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LGOI NOI PAU

G vixd 1§ 1 ching ta da khdo sat chc vixd 1§ co bén & bit dia NTEL va Ziog va vi didu Khién
ho MCS -51 chili yu I3 AT&OCH1hay méi hon 13 ATSOCH! v ATE9SH1 hosc ATSOS52,

Do méi b4t déu t@p cannén viéc gigng day cho nguoi hoc cac loai vixt Iy va cac loai vi didu
khién & trén 13 phi hop vé ndi dung va tao diéu kign thidn lgi g€ rguoi hoc dé tiép con véi chi phi
ddu tur thép viche vi i Iy v cac vi didu Kign db cb gia thirh khbg czo,

Sau Wi dz ngm bt dugc cic kién thic co ban clia vi I 1y 1thi ngudi hoc d& ding 1iép con
VGi chc vixt 1 vi diéu Kin manh hon, tich hap nhiu chitc riéng hon dé gisi quyét cée yéu cdu thyc
t& da dang honrt fhiu.

Trong t3i lBu ndly s& giéi thidu vi didu khién ho PIC clia hairg Mcrochip-dugc sit dung r4t ridu
trong chc thiét bj dibu Kién corg nghiép.

T3i iBu dugc chialdm 3 dhuong chuong 1 thSt k& cac ing ding ding vi diéu khién ho AT89S
Y chc yéu chu thyc t&. Trong chuong ndly tac ga duara cac yéu ciu diéukhién trong thuc t8 va
huéng dn phéin tich yeu cBu, cac thiét k& va viEt cAc churong trivh Qua cic b3 thEt k€ nay rhim
gilip cho ngudi hoc bi&t chch thist k& mbt he théng T yéu cdu thyc té.

Chuong 2 gibi théu vé vi didu kién PIC ani y8u 13 chip 1BF877A dang dugc sl dung rhidu
Trong chuorg ndy giéi thieu c8u triic, chc khbi tich hap bén tromg,

Chuorg 3 gii thidu vé ngdn rgd 2p trinh cho FIC va gidi thigu cac mach 18p trinh cho FIC va
céc chuong trirh Vi dy thm gilp ngudi hoc 13m quen véiPIC.

Haing ATMEL ¢ rhiéu vi diu krign nhr ho AVR v ho ATMEGA diing ¢b cAc tinh nirg marh
thur ho PC d& trinh by & trén v hzing MOTOROLA clirg cb céc vi diéu knién dugc st dung kh ph6
bign rhwr do thoi gian mdn hoc ¢ han rén téac gia khbng trirh bay.

Xin c&m on cc ban b déng nghigp va cée ban eirh vien d3 t8t nghiép dong gbp vio t8p gido
trivh nay.
Moi dong gbp xay ding xin hizy gdi vé theo dia chf phu_nd@yzhoocom - xin chan thanh c2m

on
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a
b
c.
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9

6. CAC

a
b
c

L

.
.
7

#ASM va #ENDASM

#NCLUDE

#BIT, #BYTE, #LOCATE va #DIFINE
#DEVICE

#ORG

#USE

Mot s6 chi thi tién xU Iy khac

HAM X LY S0, X3 LY BIT, DELAY

Cac ham xU Iy so
Cac ham xu ly bit va cac phép toan
Cac ham xU ly bit va cac phép toan

7. XU LY ADC VA CAC HAMIO TRONG C

a
b
c
d
e.

& KHA
a.
b.

C.

Cac ham xU ly ADC
SETUP_ADC_port (value)
SETUP_ADC_channel (channel)
Read ADC (mode)

Cacham 10 trong C

BAO NGAT VA CAC HAM THET LAP HOAT BONG NGAT

Khai bao ngat
Cac ham thiét lap hoat dong ngat

Cac ham giao tiép véi may tinh qua céng COM

V. CAC CHUONG TRINH Vi DU

IO

CHJONG TRINHPIEUKHIEN & LED DON CHOP TAT
CHJONG TRINH DIEUKHIEN 1 DIEM SANG DI CHUYEN TU TRAI SANG PHAI
CHJONG TRINH DIEUKHIEN & LED SANG DON
CHJONG TRINHPIEUKHIEN DEM TU 0 DEN 9999 TREN LED 7 POAN
5. CHJONG TRINH DIEUKHIEN LED MA TRANHEN TH cHUBI “sPkT

Tai liéu tham khéo.
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Chucng 1

THIET KE CAC UNG DUNG DUNG VI

PIEU KHIEN
]

BAI THIET KE S0 1
PAT VAN PE
GIAL QUYET VAN BE
THET KE 50 O KHOI COA HE THONG
PHAN TiCH CHUC NANG CAC KHOI
THET KE MACH
VIET CHUONG TRINH CHO HE THONG

BAI THIET KE S0 2
PAT VAN PE
GIAI QUYET VAN PE
PHAN TiCcH CAC BAC TiNH COA I€ 56
THET KE 50 DO KHOI VA S0 DO MACH KIEM TRA IC SO
THET KE PHAN MEM
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LIET KE CAC HINH

Hinh 1-1. so do khéi c0a hé thong.

Hinh 1-2. SS d6 nguyén ly.

Hinh 1-3. So d6 khéi cOa hé théng.

Hinh 1-4. So d6 diéu khién 1 chan cla IC.

Hinh 1-5a. SG d6 két néi vi diéu khién 1 véi IC chét.

Hinh 1-5b. So d két ndi cac dudng tin hiéu diéu khién véi socket 18 chdn.
Hinh 1-5¢c. SG d6 két ndi vi didu khién 2 v&i LCD va ban phim ma trén.
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BAI THIET KE SO 1:
“DO DONG PIEN GIG CAO PIEM
VA GIO THAP PIEM ”.

PAT VAN DR

Trong hé thong cung cip dién thi viéc thay d6i tdi dién ra lién tuc va c6 2 khodng thdi
gian trong mot ngay d6 1a thdi gian cao diém va thdi gian thap diém.

Thdi gian cao di€m vao khodng 18 gi dén 20 gid va cao di€m nhat 1a 17 gid — khi d6 tat
c4 moi ngudi st dung rit nhiéu thi€t bi dién trong sinh hoat gia dinh — dong dién dat dén dinh
di€m trong ngay va l1am gidm dién 4p va n€u'cong suit cung cAp khong dli sé sinh ra hién tugng
qué tdi — 1am hu hdng thi€t bi cung ciAp, mat dién va gy thiét hai.

Thdi gian thap di€m vio khodng 2 gid sdng khi moi ngudi di yén gidc ngd va tit cd cdc
thi€t bi sinh hoat di tit — dong dién ha thdp nhat trong ngay va dién dp c6 ting trd lai.

Céc k¥ su va cong nhan trong cdc nhd mdy, tram phin phdi, tram cung cip can phidi khio
sdt v nim bit dudc sy bi€n dong d6 d€ ki€m sodt ching, tranh sy qia tdi gdy thiét hai cho
thi€t bi dién.

Mot s cdc tram dién phdi yéu cdu nhan vién truc tram ti€n hanh do dong dién tai cdc
bi€n 4p vao thdi di€m gid cao diém va gid thap diém d€ thong ké, dé kiém sodt.

Viéc do dong dugc ti€n hanh vao ban dém va trén nhitng tru dién cao & nhitng noi xa thi
rat kh6 khin va nguy hi€m dén tinh mang nhan vién.

GIAI QUYET VAN PE

V6i may do dong tu dong luu lai gid tri do trong mot thang, 2 thing hoic nhiéu hon sé& gitp
cho nhan vién c6 thé di 14y két qua do vao ban ngay an toan hon va n€u két qua do chinh xdc va

may do c6 thé giao ti€p vdi mdy tinh thi dif liéu c6 dudc hoan toan chinh xdc, néu c6 thém
chuong trinh vé bi€u @6 hay thdng ké sé gitip ddnh gid sy bién thién clia tdi va d4nh gid cong
sud't cung cAp clia bi€n 4p hay dudng diy c6 dui cong sud't hay khong va khic phuc nhanh.
1 THETKE 50 96 KHOI CUA HE THONG:
S do khdi ctia may do do ngudi nghién citu thi€t k& nhu hinh 1:
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Bien
déng khi€n

ANy Ay
Mach
chuyen

Mach diéu

Khoi bo
” nhd

-i- &

Hinh 1-1. so d6 khéi c0a hé thong.

PHAN TiCH CHJ C NANG CAC KHOE

. Khéi bién dong dién:

Véi mot dong dién cung cAp rit 16n dé'co thé do dugc chiing ta phdi sit dung bi€n dong
dé chuyén ddi dong dién cao thanh dong dién thAp hon nhiéu 1an tiy thudc vao hé s&
clia bi€n dong.

Viéc lwa chon bi€n dong dé€ thuc hién tiy thudc vio dong dién dang do nim trong
khodng nio va ddp tng ctia mach dién tir ADC c6 thé 13 bao nhiéu.

. Khéi xU ly fin hiéu:

Tin hiéu clia cudn thi cdp thudng mic ndi ti€p véi mot dién trd d€ chuyén ddi dong
dién thanh dién 4p va néu bing vdi dién 4p chuyén d6i cia ADC thi khong xt 1y nira
va néu chua biing thi phdi xit Iy cho biing cdch sit dung thém mach khuéch dai hoic
mach han ch& bién do.

Khéi chuyén déi ADC:

Tin hiéu do dang tuong ty phdi dugc chuyén thanh tin hiéu s6 d& c6 thé hién thi va luu
trif — giao ti€p v6i mdy tinh . B chuyén ddi ADC st dung cang nhiéu bit cang tot.

. Khéi hién thi va ban phim:

Kh6i nay hién thi cdc thong tin do dugc dé ki€m tra ding hay sai.

Ban phim diing d€ ra 1énh nhim xem lai k&t qua do.

. Khéi nhé:

Khoi nay dung d€ luu lai cdc gid tri 33 do dudc trong vong mot thdng hoic nhiéu
thang tuy thudc vao bd nhé dang st dung c6 dung lugng 16n hay nhd.
Khoi théi gian thuyc:

Viéc do dong dién thuc hién vao ding 2 khodng thdi gian 19 gid va 2 gid trong ta't cd
cdc 1an do. Khdi nay tao ra thdi gian thuc hoat dong nhu mot ddng hd thye va van hoat

4
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ding khi ngudn cung cap khong con. Khdi diéu khién sé& 14y thdi gian tir hé thong nay
dé ti€n hanh viéc do ding theo thdi gian di qui dinh.

g. Khéi diéu khién:

e Kh6i nay 1a thanh phin chinh trong hé thdng sé& diéu khién khdi ADC thyc hién qda
trinh chuyén ddi tin hiéu tuong tu thanh tin hiéu s& — luu trit dit liéu vao bd nhd — hién
thi k€t qua ra man hinh va giao ti€p v6i mdy tinh.

3. THET KE MACH

Sau khi d3 thi€t k& so db khdi ta ti€n hanh chon linh kién va thi€t k& so dd nguyén ly.

Khdi diéu khién dugc chon 13 vi diéu khi€n 89552 c6 32 dudng diéu khién IO va dung
lugng bd nhd 1a 8 kbyte, c6 giao ti€p ndi ti€p v6i mdy tinh.

Khdi ADC dudc chon 12 ADC 12 bit 7109. Véi 12 bit nén cap chuyén ddi c6 4096 cap —
diéu nay phlt hgp véi sy thay ddi khd 16n clia dong dién can do.

Kh&i hién thi dudc chon 14 LCD vi hién thi dugc nhiéu thong tin. Trong hé thdng nay chon
LCD c6 16 ki ty va 2 hang.

Kh&i bd nhd: két qiia do niim trong pham vi 4095A nén s6 bit cin sit dung dé bidu dién két
qua do nay 1a 16 bit — 2 byte, mdt ngay do 2 1an va st dung 4 6 nhé byte d€ luu trit . Mot thiang
31 ngay sé& st dung 124 6 nhd byte d€ luu vdi s6 lugng bd nhé nhu vay st dung loai bd nhé ndi
ti€p ho 24C08 c6 dung lugng 1kbyte = 1024 6 nhé byte.

Kh&i ban phim chi diing d€ xem lai két qui do nén ta chi can ding 2 phim dé& doc 1an lugc
tirng k&t quéa do da luu trong bd nhd.

Kh6i thdi gian thye sit dung IC Dallas DS12C887. Chiing ta phai st dung dong ho thdi gian
thuc d€ vi ching hoat dong chinh xdc va vin hoat dong khi mat dién, viéc do dong vdi yéu cau
phdi theo diing gid dd qui dinh va dé€ gidm bdt sy phiic tap cla chuong trinh nén gidi phap st
dung dong hd thuc 13 t&t nha't.

Khdi ngudn cung cAp gdm c6 ngudn +5V va — 5V.

Tur so d6 khdi va cdc linh kién di chon ta phii nim rd hoat dong cla tirng linh kién va
cdch k&t ndi sau d6 ta ti€n hanh thi€t k&€ so dd nguyén 1y cho hé thong.

So d6 mach cda hé thdng nhu hinh 2.
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Sau khi di thi€t k& xong ta ti€n hanh viét luu dd va chuong trinh diéu khién cho mdy do.

Luu do:
| Begin I

\4

Khéi tao LCD. Truyén d liéu.

[
>
N

y

Doc thong so6 thdi gian thuc: thang ngay gié
Tinh todan dia chi luu di liéu do vao bd nhé

Kiém tra gi& cao
diém, thap diém

Kiém tra truyén do
liéu v3i may tinh

Tién hanh truyén du liéu vé Tién hanh do dong.
mdy tinh. Luu két q0a do vao bo nhé.
< \4 \ 4
end

Dua vao luu d6 diéu khién ta ti€n hanh vi€t chuong trinh cho hé thdng do.

SXXXKKXKKK KKK KKK KKK KKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKK KKK KKK KKKKXKK

;chuong trinh dong dong gio cao diem thap diem

S XXXKKXKKX KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKK KKK KKK KKK KKKKKKK KKK KKK KKKKKK
pmode bit p2.0 ;dinh nghia phim mode
phim  bit p2.1 ;dinh nghia phim
pcon  equ 87h

giay equ r2
phut equ r3
gio equ r4
ngay equ r5
thang  equ 6

kgbytel equ 11h
kqbyteh equ 12h

bienmode equ 10h

;cac vung nho se su dung de luu thong tin
; 30h-> 3th de luu thong tin cho LCD hang thu 1
; 40h -> 4tfh de luu thong tin cho LCD hang thu 2

;bang phan chia bo nho 24C08 de luu tru ket qua do
;tungay 1 den ngay 9

; 010H -> 011h luu ket qua do gio thap diem ngay 1
; 012H -> 013h luu ket qua do gio thap cao ngay |

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn
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020H -> 021h luu ket qua do gio thap diem ngay 2
022H -> 023h luu ket qua do gio thap cao ngay 2

030H -> 031h Iuu ket qua do gio thap diem ngay 3
032H -> 033h luu ket qua do gio thap cao ngay 3

040H -> 041h luu ket qua do gio thap diem ngay 4
042H -> 043h Iuu ket qua do gio thap cao ngay 4

050H -> 051h Iuu ket qua do gio thap diem ngay 5
052H -> 053h Iuu ket qua do gio thap cao ngay 5

060H -> 061h luu ket qua do gio thap diem ngay 6
062H -> 063h luu ket qua do gio thap cao ngay 6

070H -> 071h luu ket qua do gio thap diem ngay 7
072H -> 073h luu ket qua do gio thap cao ngay 7

080H -> 081h Iuu ket qua do gio thap diem ngay 8
082H -> 083h Iuu ket qua do gio thap cao ngay 8

090H -> 091h Iuu ket qua do gio thap diem ngay 9
092H -> 093h Iuu ket qua do gio thap cao ngay 9

100H -> 101h Iuu ket qua do gio thap diem ngay 10
102H -> 103h luu ket qua do gio thap cao ngay 10

;tungay 11 den ngay 20

110H -> 111h Iuu ket qua do gio thap diem'ngay 11
112H -> 113h luu ket qua do gio thap cao ngay 11

120H -> 121h luu ket qua do gio thap diem ngay 12
122H -> 123h Iuu ket qua do gio thap cao ngay 12

130H -> 131h luu ket qua do gio thap diem ngay 13
132H -> 133h Iuu ket qua do gio thap cao ngay 13

140H -> 141h Iuu ket qua do gio thap diem ngay 14
142H -> 143h luu ket qua do gio thap cao ngay 14

150H -> 151h luu ket qua do gio thap diem ngay 15
152H -> 153h luu ket qua do gio thap cao ngay 15

160H -> 161h Iuu ket qua do gio thap diem ngay 16
162H -> 163h Iuu ket qua do gio thap cao ngay 16

170H -> 171h Iuu ket qua do gio thap diem ngay 17
172H -> 173h Iuu ket qua do gio thap cao ngay 17

180H -> 181h Iuu ket qua do gio thap diem ngay 18
182H -> 183h Iuu ket qua do gio thap cao ngay 18

190H -> 191h luu ket qua do gio thap diem ngay 19
192H -> 193h luu ket qua do gio thap cao ngay 19

200H -> 201h Iuu ket qua do gio thap diem ngay 20
202H -> 203h luu ket qua do gio thap cao ngay 20

;tungay 21 den ngay 30

>

>

210H -> 211h Iuu ket qua do gio thap diem ngay 21
212H -> 213h luu ket qua do gio thap cao ngay 21
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; 220H -> 221h luu ket qua do gio thap diem ngay 22
; 222H ->223h luu ket qua do gio thap cao ngay 22

; 230H -> 231h luu ket qua do gio thap diem ngay 23
; 232H -> 233h luu ket qua do gio thap cao ngay 23

; 240H -> 241h luu ket qua do gio thap diem ngay 24
; 242H -> 243h luu ket qua do gio thap cao ngay 24

; 250H -> 251h Iuu ket qua do gio thap diem ngay 25
; 252H -> 253h Iuu ket qua do gio thap cao ngay 25

; 260H -> 261h Iuu ket qua do gio thap diem ngay 26
; 262H -> 263h luu ket qua do gio thap cao ngay 26

; 270H -> 271h Iuu ket qua do gio thap diem ngay 27
; 272H -> 273h luu ket qua do gio thap cao ngay 27

; 280H -> 281h luu ket qua do gio thap diem ngay 28
; 282H -> 283h luu ket qua do gio thap cao ngay 28

; 290H -> 291h Iuu ket qua do gio thap diem ngay 29
; 292H -> 293h luu ket qua do gio thap cao ngay 29

; 300H -> 301h luu ket qua do gio thap diem ngay 30
; 302H -> 303h luu ket qua do gio thap cao ngay 30

; 310H -> 311h luu ket qua do gio thap diem ngay 31
; 312H -> 313h luu ket qua do gio thap cao ngay 31

19:0,0.0,9,9.9,9.9,0.9,9.9.9,9.9,0:9.0.9,9,0.9,9,9.0.9.9,9.9,0.9,0.9.9,9.9.6.9,9.9.9,9.9,0.9,0.9,9,0.9,0.0,0,9.9,0.9,9,9,0,9.9.9.9,0.9,0.9.0,0.0.¢

org 0000k
sjmp  mmain
org 0023h

ljmp  ngatnhan
;XXX XXX XXX KX KK XXX KKK KKK KKK KKK KKK KK KKK KKK KKK KK KKK KK KKK KKK KKK KK KKKKKKK

;chtrinh chinh
SXXXKKXKKK KKK KKK KKK KKKKKKK KKK KKK KKK KKKKKKKKKK KKK KKK KKK KKK KKK KKK KKK KKKKKK
mmain: mov sp,#70h
mov ie,#10010000b ;cho phep ngat truyen du lieu
mov bienmode,#0 ;do va cho phep hien thi ket qua do
Icall khoitao trxd ;goi chtr con khoi tao truyen du lieu giuva 2 vdk
Icall khoitao lcd ;goi chtr khoi tao LCD
Icall copydatal ;copy du lieu hien thi 1
main3: Icall docdongho ;goi chtr con doc thoi gian
Icall giaima ;201 chtr con giai ma thong so thoi gian d hien thi
Icall hienthichung ;goi chtr con hien thi thong tin ra LCD
main: cjne gio,#2h,mainl ;kiem tra gio thap diem
cjne phut,#0h,mainl ;kiem tra gio thap diem
cjne giay,#0h,mainl ;kiem tra gio thap diem
ljmp dogio_thapdiem ;nhay den do dong gio thap diem
mainl: cjne gi0,#19h,main2 ;kiem tra gio cao diem
cjne phut,#00h,main2 ;kiem tra gio cao diem
cjne giay,#00h,main2 ;kiem tra gio cao diem
ljmp dogio_caodiem ;nhay den do dong gio cao diem
main2: jb pmode,main3 ;kiem tra phim mode
jnb pmode,$ ;cho buon phim
mov bienmode,#1 ;do binh thuong nhung hien thi ket qua do trong bo nho
ljmp main3 ;nhay ve lai tu dau
Vi Iy Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn 9
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19:0:9,9.0,9.0.9,9.0,9,9.9,9.0.9,9.9,9,0.9,9.0.9,9.9,9,0.9,9.9.9,0.9,9.0.9,0.9.9,0.9,9.9,9,0.9,9.0,9,0.9.9,0.9,0.0,9,0.9,9.0,9,0.9,9,0.0,9.0,0,0.4

dogio_thapdiem:

mov a,ngay ;ket qua do vao a

anl a,#0f0h ;giu nguyen hang chuc ngay

swap a ;chuyen xuong 4 bit thap

mov dph,a ;chuyen sang cho dph

mov a,ngay ;ket qua do vao a

anl a,#0th ;giu nguyen hang don vi ngay

swap a ;chuyen len 4 bit cao

mov dpla ;chuyen sang cho dpl

Icall docadc7109 ;2oi chtr con doc du lieu so tu ADC 7109

Icall luuketquado
Icall hex to bed

Icall giaima_kqdo ;goi giai ma ket qua do

ljmp main3
SXXXXXKKXXKKXKKXKKKKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKXKK
dogio_caodiem: mov a,ngay ;ket qua do vao a

anl a,#0f0h ;giu nguyen hang chuc ngay

swap a ;chuyen xuong 4 bit thap

mov dph,a ;chuyen sang cho dph

mov a,ngay ;ket qua do vao a

anl a,#0th ;giu nguyen hang don vi ngay

swap a ;chuyen len 4 bit cao

add a,#8 ;

mov dpl,a ;chuyen sang cho dpl

Icall docadc7109 ;goi chtr con doc du lieu so tu ADC 7109

Icall luuketquado
Icall hex to bed
Icall  giaima kqdo ;goi giai ma ket qua do

ljmp main3

S XXXKKX KKK KKK KKK KKK KKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKKKKKKKK
;chuong trinh con doc gio phut giay
XXX KKK KKK XXX KKK KKK KKK KKK KKK KK KKK KKK KKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKK
docdongho: mov r0,#0

movx  a,@r0 ;doc giay

mov giay,a

mov 10,#2
movx  a,@r0 ;doc phut
mov phut,a

mov 10,#4
movx  a,@r0 ;doc gio
mov gio,a

mov 10,#7
movx  a,@r0 ;doc ngay cua thang

mov ngay,a

mov r0,#8

movx  a,@r0 ;doc thang
mov thang,a
ret

S XXXKKXKKK KKK KKK KKK KKKKKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKK
;chtr con giai ma thoi gian doc
XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKK KKK K KKK KKKKKKKKKKKKKKKKKKKKK
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giaima: mov a,gio
anl a,#0f0h
swap a
add a,#30h
mov 30h,a ;0 nho luu tru ma hien thi hang chuc gio

mov a,gio

anl a,#0fth
add a,#30h
mov 31h,a ;0 nho luu tru ma hien thi hang don vi gio

mov a,phut

anl a,#0f0h

swap a

add a,#30h

mov 33h,a ;0 nho luu tru ma hien thi hang chuc phut

mov a,phut

anl a,#0fh
add a,#30h
mov 34h,a ;0 nho luu tru ma hien thi hang don vi phut

mov a,giay

anl a,#0f0h

swap a

add a,#30h

mov 36h,a ;0 nho luu tru ma hien thi hang chuc giay
mov a,giay

anl a,#0fth

add a,#30h

mov 37h,a ;0 nho luu tru ma hien thi hang don vi giay
ret

SXXXXXX XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKK KKK KKK KKKKKK
;chtr con chuyen ket qua do duoc: kqbytel, kqbyteh sang so BCD
SXXXKXXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKK

hex to_bed:
mov akqbyteh
mov b,#10
div ab
mov 18h,b ;luu hang don vi
mov b,#10
div ab
mov 19h,a ;luu hang chuc
mov ab
swap a
orl 18h,a ;cat hang chuc vao o nho
mov rl,kqbytel
cjne r1,#0,hex1
ret
hex1: mov a,18h
add a,#56h
da a
mov 18h,a
mov a,19h
addc a#2
da a
mov 19h,a
djnz rl,hex1
ret
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XXX XXX KX KKK KKK KKK KKK KK KKK KKK KKK KK KKK KKK KKK KK KKK KK KKK KKK KKK KK KKKKKKK
;chtr con giai ma ket qua do duoc: kqbytel, kqbyteh
XXX XXX XKX KK KKK KK KKK KKK KKK KK KKK KK KKK KKK KKK KK KKK KK KKK KK KKK KK KK KKKKKKK

giaima_kqdo: mov a,1%h ;byte cao
anl a,#0f0h
swap a
add a,#30h

mov 48h,a

mov a,19h

anl a,#0fth

add a,#30h

mov 49h,a

mov a,18h ;byte thap
anl a,#0f0h

swap a

add a,#30h

mov 4ah,a

mov a,18h

anl a,#0fth
add a,#30h
mov 4bh,a
ret

XXX KKK KKK KX KKK KKK KKK KKK KKK KK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

;chtr con hien thi thong tin ra LCD MAC DINH KHI KHOI DONG

XXX XXX XK KKK KKK KKK KKK KKK KKK KK KKK X KKK KKK KK KKK KKK KKK KKKKXKKKKXKKK

COPYDATAL: mov dptr,#fldatal
Icall copydata
Icall hienthichung
ret

;nap dia chi bat dau
;201 ch tr con copy 32 byte

fldatal: DB ' !
fldata2: DB 'DONG: '

SXXXKKXKKK KKK KKK KKK KKKKKKK KKK KKK KKK KKKKKKKKKK KKK KKK KKK KKKKKKK KKK KKK KKKKXKK
;lay du lieu tu bo nho chuong trinh vao bo nho ram
S XXXKKXKKX KKK KKK KKK KKKKKKK KKK KKK KKK KKKKKKKKKK KKK KKK KKK KKKKKKK KKK KKK KKKKKK
copydata: mov r0,#30h

mov rl,#0

copydatax: mov arl
movc  a,@a + dptr ;lay data
mov @r0,a ;cat data
inc rl
inc 10
cjne r1,#33,copydatax
ret

SXXXKKXKKX KKK X KKK KKKKKK KKK KKK KKKKKKKKKK KKK KKK KKK KKK KKK KKKKKKKKK
;Chuong trinh con hien thi noi dung tren LCD cua2 vung nho

;30H->3Fh hang 1; 40H-> 4Fh hang 2;

XXX XK XXX KKK KKK KKK KKK KKK KKK KKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKK

hienthichung: MOV  A,#080h ;set DDRAM
LCALL KTAO
mov rl,#16
MOV  RO#30H
fline: Icall Write
djnz rl,fline
mov a,#0cOh ;set DDRAM
LCALL KTAO
mov rl,#16
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MOV  RO,#40H

sline: Icall Write
djnz rl,sline
ret

XXX KKK KKK XX KKK KKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
;chtr con goi data hien thi ra LCD
3 XXX XXX XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKK

write: MOV  byteout,@RO
Lcall  data byte
inc 0
reT

SXXXXXXXXXKXKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKXX
;chtr con khoi tao LCD

;chuong trinh dieu khien LCD 16X2 tren kit vi dieu khien LOAI NHO
XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKK KKK KKK KKK KKK KKKKKKKKKKKKKKKK

E BIT P3.5

™w BIT P3.6

s BIT P3.7

byteout equ p2
khoitao lcd: mov 0a2h,#0

LCALL khtaolcd ;khoi tao led

ret
ROG000000000000000000000000000090099000900990999999999999999600904
;chtr con khoi tao LCD
D.0.0.9.9.0.0.0.9.0.0.9.9.00.99.0009.00999.0999099009.9.009.9.009999999.9999999999990990
khtaolcd: setb e ;Enable

clr IS ;RS low

clr ™w ;RWilow

MOV  a,#38h ;tu dieu khien LCD

LCALL KTAO

LCALL ddelay41 ;delay 4.1 mSec

MOV A#38h ;function set

LCALL KTAO

LCALL ddelay100 ;delay

MOV A #38h ;function

LCALL KTAO

MOV A #0ch ;tu dieu khien display on

LCALL KTAO

MOV A#01h ;tu dieu khien Clear display

LCALL KTAO

MOV A #06h ;tu dieu khien entry mode set

LCALL KTAO

MOV A #80h ;thiet lap dia chi LCD (set DD RAM)

LCALL KTAO

RET
S XXXXXXK XXX KKKKKKKXKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
;chuong trinh con khoi tao LCD
SXXXXXKKKXKKKKKKKKXKKKKKKK KKK KKK KK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KTAO: mov byteout,a

Icall command_byte

RET

XXX XXX XXX XKKKKKXKK KKK KKK KKKKKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
;Feed command/data to the LCD module

S XXXXXXXX XXX KKK KK KK KKK KKK KKKKKKKK KKK KKKKKKKKKKKKKKKKKKKXKKKKKKKKK
command _byte:

Vi xif ly
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clr
1jmp

data_byte: setb

bdelay: clr
clr
nop

setb
nop
nop

mov

setb
clr
clr

nop
nop
setb
Icall
ret

rs
bdelay

IS
™
€

byteout,#0fth

™w
IS
€

e
ddelay100

;RS low for a command byte

;RS high for a data byte
;R/W low for a write mode

;Enable pulse

;configure portl to input mode

;set RW to read
;set RS to command
;generate enable pulse

SXXXXXKKXXXKKKKKKKKKKKKK KKK KKK KKK KKK KKK KKK KKKKKKKKKKKKKKX
;chuong trinh con delay 4.1 ms
SXXXXXKKXXKKKKXKKKKKKKKKKKKKK KKK KKK KKK KKK KKK KKK KK KKK KKKKKKK

ddelay41: mov 7eh,#90h
del412: mov 7th,#200
djnz 7th,$
djnz 7eh,del412
ret

19,0.9,9.0,9,9.9,9.0.9,9.9,9,0.9,9.0,9,9.9,9,0.9,9.0.9,0.9,9.9.9,9.0,9,0.9,9.0.9,9.9,9,0.9,0.0,9,0.9,9.0.9,0.9,9,0.9,9.0,9,0.0,9,0.0.¢
;chuong trinh con delay 255 microgiay
SXXXXXKKXXKKKKKKKKKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKX
ddelay100: mov 7th,#00

dinz  7th$

ret
SXXXXXKKXKKKKKXKKKKK KKK KKK KKK KKK KKK KKK KK KKK K KKK KKK KKKKKKX
;chon va doc du lieu tu 7109 thu 1
SXXKXXKKKKXKKKKKKKKKKKKKKKKKK KKK KKK KKK KKK K KKK KKK KKK KKKKKKX

docadc7109: clr

p3.3 ;cho phep doc
mov kqgbytel,p0 ;doc byte low
mov a,#00h ;doc byte cao
mov c,p2.4
Ire a
mov c,p2.5
rre a
mov c,p2.6
rre a
mov c,p2.7
rre a
mov kgbyteH,p0
ret

XXX XXX KX XXX KKK KKK KKK KK KKK KKK KKK KK KKK KKK KKK KK KKK KK KKK KKK KKK KK KKKKKKK
;chtr con khoi tao truyen du lieu giva 2 vdk A va B
XXX XXX KKK KK KK KKK KK KKK KKK KKK KK KKK KK KKK KK KKK KKK KKK KK KKK KKK KKK KK KKKKKKK

khoitao_trxd: mov
mov
anl

th1 #0fah
fl1,#0fah
tmod,#0fh
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orl tmod,#20h

setb trl

mov scon,#50h
setb ti

orl pcon,#80h
ret

XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKK
;chuong trinh con luu ket qua do
XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKXK

luuketquado: Icall ghibyte

inc dptr
Icall ghibyte
ret

ghibyte: ret

docbyte: ret

XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKXK
;chuong trinh con truyen ket qua do ve may tinh:
XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKK
ngatnhan: jnb ri,$

clr ri

mov a,sbuf

cjne a,#35h,ngatend

sjmp  ngatx

ngatend: reti

;goi ngay 1 den ngay 9
ngatx: mov dptr,#010h ;dia chi bat dau
ngat2: mov 15h,#4 ;80 luong byte cua 1 ngay

mov a,15h
Icall sendbyte

ngatl: Icall docbyte
Icall sendbyte
inc dptr

djnz 1h,ngatl

mov a,dpl ;chuyen dia chi byte thap vao A
anl a,#0 ;x0a 4 bit thap

swap a

inc a

swap a ;tra lai sau khi tang

mov dplLa ;chuyen sang ngay tiep theo

cjne a,#0ah,ngat2

;goi ngay 10 den ngay 19
mov dptr,#100h ;dia chi bat dau
ngata2: mov 15h,#4 ;80 luong byte cua 1 ngay

mov a,15h
Icall sendbyte

ngatal: Icall docbyte
Icall sendbyte
inc dptr
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djnz 1h,ngatal
mov a,dpl ;chuyen dia chi byte thap vao A
anl a,#0 ;x0a 4 bit thap
swap a
inc a
swap a ;tra lai sau khi tang
mov dpl,a ;chuyen sang ngay tiep theo
cjne a,#0ah,ngata2
;201 ngay 20 den ngay 29
mov dptr,#200h ;dia chi bat dau
ngatb2: mov 15h,#4 ;0 luong byte cua 1 ngay
mov a,15h
Icall sendbyte
ngatbl: Icall docbyte
Icall sendbyte
inc dptr
djnz 1h,ngatb1
mov a,dpl ;chuyen dia chi byte thap vao A
anl a,#0 ;x0a 4 bit thap
swap a
inc a
swap a ;tratlai’sau khi tang
mov dpla ;chuyen sang ngay tiep theo
cjne a,#0ah,ngatb2
;goi ngay 30 den ngay 31
mov dptr,#300h ;dia chi bat dau
ngatc2: mov 15h#4 ;50 luong byte cua 1 ngay
mov a,15h
Icall sendbyte
ngatcl: Icall docbyte
Icall sendbyte
inc dptr
djnz 1h,ngatal
mov a,dpl ;chuyen dia chi byte thap vao A
anl a,#0 ;x0a 4 bit thap
swap  a
inc a
swap a ;tra lai sau khi tang
mov dpla ;chuyen sang ngay tiep theo
cjne a,#02h,ngatc2
;goi byte 00 de bao ket thuc
mov a,#0
Icall sendbyte
reti
sendbyte: jnb ti,$
clr ti
mov sbuf,a
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ret

BAI THIET KE SO 2:
“THIET KE HE THONG KIEM TRA IC SO ”.

PAT VAN DE

Thiét k€ mot hé thong ki€m tra IC s6 d€ bi€t IC dé con hoat dong duge hay khong, hoic
c6 thé nhan dang ra dugc loai IC s6 néu bi mit sd.

GIAI QUYET VAN PE

1. PHAN TicH cAc pAC TINH COA IC 50

Mot trong nhitng dic tinh dién quan trong nhat ctia IC s6 1a chi c6 2 mifc logic 0 va 1. Mtc
logic 0 tuwong tng vGi dién dp O volt va mdc logic 1 tuong Gng vdi dién dp 5 volt 1y tudng. VEi 2
trang thdi lam viéc nén ta c6 thé thuc hién viéc ki€m tra tuong ddi dé& dang hon so véi IC tuong
tu.

Céc IC sd dugc chia ra 1am nhiéu loai nhu sau:

- Cac céng logic nhu: and, or, not, nand, nor, ex-or, €x-nor, cf;ng 3 trang thai.
- Cac flip flop: flip JK, flip flop T, Flip flop D.

- C4c IC d€m BCD, d€m nhi phan, d€m lén d€m xudng.

- Cdc thanh ghi dich: dich n6i ti€p, dich song song sang ndi tiép.

- CacIC giai ma: m dirong sang n duong, giai ma led 7 doan.

- C4c IC da hgp, cac IC nhé.

Pé kiém tra mot IC s6 xem ching c6 con tot hay hdng va hdng thanh phin nio trong mot
IC vi mot IC c6 thé chitc nhiéu thanh phin nhu IC cdng NOT thi c6 téi 6 cong NOT.

D&i vdi tirng IC chiing ta phdi x4dc dinh cdc thanh phin c6 trong mot IC va ti€n hanh kiém
tra tirng thanh phan. P& ki€m tra tirng thanh phan chiing ta phai bi€t bing trang thdi hoat dong
ctia ching vi du nhu:

a. Kiem tra cac cong logic:
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Cé6ng NOT thi ta cho trang thdi ngd viao & mtc logic 0 va ki€m tra trang thdi logic clia ngd
ra bing 1 va ti€n hanh d3o trang thdi ngd vao 1a 1 va ki€m tra trang th4i ngd ra 1a 0 thi cdng
nay con tot. Con né€u khong diing trang thi thi cdng nay di bi héng.

Tié€n hanh ki€m tra cdc cdng logic con lai theo cdch thifc tuong Gng.

CSng AND c6 2 ngd viao A, B vd mdt ngd ra Y thi ta ti€n hanh kiém tra theo bang trang
thai ciia c6ng AND nhu sau:

Cé4c budc thuc hién | Ngdo vao A | NgovaoB | NgorayY
0 0

- o O O

1
2 1
3 0
4 1

—_ = O

Né&u két qua kiém tra ding nhu bing trang thai trén thi cng AND nay con tdt va tién hianh
kiém tra cdc cong con lai.

Né&u két qua khong ding thi cong di hong.
b. Kiém tra cac IC dém:

DP6i véi IC d€m vi du nhu IC7490 thi d6 1a IC d€m BCD c6 2 bd d€m doc 14p : d€m 2 va
dé€m 5 thi ta phai ti€n hanh ki€m tra nhu sau:

e Kiém tra trang thii CLLEAR cta IC.
e Kiém tra bd d&€m 2.

e Kiém tra bd d€m 5.

c. Kiém tra cac thanh ghi dich:

D&i v6i thanh ghi dich nhu 74L.S164 thi ta phdi ti€n hanh ki€m tra IC theo chiic ning dich
chuyén dit liéu bing cdch tao ra dif liéu va tao xung clock d& dich chuyén dit liéu. Trinh ty ki€m
tra nhu sau:

e Kiém tra trang thdi clear ctia IC.

e Kiém tra trang thai dich chuyén dit liéu mic 1.

e Kiém tra trang thdi dich chuyén mc 0.

d. Kiém tra cac IC gidi ma:

Dadi v6i IC gidi ma thi ta ciing ti€n hanh tuong ty:

e Kiém tra trang thai test néu c6 ctia IC.

e Kiém tra trang thdi gidi ma clia tirng trang thdi ngd vio.

N6i chung chiing ta phai tim hiéu hoat dong clia tiing IC va ki€m tra IC con tot hay da
hdng theo chiic ning hoat ddng ctiia ching.
2. THETKE 50 D0 KHOI VA 50 DO MACH KIEM TRA IC &6:
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Phin nay sé& trinh bay cdch thi€t k€ mach dién d€ ki€m tra IC s6 — day chinh 12 van dé cot
16i clia yéu cau thi€t k&. Trudc khi ti€n hanh thi€t k&€ chiing ta phdi dit ra cdc yéu ciu clia
mach:

e Mach kiém tra IC khong dugc 1am héng IC trong qud trinh ki€m tra.
e Mach phai ki€m tra dugc nhiéu loai IC trén cing mot d€ cai chung.
e Phii ddm bdo ki€m tra chinh xdc.

P& ti€n hanh thyc hién viéc thi€t k&€ mach kiém tra cdc IC trén ciing mot d€ cai chung
chiing ta phai tim hi€u dic tinh dién vio ra cda tirng chan IC.

Céc IC s dugc tich hgp theo chifc ning va s lugng chan IC tly thudc vao tirng IC nhu
chiing dudc phin ra lam nhiéu loai nhu sau:
* ICs0 14 chan.
= ICs6 16 chan.
* ICs0 18 chan.
*= ICs6 20 chan.
» IC s0 24 chan.
*= IC s 28 chan.

Mot trong cdc van dé kho khin nhi't 12 cdc IC v6i cdc ngd vao ra 1a tuy y: ddi v6i IC nay
thi 1 s& chin 1a ngd vao nhu d6i véi IC khéc thi lai 1a ngd ra. Nén mach dién ki€m tra phai
dugc thi€t k& day dd vdi nhi€u chifc ning: mot chin tin hiéu cda d€ cai cé thé 12 ngd xuit tin
hiéu, 13 ngd nhan tin hiéu, 12 mass, 1a ngudn cung cap Svolt.

Céc ngd tin hiéu phai & muc logic 0 khi gin IC vao ki€m tra va ldc 18y IC ra khdi mach dé
ddm bao khong 1am hong IC.

Tir cdc yéu ciu thi€t k& trén ta ti€n hanh x4y dung sd d6 khdi clia mach nhu sau:

Khoi
chuyén
Mach diéu mach
khi€n A——r
Khdi hi€n
thi
i-- than co
Khéinhan
1éah

Hinh 1-3. S0 d6 khéi cba hé théng.
Mach diéu khién thuc hién qu4 trinh ki€m tra st dung vi diéu khién.

Kh&i chuyén mach d€ cung cap tin hiéu cho IC s st dung transistor.
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Kh&i hién thi cho bi€t két qua ki€m tra, vi c6 thé c6 nhiéu thong tin nén ngudi thiét k€& st
dung LCD d& hién thi k&t qua kiém tra.

Kh&i nhan 1énh st dung ban phim d€ nhap vao cic thong tin can thi€t cho viéc kiém tra vi
du nhu can kiém tra IC s& c6ng nand 74L.S00 thi hiy nhip vio cdc thong tin d€ hé thong bi&t IC
dang ki€m tra 1a c6ng NAND. Vi c¢6 nhiéu IC nén phdi xay dung mot bing ma qui dinh hay mot
danh sach lva chon.

Kh6i ngudn cung cdp chi cdn tao ra ngudn 5 volt d€ cung cAp ning ludc cho toan mach
hoat dong.

Tir sd @6 khdi ta ti€n hanh thi€t k& sd @6 nguyén 1y cho hé thong.

Mach diéu khién st dung 89S52 hoic 8958252 c¢6 bd nhé nodi 8kbyte d€ luu trit chuong
trinh. Vi diéu khi€n c6 4 port xuat nhap 8 bit tong cong 32 dudng, trong khi d6 mdi mot ngd tin
hiéu c6 thé k&t ndi véi mass, ndi Vee, hoic 1am dudng tin hiéu. Khi d6 so dd cho mot duding tin
hiéu phai st dung 3 tin hiéu diéu khién gdm:

- Mot dudng diéu khién transistor pnp d€ déng ngudn 5V cho mach.
- Mot dudng diéu khién transistor npn d€ déng mass OV cho mach.
- Mot dudng diéu khién nhén tin hiéu hoidc xuit tin hiéu logic:

S @6 mach cia mdt chan tin hiéu nhu hinh 2.

g
AB64 | S
X1
Cl T2
Y1
cezs | 9

Hinh 1-4. S6 d diéu khién 1 chéan cla IC.
Tir sd @6 mach clia mdt dudng tin hiéu thi ta c6 thé tinh dugc:
e N&ukét ndi d€ ki€m tra IC s 14 chin thi s6 dudng tin hiéu cin thi€t 12 42 dudng.
e N&ukét ndi dé ki€m tra IC s& 16 chin thi s6 dudng tin hiéu can thi€t 12 48 dudng.
e N&u k&t ndi dé kiém tra IC s8 18 chan thi s6 dudng tin hiéu cin thi€t 1a 54 dudng.
e N&ukétndi dé€ ki€m tra IC s 20 chin thi s6 dudng tin hiéu can thi€t 1a 60 dudng.

P& don gidn thi ta gidi han lai yéu cdu va chi ki€m tra IC s6 cho 2 loai 14 chin dén 16
chin va s6 dudng tin hiéu can thi€t t8i da 1a 48 dudng. PE thém cic dudng tin hiéu diéu khién ta
c6 thé thuc hién bing nhiéu cdch va trong dé tai nay ta chon cich md rong 1a s dung IC chét
74573. Viéc két ndi ndy sé 1am mat hét 12 dudng diéu khién nhung ta c6 thém dugc 32 ngd ra.

S8 lugng dudng diéu khié€n con lai clia vi diéu khi€n 1a 20 dudng ta s& si dung 16 dudng
dé 1am cdc dudng diéu khién 10, nhu vay con lai 4 dudng khdng di dé€ k&t ndi véi ban phim va
LCD nén ngudi nghién citu st dung thém 1 vi diéu khién thit 2 c6 chifc ning két ndi véi LCD va
ban phim va k&t ndi vdi vi diéu khién thit nha't qua truyén dit liéu ndi tiép.
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Vi diéu khién thd 2 cé nhiém vu nhan tin hiéu diéu khién tir ban phim va ra I€nh cho vi
diéu khién thit nhat ti€n hanh ki€m tra va sau khi ki€m tra xong thi ph3i gdi lai k&t qlia ki€m tra
cho vi diéu khién thit 2 @€ hién thi trang thdi kiém tra trén man hinh.

So d6 nguyén 1y mach nhu hinh 3a, 3b, 3c.
Trinh tu thuc hién ki€m tra IC do ngudi nghién citu dé ra nhu sau:
Buic 1: gin IC vao socket cho diing chiéu qui dinh.

Buigc 2: ti€n hanh nhip ma cta IC vi du nhu ki€m tra IC 7400 ta ti€n hanh nhap cic s&
7400 rdi nhan phim test.

Buic 3: vi diéu khién 2 sé& truyén yéu cAu thong tin d€n vi diéu khién 1 va chd nhén tin
higu tr 15i.

Buic 5: vi dicu khién 1 ti€n hanh kiém tra va gdi k&t qua ki€m tra trd lai vi diu khién 2.

Buiéc 6: vi diéu khién 2 nhin thong tin k&t qlia trd 13i va hién thi trén LCD.

Buic 7: qua trinh ki€m tra két thic.
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Hinh 1-50. S6 dd két nbi vi diéu khién 1 véi IC chét.
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Hinh 1-5b. SG dd két ndi cac dudng fin hiéu diéu khién v&i socket 18 chan .
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Hinh 1-5¢c. SG d6 két ndi vi didu khién 2 v&i LCD va ban phim ma trén.

3 THET KE PHAN MEM:

Sau khi di thi€t k& xong cdc hé thdng diéu khi€n va hé thdng md rong ta ti€n hanh viét
céc chuong trinh cho cdc hé thong.

Véi trinh ty thyc hién § trén ta ti€n hanh viét lvirdd cho 2 hé théng vi diéu khién 1 va 2.

Luu dé va chuong trinh cho vi diéu khién 1:
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Begin

v
Khéi tao truyén di ligu

Khéi tao trang thai tat cho tat ca cdc chan coa socket

Bao hiéu sdn sang - ddi tin hiéu bét tay tJ hé théng 2.

Kiém tra nhan tin
higu kiém tra IC

S
Tién hanh kiém tra theo théng sé
yéu cdu cla vi diéu khién 2.
>
s v
G6i tin higu bat tay dé chudn bj gdi két .qua kiém tra.

Kiém tra tin hiéu bat

Luu dd va chuang trinh cho vi diéu khién 2:
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| Begin ]
v

Khdéi tao LCD = hién thi cdc théng tin can thiét.

Thyc hién chuong trinh quét phim.

Ki€m tra ¢6 phim nhan

Ki€m tra phim test

-
»

98i ma bat tay dén hé théng 1

XU Iy yéu c¢du theo phim sé
(khéng phdi Ia phim chic nang)

oot ¢ -a f
Kiém tra tin hiéu bat

'

tay

Gdi cdc théng tin dén hé théng |
Ché nhén tin hiéu bdt tay va nhan két qua

G&i két qué ra LCD

4

[ end

Dua vao luu d6 diéu khién ta ti€n hanh viét chuong trinh cho tirng hé thong.

SXXXKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKXK
;chuong trinh test IC so

;chuong trinh viet cho vi dieu khien he thong 2:
enter equ Oah ;dinh nghia ma phim enter
ptang  equ Obh ;dinh nghia ma phim tang
pgiam equ Och ;dinh nghia ma phim giam
pclear equ 0dh ;dinh nghia ma phim xoa

pkey equ pO ;ket noi voi ma tran phim nhan
;ma bat tay goi di la AAH, ma bat tay nhan ve la BBh
;ma bat tay goi di la COH la bao IC tot
;ma qui dinh goi di la dOH la bao IC xau
;ma qui dinh goi di la CFH la bao he thong 1 chua xay dung phan kiem tra IC
pcon  equ 87h
;cac vung nho se su dung de luu thong tin

20h,21h,22h de Tuu ma cua IC = 740xxx
23h luu ma so cao de truyen di

30h-> 3th de luu thong tin cho LCD hang thu 1
40h ->  4th de luu thong tin cho LCD hang thu 2
org 0000h
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mov

mov
mov
mov

lcall
lcall
Icall

mainla: Icall
cjne
sjmp

sp,#50h

22h,#00h ;mac nhien la khi khoi dong

21h,#00h ;mac nhien la khi khoi dong

20h,#074h ;mac nhien la khi khoi dong la 74

khoitao trxd ;goi chtr con khoi tao truyen du lieu giuva 2 vdk
khoitao lcd ;goi chtr khoi tao LCD

hienthi_Icd ;goi chtr con hien thi thong tin ra LCD
quetphim ;goi chtr con quet phim

a,#0fth,main3 ;co phim nhan thi nhay

mainla ;neu khong co phim nhan thi tiep tuc

19:0:9,9.9,9.0.9,9.0,9,9.9,9.0.9,9.9,9,0.9,9.0.9,9.9,9,0.9,9.9.9,0.9,9.0.9,0.9.9,0.:9,9.9.9,0.9,9.0,9,0.9.9,0.9,0.0,9,0.9,9.0,9,0.9,9,0.0,9.0,0,0.4

main3: Icall

mainl: Icall
cjne
sjmp
main3a: cjne
maind: jnc
ljmp
main5: cjne
Icall
ljmp

main2: cjne
ljmp

ljmp

hienthi lcd key ;goi chtr con hien thi nhan ma so IC

quetphim ;goi chtr con quet phim
a,#0fthmain3a  ;co phim nhan thi nhay

mainl ;neu khong co phim nhan thi tiep tuc
a,#10,main4 ;kiem tra phim so

main5 ;cac phim chuc nagn con lai

xuly phimso ;nhay den chtr xu ly phim so
affenter,main2  ;kiem tra phim enter
hienthi_test

xuly_enter ;nhay den chtr xu ly phim enter

a‘#pclear,main3 ;kiem tra phim clear
xuly clear ;nhay den chtr xu ly phim clear

mainl ;nhay den chtr xu ly

SXXXXXX XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKK KKK KKK KKKKKK
;xu ly cac phim so luu tru vao 2 o nho 21h (byte H) va 22h (byte L)

19:0:9,9.9,9.0.9,9.0,9.9.9,9.0.9,9.9,9,0.9,9.0.9,9.9,9.0.9,9.9.9,0.9,9.0.9,0.9,9,0.:9,9.9.9,0.9,9.0,9,0.9,9,0.9,0.0,9,0.9,0.0,9,0.9,9,0.0,9.0,0,0.4

xuly phimso: push

mov
swap
mov

clr

mov
xchd
mov

xuly psol: Icall

acc ;cat tam noi dung A

a,22h

a 5

22h,a ;ket qua tu ZVH thanh VZH

a 5

r0,#22h

a,@r0 ;ket qua (A) = YZH

21h,a ;ket qua (A) = YZH vao o nho 21h
acc lay lai A

22h,a ;ket qua (22H)=VW: bon 4 thap moi vua vao
giaima ;goi chtr con giai ma

hienthichung

mainl ;tro ve chtr chinh

19:9,0.0,0,9.9,9.9,0.9,0,9.9,9.9,9.:9,0,9,0,0.9,0.9,0,9.9,9.9,0.9,0,9.9,9.9,0.9,0,9.9,9.9,0.9,0.9,9,0.9,0.9,0,9.9,0.9,9.9,0,9.9,9.9,0.9,0,9.0,0.0.¢

;chtr con giai ma

19:0:9,9.0,9.9.9,9.0.9,9.9,9.0.9,9.9,9,0.0,9.0.9,9.9,9.0.9,0.9.0,0.9,9.0.9,0.9,9,0.9,9.9.9,0.9,0.0,9,0.9,9,0.9,0.0,9,0.9,0.0.9,0.9,9,0.0,0.0.0.0.4

giaima: mov  a2lh
anl a,#0fh
add a,#30h
mov 4dh,a
mov a,22h
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anl a,#0f0h
swap a
add a,#30h

mov 4eh,a

mov a,22h

anl a,#0fh
add a,#30h
mov 4fh,a
ret

SXXXKKXKKK KKK KKK KKK KKKKKKK KKK KKK KKK KKKKKKK KKK KKK KKK KKK KKKKKKK KKK KKK KKKXKK
;xu ly phim clear bang cach xoa 2 o nho 21h (byte H) va 22h (byte L) ve 00
SXXXKKXKKK KKK KKK KKK KKKKKKKKKK KKK KKK KKKKKKKKKK KKK KKK KKK KKKKKKK KKK KKK KKKKKK
xuly clear: mov 21h,#00h ;x0a cac thong tin ve 00

mov 22h,#00h

ljmp xuly psol

S XXKKX KKK KX KK KK KKK KK KKK KK KKK KKK KKK KKK KK KKK KKK KKK KK KKK KK KKK KKK KKK KK KKK
;xu ly phim enter bang cach goi noi dung 2 o nho 21h (byte H) va

;22h (byte L) sang vdk 1
19:0:9,9.0,9.9.9,9.0.9,9.9,9,0.9,9.0.9,0.0,0.0.9,9.9,9,0.9,0.0.9,0.9,9.0.9,0.9.9,0.9,9.9.9,0.9,9.0,9,0.9,9,0.9,0.0,9,0.9,0.0.9,0.9,9,0.0,9.0.0,0.4
xuly enter: mov a,21h ;chuyen byte

mov dptr,#1000h ;nap dia chi 1000h
movc  a,@a+dptr ;
cjne a, #0fth,xuly enl

Icall hienthi_tbaol ;hien thi thong bao chua cai dat IC

ljmp mainla ;nhay ve chuong trinh chinh
xuly enl: Icall truyenma ;goi chtr truyen ma kiem tra ic di
ljmp mainla ;tro ve sau khi xu ly xong

19:0:9,9.0,9.9.9,9.0.9,9.9,9,0.9,9.0.9,0.0,9.0.9,9.9,9,0.9,0.0.9,0.9,9.0.9,0.9.9,0.9,9.0,9,0.9,9.0.9,0.9,9,0.9,0.0,9,0.9,0.0.9,0.9,9,0.0,9.0.0,0.4
;chtr con khoi tao truyen du lieu giva 2 vdk A va B
XXX XKXKXXKKXKKXKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKK
khoitao_trxd: mov thl,#0fah

mov tl1,#0fah

anl tmod,#0th

orl tmod,#20h

setb trl

mov scon,#50h
setb ti

orl pcon,#80h
ret

D90999909990099000000009000000000000000000000000.0.00.0.0.0.0.0.6.6.6.6.66.6.6.6.6.6.66604
;goi chtr truyen ma kiem tra ic di: goi ma bat tay la AAH, ma nhan ve la BB

; goi ma IC, cho nhan tin hieu tra loi- hien thi ket qua va thoat
SXXXXXXXXXXXKXKKXKKKXXKXKKKXXKKXKKXKK KKK KKKKKKKKKKKXKKKKKKKKKKKXKXXXKKXKXKKKXX

truyenma: jnb ti,$ ;kiem tra co truyen

clr ti

mov sbuf,#0aah ;201 ma bat tay di

mov 7Teh,#0 ;kiem tra co truyen co delay de
truyenma3: mov 7th,#0 ;thoat khi he thong khong bat tay
truyenma2: jb ri,truyenmal

djnz 7fh,truyenma2
djnz 7eh,truyenma3
Icall hienthi_tbao2 ;goi thong bao chua bat tay ht 1

ret
truyenmal: clr ri
mov a,sbuf ;nhan byte bat tay

cjne a,#0bbh, truyenma4
sjmp  truyenma5
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truyenma4: Icall hienthi_tbao3 ;201 thg bao bat tay khong dung

ret
XXX XK X KKK KKK KK XK KKK KKK KKK KKK KK KKK KKK KKK KK KKK KKK KKK KK KKK XKKKKXKKK
;goi ma test cua IC den ht 1

truyenma5: Icall hienthi_tbao4 ;goi thong bao bat tay tot

jnb ti,$

clr ti

mov a,21h

mov sbuf,a ;truyen byte ma cao

jnb ti,$

clr ti

mov a,22h ;truyen byte ma thap

mov sbuf,a
SXXXXXKKKXKKKKXKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKK
;cho nhan ket qua
SXXXXXKKXXKKKKXKKKKK KKK KK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKXKK

mov 7dh,#0 ;kiem tra co truyen co delay de
truyenmaa: mov 7eh,#0 ;kiem tra co truyen co delay de
truyenma6: mov 7th,#0 ;thoat khi he thong khong bat tay
truyenma?: jb ri,truyenma8

djnz 7fh,truyenma?7
djnz 7eh,truyenma6
djnz 7dh,truyenmaa

Icall hienthi _tbao5 ;goi thong bao khong co ket qua hoi am
ret

XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKK KKK KKK KKK KKKKKKKKKKKKKKK
;cho nhan ket qua

;ma bat tay goi di la COH la bao IC tot

;ma bat tay goi di la dOH la bao IC xau

SXXXXXX XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKK

truyenmag: clr ri
mov a,sbuf
cjne a,#0cOh,truyenma9
Icall hienthi_tbao6 ;goi thong bao IC tot

ret
truyenma9: cjne a,#0d0h,truyenmal0
Icall  hienthi_tbao7 ;goi thong bao IC hong
ret
truyenmal0: cjne a,#0cfh,truyenmal 1
truyenmal1: Icall hienthi_tbaol ;hien thi thong bao chua cai dat IC ben htl
ret

S XXXKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKK KKK KKK KK KKK KKK KKK KKK KKKKKK
;chtr con kiem tra phim nhan: p0 ket noi voi ma tran 16 phim

;10 phim so co ma tu 00 den 09 va sau phim chuc nang co ma tu Oah den Oth:

;c0 phim nhan thi ma dung voi qui dinh - neu khong co thi A = FFH

XXX XXX XXX XXX XXX XXX XK KKK KKK XXX KKK KKK KKK KKKXK

quetphim:
keypres: mov r3,#10 ;nhap so dem 10 lan
keypres1: Icall KEY ;Neu co phim an thi co c=1

jc pnl ;kiem tra tiep neu c = 1

ret ;Neu khong co phim nhan thi co ¢=0
pnl: djnz 3, keypres 1 ;Quay ve lap lai chong nay

push  acc ;Cat noi dung ma phim trong A
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keypres2: mov r3,#50 ;Nhap so dem 10 lan cho nha phim
keypres3: Icall key ;Co phim nhan hay khong
jc keypres2 ;Co thi kiem tra lai
djnz 3, keypres3 ;Khong thi lap lai 50 lan va dam bao
pop acc ;Khoi phuc lai gia tri cho A
ret ;ket thuc mot chuong trinh con
3 XXX XXX XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKK
;Chuong trinh con quet phim
3 OO XXX XXX XXX XXX KKK KKKKK
key: mov r7,#0fch ;bat dau voi cot so 0(feh)
mov r6,#4 ;Su dung r6 lam bo dem
mov 15,#00
keyl: mov pkey,r7 ;Xuat ma quet ra cot
mov a,pkey ;Doc lai portl de xu ly tiep theo
anl a,#0f0h ;x0a 4 bit thap la hang

cjne a,#0f0h, key2 ;co nhan fim thi nhay

mov a,r7
rl a ;xoay de chuyen den cot ke tiep
mov 17,a

mov a,rs ;chuyen ma fim sang cot ke
add a4
mov r5,a
djnz r6,keyl ;Neu nhu sau moi lan 1 cot ma khong
clr c ;clr ¢ neu nhu khong co phim duoc an
mov a,#0fth ;thoat voi ma trong a = FFh
ret
key2: swap a
key4: rre a ;xoay sang phai tim bit 0
jnc key3 ;nhay neu (¢)=0
inc 5 ;tang ma fim len cot ke
simp  key4 ;tiep tuc cho den khi duoc (C)=0
key3: mov ars
setb c
ret

XXX XK KKK KKK KK KKK KK KKK KK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKK
;201 chtr con hien thi nhap ma so IC
19:0:9,9.0,9.9.9,9.0.9,9.9,9,0.9,9.0,9,0.0,9.0.9,9.9,9,0.9,0.0.9,0.9,9.0.9,0.9.9.0.9,0.0.9,0.9,9.0.9,0.9,9,0.9,0.0,9,0.9,0.0.9,0.9,9,0.0,9.0.0,0.4
hienthi lcd key: mov dptr,#tbaoAl DATA ;nap dia chi bat dau

Icall copydata ;goi ch tr con copy 32 byte
Icall hienthichung
ret

SXXXKKXKKK KKK KKK KKK KKKKKKK KKK KKK KKK KKK KKKKKKK KKK KKK KKK KKK KKK KKK KKK KKKKKK
;goi chtr con hien thi dang test so IC
XXX KKK KKK KKK XK KK KKK KK KKK KKK KKK KK KKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKK

hienthi_test: mov dptr,#tbaobl DATA ;nap dia chi bat dau
Icall copydata ;goi ch tr con copy 32 byte
Icall hienthichung
ret

