéu khién LCD ta chi c¢6 thé tac dong truc tiép dugc vao 2 thanh ghi DR

va IR thong qua cic chan DBx, va ta phai thiét 1ap chan RS, R/W phu hop dé
chuyén qua lai giir 2 thanh ghi ndy. (xem bang 3.2)

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 o o1
01D 1ooojtl |
[ Aracier
o1 141 1|0 :
* ! pattern (1)
0000 * 000 ona:100 o]0 o
1101 1|0 o[1]o
110 v |10 o ofq]
i1 11 = 20 0000 }Cursorpnsnion
o 0o =« = [1]o 0 o1
0001 4 tolr]of1le]
010 T 1 1 1 1 charadt
L Aracter
011 ‘0 01 .
® : attern (2)
0000 ° 001 00 1 g = 4 ] [ Patten
101 o ol1fo o
1110 Y oof|t|o all
1.1 1 « »ip 0 0 0 0|} Cursorposition
000 '
I N VR | !
__.—'-'-‘_'_'___'_'_'— —_N\_‘ !
_'_H_'_‘_'___,_.—'—'—'— -\_—_—_*“-h_.r\__\____\_\_ : o
0000 111 111! ;
100 |
101 i
110 i
11 1 o & 4

Hinh 4.14. Méi lién hé giita dja chi cta CGRAM, dir liéu CGARM, va
ma Ki tu.
* V6i mdi 1énh, LCD can mot khoang thoi gian dé hoan tat, thoi gian
nay c6 thé kha lau d6i voi toc d6 ciia MPU, nén ta can kiém tra cd BF hodc doi

(delay) cho LCD thuc thi xong 1énh hién hanh mé&i c6 thé ra 1énh tiép theo.

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

64



G Von @a[ g%isﬂz%)cf/zg Fici i /242’;:2‘ 57;)“

* Céc 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 liéu (8 bit / 4 bit), ...

* Chi dinh dia chi RAM noi.
« Nhom 1énh truyén dir liéu trong RAM noi.
* Cac lénh con lai .

Bang 4.3. Tap Iénh cua LCD.

Thoi
Tén lénh Hoat dong gian
chay

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

DBx= 0 0 0 0O 0 O 0 1

Clear . . .
Lénh Clear Display (x06a hién thi) s€ ghi mdt khodng trong (ma hién

Display  |thj ki ty 20H) vao tit ca 6 nh¢ trong DDRAM, sau d6 tra bo dém
dia chi AC=0, tra lai hién thi gbc néu n6 bi thay do6i, nghia 1a: Tat

hién thi, con tré doi vé goc trai (hang dau tién), ché d6 ting AC.

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

Return DBx= 0 0 O 0 O 0 1 *
1.52

home Lénh Return home tra bo dém dia chi AC vé 0, tra lai kiéu hién thi ms

gbc néu né bi thay d6i. Noi dung cia DDRAM khong thay d6i.

Ma Iénh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO0

DBx=0 0 0 0 0 1 [IUD] [S]

Entr . .
y I/D: Tang (I/D=1) hodc giam (I/D=0) bd dém dia chi hién thi AC 1

mode set |don vi mdi khi c6 hanh dong ghi hodc doc ving DDRAM. Vi tri

con tré ciing di chuyén theo su ting giam nay.

S: Khi S=1 toan bd ndi dung hién thi bi dich sang phai (I/D=0) hoac
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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 hodc doc/ghi ving CGRAM.

37us

Display
oeition 1 2 3 4 5 & 7 8
2

nDRAM | 00]01]02 |03 |04]05 |06 |07

addrass .
Display A (41(42 |43 |44 |45 |46 |47

positon 1 2 ¥ 4 & & T &

DORAM 00| 01|02|03| 04|05 | 08|07
address For 01|02| 03|04 05| 06|07 |08

shift left

4142|143 |44 |45(46 (47 |48
For

shift left | 91

DE|D3|U4‘US|C‘E‘UT|-€-E|

For 2700|010z 03|04 |05 |06

Far " shift right
shift righ1|4F Q0|01 (02|03 04|05 'D{}| d G740 41 |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 nd1 dung hién thi

M3 lénh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO
DBx= 0 0 0 0 1 [D] [C] [B]

D: Hién thi man hinh khi D=1 va nguoc lai. Khi tit hién thi, noi

Display dung DDRAM khong thay doi.

on/off C: Hién thi con tré khi C=1 va ngugc lai. Vi tri va hinh dang con
trd, xem hinh 3.8.
control

B: Nhép nhay ki tu tai vi tri con tré khi B=1 va nguoc lai. Xem
thém hinh 8. vé kiéu nhap nhay. Chu ki nhap nhay khoang 409,6ms
khi mach dao déng ndi LCD la 250kHz.