SXXXKKKKKK KKK KKK KKK KKKKKKK KKK KKK KKK KKK KKKKKKK KKK KKK KKK KKK KKK KKK KKKKXKK
;chtr con hien thi thong tin ra LCD MAC DINH KHI KHOI DONG
SXXXKKXKKK KKK KKK KKK KKKKKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKK KKK KKK KKKKXKK

hienthi_lcd: mov dptr,#tbao01 DATA ;nap dia chi bat dau
Icall copydata ;goi ch tr con copy 32 byte
Icall hienthichung
ret
30 Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn Vixd Iy

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Truong |OHUSREKT THEtHE I c (ng dung ding vi diéu khiéhn.,

(BT vv\NguyBmrRhethilvjn

SXXXKKXKKK KKK KKK KKK KKKKKKKKKK KKK KKK KKKKKKKKKK KKK KKK KKK KKKKKKK KKK KKK KKKKKK
;hien thi thong bao chua cai dat IC
XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKKKKK KKK KKK KKK KKK KKK KKK KKK KKKKKK

hienthi tbaol: mov dptr,#tbaoll DATA ;nap dia chi bat dau
Icall copydata ;goi ch tr con copy 32 byte
Icall hienthichung
ret

19:0:9,9.0,9.9.9,9.0.9,9.9,9,0.9,9.0.9,0.0,9.0.9,9.9,9,0.9,0.0.9,0.9,9.0.9,0.9.9,0.9,9.0,9,0.9,9.0,9,0.9.9,0.9,0.0,9,0.9,9.0.9,0.9,9,0.0,9.0.0,0.4
;hien thi thong bao khong bat tay he thong 1
SXXXXXX XXX KKK KKK KKK KKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKK KKK KKK KKKKKK

hienthi tbao2:  mov dptr,#tbao21 DATA ;nap dia chi bat dau
Icall  copydata ;201 ch tr con copy 32 byte
Icall hienthichung
ret

XXX KKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
;goi thg bao bat tay khong dung
3 OO XXX XXX XXX XXX XXX XXX KKK XXX KKK KKK KKK KKKXK

hienthi_tbao3:  mov dptr,#tbao31 DATA ;nap dia chi bat dau
Icall copydata ;goi ch tr con copy 32 byte
Icall hienthichung
ret

S XXXKKXKKX KKK X KKK KKK KKKKKK KKK KKK KKK KKKKKKKKKK KKK KKK KKK KKKKKKKKKKXKKKKKKKK
;goi thong bao bat tay tot
XXX KKK KKK KKK KK KKK KK KKK KKK KKK KK KKK KKK KKKKKK KKK KK KKK KKKKKKKKKKKKKKKKKKK

hienthi_tbao4:  mov dptr,#tbao41 DATA ;nap dia chi bat dau
Icall copydata ;goi ch tr con copy 32 byte
Icall hienthichung
ret

SXXXXXX XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKK KKK KKK KKKKKK
;goi thong bao khong co ket qua hoi am
SXXXKXXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKK

hienthi_tbao5:  mov dptr,#tbao51 DATA ;nap dia chi bat dau
Icall copydata ;goi ch tr con copy 32 byte
Icall hienthichung
ret

19.0,0.0,9,9.0,9.9,9.9,9.9.9,9.9,0.9,9.9.9,0.9,0.9.0.9.9,9.9,0.9,0,9.9.9.9,0.9,0.9.9,9.9,0.9,0.9.9,0.9,0.9,0,9.9,0.9,9.9,0,9.9,9.9,0.9,0.9.0,9.0.¢

;goi thong bao IC tot
SXXXXXKXKXXKKKKXKKKKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKK KKK KK KKK KKKKKXKK
hienthi_tbao6:  mov dptr,#tbao61 DATA ;nap dia chi bat dau

Icall copydata ;goi ch tr con copy 32 byte

Icall hienthichung

ret

19:0:9,9.9,9.0.9,9.9,9,9.9,9.0.9,9.9,9,0.9,9.9.9,9.9,9,0.9,0.9.9,0.9,9.9.9,0.9,9,0.9,9.9.9,0.9,9.0,9,9.9,9,0.9,0.9,9,0.9,9.0,9,0.9,9,0.0,9.0,0,0.4

;goi thong bao IC hong
XXX KKK KKK KKK XK KK KKK KK KKK KKK KKK KK KKKKKKKKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKK
hienthi_tbao7:  mov dptr,#tbao71 _DATA ;nap dia chi bat dau
Icall copydata ;goi ch tr con copy 32 byte
Icall hienthichung
ret

XXX XXX KX KKK KKK XK KK KKK KK KKK KKK KKK KK KKK KKK KKK KK KKK KK KKK KKK KKK KK KKKKKKK
;lay du lieu tu bo nho chuong trinh vao bo nho ram
XXX XXX KX KKK KK KKK KK KKK KK KKK KKK KKK KK KKK KKK KKK KK KKK KK KKK KK KKK KKK KKKKKKK

copydata: mov r0,#30h
mov rl,#0

Vi xif ly
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copydatal:

mov arl

move  a,@a + dptr ;lay data
mov @r0,a ;cat data
inc rl

inc r0

cjne r1,#33,copydatal

ret

3 OO XXX XXX XXX XXX KKK KKKKK
;Chuong trinh con hien thi noi dung tren LCD cua2 vung nho

;30H->3Fh hang 1; 40H-> 4Fh hang 2;

SXXXKKKKKK KKK KKK KKKKKKK KKK KKK KKKKKKKKKK KKK KKK KKKKKKK KKK KKK KKKKKKKKK

hienthichung:

fline:

sline:

MOV A #080h ;set DDRAM
LCALL KTAO

mov rl,#16

MOV RO, #30H

lcall Write

djnz rl,fline

mov a,#0cOh ;set DDRAM
LCALL KTAO

mov rl,#16

MOV  RO,#40H

Icall Write
djnz rl,sline

ret

XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KKK KKKKKKK KKK KKK KKK KKKKKKKKK
;chtr con goi data hien thi ra LCD
SXXXKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKK

write:

MOV  byteout,@R0
Lcall data_byte

inc 10

ret

XXXXXXXXXXXXXXXXXXXXKXKKKKXKKKKKKKKKKXKXKXXKKKXXKKKKKKKKKKKKKKKXKKKKKKKXX
;chtr con khoi tao LCD

;chuong trinh dieu khien LCD 16X2 tren kit vi dieu khien LOAI NHO
3 XXX XXX XXX XXX XXX XXX KKK KKK XXX KKK KKK KKK KKKXK

khoitao lcd:

E BIT P3.5
™ BIT P3.6
TS BIT P3.7
byteout equ p2
mov 0a2h,#0

LCALL khtaolcd ;khoi tao lcd
ret

S XXXXXXX KKK XXX KKK KKK KKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKXKKKKKKKKK
;chtr con khoi tao LCD
S XXXXXXXX KKK XXKKKKKKKXKKKKK KKK KKK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

khtaolcd:

setb e ;Enable
clr IS ;RS low
clr ™w™ :RW low
MOV  a#38h ;tu dieu khien LCD
LCALL KTAO
LCALL ddelay41 ;delay 4.1 mSec
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MOV A#38h ;function set

LCALL KTAO

LCALL ddelay100 ;delay

MOV A #38h ;function

LCALL KTAO

MOV A #0ch ;tu dieu khien display on

LCALL KTAO

MOV  A#01h ;tu dieu khien Clear display

LCALL KTAO

MOV A #06h ;tu dieu khien entry mode set

LCALL KTAO

MOV A,#80h ;thiet lap dia chi LCD (set DD RAM)

LCALL KTAO

RET
HXKXXXXKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK KK KKK KKK KK KKKKKKKKKX
;chuong trinh con khoi tao LCD
19,0:0,9.0,9,0.9,9.0.9,9.9,9,0.9,9.0,9,9.9,9,0.9,9.0.9,0.9,9.0.9,0.9,9,0.9,9.0.9,9.9,9,0.9,0.0.9,0.9,9.0.9,0.9,9,0.9,9.0,9,0.0.9,0.0.¢
KTAO: mov byteout,a

Icall command _byte

RET

SXXXXXKKXXKKKKXKKKKKKKKKKKKKK KKK KKK KKK KKK KKK KKK KK KKK KKKKKKK
;Feed command/data to the LCD module
SXXXXXKKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KK KKK KKK KKKKKKX
command _byte:

clr 15 ;RS low for a command byte

ljmp bdelay

data_byte: setb s ;RS high for a data byte
bdelay: clr  rw ;R/W low for a write mode
clr e

setb e ;Enable pulse

mov  byteout,#0fth ;configure portl to input mode

setb rw ;set RW to read
clr s ;set RS to command
clr ¢ ;generate enable pulse

nop

nop

setb e

Icall ddelayl100
ret

XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKK
;chuong trinh con delay 4.1 ms
XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKK

ddelay41: mov 7eh,#90h
del412: mov 7th,#200
dinz  7th$
djnz 7eh,del412
ret

19,9,9.9.9.9,9,9.9.9.9.9,9.9.9.9.9,9,9.9.9.9.9,9,9.9.9.9,9,9.9.9.9.9.9,9.9.9.9,9,9.9.9.9.9,9,0.9.9.9,9,9.9.9.9.9,9,0.9.9.9,9,9.9.9.0.¢
;chuong trinh con delay 255 microgiay
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SXXXXXKKXXKKKKKKKKKKKKKK KKK KKK KKK KKK KKK KKK K KKK KKK KKKKKKX
ddelay100: mov 7th,#00

djnz 7th,$

ret

XXX XK XXX X KKK KKK KKK KKK KKK KKK KKKKKK KKK KKK KKKKKKKKKKK KKK KKKKKKKKK
;  Data bytes

3 OO XXX XXX XXX XXX KKK KKK XXX KKK KKKKKK
FLINE DATA: DB 'NGUYEN DINH PHU ';,09%h

SLINE DATA: DB 'DATHOC SPKT HCM';,09%9h

tbaoal DATA: DB 'HAY NHAP MA 3 SO';,099h
tbaoa2 DATA: DB 'CUOI  74XXX';,099h

tbaobl DATA: DB 'TESTING IC - YOU';,099h
tbaob2 DATA: DB 'GIVE ME CIGARETT";,099h

tbao01_DATA: DB 'BO TEST IC 74XXX';,099h
tbao02_DATA: DB 'DESIGN BY MR PHU';,099h

tbaoll DATA: DB  'ICNAY CHUA CAI';,099h
tbaol2 DATA: DB 'TRONG HE THONG ';,099h

tbao21 DATA: DB 'HE THONG 2 KHONG';,09%h
tbao22 DATA: DB 'BAT TAY HETHONG1';,099h

tbao31 DATA: DB 'MA BAT TAY TRA ';,095h
tbao32 DATA: DB 'KHONG DUNG -***': 099h

tbao41_DATA: DB 'HE THONG BAT TAY";,09%h
tbao42 DATA: DB '"TOT=TIEP TUC ';,09%h

tbao51 DATA: DB 'KHONG CO KET QUA';,09%h
tbao52 DATA: DB 'TRA LOI-HT2 LOTI;,099h

tbao61 DATA: DB 'ICNAY CON TOT ';,099h
tbao62 DATA: DB 'GOODBYE GOODLUCK';,099h

tbao71 DATA: DB 'IC NAY DA HONG ';,099h
tbao72 DATA: DB 'MONEY-MONEY -BAD';,099h

XXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKKXK
;vung nho luu tru 2 so hang tram va hang ngan cua IC so
;khi them IC vao thi vung nho nay phai cap nhat
;hien tai chi xu ly cac IC so ho 7400 den 74199
SXXXKXXX KKK KKK KKK KKK KKK KKK KKK KKK KKK KKK KKKKKK KKK KKK KKK KKKKKKK KKK KKK KKKKKK
org 1000h
db 00h,01h

end

BAI TAP:

Bai S6" 1: Hay doc datasheet clia bd nhd ho 27Cxx va thi€t k€ mach nap chuong trinh cho bo
loai 27C64 va sau d6 m& rong thi€t k& cho cd ho tir 27C16 dén ho 27C512.

Bai S6°2: Hay doc datasheet clia bd nhé ho 27Cxx va thi€t k€ mach nap chuong trinh cho bo
loai 27C64 va sau d6 md rong thi€t k& cho cd ho tir 27C16 dén ho 27C512.
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Bai S6°3: Hiy doc datasheet clia vi diéu khién 89C51 va thi€t k€ mach nap chuong trinh cho vi
diéu khién.

Bai S6"4: Hiy doc datasheet ctia vi diéu khién 89S51 va thi€t k€ mach nap chuong trinh cho vi
diéu khién dang ndi ti€p.

return
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Chucng 2

VI DIEU KHIEN PIC 16F877A
e

TONG QUAN VE VI BIEU KHIEN PIC
MOT SO DAC TINH CUA VI BIEU KHIEN PIC
VI DIEU KHIEN PIC 16F877A
TONG QUAT VE PCIBFB77A
Gidi thieu
S do khi
So d6 chan va chic nang cac chan
16 cHIC BO NAG
Cdu troc bd nhé chuong trinh
Cau tric bd nhé di liéu
File thanh ghi k&t qué tdng quat
Cac thanh ghi ¢6 chic nang dac biét
Phan trang bo nhé chuong trinh
Cac thanh ghi dia chi gian tiép, thanh ghi INDF va FSR
DU LEUEEPROM VA BO NHG CHUONG TRINH FLASH
Thanh ghi EEADR va EEADRH
Thanh ghi EECON1 va EECON2
Poc di lieu tU bo nhé EEPROM
Ghi di lieu vao bo nhé EEPROM
Poc di lieu tU bo nhé chuong trinh Flash
Ghi di lieu vao bo nhé chuong trinh Flash
Bdo vé chang ghi nham
Hoat dong trong lic bdo vé chong ghi
CAC PORT XUAT NHAP (0)
PORTA va thanh ghi TRISA
PORTB va thanh ghi TRISB
PORTC va thanh ghi TRISC
PORTD va thanh ghi TRISD
PORTE va thanh ghi TRISE
BO_PNH THOI TIMERO

Ngat cba Timer0
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Timer0 véi nguon xung dém tU bén ngodi
Bo chia trudc

BO PINH THOI TMER1

Hoat dong cOa Timerl & ché do dinh thdi

Hoat dong cUa Timerl & ché do Counter

Hoat dong cUa Timerl & ché do Counter dong bd
Hoat dong cOa Timerl & ché do Counter bat dong bo
Doc va ghi Timerl trong ché d6 dém khong dong bd
BS dao dong cua Timer)

Reset Timerl sU dung ngd ra CCP Trigger

Reset cap thanh ghi TMRIH, TMRIL cUa Timerl

BO DINH THOI TMER2

BS chia trudc va postscaler cia Timer2
Ngb ra cba TMR2

KHO CHUYEN DI TUONG TU SANG S8 ADC

Ngé ra coa TMR2

Cac yéu cdu nhan di liéu ADC

Lua chon xung clock cho ADC

Pinh cdu hinh cho cac ngéd vao tuong ty cba ADC
Chuyén ddi ADC

Cac thanh ghiluu két qua cia ADC

Hoat ddng chuyén ddi ADC trong ché db Sleep
Anh hudng cba reset

KHOI 50 SANH

Hoat dong so sanh

bién ap so sanh

Théi gian dap Ung

Ngo ra bo so sanh

Ngat cba bd so sanh

Hoat dong cUa bd so sanh & ché do Sleep
Anh hudng cba reset

Két ndi cac ngd véo tuong ty

cAc cAu TRC PAC BIET CDA cPU

CAUHNHBO DAD PONG

Cac loai mach dao déng
Dao dong thach anh/ty Ceramic
B6 dao dong RC

MACH RESET CPU

Reset MCLR

Reset khi méi cap dién POR

Timer reset khi m&i cGp dién (PWRT)
B6 dao dong Start-up (OST)
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Reset Brown-out (BOR)

Trinh tu théi gian

Thanh ghi trang thai/thanh ghi céng suat
HOAT PONG NGAT

Ngat ngoai INT

Ngdt TMRO

Ngéat PORTB thay déi

Luu di liéu khi xay ra ngdt
HOAT DPONG CUA WATCHDOG TIMER WDT
HOAT PONG CUA cru & CHE DO NG SLEEP

Danh thic cpu khdi ché dé ngd

Danh thiic cpu dung cac ngat
MACH GO RO
KIEM TRA CHUONG TRINH/ BAO VE BANG MA
MA NHAN DANG

LAP TRINH TUANTU ClIA MACH TICH HOP BEN TRONG ICSP (h-Crrauit Serid Proaram©ing)

LAP TRIH BIEN AP THAP ISP (NGUON BON)
50 B0 NGUYENLY GIAO TEP GIJA MAY TiNH VA PIC 1BF877A
Mach nap PIC truc tiép ti cdng COM

Mach nap PIC gian tiép i ‘cdng COM qua ic max232

Mach nap PIC.qud cong LPT
Bdng va hinh:
Bang 2-1. Cac vi diéu khién ho PICI6F87X.
Bang 2-2. Tom t&t déc diém PICI6F877A
Bang 2-3. Lua chon bank thanh ghi.
Bang 2-4. Tom tat cac thanh ghi dac biét.
Bang 2-5. Tom tat cac thanh ghi dac biét.
Bang 2-6. Tom tat cac thanh ghi dac biét.
Bang 2-7. Cac bit lya chon hé sé chia trudc.
Bang 2-8. Cac thanh ghi sU dung cho bd nhd EEPROM.
Bang 2-9. Cac chiic nang ca PORTA.
Bang 2-10. Tom tat cac thanh ghi lién két voi PORTA.
Bang 2-11. Cac chiic nédng cOa PORTB.
Bang 2-12. Cac thanh ghi két noi v6i PORTB.
Bang 2-13. Cac thanh ghi két noi véi PORTB.
Bang 2-14. Cac chic nang cia PORTC.
Bang 2-15. Cac thanh ghi két ndi véi PORTD.
Bang 2-16. Cac chic nang coa PORTD.
Bang 2-17. Cac thanh ghi két ndi voi PORTE.
Bang 2-18. Cac chic nang cUa PORTE.
Bang 2-19. Cac bit lya chon ti 1& bd chia trudc.
Bang 2-20. Lya chon ty cho bé dao dong.
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Bang 2-21. Cac thanh ghi cOa Timer1.

Bang 2-22. Cac thanh ghi cOa Timer2.

Bang 2-23. Céc bit lya chon xung chuyén ddi ADC.
Bang 2-24. Cac bit diéu khién ADC.

Bang 2-25. Cac bit lya chon xung chuyén déi ADC.
Bang 2-26. Céc thanh ghi dung cho chuyén déi ADC.
Bang 2-27. Cac thanh ghi dung cho bd so sanh.

Bang 2-28. Cac thanh ghi dung cho bd tao dién ap chudn.
Bang 2-29. Chon cac thach anh va ty.

Bang 2-30. Chon cac thach anh va ty.

Bang 2-31. Chon cac thach anh va ty.

Bang 2-32. Gia tri c0a cac thanh ghi khi bi reset.

Bang 2-33. Gia tri cba cac thanh ghi khi bj reset (tiep tuc).
Bang 2-34. Cac thanh ghi cba WDT.

Bang 2-35. Cac tai nguyén cba mach gé roi.

Hinh 2-1. SG d6 chan ho PICI6F87XA.

Hinh 2-2. S6 do khdi PIC16F87XA.

Hinh 2-3. S6 do chan

Hinh 2-4. SG do bd nhé chuong trinh va ngéin xép.

Hinh 2-5. S do File thanh ghi.

Hinh 2-6. Cac truéng hdp nap gia tri cho PC.

Hinh 2-7. Dia chi tryc tiép/gian tiép.

Hinh 2-8. Ghi d¥ liéu khoi vao bd nhé chuong trinh flash.
Hinh 2-9. S6 do mach chan RA3:RAO.

Hinh 2-10. S6 d6 mach chan RA4/TOCKI.

Hinh 2-11. S6 d6 mach chan RAS.

Hinh 2-12. S d6 mach cac chan RB3:RBO.

Hinh 2-13. S6 d6 mach céac chan RB7:RBA4.

Hinh 2-14. SG d6 mach cac chan RC7:RB5 va RC2:RBO.
Hinh 2-15. S d6 mach cac chan RC4:RB3.

Hinh 2-16. S6 d6 mach cac chan PORTD.

Hinh 2-17. S6 d6 mach cac chan PORTE.

Hinh 2-18. SG do khéi cUa timer0 va bd chia trudc véi WDT.
Hinh 2-19. Gian do thai gian xung dém cla Counterl.
Hinh 2-20. So d6 khéi cba Timerl.

Hinh 2-21. So d6 khéi cOa Timer2.

Hinh 2-22. S6 d6 khéi cba Timer2.

Hinh 2-23. So d6 mach cia ngd vao ADC.

Hinh 2-24. Chu ky chuyén ddi ADC.

Hinh 2-25. Cap thanh ghi két qua hiéu chinh phai va trai.
Hinh 2-26. Cac kiéu hoat dong cba bd so sanh.
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Hinh 2-27.
Hinh 2-28.
Hinh 2-29.
Hinh 2-30.

Cac kiéu hoat dong cOa bd so sanh.

So do mach cla bd so sanh.

SJ d6 mach ngd vao tuong tu.

S dd khéi mach tao dién ap chudn cho bd so sanh.

Hinh 2-31. Dao dong dung thach anh/tyu céng hudng cau hinh XT, LP hodc HS.

Hinh 2-32.
Hinh 2-33.
Hinh 2-34.
Hinh 2-34.
Hinh 2-35.
Hinh 2-36.
Hinh 2-37.
Hinh 2-38.
Hinh 2-39.
Hinh 2-40.

Ngd vao nhan xung 10 bén ngodi cau hinh XT, LP hodc HS.
B6 dao dong RC.

Sd d6 mach reset frong chip.

Mach reset.

Trinh ty thai gian khi reset POR ¢o ndi MCLR.

Trinh ty thoi gian khi reset POR khéng ndi MCLR .

Trinh ty thdi gian khi reset POR khong ndi MCLR .

Sd do logic cla cac ngdt.

So d6 khoi cba WDT.

Panh thic cpu bang cach dung ngat.

Hinh 2-41. Cac dudng giao tiép v6i mach nap nai tiép.

Hinh 2-42.
Hinh 2-43.
Hinh 2-44.
Hinh 2-45.

Sc dé nguyén Iy mach nap truc tiép 1 cdng COM.

Cac dudng giao tiép vai mach nap ndi tiép qua IC chuyén déi.

So dé nguyén Iy mach nap nditiép 1 cdng COM qua IC chuyén ddi.
Sc dé nguyén Iy mach nap ding cdng LPT.

39

Vixd [y

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn

CuuDuongThanCong.com https.//fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

| Chiong 2 Vi ddukiignPLC, SPKT — NguyBn Dirh PHi

I.  TONG QUAN VE VI DIEU KHIEN PIC

PIC 12 mot ho vi diéu khi€n RISC dugc san xud't bdi cong ty Microchip Technology. Th& hé
PIC du tién 1a PIC1650 dugc phat trién bdi Microelectronics Division thudc General — Instrument.

PIC 1a vi€t tit clia "Programmable Intelligent Computer" 12 mdt san phdm ctia hing General
Instruments dit cho dong san pham d4u tién 14 PIC1650. Tai thdi diém d6 PIC1650 dudc dung dé
giao ti€p vSi cdc thi€t bi ngoai vi cho may chli 16 bit CP1600, vi vy, ngudi ta ciing goi PIC vdi cdi
tén "Peripheral Interface Controller" — bo diéu khié€n giao ti€p ngoai vi.

CP1600 12 mdt CPU manh nhung lai yéu vé cdc hoat ddng xuit nhiap vi vay PIC 8-bit dugc
phat trién vao khodng nim 1975 @€ hd trg cho hoat dong xua't nhap ctia CP1600.

PIC ROM d¢€ chita mi, mic du khai niém RISC chua dugc st dung thoi bdly gid, nhung PIC
thuc sy 12 mot vi dicu khién vdi kién tric RISC, chay mot Iénh véi mot chu ky may — gdm 4 chu ky
ctia bd dao dong.

Nam 1985 General Instruments ban cong nghé cac vi dién tir ciia ho, va chd s& hitu mdi hiy
bd hau hét cac du 4n - lic d6 da qud 16i thi. Tuy nhién PIC dugc bd sung EEPROM d€ tao thanh 1
bd diéu khi€n vao ra lap trinh.

Ngay nay rat nhiéu dong PIC dudc xufit xudng v6i hang loat cic module ngoai vi tich hop
s&n (nhu USART, PWM, ADC...), v6i bd nhé chuong trinh tir 512 Word d&n 32K Word.

. MOT 56 DAC TiNH CUA VI BIEU KHIEN PIC

Hién nay c6 khd nhi¢u dong PIC va c6 rat nhi€u khdc biét vé phan ctng, nhung chiing ta c6
thé diém qua mot vai nét nhu sau:

=  Li CPU 8/16 bit, xay dung theo kién tric Harvard c6 stra ddi.

=  C6 bd nhé Flash va ROM c6 thé tuy chon tir 256 byte d&én 256 Kbyte .

= C6 céc cong xuit — nhap (1/O ports).

=  (Co timer 8/16 bit.

= (C6 céac chudn giao ti€p ndi ti€p ddng bo/khong ddng bd USART.

= C6céacbd chuyén ddi ADC 10/12 bit.

= (Co6cacbd sosanh dien dp (Voltage Comparators).

* (6 cac khdi Capture/Compare/PWM.

*  C6hd trg giao ti€p LCD.

*  C6 MSSP Peripheral ding cho céc giao ti€p I2C, SPI, va I2S.

*  C6bd nhé ndi EEPROM - ¢6 thé ghi/xod 1én t6i 1 triéu 1an.

»  C6 khoibiéu khién dong cd, doc encoder.

*  C6 hd trg giao ti€p USB.

*  C6hd trg dicu khién Ethernet.

*  C6 hd trg giao ti€p CAN.

bic diém thuc thi tdc dd cao CPU RISC ciia ho vi di€u khién PIC16F87XA 1a:
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*  Chigdm 35 1énh don.
*  Tit ca caclénh 1a 1 chu ki ngoai trir chuong trinh con 12 2 chu Ki.
*  Toc dd hoat dong:

* DC- 20MHz ng6 vao xung clock.
* DC- 200ns chu ki 1€nh.

=  Dung lugng clia bd nhé chuong trinh Flash 1a 8Kx14words.
*  Dung lugng cia b6 nhéG dit liéu RAM la 368 x8bytes.
*  Dung lugng ctia bé nhéG dit liéu EEPROM la 256x8 bytes.
a. Cac dac tinh ngoai vi
e Timer0: 1a b dinh thdi timer/counter 8 bit c6 bo chia truGc.
e Timerl: 12 bo dinh thsi timer/counter 16 bit ¢6 bd chia trude, ¢é thé d€m khi CPU
dang & trong ch& dd ngli véingudn xung ti tu thach anh hoic nguén xung bén ngoai.
e Timer2: b0 dinh thdi timer/counter 8 bit v4di thanh ghi 8-bit, chia truéc va postscaler.
e Haikhoi Capture, Compare, PWM.
= Capture c6 do rong 16-bit, dd phan gidi 12.5ns
»  Compare c¢6 dd rong 16-bit, dd phan giai 200ns
* PO phan gidi I6n nhat clia PWM 1a 10-bit.
b. Cac dic tinh vé tuong tu
e C6 8 kénh chuyén d6i tin hiéu tuong ty thanh tin hiéu s6 ADC 10-bit.
e (o6 reset BOR (Brown- Out Reset).
e Khdi so sdnh dién 4p tuong tu:
= Haib0 so sanh tuong ty.
= Khéitao dién d4p chuin Vrgr tich hdp bén trong c6 thé 1ap trinh.
* DPahdpngd vao lap trinh tif ngd vao ctia CPU véi dién 4p chuin bén trong.
= Céicngd racliabd so sinh c6 thé truy xu't tif bén ngoii.
c. Cac dic tinh dic biét cta vi diéu khién:
* B nhS chuong trinh Enhanced Flash cho phép x6a va ghi 100000 1an.
* B0 nhd dir lieu EEPROM cho phép x6a va ghi 1000000 1an.
*  Bd nhé EEPROM c6 thé lvu giit dit liéu hon 40 nim va co thé ty 1ap trinh lai dudi su
diéu khién cia phin mém.
*  Mach 14p trinh ndi ti€p ICSP thong qua 2 chan (In-Circuit Serial Programming).
*  Ngudn st dung 1a nguén don 5V céip cho mach lap trinh ndi tiép.
=  C6 Watchdog Timer (WDT) vGi bd dao dong RC tich hgp san trén Chip.
*  C6 thé lap trinh ma bdo mat.
*  (C6thé hoatdong & ché€ dd Sleep d€ ti€t kiém ning lugng.
= C6 thé lua chon bo dao dong.
*  C6 machdién g& r6iICD (In-Circuit Debug) thong qua 2 chan.
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d.

Cong nghé CMOS:

Cong nghé CMOS c6 cac dac tinh: cong suat thap, cong nghé bd nhé Flash/EEPROM t6¢ do
cao. Dién 4p hoat dong tir 2V dén 5,5V va tiéu ton ning lugng thap. Phit hgp véinhiét dd lam viéc
trong cong nghiép va trong thuong mai.

Bdng 2-1 trinh bay tém tit ciu tric ciia 4 loai PIC16F87X.

Program Memory Data MSSP
. EEPROM 10-bit CCP Timers
Device Bytes # Single Word SRAM (Bytes) 110 AID (ch) | (PWM) | gp; Master USART 8/16.-bit Comparators
y Instructions (Bytes) 12c
PICT16F8T3A | 72K 4096 192 128 22 5 2 Yes| Yes Yes 21 2
PIC16F8T4A | 72K 4096 192 128 33 8 2 Yes| Yes Yes 21 2
PIC16F876A | 14 3K 8192 368 256 22 5 2 Yes| Yes Yes 21 2
PIC16F8TTA | 14 3K 8192 368 256 33 8 2 Yes| Yes Yes 21 2
2 - o 2 oo
Bang 2-1. Cac vi dieu khien ho PIC16F87X.
Hinh 2-1 trinh bay s6 do chian cta céac loai PIC16F87XA.
: P 3 8
40-Pin PDIP odonzosa
EGBRLELROE
MCLRVPP —=[11 / 40 [J=—= RB7/PGD 333383588350
RAD/AND «—[] 2 39 [] «——= RB6/PGC [
RAT/ANT =—=[] 3 38 []=—» RBS 44-Pin TQFP IIH HIIIJ
RAZ2/AN2NVREF/CVREF =[] 4 37 [J == RB4 )
RA3/AN3/NVREF+ =——»[15 36[J] =— RB3/PGM GE 5 E‘E 55 E E E EE
RAUTOCKICIOUT <—s-[] 6 35 H=—= RB2 Feoamors ——w o2 f~— RCOTIOSOTICK!
RAS.’AN&:’SSQOUT -—]7 E 34 [ =—= RBE1 ROS/PSPS == CIO3 3i:‘£§: OSC2ICLKO
REORD/ANS =—=[]8 b5 33 |[]<—s RBO/NT Ro7PSR7 ——wcmls  PICIGFSTAA  zommie— ves
RE1WRI/ANG =—=[] g = 320 -— VoD Vss —=CTH 6 PIC16F877A ST ¥eo
REVCS/ANT s 10 & 31[]<— Ves I = S —o Red RS
Voo—=[J11 & 30 [J=—= RD7/PSP7 RS e % o N
Vss . [112 g 29 [] =— RDBG/PSPE REAPGM =—=TIO 1 a _stm-—— RA4TOCKICIOUT
OSCVCLKI —[1 13 - 28[]=-— RDGPSPS L EEZ22E29 &
OSC2/CLKO «—[] 14 © 57 <~ RD4/PSP4 HHHH HHHHHHH
RCOT10SOTICKI =[] 15 e % ] «=—= RCT/RX/DT ! I 1 I T ! t ! 1
RC1/T10SICCP2 =[] 16 25 [] =—= RCB/TX/CK cozss9Essst
RC2/CCP1 -—[] 17 24 []<— RC5/SDO “gg%%ggg
RC3/SCKI/SCL =[] 18 23 []<—= RC4/SDI/SDA cE@Eeg2
RDO/PSP0 <[] 19 29 [] =—s RD3/PSP3 §§
RD1/PSP1 = [120 21 []<-—» RD2/PSP2 3“‘
[+

Hinh 2-1. S6 d6 chan ho PICI6F87XA.

VI DIEU KHIEN PIC 16F877A

1

T6NG QUAT VE PICIGFB77A:

a. Gidi thiéu:

PIC16F877A c6 40/44 chian v§i ciu tric nhu sau:

e (C6 5 portxuat/ nhap.

e C6 8 kénh chuyén ddi A/D.

e DPugcbd sung céc port tif song song.
[ ]

C6 bd nhd gap ndi so v6i PIC16F873A/PIC16F874A.
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Béing 2-2 s& t6m tit dic diém PIC16F877A:

bic diém
Tan s6 hoat dong
Reset (va Delay)
B0 nhd chuong trinh Flash (14-bit word)
B0 nhé dir lieu (byte)
B0 nhé dit lieu EEPROM (byte)
Cac ngudn ngit
Céc port xudtnhap
Timer
Cac module capture/compare/PWM
Giao ti€p nodi ti€p
Giao ti€p song song
Module A/D 10bit
B0 so sanh tuong ty
Tap Iénh

S6 chan

PIC16F877A
DC- 20MHz
POR, BOR (PWRT, OST)
8K
368
256
15
CécportA,B,C,D, E
3
2
MSSP, USART
PSP
8 kénh ngd vao
2
351énh

40 chan PDIP
44 chan PLCC
44 chan TQFP
44 chan QFN

Bang 2-2. Tom tat dac diém PICI6F877A

b. So dd khéi:
Hinh 2-2 trinh by sd dd khoi clia PIC16F877A, sd d6 khdi cha PIC gdm céc khoi:

C.

Khoi ALU — Arithmetic Logic Unit.

Khdi bo nhé chira chuong trinh — Flash Program Memory.
Khdi by nhd chia dit lieu EEPROM — Data EPROM.
Khdi bd nhd file thanh ghi RAM — RAM file Register.

Khd&i gidi ma 1énh va diéu khién — Instruction Decode Control.

Khdi thanh ghi dic biét.
Khdi ngoai vi timer.

Khdi giao ti€p ndi tiép.

Khdi chuyén ddi tin hiéu tuong tu sang s6 —ADC.

Khd&i cac port xuat nhap.

So d6 chan va chiic nang cac chan:

S0 db chan cda PIC gdm nhiéu loai nhung & day khio sat loai PIC 40 chan nhu hinh 2-3.
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13 = e Data Bus 8 PORTA
I 7 ] LIS RAD/AND
Flash | | —e RATANT
Program \vi A =] RA2/AN2/VREF-/CVREF
Memory 8 Level Stack RAM Y 4 RA3/AN3INVREF+
(13-bit) File - RMI"TUC@ 10UT
Registers S RAS/AN4/SSIC20UT
Program
Bus 14 RAM Adarl® 4p 9 PORTE
A UK RBO/INT
Instruction reg r Eg;
‘ ] Direct Addr 7 '"gér:j?ft RB3/PGM
7 N RB4
RBS
RB&/PGC
T Status reg RB7/PGD
8
1 I PORTC
Avi Avi - RCO/T10SO/TICKI
Power-up o MUX / ~ RC1/T10SI/CCP2
\ Timer {l s RC2/CCP1
Instruction | Oscillator = ) Eggiggﬁésﬁ
Decode & [ | Start-up Timer
Control 3 RC5/SDO
Power-on | RCB/TX/CK
——
- Reset . 4 RCT/RX/DT
| _Timing | Watchdog
DK<= Generation [+ Timer PORTD
OSC1/CLKI Brown-out L RDO/PSPO
OSC2/CLKO Reset 4= 5] RD1/PSP1
In-Circuit | RDZIPSP2
Debugger r » RD3/PSP3
Low-Voltage - - RD4/PSP4
Programming 4 RD5/PSPS5
+—[< RD7/PSPT
PORTE
MCLR VoD, Vss 4 +[] REO/RDIANS
— 4—#@ RE1AWR/ANG
4—[<] RE2/CS/ANT
N Parallel
Timerd Timer1 Timer2 10-bit A/D slave Port
}ﬁ i I 1 1L L
1 i
I I [ I v
Synchronous Voltage
Data EEPROM CCP1,2 Serial Port USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16FE74A 4K words 192 Bytes 128 Bytes
PICTBFETTA 8K words 368 Byles 256 Bytes

clock bén ngoai.

* OSCI: ngd vao dao dong thach anh hoic ngd vio ngudn xung § bén ngoai. Ngo vao

Hinh 2-2. So dé khoi PIC16F87XA.

Chic ning clia cdc chdn nhu sau:

e Chan OSCI/CLKI {8: 12 ngd vao k&t ndi v6i dao dong thach anh hoac ngd vao nhan xung

c6 mach Schmitt Trigger n€u st dung dao dong RC.

* CLKI: ngd vao ngudn xung bén ngoai.
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e Chan _ -: ngd ra dao dong thach anh hoic ngd ra cip xung clock.
* OSC2: ngd ra dao ddong thach anh. K&t ndi dén thach anh hodc bd cong hudng.
* CLKO: & ch& do RC, ngd ra clia OSC2, bang Y% tan s& clia OSC1 va chinh 1a 8¢ do
cta chu ki 1énh.

40-Pin PDIP
WelRVee — =1 \/ 400~ RB7PGD
RAD/ANO =[] 2 39 [J «——= RBB/PGC
RATAN1 =—[]3 38 [] =<— RB5
RA2/AN2VREF-/ICVREF =« » [ 4 37 0 =-— RB4
RA3J/ANINVREF+ =[5 36 [J =—= RB3/PGM
RA4/TOCKICI0UT =[] 6 35 [] =— RB2
RAS5/AN4/SSIC20UT =[] 7 < 34[J-— RBI
REO/RD/ANS =—=[] 8 b5 33 [J<— RBO/INT
RE1WR/ANG =—= [ 9 S 20—V
RE2CS/AN7 =110 & 31 [1<— Vss
VoD —=[J11 b5 30 [J<—= RD7/PSP7
vss w12 Y% 29[]<— RDEIPSPE
OSCUCLKI —=[113 v 28 []=—» RDSIPSPS
OSC2/CLKO ———[1 14 E 97 [] =~ RD4/PSP4
RCOT1OSOMICKI e—e[] 15 26 [ «=—= RCT/RXNIDT
RC1/T10SI/ICCP2 =[] 16 25 [T =—= RCBITX/CK
RC2CCP1 «—s [T 17 24 [] «—» RCS/SDO
RC3/SCKISCL =—»[] 18 23 [ +—+RC4/SDI/SDA
RDO/PSP0 =[] 19 29 [1 «+—= RD3/PSP3
RD1/PSP1 =[] 20 21 [] =—= RD2/PSP2

Hinh 2-3. So d6 chan
e Chin - .: c0 2 chitcnadng:
» MCLR: I ngd vao reset tich cuc mic thap.
=  Vpp: khi 1ap trinh cho PIC thi dong vai tro 1a ngd vao nhan dién dp 1ap trinh.
e Chin - .: cO 2 chic ndng:
* RAO: xu#t/ nhip s6.
= ANO: ngd vao tuong ty clia kénh thit 0.
e Chin _:
* RAO: xuit/nhip s6.
= ANI1:ngd vao tuong ty clia kénh thit 1.
« Chan — (4):
RA2: xuat/nhap sd.
=  AN2:ngd vao tuong ty clia kénh thit 2.
* VREF-: ngd vao dién dp chuiin (thap) ctia bd A/D
CVREF: dién 4p tham chi€u VREF ngd ra bd so sanh

. Chan_l

* RA3:xuit/nhip s6.
= AN3:ngd vao tuong tu kénh thir 3.
* VREF+: ngd vao dién 4p chuin (cao) clia bo A/D.

» Chan RA#/TOCKI/CIOUT (6
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* RA4:xuit/nhap s6 — m§ khi dugc ciu tao 1a ngd ra.
= TOCKI: ngd vao xung clock bén ngoaicho Timer 0.
= CI1OUT: ngd ra bd sosanh 1.
« Chan RASIANG/SSIC20UT il
* RAS: xuit/nhapso.
= AN4:ngd vao tuong ty kénh thir 4.
=SS ngd vao chon lya SPI phu.
= (C20UT: ngd ra bd so sanh 2.
e Chan - -:
* RBO: xudt/nhap s6.
* INT: ngd vao nhan tin hiéu ngit ngoai.
e Chan - -: xudt/nhap so.
e Chan - -: xu#t/nhap so.
e Chan RB3/PGC:
* RB3: xudt/nhap s6.
* Chan cho phép lap trinh dién dp thap ICSP:
e Chan - - - -: xudtnhap s6.
e Chan - -:
* RB6: xuit/nhap so.
* PGC:mach g& rdi va xung clock 1ap trinh ICSP.
e Chin - -:
* RB7: xudt/nhap sd.
* PGD: mach gd r6i va dit liéu lap trinh ICSP.
e Chin _ -1
* RCO: xuat/nhap sd.
= TIOCO: ngd vaobd dao dong Timerl.
= TICKI: ngd vao xung clock bén ngoai Timerl.
« Chan REI/TIOSI/CCP2 6]
* RCI: xuat/nhap sd.
= TIOSI: ngd vao b6 dao dong Timerl.
= CCP2: ngd vao Capture2, ngd ra compare2, ngd ra PWM2.
e Chin _ -:
* RC2: xuit/nhip s6
= CCPI1: ngo vao Capturel, ngd ra comparel, ngd ra PWMI1
» Chan RC/SCK/SCL (i8):
* RC3: xudt/nhap s6.

* SCK:ngd vao xung clock ndi ti€p dong bd/ngd ra clia ché dd SPIL.
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* SCL: ngd vao xung clock ndi ti€p ddng bo/ngd ra clia ché do 1,C.
Chan RCH/SDISDA [B5):
* RC4: xuat/nhap so.
=  SDI: di¥ li€u vao SPL
= SDA:xuét/nhip dit lieu I°C.
« Chan RC5/SDO [@8):
* RC5: xudt/nhap sd.
= SDO:di liéura SPI.
e Chan RCO/TXICK [B5):
» RC6: xuit/nhap sd.
* TX: truyén bit dong bo USART.
* CK: xung ddng bo USART.
« Chan REURX/DT [B6):
* RC7: xuit/nhap sd.
* RX:nhinbatdéng USART.
» DT:dirliéu dong bd USART.
e Chan - -:
* RDO: xuit/nhap sd.
=  PSPO: dir li€u port t§ song song.
e Chén - -:
* RDI:xuat/nhap s6.
= PSPI: dir li€u port t&§ song song.

-’--7--’--’--’

tuong tu chan 19, 20.

» Chin REO/RD/ANS [8)
* REO: xudt/nhap so.
» RD: diéu khién doc port té song song.
= ANS5:ngd vao tuong ty 5.

«  Chan REUIRIANG 8
* REl: xudt/nhap s6.
*  WR: diéukhién ghi port td song song.
=  ANG6:ngd vao tuong ty kénh thit 6.

» Chan RE2/CSVANT (10):
* RE2: xuidt/nhip sb.
= (CS: Chip chon lya diéu khién port t6 song song.
= AN7:ngd vao tuong ty kénh thi 7.

e Chan - - va -- 12 cdc chan ngudn ciia PIC.
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2 10 cHIC BO NHG:

C6 3 khdi bo nhé trong PIC16F877A. Bd nhé chuong trinh va bd nhé dir lieu dugec mod ta chi
ti€t trong phan nay. Khdi bd nhé dit lieu EEPROM dugc md ta chi ti€t & phin sau.

a. Cau tric bdé nhd chuong trinh:

PIC16F877A ¢6 bd dém chuong trinh 13 bit c6 thé quéan 1§ bd nhd chuong trinh ¢6 dung lugng

la 8Kwordx14bit (1IKWord = 14bit).

Khi PIC bi reset thi thanh ghi PC ¢6 gi4 tri 1a 0000h hay con vector ngdt cé dia chi 0004H.

CALL,

on-Chip

Program <

Memory

Hinh 2-4. S do bd nhé chuong trinh va ngan xép.
b. Cdu tric bé nhs di ligu:

PC<12:0>

RETURN
RETFIE, RETLW

T
b

Stack Level 1

Stack Level 2

Stack Level 8

Reset Vector

0000R

I‘CJ;

Interrupt Vector

0004h

Page 0

0003h

07FFh

Page 1

0800h

OFFFh

Page 2

1000h

17FFh

Page 3

1800R

1FFFh

B nh§ dit liéu dugc phan chia thanh nhiéu Bank va nhitng thanh ghi chifc ning dac biét. Hai
bit RP;RP, — bit trang thai thif 6 va tht 5 dugc diing @€ chon bank nhu bang 2-3.

M&i bank cé thé md rong 1én dén dia chi 7Fh (tudng duong véi 128byte). Cac & nhé cb dia
chi thip cia mdi bank dugc danh cho cdc thanh ghi chitc ning dac biét. Trén cic thanh ghi chiic
niang dic biét 1a cac thanh ghi da dung — xem nhu bd nhé RAM. Tit ci cac bank thanh ghi déu

chira nhirng thanh ghi dic biét.

0
1

RP1:RPO | Bank
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10
11

3

Bang 2-3. Lya chon bank thanh ghi.

c. File thanh ghi két qua tdng quét:

File thanh ghicé thé dugc truy xuat tryc ti€p hoic gidn ti€p thong qua File thanh ghi dac biét.

File File File File
Address Address Address Address
Indirect addr.(? | ooh Indirect addr.”)| goh Indirect addr.”) | 100h Indirect addr.() | 1g0n
TMRO 01h OPTION_REG | 81h 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
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD!" | 08h TRISD™" | 88h 108h 188h
PoORTE(M | 09h TRISE™" | 89n 109h 18%h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRAL 0Eh PCON 8Eh EEDATH 10Eh Reserved!? | 18Eh
TMR1H OFh 8Fh EEADRH | 10Fh Reserved(® | 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT | 94h 114h 194h
CCPRIL 15h 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON 17h 97h General 117h General 197h
Purpose Purpose
RCSTA 18h TXSTA 98h Register 118h Register | 198h
TXREG 19h SPBRG 99h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch CMCON och 11Ch 19Ch
CCP2CON | 1Dh CVRCON 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h AOh 120h 1A0h
General General General
Purpose Purpose Purpose
General Register Register Register
Purpose
Register 80 Bytes 80 Bytes 80 Bytes
96 Bytes EFh 16Fh 1EFh
accesses FOh accesses 170h accesses 1FOh
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Hinh 2-5. Sc d6 File thanh ghi.
Quy uéc: (1) Cdc d nhé td mau xdm 12 chua thi€t k&€ n€u doc s& ¢6 gid tri 1a 0.
Vi I
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| Chiong 2 Vi ddukiignPLC, SPKT — NguyBn Dirh PHi

Quy uéc: (2) Cac diu (*¥) khong phdi 1a thanh ghi vatly.

Chu y: (1) Nhitng thanh ghi nay khong cé trong PIC 16F876A.

Chii y: (2) Nhitng thanh ghi nay dugc bao vé.

Bédng liét ké nhitng thanh ghindm trong bank thit 0 dugc trinh bay trong bang 2-4.

Address|  Name Bit7 | Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 :S:'f;gé oae;‘;';:
Bank 0
00K INDF Addressing this location uses contents of FSR to address data memory (not a physical register) (0000 cooo| 31, 150
01h TMRO Timer0 Module Register xwxx xxxx| b5, 150
02h®  |PcL Program Caunter (PC) Least Significant Byte 0000 0000| 30, 150
02h®)  |sTATUS R | Rt | R0 | T | PB | z | bc C  |ooo1 1xux| 22,150
04h)  |FSR Indlirect Data Memory Address Pointer moxx xxxx| 31, 150
05h PORTA — | — | PORTA Data Latch when written: PORTA pins when read --0x 0000| 43,150
06h PORTB PORTB Data Latch when written: PORTE pins when read xcxx xxxx| 45, 150
07h PORTC PORTC Data Latch when written: PORTC pins when read woxx xxxx| 47,150
08h®  |PORTD PORTD Data Latch when written: PORTD pins when read sorxx xxxx| 48, 150
09h® | PORTE = = = = = RE2 RE1 REQ |---- -xxx| 40,150
0an3 | PCLATH — — — Wirite Buffer for the upper & bits of the Frogram Counter ---0 0000| 30,150
oBh INTCON GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF |0000 000x| 24, 150
0Ch PIR1 PSPIFR) ADIF RCIF TXIF SSPIF CCFP1IF | TMRZIF | TMR1IF |coo0o 0000| 26,150
0Dh PIR2 — CMIF — EEIF BCLIF — — CCP2IF [-0-0 0--0| 28,150
OEh TMR1L Haolding Register for the Least Significant Byte of the 16-bit TMR1 Register socxx xxxx| 60, 150
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR.1 Register socxx xxxx| 60, 150
10h  |T1CON — | — [rickest] Tickeso [T10SCEN| TISYNE | TMRICS | TMRION |- 00 oooo| 57, 150
11h TMR2 Timer2 Module Register 0000 000O| 62,150
12h T2CON — | ToutPs3|TouTPs2| TOUTPS1 [ TOUTPSO| TMR2ON | T2CKPS1|T2CKPS0[-000 0000] 61, 150
13h SSPBUF Synchronous Sernial Port Receive Buffer/Transmit Register xXxx xxxx=| 79,150
14h SSPCON WCOL SSPOV | SSPEN CKP SSPM3 SSPM2 SSPMA SSPMO [oooo oooo| 82,82,
150
15h CCPRIL Capture/Compare/PWM Register 1 (LSB) mcxx xxxx| 63, 150
16h CCPR1H Capture/Compare/PVWM Register 1 (MSB) rorxx xxxx| 63, 150
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 | CCP1M1 | CCP1IMOD |--00 0000| 64, 150
18h RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D |ooo00 ooox| 112,150
19h TXREG USART Transmit Data Register 0000 0000|118, 150
1Ah RCREG USART Receive Data Register 0000 oooo| 118, 150
1Bh CCPR2L Capture/Compare/PWM Register 2 (LSB) xoxx xxxx| 63, 150
1Ch CCPR2H Capture/Compare/PWM Register 2 (MSB) moxx xxxx| 63, 150
1Dh  |CCP2CON — | — | ccrax | ccray [ ccpama | ccpam2 | ccramit [ cCP2amo [--oo ooool 64, 150
1Eh ADRESH A/D Result Register High Byte rocxx wxxx| 133, 150
1Fh ADCONO ADCS1 ‘ ADCSD ‘ CHS2 ‘ CHS1 ‘ CHSO0 GO/DONE | — ‘ ADON |oooo oo0-0f 127,150

Bang 2-4. Tom tat cac thanh ghi dac biét.
Quy uéc: x = khong xdc dinh, u = khong thay ddi, q= gia tri tuy thudc vao diéu kién,- =chua
stt dung néu doc s& ¢ gid tri 0, r =du tri¥.
Chii y: (1) Byte cao clia thanh ghi PC khong thé truy xuit tryc ti€p. PCLATH chita cac bit
PC<12:8>, ndi dung clia thanh ghi nay sé& chuyén cho byte cao clia thanh ghi PC.
Chiiy: (2) Cacbit PSPIE va PSPIF dudgc dit trit cho PIC 16F873A/876A.

(
Chii y: (3) Cé4c thanh ghi c6 thé dia chi ho4 tir bAt ky bank nio.
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Chii y: (4) PORTD, PORTE, TRISD va TRISE khong c¢6 trong PIC 16F873A/876A néu doc
s€ ¢ gid tri 0.

Chi y: (5) Bit thit 4 ctia thanh ghi EEADRH chi dugc diing cho PIC 16F876A/877A.

Bdng liét ké nhitng thanh ghi nim trong bank thit 1 dudc trinh bay trong bang 2-5.

Address|  Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 :;:‘:’B%‘é oa"sg'::
Bank 1

goht3 INDF Addressing this location uses contents of FSR to address data memory (not a physical register) |0000 oooo| 31,150
gth  |opmioN ReG| RBPU | INTEDG | Tocs | Tose | psa | ps2 | ps1 | eso |11 1111 23,150
82ht¥  |pCL Program Counter (PC) Least Significant Byte 0000 0000| 30,150
g3n®  [sTATUS rRe | ret | ro [ 0 | P | z | bec | ¢ [ooor 1| 22,150
g4ht®  |FsR Indirect Data Memory Address Pointer xxxx xxxx| 31,150
85h TRISA — | —  [PORTA Data Direction Register --11 1111] 43,150
86h TRISB PORTB Data Direction Register 1111 1111 45,150
87h TRISC PORTC Data Direction Register 1111 1111 47,150
gshi¥ | TRISD PORTD Data Direction Register 1111 1111| 48,151
89nhY | TRISE IBF OBF IBOV | PSPMODE — | PORTE Data Direction bits 0000 -111| 50, 151
8Aah"3 | PCLATH — — — | Write Buffer for the upper 5 bits of the Rrogram Counter  |---0 0000| 30, 150
8Bh®) | INTCON GIE PEIE | TMROIE INTE RBIE THAROIF INTF RBIF [0000 ooox| 24,150
8Ch PIE1 PSPIE? | ADIE RCIE TXIE SSPIE" | CCP1IE | TMR2IE | TMR1IE |0000 0000| 25,151
8Dh PIE2 — CMIE — EEIE BCLIE — — CCP2IE |-0-0 0--0| 27,151
8Eh PCON = — \ = = — POR BOR |---—- -- qal 29,151
8Fh — Unimplemented —_ —

90h — Unimplemented —_ —

91h SSPCON2 GCEN |ACKSTAT| ACKDT | ACKEN | RCEN | PEN | RSEN | SEN [000o oooo| 83,151
92h PR2 Timer2 Period Register 1111 1111| 62,151
93h SSPADD Synchronous Sernial Port {IEC mode) Address Register 0000 oooO| 79,151
94h SSPSTAT SMP N CKE [ DA { P ] s [ RW ] UA ] BF |oooo oooo| 79,151
95h — Unimplemented — —

96h — Unimplemented —_ —

97h — Unimplemented — —

98h TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT | TX9D |oooo -oiof 111, 151
99h SPBRG Baud Rate Generator Register 0000 0000| 113, 151
9Ah — Unimplemented — —

9Bh — Unimplemented — —

9Ch CMCON C20UT | C10UT | C2INV C1INV cIs CcM2 CM1 CMO |oooo 0111] 135, 151
9Dh CVRCON CVREN | CVROE | CVRR — CVR3 CVR2 CVR1 CVRO |000- oooo| 141, 151
9Eh ADRESL A/D Result Reqgister Low Byte xoexx xxxx| 133, 151
9Fh ADCON1 aoFM | abcs2 | — | — | pcre3 | pcFG2 | PCFG1 | PCFGO [o00-- o000 [ 128,151

Bang 2-5. Tom tat cac thanh ghi dac biét.
Bédng liét ké nhitng thanh ghindm trong bank thi 2 dugc trinh bay trong bang 2-6.
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Chuorg 2. Vi didukhiénPIC. SPKT — Nguy2n Dirh PHi
Address| Name | Bit7 | Bité | Bt5 | Bit4 | B3 | Btz | Bit1 | Bito | aueon: | Dewlls
POR, BOR | on page:
Bank 2
100n8! | INDF Addressing this location uses contents of FSR to address data memory (not a physical register) (0000 oooo| 31, 150
101h TMRO TimerQ Module Register xxxx xxxx| 55 150
1028 [PCL Program Counter's (PC) Least Significant Byte 0000 0o0o0o| 30,150
103n® [STATUS rRe | rrt | rro | T© | PB | z | pbc | ¢ [ooor 1xx| 22,150
104n)  |FSR Indirect Data Memory Address. Pointer sooxx xxxx| 31,150
105h — Unimplemented — —
106h PORTB PORTB Data Latch when written: PORTB pins when read xxxx xxxx| 45 150
107h — Unimplemented — —
108h — Unimplemented — —
109h — Unimplemented — —
10an13 | PCLATH — — — | Write Buffer for the upper 5 bits of the Program Counter | ---0 0000| 30, 150
10Bh®) | INTCON GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF |0000 000x| 24,150
10Ch  |EEDATA EEPROM Data Register Low Byte xexx xxxx| 39, 151
10Dh EEADR EEPROM Address Register Low Byte xooxx xxxx| 39, 151
10Eh  |EEDATH — — | EEPROM Data Register High Byte --xx xxxx| 39,151
10Fh EEADRH — — — | —5 |EEPROM Address Register High Byte - = x| 39,151
Bank 3
180n4) | INDF Addressing this location uses contents of FSR to address data memary (not a'physical register) (0000 0000| 31, 150
181h  |opTioN Rec| RBPU | INTEDG | Tocs | Tose | psa Jo P52 | pst | Pso [1111 1111 23,150
182h) | PCL Program Counter (PC) Least Significant Byte 0000 0000| 30,150
1830 | STATUS rRe | ret | RPo [0 [ PD | z | pbc | c  [ooor xxx| 22150
184n)  [FSR Indirect Data Memory. Address Pointer xxxx xxxx| 31,150
185h — Unimplemented — —
186h TRISB PORTE Data Direction Register 1111 1111 45,150
187h — Unimplemented — —
188h — Unimplemented — —
189h — Unimplemented — —
18AR13) | PCLATH — — — | write Buffer for the upper 5 bits of the Program Counter ---0 oooo| 30,150
18801 [INTCON GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF |0000 000x| 24,150
18Ch  |EECON1 EEPGD — — — WRERR | WREN WR RD |x--- x000| 34,151
18Dh EECON2 EEPROM Control Register 2 (not a physical register) —--— ----| 39,151
18Eh — Reserved; maintain clear 0000 0000 —
18Fh — Reserved; maintain clear 0000 0000 —

Bang 2-6. Tom tat cac thanh ghi dac biét.
d. Cac thanh ghi c6 chic nang dac biét:

Nhitng thanh ghi chitc ning dic biét1a nhitng thanh ghi dugc sit dung béi CPU va nhitng khdi
ngoai vi d€ diéu khién hoatdong theo yéu cau clia CPU. Nhitng thanh ghi nay xem nhu RAM ftinh.

Thanh ghi trang thdi— STATUS
TGTT chita trang thdi clia khdi ALU, trang thai Reset va cdc bit chon bank bo nhé dit lidu.
STATUS REGISTER (ADDRESS 03h, 83h, 103h, 183h)

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x RAN-X R/W-x
IRP RP1 RPO TO PD z DC C
bit 7 bit 0

Chtic ning cua cac bit trong thanh ghi trang thai:
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Bit 7 IRP: bit Iira chon thanh ghi (dung dia chi gi4n tiép).
1 =bank 2, 3 (100h-1FFh)
0 =bank 0, 1 (00h- FFh)
Bit 6-5 RP1:RPO: cic bit lya chon thanh ghi (dung dia chi truc ti€p)
11 = bank 3 (180h-1FFh)
10 = bank 2 (100h- 17Fh)
01 =bank 1 (80h- FFh)
00 = bank 0 (O0h- 7Fh)
M&i bank 1a 128 byte.
Bit 4 TO : Time-out bit (Bit th¥i gian chd)
1 =sau khi m& ngudn, 1énh CLRWDT hoac SLEEP
0 = thdi gian chd cia WDT dudc thuc hién
Bit 3 PD: Power-down bit (bit tit ngudn)
1=sau khi m& nguén hodc bing 1énh CLRWDT
0= thuc thi 1énh SLEEP
Bit 2 Z: Zero bit (bit 0)
1 =khi k&t qué bing 0.
0 = khi k€t qué khdc 0.
Bit 1 D C: Digit carry/ borrow bit (cac lenh ADDWF, ADDLW, SUBLW, SUBWF)
(bit tran / mugn)
1 =khi cong 4 bit thap bi tran.
0 =khi cong 4 bit thdp khong bi tran.
Bit 0 C: Carry/ borrowbit (cic 1énh ADDWF, ADDLW, SUBLW, SUBWF)
1 =khi k&t qua phép toan co tran.

0 = khi k&t qua phép toan khong bi tran.

Chii y: N&u phép todn trir thi trang thdi ctia ¢ DC va C thi ngudc lai va cu thé nhu sau: néu
phép trir 16n hon O thi ¢& C bing 1, néu k&t qua trir nhé hon 0 thi ¢ C bing 0.

Quy uéc: R = bit ¢6 thé doc, W =bit c6 thé ghi, U = bit chura sit dung doc 13 0,

Quy udc: -n= gia tri tuy thudc POR, ‘1’=bit bi SET, ‘0’= bit bi xod, x= bit khong xac dinh.

Thanh ghi OPTION_REG

La thanh ghi ¢6 thé doc/ghi, thanh ghi nay cé nhitng bit diéu khién khac nhau d€ thi€t 1ap bo
chia trudc cho TimerO/WDT, ngdt INT bén ngoai, Timer0 va treo PORTB.

OPTION_REG REGISTER (ADDRESS 81h, 181h)

RMW-1 R/W-1 R/V-1 R/MW-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU | INTEDG | TOCS TOSE PSA PsS2 PS1 Pso ‘
bit 7 bit0
Bit7 RBPU : PORTB Pull-up Enable bit (bit cho phép treo PORTB)
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1 =khong cho phép treo PORTB.
0 = cho phép treo PORTB.
Bit 6 INTEDG: Interrupt Edge Select bit ( bit lya chon canh ngit)
1 = cho phép chan ngdt RBO/INT tich cuc canh 1én.
0 = cho phép chan ngdt RBO/INT tich cyc canh xudng.
Bit5 TOCS: TMRO Clock Source Select bit (bit Iya chon ngudn xung clock TMRO)
1 = cho phép nh2n xung ngd vao ¢ chan RA4/TOCKL
0 = cho phép nhan xung ndibén trong.
Bit4 TOSE: TMRO Source Edge Select bit (bit Iira chon ki€u tic ddng cho TMRO)
1 = cho phép xung vao chan RA4/TOCKI tich cuyc canh Ién.
0 = cho phép xung vao chan RA4/TOCKI tich cuc canh xudng.
Bit 3 PSA: Prescaler Assignment bit (bit gdn bo chia)
1 =bd chia dugc gdn cho WDT.
0 =bd chia dugc gan cho Timer0.
Bit2-0  PS2:PS0: Prescaler Rate Select bits (bit Iva chon hé s§ chia trudc)

Gid tri bit Tilé TMRO Tilé WDT

000 1:2 1:1
001 1:4 12
010 1:8 14
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

Bang 2-7. Cac bit lya chon hé s6 chia trudc.