37us
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=
L

LT
Cursor — S
5 x 8 dot 5 % 10 dot Alternating display
charactar font character font
Cursor display example Blink display example

Fizure 12 Cursor and Blinking

Hinh 3.8. Kiéu con, kiéu ki ty va nhip nhay ki tu

Ma lIénh: DBx=DB7 DB6 DB5 DB4 DB3 DB2 DBI1 DBO
DBx=0 0 0 1 [S/IC][RIL] * *

Lénh Cursor or display shift dich chuyén con tro hay dit liéu hién
Cursor |thi sang tréi ma khong can hanh dong ghi/doc dir liéu. Khi hién thi
kiéu 2 dong, con tro s€ nhay xuong dong dudi khi dich qua vi tri thir
or 40 cuia hang dAu tién. Dit liéu hang dAu va hang 2 dich cing mét

display |ltc. Chi tiét sir dung xem bang sau:

shift S/C | R/L | Hoat ding
] 0 Dich vitri con tro sang trdi (Nghia la giam AC mdt don vi). 37“3
0 1 Dich vi tri con tro sang phai (Tang AC 1én 1 don vi).
1 0 Dich todn bd ndi dung hién thi sang tri, con tré ciing dich theo.
1 1 Dich to&n bd ndi dung hién thi sang phai, con tré ciing dich theo.

M3 1énh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
DBx= 0 0 1 [DL] [N] [F] * =
Function |DL: Khi DL=1, LCD giao tiép v6i MPU bang giao thirc 8 bit (tir bit
DB7 dén DBO). Nguoc lai, giao thic giao tiép 13 4 bit (tir bit DB7
dén bit DB0). Khi chon giao thtic 4 bit, dit liéu dugc truyén/nhan 2
1an lién tiép véi 4 bit cao glri/nhan trudce, 4 bit thap gdi/nhan sau.

N: Thiét 14p s6 hang hién thi. Khi N=0: hién thi 1 hang, N=1: hién

set
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thi 2 hang.

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

* Chay:

37us

« Chi thyc hién thay dbi Function set & dau chuong trinh. Va sau
khi duogc thyc thi 1 14n, 1énh thay d6i Function set khéng dugec LCD
chép nhén nita ngoai trir thiét 1ap chuyén ddi giao thirc giao tiép.

« Khéng thé hién thi kiéu ki ty 5x10 diém anh & kiéu hién thj 2
hang.

Mai 1énh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Set DBx= 0 1 [ACG][ACG][ACG][ACG][ACG][ACG]
CGRAM |Lénh nay ghi vao AC dia chi cita CGRAM. Ki hi¢u [ACG] chi 1 bit
address  |cua chudi dit liéu 6 bit. Ngay sau 1énh nay 1a 1énh doc/ghi dir liéu tir|37us
CGRAM tai dia chi da duoc chi dinh.

Ma 1énh: DBx=DB7 DB6 DB5 DB4 DB3 DB2 DBI1 DBO
DBx=1 [AD] [AD] [AD] [AD] [AD] [AD] [AD]
Lénh nay ghi vao AC dia chi cia DDRAM, dung khi can thiét lap

?)e[t)RAM toa do hién thi mong muén. Ngay sau 1énh nay la lénh’ doc/ g%li dir
address liéu tr DDRAM tai d%a chi da du:qc chi dinh. Khi (’r,ché do qhién thi
1 hang, dia chi c6 thé tir 00H dén 4FH. Khi & ch¢ d6 hién thi 2|37us
hang, dia chi tir 00h dén 27H cho hang thir nhat, va tir 40h dén 67h
cho hang thir 2.
Ma Iénh: DBx = DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
DBx= [BF] [AC] [AC] [AC] [AC] [AC] [AC] [AC]
(RS=0, R/W=1)
Read BF |Nhu da dé cap trude day, khi co BF bat, LCD dang lam viéc va 1énh
and tiép theo (néu c6) s& bi bo qua néu co BF chua vé muc thap. Cho

address  |nén, khi lap trinh diéu khién, ban phai kiém tra cd BF truéc khi ghi
dwr liéu vao LCD. Khi doc cd BF, gid tri cia AC ciing dugc xuét ra Ops
cac bit [AC]. No6 1a dia chi cua CG hay DDRAM 1la tuy thudc vao

1énh trudc do.
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Ma Iénh: DBx =DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DBx = [Write data] (RS=1, R/W=0)
Write Khi thiét 1ap RS=1, R/W=0, dit liéu can ghi duoc dua vao cac chan
ata to DBx tir mach ngoai s€ dugc LCD chuyén vao trong LCD tai dia chi

CGor duogc xac dinh tir 1€nh ghi dia chi trude dé (Ienh ghi dia chi cling
DDRAM |xé4c dinh luén ving RAM can ghi). Sau khi ghi, bd dém dia chi AC
tu dong ting/giam 1 tuy theo thiét 1ap Entry mode. Luu y 1a thoi
gian cap nhat AC khong tinh vao thoi gian thyc thi 1€nh.

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

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

. . 37us
from CG |[Khi thiét lap RS=1, R/W=1,d{ li¢u tr CG/DDRAM dugc chuyén ra H

MPU théng qua cac chan DBx (dia chi va ving RAM di dugc xéac|tAD
dinh béng Iénh ghi dia chi trudec do). Sau khi doc, AC ty dong D
tang/giam 1 tuy theo thiét 1ap Entry mode, tuy nhién noi dung hién Aps
thi khong bi dich bat chap ché do Entry mode.

or

DDRAM

3.8. So' @6 mach hé thong diéu khién nhiét do.

BEXBRE

3

Hinh 4.15. So dd chi tiét mach diéu khién nhiét do.
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- Po nhiét d6 tai dbi tuong thong qua sensor nhiét LM335. LM335 14
sensor do nhiét dd voi dau ra 13 10mV/°K, do d6 dé do do C ta can co cong
thirc chuyén d6i gia tri tir 46 K sang d6 C. Vi ta dung ADC cia PIC 1a 10 bit
nén gia tri s6 16n nhét 1a 1023. Vref=Vcc, gia thiét 1a VCC=5V nén tai 0°C hay
273°K thi dau ra cia LM335 ¢6 gia trj 13 2.73V. Nhu vdy khi muén tinh toan ra
d6 C ta can phai trir di mirc dién ap 14 2.73V.

Vi du: Nhiét do 1a 30°C = 303°K, murc dién 4p twong tng la
out =303 x 10mV/°K =3.03V.
Ta tinh toan gia tri doc dugc tir ADC.
- V61 ADC 10 bit ( V_in la dién ap dua vao chan ADC cua PIC ):
V_in=5V => ADC_value = 1023
V_in=2.73V =>ADC_value = (1023/5)x2.73=558.6 ( tuong tng 0°)

mat khac do V_ref = VCC = 5V nén ADC _value = 1 tuong tng véi
5/1023=4.9mV+5mV. Trong khi d6 LM335 cho ra dién 4p 1a 10mV/1°K nén
dé gia tri ADC thay d6i 1 don vi thi nhiét d6 phai thay d6i l1a 0.5°K (hay gan
5mV) Tir d6 ta co cong thirc day du sau dé tinh gia tri °C:

el €@DC _value—5586 5V

1023x1.0mV (4.6)
Vay ta c6 cong thuc rut gon la:
- @DC _value—558.6
Tle- 2,046 (4.7)

3.9. Phin mém diéu khién

3.9.1. Lwu dd thuit toan.
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BEGIN

Y
Khai béo:i,j, Tdk,
T,value,low,hight

A 4

Khai bao LCD,
DAC.

A 4

Nhap Tdk

v

Poc tr DAC
(value)

\ 4
Hién thi

v
T = (value-139.25)/0.512

|

Tdk#T

b
v

Y
Value=value Value=value+2 Value=value-2

\ 4
Xuét, hién thi

END
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3.9.2. Chuong trinh.