Chii y: Khi st dung lap trinh dién 4p thap ICSP (LVP) va treo PORTB dugc cho phép thi phai
x04 bit 3 trong thanh ghi TRISB dé khong cho phép treo & chan RB3 va dam bdo cho hoat dong
riéng cda PIC.

Thanh ghi INTCON

La thanh ghi ¢6 thé doc va ghi, chita nhitng bit c§ va bit cho phép cic ngit khdc nhau nhu
ngitkhi TMRO tran, ngat khi ¢6 thay ddi & PORTB va ngitngoai & chin RBO/INT.

INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)
R/MW-0 R/W-0 R/AW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/WW-x
GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF
bit 7 bit 0

Bit 7 GIE: bit cho phép ngit toan cuc

1= cho phép ti't ¢ cic ngudn ngit.
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0=khdng cho phép ti't cd cac ngudn ngit.

Bit 6 PEIE: bit cho phé p ngit ngoai vi
1= cho phép ngit.
0=khong cho phép ngit.

Bit5 TMROIE: bit cho phép ngdt TMRO
1= cho phép ngit.
0=khong cho phép ngit.

Bit4 INTE: bit cho phép ngét ngoai § chan RBO/INT
1= cho phép ngit.
0=khong cho phép ngit.

Bit 3 RBIE: bit cho phép ngit thay d6i PORTB
1= cho phép ngit khi PORTB thay ddi
0=khong cho phép ngitkhi PORTB thay d6i

Bit2 TMROIF: ¢ tran TMRO
1= thanh ghi TMRO tran (x6a bing phan mém):
0= thanh ghi TMRO khong tran haychua tran.

Bit 1 INTF: c¢3 bdo ngdt ngoai RBO/INT.
1=ngit ngoai ¢ chAn RBO/INT da x4y ra (x6a bang phin mém)
0=ngatngoai & chan RBO/INT khong xdy ra

Bit 0 RBIF: ¢ b4do khi PORTB c¢6 thay ddi
1= c6 it nhat cdc chain RB7:RB4 thay ddi trang thii; diéu kién khong twong
thich s& ti€p tuc lam bit nay bang 1. Khi doc PORTB s& chim dift diéu kién
khong tuong thich va cho phép x6a ¢ bdo nay bang phan mém.
0= cic chan RB7:RB4 khéng c6 su thay ddi trang thai.

Thanh ghi PIEI
La thanh ghi chita cac bit cho phép ngidt doc 1ap cho cac ngdtngoai vi.
PIE1 REGISTER (ADDRESS 8Ch)

R/AW-0 R/W-0 R/W-0 R/W-0 R/W-0 RM-0 RAW-0 R/W-0
PsPIEM ADIE RCIE TXIE SSPIE CCP1IE | TMRZIE | TMR1IE
bit 7 bit O

Bit7 PSPIE: bit cho phép ngét doc/ghi & port nhdnh song song
1= cho phép ngit PSP doc/ghi
0=khong cho phép ngit PSP doc/ghi

Bit 6 ADIE: bit cho phép ngit bdo chuyén ddi A/D
1= cho phép ngit.
0= khong cho phép ngit.

Bit 5 RCIE: bit cho phép ngét nhan dit liéu USART
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Bit4

Bit3

Bit2

Bit 1

Bit0

1= cho phép ngit.

0=khong cho phép ngit.

TXIE: bit cho phép ngdt phat dit ligu USART

1= cho phép ngit.

0=khong cho phép ngit.

SSPIE: bit cho phép ngit port ndi ti€p dong bd

1= cho phép ngit SSP.

0=khong cho phép ngit SSP.

CCPI1IE: bit cho phép ngit CCP1

1= cho phép ngidt CCPI.

0= khong cho phép ngit CCP1.

TMR2IE: bit cho phép ngit tuong thich tng TMR2 v6i PR2
1= cho phép ngit tuong thich TMR2 v&i PR2.
0=khong cho phép ngit twong thich TMR2 vGi PR2.
TNRIIE: bit cho phép ngit tran TMR1

1= cho phép ngit TMRI tran.

0=khong cho phép ngdt TMR1 tran.

Thanh ghi PIRI

La thanh ghi chita cac bit ¢d cho cdc ngdt ngoai.

Chd y: nhitng bit ¢& ngit dugc Set khi diéu kién ngit x4y ra bat chip trang thdi cia bit cho
phép hoac bit cho phép ngit toan cuc GIE (INTCON<7>). Phin mém clia ngudi ding phdi ddm
bao nhitng bit ngit tuong ¢ng phéi bi x6a trudc khi cho phép ngit.
PIR1 REGISTER (ADDRESS 0Ch)
RMW-0 RAW-0 R-0 R-0 RMW-0 R/W-0 R/AV-0 R/W-0

PspIFM ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF

bit 7
Bit7

Bit6

Bit5

Bit4

bit 0
PSPIF: ¢t bao ngdtport nhanh song song doc/ghi
I=hoat dong doc hodc ghi dugc thyuc thi.
0=hoat ddng doc hodc ghi khong xdy ra.
ADIF: cd bio ngit bd chuyén d6i A/D
1= chuyén d6i A/D di dugc hoan thanh.
0= chuyén d5i A/D chua dugc hoan thanh.
RCIF: ¢ bdo ngdt nhain USART
1=USART nhén xong.
0=USART nhan chua xong.
TXIF: ¢ bdongit truyén USART

1= truyén dém ctia USART con trong.
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0= truyén dém ctia USART day.
Bit3 SSPIF: ¢t bdo ngit portndi ti€p dong bd (SSP)
1= dicu kién ngit SSP da x4y ra va phdi x6a bing phan mém trudc khi quay
tr§ vé tir chuong trinh con phuc vu ngit (Interrupt Service Routine). Piéu
kién dé bit trang thai nay lén 1 1a:
o SPI- truyén/nhian da dugc thyc thi.
o I’C Slave: truyén/nhan da dudc thuc thi.
o I’C Master:
* Truyén/nhin da dugc thyc thi.
» DPiéukién Start khdi dong da dudc hoan thanh bdi khdi SSP.
» DPiéukién Stop khdi dong da dudc hoan thanh bdi khdi SSP.
» Piéukién Restart khdi dong da dudc hoan thanh bdi khdi SSP.
» DPiéukiénbit tay da dudc hoan thanh bdikhdi SSP.
* Dicu kién Start dd xdy ra khi kh&i SSP dang & trang thdi rdi (multi-
master system: hé thdng nhiéu cht).
* Diéukién Stop dd xay ra khi khdi SSP dang & trang th4i rdi.
0=khong c6 di¢u kién ngdt SSP nao xdy ra.
Bit2 CCP1IF: cJ bao ngat CCP1
Ch€ do Capture:
1= thanh ghi bat nhip TMRI ¢6 x4y ra (x6a biing phan mém).
0= thanh ghi bat nhip TMR1 khong x4y ra.
Ché€ d6 so sdnh:
1= thich @ng so sdnh thanh ghi TMR1 c6 xdy ra.
0= thich G'ng so sdnh thanh ghi TMR1 khong xay ra.
Bit 1 TMR2IF: c& bdo ngit tuong thich TMR2 véi PR2
1= TMR?2 tuong thich véi PR2 (x6a bing phan mém).
0= TMR2 khdéng twong thich véi PR2.
Bit 0 TMRI1IF: c5 bdongit tran TMR1
1= thanh ghi TMR1 da tran.
0= thanh ghi TMR1 khong tran.
“1”=bit dugc set

Thanh ghi PIE2

La thanh ghi chita cic bit cho phép ngit ngoai vi CCP2, ngit xung dot dudng truyén SSP,
ngdthoatddng ghi cia EEPROM va ngit ctia b so sanh.
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PIE2 REGISTER (ADDRESS 8Dh)

U-0 R/W-0 U-0 R/W-0 RAW-0 U-0 u-0 R/W-0
— CMIE — EEIE BCLIE — — CCP2IE
bit 7 bit 0
Bit7 Chua dung: doc 1a ‘0’
Bit 6 CMIE: bit cho phép ngitbd so sdnh
1= cho phép ngit.
0=khong cho phép ngit.
Bit5 Chua dung: doc 1a ‘0’
Bit4 EEIE: bit cho phép ngit hoat dong ghi cha EEPROM
1= cho phép ngit.
0= khong cho phép ngit.
Bit 3 BCLIE: bit cho phép ngit sw xung dotdudng din
1= cho phép ngit.
0=khong cho phép ngit.
Bit2-1 Chua dung: doc 1a ‘O
Bit0 CCP2IE: bit cho phép ngit CCP2

ghi cia EEPROM va ngdt b so sdnh.

Chii y: bit PEIE (INTCON<6>) phai dugc set d€ cho phép bat ki sy ngdtngoainao.

1= cho phép ngit.

0=khong cho phép ngit.

Thanh ghi PIR2
La thanh ghi chia cac bit cd bao ngdt CCP2, ngét xung dot dudng din SSP, ngidt hoat dong

FIRZ REGISTER (ADDRESS 0Dh)

Uu-0 R/W-0 U-0 R/AW-0 R/MAW-0 u-0 u-0 R/W-0
— CMIF — EEIF BCLIF — — CCP2IF
bit 7 bit 0

Bit7 Chua dung: doc 1a ‘0.
Bit 6 CMIF: ¢ b4do ngdtbod so sanh
1=ngd vao bd so sanh da thay ddi (x6a bang phan mém).
0=ngd vao bd so sanh khong thay ddi.
Bit5 Chua dung: doc 1a ‘0.
Bit4 EEIF: cd bdo ngit hoat ddong ghi cia EEPROM
1=hoat ddng ghi dudc hoan thanh (x6a bang phan mém).
0=hoat dong ghi chua hoan thanh hodc chua kh3i dong.
Bit 3 BCLIF: c5 bdo ngit xung dot dudng din
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1=xung dot dudng din da xay ra trong SSP khi dudc thi€t 1ap ciu hinh
& ché& d6 I°C chi.
0= dudng dan khong xdy ra xung dot.
Bit 2-1 Chua dung: doc 1a ‘O
Bit 0 CCP2IF: bit ¢ ngdt CCP2
Ché€ do Capture:

1= thanh ghi bitnhip TMR1 x4y ra (x6a biing phan mém).

0= thanh ghi bitnhip TMR1 chwa x4y ra.

Ché€ d6 so sdnh:

1= tuong thich so sanh thanh ghi TMR1 x4y ra (x6a biing phan mém).
0= tudng thich so sanh thanh ghi TMR1 chua xay ra.

Ché& d6 PWM:

Khong dugc st dung

Chit y: c5 bdo ngit dudc Set khi ngit x4y ra v6i di€u kién bit cho phép tuong ng hoic toan
bd bit dugc phép, GIE (INTCON<7>). Ngudi dung phai dadm bdo su'pht hdp clia nhitng bit ngit
dugc x6a sdm hon d€ cho phép ngit.

Thanh ghi PCON

Thanh ghi PCON (Power Control) chita ciac ¢ dé cho phép phan biét sy khdc nhau cda cic
trang thdi reset: khi mé dién — Power-on Reset (POR), Brown-out Reset (BOR), Watchdog Reset
(WDT) va MCLR Reset.

PCON REGISTER (ADDRESS 8Eh)

uU-0 uU-0 U-0 uU-0 U-0 uU-0 R/W-0 R/W-1
— — — — — — POR BOR
bit 7 bit 0
Bit7-2  Chua dung: doc la ‘0’
Bit 1 POR : bit trang thai Power-on Reset

I=reset khi m& dién khong xay ra.
0= reset khi mg di¢n da x4y ra (phai Set bing phan mém sau khi Power-on
Reset xay ra).
Bit0 BOR : bit trang thai Brown-out Reset
1=Brown-out Reset khong xdy ra
0= Brown-out Reset x4y ra (phdi Set bing phan mém sau khi Brown-out
Reset xdy ra).
Thanh ghi PC va PCLATH
Thanh ghi bd dém chuong trinh (PC) c¢6 do rong 13 bit, 8 bit thdp nim & thanh ghi PCL, cac
bit nay c¢6 thé doc va ghi. Cdc bit cao con lai (8:12) thikhong thé doc nhung cb thé ghi gidn ti&p
thong qua thanh ghi PCLATH. Khi bit ky Reset nao x4y ra thi cac bit cao clia thanh ghi PC s& bi
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x6a. Hinh 2-6 trinh bay cdc tinh hudng thanh ghi PC dugc nap gid tri. Cdc vi du s& minh hoa cach
thirc PC dugc nap gia tri thong qua 1énh CALL hoédc 1€nh GOTO.

Tinh toin GOTO

Tinh todn GOTO dudc thuc hién bing cach cdng gia tri 1énh (offset) véibd dém chuong trinh
PC (biing 1lénh ADDWF PCL). Khi thuyc hién doc bdng dung phudng phdp tinh toan GOTO, nén
quan tim dén gifi han clia bang néu vi tri bing vuot qud gi6i han bd nhéd PCL (mdi khdi bd nhé

gdm 256 byte).
PCH PCL
12 8 _? O Instruction with
PC | | PCLas
A 7N, Destnation
LT
PCLATH
PCH PCL
12 11 10 8 7 0
PC‘ ) ‘ ‘ GOTO, CALL
T PCLATH<4:3 T 1
SR e T oo
PCLATH
Hinh 2-6. Cac frudng hop nap gia tri cho PC.
Ngdn xép

PIC16F877A c6 8 ngin x&p, dd rong 1a 13 bit, bd nhd ngin x&p khong 14y tir bd nhé chuong
trinh hay dit liéu, con trd ngin x&p khong thé doc hoac ghi.

Dia chi cia thanh ghi PC dugc cit vio ngin x&p khi thuc hién 1énh CALL ho#c ngét x4y ra.
Dit liéu trong ngan x&p dugc 1ay ra khi thuc hién cdc 1énh RETURE, RETLW hoic RETFIE. Thanh
ghi PCLATH khdng bi anh hudng bdi viéc cat va 14y.

Ngan x&p hoat dong nhur 1a mot vong kin. Pi€u d6 c6 nghia sau khi ngan x€p dudgc cat vao 8
1an, thi 1an tht 9 sé& ghi chong 1én gid tri da dugc luu tr 1An cat vao dau tién. Lan cit thi 10 s& ghi
chéng 1én gia tri da dugc luu & 1an cat tha 2.

Chii y: Khong c6 bit trang thdi d€ biao ngan x&€p bi tran hoic chuwa tran. Khong c¢6 cic 1énh
goi 1a 1énh cit (PUSH) hoic 1dy (POP). Nhitng lénh lién quan d&én ngin x&p la lénh CALL,
RETURN, RETLW va RETFIE ho#c ngit.

e. Phan trang bdé nhé chuong trinh:

PIC16F877A c6 bd nhé chuong trinh 1a 8K word. Nhitng 1énh CALL va GOTO chi cung cap
dia chi 11bit d€ cho phép chuong trinh con nim trong pham vi 2K word trang bd nhd.
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Khi thuc hién 1énh CALL hoic GOTO thi 2 bit cao clia dia chi dudc 14y tir thanh ghi PCLATH
(4:3). Khi thuc hién Iénh CALL hoic GOTO, ngudi dung phdi ddm béo ring bit lIya chon trang da
dugc 14p trinh dé x4c dinh ding dia chi trang bd nhé chuong trinh. Néu thyc hién 1énh trd vé thi
toan bd 13 bit dugc 14y tir ngdn x€p trao cho PC. Vi th€ cdc bit clia thanh ghi PCLATH (4:3) khong
can khi thuc hién 1énh trd vé.

Chii y: cdc thanh phin cla thanh ghi PCLATH khong bi thay ddi sau khi thyc hién 1énh
RETURN hoidc RETFIL. Ngudi st dung phai nap lai ndi dung cho thanh ghi PCLATH khi goi
chuong trinh con ti€p theo hoic cho 1énh GOTO.

Vi du 2-1 minh hoa cho 1énh goi chuong trinh con nim trong trang 1 ctia bd nhg chuwong trinh.
Vidu nay gia st ring thanh ghi PCLATH dugc cat va dugc khdi phuc bdi chuong trinh con phuc vu
ngit.

ORG 0X500

ECF PCLATH, 4

E=ZF PCLATH, = iBelect page 1
: (800h-FFFh)

CALL SUB1 _P1 ;Call subroutine in
;page 1 (800h-FFEFh)

ORG 0x500 ;page 1l (B00h-FFFh)

SUB1_P1
;called subroutine
ipage 1 (B00h-FFFh)

EETUUEN rreturn to
;Call subroutine
;in page O
: (000h-7FFh)

f. Cac thanh ghi dia chi gian tiép, thanh ghi INDF va FSR:

Thanh ghi INDF khong phdi 1a thanh ghi vat li. Pia chi hod thanh ghi INDF s& tao ra dia chi
gian ti€p. Pia chi gian ti€p thi c6 thé thyc hién dugc bang cach dung thanh ghi INDF. B4t ki 1énh
nao stt dung thanh ghi INDF déu truy xuit thanh ghi chi dinh béi thanh ghi lva chon file (File Select
Register —FSR). Khi doc gian ti€p chinh thanh ghi INDF nay s& doc 1a 00h. Khi ghi gidn ti€p vao
thanh ghi INDF, k&t qua s& khong dugc gi (mic di cdc bit clia thanh ghi trang thdi c6 thé bi 4nh
hudng). Mot chuong trinh don d€ x6a RAM § vi tri 20h-2Fh stt dung dia chi gién ti€p dugc trinh bay
trong vidu 2-2:
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Direct Addressing

Indirect Addressing

RP1:RPO 6 From Opcode 0 IRP 7 FSR Register 0
\_ v J N v N J
Bank Select Location Select Bank Select Location Select
- > 00 01 10 1 </
00h 80h 100h 180h
Data
I".r‘lxamn:ury(1j
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
Hinh 2-7. Dia chi tryc tiép/gian tiép.
Vidu 2-2:
MOWLW 0x20 ;dua 20h vao thanh ghi W
MOVWF FSR ;dua ndi dung cia W vao FSR
NEXT CLRF INDF :x6a INDF
INCF FSR,F ;tang FSR
BTFSSFSR,4 ‘kiém tra bit 4 trong FSR
GOTO NEXT ;nhdy d€n NEXT
CONTINUE
;ti€p tuc

3 DU LEUEEPROM VA BO NHO CHUONG TRINH FLASH:

Dit liéu EEPROM va bd nhé chuong trinh Flash ¢6 thé doc va ghi trong sudt qué trinh hoat
dong binh thudng. Bo nhd nay khong dudc thi€t 1ap truc ti€p trong khong gian file thanh ghi. Ching
dugc dinh dia chi gian ti€p thong qua cédc thanh ghi dic biét. C6 6 thanh ghi FSR dugc st dung d€
doc va ghi b nhé nay:

v

AN N NN

v

EECONI1
EECON2
EEDATA
EEDATH
EEADR
EEADRH

Khi giao ti€p vdikhdi bd nhé dir liéu, thanh ghi EEDATA chita 8bit dit liéu cho viéc doc/ghi
va thanh ghi EEADR chita dia chi 6 nhé cia EEPROM dang dudc truy xuat. Néu PIC c6 bo nhé

62

Vixd [y

CuuDuongThanCong.com

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn

https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuorg 2. Vi didukhiénPIC. SPKT — Nguy2n Dirh PHi

EEPROM Ia 128 byte thi dia chi nam trong kho4ng tit 80H dé€n FFH, néu PIC ¢6 bdo nh6 EEPROM
12 256 byte thi dia chi nam trong khodng tir 00H dén FFH.

Khi giao ti€p vdi khdi bd nhé chuong trinh thi hai thanh ghi EEDATA va EEDATH k&t hgp
lai v6i nhau thanh thanh ghi 16 bit d&& lwu trit dit liéu 14 bit cho 1énh doc/ghi va hai thanh ghi
EEADR va EEADRH k&t hgp lai v6i nhau thanh thanh ghi 16 bit d& luu trif dia chi 13 bit ctia 6 nhé
dang truy xuat. V6i PIC c6 dung lugng bd nhé chuwong trinh 12 4Kword thi dia chi ndm trong khodng
tr 0000H d&€n OFFFH, v4i PIC ¢6 dung lugng bd nhG chuong trinh 12 8Kword thi dia chi ndm trong
khodng tir 0000H dé€n 1 FFFH. N&u truy xuit 6 nhd c6 dia chi 16n hon thi s& bi cudn nim trong viing
nhd thue.

Bd nh§ dir liéu EEPROM cho phép doc va ghi 1byte. B nhé chuong trinh Flash cho phép
doc 1 word va ghi kh6i 4 word. Hoat dong ghi ctia bd nhé chuong trinh s& tr dong thuc hién x6a
trudc khi ghi vao khdi 4 word. Mot byte ghi vio bo nhé dit liéu EEPROM sé tu dong x6a 6 nhd rdi
mdi ghi dit li€u mdi— xod trudc khi ghi.

Khi chip c6 ma bido vé thi CPU c6 thé doc va ghi dit lieu bd nhé EEPROM. Tuy thudc vao
cach thi€t 1ap cac bit bdo vé chong ghi, PIC c6 thé cho hoic khdng cho ghi dif ligu vao mdt vai
khdi bd nhé chuong trinh; twy nhién cho phép doc bd nhé chuong trinh, Khi PIC ¢6 ma bdo vé, thi
ngudi dung khong con dude phép truy xuat bd nhé dit lieu hodc bo nhé chuong trinh.

a. Thanh ghi EEADR va EEADRH:

Cip thanh ghi EEADRH:EEADR c6 thé dinh dia chi t5i da 256 byte ctia bd nhd dit liu
EEPROM hoic t6i da 8k word ‘clia bd nhé chuong trinh EEPROM.

Khi truy xudt bd nhé dif liéu thi chi ding thanh ghi EEADR d€ luu byte dia chi thap.

Khi truy xui't bo nhé chuong trinh thi ding thanh ghi EEADR dé luu byte dia chi thap va
thanh ghi EEADRH luu dia chibyte cao.

b. Thanh ghi EECON1va EECON2:

EECONI la thanh ghi diéu khién d€ truy xuat bd nhé. Bit diéu khién EEPGD dung dé xdc
dinh truy xuit bd nhé chuong trinh hoic bd nhé dir lieu. Khi reset hoac khi xod bit EEPGD sé& cho
phép truy xuit bd nhé dit liéu. Khi bit EEPGD bang 1 thi truy xudt bd nhé chuong trinh.

EECON1 REGISTER (ADDRESS 18Ch)

RAW-x U-0 U-0 uU-0 RAV-x R/W-0 R/S-0 R/S-0
EEPGD — — — WRERR | WREN WR RD
bit 7 bit 0

Bit 7 EEPGD: bit lya chon bd nhd dir ligu/chuong trinh EEPROM

1= truy xuAt bd nhd chuong trinh

0= truy xudt bd nhé dit liéu

Poc ‘0’ sau khi POR, bitnay khong thay ddi trong khi hoat dong ghi dang diénra.
Bit 6-4 Chua st dung: doc la ‘0’
Bit3  WRERR: bit c5 16i EEPROM
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1=viéc ghi thuc hi€n xong sém.
0= viéc ghi da dugc hoan thanh.
Bit2  WREN: bit cho phép ghi EEPROM
1= cho phép ghi.
0=khdng cho ghi.
Bit 1 WR: bit diéu khi€n ghi
1=Bit dau chu ky ghi. Bit WR dudc x6a bing phin cifng sau mdi 1an ghi xong.
0= qua trinh ghi vao EEPROM da hoan thanh.
Bit0  RD: bit diéu khién doc
1= bit dau chu ky doc EEPROM. Bit RD dugc xo4 bing phan ciing. Bit RD chi c6
thé dugc Set trong phan mém.
0= khong khdi dong chu ky doc EEPROM.

Cécbit diéu khién, RD va WR khdi dong doc va ghi hoic xod theo thit ty. Cdc bit nay khong
thé xo4 ma chi set biing phin mém. Cdc bit nay dugc xo4 biing phin ciing ngay sau khi cic hoat
dong doc ghi thuc hién xong.

Khi set bit WREN s& cho phép ghi hodc x6a. Khi. md ngudn bit WREN bi x6a. Bit WREN
dugc set khi hoat ddng ghi hodc x6a bi ngit bdi 'MCLR hoic WDT Time-out Reset trong qua trinh
hoat dong binh thudng. Khi rdi vao finh huéng nay thi ngudi diing c6 thé kiém tra bit WRERR va
c6 thé ghi lai. Dit liéu va dia chf trong cdc thanh ghi EEDATA va EEADR khong bi thay d6i.

Bit c ngit EEIF trong thanh ghi PIR2 dudc set khi qué trinh ghi hoan tit va phdi x6a cJ ngit
nay bang phan mém.

Thanh ghi EECON2 khong la thanh ghivatli. Khidoc EECON2 s€ c¢6 gid tri la ‘0’. EECON2
dugc st dung riéng cho hoat ddng ghi dir liéu vao EEPROM.

c. Doc di lieu td b6 nhd EEPROM:

D€ doc dit liéu cha 1 & nhé thi ngudi sir dung phai ghi dia chi vao thanh ghi EEADR, x6a bit
diéu khién EEPGD (EECON1<7>) va sau d6 Setbit diéu khién RD (EECON1<1>). Dit liéu sé& xui't
hién trong thanh ghi EEDATA & chu ki k€. EEDATA sé luu trit gid tri nay cho d&€n khi xud't hién
1an doc k& hoic bi thay d6i bdi ngudi sit dung.

Cécbudc d€ doc bd nhé dir liéu EEPROM :

o Ghi dia chi vao EEADR dia chi khong dugc 16n hon dung lugng bd nhd.
o Xoa bit EEPGD chi huéng vao bd nhé dir [iéu EEPROM

o Set bitRD dé bitdau hoat dong doc.

o DPoc dir liéu tr thanh ghi EEPROM.

Vidu 2-3: doc dit iéu EEPROM
BSF STATUS, RP1 ;
BCF STATUS, RPO ; bank 2
MOVF DATA_EE ADDR, W ; data memory
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MOVWF EEADR ; address to read
BSF STATUS, RPO ; bank 3
BCF EECON1, EEPGD ; point to data
; memory
BSF EECON1, RD ; EE read
BCF STATUS,RPO ; bank 2
MOVF EEDATA, W ;: w=EEDATA

d. Ghi du lieu vao bo nhé EEPROM:

P& ghi dit liéu vao EEPROM thi ngudi st dung phai ghi dia chi vao thanh ghi EEADR va dit
ligu vao thanh ghi EEDATA. Sau d6 phai thyc hién ghi theo trinh t chi dinh d€ bit dau ghi cho
mdi byte.

Qua trinh ghi s& khong dugc khdi dong néu thi tr ghi khong dudc thuc hién chinh x4dc (ghi
55h vao EECON2, ghi AAh vao EECON2, sau dé set bit WR) cho mdi byte. Phdi cAm tit cd cic
yéu cau ngit khi thyc hién qud trinh ghi nay.

Ngoai ra, bit WREN trong thanh ghi EECON2 phdi dugc Set d& cho phép ghi. Co ché nay
ngin chin cac hoat dong ghi ngiu nhién vio EEPROM lién quan'dén sai s6t ma bdo vé. Ngudi st
dung nén gitr bit WREN § trang thdai Clear, ngoai trir khi cip nhdp dir li€éu vao bd nhd dir liéu
EEPROM. Bit WREN khong x6a dugc bing phan ciing.

Sau khi trinh tv ghi da duge khéi dong thi n€u ta x6a bit WREN sé& khong anh hudng d€n chu
ki ghinay. Bit WR s& bi chan khong cho 1én 1 trir khi bit WREN dugc Set.

Khi hoan ti't chu ki ghi, bit WR dudc x6a bdi phan ciing va bit ¢ bdo ngit hoan thanh xong
qué trinh ghi EEIF dudc Set. Ngudi diing ¢6 thé cho phép su ngit hoic kiém tra bit nay dé bi€t qua
trinh ghi k€t thiic. Bit EEIF phai dudc x6a bing phAn mém.

Cac budc d€ ghi vao bd nhé dir liéu EEPROM:

Bude 1: Néu buSc thit 10 khong hoan thanh thi ki€m tra bit WR d€ xem c6 con trong tié€n

trinh ghi hay khong.

Buiéc 2: Ghi dia chi vao EEADR va dia chi khéng 16n hon dung lugng bd nhd.

Buéc 3: Ghi dir liéu 8bit vao thanh ghi EEDATA.

Buidc 4: X6a bit EEPGD d€ chon bo nhé dit liéu EEPROM.

Bude 5: Set bit WREN d€ cho phép hoat dong ghi.

Buide 6: Cam tit ca ngidt (n€u da cho phép ngidt truée do).

Buiéc 7: Thyc hién tuan tu 5 1énh dic biét:

* Ghi 55H vao thanh ghi EECON2 dudc chia thanh 2 buGc: buGc thi nhi't vao
thanh ghi W, bugc thit 2 vao thanh ghi EECON2.

* Ghi AAH vao thanh ghi EECON2 dudc chia thanh 2 bugc: budc thit nha't vao
thanh ghi W, buGc tht 2 vao thanh ghi EECON2.

=  Set bit WR.
Buiéc 8: Cho phép ngit trd lai n€u c6 st dung ngit.
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Buic 9: X6a bit WREN dé€ khong cho phép hoat dong ghi.

Buide 10: Khi hoan thanh chu ki ghi, bit WR dugc x6a va bit cd bao ngdt EEIF dudc set. (EEIF
phdi dugc x6a). Néu budc 1 khong hoan tat thi phan mém sé kiém tra EEIF d€ set, hoic WR
d€ x6a, d€ xdc dinh chu ky ghi.

BSF STATUS, RP1
BSF STATUS, RPO
BTFSC EECON1,WR
GoTO  $-1
BCF STATUS, RPO
MOVF DATA EE_ADDR,W
MOVWF EEADR
MOVF DATA_EE_DATA,W
MOVWF EEDATA
BSF STATUS, RPO
BCF EECON1, EEPGD
BESF EECON1, WREN
BCF INTCON, GIE
MOVLW 55h

3 ﬂé MOVWF EECON2

S & MOVLW AAh

§§ MOVWF EECON2
BEF EECON1, WR
BSF INTCON, GIE
ECF EECON1, WREN

;Walt for write
;to complete
;Bank 2

;Data Memory
;Address to write
;Data Memory Value
;to write

;Bank 3

;Point to DATA
;memory

;Enable writes

;Disable INTs.
i

;Wrikte 55h
;Write ARhK

;8et WR bit to
;begin write
;Enable INTs.
;Digable writes

e. Doc du lieu td bo nhé chucng trinh Flash:

Dé€ doc dif liéu clia bd nhé dif liéu thi phai nap dia chi 2 byte vao hai thanh ghi EEADR va
EEADRH, set bit diéu khién (EECON1<7>) va sau d6 set bit diéu khién RD (EECON1<0>). Mdi
1an set bit diéu khién doc thi bd diéu khién bo nhd chuong trinh Flash sé dung hai chu ki 1énh ti€p
theo d€ doc dit liéu. Piéu nay lam cho hai l1énh sau “BSF EECONI, RD” bi b qua.

Dit liéu s& c6 hiéu lyc trong hai thanh ghi EEDATA va EEDATH & chu ki k& ti€p, vi vay c6
thé doc 2 byte ngay sau Iénh ti€p theo. Hai thanh ghi EEDATA va EEDATH s& luu dif li¢u cho dén
khi thuc hién 14n doc ti€p theo hoac do ghi b&i ngudi sit dung.

BSF
BCF
MOVLW
MOVWF
MOVLW
MOVWF
BSF
BSF

Vidu 2-4: doc bd nh§ chuong trinh Flash

STATUS, RP1
STATUS, RPO
MS_PROG_EE_ADDR
EEADRH
LS_PROG_EE_ADDR

b
9
b

9

; bank 2

; MS byte of Program Address to read

EEADR ; LS byte of Program Address to read
STATUS, RPO ; bank 3
EECONI1, EEPGD ; point to PROGRAM memory
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BSF EECONI, RD ; EE Read
NOP
NOP ; Any instruction here are ignored as program

; Memory is read in second cycle after BSF EECONI1, RD

B

BCF STATUS, RPO ; bank 2

MOVF EEDATA, W ; W= LS byte of program EEDATA
MOVWEF DATAL ;

MOVW EEDATH, W ; W=MS byte of program EEDATA

MOWF DATAH ;

f. Ghi dU lieu vao bo nhé chuong trinh Flash:

Bo nhé chuong trinh Flash chi cho phép ghi n€u 6 nhé khong c6 bao vé chdng ghi, khi dugc
xac dinh & cac bit WRTI:WRTO ciia ti dinh cau hinh ctia thi€t bi. B6 nhé chuong trinh Flash phai
dugc ghi mdi 1an 1 khoi gdm c6 4 word. Mot khdi gdbm 4 word c6 dia chi lién tuc va dung dia chi
thap nha'tlam dia chi cho ca khdi, ciac bit EEADR<1:0> = 00. Cung ltc'do, tat ci cac khdi ghi vao
bd nhd chuong trinh dugc thyc hi€én nhu cac hoat dong ghi va xoa.

P& ghi dit liéu vao bd nhd chuong trinh thi'trudc tién ta phai nap dif liéu vao cic thanh ghi
dém nhu hinh. Piéu nay dugc thuc hién hoan tit chi khi dia chi vao hai thanh ghi EEADR va
EEADRH trude va sau d6 mdi ghi dir liéu vao EEDATA va EEDATH. Sau khi dia chi va di liéu
dugc thi€t 1ap thi trinh tr ghi dugc thyc hién theo th@ ty nhu sau:

o Set bit diéu khién EEPGD ( EECON1<7>).
¢ Ghi 55H, sau d6 AAH vao thanh ghi EECON2.

¢ Set bit diéu khién WR (EECON1<1>).

T4t c4 bon thanh ghi dém PHAI dugc ghi ding dit lieu. N&u chi 1, 2 hodc 3 word va giit
nguyén cic word con lai trong bd nhé thi ta phai thyc hién doc ndi dung cdc 6 nhd mudn giit
nguyén dit liéu ra va luu vao trong hai thanh ghi EEDATA va EEDATH. Ti€p theo tdi dit liéu vao
cac thanh ghi dém va thyc hién giong nhu ghi day da 4 word.

Pé chuyén dit lieu tir cac thanh ghi d8m vao bo nhd chuong trinh thi thanh ghi EEADR va
EEADRH tré dén vi tri cudi cung trong khdi 4 word (EEADR<1:0> = 11). Sau d6 phai thuc hién
cic budc sau mot cach tuan tu':

o  Set bit diéu khién EEPGD ( EECON1<7>).

o  Ghi 55h, saud6 AAh vao EECON2.

o  Set bit diéu khién WR (EECON1<1>).

Ngusi sit dung phai thuc hién theo diing cac trinh ty d€ khdi dong qud trinh ghi cho mdi word
trong khdi bd nhd chuwong trinh, ghi titng word theo tuan tu (00,01,10,11). Khi ghi word cudi cuing
(EEADR<1:0> = 11) thi khdi dit liéu 4 word sé ty dong bi x6a va ndi dung cla thanh ghi dém da
dugc ghi vao bd nhd chuong trinh.

67 Vixd Iy

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn

CuuDuongThanCong.com https.//fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuorg 2. Vi didukhiénPIC. SPKT — Nguy2n Dirh PHi

Sau khi thyc hién 1énh “BSF EECONI, WR” thi bd xit 1i cAn hai chu ki d€ thiét lap hoat
ddong x6a/ghi. Ngudi st dung phéi dithailénh NOP sau khi bit WR dudgc set. Khi dit liéu dang ghi
vao cic thanh ghi dém thi qud trinh ghi 3 word diu tién cda khdi thuc thi ngay l1ap titc. BO xit i s&
tam ngiing cac hoat ddng bén trong khoang 4ms, chi xay ra trong chu ki x6a. Pay khong phai la
ch& @ SLEEP ciing nhu xung dong hd va thiét bi ngoai vi van ti€p tuc hoat dong. Sau chu ki ghi,
bd xt 1i s& hodi phuc lai hoat dong ngay 1énh th 3 nim sau Iénh ghi EECON1. Néu trinh ty thuc
hién cho bat ki 6 nhd khdc thi hoat dong s& bi hay.

7 5 07 0
EEDATH EEDATA Four words of
Flash are erased,
6 8 then all buffers
are transferred
to Flash
\ /] .
. automatically
First word of block -1 after this word
to be written is written

EEADR<1.0==00 EEADR<1.0> =01 EEADR<1:0>=10 EEADR<1:0>=11

Buffer Register ‘ ‘ Buffer Register ‘ Buffer Register ‘ Buffer Register |

| ! | }

Program Memory

Hinh 2-8. Ghi di liéu khdi vao bd nhd chuong trinh flash.

Vi du 2-5 s& trinh bay trinh ty ghi dit liéu 4 word vao bd nhé. Pia chi bit diu dudc nap vao
cap thanh ghi EEADRH:EEADR, 4 word dit liéu dugc nap ding kiéu truy xui'tdia chi gian ti€p.

; Thi= write routine assumes the following:

1. A valid starting address (the least significant bits = '00’)is loaded in ADDRH:ADDRL
2. The &8 bytes of data are leoaded, starting at the address in DATADDR
3. ADDRH, ADDRL and DATADDR are all located in shared data memory O0x70 - 0x7f

s ma ma ms wa

ESF STATUS,EP1
ECF STATUS,EPO
MOVFE ADDEH, W
MOWVWF EEADRH
MOVFEF LDDERL, W H

MOWVWF EEALE H

MOVE DATALADDE, W ; Load initial data address

Bank 2
Load initial address

MOVWF F2R ;
LQOP MOVE INDF, W i Load first data byte into lower
MOWVWF EEDATA i
INCF FSR ,F ; Next bvte
MOVF INDF,W ; Load second data byte into upper

MOVWF EEDATH i
INCF FSR.,F i

BSF STATUS,EPO ; Bank 3
BSF EECCONL , EEPGD ; Point to program memory
BSF EECONL , WREN : Enable writes
__ ECF INTCON, GIE 1 Disable interrupte (if using)
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[ mMoviw  ssh i Start of reguired write sequence:
MOVWF EECONZ2 ; Write 55h
MOVLW Abh H
Eg MOVWF EECONZ ; Write ARh
E,“E‘_ ESF EECON1, WR ; Set WR bit to begin write
&J-)' NCOP ;i Any instructions here are ignored as processor
; halts to begin write sequence
NOP ; processor will stop here and wait for write complete
| ; after write processor continues with 3rd instruction
ECF EECON1 , WREN ; Digable writes
BSF INTCON, GIE ;i Enable interrupts (if using)
BCF STATUS ,RPO ; Bank 2
INCF EEALDR, F ; Increment addressa
MOVE EEADR, W ; Check if lower two bits of address are ‘007
ANDLW  0x03 ; Indicates when four words have been programmed
KORLW 0x03 H
BTFSC STATUS, Z ; Exit if more than four words,
GOTO LOOP ; Continue if lesg than four words

g. Bdo vé chong ghi nham:

C6 nhifng trudng hdp vi diéu khién khdng cho ghi dit liéu vao bd nhé EEPROM hoic bd nhé
chuong trinh Flash. P& bdo vé viéc chdng ghi nhim thi c6 nhiéu ki thuat khic nhau dudc thiét ké&.
Khi m& ngudn thi bit WREN bi x6a. Do d6 bd dinh thdi khi m3 dién sau khodng 72ms s& ngan chiin
ghi dit liéu vao EEPROM.

Trinh tr kh&i dong ghi va bit WREN cung hd trg dé bdo vé ghi ngiu nhién trong sudt khodng
thdi gian ngudn dién bi sut 4p do qud tdi bat thudng, ngudn xung tap nhiéu hoic sy ¢ phan mém.

h. Hoat dong trong lic bdo vé chong ghi:

Khi bd nhé dit lieu EEPROM c6 ma bdo vé thivi diéu khién c6 thé doc va ghi vao EEPROM
mot cach binh thudng. Tuy nhién @'t cd cac truy xuit tif b&én ngoai vao bd nhd EEPROM thi khong
dugc cho phép.

Khi bd nhg chuong trinh EEPROM c¢6 mi bio vé, vi di€u khién c6 thé doc va ghi vio bd nhé
chudng trinh mot cdch binh thudng ciing nhu thuc hién cdc 1énh. Tuy nhién @'t ca cac truy xuat @
bén ngoaivao bd nhé EEPROM thi khong dugc cho phép.

Value on Value on
Address | Name Bit7 Bit6 | Bits | Bit4 Bit 3 Bit 2 Bit 1 Bit0 Power-on all other
Reset Resets
10Ch EEDATA |EEPROM/Flash Data Register Low Byte XKHHK XA | Uuuu uuau
10Dh EEADR EEPROM/Flash Address Register Low Byte HAHAH KHXXK |UUUU uuaun
10Eh EEDATH — — |EEPROM/Flash Data Register High Byte HKHKK XXX |---0 q000
10Fh EEADRH — — — EEPROM/Flash Address Register High Byte MK KKAK |==== ====
18Ch EECON1 | EEPGD - - - — WRERR | WREN | WR RD ®--- %000 |---0 g000
18Dh EECON2 |EEPROM Control Register 2 (not a physical registery | -0 ——-- e
0Dh PIR2 — CMIF — EEIF BCLIF — — CCP2IF | -0-0 0--0[-0-0 0--0
8Dh PIE2 — CMIE — EEIE BCLIE — — CCP2IE | -0-0 0--0|-0-0 0--0
Legend: x=unknown, u =unchanged, - = unimplemented, read as ‘o', g = value depends upon condition.
Shaded cells are not used by data EEPROM or Flash program memaory.
Bang 2-8. Cac thanh ghi sU dung cho bd nhé EEPROM.
4. CAC PORT XUAT NHAP (O)
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a. PORTA va thanh ghi TRISA:

PORTA 1a port hai chiéu chi ¢ 6 bit, thanh ghi dinh huéng dif liéu twong Gng 12 TRISA. Khi
bit TRISA bang 1 thi PORTA Ia port nhap va khi bit TRISA bang 0 thi PORTA 1a port xuat dit liu.

Poc thanh ghi PORTA la doc trang thai & cac chan, nhung ngugc laikhi ghi thi dir liéu s€ vao
mach chdt port. TAt cd hoat dong ghi gdm 3 giai doan: doc — hiéu chinh — ghi. Do dé ghi dit liéu
vao 1 Port dugc hi€u ngam 1a doc dir liéu tir port rdi hiéu chinh va sau ciing 1a ghi dit liéu vao
mach chot dir lieu.

Chan RA4 dugc da hdp vdi ngd vao xung clock clia module TimerO c6 tén 1a RA4/TOCKI -
c6 ciAu hinh Schmitt trigger va cuc mang dé hd. TAt cd cdc chan con lai cia PORTA & chuin TTL
khi n6 12 ngd vao va khi xuét dit liéu thi theo chudn CMOS.

Nhitng chan khdc cia PORTA dugc da hdp vGi cac ngd vao tudng ty va ngd vao tudng tu

Vrer cho cac bd chuyén ddi A/D va cac bod so sanh. Hoat dong chia mdi chan dugc lua chon bing
cach xod/lap cac bit diéu khién cho phit hdp trong thanh ghi ADCONI1 va/hoic thanh ghi CMCON.

Thanh ghi TRISA di¢u khi€n huéng céc chan clia Port ngay c4 khi chiing dugc st dung nhu 1a
ngd vao twrong tw. Ngudi st dung phdi ddm bio ring céc bit & thanh ghi TRISA dugc duy tri & mic
1 khi st dung ching la ngé vao tuong tu.

Data Data Latch
Bus
D Q
Voo
WR
PORTA -
cKk L Q AN 1P -
‘L—/ f 10 pinl1)
TRIS Latch ’—E
b D Q N
WR
TRISA N B Vss
Analog
Input
Mode
<
RD
TRISA TTL
Input
Buffer

EN
RD PORTA D”

To A/D Converter or Comparator

—
-

Note 1: /O pins have protection diodes to VoD and Vss.
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Hinh 2-9. S3 dd mach chan RA3:RAO.

CMCON<2:0> =x010r o011

C10UT D°

Data Latch
Data Bus D aQ ._%
10 pinl
R PORTA . . qN /0 pin("
TRIS Latch Vss
—D Q
WR TRISA

Input
Buffer

RD TRISA

4&*?‘—@ %rﬁgggtrt‘\7
]

EN

RD PORTA >@ T

TMRO Clock Input

Note 1: /O pin has protection diodes to Vss only.

Hinh 2-10. S6 d6 mach chan RA4/TOCKI.

CMCON<20>='011 0r 101

C20UT |l>0

Data Latch
Data Bus D Q VoD
WR PORTA !9*‘15 ’_D—‘
TRIS Latch I'o pinm
v D Q
i Mode
WR TRISA l E@_G e -
Input
Buffer
RD TRISA cﬁ
1 Q DL
EN
RD PORTA F
L ]
A/D Converter or SS Input
Hinh 2-11. S6 d6 mach chan RAS.
TEN BIT#  KIEU DEM CHUC NANG
RAO/ANO Bit0 TTL 1/0
RA1/AN1 Bit 1 TTL 1/0
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RA2/AN2/VRrep-/CVRER Bit 2 TTL I/0 hoac Vrer- hoac VCrgr
RA3/AN3/VREgr, Bit 3 TTL 1I/0 hoac VRrgrs
RA4/TOCKI/C10OUT Bit4 TTL I/0 hodc ngd vao xung clock

cho Timer( hodc ngd ra bd
so sanh
RA5/AN4/ SS /C20UT Bit 5 TTL 1/0 hodc ngd vao tudng tu
Bang 2-9. Cac chiUc nang cia PORTA.
Value on: Value on
Address | Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit1 Bit0 - all other
POR, BOR
Resets
05h PORTA — — RAS5 RA4 RA3 RA2 RA1 RAOD --0x 0000| --0u 0000
85h TRISA — — PORTA Data Direction Register --11 1111 --11 1111
9Ch CMCON C20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO |ooo00 0111 0000 0111
9Dh CVRCON | CVREN | CVROE | CVRR — CVR3 CVR2 CVR1 CVRO |ooo- oo000| 000- 0000
9Fh ADCON1 ADFM | ADCS2 — — PCFG3 | PCFG2 | PCFG1 | PCFGO |o0o-- 0000| 00-- 0000

Bdang 2-10. Tom tat cac thanh ghi lién két véi PORTA.
b. PORTB va thanh ghi TRISB:

PORTB Ia port hai chiéu 8 bit. Thanh ghi ‘dinh huéng 1a TRISB. Khi bit TRISB = 1 thi
PORTB 1la port nhap, khi TRISB =0 thi PORTB la port xuAt.

Ba chan ctia PORTB du¢c da hgp véi mach dién gd roi bén trong va chitc ning lap trinh dién
4p thap: RB3/PGM, RB6/PGC va RB7/PGD.

M5bi chan cia PORTB c6 dién trd kéo 1én. Bit diéu khién RBPU (OPTION_REG<7>) = 0 thi
c6 thé md tit ci cic dién trd kéo 1én. Khi PORTB dudc thi€t 1ap 13 cic ngd ra thi sé tr dong tit
chitc ning dién trd kéo 1én ciing tuong ty khi CPU bi reset lic mdi cip dién.

Bon chian cia PORTB RB4:RB7 c6 ciu triic ngit thay ddi. Chi c¢6 nhitng chan dudc thiét 1ap
& ciu hinh 1a ngd vao thi mdi c6 chic ning ngat. Cac chan ngd vao (RB7:RB4) dudc so sanh vdi
gid tri cli ¢4 dudc chd't trong 1an doc trude clia PORTB. Cdc ngd ra khong tring nhau clia cic chan
RB4:RB7 dudc OR lai véinhau d€ tao ngit § PORTB véi bit cd bdo ngidt RBIF (INTCON<0>).

Ngit nay c6 thé kich hoat vi diéu khién trd lai trang thai hoat dong khi n6 dang & ch& do
SLEEP. Trong chuong trinh phuc vu ngit thi ngudi diing ¢6 thé x6a ngit bang cac cdch sau:

o  Batky Iénh doc hay ghi PORTB sé& két thiic diéu kién khdng thich ing.

o  Xoa bit cd RBIF.

biéu kién khong twong thich s& ti€p tuc Iam ¢ bdo ngat RBIF bing 1. Khi doc PORTB sé&
cham dit diéu kién khong tong thich va cho phép x6a bit ¢t bao ngit RBIF.
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VoD
RBPU Weak
4D3_‘ P Pull-up
Data B Data Latch
ata Bus D a [~
10 pin(1)
WR Port . K\
TRIS Latch
— D Q TTL |
Input
werrs | Lo ot \/
. !
RD TRIS \[\J
RD Port T
EN
RBO/ANT
RB3/PGM 4}
Schmitt Trigger ‘ ROPPort
Buffer
Hinh 2-12. S d6 mach cac chan RB3:RBO.
\¥sls}
RBPUZ Weds
;l’{:}’_‘ P Pull-up
Data Latch
Data Bus
/O pin(?)
WR Port CK_
TRIS Latch
o— D Q
WRTRIS TTL
' CK 3 Input 7 ‘\7
Buffer ST
. _~1 . Buffer
RD TRIS T
Latch
< — Q D —we
RD Port W\J
EN Q1
Set RBIF
rd
L\7 Q D
From other RD Port
RB7:RB4 pins EN
Q3
RBT.RB6
In Serial Programming Mode
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Hinh 2-13. S6 d6 mach cac chan RB7:RBA4.
Cau triic ngit thay ddi dung d€ thoat khdi ché dd nghi khi c6 nhan phim va cidc hoat dong ma
PORTB chi dugc ding cho ciu triic thay d8i ngit.
Cau triic ngit khdng tuong thich k€t hdp v6i 4 chin ¢6 cAu hinh dién tr§ kéo 1&n bing phan
mém dé dang cho phép giao ti€p véi ban phim.

Tén Bit# Ki€u dém Chtc niang
RBO/INT Bit 0 TTL/ST I/O hoiic ngd vaongit. Co lap trinh dién rd kéo 1én.
RB1 Bit 1 TTL I/0. C6 lap trinh dién trd kéo 1én.
RB2 Bit 2 TTL 1/0. C6 lap trinh dién trd kéo 1én.
RB3/PGM | Bit3 TTL I/O hoic lap trinh & ch€ do LVP.
Co 1ap trinh dién trd kéo 1én.
RB4 Bit4 TTL I/O (ngitkhi c6 thay ddi). C6 1ap trinh dién tr§ kéo 1én.
RB5 Bit 5 TTL I/O (ngitkhi c6 thay ddi). C6 1ap trinh dién tr§ kéo 1én.
RB6/PGC Bit 5 TTL/ST I/O (ngitkhi c6 thay d6i) hodc chan mach g rdi.
C6 lap trinh dién tr§ kéo 1én. Xung lap trinh ndi tiép.
RB7/PGD Bit 5 TTL/ST I/0 (ngdtkhi c6 thay d6i) hoic chan mach g rdi.
C6 lap trinh dién tr§ kéo 1én. Dit liéu 1ap trinh noi ti€p.
Bang 2-11. Cac chic nang cia PORTB.
Valus on Value on
Address Name Bit7 Bit 6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 : all other
POR, BOR
Resets
06h, 106h |PORTEB RB7 REG6 RBE5 | RB4 | RB3 | RB2 | RB1 | RBO |xxxx xxoox|uuuu uuuu
86h, 186h |TRISB PORTE Data Direction Register 1111 1111)1111 1111
81h, 181h |OPTION_REG| RBPU | INTEDG | ToCS | TOSE | PSA | P2 | Ps1 | PSO 1111 1111|1111 1111

Bang 2-12. Cac thanh ghi két noi véi PORTB.
c. PORTC va thanh ghi TRISC:

PORTC la port hai chi€u 8 bit. Thanh ghi dinh huéng la TRISC. Khi bit TRISC =1 thi PORTC
1a port nhap, khi bit TRISC= 0 thi PORTC la port xuat.

PORC 1a dugc da hgp véi vai chiic ning ngoai vi. Cac chian cia PORTC c6 mach dém
Schmitt Trigger  ngd vao.

Khi kh&i I°C dwdc cho phép thi cac chain PORTC<4:3> c6 thé dugc dinh cdu hinh § cic mic
I’C hoic mitc SMBUS biing céch sit dung bit CKE (SSPSTAT<6>).

Khi cho phép cac chiic ning ngoai VI, nén chti y d€n cac bit TRIS cho mdi chan ctia PORTC.
Mot vai thi€t bi ngoai vi ghi neon 1én bit TRIS d€ lam mot chan nhu 1 1 ngd ra, trong khi d6 cic
thi€t bi ngoai vi khac ghi neon 1én bit TRISB d€ 1am mdt chan nhu 13 1 ngd vao. Khi ghi de bit
TRIS thi khong dnh hudng dén cac thi€t bi da cho phép, cdc 1énh doc — hiéu chinh — ghi (BSF,
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BCF, XORWF) v6i TRISC 1a dich d&€n phai trdnh dung. NguSi sit dung tham chi€u t§i phin thi€t bi
ngoai vi tuong tng dé€ thi€t 1ap cho diing bit TRIS.

Port/Peripheral Select!?
Peripheral Data Out
Data Bus D Q
WR Port | CK\_Q
Data Latch
D Q
WRTRIS] ek |

VoD

/o
pin("

TRIS Latch

T

|

+—0O<
RD TRIS

Peripheral
OFR)

rd

Vss

Schmitt K\
Trigger

RD Port

EN

e

Peripheral Input

Port/Peripheral Select

(2)

Peripheral Data Out

Data Bus

D Q
WR Pott | poia (!

WR TRIS

1

Data Latch

cKLQ @7
TRIS Latch

Peripheral
0OEeB)

Schmitt

=Y v

RD Port

I

ENT

SSP Input

o

Hinh 2-14. S6 d6 mach cac chan RC7:RB5 va RC2:RBO.

[

Wyl

fe]
pinff)

Vss

Schmitt
Trigger
with
SMBus
Levels

CKE

SSPSTAT<6>
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Hinh 2-15. S d6 mach cac chan RC4:RB3.

Value on
. . . . . - . . Value on:
Add N BitT | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 Il oth
ress | Name i i i i i i i i POR, BOR nResm:r
07h PORTC | RCY | RCEH RC5 | RC4 | RC2 | RC2 | RC1 | RCO |xocex ccex|uuua uuuu
87h TRISC |PORTC Data Direction Register 1111 1111(1111 1111
Legend: = unknown, u=unchanged
Bang 2-13. Cac thanh ghi két noi vGi PORTB.
TEN BIT#  KIEU CHUC NANG
PEM
RCO/T10SO/T1CKI Bit0 ST I/O hoac ngd ra bd dao dong
Timer1/ngd vao xung clia Timerl.
RC1/T10SI/CCP2 Bit 1 ST /O hoac ngd vao bd dao dong

Timerl/ngd vao Capture, ngd ra
compare2/ngd ra PWM.

RC2/CCP1 Bit2 ST I/O hoac ngd-vao Capturel/ngd ra
Comparel/ngd ra PWM.

RC3/SCK/SCL Bit3 ST RC3 ciing c¢6 thé 1a xung clock ndi
ti€p ddng bd cho ché& do SPI va I°C.

RC4/SDI/SDA Bit4 ST RC4 ciing c6 thé 1a dit lieu SPI hoic
dit liéu xudt/nhap (ch& do I°C).

RC5/SDO Bit5 ST I/O hoic ngd ra dir lieu port ndi ti€p
ddng bd.

RC6/TX/CK Bit6 ST I/O hoic truyén bat dong bo USART
hoic xung ddng bd.

RC7/RX/DT Bit7 ST I/O hoic nhian bit dong bo USART

hoic dit liéu dong bo.
Bang 2-14. Cac chic nang cba PORTC.
d. PORTD va thanh ghi TRISD:

PORTD Ia port 8 bit v6i ngd vao cd mach Schmitt Trigger. Mdi chin c6 thé dudc ciu hinh
doc lap Ia ngd vao hodcngo ra.

PORTD c6 thé dinh ciu hinh nhu port clia vi xif ly 8 bit bang cich thi€t 1ap bit diéu khién
PSPMODE (TRISE<4>). Trong mode nay thi cic bd dém ngd vao dang TTL.

Chiui y: PORTD va TRISD khong dugc xay dung cho chip PIC 28 chan.
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RD Port

Data Data Latch
Bis o 'p  a —:0\/
WR
& CK_\_
TRIS Latch
o— D Q
WR
JRIS | cK L Schmitt
! Trigger %7
Input
Buffer
e
RD
TRIS
] Q D
EN —‘

>

110 pin'"

Hinh 2-16. S6 dd mach cac chan PORTD.

. . . . . . . . Value on: Value on
Address | Name | Bit7 | Bit6 | Bit5 Bit4 Bit3 | Bit2 Bit 1 Bit 0 POR, BOR all other
Resets
08h PORTD | RD7 | RD6 | RD5 RD4 RD3 RD2 RD1 RDO |xmx xxxx|uuuu uuuu
88h TRISD |PORTD DataDirection Register 1111 1111(1111 1111
89h TRISE | IBF | OBF | IBOV |PSPMODE| — |PORTE Data Direction Bits| 0000 -111]0000 -111
Bang 2-15. Cac thanh ghi két n6i véi PORTD.

TEN BIT#  KIEU BPEM CHUC NANG

RDO/PSPO Bit0 ST/TTL Port I/0 hodc bit 0 chia port t§ song song

RD1/PSP1 Bit 1 ST/TTL Port I/0 hodc bit 1 cha port t§ song song

RD2/PSP2 Bit2 ST/TTL Port I/O hodc bit 2 ctia port tG song song

RD3/PSP3 Bit 3 ST/TTL Port I/O hodc bit 3 cha port t6 song song

RD4/PSP4 Bit4 ST/TTL Port I/O hodc bit4 cha port t6 song song

RDS5/PSP5 Bit5 ST/TTL Port I/O hodc bit 5 cha port t§ song song

RD6/PSP6 Bit6 ST/TTL Port I/0 hodc bit 6 cta port t§ song song

RD7/PSP7 Bit7 ST/TTL Port I/O hodc bit 7 cha port t6 song song

Bang 2-16. Cac chiic nang c0a PORTD.
e. PORTE va thanh ghi TRISE:

PORTE c¢6 3 chan: REO/ RD/AN5, RE1/WR/AN6 va RE2/CS /AN7 c6 ciu hinh doc lap dé
thi€t Iap ngd vao hoac ngd ra. Nhitng chan nay c6 mach dién Schmitt Trigger § ngd vao.

PORTE tr§ thanh cic ngd vao diéu khi€n xudt/nhdp cha vi xi li khi bit PSPMODE
(TRISE<4>) bing 1. Trong ch&€ do nay ngudisit dung phdi chic chin riing cdc bit TRISE<0:2> phai
bang 11 va chic chin ring cac chan d6 dugc thi€t 1ap 1a cic ngd vao s6. Cling ddm bao ring
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ADCONI1 dugc cAu hinh nhu nhitng ngd xuat/nhip s6. Trong ché dd nay, bd dém ngd vao dang
TTL.

Cdc chan § PORTE ciing dugc da hgp vdi cdc ngd vao twong ty. Khi dugce chon 1a ngd vao
tuong ty thi khi doc cdc chan nay s€ co gia trila ‘0.

TRISE diéu khi€n dinh huéng céc chan RE, ngay ca khi chiing dugc duing nhu nhitng ngd vao
twong t. Ngudi dung phdi chic chdn cac chan dudc dinh cau hinh 1a nhitng ngd vado khi ding
ching 1a nhitng ngd vao tuong tu.

Value on: Value on
Address | Name | Bit7 | Bit6 | Bit5 Bit 4 Bit3 | Bit2 | Bit1 | Bit0 . | all other
POR, BOR
Resets
09h PORTE — — — — — RE2 RE1 REQ [---- -x0c|---- -uuu
89h TRISE IBF OBF IBOV | PSPMODE — |PORTE Data Direction bits | 0000 -111 | 0000 -111
9Fh ADCON1 | ADFM [ADCS2| — - PCFG3 | PCFG2 | PCFG1 | PCFGO | 00-- 0000 [ 00-- 0000
Bang 2-17. Céc thanh ghi két ndi v§i PORTE.
Data Data Latch
Bus E{-? ]
1/@'pint"
TRIS Latch
pD'\'a
WR
RIS | Schmitt
e rager 7
Input
. i /1 Buffer
TRIS j\l
/] Q D
EN
RD Port >c —‘
Hinh 2-17. S6 d6 mach cac chan PORTE.
TEN BIT# KIEU PEM CHUC NANG

RE0/ RD /ANS Bit 0 ST/TTL I/O hoic ngd vao diéu khién doc trong
ch& do port t6 song song hodc ngd vao
tuong tu: RD
1= binh thudng
0= diéu khién doc.

RE1/WR /AN6 Bit 1 ST/TTL I/O hoic ngd vao diéu khién ghi trong
ch& do port t6 song song hoic ngd vao
tuong tu: WR
1= binh thuGng.
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0= diéu khién ghi.
RE2/CS /AN7 Bit2 | ST/TTL I/O hoic ngd vao diéu khién chon lva
chip trong ch& do port t6 song song hoic
ngo tuong tu: CS
1= VDK khodng dugc chon.

0= VBbK dudgc chon.

Bang 2-18. Cac chiic nang cUa PORTE.

TRISE REGISTER (ADDRESS 89h)

R-0 R-0 R/W-0 R/W-0 u-0 R/W-1 RANV-1 R/W-1
IBF OBF BOV PSPMODE — Bit 2 Bit 1 Bit 0
hit 7 bit 0

Trang thai port t& song song/cic bit diéu khién:

Bit 7 IBF: bit bdo trang thai bd dém ngd vao day (Input Buffer Full Status bit):
I=mot word da nhdn va dang ché CPU doc.
0=khong c6 word nao dugc nhan.

Bit 6 OBF: bit bdo trang th4dibd dém ngd ra day (Output Buffer Full Status bit):
1= bo dém ngd ra van con 'giit word da ghi truc do.
0=b0 dém ngd ra da dugc doc.

Bit 5 IBOV: bit phdt hién tran bo dém ngd vao (Input Buffer Overflow Detect bit):
1= qué trinh ghi x4y khi word ngé vao truéc d6 chua dugce doc.
0=khong x4y ra tran.

Bit4  PSPMODE: Bit chon lua ché€ d port t6 song song
1=PORTD dudc dinh & ch& do 1a port t song song.
0=PORTD dudc dinh & ch& do 1a port xuat nhap.

Bit3  Chua dung: doc la ‘O’

Cécbit 8 PORTE 1 céc bit dit liéu truc ti€p:

Bit2  Bit2:bit di¢ukhi€n huéng cho chan RE2/ CS /AN7
I1=ngd vao.
0O=ngo ra.

Bit 1 Bit 1: bit diéu khién huéng cho chan RE1/WR/AN6
I1=ngd vao.
0=ngod ra.

Bit0  Bit0: bit diéu khién huéng cho chan RE0/ RD/ANS5

1=ngd vao.

0=ngod ra.

5 BO PNH THOI TMERO:
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Bo timer/counter cia module Timer c6 nhitng dic diém sau:

La timer/counter 8 bit.

C6 thé doc va ghi.

C6 bd chia trude 8 bit c6 thé 14ap trinh bing phdn mém.

Cho phép Iya chon ngudn xung clock bén trong hoic bén ngoai.
Phat sinh ngét khi bi tran tr FFH dén 00H.

Cho phép luya chon tdc dong canh cho xung clock bén ngoai.

So d6 khdicta timer0 va bo chia tru§c véi WDT nhu hinh 2-18:

o O O O O O

CLKO (= Fosc/4)
Data Bus
Y 8
o 1 1 %
RA4/TOCKI M
oin ),I X U N Sync N
7 0 - 2 TMRO Reg
F X Cycles
TOSE ?
Tocs PSA Set Flag bit TMROIF
on Overflow
PRESCALER
P — — — — — — K\ A
0 M | - 8-hit Prescaler |
ol |
Watchdog X | 8 |
Timer | [
T | 8-to-1 MUX la—— PS2:PS0O |
T PSA T J

WDT Enable bit 0 | 1
MUX  |e—— PSA

/

WDT
Time-out

Hinh 2-18. S6 do khéi cUa timer0 va bd chia frudc voi WDT.

Ché€ do dinh thdi dudc chon bdi viec x6a bit TOCS (OPTION_REG<5>). Trong ché€ d6 dinh
thdi Timer thi Timer0 s& tang gid tri sau mdi chu ki 1énh (khong c6 bd chia). Néu thanh ghi TMRO
bi ghi gid tri m&i thi qué trinh tang s& bi cAm trong 2 chu ki theo sau. Ngui si dung ¢6 thé 1am tron
gi4 tri ndy bang cdch ghi gia tri c6 di€u chinh vao thanh ghi TMRO.

Néu bit TOCS (OPTION_REG<5>) bing 1 thi chon ché d d€m Counter. Trong ché d6 d€m
Counter thi Timer0 sé tdng gia tri d€m moi khi ¢6 xung tdc dong canh Ién hodc canh xudng & chan
RA4/TOCKI. Canh tdc ddng cta xung dugc chon lya bdi bit TOSE (OPTION_REG<4>): TOSE =0
thi chon canh 1én, ngudc lai thi chon canh xudng.

B0 chia trudc khong thé doc/ghi va c¢6 mdi quan hé véi Timer0 va Watchdog Timer.

a. Ngét cGa TimerO:

Ngit TMRO dugc kich hoat khi thanh ghi TMRO tran tir 00h d€n FFh. Khi tran x4y ra s& lam
bit TMROIF (INTCON<2>) 1én mitc 1. Ngit c6 thé che (cim) bing cach xéa bit TMROIE
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(INTCON<5>). Bit TMROIF phai dugc x6a bing phan mém bdi chuong trinh con phuc vu ngit clia
Timer0 trude khi cho phép ngit tré lai. Ngat TMRO khong thé kich vi xit 1i thoat khdi ché do
SLEEP vibo dinh thdi s& ngitng khi vi x{t Iy & ch& do SLEEP.

b. Timer0 v&i ngudn xung dém tU bén ngoai:

Khi khdng st dung bd chia rudc thi ngd vao xung clock bén ngoai gidng nhu ngd ra bo chia
trude. Su ddong bd hda ctia TOCKI véi cac xung clock bén trong dugc thyc hién biing cich 1Ay miu
ngd ra bd chia & nhitng chu ki Q2 va Q4 clia xung clock bén trong. Do d6, nd ri't can thi€t cho
TOCKI & trang thdi mifc cao it nhat2 Tosc va & trang thai mitc thap it nhat2 Tosc.

c. Bo chia trudc:

Chi ¢c6 mot bd chia c6 tdc dung ma né c6 quan hé véi Timer0 va WDT. Khi gdn bd chia truGe
cho Timer0 thi s& khong c6 bd chia cho Watchdog Timer va ngudc lai. Bd chia trudc thi khong thé
doc hodc ghi. Cdc bit PSA va PS2:PSO (OPTION_REG<3:0>) xac dinh gdn ctia bd chia va ti 1€
chia.

Khi dugc gdn cho Timer(O thi tAt cd cac 1&€nh ghi cho thanh ghi TMRO (vi du CLRF I,
MOVWF 1, BSF 1, ...) s€ xo04 b0 chia trudc.

Khi dugc gdn cho WDT thi 1énh CLRWDT s& x0d4 b chia trudc cung vGi Watchdog Timer.
Bo chia trudc ciing khong thé doc hoic ghi.

OPTION_REG REGISTER

R/W-1 R/W-1 R/W-1 W-1 R/AW-1 R/W-1 R/W-1 R/W-1
RBPU INTEDG TOCS TOSE PSA PS2 P51 PS0
bit 7 bit 0

Bit7 RBPU

Bit 6 INTEDG

Bit5 TOCS: bit Ira chon ngudn xung cho TMRO (TMRO Clock Source Select bit)
1= xung dwa d&én chan TOCKI.
0= xung clock bén trong.

Bit4 TOSE: bit lya chon canh tich cuc TOSE (TMRO Source Edge Select bit)
1= tich cuc canh xudng & chan TOCKI.
0= tich cuc canh 1én & chan TOCKI

Bit3 PSA: bit gdn bd chia truGc
1=gan b chia cho WDT.
0=gdn bd chia TimerO0.

Bit2-0  PS2:PS0: cic bit Iwa chon ti 1€ bd chia trudc

Bit lya chon  Tilé TMRO Ti 16 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

Bang 2-19. Cac bit lya chon i 1& bd chia truéc.
6. B0 DNH THOI TMER®

Timer] 1a dinh thi/d€m 16 bit gdm 2 thanh ghi 8 bit (TMRI1H va TMRIL) — c¢6 thé doc va
ghi. Hai thanh ghi nay ting tt 0000h d&€n FFFFh va quay trd lai 0000h. Ngdt ciia Timerl né€u dugc
cho phép sé& phit sinh ngit khi tran va ngit dugc chdt vao bit cd ngat TMRIIF (PIR1<0>). Ngit
nay co thé cho phép/cam khi bit TMRIE (PIE1<1>) ¢6 gi4 tri 1/0 tuong dng.

Timer1 c6 thé hoat dong & 1 trong 2 ché& do dudc lra chon bdi bit TMRICS (TICON<1>):

[] B0 dinh th¥i — timer.
[] Bo d&€m — counter.

Trong ch& do dinh thdi timer, Timerl ting gid tri’  mdi chu ki 1énh. Trong ché do d€m thi bd
d€m tang gi4 tri mdikhi c6 canh clia xung clock ngd vao tf bén ngoai.

Timer1 c6 bit diéu khi€n cho phép/cAm dé€m TMRI1ON — biing 1 thi cho, bing 0 thi cAm.
Timer] ciing ¢6 ngd vio reset. Ngd vaoreset c6 thé dugc taora bdi ca 2 khdi CCP.

T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

U-0 U-0 R/W-0 RAW-0 R/W-0 RAW-0 R/W-0 R/W-0
— — T1CKPS1 [T1CKPS0| T10SCEN [T1SYNC | TMR1CS | TMR1ON
bit 7 bit O

Bit7-6  Chua sit dung n€u doc sé c6 gié tri ‘0’.
Bit 5-4 T1CKPS1: T1CKPS1: cic bit Iwra chon b chia
11=1:8 gia tri chia.
10=1:4 gia tri chia.
01=1:2 gia tri chia.
00=1:1 gia tri chia.
Bit3 T10SCEN: bit diéu khién cho phép bd dao dong Timer1
1=b0 dao dong dugc phép.
0= T#t bd dao dong.
Bit 2 TISYNC: bit diéu khién ddng bd ngd vao xung clock bén ngoai clia timerl
Khi TMR1CS =1
1=khong thé ddng bd ngd vio clock & tir bén ngoai.

0= ddng bd ngd vao clock & tif bén ngoai.
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Khi TMR1CS =0
Bit nay bi bd qua. Timerl dung xung clock bén trong khi TMR1CS = 0.
Bit 1 TMRICS: bit lya chon ngudn xung clock clia timer1
1= chon ngudn xung clock @ bén ngoai & chan RCO/T1OSO/T1CKI (canh 1én).
0= Chon ngudn xung clock bén trong (Fosc/4).
Bit0 TMR1ON: bit diéu khién Timerl
1= Cho phép Timerl d&€m.
0= Timerl nging d€m.
a. Hoat déng cla Timerl & ché do dinh théi:
Né&u bit TMRICS (T1CON<1>) biing 0 thi Timerl s& 1am viéc & ch& d dinh thdi va tan so

xung ddng hd dua d&n bd d&€m bing Fosc/4. Bit diéu khién ddngbd T1SYNC (T1CON<2>) khdng bi
4nh huéng do xung clock bén trong ludén dong bod.

b. Hoat dong cOa Timerl & ché do Counter:

Timer1 c6 thé hoat dong & ch& @ dong bo hoic bat ddng bd tuy thude vao bit TMRICS.

Timerl ting 1&én 1 khi c6 canh 1&én clia xung bén ngodi. Sau khi Timerl dudc phép bit diu
hoat ddng & ch& do6 Counter thi Counter phdi nhin 1 'xung canh xuéng trudc khi c6 xung dém dugc
minh hoa hinh 2-19.

TICKI
(Default Highy)

TICKI
(Default Low)

} } } !

Hinh 2-19. Gian db thdi gian xung d&m cla Counterl.

c. Hoat dong cla Timerl 8 ché d6 Counter dong bb:

Khi bit TMR1CS bang 1 thi Timerl hoatdong & ch€ do Counter va s& ting gid tri néu:
* (C6 xung canh 1én dwra d€n ngd vao & chan RC1/T10SI/CCP2 va bit TIOSCEN biing 1.
* (C6 xung canh 1én dwa d€n ngd vao & chan RCO/T10SO/T1CKI va bit TIOSCEN bing 0.

N€u bit TISYNC bi x6a thi ngd vao xung clock tif bén ngoai dugc dong bd v6i xung clock bén
trong. Su ddng bo dugc thuc hién sau ting chia tru§c. Tang chia trudc 1a bd d&€m ba't ddng bd.

3 c&u hinh nay, trong sudt ch&€ do SLEEP, Timerl sé& khong ting gid tri d€m khi c6 xung tir
bén ngoai xuat hién do mach ddng bo ngirng hoat dong. Tuy nhién bo chia van ti&p tuc tang.
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Set Flag bit
TMR1IF on
Overflow _ - Synchronized
TMR1 Clock Input
TMR1H ‘ TMRIL
P
Trgmcr}fm
______ e ———
' > ~
, T1I0SC | TISYNC
RCO/T10SO/T1CKI Soe
: ' Prescaler ynchronize
' TI10SCEN  Fosc/4 _ A det
RC1/T10Sl/IcCP2(2) ' E””tﬁ'et ) Mntermal j, l
! scHiator
: Clock - Q Clock
-------- T1CKPS1:T1CKPS0

TMRICS
Hinh 2-20. S dd khéi cUa Timerl.
d. Hoat dong cOa Timerl 6 ché do Counter bat dong bo:

Né&u bit 71SYNC (TICON<2>) biing 1 thi xung ngd vao tir bén ngoai khong dugc dong bd. B
dém ti€p tuc ting bat dong bd vGi xung bén trong. BO dém sé ti€p tuc d&€m khi & trong ché do
SLEEP va c6 thé phat sinh ngit tran d€ khdi dong lai bd x 1 li. Tuy nhién, '¢A¢ phong ngira dic biét
trong phan mém thi can phai doc/ghi bd dinh thdi.

G ché& do bo d€m khong ddng bo thi Timerl khong thé ding bd tao thdi gian chuin dé bt
kip hodc cac hoat ddng so sdnh.

e. Doc va ghi Timerl tfrong ché d6 dém khéng dong bo:

Poc céc thanh ghi TMR1H hoic TMRIL trong khi timer dang hoat dong d€m xung ba't dong
bd bén ngoai thi gid tri doc c6 hi€u luc.

Khi ghi thi ngudi ding nén ngirng timer lai rdi mdi ghi gid tri mong mudn vao cdc thanh ghi.
Noi dung ghi vao timer ¢ thé thuc hién khi timer dang d€m nhung c6 thé tao ra mot gia tri d€m
khong du doan dudc G cac thanh ghi cha timer.

f. Bd dao ddng cla Timerl:

Mach dao dong thach anh dugc thi€t k& va tich hgp bén trong giita cac chan T10SI (ngd vao)
va T10SO (ngd ra c6 khuéch dai). BO dao dong dugc phép hoat ddong biing cach lam bit diéu khién
T1OSCEN (T1CON<3>) 1én mitc 1. B6 dao dong 1a dao dong cong suit thap, toc dd 200 kHz. B
dao dong van ti€p tuc chay khi & trong ch€ d6 SLEEP. B6 dao dong du dinh chd y&u dung vdi
thach anh 32 kHz Bdng 2-20 trinh bay cach Iya chon tu cho bd dao ddng Timerl.

Os¢ Type Freg. C1 c2
LP 32 kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF

Bang 2-20. Lua chon ty cho bd dao ddng.
9. Reset Timerl st dung ngoé ra CCP Trigger:
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Néu khdi CCP1 va CCP2 dugc dinh ciu hinh § ch€ d6 so sanh d€ tao ra “xung kich su kién
dac biet” (CCPIM3:CCPIMO =1011), tin hi¢u nay s€ reset Timer].

Chd y: “xung kich sy kién dic biét” tir khoi CCP1 va CCP2 s& khong lam bit ¢ ngit
TMRIIF (PIR1<0>) bing 1.

Timer1 phai dinh c4u hinh & ch& d dinh thdi hodc bd dém ddng bd d€ tao tién ich cho ciu
tric nay. N&u Timerl dang hoat dong & ché d6 d€m bat ddng bd thi hoat dong Reset khdng thé
thuc hi€én dugc.

h. Reset cap thanh ghi TMRIH, TMRIL cUa Timerl:

Hai thanh ghi TMR1H va TMRIL khong thé v& 00h khi reset liic cip ngudn POR (Power On
Reset) hodc bat ki reset nao khdc, ngoai trir “xung kich su kién dic biét” cia CCP1 va CCP2.

Thanh ghi TICON dudc reset vé 00h khi hé thdng bi reset lic cip ngudn POR hoic khi
Brown-out Reset, reset nay sé& tit timer va hé so chia trudc co gid tri 1:1. O tit cd cac reset khdc
con lai thi thanh ghikhong bi anh hudng.

Cdcthanh ghi cia Timerl nhu bang 2-21:

Value on: Value on
Address | Name Bit7 | Bit6 Bit5 Bit 4 Bit 3 Bit\2 Bit 1 Bit 0 - | all other

POR, BOR

Resets

0Bh,8Bh, |INTCON| GIE PEIE | TMROIE INTE RBIE TMROIF INTF RBIF |oo000 000x|0000 000U
10Bh, 18Bh
0Ch PIR1 psPIF) | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |o000 0000|0000 0000
8Ch PIE1 psPIE("| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE [o000 0000|0000 0000
OEh TMR1L |Holding Register for the Least Significant Byte of the 16-bit TMR1 Reqgister K 30000 | uuul uuuu
OFh TMR1H |Holding Register for the Most Significant Byte of the 16-bit TMR1 Reqister e ore Jibte e etd RELRIIE RRCIEAPID
10h TicoN | — | — |Tickes1|T1ckPS0|T10SCEN| TISYNC | TMR1CS[TMR1ON]- -00 0000 |- -uu uuuu

Bang 2-21. Cac thanh ghi cba Timerl.
7. BO PNH THOI TMER2:

Timer2 13 timer 8 bit c6 bo chia trudc va cé postscaler. Timer2 c6 thé dudc st dung nhu bod
tao xung c6 PWM cho ch& dd hoat dong PWM clia khoi CCP. Thanh ghi TMR2 c6 thé doc va ghi
va c6 th€ xoa khi bi reset.

Ngd vao xung clock (Fosc/4) c6 tuy chon hé s0 chia trugc 1a: “1:17, “1:4” hoic “1:16” dugc
lra chon biing cac bit diéu khién T2CKPS1:T2CKPS0 (T2CON<I:0>).

Timer2 c6 1 thanh ghi chu ky 8 bit PR2. Timer2 tang gia tri tit 00h cho d€n khi bing PR2 va
sau do reset v& 00h & chu ki k& ti&p. PR2 1a thanh ghi ¢6 thé doc va ghi. Khi hé thdng bi reset thi
thanh ghi PR dugc khdi tao gid tri FFH.

Ngo ra cia TMR2 di qua postscaler 4 bit dé tao ra yéu chu ngit TMR2 dugc chét trong bit cd
TMR2IF (PIR1<1>). C6 thé tit Timer2 biing cidch xo4 bit diéu khién TMR20N (T2CON<2>), dé

gidm cdng suit tiéu thu.
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} sets Flag
bit TMR2IF E“ﬂ%%tm
Reset Prescaler
—=| TMR2 Reg 1;1,1;4.1:16_%5“"4
Postscaler 2
— 1110116 [ 2 Comparator ,l’
T2CKPS1:
/T, 4 T2CKPS0
T20UTPS3.
T20UTPSO
Hinh 2-21. S6 dd khéi cha Timer2.
Thanh ghi diéu khién timer2:
T2CON: TIMERZ2 CONTROL REGISTER (ADDRESS 12h)
u-o RMW-0 R/W-0 RAN-0 R/W-0 RMW-0 R/W-0 R/W-0
— TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPS0 | TMR2ON | T2CKPS1 | T2CKPS0
bit 7 bit0

Bit7 Chua st dung néu doc sé ¢ giatri ‘0.

Bit 6-3 TOUTPS3: TOUTPSO: cac bit Iva chon ngd ra Postscaler cia Timer2
0000=1:1 postscaler.
0001=1:2 postscaler.
0010=1:3 postscaler.

1111=1:16 postscaler.
Bit2 TMR20N: Bit diéu khién cho phép/cim Timer2
1= cho phép timer2 dém.
0= Timer2 nging dém.
Bit1-0  T2CKPS1:T2CKPS0: bit Ita chon hé s6 chia truéc cho ngudn xung clock clia timer2
00=hé sd chia Ia 1.
01=hé so chia Ia 4.

1x=heé so chia Ia 6.

a. Bo chia trudc va postscaler cua Timer2:

Bo d&€m chia truc va bd d€m postscaler s& bi x6a khi xdy ra mot trong céc sy kién sau:

[] Thyc hién ghi dif liéu vao thanh ghi TMR2.
[] Ghi vao thanh ghi T2CON.
[] Batkisu Reset ndo cla linh kién.
TMR2 khong bi x6a khi ghi dit li€u vao thanh ghi T2CON.
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b. Ngb ra cha TMR2:

Ngbd ra cia TMR2 dugc ndi tdi khdi SSP — khoi nay c6 thé tiy chon d€ tao ra xung nhip.

Value on: Value on
Address | Name Bit 7 Bit6 Bit 5 Bit 4 Bit 3 Bit2 Bit 1 Bit 0 - all other
POR, BOR Resets

0Bh, 8Bh, |INTCON| GIE PEIE TMROIE INTE RBIE [ TMROIF | INTF RBIF |oocoo ooox|0000 000U

10Bh, 18Bh
0Ch PIR1__[PsPIF"| ADIF | RCIF | TXIF | SSPIF [ CCP1IF | TMR2IF | TMR1IF [0000 0000[0000 0000
8Ch PIE1 |PSPE"| ADIE | RCIE | TXIE | SSPIE |CCPIIE | TMR2IE | TMRIIE [0000 0000[0000 0000
11h TMR2 |Timer2 Module's Register 0000 0000|0000 0000
12h T2CON [ —  [TOUTPS3|TOUTPS2| TOUTPS1| TOUTPSO [ TMR20N|T2CKPS1|T2CKPS0|-000 0000[-000 0000
92h PR2 Timer2 Period Register 1111 11111111 1111

Bang 2-22. Cac thanh ghi cba Timer2.
8. KHOLCHUYEN BOI TUONG TU SANG 50 ADG
Kh&i chuyén d8i ADC 8 kénh va mdi kénh ADC 1a 10 bit v6i chip 40 chan. Khdi ADC c¢6 cdc
ngd vao dién 4p chudn thdp va cao va cdc chian nay c6 thé bing phan mém dé tao t6 hop Vpp, Vss,
RA2 hoic RA3.
Bo6 chuyén ddi ADC c6 ciu tric doc lap dé€ co thé hoat dong trong khi vi diéu khién dang &
ch& do SLEEP, xung cung cip cho ADC dudc 13y tir dao dong RC bén trong clia khdi ADC.
Kh&i ADC c6 4 thanh ghi:
[] ADRESH (A/D Result High Register)
[] ADRESL (A/D Result Low Register)
[] ADCONO (A/D Control Register 0)
[] ADCONT1 (A/D Control Register 1)
Thanh ghi ADCONO c6 chitc ning diéu khi€n hoat ddng ctia khdi ADC dugc trinh bay  hinh
2-22. Thanh ghi ADCONI thi€t 1ap chiic ning cho cic chin cda port 12 cac ngd vao nhan tong tu
hodc chan xudtnhap I0.
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CHS2:CHSD
| b—l—ll“ ' g | RE2/AN7(1)
i ' RE1/ANS(1)
o REO/AN5(
: 100 : )
VAN : RAS/AN4
(Input Voltage) ! ol »—IX| RA3/AN3/VREF+
Converter w——t{X’ RA2/AN2/VREF-
VoD No203 HXI RA1/AN1
Pt : \O 000 |
“REF+ 1 1 T RAO/AND
1 0/ : ............... E
Cotage © 1.
[0} - - -
1]
PCFG3:PCFGO
VREF- o
Ref ! N
(vgnearsg)ce =y _|
[ vss
PCFG3:PCFGO
Hinh 2-22. S6 do khéi c0a Timer2.
Thanh ghi ADCONO
ADCONO REGISTER (ADDRESS 1Fh)
R/W-0 R/W-0 RAN-0 R/MW-0 R/W-0 RMW-0 U-0 RAN-0
ADCS31 ADCS0 CHS2 CHS1 CHSD0 GO/DONE — ADON
bit 7 hit O
Bit7  ADCS0:ADCS: cic bit Iya chon xung chuyén déi AD
ADCONA1 ADCONO .
<ADCS2> | <ADCS1:ADCS0> Clock Conversion
0 00 Fosc/2
0 01 Fosc/8
0 10 Fosc/32
0 11 FRC (clock derived from the internal A/D RC oscillator)
1 00 Fosc/4d
1 01 Fosc/16
1 10 Fosc/64
1 11 FRC (clock derived from the internal A/D RC oscillator)
Bang 2-23. Céc bit lya chon xung chuyén déi ADC.
Bit 5-3 CHS2:CHSO: céc bit lya chon kénh tuong ty
000 = kénh 0 (ANO)
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001 = kénh 1 (AN1)
010 = kénh 2 (AN2)
011 = kénh 3 (AN3)
100 = kénh 4 (AN4)
101 = kénh 5 (AN5)
110 = kénh 6 (AN6)
111 = kénh 7 (AN7)

Bit2 GO/ DONE : bit bdo trang thai chuyén d8i ADC
Khi ADON =1:
1= chuyén d6i ADC dang dién ra (biing 1 khi bat dAu qud trinh chuyén ddi va sé& bi
x04 v& 0 khi qud trinh chuyén ddi k&t thic).
0= chuyén d6i ADC khong dién ra.

Bit1  Chwa diung néu doc la ‘O’

Bit0  ADON: bit m& ngudn cho ADC hoat dong:
1=kh&i chuyén d3i ADC dugc md nguon.
0=kh&i chuyén d8i ADC bi titngudn d€ gidm'cong suittiéu thy.

Thanh ghi ADCON1
ADCON1 REGISTER (ADDRESS 9Fh)

RMW-0 R/W-0 uU-0 U-0 R/W-0 R/W-0 RAW-0 RAN-0
ADFM ADCS2 — — PCFG3 | PCFG2 PCFG1 PCFGO
hit 7 bit 0

Bit7  ADFM: bit lva chon dinh dang kétqua ADC:
1= canh 1€ phai, 6 bit MSB ctia ADRESH c6 gi4 tri 1a ‘0.
0= canh 1€ trai, 6 bit LSB clia ADRESL c6 gia trila ‘0.
Bit6  ADCS2: bit lIra chon xung clock cho chuyén ddi ADC:
Bit 5-4: chua ding n€u doc s& c6 gia trila ‘0’
Bit 3-0: PCFG3:PCFGO: bit diéu khién ADC
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PCFG

<3:0> AN7 | AN6 | AN5 | AN4 | AN3 AN2 | AN1 | ANO | VRer+ | VRErF- | C/R
0000 A A A A A A A A VDD Vss 8/0
0001 A A A A VREF+ A A A AN3 Vss m
0010 D D D A A A A A VoD Vss 5/0
0011 D D D A VREF+ A A A AN3 Vss 4.1
0100 D D D D A D A A VoD Vss 3/0
0101 D D D D VREF+ D A A AN3 Vss 21
011x D D D D D D D D —_ _ 0/0
1000 A A A A VREF+ | VREF- A A AN3 AN2 6/2
1001 D D A A A A A A VoD Vss 6/0
1010 D D A A VREF+ A A A AN3 Vss 51
1011 D D A A VREF+ | VREF- A A AN3 AN2 4/2
1100 D D D A VREF+ | VREF- A A AN3 AN2 3/2
1101 D D D D VREF+ | VREF- A A AN3 AN2 2/2
1110 D D D D D D D A VDD Vss 1/0
1111 D D D D VREF+ | VREF- D A AN3 AN2 1/2

A = Analog input D = Digital /O
C/R = # of analog input channels/# of A/D voltage references

Bang 2-24. Cac bit diéu khién ADC.

Cidc thanh ghi ADRESH:ADRESL chita k&t qué 10 bit.chia chuyén d6i. Khi chuyén déi ADC
dugc hoan thanh, k&t qua dugc nap vao cap thanh ghi'két qua, bit GO/ DONE bi x6a va bit cd bdo
ngidt ADC la ADIF Ién 1. So dd khdi clia kh&i ADC dugc trinh bay trong hinh 2-22.

Sau khi kh&i ADC da dwgc dinh ciu hinh theo yé&u cdu, thi phdi thic hién chon kénh tru6c khi
bat dau qué trinh chuyén ddi. Cdc kénh ngd vao twong tw phdi cé cac bit TRIS tudng tng dudc chon
nhu nhitng ngd vao.

Buie 1: D€ thuc hién chuyén ddi ADC thi phai thuc hién cdc budc sau:

Buide 2: Thi€t 1ap cAu hinh ADC:

[ Pinh cau hinh cho cdc chan tudng tu/dién 4p chuidn va xuit/nhap s6 (ADCONTI).
[] Chon Iwa kénh ngd vao ADC (ADCONO).
[] Chon Iira xung clock cho chuyén d8i ADC (ADCONO).
[] M& dién cho ADC (ADCONO)
Buiée 3: Thi€t 1ap cdu hinh ngdt ADC (néu dudc yéu cau):
[] X6a bit ASDIF.
[ Set bit ADIF.
[ Set bit PEIE.
[ Set bit GIE

Buide 3: Chds hé't thdi gian theo yéu ciu:

Buic 4: Bit ddu chuyén ddi: set bit GO/ DONE

Buiéc 5: Chd chuyén d8i ADC hoan thanh biing cach:

[] Kiém tra lien tuc bit GO/DONE ¢ ¢ hay chwra (n€u khong dung ngit).
[] chos ngét ADC xay ra.
Buibc 6: Poc cap thanh ghi két qua (ADRESH:ADRSL), x6a bit ADIF néu dugc yéu cau
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BuGc 7: Thuc hién chuyén ddi k& ti€p. Thdi gian chuyén ddicho 1 bit [a TAD.

a. Ngd ra cha TMR2:

Ngbd ra cia TMR2 dugc ndi tdi khdi SSP — khoi nay c6 thé tiy chon d€ tao ra xung nhip.

b. Cac yéu cau nhan du liéu ADC:

D3di vdi cac bd chuyén d6i A/D dé ddm bao chuyén d6i chinh xdc theo thong s& chi dinh thi
cic tu gilf dién ap nap phai nap ddy ding bing méc dién 4p cla kénh ngd vao. So dd ngd vao
tuong tu dudc trinh bay trong hinh 2-23. Trd khang ngudn (Rs) va trd khang ctia chuyén mach 13y
mAu bén trong (Rss) 4nh hudng tryc ti€p dén thdi gian nap cha tu Cuovp. Trd khdng cia chuyén
mach 18y mAu thay ddi theo dién 4p ctia vi mach nhu hinh 2-23. Tré khang t8i da cho ngudn tin
hi¢u tuong tr duge dé nghi 1a 2,5Q. Khi tré khang gidm thi thdi gian thu nhin c6 thé giam. Sau khi
kénh ngd vao dugc chon thi thu nhan dit li€u méi duge thuc hién truGe khi thuc hién chuyén doi.

Pé tinh toan thdi gian thu nhan nhd nhat thi ta ¢ thé€ st dung phuong trinh 2-1. Gia s 13i ciia
phuong trinh nay l1a ¥2 LSB v61 ADC 10 bit ¢6 1024 budc.

Phuong trinh 2-1: thdi gian nhin

Taco = Amplifier Settling Timer + Hold Capacitor Charging Timer + Temperature Coefficient

=Tamp + Tc + Tcorr

TC = CHOLD(RIC + RSS + Rs) In(1/2047)
=-120pF(1kQ + 7kQ + 10k€Q) In(0,0004885)

=16,47us
Tacg =2us + 16,47us + [(50°C -25°C)(0,05us/°C)
=19,72us
VDD Sampling
VT 0.6V , _S_W_'t'ih_ .

------- CHoL
4 = DAC ite
== V=0 Gvé ILEAKAGE T Z %0 pFaan ance

+500 nA
- _T__VSS

Legend: CPIN = input capacitance 6

VT = threshold voltage £\, ™~

ILEAKAGE = leakage current at the pin due to VoD 4

various junctions 3

Ric = interconnect resistance 2

5SS = sampling switch e

. = I 8 Y L

CHOLD sample/hold capacitance (from DAC) | 8 910 ”

Sampling Switch
(kQ2)

Hinh 2-23. S6 d6 mach ca ngd vao ADC.
c. Lua chon xung clock cho ADC:
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Thdi gian chuyén d6i ADC cho mdi bit dugc xdc dinh 1a Tap. Chuyén ddi ADC sé& dung t5i
thi€u lugng thdi gian 12 Tap d€ chuyén ddi cho 10 bit. Ngudn xung déng hd cho ADC dugc lya
chon biing phan mém. B4y kha ning Iwa chon cho Txp Ia:

(12 Tosc

L] 4 Tosc

[]s Tosc

[ 16 Tosc

[ 32 Tosc

[ 64 Tosc

[] B6 dao dong RC bén trong module ADC.

D& chuyén doi ADC 1a chinh x4c thi xung ddng hd phai dudc chon thdi gian nhd nhat Tap =
1,6us. Bang 2-25 trinh bay thdi gian TAD dudc tinh todn tif cic tAn s& hoat dong cla vi diéu khién
PIC va lua chon ngudn xung clock.

AD Clock Source (TaAD)
Maximum Device Frequency

Operation ADCS2:ADCS1:ADCS0

2 Tosc 000 1.25 MHz

4 Tosc 100 2.5 MHz

8 Tosc 001 5 MHz

16 Tosc 101 10 MHz

32 Tosc 010 20 MHz

64 Tosc 110 20 MHz
Rc(1:2.3) x11 (Note 1)

Bang 2-25. Cac bit lya chon xung chuyén déi ADC.

d. Dinh cdu hinh cho cac ngd vdo tuong ty cba ADC:

Hai thanh ghi ADCON1 va TRIS diéu khién hoat dong cic chian port ADC. C4c chan clia port
dung 1am cdc ngd vao tuong tu thi cac bit TRIS twong tng phdi & miic 1(ngd vao). Néu bit TRIS
bang 0 (ngd ra) thi s& chuyén thanh ngd ra s6. Hoat ddng chuyén d6i ADC doc lap vdi trang thdi
ctia cac bit CHSO:CHS2 va cac bit TRIS.

e. Chuyén ddi ADC:

Xéa bit GO/ DONE trong thdi gian chuyén d6i s& huy bé qua trinh dang chuyén ddi. Cip
thanh ghi lvu két qua chuyén d5i ADRESH:ADRESL s& khong dugc cAp nhap chuyén ddi va tiép
tuc chira cdc gid tri di chuyén ddi clia 1an trudc. Sau khi huy chuyén ddi ADC thi qud trinh chuyén
ddi ti€p theo clia kénh da chon dugce bat diu modt cach tr dong. Lam bit GO/ DONE 1én 1 d€ bit
diu qud trinh chuyén ddi.

Trong hinh 2-24 trinh bay cac chu ky chuyé&n d6i tir khi bit GO 1én 1 cho d&n lic bit dau
chuyén d6i va cho dén lic k&t thic.
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Tcy to TAD, TAD1 , TAD2 . TAD3 _ TAD4 . TAD5 . TADB . TAD7 . TADS . TAD9  TAD10 TAD11

T T r

T b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
Conversion starts

Holding capacitor is disconnected from analog input (typically 100 ns)

Set GO hit ADRES is loaded

GO bit is cleared
ADIF bitis set
Holding capacitor is connected to analog input

Hinh 2-24. Chu ky chuyén ddi ADC.
f. Cac thanh ghi luu két qua cba ADC:

Cip thanh ghi 16 bit ADRESH:ADRESL diing @€ Ivu k€t qua chuyén d6i 10 bit cia ADC sau
khi chuyén d5i xong. Do k&t qua chi c6 10 bit nhung luwu trong cap thanh ghi 16 bit nén ¢ cic ki€u
dinh dang sau tuy thudc viao trang thii bit ADFM (ADC Format). Hinh 2-25 trinh bay 2 kiéu dinh
dang clia cip thanh ghi két qua:

| 10-bit Result
ADFM =1 ADFM =0
i~ A N ” A LY
7 2107 0 7 0765 0
0000 00 . . 0000 00
Y A Y - Y A "Y’ -
ADRESH ADRESL ADRESH ADRESL
L v \ J
~ Y
10-bit Result 10-bit Result
Right Justified Left Justified

Hinh 2-25. Cap thanh ghi két qua hiéu chinh phai va trai.
g. Hoat dong chuyén ddi ADC trong ché do Sleep:

Khoi ADC c6 thé hoat dong trong ch& do Sleep va ngudn xung clock dude thiét 1ap cho RC
(ADCS1:ADCS0 = 11). Khi chon ngudn xung clock RC thi khdi ADC chd thém mdt chu ky 1énh
tru6e khi qua trinh chuyén ddi bt diu. Viéc chd thém mot chu ky 1énh cho phép thuc hién 1énh
SLEEP @& vi diéu khién PIC vio ch& dd nhim loai trir ti't cd nhiu chuyén mach s6. Khi chuyén
d6i k&t thiic thi bit GO/ DONE bi x6a va k€t qua luu vao thanh ghi ADRES. Néu ngit ADC dugc
cho phép, vi dicu khién PIC s& thoat khoi ch€ dd SLEEP va hoat dong binh thudng tr§ lai. Néu
ngit ADC khong dugc cho phép, khdi ADC s& tit sau d6, mic du bit ADON vin duy tri & mifc 1.

h. Anh hudng cba reset:
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Reset PIC sé& budc cic thanh ghi § trang thdi reset. Khi reset sé 1am khdi ADC tit va huy bd
ludn qué trinh ADC dang chuyén ddi. T4t ca cdc chan ngd vao ADC dudc dinh cau hinh nhu nhitng
ngd vao tuong tu.

Gia tri trong hai thanh ghi ADRESH:ADRESL la khong dugc hiéu chinh khi reset lic cap

di¢n. Hai thanh ghi ADRESH:ADRESL chtta dit liéu khong x4c dinh sau khi resetldc cap dién.
Céc thanh ghi st dung cho khdi ADC:

. . . . . . . . Value on Value on

Address | Name Bit7 Bit 6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit 0 POR, BOR | MCLR, WDT
0Bh,8Bh, |INTCON GIE PEIE | TMROIE INTE RBIE | TMROIF INTF RBIF |o000 000x| 0000 000U
10Bh,18Bh
0Ch PIR1 psPIF|  ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | cooo 0000 | 0000 0000
8Ch PIE1 pspiE()| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | cooo 0000 | 0000 0000
1Eh ADRESH |A/D Result Register High Byte 3000 33000 | LUuu uuuu
9Eh ADRESL |A/D Result Register Low Byte M AAHK | UL uuau
1Fh ADCONO | ADCS1 | ADCSO| CHS2 CHS1 CHSO0 | GO/DONE — ADON | 0000 00-0|0000 00-0
9Fh ADCON1 | ADFM | ADCS2 — — PCFG3| PCFG2 | PCFG1 | PCFGO | co-- 0000 |00-- 0000
85h TRISA — — PORTA Data Direction Register --11 1111 --11 1111
05h PORTA — — PORTA Data Latch when written: PORTA pins when read --0x 0000 |--0u 0000
gonll TRISE IBF | OBF | IBOV |PSPMODE| — |PORTE Data Direction bits 0000 -111|0000 -111
ooh® [porte | — | — | — — — RE2LV["RE1T | REO [---- -zooc[---- -uuu

Bdng 2-26. Cac thanh ghi'ding cho chuyén ddi ADC.
9 KH0ISO SANH

Kh&i so sanh chita hai bd so sdnh wong tw. Ngd vao bd so sdnh da hgp vdi cac chan I/0 tir
RAO d@&n RA3 va céc ngd ra da hgp v6i cac chan tir chin RA4 va RAS. Dién ap chuén trén IC cling
c6 thé 1a motngd vao clia bd so sanh.

Thanh ghi CMCON diéu khi€n bd da hgp ngd vao va ngd ra clia bd so sanh. So d@ khdi cac
md hinh khdc nhau cia bd so sanh dugc trinh bay trong hinh 2-26.

Thanh ghi CMCON
CMCON REGISTER
R-0 R-0 R/W-0 R/W-0 R/W-0 R/MAW-1 R/W-1 R/W-1
‘ C20UT | C10UT C2INV C1INV CIs cM2 CcM1 CMO
bit 7 bit 0
Bit7 COUT: bit ngd ra bd so sdnh 2
Khi C2INV=0:

1=C2 Vine >C2 VN
0=C2 Vin+ <C2 VN
Khi CINV= 1:
1=C2 Vinu< C2 Vi
0=C2 Vin+ >C2 VN
Bit6 C10UT: ngd ra b so sanh 1
Khi C1INV=0:
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1=C Vine > Cl1 Vi
0=C1 Vine <C1 VN
Khi CINV= 1:
I=C1 Vine< C1 V-
0=CI1 Vine >C1 VN
Bit5 C2INYV: bit ddo ngd ra bd so sanh 2
1=ngd ra C2 dugc ddo
0=ngd ra C2 khodng dugc dao
Bit4 CI1INYV: bit ddo ngd ra bd so sanh 1
1=ngd ra C1 dugc ddo
0=ngd ra C1 khong dugc dao
Bit3 CIS: bit chuyén d6ingd vao bd so sanh
Khi CM2:CMO0 = 110:
1=C1 Vix. k€t ndi véi RA3/AN3
C2 Vin. k&t ndi v6i RA2/AN2
0=C1 Vin. k€t ndi v6i RAO/ANO
C2 Vin. k€t ndi v6i RAT/ANT
Bit 2-0 CM2:CMO: cic bit chon kiéu so sanh

omparators hese omparators efault Value
C tors Reset c Off (POR Default Value)
CM2:CMO = 000 CM2:CMO = 111
RAOD/AND A V% | RAD/AND 2_ V- [>
: Off (Read as ‘0’ Off (Read as ‘0’
RAZAN3 A V|, C1 (Read a3 °0) RAZAN3 D gV |, Cl (Read as ‘0’)
RAT/ANT —2— Yt |- RATANT -2 qvm- >
: Off (Read as ‘0 Off (Read as o’
RA2/AN2 Aiw—k C2 ( eadas 0) RA2/AN2 D ViIN+ + C2 ( ead as O)

Two Independent Comparators with Outputs

Two Independent Comparators CM2:CM0 = 011

CM2:CMO =010

RAO/AND —~——ViN-

C1 c1ouT RA3/AN3 _A__ VNt |

RAO/AND 2 Vv | =
RAJAN3 A Vin+ |,

p— C10UT

RA4/TOCKIC10UT

>
+
RA1/ANT -2 VIN- A VIN-
! B RAT/ANT ———
C2
>

C2 C20UT

RAZAN2 A Vin+ |, RAAND2 A Vin+ »— C20UT

RAS/AN4/SS/C20UT
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Two Common Reference Comparators Two Common Reference Comparators with Outputs

CM2:CMO = 100 CM2:CMO = 101
RAO/AND A Y= |- RAD/ANO -A—Vin- | =
—
RA3/AN3 A Vi+ + C1 c1out RA3/AN3 A i+ +C1 C10UT

RA4/TOCKI/C10UT

RATANT -2 [ VN | °

. A VIN-
. D vint |, C2 c20uT RA1/AN1 -
RA2/AN2 — + . D vine | C2 p— C20UT
RA2/AN2 —— +
RA5/AN4/SS/C20UT
One Independent Comparator with Output Four Inputs Multiplexed to Two Comparators
CM2:CMO =001 CM2:CM0 =110
, A
RAD/AND A Vin- | * RAD/ANO ———o

_ClS=o VIN-
RA3AN3 A, CIS=1

c10UT
RAZ/AN3 A v+ |, CL7P™

VinN+ +C1 c10UT
RA4/TOCKI/C10UT y A
RA1/ANT o ClS= 0 Vin- | *
_ RA2/AN2 A o, CIS=1 C2 C20UT
RATANT B V- | ° ViN+

+

Off (Read as "o’
RAZAN2 D g Vit |, C2 (Read as '0’)

CVREF  From Comparator
— VREF Module

A = Analog Input, port reads zeros always. D = Digital Input.” CIS (CMCON<3=) is the Comparator Input Switch.

Hinh 2-26. Céc kiéu hoat ddong cua bd so sanh.

C6 8 ki€u hoat ddng ctia bd so sanh. Thanh ghi CMCON dudc st dung d€ Iva chon cac kiéu
nay. Thanh ghi TRISA diéu khién dit liéu truc ti€p cac chan clia bd so sanh & mdi kiéu.

a. Hoat dong so sanh:

B9 so sinh don trinh bay trong hinh 2-27 cling v6i moi quan hé giita cdc mifc ngd vao twong
tu va ngd ra so.

e Khingd vao Vins nhd hon ngd vao Viy.thi ngd ra s6 clia bd so sanh & mitc thap (0).
e Khingd vao Vin, 16n hon ngd vao Vix. thingd ra sd ctia bd so sanh & mitc cao (1).
Hinh 2-27 trinh bay mach so sanh, dang séng cia cédc tin hiéu vao so sanh va tin hi€ura: ngd

ra s& c¢6 thé bi 1éch nhanh hay cham 1a do dién 4p offset va thdi gian dap tng.

ViNd — [+

Output

VING ———— —|=

VIN- -

ViIN®

Output . . . l
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Hinh 2-27. Cac kiéu hoat dong cla bé so sanh.

b. Dién ap so sanh:

Tin hiéu chu&n bén ngoai hoic bén trong c6 thé dugc sit dung tuy thudc vao ki€u hoat dong
clia bd so sanh. Tin hiéu tuong ty Vin. dudc so sanh v4i tin hiéu Vi, vA ngd ra s6 dudc diéu chinh
sao cho phu hgp.

Tin hi¢u chudn bén ngoai:

Khi st dung dién 4p chuin bén ngoai thi bd so sdnh c6 thé dugc dinh hinh d€ c6 cic hoat
dong so sanh vdingudn dién dp chuin gidng nhau hoic khdc nhau. Tuy nhién nhitng Gng dung tich
séng theo ngudng thi cin dién 4p chuin giong nhau. Tin hiéu chuin nim trong gidi han tir Vss dén
Vpp Vva c6 thé ciip dén cic chAnngd vio clia bd so sanh.

2. oA ~ A
Tin hi¢u chuan bén trong:

B so sanh ciing cho phép lva chon ngan dién 4p chuin bén trong cho bo so sanh. Tin hi€u
chu&n bén trong dugc st dung khi cic bd so sanh hoat dong & ki€u CM<2:0> = 110 nhu hinh 2-24 &
tren. O ki€u nay thidién 4p chuiin bén trong dugc duwa dén chidn Vin, clia cdc bo so sanh.

c. Thdi gian dap Ung:

Thdi gian ddp ¢ng 14 thdi gian nhd nhét sau khi Iita chon modt dién ap chuin méi hoic ngudn
ngd vao, trude khi ngd ra bd so sanh & mite hgp 16. N&u dién ap chuidn bén trong bi thay d6i, thdi
gian tri hodn 16n nhit clia dién 4p chudn bén trong phai dugc xem xét khi sif dung cic ngd ra clia
bd so sanh. Tra bing thong s dic tinh d€ biét thdi gian ddp ing.

d. Ngé ra b so sanh:

Ngd ra b so sanh dugc doc thong qua thanh ghi chi doc CMCON. Cdc ngd ra clia bo so sanh
ciing ¢6 thé 1a cic ngd ra tryc ti€p & cac chan xudt/nhap RA4 va RAS. Khi dudce cho phép, bd da
hgp céc chan RA4 vad RAS sé& chuyén mach va ngd ra clia mdi chian s& khong dong bd véingd ra
clia bd so sanh. Hinh 2-28 trinh bay so dd mach ctia bd so sanh.

Céc bit TRISA van con chitc ning cho phép/cim d6i v6i cac chan RA4 va RAS.

Cyc tinh ngd ra cia bo so sanh co thé dugc chuyén ddi st dung 2bit C2IHV va C1INV
(CMCON<4:5>)

Chd y: khi doc thanh ghi port, tit cd cac chian dudc dung la ngd vao tuong tif s& doc 1a 0.
Cac ngd vao dudc dinh ciu hinh nhu ngd vio sd sé& chuyén d6i thanh ngd vao tuong tu tily vao yéu
ciu ki thuat ngd vao Schmitt Trigger.

Céc mic dién dp tuong o trén bat ky chan nio dugc dinh nghia nhu ngd vao sd cé thé trd
thanh by dém dé ting thém dong.

RA4 Ia chan 10 dang cuc thu d& hd. Khi dugc ding 1am ngd ra thi phai c6 dién trd kéo 1én.
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Port Pins

MULTIPLEX

CxINV

To RA4 or
RAS Pin ==

Bus

Data \Id
Read CMCON

-

ﬂ
i
CMIF @GF a D
bit From

gther EN ]
omparator
CL Read CMCON

Reset

Hinh 2-28. So do mach ca bd so sanh.

e. Ngdat coa bd so sanh:

C& ngit bd so sdnh 1én mic 1 bat ky lic ndo c6 su thay ddi gid tri ngd ra bd so sdnh. Phan
mém duy tri ki€m tra trang thai cac bit ngd ra bing cach doc cac bit CMCON<7:6>, d€ x4c dinh
chuyén d8i thuc da x4y ra hay chua. Bit CMIF (thanh ghi PIR) 13 c& bao ngidtbo so sanh. Bit CMIF
phdi dugc reset bing cach x6a né. Do ciing c6 thé ghi mtic 1 vao thanh ghi nay, khi d6 ngit mo
phdéng dudc bit diu.

Bit CMIE (thanh ghi PIE) va PEIE ( thanh ghi INTCON) phai dugc set & mitc 1 d€ cho phép
ngit. Thém vao d6, bit GIE ciing phai dudc set & mirc 1. Néu bat ki mdt trong nhitng bit nay bi x6a
thi ngit s&¢ khong dugc cho phép, mic du bit CMIF vin con & mic 1 néu di€u kién ngdt xay ra.

Trong chuong trinh phuc vu ngit, ngudi st dung c6 thé xéa su ngit theo nhiing cich sau:

|:| Thuc hién bat ky 1énh doc/ghi CMCON s& két thiic diéu kién khong thich 'ng.
[]  Xéa bit ¢ CMIF.

f. Hoat dong cba bo so sanh & ché dé Sleep:

Khi b6 so sanh hoat ddng va vi diéu khién & trong ché dd Sleep, bd so sdnh vin duy tri hoat
dong va s& bao ngit n€u dudc cho phép. Ngit do bd so sanh tao ra s& lam vi diéu khié€n thodt khdi
ché€ d Sleep. P& gidm tiéu ton ning lugng trong ché do Sleep thi nén tit bd so sinh
(CM<2:0>=111) tru6c khi thue hién Sleep. N&u vi diéu khién thoat khdi ché @6 Sleep thi noi dung
cta thanh ghi CMCON khong bi dnh hudng.

g. Anh huédng cba reset:
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Khi Reset PIC s& dnh hugng dén trang thiireset clia thanh ghi CMCON lam cho khdi so sanh
& trong ch€ do tit, CM<2:0>=111.

h. Két ni cdc ngd vao tuong tu:

Mach dién don gian cho ngd vao tuong ty dugc trinh bay trong hinh 2-29. Do céic chin tuong
tu k€t ndi d&€n cic ngd ra s6 nén chiing c6 2 diode phan cuc ngude ddi vdi Vpp va Vss. Do do, ngd
vao tuong ty phai ndm trong gidi han dién 4p tr Vpp dé€n Vss.

Néu dién 4p ngd vao 1&éch khdi gidi han trén khoang 0,6V theo chiéu ting hoic gidm thi mot
trong cdc diode s& phan cuc thudn va xdy ra hién tugng ghi 4p. Trd khang ngudn 16n nhat nén ding
12 10kQ cho ngudn tuong ty. BAt ki thanh phin nao bén ngoai k&t ndi dén chan ngd vao tuong tu
nhu 12 tu hoac diode Zener sé& c¢6 mot dong ro ¢6 gia tri nho.

VDD
Vi=086V RIC
AN >
ILEAKAGE
Vi=06V +500 nA

— \/ss

Legend: CpiN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to various junctions
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage

Hinh 2-29. So d6 mach ngd vao tuong tu.
Céc thanh ghi k&t hdp clia khdi so sanh nhu bang sau:

Value on Value on
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 all other
POR

Resets
9Ch CMCON | C20UT | C10UT | C2INV | C1INV CIS CmM2 CM1 CMO 0000 0111 | 0000 D111
9Dh CVRCON | CVREN | CVROE | CVRR — CVR3 | CVR2 CVR1 CVRO | 000- 0000 |000- 0000
0Bh, 8Bh, |INTCON GIE/ PEIE/ | TMROIE | INTIE | RBIE | TMROIF | INTIF RBIF | 0000 000x | 0000 000U

10Bh,18Bh GIEH GIEL

0Dh PIR2 — CMIF — — BCLIF | LVDIF | TMR3IF | CCP2IF | -0-- 0000 | -0-- 0000
8Dh PIE2 - CMIE - - BCLIE | LVDIE | TMR3IE | CCP2IE | -0-- 0000 | -0-- 0000
05h PORTA — — RAS RA4 RA3 RA2 RA1 RAO --0x 0000 | --0u 0000
85h TRISA — — PORTA Data Direction Register --11 1111 |--11 1111

Bang 2-27. Cac thanh ghi ding cho bd so sanh.
B0 tao dién 4p chuén cta mach so sanh 1a mot mang dién trd bac thang 16 cip nhim tao ra
dién ap chudn c dinh khi bo so sanh lam viéc § ki€u ‘110°. Thanh ghi lap trinh diéu khién chirc
ning ctia bo tao dién 4p chuin 1a CVRCON.
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Hinh 2-30 14 so db bac thang dién trd dugc phan doan dé tao ra hai day gia tri cia CVggr va
chitc ning gidm cong sudt dé€ gidm cong suit tiéu tin khi ngudn dién 4p chuiin khong sl dung.
Dién ap cung cAp cho mach tao dién ap chudn 14y tif ngudn Vpp.

Ngd ra cia bd tao dién dp chu@n ¢6 thé ndi véi chan RA2/AN2/Vref-/C Vggr. Chan nay cé
thé dung nhu chan ngd ra cia by chuyén d6i DAC don gidn nhung chic ning chinh ca viéc dua
dién ap chuinra chan d6 1a nham ki€m tra xem ngudn dién 4p chudn c6 chinh x4c hay khong.

CVRCON CONTROL REGISTER (ADDRESS 9Dh)

R/W-0 RAW-0 R/W-0 u-0 R/W-0 RAW-0 R/AW-0 RAV-0
‘ CVYREN | CVROE CVRR — CVR3 CVR2 CVR1 CVRO
bit 7 bit 0

Bit7 CVREN: bit cho phép mach tao dién ap chuin cho bd so sanh

1= cho phép mach hoat ddng.

0=khoOng cho phép mach hoat dong.
Bit6 CVROE: bit cho phép ngd ra bd so sdnh Vggp

I=mic dién 4p VCREF dugc dua d€n chan RA2/AN2/Vref-/C Vggr.

0= muc dién 4p VCREF khong dugc dua d&n chan RA2/AN2/Vref-/CVggr.
Bit5 CVRR: bit lya chon day dién ap Vggr cia bd so sanh 2

1=tlr 0 d€n 0.75 C Vgsrc v6i do phan gidi ciia budc la C Vgsge /24.

0= tlr 0.25 d€n 0.75 CVgsrc v6idod phan gidi cia bude 1a CVgrsre /32.
Bit4 Chura dung néu doc sé ¢6 gia tri ‘0’

I=ngd ra Cl dugc dio

0=ngd ra C1 khong dugc dao
Bit 3-0 CVR3:CVRO: cac bit lra chon gid tri VREF ciia bd so sanh tir 0 dén 15

Khi CVRR=1:

CVrer =(VR<3:0>/24)*CVgsrc.

Khi CVRR=0:

CVggr=1/4 * CVgsre +(VR<3:0>/32)*C Vgsre.
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VoD

16 Stages

C\.r’REN—|>O-d oR R R R R

— AW ANN e 0 0 0 NN\

RAZ/ANZ2/VREF-/CVREF ]

-t

cvroE —[_p- vrs

CVREF Py CVR2
Input to - 16:1 Analog MUX iy
Comparator CVRO

Hinh 2-30. So do khéi mach tao dién ap chuén cho bd so sanh.
Céc thanh ghi k&t hdp clia khdi so sanh nhu bang sau:

Value on Value on
Address Name Bit7 Bit 6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0 POR all other
Resets
9Dh CVRCON| CVREN [CVROE | CVRR - CVR3 | CVR2 | CVR1 | CVRO |000- 0000|000~ 0000
9Ch CMCON | C20UT | C10UT | C2INV | C1INV | CIS CcM2 CM1 CMO (0000 0111|0000 0111

Bdng 2-28. Cac thanh ghi dung cho bd tao dién ap chuan.
10.  cAc CAUTRIC PAC BET CUA CPU

PICI16F87XA c6 mot s6 dic diém lam ting do tin cdy, gidm gid thanh d€n mic 8 thi€u
thong qua viéc loai bd cdc bd phan bén ngoai, cung cip cac ch€ dd hoat dong ti€t kiém ning lugng
va cung cip ma bdo vé. Do 1a:

[] Sy Iya chon bd dao dong (OSC).

[] Reset:
= Power-on Reset (POR).
=  Power-up Timer (PWRT).
= B0 dao dong Start-up Timer (OSC).
= Brown-out Reset (BOR).

Céc ngit.

Watchdog Timer (WDT).
Sleep.

M3 bao vé.

Nhén dang ID.

Lap trinh tudn tu trong mach.

oot

101 Vixd

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

| Chiong 2 Vi ddukiignPLC, SPKT — NguyBn Dirh PHi
[] Lap trinh tudn tf trong mach dién ap thap.
[] Bo gd rdi.

PIC16F87XA c¢6 WDT c6 thé dirng thong qua cac bit dinh cAu hinh. WDT c6 bd dao dong
RC hoat dong riéng d€ ting dd tin cay.

C6 haibd dinh thdi cung cip thdi gian tri hodn cAn thi€t khi cip dién. Mot 1a OST (Oscillator
Start-up Timer) c6 chitc nang giit IC & trang thai Reset cho d€n khi bd dao dong thach anh hoat
dong 6n dinh. Hai 1a PWRT (Power-up timer) cung cAp thdi gian tri hodn c& dinh khodng 72ms chi
khi m&i cap dién. N6 dugc thist k& dé giir thi€t bi & trang thdi Reset chd ngudn cung cap n dinh.
Véi hai bd dinh thdi, hau h&t cac tng dung khdng can mach Reset ngoai.

Ch€ 0 Sleep dudc thiét k& dé tiéu thu dong thap khi § ch&€ d6 power-down. Ngudi st dung
c6 thé khdi dong vi dieu khién khdi ch&€ do Sleep thong qua Reset ngoai, WDT hoic thdng qua
ngit.

Mot vai bd dao dong tliy chon ciing dudc thi€t k€ d€ cho phép mot s& bd phan hoat dong phit
hop véi ting dung. Bd dao dong tily chon RC ti€t kiém chi phi trong khi bd dao dong thach anh LP
ti€t kiém ning lugng. Mot tap hop cdc bit dinh ciu hinh dugc sit dung cho nhitng chon Iva khac.

Cdc bit dinh céu hinh:

Céc bit dinh cfiu hinh c6 thé 1ap trinh dugc (khi doc c6 gid tri ‘0’) hoic khong lap trinh dugc
(khi doc c6 gid tri ‘1°) d& lya chon cac cau hinh khdc nhau cho vi diéu khién. Gid tri x6a hoic
khdng 14p trinh dudc clia thanh ghi dinh ciu hinh (Configuration Word register) 1a 3FFFh. Nhitng
bit ndy nam trong bd nhé chuong trinh tai dia chi 2007h. Bdc biét cht y 1a dia chi ndy ndm ngoai
gidi han ciia b6 nhG chuong trinh.

Thanh ghi Configuration Word

rR/P-1 U0 R/P-1 R/P-1 R/IP-1 R/P-1 RP-1 RP-1 U0 U-0 R/P-1 R/P-1  R/P-1 R/P-1

| cP | — |peBuc|wRT1|wRT0| cPD | LvP [BOREN| — | — |PWRTEN|WDTEN|Fosc1 | Fosco |
bit 13 bit0

Bit 13 CP: bit ma bao vé bd nhd chuong trinh Flash
1=m3 bdo vé tit.
0= tAt ca bd nhG chuong trinh ¢6 ma bio vé.
Bit 12 chua st dung: docla ‘1’
Bit 11 DEBUG: bit thiét 1ap ch& do gd roi
1=mach gd rdi khong dugc cho phép, RB6 va RB7 la céc chan IO.
0=mach gd rdi dugc phép, chan RB6 va RB7 danh cho viéc g6 rdi.

Bit 10-9 WRT1-WRTO: cac bit cho phép ghi bd nhé chuong trinh Flash
11= tit bio vé ghi; c6 thé ghi dir lidu vio bd nhé chuong trinh bing cach diéu khién
thanh ghi EECON.

10= c4c 6 nhé c6 dia chi tir 0000h d€n 00FFh bdo vé chdng ghi, tir 0100h d&€n 1FFFh
cho phép ghi bing cich diéu khién thanh ghi EECON.

01= cdc 6 nhd c6 dia chi tt 0000h d&€n 07FFh bdo vé chdng ghi, tir 0800h dén 1FFFh
cho phép biing cach diéu khién thanh ghi EECON.
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00= cdc 6 nhé cé dia chi tir 0000h d&€n OFFFh bdo vé chdng ghi, tir 1000h d&€n 1FFFh
cho phép ghi bing cich diéu khién thanh ghi EECON.