Chuong trinh diéu khién nhiét d6
#include <16F877A.h>
#device *=16 adc=8

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

#use delay(clock=20000000)

int8 high,low,i,x,j,value; khai bao bién

float T,Tdk;

void convert_bcd(int8 x); khai bao ham conveét_bcd

void xuatlcd();

void main()

{

iI=0;

j=0;

trisa = OxFF;

trisb = 0x01;

trisd = 0x00;

setup_adc_ports(ANO);

setup_adc(ADC_CLOCK_INTERNAL);

delay us(10);
LCD_init() ; bat dau LCD
printf(lcd_putchar,” DAT - DT901 ");
LCD_putcmd(0xCO0);
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printf(lcd_putchar,” nhap nhiet do: *);
delay_ms(50);
Icd_putcmd(0xc0);
printf(lcd_putchar,” T=");
Icd_putchar(i+0x30);
Icd_putchar(j+0x30);
printf(lcd_putchar,” C ");
while(true)
{
If(input(pin_CO0))
{
i=i+1;
delay_ms(10);
if(i==10)
{i=0;
Icd_putcmd(0xc9);
Icd_putchar(i+0x30);
delay_ms(10);
by
else
{LCD_putcmd(0xC9);
Icd_putchar(i +0x30);

}
¥
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If(input(pin_c1))
{
=i+,
delay_ms(10);
if(j==10)
{
i=0;
Icd_putcmd(Oxca);
Icd_putchar(j+0x30);
delay_ms(10);
by
else{ LCD_putcmd(0xCa);
Icd_putchar(j+0x30);

by
by
if(input(pin_c2))
Break ;
by
Tdk=i*10+j;
LCD_init();
printf(lcd_putchar,"please wait.... ");
while(true)

{

value = read_adc();
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delay _ms(10);
T = (value-139.25)/0.512;
convert_bcd((int8)T);
delay_us(50);
T=high*10+low;
LCD _init();
printf(lcd_putchar,” nhietdo do : *);
xuatlcd();
delay_us(50);
if(T!'=Tdk)
if(T<Tdk)
value=value+2;
else
value=value-2;
else
value=value;

output_b(value);

xuatlcd();
b
by
void convert_bcd(int8 x)
{

low=x%10; 1ay hang don vi nhiét do

high=x/10; lay hang chuc va hang tram
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low=low+0x30;

high=high+0x30;

by

void xuatlcd()

{
LCD_putcmd(0xCO0);
printf(LCD_putchar,” T= ");
Icd_putchar(high+0x30);
Icd_putchar(low+0x30);
printf(LCD_putchar," C ");
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KET LUAN

Sau ba thang nghién ctu va tim hiéu, v6i su huéng dan cta thdy Nguyén
Van Duong va su gitip d& clia cac thay co trong khoa Dién- Dién tlr, em da
hoan thanh duogc do6 an t6t nghiép clia minh.

Qua d6 4n nay em da thu dugc nhitng két qua sau

- Hiéu dugc céc phuong phap do ludng thong qua Vi Diéu Khién, dic
biét 1a do luong thong qua PIC16F877A.

- Biét dugc phuong phdp 1ap trinh bang C phuc vu cho 1ap trinh Vi Diéu
Khién.

- Tim hiéu duoc cdc loai cam bién thong dung ding trong do ludng.

- Xay dung dugc mot hé thong do luong co ban.

Tuy nhién d¢ tai van con c6 nhitng han ché:

M6 rong dé tai chiing ta ¢6 thé thiét k& hé thong va00 hién thi nhiét do
tréen LED 7 doan hoic thiét k& hé thong diéu khiéu nhiét do 10 cong nghiép...

Do han ché vé kién thitc, kinh nghiém va tai liéu nén dé tai khong tranh
khoi nhitng thi€u s6t. Em rat mong thdy co va cdc ban gidp d& chi bao dé em c6
thé hoc hoi dugc nhiéu hon nita.
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TAI LIEU THAM KHAO

1. Nguyén Tang Cuong, Phan Qudc Thang, Cau tric va lap trinh ho Vi
Diéu khién 8051, Nha xuat ban khoa hoc va K§ Thuat.

2 Nguyén Manh Giang, CAu tridc, 1ap trinh ghép n6i va ting dung ctia Vi
Diéu Khién, nha xuét ban Lao Dong — Xa Hoi.

3. Pham Minh Ha(2004), K§ thuat mach dién tir, Nha xuat ban Khoa hoc
va k¥ thuat.

4. Ngo Dién Tap, Vi Diéu Khién trong do Iuong va diéu khién tu dong,
Nha xuét ban Khoa Hoc va K§ Thuat, Ha Noi.

5. Ho Vi biéu Khién 8051, Tong Van ON, nha Xuit ban Lao DPong va
Xa Hoi.

6. Céc ban c6 thé truy cap cdc trang Web rét hay ctia Viét Nam nhu :

www.dientuvietnam.net

wwWw.picvietnam.com

www.dientuvienthong.net

www.vagam.dieukhien.net

www.duyphi.phpnet.us/index.htm
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