Bit 8 CPD: bit ma bao vé bd nhé dit liéu EEPROM
1=tdt ma b&o vé bd nhd dit lieu EEPROM.
0=bd nhé dir lieu EEPROM c6 ma bdo vé chdng ghi.
Bit7 LVP: bit cho phép mach 14p trinh tudn ty dién 4p thip.
1= chan RB3/PGM c¢6 chitc ning PGM — cho phép lap trinh dién 4p thap.
0= chan RB31a 10 s6, chAnHV & MCLR dung dé lap trinh.
Bit6 BOREN: bit cho phép Reset Brown-out
1= chophép BOR
0=khong cho phép BOR
Bit 5-4 Khong dugc hd trg: doc la ‘1’
Bit3 PWRTEN : bit cho phép Timer hoat dong khireset lic md dién:
I1=khong cho phép PWRT.
0= cho phép PWRT.
Bit2 WDTEN: bit cho phép WDT
1= cho phép WDT
O=khong cho phép WDT
Bit 1-0 Fosc1:Fogsc0: cac bit lya chon b dao dong
11=bd dao dong RC
10=bd dao dong HS
01=b0d dao dong XT
00=b0 dao dong LP
. CAUHNHBO) DAO PONG:

a. Cac logi mach dao dong:
PIC16F877A c6 thé hoatdong & 4 ki€u dao ddong khac nhau. Ngudi diing co thé 1ap trinh cho
hai bit dinh ciiu hinh d€ chon 1 trong 4 ch& do:
LP: Low-power Crystal (thach anh niing Iugng thip)
XT: Crystal/Resonator (thach anh/cong hudng)
HS: High-speed Crystal/Resonator (thach anh/ cong hudng tdc do cao)
RC: Resistor/Capacitor (dién tré/tu)

b. Dao dong thach anh/ty Ceramic:

ot

Trong cicki€u dao dong XT, LP hodc HS, thach anh hoac tu Ceramic dugc ndi dén cac chin
OSC1/CLKI va OSC2/CLKO d€ tao dao dong nhu hinh 2-31. Thi€t k&€ bd dao dong PIC16F877A
yéu ciu stt dung kiéu cit thach anh song song. St dung thach anh ki€u cit ndi ti€p c6 thé khic vdi

103 Vixd

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn

CuuDuongThanCong.com https.//fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Truong DH SPKT TP. HCM

http://www.hcmute.edu.vn

Chuorg 2. Vi didukhiénPIC.

SPKT — Nguyén Dirh PHi

tAn s& yéu ciu clia nha san xuit. Khi hoat dong & kiu XT, LP hoic HS thi PIC ¢6 thé si dung

ngudn xung clock tir bén ngoai dwa d&€n chan OSC1/CLKI nhu hinh 2-32.

c-lﬂﬂ 0SC1 DO_L
| i To
e s Intemal
[ XTAL igERF{‘j’} Logic
= OsCz2 |*1° Sleep
R.(2 | < ‘
c201) PIC16F87XA

Hinh 2-31. Dao dong dung thach anh/ty cong hudng cau hinh XT, LP hodc HS.
Chii y: (1) Xem bang 2-22 dé c6 cdc gia tri ctia tu C1 va C2.
Chii y: (2) Bién trd ndi ti€p Rs ¢6 thé dudc yéu ciu ddi v6i thach anh.

Hinh 2-32. Ngb vao nhan xung tU bén ngodi cau hinh XT, LP hodic HS.

Clock from
Ext. System

~Do—> OSC

Open -+—— OSC2

Bang 2-29 liétké tu Cliva C2:

PIC16F87XA

Osc Type CI;?:C':?I Cap.CR‘Iange Cap.gzange

LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF

XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF

8 MHz 15-33 pF 15-33 pF

20 MHz 15-33 pF 15-33 pF

These values are for design guidance only.
See notes following this table.

Crystals Used
32KHz | Epson C-00TR32.768K-A | =20 PPM
200 kHz STD XTL 200.000KHz + 20 PPM
1 MHz ECS ECS-10-13-1 + 50 PPM
4 MHz ECS ECS-40-20-1 =50 PPM
8 MHz | EPSON CA-301 8.000M-C | +30PPM
20 MHz |EPSON CA-301 20.000M-C | £+ 30 PPM

Bang 2-29. Chon cac thach anh va tuy.
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c. Bo dao dong RC:

Trong nhitng tng dung dodi hdi vé& t6c do, chon bd dao dong RC dé ti€'t kiem chi phi. TAn s&
clia bd dao ddng RC 13 ham ctia dién ap ngudn cung cap, gid tri cha dién rd (Rext) va tu (Cexr) va
nhiét @ hoat dong. Bén canh d6, tin s& ciia bo dao ddng s& thay d6i tr gia tri nay dén gia tri khdc
lién quan d&n cic bi€n tham s8 clia ti€n trinh. Hon nita, sy khdc nhau vé gid tri dién dung gitta cic
ki€u déng goi s& anh hudng dén tin s6 dao dong, dac biét v6i gid tri tu Cgxr thap. Hinh 2-33 trinh
bay 6 hgp RC ndi v6i PIC 16F87XA

VDD

REXT

0SC1 Internal
:IT;I AN —m= Clock

CEXT% F——"" PIc16F87XA
Vss = =
-+— OSC2/CLKO
Fosc/4
Recommended values: 3 kQ < REXT < 100 kQ2

CEXT > 20 pF
Hinh 2-33. Bo dao ddng RC.
2. MACHRESET CPU

PIC16F877A c¢6 6 loai Reset khac nhau:
D Power-on Reset (POR).
[] Reset MCLR trong lic hoat dong binh thudng.
[] Reset MCLR trong ch€ do Sleep.
[] Reset WDT trong ch€ do Sleep.
[] Kh&i dong WDT (trong ché d6 hoat dong binh thudng).
[] Brown-out Reset (BOR).

C6 mot vai thanh ghi khong bi 4nh hudng v6i bat ki hoat dong reset nao. Trang thai ciia
chiing 12 khong xdc dinh khi POR va khong thay ddi cac ki€u reset con lai. Hiu hét cdc thanh ghi
khdc con lai déu 8 Reset ddi v6ireset POR, reset MCLR va reset WDT, reset MCLR trong ch€& do
Sleep va reset BOR. Céc thanh ghi khong dnh hudng WDT @€ danh thitc CPU khdi ch€ d6 ngi vao
trang thdi hoat dong binh thudng trd lai. Cac bit TO va PD dugc set hodc x6a tuy thudc vao tinh
hudng Reset khic nhau. Bang 2-22 di&n ta cac trang thdireset clia tit cA céc thanh ghi.

So db khdi don gian clia mach reset trén chip nhu hinh 2-34.
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External
Reset
vy
MCLR
Sleep
WDT WDT
Module | Time-out
Reset
- VoD Rise ‘Ji
Detect
VoD Power-on Reset
Brown-out
Reset BODEN : s
QST/IPWRT
OST
b 10-bit Ripple Counter @ _\' Chip_Reset
_ R Q F—=
0OSC1 - I

(1) PWRT

On-chi
fe Oae 4‘> 10-bit Ripple Counter }7

Enable PWRT

Enable OST
Note 1: This is a separate oscillator from the RC oscillator of the CLKI pin.
Hinh 2-34. S6 do mach reset trong chip.
POR | BOR | TO | FD Condition

0 X 1 1 |Power-on Reset

0 x 0 x |lllegal, TO is set on POR

0 x x 0 |lllegal, PDis set on POR

1 0 1 1 |Brown-out Reset

1 1 ] 1 |WDT Reset

1 1 0 0 |WDT Wake-up

1 1 u u |MCLR Reset during normal operation

1 1 1 0 |MCLR Reset during Sleep or Interrupt Wake-up from Sleep

Bang 2-30. Chon cac thach anh va ty.
. Program Status FPCON
Condition Counter Register Register

Power-on Reset 000h 0001 lxxx | ---- -- 0x
MCLR Reset during normal operation 000h 000u wuuu | ---- -- uu
MCLR Reset during Sleep 000h 0001 Ouuu | ---- -- uu
WDT Reset 000h 0000 luuu | 0 ---- -- uu
WDT Wake-up PC +1 uwuul Ouuu | ---- -- uu
Brown-out Reset 000h 0001 luuu | ---- -- uo
Interrupt Wake-up from Sleep pC + 1M wml Ouuu | - - uu

Bang 2-31. Chon cac thach anh va ty.

Chii y: (1) khi thodt khdi ch€ do ngl tuy thudc vao ngit xdy ra va bit GIE bi set 1én 1, ndi
dung thanh ghi PC dudc nap vector dia chingét 1a 0004h.
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Gia tricuda cdc thanh ghikhi bi reset:

Register Devices Power-on Reset, MCLR Resets, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt
W T3A | T4A | T6A | TTA HHKK  HHXX uuuu uuuu uuuu uuuu
INDF T3A | T4A | T6A | TTA N/A N/A N/A
TMRO T3A | T4A | TBA | TTA HKHHK  XHKX uuuu uuuu uuuu uuuu
PCL 73A | T4A | 76A | 7TA 0000 0000 0000 0000 pc + 102
STATUS 73A | TAA | T6A | TTA 0001 1xxx 000gq quuu®® wuug quuu®
FSR T3A | T4A | 7TBA | TTA HHHK  XHKX uuuu uuuu uuuu uuuu
PORTA T3A | T4A | T6A | TTA --0x 0000 --0u 0000 --uu uuuu
PORTB T3A | T4A | T6A | TTA AHKK HHKX uuuu uuuu uuuu uuuu
PORTC T3A | T4A | 7T6A | TTA HHKK HHKX uuuu uuuu uuuu uuuu
PORTD T3A | T4A | TBA | TTA pole s dibies e uuuu uuuu uuuu uuuu
PORTE T3A | T4A | T6A | TTA -——— XXX ---- -uuu ---- -uuu
PCLATH T3A | T4A | T6A | TTA ---0 0000 --=-0 0000 -=-Uu uuuu
INTCON 73A | T4A | 76A | TTA 0000 000x 0000 000u uuuu uuuul?
BIRY 73A | T4A | 76A | 7TA r000 0000 r000 0000 ruuu uuuul?
73A | T4A | 76A | 7T7A 0000 0000 0000_.0000 wuuu uuuul?
PIR2 73A | T4A | 76A | TTA -0-0 0--0 -0-0 0--0 -u-u u--ul®
TMR1L T3A | T4A | T6A | TTA HHHK X uuuu uuuu uuuu uuuu
TMR1H T3A | T4A | T6A | TTA KK 30X uuuu uuuu uuuu uuuu
T1CON T3A | T4A | 7T6A | TTA --00 0000 --uu uuuu --uu uuuu
TMR2 T3A | T4A |'TBA | TTA 0000 0000 0000 0000 uuuu uuuu
T2CON T3A | T4A | TBA | TTA -000 0000 -000 0000 -uuu uuuu
SSPBUF T3A | T4A | T6A | TTA HHKH KX uuuu uuuu uuuu uuuu
SSPCON T3A | T4A | TBA | TTA 0000 0000 0000 0000 uuuu uuuu
CCPRI1L T3A | T4A | TBA | TTA HHHK  XHKX uuuu uuuu uuuu uuuu
CCPR1H T3A | TAA | 76A | TTA XHHK  XHHX uuuu uuuu uuuu uuuu
CCP1CON T3A | T4A | 7TBA | TTA --00 0000 --00 0000 --uu uuuu
RCSTA T3A | T4A | TBA | TTA 0000 000x 0000 000x uuuu uuuu
TXREG T3A | T4A | T6A | 7TTA 0000 0000 0000 0000 uuuu uuuu
RCREG T3A | T4A | 7TBA | TTA 0000 0000 0000 0000 uuuu uuuu
CCPR2L T3A | T4A | T6A | TTA boo o dibosed uuuu uuuu uuuu uuuu
CCPR2H T3A | T4A | TBA | TTA HKHHK  XHKX uuuu uuuu uuuu uuuu
CCP2CON T3A | T4A | 7T6A | TTA 0000 0000 0000 0000 uuuu uuuu
ADRESH T3A | T4A | TBA | TTA HKKK XKKXK uuuu uuuu uuuu uuuu
ADCONO T3A | T4A | 76A | TTA 0000 00-0 0000 00-0 uuuu uu-u
OPTION_REG T3A | T4A | TBA | TTA 1111 1111 1111 1111 uuuu uuuu
TRISA T3A | T4A | 7T6A | TTA --11 1111 --11 1111 --uu uuuu
TRISB T3A | T4A | 7T6A | TTA 1111 1111 1111 1111 uuuu uuuu
TRISC T3A | 7T4A | T6A | TTA 1111 1111 1111 1111 uuuu uuuu

Bang 2-32. Gia tri c0a cac thanh ghi khi bi reset.
Chii y: (1) Mot hodc nhiéu bit trong INTCON, PIR1 va/hoic PIR2 s& bi 4nh huéng.

Chii y: (2) khi thodt khdi ch€ do ngl tuy thudc vao ngit xdy ra va bit GIE bi set 1én 1, ndi
dung thanh ghi PC dugc nap vector dia chingét 1a 0004h.
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Chii y: (3) Xem bang 2-31 @€ co cdc gi4 trireset vdi diéu kién chi dinh.

Register Devices Power-on Reset, MCLR Resets, Wake-up via WDT or
Brown-out Reset WDT Reset Interrupt

TRISD T3A | T4A | TBA | TTA 1111 1111 1111 1111 uuuu uuuu
TRISE T3A | T4A | 7TBA | TTA 0000 -111 0000 -111 uuuu -uuu

T3A | TAA | TBA | TTA r000 0000 r000 0000 ruuu uuuu
PIET T3A | TAA | TBA | TTA 0000 0000 0000 0000 uuuu uuuu
PIE2 T3A | T4A | TBA | TTA -0-0 0--0 -0-0 0--0 -u-u u--u
PCON T3A | T4A | TBA | TTA —e—— =g | === == w | === == uu
SSPCON2 T3A | T4A | TBA | TTA 0000 0000 0000 0000 uuuu uuul
PR2 T3A | T4A | TBA | TTA 1111 1111 1111 1111 1111 1111
SSPADD T3A | T4A | TBA | TTA 0000 0000 0000 0000 uuuu uuuu
SSPSTAT T3A | T4A | TBA | TTA --00 0000 --00 0000 --uu uuuu
TXSTA T3A | T4A | TBA | TTA 0000 -010 0000 -010 uuuu  -uuu
SPBRG T3A | T4A | TBA | TTA 0000 0000 0000 0000 uuuu uuuu
CMCON T3A | 974 | T6A | TTA 0000 0111 0000 0111 uuuu uuuu
CVRCON T3A | T4A | TBA | TTA 000- 0000 000-_,0000 uuu- uuuu
ADRESL T3A | T4A | T6A | TTA HIOEK KKK utuu uuuu uuuu uuuu
ADCON1 T3A | T4A | TBA | TTA 00--_00090 00-- 0000 uu-- uuuu
EEDATA T3A | TAA | TBA | TTA WIHKH KXXX uuuu uuuu uuuu uuuu
EEADR T3A | T4A | T6A | TTA HHKHK  KKKX uuuu uuuud uuuu uuuu
EEDATH T3A | T4A |'TBA | TTA polo o dib o004 uuuu uuuu uuuu uuuu
EEADRH T3A | T4A | TEA | TTA pololoidibleoled uuul uuuu uuuu uuul
EECON1 T3A | T4A | TBA | TTA x--- x000 u--- u000 u--- uuuu
EECON2 T3A | T4A | TBA | TTA R e

Bang 2-33. Gid tri c0a cac thanh ghi khi bi reset (tiép tuc).

a. Reset MCLR:

PIC16F877A c¢6 bd loc nhiéu cho ngd vao clia chan reset MCLR . B loc nhiéu sé tich va

hay cac xung nho.

Nén chi y riing reset WDT khong diéu khién chan MCLR xudng mic thap.

Voo

g r1(1

)]

~ Ci1

WA—

R2(2)

PIC16F87XA

rMCLR

Hinh 2-34. Mach reset.
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Chii y: (1) Gia tri dugc dé nghi cho dién trd la R1< 40kQ dé dam bdo ring dién 4p rdi trén
dién tré khong vugt qua cdc thong so chi dinh.

Chii y: (2) Gia tri yéu cau cho dién trd 1a R2 > 1kQ d€ han ch& dong dién chay vao chin
MCLR tir ty C bén ngoai, trong trudng hop chAn MCLR /Vpp sut 4p lién quan dén phong tinh dién.

b. Reset khi m&i cap dién POR:

Mot xung reset khi mdi caAp dién dugc tao ra trén chip khi phat hién ngudn Vpp ting gi tri
nam trong khodng tir 1,2V d&n 1,7V. D€ tao thuan Idi cho reset POR, ta ndi chan MCLR dn Vpp
thong qua mach RC nhu da trinh bay & trén.

Khi chip bit dau lam viéc binh thudng v6i cac thong s6 1am viéc nhu dién 4p, tin sO, nhiét
do, ... phai ding dé dam bao cho hoat ddong clia mach. Néu nhitng diéu kién nay khong diing thi
chip bi giit & trang th4i Reset cho d&n khi ding. Reset Brown-out ¢ thé dugc diung dé lam ding
cac dieu kién khgi dong.

c. Timer reset khi m&i cap dién (PWRT):

PWRT tao ra thdi gian 72ms chd m& ngudn tir POR. PWRT hoat dong dva vao bd dao dong
RC bén trong. Chip dudgc giit & trang thdi Reset trong sudt khoang thdi gian PWRT hoat dong. Thoi
gian tri hoin cia PWRT cho phép ngudn Vpp ting d€n gid trilcé thé chap nhan dudc. Mot bit dinh
cau hinh s& cho phép hoidc khong cho phép PWRT,

Thdi gian tri hoin md ngudn -sé ‘thay d6i ddi vSi cac chip khiac nhau lién quan dén Vpp,
nhiét do va cdc bi€n xitly.
d. BoO dao dong Start-up (OST):

B6 dao ddong OST cho phép tré 1024s chu ki dao dong (tif ngd viao OSC1) sau khi delay
PWRT da k&t thiic (né€u PWRT dugc phép). Thdi gian tré nay gitip cho dao dong thach anh mach
cong hudng dugc bit ddu hoat ddng va 6n dinh.

Bo6 dao ddng OST chi dung & cac ki€u reset XT, LP va HS va chi ding cho rest POR hoic
danh thitc CPU khdi ch& do ngd.

e. Reset Brown-out (BOR):

Bit dinh c&u hinh BODEN c6 thé cho phép hoac khong cho phép mach reset BOR. N&u dién
4p Vpp gidm xubéng dudi mitc Vpor (khodng 4V) trong khodng thdi gian dai hon Tgor (khodng

100us) thi x4y ra reset Brown-out s& reset chip. Néu Vpp gidm xudng dudi mitc Vpor trong khodng
thdi gian ngian hon Tgo thi reset khong thé x4y ra.

Khi Brown-out x4y ra, chip s& duy tri § trang thdi Brown-out Reset cho dén khi dién 4p Vpp
ting 16n hon Vgor. Sau d6 Power-up Timer gilt chip G trang thai Reset trong thdi gian Tpwrr
(72ms). N&u Vpp gidm xudng dudi mic Vpor trong thdi gian Tpwrr thi ti€n trinh Brown-out Reset
s€ khdi dong trd lai khi Vpp tang 1én 16n hon dién dp Vgor vGi reset Power-up Timer. Power-up
Timer ludn dugc phép khi mach dién Brown-out Reset dugc phép ba't chap trang thdi clia bit dinh
cidu hinh PWRT.

f. Trinh ty thGi gian:
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Khi m& ngudn, trinh ty thdi gian chd 13 nhu sau: thdi gian tri hoin PWRT bit dau khi reset
POR x4y ra. Sau d6, OST bit dau dém 1024 chu k¥ dao dong khi PWRT k&t thic. Khi OST k&t
thic thi chip méi thoat khdi trang thdi Reset.

Né&u chin MCLR dudc gitt & mic thap trong thdi gian dl dai thi thdi gian nghi s& k&t thic.
Sau d6, khi chAn MCLR & mifc cao thi chip bit dau thuc hién ngay 1ap titc. Pi€u nay hitu dung hon
cho céc chifc ning kiém tra hoac d€ ddng bd nhicu PIC16F877A hoat dong song song.

g. Thanh ghi trang thai/thanh ghi cong suét:

Thanh ghi cong suat/ trang thai PCON ¢6 2 bit phu thudc vao chip.

Bit thit 0 1a bit trang thdi Brown-out Reset BOR ¢ gia tri khong x4c dinh khi reset POR. Sau
d6 ngudi diing phai set bit nay 1én 1 va kiém tra cac trang thdi Reset xy ra sau d6 d€ xem bit c6 bi
x6a, d€ xdc dinhring reset BOR di xay ra.

Khi Brown-out Reset khong dugc cho phép thi trang thai cia bit BOR la khong xac dinh.

Bit tht 1 1a bit trang thdi POR cla reset POR. N6 bi x6a khi reset POR va khong dnh hudng
clia céc ki€u reset khdc. Ngudi sit dung phai set bit nay sau khireset POR,

Trinh tu thdi gian khi c4p dién nhu hinh 2-35 v§ingd vaio MCLR ndi véi Vpp qua mach RC:

'
Internal POR g .

TPWRT

EWRT Time-out e TOST
. X

|

Internal Reset ‘

Hinh 2-35. Trinh ty thdi gian khi reset POR ¢6 ndi MCLR.

OST Time-out

Trinh ty thdi gian khi cap dién nhu hinh 2-36 v6ingd vao MCLR khong ndi véi Vpp:

i
VoD 4/ !
MCLR —

——— 1
Internal POR I
I

TPWRT 1

PWRT Time-out iwt— TOST —mt

OST Time-out

Internal Reset

Hinh 2-36. Trinh ty thdi gian khi reset POR khong néi MCLR.
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Trinh tu thdi gian khi ngudn ting cham nhu hinh 2-37 v&i ngd vao MCLR ndi v6i Vpp qua
mach RC:

5V

Voo oV /”Ir/'l—‘:f—
MCR
Internal POR

I
:
PWRT Time-out :
I
I

OST Time-out : I

Internal Reset |

Hinh 2-37. Trinh ty thdi gian khi reset POR khong néi MCLR.
1. HOAT DONG NGAT:

PIC16F87XA c6 15 ngudn ngit. Thanh ghi diéu khién ngit (INTCON) ghi nhin nhiing yéu
cAu ngitddc lap & cdc bit c¢d va chita céc bit cho phép ngitriéng va ngit toan cuc.

Chit y: Céc cS bdo ngdt dugc set Ién 1-bat'chap trang thai clia ngdt tuong (ng cho hay khong
cho phép hoic bit ngit toan cuc GIE:

Bit cho phép ngit toan cuc GIE (INTCON<7>) néu bang 1 thi cho phép titca cic ngudn ngit
va néu bang 0 thi khdng cho phép tat cd cac ngét. Khi bit GIE dudc phép va né€u bit ¢d ngit va bit
cho phép ngit doc lap 1én 1 thi ngit s& xay ra ngay lap tic. Cac ngudn ngit doc lap c6 thé cho
phép hoic cim bdi cdc bit cho phép ngit riéng twong ng. Cac bit ngit riéng dudc set bat chap
trang thaibit GIE. Bit GIE bi x6a khi reset.

Lénh RETFIE Ia I1énh k&t thic chuong trinh con phuc vu ngit trd vé chuong trinh chinh, va
set bit GIE dé cho phép ngit trd lai.

Ngit & chan RBO/INT, ngit khi c6 thay d8i PORTB va ngit cd tran ctia TMRO dudc chita
trong thanh ghi INTCON.

Céc cd ngit ngoai vi dudgc chita trong thanh ghi dac biét PIR1 va PIR2. C4c bit cho phép ngit
tuong Gng chita trong cac thanh ghi dac biét PIE1 va PIE2, bit cho phép ngit ngoai vi chita trong
thanh ghi dac biet INTCON.

Khi mdt ngit dugc dip ting thi bit GIE bi x6a d€ khong cho phép ba't ki hoat dong ngit nio
X4y ra nifa, dia chi rd vé dudc ciit vao trong ngin x&p va PC dugc nap dia chi 0004h. Trong mdi
chuong trinh con phuc vu ngit, ngudn ngit c6 thé dugc xac dinh bing cach ki€m tra cic bit cd bdo
ngit. Bit cd ngdt phai x6a trong phdn mém trudc khi cho phép ngit trd lai d€ tranh goi lai ngit da
thuc hién.
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EEIF
EEIE
PsPIFY
PSPIE
ADIF
ADIE
RCIF
RCIE
TXIF j:)i
TXIE
SSPIF
SSPIE
CCP1IF
CCP1IE
T|~,-1R2|F:D7_
TMRZIE:
TMRHF:D
TMR1I
ccple:] }
ccr2l
BCLIF
BCLIE
CMIF

CMIE

TMROIF VWake-up (If in Sleep mode)

TMROIE

INTF
INTE

Interrupt to CPU
RBIF
RBIE

GIE

Hinh 2-38. S d6 logic ciia cac ngdt.

a. Ngdt ngodi INT:

Ngit ngoai trén chan RBO/INT kich biing canh 1én néu bit INTEDG (OPTION_REG<6>)
bang 1 va kich bing canh xudng né€u bit INTEDG béng 0. Khi c6 canh tich cuc xud't hién trén chan
RBO/INT thi bit ¢ INTF (INTCON<1>) bi set 1én mitc 1. Ngdt RBO/INT nay c6 thé cAm bing cich
x6a bit cho phép INTE (INTCON<4>). Bit cd bao ngit INTF phai dudc x6a trong phan mém truSc
khi cho phép ngit trd lai. Ngit & chan INT c6 thé danh thic vi xt 1y khdi ch€ do Sleep néu bit
INTE da dudc set trr6e khi di vao ch€ do Sleep. Trang thdi clia bit cho phép ngit toan cuc GIE
quy€&tdinh bd vi xt 1i c6 phan nhdnh hay khong dé€ cho vector ngit sau khi bi ddnh thirc.

b. Ngdt TMRO:

Khi gia tri trong thanh ghi TMRO tran tr FFh sang 00h s& set bit c& TMROIF (INTCON<2>).
Ngitnay c6 thé cho phép/cam bing cach set/clear bit cho phé p TMROIE (INTCON<5>).

c. Ngét PORTB thay ddi:

Khi c6 thay d6i & cac bit PORTB<4:7> sé& 1am bit cd RBIF (INTCON<0>) Ién 1. Ngit c6 thé
cho phép/cam bang c4ch set/clear bit cho phép RBIE (INTCON<5>).

d. Luu di liéu khi xdy ra ngdt:

Khi thuc hién ngit thi chi co gia tri trd vé clia thanh ghi PC dugc luu vao bd nhd ngan x€&p.
Thuong thi ngudi st dung mudn luu cac thanh ghi quan trong khi x4y ra ngit nhu thanh ghi W va
thanh ghi trang thai. Diéu nay chi dudc thuc hién trong phan mém.

Do 16 byte cao nim trén mdi bank cé trong PIC16F877A chita tam thdi cdc thanh ghi
W_TEMP, STATUS_TEMP va PCLATH_TEMP, nén phai dit & vi tri ndy. Vi tri 16 byte nay
khong nim trong bank va vi vay dé& dang luu trit va phuc hdi.
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14.  HOAT PONG CUA WATCHDOG TMER. WDT:

WDT 14 bd chay tu do dwa vao bd dao dong RC cla chip ma khong yéu cau bit ci thanh
phan nao & bén ngoai. B dao dong RC nay dudc tach tir bd dao dong RC clia chan OSC1/CLKI.
Piéu nay cé nghia 124 WDT sé& chay dii cho xung clock trén cdc chin OSC1/CLKI va OSC2/CLKO
cta PIC bi dung lai, vi du khi thyc thi 1€nh Sleep.

Khi hoat dong viéc binh thudng, sau khi hé€t mot khodng thdi gian WDT sé& reset cpu. Néu
cpu dang & ché€ do Sleep, thi sau khi hé't thdi gian cia WDT s& danh thitc cpu dé trd lai hoat dong
binh thuong. Bit 7O trong thanh ghi trang théi s& bi x6a khi WDT d&€m di thdi gian.

WDT c6 thé bi cAm thudng xuyén biing cdch xda bit dinh cAu hinh WDTE.

Chii y: (1) Cdc1énh CLRWDT va SLEEP xo4 WDT va postscaler néu dudc gan cho WDT va
ngin chin WDT hé't thdi gian d€ khdi x4y ra diéu kién reset cpu.

Chii y: (2) Khi 1énh CLRWDT dudc thuc hién va bod chia truc dude gan cho WDT, by dé€m
chia trudc s& bi xod nhung gia tri gdn cho bd chia truéc vin khong doi.

0
‘ M >~ Postscaler
WDT Timer U
X ¢ 8
% * 8-to-1 MUX -%— PS2:PS0O
WDT oA
Enable Bit
&——m= To TMRO (Figure 5-1)

0+ Y

MUX -s— PSA

WDT
Time-out

Note: PSA and PS2:PS0 are bits in the OPTION_REG register.
Hinh 2-39. So d6 khoi ca WDT.
T6m tit cac thanh ghi cia WDT

Address Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit0
2007h Config. bits (1) BODEN( | cpP1 cPo | PWRTE" | WDTE | Fosc1 | FoscO
81h, 181h |OPTION_REG| RBPU | INTEDG | TOCS | TOSE PSA PS2 PS1 PSO

Bang 2-34. Cac thanh ghi c0a WDT.
B, HOAT PONG CDA cPu & CHE PO NG SLEEP:

Ché& do Power-down dugc nhap vao bdi viéc thuc thi Iénh Sleep. N&u dugc cho phép bd dinh
thdi WDT sé& bi x6a nhung van chay, bit PD (Status<3>) bix6a, bit TO (Status<4>) bi set Ién mic
1 va by diéu khién dao dong bi tit di. Nhitng port IO vin duy tri trang thdi d3 xdc dinh trudc khi
thurc hién 1&énh Sleep (& miic cao, thip hoic trd khiang cao).
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Pé dong tiéu tdn trong ch€ dd nay 1 thap nhét thi phai dit At cd cic chan IO & tai dién 4p
Vpp hoic Vss @€ bdo dadm khong c6 mach dién nao & bén ngoiildy dong tir cac chan IO, titngudn
cung cip cho khdi ADC va khong cho phép cac ngudn xung clock & bén ngoai. Kéo tat ca cac chin
IO ma ching c6 ngd vao trd khang cao § mifc cao hoic thap d€ tranh nhitng dong chuyén mach
gy ra bdi ngd vao tha ndi. Ngd vao chan TOCKI ciing nén dit § Vpp hoic Vss d€ cho dong tiéu
ton 1a thap nhat.

Chan MCLR phéai ¢ mic logic cao (Vigmce).

a. Danh thiic cpu khéi ché do ngo:

PIC c6 thé danh thitc cpu khdi ché do Sleep thong qua mot trong nhitng trudng hop sau:
] Ngd vao Reset bén ngoai trén chin MCLR
[1  Sirdung WDT (néu WDT dugc cho phép)
] Ngit it chan INT, ngdt PORT thay ddihodc ngitngoai vi.

Reset ngoai MCLR s& lam cho cpu bi reset bit diu thuc hién chuong trinh tir dau. Nhitng
trudng hdp con lai s& danh thic cpu ti€p tuc thuc hién chuong trinh. Cac bit 7O va PD trong thanh
ghi trang thdi c6 thé dugc diung dé xac dinh nguyén nhan Reset cia thiét bi. Bit PD dugc set khi
mdi cdp ngudn, s& bi x6a khi vao ch& do Sleep. Bit 7O bi x6a néu thdi gian cha WDT x4y ra va
danh thirc cpu khdi ché do ngd.

Nhitng ngit ngoai vi theo sauc6 thé danh thitc cpukhdi ché do ngii:

e  DPoc hoic ghi PSP chi ¢6 & PIC 16F874/877.

e Ngitclia TMR1. TMR1 phii lam viéc nhu bd d&€m ba't ddng bd.

e Ngitkiéu Capture CCP.

e Bokich sukién dic biet (TMR1 trong kiu bat ddng bd diing xung clock bén ngoai).

e Ngitphdthién bit SSP (kh&i dong/dirng).

e  Truyén hoicnhan SSP & ch& do t6 (SPI/I*C).

e  Truyén dirliéu bat dong bd USART Tx hoic Rx.

e Chuyén d8i ADC (khi ngudn xung clock cia ADC 12 RC).

e Hoanthanh hoatddng ghi di li¢u vao bd nhd EEPROM.

e B0 sosanh thay dSi trang thdi ngd ra.

Céc thi€'t bi ngoai vi khdc khong thé tao ra ngit khi cpu & trong ch& dd ngli, khong c6 ngudn
xung clock. Khi lénh SLEEP dang dudc thuc thi, thi Iénh k& ti€p (PC+1) dugc doan vé. P6i vdi PIC
dé danh thitc thong qua mot sy kién ngit thi bit cho phép ngit tuong ting phai dugc set 1én mic 1.
DPanh thitc bat chap trang thdi cla bit cho phép ngit toan cuc GIE.

Néu bit GIE bi x6a (khong cho phép) thi cpu ti€p tuc thyc thi lénh sau 1énh Sleep.

Néu bit GIE dugc set (cho phép) thi cpu thuc thi 1énh ding sau lénh Sleep va sau d6 ré nhanh
nhdy dé&n dia chingit (0004h).

b. Danh thiic cpu dung cac ngét:
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Khi bit ngit toan cuc l1a khong dudc cho phép (bit GIE bi x6a) va bat ki ngudn ngit nio co bit
cho phép ngit va bit cd ngdt1én 1 thi mot trong nhitng sy kién sau sé xay ra:

|:| Né&u ngit xay ra truGc 1énh SLEEP thi I1énh SLEEP s& hoan thanh nhu 13 1énh NOP.
Vi vay, WDT va postscaler WDT s€& khong bi x0a, bit TO sé& khong dugc set 1én 1
va bit PD s& khong bi x6a.

(] N&u ngdt xdy ra trong lic va sau khi thwc hién 1énh Sleep, ngay lap tic cpu s& bi
danh thitc khdi ché do ngl. Lénh SLEEP sé dugc thuc hién xong tru§c khi danh thitc
cpu. Vi vay, WDT va postscaler WDT s€ bi x0a, bit TO s& dudc set va bit PD s& bi
x0a.

Tham chin€u bit cd da dudc kiém tra trudc khi thuc hién 1énh SLEEP, ¢6 kha ning cic bit ¢
dugc set trudc khi 1énh Sleep hoan thanh. PE x4c dinh 1énh Sleep c¢6 thuc hién hay khong phai
kiém tra bit PD . N&u bit PD dudgc set thi 16nh SLEEP dugc thuc hién nhy 1énh NOP.

b€ chic chin WDT bi x6a, 1énh CLRWDT nén thuc hién truée khi 1énh thuc hién SLEEP.

LQtlq2l Q3|4 el Qzle3l @4 Q1] : crlazlesld) a1l czla3lad, @1 Q2| @3l a4, Q1] Q2| Q3] @4,
osc1 (VAW W ' : : ' ' '
cLko®  \ 7 \ [  Tost®® | / v N/ 7 !
INT pin : : : ‘ : : : : : :

1 I 1 L | 1 1 1
INTF Flag | \f' ; :

(INTCON<1>) : : 'Interrupt Latencyl® ' '
GIE bit : , j - ! : \ ! :
(INTCON<7>)! ! IProcessor in, X . i i

1 | 8|eep : i 1 Il ' [

1 1 ] 1 1 1 1
INSTRUCTION FLOW . . , | . . . .

PC X PC P X PC+2 X PCsz X PC+2 X __000ah ) _0006R .

. n I 1 I 1 1 I 1
Instruction {! Inst(PC) = Sleep! InstPC+1) ! ' Inst(PC+2) ! ' Inst(0004h) ' Inst(0005h) '
E‘fé’cuuﬁg%“ {: Inst(PC - 1) | Sleep | | Inst(PC+1) | Dummycycle | Dummy cycle | Inst(0004h) :

Hinh 2-40. Danh thiic cpu bdng cach dung ngét.
Chiu y: (1) St dung bd dao dong XT, HS hoac LP.
Chiy: (2) TOST =1024 TOSC.

Chi y: (3) Néu bit GIE = 1. Trong trudng hdp nay sau khi ddnh thic thi cpu nhay dén thuc
hién chuong trinh con phuc vu ngdt. N&u bit GIE = 0 thi thyc hién ti€p 1&nh trong chuong trinh.
Chit y: (4) CLKO khong c6 tic dung trong cac ki€u dao dong trén nhung dudc trinh bay dé
tham khao.
16. MACH GO RGE

Khi bit g& r6i nim tir thi€t 1ap cfu hinh dudc 1ap trinh 8 mitc O thi chifc ning clia mach gd rdi
dugc phép. Chitc nang nay cho phép chitc ning gd rdi khi st dung véi chuong trinh MPLAB ICD.
Khi vi diéu khién c6 chitc ning nay dugc phép thi mot tai nguyén sé trd nén mat tic dung. Bing
sau liet ké cac ciu tric bi bd khi lam viéc & ch& do gd roi.
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/O pins RBE, RET

Stack 1 level

Program Memory Address 0000h must be NOP
Last 100h words

Data Memory Ox070 (OxOF0, 0x170, Ox1F0)
Ox1EB-OX1EF

Bang 2-35. Cdc tai nguyén cha mach gé rbi.

P& st dung chifc ning g8 18i cha vi di€u khién thi phai thi€t k& giao ti€p 1ap trinh ndi tip
véi cac chin MCLR /Vpp, Vpp, GND, RB7 va RB6. KEt ndinay s& giao ti€p véi mach g& rdi dudc
xay dung Microchip.

7. KEM TRA CHUONG TRINH/ BAO VE BANG MA:

Néu bit ma bao vé khdong dudc 1ap trinh thi bd nhé chuong trinh trén chip ¢ thé€ doc ra cho
muc dich kiém tra.

8. MA NHANDANG:

B6n vi tri bd nhé c6 dia chi tir 2000h d&n 2003h dudc thidt k& dé chira ma nhan dang, ndi ma
ngudi st dung co thé Iuu trit tdng ki€m tra (checksum) hodc nhitng con s& nhan dang mat mi khéc.
Nhitng ma nay Ia c6 thé khong cAn thi€t truy xuat khi cpu hoat ddng binh thudng nhung c6 thé doc
va ghi trong qu4 trinh lap trinh/ki€m tra. Chi sit dung 4 bit thap LSB clia cac d nhé dinh vi ID.

19, LAP TRNH TUAN TU CUA MACH TICH HOP BEN TRONG ICSP (-Crauit Serid Programming)

Vi diéu khién PICI6F87XA c6 thé 1ap trinh tuan tu khi chiing nim trong mach tng dung.

Mach giao ti€p rit don gidn gdm 5 dudng day: mdt cho dudng xung clock, mot cho dudng dir
ligu, mot dudng ngudn, mdt dudng mass va mot dudng cip dién ap lip trinh. Piéu nay cho phép
khdch hang sdn xud'tnhitng bo mach st dung cpu chwa dugc 14p trinh va sau d6 1ap trinh cho vi diéu
khién trudc khi giao hang.

Khi st dung 1ap trinh n6i ti€p ICSP thi mach nap phai ciip ngudn tir 4,5V dén 5,5V néu can
thuc hién x6a bd nhd. Pién 4p nay dung d€ 1ap trinh lai ma bio vé, ci trang thdi md dén trang thai
tit. Trong tit ci cdc trudng hop khdc con lai cha ICSP thi mach nap st dung ngudn dién dp binh
thudng thi€tbi c6 thé dudc lap trinh & dién dp lam viéc binh thudng.

20. LAP TRNH BIEN AP THAP IcP (NGUON DON)

Bit LVP nam & tir dinh cau hinh cho phép lap trinh dién ap thap ICSP. Kiéu lap trinh nay cho
phép vi diéu khién lap trinh qua ICSP st dung dién 4p ngudn Vpp nim gi6i han dién 4p lam viéc.
Trong ki€u lap trinh nay, chain RB3/PGM dugc diing cho chifc ning lap trinh va khong thé lam cac
chan 1/0. Trong qua trinh 1ap trinh ngudn Vpp dugc cip d&n chan MCLR . D€ di vao ché do lap
trinh thi ngudn Vpp dugc cip cho chan RB3/PGM lam cho bit LVP dugc set 1én mic a. Bit LVP
mic dinh 12 1 tir nha may ché tao.

Chii y: (1) Ch€ do 1ap trinh dién 4p cao ludn c6 hi¢u lwc bat chap trang thdi ctia bit LVP bing
cach c?fp dién 4p Viun t6i chan MCLR.

Chii y: (2) Khi & ki€u 14p trinh dién 4p thap thi chan RB3 khong dugc st dung Ia 1/0.
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Chuorg 2. Vi didukhiénPIC. SPKT — Nguy2n Dirh PHi

Chii y: (3) Khi st dung 13p trinh dién 4p thap ICSP va chifc ning kéo PORTB la dugc phép,
bit thit 3 trong thanh ghi TRISB phai dugc x6a d& khong cho phép kéo chan RB3 va ddm bao hoat
phu hgp cho chip.

Chii y: (4) Chan RB3 khong dugc thd ndi n€u LVP dugc phép. Thi€t bi 1ap trinh bén ngoai
mic nhién phdi dit CPU & trang thdi hoat dong binh thudng. Khi diéu khién RB3 1én mic 1 thi
di¢u khién CPU chuyén sang ché& do 1ap trinh.

Né&u ch€ do lap trinh dién 4p thap khong dugc sit dung, bit LVP ¢6 thé dugc lap trinh vé ‘0’
va chan RB3/PGM trd thanh chan I0. Tuy nhién bit LVP chi c6 thé dugc chuyén sang lap trinh khi
dién 4p Vigy xuft hién trén chin MCLR . Bit LVP chi ¢6 thé thay ddi khi sir dung dién 4p cao &
chan MCLR .

21 50 DO NGUYENLY GIAO TEP GUAMAY TINH VA PIC 16FET7A:

PIC16F877A cho phép nap chuong trinh dang ndi ti€p qua céng LPT va c6ng COM.
a. Mach nap PIC tryc tiép 1 cdng COM:

Khi nap ndi ti€p qua cdng COM cho VPK PIC16F877A thi can diing 4 dudng diéu khién:
e Chan MCLK 1a dudng reset dé nap chuong trinh cho PIC.
e Chan RB7/PGD.
e Chan RP6/RGC.
e Chan RB3/PGM.

So d6 trinh bay cic dudng tin hieu diéu khién nap:

T+5v
Reset |NMCIR Vdd
Vss—_l:
PGD | pgy -
PGC | ps GND
PGM | pgs
0sC1
] 20MHz
0502

Hinh 2-41. Cac dudng giao tiép voi mach nap nbi tiép.
Sd d nguyén li clia mach nap truc ti€p qua cdng COM:
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IN4148 | 4

RAS/AN4
REO/RD#IANS
RE1/WR#/ANB
REZ2/CS#/ANT

@ |~ e |
= |ba e |4 e

-
(=3 2 1 Y P P PN P

=1
7
@

OSC1/CLKIN
OSC2/CLKOUT
RCOM10S0

RC1/T10S

.
BEE

2

C1815
[

-
@

-
1|

LBR472
~I
1=l

=2
0

1N41 4-9.1:-[‘,1

-
=

e
[212]3

T 414

iy

C1

0o s DB

- T & 7

]
£

RDO/PSPO
RD1/PSP1

)

D
T 1N4148

3
\\\\\\

Hinh 2-42. S6 dé nguyén Iy mach nap tryc tiép tU cdng COM.
b. Mach nap PIC gién tiép tU cdng COM qua ic max232:

Nap chuong trinh cho PIC16F877A thong qua IC MAX232 (hodc RS232) thi can c6 dao dong
xung clock va k&t nSi cac duong TX va RX cia RS-232 vdi ciac dudng TX va RX vi diéu khién
PIC16F877A:

e Chan RX: chan nhan dif lieu tr may tinh.
e Chan TX: chan truyén dit liéu vé mdy tinh.
S0 @6 trinh bay cac dudng tin hiéu nap cho PIC16F877A qua RS-232:

+5W
_ Reset MCLR Vdd j
==
GND
IX |pes
BX  |pe7
0sC1
C_120MH=
0SsC2

Hinh 2-43. Cac dudng giao tiép véi mach nap ndi tiép qua IC chuyén ddi.
So d6 nguyén li cia mach nap qua RS-232:
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Chuorg 2. Vi didukhiénPIC. SPKT — Nguy2n Dirh PHi

A

LED2

an —

1 :
2
3 T
9 4 | 5 co- C4
5 BX
— O Y ran miour L
COMPOR O 19 1 12n T20uT L [GND
L2 ] Riour R |2
GN[ RX-TX 21 rzout Rz2n -
MAX-232

Hinh 2-44. So dd nguyén Iy mach nap ndi tiép 1 cdng COM qua IC chuyén dbi.
c. Mach nap PIC qua céng LPT:

O
=
IC18
9 8
(@] Q
74ALSOB SN
T
JP1 IC1C ¢ o
LPT Pins [o1 5 s T1] JP2 _L e
LPT Pin1q 32 io| MCLR| T~ 2
LPT Pin2 | 53 74/4 SP5N 285} Vec I3
LPT Pin3 | 54 > 35} Gnd
LPT Pin4 | 55 45|RB7/PGD _L
LPT Pin18-25 | Ré 55| RBE/PGC  GND
O ll 53 | RB3/PGM
GND
74ALSOBN 7
Hinh 2-45. So do nguyén Iy mach nap ding cong LPT.
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the end
return
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Chuong 3

CHUGONG TRINH BIEN DICH VA NAP CHO

VI DIEU KHIEN PIC16F877A
e

CHUONG TRINH BIEN DICH
CHJONG TRINH BIEN DICH MPLAB IDE

CHJONG TRINH BIEN DICH CCS C
CHUGONG TRiNI:I NAP CHO PIC
CHJONG TRINH NAP WNACS00
CHJONG TRINH NAP ICPRO
NGON NGU LAP TRINH ASM CUA MPLAB

cAC QUY UBC COA NCONNGT MPLAB

[nhan]

Lenh va cac tham sb

Quy udc ki hiéu trong MPLAB
DENTA CAC LENH

Lénh: ADDLW

Lénh: ADDWF

Lénh: ANDLW

Lénh: AND WF

Lénh: BCF

Lénh: BSF

Lénh: BTESS

Lénh: BTFSC

Lénh: CALL

Lénh: CLRF

Lénh: CLRW

Lénh: CLRWDT

Lénh: COMF

Lénh: DECF

Lénh: DECFSZ

Lénh: GOTO

Lénh: INCF

Lénh: INCFSZ
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Chuong 3. Churorg trivh bign dich va nap cho Vi didu ktgn PCIGFE77A.

SPKT — Nguyen Dirh PHi

Lénh: IORLW
Lénh: IORWF
Lénh: MOVLW
Lénh: MOVF
Lénh: MOVWF
Lénh: RETFIE
Lénh: RETLW
Lénh: RLF
Lénh: RETURN
Lénh: RRL
Lénh: SLEEP
Lénh: SUBLW
Lénh: SUBWF
Lénh: SWAPF
Lénh: XORLW
Lénh: XORWF

NGON NGU LAP TRINH C CUA CCS C

GIOITHEU CcCs C

NGON NAT LAP TRINH C TREN CC5 C

KHAIBAO VA S DUNG BIEN, HANG, MANG

Khai bao bién, héing, mang

Cach s dung bién
cAc cAu TROC LENH
cHl TH TEN XUJ LY

#ASM va #ENDASM

#INCLUDE

#BIT, #BYTE, #LOCATE va #DIFINE

#DEVICE
#ORG
#USE

Mbat s6 chi thi tién xU Iy khac

CACHAM X LY 8, X7 LY BIT, DELAY

Cac ham xU Iy sé

Cac ham xuU Iy bit va cac phép toan

Cac ham xuU Iy bit va cac phép toan

XJ LY ADC VA CAC HAMIO TRONG C

Cac ham xU ly ADC

SETUP_ADC port (value)

SETUP_ADC channel (channel)

Read ADC (mode)
Cac ham 10 trong C

KHAI BAO NGAT VA CAC HAM THET LAP HOAT PONG NGAT
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Chuong 3. Churorg trivh bign dich va nap cho Vi didu ktgn PCIGFE77A. SPKT — Nuyén Drh PHu

Khai bao ngat

Cac ham thiét lap hoat dong ngat

Cac ham gico tiép v&i may finh qua cdng COM

CAC CHUONG TRINH Vi DY

CHJONG TRNH DEUKHIEN & LED DON CHOP TAT
CHUONG TRINH BIEUKHIEN 1 DEM SANG D CHUYEN TU TRAI SANG PHA
CHUONG TRINH PIEUKHIEN & LED SANG DON
CHUONG TRINH BIEUKHIEN BEM TU 0 DEN 9999 TREN LED7 POAN
CHUONG TRINH BIEUKHIEN LED MA TRANHEN TH CHUDI “SPKT”

Hinh va bdng

Hinh 3-1. CUa sé khéi déng.

Hinh 3-2. Clia sé lam viéc cia MPLAB.
Hinh 3-3. Man hinh khéi déng cba CCS C.
Hinh 3-4. Luu file.

Hinh 3-5. Tao Project mai.

Hinh 3-6. CUia sé lam viéc cba CCSC.
Hinh 3-7. Thong bao sau khi bién dich.
Hinh 3-8. Clia s6 cha WINPIC800.

Hinh 3-9. Clia sé Hardware Sefting.

Hinh 3-10. Man hinh cba IC-Pro.

Hinh 3-11. Cla sd Hardware Setting.

Hinh 3-12. Cla s Setting.

Hinh 3-13. CUa sé lya chon.

Hinh 3-14. CUa sé lya chon.

Hinh 3-15. Cai dat Driver.

Hinh 3-16. Chon PIC can nap.

Hinh 3-17. Binh dang chung cho mét s6 Iénh cla PIC 16F877A.
Bang 3-1. Ki hiéu cac thanh ghi trong MPLAB.
Bang 3-2. Tom tat tap lénh.

Bang 3-3. Tap lénh ngdn ngu C.

Bang 3-4. Két qua doc ADC.
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| Chuong 3. Churorg trivh bign dich va nap cho Vi didu ktgn PCIGFE77A. SPKT — NguyBn Dirh PHI

. CHUONG TRINH BIEN DICH:

Hién nay c6 rat nhi€u chuong trinh bién dich cho PIC vi€t trén nhiéu ngdn ngit khac nhau nhu
ASM, BASIC, C,.. hai phaAn mém MPLAB cfia hing Microchip va phin mém CCS C. Ngoaira con
c6 cac phan mém bién dich khic nhu: Mikro BASIC, Mikro C, HI-TECH, ...

1 CHJONG TRINHBIEN DICH MPLAB DE

Chuong trinh bién dich MPLAB IDE clia hiang Microchip cho mién phi tai website
http://www.microchip.com.
Phan mém MPLAB IDE tudng thich véihé diéu hanh:
[]  Windows 98 SE
D Windows ME
[] Windows NT 4.0 SP6a Workstations (NOT Servers)
[1  Windows 2000 SP2
[] Windows XP Home and Professional

Sau khi cai dit xong thi click vao biu twgng Sk

Hinh 3-1. CUa s khéi dong.

Sau d6 ¢6 man hinh soan thao nhu sau:
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Chuong 3. Churorg trivh bign dich va nap cho Vi didu ktgn PCIGFE77A. SPKT — NguyBn Dirh PHI \

File Edit \iew Project Debugger Programmer Tools Corfigure  Window Help

DSl hE Shw?

| Checksum: 0x0fcf

!Lum{g,,.“g@ X .- E:‘d\NtI_HOCng trinhichuongtrinh.asm

iEuiId ::.\-"ersion Control-l Find in Files |

-

FIC16FE77A W zdoc bankd Lni, Coll INS  WR

Hinh 3-2. Clia sé lam viéc cUa MPLAB.

Khi muén bién dich tr file .ASM sang file .HEX vao menu Project r6i chon Build all hoic
QuickBuild d€ bién dich.

Né&u chuong trinh vi€tbi 181 thi tai clra s6 Output s& xudt hién mot thong bao 1a bién dich thi't
bai (BUILD FAILED) va s& 13i clia chuong trinh vdi vi tri clia ting 16i nim trong chuong trinh.

Khi ding MPASM, cac s6 c¢o thé dugc bién dich mot trong cac hé thong s cd ban. Mic dinh
cho file ngudn co thé dugc thi€t 1ap bang chi din Radix:

Radix dec

Bén trong file ngudn, gia tri ma c6 thé nhap vao céac co sO khdc nhau st dung ciu tric sau:
D123° .123 ; thap phan

H‘IAF Ox1F ; thap luc phan

o717 ; bat phan

B ‘00111001° : nhi phan

0B00111001 ; nhi phan

‘A’ ‘C ; 7-bit ASCII

dt “This is a string’ ; day ASCII
CAu triic mot chuong trinh ASM trong MPLAB nhu sau:

Title “tén goi cha chuong trinh”
Include <p16f877a.inc>; Tén PIC can viét chuong trinh
_CONFIG CP_OFF &...... ; khaibdo cho PIC
;-----—-- Khai b40 bi€n---------—-mem oo
temp EQU 0x20 ; it bi€n ¢ t€n temp co6 dia chila 6 nhé 0x20
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Chuong 3. Chirong tr'vh bign dich v& rap cho Vi didu khién PCIGF877A, SPKT — NguyBn Birh PH
ORG 0x0000 ;vector reset
GOTO START
PR Chuong trinh ngd t-----—--
ORG 0x0004 ;vector interrupt
;..mangitdday.
RETFIE ; thodt khdi chuong trinh ngit
R — K&t thiic chuong trinh ngat-----
j==========Chuong trinh chinh========
Start
ma chuong trinh chinh § day
END ;k&t thic chuong trinh chinh

Cong cu MPLAB SIM trong MPLAB IDE (cong cu md phdng cho chuong trinh):

Chon Debugger = Select Tool d& chon cong cu, sau @6 chon MPLAB SIM. Pay 1a cong cu
md phéng dung dé gia 1ap tin hiéu dién cha cic chan va trang thdi cic thanh ghi ctia con chip dugc
diing. C6 hai loai: ddng bd va khong ddng bo.

DPong bo: tin hiéu dugc gid 1ap dong bd véinhitng vong 1énh cla chip.

Khong Pdng bd: tin hiéu dudc 4p dit bdi ngudi dung trong thdi gian thuc (real time) khi
MPLAB SIM dang chay.

2 CHJONG TRINHBIEN DICH CCS G

Chuong trinh bién dich CCS C dudc cung cip tai dia chi:
http://www.ccsinfo.com/download.shtml.

Vi la trinh bién dich ¢6 thu phi nén phién bidn demo c6 mdt s6 han ch€ so véi phién ban c6
thu phi.
CCS Ia trinh bién dich 14p trinh ngdn ngit C cho Vi diéu khién PIC cfia hing Microchip.
Chuong trinh 1a sy tich hgp clia 3 trinh bién dich ri€ng biét cho 3 dong PIC khdc nhau d6 1a:
e PCB cho dong PIC 12bit opcodes
e PCM cho dong PIC 14bit opcodes
e PCH cho dong PIC 16 va 18bit

TAt cd 3 trinh bién dich nay dudc tich hgp lai vao trong mdt chuong trinh bao gdm cé trinh
soan thdo va bién dich la CCS.

Giong nhu nhiéu trinh bién dich C khéc cho PIC, CCS gitip cho ngudi st dung nim bat nhanh
dugc vi diéu khién PIC va st dung PIC trong cdc du 4n. Cac chuong trinh diéu khién s& dudc thuc
hién nhanh chéng va dat hi€u qua cao thong qua viéc sit dung ngdn ngit 1ap trinh cip cao — ngdn
ngi C.

Khi khéi ddng chuong trinh CCS thi cifa s6 chuong hinh nhu hinh dudi:
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Chuong 3. Churorg trivh bign dich va nap cho Vi didu ktgn PCIGFE77A. SPKT — NguyBn Dirh PHI

| PCW C Compiler IDE LE X

Fic Peajodt Edit Options Compile Miow Tcols Dcobug -clp

hE HEed &g Bk 2k =]
[Ficioenin 14 b {EAE

Hinh 3-3. Man hinh khéi dong cva CCS C.

Huéng din tao mdt Project méi trong CCS:

D€ tao mdt Project trong CCS c¢6 nhiéu cich; co thé dung Project Wizard, Manual Create,
hay la tao mot Files m6i va thém vao do ¢ac khai bdo ban dau can thi€t. Vao Project >chon PIC
Wizard sau khi chon mot cita s6 hién ra yéu cau nhap tén file cin tao nhu hinh sau:

i Save As @
Savein | CCSC v| G o [
5 PIT = barphimied? e [E=f) e huiama ik demB COLE
i : 3 A0C, BAK banphimled? st [Z] chuongtrinhdemBCD.c
tly R ecent réj a0C.C EI banphimled? P T EI chuongtrinbdemE C0ne
y
Documents ADC.cof _"’-i_:banphimled?.sta chuongtrinhdemBCD.E
= =l ADC.err banphimled?.s‘ym ] c huongtrinhderB oD
r nDC.hex banphimled?.tre chuongtrinhdemBCD.Iz
Desktop ADC.Ist n:hoptatportB.BP.K chuongtrinhdemBCD.F
P.DC.PJT l'::] choptatportB.c = chuongtrinbdemnB CO.5
. _'»":JADC.sta choptatportB.cof chuongtrinhdemBCD.s
7 =] ADC. sy =] choptatportE, e =) ¢ huaematrinhdernB DLk
=
=l ADC tre =] choptatportE, hex IE&f] c huongtrinbingat Timer
Iy D ocuments
b banphimled? Bk choptatporte st r?] chuongtrinbingat Timer
=| banphimledz.c &= choptatports. PIT =) chuongtrinhingat Timer
B p pratp gtrinhng
E‘J).g banphimled?.cof choptatportB.sym chuongtrinbngat Timer
" banphimled? e choptatportE bre chuongtrinbingat Tirmer
My Carmpuiter
< | b
@) Ferane | 4
Py Metuuark, Save as type: | ~ | Cancel

Hinh 3-4. Luu file.

Chon Save mdt ctra s& mdi hién ra nhu hinh sau:
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Chitong 3. Churomg tr'vh bign dich v nap cho Vi didu khién PICIGFE77A SPKT — NguyBn Brh PH
Mew project f'5__<|
Feneral
Project Name: E-\choptatportB.c o O
Device: | [RIMIE=EFS Ozcilator Frequency: 20,000,000 HZ

Fueslier Bl ] Enable Intearated Chip D ebugaing (ICD)
(%) Dpening brace on the folloving ling [JUse 15bit painters for Full FAM use
() Dpering brace on the zame ine I Restart\WDT during calls to DELAY

Ore fuse per line with comments

Fuzes

View Code

Generated

frarn this kab
[SELTLE

—'\Genera ;{Communicalions;{\s Pl and LCD,-{Timers,n{F‘DH Timers;{..&nalogf{ Othes ;{lnlerrupls;{Drivers ,-{ 140 Ping ;{High.-"Low '\u"n:\llage,-'I [=I3]

Hinh 3-5. Tao Project méi.

Sau @6 nhap OK 1a da tao dugc mot Project mdi va ¢6 clra s6 lam viéc m&i nhu hinh sau:

i PCW C Compiler IDL

Filz =oject Cdt Opticns Zowple Yiew Toolz Debug | elp
e Hadd & ) A : &
Microcoup 14 bt Sl

dhoptatpcrtt.c ]
tinclude ™E:‘\choptatportB.h"

void main()

selup_ade_purls(HD_AHALOGS) ;
setup_ade{RDC_OIT);
cetup_psp{PSP_DISABLED};

spkFup_spi{FAl SF);
setup_tiner_@(RTCC_[MTERNAL |RTCC_DIV_113
sekup_tiner_1{T1_DISADLLL};
setup_tiner_2{T2_DISABLED,6,1);
spkFnp_ranparatnr (NC_HE_HE_KNCY ;
secup_vref(FALSE) ;

i1 E:'choptatparts,c zFoptatparttE choptatpertE

Hinh 3-6. Cla sé lam viéc coa CCSC.

Nhu vay, chiing ta da tao dudc mdt Project mdi va ti€n hanh vi€'t chuong trinh cho PIC.
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Khi mudn bién dich tir file *.c sang file *.Hex thi vio Compile = chon Compile hoic bAm F9
thi CCS sé& tién hanh bién dich file *.c sang file *.Hex d€ nap cho PIC. Khi bién dich thi trinh bién
dich s& xuat hién cira sd nhu hinh sau 1a chuong trinh bién dich thanh cdng (chuong trinh khong c6
16i vé cau tric l1énh).

i~ CC5 PCM C Compiler, Version 3.249

."@ Regiztered b v
“‘- ‘ictionics Ltda. Ricardo Gonzalez Cepeda (7]

|ijec1: E:\&aNH HOC Kl 9%Chuong trinhiCC3 C\chuplatpunﬂ.cl

Files: 3. Statements: ¥, Time: 1 Sec, Lines: 668

Qutput files: ERR HEX 3YM LST COF PJT TRE 3TA
0 Errors, 0Warnings, Time: 1 Seconds

] HOM:I 1%

| Ran: ] 3% |
Hinh 3-7. Thong bao sau khi bién dich.
Né&u chudng trinh viét c6 16i thi khi bién dich s& bio 16i tai vi tri con trd & trong chuong trinh.

Il. CHUGNG TRINH NAP CHO PIC:

Hién nay c¢6 riit nhi€u phan mém nap khdc nhau cho PIC nhu phdn mém nap Winpic800 va
IC-Pro dé gidi thiéu vi hai phdn mém nay dudc st dung nhiéu va dudc cong ddng st dung PIC
danh gid tot.

1 CHJONG TRINHNAP WNPICBOO:

Huéng din cai dit Winpic800: chay file WinPic800_V3_59.exe dé cai dit Winpic800, sau d6
chon nextd€ ti€n hanh cai dit.

Khi cai dat xong thi trén man hinh desktop xuit hién bi€u twgng Winpic800, click vao biéu
twrong Winpic800 d€ chay chuong trinh nap, cira sd cia Winpic800 nhu hinh sau:

| =~ WinPicBOD - v 3.59 E@

M File Edit Device Utlikies Settings Language Help
& - = B S % %
B th R &

G Code ?‘ﬂ Data 0 Setting

PIC 1&F IS |~ &
16F877A [~ @

%
5 &%

Ul ox0000: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3EFF 3FFF
0x0008: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
J 0x0010: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
| 0x0018: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0020: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0028: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0030: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
§l [0x0038: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0040: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
Hl (0x0048: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0050: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0058: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
Ml l0x0060: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

M Har =JD M Proaramimer - COM1

Hinh 3-8. Cla s coa WINPIC800.

WA W W W W W W A W W W
N W W W W W W
W W WA W W W oW W W
B R
W w3 3w
o e
N
T
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Sau d6 vao Settings = chon Hardware dé ti€n hanh cai dit phan cting cho chuong trinh nap,
man hinh hardware settings xuat hién nhu sau:

Selection of hardware I/0 Bits to port

3DIPS ~ E‘ Blockade configuration v
ART2003 r -
ETT-HIGH VPP ICSP & -
ETT-LOW VPP ICSP o - | ~ -
GTP-04
GTP-07
GTF-244 O DTR r r r
GTP-Lite
GTP-USB [Plus] L] e r
o o] 0 o m
Pablin w
Q0 D — r -
:;‘13":8' COoM1 - ) - " o r
] - = r r |r
D - = N i

X Ea 2=
Cancel Apply edits |

Hinh 3-9. Clia s6 Hardware Setting.

Chon hardware 12 JMD Programmer, chon Apply Edits dé chip nhén.

Sau d6 chon ho PIC va tn PIC mudn nap chuong ‘frinh. Vi du nhu mudn nap cho
PIC16F877A thichon ho 16F tén PIC 1a 16F877A.
Huéng din nap chuong trinh cho PIC16F877A bing Winpic800:

Chon File > Open hoicchon =¥ @& chon file *.Hex cin nap. Sau d6 chon Device =
Program All (Ctrl+P) hodc chon ¥ dé nap chuong trinh.
2. CHJONG TRINHNAP ICPRO;

Huéng din caidit IC-Pro: gidi nén file IC-pro vao thu muc bat ki nhu IC-Pro sau d6 chay file
ICProg.exe bd qua tit cA cac 16i @& md chuong trinh ra. Sau d6 chon Settings >> Clear Settings nhut
hinh sau:

5= E-Prng 105 - Brmdakyne Eragrammen

He kdt Bofs BEERGEN Ccrmard  loos e HEp

= Mevip F e
3 -NK S T | EEDW— | 2
F - | Recork Deviozs b [F 5o — 15

SHActesD Prog'a Hardware F3 C:nll;.raﬂo'\
Uy brEE| Bl el FEEE EEEY EFEE  YYYYFYTE &

0000; FFTT Cptions ITEE [ITT IFIT  ifiddn

0010: EFFF|  Snatcad (Posns FFEE FEET EFEY  §y¥yyvey

0010; FFTT ITEE [ITT IFIT  iiiida

0020: EFFF FFEE FEEF EFEE  Yyeviey
0023: EFFF FEFEY FEFE FFFF FEFF FFEE FEEF FFPE  §oiryiivdi
0030: EFFF FEEF FEFE FFFF EEFF FFEE FEEF EFFE g ysyidii
VU BFEE PEEF PEFE FFEPE FEFE FEEE PEEE EFFE  yvvvEvwy

Crecoumn
Fron
”
B iier 1 | Eutter 2 | Zutter 3 | Burie- < | Burie- £ |
JoM P'JEPSN'I"\EI’ o Som2 Lrervioe: o011 (89)

Hinh 3-10. Man hinh cda IC-Pro.

Sau khinh4n Yes lién tuc, mdt man hinh Hardware settings s& hién ra nhu sau:
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Hardware settings
Programmer; Interface
: (™ Direct 10
|.JDr-u'I Programmer j " U‘:‘::duws;ﬂ.l:'l

Parts Communication
v [ Invert Data Out
{o Com2 [ Inwert Data In
" Com 3 [ Inwert Clock
o [ Invert MCLR
10 Detlay (100) [ Invert YOO
[ | I~

Hinh 3-11. Cla sé Hardware Setting.

Do chiing ta chon diing bd nap PG1A 12 mdt bo nap dugc phat trién ctia JDM, cho nén phan
Programmer chiing ta s& chon JDM Programmer. Phan cdng, chiing ta s& chon COM1, COM2 hoic
COM3 tuy theo may tinh. Phan Interface, cic ban chon Windows' API va phin Communication
khong ddnh dau gi ca, sau d6 chon OK. Khi sit dung Windows API, khong can quan tim dén phan
I/0 Delay.

Man hinh ban dau sau khi khdi dong lai IC-Prog hién ra nhu hinh dudi. Ching ta s& chon
Settings > Options dé ti€p tuc cai dit cho IC-Prog.

IC-Prog 1.05C - Prototype Programmer
File Edit Buffer BSEEIEE

Dﬂ - n i Device b.& 'k! @ @)

Recent Devices 3

Address - Progral Hardwiare F3

0000: 0OFF | Hardware Check 00FF DOFF OOFF
000&: OOFF Oplions OO0OFF OOFF OOFF
0010: 0OFF Smarkcard (Phoenix) 00FF 00FF 00FF
0018: OOFF 00FF OOFF OOFF
0020: ooFF |  “Ear 3ettings 0OFF OOFF OOFF
0028: OOFF DO0FF OOFF O0FF OOFF 00OFF OOFF OOFF
0030: O0OFF 0D0FF OOFF 00FF OOFF OOFF OOFF OOFF
0038&: OOFF OOFF O0OOFF OOFF OOFF OOFF OOFF O0OOFF
0040: OOFF 0D0FF 0OOFF 00FF OOFF OOFF OOFF OOFF
0048: OOFF OOFF O0O0OFF O0OFF OOFF OOFF OOFF O0OOFF
0050: OOFF OO0FF OOFF 00FF OOFF 00FF O0FF OOFF
0058: OOFF 0DO0FF OOFF 00FF OOFF 00FF OOFF OOFF
0060: OOFF OOFF OOFF 00FF OOFF 00OFF OOFF OOFF
0068: OOFF DOFF OOFF O0FF OOFF 00OFF OOFF OOFF
0070: OOFF OOFF OOFF 00FF OOFF 00OFF OOFF O0OFF
0078: OOFF OOFF 0OOFF OOFF OOFF OOFF OOFF OOFF
0080: OOFF OO0FF OOFF 00FF OOFF 00FF O0OFF OOFF
0088: OOFF OOFF O0O0OFF OOFF OOFF OOFF OOFF OOFF
0090: OOFF 0O0FF OOFF 00FF OOFF 00OFF OOFF OOFF
0098: OOFF DO0FF OOFF 00FF OOFF 00FF OOFF OOFF
00AO0: OOFF OOFF O0O0OFF OOFF OOFF OOFF OOFF O0OFF

nNas. MNP ONFF NNOFF OO0FE ONFF O0FF NOFF NOnee

[” CheckBoxg
Checksum

FEQD

Buffer 1 | Butter 2 | Bufter 3 | Butter 4 | Butfer 5 |

JDM Programmer on Comz2 Device; SDA2SAE (58]

Hinh 3-12. Cla sd Sefting.

Man hinh Options s& hién ra. Chi quan tAm t&i phan Misc, con cic phan khac khong can quan
tam. C& d€ mic dinh nhu chuong trinh ban diu da co.
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Chuong 3. Churorg trivh bién dich va nap cho Vi diéu krign PICIGFE77A SPKT — Nguyn Dirh PHi
Options [g|
Drag & Drop ] Smartcard ] Language ] Shell ] Mizc I
Matific aticn ] [FC I Pragrarmiming ] Sharteuts I

A=k my confirmation when

[v Programming a dewice [ Owerwriting a file
[ Erasing a device

[ Codeprotecting a critical device

Ok | Cancel ‘
Hinh 3-13. CUa sé lya chon.

Chon Enable Vcc control for JDM, sau d6 mdi chon ti€p Enable NT/2000/XP Driver. Khi
chon Enable Driver xong, ngay lap titc s€ c6 mot man hinh Confirm hién 1én nhu trong hinh bén
du6i nhan Yes dé cai dat.

Luu y ring, driver da nim sin trong thw muc ICProg. Do vy, [CProg s& tw dong nhéan ra va
khéi dong lai ICProg.

F-H &S % T4 85 [soazsee ] 2

Address - Program Ci Configuration
0000: DOFF 0Oj - -

0008 : OOFF OO — o a ]
0010: OOFF 00 Confirmation ] Motification ] IFC ] Programeming ] Shortcuts

0018 : OOFF 0O Drag & Drop ] Smartcard ] Language ] Shell iz
0020 : DOFF OO

0028 : OOFF OO Options
0030: OOFF OO

0036 : 0OO0FF OO Process Priority .
0040: OOFF 00 ol [ Erabile NTi2000/-P Driver
0048 : OOFF OO ¥ Enable Yoo control for JOM
0050 : OOFF OO “ High . .
0058 : DOFF 00 iy [ Make all outputs high (Comki)
0060 : OOFF OO " Realtime [T Select device from file

0066 : 0O0FF OO
0070: 0OOFF OO
0078 : OOFF OO
0080 : 0OOFF OO
0088 : 00FF OO
0090 : OOFF OO
0095 : 0OO0FF OO —

00AD: OOFF OOFF 0O Do you want ko restart IC-Prog mow? FE0D

J [~ CheckBoxg
Checksum

\:’2 Before this driver will work, wou rust restart IC-Prog,
-

nnNng - NNRRP NOFR 0 z
Buffer 1 | Buffer 2 | Buffer 3 fa
DUl I =11 4) = ) TEILe: SDAZS4E (58]

Hinh 3-14. CUa sé lya chon.

Mot man hinh Confirm khéc sé hién ra d€ yéu cu xac nhin viéc cai dat driver cho Windows
NT/2000/XP,chon Yes.
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Confinm ['5_(|

@ 1C-Prog driver is nok instalked. Do you want to install this driver now?
\‘_ﬁ

Hinh 3-15. Cai dat Driver.

Nhu vay cong viéc cai dat da hoan tat.

Khdgi dong chuong trinh nap IC-Pro sau d6 chon tén PIC can nap nhu hinh sau:

IC-Prog 1.05D - Prototype Programmer
File Edit Buffer Settings Command  Tools  Wiew  Help

E-H TF $%%%w| D7 |[oem <] F

PIC 16FE7G ~l
Adddre sz - Program Code: PIC 1EFE764 ration
0000: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF vy PIC 16FE77 o
0008: 3FFF 3FFF SFFF 3FFF SFFF 3FFF 3FFF SFFF  yyyifh S oicil —L|
0010: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF  ¥¥¥¥|pC 1r0924
0018: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ¥ ¥ FIC 197242 NN
0020: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF yywy FIC 19F24a B
0028: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF PoRT OFF hd
0030: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0038: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 23FFF
0040: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0048;: 3FFF 3EFF 3FFF 3FFF 3FFF 3EFF 3FFF 3FFF e
0050; 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ¥ WDT
0058; 3FFF 3EFFF 3FFE- 3FFF 3FFF 3FFF 3FFF 3EFF AR AR

Adeire 25 - Eeprom Data |¥ BODEN

opoD: FF FF FF FF FF FF FF FF -~ [v LaP
0008: FF FF EF FF FF FF FF FF [~ CPD
0oi0: FF FF FF FF FF FF FF FF [~ P
0018: FF FF FF FF FF FF FF FF [ DEBUSGER

0020: FF FF FF FF FF FF FF FF
0028: FF FF FF FF FF FF FF FF
0030: FF FF FF FF FF FF FF FF
0038: FF FF FF FF FF FF FF FF

Checksum 1D Value

|| Config ward ; 3FFFh

Bufer 1 | Bufter 2 | Butter 3 | Butter 4 | Buffers |

JOM Programmer on Comi Dewice: PIC 16FE77A (99)

Hinh 3-16. Chon PIC can nap.

Vi du nhu chon PIC16F877A, sau d6 vao File -> chon Open file hodc chon = 4¢ chon file

HEX cin nap. Sau d6 chon Command ->Program All (F5) ho#c chon % a8 nap chuong trinh cho
PICI6F877A.

. NGON NGU LAP TRINH ASM CUA MPLAB:
1 cAcQuy ubc ciA NGON NG MPLAB:

[nhdn] LENH tham so 1, tham s 2

Mot dong nhu trén goi 1a mot dong 1€nh. Chuong trinh MPLAB dugc chia lam 4 c¢dt rd rang:
e (Cot thit nha't d€ vi€t nhin.
e (ot th hai @€ vi€t tén lénh mudn thuc hién.
e Cottht 3 12 tham sd thi nha'tcia [énh.
e Cottht tw1a tham s6 thd hai clia 1énh.
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Giira tham sd th nhat va tham s6 thi 2 ludn cdch nhau mot ddu phiy (,). Cdc cot dude cich
nhau biing it nhat mot ky tw TAB (khoang tring rong) hay mot ki ty tring.

a. [nhan]:

[nhdn] 12 mot chudi ky tu d€ danh ddu mot diém nao d6 trong chuong trinh, thay vi phai ghi
dia chi bd nhé thi chiing ta thay dia chi d6 bing modt cai [mhan]. [nhdn] nay thudng dudc goi lai
bang 1&énh GOTO hoic CALL.

M&i cau lénh, c6 thé c6 hoac khong c6 [nhan]. Tuy nhién, nén viét sao cho sd [nhan] 1a it
nhd't d€ trdnh sy 14m 14n va rdi mat khi 14p trinh.

[nhiin] dudc Vi€t trong cot thit nhat cda dong l1énh. [nhan] khong dugc bit dau bing cic ky
tu ddc biet nhu: *,&, khodng tring, céc con so (0,1,2...)... Gita cdc ky tr clia nhadn ciing khdng dugc
cO cacky tu ddcbiet* A,..

D6 dai clia mdt [mhan] khong gidi han, tuy nhién, ching ta phdi viét sao cho [nhan] Iudn
nam trong cot thit nha't cia dong 1énh, d6 dainhin vira phii d€ dé quan sit, dt thong tin ggi nhd va
thuan ti€én khi 13p trinh.

Chiing ta hoan toan c6 thé ky hiéu cic [nhan] 1a NHAN_1, NHAN_2.. nhung ndi dung thdng
tin ctia nhin khong di dé thé hién cong viec s& dugc thuc hién, nhu vay sé riat khé nhé khi lap
trinh, nhat 12 khi chuong trinh vi€t dai va c¢6 d€n hang chuc hang trim nhin trong chuong trinh.
Vidu:

Nhan ding:

Good_bye
Exit
KHOIDONG
Lap_1

Nhén sai:
1Exit
Good”bye
Khoi dong

b. Lénh va cac tham sé:

LENH la én clia cdc 1énh goi nhd dugc ligt ké theo bang ben dusi. LENH dudc vigt vao cot
thtt hai, mbi dong 1&énh phai c6 tén LENH, n&u khong ¢4 thi s& khong bi€t dong 1énh d6 1am viéc
gi. LENH thé hién cong viéc phii lam ctia dong 1énh.

Tiy theo LENH ma ¢6 thé ¢6 tham s 1 va tham s6 2, hoidc chicé tham s6 1, hodc khong ¢
tham s6 nao h&t. Trong mot dong 1énh, phai vi€t dd tham s6 cia LENH d6.

c. Quy uéc ki hiéu trong MPLAB:

Bang 3-1: Ki hiéu quy u6c ciu tric 1énh

Kihiéu Chtc ning
f Pia chi cia file thanh ghi tir 0x00 d&én 0x7F
w Thanh ghi W - Working register (accumulator)
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o x|~ o

PC
TO
PD

La dia chi nim trong file thanh ghi 8§ bit

Hing s hodc nhin
Khong quan tim 1a 0 hay 1

Luc chon noi nhan dir liéu
d =0 luu k€t qua vao thanh ghi W

d =1 lvu k&t qua vao trong thanh ghi f

Micdinhd =1
B0 d€m chuong trinh
Bit Time-out

Bit Power-down

Bang 3-1. Ki hiéu cac thanh ghi trong MPLAB.

Byte-oriented file register operations
13 8 7 6

| OPCODE | d] f (FILE #)

d = o for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 10 9 i B

OPCODE b (BIT #) f(FILE &)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations

General
13 8 7

OPCODE | k (literal)

k = 8-bit immediate value

crLL and coTo instructions only
13 11 10

| OoPcoDE k (literal)

k = 11-bit immediate valus

Hinh 3-17. Khuén khd chung cho mét s6 lénh cba PIC 16F877A.
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Bang 3-2: Tap 1énh ciia PIC16F877A:

Mnemenic, L 14-Bit Opcode Status
0 ds Description Cycles Affected Notes
peran MSh LSb
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF fd Add W and f 1 oo 0111 dfff ffff| CDCZ 1,2
ANDWF f, d AND W with £ 1 00 0101 dfff fEff Z 1,2
CLRF f Clearf 1 00 0001 1fff fEff Z 2
CLRW - Clear W 1 00 0001 OXHX XXX z
COMF f d Complement f 1 00 1001 dfff fEff Z 1,2
DECF f.d Decrement f 1 00 0011 dfff fEff Z 1.2
DECFSZ f,d Decrement f, Skip if 0 1(2) 00 1011 dfff ffff 12,3
INCF fd Increment f 1 00 1010 Afff fEff Z 1,2
INCFSZ f.d Increment f, Skip if 0 1(2) 00 1111 dfff fEff 123
IORWF f.d Inclusive OR W with T 1 00 0100 dfff fEff zZ 1,2
MOVF fd Move f 1 00 1looo dfff fEff Z 1,2
MOVWF f Move Wto f 1 00 0000 1fff ffff
NOP - No Qperation 1 00 0000 OxxO 0000
RLF fd Rotate Left f through Carry 1 00 1101 dfff fEff C 1,2
RRF f, d Rotate Right f through Carry 1 oo 1100 dfff fE£f£f C 1,2
SUBWF f.d Subtract W from f 1 00 o0olo dfff ffff| CDCZ 1.2
SWAPF f,d Swap nibbles in f 1 00 1110 dfff fEff 1,2
XORWF fd Exclusive OR W with f 1 00 0110 Afff fEff Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF fb Bit Clear f 1 01 00bb bfff ffff 1,2
BSF fb Bit Set f 1 01 01bb bfff fEff 1,2
BTFSC f.b Bit Test f, Skip if Clear 1(2) 01 10bk bLfff ffff 3
BTFSS f.b Bit Test f, Skip if Set 1(2) 01 11bk hfff fE£ff 3
LITERAL AND CONTROL OPERATIONS

ADDLW K Add Literal and W 1 11 111x kkkk kkkk| CDCZ
ANDLW k AND Literal with W 1 11 1001 kkkk kkkk zZ
CALL k Call Subroutine 2 10  oOkkk kkkk kkkk|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 oloo| TOPD
GOTO K Go to Address 2 10 1kkk kkkk kkkk
IORLW k Inclusive OR Literal with W 1 11 1000 kkkk kkkk Z
MOVLW Kk Move Literal to W 1 11  00xx kkkk kkkk
RETFIE - Return from Interrupt 2 00 0000 0000 1001
RETLW k Return with Literal in W 2 11 0lxx kkkk kkkk
RETURN - Return from Subroutine 2 00 0000 0000 1000|
SLEEP - Go into Standby mode 1 00 0000 0110 o011 | TOPD
SUBLW k Subtract W from Literal 1 11  11ox kkkk kkkk| CDCZ
XORLW k Exclusive OR Literal with W 1 11 1010 kkkk kkkk Z

Bang 3-2. Tom tat tap lénh.
Chii § (1): khi thanh ghi IO bi thay ddi (vi du nhu 1énh MOVF PORT, 1) thi gia tri diing trong
1énh 14 gid tri xud't hién & ngd ra. Vi du thanh ghi chd't dit liéu 13 ‘1’ d€ dinh c&u hinh 1a ngd ra va
dugc diéu khi€n xudng mic thip bdi thi€t bi bén ngoai thi dit lieu doc vao 1a mic.
Chii § (2): n€u 1énh nay dudc thuc hién cho thanh ghi TMRO thi bd chia tru§c s& bi xo4 néu
gan cho khoi Timer0.
Chii § (3): néu thanh ghi PC bi thay d3i thi can 2 chu ky, chu ky thit 2 thyc hién 1&énh NOP.

2 DENTACAC LENH
a. Lénh: ADDLW Cong hing so k vio W
e Cu phép: ADDLW k
o Tacto: 0< k< 255
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Thuc thi: (W) +k > (W)

CG anh hudng: C,DC,Z

Chitc ning: cong ndidung thanh ghi W v§i hiing s6 k 8 bit va k&t qua Iuu vao W.
Chu ky thyc hién: 1.

b. Lénh: ADDWF Cong W véi f

Cu phép: ADDWF f,d

Téc (6 0 <f <127,d €[0,1]

Thuc thi: (W) +(f) > (dest)

CG anh hudng: C,DC,Z

Chic niing: cong ndi dung thanh ghi W v6i thanh ghi f. N€u d= 0 thi Iuu k€t qud vao
thanh ghi W, con d=1 thi luu vao thanh ghi f.

Chu ky thyc hién: 1.

c. Lénh: ANDLW Anal hiing s6 v6i W

Ca phdap: ADDLW k
Tac 0: 0 <k <255

Thuc thi: (W) AND (k) (W)

CG anh hudng: Z

Chic ning: ndi dung thanh ghii W dugc AND véi hing s6 k 8 bit, k€t qud luu vao
thanh ghi W

Chu ky thyc hién: 1.

d. Lénh: ANDWF Anal W vé6i F

Cu phép: ANDWF f,d

Tac t6: 0 <f <127,d €[0,1]

Thyc thi: (W) AND (f) = (dest)

CG anh hudng: Z

Chtc ning: AND thanh ghi W vdi thanh ghi f. Néu d = 0 thi k€t qué luu vao thanh
ghi W, néu d=1 thi k&t qua Iuu vao thanh ghi f.

Chu ky thyc hién: 1.

e. Lénh: BCF x04 bit trong thanh ghi F

Cu phép: BCF f,d
Tac to: 0 <f<127,0 <b<7

Thyc thi: 0 = (f<b>)

CG anh hudng: khdng

Chitc ndng: bit b trong thanh ghi f bi x6a
Chu ky thyc hién: 1.

f. Lénh: BSF set bit trong thanh ghi F

Cu phap: BSF fd
Tac to: 0 <f<127,0 <b <7
Thuc thi: 1 = (f<b>)
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e (0 anh hudng: khéng
e Chdc ndng: bit b trong thanh ghi f dugc set1én 1.
e Chu ky thuc hién: 1.

g. Lénh: BTFSS ki€ém tra 1 bit trong thanh ghi F va nhdy n&u bing 1

e Cu phép: BTFSS f,d
e Tactd: 0 <f<127,0 <b<7

e Thyc thi: nhdy néu f<b>=1

e (0 dnh hudng: khong

e Chifc ning: néu bit b trong thanh ghi f biing 1 thilénh k& bibd qua va thay bing Iénh
NOP.

e Chu ky thyc hién: 1(2).

h. Lénh: BTFSC ki€m tra 1 bit trong thanh ghi F va nhdy n&u bing 0

e Cu phép: BTFSC f,d
e Tac t0: 0 <f<127,0 <b<7

e Thyc thi: nhdy néu f<b>=0

e C0 édnh hudng: khong

e Chifc ning: né€u bit b trong thanh ghi f=0-thi 1énh k& bi bd qua va thay bing Iénh
NOP.

e Chuky thuc hién: 1(2).

i. Lénh: CALL goi1 chudng trinh con

e Cu phép: CALL k

e Tac t0: 0 <k<2047

o Thycthi:  (PC)+ 1> TOS: k>PC<10:0>: (PCLATH<4:3>)> (PC<12:11>)

e (0 dnh hudng: khong

e Chiic ning: goi chuong trinh con. 13 bit dia chi tr§ vé (PC+1) dugc cat vao ngin x&p.
Ti€p Theo 11bit dia chi <10:0> dugc tdi vao PC. Hai bit cao cia PC dugc nap t
PCLATH<4:3>.

e Chu ky thuc hién: 2.

j- Lénh: CLRF xo0d thanh ghi f
e Cu phép: CLRF f
e Tic (0: 0 <f <127
e Thyc thi: 00h >(f);1 > Z
e Trang thai anh hudng: Z
e Chitc ndng: Xod thanh ghi fva bit Z dugc set.
e Chu ky thyc hién: 1.

k. Lénh: CLRW x0d thanh ghi W
e Cu phép: CLRW
e Tac t0: khong
e Thyc thi: 00h >(W), 1 > Z
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CG anh hudng: Z
Chitc ning: xod thanh ghi W vabitZ Ién 1.
Chu ky thyc hién: 1.

. Lénh: CLRWDT xoa WDT

Cua phép: CLRWDT

Tac 0: khong

Thyc thi: 00 > WDT; 0 > Bd d€m chia trudc cta WDT; 1 > TO;1-> PD

CG anh hudng: TO ,PD

Chtc ning: 1énh CLRWDT sé& x04 bd dinh thdi WDT va xo4 luén bd dém chia trudc
clia WDT. Céc bit PD,TO duogc set 1én 1.

Chu ky thyc hién: 1.

m. Lénh: COMF bu thanh ghi f

Cu phép: COMFf,d

Tac t6: 0 <f <127,d €[0,1]

Thuc thi: ~ (f) > (dest)

C& 4nh hudng: Z

Chifc ning: bu 1 ndi dung thanh ghi f.N€u d=0 thi k&t qud Iuu vao thanh ghi W. Néu
d=1 thi k€t qud luu vao thanh ghi f.

Chu ky thuc hién: 1.

n. Lénh: DECF gidm ndidung thanh ghi f

Cua phédp: DECF f,d

Tac t0: 0 <f <127,d €[0,1]

Thuc thi: () = 1 > (dest)

C& 4nh hudng: Z

Chifc ning: gidm ndi dung thanh ghi f di 1. N€u d= 0 thi k€t qué Iuu vao thanh ghi W.
Né&u d= 1 thi k€t qua luu vao thanh ghif.

Chu ky thuc hién: 1.

o. Lénh: DECFSZ gidm ndi dung thanh ghif vd nhdy né€u bing 0

Cua phép: DECFSZ f,d

Tac 5: 0 <f <127,d €][0,1]

Thuc thi: (f) — 1 > (dest); Nhdy néu kétqua =0

C0 anh hudng: khong

Chifc ning: ndi dung thanh ghi f gidm di 1. Néu d = 0 thi k€t qué luu vao thanh ghi f.
Né&u d = 1 thi k€t qua luu vao thanh ghi W. N€u k€t qua bing 0 thibd qua Iénh k& va
thay biing 1énh NOP (do ma dén vé trong lic Iénh dang thuc hién).

Chu ky thuc hién: 1(2).

p. Lénh: GOTO 1énh ré nhanh khong diéu kién

Cu phép: GOTO k
Tac t0: 0 < k<2047
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e Thuc thi: k 2 PC<10:0>; PCLATH<4:3> 2> PC<12:11>

e CJ anh hudng: khong

e Chic ning: GOTO la 1énh nhay khong diéu kién. Gid tri ctia 11bit <10:0> dugc t3i
vao PC. Cdcbit cao ciia PC dugc tai tir PCLATH<4:3>.

e Chu ky thuc hién: 2.

g- Lénh: INCF 1énh ting nd1dung thanh ghi {
e Cu phap: INCF f,d
o Tic(5: 0<f<127,d [0,1]
e Thuc thi: () + 1 = (dest)
e C0Oénhhudng: Z
e Chifc ning: ndi dung clia thanh ghi f ting 1én 1. N&u d = 0 thi k€t qua lvu vao thanh
ghi W. N&u d = 1 thi k€tqua luu tr& lai vao thanh ghif.
e Chuky thyc hi€n: 1.

r. Lénh: INCFSZ 1énh ting ndi dung thanh ghif va nhdy néu bing 0

e Cu phép: INCFSZ f,d

e Tac to: 0 <f <127,d €[0,1]

e Thuc thi: () + 1> (dest)

e C0 édnh hudng: khong.

e Chifc ning: ndi dung ctia thanh ghif tang. Néu d= 0 thi k&t qué Iwu vao thanh ghi W.
N&u d= 1thi k€t'qud luu vao thanh ghi f. Néu k€t qua 1a bing 0 thi bd qua I&énh k& va
dugc thay bing 1&énh NOP.

e Chu ky thyc hién: 1(2).

Vi du: HERE INCFSZ CNT,1
GOTO LOOP

CONTI

Truong hop 1: TruSc khi thyc hién 1€nh thi PC=dia chi HERE, CNT = 0xFF.

Sau khi thuc hién 1€nh thi PC=dia chi CONTI, CNT =0x00. B4 qua 1énh GOTO

Truong hop 2: Trudc khi thyc hién 1énh thi PC=dia chi HERE, CNT = 0x00.

Sau khi thuc hién 1énh thi PC=dia chi HERE+1, CNT = 0x01. Lénh GOTO dugc thuc hién.

s. Lénh: IORLW 1énh OR hang s6 v6i W
e Cu phép: IORLW k
e Tac to: 0<k<255
e Thuc thi: W)YORk=> W
e C&anhhudng: Z
e Chitc ning: OR hing sd k 8 bit véi W. Né&u d= 0 thi két qud dugc luu vao thanh ghi
W. Néu d= 1 thi k€t qua lvu vao thanh ghi f.
e Chu ky thuc hién: 1.
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t. Lénh: IORWF lénh OR W v4if

e Ciphip: IORWE f.d
o Tacto: 0<f<127

e Thuc thi: (W) OR k - (dest)
e (0O énh hudng: Z
e Chifc ning: ndi dung thanh ghi W dugc OR vé6i ndi dung thanh ghi W. N&u d= 0 thi
k€t qué Iwu vao thanh ghi W. Néu d= 1 thi k€t qué luu vao thanh ghi f.
e Chuky thyc hién: 1.
Vi du: IORWF RESULT,0
Trude khi thyc hién 1énh thi W=0x91 va RESULT =0x13.
Sau khi thuc hi€n 1€nh thi W=0x93 va RESULT =0x13 va Z=0.

u. Lénh: MOVLW 1énh copy di li€u
e Cu phép: MOVLW k
e Tac td: 0<k<255
e Thuc thi: k=>W
e (0 dnh hudng: khong.
e Chdc ndng: dit lieu 8 bitk nap vao thanh ghi W.
e Chuky thyc hi€n: 1.

Vidul: MOVLW — 0x5A

Sau khi thuc hién 1é€nh thi W=0x5A

Vidu2: MOVLW MYREG

Trudc khi thuc hién 1énh thi W=0x01.

Ki hiéu MYREG la dir liéu ctia © nhg la 0x37.

Sau khi thuc hién 1énh thi W=0x37.

Vidu3: MOVLW HIGH(LU_TABLE)

Truéce khi thyc hién 1énh thi W=0x01.

LU_TABLE la nhan cua 6 nhG ¢6 dia chi 1a 0x9375.
Sau khi thuc hién 1énh thi W=0x93.

v. Lénh: MOVF lénh copy dir lig¢u

e Cu phdp: MOVF f,d
e Tacto: 0<f<127,d €[0,1]

e Thuc thi: H>W

e (& anh hudng: Z.

e Chitc ning: ndi dung thanh ghi ‘f* dudc copy sang noi dé€n tuy thudc vao gia tri cia
‘d’. N€u ‘d’ =0 thi ndi d&€n Ia thanh ghi W. Néu ‘d’=1 thi ndi dén chinh Ia thanh ghi
‘f’. Trudng hop ‘d’=1 rit tién Igi d€ ki€m tra thanh ghi file vi trang thdi clia cd Z bi
anh hudng.

e Chu ky thuc hién: 1.
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Vidul: MOVF FSR,0

TruGce khi thyc hign 1énh thi: W=0x01, FSR=0xC2.

Sau khi thuc hién 1€nh thi W=0xC2 va cd Z=0.

Vidu2: MOVLW FSR,1

Truong hop 1: TruGc khi thyc hién 1€nh thi FSR=0xC2.
Sau khi thuc hién 1€nh thi FSR=0xC2 va Z =0.

Truong hop 2: TruSc khi thyc hi€n 1€nh thi FSR=0x00.
Sau khi thuc hién I€nh thi FSR=0x00 va Z =1.

w. Lénh: MOVWF 1énh copy di¥ li€u

e Cu phdp: MOVWF f
e Tac to: 0<f<127,d €[0,1]

e Thuc thi: W) >f

e Trang thai anh hudng: khong.

e Chirc ndng: nd1 dung thanh ghi W dudc copy sang thanh ghi ‘f’.
e Chuky thyc hién: 1.

Vidul: MOVWF OPTION_REG

TruGce khi thyc hién 1énh thi: OPTION_REG=0xFF, W=0x4F.

Sau khi thuc hién 1€nh thi OPTION_REG=0x4F, W=0x4F.

Vidu2: MOVLW INDF

Trudc khi thuc hién 1énh thi W=0x17, FSR=0xC2 va ndi dung cta dia chi (FSR)=0x00.
Sau khi thuc hién 1&énh thi W=0x17, FSR=0xC2 va ndidung ctia dia chi (FSR)=0x17.

x. Lénh: RETFIE 1&énh tr§ vé tir chuong trinh con phuc vu ngat.
e Cu phép: RETFIE
e Tac to: khong c6.
e Thuc thi: TOS = PC, 1 = GIE.
e (0 4anh hudng: khong.
e Chifc ning: tr§ vé tir chuong trinh phuc vu ngit. 13 bit dia chi & dinh ngin x&p (TOS)
dugc nap cho thanh ghi PC. Bit cho phép ngit todn cuc tw dong dugc set 1én mirc 1

dé cho phép ngit.
e Chuky thyc hi€n: 2.

y. Lénh: RETLW 1énh tr§ vé tir chuong trinh con phuc vu ngit.
e Cu phép: RETLW k
e Tac t0: 0<k<255
e Thuc thi: k> W, TOS - PC.
e Trang thai 4nh huéng: khong.
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e Chifc ning: thanh ghi W dugc nap gid tri 8 bit ‘k’. 13 bit dia chi § dinh ngan x&p (dia
chi tr§ vé) dugc nap cho thanh ghi PC.
e Chu ky thuc hién: 2.

z. Lénh: RLF 1€nh xoay trdiqua c6 C
e Cu phép: RLF f.d
e Tac to: 0<f<127,d €[0,1]

e Thuc thi:
r—{C\q—| Register f \-—‘

e Trang thai anh hudng: C

e Chitc ning: ndoi dung ctia thanh ghi f dugc xoay sang trai mot bit qua ¢ C. Néu d= 0
thi k&t qua dugc luu vao thanh ghi W. N&u d= 1 thi k€t qua Ivu vao thanh ghi f.

e Chu ky thuc hién: 1.

Vidul: RLF REGL0
Truéce khi thyc hién 1énh thi: REG1=1110 0110 va C =0.
Sau khi thuc hién 1énh thi REG1=1110 0110, W=1100 1100 va C =1.

Vidu2: RLF INDF,1
Truong hop 1: TruGc khithyc hién 1&€nh thi: FSR=0xC2, ndi dung cia dia chi (FSR) = 0011
1010vaC=1.

Sau khi thuc hién 1€nh thi: FSR=0xC2, n6i dung cua dia chi (FSR)=0111 0101 va C =0.

Truong hop 2: Trudc khi thyc hién 1€nh thi: FSR=0xC2, ndi dung cia dia chi (FSR) = 1011
1001 vaC=0

Sau khi thuc hién 1&nh thi: FSR=0xC2, ndi dung ctia dia chi (FSR) = 0111 0010 va C =1.

aa. Lénh: RRL 1énh xoay phai qua ¢ C
e Cu phdp: RRF f.d
e Tic (0: 0<f<127,d €[0,1]

e Thyc thi:
’—..\C|_..| Register f }—»I

e Trang thai anh huéng: C

e Chic ning: ndi dung cta thanh ghi f dugc xoay sang phai mot bit qua ¢ C. Néu d=0
thi k&t qua dugc luu vao thanh ghi W. N&u d= 1 thi k€t qua Ivu vao thanh ghi f.

e Chu ky thuc hién: 1.

Vidul: RRF REG1L0
Trudce khi thyc hién 1énh thi: REG1=1110 0110, W=xxxx xxxx va C =0.
Sau khi thuc hién 1énh thi REG1=11100110, W=0111 0011 va C =0.
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Vidu2: RRF INDF,1
Truong hop 1: TruGc khi thuc hién 1€nh thi: FSR=0xC2, ndi dung ctia dia chi (FSR) = 0011
1010vaC=1.

Sau khi thuc hién 1&énh thi: FSR=0xC2, ndi dung ctia dia chi (FSR) = 1001 1101 va C =0.

Truong hop 2: Trudc khi thuc hién 1€nh thi: FSR=0xC2, ndi dung cia dia chi (FSR) = 0011
1001 vaC=0

Sau khi thyc hién 1€nh thi: FSR=0xC2, ndi dung ctia dia chi (FSR)=0011 1100 va C =1.

bb. Lénh: RETURN léenh k€t thiic chuong trinh con
e Cu phép: RETURN
e Tac t0: khong
e Thucthi:  TOS > PC
e Trang thai anh hudng: khong
e Chiic ning: 1&nh tr& vé tir chuong trinh con. Noi dung dinh ngin x&p trd cho PC.
Lénh nay thyc hién trong 2 chu ki 1€nh.
e Chu ky thuc hi€n: 2.

cc. Léenh: SLEEP 1énh ngti

e Cu phap: SLEEP

e Tac t0: khong

e Thuc thi: 00h > WDT; 0 > bd d€m chia trudc chia WDT; 1 > TO; 0> PD

e (0 anh hudng: TO ,PD

e Chiic ning: bit trang thai gidm ngudn PD (Power Down Status bit) bi x6a. Bit trang
thai tam nghi TO (Time-Out) dugc set. BO dinh thoi WDT va bd chia truGc bi xda.
Vixt li budc vao ché do ngii (SLEEP) va bo dao dong ngirng hoat dong.

e Chu ky thuc hién: 1.

dd. Lénh: SUBLW 1énh trir hiing s6 cho thanh ghi W
e Cu phép: SUBLW k
o Tic (d: 0<k<255
e Thuc thi: k-(W)=> (W)
e C0&4éanhhudng: C,DC, Z
e Chifc niing: hiing s& k 8 bit trir cho ndi dung thanh ghi W va k&t qua dudc luu vao
thanh ghi W.
e Chuky thyc hién: 1.

Vidul: SUBLW 0x02

Truong hop 1: TruGc khi thyc hi€n 1€nh thi: W=0x01, cd C=x va Z = x.
Sau khi thuc hién 1&énh thi: W=0x01, c¢§ C = 1 (k€t qua duong) va Z = 0.
Truong hop 2: TruGc khi thyc hién 1€nh thi: W=0x02, cd C=x va Z = x.
Sau khi thuc hién 1énh thi: W=0x00, ¢ C = 1 (k€tqua bing 0) va Z=1.
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Truong hop 3: TruGc khi thyc hién 1€nh thi: W=0x03, cd C=x va Z = x.

Sau khi thuc hién 1&énh thi: W=0xFF, ¢cd C =1 (k€tqua 4m) va Z = 0.

Vidu2: SUBLW MYREG

TruGce khi thyc hién 1énh thi: W=0x10, ki hi¢u MYREG la ndi dung 6 nhé c6 gia tri 0x37.
Sau khi thuc hién 1&énh thi: W=0x27, ¢ C = 1 (k€tqua duong) va Z = 0.

ee. Lenh: SUBWF I€nh trir thanh ghi f cho thanh ghi W

e Cu phap: SUBLW f,d

e Tac to: 0<f<127,d €[0,1]

e Thuc thi: () = (W)= (dest)

e Cd4anhhudng: C,DC, Z

e Chifc ning: ndi dung thanh ghi f trir cho ndi dung thanh ghi W. N&u d= 0 thi k&t qud

Iuu vao thanh ghi W. N€&u d= 1 thi k€t qué Ivu vao thanh ghif.

e Chu ky thuc hién: 1.
Vidul: SUBWF REG11
Truong hop 1: Trudc khi thuc hi€n 1€nh thi: REG1=0x03, W =0x02,c6C =x va Z = x.
Sau khi thuc hién 1&énh thi: REG1=0x01, W=0x02, ¢t C = 1 (k&t qud duong) va Z = 0.
Truong hop 2: Trudc khi thuc hién 1€nhthi: REG1=0x02, W =0x02, c6 C =x va Z = x.
Sau khi thuc hién 1&énh thi: REG1=0x00, W=0x02, c5 C = 1 (k&t qud zero) va Z = 1.
Truong hop 3: Trudce khi thyc hién I€nh thi: REGI=0x01, W =0x02, c6 C =x va Z = Xx.
Sau khi thuc hién 1&énh thi: REG1=0xFF, W=0x02, c5 C =1 (két qua am) va Z =0.

ff. Lénh: SWAPF 1énh hoan chuyén 4 bit ctia thanh ghi f
e Cu phép: SWAPF f,d
o Tic (5: 0<f<127,d [0,1]
e Thuc thi: (f<3:0>) =2 (dest<7:4>); (f<7:4>) > (dest<3:0>)
e (0 anh hudng: khong
e Chifc ning: 4 bit cao va 4 bit thip clia thanh ghi f dudc ddi véinhau. Néu d= 0 thi ket
qud luu vao thanh ghi W. Néu d= 1 thi k&t qua Ivu vao thanh ghi f.
e Chu ky thuc hién: 1.
Vidul: SWAPF REGL0
Trudc khi thuc hién 1énh thi: REG1=0xAS5.
Sau khi thuc hién 1&nh thi: REG1=0xA5, W=0x5A.
Vidu2: MOVLW FSR,1
Trudc khi thuc hién Iénh thi FSR=0xC2, ndi dung cta dia chi (FSR) = 0x20.
Sau khi thuc hién 1&€nh thi FSR=0xC2 va ndi dung cia dia chi (FSR) = 0x02.

gg. Lénh: XORLW lénh XOR hiing s6 v6i W
e Cu phép: XORLW k
o Tict0: 0 <k <255
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o Thucthi: (W) XOR k > (W)
e CJanhhudng: Z
e Chifc ning: ndi dung thanh ghi W dudc XOR v&i hing s6 k 8 bit va két qua Iwu vao
thanh ghi W.
e Chu ky thuyc hién: 1.
Vidu: XORLW 0xAF
Trudc khi thuc hién 1énh thi: W=0xB5.
Sau khi thuc hién 1énh thi: W=0x1A, Z=0.

hh. Lénh: XORWF 1&énh XOR W véi f
e Cu phap: XORLW f,d
e Tacto: 0<f<127,d €[0,1]
e Thuc thi: (W) XOR (f) > (dest)
e CJanhhudng: Z
e Chic ning: ndi dung thanh ghi W dugc XOR vdindi dung thanh ghi f. Néu d= 0 thi
k&t qui dudc luu vao thanh ghi W. N&u d=1 thi k&t qua lvu vio thanh ghi f.

IV. NGON NGU LAP TRINH C CUA CCS C:
1 dbitHEuccsc

CCS C Ia trinh bién dich diing ngon ngit C cho vi diéu khién PIC diy la ngdn ngit cip cao
gitip vi€t chuong trinh dé dang hon ngon ngit Assembly.

M3 1&nh dugc i tu khi bién dich.

CCS chita nhie¢u ham phuc vu cho moi muc dich va c¢6 nhiéu cach 1ap trinh cho mot van dé
din dén khdc nhau vé t6c d thyc thi ma va bd nhé chuong trinh, sy t6i wu clia chuong trinh 1a do
ngudilap trinh quyét dinh.

2. NGON NG LAP TRINH C TREN CCS G

P& vi€t mot chuong trinh C méi chay CCS vao New tao mdt Project mdi.

Trén thanh toolbar: Chon “Microchip 12 bit” @& vi€'t chuong trinh cho PIC 12 bit. “Microchip
14 bit” dé vi€'t chuong trinh cho PIC 14 bit. “Microchip PIC18” dé vi€t chudng trinh cho PICIS.
Chon “Compiler” d€ bién dich chuong trinh.

CAu triic mdt chuong trinh C viét trong CCS:

#include <16F877A.h> // khai bdo PIC st dung ctia chuong trinh

#device RS232 // Khai bio thi€tbi can sk dung

#use delay(clock=20000000) // khai bdo ham delay

Intl6 a,b; // khai bdo bi€n

Void xu_ly_ADC () //chudng trinh con

{...

}
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#INT_TIMERI1 // khaibdo ngdt
Void xu_ly_ngat_timer () //chuong trinh x{r 1i ngdt
{..
}
Main () /I chuong trinh chinh
{..
}

3. KHAIBAO VA S DUNGBIEN, HANG, MANG:

a. Khai bao bién, hdng, mang:

Cécloai bi€n sau dudc hd trg:
intl  :sd 1 bit = true hay false (0 hayl)
int8  :sd nguyén 1 byte (8 bit)
intl6 :s6 nguyén 16 bit
int32 :s6 nguyén 32 bit
char :ky tu 8 bit
float :so thuc 32 bit
short :mic dinh nhu ki€u intl
byte :mic dinh nhuki€u int8
int : mic dinh nhu ki€u int8
long :mic dinh nhu kiéu intl16
Thém signed ho#c unsigned phia trudc @€ chi d6 1a s6 c6 ddu hay khong dau.
e Khaibdo hiing:
Vidu: int8 const a=12;// a 1a hiing s6 c6 gia trila 12
e Khaibdo I mdnghing s3:
Vi du: int8 const a[2]={1,2,0};// ming c¢6 3 phin ti¥ va chi s6 ming dau tién 12 0 v6ia[0]=1
va do 16n cia mdt phan i 1a 1byte (hay 8bit).
D6i v6i vi diéu khi€n PIC16F877A thi chi s6 mang c6 kich thudc ti da 1a 256 byte.
b. Céch sU dung bién:
Khi sit dung cac phép toan cin Iuu y: trin s6, tinh todn v6i s8 a4m, ddi ki€u va ép kiéu.
Giong nhu C trong 1ap trinh C cho may tinh. Bién c6 thé dugc khai bio nhu toan cuc hay cuc
bd. Bién khai bio trong ham s& 12 cuc bd va chi ding dugc trong ham d6, ké c trong ham main().
Ngoaira con c6 thé khai b4o ngay trong 1 kh&i 1énh, va ciing chi ton tai trong khoi 1énh dé.

4. chccAuTRlC LENR

GOm céc 1énh nhu while . . do, case, . . .
e while (expr) stmt: xét di€u kién truc rdi thuc thi biéu thitc sau.
e do stmt while (expr): thuc thi biéu thitc roi méi xét diéu kién sau.
e Return: diing cho ham c¢6 trd vé tri, hoic khong trd vé tri ciing dugc, khi d6 chi can
dung: return (nghia 1a thodt khdi ham tai do).
e Break: ngit ngang (thoat khdi) vong lip while. Continue: quay tré vé dau vong lip
while.

149 Vixd

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn

CuuDuongThanCong.com https.//fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Truong DH SPKT TP. HCM

http://www.hcmute.edu.vn

Chuong 3. Churorg trivh bign dich va nap cho Vi didu ktgn PCIGFE77A.

SPKT — Nguyen Dirh PHi

Bang 3-3: Tap I&énh ctia ngdn ngit C

STATEMENT
if (expr) stmt; [else stmt;]

while (expr) stmt;

do stmt while (expr);

switch (expr) {

[default:stmt]
w}

return [expr];
goto label;
label: stmt;
break;
continue;
expr;

5

{[stmt]}

Zero or more

for (expr1;expr2;expr3) stmt;

case cexpr: stmt; /fone or more

case

EXAMPLE

if (x==25)

x=1;

else

x=x+1;

while (get_rtce()!=0)
pute(‘n’);

do {

putc(c=getc());

} while (c!=0);

for (i=1;i<=10;++i)
printf(“%u\r\n”,1);
switch (cmd) {

case 0: printf(“cmd 07);
break;

case 1; printf(“cmd 17);
break;

default: printf(“bad cmd”);
break; }

return (5);

goto loop;
loop: 1++;
break;
continue;
i=1;

{a=I;
b=1;}

Bang 3-3. Tap lénh ngdn ngu C.

Céacmuc trong [ ] 12 ¢6 thé c6 hoic khong.

5. CHTHTENXTLY:

a. #ASM va #ENDASM:

Cho phép dit 1 doan ma ASM giita 2 chi thi nay, chi dat trong ham. CCS dinh nghia san 1
bi€n 8 bit RETURN d€ gdn gid tri trd v& cho ham tir doan ma Assembly.

Khi stt dung cic bi€n khong & bank hién tai, CCS sinh thém ma chuyén bank ty ddong cho
cic bi€n d6. N&u sir dung #ASM ASIS thi CCS khong sinh thém ma chuyén bank ty dong. Ma
assembly diing theo mi tip 1énh clia vi diéu khién, khong phaila ma lénh cia MPLAB.
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Vidu:
int find_parity (int data) {
int count;
#asm
movlw 0x8
movwf count
movlw 0
loop:
xorwf data,w
rrf data,f
decfsz count,f
goto loop
movwf _return__
#endasm

}

b. #INCLUDE:

Cu phap: #include <filename> hay #include “ filename”

Filename: tén file cho thi€t bi c6 thé *.h hay *.c. Néu chi dinh file § dudng din khic thi
thém dudng din vao va ludn cd d€ khai bdo chudng trinh vi€t cho vi diéu khi€n nao va ditd dong
diu tién.

Vi du: #include <P16F877A.h> //khai b4o chuong trinh vi€t cho PIC16F877A

#include <lcd.c> //khaibdo cac ham hay chuong trinh con cho LCD

c. #BIT, #BYTE, #LOCATE va #DIFINE:

#BIT id = x.y vdi id 1a tén bi€n, x 1a bién (8,16,32bit,....) hay hiing s6 dia chi thanh ghi, y Ia vi
tri ca bit trong bi€n x.

Vi du: #bit TMR 1Flag = 0xb.2 //bit o8 ngit timerl § dia chi 0xb.2 (PIC16F877A)

Khi d6 TMR1Flag = 0 // x04 ¢d ngit Timerl

#BYTE id = x. Trong d6 id 1a tén bi€n, x: dia chi thanh ghi.

Vidu: #BYTE portB=0xC6; // Thanh ghi PortB c6 gid tri la 0xC6

Khi muén xuitra PortB gia tri 120 thi ta ding l1énh portB=120;

# LOCATE id = x giong nhu #byte id=x nhung c6 thém chitc ning bdo vé khong cho CCS st
dung dia chi d6 vao muc dich khdc.

# DEFINE id text v6i text 1a chudi hay s id 12 t&n bién.

d. #DEVICE:

Cu phap # DEVICE chip option

chip: t&n vi diéu khién st dung, khong ding tham s niay néu di khai bdo tén chip & #
include.

Option: todn tf tiéu chuin theo titng chip:
* = 5 dung pointer 5 bit (tit cd PIC)
* =8 dung pointer 8 bit (PIC14 va PIC18)
* =16 dung pointer 16 bit (PIC14, PIC 18)
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ADC=x st dung ADC x bit (8, 10, . .. bit tuy chip), khi ding ham read_adc(), s& trd vé gia tri
X bit.
e. #ORG:

# org start, end
# org segment

#org start,end { }

Start, end: bit ddu va k&t thic ving ROM danh riéng cho ham theo sau, hoic d€ riéng khong
dung.
Vi du:

Org 0x30, Ox1F
Void xu_ly()

{
} //ham nay bit diu & dia chi 0x30

Org 0x30, OxIF { }
// khong c6 gi ca dat trong ving ROM nay
-Thudng thi khong dung ORG.

f. #USE:

#USE delay(clock=speed)//khai bio ham delay cho vi diéu khién

Vi speed la ¢ do dao dong dang duing.

Vidu: nhu dung thach anh 20M Hz thi khai bdo la: #USE delay(clock=20000000)

Khi st dung chi thi #USE delay(clock=20000000) thi goi ham delay nhu sau:

Delay_ms(100); /1énh nay d€ thuc hién delay 100ms.

#USE fast_io(port)

Port: 1a tén port: tir A-E (d6i véi PIC16F877A)

Khi dung chi thi nay thi trong chuong trinh n€u ding cic 1&nh I/0 nhu output_low(), . . . thi n6
s€ set chi vGi 1 1&€nh, nhanh hon so véi khi khong ding chi thi nay.

Trong ham main( ) phdi ding ham set_tris_x( ) dé chi rd chan vao ra thi chi thi trén méi c6
hi¢u luc, khong thi chuong trinh s€ chay sai.
Vidu: #use fast_io(A)
#USE I2C (options)
Thi€t 1ap giao ti€p 12C.
Option bao gdm cic thong s6 sau, cich nhau bdi diu phiy:
e Master: chip & ch€ do master

e Slave: chip & ch& do slave

e SCL=pin :chidinh chin SCL

e SDA=pin : chidinh chin SDA

e ADDRESS=x : chi dinh dia chi ch& do slave

e FAST: chidinh FAST I2C

e SLOW: chi dinh SLOW I2C

e RESTART _WDT:restart WDT trong khi ché [2C_READ()
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Vidu:

#use [2C(master, sda=pin_BO0, scl =pin_B1)
#use [2C (slave, sda=pin_C4, scl= pin_C3, address = 0xa00, FORCE_HW)

#USE RS232 (options )
Thi€'t lap giao ti€p RS232 cho chip (c6 hiéu Iyc sau khi nap chuong trinh cho chip, khdng phéi

giao ti€p RS232 dang st dung d€ nap chip).

Option bao gom:
e BAUD=x: thi€t 1ap tdc do baud rate: 19200, 38400, 9600, . . .
e PARITY=x: x= N,E hay O, v4i N: khong dung bit chdn 1.
e XMIT=pin: set chan transmit (chuyén data)
e RCV=pin :setchan receive (nhan data)
e Céicthong s6 trén hay dung nhat, cac tham s6 khdc s& b3 sung sau.

Vidu:
#use rs232(baud=19200,parity=n,xmit=pin_C6,rcv=pin_C7)

g. Mot s6 chi thi tién x3 Iy khac:
#CASE: cho phép phan biét chit hoa/thudng clia tén bi€n, danh cho ngudi quen 14p trinh C.
#OPT n: v6i n=0-9: chi dinh cip d6 t0i vu ma.

#PRIORITY ints: v4i ints 12 danh sich cdc¢ ngit theo thit ty vu tién thyc hién khi c6 nhiéu

ngit xay ra dong thdi, ngit diing dau s& 1a ngit vu tién nha't.

G.

CAC HAM XU LY S8, X' LY BIT, DELAY:

a. Cac ham xU Iy sé:

Bao gdm cdc ham:
e Sin(), cos(), tan(), asin(), acos(), atan()

e Asin(), acos(), atan(): 1a cAc ham arcsin, arccos, arctan
e Abs(): 14y gi4 tri tuyét doi

e Exp() :]la ham mi ex

e Log() : ham logarit

e Logl0(): ham logarit co s6 10

e Pow(): ham tinh liy thira

e Sqrt() : ham tinh cin thuc

Céc ham nay c¢6 thé lam cho chuong trinh chay chim vi trén vi diéu khién khdng c6 bd nhan

va chia phan citng, do d6 n€u khong doi héi tdc do thi dung cdc ham nay cho don gidn.

b. Cac ham xU ly bit va cac phép toan:

Bao gdm cdc ham sau:
e Shift_right()

o Shift_left()

e Bit_clear()
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e Bit_set()
e Bit_test()

e Swap()

o MakeS8()
e Makel6()
e Make32()

Ham Shift_right(address,byte,value)
Ham Shift_left(address,byte,value)
e Dich phdi (trdi) 1 bit vao mot mang hay mot cau tric.
e Dia chicé thé 1a dia chi mang hay dia chi trd t&i ciu tric.
Ham Bit_clear(var,bit)
Ham Bit_set(var,bit)
e  Bit_clear diung dé x6a bit dudc dinh bdi vi tri bit trong bi€n var.
e  Bit_setding d€ set =1 bit dugc dinh bdi vi tri trong bi€n var.
e  Var: bi€n 8,16,32 bitbatki.
e Bit: vitri clear (set): tit 0-7 (bi€n 8 bit), tir 0-16.(bi€n 16bit), tir 0-32 (bi€n 32bit).
Vidu:

Int8 x;
x=9; /1x=0b1001
bit_clear(x,0); //x=0b1000
Ham Bit_test(var,bit)
e Dung d€ kiém tra vi tri bit trong bi€n var, ham trd vé& 0 hay 1 la gia tri bit trong bi€n
var.
e varla bi€n 8, 16 hay 32 bit
e bit Ia vi tri bit trong bi€n var
Vidu: né€u mudn kiém tra x=256 chua thi c6 thé sit dung
If (x >=256) thi mat gin Sus
If (bit_test(x,9)) thi chi mat 0.4us (d6i v&i thach anh 20MHz)
Ham Swap(var)
e Varla bi€n mot byte
e Ham nay ddo vi tri chia 4 bit cao cho 4 bit thdp trong mot byte. Him nay khong tra vé

gid tri.
Vidu:
Int8 x;
X=0b00000101; /1x=0b00000101
Swap(x); //x=0b01010000

Ham Make8(var,offset)
e  Ham nay trich 1 byte tir bi€n var
e  Varla bién 8,16,32 bit
e  Offsetla vi tri cha byte can trich (0,1,2,3)
Vidu:
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X=0x12A4;
Y=Make8(x,2); // y=02h
Ham Makel 6(varhigh,varlow)
e Tra vé gid tri 16 bit k€t hgp tir hai bién 8bit 1a varhigh va varlow, byte cao 1a varhigh
byte thip 1a varlow.
Vidu:
X=0x02;
Y=0xAF;
Z=makel6(x,y); // z=0x02AF
Ham Make32(varl,var2,var3,vard)
e Ham trd vé gia tri 32 bit k&t hgp gia tri 8 bit hay 16 bit tif varl dén var4 trong d6 tr
var2 d&n var4 c6 thé c6 hoac khong. Gid tri varl s& 1a MSB, k€& ti€p 1a var2,.. N&u
tong sd bit k€t hgp nhd hon 32 bit thi 0 dugc thém vio MSB dé di 32 bit.

Vidu:
Int a=0x01, b=0x02, c=0x03, d=0x04; // cac gia tri hex
Int32 ¢ ;
e =make32 (ab,c,d); /e =0x01020304
e =make32 (ab,c,5) ; // e =0x01020305
e = make32 (a,b,8); // e =0x00010208
e =make32 (a,0x1237) ; /e =0x00011237

c. Cac ham xU Iy bit va cac phép toan:

Pé€ st dung cac ham delay thi cAn phdi c6 khai bdo tién xtt 1i & dAu file.
Nhu thach anh 20MHz thi khai bdo 1a #USE delay(clock=20000000)
C6 ba ham phuc vu delay:
Ham delay_cycles(count):
e Count: 13 hiing s& tir 0-255 1a s6 chu kilénh, 1 chukilénh bing 4 chu ki méy.
Vidu: delay_cycles(10);/delay 10 chu ki Iénh
Ham delay_us(time) : ham delay micro giay
e Time: 12 bi€n so thi co gid tri tr 0-255, 1a hiing s thi ¢6 gid tri tir 0-65355
e Ham nay khong trd vé gid tri.

Vidu: delay_us(1); /delay 1 micro gidy

Ham delay_ms(time) : ham delay mili gidy
e Time: c6 gid tri 0-255 né€u la bién, c¢6 gid tri tir 0-65355 né&u 1a hiing s0.
e Hamkhdng tra vé gii tri.
Vidu: delay_ms(1000); // ham delay 1 gidy
7. XULY ADCVA CAC HAMIO TRONG C:

a. Cac ham xU ly ADC:

Ham Setup_ADC (mode)

Ham khong trd vé gid tri, ding x4c dinh cdch thifc hoat dong bd bién ddi ADC. Tham s&
mode tuy thudc file thi€t bi *.h c6 tén twong Gng tén chip dang diing, nim trong thw muc DEVICES
clia CCS. Mudn biét c6 bao nhiéu tham s6 c6 thé diing cho chip d6.

Ham ADC_OFF: tit hoat dong ADC (ti€t kiém dién, danh chin cho hoat dong khic).
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Ham ADC_CLOCK_INTERNAL: thoi gian 14y miu bing xung clock IC (mat 2-6 us) thudng
la chung cho cdc chip.

Ham ADC_CLOCK_DIV_2: thdi gian 14y mAu biing xung clock /2 (m4t0.4 us trén thach anh
20MHz)

Ham ADC_CLOCK_DIV_8: thi gian 18y miu bing xung clock /8 (1.6 us)

Ham ADC_CLOCK_DIV_32: thdi gian 14y mau bang xung clock /32 (6.4 us)

b. SETUP ADC port (value):

Xdc dinh chan 14y tin hiéu analog va dién th& chuin sit dung. Thy thudcbd tri chan trén chip,
s6 chan va chan nio ding cho ADC va s6 chirc ning ADC mdi chip ma value c6 thé c6 nhitng gid
tri khac nhau, v6i Vref: dp chuiin, Vdd: 4p ngudn

Sau diy la cicham khaibdo ADC clia 16F877A:

Ham ALL_ANALOGS: diung tit cd chin sau lam analog : A0 Al A2 A3 A5 EO El E2
(Vref=Vdd)

Ham NO_ANALOG: khong dung analog, cac chan d6 s€ la chanl /O.

Ham ANO_ANI_AN3: A0 A1 A3, Vref = Vdd

Ham ANO_ANI_VSS_VREF: A0 A1 VRefh = A3

Ham ANO_ANI_AN4_ANS_AN6_AN7_VREF_VREF: A0 A1.'A5 EO El E2 VRefh=A3,
VRefl=A2.

Ham ANO_ANI_AN2 _AN4_AN5_VSS_VREE: A0 A1 A2 A5 EO VRefh=A3

Ham ANO_ANI_AN4 ANS_VREE_VREF: A0 A1 A5 EO VRefh=A3 VRefl=A2

Ham ANO_AN1_AN4_VREEF_VREF: A0 Al A5 VRefth=A3 VRefl=A2

Ham ANO_VREF_VREF: AO VRefh=A3 VRefl=A2

Vi du: setup_adc_ports (ANO_AN1_AN3) ; // AO, Al, A3 nhan analog, ap ngudn +5V cip cho
IC sé& 1a dién 4p chuin

c. SETUP ADC channel (channel):

Chon chan d€ doc tin hiéu analog biing 1énh Read_ADC( ). Gi4 tri channel tuy s& chan chifc
nang ADC mdi chip. V6i 16F877A, channel ¢6 gid tri tir 0 -7: O-chan A0, 1-chan A1, 2-chan A2, 3-
chan A3, 4-chan A5, 5-chian EO, 6-chan E1, 7-chan E2.

Ham khong tra vé tri. Nén delay 10 ps sau him nay rdi méi ding ham read_ADC () dé€ bdo
dam k&t qua ddng. Him chihoat dong véi A/D phin ciing trén chip.

d. Read ADC(mode):

Diing doc gi4 tri ADC tir thanh ghi chita két qud bi€n d6i ADC.

Né&u gia tri ADC 1a 8 bit nhu khai bdo trong chi thi #DEVICE, gi4 tri trd vé clia ham 1a 8 bit,
ngudc laila 16 bit n€u khaibdo #DEVICE sit dung ADC 10 bit tr§ Ién.

Khi ding ham nay thi s& chuyén d6i ADC céia ngd vao dia chon trong ham
Set_ADC_channel( ) tru6c d6. Nghia 12 mdi 1an chi doc 1 kénh mudn déi sang doc chan nao, diing
ham set_ ADC_channel( ) cho chan d6. Né&u khong cé d6i chan, dung read_ADC( ) bao nhiéu 1an
cling dugc.

Mode c6 thé c6 hoic khong, gdm co:
e ADC_START_AND_READ : gia tri mac dinh.
e ADC_START _ONLY : bit dau chuyén d8iva trd vé.
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e ADC_READ_ONLY : doc k&t qua chuyén déi 1an cudi.

#DEVCE 8 bit 10 bit 11 bit 16 bit
ADC=8 0-255 0-255 00-255 00-255
ADC=10 X 0-1023 X X
ADC=11 X X 0-2047 X
ADC=16 0-65280 0-65472 0-65504 0-65535

Bang 3-4. K&t qua doc ADC.
PIC16F877A chihd trg ADC 8 va 10 bit.
e. Cac ham 10 trong C:

Bao gdm céc ham sau:
e Output_low()
e OQOutput_high()
e Output_bit()
e Input()
e  Ouput-X()
e Input X()
e port_b_pullups()
e Set_tris_X()

Ham Output_low (pin), Output_high (pin)

e Dung thi€t1ap mic 0 (low, O0V) hay mic 1 (high,5V) cho chan IC, pin chi vi tri chan.
e Hamnay sé dat pin lam ngd ra, xem ma asm d€ bi€t cu thé.
e Ham nay thyc hién mat 2-4 chu ky mdy. Ciing c¢6 thé xud't xung ding set_tris_X() va
#use fast_io.
Vidu : chuong trinh sau xuat xung vudng chu ky 500ms, duty =50% ra chan B0, ndi BO véi 1 led s&
lam nhap nhay led.
#include <16F877A.h>
#use delay( clock=20000000)
Main()

{

while(1)

output_high(pin_BO) ;
Delay_ms(250) ; // delay 250ms
Output_low (pin_BO0);
Delay_ms (250 );
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}

Ham Output_bit (pin,value)

e pin: tén chan value: gid tri 0 hay 1
e Ham nay ciing xud't gi4 tri 0 / 1 trén pin, tudng tv 2 ham trén. Thudng ding né khi gid
trira tuy thudc gia tri bi€n 1 bit ndo d6, hay mudn xuiit ddo cha gid tri ngd ra trudc do.
Vidu:
Khai bao intl x; //x mac dinh =0
Trong ham main:
Main()
{

while (1)

output_bit( pin_BO, !x );
Delay_ms(250 );
}

}
Chuong trinh trén ciing xud't xung vudng chu ky 500ms,duty =50%

Ham Input_bit (pin)
e Hamnay trd vé gia tri 0 hay I la trang thdictia chan IC. Gid tri 1a 1 bit
Ham Output_X(value)

e Xlatén portcé trén chip. Value la gid tri 1 byte.

e Hamnay xudtgi tri 1 byte ra port. TAtcd chan clia port d6 d€u la ngd ra.
Vidu :
Output_B ( 255); // xudt gia tri 11111111 ra port B

Ham Input_X()

e X:la tén port (A,B,C,D,E).

e Hamnay trd vé gi4 tri 8 bit 1a gi tri dang hién hitu clia port d6.
Vi du: m=input_E();

Ham Port_B_pullups(value)

e Hamnay thi€t14p ngd vao port B pullup (dién trd kéo 1én). Value =1 s& kich hoat tinh
ndng nay va value =0 s€ ngiing.
e Chi cdc chip c6 port B ¢6 tinh nang nay méi dung ham nay.

Ham Set_tris_X(value)

e Ham nay dinh nghia chan IO cho 1 port 1a ngd vao hay ngd ra. Chi dugc dung vdi
#use fast_IO. St dung #byte d€ tao bi€n chi d€n port va thao tic trén bi€n nay chinh
la thao tdc trén port.

e Value la gi4 tri 8 bit. Mdi bit dai dién 1 chan va bit=0 s& set chan d6 1a ngd vao, bit=
1 set chdn d6 1a ngo ra.

Vi du: chuong trinh thao tic trén portB
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#include < 16F877A.h > //chip st dung 1a PIC16F877A
#use delay(clock=20000000) // dung thach anh 20MHz
#use Fast_1O(B)
#byte portB = 0x6 // 16F877 ¢6 portb & dia chi 6h
#bit BO = portB. 0 // bi€n B0 chi d€n chan B0
#bit Bl=portB.1 //bién B1 chi d&€n chanB1
#bit B2=portB.2 // bién B2 chi d€n chan B2
#bit B3=portB.3 // bién B3 chi d&€n chan B3
#bit B4=portB.4 // bi€n B4 chi d&n chan B4
#bit B5=portB.5 // bi€n B5 chi d&n chan B5
#bit B6=portB.6 // bi€n B6 chi d&n chan B6
#bit B7=portB.7 // bi€n B7 chi d&n chan B7
Main()
{
set_tris_B (80) ; //B0-B6 ngd ra, B7 ngd vao
if (B7) /n€u ngd vao chan B7 1a 1 thi xudtra BO-B6 gid tri a 1

Bl=1;
B2=1;
B3=1;
B4=1;
B5=1;
B6=1;

Else B1=B2=B3=B4=B5=B6=0;

}
8. KHAIBAO NGAT VA CAC HAM THET LAP HOAT DONG NGAT :

a. Khai bao ngét:
M&i ho PIC c6 s8 lugng ngudn ngdt khac nhau: PIC 14 ¢6 14 ngit, PIC 18 ¢6 35 ngit.

Danh séch cdcngit véi chitc ning twong ng:
#INT_GLOBAL: ngit toan cuc
#INT_AD: ngit khi chuyén d6i A /D da hoan tat
#INT_CCP1: ngitkhi c6 Capture hay compare trén CCP1
#INT_CCP2: ngat khi c6 Capture hay compare trén CCP2
#INT_COMP: kiém tra biing nhau trén Comparator
#INT_EEPROM: hoan thanh ghi EEPROM
#INT_EXT: ngit ngoai
#INT_EXT1: ngdtngoai 1
#INT_EXT2: ngat ngoai?2
#INT_I2C: c6 hoat dong 12C
#INT_LOWVOLT: phathién dp thdp
#INT_PSP: c6 data vao cong Parallel slave
#INT_RB: bat ky thay ddindo trén chan B4 dén B7
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#INT_RDA: data nhan tr RS 232 sin sang
#INT_RTCC: tran Timer O

#INT_SSP: c6 hoat dong SPI hay I2C
#INT_TBE: bd dém chuyén RS 232 trong
#INT_TIMERO: mdt tén khdc cia #INT_RTCC
#INT _TIMERI: tran Timer 1

#INT TIMER?2 : tran Timer 2

#INT _TIMER3: tran Timer 3

#INT_TIMERS : tran Timer 5

#INT_OSCF: 16i OSC

b. Cac ham thiét lap hoat dong ngat:

Ham enable_interrupts(level)
e level la tén cac ngdtdd cho & trén hay 1A GLOBAL d€ cho phép ngit & cip toan cuc.
e Moingit clia vi diéu khi€n déu c6 1 bit c& ngit, 1 bit cho phép ngit. Khi c6 ngit thi
bit o8 ngdt1én mtrc 1, nhung ngit c6 hoat ddng dudc hay khong tuy thudc bit cho phép
ngit. Him enable_interrupts (int_xxx) s& cho phép ngit. Nhung tit ci cac ngit déu
khong thé thuc thi néu bit cho phép ngit toan cuc bang 0, ham
enable_interrupts(global) sé cho phép ngit toan cuc.

Vidu: dé cho phép ngit timer0 va timerl hoat ddng:
enable_interrupts (int_timer0);
enable_interrupts (int_timerl);
enable_interrupts (global);

Ham disable_interrupts (level)

e level giéng nhu trén.

e Hamnay vo hiéu 1 ngit bing cach set bit cho phép ngit =0.
disable_interrupts(global) set bit cho phép ngit toan cuc =0, ciAm tat cd cac ngit.
Khodng ding ham nay trong ham phuc vu ngit vi khong c6 tdc dung, cd ngit ludn bi

x04 tu dong.
Ham clear_interupt(level)
e level khong c6 GLOBAL.
e Ham nay xod ¢ ngit cia ngd t dugc chi dinh bdi level
Ham ext_int_edge (source, edge)
e Ham nay thi€t1ap ngudn ngdt ngoai EXTx 1a canh lén hay canh xudng.
e source:ngudn ngit. Trén PIC 18 ¢6 3 ngudn ngit trén 3 chin EXTO, EXT1, EXT2 tng
véi source = 0,1, 2. Cdc PIC khac chi co 1 ngu6n EXT nén source = 0.
e edge: chon canh kich ngit, edge = L_TO_H néu chon canh 1&én (tir méc thap chuyén
1én mtc cao) hay H_TO_L n€u chon canh xudng.
c. Cac ham giao tiép v&i may tinh qua cdng COM:
DPé€ st dung chirc ning nay cAn phai c6 hai khai bdo: khai bdo st dung RS232 va khai bdo
dao ddng cia chip.

Vidu:

#use rs232 (baud=9600, parity=n, xmit=pin_C6, rev=pin_C7)//tdc dd baud I1a 9600. khong
chin 18, chan truyén C6, chin nhian C7
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#use delay (clock = 20000000 ) // néu chip dang duing OSC 20Mhz
Ham xr 1i lién quan:
Ham printf (string)
Ham Printf (cstring,values .. .)
e Dung xuit chudi theo chuin RS232 ra PC.
e string 2 1 chudi hiing hay 1 mdng ky tu (k&t thic bdiky w null).
e value 1a danh sich cac bi€n, cach nhau bdidau phdy.

Lutu do chép tit PORTB (led don)
V. CAC CHUGNG TRINH Vi DU:
1 CHJONG TRINHPEUKHIEN & LED BON GHOP TAT:

Khdi tao
PORTRB la
ngdra

K&t ndi portB véi 8 led don.
Luu do cla chuong trinh .

Tit 8 led

Delay

Sang 8 led

End

Chuang trinh diéu khién 8 led chép tat viét bang ASM:

title "choptat_Port_B.asm"
processor pl6f877a
include <P16f877a.inc>

__CONFIG _CP_OFF & _PWRTE_ON & _WDT_OFF & _HS_OSC & _LVP_OFF

; Chuong trinh chinh

B

count_1 equ 0x20
count_2 equ 0x21
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org 0x000
GOTO start
;khoi tao Port B
start org 0x0005
banksel TRISB
clrf TRISB
banksel PORTB

loop clrf PORTB
call delay
movlw h'ff'
movwf PORTB
call delay
goto loop
; CHUONG TRINH CON
; chuong trinh delay
delay clrf count_1
d2 clrf count_2
dl decfsz count_2
goto dl
decfsz count_1
GOTO d2
return
end

Chuong trinh diéu khién 8 led chép tat viét bang C:

/* == = = =

* Title : Chuong trinh chop tat PortB

* Writer :

* Hardware : PIC16F877A

* Compiler :CCSC

*— — *
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#include<16F877A.h>

#include<def 16f877a.h>

#fuses NOWDT,PUT ,HS,NOPROTECT,NOLVP
#use delay(clock=20000000)

#use fast_io(b)

main()
{
trisb=0;
while(true)
{
portb=0xff
delay_ms(500);
portb=0;
delay_ms(500);
}
}
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Luu d6 chuong trinh Led sang 1 diém tif trai qua phai

2. CHJONG TRINHBPIEUKHIEN 1DIEM SANG DI CHUYEN TU TRAI SANG PHAE

Khdi tao
PORTB la
ngéra

K&t ndi portB véi 8 led don.
Luu do diéu khién:

PORTB=01

Xoay trai
PORTE

X1—>»

Delay

o
et D

Chuong trinh 1 diém sang di chuyén tU trai sang phai viét bdng ASM:
title “chuongtrinhdich_led.asm”
processor pl6f877a
include <pl6f877a.inc>
__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _HS_OSC &
_LVP_OFF & _CPD_OFF

countl EQU 0x20 ; cac bien dung cho doan chuong trinh delay
count2 EQU 0x21
; CHUONG TRINH CHINH
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ORG 0x000
GOTO start

start

; khoi tao PORT B
BCF STATUS,RP1
BSF STATUS,RPO
CLRF TRISB
BCF STATUS,RPO

main MOVLW  b'00000001"'
MOVWF PORTB
clre

loop CALL delay
RLF PORTB,1
BTFSS STATUS,0
GOTO loop

GOTO main

b

; CHUONG TRINH CON
delay clrf count_1
d2 clref count_2
dl decfsz count_2
goto dl
decfsz count_1
GOTO d2
return
END

Chuang trinh 1 diém sang di chuyén tJ trai sang phai viét bang C:
#include<16F877A.h>
#include<def_16f877a.h>
#fuses NOWDT,PUT,HS,NOPROTECT,NOLVP
#use delay(clock=20000000)
#use fast_io(b)
int8 a;
main()
{
trisb=0;
while (true)
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{

a=a<<l; //dich trai a 1bit
if(a=256)
{
a=1;
}
portb=~a;
delay_ms(100);

3, CHJONG TRINHPEUKHIEN 8 LED SANG DON

K&t ndi portB vdi 8 led don.

Luu dd diéu khién: ben dugi
Chuong trinh viét bang ngon ngi ASM:
title "sang don_Port_B.asm"
processor pl6f877a
include  <P16f877a.inc>
__CONFIG _CP_OFF & WDT OFF & BODEN OFF & PWRTE ON & _XT _OSC
& _WRT_OFF & _LVP_OFF & _CPD_OFF
:Dat bien
cblock 0x020

countl

counta

countb

m

sck

slx

btg

endc
; Chuong trinh chinh

org 0x0000
:khoi tao PortB

banksel TRISB
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clrf TRISB
banksel PORTB
main?2 clrf PORTB

call delay
clrf m
movlw d'g'
movwf  sck

x21 movf sck,0
MOVWF slx
movlw h'00’
movwf  btg
setc

x11 rlf btg
clrc
movf btg,0
iorwf m,0
movwf  PORTB
call delay
decfsz slx
goto x11
movt PORTB,0
movwf m
decfsz sck
goto x21
goto main2

;chuong trinh con delay

delay movlw  d255'
movwf  countl

dl
movlw 0xC7
movlw counta
movlw 0x01
movlw countb

delay_0O decfsz counta,l
goto $+2
decfsz countb, 1
goto delay_0
decfsz countl,1
goto dl
return
end
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Chuong trinh viét bang ngén ngd C:
[F== = == =
* Title : Chuong trinh sang don portB
* Writer
* Processer : PIC16F877A
* Compiler :CCSC
k - —_— e - >k/
#include<1 6F877A.h>
#include<def 16f877a.h>
#fuses NOWDT,PUT,HS,NOPROTECT,NOLVP
#use delay (clock=20000000)
#use fast_io(b)
int8 sck,slx,bienxoay,bienluu,giatri;
main()
{
trisb=0;
while(true)
{
sck=8;
bienluu=0;
portb=0;
delay_ms(100);
while (sck>0)
{
bienxoay=1;
slx=sck;
while(slx>0)
{
giatri=bienluulbienxoay;
portb=giatri;
delay_ms(100);
bienxoay=bienxoay<<I;
slx--;
}
bienluu=giatri;
sck--;
}
}
}
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Khéi tao
PORTB la ngd
ra

X2 — >  sk=sck

Xl —» C=1

Xoay) trai btg

PORTRB:=btg
OR m

!

Delay

l

Skx=slx-1

<
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4. CHJONG TRINHPIEUKHEN BEM TU 0 DEN 9999 TREN LED 7 POAN

K&t ndi portB v6i 7 doan va ddu cham thap phan cha led 7 doan.
K&t ndi portD vé6i 8 transistor diéu khién quét 8 led 7 doan.
Luu d6 diéu khién:

Khoi tao PORTB,
PORTD la céc ngd
ra S ,x2

v
Nghin=0 b
v
X4 Trim = 0 Tram = tram + 1
v
X3 Chuc=0

v S
X2 Pon vi=0 X3
¥

X1-+| BCD-mi 7 doan b
Nghin = nghin + 1

Hién thi

bon vi=don vi +1

b
Chuc = chuc + 1

'
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Chuang trinh viét bang ngon ngli ASM:
title "dem BCD 0-9999 hien tren led 7 thanh.asm"
processor pl6f877a
include <P16f877a.inc>
__ CONFIG _CP_OFF & PWRTE_ON & WDT _OFF & _HS_OSC &_LVP_OFF
; Chuong trinh chinh
QR cacbien -
cblock 0x020
countl
count2
count3
nghin
tram
chuc
dvi
bienl
bien2
bien3
bien4
endc
org 0x000
clrf STATUS
movlw 0x00
movwf  PCLATH
goto start
:khoi tao Port B
start org 0x005
BCF STATUS,RP1
BSF STATUS,RPO ;chon BANK1
CLRF TRISB ;PORTB <- outputs
CLRF TRISD
BCF STATUS,RPO ;chon BANKO
; vong lap chuong trinh chinh
x5 movlw 0x00
movwf  nghin
x4 movlw 0x00
movwf  tram
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x3
x1

x2

bcd_7doan

delayhthi

moviw
movwf
movlw
movwf
call
call
incf
movf
xorlw
btfss
goto
incf
movf
xorlw
btfss
goto
incf
movf
xorlw
btfss
goto
incf
movf
xorlw
btfss
goto
goto

movf
call
movwf
movf
call
movwf
movf
call
movwf
movf
call
movwf
return

movlw
movwf

0x00

chuc

0x00

dvi
bcd_7doan
delayhthi
dvi

dvi,0

d'10'
STATUS,Z
x2

chuc

chuc,0

d'10'
STATUS,Z
x1

tram

tram,0

d10'
STATUS,Z
x3

nghin
nghin,0
d'10'
STATUS,Z
x4

x5

dvi,0
table
bien1
chuc,0
table
bien2
tram,0
table
bien3
nghin,0
table
bien4

0x04
countl
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dell moviw 0x100
movwf  count2

del2 call hienthi
decfsz count2
goto del2
decfsz countl
goto dell
return

hienthi

movf bien1,0

movwf  PORTB
movlw Oxfe
movwf  PORTD
call delay
movf bien2,0
movwf  PORTB
moviw Oxfd
movwf  PORTD
call delay
movf bien3,0
movwf  PORTB
movlw 0xfb
movwf  PORTD
call delay
movf bien4,0
movwf  PORTB
moviw 0xf7
movwf  PORTD

call delay
return
delay movlw  Oxff
movwf  count3
delal decfsz count3
goto delal
return
table addwf PCL,1
DT 0xc0,0xf9,0x a4,0xb0,0x99,0x92,0x82,0xf8,0x80,0x90
End

Chuong trinh viét bang ngén ngt C:

-Chuong trinh d€m Ién tir 0 dé€n 9999 trén led 7 doan vi€t bing C:
/*
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* Title : Chuong trinh dem BCD 0-999999
* Writer

* Hardware : PIC16F877A
* Compiler : CCS C

- —_ */

#include<16F877A.h>
#include<def _16f877a.h>
#fuses NOWDT,PUT,HS,NOPROTECT,NOLVP
#use delay(clock=20000000)
#use fast_io(b)
#use fast_io(d)
int8 i,chuck,nghin,tram,chuc,dvi;
int32 a,bien;
const unsigned char dig[]={0xc0,0xf9,0xa4,0xb0,0x99,0x92,0x82,0xf8,0x80,0x90 } ;
void hex_bcd()
{
chuck=a/10000;
a=a% 10000;
nghin=a/1000;
a=a% 1000;
tram=a/100;
a=a% 100;
chuc=a/10;
dvi=a%10;
}
void hienthi()
{
1=0;
while (i<200)
{
portb=dig[dvi];
portd=0xfe;
delay_us(100);
portb=dig[chuc];
portd=0xfd;
delay_us(100);
portb=dig[tram];
portd=0xtb;
delay_us(100);
portb=dig[nghin];
portd=0xf7;
delay_us(100);
portb=dig[chuck];
portd=0xef;
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delay_us(100);
portb=dig[ tramk];
portd=0xdf;
delay_us(100);

I++;
}
}
void main()
{

trisb=0x0;

trisd=0x0;

bien=0;

while(1)

{
bien=bien+1;
if(bien==100000)
{

bien=0;

}
a=bien;
hex_bcd();
hienthi();

}

}

5, CHJONG TRINHBPIEUKHEN LED MA TRANHEN TH crudl “ePkT™

K&t ndi portB v6i hang clia led ma tran.
K&t ndi portD véi 8 transistor diéu khién cot.

Luu dé diéu khién:
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@ Count2:= count-1
Pém =0
S loop3
loop Pém = dém + 1
b
Countl: =countl-1
Countl =5
loop1 Count2 := 30 S loopl
loop Bién xoay: =01 b

Pém: =dém + 1

Count := dém

S
Doc gia tri tir bang loop4
loop2» voi vi tri 1a count
xuit ra PORTB b

PORTD:= bién xoay @

Count:=count+1

Count= 44 S Xoay trai bién xoay

Goto loop2

Chuong trinh viét bang ASM:
title “chuongtrinhhienthi SPKT.asm”
processor p16f877a
include <p16f877a.inc>
__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON &_XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF

countl EQU 0x20
Bxoay EQU 0x21
count2 EQU 0x22
count EQU 0x23
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a EQU 0x24
dem equ 0x25
;:CHUONG TRINH CHINH
ORG 0x000
GOTO start
start

BCF STATUS,RP1
BSF STATUS,RPO
CLRF TRISB
CLRF TRISD
BCF STATUS,RPO

main movlw 0x00
movwi dem
loop4 incf dem,1
moviw 0x05
movwf countl
Loopl moviw 0x30
movwf count2
loop3 moviw 0x01
movwf bxoay
movf dem,0
movwf count
Loop2 MOVF count, 0

CALL table
MOVWEF PORTB
movf bxoay,0
movwf PORTD
CALL delay

moviw 0x00
MOVWF PORTD
INCF count, 0

XORLW  d'44'
BTFSC STATUS,Z
GOTO loop11
INCF count, 1
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rlf bxoay
GOTO Loop2

loop11 decfsz count2
goto loop3
decfsz countl
goto Loopl
movf dem,0
xorlw d'43'
BTFSC STATUS,Z
goto main
goto loop4

; Cac chuong trinh con

ADDWEF PCL,1

DT Oxff,0xff,0xff,0xff, 0xff,0xff, Oxft,0x ff

DT 0Oxff,0xff,0xcd,0xb6,0xb6,0xd9 S

DT 0xff,0xff,0x80,0xb7,0xb7,0xcf ;

DT 0Oxff,0xff,0x80,0xeb,0xdd,0xbe ;K

DT 0Oxff,0xbf,0xbf,0x80,0xbf,0xbf T

DT Oxff,0xff,0xff,0xff,0xff, 0xff, 0xff, 0x ff, Oxff,0xff,0x ff,0x ff

delay moviw Oxff

movwf a
dell decfsz a

goto dell

return

END

Chuong trinh viét bang C:
/>l<
* Title : Chuong trinh hien thi chu SPKT
* Writer
* Hardware :PIC16F877A
*Compiler :CCSC
s — —= —— %/
#include<1 6F877A.h>
#include<def 16f877a.h>
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#fuses NOWDT,PUT,HS,NOPROTECT,NOLVP
#use delay(clock=20000000)
#use fast_io(b)
#use fast_io(d)
int8 dem,a,1,j;
intl6 b;
const unsigned char dig[]={0xff,0xff,0xff,0xff,Oxff,0xff,0xff,0x ff,0xff, Oxff,\
0xcd,0xb6,0xb6,0xd9,0xff,0x80,0xb7,0xb7,0xcf,0x ff,0x80,0xeb,0xdd,0xbe,\
0xff,0xbf,0xbf,0x80,0x bf,0xbf,0xff,0x ff,0xff,0x ff, Ox ff, 0xff,0xff 0x ff } ;
void main()
{
trisb=0;
trisd=0;
while(1)
{
dem=0;
while(dem<38)
{
i=dem;
for(b=0;b<10000;b++)
{
a=a<<l;
if(a==256)
{
a=01;
i=dem;
}
portb=dig[i];
portd=a;
delay_us(100);
i++;
}
dem++;
}
}
}
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6. CHJONG TRINHPIEUKHIEN LCD:

K&t ndi portB v6i 8 dudng dit liéu cha LCD.
K&t ndi portD v6i 3 bit dicu khién clia LCD.

Luu db diéu khién:

Khéi tao PortB, PortD i
I e
.. ua con tro vé déu

Khéi tao LCD dong tht hai

P |
Pua con tré vé dau -
dong thir nht So ki tw=0
$6 ki ty:=0 gdong2 —»Guri 1 ki tw ra man hinh
gdongl —»{Giri 1 ki tu raman hinh delay
v 3
delay Sékitw=sdkitu+1

v

Sékitw=sdkitu+1

D

Chuong trinh viét bang ASM:
title “hienthichu Truong DHSPKT TP Ho Chi Minh.asm”
processor p16f877a
include <p16f877a.inc>
__CONFIG _CP_OFF & WDT OFF & PWRTE_ON &_HS_OSC

)

; Khoi tao cac bien

)

countl EQU 0x20
count2 EQU 0x21
count3 EQU 0x22
count EQU 0x23
a EQU 0x24
;CHUONG TRINH CHINH
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ORG 0x000
clrf STATUS
movlw 0x00
movwf PCLATH
GOTO start
Start

BCF STATUS,RP1
BSF STATUS,RPO ;
CLRF TRISB ;

clrf TRISD

BCF STATUS,RPO ;

main call khoitaoled
call delay40ms
call dongl
call dong2
call delay40ms
goto $

khoitaolcd
movlw 0x01
movwf a
call ghimadkhien
call delay40ms
movlw 0x38
movwf a
call ghimadkhien
call delay40ms
movwf a
call ghimadkhien
call delay40ms
movlw 0x0C
movwf a
call ghimadkhien
call delay40ms
movlw 0x01
movwf a
call ghimadkhien
call delay40ms
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return
ghimadkhien
movf a,0
movwf PORTB
bef PORTD,0
bef PORTD,1
BSF PORTD,2
BCF PORTD,2
Return
delay40ms moviw d255'
movlw countl
dell moviw Oxff
movwf count2
del2 decfsz count2
goto del2
decfsz countl
goto dell
return
dongl
movlw 0x80
movwif a
call ghimadkhien
call delay
clrf count
loop2 movf count,0
call table
movwf a
call ghidata
call delay
incf count,0
xorlw d'15’
btfsc STATUS,Z
goto exit
incf count, 1
goto loop2
exit return
dong?2 moviw Oxcl
movwf a
call ghimadkhien
call delay
clrf count
loop4 movf count,0
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exitl

ghidata

table

tablel

call tablel
movwf a

call ghidata
call delay

incf count,0
xorlw d'14'

btfsc STATUS,Z
goto exitl

incf count, 1
goto loop4
return

movf a,0

movwf PORTB
bsf PORTD,0
bef PORTD,1
bsf PORTD,2
bef PORTD,2
return

addwf PCL,1

DT " Truong DHSPKT"
addwf PCL,1

DT "TP Ho Chi Minh"
moviw d'255'
movwf count3
decfsz count3

goto delal
return

end

)

;Ket thuc chuong trinh

9

Chuong trinh viét bang C:

/* == = =

* Title : Hien chuoi truong DHSPKT TP Ho Chi Minh len LCD
* Writer

* Hardware  : PIC16F877A

* Compiler :CCSC

*—

*/

#include <16F877A.h>

#include <DEF_16F877A.h>
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#fuses HS,NOW DT ,NOPROTECT,NOLVP
#use delay(clock=20000000)

#define RS RDO

#define RW RDI1

#define E RD2

#define LCD PORTB

/¥Ham yeu cau goi lenh dieu khien LCD*/
void comnwrt()
{
RS =0;
RW =0;
E =1;
E =0;
delay_ms(1);
}
/*Ham yeu cau goi du lieu hien thilen LCD*/
void datawrt()
{
RS=1;
RW =0;
E =1;
E =0;
delay_ms(1);
}
/Ham main*/
void main()
{
trisb=0;
trisd=0;
delay_ms(100);
LCD = 0x01;
comnwrt();
LCD = 0x01;
comnwrt();
LCD = 0x38;
comnwrt();
LCD = 0x0C;
comnwrt();
LCD = 0x81;
comnwrt();
LCD ="T"
datawrt();
LCD=""

// Xuat dong chu "Truong DHSPKT" ra dong 1 LCD
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datawrt();
LCD ='u}
datawrt();
LCD ='0
datawrt();
LCD ='n"
datawrt();
LCD ="g}
datawrt();
LCD=""
datawrt();
LCD =D
datawrt();
LCD ='H;
datawrt();
LCD="'S}
datawrt();
LCD ="'P}
datawrt();
LCD ="K
datawrt();
LCD ="T"
datawrt();
LCD = 0xCO0;
comnwrt();
LCD ="T"
datawrt();
LCD ="P}
datawrt();
LCD=""
datawrt();
LCD ='H';
datawrt();
LCD ="o"
datawrt();
LCD=""
datawrt();
LCD ='C
datawrt();
LCD ='h"
datawrt();
LCD="1;
datawrt();
LCD=""

/IVitrihang 2,cot 2

//Xuat dong chu "TP Ho Chi Minh" ra dong 2 LCD
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datawrt();
LCD ="M/
datawrt();
LCD ="
datawrt();
LCD ='n"
datawrt();
LCD ="h"
datawrt();

}

7. CHJONG TRINHPIEUKHIEN ADC:

K€&t noiportB v6i 8 dudng dit liéu cia LCD.
K&t ndi portD vé6i 3 bit dicu khién clia LCD.

St dung kénh ANO va hién thi k&€t qui nhi phin trén 8 led hién thi § portB

Luu d6 diéu khién:
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Khéi tao PORTB, khéi tao ADC

Lwa chon

kénh ANO

Chuyén d6i ADC clia kénh ANO

Chuyén két qua chuyén dbi
ADC ra PORTB
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_CP_OFF & _PWRTE_ON & _WDT_OFF & _HS_OSC & _LVP_OFF

Chuong frinh viét bang ASM:
title "Chuyen doi ADC kenh ANO.asm"
processor pl6f877a
include <P16f877a.inc>
__CONFIG
; Chuong trinh chinh
count_1 equ 0x20
count_?2 equ 0x21
DLY12 equ 0x22
jmmmmmm—————— dat bien ADC-----——-cm oo
ORG 0x030
REGAD1 RES 1
org 0x000
goto start
:khoi tao Port B
start org 0x0005
banksel ~ TRISB
clef TRISB
banksel PORTB
;Khoi tao cac ngo vao
ADC movlw  B'00000000'
movwf  ADCONI
; vong lap chuong trinh chinh
; Doc ADC
; Su dung bit GO/DONE
main movlw  B'00000001'
call docADC
movwf  REGADI
movf REGAD1,0
movwf  PORTB
goto main

;Tat ca portA la ngo vao ADC
;chon Vref = VDD
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; CHUONG TRINH CON

)

docADC  movwf ADCONO
DELAY12 decfsz DLY12.F

goto DELAY12
bsf ADCONO,2
GODONE btfsc ADCONO,2
goto GODONE ;Cho den khi convert xong
movf ADRESL,W
return

end

Chuong trinh viét bang C:
#include <16F877.h>
#include <def 16f877a.h>
#fuses HS,NOW DT ,NOPROTECT,NOLVP
#device 16F877*=16 ADC=8
#use delay(clock=20000000)
Int8 adc;
main()
{
setup_adc(adc_clock_internal);
setup_adc_ports(ANO);
set_adc_channel(0);
delay_ms(10);
while(true)
{
adc=read_adc();
output_B(adc);

the end
return
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Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi

Chip AVR rit da dang & day chi trinh bay chip AT90S8535.

1. Cac chiic niing ctia chip AVR AT90S8535 dugc tém tit nhu sau:

C6 cdu triic RISC cong sudt tiéu thu thdp va thuc hién cao.

C6 118 1énh — thdi gian thyc hién mdi Iénh 1a 1 chu ky may.
C6 32 thanh ghi da ndng 8 bit.
C6 thé thyc hién 8 triéu 1énh trén 1 gidy néu hoat dong vdi tn s6 thach anh 132 SMHz.

Dit liéu va chuong trinh dugc luu trong bd nhé khong bay hdi (khong mit dit liéu khi ma't
dién).

C6 8Kbyte bo nhd chudng trinh cho phép nap ndi ti€p trén hé thong dang hoat dong ISP
(In — System Programmable Flash) va cho phép nap xod chuong trinh 1000 1an.

C6 512 byte EEPROM va dadm bao cho phép nap x6a 100000 1an.
C6 512 byte SRAM ndi bén trong.

C6 chic nang 1ap trinh bao mat chuong trinh.

Cdlu triic ngoqi vi:

C6 8 kénh ADC 10 bit.
Cho phép lap trinh UART.
C6 2 timer/ counter 8 bit c6 bd chia trudc va c6 mode hoatddng so sanh.

C6 1 timer/counter 16 bit c6 bd chia trude, ¢6 so sanh va c6 chitc ning bitkip va c6 chifc
ning diéu ch€ do rong xung.

C6 mdt watchdog timer v&i tAn s6 hoat dong trén chip.

C6 mach so sdnh di€n dp tuwong ty trén chip.

s A s o N . A v
Cdc cdu tric ddc biét cia vi dieu khien:

C6 mach dién reset khi cap dién.

C6 xung ddng hd thyc — Real Time Clock (RTC) v6i mach dao dong chia sdn va mode
hoatddng counter.

C6 nhiéu tin hiéu bdo ngit bén ngoai va ca bén trong.
C6 3 ché& do hoat giam cdng sudt: mode nghi (idle), mode ti€t kiem cong sudt (power
save) va mode gidm cong suit (power down).

Cong sudt tiéu tdn ciia chip AVR AT90S8535 dugc do tai tan s6 hoat dong 4MHz, nguén cung cdp
3V v nhigt do moi triong 1a 20 C:

Ch€ do hoat dong la 6,4 mA.
Ché do nghi (idle) 1a 1,9A.
Ch& do power down la < 1pA.

Tan s6 lamviéc la:
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» Tir 0 dén 8 MHz ddi v6i AT90S8535.
* Tir 0 dén 4 MHz ddi v6i AT90LS8535.
2. Cautriic chan ctia AT90S8535: hinh 1 trinh bay sd d6 chan clia AVR AT90S8535.

pN_—
(TO) PRO ] 1 40 7 pao (ADCO)
(T1)PR1 I} 2 39 11 pai (ADC1)
(AINO) PB2 || 3 381 | paz (ADC2)
(AINT) PB3 [ 4 37 K pA3 (ADC3)
(SS)PB4 5 36 O pad (ADCA)
(MOSI) PB5 O] 6 35 P pas (ADCS)
(MISD) PB6 ] 7 34 0 pag (ADCE)
(S5CK} PB7 ] 8 33 1 par (ADC?)
RESET || @ 32 | | AREF '
vece O 10 313 AGND
GND [ 11 30 I AVCC
XTAL2 ] 12 22 g PC7 (TOSC2)
XTAL1 O 13 28 g PCe (TOSCH)

(RXD) PDO ] 14 27 O PCS

(TXD) PD1 O 15 26 [ PG4

(INTO) PD2 || 16 25 [0 PC3

(INT1) PD3 U] 17 24 || PGz

(OC1B) PD4 O] 18 23 QO Pc1

(OC1A) PD5 ] 19 22 [ PCO
(IcP) PD6 ] 20 21 3 PD7 (OC2)

Hinh 1. So dé chén chip AVR AT90S8535.

Chip AVR AT90S8535 ¢6'40 chan giong nhu ho 89 nhung chi khdc 12 chan cip ngudn khic vi
tri. Tin hiéu reset tich cuc mic thap. Cé 4 port nhung vdi tén thay ddi 1a portA, portB, portC va portD.

Chiic ndng cdac chan tin hi¢u:
* Vcc : chan cip nguon.
* GND: chan ndimass OV.
=  Port A: (PA7.. PAO)

Port A 1 port xuit nhap (I0) 8 bit 2 chiéu. Cac chin ciia port A c6 thé tao ra cic dién rd kéo
1én bén trong (dugc Iwa chon cho tirng bit). B6 dém clia portA c6 thé nhan dong khdang 20mA va cé
thé diéu khién thic truc ti€p cac led hién thi. Khi cdc chian tit PAO dén PA7 dugc dung nhu 13 cic ngd
vao va kéo xuéng mifc thap & bén ngoai thi ching sé cung cap dong ra n€u cic dién trd kéo 1én bén
trong dugc tic dong.

N z . R B z ~ N z A e .
Port A con dong vai trd 1a cdc ngd vao ctia cac bo chuyén doi ADC.

Cidc chan clia port A s& & trang thdi tdng trd cao khi reset bi tic dong va ngay ca khi mach dao
dong khong hoat dong.

Port B: (PB7.. PB0)

Port B 12 port xudtnhap (I0) 8 bit 2 chi¢u v6i cic dién trd kéo 1&én bén trong. B dém ctia portB
c6 thé nhian dong khéang 20mA. Khi dudc diing nhu 12 cic ngd vio va kéo xudng mic thip & bén
ngoai thi chiing s& cung cap dong ra néu cic dién tré ké o 1én bén trong dudc tic dong.

Port B con phuc vu nhiéu chifc ning v4i nhiéu ciu tric dic biét khdc nhau dudc trinh bay &
phan sau.
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Céc chan clia port B s& § trang thdi tdng trd cao khi reset bi tdic ddng va ngay ca khi mach dao
dong khong hoat dong.

Port C: (PC7.. PCO0)

Port C 1a port xudt nhap (I0) 8 bit 2 chiéu v6i cdc dién trd kéo 1én bén trong. BO dém cha port
C c6 thé nhan dong khdang 20mA. Khi dugc dung nhu 1a cdc ngd vao va kéo xudng mitc thap & bén
ngoai thi chiing s& cung cap dong ra néu cic dién tré ké o 1én bén trong dudc tic dong.

Hai chan clia Port C c6 thé dugc sit dung nhu 1a ngd vao ciia timer/counter?2.

Céc chan clia port C sé& § trang thdi tdng trd cao khi reset bi tdc ddng va ngay ca khi mach dao
dong khong hoat dong.

Port D: (PD7.. PD0)

Port D 12 port xudtnhiap (I0) 8 bit 2 chiéu véi cédc dién trd kéo 1én bén trong. B6 dém cha port
D c6 thé nhan dong khdang 20mA. Khi dugc dung nhu 13 céc ngd vio va kéo xuéng mic thdp & bén
ngoai thi chiing s& cung cap dong ra néu cc dién tré ké o 1én bén trong dudc tic dong.

Port D con phuc vu nhiéu chifc ning véi nhiéu ciu tric dac biét khd¢ nhau dudc trinh bay §
phan sau.

Cédc chan clia port D s& & trang thdi tdng tr§ cao khi'reset bi tdc dong va ngay ca khi mach dao
dong khong hoat dong.

RESET:

La ngd vao tic ddong mic thip. Xung reset dai hon 50ns s& reset AVR ngay cd khi mach dao
dong khong hoat dong.

XTALI1:

La ngd vao cia mach khuéch dai dao ddong ddo va ngd vao clia mach dién tao dao dong bén
trong.

XTAL2:
La ngd ra cia mach khuéch dai dao dong dao.
AVCC:

La chan cung cAp ngudn dién 4p cho bd chuyén ddi AD. Chan AVCC nay sé dugc két ndi v6i
Vce thdng qua mot mach loc thong thap. Phian sau sé trinh bay hoat ddng clia mach.

AREF:

L4 channgd vao cung cip dién 4p tham chi€u (dién 4p chuin) cho bo chuyén déi AD. Pdi v6i
hoat dong ctia ADC thi phéi cung cAp motdién 4p nam trong khodng tirt AGND dén Avce dén ngd vao
chan AREF.

AGND:

La chin ndi mass cda tin hiéu tuong tw. Néu bo mach c6 mass analog thi k€t ndi chan nay dén
mass analog, con néu khong c6 thindi chung v6i GND.

St dung dao dong thach anh:
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XTALI va XTAL2 theo thit tr 12 ngd vao va ngd ra clia mach khuéch dai ddo dugc thiét k& s
dung nhu mach dao dong ndi dudc trinh bay & hinh 2. Thach anh hoic mach cdng hudng ceramic déu
c6 thé st dung d€ tao dao dong.

MAX 1 HC BUFFER

L
o< fiche e
-~

b [XTAL2
ST IxTau

GND

Hinh 3. Két ndi thach anh v6i 2 ngd vao XTALI va XTAL2.
3. CAutric phan citng:
CAu triic phan ciing clia AVR AT90S8535 dugc trinh bay & hinh 3.

Cackhdibén trong bao gom:

- Kh&i khuéch dai thiic cho cic port'A, B, C, D (portdriver), khdi thanh ghi dit liéu port (Data
Register Port- DRP) va khoidiéukhi€n huéng cho cic port (Data Direction Register port - DDRP).

- Kh&i chuyén ddi tin hiéu twong ty sang s (ADC) va khdi da hdp chon kénh ngd vao (analog
mul).

- Khéi dao dong ndi véi tu thach anh bén ngoai (oscillator) va khdidao ddong nhin tin hiéu dao
dong tr bén ngoai.

- Khdi thdi gian va diéu khién (timing and control).

- Khéi diéu khién 1ap trinh (programming control): day la kh&i quan trong nhit clia toan bd hé
thong.

- Khdi thanh ghi con trd ngin x€p Stack pointer (Sp): cd chitc ning quin ly bd nhé ngan x&p
(ding b6 SRAM bén trong ) dé Iuu trit cac dit liéu tam thdi trong qué trinh x{ 1y dit liéu.

- Bd nhé SRAM dung dé Iuu trit cdc dit liéu phuc vu cho chuong trinh vi dung lam bd nhd ngin
x&p @€ luu trit cic di liéu tam thdi va lvu trit dia chi khi thuc hién cac chuong trinh con hay cic
chuong trinh con phuc vu ngit.

- Khdi thanh ghi b dém chuong trinh Program Counter (PC): c6 chiic ning quidn ly bd nhd
chuong trinh hay chinh xdc hon Ia quan 1y 1énh. Khi thanh ghi PC trd d€n 1&énh nao thi 1énh d6 dugc
thuc hién.

- Kh&i bd nhé chuong trinh Program Flash: diing d€ luu trit ma 1&énh ctia chuong trinh. Thanh ghi
PC sé& quan 1y bd nhé nay.
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Hinh 3. S0 do cau tric bén trong cha AVR AT9058535.
- Thanh ghi I€nh (Instruction Register) c¢é chitc ndng luu trif ma 1énh.

- Kh&i gidi ma 1énh (Instruction Decoder) c6 chitc nang gidi ma 1énh dé cho khdi diéu khién
chuong trinh bi€t 1énh yéu ciu thuc hién cong viéc xt 1y gi. Sau khi gidi ma xong cic yéu cau thyc
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hién cdia 1énh s& chuyén sang cho khdi diéu khién chuong trinh thuc hién. Rbi ti€p tuc thuc hién viéc
gidi ma 1&nh ti€p theo.

- Khoi thanh ghi da nang va cdc thanh ghix, y, z: ¢6 chiic ning phuc vu cho viéc luu trit dit liéu
dé chuong trinh xt 1.

- Kh6i ALU c6 chic ning thuc hién cac 1énh xt 1y dif liéu nhu cong, trir, nhin, chia, ting, gidm,
and, or, exor, so sdnh, .. Khdi nay s& thuc hién cac phép toin vdi cac dif liéu chita trong cdc thanh ghi
trén.

- Thanh ghi trang thdi — Status Register c¢6 chitc ning cho biét trang thii cha dit liéu sau khi xi&
ly dit liéu bdikhoi ALU.

- Khéi dao dong bén trong dé tao ra nhiéu cip tin s& khdc nhau d€ phuc vu cho céc tng dung
khdc nhu truyén dit liéu.

- Khdi Watch Dog timer dugc tich hdp dé phuc vu cho viéc dinh thdi thoatkhdi cic vong lip vo
han.

- Khdi timer/counter diing d€ phuc vu cho cac bo dinh thdi cho cic tng dung diéu khién va céc
tng dung nhan xung d€m tir bén ngoai.

- Khéi diéu khién ngit (interrupt): bao gdm cdc chéc'nang nhan tin hiéu yéu cau ngit tir bén
ngoai, xif Iy ngit, vu tién ngit, di€u khién cho phép hay khdng cho phép ngit.

- Khdi bd nh6 EEPROM cho phép luu trit cac dif liéu ma khi mAatdién thi dif lieu van con, s6 lan
cho phép ghi xo4 1&én d&n 100000 lan.

- Khdi truyén dit liéu ba't ddng bo UART: cho phép AVR truyén dit liéu vdi cdc ddi tugng khac.
- Bus dif liéu bén trong ding d€ k&t ndi tit ca cic khdi vdi nhau d€ trao d6i dir liéu.

4. Tong quan vé ciu tric AVR

Khai niém file thanh ghi truy xuit nhanh chita 32 thanh ghi 8 bit hoat dong da nang tdng quat
v6i thoi gian truy xud't trong mot chu ky xung clock duy nhit. Piéu nay c6 nghia 1a trong mdi 1 chuky
xung clock — mot phép todn trong khdi ALU dugc thuc hién. Hai todn tf dugc xuitra tir file thanh ghi,
phép todn dugc thyc hién va k€t qua dudge Ivu trd lai trong file thanh ghi chi trong 1 chu k¥ xung clock.

S4u trong 32 thanh ghi c6 thé dugc diing nhu 13 céc con trd thanh ghi dia chi gidn ti€p 16 bit &€
dinh dia chi ving nhé dit lig¢u (Data Space ) — cho phép tinh toan dia chi mdt cich hi¢u qua. Mot trong
3 con trd dia chi cling dudc sit dung nhu 1a con trd dia chi cho chiic nang tim ki€m hing s6 bang (for
the constanr table look up function). Cdc thanh ghi chitc ndng nay 1a X register, Y regiester va Z
register.

Kh&i ALU thyc hién cdc phép todn dai s6 va cidc phép todn logic giita cdc thanh ghi ho#c giita
hing s6 va thanh ghi. C4c phép todn chi xdy ra trén 1 thanh ghi ciing dudc thyc hién bdi khoi ALU.
Hinh 4 trinh bay c4u triic RISC ciia vi diéu khi€n AVR AT90S8535.

Thém vao cédc hoat dong clia thanh ghi thi cidc ki€u dinh dia chi bo nhé theo qui uSc ciling c¢6 thé
dugc st dung trén file thanh ghi. Piéu nay dugc cho phép bdi file thanh ghi dudc gdn bdi 32 dia chi
viing nhé dit lidu thdp nha't ($00 — $1F) cho phép chiing dugc truy xuat nhu 13 nhitng 6 nhé binh
thudng.
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Hinh 4. Cau tric RISC cba AVR AT90S8535.

Ving nhé 10 ¢6 64 dia chi phuc vu cho khdi ngoai vi cia CPU nhu cic thanh ghi diéu khién
(control registers), timer/counters, A/D converters va cdc chitc ning 10 khac. Ving nhé 10 ¢6 thé truy
xud't tryre ti€p hodc dudc xem nhu 1a mot viing nhé dit liéu ti€p theo sau file thanh ghi tir $20 d&én $5F.

AVR dung y twdng cau tric Harvard — v6i viéc chia cdc ving nhé va bus cho bd nhé chuong
trinh va by nhG dir lieu. B nhd chuong trinh duge thuc hién vdéi 2 tﬁng dudng &ng (two stage
pipeline). Trong khi 1 Iénh dugc thyc hién thi 1énh ti€p theo s& dugc dén tir bd nhd chuong trinh. Y
tudng nay cho phép cdc lénh dudc thuc hién trong mdi chu ky xung clock. B6 nhé chuong trinh dugc
tich hgp trong hé thong bd nhé Flash.

Véi céc 1énh nhdy va 1énh goi tuong ddi trong pham vi 4k khong gian b nhd thi dugc truy xua't
trc ti€p. Hau hét cdc l1énh clia AVR déu c6 tirt ma 1énh 16 bit. M&i mot dia chi 6 nhé chuong trinh
chira Iénh 16 bit hoac 32 bit.

8 Vixd Iy

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn

CuuDuongThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi

Khi thuc hién ngit va lénh goi cdc chuong trinh con thi dia chi trd vé chudng trinh chinh luu
thanh ghi PC dugc luu trong ngan x&p. Bo nhd ngiin x&p dudc cap phét trong ving nhd SRAM da dung
va do d6 kich thu6c bd nhd ngan xEp s& bi gidi han bdi kich thuc toan bd bd nhé SRAM va viéc st
dung bd nhé SRAM. T4t ci cac chuong trinh clia ngudi dung phai dudc khdi tao véi SP trong thli tuc
reset (trude khi chuong trinh con hodc ngét dugc thuc hién). Con trd SP quan 1y bd nhé ngin x&p c6
chiéu dai 10 bit c6 thé dugc truy xud't doc/ghi trong viing nhé I10.

Viing nhé dit liéu SRAM 512 byte c6 thé dé dang dugc truy xuit thong qua 5 kiéu dinh dia chi
khdc nhau dugc xay dung trong ciu triic cia AVR.

Cdc viing nhé trong ciu triic clia AVR 1a cac bang do nhd tuyén tinh va quy tic. Cau triic bd nhd
bén trong cia AVR nhu hinh 5:

Program Memiory Data Memory Data Memory
$000 32 Gen. Purpose 30000 5000
Working Registers [gop1F
30020
Program Flash B4 1/0 Registers EEPROM
(ZK/AK x 16) S005F {256/512 x 8)
$0060
Internal SRAM S0FF/B1FF
/,——//’”;j 2 ¢ 0
S016F/S025F
STFFISFFF

Hinh 5. Bang d6 cUa cac bd nhé.
Trong bing dd nhé & trén chiing ta thdy c6 3 loai bd nhé khic nhau tich hgp trong AVR gdm bd
nhé chuong trinh (Program Memory) va hai loai bd nhé dit liéu (Data Memory): gdm bd nhé SRAM
va bd nh6 EEPROM.

B06 nhd chuong trinh ctia AT90S8535 c6 dung Iugng 1a 8Kbyte, mdi mot 6 nhd 12 16 bit, con cac
loai bd nhé dit liéu thi mdi mot 6 nhd 1a 8 bit. Bing dd nhd § trén c6 2 thong s6 thi thdng s& ding
trude 1a clia AT90S4434, con thong sd ditng sau 1a clia AT90S8535.

B6 nhé dit liéu bén trong gdm c6 3 thanh phan: thi nha't 13 32 thanh ghi hoat ddng da nang c6
dia chi tir $000 d&n $01fh, thanh phan thit 2 12 64 6 nhd cla cdc thi€t bi ngoai vi 10 va 512 byte
SRAM.

B6 nhé dif liéu EEPROM c6 512 6 nhé dung @€ Iuvu trit dit liéu va khong c6 gi dic biét.
File thanh ghi hoat dong da nang:
Hinh 6 trinh bay ciu tric cia 32 thanh ghi hoat dong da ning trong CPU.
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Chuong 4. Vi diéu khign AVR. SPKT — Neuyén Dirh PH)
T 0 Addr.
RO $a0
R1 5
R2 502
R12 =00
General R4 s0E
Furposs R15 S0F
Working R16 $10
Regsters RI17 N
R26 21A F-regster low byte
R2T EiB X-regizter high byts
R28 BiC Yaregister low byta
R20 31D Y-register high bybe
R30 BiE Z-register low oyte
R31 g1F Z-register high byte

Hinh 6. Cac thanh ghi hoat dong da nang cia CPU AVR.

T4t ca cic 1énh x Iy trong tap 1énh déu co thé truy xuat truc ti€p trén cdc thanh ghi nay va chi
thuc hién trong khoang thdi gian 1 chu k¥ mdy - ngoai trir 5 Iénh thuc hién cdc phép todn dai s6 va
logic: SBCI, SUBI, CPI, ANDI, ORI x4y ra giita hiing s8 va thanh ghi va 1énh LDI — nap dit liéu hing
s0 tryc ti€p. Cdc 1énh nay chi 4p dung cho phan nita ¢ic thanh ghi con lai trong file thanh ghi tir R16
dén R31. Cdc lénh tng quat SBC, SUB, CP,AND va tit ca cic 1énh khéc xy ra giita 2 thanh ghi va
trén 1 thanh ghi déu c6 thé dp dung cho toan bd file thanh ghi.

Nhu d3 trinh bay trong hinh 6, mdi thanh ghi ciling c6 thé dugc gan mot dia chi bo nhg dit ligu,
dinh vi ching truc ti€p trong 32 & nhd diu tién clia ving nhd dir lidu clia ngudi st dung. Mic du
khong st dung dia chi vat Iy nhu cdc 6 nhé clia SRAM nhung viing nhé nay dugc t8 chitc cung cAp
mdt su linh hoat rat I6n trong viéc truy xudt clia cac thanh ghi nhu thanh ghi X, Y va Z c6 thé dugc
thi€t 1ap d€ chi t6i bat ky thanh ghinao trong file thanh ghi.

Thanh ghi X, Y va Z:

Cédc thanh ghi tir R26 dén R31 dugc k€t hop lai tao ra 3 thanh ghi X, Y va Z dé st dung cho céc
muc dich da ning khdc. Cac thanh ghi nay 1a cac con tré dia chi d€ dinh dia chi gian ti€p cdc 6 nhé
trong ving nhg dir li€u.

Hinh 7. Trinh bay cac thanh ghi X, Y va Z.

18 0
X - register 7 o7 0|
R27 ($1B}) R2E (514)
15 0
¥ - register I 07 [l |
—
R23 (51D) R28 (51C)
15 0
Z - register I o7 ol
= I
R31 (31F) R30 ($1E)
10 Vixd Iy
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Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi

Hinh 7. Trinh bay cac thanh ghi X, Y va Z.

Cha y thit oy cac thanh ghi khi k&t hop.

Trong cic ki€u dinh dia chi khdc nhau, c4c thanh ghi ndy c6 chiic ning Iuu trit dia chi co dinh,
dia chi ting lén d€ truy xuiit d€n 6 nhd ti€p theo sau khi thuc hién xong 1énh, dia chi gidm xudng dé
truy xuat 6 nhé k€& sau khi thyc hién xong 1&nh.

Khoi ALU:

Khdi ALU trong AVR thuc hién két ndi truc ti€p vdi ti't ca 32 thanh ghihoat dong da ning tdng
quit. Trong mot chu ky duy nhat cda xung clock, cac phép toan clia khdi ALU x3y ra giita cic thanh
ghi trong file thanh ghi dudc thuc hién. Cdc phép todn clia khdi ALU dudc chia ra lam 3 loai: phép
toan s& hoc, phép todn logic va cdc phép toan xit 1y bit.

Bo nhé chuong trinh flash cé thé ldp trinh trong hé thong:

AT90S8535 c6 8K byte bd nhé chuong trinh flash c¢6 thé lap trinh trong hé thong d€ Iuu tri
chuong trinh. Do tit ci cdc 1énh déu c6 chiéu dai 12 16 bit nén bd nhé FLASH 8 chitc theo 4K x 16.
B0 nhé flash c6 thé ddm bao dude cho 1000 chu ky nap x6a. Thanh ghi PC clia AT90S8535 ¢o chiéu
dai 12 bitdo d6 c6 thé truy xuat 4096 dia chi clia bo nhd chuong trinh.

B nho ditligu SRAM:
Hinh 8 s& trinh bay céch thifc t8 chic clia bo. nh6' SRAM ciia AT90S8535:
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Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi
Register File Data Address Space
T S0000
21 20001
R_E 50002
RoG S001D
R30 001E
R34 4 5001F
1O Registera ______________
300 30020
$01 50021
302 $0022
53D 005D
£3F $005E
K 20000
Internal SEAM
$0060
S0061
F015E/3025E
30157/5025F

Hinh 8. Trinh bay cau tric bd nhé SRAM.
Viing nhé dit liéu thap c6 608 dia chi dung dé dinh chi cho: file thanh ghi, cho bd nhé 10 va cho
bd nhd SRAM. 96 6 nhé dau tién 13 dia chi clia file thanh ghi va clia viing nhé 10. 512 6 nhé ti€p theo
la dia chi ciia ving nhé di liéu SRAM bén trong.

Nim ki€u dinh dia chi khdc nhau cho viing nhé dit liéu bao gdm: dinh dia tryc ti€p (direct), dinh
dia chi gidn ti€p (indirect with displacement) va gidn ti€p vSi ting dia chi. Trong file thanh ghi, thanh
ghi tir R26 d&€n R31 t§ chifc thanh thanh ghi con trd dia chi c6 thé dinh dia chi gidn ti€p.

Pia chihda tryc ti€p toan bd ving dir lieu.

Trong dia chi héa gian ti€p vSi ciu tric ki€u thi 63 6 nhd cb thé truy xua't tir dia chi nén dugc
cho bdi thanh ghi Y hoic thanh ghi Z.

Khi diing cic ki€u dinh dia chi gian ti€p ding thanh ghi v6i dia chi tr dong ting hoic gidm,
thanh ghi dia chi X, Y va Z tang hodc giam.

32 thanh ghi hoat dong da ning tdng quat, 64 thanh ghi IO va 512 byte clia bd nhd dit licu
SRAM bén trong AT90S8535 c6 thé dugc truy xuit thong qua tat ca cic kiu dinh dia chi nay.

Hiy xem phin ti€p theo s& trinh bay chi ti€t cdc ki€u dinh dia chi khac nhau.

Cac ki¢u truy xudt b nhé dit ligu va by nhé chuong trinh:

Vi diéu khi€n AVR AT90S8535 cung ciip nhiéu ki€u dinh dia chi manh va hiéu qua dé truy xui't
bd nhd chuong trinh (flash) va bd nhé dit lieu (SRAM, file thanh ghi va vung nhé 10). Vai tro cla
nhiéu ki€u dinh dia chi khac nhau dugc cung cap bdi cau triic cia AVR. Trong cic hinh ki hiéu OP
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| Chiong4. Vi dibukhigh AVR. SPKT — NguyBn Brh PHi

(operation code) c6 nghia Ia phAn mi tdc t6 cia tir Iénh. P& don gian, khong phai hinh nao ciing trinh
bay vi tri chinh xdc clia cac bit dinh dia chi.

a. Kiéu dinh dia chi tryc ti€p, thanh ghi don Rd:
Kiéu dinh dia chi tryc ti€p diing thanh ghi va 2 thanh ghi nhu hinh 9.

REGISTER FILE

oF d

kL

Hinh 9. Kiéu dinh dia chi tructiép dung thanh ghi va 2 thanh ghi.
Téc t& dugc chita trong thanh ghid (Rd).

b. Kiéu dinh dia chi truc ti€p, ding 2 thanh ghi Rd va Rr:
Kiéu dinh dia chi truc ti€p dung thanh ghi va 2 thanh ghi nhu hinh 10.

REGISTER FILE

P i d

W

d

Hinh 10. Kiéu dinh dia chi truc tiép ding thanh ghi va 2 thanh ghi.
Céctdc t§ dude chita trong thanh ghir (Rr) va d (Rd). K&t qua dugc Iuu trong thanh ghi d (Rd).

c. Kiéu dinh dia chi tryc ti€p 10:
Kiéu dinh dia chi tryc ti€p 10 nhu hinh 11.
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I3 MEMGRY

‘_.
e
-

oF n F

R4

B3

Hinh 11. Kiéu dinh dia chi truc tiép IO.

Pia chi cha tic 0 dugc chifa trong 6 bit clia tir ma lénh: n 13 dia chi clia thanh ghi dén
(destination) hodc thanh ghi ngudn (suorce).

d. Ki€u dinh dia chi truc ti€p dir liéu:
Kiéu dinh dia chi tryc ti€p dit liéu nhu hinh 12.

Diata Space

3 2018
op RoRd

000

E

16 LSBs

S0SFs
S025F

Hinh 12. Kiéu dinh dia chi truc tiép dit liéu.

Dia chi 16 bit clia dir liéu trong tr ma 1énh th 2 cha tir ma 1€nh 2 word. Rd/Rr chi dinh thanh ghi
dén hoic thanh ghi ngudn.

e. Ki€u dinh dia chi gidn ti€p dir lieu vdi displacement:
Kiéu dinh dia chi gidn ti€p dir liéu vSi displacement nhu hinh 13.

Dala Space

20000

Y OR Z-REGISTER

HASF

DSk

Hinh 13. Kiéu dinh dia chi gidn tiép dit liéu véi displacement.
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Dia chicida tdc t6 12 k€t qua clia ndi dung Iuu trong thanh ghi Y hoidc Z cong vdi dia chi 6 bit a
c6 trong tif ma lénh.

f.  Ki€u dinh dia chi gian ti€p dir li¢u:
Kiéu dinh dia chi gian ti€p dit liéu nhu hinh 14.

Data Space

S0000

o

0

XY ORZ-REGISTER |

b

S015F/
SO025F

Hinh 14. Kiéu dinh dia chi gidn tiép dit liéu.

bia chi ctlia tdc t& luu trong thanh ghi X hodc Y hodc Z.

g. Ki€u dinh dia chi gi4n ti€p dir lieu vdi pre - displacement:
Kiéu dinh dia chi gidn ti€p dit liéu vSi pre ~ displacement nhu hinh 15.

Data Space

50000
15

. ¥ Y ORZ-RECISTER

SO15ES
SO25F

Hinh 15. Kiéu dinh dia chi gidn tiép dit liéu vdi pre - displacement.

Noi dung clia thanh ghi X, Y hodc Z gidm di 1 trudc khi thuc hién 1énh. Dia chi cla tdc t6 luu
trong thanh ghi X, Y hoac Z sau khi da giam di 1.

Nhin vao hinh 15 cho chiing ta thd'y dudc ndi dung ctia X, Y hodc Z cong v6i sd -1 va tao ra dia
chi méi dugc cap nhat g lai thanh ghi X, Y hoidc Z va dé ciing chinh 1a dia chi clia 6 nhé can truy
xud't dir liéu.

h. Ki€u dinh dia chi gidn ti€p dit liéu vSi Post - Increment:
Kiéu dinh dia chi gidn ti€p dit liéu vdi Post — Increment nhu hinh 16.
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Tata Space

*0000
i= b

XY ORZ-REGIZTER
1 —

)

Hinh 16. Kiéu dinh dia chi gidn tiép dit liéu voi Post - Increment.

S015FY
§025F

Pia chi clia tdc t8 luu trong thanh ghi X, Y hodc Z . Sau khi thuc hién xong viéc truy xuat dif liéu
thindidung thanh ghi X, Y hodc Z tdng lén 1.

Nhin vao hinh 16 cho chiing ta thi'y dugc ndi dung ctia X, Y hoic Z 1a dia chi cin try xua't dit
liéu sau d6 ndi dung thanh ghi X, Y hodc Zting 1én 1 va cap nhat trg lai thanh ghi X, Y hodcZ .

i. Kiéudinh dia chi diung1énh LPM:
Kiéu dinh dia chi ding 1énh LPM nhu hinh 17.

FROGHRAM MEMORY

000

Z - REGIETER

S7FFI
SFFF

Hinh 17. Kiéu dinh dia chi ding lénh LPM.

Pia chi ctia byte dir liéu dugc chi dinh bdi ndi dung thanh ghi Z. 15 bit cao lya chon dia chi
(trong pham vi 0 — 2K/4K), bit thip nhat trong thanh ghi Z néu bing O thi 1énh s& truy xué't byte di
lieu thap, n€u bing 1 thi s& truy xuit byte cao trong viing nhé 2 byte.

j.  Ki€u dinh dia chi gi4n ti€p bd nhé chuong trinh, IIMP va ICALL:
Kiéu dinh dia chi gidn ti€p bd nhé chuong trinh nhu hinh 18.
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FROGRAM MEMORY
$000
15 0
Z-REGISTER
STFFI
$FFF

Hinh 18. Kiéu dinh dia chi gidn tiép b nhé chuong trinh.
Vié ¢ thuc hién chuong trinh ti€p tuc tai dia chi lvu trong thanh ghi Z.

k. Kiéu dinh dia chi tuong d8i bd nhé chuong trinh, RIMP va RCALL:
Kiéu dinh dia chi gidn ti€p bd nhé chuong trinh nhu hinh 19.

PROGRAM MEMORY

2000
15 0
PC  —
b
(i
Fi
15 12 11 (i
s e— i

Hinh 19. Kiéu dinh dia chi gidn tiép b nhé chuong trinh.

Viéc thuc hién chuong trinh ti€p tuc tai dia chiluu mdibing PC +k + 1. Pia chi twong d6i k nam
trong pham vi tir -2048 dén 2047.
B0 nhé 10:

Vung dia chi khong gian bd nhé 10 cia At90S8535 dugc trinh bay § bang 1:
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'O Address (SRAM Address)

Name Function
$3F {35F) SREG Status REGister
F3E (35E) SPH Stack Fointer High
53D {350) 3PL Stack Pointer Low
$3B (35B) GIMSK General Interrupt MaSK register
$3A(254) GIFR General Interrupt Flag Register
530 (354) TIMSK Timer/Counter Interrupt MaSK register
§38 (358) TIFR Timer/Counter Interrupt Flag register
535 (555) MCUCR MGLU general Gontrol Register
534 (345) MCUSR MCU general Status Register
533 (352) TCCRO Timer/Counter0 Control Register
532 (852) TCGNTOD TimerfCounterd (8-bit)
S2F (34F) TCCR1A Timer/Counterl Confrol Reqgister A
$2E (84E) TCCR1B Timer/Counter! Control Reqister B
52D {34D) TCNT1H Timer/Gounter! High Byte
$2C (84C) TCNTIL Timer/Counter! Low Byte
528 (54B) OCR1AH Timer/Countar! Quiput Compare Ragister A High Byte
$2A (344) OCR1AL Timer/Countar! Output Compare Register A Low Byte
§20 (349) QCR1BH Timer/Counterl Qutput Compare Register B High Byte
528 (548) OCR1BL Timer/Counter1 Cutput Compare Register B Low Byte
527 (347) ICRIH THC 1 Input Capture Register High Byte
526 (348) ICRIL TAC 1 Input Capture Register Low Byte
525 (545) TCCR2 Timer/Countar2 Conftrol Register
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IO Aiddress ({SRAM Address) Name Funstion
324 (344) TGNT2 TimerfCGounter2 (B-bit}
F231843) QCR2 TimerfCounter2 Cutput Compare Registar
FIZi342) ASSR Asynchronous Mode Status Register
3211541) WDTCR Watchdog Timer Comirol Register
1F [33E) EEARH EEFROM Address Regisier High Byte
F1ES3E) EEARL EEPROM Address Register Low Byt
2101830 EEDR EEPROM Data Register
S1C§53C) EECR EEPROM Control Register
F1B(33E) PORTA Data Repister. Port A
FlA(334) DORA Data Direction Register, Port A
F12330) PIMA Input Fins, Port &
FlE I FORTE Data Regisier, Pori B
FITIS3T) DORB Data Direction Register, Port B
308 (536) FINEG Input Pins, Port 8
F15(530) FORTC Data Register, Pori G
F14i334) DORGC Data Direction Register, Port G
F129833) FINC Input Fins, Port C
3124532) PORTD Data Register, Port D
F114531) DORD Data Direction Registar, Port D
FI0330) FIMD Input Fins, Fort D
SOF {32F) SPOR 5Pl 1/ Data Regester
FDE (32E) EPER 5Pl Status Register
500 i520) SPCR SP| Control Register
0T 52C) UDR UART FO Data Register
JE (32E) LR UART Status Register
F04 (324) UCR UART Comirol Register
F00 (320) UERR UART Baud Ratz Register
FlEs28) ACSR Anzlog Comparator Control and Status Register
FOTI52T) ADKMIL ADC Multiplexer Select Repgister
304 (326) ADCER ADG Contnol and Status Register
F05(320) ADCH ADC Data Register High
T4 (324) ADCL ADC Data Register Low

Bdng 1. Bo nhd IO.

TAt cd 10 va cac ngoai vi ctia AT90S8535 dudc dit trong ving nhé 10. Céac 6 nhé 10 dugc truy
xudt bgi 1énh IN va OUT dé truyén dit liéu giira 32 thanh ghi hoat dong da chitc ning va viing nhé I0.
Céc thanh ghi IO nam trong vung dia chi tr $00 d&€n $1F cho phép truy xud't bit ding cac lénh SBI va
CBI. Trong cic thanh ghi nay, gi4 tri cia cdc bit don c6 thé dudc kiém tra bing cach ding cic lénh
SBIS va SBIC. Hay tham khéo tip 1€nh dé& c6 thém chi ti€t.

Khi st dung cac 1énh IN, OUT dé dinh dia cac 10 thi cic dia chi truy xud't cac IO nim trong
khéang tir $00 d&€n $3F. Khi xem cdc thanh ghi IO nhu 12 mot phin cia bd nhé SRAM thi dia chi clia
chiing phai dugc cong thém $20 (hdy xem trong bing dd nhé SRAM). T4t ca dia chi cda thanh ghi IO
dugc trinh bay trong sudt tai lieu nay dudc trinh bay vdi dia chi SRAM nim trong dau ngod c don.

DPé wrong thich véi cdc thiét bi s& dugc xay dung trong tudng lai thi cic bit chura st dung sé dugc
ghi s6 0 néu ching ta truy xudt. Cic dia chi cia viing nhé 10 chua st dung s& khong bao gid dugc ghi
dur liéu.

Nhiéu c& trang thai dugc x6a bing _ Chd y rang
cac lénh CBI va SBI s& hoat dong trén tit cd cdc bit trong thanh ghi I0. Cdc 1énh CBI va SBI s& hoat
dong vdi cdc thanh ghi chi nim trong khoang tir $00 dén $1F.
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Céc thanh ghi IO va céc thanh ghi diéu khién ngoai vi dugc gidithich & phan ti€p theo sau.

Thanh ghi trang thdi — status register - SREG:
Thanh ghi trang thdi SREG ctia AVR ¢6 dia chi trong ving nhé 10 1a $3F ($5F) dudc xac dinh

nhu sau:
Bit 7 8 5 4 3 2 1 0
$3F (35F) | O S I = N O A I T 20
Readiite RIw R RV R R R R RIW
Initial value 0 0 0 0 [ 0 0 0

Chiic nang cla cdc bit:
Bit 7: Global Interrupt Enable - bit I: bit cho phép ngét toan cuc:

Bit I phai dudc thi€t 1ap & mic logic 1 d@& cho phép ngit.
Sau d6 tirng bit di€u khién ngit doc 1ap dudc thuc hién trong thanh ghi diéu khién riéng. Né&u
Bit I & miic O thi khong cho bit ky ngit nio x4y ra cho du tirng bit diéu khién ngit § trang thdi cho

phép.
Bit I s& bi x6a bdi phin citng sau khi ngit xdy ra va sé trd lai mifc 1 d& cho phép ngit sau khi
thuc hién 1énh trd ve tif chuong trinh con phuc vu ngdt RETI

Bit 6: Bit Copy Storage - bit T: bit copy va luu trir':

Céc I€nh copy bit BLD (Bit Load) va BST (Bit Store) dung bit T nhu la bit source va bit
destination cho cic hoat déng bit. Mot bit tir 1 thanh ghi trong file thanh ghi c6 thé copy vao bit T
bing 1énh BST va bit T c6 thé dugc copy vao mdt bit trong thanh ghi nam trong file thanh ghi bing
1énh BLD.

Bit 5: Half Carry flag - bit H: bit cd tran phu:
Bit c& tran phu luvu trang thdi tran phu trong 1 s& cic phép toan. Hiy xem chi ti€t & phan 1&nh.
Bit 4: Sign bit - bit S — S =N (+) V: bit dau :

Bit ddu S thudng la k&t qué clia phép todn ex-or gitta bit N (bit Negative) va bit V (over flow).
Hiy xem chi ti€t & phan 1&nh.

Bit 3: Bit Two’s Complement Overflow Flag — bit V:

C& tran bu 2 V dugc xay dyng dé thuc hién cic phép todn bu hai.
Bit 2: Bit Negative Flag — bit N:

C6 56 am N xac dinh kétqlia phép todn 12 s6 am.

Bit 1: Zero Flag — bit Z:

Cd zero xac dinh két qlia phép todn biing 0 hay khic 0.

Bit O0: Carry flag — bit C:

Co tran xac dinh k€t qlia phép todn c6 bi tran hay khong.

Chii y: thanh ghi trang thai s& khong ty dong luu trit khi thuc hién chuong trinh con phuc vu ngit
va s& khong khdi phuc lai khi tr§ vé chuong trinh chinh. Chiing ta phai tuf Iuu trit bing phan mém néu
can.
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| Chiong4. Vi dibukhigh AVR. SPKT — NguyBn Brh PHi

Thanh ghi con tré ngdn xép — stack pointer register - SP:

Thanh ghi con trd ngin x&p ctia AT90S8535 dudc thi€t k&€ nhu 1a 2 thanh ghi 8 bit nam tai dia
chi $3E ($5E) va $3D ($5D) trong ving nhd IO. Do ving nhG di liéu chi ¢6 $25F 6 nhd nén thanh ghi
SP chicé 10 bit dugc st dung.

CAu tric clia thanh ghi Sp nhu hinh sau:

Bit 15 14 13 12 T 10 9 8
$3E (55E) - - - - - . SPa | SPs | SPH
$3D (S5D) SPT SP6 SP5 P4 SP3 P2 S SPO SPL
7 3 5 3 3 % y 0
Readirite R R R R R R RIW R
RIW RAW R RN RAY RAY R RV
Initial value a L] o] [H] [H] ] 0 0
0 0 0 0 0 D D

Thanh ghi con tré quan 1y ving nhé dit liéu ngan x€p cia bd nhé SRAM, tai viing nhé ngan x€p
dung dé€ Iuu cdc dif liéu cia chuong trinh con va chudng trinh con phuc vu ngit. Viing nhé ngin x&p
trong ving nhé SRAM phdi dugc xdc dinh bdi chuong trinh triuGe khi c6 batky chuong trinh con nao
dudc thyc hién hodc cdc ngit dudc phép.

Con tré ngan x€p phai dudgc thi€t lap taidia chi trén $60.

Con trd ngan xé&p gidm di 1 khi dit liéu dugc cat vio bd nhé ngin x€p bdi lénh PUSH, con trd
ngin x&p gidm di 2 khi dia chi dugc ciit vao ngin x&p khi thuc hién 1énh goi chuong trinh con hodc khi
chuong trinh con phuc vu ngit dugc thuc hién.

Con trd ngan x€p ting 1&én 1 khi dit liéu dugc 14y ra 6 ngin x&p bang 1&énh POP, va con trd sé
ting 1én 2 khi dia chi dugc 1dy ra khdi ngan x&p khi thuc hién 1énh két thic chuong trinh con RET trd
vé chuong trinh chinh hoic 1énh k&t thic chuong trinh con phuc vu ngit RETI @€ tr§ vé chuong trinh
chinh.

Piéu khi€n RESET va ngit:

AT90S8535 cung cip 16 ngudn tin hiéu ngat khdc nhau. Cdc ngitnay va cac vector ngit déu cé
1 vector chuong trinh riéng trong viing nhé chuong trinh. TAt cd céc ngat dudc gén vGi cac bit cho
phép ngit ddc lap — bit cho phép ngit phai dudc thi€t 1ap & miic 1 cing vdi bit I nim trong thanh ghi
trang thdi dé€ cho phép ngit x4y ra.

Céc dia chi thip trong viing nhé chuong trinh duge x4dc dinh khi reset v céc vector ngit hoan
toan tu ddng. Danh sdch liét k& day di cac vector dugc trinh bay § bang 2. Danh sich ndy ciing xdc
dinh cdc mifc dd wu tién ctia nhiéu ngit khac nhau. Pia chi cang thdp thi mic do wu tién ngit cang
cao. RESET c6 mtic do uu tién ngét cao nhat, ti€p theo 1a INTO — External interrupt request 0.
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SPKT — Neuyén Dirh PH)

Vector No. Program Address Source Interrupt Definition
1 3000 RESET Hardware Pin, Power-On Reset and Watchdog Reset
2 5001 INTO External Interrupt Request 0
3 5002 INT1 External Interrupt Request 1
4 5003 TIMERZ COMP Timer/Counter2 Compare Match
5 5004 TIMERZ OVF Timer/Counter2 Overflow
6 5005 TIMER1 CAPT Timer/Counter1 Capture Event
7 5008 TIMER1 COMPA Timer/Counter1 Compare Match A
8 5007 TIMER1 COMPB Timer/Counter1 Compare Match B
9 5008 TIMER1 OVF Timer/Counter1 Overflow
10 5009 TIMERO OVF Timer/Counterd Overflow
1" $00A SPI, STC SPI Serial Transfer Complete
12 $00B UART, RX UART, Rx Complete
13 g00C UART, UDRE UART Data Register Empty
14 $000 UART, TX UART, Tx Complete
Vector No. Program Address Source Interrupt Definition
15 $00E ADC ADC Conversion Complete
16 $00F EE_RDY EEPROM Ready
17 5010 ANA_COMP Analog Comparator

Bdng 2. Reset va bdng vector ngdit.

Tir bang vector ngit nén mot chuong trinh thudng dugc bit ddu nhu sau dé trdnh cdc ving dia

chingdt nhu chuong trinh sau:
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Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi
Address Labels Code Commenta
000 rimp RESET ; Reset Handlar
5001 rimp EXT_INTO ; IRQO Handler
002 rimp EXT_INT1 ; IR1 Handler
003 rinp TIMZ COMP  ; Timer2 Compare Handler
004 rinp TIMZ OVF ; Timerz Overflow Handler
S005 rimp TIM1 CRAPT ; Timerl Capture Handler
an0e rimg TIM1_COMPA ; Timerl Compared Handler
007 riwp TIM1 COMPE ; Timerl ComparsP Handler
Fooe rimp TIM1_OVF ; Timerl Overflow Handler
008 rimp TIMO OVF ;: Timerd Overflow Handler
s00a riwmp EPI_ETC; ; EPI Transfer Complete Handler
S00b rimp  UART RHC ; UART RX Complata Handlar
sn0c rimp  UART DRE ; UDR Empty Handlar
s00d rimp UART TXC ; DRRT TX Complets Handler
s0de rimp ADC ; BDC Conversiom Complete Interrupt Handler
S00E rimg EE RLT ; EEPRCM Eeady Handler
010 rimp  ANA COMP ; Analog Comparator Handlar
5011 MATH : 141 rlé, high(RAMEND); Maln pregram gtart
anl2 out EDH,rle
s0l32 1ldi rlé, low(FAMEND);
014 ont SPL, r16
5015 zinatys oo

Ngudon RESET:

AT90S8535 ¢6 3 ngudn reset:
» Reset khi cap dién: MCU sg bi reset khi ¢6 dién 4p cung cAp thap hon dién ap ngudng reset khi
md dién (power — on reset threshold Vpot).

» Ngit ngoai: MCU bi reset khi ¢6 mitc thip dudc xud't hién & ngd vao chan RESET\ kéo dai hon
50ns.

*  Watchdog reset: MCU bi reset khi chu ki thdi gian watchdog hét hig¢u luc va watchdog dugc phép.
Trong qué trinh reset tit ca cdc thanh ghi IO dugc khdi tao cac gid tri bit diu va chuong trinh dugc bit
diu tai dia chi $000. Lénh dit tai dia chi $000 phai 12 Iénh RIMP — 1énh nhay tuong d6i — @€ nhdy d€n mot ndi
khdc trdnh viing nhd clia cdc vector ngit. N€u chudng trinh khong bao git sir dung ngét, cidc vector ngit khong
dugc st dung thi méi 1énh clia chuong trinh c6 thé viét bit dau tai dia chi $000 ma khong cin phdi nhdy. Mach

dién & hinh 20 trinh bay mach reset. BAng 3 xdc dinh thdi gian va cdc thong s6 dién clia mach dién reset.
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Chuorg 4. Vi diukhign AVR.

SPKT — Neuyén Dirh PH)

VCC

Powewn Resst

POR

Circuit

100-500K

Reset Circuit

Watchdog

m T s
1/

Timer

i

FSTRT

COUNTER RESET

On=Chip
RC~Oscillater

14=Stage Rippls Counter

]|

—— INTERNAL RESET

—R
o0 st} 013
CTTTTTTTTTTT

Hinh 20. Mach dién reset.

Symbol | Parameter Min Typ Max Units
., | Power-On Reset Threshold (rising) 10 14 18 v
V Y
meT Power-On Reset Threshold (faling) 0.4 0.6 0.8 v
Vet RESET Pin Threshold Voltage 0.6Vee v
Reset Delay Time-Out Period
t 1 16 21 ms
TOUT | FSTRT Unprogrammed
Reset Delay Time-Qut Period
t 1.0 1.1 12 ms
TOUT | FSTRT Programmed

Bang 3. Cac thong sb reset vai ngudn Vcc = 5V.

Chi y: reset khi cip ngudn sé khong hoat dong trir khi ngudn cung ciip c6 dién dp dudi Vpot.

FSTRT Time-out at V- = 5V Number of WDT cycles
Programmed 1.1ms 1K
Unprogrammed 16.0ms 16K

Bang 4. S6 chu ky dao dong cGa Watchdog timer.

5. Taplénh cua AVR:

Thudt ngi¥ ctia tdp lénh:

SREG: status register — thanh ghi trang thai.

: Carry fla

Thanh ghi va tic to

g in status register

Zero flag in status register
Negative flagin status register
Two’s complement overflow indicator
N (+) V for signed test

Half carry flag in status register
Transfer bit used by BLD and BSt instructions.
Global interrupt enable/ disable flag.

Rd: Destination (and source) register trong file thanh ghi.
Rr: Source register trong file thanh ghi.
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Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi

R Result after instruction is executed — k&t qua sau khi 1énh thyc hién xong
K constant data — thong s§ dit liu

k: constant address — thong so dia chi

b: Bit trong file thanh ghi hoac thanh ghi 10 (3bit)

S bit trong thanh ghi trang théi (3 bit)

X

Y, Z: thanh ghi dia chi gian tiép.
(X=R26:R27,Y = R29:R28, Z = R31:R30).
A: IO 1location address — dia chi cia IO
q: displacement for direct addressing (6 bit)

10 REGISTER:

RAMPX, RAMPY, RAMPZ

Céc thanh ghi dugc két ndi v6i X, Y va Z cho phép dinh dia chi gidn ti€p clia toan bd khong gian bd nhé dit licu
trong MCU véi dung Iugng bd nhé hon 64k byte va dén dit liéu trong MCU véi dung lugng bd nhd chuong
trinh hon 64K byte.

RAMPD

Thanh ghi dugc k&t ndi v6i thanh ghi Z cho phép dinh dia chi truc ti€p toan bd khdng gian bd nhd dit lidu trong
MCU véi dung lugng 16n hon 64K byte.

EIND

Thanh ghi dugc két ndi v6i tir ma 1énh cho phép nhdy gian ti€p va goi bit ky noi ndo trong bd nhé chuong trinh
tréen MCU véi dung lugng khong gian b nhd 16n hon 64K byte.

STACK
Stack: diing d€ luu cic dia chi tr& vé€ va ndi dung cic thanh ghi cA't tam thoi.
SP: con trd quan 1§ b nhé ngan x€&p.
FLAG
Ki hiéu cho bi€t sy 4nh hudng ctia Iénh d€n cic bit trang thdi trong thanh ghi trang thai.
Flags
= Flag affected by instruction
0 Flag cleared by instruction
1. Flag set by instruction

- Flag not affected by instruction

Tap 1énh dugc tom tit § bang 5:
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Mremonics | Operands | Description | Cperation Flags #Llock Mote
Rrithmietic and Logic Instructions

A00 Rd, Rr Add without Camy Rd~Rd =< RAr ZCMWVSH

ADC Rd, Rr Add with Carmy Rd+Rr+C ZCMNVSH

ADIW R, K Add Immediate fo Word ?‘L:—'{l Rd +— Rd+1:Rd+ K ZONNS |2

SUB Rd, Rr Subfract without Carry Rd+ Rd-Rr LGNS H

SUBI Rd, K Cubdract Immediate Rd &« Rd-K ZCMVSH

88C Rd, RBr Subiract with Carmy Rd=Rd-Rr-C ZCMVEH

S8CI Rd, K Subtract Immiediats with Carry Ri+Rd-K-C ZEMNMSH

S Rd, K Subfract Immediate from YWord Rd+1:Rd + Rd+1:Rd - K ZONNS |2

AND Rd, Rr Logical AND Rid + Rd #Rr ZNNS

ANDI Rd, K Logcal AND with Immediats Fid &« Rd ek ZMNYS

OR Rd, Rr Logical OR Rd + RdwRr ZNNS

ORI R, K Logecal OR with Immediate Rd+ RdwK ZNWS

EOR Rd, Rr Exclusive OR R+~ Rd & Rr ZNVS

SO Rd One's Comgplement Rid « §FF - Rd ZOMNYS

NEG =d Two's Complemant Ril & 500 - Rid ZLCNVEH

S8R R, K Szt Bitfs) in Register Rd— Rdwk ZMNVS

CBR Rd K Clear Bis) in Register Rl &= Rd & ($FFh - K} FNVS

INC Rd Increment Rd=FRds1 ZHNNS

DEC Rd Decrement Rd &Rd-1 ZMNS

TET Fd Test for Zer or Minus Fd +— Rd «+Rd ZNVSE

CLR: Rd Clear Fagisier R+~ Ad&Rd ZNVS

SER =d St Register Fid & SFF Mone

MUL Rd,Rr Multzply Unssgnea R1:R0 « Rd = Rr (UU} ZC 2

MULE Rd.Rr hultity Signed R1:R0 « Rd = Rr (25) ZC 2

MULSU Rd.Rr Mulbply Ssgned with Unsigned R1:R0 « Rd = Br (5U) ZC 2

FMUL Fd Rr Fractional Multply Unsigned FA-RO & (Rd « Rrie=t (UL Pl 2

FMULS Rd,Rr Fraciional Mulbply Signed R1:R0 « (Rd x Rri=<1 [35) rall o 2

FRLULEU Rd,Rr Fractional Mulbiply Signed wih R1:R0 « (Rd = Rrie=1 (5L} ZC 2
Linsagmed

Bang 5. Tom tat tap lénh.
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Mnamanles | Qperands ‘ Descripdon Operation Flage EClock Mota
Branch Ingtructions
RIMP K Reladve Jump PCe—PC+E+1 Yone 2
LR Indirect Jump fa (Z) PCI1S0) 2 PC[21:1E) <D Yone 2
= Extznded Indirzct Jump to (2} PCI1SD) « Z, PC[211E) —~ EIND Hone 2
R k Jump FCel Nane 3
RCALL k Felatve Call Sutrouting PCoPC+i+1 Mane 314
ICALL Indlirect Sall ta (2) Ci150) 2 PC21:16) =0 Yaone 3/4
EIZALL Extended Indlrect Call ia ) PO1E0) 2, PC[21:1E] — EIND Yone 4
CALL K Call Suproutine PC K Hone 443
RET Suproutine Retum PC — STACK Yone 43
RETI Intesrupt Ratum PC « STACK 4/5
CR3E [ | Compars, S0 I Equal H{Fd=RrPC_PC+ 2003 Mane 11243
cH Fd.Rr Compars Rd-Rr ZoHWEH | 1
CRC Fed Rr Compare wiln Camy Rd-Rr-C ZoHVER | 1
Pl Fid. ¥ Compare win immedlate Fd - K ZoHVER |1
SBRGC Rr o ZKlp M BIt In Register Cheared i (Rnbj=0) PG o PC + 2ar 3 Hone 123
SERS Rrb SAIp 1 Elt In Reglster Sat 1 {Rrfoj=1) PG« PC ¢ 2jar3 Mane 11
ZBIC A D Saip MBI 1D Regiser Cleared | IINOJALD PO —Fo+ 2003 Mane 14
SBIS & D Exlp Bl I D Register Sat A1) PC—PE+ 2ard aone 10213
BREBS £ Branch I Siatus Flag Set [T {SREG[s) = 1] then PC—FC+E+ 1 | MNaone 112
BRBC 5 Eranch I Status Flag Jleared It (SREG(s) = O then S —PC+k+1 | Mone 112
BREQ K Branch if Equd MZ=1)enPC—PC+i+1 Yone 112
BRME K Branch I Mot Equal MEZ=0O)menPC=PC+i+1 Nane 112
BRCS 4 Branen If Carny Sat f(Cm1)thenPC —PC+i 41 Mane 1112
BRCC L Eranch ¥ Camy Clearsd {C=0) Tien PE —~FE+ R+ 1 Yone 1/2
BR:SH k EBranch If Zame or Higher 1{C =0} hen PE—PC+ R+ 1 Yone 112
BRLO K Braneh | Lower M{C=1)then FE —~PC+ R+ 1 Yone 112
BRI K Eraneh I kinus [T (=) then FG—PC+E+1 Yone 112
BRPL K Eranch I Flus NN = O} thea PG — PC+R 41 Mane 112
BRGE 4 Eraneh If Graateror Equal, MM @y=djinen2C —PC £+ 1 | Mane 111
Signed
BRLT 1 Braneh If Less Than, Signed N &V=1)tenPC <~ PC+k+1 | Nane 111
BRHS K Braneh ¥ Half Carry Flaig Set MH=19) fien P — PO+ R4+ 1 Hone 112
BRHC K Sranch If Haif Carry Flag Slearsd | M[H=0) DEa PC —PC+E+ 1 Mane 112
BRTS 4 Branen I T Flag S& M(T=1)MenPC—PC+i+1 Mane 112
BRTEC K Branch T Flag Clearsd MT=0)MenPC—PC+i+1 Mane 112

Bang 5. Tom tat tap lénh (tiép theo).
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Mnamonice | Operands | Dascripilen Operation Flaga #C1ock Nota

BRVS i Branen I Overfiow Flag |6 St My =1)then PC—PC +k+1 Hone 2

BRWC k Eranch If Overflow Flag |8 I{V=04ihen B —PC 2k +1 Yone 142
Cleared

BRIE k Eraneh If Intermupt Enabled I | =1ythen PO~ PC+k+1 ane 142

BRIO k Braneh ¥ imtzrrupt Ckabled I =Dy then PC—PC+k+1 Yane 142

[z Transfar Instructions

MoV Rd, R Copy Regster Rd & Ar 4one

TSN R, R Copy Regster Far Ro+1:Rd « Rr+1:Rr Yone

LD Fd. K Load Immediais Fd —K Mone 1

oS Fd & Laoad Cirest from data Bpace Rd — [k} Hane 2

Lo Fd. X Load Indiract FRd « {X) Mane 2

Lo Rd, X+ Load Indirect and Past-Increment | Rl — 6L K <X +1 Nane 2

L Rd, - Load Ingirect and Pre- XeX-1,Rd—X) Hone 2
Decrement

L Fd. ¥ Lioad Indirast Rd = (Y] Yone

LD Rd. ¥+ Load Indire? and Fost-increment | Bd = (Y)Y <Y +1 one 2

Lo Fa. -¥ Load Indiract and Fre- ¥ ¥-1,FRd (¥} Mane 2
Dizcrement

Loo R f+g Load Indirect wilth Displacement . |'RI— ¥ +3) Mane 2

Lo Rd, £ Load Irdiragt Fd=Z] Hone z

Lo Rd, Z+ Load indirect and Past-Increment | Rd « (Z), 2« 2+ Mane 2

Lo Rad, -2 Load Inglrect and Pre- 2 Z-1, Rl = {2} Yone 2
Decrement

LoD FRd, Z+q | Load Indrectwith Displacement | Rd — (2= 1) Hone 2

aTE k, Rr Etore Clrect to data space R — [k} “one 2

ST X Rr Store Imglrect %)~ RAr “one 2

a7 = Ar Store Inglrect and Post- (£je=Fr Ke=®+1 one Z
Incremsant

a1 -&, Ar Stare Ingirect and Pre- Ko -1 [E)em Fr Hone z
Decrement

3T Y, Rr Store Imalrect {1)&=FRr “one Z

3T W+ Ar 3tore Ingirect and Fasl- [M)=FRrnY¥—¥+&i Hone 2
Increment

a7 ¥, Ar Store Imgirect and Pre- ¥ -1, [¥i—Fr Mone 2
Decrement

370 Y+Q,Ar Store nglrect with Displacement | (Y = 0] = Fr Mone 2

aT Z, Fr Sfore Inglrect iZ)—Fr Yone 2

8T Z+ Rr Stare (mgirect and Posl- i) =RrZ—2:1 “aone 2
Incremsnt

Bang 5. Tom tat tép lénh (tiép theo).
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Mnsmanice | Operande | Descripilon Operation Flags #C10ck Noba
aT -Z, Rr Share Ingirect and Pre- 2e2-1 (L) =Fr Hong 2
Decrement
3TD Z+,Fr Stors Inglrect wiitn Displacement | (Z+gi< Fr Nane 2
LEM Load Frogram Memary Rl (Z) Mong 3
LFH Fd, Z Load Program lasmary Rl (Z) Nane 3
LFW Fd, Z+ Load Program Memaory and Post- | Rl (2), 22 +1 Nane 3
Inemant
ELPK Extended Load Program Memary | B — (RAMPZ-Z) Hone 3
ELPK Rd, £ Extended Load Program Memary | Rd — (RAMPZ-Z) Hone 3
ELPM Fd, Z+ Extended Load Program Memary | Rl — (RAMPZZ), L Z+1 Hong 3
ang Post-incremen
2PN Shore Program Memory (2}« RARD Mone -
EZ2M Extended Store Fragram [RAMPZI) — R1:RD Hone -
fzmary
1M Fd, & In From 170 Location Fd . LO§A) Hone 1
ouT A Rr Cut To "D Location (D[RS — R Hone 1
FlZH Rr Push Reglsler on SR STACK — Ar Hone 2
PCR2 Rd Pop Reqleter from Slack Rl .« STACK None 2
Elt and Bit-tast Instructions
LEL Fd Loglcal Shit Left Rdin=1 k-Rain) REl—D0.C-Ra{7) | ZCMNVH 1
LER Fid Laglcal Shit Rignt Rainj—Rd(n+1 | RET-0CoRu0) | ZCMY 1
ROL v Fotate Lefl Thoough Camy RdiD}—C Ra(n=1—Rdin) C-Rdi7) | ZEMVH 1
FOR Fid Fotale Rignt Thraugh Camy Rol{ ) RN ) R{n =1}, CoRAi0) | ZCMY 1
AER Rd Artihmetic Shilt Righ? Rdin] — Ro{m1 ) n=0_5& ZOHY 1
2Wap Rd WD Mibbias Rdi2 1)« RAi7. 4) Hong i
BEET B Flag et SREG[S) 1 SREG(E) 1
BCLA b Flag Clear EREGE] 0O SREGE) i
3B o 3et Bt In 1*0 Register [0, B =1 Hone 2
CAI b Clear B In 10 Reqlstar (WA, B0 Hong 2
BET Rr, Bit Store from Regsterio T T« Rnb) T 1
BLD Fd, b Bit load fram T o Register RdiD) —T Nane i
3EC el Camy Ce=1 c 1
CLC Clear Camy C—0 [ 1
SEN =gt Megative Flag M1 N 1
LN Ciear Megathe Flag Nei Y 1
3EL Zel Zem Flag 21 £ 1
CLZ Clear Zem Flag 210 Z 1

Bang 5. Tom 1t tap Iénh (tiép theo).
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Chuorg 4. Vi diukhign AVR.

SPKT — Neuyén Dirh PH)

Mnamonlcs | Operands | Dascription Operation Flaga £C10ck Hots
3B Global Imtemupt Enale | =1 1
CL Global Imemupt Disabke 110
5ES Set Signed Test Flag S 5
CLS Clzar Signed Test Flag S+0 5
SEV Set Tw's Comiplement Cvarflaw | WV —1 Y 1
CLy Clear Twa's Complement LU | W

Crverfion
ZET 3e1TIn SREG T+1 T 1
CLT Claar T In SREG T+0O T
3EH Zet Halt Camy Flag In SREG He1 H
CLH Clear Half Camy Flag In SREG H<1D H 1
WOR Wy Operatlon Hone i
SLEEP Slesp i5ee speciic descr. far Skeep) Nane i
WOR Watihiing Reset {52& spedfe deaar tar WOR) Hane 1

Bang 5. Tom tat tap lénh (tiép theo).

6. Thi¢t k& phan citng hé thong:

Sau khi nim bit dudc ciu tric, t&' chirc va kha ning ng dung ciia chip AVR tdc gia phai thuc hién
cdc cong vi€éc nhu sau:

Phai thi€t k&€ mach nap chip AVR dang ndi ti€p va giao ti€p véi may tinh bing cdng COM hoic cong

LPT.

Chip AVR thi nghiém phai dua ra ddy di cac chan diéu khién d€ giao ti€p vdi cac thi€t bi ngoai vi.

Lwa chon céc itng dung phd bi€n nhu giao ti€p vdi led don, giao ti€p v&i led 7 doan, giao ti&p vdi led

ma trin, giao ti€p véi LCD va giao ti€p v6i ma tradn ban phim. Cic giao ti€p phai c6 ddy di tén cdc

~ N . A R N A A *A ~ e A 2 X N
ngd vao ra, trang thai di€u khién va thuan tién cho viéc két ndi mot cach dé dang.

Thi€t k& ngudn cung cap cho hé thong.

So dd k&t ndi cdc hé thong nhu hinh 21:

A N AN\ . A
€ Y hi€én qua trinh Y thi nghiém

nap (master)

30
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Khdi giao tiép
Chuorg4. id  ¢§ng COM SPKT — Nguyén Pirh PHI

Hoac LPT

Khdi ngudn Khdi giao ti€p
cung cip cho vdi led don
ta't ca cdc khdi

Khdi giao ti€p Khdi giao ti€p
v6i led ma vGi dong co
tran buéec.

Hinh 21. So do khéi clia hé thdng.

Trong sd d6 khdi & trén trir 3 khdi dawtién lién k&t v6i nhau, con cdc khdi con lai khong lién k&t véi
nhau nhung trong cdc (tng dung thi chiing sé& lién k&t v6i nhau biing cac day bus gin thém vao.

Chip AVR thuc hién cdc thi nghiém giao ti€p s& k&t ndi v6i cdc khdi ngoai vi bing diy bus. Khi thuc
hién thi nghié m giao ti€p v6i khdi ndo thi ngudi st dung s& k&t ndi véi khoi do.

So @6 nguyén 1y clia cdc khdi nhu sau:
a. S¢ db nguyén Iy giao ti€p giita may tinh va chip AVR AT90S8535:

Chip AVR ngoai chic ning cho phép nap chudng trinh dang song song con ¢6 chifc ning cho phép
nap chuong trinh dang ndi ti€p.

Khi nap ndi ti€p mach giao ti€p giita thi€t bit nap véi AVR AT90S8535 chi can dung 3 dudng dicu
khién cda port 1 d6 12 PB.5, PB.6, PB.7.

Chan PB.5 c6 tén 1A MOSI: 13 dudng nhap dit lidu vao ndi ti€p clia vi diéu khién nap.
Chan PB.6 c6 tén 12 MISO: dudng xuat dif liéu vao ndi ti€p cda vi diéu khién nap.
Chan PB.7 c6 tén 12 SCK: dudng cung cip xung ddng hd dé ddng bd dit liéu ndi ti€p.

Ngoai 3 chan diéu khién trén thi phai thém mot dudng tin hiéu diéu khién chan reset: khi nap thi chan
reset & mirc thdp va sau khi nap xong thi phdi cho chan reset Ién muc cao dé chip AVR c¢6 thé thuc hién
chuong trinh sau khi nap xong.

Hiy xem sd db trinh bay cdc dudng tin hiéu diéu khi€n nap nhu hinh 22.

ATINE443458039 L7 -6.0V

WOC

DATA OUT a— PEE(MISO)
INETR. IN —s{ FSE{MOSI)

CLOCK N —* PEVECK)
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Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi

Hinh 22. So db giao tiép mach nap.

C6 rat nhiéu ddi tugng giao ti€p vdi vi diéu khi€n nap, theo tic gia chon mot vi diéu khién thuc hién
qué trinh nap va giao ti€p vdi may tinh d& nhan 1énh va dit liéu nap. Nhung trong qué trinh thyc hién thi k&'t
qua 1a chua thinh cong nén tac gia sit dung mach nap ding cdng LPT ctia hing ATMEL va chuong trinh nap
va bién dich ctia chinh hang ATMEL.

Sd @6 k&t nGi may tinh diing cdng LPT va giao ti€p vdi chip AVR nap nhu hinh 23.

Trong hé thdng nay c6 ludn ci hé thdng mach ngudn 6n 4p 5 V'va 12V cung cip cho toan bd mach
dién nap va céc mach giao tiép.

Do bo mach vira nap va thuc hién cdc thi trén bo nén cic port cia vi diéu khién thi nghiém phai sit
dung dién tr§ kéo 1én.

It ;
" 5 Ict Pt
oy oy e VT RT3 reser  eooripwr | EAL iy
B e af e T
R — u (e [ qg
2 2 > 5
- C
ml m I R £
12 M T 4 ‘8
' » O g e 43 0
N T I B ) AL 0
N GHD GHO 10| s =0
&0 cl e LAY 3
E — BHD atl
2] T B
z =z L LAy " "
nl ol GHD g} 0 i i d
Bl > 3 i 5 i 5
= q { vl { .'\Z u1 i ki
N eI EE | EES R E
PGS == E% [ :.L‘.EE" :f‘ by :::‘Z  rap
P 4
i o 1| e Loy L
- R - . I R
R . por [ Lo ECL 8 Lraz Lpeslrm <L
8 s el POl A ps Lrolem “Lras
A0k 5 ‘ ™ ( g T e T
* | STROBEMID | 3
u O ' I ! 18 “Lrss SLpaztlre MLwos
4] — . 5
¢ TS (TP 2| e Leorlos Lusc
(AR 2 o par ol el ok
1 Y] <] infaTH rol i e
2 [RADPLD o o

ATE05%555F
Hinh 23 So dd giao ti&p mach nap AVR diung cdng LPT.

Bé nap dit liéu cho vi diéu khién thi phai thuc hién theo ding trinh ty yéu ciu cia nha ché tao. Cac
qud trinh thyc hién dugc cho 6 bang 6:
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Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi

Instruction Format

Instruction Byte 1 Byte 2 Byte 3 Byted Operation

= oramming Engbl 1010 1100 0101 0011 ORI B0 woum soum | [Enable Serial Programming
NG EnagE wihile RESET s low.

Chip Erase 1010 1100 1005 soom e dm soum e | Chip erase Flash and

EEPROM memory armays.

0010 Eaao otar asas bbbl bbbl wopn eoon | Read H [rgh orlow) data o

Read Program Memory from Program miernory a2 word
adaress ah.
0100 HIOD WO ASAS bbbk bbb didd 4444 | Write H (high or low) data i to
‘Write Program Memary Frogram memery at word
addrese 3h.

1010 04600 Jo0OE oo bbkb bbbl onoo oooo | Read data o from EEPROM

Read EEFROM Memary memary at address ah,

1100 0000 000 00m bbbb bbbl iiid 4444 | Write data it EEPRCM

Write EEPROM Memory memory &t address ah,

0101 1400 oUOE IoOm oaIor oot 128 zoudF Read Leck and Fuse bits.
Read Lock and Fuse Bits [ = programmed.
1" = unprogrammad.

1410 1100 1111 1211 IDODC I roum oo | Winte Lok bis, Setbits 1,2=

Write Lock Bits 7't program Lack hits.

0611 0000 W0 200 oo b oops con | Read Signaure Byte o at

Ennad
Read Zignature Byte address b1

1010 1100 1411 111F IHIOE | 30K soumc s | Wit FETRT fuse. Sethbit
Write FETRT Fuse F = 0" to program,
1" to unprogram.

Motz a = address mgh bits
b = address low bits
H=10-Lowbyte, 1- High Byte
0 = data out
i=datain
= don't care
1 = Lock Bit 1
2= Lodk Bit 2
F = FSTRT Fuse
5= SPIEN Fuse
Motz 1. The signature bytes are not reatabie in Lock mode 3, Le. both Lodk bits proprammed.

Bang 6. Cac qua trinh nap bé nhé flash cba AVR AT9058535.
Trinh ty thyc hién dang séng ctia 3 dudng tin higu diéu khién nhu hinh 24.

Serial Programming Wavefarms
ssaesaen /e X X OC X OC XN
|
e, /e X X XX K X X
[ |

eecgen LTI

Hinh 24. Gian do thdi gian cba cac dudng tin hieu nap ca AVR AT9058535.

7. Huéng din sit dung phan mém:
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Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi

= Céch sit dung chuong trinh trén may tinh d€ soan thdo va bién dich chuong trinh:

Nhu di trinh bay & trén do nghién citu chua thanh cong mach nap dung vi dié u khién nén tic gia sit
dung mach nap va chuong trinh bién dich ciia hing ATMEL. Chuong trinh bién dich ¢6 tén la AVRStudio
¢6 chic nang soan thao chuwong trinh va mo phong.

Cdch thitc sit dung chuong trinh nhu sau:

Sau khi cai dit xong chwong trinh ta ti€n hanh khéi dong chuong trinh — khi d6 man hinh soan thio
xuit hié n nhu hinh 33:

AYRStudic

File Project ‘Yiew Tools Debug Hep
Leddg ¢+ 2RSS v BRET BN +FAREST gre iBlNL *D0G0 25 Ve
EEE & [Frace Diseti== <% % B ok T OffEE W R

=

‘eotkspacs

Welcome Lo AVR Studio 4

@ Craats Hew Frojast '@ Cpen ‘

Fiecen: projezts | Iodfied

’: Loaded plugh 5TKS00

o [# Chow s diddog on ozen Holp | coioel| e | ik | Cored | vera1a3e8

=
« 4 v » Bl hMessages 4 FindinFles 7 KN | 3|
|clizk here ta begin]. [ ] CEP MM SR

Hinh 33. Man hinh soan thédo cOa chuong trinh AVRStudio.
Mot clia s menu nhd xuAt hién cho phép ban chon project méi hay m& mdt project c6 sin.
Chon xay dung mdt project mdi thi man hinh ti€p theo nhu hinh 34 s& xud't hién.

Ngudi 1ap trinh hdy ddnh tén cho project s& soan thdo va mo phdng vao 6 project name va chon thu muc

Iuu trir project nay — hay xem hinh 35. Trong hinh nay tén project méi la “choptat32led”. Sau khi nhép té€n va
Iuu chon thu muc xong ta nhan nit “next” d€ chuyén sang Iwra chon IC nhu hinh 36.
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Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi

Wealcome to AVR Studio 4

Create new Project
Project Type:; Project Name:
¥ Atmel AR Azsembler |

W Create initial File | Create Folder
Initial File
| _ASM

Losation:

‘D:‘«Dncumenls and Settings\phu_ngupen dink

Help | <cBack| | | Cancel | verd10.3%

Hinh 34. Man hinh soan thao project mdi cua chuong trinh AVRStudio.

Welcome to AVYR Studio 4

= Cieate new Poject
Project Type: Praject Name:

® Mrel AR Astembler |EHEIF'T»‘-‘:.T32LED|

v CisateintialFile | Create Folder
Imitial File

CHOPTATIZLED asm

Location:

[DnAL J

Help \ e Ea-:k| Mext>> | Finish | C-ant:ell Ver 410356

Hinh 35. Man hinh nhap tén va thu muc cOa project méi.

Chon muc AVR Simulator nhu trong hinh 36 va chon loai vi diéu khi€n AT90S8535 nhu hinh 37 rdi nhan
nat 1énh ¢6 tén 14 “Finish”.
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Chuorg 4. Vi diukhign AVR.

SPKT — Neuyén Dirh PH)

Welcome to AVR Studio 4

Lelect debug platform and device

[rebig Platormn: Device:
JTAGICE mkll & TeERF407 s
ICE4D ATINCANT 28 b
ICESQ ATA051200
JTAG ICE ATANS2313 W
AR Simulator ATA052323
[CEZ00 ATANSZ543

ATI054414

ATA0S4433

aTaS4434

ATA058515

_ b’

-

Help | <<Eack| | Finish | Cancel| Vier 410,356

Hinh 36. Man hinh chon md phéng cba project méi.

Welcome to AVR Studio 4

i Select debug platfom and device

Debug Flatfom; Device:
JTAGICE mkll aTa052313 A
ICE40 ATANSZ323 N
ICERD ATANS 2343
JTAG ICE ATa054414 B
AR Simulabor ATANS4433
ICE200 ATANS4434

&Ta058515

ATA058535

ATmegalll3

aTmegalZs

ATmegalb - =

-

Help | €L Eack|

| Sinieln | Cancell Ver 410 355

K&t qua ta dugc man hinh soan thdo chuong trinh nhu hinh 38.

Hinh 37. Mdan hinh chon IC md phéng cUa project mai.
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Chuorg 4. Vi diukhign AVR.

AVRStudio - D: VAVRACHOPTAT 321 ED.asm

File Projeck Edit  Yiew Tools [ebug  wWindow Help

NEEG B P & o = 4
I = i

B D:\AVR\CHOPTAT32LED. asm

Vs Microphone B3 Tools E -

i
i
]

Workspace

=@ CHOPTATIZLED
-4 Assemblet
CHORTAT32LED, asm

DiiAVRICHOPTATIZLED asm

_ﬁProject %IJO i ]

* [ Loaded plugin 5TKSON
Loaded partfie: 0:\Program FilesiAtmel\AVR Toals PartDescriptionFiles) A T90S8535 =l

nding

Hinh 38:Man hinh soan thdo chuong trinh cla project mai.

Hay nhap chudng trinh chép tdt 32 led vao nhu hinh 39.

Vixgly
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SPKT — Neuyén Dirh PH)

.def
.def
.def
.def
.def

.org

mnain:

loop:

|

.cEeg

rnp=rih
tam=rl?

high=r18

low=r119

middle=rz20

#0000

1d1
out
1d1

out

1d1
ot
out
ot
ot

1d1
ok
ok

.include"8535def  inc”

JLD naln

rop.high{ramend)
=ph, rmp

rmp, low{ransend)
spl ., rmp

rmp, $ff

ddra, rmp
ddrb. rnp
ddrz, rmnp
ddrd, rnp

tam, 5ff
porta. tan
portc . tam

rocall delay

clr tam

outk

porta. tam

=
B D:\AYR\CHOPTAT32LED.asm

D AYRICHOPTAT3ZLED. asm

Hinh 39. Man hinh soan thdo chuong trinh chép tat 32 led.

Ti€n hanh bién dich bang cdch vio menu 1énh project va chon vao muc nhu hinh 40 thi khi d6 chuong

trinh s& dugc bién dich.

Né€u chuong trinh soan thdo ding ci phdp thi s& thdy xuat hién thanh trang thdi cho bi€t qua trinh bién
dich dang ti€n hanh va sau khi bién dich xong s& xu#t hién ddu mii tén cho phép qud trinh md phdng sé& thuc

hién — hay xem hinh 41.

Né€u soan thdo khong diing thi sau khi bién dich xong s& khong thid'y xuat hién thanh trang thdi cho bi&t
qud trinh bién dich dang ti€n hanh va cling khong c¢6 ddu miii tén cho viéc mo phong sau khi bién dich xong.
Trong trudng hgp nay chiing ta hiy ti€n hanh xem lai chudng trinh xem cédc 1&nh ta viét c6 ding cd phdp hay
khong va 1énh d6 c6 ton tai hay khong. Ti€n hanh bién dich lai cho dén khi h&'t 15i thi xong.

38

Vixd [y

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn

CuuDuongThanCong.com

https://fb.com/tailieudientucntt



http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

| Chiong4. Vi dibukhigh AVR. SPKT — NguyBn Brh PHi

Ele | Project | Edit  %Wew Tools Debug ‘Window Help

Build F7 § M| & G & 4 = E 3
Build and fun - Chrl+F7 |
— U
Mext Error vk F+ E
arksp E 2 .
5 Praject Wizard Bl D:MAVRACHOPTAT32LED.asm
+ Mew Froject
_ .def rmp=rlc
Cipen Project .def tam=rl?
Save Projec G5f logecis
Clnse Project .def middle=ri0
Recent Prajects b cinclude"8535detf  1inc”
Create new File LCEeg
Bdd existing File .Drgrgﬁgﬂﬁain
AVR Assembler Setup
main 1di rmp.high{ramend)

out =ph, rmp
1di rmp, lovi{ranend)
out. spl,rmp

1di rmp, sff

onat ddra,rmp
out ddrb, rmp
ont ddro,rmp
out ddrd. rmp

loop: Idi tam. Sff
out ports.tam
out portc, tam
rocall delay

clr tam
out porta.tam

[l |
Hinh 40. Menu Iénh bién dich chuong trinh chop tat 32 led.
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Chuorg 4. Vi diukhign AVR. SPKT — Nguyén Dirh PHi

E D:VAVRACHOPTAT3ZLED.asm

x
_ L
o .def rmp=rlt
.def tan=rl?’
.def high=rl8
.def low=rlHd
.def middle=rZ0

.include"8535def | inc”

.Cc=eg
_org s0000
= rimp main
main: 1di rmp. high{ramend)
N out sph, rap
g 1di rmp. low(ramend)
ot =pl. Enp
OO
1di rmp,sff
| ot ddra, rmp I
0o o e e
a0 out ddrc. rap rmp=0" Regizter
ot ddrd. rmp
a0 loop: 1di tam.Sff
N ot porta, tan
og out portc.tan

rcall delay

clr tam
ot ‘porta. tan

v o |

D \AVRVWCHOPTAT3ZLED, asm

rartMiesrrntinnFilest ATANSR535 vl

Hinh 41. DGu mii tén mau vang cho biét chuong trinh bién dich tot.

" Ti€n hanh m6 phdng:

Sau khi chuong trinh da bién dich thanh cong thi ta ti€n hanh md phdng chuong trinh béing cach vao
menu tool rdi chon 1énh auto step hay nhan t8 hgp phim ALT + F5 nhu hinh 42. Khi d6 qué trinh mé
phdng s& dudc thuc hién. Trong clra s§ Workspace ban hiy bAm vao muc I/O AT90S8535 thi cAu hinh
phan citng m6 phdng s& xuat hién va ban ba71, vao cdc portA, portB, portC va portD thi ban s& thdy
két qua thuc hién chuong trinh md phéng s& 1am thay ddi ndi dung cic 6 nhd nay.
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AYRStudio - D:\AYRYCHOPTAT32L ED.asm

Filg

DEE@S i BES
Ed B O &7

Froject  Edit  Wiew

Warkspace

Tools

—

-

A e AR ¥

M arne

+ E I Register 0-15
+-[F Ragister 16-31
+ E, Processor

+ 2] stack Monitor
-8 T/O AT9058535

| 4 all

T AD_COMVERTER
17 ANALOG_COMPARATOR.
O «cru
B eeProM
i EXTERMNAL_INTERRUPT
=2 PoRTA
=L roRTA
= DDRA
=2 Pl
RTE
=2 PoORTE
¥ DORE
=2 PINE
RTC
PORTC
¥ DORC
=2 PINC
FORTD
SRI
TIMEF._COUNTER,_O
TIMER_COLINTER _1

i
S0

it
ith S 7

@EES

Q00
000
Q=00

000
kL]
R

L
L]
000

phone B4 Tools
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Hinh 42. Chon lenh dé bdt dau mé phéng.

Vi€t cac bai thi nghiém:

D:LAYR\ICHOPTAT S2LED, asm

Cac bai thi nghiém dugc xay dung d€ cho khai thdac hét cic kha ning cla vi diéu khién.

TA't c cac bai thi nghiém khong trinh bay trong bdo cdo nay nhung c6 t& chifc thanh cac thu muc luu
trong dia CD ké m theo bdo cdo nay.

Céc bai thyc hanh giao tiép véi led don.

St dung hé thong vi diéu khién két ndi 4 port v6i 32 led don dé viét cac chuong trinh Gng dung diéu

khién led sing theo cic yéu cau titng bai. Muc dich 1am quen v6i mot s 1énh co ban va 1ap trinh.

Trinh ty thuc hién hidy dung 4 day bus 8 soi két ndi portA, portB, portB va portD dé&n 32 led theo ding

th@ tu tir bit thap dén bit cao.

Céc bai thi nghiém giao ti€p véi 32 led don nhu sau:

Bai 56" 11

: Vi€t chuong trinh diéu khi€n sang tit 32 led .
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Bai 56" 12: Vi€t chuong trinh diéu khi€n 32 led sang dan va tit dan.
Bai 56 13: Vi€'t chuong trinh diéu khi€n 32 led sang don.
Bai 56 14: Vi€'t chuong trinh diéu khi€n 32 led tit don.
Bai 56" 15: Vi€t chuong trinh diéu khi€n 32 led sdng tdng hop cic chuong trinh trén.

Céc bai thyc hanh giao tiép véi 8led 7 doan.

V6i led 7 doan thi ¢6 thé cho phép hi€n thi chif va s - khi d6 c6 rat nhiéu chuong trinh Gng dung c6 thé
thuc hién dugc trén he thdng nay nhu chuong trinh d€m sin pham, chudng trinh d&€m tin s&, chuong trinh ddng
hd s6, chuong trinh ddng hd thé thao ...

V6i hé thong nay co thé cho thily rd hoat dong clia phuong phap quét led hién thi, viec gidi ma led hién
thi biing chudng trinh quét hién thi, nguyén 1y 1am viéc va chuong trinh quét phim.

Céc bai thi nghiém phuc vu cho viéc diéu khién cdc led gdm cédc bai cd ban va rit nhiéu bai tap kém
theo.

Khi giao ti€p vdi 8 led 7 doan phai st dung 2 port k€t ndi v6i led 7 doan, trong tirng bai c6 ghi rd port
ndo diéu khién transistor quét va port nao diéu khi€n cic doan thi phai k&t noi ding port va ding thi tu bit.

Céc bai thi nghiém giao ti€p vé6i led 7 doan nhu sau:

Bai 56 21: Cac chuong trinh thir 8 led 7 doan.

Bai s6°22: Chuong trinh d€m 1én 2's6.

Bai s6°23: Céc chuong trinh dém gidy.

Bai 56 24: Céc chuong trinh dém phiit.

Bai s6°25: Chuong trinh d€m gid - phit - gidy.

Bai s6°26: Chuong trinh diéu khién den giao thong.

Bai s6°27: Chuong trinh diéu khién den giao thong c6 hién thi thoi gian d€m xudng.
Bai 56 28: Chuong trinh d&m san pham 1 kénh.

Bai s6'29:  Chuong trinh d€m san pham 2 kénh.
Céc bai thyc hanh giao tiép véi led ma tran &x& hai mau xanh 4.

V6i phan ciing da thi€t k€ § trén st dung led ma tran 8x8 c¢6 2 mau xanh va dd, d€ diéu khién led ma
trin sang ta ti€én hanh gdi dif liéu ra hang va ma quétra cdt. Trong 4 port ta sit dung portD lam port diéu khién
hang va portA diéu khién cot xanh va portC diéu khién cot do.

Céc chuong trinh diéu khién led ma tran bao gdm cic bai nhu sau:

Bai s6"31: Chuong trinh hién thi ki tur A.

Bai s6°32: Chuong trinh chép tit ki tu A.

Bai s6°33: Chuong trinh hién thi chudi “SPKT” mau xanh.

Bai s6"34: Chuong trinh hién thi chudi “SPKT” mau dé.

Bai s6°35: Chuong trinh hién thi chudi “SPKT” mau cam.

Bai s6°36: Chuong trinh hién thi chudi “SPKT” ba mau xanh dé cam.
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Bai s6°37: Chuong trinh hién thi chudi “SPKT” hai mau: nita trén xanh, nita dugi dé va ngudc lai.

Bai s6°38: Chuong trinh hién thi trdi tim roi tif trén xudng va tir dudi 1én.

Céc bai thyc hanh giao tiép véi LCD

Nhu d3 trinh bay & trén khi giao ti€p véi LCD thi phdi dung 11 dudng tin hiéu diéu khién, trong d6 c6 3
dudng diéu khién va 8 dudng dit liéu phdi st dung nguyén 1 port.

Trong cac bai thi nghiém tdc gia st dung portA d€ giao ti€p 8 dudng tu liéu (chi ¥ theo ding thit i bit tir
0 d&n 7) va 3 bit0, 1, 2 ctia portC lam 3 dudng diéu khién.

Céc bai thi nghiém giao ti€p véi LCD bao gdm:

Bai s6"41: Chuong trinh hién thi chudi dit liéu ding yén.
Bai s6'42: Chuong trinh hién thi chudi dit liéu dich chuyén.
Bai s6'43: Chuong trinh hién thi gid phit gidy.

Bai s6'44: Chuong trinh d€m sin pham hién thij trén LCD.

Céc bai thuc hanh giao tié/p vl ma tran phim va 8 led 7 doan.

Ban phim déng vai trd nhap dit liéu cho hé théng diéu khién, dé thuc hién giao ti€p v6i ban phim thi
ngoai giao ti€p chip AVR vdi ban phim thiphdi'cé thém giao tiép giita chip AVR véi led don hoic led 7 doan
hodc LCD thi ching ta méi biét duge /qua trinh thyc hién cdc yéu cau ding hay sai.

Céc bai thi nghiém giao ti€p véi led 7 doan nhu sau:

Bai s6°51: Chuong trinh nhan phim s& nao thi hién thi trén ma hinh ding s6 d6.
Bai s6° 52: Chuong trinh d&m c6 cic nit didu khién start, stop.
Bai 56 53: Chuong trinh diéu khién dong co DC c6 2 niit di€u khién Start, Stop.

Ngoai viéc khai thdc khd nang Gng dung cta timer nhu da trinh bay & trén thi cdc bai thi nghiém nay khai
thac kha niang st dung ngét clia timer, khai thdc kha nang truyén dit liéu ndi ti€p, ngit truyén dit lidu.

Ngit ¢6 nhiéu uu di€m trong diéu khién nhung rat khé diéu khién va phic tap do d6 diéu can phai quan
tAm 12 cdc bai thi nghiém va cic ing dung duoc thi€t k& sao cho dé hiéu.

Trong cic bai thi nghiém ngit dudc dung d€ truyén dir liéu, d€ dinh thdi, dé x& 1f nhiéu chuong trinh
phin chia theo thdi gian — ddy 12 mdt #ng dung mach nhit cia ngit.

the emnd

return
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